
ELECTRONIC CIRCUITS N A V W I P S  

SECTION 6 

AMPLIFIER CIRCUITS 

PART A. ELECTRON-TUBE CIRCUITS 

AUDIO AMPLIFIERS. 

APPLICATION. 
n c  oudi3 amplifier i s  a s e c  to arpll!y mpct slqnals 

ivhose f r e q ~ e n c y  limits foll ,wit'.ir the  r i r c e  a! m d i o  !re- 
;;;ercles, ,which -re opp:ox;mnt~!:. 30 to !5,OCO cycles  pe: 
secccd .  

CHARACTERISTICS. 
inaut  niay be iii m i i o  s l q ; ~ l  of rx t re r i~ ly  s...i:l a ~ l i -  

tude, shck 1s tc be ampli!~ei in ampl:k;de, cr j t  rq be c! 
c c ~ s i ~ e r ~ ~ ~ e  GT,Flip;<r, .,):k:!tb, i:: !? >* : >?,? Iifi& \?, c.,,,er, 

Input impedmce may be h17h. r~edlum, or low, deacnd- 
in2 Jpon the type ond opplicction c i  the oudic c rp l l f i e r .  

Chtput impedance may be high, medium, or icw depend- 
ing upon the Iou6 t;? w h c h  the or:plliier furnishes i t s  m t -  
pul s x p l .  

Odtput s i p o l  imp!itl;de moy be .%my Limes yrcutrr !i;m 
mput signoi ompllrude, i f  the oppllcatlan is mteilded far  
voltoqe ompliiication, or i t  moy be only a few times greater 
t h m  the input, if intended for power a ~ p l i f i c a t i o n .  Expres- 
s e d  a s  voltage gain, the gain nay  b e  high for a voltaqe om- 
pltfler, or it m o y  be low ior a power amplifier. 

tiri? blos i s  such !hct plote csrreg! flows for t'le enhrP 
i r w t  cycle, In sinsle-ended circuits, and grid crjrrent does 
, , t  : .-,rdifiorily f l ~ *  &rim; ar,? pa:: c! LL.e b-,~;: ,c,c~k. 

;;id h a s  cq k of w;L viilue, in  push-pull ;lrcd;ts, 
that plote current does not flcvi ,when no mput sjqnu! 1s a? 
plied, on3 flaws only during one naif of the input i y c i e  

si;l?a; wi:r:: in>-! slg! :.I i s  opp!!t.,j 1 ,  ! I t c  

ynd. 
Freqdency respor.se 1s opproximoteiy linecr over the 

rc?ge ef cg?!c !in:xe~cins which c x p r l s ?  the inten+ 
b r . n d p ~ s 5  c! the ci;,pli!ier. U-wcve:, tii: ? c ~ s  cc: ixc!h . , 
.LA. -11 --..I.,. 

Y1l YYYIY  iliiYii.leis LWC 2 !~ECC: :.-C.F;~Z? CC: tk,? 
v h r r  ? I ! ~ ! + ~ T I I ~ I : P ~ Y  inn-IP sf i n  l n  ICiJAl ~ 1 1 5 .  :):>I<: J ~ J -  

pllcotions of m d l o  amplifiers purposely restrlc! the b u i -  
pi:":" ; ic;i 2;;;;" ;cjr;;.r: c! tk,i: :;-qc, :c ::?c: !s 7:- 

:.--.. \:.1, >!,& ;::t-c,!.j ,.sv, . . * . . . . . . . 
.:%tpdt (plcte)  higx: 3.2  k.7": :;f;:; >.;:.Ji - :L :! :;;:- 

z: tc  ~ ~ l a i t y .  

CIRCUIT ANALYSIS. 
Gonoro,, nr - . A -  - - - I < ' . " .  : -  - r " ,-.,. t . .. ."U.* ..... .. ,. . . 

:omposed of o t b k  or :ibes a i d  j s s i c i a t ed  compnr;:;, 
wmcn is lntenaeo to ampiliy an a i  slgnai whose irrqurn,:y 
3: C C ~ ~ C E L I C  !TCTC:C?P:. !r!! ,i!l?!" L'.c ':C?!C 1~?J']e, '1;:- 

ally cors:iur~d t c  extend !:cm 5C :c 12,iIOC i y d r -  p r  s e -  
- - A  n.- A--- --.--- .L". "1, ",.A<.. "-",.'<m." ,,,;,I "-- 
" I .  il,, a Y"II ,,", ,.,iW. L, ,UL ".i "" ..... 
phiy  ol l  frequencies w ~ t h i r  t'.is range. Clnly one par t i cu i~r  
,~p~!~co"?,  - thzt of fie ;3-~!1~,5 '+.iqh-fl:el!!y" aa!<ic 
, m ~ , r , ! > ! ; - :  - ( <  ?+~1,7?,+? ......................... !5, ,  ,-r,:i:p ;x,zc: 
,m:i ,>r!#L*:ify , , i i  f!~q#,r,,~.l":, wiG,i, ,  t t , r  ("1, !r eq,.c;:t .v.cIL 
h rnp i~ i l c r s  in many oi  the o t n n  3ppilc3tmns ore oes>anrl: 
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to m p l i f y  only por1icr.s of the m d i o  iaqge. Speciflcolly, 
cny ampliiler that m p l i f i e s  an input signal whose frequen- 
cy l ies  between 30 ond 15,CW c p s  -whether the input sig- 
no1 cons i s t s  of only one particular frequency or a multitude 
of f requencies  -may be classed as cn aildio amplifier. 
Th i s  point s h o ~ l d  be borne in mmd, because in some plece 
c f  eq,iipment a circuit may be er.co;ntercc whicb i s  reier- 
enced os an oudio frequency ompliiler, but which actuolly 
b,aqdles no "nudio" i r t e l l iqmce  in the s e n s e  that i t  i s  
both within the range of audibility and i s  intelligible to the 
b,mm ear. Fcr  illustration, the frewency-shift system of 
t rons~, i t t i r ,q  tele!ype iricrmotion on o roiio-frequen.cy chan- 
ce! gt?!lrrs nr m d i o  ircquency ompliiler to ra ise  the nudls 
i pvp l  n i  twn c -p r~f :c  I I P O L ~ P ~ C ~ ~ S  -- o l e  for the " m c ~ ~ "  
ana m e  otner tor me "space" in a reielype charuciri - B e  
fc ie  :'.e;e f;eqicr,;ies a;c :o:.:crtei tc :-f simc!s for t r c l s -  
.:::ssi~,c. L? !hs COX the audio amplifier 1s :equired I; 3;1- 

r l i ! ~  c c h  twc fr~q~lenriec ,  s~:rb 7s 95 cyc les  and 170 cyc les  
Addltlonai c i r c u t s  may be mcluded to 2ctuolly restrlct the 
i e spanse  of the amplifier to a narrow range, such as from 
30 tc 2W q c l e s ,  i:: order tc p s s  only the two !requencies 
mentioned obove. Yet h i s  ampilfier i s  termed ;n oudio 
~r ,pi l ! ier .  

circui t  Operation. Audio m p l i i i e r s  may be div13ed in- 
to t o  j rne ra l  c l a s s ~ i i c a t i o n ~ :  vol ta je  amplifiers m i  
power amplifiers. in each oi  these divisions there ore sev- 
erol circuit configurations, each of whlch rroy utilize one 
or more different types of vocuum tubes: tnodes, tetrades, 
pentodes, or beam power t ~ b e s .  

3 . e  S ~ P C ? L I C  < 9 a ~ o c l e n s U ~ s  and clrcuir appiatlor, of 
s ev~rc !  c o r f i ~ r o a o n s  in each dlvision a re  contained in 
* >  , ,; - - ,,F:.e.. ^.,^..'," 1" '"i,",. ': uer.inn .. -: .-,.. , .- .-..-. . *"- - --"... * brie! c!sc:r- 
;;on cave::r.j a u d x  ompli!~rrs in  general i s  given ir ib,e 
fo l iow~ng  paragraphs. 

In a voltoge o m p i ~ i ~ e r ,  h e  primary considerotion i s  the 
riiti.2 i f  the a l t r i i l o 3 n  wtp.: vo!t,~gc ibt3IzCd ! I C ~  t i e  
plate  clrcult to the alternoting Input voltage oppiled to the 
grld circuit rc produce the output voltage. ; h i s  rotlo i s  
 PITP PI^ t h ~  p i n  n! the ompiiiler. The  amount of power w n ~ c h  
:s c\sai!ob!e in h e  plcte  circuit i s  both minute on4 inciden- 
tc! - :be izcr%s? ir s i ~ a l  vsltoge i s  t h e  p!ize concern. 
1: order to produce h e  larcest w s s i b l e  c ~ t p u t  siqnal vo1:- 
cge, ,which i s  taken across  the plate  lood, the impedance 
- 4  + L ' -  -l-+., I-.> 5, Z S  !3r:1 CS pTCrt i~ah)P ,,. r.".- 
'. - - ---l.':.. .L" ^^--:>"l-+:^- i "  .Lo : , ,  ,, \.-,""-, ,,,, ,,,, :.,"., -" ,. <.-... ",.",. ." 

'.' -' - ' ---. --- ..-. -' F;,(. PT '^ .in i^"" ,-. * r e  ̂ In.a '. . .-.,, '. A,,-.. L..L ,. .,. ..,.. .~ -. 
;?r?i::. Sfire ; w e ;  i s  e q ~ l  t c  vs!:ijf t 1 x ~ s  c::zen!, ~ e n -  
~:icI:? s p t i k i ~ ~ j ,  A p w e r  m~pii i ic :  a x s t  deveiop n suliic~er.! 
vr,jtaqe (ICTOSS i t s  lnod 10 rouse the r~qu i red  current to flow. 
n.0 ....I..,- .,... -' - .  ' * -  .. I~C-! ! m p e 3 m ~ ~  !F 1". ! r " ~ ~ m n t  ~ ~ c I ' I ,  h ~ -  
--..- .,.,., r it w;!i ~ c Y P ~ , ,  t3 3 1 x q e  degree, the n m x n t  c! C~JI-  

rer) t  ? ,~ : ICI ,  *ill iiow ~16, c, ,g,vefi voltaqe. 'The .v.cL,= d *.c 
I?nj inp~'lmulcr i s  sele'?te6 for one oi  two conci t lors  nt o 
i , :ec :.~nin:c:. sllowable level of distortion: xmml;:: 
;Iz!? E.!iiciez~"~ rn..?rn., po*er ""'""' --.r-.. P ! ~ ! P  ~ff?"!m- 

cy 1s Vie rotio of o ~ ~ t p u t  power to the d-c mput p w e r  to the 
:he ,  ond it is genrroily low :r zn onpitiler which is de- 
=i,x,ci !c: zi:ir;7, ~ l s ! o : t i ~ ~ .  '!V?C? & S ! Z ? ! ! C ~  !5 ve-.:5- 
: L , _  ^I..^ _":.:___. i" _^I^ .... ̂I.. Li"L L" . "  * 
"'Y,cI Y,YLr i,,,i,L.ii, YL i.i"...L., ...,... - 
n?n.ylnrum power output rlu, filn,rr.m a , ion ia le  
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o c a r s  when the lwd impedmce i s  equai to twice the 
triode's plote resistance. 

The circuit used in both a voltage amplifier and a power 
amplifier may be one of several types: resistancecopaci- 
tance coupled, impedance coupled, transformer coupled, or 
direct coupled. Each type has certain advantages and dis- 
advantages, which adapt it to specific applications. A res- 
istance-copacitance audio amplifier i s  probably the most 
widelv used tvoe, with i ts comwnents relativeiy inexpen- 
sive d d  thei;weight relativel; light. Its frequency rks- 
ponse can be desiqned to be uniform over the entire audio 
;age.  Prohabiy its only disadvantage i s  the somewhat 
higher power supply voltage, required ior the plate circuit, 
than i s  demanded by the transfomercoupled and impedmce- 
coupled types. 

An impedancecoupied audio amplifier utilizes an induc- 
tor in place of the iwd resistor used in the conventional 
resistance-capacitance coupied circuit. A large value of 
inductance i s  used, to obtain o maximum mount of mpii-  
ficotion --particularly at the lower audio frequencies. The 
amplification i s  not uniform over the audio range because 
the i w d  impedmce of the inductor vories with frequency, 
in accordance with the relationship: 

where: ZL = lwd impedance (ohms) 
R =resistance of inductor (ohms) 
f =audio frequency (cycles) 
L =inductance of inductor (henries) 

'lle amplification i s  higher thm in the res is tancecap 
acitance coupled circuit with the same plate s u p ~ l v  voltoqe. 
b a s e  the ;eiatively low d c  resistance of th; inhuctor 
contributes to a hiqher voltaqe at the plote. 

A trmsformercoupled oudio amplifier presents its por- 
ticulor odvmtaqes and disadvantaqes. The advmtoses in- 
clude a greater value of voltage amplification than is o b  
tainabie in my of the other circuit types; directcurrent 
isolation between the output plate md  the grid of the fol- 
lowing stage without the need for o blocking capacitor; 
higher plate voltage at the tube because the input (primary) 
winding of the trmsformer has far less  d-c resistance than 
a plate lood resistor; and -possibly the greatest odvan- 
tage - providing a means of coupling from o low-impedance 
source to a highimpedance locd, or vice versa. Its disad- 
vantages include greater cost, additional weight, greater 
space requirements, additional shielding requirements, and 
a generally non-uniform frequmc/ response, especially at 
both high md  low oudio hequmcies. 

A directcoupled audio mplifier has the distinct advon- 
tage of distortionless amplification, when the operating 
voltages ore properly adjusted for Class-A operation. Its 
response is uniform over a wide frequency ronge, especiai- 
iy at the low frequencies - and even to zero frequency 
(direct current). Its practically instmtaneous response 
allows an absolute minimum volue of phose distortion, 
making it especiolly useful in the ampiificotlon of square- 
wave pulses, such os ore used in teietype communications. 
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Its chief disadvantages me the mmplenty of the resistance 
network that i s  required to obtain the proper plate and grid 
voltages for each stage md  the tendency towad instability 
of operation, as well os the successively higher voltaqes 
required to operote the s m n d  and any s i cced ing  stages. 

FAILURE ANALYSIS. 
No Output. The circuits of audio amplifiers present 

widely vmied confisurations, deoendina uwn their mode 
of ~ o ; ~ i i n g  md  their opplicotion. In g&&ol, the c a s e  of 
a no-output condition may be due to a defective tube, the 
failure of the voltage source which supplies the d c  poten- 
tials to the tube, the failure of the input signoi, of a dis- 
continuity in the coupling circuitry. If the tube hos been 
found to be capable of operation, the presence of sufficient 
d s  voltage at the plote terminal of the tube should be check- 
ed. Should no voltage be present, the plote load may be 
opensircuited. In the case of resistance-capacitance 
couplinq, this would be the plote resistor. If transformer 
coupling or impedance coupling i s  used, the transformer or 
inductor may be open-circuited. The cathode circuit should 
also be c h ~ k e d  for an open cothode resistor, os this defect 
would produce o no-output condition. If the input sign01 has 
been checked and found to be present and of sufficient 
ompiitude, and the trouble persists, the cause of faulty 
operation must be located in the couplinq circuitry. An 
open coupling capacitor, or o "short" in the grid circuit 
which bypasses the input signai to ground, could k the 
cause of no output. 

Rsdvcsd or Unrtoble Output. A reduced value of out- 
put or instabiiiw in m audio ompiifier could result from o 
defect in almost m y  component in the circuit. Assuming 
that on input signal of sufficient amplitude i s  present at 
the input to the circuit, a likely cause of decreased output 
may be a tube having p w r  cathode emission, due to age 
or overloaded ooeration. An increase in the resistonce 
value of the plate lood resistor or the cothode resistor, re- 
sultinq from overheatins durinq ooeration, would decrease - . 
the plate current, thereby decreasing theoutbut, with o 
given input siqnol. If the cathode resistor increased in 
resistance, the grid bias would olso be increased, further 
decreasinq the plote current. A chmge in the volue of the . . 
grid resistor may affect the looding of the previous stoge. 
and mssibly reduce or distort the output signal. A leaky 
or shorted input coupling capacitor m& allow a positive 
~otent ia l  from the output of the previous stage to be op- 
plied to the grid of the audio milifier,  biasing the grid to 
cause increased conduction of plote current and possibly 
cause grid current fo flow, resulting in a distorted output 
and possibly grid limiting. A leaky or shorted output cou- 
pling capacitor, if used, may have a simlor degradinq ef- 
fect upon the signal input to the fallowing stage. If the 
circuit contains o cathode bypass copacitor, md the capo- 
citor becme  shorted, the audio amplifier would operate at 
zero bias, with a substantial increase in plate current md  
possible distortion on the ps i t ive  input peaks due to sat- 
urotim or grid current limiting. if the cothode bypass co- 
pacitor becme open, a reduced vdue of output signal, with- 
out distortion, wauld be obtained because of degeneration 
in the circuit. A reduced value of output signal m y  olso 
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te due to a low plote supply voltage, whlch in t m  may be 
the result d a defective rawer supply. 

R.C COUPLED TRIODE AUDIO VOLTAGE AMPLIFIER. 

APPLICATION. 
R e  k?J< co-?!?d triode ,die ,oltnge rrmp!1fier is US& 

to i n n w s e  the mplitude of an audio-frequency signal volt- 
age whm unliorm goin is rewired over the entire uudio 
spectrllm and when o medium volue of goin (between 5 and 
70) i s  required. !t is qenerally used ro omp!liy 1rj.n-level 
s i w o l  inp;:s, ;;;c' 3s ~ ; S C  ~er.er.tc-i by 3 ~UIO ~ ~ c ! l -  
:ctor c:p,7J)! c r  ;\,, ? ;, ~ ~ ~ c ~ ; , i l ~ ~ ~ ~ ,  ~d'h:7.:-7 -' ,,>#,, ,;., -.: r ,zz- , . -  .--- -..'. .- T. ..--.. 1.. ^-^^-? ir, t i o  ^,,,,in corn- 
J!C,,L ,"PC piLh",,. >~ ..", ..,.." ..., -yv--" ". -*-" --- 
lion of communications receivers and transmitters, in sonar 
equipment, md in oppllcatlons winch uulize signoi irewen- 
cies in the audio-frequmcv ranae ~ n s t m d  of mral Lntelii- 

CHARACTERISTICS. 
Input i s  normally an oudioirequmcy signal of extremely 

small amplitude. 
Input impedance i s  normally very high, ranging from 

seveml thousand ohms to several megohrns. 
Output impedmce IS ?~maIIy high, ranging from several 

thousand ohms to approximately half a megohm. 
Voltage gain ranges from 5 to 70, depending upon the 

application md circuit design. 
n p e r o t ~ s  C!oss A; no grid current flows under my 

conditions. 
Frequent? response 1s l i ~ e o i  over the ranje of audio 

;reyuer.iy ior wb.i;i h e  m,piiuei is nesi2r;t.c. This cluy 
include h e  entire audio rmge, or may be restricted to a 
portion of it, depending upon the intended applicatisn of 
the mplifier. 

Q u i u ~ i  ipiutei s i ~ ~ a i  w; ~ ; i+ t  [ j r i i ;  s;j;c; ore 3: 

opposite polarity. 
Cothode bias (seli-bias) i s  nomolly used; fixed bios 

may be used ;in some ;pp!ic;:kns. 

C i i i i i i i i  AliAiTSiS. 
tencral, ?kc D-c cc-21el !rk21p vcl!s,,a ,:~rllii;i 

3. r . .  

c;rc;nt is one of the most widely used circults in audio- 
Ireyuency ompili:;ariurl. it iliis &c UYVC.::.~ ;is ci is:,, . , .  . . , ---. -..-a?z...: L "p ,,--.-=. ?.~~,"L, ,.,, ",," .. .F"ill 1*"-.." .... . . . . .  .. ~ , . . 

. . , . 
,;:,vln? ?"<xi lrael!ty ,over c *,a? ;;=.ju?i,ii ;.ji;qi, ;;; ;r,;;, ..-." ~~ ..... ~ ~ . .  +~.Y lT.,ll, ~ , ) ,  ~ , ,,,iir.ii i i - ; i j i ~ J  + >ti;; 

iieids nnd 3-.c heme: w:::rq. k3LODly its only dlsnnvnn- 
.--- , , ~  . -  <i...: ,,.. I I ~ ! , ? t ?  =, ~ ~ - .  7 2 ,  .".,-?tz,;+ ,7s ,-2-,xrpd .s :h! 

, , 
~. . . , .  . . L .  

"L 2 :;a,>;":,;,=.-:u"r.ec ". :- = A  . .~  .2.., ,..t 
* > : t r r   nil?-- : c  .eyni~3 :C 7~r.:~ens3te !or the v~ l ! l i~e  
l p p  7 - . r i =  T i ?  !!at, !naC res,st;,r. 

. .  . * 7 - ~ ,  . ~ - . ~  ,:. C o r c u ~ r  Cporotlvn. . ,L v.-- ...au. 

" I .  -, , -n  , , -  ,.--, *,-, -,- , o , e . . , ! 2 p 'hi!' 
, i ~ .. .'. 2.1 -.- 

A: <.;;;;;;L,i, . : , + .  i."!:;. . d l  a:-> 2. .i_,z. ~. 
wkickcr  e3C~i:eb !?tW 2rlJ CI I!!? 1 r o i j -  i i ! P  ~ ' P P  ci-~iil- 

, . 
:;; : z ; - z c .  ;;,=,. :.~. -. .> -...-* .: "L" :" L,,:-#: ,>,,, ". -, . .. . .. .. .,. ~" . 

. . , .., . .  ::;;s..c::.-,-, .- :,-.2 L:!cL:! !:!?: :L2:  5: :: :> ,~ , , , , , ,> - ,  , ... . ~ . ~  ~. ~~~.~ -. -. 
, 4 - , ,  . . , ,  - , : , , : : , , , " : , : , .  , , ,?. , 
qild ,s retilrnc; ID ;~~c:T.c tl:3ijn 3~:: :~S;SIO: 3:. L~:L:CC 
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hias i s  furnished by mwns of cathode resistor R2, which is 
bypossed by capacitor C2 to maintoin the bios ot a constant 
overaqe value 2nd thus prevent degeneration. Plate volt- 
aae i s  furnished fmm the plote p w e r  supply .Ebb through 

Typ,coi R-C toupled Triode Audio Voltape Amplitier 
Circmit 

piote iaod resistor R?. In some arcuits,  especidiy .*he:? 
several stages of amplif~cation are utilized, an ~dd~t lonoi  
resistor moy be used, connected in series between Cne . . ,  
pic:? mu:: :e;;s!or and Ebb with a capacitor c;nnec:ed 
from the junction of the two resistors to qound, to iorn a 
aecoupllnq clrcuit. Tnls odditiorr prevents the possiblii!y 
s! m d i ~  feedh* (rind its r e su l t~sc i l l a t ion~  from on out- 
pjt stage o: one opxated ot a high audio level, back to or 
input o; lowlevel stoqe ".muqh 'he pwer  supply. Ebb, 
wb!rb ra:llri o r t  as n means of common couplinq. 

In order to obta~n a hlgh value of audio output voitage 
8 - '  -' - . - - - I  ,h- . . < i ~ t " " ~ .  V?!,2E. .' r i p  ?Inte ,," . l ,  ,,, -.ill ". .".." 3 - , ,  

! , ,  < ,  . 6 ,  , , 5:: :  ;* 
--:e;::=.;~ .:.+:,es 2rt zi2;:izr:s! =r,e, becz:s? 2:. :-.::ecse 
.:. !!.e :~i:r:x:= of the ?!ate iwd wiii YCI:SP or: :nc:egst- 
in 1k.r vo:iilijt diap across it, resu!:Lxj ;a o dec:easc .r. :ne 
cc!23! ,voltoae I! !he plnte of the triode. In order to obtxn 
. . .;,...u e..ective $4 plcte v?!!?:e. w!!5 .ic . n r r -nc rc  

ies is tar i t  of the ?!ate lmd. the c ~ l y  sol~tion IS '.c. 
lncreose rne piole suppiy vuituqr, Ebb. i!oni-uc., *.tit 
... *~.,,,-, # : m , , . ,  . . .... - .  ... .. .o +h..p ,a.io!mt by .w"'cn l b ?  pie!? "7,:- 

q e  rr.<:y k I:;crtcsed. The max,rnu!i voltoqe nbt;:xt!e 
8.-- .;...I..- " ". ",.nn!. ",,A rLn inl,nn~ rnr,nn :ne . , , . . , ,  . _. 
o y p ~ s s  m@L;rurs IS! ine $ ~ r e  sdppiy ~ t i c ~ . ;  hi ie:ir ;; 
...!2>;:5? 

, z . . .  - , - : . .P ITy  ii i .JO>SC ;r:;z ::: : : . ;C:zC: 9.3: :=2;;& 
8 .  # < # c ; ?  ,>,>,ii<, "5;:cLl= cc~,&:,e; is shc..;7 i;::,c !:!:c.;;:?,: 
!iiLE:rOtiOP.. it mcy ce s a n ,  :rorn r!:e ~ ~ ~ r ; a r r u i : ' m ,  :!it .rc 
. , , - - - *  i-.. .--i .-" :^.r ;.-" .EIC :?:, ~ . ~ .  ,c%-C?.l k, ,,.. .,,,.. ".., ..-,.. 
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As the frequency increases toward the high end of the re- 
sponse curve, ampl~lication falls off because of the shunt- 
ing elf& of the combination of output capacitance of the 
stage, the distributed capacitance of the coupl~ng network, 
and the input capacitance of the following stage. These all 
act to shunt the higher frequencies to ground. As the 
frequency decreases toword the low end of the response 

1 RL=0.5 MEG 

I '  RL = 0.02 MEG 

FREQUENCY ICPS) 

Frequency Rerpoase of an R-C Coupled Triode h d i o  Volt- 
age Amplifier Wi th  Various Valves of Plate Load Resist- 

once 

curve, theamplification alsofalls off. In this case the re- 
duced gain is caused by the increose in reactance of the 
coupling capacitor as the frequency decreases, and is also 
caused by the increase in reactance of the cathode bypass 
capacitor, which intrcduces degeneration ot the lower ireq- 
quencies. 

An R C  coupled triode audio voltage amplifier can be 
designed togive o good irequenq response for almost any 
range of audio frequencies. For Instance, an amplifier 
can be built to a v e  uniform amplification for audio fie 
quencies from 1W to 20,003 cycles per second. By 
changing the values of the coupling capacitor and the load 
resistor, the frequency range can be extended to cover the 
very wide frequency range of thevidm amplifier. However, 
this extended range may be obtained only at the cost of 
reduced omplificotion, or gain, over the entire range. This 
may be observed by referring to the previous illustration; 
it will be seen that the output response i s  relatively flat 
from approximately 100 cycles to well over 10,WO cycles 
when the value of the load resistor, RL i s  0.02 megohm, 
but the over-all gmin i s  relaiively low compared to h a t  
obtained using higher volues of plate lood resistance. 

Thus, the RC coupled triode audio vcltage ompiliier may 

w0,oOO. I02 AMPLIFIERS 

be mode to give a good frequency rffipanse over the entire 
oudio range, at medium values of amplificauon. 

FAILURE ANALYSIS. 
No Output. A n o a t p u t  mndition in an R C  coupled 

Viode audiomltage wplitier may be coused by any one at 
several defects. First, the presence of an input signal 
at the input tothe amplifier should be verified. The triode 
tube should be checked to insure that it i s  capoble of op- 
eration. 'The presence of plate voltage ot the plate oi the 
triode should be checked: i f  no voltage or o very low volt- 
age i s  present, a defective plate lmd resistor or a defect- 
ive plate power supply is indicated. i l  the voltoge at the 
cathode i s  very high~pproximately equal to the plate s u p  
ply voltoge, Ebb -an open cathode resistor may be the cause 
of no output, ossuming that the plate lood resistor and the 
triode have been both found in rm operable condition. 
Finally, an opeo input coupling capacitot may be the cause 
of a no-output condition. 

Reduced or Un.toble Ovtput. Redluced or unstable out- 
put from M R-C coupled Itlode audio voltage amplifier 
may be due to an aging tube having poor cathode emission, 
o reduced value of plate voltage due to a defective plate 
power supply, or an input s i g a l  of insufficient amplitude. 
An open grid resistor would cause severe distortion, 
greatly reduced output, and possibly intermittent operation 
due to "grid blocking". If the input coupling capacitor 
were lmky, distortion would be present in the output 
signal a s  a result of the presence of o posltive value of 
voltage a t  the grid, irom the plate of the previws stoge 
supplying the input signal. A reduced value of output, 
without distortion, may be mused by an open cathode 
bypass capocitor, which would introduce degeneration in- 
to the circuit. An excessive value of bias, caused by too 
high a value of cathode resistance (or too high a value of 
bias voltage if a fixed bios i s  applied), would also be res- 
ponsible for an output sign01 of reduced value. 

R-C COUPLED PENTODE AUDIO VOLTAGE UIPLIFIER. 

APPLICATION. 
The R-C coupled pentode audio voltage amplifier is 

used to  increose the amplitude of on audiofrequency sig- 
nal voltage when uniform gain i s  required over the entire 
audio spectrum ond when a high value of gain (up to 
approximately 350) i s  required. It i s  used to amplify 
extremely low-level siqnals, where a hiqh p i n  per stoge is 
required and the number of stages which can be occornmoda- 
ted i s  limited. 

CHARACTERISTICS. 
Input i s  usuolly an audiofrequency siqnal of extremely 

low amplitude. 
Input impedance i s  very high, usually greater than 0.1 

megohm. 
Cutput impedance i s  hiqh, and as a rule i s  con&derobly 

higher than that of a tr~cde amphfier. 
Voltage goin is much high& than that of o triode amp 

fier, ronging from 1W to 350. 
Operates Class A: no grid current flows under any 

conditions. 
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Frequency respcnse i s  linem over the range of oudio 
frequencies foc which the amplifier i s  to be used. 

Output (plate) signal and inplt (grid) signal are of 
oppsi te  polarity. 

Cathode [self) bios i s  normally used; special applico- 
!ions may require the np?!icntim of fixed hios. 

. , ~  nutrnor~ic &stortiair in t j e  ovtput signal i s  lower, for 
the same value of output signal voltage, than thot of o 
triode amplifier. 

CIRCUIT ANALYSIS. 
General. The R C  mupled pentode oudio wltoge om- 

pl~lier is widely used asthe input stage in a high-qain om 
piliier nssembiy, wne:e ine voiue oi inr slqrlui :r:pui VU:~- 

age i s  extremely low. Because its input impedance is 
hi&, it can accommodate inputs from various high-impedance, 
sources by direct connection, without the necessity of 
~mpmuncrrnatching transioimers to eiiect ihe connection. 
Such sources indude crystal and tdgh-i,?i&once dynam~c 
microphones, crystal vibration pickups (including phone 
graph pickups), and magnetic tape heads. The gain per 
stage of a pentode amplifier i s  much higher than that of o 
tnode, and the pentode arnpliiim produces an output signal 
voltage of considembly greater amplitude than thot of a 
triode when operated at the same plote supply voltage, Ebb 
The t a a l  iramonic distortion contained in the output of a 
pentode oudio amplifier is less  thon that of a triode oudio 

2 omplifier for o given volue of output (signal) voltage. 
c ; ~ ~ ~ ~ ~  ~por.,,ion. n- D r -..- 1-2 --..- -.A<.. .'>..>-" .uUr.c" ,. -,,... 2.. ---.- 'b- voltage ompliher is used to amplity, to c high vaiue, on 

input siqnal within the audio-frequency range, and reproduce 
the orlginol waveform without oppreclable distortion. The 
ci:cuit of a typical amplifier of this type i s  shown in the 
follow~ng illustration. In this clrcuit the input s~yna l  is 
applied thtouqh coupling capcitor C l  to the grid of the 

Typical R-C buplcd Pentode Audio Voltage Anplifict 
Circuit 
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pentode, V1. The grid i s  returned to ground through grid 
resistor Rl. The pentode i s  operated with self-bias, with 
the bios being supplied by means of cathode resistor R2; 
the resistor i s  bypassed by capacitor C2 to mointoln the 
bias a t  o constant average value, thereby avoiding deqen- 
erotion of the amplified siqnol. Plate and screen voltages 
ore s~pplfed fmm !he p l a ! ~  power supply; Ebb. through de- 
coupling resistor R5 bypassed by capacitor C4, with R3 
serving a s  the screen dropping resistor bypassed by mpuci- 
tor C3 and with R4 serving asthe plote lmd resistor. The 
decoupling circuit, composed of R 5  and C4, serves to pre- 
vent feedback at an oudio rate irom the output (plote) of V l .  

bock through the low impedance oi the power supply to the 
fi;,7te ;; pTc<izGz ... k,"L <,,...<c~.,c .,.- i-",,, c,.,""l 

.,..a ." -. , 
to the g id  of V1. 

An nomple of the use of this circuit i s  i t s  application 
a s  o servo preamplifier. With a type 5840 pentade used for 
.,, v :, a plote voltage supply Eat of 250 .jolt; dc, and on in- 
p-! r i p 0 1  of 4a) cycles, the circuit affords a voltage am- 
plification of 70 when the following component values are 
used: Rl ,  1 megohm: R2, 3.3K: 33, 1.5 meyohm; R4, 470K: 
R5, 220K: C1, 0.OlpI: C2, 30,uf; C3, O.liif: and C4, 16,uf. 

The pentode tube used in the R-C coupled pentcde oudio 
voltage omplifier has a much higher plote resistance Liar. 
a triode tube; because of this fact, the reslstonce value of 
the plate load resistor has a considerable influence on the 
amplification of the higher frequencies, especially at the 
upper frequency limit of the designed bandpass. At the 
.. 1-w-r .~ ~~ f ryu-n? ~ l i m i t ;  however, the output couplinu cap- 
acitor to the iollowing stage may hove o somewhat lower 
cawcitance volue thon in o comparable triode omplifier 
c~rcui t ,  and sull  maintmn the same low-frequmq response. 
The effect of the value of the plate ioad resistor upon the 
frequency response, or bandpass, of the amplifier may be 
generalized: with a plate lwd of loOK, the high-frequency 
limit i s  approximately 25,000 cycles per second, while a 
plate lmd of 500K gives o high-frequency cutofi in the 
neighbihod of 50W cycles. Since 25,000 cycles i s  far 
beyond the normal response range sf an audio-frequency 
amplifier, a more realistic high-frequency limit of 10.000 
cycles moy be obtalned by using a piate ioad ieslstance of 
i50K. 

From h e  above discussion it appears that, a s  the plate 
imd reslstonce 1s mode lower and lower, ine nig'n-frequency 
-toif iimr hecomes higher md higher, orid that .! WOLI? 
Lhereiae be odvantageoi~s i n  any cosr to use a low value 
-' -,-. -. r.l.e !03d :esictmcc. W:le !h!s is !ne, n low value of 
plote load resistance has probably a greater disodvantnge: 
t i . i  c;i:;ut Jlqlsl ha.".. 3 I;.; am;!ip:?~. T ~ P ? P ! O ~ ~ ,  i n  
order to ootain suiiicient mtpbt siyna! voltage iamp1:~dej. 
:kc value ofthe p!cte load resistance must be n compromise 

ktween output voltage versus hi+-frequency response. 
in mnnecuon with the use oi o pmtode as  a wltage 

amplifier, the equation IiO.d = e 4  g m  
i s  often used. 'Ihis expression, along wiVl an equlvoient 
circuit, can be derived from the equation for oumut wltoge, 
e,: 
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By substituting for @ the relotionshlp p = r,g,, we have: 

The terms i n  parentheses will be r ~ o p l i z e d  os the total 
resistance of a parallel circuit of r, and R r  Hence, the 
expression suggests the equivdent circuit shown below. 
A s  long asthe load is purely resistive, this circuit gives 

I i 

CIRCUIT 

T 
REPLACING I 
THE TUBE 

I 

Equivalent Circuit of a Pentode Voltage Amplifier 

exactly the same results as theoriginal equiwlent circuit. 
If  the lood i s  reactive, however, m error i s  introduced in 
calculations of phosc shift unless the plate resistance r, 
i s  large compared to R r  (with pentode tubes r, i s  often very 
large compared to HL). When this i s  true the parallel branch 
r, can k neglected, and the load current is equal to - e, 
g,. This speeds up colculotions and i s  especially useful 
for pentode tubes when their values of r, and p a r e  not 
accurately known. 

FAILURE ANALYSIS. 
No Output. If on R C  mupled pentode audio voltage 

amplifier is defective in that no ournut i s  produced, the 
input signd source should first be checked to see tho1 o 
s i ~ a l  o i  proper mplitude i s  present at the input terminals 
of the amplifier. The pentode tube should also be cheLked 
to insure that it is capoble of operation. Plate and screen 
voltages a t  thetube socket terminals should then be mea- 
sured, to determine whether the voltoges are of the proper 
value. If no voltage i s  present at either the plote or the 
screen, the plate voltage power supply (Ed may be defec- 
tive in hot no oumllt i s  being furnished. Another possible 
muse moy be on open decoupling resistor R5, a shorted 
capacitor C4, or on open cathode resistor R2. If plote 
voltoge i s  present but screen .miloge is not, screen drw- 
ping resistor R3 muy be open-circuited or screen bypass 
mpacitor C3 moy be shorted. On the other hand, if screen 
witage is present without plate witage, on opm plote 
lood resistor H4 i s  indicated. If, however, both plote and 
screen voltages are normal and n;. ouwut is obtained, an 
open input coupling capocitor C1 could be the cause c f  
the trouble. 
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Reduced or Unstable Output. If the R-C coupled pen- 
tade oudio voltoqe amplifier is defective in that o reduced 
vglue of 3utput or instotil~ty i s  evident, the input signal 
should be checked to see  that it is of sufficient zmplitude, 
yet not of excessive mplitude thot would overload the 
3mpllIler stoye. If  the input siynol ispiesent and hos nor- 
mal amplitude, the lrouhle m3y te due to a lwky coupling 
capmitor Cl,  which might allow o psi t ive  voltage from 
the orecediny stilqe to te impressed on the yid  of Vl, 
thereby introducing distortion. An open or extremely hiqh 
resistance grid resistor R1 would tend to cause intermit- 
tent operation ("motorbatiny"); if this condition prevails, 
the qrid resistor should te reploced. A reduced value of out- 
put could slso te caused by an open cathode byposs capo- 
citor C2 or by on open screen bypass capacitor C3, either 
3f which iziould couse the circuit Lo he degenerative. 
Another cmse of low output could ke on open screen re- 
sistor H3, which would make the lute attempt to operate 
with plate volt=ye but without screen voltage. A decreased 
value of screen voltnye, due lo o leaky screen bypass capo- 
citor Y3,  could cause low output. A decreased value of 
plote and screen voltoqe, due to a defective power supply 
Ebb, could likexise be responsible for low output. Finally, 
there is a remote possibility thot low heater (filament) 
voltage, brouyht obout by a Loose connstion or an over- 
imded circuit, may be the couse of a low value of output. 

IMPEDANCE-COUPLED TRIODE AUDIO VOLTAGE 
AMPLIFIER. 

APPLICATION. 
The impedancecoupled triode audio voltage mplilier 

is used to increose the amplitude of an audicrfrequency 
signal where widebmd response i s  not desired, and higher 
qain thm tnat of the wideband amplifier is desired. 

CHARACTERISTICS. 
Frequency response i s  lineor over o small band of 

frequencies, for exompie from 200 to 10,000 cps, depending 
upon h e  design. 

hput is normally on o-f signal of small amplitude. 
Input impedance is high, usually more thm 50,WO ohms. 
Output ~mpedance i s  high (on the same order as the 

input), mdis  suitable for coscadedstaqesor mapletic out- 
put devices requiring little power. 

Output signal i s  inverted in polarity from thot of the 
mput signal. 

Operates clossA biosed: no grid current flows under 
normal conditions. 

Cathode(self1 bios is normally used, but fixed bios moy 
be used in certain opplicotions. 

Requires less plote voitoge thm that of on equivalent 
RC-coupled amplifier to produce an equivalent output. In 
this respect it i s  similar to the tronsformer-coupled mpli- 
fier. 
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C I R C U I T  4NALYSIS. 
General. The impedance-coupled triode audio voltoge 

amplltler resembles on H-C-coupled ou?io arr~plifiei ( p re  

viausly wscussed), excepr that un icOr!-LUIE. i i~ductmcc 
:it,okej, 1-stead u l  c res,s!sr, i s  use: as the piole ioad. 
, 
A ,  :a >a,,,ct,,:,es referr=: tL c s  G <:,.A~.<*"P:*~ ~:7,p!i!:?:. 
Becousc the cnoke acts '1s 3 reactance at a-c irequenci~s, 
the lncrduncr dttei>ll inrs tile drop ;ci~ss the plate hod. 
However, smce t t , ~  d-c r~s is tnnce of the choke coil i s  low. 

only a snol l  6 c  voltage drop occurs ocross the choke. As 
a result, ri much lower piate suppiy valtag? can 'be used to 
provide tne some eflectiv~i plo:r voltaqefas compared wlth 
ar ,u-C ~m>i.i:~.:l. 

c;,c"j, ,, pe,o, ,>n,  '.'L,, . " ."ke-",,? ~ , ;  .. . . +, .,,.._ r ,,,.,. I ?. ::ll'!'i!!-~ 

r o l i p i ~ i  t r toi l~ ot,.i!o V O ~ ~ J Z C  cmol:!ler is shorn in the 
i-',- u l  ~,*,fl,: !:I:,st:2t:cn. 

OUTWT WhVEFORY 

INWT 
WAVEFORM 

Typical lepedance.Coupled Triode 
Audio Voltage Amplifier 

A s  c,;n br sccn, :helnput sl;cci :c copaci!i\~cly coupled 

throuqh C l  to thp grid of tube VI. i0upI~r .g  capacitor C I  
712 . ~ G ~ S ~ O T  R1 for- an iluriin voltoge divider. The 
c.::o-: o! !hi; .i31!~2e ?i.!!?ei i r  !he ~ ~ n l t r ; ~ ~  which oppcors . . --.--- . M I  ., "..A . -  ~. I h O  . i ! - n  ,,nir".lrnnril~l To inp 7110 nt 

~. . . 
V I .  !:3pncl!-r ..,! ?lsn nC!s " 5  34-c aiociinq cnpacltoi to 
;;i :c;: :". pF!"! '"!:2;' "I ' ?"",I!-? sri;y=or any 0-r 

volta?e existma i n  the Incur i:icult irom odverseiy blaslnq 
\ i t .  .7*- r:."-,"P-P ?t  \ ' I  ,c: "!I , I , ,  !,c-,re,7.,er,<:" s,gn01 5s 
z : :~ ' .  smdle: !hm pi :  !rl>.s i:t!ie i q a i  i s  lost o-ross 1i.e 
,L"pJc,;"t. i<cs;::2r !!2 ;::;.:cs :::t,:;e b1X :h:m * 
~ V P ? ~ ? P  "in!? c8lrrcr: iiow, r m r i  copuultur i'; bypusses me 
reslstor to pruver.t 8cqererc::ve cf!ec!5 (refer to Sectlor. 2, 
~GE:!C" h ? 1, nf t i , -  HnrcmriK for n d~sc\~ss ion of cathode 

blojir ;I. Cnoke ;cil L 1  :; (r,s plate1;ud ia:ptiai.cc ccioss 
*.h.rh m r  oi;:at;t v ~ i t s ~ ~ ,  4;, :r Cei r loue~:  ii, C3. .n>d Rq 
'".". ." .,.. ' 5 -  .... " .-'O""..~""",2?ii?7 ~. no ,.,\, r,rj 

",.L .." - r r l . c i  rtn,.r ""ta -,,r,a", ,,~.,. ,," " . ,4,.. . .  ."" ..-., -.-.. ~ ?.... . ~ . -  - . . . . 
tr,,r>uqr, catr,c,~Qr C,,>> re:>ls,br .-,<, <;, ~ ?:.,".<,,.. ..d>- :.. 
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bios. A plote voltaqe drop ocross choke coil L l  is pro- 
duced by the 6 c  mil resistance. This drop is carstont, 
regardless o! whether o sicjncl i s  p:e:ent; !kcs :t pa- 
&-.- -- .. "... .".,.".." -:.."" ;* ,.",,"-, ""~.- ,k*", " 

"LC>,," o-,,,. .,., ",,, ,..... ., L" ...,.. ."-" .... ".,'- 
couplinq capacitor C3. W,?n 0 pos:!:.:e/01n j Input 51qnoi 
. -  , " "  --"I;"A yy..-.. *" .- .k'. ,..-y..--. ",<A nf ,,,ha \!I .. .., d,.... !he pff..t,.,p , -. 
grid bim, m i  riie p h i r  cuunrt nriieosts irisimiiMi.ea~s!y. 
Assuming a s i n ~ n a v e  :n;lu!. cs tke s!:c3! i:ses the p!~!' 
cbrrent o1.w increases unti l  the posltlve peon of the input 
cycle is reached. Durinq this holf a! lht. cycle (korn pol:.: 
o to polnt ban  the output woveforr;,;, a contlnbously in- 

creoslnq voltage drop (neqotlvc s,wir$ occurs OC:OSS the 
I<xxI i.rmlia:rui by tile reoctmre a! L i .  ?)is 1s !ne oddio- 

-.- 
.?itp!r vnltoqo w i , - h  :+ n;~l i i i  T rn.:::l:n? . . .  C C U ; ~ , : ~ .  ;.a 
With o poslt ivrqoing input, o ne ,p ! i veqO~n  outp~! i 
ieveiaped by the incr~nsinq p!ctr -::rmnS, rrb.~:b. drops t?c 

c ncrn;; riic inpeda~ci. s!!ere? 2;. chcke Ll .  Wher. "" ,"q 
the qrici w l t q e  reuciteb ti!? ~ " s i t t ~ c ~  st, ;;,c ?lo!e ;GI:- 
age is or o min~,ttwc~ VOILE ( p c ~ , , ;  ), zfi :;?? c":;~: *~vef~r ,z ) .  
As the qrid witage recedes, plate ctlrien! decreases. Con- 
sequently, tne voltagedrop ucross 1>1 becomes less an? 
less, reaching zero (point c on the wilve!oia) ot the cor.ple 

:,on of the positivehaif-cycle o i  the input slrjnol. 
. . 

As the input s imal  now swlnas ne;ct:,;i'. 11 3335 to 

the opplwd hias pmdoced by namtoi pictr  current ilow. 
ond reduces the plate cunent ~nstoctonrouslv. Durlncl the 
nqa t i v rqo ing  holf-cycle of input signal, the plate mrrent 
continuously decreases (point c to polilt d) unti l  the neqa- 
.:~~. :,"= LIC.,L ... .= .--- L C  ,.I.,.il L - A  -. Y .  --:..* > lili,, -. 2 " ,  *k" , .  ,"",,, ... ".., ,.,",,"'*.- .. ".-,I..... 
During this poiurn of the haii-cycii., rkte piore v o l t q r  

rises toward the source volto?e ms? p ~ ~ d u c e s  me pasl t lve 
qoinq portion o i  thp output s!lnnl. 4t 139 r.'..jrltive crest 

(point d on the input wavefar-!, the s ip03 IS e q ~ ~ o l  
to the bios, hut cutoff i s  nut reached bssmse the in l t io l  
htus i s  less thm holl o! the sutofi .ialve to insure that me 
:abc i s  operctcd over Lke !icrc: mr!?nfi I !  i t s  q n 6 v c l t q e  
p!n!ecurrent doracterlstic curve. At thls time to piote 

iialtoqe is equal tu the source volt^rjt. less the small 3-i 
5rOp in the plote choke. As the negatlve i rput  s ~ g n d  

swinqs positive m d  returns 13 tne zirr;  leuel, the plots 
current conunuously mcreoses ( s i n c ~  the elfcctive grid 

bias i s  reduced), md the voltage oioy proouces across il 
increases. PLote voitoqe decre~ses from the noamurn voiue 
to the stotlc level ( p i n t  d to eon the output waveform). 

5incr liar input simjtil u r )  i . ivsr  cnzfei: :lie :,is .;I:- 
076. witt~uct u c d u ~ ~ r z ~ ~  di>torlzcr~ L,y dr;.>ir~~ t h ~  ~ r . 2  pos;!iv?, 
#I con rw SPW. mot <r,e ,r,pu, .r&:~+ is "6 h s  
order of  u few volts or less. an the att.ei h o d ,  tile plutt. 

. - - - - - . . . 
sw,n3  4s over 0 rm2:je " Y  IJd L L  L.24 '.9~1", x>::,,.;;;, L;u:> 

tiibu chomcterisncs, suppiv vo1ta;lrc avniiable. m,c ol;s 
uciucc. Pince the p ime  vnlr,q- ..w!-,; - , ! i l !  !:Is! t L c  , , u ~ -  

put .a!mqe whi;t, i s  w;!icd !r; the ;oupi;n.; i~poc;mr,  ;! 

i s  wsy  to iundws!nnd how o voitoqe from lnput to out- 

put of 100 or arwter can be obtained. Because the ~ u t p u t  

voltoqr reaches o neqotive peak wLpr t i e  i n p ~ t  voltaqe 
ieocb,es 2 paritive puck, or:.! ;C153. c: zr.;1 ~c::!cL!~: 
sr~:.tm>r~I iif ti,, thr? or? i c n s i d i i i ?  ;; he !% 5e;:cc; a i t  
n! ph"cr. w ~ t h i n c n  "in-. i r ~ ; , : > l i ~ .  t i r y  uir  ui uu~usltc 
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paiarlty m d  of the some phase becouse the currer.1 
valtaqe ore both in phase (at  extremely low l r e q ~ e n c i e s  
there mcy be an actual phase sh~ft) :  Since only o voltoqe 
abtput 1s des~red ,  11 1s unnecessav  to match the lood imped- 
cnce to the tube impedance. In fact, exactly the apposite 
approach is used: the lood impedance i s  alwoys selected to 
be much larger than the plate  resistance (lor a tiiode) s o  
that tt,e greatest autput vol to?eis  obtolne?. Eecouse both 
pos i twe  and ne-jotlve plort current swings are identical, 
assuming o s lnewove  input, the overage current remains 
the same or.: is not affected by the input s l jnol .  T h e r e  
lore, the cathode current con be used to p rov~de  o steady 
self-bias (flxed bios may be used ~f desired). 

For e o s e  01 discussion, the f r e q u e n q  spectrum aver 
whlch the impedoncecaupled omplifier operates can OP 
divided into three convenient ranges: low- , middie- and 
hijn-frequency. Tr,e gal" mops off a t  the low frequencies 
becouse the impedance of the choke coll becomes l e s s  as 
the frequency i s  reduced. To lncreosc the low-frequency 
response, o large number of turns ore used to provide o 
qreotei inductonce. However, the distrlbstea copocitance 
produced by a cod wlnriing of njany turns creates  o larqe 
shunt jnl  capacitive reactance, which couses  a drop in the 
high-frequency response. Over the m~ddielrequency range 
the gajr. 1s more uniform. It  i s  limited only by the parallel 
cornbinotlon of tube plote resjstance, plote choke-coil imped. 
ance, and the shuntmq e f fec t  of the ~ n p u t  reslstonce i q i l j  
resistor) of the following stoge. Generally speaking, the 
plate  chokecoil-impedance over the middle-frequency 
ronqe i s  very hiqh os comporec ,rilth e i tnei  the tube plate 
res is tance or the Input res ;s tonce oi  the next stoqe; thus 
maximum p i n  i s  ottalned. The j am of the rmpedoncc~ 
coupled omplilier drops aver the hlqh-frequency range 
malnly because a! the lorgedis t r~buted capocitance of the 
c h o k r c o l l  tu rns ,  whlch effectively shunts the lood to 
ground an5 offers o low-impedance poth to h q h  lrequeacles. 

F hlLURE AN4LYSIS. 
N o  Output. A no-output condi t~on could be coused by 

r,o m p ~ t  signal, m open-clrcuited conditlon, lack o! plate 
or flloment voltoge, a short-clrculted condltlon, or defec-  
tlve tube. The presence or absence of an lnput signal con 
he determined by maklr,q an osc~!loscope or vacuum-tube 
voltmeter check ot the input. Ar, open-ciicuited or shart- 
circuited condltlon con be localize3 to the defective 
portion of the c ~ r c u l t  by making voltoge measurements with 
a high-reslstonce voltmeter to deternine ,whether the proper 
lllament, cathode or grid, on2 plate voltages exist.  In mony 
lnstonces open filaments con easlly be locoted by observing 
that the filoment does not 11gnt and that the tt;be feels  
cold to the touch. Where improper or no voltage exls ts ,  
check the power supply voltage to determine whether the 
fault is ir, the ampli l~er  or in the power supply. If there 1s 

normal voltage at the output of the power supply, the trouble 
1s in the ampllfler. Lack of plate voltaqe then mdicates  
a defective plate cb,oke. L l .  If  the choke 1s open, there 
will be no voltoge between theplate  and ground. If i t  is 

shorted, there -111 be no voltoge drop ac ross  the choke. 
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I1 thereis  3 short betvieen the plate ondground, the power 
supply valtoqe will be dropped entirely ocross the choke. 
Remavin; the tube ~ l l l  clear the short 11 the tube i s  defect- 
I ve ;  att,erwise, i t  c ~ n  be assumed that the chake lnsulotion 
has  fo!led i d  that there i s  a d-c path throulh the core to 
ground. A short-circulted cord i t~an  i s  u s ~ a l l y  indicated 
by burning or charring of the ports involve.', and sometimes 
con be easl ly  located by a visual examination. If such on 
exomlnaticn does not reveal thetrouble, i t  will be nec- 
essary to remove the power, discharqe the Bt supply, and 
then remove tne part m d  make o resistance check on 11. A 
shorr-cjrcuited conditlon is lnd~ca ted  by o low resistonce 
between polnts that normolly have 3 higher resistonce. 

No output can also be caused by on open cavpiin; 
Onput) capocltoi, C1. If the signal i s  present on the input 
s jde  (os observed on an osc~ l loscope l  but not on thegrid 
s~i?, ejther the capacitor is open or the grid s ide i s  shorted 
to ground. Use w in-ciicult capocl tmce tester to deteimme 
whether the copacttor is defective. I! the trouble i s  not 
revealed by this test,  ~t will be necessary to disconnect 
the capacitor from the circult and check i t  rvlth o standard 
type oi capocitance bridge. Output coupling capocltor C3 
car, a lso c o m e  a n w u t p u t  indication 11 i t  i s  open; check 
i t  in c s m i l a r  munncr, conslderinq the plcte s ide  as the 
Input s ide  and the s ide  connected to Rs os the autput stde. 
If oll volta2es uppwr narmol and s t i l l  no output is obtained, 
replace the the w ~ t h  o tube known to be goad. Unless 
shorted or apen-circuited, o defective electron tube will 
usually couse reduced or distorted output rather than none 
a t  oil. 

Reduced or Unstable Output. Reduced output i s  ~ s u a l l . ~  
caused by lack of proper plote or ,grid voltages; unstable 
o u t p ~ t  is often coused by osc i l l a t~on  and intermittent 
circuit operollon. Use a high-impedance voltmeter to check 
the grlC or cathode bias voltaqe. A la.# blos volta;c ,::111 
cause a drop in output becousehecwj plote current causes 
peak clipping effects ond d~stor t lon.  P high bios ,will a l so  
cous? lower autput. If cathode bypass copocitor C2 i s  o p m ,  
su i l~c ren t  degeneration w l l  be produced to oppreciotly 
reduce the output. Poor jolnts (solder~ng,  e t c )  will cceote 
o high-resistonce condltlon; lf the poor jomt is i n  the plate 
clrcult, lower autput will result. A leaky coupI!ng copacltor 
( C l i  :u~ll iv.praperly bios the staqe, causinq o reduction 
in output. If coupling capacitor C3 1s leaky, i t  will in-  
prcperly bias  the next s t c j e ,  draw more thnr normal plate 
current, and cause od-c voltaqe ?rap in L l ;  thls voltoge 
drop ,,*111 reduce the ef iect lve plote voltoge ond the output, 
depending upcn the amount oi  leakage. Wnen normal volt- 
aye appears  on the tube elements md the output is s t i l l  
below normal, the tube 1s probably defective. A gassy 
tube can cause high grid currefit, thus pioduclng excessive 

bias  wlth a reductlo" in output alter a short perlod of operc- 
t lon.  Normal output wlth the se t  imtially operated, followed . ~ 

by a progressively decreos~ngoutput  shortly thereafter is 
indicctive of such a condition. Replace the susoected tube 
with a tube known to be good. Clrci i t  osciilotion a t  r-i 
frequercles ,*ill a lso cause the oatput to drop and show up 
o s  o fuzzy pnttern on the oscilioscope. Ii the oscillation 
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1s a t  oudio i reqr i tnc~es,  a howl or swed will be apparent 
ir the output, ond will be indicated on the oscilloscope os 
as c single frequency. 

!Instable output con result i ron on lnteimlttently open 
byposs capacitor in tne cathode or plote circuit. Motor- 
boorinil (asi~llcltion nt a very low f r e q ~ e n q l  is sometimes . . 
c o w e n  sy fernbock thio\qh irrlproprr couplinq of the mid 
and plate clrcults or through connon  impedance couplmg 
~n the power supply; h i s  is esptciol ly  true with hiqh-goin 
cascodrd s t a y s .  Feedback throuqh the power supply i s  
usuolly couse4 by o defective byposs capacitor in  the B+ 
Ime. Th l s  condition commonly occurs when electrolytic 
capocltars age on? ,dry c-1, thus lasing their capacitance 

"I, .,,"..l"..._ 
Oirtclrted Output. Distorted output moy be caused by 

poor i r e q u r n q  response, the i n t r u J ~ ~ ! i i n  of hirm, or lmpiopei 
311d b a s .  3lstortea ahrout d;e to poc: frcouencv iesponse . . .  
:r s3$:.ju; +ha- n;d;h!c mor.i:o::~? rcgrces ore n ~ c i ! ~ h l ~ ,  
To inrot? the dstrot ion,  use on oscilloscope and o s i n e  
u.ove jenriotor to l o i l c ~  the signal path through the circuit. 
O b s e r v ~ n ~  where the woveform departs irom norm01 w ~ l l  in- 
dicate the port~ons of the clrcuit involved. A squarewave 
geneidtor may also be used. 'hlth o square-wave s l g n d  
applied, G sloping leadlnq edge indicates lock of high- 
frequency rcsponse, while a sioplnq ilat top indicates lack 
of low-freqaency respmse.  Sincp o square wave 1s mode up 
o i  many sine-wove frequencies, the opplicotion o! o 20W to 
3000-cyele squore wave will indicate the relotive harmonlc 

'\ r - i p n s p  over a range up to 5 to 10 tlmes thls frequeory. 
:.-. ,..'.-..-- .,-. . * n ! i n m  -u-p....5 $ ~ i l :  p o r ~ a ! ) y  C trcqueno/ 
response inteimed>ote betweer. thct c! res~s toncecoup led  

, . 
ji,; ;;;r.s:;:;,er-c3Ljie3 s t j e i .  

iium c~stor t lan can be observed tiirectly on m osiillo- 
5 ~ 3 p e .  i6!he?. existin? on the power sopply leads, i t  in- 
Slcate-s I ~ C K  s! sufficient power supply filterinq. If i t  is 
nor un tile power :eods, ;iit is cvken!  on Lhe ;rid, plutr,  
or cothode leads, check for i n d ~ c e i  num pickup due to the 
n c a r r r s s  of $rid leods to o-c leads. 

:~;~pr+er 5 0 s  :s C!SG G cG%tncn zx?: of dis?:r!icc; 
c o ~ ; l r l  .wtb, cvccsslve hi. ,e,  i t  muses the peaks ai ..- ,."u - m c  ,..- ci !he ualce s i q a i  to k c l ~ p p r d  of:. In o very 

:A;, !xk :! l;!!ic:cn! !:i:m-?! nm?cc,nn ran  cnuse 
Listoit.an an the pecks a! orpl i f i iut ion because of inability 
to supply i6;rIc;mt peak -dr<e:!!. ;';!,,lc b d t ~ q s  ~xezz~r*  
- , -, ~ . .  , ~ ," ; :  , ! ,  ! ,  ,,: ,.,, c <,:,e::.c: :;,c :::< =?.? plz:e ,?.,!:!:,;F> 

17- rn7.e-t; :nn us::~~ioscooe : U S :  ui used to observe die 
. . '--- ?. ?.." .,,.,., ,wr,- ..,,; ,-,: tram : ;" 5 pi- . . . . - . . . ~- ~ 

cent  IS n.>rtnalli c;ilsi,ee:c6 x r r ~ t c k i e  in comrnercid audlo 
, . 

~ - - , . . . . - - . , . - . . . . -. -. 

TRANSFORMER-COUPLED TRIODE AUDIO VOLTAGE 
A.MPLIFIER. 

APPLICATION. 
The trr:n~:'?rm~i-co~p:e,? triode aulio voitoqe ornpliiier . . 

:: :se: ;r!!-c!po:;y ;:,r twe :eueia?n~~er,,t "f h i e  0-1 ."ckaqc . . 
s,,:p::: ,.~::::. 2 .:.!: ! L , ,  ~ , , , X  7 ,=:,=7 c: G?,p;i::c: s:Cs%L E!J !L>< 

-i.-.. ..... ".-.*- ,,, .;. ,,)- , :, ; i , . ~ , , l :  - - - 8 . 8 . " .  i n  i..".'". ~,, , ,~,. .~,,  ,. ~ , , &  
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tions o f  frequency response generally restrict !he use of 
transformer coupling to oudio circuits,  which do not require 
on exceptionally wide h d p o s s  or frequency res?onse, bur 
do  require lmge voltage outputs. 

CHARdCTERISTICS. 
Uullzes low p i a ~ e r e s i s r u r l ~ t .  ~ i i u G r a  (7500 tc 15.30C 

ohms) with ompliiicotion foctors of irom 8 to 20. 
T h e  trmsiaimer s t e p u p  ratic usdoliy dues rho! i-xccr? 

3 : l  for gmd-quality audio. However, much hiqher rotios 
are sometimps employed to obtain extreme j o i n  . v ~ t t  3 

socr i f lce  of frequency response. 
Operates class A; nil fqrlci currrnt f lons "n.ii.r : .c~: :c i  

conditions. - 
r req"e,,Ly ,ebpd,,a~ i >  : L , , ~  ,x cc:, z;..: < ::~::!~:~17 

;mow hmd of f r equenc l~c  1opproxi:n;ltrly 2CX to 10.000 
cpsl.  

, , 
Cnrhadr bias (self-biosj 1s nora!ully ~ J S P ~ ,  oGr r l x r r .  

bias  may be used 01 deslred. 
Output siqnol moy be phased so tnot it IS 01 the same 

polanty m d  phase as thnt of thp input s i , r ;~ l ,  or c p p c s ~ t i  
as desired. 

CIRCUIT ANALYSIS. 
Gsncral. Thc tronsiorrer-cxj!cd tr!ode i ~ A i a  voirql- 

omplifiei utilizes the transformer os a c o n ~ i n e d  pi3te lood- 
~ n g  and coi;pling device. It  is the prlmory ol the trans- 
iormer whlch serves os the plate load, wtllle the szcand3r; 
functions as the coupliny elenen!. The a,npililed version oi 
V I P  lnpuf s l m a i  i s  rieveiopr" ilcrobs tile Ira-,siiinei ;;i- 
mory. Assuming that the prlmary impedance i i  iorle os 
ramparcd ,with L+n plot5 resis!mr? (of trip !no lei t h -  v o l t a x  
dcveluped in the transfuirr,cr ;r:::::t::j : s  +src- n~otil:, e30ai 
to the mpltlicauon !actor i#) oi tile lube inu:t.p:~r: by tlii 
input signal. Therefore, the induced slgnol ir, the  ir0r.s- 
iora~er  srcandq, which is app!ie? tc !hc !nl!?w!r: c w y ,  

i s  oppioximately equoi top  iu', wnere iu' reoresenis tile strp- 
up turns ratio betwren tile piiiirury 3rd si-icnlcrj s! <ye 
tmnsiormer. 

Timsfarmer coupling has severol d ~ s t i n c t  advarttaqes 
avr; c i h r  R C  or impedwce caupl,nj. A 1c:ucr voiur oi 
pintr s ~ ~ p p l y  v o l t ~ q e  CUT, be used, os c;::.pare? with. that 
of an RC-coupled stage, since the a-c resistonce oi the 
p r i , ~ , ; ~ ~ .  wi,&icG is s,m:l!. ??.c S ~ T T T ~ S I  ,,76cd,ic5 nf th? 
: : , ~~ : . , i , > !~ i i ,  w+i ,-;.::i.;-:;z~??, c;z be L??? !C i ~ n p ! ~  !wn 

vcltuues 183 dcmecr  n:! c: zLz rc  :n 1 :\,:EV-CI!~ 

. ~ 

c l sa  k utilized if n e e d ~ d .  S i n r ~  the prln~or:, ilnJ seeor,lan 
2 :  I!,,: X ~ I S ~ C T ~ C ~  3 W  F.C! "???O"vn,,' V T e t D m F ,  ??F T: , : ,?#Inn 

btuqe (or the autput d c v ~ c !  ::: :sdc!-? !rcm !!c 1-i p!>te 
vultoqe of he m p l ~ i i e c  std je, r ~ 1 8 , , . , ~ , ~ t . t : ~  I;,= , : LL~  :c; a, 
output network (such as n ;r:. TPC!S!~T 0'1- ~ o u ; ~ i : n l  C:X- 

ocltor), thus effect ing u reductizr lf rorpcnents .  P,E 
~ ~ , , , : c , i ~ e i  d;; LC: s-r.c:z! .'iic.l~:'.!c:es. !!s cn+t I ;  

hiqh, ond it hoslarge hulk ond weqh t .  %dd~i;snol  shlcidir.; 
is 0150 requit& la pieVMt t h e  stray t : e i l s  ~n;rad~.cei by 
L::r !!u!?.!i.imri !:ox, in:c::c;ia: .:.::' :tc c:e::::3. n i  c*.: 
?!<C?S, C L Y  c:c>l>s#r\t! > , , , w < " , t d  l , :eibxk ..;;LL,;7 :k:c ::c:2, 

CHANGE l 
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Circuit Operation. A schematic diogror  of a typical 
transforrcer-coupled audio voltaqe amplifier ,with a h:gh- 
lrnpedance input 1s s h o w  in the ocoor,ipanyirg fiqure 
C l  > s  the input b l ~ c k i n , ~  and coupling copocltzr, cnd Pg 
1s the  ?rid return reslstonce. P e s ~ s t o r  3 K  is the cathode 
blas  resistor, bypassed by CK to prevent dqenerat lon.  
Refer to Secoon 2, paragraph 2.2.1, of thls Hondbook for o 
d i s c u s s ~ o n  of cothode biaslng methods. Transformer T, 1s 

the plote input and output trmsfcrmer, coup l~ag  the output 
to the next stoqe or to the lood. 

Typical Tranrformer-Coupled Audio 
Voltage Amplifier 

As con be seen trom the schemotic, the input signcl is 
copoc~tively coupled through C1 to the jrld of tubeV1. 
Couplinq capacitor, C1, and grid resistor, Hg, form M oudio 
voltage d~vider .  The output of this  vol toje  divider i s  the 
slgnai voltage opplied to the grld oi V1. Capacitor C1 also 
acts  os a d-c blocking capocitor to prevent the plote volt- 
oge of a precedlnq stage, or any d-c voltoge existinq in 
the input circuit, from adversely biasing V1. The reoc tmcr  
of C l  to an oudio frequency s i p 0 1  is much small thon R1; 
thus l i t t le  signal i s  lost across  the capocitor. 

With no signal applied, s t o t ~ c  plate  current flows 
through cathode resistor Rk and provjdes C lass  A bios. 
A piate voltage drop IEpl across  the prlnary of transformer 
TI  i s  produced hi, the d-c coil resistonce. This sxo l l  
voltage drop i s  constant, regardless of whether or not o 
signal i s  present; and produces no output voltage since i t  
IS not connected to the secondory, but does reduce the 
available plate voltoge by o small amount. When a pos i t ive  
qolng Input si.qnol i s  a p p l ~ e d  to the grid of tube V1, i t  
reduces the e f f e c t i v e g i ~ d  bias, ond the plote current in- 
creases instontmwusly.  Assuming o s inewove  input, as 
the s l jno l  r ises  the plote current also increases ,  until the 
positive peak of the lnput cycle  i s  reached. During this 
holf of the cycle (from point a to paint b on the output 
woveform), a continuously increasing voltage drop (nega- 
tlve swing) occurs in the primary a s  the constantly in- 
creasing plate current flows through the load impedance 
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(conslstlng oi t i e  prlmory r e a c t a c e  plus the reflected loo3 
from the secondcryj. The  lncreaslnl plclte currert induces 
o v01to~e  lesec)  ~n the secondory of T 1  hhlct, i s  the output 
voltale (so). ';;hen t'le seccndory is properly come-led 
(pt,ased), the lnput s i p 0 1  on2 the output signal ore ir, phase 
wjth each ott,er, otherwise they rsmoin 02: of phase. Wnen 
the j r ,d  inpgt voltoqe renches o p a s ~ t l i t  crest  a t  polnt b 
on the .waveform, the drap across the pr i rary of T1 i s  ot o 
negat~vernaxi?num, and i s  180 degrees out-of-phose w ~ t h  
the mput, causing the effective plate  voltage to reach 11s 
minunam volile (the plote current 1s n o n  ot o nzximum). As 
the 3 r d  input .ioircqe now recedes tc-.vords rcro, tho 
e f fec t lv r  bias  is mntinuausly reduced(mode more ncgotlve), 
causing the picte current a lso to reduce. The r e d ~ c t l o n  of 
plate  current changes the direction of the magnetic field 
produced around the t rmsforse r  p r l n o v ,  an? ~ n d u c e s  an 
oppositely polarized voltage i n  the secocdory o f  T I .  '!lhile 
the primary voltaqe i s  p a s i t l v ~ q o i n g ,  the s e c a n d a y  volt- 
oge is negative-going. ' h e n  the sine-wove signol on the 

reaches polnt c o n  thewaveform, the posltive half-cycle 
of operation 1s completed and the tube is oqoln or i t s  
quiescent pomt. Now, the y:)? s l p a l  continues to Increase 
in a negotlve direction and odds to the cothode blas  to moke 
t h e  effrcuve bios st111 more negotlve, ond reduces plate  
current flow below the quiescent volue. Tnis action con- 
tlnues until the negative crest i s  reached a t  polnt d o n  the 
woveform. Since the plote vol tayeis  incieasmg towilrd the 
supply value while the plote current is deirecsmq,  a t  pomt 
d the plate  voltoqe 1s moaimum, 3r,d the primary volta3e 
drap i s  positive ondrnax~mun also. Bec~use the induced 
secondory voltage 1s opposite that of the primary, the oct- 
put i s  a maxlmun negative voltage ( i t  is I"-phase with the 
input). A s  the gnd input slqnal cgoin reverses  direction 
ond falls back towards zero, the effective 3 r d  bias  once C'! 
ogaln is decreasedwd becor!:es posltlveqolng. C o n s e  
quently, the plate current increases  towards quiescent or 
zero value, ond in changin? direction i t  agaln chonjes  the 
the direction of the field around T1 primary. Thus, a 
posl t lvegoing voltageis o p n  :named in the secondory to 
complete the negotlve half-cycle of operation. 

Fcr convenience and e a s e  of discussion, the trnnsfor~r,.r 
i s  represented by three equivalent circuits in  the occompony- 
~ n q  O ~ u r e .  Port A represel ls  tile ;;;.-frequency rcnqe 
lbelow) 200 cps), part 3 represents the middlefrequency 
ronge 1200 to 8000 cps), and part C represents the high- 
frequency range I8000 to 20,000 cps). 

A B C 

CHANGE 1 

Tranrformcr.Coupled Amplifier, 
Equivalent Circvitr 
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:r, ;art :% 5 :  :'.e f l p r e ,  -peg 1s c O ~ S ~ ~ F I ? ?  fc be m 0-c 
; e n e r ~ a r  whict, represents the stzpilflej output voltaqe ai 
trlide V1; IP represents the c-c p!:te reilstrm:e o f  the t-te, 
3nJ Lp represents the ~ n d u c t m c e  of the transfarmer prinlory. -. 
I cc 5.; res!stm,cr C! the prlrnory wlndln;, which is norxolly 
;mall, r n n  be consldeie? US ~nc lwied  in rp. Lp 2nd rp form 
n .wcir~;c d l v d e r ,  witi: the output .vii!taje : J ~ C I I  iicm I;:CSC 

L p .  At i ~ r r  s t ~ n u i  f r e ~ e n c . t s ,  t h i  recct3r.ie of Lp : ~ c s m e s  
.-.'I. ."; -.;. a,,.-. , ,..-.. ...uu. of the deve!.i;.e? v o i t ~ ~ c  CpFeJrs icrnss 

:p, tnercby ecresiln; the valtaqr ,'rapped acrois tiir pis- 
m a y ,  r.? ilence t h c o i t ~ l  vo!ta~e. Fo: o jlve?. value 01 
. . d , c tmc i ,  ;-P ! a i i ~ r  I ' ~ C  f:ev~enc,j the l e s s  t i e  o'dtput volt- 
2 Tr. 

7 -  - - , t  ': . '  '... 4,. ..- .hi ,.-. .; I , ,  :: -cr,.! ir :,.: . . . . . . . .- . . . ,~ . 
\ t r y  1 2 1 1 ~  zs COI:~OI& wltn rp. ionseqier~r;rir,  me  it- 
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:cr>s; : ~ P  :', ;ec<:::Lr -VG. L7.L !?.u,;r,,:2.2 ,5: tP.< z-:p;t 
, .c: ,7;:  :,, ,j:.:2:::,;:.,v+ h,! tb,: :Lke 2~ . r l ~ f , , - , - ? ! , , ~  ~ ~~ .~ ~ f3m;, 
the ?:,I!P reslstanc?, tne cmpilt,:de 01 ll!e ~ p c . l e i  51390l 
roltaqe, an3 :be turns rotlo o! tb.e transformer. It is over 
ii:s irequw1cy m p  mat the respcr,se 1s -.-st -n:!orx s n  

the ;an ,s  nsnlrrum. .. . 
:?, part - at tn,e k;,~:?, c j  :e>:eser.ts t!,e d ~ t r i b s ~ t e 2  

; : : ~ a ~ : : o n ~ e  . c ! w D ~ . ~  I!!"' v,?n?!c>: ~ l f  t ~ ~ ~ : ~ s f o r m ~ ~  T I  3rd 
!?.tcreia,,.trme, ~ : V J ? ,  x,; ,w~rm.j L G ~ C A ; ~ : . : ~ ~ .  7r.c tc:L 
i .srr :b~tcd c q o i l t m c e ,  which 1s apprecloaly loige, shtmts 
the h:;her ireq~encies to grounc, since i t s  reoctonce de- 
creosrs wlth lncreoslng trequency. Le :epresents tne 

:?P. ~n.: luoient i n a c t o n c e  of the tronsiarner (bcth p:I:3Ury aril1 
j ?~?;:~l 71.1. ,o~i:;? c! Le 2ep2n35 oc !ce j-&-~3?e flux 
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hl i t !  3 ~ 1 1 ~  frequercf. At a r d  rear resononce, @.e moqnltude 
of the :oltoje ocross cd i s  extremely Icrqe. I! tlle uppilei 
t r rquenq  1: :;;;cc. :tsL.::.l:?;,, he !n,:t,,!:,.c C,f ,:j 

?ecre;ies; 5erce :he x t p u t  voltz.;e, cg, decresses. [lie 
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In practice, the yoln oi  o soca l l ed  "fiat response" 
tronsiormer varies not l e s s  than I db m d  sometimes os 
mucn as 3 ;ib or rncie over the ranqe oi  2W c p s  to 10,000 
cps.  

FAILURE ANALYSIS. 
N. C;rllrlully apc&;fi,,, o i,;-;;:F;: cozditi-r 

1s cas~sed  by the lock 01 on lnput s q n o l ,  on open-c~rculred 
cnndltlan by *,e lock of piole or filament voltage, o shc:t- 
c>:c;lted condillon, or by o d e f e c t ~ v e  tube. ' h e  presence 
o: an i n p , ~ t  s q n o l  may be determ~ned by uslnq an a s c ~ l l o  
scope 3r ~ + ~ c c J u I : I - ~ u ~ ~  voltmeter to check Ihelnput. An 
~pert-i.lrcu>trj candltlon i o n  be lscol i red to the deiectlve 
:si;.jn oi tb,c ; ~ r ; ~ l t  Sy ;;lr.j 3 hlqn-iesistw,cc voltneter 

. , 
L" bci c,,,,.,,~ ..:,c:;,:: ;;!L:.,"r,:, CZ<?.S?~, y!?, 'r'! P!.,!? 
~wi!-:is ?.IS: ,or.j Jrr oarnai. Cpen iiiaii,ent n r c u i t s  con 
.. L . . . . ~ : ~ ! : : c ~  ~i spi t ted ii;t~ng !hot the !ilornmt does not 
t : x t  o n  tnat me tube l e t i s  COIJ tu tllr touch. '#hen o lack 
u i  5 ~ l t u q e  :s found, tne sourc? (power-supplyi voitagr 
~ ' 1 0 ~ 1 1  t e  cnecKrn to determine wneiner h e  voituqe is 
pre5rr.t: if so, the fou!: 1s in  the o-.pl~fier md not in  the 
po*?r supply. 1'1 m,y case, o !ack cf vo!tcge indicates 
-..L. .,,..ei ; ;ic:t c::::!! or m. ncen a r c u l t  i n  tne associated 
c c ~ p c - . ~ n t .  For example, when Ht 1s present a t  the supply 

n: 31 Lk,c f : ~ ~ l o r ~ ~ r  primary but not ot the plote, T I  1s 

open. If the voltagebetween the prlmory m d  ground is 
e q u d  on both the supply-side ond the plate  side, there is 
no voltage drop m o s s  the primary cod.  Tnerefore, either 
the plote current 6131ri 1s too l i t t le  (with the poss ih l i ty  ol 
cutuii i los i ,  vr, ~ i t j l  naimzi ;Yr:en: d:c;n, o iivuri- 
:-irculted pilmary 1s indicated. &re the primary reslstahce 
!F <17Wn, u 1es1~10ncr check wilt, the Bt supply o f f  cnd 
;;I i:lte: ;ngacltori Jlsdzr;e3 wlll i n d i c a t ~  whethe: the 
~ronsior:ner 1s h f e c t l v r .  Llsuiilly, a short-ci;cu;ted c o n 5  
tlon is evidenced vlsuclly by bumlng cr chcrnnq oi  me  *"..? .'",..4.,m 2 ?".." 

. . 
an?" 3ii v0itages oppeur nurriiui urld un input sllgrio! is 

uresrnt,  but tilere is still  no i i l t w t ,  I: is obv ims  tho1 t ~ b e  
V i  is ot louit. Fiepioce i t  wiiir o tllbeknown to be good. 
Defects in the t ~ b e  develop with q e ,  and contribute to 
bela*-norm?! I - l r r i > l t  operatlcn, ~n the toim of o low or 
?;;t~:tei oU!p-! r a t k  t h a ~  na output .  However, vlbro- 
!:an or excessive voltoge can cause the tube to become 
:;tr, 2: zt-r!eA: t h ~ r ~ f o r - :  th is  poss lb~ l i tv  must be con- 
; ; ? r : ~ l .  Iz!:rc:!mi::c!e rep!ccement n! 1:jLes sholild k 
. . . - . . - - , . , . . . . . . . 

R e d ~ c e d  a, Unstab le  Output. l ieducei  ndlDu1 is s u a i i v  

t,. -. ,-, 8 , " *  - 7  :F:or-18,eq, ,I!P?,!$",F,? u: <.,FC",[ tor,- , , . . . . . 
,-' ,,, -...;.. i.rrnk :fie C13s : ' ~ I ! Q ~ E  0" the 2nd (01 cothorie) to 

~;r:<rtI.>lm? b d L  .< 15 I,U~#.,J;. .: LA<> !,.:A ':2!12~? CZ? 

:I-- r-l!iei ou!~.lt i x  !c hea:y piotr cdrrrr8l urrd pruk 
, 

Z I I " ~ : I : ~  c!!~c:s: these j i - p t o ~ ; . ~  are not ~ p l l c s b l e  to self-  
L:sc, SBC?CFP , ~ ! h  !ti5 C ~ ~ C I J ! !  o r r n n ~ i , m e r t  heow? plote 
cdrrent wl;; increosc the t i a s ;  thus t h i  circuit t m d s  to te 

t i  r,>?n ~ 3 s  w!ii cause reduced output. . - 

A r  z;~i r;;::,;:e k;-;z;.; ccccc!!~: (chi c%q ra?ls? su f l i c~rnr  
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ELECTRONIC CIRCUITS NAVSHIPS 

deoeneration to reduce the output appreciablv. Poor ioints 
~ ~. 

(solderinq, etc),  which create high-resistonce conditions 
in the plate circuit will also produce reduced output. If 
a l l  voltages are normal ondreduced output s t i l l  exists, the 
trouble i s  l ~ k e l y  to be in the electron tube. Replace the 
suspected tube with o tube known to be good. Circuit 
oscillation moy also cause the output to drop, m d  will show 
up as fuzzy pattern on the oscilloscope. 

Unstable output c m  result from a defective, bypass  
capacitor in the cathode circuit. This  trouble manifests  
i t se l f  in the form of errotlc operation, occompanled a t  times 
by distortion. When in doubt, use  an oscilloscope ond o 
s i n r w a v e  generotor to observe the waveform ot the Input 
andoutput of the tube. In the c a s e  of intermittent condi- 
tions where oscillation is suspected, the application of o 
square-wave slgnal will tend to produce osc i l lo t~on  if in- 
stgbility i s  the cause of the trouble. Oscillation can result 
only from feedback caused by improper coupling a1 the gnd  
and plate circuits, or by common impedance coup l~ng  
through the power supply in multistage amplifiers, iesultinp 
from oging electrolytic bypass capacitors. Th l s  form o! 
oscillation i s  called "motorb~a t in~" ,  s ince i t  cons l s t s  of 
o very low-frequency signal. Direct feedback usually 
rnmifests  itself os a squeal or howl in the output. 

Distorted Output. Improper bios i s  a common cause of 
distortion in the amplifier output. Check !or the proper 
vol taqes  in the qrid and plate clicuits.  (Check the trans- 
former for a d-c leokage path between the primary and 
secondoty windings i f  the bias i s  positive on th? followin: 
stage.) Tube performmce deterimates with age,  and 
usually manifests itself i n  the form of dlsturted and weak 
output. In o we& tube, lack of suliicient illament eniss lon 
can  cause distortion on thepeaks of amplificot~on because 
of i t s  inability to pass  s u f f ~ c i e n t  current. While valtoge 
measurements will determine whether the grid and plate  
voltages ore correct, i t  i s  usually necessory to use or 
osc i l losmpe  to observe the waveform and determine the 
couse  of the distortion. An o s c ~ l l o s c o p e  and a sine-wove 
qenerator should be used to follow the signal path thrauqh 
the circuit; observing where the waveform dep l r t s  from normo! 
will indicate the defective portlon o f  the circutt.  When the  
observed woveiorm exhiblts a flatcning of the ne;atlve 
peak, the current should be checked for abnormal conditions, 
such  a s  insuilicient grid b ~ s ,  overdrive, and o leaky coup- 
l ing capacitor. Similarly, excessive bias or grld current 
flow i s  evidenced by a? oscilloscope woveiorm pottern 
wlth a flattening of the positive peaks. Overlooding the 
amplifier will a lso produce these some effects; in t h s  case 
the waveform will show bath clipping of the positive and 
negative peaks. 

Oscilloscope woveforms are o valuable old in  failure 
analysis  when poor frequency response IS suspected as 
the cause of distortion. For example, when a ,woveform 
which i s  supposedly o s lne  wave shows o choiacteristlc ,, rounded" effect an the positive peak, this 1s a clear in- 

d:cotion of poor low-frequercy response of the transfo~mer. 
In making more piecise  measurements, o square-wsve 
generator may be used. With o squarewave  signal applied, 
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o sloping Ieodmq edge indicates a lock of high-frequency 
response, .while o sloping flat top indicates o lack of low- 
frequency response. S ~ n c e  a square wave i s  made up of 
r o n y  slne-wove i requenc~es,  the application of a 2000 to 
3 0 0 k y c l e  square wove will indic,;te the i e h t i v e  twrrnonic 
response over a range up to 5 to 10 times this frequency. 

Hum d~srortlon can be observed directly on on oscil- 
loscope. When 11 i s  on the power supply leods, i t  indlcotes 
o lock of suiflclent power supply filtering. If it i s  not on 
the power leads, but i s  evident an the god, plate, or cathode 
leods, check for ~nduced  hum due to the nearness of o-c 
leads in the wiring. Poorly shielded and inproperly ground- 
ed tronsiormers may also be the cause. 

SINGLE-ENDED, R-C-COUPLED TRIODE 
AUDIO P0WF.R AMPLIFIER. 

APPLICATION. 
f i e  use of the single-ended, R-C-coupled tnode oudlo 

power amplifier i s  llmlted to those appl~cat ions where rela- 
tively small e ~ o u n t s  ( l e s s  than 5 watts) 01 oudio p w e r  ore 
r q u ~ r e d .  Such as  an audlo output s tage w ~ t h  a loudspeaker 
lood. 

CHARACTERISTICS. 
Power gain i s  relatively low (usually not more than 5). 
Plate  e i i inency is low (on the order of 25 percent). 
Power seoslrivity is low for triode p o w 1  m ~ p l i f i e r s  oper- 

ctmg under Closi  A c a n d u o n s  (power sensitivity 1s the 
iotio of output power in - i i l l~watts  to the squore of the r n s  
y l d  valtaqe which produces 11). 

Dlstoitlon is reiotlvely low (5  percent maximum). 
Operates Class  A or oll tunes; no 311d mirent !lows under 

norzmal mndltions. 
Ca:hode blns (self-bias)  1s usually used, but Ilxed bins 

;:.oy be used lf desired. 
Frequency response i s  relatrvely unliarm over a :anqe of 

200 to I0,CCc cps. 

CIRCUIT ANALYSIS. 
Gens.ol. ?he prlnary iunctlon o! o power o?:pllfler 1s to 

de l~ve i  s u i f i c ~ e n t  p w e r  to o circuit lood; any increase 01 
volloge is of secondoiy inportonce. In fac!, the ~ l t o ~ ~  

o!::plliler uses :x s~:c  CI:CJ:! a s  the p o w e r  ax?lif~er.  The 
::mn difference i n  the two circuits is thst the power ompil- 
her IS usually the lost s t aqe  (the output stage). In some 
lnstanies  a po,rrei driver 3:Oy be empluycd, for exo-ple, to 
supply he driver power for the grlds of o Class  d hlgh-power 
modulator. However, this is o s p ~ i a l  appllcotion in whlch 
tire iull o u t p ~ t  of h e  s t a g e  1s usually not ssed. Since the 
a o l r c t ~ v e  IS to obtalr  o s  much Yower ou tp~!  os p s s i b l e ,  
wlth 2s low 3 plate voltage as proctlcable, tubes with o low 
plote r c s~s tonce  ore employed. As n csrsequence, these 
tubes areof the low-mu type rather thon t i e  high-mu type 
used in vcltage aq!pllf~ers. (They ore also larger in s i ze ,  
having plotes copable o f  full d i s s l p t i o n  of the d-c power 
involved, use  higher plote voltage m d  current, and ore 
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generoily more rugged than tubes used os voltage anlpl l f~ers . )  
%,use of h e  low mu, c large gnd  excltution voltage li 
usually necessary to drjve the power omplliler. Therefore, 
a ,vo!tsgn &!,iei ~13"  15 ~ s l j o l l y  orsoc,oted WIL? 5 e  ps-ver 
3npililei.  Zonsqi ient ly .  ot l m 5 t  t h ~ e e  stoges a re  neces- 
snry to p rov~de  audio power output when irlodes are used, 
n;c;c!y, a L:ih~gn:r. :npat s tage,  n driver c!n$!?!er, and h e  
aumul sroqe. When only one t u h  1s mplayed  in  theodtput 
s o g e ,  i t  1s scid tc be s lngleended.  'iYnm, two rums ore 
ssed, they ore connected either i n  push-pull, in  push-push, 
3: lii >;rcliel. Where power output 1s consliered -.are 11::- 

partan; ikon me disroirion prok;c:s, ti.e p:cllel nr.nec:ion 
;r :cne:;li.i i:;ei to p rwlde  oocut ,i!rcr fourths the rated 

7 . r , . .~ . - . I  ... I".. .. .,., .*,-- 
Vd"U? u; :nu iuucr. ! ur .,,, ilr.pr. *." .-".. 
the push-pull zcnnecuon IS used (see the d l scuss~or .  of push- 
9 1 1  A L ~ C  Power A ~ l p I l i ~ e r s  later i n  m:s section). rii*!ou+ 
p m t o l e s  will pr?ol;re roreou:put than triodes, no ibrthtier 

. . zc>::r c: :nc::: :,:I; LU :!:c?? ?:: :l.!5 :?IL.lt : ~ s i s i : j - ,  . i i ^ i i  

!5cy c:e r e c e d  5eparc!ely (see ,he discussion a! S i n g l e  
Ended, R-C-Coupled Pentode Audlo Power Anpllfler loter 
:n lhls seclion.1 

Operotlon under Cioss  A cor .d~t ions wlth lock of gnd 
current and on efiecuvely hlqn-lmpedonoe F;-C-codpled lnpilt 
ell-!cores any p s s l b l l i t y  of gnd lasses .  'his towever, 
does nc: meon :',a: the effect a! the looding of tne Input o r -  
cult an :be cutp?lt sf L$e precedmq (driver) s laqc ncy he 
neqlected. Tnus, the power-anpl>fier grld Input clrcult con- 

! s b n t s  de:er:,lne to 3 lorqe extent h e  total armount oi  und~s- 

y-1 Iqrtn? voltnle draw- oi-,mInb!e. 

I ne large 'o"&ol - wer ad'"..' ,' .,,,a ' ... : 
L i  iic ..,. "e ...-.. .r u... he 

'v?, slrqlr-ended circuit is actuolly obtolned iron the d ~ c  plate 
su?uly "y ;on;erUng tne d - i  power :c o-c ;l:wer :hrztigi r-LV 
acuon. hhaulrnuz; vndistorted pawe: output is noimolly 
sbtained when the load r e s l s t m c e  is equal to t w c e  the 
plate reslstonce of the tube. If the load reslstonce 1s m d e  
hlqner than thls apllrnua value. o reduced output wii: be 
uato~ned;  however, the distoruon w11I a i m  be greatly r e  
duced. As a result, in  those cases .enere s u i f ~ c i e n t  power 
auipu; ;s  a v o i i a ~ i r ,  it n i l i  Lt c b s e r v d  th:r t5e !;;-I rcs:s!~ 
a x e  : s  more tnontWlCE t r c  tdbe plate iesisl3;ce. For esch 
txbe ;.,pe wd qlver, s e t  oi  clrccit condlr:ons, 1% same se t  
u f  + e r ~ t ~ : , <  .&., Jut- r.6: r,=z=:-:r:!! c??!.j. T!.c;cfore, 
the crrcrdinq d i s c s s i o n  1s trocdly o p p l ~ c o t l c  only, cnd 
varies cans~aerabiy with cesign. i t  1s 01 :r,teiest t c  note 
!!,:! ,j!s!,2r,l,271 presen; L? :>,e s ~ ~ , ; : , ~ - ~ ; ~ c d  :ac;;:!S 

:r!zz:!!; e! secarl-h.limorlc s17nnl. 13nllr other h3rn:unl.h 
-!-- *." ---. ,L"., ".- *< -,,*- l"b,"r qm";)l,)"e< ,.-: -, . y.. ,, .. ..., -. . .. . . . ~ 

;;c na:;;;ally neg!ec!e?. 21tput ratings are jer.erzl!y cam- 
- .-. ... ? -- ,.,-: -,. ",. l;.,","-̂  ,.,nrr, ,:,* .-*. 

k . . . . . . . - . . . . . . . . . r . .  . . . . A . p J  ~. . , ,  . . ,  -. 
4,::-r:urrr,onlc djjtarcian joii ;SO: rxcez; 3 @t:;~ni. ,:;-A, .-.. -.--- - 7 , .  h- n-arlrili -. 'n  .or p()wPr .-;,tp,,< wl!'l \.,- ".".- ... ", "- -. 3.n~. 

" ' " L I .  I,.?? i:'["rtlcC, .."" 2.. . , 
Fnls is usucliy ivnot is sane *ltr: su-~ur ied  "t:~-!i" ().I$- 
f x i e i ~ r ~ j  ornpl~iler systems. For exanpie, 2 i 5 : v o t  output 
c a p a s ~ l i ~  ;s s ~ p p l i e d  to provide 3rly i or 3 watts lor n s r . a i  . . ~ e ,  r cnce  instead ai b e i n  5 percmt s r  73re. the 3:s!or~ 
!!c? :r rea8,;e-I t n  l e s s  rmn ; urrcert.  70 oota~:. ;:.dxir:,u!:. 

. ,  ~ - : : : ! ! ,, > ,  "- ,,.,,,-> , "  . .  . 
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nlotched lood. Tnct is, theou tpu t  load (usually a loud- 
speaker) n u s t  equal (xatch)  the desired p l a t e  l o a d  im- 

p c d m c e .  In this cose ,  the output tronsl3rmer ser.les as an 
~ p e d a n c e m a t c h ~ n g  cs well as a coup l~ng  device, a d  nus! 
be c a p d e  of handllnq the full lnput power mnstantly. 
Slnce a speaker cdtput load oifers  o difierent lmpedmce to 
riifierent oudlo f iquenc les .  11 js  mstomiliy tc conslder i t  a s  
ofierurq a purely i e s ~ s t i v e  lood, and to assume that i t  has  no 
T R I C : I V ~  CoI:lpOnmtS iihlch muy be sensl t lve to varlous 
frequenc~es.  Des~qn  1s occompl~sned under these Ideal con- 
dltlons; hciwever, procticol operot~on i s  no! qulle $e  s m e .  
.An explanatlcn of loading ond r.otchmq eifects  i s  glven in 
the !allaw~nq ~ ~ S C Y S S ~ ~  O! C : I C . ~ I ~  3peralion. 

=::;it '2Fz7s:!9e. A * : ! p ~ r n l  ~ ) n ? : ~ ~ n r i d  nudm cower 
3 . ; ; ! i . ~ r  15 ill8.s:roted .n 1ne crccornpnylnq txgure. I n e  
varrlnq in+: siqnul I, :u;ucitidely c a p l e d  ;:rsl;gh  cap:^ 

itor Z1 to the q i d  of tilode VI. rApci:or C I  ond reslstor 

Igpirol Single-tndcd Triode Audio Power Amplifier 

,<; .- .. - . . -" , -, ."r..; I,iijll- ,.., p & i i n ~ ~  i n p :  coupl~::; networi. : r !e~n- 
put voltage is l.npressed across resistor H l  and is applied 
IC the grld 01 tuoe Vl. The reactance oi  c o p c l t o r  C l  to 
.LA ,.= - ,~, - 1 ..-... ,.,". ,i,nsl - !c iery s-a!l; therr!ore. the nlterna!>nr] 
inpu: s l p o l  ,voltage is pcssed or to he  q n d  w ~ t h  l i t t le  31 n3 
or~enuotlun ova the uudia-frqdezcy ionqe. De;;z!a: DZ cz:! 

", .,.. ,'.? -",. ...-. ..& ~ n k e  cn  the ~.^ilt?i,demas circult. IRrier to 
Sectlan 2, Parugruph 2.2.1 of this Handbook lor a ie ta i led 
o:scussluia ui cuhudr t~u*. )  

;>,e <aTf;:,2 .;z-:3;c z;21:& :;:;:; t=Lt  '!I ,:fi"ses 

trle Inlstlinranrnds piole iuirenr <lr) 10 vclj CI ILUG!:  :he lube 
.r- I . . , r n  r r l  ! . I+  ?l.ileiau? i r ce i an i s  (;i;;::u;.r of trmsisrmc: 
.'. 
; I ) .  Ib,e chonqlng currest !:p) :groug tne prlnlary of T I  

:-:.: .., ,;;.>,;= ,jF,>. !?,,, ,,.rass I!,? !?n?,sI9r:?,er . . . ~ ~  . . 
, , . ! ; s ! ? p e a r  ir 
I-.. tr~riiorrnrr secon5aiy. T i i s  voltcje iesec)  lauses csr- 

*.. : . . ., ,low ir !he load clrrul!. ' lhus ,  the uanstormer i o m s  
ur, outpui coup; ln j  nctrrark. ;; ;; h:ci;r:an: :J :e;!;re : k t  

t r , ~  tionsiorme: ::;ercly re$ lec ts  ir.to i t s  pi!xary clrcult the 
IoaC .rnlih is imposed an d!r 5rw~lJury, UJ' i~~ci l ; i t i i l j  
irtcrnal transformer losses)  does not place a loaa on tb.e prl- 

. ,  , 
,;,ary CLjLb.t "r,lesa < laad 1: c>p;jez 1,: 1y.e secC?,3~7{. 11 1s 
:! - l , , < , ~ , Z  ?7:;?, :"=:;;.-,-?, ??,C ;::z27; c7.i 5~cGp ,&~r~ ; ,  :,,fit 
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number 01 turns in the primary, whlch governs the reflected 
~mpedmce. 

The current whlch flows in t he  transforil~er second- 
dory will be lorqer thon the primary current by the turns 
ratio. For exomple, ~n on output transformer whlch em- 
~ l o y s  a step-down ratla of  @:I, the secondmy current w1l1 
be 40 times the primory current. 'The secondary voltact., 
however, will be only V40th oi the primary voltoge. As- 
suming that a pilmary voltage of 400 volts i s  generated, the 
secondory voltoge will be only 10 volts. The power trans- 
ferred will, in the case of an ideal m d  lossless transformer, 
be the same in b t h  =condory and primary. For example, 
nssuming a primary current 01 20 ma, the secondary current 
.will be 800 ma. Since power equals E x I, the primary power 
will be 400 x .02, or 8 watts, and the secandaiy power will be 
0.8 x 10 volts, or 8 watts also. Assume a loudspeaker 
load of 4 ohms: slnce I'R equals power, a total of 0.64 x 4, 
or 2.56 watts, will be eansferred to the speaker voice coil. 
With 8 watts in the prlmaiy, this represents about 32 percent 
efficiency. In o proctlcol transformer, inherent losses will 
reduce this figure closer to the pieviously specified nominal 
value of 25 percent. 

As far os the c~rcui t  actlon is concerned, the pawer 
amplifier opaa tes  in a manner identical with that 01 the 
Transformer Coupled Triode Audio Voltage Amplifier discus- 
sed previously m this section. When a positive signal 
appears a t  the grid of V i ,  the plote c~ rcu i t  develops a neqo- 
tive-going output. When this output is coupled from the 
primary to the secondary it will also be negative if  so 
phased. When the secondary wlnding i s  connected in phase, 
the output will be positive for o positlve input and neqotive 
fa o neqouve input. Otherwise, the prlmaly and secondary 
are always out of phase. The a b i l ~ ~ y  to connect the s u -  
ondory for the desired phase ~ s o n e  of the advantages of 
transformer coupling. 

To obtain maximum undistorted power output i t  i s  n e c e s ~  
sory to properly match theload to the tube. Here ogoin the 
t rms fone r  offers a convenient matching method by choice of 
the proper turns rauo betvieem the primary and the secondary. 
When used for impedonce motchlng, the ~npedance  ratio of 
primmy to secondary vanes as the square of the turns 
rauo rather than directly, or, stated mothrmotlcolly: hp/Ns 
= Zp/Zs. or Rpri = (Np/Ns)' Rsec. Thus, ossuming o 40:l 
twns rotlo, o 1600-to-1 lmpedance nonslormotlon is obtolned. 
With a 4dhm speaker and a step-up rotlo of 40:1 (secondmy 
to primaryl, the reflected load produced in the primary 1s 4 
x 1600, or 6400 ohms. Such an lmpedance would be sails- 
factory as a load for o 3200-ohm plate ieslstonce staqe (the 
Imd i s  twice Rp). 

The example of impedance motchlng given above a p n  
iliustrmes the primory difference between the voltoge om- 
plifier and the power ampllfler. While the impedonce rotlo 
is step-up for the load, u is step-down a s  far as pnmmy to 
secondary i s  concerned. merefore, only o low-voltage con 
he obtained, but maximum power output with a minlmum of 
distort~on i s  supplied to the speaker. In the event thot the 
amplitude of the grid voltage is held constant, maximum out- 
put can be obtained whm the hod  i s  equal to the tube 
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plote reslstoce; however, such operation in  oudlo orrpliliers 
is encountered only in specla1 cases, usuoiiy where only 
one frequenq rather than o rmge of frequencies is to be 
ompl~fied. 

Tne occompanylng ilqure qraph~cally ~llustrates 
typical trlode plote current and plate voltoge charoc- 
terlstics w~ th  an assumed load line, from which both 
power output and hormon~c dlstort~on may te determined. 

Grgphic Determination of Power Output ond Dirtartion 

Note first that since the b-EP choracterist~cs are not 
stroight lines and are not equidistant, the current m d  volt- 
age swlngs will be unequal, and some distortion will exist. 
The laad line RL 1s drown equal to the deslred load resist- 
mce ,  ond the static blos fixes operotion ot the intersection 
oi the Ib m d  Eb lines, where the grid bias i s  -20 volts. 
'hlhus, in the i dwl  mnstrucuon, equal positive and negative 
swings would occur, driving the h a s  to 0 md  to 4 0  volts, 
respectively. The resulung plote current and plate voltoge 
swings represented by Imax m d  Imin then determine the 
p w e r  output. Neglecting the second-harmonic distortion 
for the present, i t  can be shown tho1 Pa = 1/8 ( L o x  - Enin) 
( h a x  - Imin). 

The ~l lus t ro t~an  shows that wlth lower l w d  resistance 
(indicated by line RL '1 the voltage swings wili be smaller 
and the current swings w ~ l l  be larger thon far RL, and wiil 
be unequal: thereiore, the power output will be less  and the 
current continuously increases (since the effective grid 
then higher plote and bias voltages ore needed. In this 
case, a s  shown by load line RL", the plate voltage swings 
ore greater but the cuirent swings ore less;  thus, the power 
output i s  lower, while the distortion i s  less, since the 
swlngs ore more nearly equal. For o given tube and plate 
supply voltoge, the desired solution i s  obtained by adjusting 
the grid bias. With the proper adjustment, the positive sig- 
nal peak just takes the total grid voltage to zero, and the 
negative signal peak just makes the grid sulflciently nega- 
tive to reduce Ip to i t s  minimum allowable value (without 
operating on the curved lower portlon of the tube charocter- 
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minimum o! reactonce to the signal voltage; thus, the 
screen-& voltogels maintamed ot o relat~vely mnstont 6 c  
level. The posiuve screen-grid voltoqe i s  obtained from 
1L- .. !... -1.. .L...."L .."il^" .nnninn .oci~,nr R? ," 
L i l E  $,."LC 3Yyrlr UilYYLfli "Y.I"jed .~rr.lly LU".".". .- 
avoid the necessity o! piovid~ng o separate scrren-qid 
po,:re: s-p:ly. >.e ~hon$i!lq :!I!. cnirPn! (i.) !hinl!qh t he  

primary u i  Ti pioducrs an audio voltiigediop ispi c i i a s s  
the tronsformer primary, m d  also casses  m induced volt- 
oge iesec) to appeai in the trans!armer secondary. 
Voltage (esec) causes current ( is& to ilow m the load(output) 
circuit. Thus, the trmsformer secondary forms an output 
coupling network. 

A s  lor a s  specific c~rcilit octlon i s  concerned, the opera- . . . . . - , - , .  
:ion 1s iwn1:cn: wiin tr.3: c: me :rms:u:::::r-~uuvlru 
Audio Voltoge Amplifier Circuit and the Single-Ended Tr:ode 
Aud~o Power Amplifier Circuits discussed prev~cusiy. 
iuh ,eta - , - .,,l,;.e --- ,.,. siqna! :c appiied to t?e gr:d of V!, c 
nrgotivrgai~rg srynai 1s deieiopid ;;, 6:eplstc iiii;it, xi 
coupled iiom the primsly io the secoi.d~ry ;: T! zs i 
negativegolng output signal ii TI  i s  connected in-phose. 
When a negotlve signal i s  applied to the grid, o positive- 
going ampliiied signal IS developed in the plote circuit, 
thus inducing a voltoge in the secondary oi T1. Wen 
connected in-phase, the secondary output i s  posltive isr a 
positive input signol and negative lor a negative input. 
Otherwise, the primary and secondary voltages ond curients 
are olwoys out-al-phase. 

To obtain maximum undistorted output, it i s  necessary 

'Jl oilers a convenient metiod o! accompllshlng !ocd motching 
since the impedance rauo of pnmorj to secondary varies a s  
the swore  of the turns ratio, rotner than a~rectly.  Stoted 
mathematically, Zpri = (Np/Ns)' Zsec. Thus, with a trans- 
iormer having a %:I turns rotio m d  o k h m  loudspeokei 
load, the primary would reflect o lood of 25W times the 
the seccndary impdmce.  l r  10,000 ohms. S u d  o load 1s 
suitable for matching pentodes having o plate resistance 
of 50,WC m 1W,000 ohms, with the least distort io~ being 
obtmned from the higher-platereslstonce tubes. me manner 
in which the output power varies w ~ t h  the rotlo oi the load 
a n d ~ l a t e  resistonce of a typicd pentode, together with the 
amounts ot distortion produced, 1s gmp'nicuiiy li;ustrorri 
m he foliow?ng hgure. 

The lorge mount of second-hormon~c distortion at niqh 
;md ;x,-e&cc*s ,f7, ;; t>,e <:a;;, =-&.$ c=,s - - -. -. 

AMPLIFIERS 

W A T S  

Tlpicol Power Output and Harmonic 
Distortion Relat ionrhi~r 

the crowding together of tbe typlca! pentode piole cnninc!ir- 
is t lcs at low plate voltoges.  IS causes a greater lp 

change during the negativepeak than dunng the positive 
peak of the output woveform, thus tendin: to flatten the 
pnsitiv- pwk. florin? the interval aver which the negotive 
an? positive s?;:ngs are equni, practixiiy no sezcnj- 
harmonic dlstortion o c c ~ r s .  The large mount o! secand- 

, . 
hormanli Cistartion with low iaod ~ r . g e i x , c e  1; :o;;ea ~y 
the unesud spaclna of ine plate characteristics at low 
plote currents, which tends to flatten the ngeotive peok of 
the alternating plate current. Recause the 1004 ior aaxixur? 
power output i s  different Iron) the load tor min;mm distor- 
tion, the choice of the load i s  o compronuse between the 
amount of power outpu! desired ond total distoition that 
con be toirr~ted.  The load i s  isu~1I.y zh~se i .  so ;s :: 
picduce minimum secofid-hoiman?c ?istartic;. 'While 1; I S  

possibie w~th  some tubes a id  des~gns  that optimum power 
Oulp~: .:>Jf ~523": 71 bL8? pGifit S !  w ~ ~ ~ G I X  $::c~~cE, tk, :~ :: 
the except rather than the mle. Because of the extreme 
voilat~ons between lube types, slmpie ~ e s i q n  i onx i a s  like . . ,,,,,.-, ."< r,-,r ,b,. I 1::. --- - .. ..: .... :.. . < .  . >  : . . r ,  , , ,  , . I.L.,: 

?i !be rlesigm mllst be d?reiminec ?mpn,caiiy. 
"" ̂ ^^--Tn..."" i ,-,! '- ' .,,.,. ;- .-,- ,-.-- ..,.,., ,,.'..,. ~.~~ ~ - .  ~~ 

ist:cs fa: a typicd p e n i l e  w i f i  the jisjei 10.~: ::-E. :- 
I. .L.- .:-.- . ;, C? ",nR r,:.n,. , r , :  ,;,- ..u...?. L r...k ~~ .~ ~ 

ivoo 1s :x; oniils. 
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Typical Pcntodc IP-Ep Ch.ractcrirtirr ond 
Load Line 

Examination of the plate characteristics reveals that for 
equol grid swings, equal plate current swings are produced 
with the 7000dhm load line. It can easily he seen that if 
the lmd line were drawn with less slope (for example, an 
increased lood resistance of 9000 ohms. shown h. dotted , 
load line), I 'mar would be less than Imox, and if the lood 
were increased further the maximum current would change 
greatly while the minimum would remain practically the 
same. As a result, semnd-harmonic distortion would he 
increased. It i s  importat with pentodes, therefore, to 
prevent the load from increasing with frequenq, as nomolly 
hoppens when a loudspeokeris the load. To minimize this 
increase in distortion ot the higher audio frequencies, o 
capacitor mnnected in series with o resistor i s  used in 
shunt with the transformer primary (in some cases it i s  in 
the form of o tone control, and in other cases only o shunt- 
ing capocitor i s  used). The variation of the effective loud- 
speaker impedcmce with frequency when the RC network i s  
not used i s  shown by the solid curve (a) in the following 
graph, and the varlatlanwhen the RC network is used 
i s  shown by the dashed curve (b). Because of the high 
plate resistance of the pentode, the effective resistance 
shunting the loudspeaker i s  less than that for a triode. 
This reduction of damping on the speoker someumes causes 

FREQUENCY - 
Variation ol Loudspeaker lapedonce 

with Frequency 

objectionoble "teaming" because of resonances which 
otherwise would k subdued idamoed out). It is also of . . 
interest to note that the screen grid of a power pentode i s  
not as effective (os compared with o voltage pentode) in 
shielding the control grid lrom the plote. As o result, the 
plateto-grid capacitance i s  larger than in the valtoge 
pentode. In addition, because the mntrol-grid connection 
i s  made through the base rather than through a tube cap, . . 

thegrid-tc-cothode capacitance i s  also lorger. Therefore, Q 
the total effective input capacitance of the power pentode 
may sometimes be considerably larger than that of the power 
triode. The result i s  to produce greater frequency distortion 

v4 

in the preceding mplifier stage. Becouse of these facts, 
the over-all distortion i s  so large that negative feedback 
i s  pracucally mandatory to keep the distortion within 
occeptoble limits 11 the full power output of the pentode i s  
is required. 

While it i s  possible to eliminate the cothode bypass 
capocitor (C2 in the schematic) and thus obtain degeneration 
to help reduce the distortion, It i s  usually easier to use 
negative feedback. Because of the high gain in the pentode, 
o lmger cothode bypass copacltor i s  required than in o tri- 
ode amplifier. 

Although the lood line as discussed o b v e  was con- 
sidered to k o straight line for convenience, in actual 
operation the dynamic load line i s  not straight, but varies 
in accordance with the reactive cumponent of load irnped- 
mce  in the circuit. The result i s  to shift the operating 
point slightly a b u t  the bias value assumed for the ideul 
condition, particularly when self-bias i s  used. With proper 
des iq  this i s  of no mnsequence, smce the circuit i s  
arranged to produce equol shifts for h e  positive a d  negc- 
tlve grid swings. If unequal shifts are permitted to occur, 
however, the effect i s  to obtain performance entirely 
different from the assumed values of plate current, volt- 
age, bias md, grid drive, with greater distortion and phose 
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shlf t .  Thus, the gain, output, m d  response chorocteristics 
may sometimes be entirely different from those which ore 
assumed or colculoted. 

FAILURE ANALYSIS. 
No Ourput. A no-output condition is norm all^ coused 

by the la& of m inp-t signal, m o p e n - c ~ r c u ~ t ~ d  mn&?lt?on, 
lack of plate or filament voltage, a short-circuited condition, 
or a defective tube. The presence of on input signol con 
be determined by checking the input with M oscilloscope 
or vocuum-tube vo!tneter. An open-circuited canditlon con 
be l o ~ o l ~ z e d  t~ <he d e i e c t ~ u e  portion of the circuit by 
moklng ,voltaqe mecsurements to determine whether the 
, /  . . I  1 . 1 _ I . , ~  -~, ..........,.-.A- -.- 
LI IY I I IOIL ,  LYUlYYC, ,,,l,>, P,ULC> u," .".<"9L" " ~ L  

present m d  ore normal. 
An open cathodecircuit wlli couse o n w u t p ~ ~ t  condition. 

Wlth on apen input circuit (C1 or Rl open), the hiph qoln . , hIqh ;mpedmce 0: Lye peo!.?c :):2y per!!:ii ,J s]i,;k.t 
al;!pu!; however, !!or a!! prac!icol purposes the autpu! will 
b e  s o  low h o t  i t  con be considered nonexistent. 

If the screen shows color and the plotes does not. i t  
usually indicates that t!e screen 1s a t t e lp t lng  to act  a s  
the plate because uf an open plate circ~lit .  In thls case  . . 
t h e  piote voltoge will be zero. 

An apen screen resistor, 33, or shorted screen Sypnss 
copocitor, C3, will a lsn couse a nooutput  condition. In 
either mse n o  voltoge will appeor on the screen of thetute .  
An open screen resistor will be cool. With a short-arcuited 
i->rpn_ss rlcmri!"~. sinre thp  srrpen resisror will he droppin? 
the full ~ l t i l g e  from the plate supply to graucd, 11 w ~ l l  k 
obnormolly hot and probably w ~ l l  eventually bum out; o 
visuol lnspectlon will normaliy s n w  dlscoiarauon 3: even 
smoke in  thls instance. 

With on lnput s i q o i  present ond normal tube voltages, 
either the tube i s  defective or the transformer secondav  
i s  open. iiepioce the tube with one k n o w  to be g m a ,  wj 

check the secondary for continuity with on ohmmeter. 
Redused or Unstable Output. Reduced output i s  usuolly 

ccused by improper has ,  or 1i.u platt. or s i i eez  i;!:;ges. 
Unstoble output is usually c a w e d  by oscillation, or by 
lnterm~ttent functioning oi circuit components. An open 
,attiode bypus> i apa i i t a r ,  C2, n-,I! per-"  en: -.":-' 2c- 
generation to reduce the output appreciably, os in11 on 
open screen bypass copoclror, i3. i i  me bias  is excessive 
.~ . . 
,! bi-i iiiis!;;i HL h,:s ; : . L ; ~ ~ S ~ ?  i ~ i u i ,  t'.; 
nutpd! wlil oiso 'be rewc~fl, sepenclnq upon the  umoun! ot -.---. ' 4  .L" C r ? D m n  rmrlC1^*,-- I.1rTP"5'. !" .,"iliP or b". ... " .,_l_. .. . 
pcss  capacitor C3 becoi..es !eaky, tie Increased voltage 
'.-- ------ 3 7  .... !1 n.lA,.̂ c n :* ,.,- ?.r ,>I!tnqr . , . . .. .%. : . .,,.., 
tnus i eou ie  <he m t p ~ t  Dy i&;lng L;e ;;.ox;::.;a ;:a:i sn::.;. 
!! !he :e!!ecte? !'/a? irnpdancn I *  roo h,+, t h e  ooirtpz,! wlii 
~ I s c  k : educd .  A short& input col;p!irq capacl!or, C I  
can pioce the plate  voltageof h e  prrcedinj  s tage on the 
grid of V1, couse  increased plclte and screen mrrent, ~ n -  
c rease  the cathode Was, and reduce the output, (in some 
m s e s  i t  con m u s e  complete catoff.) 

61th al l  voltages normal, the trouble i s  most likelv ir, 
:),= +=( !,.,!! L9Lv; !?,j3,?< + f i ~ , : < s ? G n  * t i ;  ,-,<>.se ,> :css c: 
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output, particularly on the signal peaks wher. mcre elec- 
trans are needed to increase the plote current. 

Unstable output con result from i n t e n t t e n t l y  open or 
shorted components, and can usuolly be locoted by usmq an 
osciiloscope to iollow thewovcfoim througn the circuit. 
%ai la t ion can also ccuse errotlc response. If i t  occurs 
ot rod?" i iequ~ncien,  i r  will show on the oscillosuupe 3s u 

fuzzy pottem: if the feedback i s  a t  an audio i requen~y,  i t  
will be obse ivedas  o separate audio irequeficy. 3sclllat;o;. 
will a lso show in the output os o howl or squeal, or cs o 
verv low-frewencv "put-put" (motorboatino). Hovrl or . . . ~  
squeal  is usual!y caused by undesired coilpling btwi-zn h e  
alate and grid c i r c ~ i t ~ .  ! A o t o r b ~ t ~ i ? ~  i s  u ~ i o l l i  C G U S C - I  bv 

i ..--- '-- "" "- .. .,-- : .-I., 71 P i  !r, l i- 'm 7.r. .--.., ",p" u...3 ,... -.rv., . . . 
ticuloriy where electrolytic capacitors ore used; eiectralytic 
cnpocltors tend lo dry our .iiiri, ope and luse the' .I iilv 
oc~tonce .  

G";"v+, T ---- --- L.-- ..", "L. 
L ' . i l '  ,,.. , , , ,  " i" .,., ...-L., 

in: is n common collse of riistoitlm. C'leck for proaer p l s e  
ond grid voltapes. Lock of sufflilent emission in the 
electron tube wll! a lso couse distortlan on the slrmul oeaks. . . 
Where the voltoqes ore norm01 ond !he load i s  correct, the 
tube i s  probablv a t  fault; I! should be repi-ced w!th a tube 
kiiabi, to be good. Use on osc:!!o~;ope m d  ad:o s q n a i  
generator to !allow the waveform lhrough the clrcult. 
Flattening of bh the positive and neqative s i q d  peaks 
indicates overdrive i t m  large on input signal). Fiot tenlnj  
of thenegative peoks indiccrtes excessive bias or low plate 
voltoQe: this synotom con also be caused bv low screen 
\ol!.ae. T o  !h. a i j a s  Oi tao hi,+ I screen . j l l t ~ ~ ~  i; 7. 

usuolly indicated by flattening of *,e pcsltir-e peaks. Check 
me irequency response ciror~;!erisncs. ?i.unSrl;.ii +.i: 
on slne woves 01 siaplng slues or !ops on squure w u v r s  
indicates loss  of low- and h lgh- f requer .~  response. A 
2WCL to 300@-cps spore wave opplied to the input will 
provide u slq-,a: which cm iniicGte me i i i i i ;ve  hcrmor.:c 
response over a range of 5 to 10 times this freqdency (rhe 
square wove is cornposed of mony sine-wove frequencies). 

&storti  cficm, be -L ..--. ,.. "- .L"" --,,, ". u"a~;,cu dA,c-c.y ".. >.L 

scope. When b,m, i s  presen: on h e  zower leads, !xi 3! 

s~i::c!ent power-suppiy flirerin 1s indicorei.  ii i ,  is nu! 
, . " . .  1 - 2 -  L... . -  ..: "-. -- , L ^ _ . i i  "I". ,c p*c, .?"">, "2, .= ... ",. *~.-, , . .,?, :7 

cothode ieads, check for icduce3 hux due  t3 b e  reorness  o i  
o-c i eaas  in me wlrmq. Ad&uozcl ib,eck.; shl;u;i s: ..~.:i 

: , ~ ,  lc>,>:.: <:,,;;~ G , -  ::,::;.,!:,,~,,t~.; .. >::;c;:, .;:..;~.:c< :7,: ::,:: 
!no i v ~ i o i n l  i s  n 0 ~ ? 1 0 i ~ .  

APPLICATION. 
-, 
1 n r  push-pu:; uuhiio wwer  uirpLiisr uacu ni.cic 

large of . 2.-.-.' 2 -. 2." ...,.., . -.,, - " "2 
U ~ ~ . ~ L - I L ~ ~  uuu,u ?-..e. u,L .cqu 

T h ~ s  ;II;u~~ is commoiiiy empiwe5 ir, iecelvei oti~;.;r siilqes, 
in hl-t1 wd public nddress systems, on? !r ,&A xo?o!rt-.:s. 
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CHARACTERISTICS. 
Power gain i s  moderately high, on the order of 4 to 10. 
Requirestwce the drive of a single tube. 
Power output i s  more than twice that of a single tube 

( a b u t  2-I/: times). 
Second and hiqher evenarder harmonic distortion i s  

cancelled out in theplate circuit. 
Distortion varies with the closs of operation; it i s  min- 

imum for Closs A operation, and greatest for Closs B aperc- 
lion. 

Plate efficienq varies with the closs of amplifier; it 
i s  lowest for Closs A operation, highest for Class B operc- 
tion, and intermediate between the two for Class AB operor 
tion. 

Cothode (self) bias i s  normally used for Class A or AB 
operation, but fixed bios is usually used for Closs B opera- 
tion. (Specially designed Closs B tubes requiring no bios 
are sometimes used.) 

Cathode bypass copocitor i s  usually omitted in Closs A 
stages, but i s  included in Class AB stages. 

CIRCUIT ANALYSIS. 
Gsnerol. In push-pull operation, the plate current of 

one tube i s  inneosed, while thot of the other tube i s  simul- 
taneously decreased, mdvice versa. As originally con- 
ce~ved, one tube wos mnsldered to be pushed while the 
other tube wos pulled: hence the term push-pull. While 
t h ~ s  i s  true of ClossA or Class AB Operation, it i s  not 
strictly true of Class B operation. Class B amplifiers 
utilize the push-pull circuit: however, one tube effectively 
omplifies only the positive portion of the input siqnal, 
while the other tube amplifies only the negative portion. 
This occurs because only one tube conducts at a time, 
while the other tube i s  cut off. Push-pull stages require 
twice the grid drive of singleended staqes; however, each 
tube may be driven to its full capability, and usually more 
than twice the output possible with a singleended stage i s  
supplied. Distortion is reduced because the even-order 
harmonics ore cancelled out. For triodes, this provides a 
maximum reduction of distortion. For pentodes, since the 
second-harmonic distortion i s  small or negligible, only o 
slight reduction in distortion i s  obtained. However, with 
special design in which the pentodes arelooded so that they 
produce more than normal second-harmonic content, o r e  
duction in both second- and third-harmonic distortion i s  
achieved. With thebeam-power tube, distortion i s  also 
reduced since this tubehas a larger second-harmonic con- 
tent than the pentode, although not a s  great os the triode. 

Since in a balanced push-pull amplifier the plate currents 
are equal and oooosite d-c saturation effects on the core are . . 
eliminated; this permits moie efficient transformer design, 
toaether with o reduction in both amolitude and freouencv . . 
distortion. Actually, only 40 percent more turns in the pri- 
mary (ascompared with singleended stages) ore needed to 
handle two tubes in push-pull. Thus, the transformer 
design i s  economical. With o balmcedlnput and output, 
ony hum present in either the input or in the output tends 
to cancel out. This, together w~th the reduction in hormonic 
distortion, provides better audio quality. 

0967-000.0120 AMPLIFIERS 

With triodes, usually ClassA or Class AB operation i s  
employed, and the drive i s  such that no grid current i s  
drown. With pentode or beam-power tubs ,  usually Closs 
B operation i s  used, and some grid current i s  drawn. As o 
result, Class B stagesusually require power driver stages, 
while Class A or AB stages require wily voltage driver 
stages. 

Circuit Oprotion. A typical push-pull circuit using a 
minimum of components is shown in the accompanyinq 
figure. For ease ofexplanation, ixed bios 1s assumed. 

0 
Typical Triode Push-Pull Audio Power Amplifier 

+ %Ff#T9 TI + 

a : - 

(For a discussion 01 circuit biasing methods, refer to Section \ 
2, paramaph 2.2 of this Hondbaok.) The circuit load i s  o 

E b b  

. . 
loudspeaker. 

It i s  evident from the schematic thot the qridsof V1 and 
V2 are biased equolly negative with respectio the respec- 
tive cathodes. With no input signal applied to TI, the tubes 
rest in their quiescent (static) stote, md equal but opposite 
d s  currents flow in the two holvesof the primary of T2. 
The steady flow of d-c current does not induce a voltage 
in the secondary of T2, since the current in each half of 
the prlmary i s  equal and opposite in direction, ond the mag- 
netic flux oraund the primary cancels. Thus the core i s  
not subjected to a continuous magnetizing force. Con- 
sequently, the possibility of d-c core saturation is minimized 
(lor a specific mre, my d-c induced flux odds to the c-c 
induced flux produced by a siqnal, and thus limits the 
total amount of flux thot can be carried through the iron 
without saturating). As o direct result, a higher primary 
inductonce is obtained with the some number of turns. On 
the other hand, when saturation occurs the inductance i s  
reduced just as if the core size were reduced, and t h ~ s  
chonges the load impedmce and creates distortion. The 
reduction in  saturation effects i s  on inherent advantage of 
the push-pull circuit . When w input signal i s  applled to the 
primary of transformer TI, equal but opposite voltages are 

--- 
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providing o much greater power output. Another reason i s  harmonic current does exist in the primary, it does not 
thot the apporent internal plate resistance of the push-pull appear m the secondary as long as the circuit i s  balanced. 
comb~notion i s  much lower than that of a single tube (on Even with on unbalanced current, however, any second- 
the order of rp/2). Therefore, with the some voltage and harmonic output is considerably reduced. The reduction of 
bias as that of a single tube, the lower dynomic plate r e  second and even-order harmonics also contributes to a 
sistance permits much greater output. In addition, the much reduced third and odd-order harmonic content. Since 
amount of distortion does not increase greatly when the the second and third hormon~cs produce most of the distor- 
tubes aredriven to zero bias or even into the positive tion encountered in the omplifier circuit, the push-pull 
reglon. llerefore, Class B operation becomes feasible, amplifier automatically provides a much larger undistorted 
ond i s  used where large mounts of auho power ore desired. output than that of the singleended stage. The manner in 

The manner in which second-hormonic distortion i s  which the output power and third-harmonic distortion vary 
eliminated can be more easily visualized if the accompany- in accordance with the plate load for o typical twa-tube 
ing equivalent circuits ore examined. Part A of the figure push-pull amplifier i s  shorn in the accompanying figure. 
shows the fundamental and odd-order equivalent circuit, The tube types, plate voltoge, bias, and grid drive are the 
while port B shows the second and even-order harmonic some os those used in a similar graph shown in the dis- 
circuit. Note that in part A of the figure ip flows in the cussion of the TRANSFORMER-COUPLED TRIODE AUDIO 
some Oliection through the primary of T2: thus the funda- POWER AMPLIFIER, discussed previously in this section 
mental and odd-order harmonics induce on output in the of the Handbook. Comparison of these charts shows almost 
secondary ond appear across RL. The current flow i s  in a threetime power increase over that of a single tube for 
opposite d~rections through the power supply, however, so the some load resistance, with a total absenceof second- 
that the fundamental cannot appear as feedback through the 
common supply impedance; thus oscillation from this couse 
i s  prevented. In part B of the figure the flux in the pri- b 

mory developed by ip cancels, and, whlle the second- 
5 

PERCENT 

POWER 
THlRO 

WTPUT HARMONIC 
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1 
Distortion and Power Output Variation with Lood 

Resistance for a Typical Push-Pull Amplifier 
A -ODD- ORDER HARMONICS 

harmonic distortion and very little third-harmonic distortion. 
Class A B  Operation. In Class AB push-pull operation, 

sometimes referred to in other texts a s  Class A prime opero- 
tion, the gnd bias is ~ncreased over that of Class A opero- 
tlon, and plote current does not flow during the entire 360 

peak plote currents. With self-bias this increases the bias 
during the peaks and produces nonlinearity, which i s  the 
main cause of the increased distortion. With fixed bias the 
abrupt change which occurs wlth self-bias i s  not encounter- 
ed, and the distortion i s  less. This occurs because there i s  
no abrupt increase in plate (cathode) current to produce the 
bias chonge; instead, the bias at the peaks i s  determined by 
the resistance in the grid circuit and my grid current flow 

B - E V E N  -ORDER HARMONICS 

Simplified Purh-Pull Eqvivalent Circuits 
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so thot the chmqe  is proportional to the signal increase, 
11 i s  somewhat more linear, and l e s s  ornplitude distortion is 
creoted. Therefore, self-bias i s  usually ilvaided in Closs  
AB operarlon. Reqordlrss of distortion effects ,  however, 
the lnciease in bias (over that of c loss  A operation) a t  a 
" 1 .L- .̂ ."I ^^^.^I,,.^^,,.ran, 

'Y'S V u L L u q s  iiuurr.3 l,,L iri". ry-.r.r..y -" 
and the plote dlss~pat lon.  Thereiare, h e  efficiency i n  the 
plote clrcult Increases and greater power output i s  cba lned .  
If d e s ~ r e d ,  the plote voltaqe(for triodes1 m q  be st i l l  further 
lncreosed to restore the plote dissipation to the full rated 
value with still  qreater output. For this reason, Z l a s s  AB 
operollon is qennal ly  ?referred to C l a s s  P operatlor, where 
power output 1s me .i.ain consideratior, ond i slight increase 
.- 2.-.-...a- --- '. 'fierc!&. '.!::ce !!.? : l 3 ! r  ;urrezr :3r.,p, .., .-.. -- 
and hence the cathode current (in self-blased cperatlon), I S  

;reatcr than h o t  o! C lass  A aperotinn, o sllqht unbalmce 
between the tbbrs usually ascurs. ?heiefoie, 3 i o t i o i e  
cyposs capantor  1s ,~enerai ly  used in s r l i - b l u d  Class  AU 
aperotion to prevent degenerutivr effects  dui ti; :tiis d- 

b c l a c e .  Althouah matched tubes are desirable, whether 
or not cathode bypassing i s  used, I! i s  considered to be 
more economical and pioctical to p r o v ~ d e  a current-bolonc~ng 
control in the blos circillt ond to use  unmatched tubes. 
Actinliy, for C lass  A or AB operotion, i t  1s ocly necessary 
to match the quiescent vaiue o f  current to obtain o bclonce 

\ wltihin 10% over the operating range. 
The  dynamic characteristic of Closs  AB push-pull 

operotion is obtained in h e  some manner a s  that of C lass  A 
22u>:-pu;l spe~oz j~ f i ,  .& yjp;cci ch Grcc :c:j:t:c :,;Kc ,: !?,> l i  
5 h o ~ 1  that the bios is closer to tne platecurrent  m t c f t  va i i c  
thon i s  true of the Closs  A push-pull c~rcu i t .  In additian, 
t h ~  resulton! chorocterrstlc is linear over a greater l e n q h  
as iompcred w:th Class  A operation. ?his i e s d t s  in l e s s  
dlstarticn and qreotei plote efficiency. Maximum e f f i c i e n q  
iar Clnss  AB operotion i s  on the order of 50 to 55  percent. 

Class 8 O p r a t i ~ .  A r j r p i ~ l  d y ~ c . i c  c h r n x t e r i s t ? ~  
cxrve for C lass  B operation 1s s h o w  in the accompanying . -. ,i+re. 

TIME 1 

lNPUT ( G R I D 1  
SIGNAL VOLTAGE 

Typicol Class B Dynamic Characteristic Cvrrc 
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Note tho! the blas 1s hlaher than that for Closs  AB ooero- 
lion and is nearer to, but not qui te  sufficient to cause,  plate 
current cutof!. nus, c s l ~ g h t  ~ d l l n q  (s tc t ic)  current exis ts  
with no Inpiit ;ipn!. With !hi. greater bias , n -.-- "renter drlvp 
s1.p.ol ;s  iequirec. Slnce the ~ i d s  31e ~ ~ ~ a l l y  driven ~ O S L -  

!!ve oc? ;r!d iu r rmt  i c  dmwn (tho! is ,  (Iloss B oprrotloni. 
u powrl-drivsr s tage is i.eii;;cr~. 

Because 2nd current flows on the peoks of the lnput 
slqnal, a law-impedance g r ~ d  clrcurt i s  necessary, and 1s 
usually pro.,ided by uslng o stepdown turns ratio from the 
pritnory of the inp,>t tronsfoimer to the secondov.  Tnis olsc 
'nos the effect of reducing the interno! plote r e s l s tmce  oi 
the $1ver tube, anc p r ~ d u c e s  better aver-all voltoqe re]uin- 

. ,  , .."" .a " ., " . ,,,,, , , 
..,,,. ," , , e l r  .I,! ..,,. 5::  g:>cul~:,~!i u,, Glc i ie l jb l i l i . ,~ i  3 ; F : ~ !  

swings. While the c:rcuit operates in a manner slmllor to 
t h t  o f  a Clcss  A or A 0  push-pull ampl~i ler ,  I! d l i i ~ r s  i n  

thst only one tube 1s opeiotlve or o time. It con be seen, 
:: ,ei., w:;;, ,.. ..ke .." ,,k " ,eretin; b ~ : l ~ ! ~ ~ e l y ,  tlljt l ~ i ; ~  t l Y i t , i -  
o e x ,  k c ! !  crre,n! 211 vvI!ng~, a s  well .js ?rid 
current ond valtave, and well-reaulated power and b ~ o s  
supplies are necessary to ovoid dls tar t~on.  The  distorrion 
1s coused bv flatteninq of the peaks due to poor requlation. 
Slnce the plore current, ond hence the cathode current, iluc- 
tuores greatly, seli-bias i s  improctlcable, m d  fixed h a s  :s 
used; In some applicotlans speclol hi-nu Class  k? !shes 
deslgned to operate a t  iera b ias  with very small plotr 
current flow ore used. Becouse only a small s t a t i c  plate 
current i s  d r m  when no Input siqnol i s  present, the overoqc 
,:!-I- cc i re l t  is !ess thnn t h l t  !or C l n n  A operotion, even 
tnaugh the plute iuirent swing i s  G:ea:e:. 72:s is t h e  
iecsan for the higher e f f l c ~ e n q  produced by the Class  B 
push-pull ompllfier. For sxomple, i t  coil 3e 5;;lon;trstei 
that with o plate efficiency of 60% u~i power outpw 1s 1.5 
tlntes the plate dissipauon. On the other hand, ior o Class  
A stoqe operotinq 31 25% efficiency, the ?ewer outpilt 1s 
miy i/4 oi the pjote dissiponon. Tncs, 11 is pssliiii to 
obtoin s ix  tlmes os much power output from the same tube 
I n  C l a s s  B operotion a s  in C lass  A operation . 

Becouse eoch tube uf tile r:o>s B push-PC!! ai-plihe; 
operotes on alternote holf-cyciss, the canccllorion oi  the 
secand-harmonic component i a  feature of h e  Closs  A or Aj 
push-phi1 omplifitr) Jots i z t  ix i i :  (exec?: io: the p?::??. 
durina which both tubes operate). Harmonic distortion o! the 
lnput is tronsmlttea in ampililec iorm ro h e  ourput. h y  

, . :?.~.i,l~,-n,iminii :i?tiiiti,;i .;Pni.;d!;; ;r :r,e sta:s : s  21;: 
!ci,>ced !n ! h ~  SPCOIICOI~ 01 t h r  n i ~ t r  tronsiormel. Tnis 
;-̂ ;L:s bc:3..;? :*E. ?"IY 1:-0 ti". (li!" r.r?g!g !r! .Il+ i i 

the mriipj: t r a s f o m e r  from Ssh tubes i s  dcr1r.q n* s ~ d !  
J'.-- , 37 .  -- --....-?- 1 ~ .  ", c,,,, :? q p r 2 ! i , 3 n ~  . . . . . . . . y  ~, 2,. , . ..... ~ . , 

Lruss 3 operotion ~ I s a  :enas :a pmidcr se;;r.J-r.:;!!.~::.. 
2 .  ~".,:-" u., ,~., .u,,  k c c u s e  ths  ,dynamic ch?rnrlrr~.lic ni  ror'n tube 
:s  :o: af iecte? by !hi. otb.er t a b ' s  plnte rurrent; th,pse 

currents occur srparoteiy aurlnq uppos lk  h u l i - ~ ~ ~ l e s  :"r.- 
l ike  the Closs  A or AB i taqe,  wnere one n r r c n t  is coapiec 
10 the other by tiux pioaucec 3jj s~mbitonecus curen1 floh 
~n the primcry of the plate zmsformer) .  !?eqcrdless of thc 
!enaPnq toward ?lstoriiorr, 1i.t i l c r r ~ t b n  a! !iii tn; t2 , i ;  .. , , ,.. > a c x  :L. r^?CI i:! i!k p,>!,-p2l; rY:x:::, :;?icc::c:, !,? 
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the strd~ht-line poruon of the dynamic characteristic for 
operation . Since operation in this region i s  linear, second- 
hormonic distortion i s  effectively eliminated. However, if 
operotion occurs in the nonlinear region beyond this, or if 
the tubes are mismatched badly (10% difference in current 
will produce 5% distortion), then second-harmonic distortion 
will be produced md the effectiveness of the push-pull con- 
nection will be lost. Despite the apparent disadvantages of 
Closs B operotion, when careful attention i s  paid to desim 
much greater output i s  obtained with not too much additional 
distiotion. Therefore, Class B operation i s  universally used 
for hiqh-power audio appiicotions, particulorly for trans- 
mitter modulator stoqes. Pracucally, efficiencies on the 
order of 60 to 66% areobtained, although the theoretical 
maximum efficiency poassible i s  n/4, or 78.5 percent. 

The accompanying figure shows typical waveforms 
developed in the Closs B amplifier over two wcles of opero- 
tion, ond clearly illustrates the current and voltoge relc- 
tionshlps. In part A of the figure the input (grid) signal i s  
shown os a sine wove, with an ompiitude sufficient to 
exceed cutoff bias Ec and drive the grid slightiy positive. 
Haif-cycles (1) and (3) ore identical, as are(2) and (4). 
However, the odd and even half-cycles ore 180 degrees out 
of phase with each other. As the input signal swings posi- 
tive, plote voltoqe Eb i s  reduced by the drop across load 
EL until the peak value of input signal i s  reached. This 
corresponds to Emin, as shown in part B of the figure. 
Simultaneously, as shown in port C of the figure, the plate 
current of tubeVI increases to value Imnx of the peok of 
the signai. As the input s p a 1  recedes md  falls to the 
cutoff bias value, EL decreases to zero (supply value of 
Eb) at cutoff. At this time, the plate current i s  at o min- 
imum rather thm zero, the plate voltageis that of the supply, 
ond the drop across the lwd i s  zero. Actually, this i s  the 
tune when idling or static current exists, md i s  some 
small value other than zero; it i s  indicated by the overlap 
of the current waveforms in part D of the figure. Port D 
also shows the plate currents for the two tubes, where ip, 
is that for V1 and ip, i s  that of V2. Current ip, i s  shown 
dotted since it i s  180 deqreesout of phase with ip, md 
occurs during the time Vl 1s cut off. With matched tubes 
these woveforms areidentical, and with unmatched tubes 
they vary slightly. (A 10% current difference will produce 
approximately 5% hormonic distortion.) 

The waveform for V2 i s  produced in exoctly the sane 
manner a s  tho1 for V1 by the even-order half-cycles, (21 
and (4) in the figure, while (1) md (3) keep V1 noncanduct- 
Ing. Port E of the figure shows the output voltage in the 
secondary of the piate !mnsformer. The positive and nego- 
tlveswings are produced through the primary on alternote 
holf-cycles of operation. Thus, the output voltoge i s  
similar to the input voltage and i s  twice that produced by 
one tube. 

CUT OFF 
B U S  LEVEL (21 (4) 

Typical Class B Current and Voltoqe Waveforms 

For small-amplitude input signals, operation occurs 
around the point of idling or statlc (zero) current. In this 
region the characteristic of each tubeis extremely nonlinear 
and much distortion occurs. However, when lorge input 
slgnois ote opplied, this oreo represents only a small 
fraction of the rmge; hence its effect i s  negligible. Tnis 
nonlinearity at the zero bias point, plus that caused by grid 
current flow, md unmatched plate currents coused by o 
difference in tube choracteristics, odd toqether to lncrease 
the totol harmonic distortion. Thus, the Closs B amplifier 
always has more inherent distortion that either the Closs A 
or AB amplifier. 

Other Considerations. A special form of Closs B opera- 
tion i s  that known os Class B quiescent operation. In this 
cose the operation i s  B,, that is, the grids ore never driven 
~n to  the positive region1 This type of operation i s  essentiol- 
ly similar to Closs AB operation, except that the bias i s  
higher. Because the q ids  are not driven positi,ie, less 
distortion i s  produced md less driving power is required. 
However, the extremely lorge output obtolned with B, opero- 
tion is not possible: thus it finds rather limited x e .  Since 
the theory of operotion i s  similar to those types discussed 
abve ,  it will not he further explained in this Hmdbwk. 

Because of the extiemeiy large fluctuations of current 
and voltage which occur in the typlcal Class B amplifier, 
and because some tubes exhibit o negative resistance 
effect over part of the cycle, trmsients may be produced 

CHANGE 1 
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and parasitic oscillations sometimes occur in h e  grid or 
piote circuits. These undes~rable  e l i ec t s  ore eliminated by 
placing small bypass capacitors between the cothode ond 
qria or across ine primary ai the piore rransiarmer. in some 
instances, in the plote circuit, o serles R-C n e b l n o t i o n  
,,ivy it. p1"~t.d ;,",,, p:uic i> ~ l ~ t i . .  :,I sui:, c u s t s ,  t:>css 
components act  a s  sunpie hljP)-pass i i l ters  to reduce trans- 
ient response. They a re  pot e j s n > t i a l  to the operation ill the 
circuit, and serve only to prevent the possibility oi  un- 
desired porasltlcs. R e  lnsertlon o i  hese comPonents m i  
the determiratior ot t h e ~ i  vaiiles ore d e s i p  protlems not 
concerned wlth clrcult aperotlo". 

FAILURE .A,NALYSIS. 
N o  Ouiput. Lock oi  an input s q n c l ,  dr iect : \ is~nput  or 

cut;;: !ranslo:-.t.rs, lack 01 p h t e  0: ill31::tzt ~ J O ~ ~ O ~ C ,  or c 
Je l rc t iv r  iilbrcun m u s e  u ilcmuutput cordition. Tnt p r r  
sence  01 plate or ilioment voltages car. be aetermlcic cy a 
voiioge cnecK . i i s e  an osciiioscope tir a vacuum-tuie 
voltmeter :o .3etermlne whether an input signal exlsts.  
Follow the s q c a l  thrauch the clrcuit;  when the signci 
d~soppeors ,  the tr9uhle will be locol~zed.  W t , l l ~  on open 
open input .winding ( T I  piirnory) will prevent the development 
o i  an output saqnal, either secondory moy be open without 
stopplnq operotlon; I" t h ~ s c o s e  the circuit will operote on 
one tube with reduced output. L ~ k e w ~ s e ,  in the plote trans- 
former (T21, whlle an open secondary will prevent any out- 
put, on open primav .will not (unless  bodi holves ore open). ,n L abbe ;$ ate,T; 1 <x4eu ::o: #c:c be.:<;;;::; o(:::,L; >ep=; y , 2 , 2  ::- 

' 
age inalcotes mat half of the primary 1s open. Ghe ae- 
i e c t ~ v e  tube ,will not prever.: cutput; however, i f  bott, tubes 
c:e deiective tnere will be r o  output. IYh:le short clrcu!ts 
;cross the :>pa: ~ 2 -  c x s e  !c:s 3i  3~:9u:, :: :S i311CI LZ- 
Ilkeiy except wnere ccpocitors are pluced iron! gr!d to 
catnode or from piote to plote in order to prevent transients 
an: paro;i:i;;. !! j;;L :~~cL-::c:c ̂ :C G S C ~  ;iid P.? cetp;: 
i s  observed, Lh.? capacitors are probably shorted. A resist- 
m i e  check oi  the w~ndlnys  with  the power off .wl!l i n i i i c t r  
continuity; a reslstonce reading a: l e s s  mon 1 ohm , ~ i l  
proiobly i:ldico;t 2 shc>il : l r c ~ i t .  

Reduced Output. Many conJi t iors  czn cause reduced 
output. Tile most common c z r j t i s  loss ot o n p i ~ i ~ c o t i o n  ir 
one tube. Th i s  condition can result from o deiectzve tube, 
l c s s  of filamrnt or plote valto?e, or o short c i rcui te j  con- 
.ilrlon. iJ , t rnclvi  unc t a k  ur.J 1i.c:. ii.c utile:. ;i i , i i  
c r i  <r;e c2ic;ir 1s u p r r u t ~ v r ,  li;c uutpu! iiill ic i;:uzrl: -1;- 

slarronry or ;?asc enilieLr v.rscil iiir . , d v  tub- ,ri::u.r,.. 

if h e  tube remo,ied i s  deiective, tne output rrlli not change; 
. . 

, I  w y  even ~LLCG.,C. LLL- 0; p u ! e  <a.~+e v- a ~ , e  t - ~ e  

con be deterxined by a v o i t a ~ e  eheck. Visilai 1ndi:atlars . , , 
F?C" 9s !?" i>, , , r r  - ; , < , N l . : . j  L i l l l l ,  ! , ,<::1. , ,"  -xl CA>?lV<. >;I! . .  

. . . .  6 lsslpa tyd;,, :r, tp,e tube, >e,Jer, k,L> d:l:, 

ielotlve check, since a short clrcult ca? also exis t  in tne 
tilbr showinq color. An osciliascope r o v e f o m  check .n,il! 
show dellnltciy ,whether ane tube 1s operotin7 normcliy, but .-. ,.,, .L ,,,e 0tL.u: :&c. !I ::;:s :s :nc rcsc, tn.o ;!at2 ;3!tcj0 .. an: kiGS m;"+ be '--- ."*,.,..,i.. i...e:. ,, .,.* .,,uy e." ...- ~"". .u ">. 
,,,ir,e ti,= ;u\,;,. 'Y(i,c,c " $"LC ,> ~ " > ~ C L L C ~ ,  ,e5ioLe , t  s,,t,, 
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one k n o w  to be p o d .  With nornai plcte, f i l inent ,  a d  
qrid voltages but with reduced output, tne trouble i r  

ejther a tube (or tubes) or a short-circuited :,:c indeii 
rr"nsl"r,nrr win&ing, ?..' " ,CL< .t- L ' C  " " L V U L  -... ' ""2 ". ", i i " l _ - ,  '"..."" 
since 1mp:oper laadinj  will come :e?uce$ cuts,:. 

?;->*,;& &;"";, r L<"" -1 ..,n.,*l,""" m, i P 7 d  ..,.y.uyb." ...-,y.u.- .-..---, ...-.. 
~mpedance,  os weii asoverdrive, ~ ~ i l l  c u u ~ r  d>ii . l i io;~.  
Distaitlon itsult;nq from pcc; f r e q ~ c z c y  :csvnse zag be 
caused by poor tronsiormer construcuon, and also by ;m- 
proper laad~ng.  I i  the transformer 1s delsct i ie ,  reploze ;:. 
Also, exomme the lood to make certain tilot I! is of 1s t  
proper value .Check !or the prCFeI 5lc; :nd p h t e  .icl;oje 
,[), ,..:7' ,,;n-reir;!cr.ce iul!mrti,r. i J - r  z, ascil!;szc;~ t j  - - ; , .  n ,  v ,  7 ; ; ; -  -.y- 

c r s s i u e  secon&hormorlc car tent  !r o C1-253 3 m?l i i i e r  1.- 

?!,:ztes distor t~on in a pre;iG:~J~ s t ,>le ,  zr ror~!;n~nr)v,, 2: 
a :"be (or :ibis). Check :kc x b c  for zctcccd :"::es!;, cr 
substitute u puir ~ i i  t b k b  kr iah~.  to ,,c :.i;:i~i: ; i i :  I.G:L 

wi,rtiirr the rrbpunbe ilnprovus. 9Yit.j ,:ctz.+?d :d:rer~ts 
(!meor response), very 11ttle second-hormcn~c d!stor!io:: 
viill be present. W l ~ h  unmutched tubes, o 10% ? i l f e re r i r  
~n ccrrents can praZuce os much a: 5% ~ s t o r r i o n .  I 1  2 
Class  A or AB push-pull ampli i~er ,  seconOharmonlc ils- 
toition indicates thot the tubes ore ~mproperly loaded cr 
thot one tube i s  defective, smcr this :ype a! disr3rtias 
will cancel out in me secondclry ii the  cltcuit i s  operatlnc: 
normally. Ii balancing adjustments for b a s  and plote 
current ore provided in the equipment, a rra3j;st:nrr.t ..v1!! 
pr,>b.ch:f :et;i7; t+e  tic^ tc ;crrc!. syr2:,, C!c:;:, ?, 
or A8 stoqes wllh one r ibe  in the c;;cu:t ct i t . r i i t  ~IJ 

note on on cscilloscope ,whether both c:r:u?ts perform 
~bent lcoi iy ,  observlnq the waveiorm ot Mth the l rput  an; 
the o-tw!. Tb.e so)2rce of distortion si.o~!li h- obvio~~;. 
'iinen C l a s s  B s t ages  ore ogeiated wlth one t ibe  cnly, ti,e 
output will be hionly distorted: both t;bes c:c ncces;;;Y to 
~ : n i m i z e  dis!nrt!n?. 

PHASE INVERTERS. 

Phose inverter c ~ r c u ~ t s  cii.  sod to ;.ridu;? i s  ;pp;si:i.iy . . . .  PY:I I I ILCIY ... 3.1,: ?, ili::.iiltb~.,lI hi:,, I ; , :  .......... ..".?d. 

slgnol. Tkus :.vo equa: s::J ;pos . t e  slj:i~.ls ore j r i i ~~c t i !  
lor arlvlng jush-pull o>ilpiillrrs. >JI:CC tile out;ruts are ~ S L -  ...... " , , ,  ... : . . . . .  " , ~ , , ~ -  ...... ... .. + ..,.,--... .. 2 e . , , -, ii- 
-nmmnnl,r c.>nren n- l c  m:r,- P r . ~ n r l t ~ i ; r  7nn;Pr -^.re - -. ........ , ......... , ~ ? ,  ~~~ , 
- - - - ,  .- ̂ ,  . .... I ... ,.- ̂ .inr " ^  . -  ;*.__ .. ;.. . . . . . . . . .  . . . . . . . . .  
-1 :Is :rox:-;a, !i.c:e!O:e, !!;+) li. .;I ,g *.;t it. 

, , ........ L . . .  . .  . ,  ......... : . .  _" 
. - . . . - . . . . . . .  . . . . . . . .  . . . .  

7 5  nqhi x o ~ i  a t  i i e q ~ r : , . ~ e s  i i ;  i ~ i  .eti,l.,,ilii ii.i,i,i 
--"".c~.- . - ,  '-. ',. ...- ,. ," t - .  -.--.; ,....,,.. V,?~." .!.,, - .............. . . . . . . .  

:he ;gc.,e?[l~"l Ir3:.r?& :.- .-.tc *Lo . .r.... . . . . . . .  
1 n ~ u 1  slynoi ln me plate C:IC~JI[, si111p;e > L : ~ ~ c - L . I U ~ C  ~ I IUSC 

lnvrrters cun hc tievelopid by r x ~ i . , j  one C..~:U: fro- t f i i  
:ut;rudrrid ttrr u:r.er 3uL;~t !13!:: t!,e piu:e. Y l r ~ r i  i ; l  

20 csnsldrrotlnr., t t r  r i :  itm:qitf;iw;lrd -rt:,o.? 1s 11 
;ie tronsiormer : : ~ c $ ~ r , ~  +.:~, zer,rec :OF br. 1k.e trcr,;. 

...... ...... ! .. , w  .>? .,.,,, ' , i  , :: ,? , ,+, , .-> ._._ ....... , ,  , F. - , . , , , ,  , . , , , ,  ? ,  
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half-cycle. Tnt polarity oi  the secondary wlnding is now 
opposlte that shown on the schenot ic .  However, because 
o f  the grmnded center top, polnts 1 and 2 on the w1nd1r.q 
will be 01 q u o 1  ompljtude, but of opposlte polar~ty,  or 
phose. 

FA!L?IRE AII.ALIS!I. 
No Output.  Lock o f  plote vokage, Improper blos volt- 

oqc, a s  well US 0 deirct ive ;;:le wrll  couse o ioss  of out- 
put. Loss  oi  plate voltoqe or irnprc-r h a s ,  may ae deter- 
wr.el by maklnq u valtaqe c-ec* with o v o l t r n ~ t ~ r .  '~Vith 
piate vol ta le  a! the s'~;;ly but not cn t!!r plate u! \Il ,  
r r c n s f a r ~ e r  T i  Ljilnary !> cprc or ' J i  ?i s l o i t e i .  'X::itn 
, . . .  . . l i  ^ - 1 ,L-.. - ,.-"a .."I*""" >.** ., .,,," , ,L." ,,,.,L .... ~ ". .. ~" .-.. .... ". ." ..u3- - , -?  

lndlcated across  the prlmory res:star,ce 01 T I .  Replace Vl 
with o known qaad trliv, when in Ca,t.t, ai;d recneck tne 
prate volto?e. !rltr, ?corer plate ano cctnoae-bias i ~ ; l a ' g e ,  
, , . . . ' L ~ .  4 ... . .'.. . -  ---- -. ..- --- . . . J ,  r : : , I >  r 8 , 87 .,r, ,.- 
gndory c! 71 is opPn l?nk? o IPSISIC~,CP O W ~  c o n f ~ n ~ ~ ~ t y  
check of these parts with 0;; oh- :c te r  tc cetermlne .whl:h 
1s a t  icult. 

LOW O U ~ P Y ~ .  LOW ~ I o ~ c ,  sc h ~ g h  bias voltoqe, as well 
a s  a defective t u k  con cai.sr o iiu outpr;t. If oonorinal 
p h t e  mi ren t  is dmwr,, the p:i:e uo!:clge of if! w ~ l l  be 
!ewer thcn ~ o r m o l  on?. the cothode oms  wlii be h?:.ler 
than usual o c i  thcs l e s s  aut ;~:  will be c ~ t a l n e j .  Use o 
voltmeter tc check plate or.; t i a s  valtojes. !i bias or,d 
plate voItaqes cie normal, reploce V1 wlth a g o d  l u k ,  

, , 
\ s l n r ~  low tt>h* prn1ssion c a n  also couse a reduced output. 
'". !f :he in;" CdLp;t CC,qJlt PYrsls~i  afteI pLbS rt.p~.lSe,Tlf.rl~, 

tronsforrner T l  is pratably defective. A sliqht increase In 
I;;jte vc;ti;gr rrlt;. I; rc0L;tJ ;lri::aij ;-c ~ ~ S + S ! G ~ ; E ,  :s 
checked witn an onmneter, ccs;lcd i t *  ?ocr lcw irequercy 
r e s w z s e  is an s!rost  pos1!!~e lrdicotion oi  0 parl!o!ly 
sho:ted primary. Any short cr h:3h reslstilcce condltlnn 
~n the secondary w111 usuai i j  sk~cvr un u reslslai.;r cbrrci: 
of tne secondary, ard  will probably couse a reduction ir, 
one o! :be out?ut s : ~ a l  on.;ll!t~ies, ;: l o t  ?n coth. Use 
un asul2r.siil;:u L,I L'T\l'hi Id ~ut.:?ia;u i r r tp~t  ioiioqe ir.:i- 
C"t:Orri. 

Di.to.tion. Zs? ;r. asrii:;si~;c t i  c t s e r~e  tne ;E?u: 
>. j,,": ,,J<,::~ ,,,., Ll,,: L,,.. l.:,.,:%., 1: ,r.. :..E:!: :k.c cb;?ut 
~vovelorms. If nny oifieicr,ci of ~avefor : "~  occdrs mtween 
the iuo output s i , ~ , o l s ,  tn t  ~ i t : i r : ~ ~ r  1: : I ~ S O O Y ~  causea 
,,,, ,, :,:* ?:l:,,= ,.7 !r,,:,:f,:r,;-7 -.:r: :,,~,;-,.v. "."+. i ,  c x;-,,j; ;>;,>t. , . 

_h?Q$ ...Q?:,:" IPrrl!q:C nlF l-rt ' i : iG,.- s l : :s.>~~,l,r '" c ,  n 
.-,,--., ". ... " ,...,u..... ~. . ~ . . . . . . .  

/ _ . . ! I  ."".,. 

SINGLE-TUBE PARAPHASE INVERTER 

APPLICATION. 
The 5:njIe-tube porc$asc irver:er sc;plies o push- 

puli au1?11: irori: o s ~ c q i e f r , ; e ~  in,,~t.  It is used m o ~ r l ~  t;l 
?r;.ie oudlrr [ : :sh-~~;l I  ?owpr onnl i f i r r i  1.1 pub!i- C ~ ~ ~ P S Y  

s.jr!e.m.z, i - cn i l a r? r s  o r c  c rprr!':pr CAI"-::o;~s. 
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CHARACTERISTICS. 
Sell-blas 1s u s ~ o l i y  i.stl a l t n c ~ ~ r ;  i n e d  t ! a s  nc; be 

used, :I des:rec. 
Two o ~ t - s f - p h a s e  c ~ t o u t s  are r:j\~~r!i, O ~ C  t 1 ~ 7  :LC 

plcte clrcult, on?. one ircnl the ccthode c:rcil!t. 
t'iqLecc.i r e q c o s e  is r~ict>ve!.i  ;n;ta::n ! : c ~  0 k x i  

I , , , ,  t"  is -,?,-I -r,c .-- .- .-,... . - ~ . ~  
Elfher 1r;sdcs ci oei.:r.ze; :LC.; :e ~ x d  (per.tcde Era- 

vlde~. sliqi,!ly hqiner out jut  nit!. ,.;rcved hl:: f r e q ~ e n q  
icspor,se). 

?rov:des IPSZ qoi:, ti.on IS  ,..ssL! i(. \ v l l h  tro~.sfcrr~ler 
CCuP]:c; .5 o!v,u~;. ;CSs !::,:I t:i  :;>it). 

CI.:C"I: ':!'LYS!S. 
~ s ~ c r o l .  F:? slnqle EtGle par3phose inverter, a:so 

dnobvn 3s 3 phase J I I ~ I L ~ S  ine g k s e  inveriin; pr-;- 

eiry he:v~er:l t:.e j r i?  0r.d ::iuti ut tr!eili:!r?n t ~ t i  to -, , . -  ,e-. .?**, . .  ~ <L"L . ,, , , . .  ,,,, a ,.,,,,,,,y , . w , . .  ~ ,.,& ~ ,u.u. ".~ ,,,. ..,. ". 
tnlerh~r  w t h  on irl-:t,cse  out?^!, wrlcn 1s token fro!? m i  
cathode, provides the dcslred ?us>,-pdll outp~: .  Slncc 
k l o n c e d  signals ore deslrro, the u n ~ l ~ f ~ c a t ~ o r ,  1s l , n ~ l t C  
to tic1 whlch con te o'~ta!ce? !Tom tb.c cs:io:e, whlci; 
1s always l e s s  tl?or. umty iar c ;~ iLocs  ioilower. ? 8 ~ ~ ,  .. . when p!a:s orid CUthC5e OU:;L:S n:C ricde equal, '*e 0.1- 
put ! s  aiways l e s s  !?an !he !nF.!t s.;ra;. Thls  ?~rcu!t,  
hawever, ; s n o r e  rccnon:ccl to ?reduce cnd kcs o better 
overall r e s w n s e  than the tronslor::.er coupled ciicult.  
Hence i t  is dsuolly used in  ICWPI ?rlcec qu lpment .  For 
h ~ s t  resul!s two-tube ocio-hose clrcults ore oreierre?. 
. . -PO the oV6:UI: cI;il;!;.;fll,LT :cs;~~,sc xny ?p or- <.,,-. 
ron~jed to provii.t better p e r i o i c ~ n z r  w;t; a lorqer c ~ t p ~ t  

,.,.- n . t r  ;~L;II:, t c t  s : c g ~ ~ - l ~ - l e  :car, e : : i ~ .  : n ~  I:;:-'-' 

sraqe. 
C i r c u i t  Operot ion .  The sck.en~oti; oi o typical sirq!u- 

tube paraphose inver!er :s sh3.n:: I!: ti.? occampnylcq I!- 
:ubtr~t.o~:. 

+ g  Ebb 

- i - - 
S i n g l e - ,  ube Poruphsre inverter 
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passed by ccpacltor C4. The outputs are developed ac ross  
?late l a d  resistor R2, ond cnthcde load reslstor R4, and 
ore ccpxiti.ie!y cauplud to the pusil-pull driver or output 
stage by C2 ocd C3. 

:N~tl; no  siynal applied, V1 res t s  in the quiescent 
cand1t:on wlth Class  A biab supplied hy cothode current 
flow through cothode i rs ls tor  R3. Smce qud coupllng 
resistor R1 is returned to the gr3ulid side o f  R3, any 
,ioltoge developed ocross  R4 by catnode flow has no e f f e c t  
on the bias  between the grl2 and ca!r:udr of Vi. Further- 
more, s ince the voltage developed ocross  R4 i n  the qul- 
escent candltion i s  steady (DC)  no output oppears from 
coupllng capacitor C3. Likewise, any plate voltoge drop 
d e v e l o ~ e j  ocross ~ l o t e  reslstcr R2 is also a steady DC 
ond no output oppears from C2. 

Assume o s~ne-wave  oudio input signal i s  applied to 
the ineut terminuls. Dur~na  the wjsltive excursion, the - .  
gild o i  V1 i s  driven in a p s i t i v e  direction in the &en- 
tlonal manner and on increasinq plate current flows. 'When . . 
plote current incr toses ,  electrons flow from ground, through 
R4, and C4 Iwhlch bvposses R31, within the electron tube . . 
from cothode to plate, and throuqh plote reslstor R2 to the 
voltage supply, creotlng the jpolorlties stlown on the sche- 
matic. Note that the cathode voltage i s  pasitive, is m 
phase with ond follows the input slgnal, whlie the plote 
voltoge drop i s  negatlve and outuf-phase with the input 
signal. Slnce these two voltages ore constantly varying 
a t  on audlo frequency they oppear as outputs ocross  C2 
and C3, and mound. The values of R2 and R4 ore mode 
approximately equal so that equal omglitude output signols 
are produced. 

When the input signal reaches i t s  peak positive excur- 
slon and swings in a negative direction, the plote and 
cothode current through V1 is reduced, and the output 
voltnqe IS reduced, likewise. As the input sigr.01 reoches 
the zero level ond s w ~ n g s  down lnta the negotive region, 
the polarities across  R2 and R4 a re  reversed. That of R2 
u s e s  towoids the plate supply source and becomes p s i t i v e  
going, w h ~ l e  that of R4 continues towards zero, drops 
below the quiescent level ond i s  effectivelv neoative-aoina . ~ . - 
because of the reduced cothode current flow. Again, two 
o p p o s i t e l ~  wla r i zed  (phased) and wiual outvut s i m o l s  
are produced from the s ingle  input signol. Thus a s  the 
input varies a t  audio frequency, the cathade ond plate  
outputs do l~kewise ,  but appositely. Since R3 i s  bypossed 
lor audio frequencies by C4 the bias remains unaffected 
by the signal current variations ( s e e  explanation of cothade 
b ~ o s  given in paragraph 2.2.1 ir. Section 2 of this Hand- 
hook). 

As long as R2 ond R4 ore equal, and C2 and C4 together 
vi~th the:, c o u ~ l l n g  ( l w d )  resistors (RL) are equal, the 
frequency resllonse of both clrcuits i s  almost iden t~ca l .  
At irequencles above 20 kc the plote output of V l  tends 
to drop o f f  because of the e f f e c t  of the appreciable triode 
grid-piote capacitance which 1s usuolly larger thon the 
qrld~cathode interelectrode capocltonce. Therefore, 
where hilher audlo frcquenc2es a re  desired, the pentode 
tube i s  used j rs t rad of the trlode s o  tnat i t s  reduced inter- 
electrode copacitonce minimizes this effect. 
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FAILURE ANALYSIS. 
N O ' O V I ~ ~ ~ .  Open lnput or output circuits,  a d e f e c t ~ v e  

tube, improper bios ,  or lack 01 plote valtoge can resuit In 
loss  of output. Check the bias  and plate  voltages with a 
voltmeter. Use an oscilloscope to observe the lnput wave- 
form and follow i t  throuqh the circuit from g r ~ d  to cathode 
to plote, ond then ocross the outputs. If on Input appears 
ocross the input terminals but no signal ugpeors on the 
grid, coupllng c o p x i t o r  C1 i s  open. If the grid of V1 
reads p s l t i v e  C I  !s short ta  or leaky. When checklo3 the 
blas across  R3, mecsure from !]rid to cothode usmg the 
proper p l a r l t y ,  and then from R4 to cathcde. If the grid 
to cothode reoding i s  zem, grid retbrr reslstor R1 i s  open. 
If on output o p p n r s  ocross  R 4  but does not oppear on the 
plate of Vl ,  either the tube is defect ive or R2 1s open. 
'Xlth plate voltoge present from R2 to ground, V1 i s  de- 
fective (if the voltoge i s  equol to the supply on both 
s ides  of R2, the resistor is shorted). When on output 
appears on the plote of Vl but not a t  the output load. . . 
couplinq copacitor C2 i s  open. If C l  1s shorted the plote 
voltcae of the preceding s toqe will drive V1 into soturo- . . 
tian, a constont high voltage w ~ l l  oppear across  R4, and o 
constant low voltoge across  R2 (on the plote of V l )  and no 
output wlil be obtained. When the tube i s  suspected, 
replace 11 with one known to be in good condition before 
moklng any further checks. 

L o r  Output. Insu!iicient bias an V1 due to R3 changing 
to a lower voiue (or if C4 is shorted) will cause o low 
plote voltoge and o hlgli cothode voltage, and reduce both 
outputs. I f  C1 is leaky the grid of V1 will show o positrve 
voltage to ground. If R1  1s open the grid o f  V1 will tend 
to block or build up a higher than normal bias, operotlng 
a t  or near cutoff wlth reduced output. If V1 i s  leaky or 
gassy, a poslfl,ie voltage cause by grid currpnt flow 
will oppeor between grid und ground. Should normal 
b ~ o s  and plate voltage be indicated hy o voltmeter but 
low output st111 exists, tube V1 may be ION in en1ssion 
arid produce a much weaker than nam;ol signcl. When 
operating properly, the cothode and plate outputs will be 
equal and just sljghtly l e s s  thon the input signal amplitude, 
because of cothode follower oction reducing the gain to 
l e s s  than n i t y .  

Disto.tsd Output. Normally, the output signal will be 
of the same shcpe clnd of only slightly l e s s  amplitude 
than the input sjqnui. Use an oscilloscope to observe 
the input ond output waveforms, with a constont sine- 
wove input slqnal opp l~ed .  Flat-topping or rounding off o f  
the posltive peaks of the output signal indicate dlstortion 
caused by low emission 01 reduced plate voltage on V1. 
If  the plote voltoge i s  nomoi  ond flot topping occurs the 
tube is defective. If the tube is operated with too high 
o bios (near cutoff) the peaks wili a lso be c l i p p d  when 
the tube i s  driven to cutoff. If cathode bypass copocitor 
GI i s  open, the bms oil V1 will chonge with the signol, 
and ampiificatlon wlil not be linear, some amplitude dis- 
tortion wili occur and degeneration will cause a drop in 
output a t  the sjgnol gmks.  For small input signols little 
or no dlstortion will be observed. However, on large signals 
the blos moy be driven lnta the cutoff region causlnq 
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buists of dlztortion. If C4 15 opcn, the ,cathode blas  wlll 
vary instontonecusly with the input slgnoi variations and 
chaw on o voltmeter os o zonslantly vorylng (instead 01 o 
steady) vaitcqe. 'With nor~liol plote und t l a s  voltoqes, 
distoiUon con a l so  ke couscd by overdrive (too large 
on mput slqnal).  'Nhen the dlstsrtlon observed on the 
orci l lnsrope nt the oltTiiln disappears as the lcput sign01 
ompltude 1s reduced oveidriie (c: improper b ~ o s m g )  i s  
the cause. Since output coupling i a p c l t a r s  CZ and Q, 
toaethei with the ossociatcd lood resistunce RL, a re  in 
p ro l i e1  ocross  !!!.he plate and cuthode resistors, aw change 
in these comronents or in the h o d  ccn create some dls- 
tortlor.. Such a ranliltlon .~ilIl  usuull, create on i n h l o n i e  

1. . ^  i.".,..". .... ... i . . .  A-i r -." I... " " , , 7 1 < n "  ",," ..<".. ... "..~ -.... . ""."-." .... --" v..... . ~~ 

c o p c l t o r s  w d l  show a posltlve .vciltoge on the load s ide  
os weli as  on t t e  pioir or cathode s.ces ond ore easliy 
detected by a h q h  reslstonce io i tne t t r .  

TWO-TUBE PARAPHASE INVERTER. 

APPLICATION. 
T r he two-lute ~ r o ( r h a s c  inverter sbpplles a vizh-pull 

autpJt from o slngleended input. It  is x e d  tc drive pus:.- 
pull audjo omp1:f:ers i n  receivers, pubilc oddress systems, 
und modulators, rhere marc a m ? l ~ l ~ c o t i o n  cr :join is needed, 
cnd the single-tube inverter stoge will not suilice. 

\ C!!A!?ACTER!5T!CS. 
Self t,as u5"oikf i1&^Y3' i;xe.: .. .,,,.5 ...", ' "C 

used, lf desired. 
A slngir-endc? ,"put 1s coirvurted intu iws ~ ~ t - d i -  

~ h a s e  GUtpUt5. 
Anplif l iot lon ;nay he obtoined i n  cddiuor. to th pt,a;e 

,nYelSID:1. 

E!tber Ulodes or jnntc4es moy 'k ~ ; s e d ,  wlt'n the pen- 
tn l e s  prov~:!lngLi<!;t.r qcln or.dinpr0,vi.d fr5quency response. 

Inherently r,st s e l f - h l n n c i c j  bskal ly  requlies re- 
bicnclnm~ ii rune 1s replocedj. 

Freqilency response !s relotiveiy ;;r.:f-;r, lrot:~ c b - 1  
IOC cis to 15.000 CPS. 

CIRCUIT ANALYSIS. 
G.~...,I. The two tube p:o+t ,ose in-;erter usually 

, . 
e7;p loys s ! ! y 2  !e ,  2,Ac).!: )wJe ?,)!f! w,:!: .,2, !.s'.c[l,)p ?:,(>. 

nec:e? cs ..CF13te 31:PI:!:el.lr.ieltPI. OUt".'tC - . - "7" - . . 
8 . . . . . . . . . . . . . . .  L . 8 8  . - 8  ........... ................................................................ ~ 

,; ,n,e;ter iscs a s n o l l  poition be obtolned. Triis :yw ..' . . 
: .L dL ,.>c "L!vb[ L! .(,C !,ui:~b<:xti":. :!&L<, .ff ;f J :;i!:;< 

" .~"er azrcs5 :ne autpu:) to supply ! i r  .~ut-oi-p!labe 
dilur to the sr;ond h a l l - s i c t i o ~ .  ?sI incr i s  oiimoriij . , JLzerrn.!;e,~ ;,f s{Qae p i c  c! C"? LC,?, If :pt, ,q3in 1:; 

different between two tubes (or two naif-sections) the 
,ioltoge d l v ~ d e r  iot;o must be c h a n q d  (cr s e w r a t e  ca t t -  
oce b!o; res:st3rs ore u s t i  !ns!eac o! a co1:rlcn catbade 
;cs;itz:; I; kci: :hc g u t y t s  ei;ol. S:.c? ;uch hlar::c.: 
:; d:!!:c-I!, tb,e two !.LC ;?rc.:t r ~ u a i i y  1s sub:~.et t i  o 

. ~ 

b i l ~ i , l  "',mi",,~e. ijs>vever, tp,e iGIGC ar7pzitic~t;cc W S ~  
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slble  permits :he stoqc t o t e  used Scti: os 0 driver ord  
phase mverter (ond someunes  0 s  On U U I ; I U ~  stage) thus 
economicoily combing two s tages  lntc m e .  

Citsvit Owrotion. The ioi1;wlng schurirotic il!ustratcs 
o typical two-stage triode phase inveiter. Ti lcdes  ore 
used to smlpllly &e discussinr;. 

Triode Two-Tube Paraphare Inverter 

Pentodes opero!r .n t!rt sul,ie :~sh,uc ,us desz~ ib i i r  belch 
ioi tilode operollon, ixcept  for ca:sicuro!iuns of the ef1e:t 
o! i;rrm curirl:! nnd vol!eqe (far  1I.r sui!? ;plntt , i c 1 t o l ~  a 

>>. . , , ! j  ;> ;,>s:jf.le, , a d  G ,:L5Gt<:; :et-.::u.<l:j G?? c2:- 
; ; I  drc 3t,:<, n<-, .v:tb n s::$t ,wrrm ,::,cc ,:,::.,?::,;I ::c~LP??< 

:rs;snscj. 
-, ,, , , . ,  ..... ,c b! IL, 1,;.,<r %.': .s F:: :"a,.!,: :!.rb"$. C l  c7.i 3! ,  

wh.ie !'he lnverted irpu: to triode Vi ;s nircct~cou;,lrd !wm 

, . . . ,  
-, ,; ,< ,:,rzvl! >> ::,; ;~ *,,:, ,.',y r ,,;i ' ~ 

.?,j 0 "!!"" ""'"'"' '7. .  ... V; 1,- ;r, . ,.C). i '<,tr<~%,,r- , , < : ~  
. . . . .  . ..i,".",. ............,.. , r  .. ...k -.,. k.,," ..... I .,, ............................... z 2 ,. 

,Zk, :A,, :es;rctr,,r.]y. (Ir  cc"er -;rsul! . .jc:i:: i..,rs 5 
. .  ........ _ :  -__.:  . . - . .  . . .  . . . . . . . . . . . . . . . . . . . . . . . .  . . 
:i!uy be usca. ;!~ect Ii~,,: stl,L:je ~ ~ " l - t r ~ , , ' x e  ,.; ,,:,<a d r , ~  

" ,,2crD:crL !b2u: K2: , . . , - ,m-  .. *" r . ,uu,  ! . < . a  , ,< .  - .... , ..;. ,#,. " , t ,c ........................ 
,,-; ,,: ,;:,;: .*.. . - 7 ,  . . . .  ' . .  " , ~  *-.- "3 t ............... ..he uv . .;. .............. 
and R 4  ore me ;liote icad resistors iur r ~ m s  V i  oilc '$2, 
:es;ci-tjvcly, orid the ou18,it: ore iiC c.,;,-;cri t h r o : ~ ; ,  Ci, 
C3, nnd R5, 116, 0i.d i:7. i:o;;acltor I;Z irJ v;ita;,- c:',llrr 
75, 3rd  36, !;ro-:,lr t h r  nu:: r:! !o: r , l i  I E l  :i'! VI.  TI,. 

-. 
L.ptjFrted :p;,l,t S,?PGI fc,, k: ,:, o: *,!!:8vc' ::r ,:. c,b. T..': 
-. . 
-+ . , , "-  " , . ." C...C,. "- .in - . , i  .........,....... 2 ,: ..... ,," " ~ - " "  .. " .... y..,. -, 
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cnupl!nq from RE to the gnd of V2, any deleterious reoct- 
a w e  eifects  9roduce.l by passlnq the sqnol +.rough an  
addltlanol cou;llng cu:acltor ore osioided ( the two coupling 
ccpac:tors ccnnected i n  ser ies  wuuld reduce the effeztlve 
low frequency respcse). Noinal ?jcioting bios far V1 and 
V2 i s  el!hcr Closs A or Class h prime (AB) operotion. Be- 
cmsc the ir.put far V2 1s taker. froo: a n o s s  R6, and b t h  
R5ond R6 sre ir, s w e s  w ? h  the grid of the followinq (out- 
put) stage, Closs E operation ccnir>t ue used (qrld curre-t 
flow on the s!gncl ?eaks through R6 would produce o dis-  
torted Input to V2). 'With no slgnal opplied, the clrcuit 
operates in  the q x e s c e n t  condition. Plate  current flows 
through cothode bios resistors Rk, ond Rk, providinq nor- 
mal C lass  A or AB has  (see Section 2,  paragraph 2.2.1 of 
this Handtook far or erplanatlon of cothade biosing). 

Assume thot o sine-wove tnput slqnal is applied to the 
qrld of V1. As the siqnal qoes through i t s  pos~tlve-going 
excursLon, the grid i s  driven ir? o positive direction couslng 
the plcte current to increase. T ~ P  increasing plost current 
of Vi p r a d ~ c e s  a voltoge drop oc rcss  plote load resistor 
43,  ond reduces the instantaneous plote voltage. Thus a 
negative-qoing voltoqe i s  developed ccross  R3 (during 
the posltlve holf-cycle) and 1s ap?lied to coupling capacitor 
C2. Since the signal is constantly chonqinq tt,e a-c  
component oppcors ocioss octput resistors R5  and R6, 
w h ~ h  ore connected m se r i r s  between coupling copci:or 
C i  and ground. This is the outrut voltage E l  l ion  tube 
V1. Resistor H6 is usuolly one tenth t i e  value o f  R5, and 
together they form a voltaqe divider, s o  that one tenth of 
the output of Vl appears as on inverted exciting signal 
voltage which 1s opplied directly :a the grid of V2. T h s  
negative-going voltage on V2 grld produces o decreasing 
plate curient in V2, and the voltoqe across  R4 (at the plote 
of V2) rlses towards the source {becomes more positive). 
Tne increasing positive-going plate output from V2 i s  
coupled through C3, producinj output voltage E2 across  
R7. Thus the output of V2 i s  opposlte to thot sf VI in 
po lo i~ ty  [outilf-phosp) cor:lpletlng the other hal i  of the 
desired push-pull output. As the plate  currents of VI 
and V2 rise ond fall,  the cothode currents do  likewise. 
However, sir.ce they ore b y s s s e d  by capacitors Ck, 
and Ck,, they do not oifecl  the s teady bias  valtoge de- 
veloped by overage current flow through the cothode re- 
S1StOTS. 

When the mput signal reaches i t s  positive peak and 
reverses, cond~tions,  likewise, reverse. Tne grid of V1 
1s now driven in o negouve dlrectiun and the plate cur- 
rent of V1 falls.  Output voltoge E l  now tecomes positive- 
going and continues to increase until the negative input 
peak is reached. Meonwhile, the voltoge across  R6 (whlch 
i s  opp l~ed  to V2 q i d )  a l so  r i ses  in o positive direction 
with the plate voltoge of VI,  towords the voltoge of the 
supply. Therefore, the qrid of V2 1s e f fec t~ , i e ly  driven 
positive, causes  on increase of plate current ond produces 
o negotlve voltage drop across  plote reslstor R4. This 
negot~ve-going output is coupled thraugll C3 and appears 
a n o s s  R7 os output valtoge E2. When the input signal 
reaches the negative peak and swings positive o p i n  
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towards zero level, canditlons again revert to that o f  the 
initial half-cycle. Thus the positive and negative holf- 
cycle of input sign01 control the grids o f  tubes V1 and 
V2 to piod,>ce relatively identical, but inverted and om- 
? l ~ f > e d  s ignals  ( the reloti,,ely large current flow through 
the large valued plate ies js tors  develops an output voltage 
much larger than that of the lnput voltoge). Although V2 
gnd i s  excited by the output of V l ,  operation i s  practically 
instantaneous so there is no opprecloble delay between 
the input voltoge on Vl and that on V2. 

B e m u s e  the w i n s  of two tubes will varv sliqhtlv. . . .  
there is c difference m ompl~tude between the two outputs, 
unless the bias i s  changed slightly on one tube. 'hus the 
ciicuit i s  seen  to be inherently unhoionced, and 11 d c e s  
not of i tself  provide any outomotic baloncinq, a s  dces  
occur m the cathodecoupled or in the differentla1 types 
of poiophose circuits. 'Nhlle the circuit values ore se- 
lected properly by the manufacturer and deslgnei. i t  is 
usuolly necessary to change cathode and plote resistance 
volurs in one tube when a new tube 1s substituted, to 
mlnlmlze amplitude distortion (thls does not authorize any 
modifications to be made to Navy equipment, s ince  cir- 
cult desiqn i s  presumed to odequotely cover such a con- 
dltlon). in most cases  the additionai distortion produced 
bv tube qafn differences i s  wlthin acceptable limits and 
i s  of academic interest only. 

When dual-triodes with o single, common-cothode a re  
used in this type of circuit, bias is obtained by a conman 
cothode resistor. In some cases thls cathode bias re- 
slstor i s  a l so  bypassed by o capacitor, ond a constant 
unbolonce occurs due to the differences in w i n  between 
the two half-sections. In other instances, this cathode 
bios reslstor i s  not bvwssed.  When unbvwssed,  the two . . . . 
lnstantoneous cathode currents flowing m opposite direc- 
tions tend to cancel  out, a s  in push-pull amplifiers, s o  that 
the s teady s t a t e  bias rernoins substantially constunt. 
Any remaining signal effects which are not balanced out 
become degenerative, and add to the bias to reduce the 
total output. \%en praperlydesigned, this helps to holonce 
the output s ignals  and p rov~de  an lncreose of linearity and 
o reduction of 1nheier.t distortioli. Since these circult 
varlotlons are only effective t o o  limited extent, the self-  
bolanced type o f  p r o p h a s e  inverter i s  usually preferred 
for use  where distortion i s  to be limited t o o  obsolute 
minimum. Such clrcuits a re  discussed loter in other p r o -  
graphs in this section of the Hondbcok. 

FAILURE ANALYSIS. 
No Output. An open input or output circuit, improper 

bias, or lock of supply .ioltoqe, a s  well as a defective 
tube can cause  a l a s s  of output. Check for the proper 
bias and plote voltage an VI using o high resistance volt- 
meter. Too high a bias will o lnos t  produce plate current 
cutoff and reduce the output so low that i t  i s  procticolly 
no output a t  a l l .  Measure the blas first from cathode to 
ground, and then from the grld to ground. If normal bias  
i s  obtalned from cathode to ground but not from grid to 
ground, R1 is w e n .  If input capacitor C1 i s  s h ~ r t e d ,  
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tube Vl wlli be drlven into soturction by the plote valtaqe 
from the preceding stage drlvlng V1 gild hlqhiy pasltlve. 
I f  C l  is open, no s ~ g n o i  wl!l appwr  on the q l d  side but 
wlil appear a t  the Input (use on oscilloscope to abser,e 
the waveiormj. if o s~gna!  oppears a t  t i e  grid, cnd in  in- 
verted form a t  the plate a i  \li t:! not or tne o;tp;lt, c;tter 
coupilng capacitor Ci 1s open or i r e  lutpu! :s  snor!ed. 
Checkmy he  resistance oi  8 5  and R6 to g r o x d  , ~ 1 l l  
qulcitly determme 11 the output is shorted, if not, then C2 
15 open. Use o copocitance checker to de te im~ne  il C2 is 
sotlsfoctory. 81th proper h:as ond plate v o l t q e ,  3nd ar 
l n w t  to V1 but s t d l  no odtpdt, tuhe '11 1s defect1,e. Re- 
place i t  witn a Known qood one. Slrce the o ~ ! t p ~ t  of V1 
I S  used to sapply ar2 inbut for V2, trw u t o ~ t  ol V i  snouir: 
clniiya Lc I I~CL~CII LI~L. ;*:.en merv z a  urt bu~put  iru:~. ' ii 
but not from V2, t.!!her the b!o: !e !N. b:;t, the piote 
supply cr iml! 1s spen, the aurp-t ;lrru;t i n  ;;i.r, ci s-srtc5, 
or tube V i  15 detective. 'tilti. nor:acl ~ I c ~ P  ~ o i t 0 2 e  on: 
cathode bios on V2 but no signoi visjbie on the plate, 
tube V2 i s  defective. Reploce i t  with a known good cre. 
' h e  siqnai should now appeor c t  t r e  oiote. I! stll! no 

~ ~ 

output i s  obtained, c o u ~ i ~ n g  cowc:tar C3 IS open, or the 
cutput (R7) ; s  shorted. Check from R7 to r:ro,nd wlth ur: 
chmmeter to deternine if  the output i s  st.oitcd, ; ~ d  zi,eik 
C3 with cn iz-c~:c;~t ca;acltar.ic checker. 

Reduced Output. Improper bics, reduced plate voltoge, 
or o defective tube a n  cause o reduced output. Check 
the bias and plate voltoqe with a hi$ resistance volt- 

9.n meter. The ~ l t o j e s  should be within the h i t s  stlown 
~n the instruction book. ii h e  b a s  i s  too clqn on V i ,  tne 

r\ tube can be drlven almost to cutofi on t i e  neqotlve peaks: 
i or i f  I! i s  too low, Vl m y  he drivcc :rtz i~:2:~!137. i; : L i  

Posltl,,'c pecks. Ir fltner cc;i thire w.il be o i educ t~s :~  
In output and dlstoition. Cilpplng oi  the woveforr con 
easi ly  be observed with an oscilioscope. If output E, IS --. -. ....,.. ~,.~li:;i:, ii ,.;; , .  li ,.-: .,i .,ri,all,.,!l: .II!l L_?uae I! 

ductlon of output i n  V2. Use the osc~ l loscope  to observe 
the cathode, grld, and plate of Vi .  Any slgnol an ine 
cathode indicates Ck, i s  not propprly b y p s s i n q  or open, 
Lack of or low 2nd siqnal !nd:cctes ,-?rope: :.olto?e 
d?v?s!m, check RH a d  PF !c: ?.a:?:-! : e i i ~ ' n z ~ c  ,..it:, a3 
ohmmeter. Illth the sianal on tile :qrld oi  V2 nf ioirntlrt 
the same ompl~tude os tho1 on the grid of Vl ,  ond on on-  
rlifie< ;l2te 6:g2c! k t  Tedlcc? %:; 

~3 R? ( ? i tb ,~ !~  c3 js r&:ti~!!.~ . ,:,ce7< . ,:r 1 
-. H7 ;: 1". . .- .. I . . .  - ~ , ,  -n ... .J,UL ur ihaite?.). 

Oi*tortsd Output. Imarape:  ILL, 1 3 ~  p l i t e  i c 1 : i a ~ .  
ci 6 deieitive ;"be con coilsr u d,i)t~rteY O U I ~ L I ~ .  -is? 
on o s c ~ l l o s c a p e  to follow the sicno! three-9 fie C:TCL:: 

&,,- . . . . . . ."pJ! . , tc if1 - , + " " A  "IC.? .- \,? ?.., --J -?-.. - . ;  . 2 , -  " , , . . ,.. ,".,..t, .,.,,. 

note wnen the ~ s t o i t i o r  appeori.  Tjc low o ?!us will 
cause clipping on he posluve p a n s ,  ona too hi?h a alos 
will cwse cl:p~ir!.: on the nejati.:e ;cckc. L:ker:isc, 
low plate ,voltage 31 low tu te  cnsslon w ~ : l  a k o  ecuse , , ' I . . .  , . . .  _ ~ - ~ - I  .I I .  +"" " p ' Y L r  Y Y l l i ~ C  LC""- , I " l l 2 l l l  Y:, L l iC  Y U L l -  

meter, and cllppmg occurs an the pasltlve peoKs, the tube 
e=lss:on 1s Icw und insufiizie-.: to s.- . . ' ,  - r r ~ i  tL- .... - w k  =J:- 
n :  ? n,i;l..ri thy .j.:fF;t.!- !.:Ar .. : ,l:L1l..n need 
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one. Sirce V l  dr!ves V2, any dlstort!a- *hick opymrs an 
the output of V1 wrll a l so  ap?ear on V2 qrtd,  nnn w i l l  k 
amphfied and oppear in V2 output also. '!q'itn V l  s h s w ~ n j  
no dlstortlon, and V2 d~s to r t ed ,  check V2 bios and plate 
voltage. If  t k s e  vol ta jes  are nornal, V2 is p rohb ly  in 
need o f  re j lacer i r ! .  Beca~se  -f the :np,eient .intnlarcu 
0!  t t : ~  CXCJ:~ thc C L I ! ~ ~ ~ S  a! Y i  5r,d !'i w.li ;%oily Sc 
slightly dlife:crt, and o s1:gnt amount of clstortlon, soy 
1 to 2 percent, con k cons~drred as nor-a1 c p r o t i u r .  
Make critoln, a lso,  thot aierdrlve is not causing the dis- 
!ortion. Too !crqe an !"put i lgnal  u,:ll CCUSP cl:p?:ng, 
w h ~ h  con be cL?svt.d to 5isc:~cr os the 2013 is reduced. 

PARAPHASE, CATHODE-COUPLED INVERTER. 

APPLICATION. 
The 15rC21-.-e ; c ~ h ~ ~ i e - ; ~ 2 L l r ?  .!:,!~r!er !; !-, 

drive a push-pull audio ompliiier from o slngleended source. 
It i s  osed in  o u d ~  ompl~fler  s ,s tenls  where seli-Snlance 
together wit:: 3mpl:f:c~t:3n :s dcsircc, ii.! g ~ a d  ~ : C ~ L C ^ C ~  

response ond o mlnirnurn 01 distortion 1s required. 

CHARACTERISTICS. 
Self bios is usually used, althouq'n iixed blas may 

be used, ~f desired. 
A s ingleended input i s  converted into two equal and 

aut-of-phase outputs. 
Ampi~llcot!an is restricted to a m u t  holi the maxlmcn 

vnlfit. abta!noble !?om a s ? ~ g l t .  t?lSe. 
Is self-blanclng,  with a relotlvely ur.iforn frequency 

. .  ' " .  '""'. , .*c ,, ",,."., ,,, "LL., l u u  LL 2C,CCG ;pi. 
E i i h ~ r  tr,odes 01 pentodes may te used, wt i ,  t i e  ern. 

lades provldlng hlgher goln and sliqbtiy improved hlgh 
irequency response. 

CIRCUIT ANALYSIS. 
Gonerol. The  cathode coupled lnveitur is usually used 

with dun! trindes harilng o r n z m m  mthrde.  'PIS C~TCIII!  
af!-is u SO.J!~I i n  -PCP a i d  n.ei j i t  ;,er those of 1t.e two 
.,,L ?j;c of ;r.'der:ejs ;;::!>a ii:$~: re&cu~r. cf ~ Z T , ~ X S : S .  - in*  I ~ I ~ P T P ~ ~  ~ p i i - h i ~ n r ! ~ :  f ~ n t t j r e  r r r i n c  :; yi!i,:,:lorl;~ 

valuoble for clrcults iequ;rlng a rnirllmm of distnrtlon, 
.:;z<c c s:l,3ht C j m " C t  c: :c+j,erc::"e :< .<~koc~  c:Lura 

, . , . , ,  . : , , . , , , , , !  . . - . " "  7 . .  - """1~ , ~ .,,...., ~ ~ . ~ A . ~  ~ , .  , ~ . ~  ~ . .  ~ ..A... ;. ~. . . 
:.a;) : ~ , U I C  ili ;̂ ::~iessi;y rj :ej;icn:r' :Ti. i l r c ~ i :  nr,crr . . . . . ,, . -. ..';rie,<,;n! ... --..- 2. ..'-- ' ' 
,.,L,L.~ ,>, L , . L  2 , , .,,i ,>> ,,.. ,I.l.i-,i,-,lr,,tii i i i l i -  

U* ? S  Xrst 10 (? "il"!lUIP. 

CircL.i, OIF~~?I.". --kc f , : ! i , > . l . -  ' r , , , ,  +!,. ! ! , . \ t - . . - <  
, . . , . :;:.-"! .>:; .d2e~ L: r.d::r:.d.. .... L.!L.. .7 . . . -L ' 

, . ,. 7. 

- r m r c t e  cc?,t3^1~r ::F zi-cwn :cr s.:;:!zlr; ar.i case c f  
olscuss!or, tt,e tube is oc;mily n dul! sel!!cn !node w!tn 
; ;u:ni;,a;; ;;:L;di. 
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Cothode-Coupled Paraphare Inverter 

The lnput slgnol is RC coupled through c o p c i t o r  C1 and 
qrld resjstor R1 t s  the grid of triode VlA, o holf-section 
of duol-triode tube V1. Cothade blos ond signal injection 
far tube VIE, the other holf-section of V1, 1s prov~ded 
through common cothode resistor R2. The Outputs of both 
half-sections ore olso RC coupled to the following push- 
pull stage. Resistor R3 IS the plote l w d  ieslstor for VIA 
from which the out-of-phase output i s  caupled through 
C2, while reslstor R4 i s  the plote reslstar for VIE,  and 
the in-phase output i s  coupled through C3. 

In the quiescent condition widi no signal applied, both 
VIA and VIE conduct and develop cathode bias across  
R2. The value of R2 1s chosen s o  that the bias 1s s e t  a t  
the center of the tubes dynamic operotlng range, with a b u t  
holf normal plote current flowing through each holf- 
section of VI. Since a push-pull output i s  provided, the 
cathode and plate current of one holf-section increases  
whde that of the other decreases. ?bus !he average b ~ o s  
remoins substontially constant and there is no necessi ty  
for bypassing the cathode resistor. 

When a sine-wove slgnol is applied to the input i t  i s  
effectively passed through capacitor C1 and appears ocross  
R l .  Assume thot the sine-wove i s  storting 11s pasitive 
half cycle  of operotion, the grid of VIA 1s driven in o 
posltive direction, and causes  on increased plate current 
to flow. Electron flow is from ground through cothode re- 
sistor R2, tube VIA, and plote resistor R3 to the supply. 

~ ~ 

This electron flow n e a t e s  on instantaneous polarity a s  
shown in the simplified drawing below. 

Simplified Polarity D iqmrn  For 
Positive Half-Cycle of Operation 

As con be seen  from the diowlng, the cathodes of both 
VIA ond VIB become more positive, while the mstmltane- 
a u s  plotevoltcge i s  decreased by thevoltoqe drop c n o s s  R3, 
producing o negotlve output a t  the plote. This  neqotlve 
output i s  coupled through C2 to d r ~ v e  the next stage. The 
normal grid to plote phose-inverting property of on electron 
tube 1s used in this half-section to develop the out-of- 
phose slgnol. Meanwhile, wlth an increasing posltive 
voltoge appljed to the cothode of V IB, you recall iron 
basic theory that this IS the same as applying a negative 
sign01 to the grid, and V l B  plote current i s ,  therefore. 
decreased. As the plate current of VIB i s  decreased, 
the plate voltoge rises towards that of the supply, and a 
positive output i s  developed ocross R4. This positive 
output i s  coupled through C3, os the in-phase signal, to 
drive the fallowing push-pull s tage.  When the input signal 
reaches 11s positive n e s t ,  VIA is heavily conducting 
while VIB 1s ilghtly conductmg, and opposite and equal 
output voltoges are produced. 

A s  the inout s ~ a n a l  chanaes direction and becomes 
negotive-going, operotlo" reverses and the instontoneous 
oolaritv becomes appasl te  thot shown on the drowinq. Thus . . 
tube VIA plate current reduces ond V1B plote current in- 
creases. The cothode voltoge developed across  R2 olso 
reduces, whlch is the same o s  driving VIE  grid positlve 
and causes  V1B plote current to increase. A negative 
output 1s now produced by the voltage drop across plote 
reslstor R4, ond o positive output voltage i s  developed o- 
cross A3 os the plote voltage of VIA r i ses  towards t t e  
supply voltage with the reducing plate current. Thus the 
outputs ore reversed to produce the negouve holf-cycle of 
input s~gno l .  

When the negotlve input s ~ g n o l  peak i s  reached, opera- 
tlon again changes back to the o r ig~no l  s t a t e  with V1A 
plote current incrmslng while VIB plate current decreases. 
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FA1 LURE ANALYSIS. 
No output. Tm hlgh a bios, lcck of stipply voltage 

an open input or output ciicuit,  or o defective tu te  con 
cause 1055 of output. Check the blos ond piotc voltage 
with a high resistance vo1tmerti.i. %'ibL: noimol bias and 
plate voltc.;e and no a u f p ~ t ,  either !liere .s iro ;!>put signcl 
cr i s lp i lnq  ccpacit3r C! is open, G r  ocw;! : o ~ i h n ~  ia- 

pacltcrs Ci cnd C3 me open, o: the !he  1s de!ec!l.,e. Usi 
on oscillascope ond check for a sisr.31 or. 30th s:dcs gf C i  
If the slgnol oppeors ot the input bct not on the grid s l d e  
I! the capoc!tor, it :s a p e x  Likcw:se, I! the s 1 ~ 0 1  cp- 
pmrs  on the piote but got c! !he out;:ut. !At. cssoc:c!ed 
output couplir? cnpac:!or !e?!her ('2 ir C3) i s  p e r .  I! 
nrld rps lsmr R i  is shorted nn s ~ ~ n !  ~ i i i  ~ J P ~ T  qn f h ~  

qrla or v l i  also. H slmple reslstonce cnecn l ion gnc .̂  _ ..-A ... i l l  _3. .^_  ' .. IL .... I .- ,rau.., ... ,A .-,=,A ,, the ..rpr, .a ri.uiLrr. :: :xk ?z::- 
sertrons of V i  crr i r f t c t ; r e ,  ur .I ' 7 1 .  :;. ieit;t . ,r  :." 
nu!pu! w!!! he chtnireri, _nu! !! no!y ;1c!!-5ee!l-.n V!P !> 

defective an output will be obtained :rum VIA. '~Yhrn the 
t u k  i s  suspected replcce i t  wlth c n ~  knows to k !r good 
condition. 

Low Output. !rnpropei bios, low plote uoi!o;e, or o 
defe::jve tuje  will cause o reduced iu:;ut, if input co- 
p c l t o i  C1 i s  silorted or I ~ a k y ,  a positive vnltu<jr wiii ir 
applied io the qiid oi  Vih, wlii cousr ii i rravy iiow of 

~ ~ 

plate current ond blos oif the tube near the clitofi polnt. 
if extreme, p r o c t l c o ~ v  no output will occur, otherwise, a 
reduced output will be obtalned aepenuinq upon the arnount 
of bias produced. Usually such a condltlon will be ~ r d l c a t e i  

"-1 by a O'liqh c a h o d e  5 3 s .  w ~ t h  3 pos~!:,ie g:d -.c!!cce - .  or". 
a low plate voltoge caused by the lor32 drop Ihrouqi- the 

rent flow. ii R2 chonies  :o G io..vtr v i l i u i ,  the ;its iiiros- 
H2 will tend to remom the same because o larqer plote 
current fiows, the l n c r e a s ~ d  !!ow of d o t e  current wili, 

, , 
)3..*e,:er, cuUSeU lo:;=_' !Il"!: I!!:UI dr'ii(?illlbi <;+ ;IULe 
i i s i s to r ( s ) ,  reduce the plate vcltoge, cnd hence the o ~ t p i t .  
i t  the emlsslon of tube VI 1s low, o2parently norrnol grid 
n.4 :!n!e ~n!!ogec m?y he m z s ~ r e ?  nn !k:e ,~.!!me!er: 
b ~ t  !hi o t 2 t i t  will be xeok .5nd :~sf i i t ; , j  n.tti o jjr?j! 
.. .--3.-, ........ -I..- ........... 1 1  ~ . . , ~  .. L.1,. 
'a YpplrCU >.,>LC L l l E  YlULE IULICI IL  n i i l  ;I", Lc ""ii w ,ur,vn 

mp 
Distorted Output. ?ue 19 !he  cot^^!:!^:! cotkadu .!I? has 

, . 
"LLU"gnI.n.. ,U ucLleu:c 18, p1u.c ur,lc;.L ,:un i,; u.,s :.;c 

, ,  , , .  , ,.,,,, "" ""-"m"c".c." .". "" ,-".""?" -- .-" ".-". ...................... ~.~ ., ........................... . . . . 
e s t  . x i , :  . air vs'iii"3ii.i= . . .  --- -- , ,.,,,, LL,mmr? i h =  ini.,;! i i i i  ,v.> ,-,~:r,c.:e "",?~e;r,rr,?. :-,sw 

. . .  
s ~ o . I ! ~  "11 5s .~c!!::m cnc r: !be 5:-r rela!:'?: ::r?!it::le. 
w r t 7 - : 7 -  T!"; : L T ! ~  

; .  , . ,  , :  , , .. , . ,  , i Y  - i  .... Llii ..... ~h.,C. :La:. ............. .rr 

:nd :c rii-:mute:! by rr!-c:no rir. i;: ,.r ::!:;ul. : :.~ri::,!ir.> 
1s ;r;dicoted. it dis!crt~an oorears ?c t c t  c l j n  e ~ r c u i t  
5 ~ :  > s t  .z L+e qr i i  c1:2",1, dllhc: ;:,e :"LC ;;LL::* : c p : ~ < i < , ~  
or 1P.e piote valtaqe or load is a! :-;;I. I! r?t!:eI -.i :uu~!I:.; 

"" -. , , , . ,  
C0pUC:YLYa .,A d: UJ ZIC l e<<y ,  '1 rd:dZV< >;U:L 'VG1YJ:jk 

may be produced kcuuse  o! voltuqr r i~s io !?  e!!ec!s oc:oss .. ,Iii - nex: itoqe ... .e ...... - . .A .............. -?; 
.rrr.li. . ;.."L"._, rr... _""_i r..rr.rr.-u r.,r 

. -. . . .  
",%..",.,,," . "a"* . m e  ,.,, ..., ,,rn..,...', ....... ,.a,.-*.-,. .. ..... ...... " ...... ." .............. .- .. 
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below sormal, check the associated plote l w d  resistance 

wjth or, ohmmeter and check the coupling capacitor with 
o CODacltoncE checker. 

DIFFERENTIAL PARAPHASE INVERTER. 

APPLICATION. 
,,, i he d i f fe ren t~a l  paraphosc ir.rertcr is i s c d  to drive a 

balmced push-pull audio ampilf la  from a single-ended 
(mboimced)  source. i t  i s  s s e d  ir. nlldio zmplifier s y s t e c s  
,wte:r h q h  om:ll!icatics 0r.i good buioncr is necessary. 

CY!.P.!.C?ED!ZT!CC. 
Seii blas is usuoily used, aithouqh ilxec blos moy be 

bs?d, i: iesir?d. 
,'i s . z i l e e n i e i  (unbaimcudj i-p-: is zonverte- intc two 

,~.d ut-nf-phiicc. nutput i .  

Almost full tube ompiif~cation IS obtainable. 
Clicuit is self-balancing with c relatively un~form 

frequency response of 130 to 20.000 cps  cr more. 
Prntodes are used for h q h  gain and lncreosed high 

frequency r e s x n s e ,  561 ulades may a e  use3 in  special 
instnncei. 

CIRCUIT ANALYSIS. 
Cmsrol. The differentiol paraphose inverter uses the 

d ~ i f e r e n c e  k t w e e n  the two output s l p d s  to supply the 
drlvlng s q n o l  far the 1"-phase output. Pentodes ore usually 
?x3!c~e5 ;  . . smcn  he,: h?;h ;oin permits red.cirg the dl!- 
ference s ~ g n a l  to such a small value that for a l l  piacticoi 
;>:;,,s=s ti:= ,:,ltG":5 L"C> Le :u,,si,.:e!e,! ;Jer,liz";. 
zr thod of ot ;~lnloa trie difference s i n d  u r w i d r s  an . . 
effective neqotive feedbock whlch stoblllzes the gain 

throuah the circuit and lmaroves i t s  self reauiatina 

Circuit Operation. The following sc'hemotic illustrates 
a typical dlfferentiai paraphase inverter. A 

CHANGE 1 

Typical Differential Paraphare Inverter Circuit 

6-A-6AA 
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The lnput slgnal is RC coupled thiougb. lnput coupilng 
capacitor C1 and grid resistor R1 to the grid of V1. 
Cathode bias for VI is developed across  unbypasced 
cothode resistcr R2, and hrough R3, bypcssed by C2, for 
tube V2. Screen voltoge is obtained from the common plate  
supply sotirce through ser ies  screen voltoge dropping re- 
sistor R4, and the screens ore bypassed to around t v  . . 
screen copacltor C3. The suppressor e l ecen t s  of the 
tubes a r e  connected to the cothode. Res l suve  plate  loads 
and capacitive output coupling is provided. T h e  output is 
developed across  plate  resistors A5 and R6, ond i s  aaolied . . 
through C 4  and ~5 to the output voltoge d i v k e r  con- 
s ls t lng of R7 and R9 connected in  ser ies  with difference 
resistor RB to g r o u ~ c .  Resistors R?, R8, and R9 also 
function a s  grid resistors for the following push-pull s t age  
driven by the inverter. 

Tube V1 operates a s  o conventional resistance 
coupled amplifier, with the unbypassed cathode resistor 
providing a slight amount of degenerative feedback 
to improve the overall response and stabilize the gmn. 
In the quiescent mndiuon, w ~ t h  no s ip la l  applied V1, the 
cathode current m n s i s u n g  of the sum of the screen current 
and p la te  current flows through cothode resistor R2 to 
establish the normal bias level.  Wlth o steady screen current 
flow, a constant wi tage  drop 1s produced ocross  screen 
resistor R4, and together with the screen current o f  V2, 
i s  sufhcient  to drop the plate  supply to the desired 
screen w l t a g e  value. Since R4 is bypassed by C3, the 
screen voltoge remains unaffected by m y  signal variations 
when the signal 1s later applied. Any d-c w l t a g e  drop 
ocross  p la te  resistor R5  reduces t h e  plote supply to the 
deslred quiescent plate  w l t a g e  value, and no output i s  
produced. In a similar manner, V2 rests  in the quiescent 
condiuon with i t s  bias  determined by the sum of the screen 
and plote  currents (total cathode current) o f  V2 through 
seporote cathode & a s  resistor R3. Since R 3 i s  bypassed 
by C2, the blas  on V2 also will not change w ~ t h  the s l g n d  
later when i t  is applied. W~th b t h  V i  and V2 s c i e m s  
connected in parallel the some screen w l t a g e  i s  applied to 
b t h  tubes. Although quiescent plate  currei t  flaw thiough 
R6 produces o voltage drop which reduces the supply 
voltage to thot desired tor the  plote operating value, i t  i s  o 
steady d-c and no output appears from C5. From the 
d s c u s s i o n  and an exomlnouon of the schematic, 11 i s  
evident that V2 also operates a s  a m n v e n u o n d  resi ts tance 
coupled s toqe simllor to V1 except for the source of mput 

g r ~ d  o f  V1 causes  :n ~ n n e a s e d  plate  cLirer.t flow, and 
produces a cegouve-p ing  voltage drop across  plate  
reslstor R5, whjch 1s applied through C4 to autput w l t a g e  
hvlder  R7 m d  R8. The poiuon of negative output ,altaqe 
appmrlng across  R8 1s applied to V2 grid, produces o re- 
duction In  plate  current, and the plate  ,voltage of V2 uses 
towards the supply value. Thus, a positive-going output 
i s  applied across  C 5  to output voltage divider R9 and RE. 
The output voltage from V2 appearing across  RB opposes the 
output developed by V1 across  RE, and a l l  but a small 
fmction of this voltage i s  cancelled out. This small 
difference voltage i s  the o c t a l  drive voltage opplied V2 
grid. 

When the input sign01 an V1 reoches i t s  positive pmk 
and reverses, i t  becomes negativegoing. This negative 
grid vol:~;e on V1 ccuses a reducti,zn ~n the plate cwrent 
of V1, ond the plote voltoge r ises  tovrards thot of the 
supply. Thcs 3 posi t iveyoin3 output voltage i s  developed. 
which i s  opplled through C4 to output voltage divider R7 
ond RE. The positive portlon of valtoge across RB drives 
V2 grld in a positive directlo", and csuses  an mcreased 
d o t e  current flow thiouah plate reslstor R6. Tne voltoae * .  

drop ocross R6 i s  ntgotive-going ond IS coupled to output 
divider R9 and R8 throuuh C5. The  neqotive output voltoue 
from V2 cancels  oll but o small iroction of the posltlvr volt. 
age across  RE. Because the plote output of V2 i s  a lso 
connected Occk to the qnd by voltage divldcr R9 and RE, a 
feedbock loop exis ts .  Since the output of V2 i s  olways 
outilf-phase wlth the grid of V2 the feedback 1s essentially 
neaative. Thus V2 iss tabi l lzed cnd improved respanse cnd 
linearity are obtained. At the some time, this feedback 
ensures thot the output of V2 is alwavs sliahtlv l e s s  than c - . . 
thct of V1. Slnce negatl.de feedback i s  provlded from plate \ 
tu a n d ,  thecathode o f  V2 i s  b v w s s e d  bv C2 s o  that full \ , . . . 
ampllficotior, without further degeneration may be obtcined. 1 l 

When the input signcl reaches i t s  negative peok and 
rewises, once agoin i t  i s  pasitive-going and the initial 
action discussed above for V1 i s  repeated. Thus alternate 
positive ond negative half-cycles of input signol produce 
eas~a l  and balanced out-of-phase outputs. The Vl output 
i s  always out-of-phose with the input, while tine output of 
V2 i s  olwoys in-phase with the input. 

FAILURE ANALYSIS. 
No 0 ~ 1 ~ ~ 1 .  An open input or output circuit, lock of 

supply voltoqe, input siqnal, a o defective tube will 

voitage appears ocross R8 an Input 1s applled t o  V2 grid. 
S ~ n c e  the outputs of VI and V2 drive a push-pull staqe they 
ore opposite in polanty and equal, mad the effective voltage 
ocross  R8 1s zero. However, the bias  network i s  d e s i ~ e d  
so thot the output of Vl i s  always s l ~ g h t l y  grmter  than that 
of V2, the difference ia l toge then nppmrs ocross  RB and 
IS the driving wi tage  for V 2  

With the basic  conditions now es t ,~b l i shed ,  assume that 
a s i n e w a v e  input signal i s  applied to the grid o f  Vl .  
b u n g  the posltive h a l f - q d e  o f  m e  input s i q a l ,  the 

If the voltoges are normal but no output exis ts ,  check the 
input with on oscilloscope. If the signal appears o t  the 
input bur not on V1 grid, coupling capocitor CI i s  open or 
R1 i s  shorted. Check the resistance from grid to ground to 
determine if the input i s  shorted. If the signol oppeors on 
the grid but not on the plate, make certain that proper 
screen voltoge exis ts .  If C 3  i s  shorted the entire screen 
voltage will be dropped across  R4 and no output will 
appear, likewise, if R4 is awn no screen valtoge will be 
opplied either V1 or V2. Loss  of screen voltoge will be 

CHANGE 1 6-A-600 
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detected during the 0 t h  voltiqe t e s t s  s ince  both plate 
and b ~ o s  voltoges ,will te t,irt,er ond h e r  ti,an normal, 
respectively. iVit5 ~ o r r a !  plate or2 screen valtdge appllcd, 
if s t i l l  no signal op-mri  on tk,e slctc, either the tube i s  
?elec!:ve c: plc:i :ssls:o: 35 1s s:c:tei:. Reclace the t h e  
,w:tn o i-.a:.r jocC t i s e ,  cr.c ;i-eik :::e ,vahe 31 35 W I : ~  CT 

cfi;.n.e:e:. :: ; ;:;z :l 5;;e;:c :n :,c :lctc t-: l c e s  zc: 
- ?pea  at :hC ~ c t j j t ,  ei:ker cii;!:~? cc;;clto: 4 1s c p r  
or a; rr.? 58 :rc s:c:tcl. 'Check t'c ~ZFCC::O: ,.::::. 5s :n- 
c i rcx t  cipzc;tanct- citckei and t-e ol-tjllt vcl!o.;t dlvder 
:es?s:;r:. r;:!: 3:: cL-xzf:i:. 

l i  o r  acts21 ap?ezrs i:sm 'V! iu! :!cr !re71 V 2 ,  check 
with tne osc11lcs;o:e lo; c sl,~,i: ,r V?  g ; g .  I: -a 

- ~ 

S l l S i ,  C;L.e;i:,, do 1: ii,..,rr ~. , Sze: i. ... . i..c.. .f r: 5i'~r.c: 
. . . .  

up:ea.b on tne ~ : L C  ui  Vi LC: :la: :r :re ~ , m e ,  Y L  must ~e 
^.'_.,I+ 3 ...... ". ...-I. .. .;,2.. --," :-. L."- ....................... .- ....-L ........ 

. . . -" . ". 
sc:eer,, zra ;:ate \s,lo;e sc I::: 'LL, :.I C;,C i? 3ZZTrit 
be ct lnulr. RP~!: .~P .I-,- ' i : ~  w+L. 1 i(-.:.- :c-2 ? n ~ .  A 
slgnoi shouid nor; u: :em si :he +te, a:: cn SL:.,L: LS 

obtained from VS. !t ro x t : . ~ !  c-2 ;e s5talned ellher CF 
1s oper a: R4 is skorte?. -el: t i e  cc;oc?tcrce 3! C5 
wlth an in-clrcult capccltcnce checker, and r.easure t'he 

B 
rrslstunce c!  RS. Alsr . - t ~ t ~ : ;  ::le re:;it-rce kc!:, C5 t r  
groLiid l j  de' '..< -- r e  . , , d l  ".c. , ju t  exls t  ~ c r o s s  the 
OJIP~:. Silct. c ci.niit101: c i ~ l d  CC md5cd  by o shcrted 

? grid-to-cothode element in inc fc!lo,;,lna ~ ~ s ! l - ? u l :  stoge. 
L o w  or Unbalanced Output. hproper  t i a s ,  low plate 

or screen voltage, os ,well cs a deiective tube con couse 

\ a reduced uutput. !i :eturn reslstor R: is ope. or 
. . 

heca-es niqr ir v i i u p  !-ill? rice. :?.e 711d of Vl .":!!I :e% 
I\ to deve!os o negotlve t 1 3 ~  cnd block causin.; reduced c ~ t -  

;;! k2,? h:!, !;A"", r:,c-8, .L* - 4  D l  .... L .. -L."- .... 
L.,. ......................... ",. ..,c,c.. .. - 

< ,  > , ;  , , , , ,  .",.",e ' 8 .  
".." - .,. r .  "2, .~ 

put wl!! be r e d ~ c e d .  i'hecn the screen vol1o;e .:.lth a mi:- 
r.eter and the resistcnce oi  34 :vl!t, an ohmnett:, Ii C3 
,s p5rt,,i:ly s>:orte,l fir  ; s k y ,  t:,e e:<cess c,drrcl:, , J r ,~ i I1  
througn R: wlii 3isc loi,:er :k.e sc:ee- ,:~i:a:e. i: tne 
screen vokaqe rlses when 133 is i lsconrecred ircm g 0 ~ l . d .  

reoloce the copacltcr. If the emiS510n ci ~ i t h ~ r  rune i s  !OW, 

:be icl!s?es -ay shaw x r r c ! ,  c.2- s:;lcls c;-ecr cn ;r:ds 
z? ;Icte, -..: : :dLCO? C::;;: ;CCLT ;eC325C :: :kc 
,,,~l!il,t" <,! !ti" !"t,e , :cte &.t.rrt?,,! ,<, i,>il<~.,J !he 9 ,qno!  
cans!ett.ly. 

:,y;sp =r, :p,~:I,>>~~.j 3:-:;.-: .;;;I!, *7:,zT!l,2r,. y::E,zk:r.: :y , e  .. J.-. -1 43 .- ... - 1 .  . ..-- 
.=aA.. L u . iY I / ~ Y Y I , L  n i ~ . .  UL u ... 8.1e:ei #I:! :eteii,i!;t 
i! (3 is cb,ortrd. It bir; reeistors PS or a3 connce 1. .17!:12 
.h'. " -,.? "" ,,,. ,: .,Ir" k n , .  .?. A,",." .L- . . . . . . . .  . . . . . . . .  . .. , A .  

, , c  .. r~ ,,.,,2v, . . : .  3!.:::::.e!r: !ieck if !:.c !F. :*:ori II:; ?e'er- . . 
m:ne ,,vhp:~,er tr,ev 3:e "1 :cI.I:. I: e l t r . ~ :  p : ~ t ~ : r s ! s t o r  k5 ar - , . .<C ; :- .- . .... -.,,,=*-,-- > .... . c  .," "-- ... ...- .-.?-. ..... ..<.... "., .. 
they ec : r : se  !r v u i u r  ti:,? o ~ t i u t  ;-::: 92 ; i I ~ h  r x m ~ 1 .  
,ur":," .,." ,...--,.. ....,. """ ,I..." L" A;"-."-. '... ""-L "1 ....... , , .L .... >., ,., "" .... 9. . . ~ " p  ,,,~., L. " ...L.L... >-, .uL,. 

tilese cases, tile current will cis3 chonije and nloy make 
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the plate voi ta j r  recding la!! within tolerance values. 
Therefore, a resistance chscd cf the o l s t e  r e s i s t c i s  . ~ l l i  
quickly show if they nave changed ic ,value. Changes ir 
voltage :ivlder :esistws 37, 38, and 3~ n1:1 c*.aige the 
go?!!, dr!ve, orb ou1;ut. Tube Vl a u t p ~ t  :s uffec:ed ncst iy  
t y  HY. Duiective tunes in the ;'usk~;u:! clrcult fo!lovin; 
!h!s s t age  c o ~  couse c heavy !me w,!L 3 cortseqtentiy 
reduced output. Wnen in d o ' ~ b t ,  re9loce ~ 0 t h  the inverter 
on< output s13qe 1meS , N L I ~  nnown qmd ones and check to 
s e e  li the  outsut r e a m s  to ncrncl. 

Distorted Output. Inproper bios, screen or plate :o!toge, 
as well as i ~ ~ ! ~ C I I V C  wbe a: overdave c w  c a s e  d~stortion. 
Check tile bias. olote, m d  screen volroaes wlth a voltmeter. 
i f  oii voitoqes ore carmc! but 1b.e outp,: i s  distorte? ond 
iun ;i,r CuLca urz p<6LuLP7 i & ~ t i ~ e ,  C C ~ ~ U C ~  I r m ~ j  &ti! 
Known ?ood nP?s l! !he d?stor!!~r re ,7uct .~ -when the !npu! 
519~31 1s redmrd,  it 1s the rrs:;! of 10s i::~:: a dr!ve icr 
the 3105 used. PCO: SaIm.ce wlll 3150 cause  c ~ s t o r f l o r ~ .  
bsr o n  oscilloscope wd fcilow t ? ~ e  s i q c l  from grid t c  r!ote 
through the clrcuit, and compare out?uts. When the distartlon 
appeors tne cause will be found i n  tiJe par ts  cssocluted 
.#ltk. ::,or 2artion oi t j e  circuit. 

APPLICATION. 
The c o t h d e  follower is used lor two pwposes: To 

isolote the output of 3 c ~ l t i c a l  c!rcuit from the loading 
ei iecrs  ni 7 clrculr ro h i c n  rn? otltpur is ie6: and lo motch 
the output impedznce of 3 s q n d  source to the input im- 
-eC~?ce cf s I c ~ ?  c:rcc:!. 30th ~ u r ~ o s o s  3:e ucco?p!isbc? 
Nith on 3 ~ s o l o t e  -inizum ,f dlst 'xtlon ,of the !n?ut s ~ g n ~ l .  

CHnka;Ti2lSilCS. 
!Itilires a sbngle-staji  . i e j e n e r i t i v ~  x? ! i f ; e r ,  to 

iurnish on output w h ~ h  appears zc rass  an u n b y ~ s s e d  
cothodr reslstor. 

Input itnpelance is high: no grid current flaws. 
rl)ut?ul imped~nce  i s  1o.i; o u t p ~ t  s i q n d  1s i n  nhase with 

nn , , ,  =;-.""I ...y ". -.,., 
3utaut  voltoge w i n  i s  less thm unit": outout exlilbits 

a power goin. 
,-ne.-.oA -I"-- & 9 -  nb,.mt" ," ,he .,,**,,, -;.."-I - 6-;.h. -wb.u.-.. -."-- .. .- ....... "-.y". " .>,. "., ." .... 

8 . )  -..-- .r .L. :-- .. -:.-.> .... # ~ L . . L . .  ...A L...,. . ,VL . 1 r  .... ...,. > L , , , > i .  

CI,?C5JlT A.J,\iYS!S. 
Gcneroi. in the ' m s ~  circuit shown in  the accom- 

omv inu  illustrction, 7 f':~.?e t x i  1s 1:5ed, ~lut  3 x n t d e  
, . A -  --.. 4 .- - . -,,-. --"-", 7 -  .L" L 
.."L " c ..Fl_i 7 -  . , - I  ...... ......... .,,-,. 
CIICYI; :he cothole  bypass c ~ i i a a t o r  i5 ihssn:. mil? the 
piote is I,& dliectiy to tne supply voltage, +Ebb. T R ~  
inp:? ;i?-.~! is g:pli?.i tb.f"iljh c ~ u > ! ~ c <  C Z F U C I ~ ~ ~  -! 10 
t t e  . j r l  of the tc:ir, ? I ,  ~ n i  the !rid i s  re1t:rne.l to ,pounJ 
,,. .*,,,, L ".",-,<.,"I,, k ,  .k ... ,"",".". ..... .,.,.. ..<........, ..,,. .".~.. ,.... ..<..,. "., i!. T'-2 
output i s  token ocrzss tne c a t h d e  resistor, 32, snd slnce 
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Boric Cothods Follower Circuit  
t?ls reslstor i s  uniy?zssed, the output s ~ q ~ n l  v a l t ~ j e  i s  a 
?~:c;t fur.cti3s 3f the >13tn c'urrmt which ! i w s  th~ouqh this 
resistor. As the lnput sidn31 r ises ,  or goes in o posltive 
direction, the plate current increases ,  cousiny on increased 
voltaye diop ocross  the cothode reslstor. I s  the Input 
s l g n d  folls,  or goes in ? neyztive dlrecllon, the ?late cdr- 
it,,! drcrrosej, COYs;-q je::mjc ::; .;;li;jr Jr;; >:r,:si 
the cothcde resistor. Tnus the output signal fol lows tire 
lnnl~t c!.!r!3i, !nth in vniue on3 in pia: l tv ,  ~ : t h c d i h  the 
nc!~:l (vo!l2;e) V I I U ~  of :he ?.i:p:jt %!;"a! :s so:ewhnt 
l e s s  tho" that of ths ;nix; sijna!. 

Circuit Operotion. In the M s i c  cathode follower a t -  
ru!t, m i 4  - o ' ~ l i t ! w s  "/ '10 sign01 mput to tlrr rd, 2 
cciluin uulount c f  2llite iur:ent !!o;:: ::.:z'24t. the lute LP- 

c a s e  3! the  p c i t i v e  poter!tigl npplied tn  the ? I~ !P  from 
the piole supply (Ebb). %hi5 plate iiiirerit flews th.rough 
the cothode reslstor, R?, on3 th: resuitsnt v n l i l j r  i r s p  
3;~oss R2 e s t a t i i i n e s  the no-~i.~r.uI BLSS level,  wit!. !'? 

i i ?  ef!ezt!vely , ~ t  zero (qrounil potential, an3 t i e  23tJ:i 

ot some ?ositive (owve qimdilai ?otenlIU!. 
.'$hen o w s i t l v e  siqnal i s  aoplied to the q i d ,  !he re- 

c~lltinc! increase in plote current throuqn catnode resis tor  
- 
n, ! ~ ~ ~ ~ a ~ ~ ~  rq*  .v,>i,".je drub 4 ~ ; u s s  .<2, ,>GKi:.G ::,e z:::, . . ,  ode Inore posi;,,<e. In b,<e 1,,2l::,=:, 2 f i e u a i i ~ ; ~  siq7,:i 
c;?!!?: 13 !,I? 'y ! m.:u>es ,r,c LL;.l:e z".: L,.. .:" .,.,,- ::.:--,:. 
ccthode reslstor ii to decrease, inukl:\j lne ;clt:io3e 1-$3 
aoaiave. , ~ , J s  ;:,e .SL.IX.  <;..;; a:. ::.= ;:.. 
n voriotian in plate current throiqn the c3troce res:s:ar, en.: 
.-.- .o:.i,i^.. .., r.,;!I J:",, ,l,--:,;i t i e  ;;;i.;:2: ~. -. . ;eveii.jj ::is :>ijS ; S ; : C ~ ~ .  :ralh hl<S <2k2$?, ':,,?;?, j :: 
phnse with the ioout siqnal, subtracts iron the lnput sl,jnsi 
durina the oositive half cycle, :a?. o j ? s  to I'le Input s w a i  
?uri:q the ,?e,j>t:v- "If cyr!e. Tne result?nrj chanrje in blos 
iil 1 - - - - -  - .eu.-c, 4 .- - !?: ....u...-.. . - - I , t , - ' = .  ,-' . t i -  .7r1- ' -+rc: th4a ... . 
- 1 . .  - , ,?  ;: - 
vu.,,j,ic, ,,, uuuL,,,, ?z;e .,.,~..u.. .f ...,- t v- .!~~.JP roc 
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thls  reason, tne ,voltaqe goln of 3 cathode !ollo*er IS 31w3ys 
l e s s  than one. 

io thode  followers a re  n o i m ~ l l ~  ooerote! ,with the q i d  
negative 'with respect to the c o t h d e  unier conditions of no 
input s1:jnol. The  input impejunce i s  niqh, and remslns 
niyn wnen on input siynai i s  applied. $hen 6 positivz siqn-! 
is opplle? to the qrid, the degenerative a c t i m  increcses  
L;E g v ~ l  tc suck, cz extzn: !k: 22 ~ r i ?  o;:rz?t ,>'ill 
! I O N .  Thl5 15 the some resuit inor woui? LC ~ b i i l i i l d  if 

tne mpur irnneJance tlwd t e e n  increase'. ![he?, 2 ne;ct!'~e 
s i jno l  i s  opalled to the grid, no grid current c=n flaw, even 
ti,ough t h e  grid blas  is decreased through the degeneroti-ie 
"ctlar~. Thus the input impedance remains hi'jh. As a 
result of this hij:. ;ar.;tmt ,"put i r ~ % n c e ,  !he r ~ > t h o ~ i i  
:3liower prpsalt;  5 neg::gibie :miini: F::PC: :C In'? clri?lit 
4....:*,, : +  -.. 

The  elfect ive inpu: c a p ~ c i t m c e  of o .cith3de icllower 
i s  13w, compare3 !; that sf 1 cmventim:l mnplifler. Th l s  
it.>uits lro~ri ilie f g i t  that :hi ?e jzne:s!i,ie 3ctio.n reduces 
t3e ~ , Z l p i ~ t ~ d ~  0; e!e ,J-C Ca:tsW<e,et <,: !'-,c ,~~;.;-:~''cz!LX!C 

voiroqe, ond rirus cause> less r ~ i i e i l :  t; f!zd t?.:o~;i th.? 
tsbe co;aiit~n:es. 

-, 
;he 3ut36t izped3?,ce I! '? c ~ l h o d e  f o i l w ~ e r  :s  low: 

1.?1̂ 3115e of rh1s f ~ t  there 1s o minimum of ornplitude J i s -  
tortion of the output siqnoi, under normal operating condr- 
lions, even thou~jh current i s  3:wn fro-. ine ou!put rer- 
:nlni~ls .  However, if ine amplitude ol the inpdt siqr.il i s  
hiqh enough to swmg the voltage a t  the qrid too far p s i l i v e  
31 n e p t i v e ,  the tube may k driven lo  soturotion or l a  cut- 
c f f ,  respecrively. 'When either of these points i s  reache?, 
' ' - -1  ,.,r,hnr *-ir;,n In ,ilp , l ~ , l l t  ) , . , .  ,,,,., .,.: .~ . . . . . . . . . . - . . . . . 
signal will not sppezr in Ine o;tp;;l +,uveio~.. P:? ~ t p : ~ :  
s i m c l  will thereby be ?;started w ~ t h  respect to the input. 

3ccas~onoI ly .  o clrhcde follower circuit nay te err- 
mm~nteied which is a c t ~ a i l y  designed to operote pcrticlly 
15 the reginn of cutof!. In radar -i--,,i'-.. - .,, ,,, vide3 a d  trans- 
mitter triooei aulses .  which mcv b e  Positive Pil!ses. "iuht ,. , . . 
be sool iadto . . c ~ t h o d ?  ioiiower whicn is bi-ised near cut- 
4 1 .  4s n result.  the cathode follower w ~ l i  pass the siqnal 
;:I normal c u t > d e  f o l l o e i  foshicn: at the some time it will 
i i m  on" neqotlve t rmsienrs  whi& mily k 2resei.t ifi t i t  . . 
; n p d  s ignal ,  w d ,  i n  =rMittno, it .vlll eiininote tne ss?si- 
i l l i ty  31 i n v  3-c l m d l n ~  e i : x t s  by ;ilo;v:nq eni,, tk ei12- 

~ ~ 

?dl ,w;tcjes  VJ 'x p'escc!: ILrdSs ik,c a d t ; ~ t  ::t?,z?c :c 
s:stor. Althoggh this type of circuit may be termed a coth- 

~ d e  follower c ~ r c u i t  ( b e c m s e  the aurput 1s taken tiom ocross . . .,.., , ,  ,,,~-c ,~ 
~ , , : T L <  I.". ! i , , > :  ,:<:: ,;,, ;:=;, -: z ,.,LL".,, ." .,: .. . > ~ ~  ~ 

:,::t,2ie !z!lc;:c: ;:5,2:2 !he Z,:!pc! 5!.j"?I - " " I <  { " i i " ~  t!,? 
~ ~ 

. - -L ..= .- i-.- i"r.r;r .,., -r,lr..i .,,""~ o.y.," ..,..,,uu.-..-..3-.. ~ ..A. . .  . . ~~ 

such il c i r i j i t ,  xmet1m2s ;efc::ei to i t  ; cutoff cothods 
. . .  - ------ '.. -- .- " !i-;t.r~'o,! =--. . o : : o " ~ r ,  > ! > ~ - ~ .  ..., ?.-v~. ~: -~ . 

i, l i~ , ,Ul ,< 0C"urs O ! ! q  U,~, cr,e r,e,;al,",e " 2 . x ~  >: ;:.< 
- . - 3 . .i 1". t -, . - - I  4:: ..<.,: fhr. I , " .  1 -  #.,>,,<, ., ,,,, ,, ,. , ., ~. ..~ ~~ - ..<'% . - - *  ... .-<...-, ." -: i+?. !h*c",L9+ 

L,,dL ,..~,\ ,,, .,,..,.. ...... ~~7 

toilower may De mmltled as s i i ~ w r ,  I,: iiic aSii.i;.p:yii.j 
, l~#m"l?"l<n" . "" ," .-... 
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,,, ..?en 3 ?enlode-rvpe t u k  is used, p 1s lor?. an? the tern 
p + 1 rv j  5% reuced 13 +. Tk.e equgtion fcr val tqe  win 
('I.(;.) moy tlisr be reduced to: 

I-+ Ebb 

INPUT 

OUTPUT 

Modified Cathode Follower Circuit to Prevent Negative 
Peak Limiting 

In this modified cathode followei circuit, the grid resistor, 
W1, is returned too  positive (above ,qround) potential at 
the junction of a two-section cathode resistor composed 
of resistors 3 2  and 83. The volue of the positive potent101 
(the relative values of R2 on3 131 is determined by the 
anticipated input voltage level. By returning the yr~d re- 
sistor to a tap M the ca thde  resistor in this mmner, the 
qrid bias is reduced by the amount of the voltage drop across 
resistor 33. Theretore, the ~nput siynol con sriing too 
greater negative value without drivlny the lute to cutdi,  
thon it could hod the grid resistor teen returned to ground 
potential. In oddition, the input impedance of the circuit 
i s  lncreosed to a very high volue. 

A further modification of this clrcuit i s  frequently used 
a s  o wide-band cathodefollo,trtr. This circuit, shown below, 
contains on input couplinq capacitor, '21, and o resistor, 
R4, of small value in  the plate circuit for decoupiin~ pur- 
poses. iYide-hnd cnthade Lollowers find extensive use 
when application requirements demand power impiificztion 
over an extreme range of audio hequencies, from 70 to 20.C00 
cps, such os in high-fidelity oudio circuits. I n  the circuit 
shown below, these requirements may be met by the use of 
a single triode sectlon of o type 12AT7 twin-triode, with 
values of C1 = 0.01 pi ,  R l  = I megohm, A2 = iBO ohms. 
33 = 820 ohms, and 34 = 47 ohms. Dther vdues would of 
course be required ,with other tute types. 

The voltaye yoin (V.G.) of 2 cathode follower, when a 
triode-type tube is used, is given by the follo.ving q u a -  
tion: 

The output i-rpedance of 3 cotiode :ollower is 
$"en by tt,e folloinq eqimtion: 

Wide-Bond C o t h d e  Follower Circuit 

Other modil~cotions of t h e b s ) c  cathode iollower cir- 
cuit are often encountered in rador and communications cii- 
cuitry. These modifications are included in the following 
illustr ations, whlch show lour circuit variations of cathode 
followers. In part A, a fixed negotive bias i s  applied, from 
o power supply, to the qrid of a trlode at .I top on the grid 
resistor which i s  composed of R 1  and R2. The output i s  
token across the cathode resistor, R3. The negative bias 
opplled to the grid, together with the bias developed across 
the cathode resistor, establishes the initial operotinq point 
on the grid voltageplate current (E,-I,) characteristic curve 
sf the particular triode used. The ,value of negative bias 
applied depends upon the value of input signal to be handled. 
This i s  particuloily true in opplicotions where the input 
signal consists of o series of positive pulses with the in- 
terval between each pulse relatively long as compared w~th 
the pulse width. For r~ample, li a positive input pulse 
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Cathode Follower Circui l  Variations 

tmvmc m aap; i : t ia~ oi 4 ~ 0 ~ : s  w!!~. 1 r , s i ~ n i d r , 2 i ~ s  5t3h  
.:nj.JY? ,.i -% u i : t i  zit? ,!% .;;!:; I 5  33:!i?" ''3 ?'F 1~.Fif 

capc;fio: o! cutk:o,2E i,;:::~~: z::cL:[, the 7dse wt:-h 

appeors ot themput  grid of the tuoe :vould se t t l e  do*n ;u 
on averoqe a-c value oi '1 vci ts ,  w!tt! a c s t  oi  tnepu l se  
cppeaiing a b v e  (?,is nveraye voice. 'lhls 1s sho'*m 13 r i e  
!o:!;.h.ln; 1!!as:r3t!on, wltb, tire input s igni l  shown i;: port 
A ;n?. the 5 iq3!  \-oL!cge wmcb, appears a t  h e i n p u t  jid - -  , .  . .  
>:,"w,, ,,, g ; t  y,, ;lxcc L:zs:z; !> !!?.?S<??< > ?  t::s s:y;s 
. .. ...~. .- -'..-- .;. -.m,",,,,, , ,.,! ;+,? z: ; ;sc c: .,, -. .- r.--. . , 

tne center of the tube's E,-I, c;::.e, cs s9ow.n !? port r.3 

: h ~  il!:~strct!m. !!. !cr il qiven t~ibe,  the center of the 
-t:;:;b,:-!:7,,2 ;SI<:~-. z! !h,e E,,-1. ~ > ; T V P  occ,ns '21 -2 V ' S A : ~  

; -ivrr ~ o l t o j e ,  316 tr.e inpu! riqnui is 4 volts 
. . 

;enr to aeck wim me pulse w v c i ~ i r n  L a  Lb.;;::., : :Z :Z :  

t:zr, ;i - 7 .,o!:s 0. the tube wodd  je nrcrssury ii oi0si :o 
,ilsp:ace the overage ,,olde o! t h e s i q n d  so that i t s  3eametrl; 
- ~ - - - -  -+ - i i t h e  c e n t ~ r  of the E,.-I, curve), LC,,,=, ULL",- .,, - - ~.... 
as in port  C of (he iiiusr;otioc. !I Lbe v2he  o! :he 
:=:ha:- le~is!nr is S ) J C ~  that,  w n ~ n  fhe VJ'E is operdi.n: 
-:!; - 7 .d:; i;-.s: :: t : 3 c ~ c e t  3 LCvoit drop, t h i n  !hc 
7,;,;jcj a,cuG: o; :ixcs ~ i z z  :qj:?% 1- -7>1ni !c: 4 vuita. . ~ 
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In part B, a triodeconnected pentode tube i s  used, w~th 
fixed negotive blas ppplled to the g id  in a monner similar 
to ciicuit A. Since the power-hondllsa cooobil~ties cf pen- > .  
todes are substontially higher than those of conventlono1 
trlodes, considerable power output may be obtolned frorri 
such a circuit. Otherwise, operation of this circuit i s  gen- 
erally similar to that of ciicuit A, with the addition of the 
screen resistor, R4. This resistor serves to denease the 
voltoge at the screen grid skghtly below the plate voltage. 
in order to keep thescreen dissipation within theoper- 
ating limits of the tube. Whm certam tubes ore used, or 

- 
I N W T  S I G N A L  

+ I 8 V  GEOMETRIC 
CENTER VALUE 
O V  AVERAGE VALUE 

- 0 2 v  

B 
SIGNAL VOLTAGE AT INPUT GRID. 

DISREGARDING 81AS VOLTAGE 

-0.ZV 

- 2 2 V  GEOMETRIC 
C E N T E R  VALUE 

-4OVAVERAGE VALUE 
- 4 2 V  

C 
SIGNAL VOLTAGE AT INPUT GRID. 

W l T H  FIXED BIAS OF - 4 . 0  VOLTS 

- 5 O V  GEOMETRIC 
CENTER VALUE 

-6 .8V AVERAGE VALUE 
--70V 0 

SIGNALVOLTASE AT INPUT GRID. 
WlTH FIXED BIAS O F  - 4 . 0  VOLTS 

LNO CATHM)E BIAS OF -3.0 VOLTS 

Cathode Follower Input Waveforms 
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when the plate i s  operoted consideiably below themaxlmum 
roted voltoge, this reslstor moy be omitted. Since no bypass 
copocitor i s  used between screen ondqround, the plate and 
screen currents vary with theinput signal, andthe tube 
operotes os a triode. 

In part C, o twin-triode is used a s  ocothode faliowei, 
with bath sectlonsconnected dlrectly in porallel. The use 
of a twirrbiode doubies the power output over thot of o 
single tube section, ond in addition piovldes some measure 
of assurance of continued output, even though reduced in 
value, in the event of fallwe of oneof theuiodes. Theoper- 
otion of t h s  circuit is slnilor to thot of cucuit A, with a few 
rxc~p t~ons .  A fixednegative bias from a power source 1s 
applied through resistor R4 to the q i d s  of b t h  triode 
sectionsat a tap on the grldresistor which i s  composed of 
Rl  and R2. Res~stor R4 provides isolation between the 
grid circuit and the bias voltoge supply. The actual bias 
voltoge ovllable at thegrid will be somewhat reduced, how- 
ever, because of the voltogedivider effect of R2 and R3. 
The input signal isapplied directly to both grids, which are 
connected in pmallel, although in same cases iesistors of 
low ohmic value, used 0s parasitic suppressors, ore connec- 
ted between the input ond each grid to suppress intermodu- 
lotion effects between the two tube sections. This effect i s  
o result of slight differences in electrical characteristics, 
such a s  cathode emlssion and transcanductonce, between 
the two sections of the tube. The output iron the circuit 
1s token across R3, which is the cothode resistor common 
to both senions. 

In part D, a pentode tube 1s used, connected os a con- 
ventional pentode. Fixed neqatlve bias is used, os in circuit 
A. Screen capacitor C2 maintains the d-c voltage at the 
screen relatively constant with voriotlons in input signal. 
As a result, the power output obta~nable across cothode 
resistor R3 is somewhat greater with t h ~ s  pntode-connected 
circuit than u i s  using the b i d e  connection in circult B. 

In r~art E, o tnode-connected pentode tube is used, ai- 
though o triode could be connected in m identical manner. 
In this circuit the q i d  return is composed of resistors 
R1 cnd R2, mth R 2  provldinq addltlonol isolation between 
the input circuit and the tube, and olso servinc os o mid 
current limiter. A coupllng cupacltor, C2, is dlso employed 
in the output circuit, to block the d-c component when only 
the oi. signal output 1s deslred. Plate supply lsolotion 

' 

may be employed, by meons a f  the decoupling filter com- 
posed of C3 and R4, which in addition helps to prevent 
vuriotlons in the voltage ot the plate and screen during 
positive peoks of the input siynal. 

Another variation of the cathode follower circuit m q  Se 
encountered in some equipments, wherc thecathode resistor 
and output coupllng capocitor ore physically located m on- 
other chassis, and ore connected by means of interconnec- 
tlng cobles. In order to protect the tube against a possible 
voltage breakdown between cothode and filament, in  the 
event of on open cothode circult caused by a disconnected 
or broken cable, on odditionol resistor of o substontially 
hlqher value of iesistance moy be employed directly at the 
cothode connection of the tube. Since this reslstor is con- 
nected in porallel with the rnoin cathode load resistor, its 
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presence will not affect the output during normal circuit 
operation. 

FAILURE ANALYSIS. 
No Output. I f  on input signal i s  being supplied, on open 

coup!lng copacitor C l  in the input clrcvit or a n  output 
coupllnq copacitor, lf used, would inte:rupt the circult 
nutgu~, ns wouid a l so  on open cathode reslstor R3 oi a 
shorted plate  capacitor C3. (Reier to Cotnode Fo!lowei 
Circbit Voriations, circuit E.) Failure of the plate [and 
screen)  power supply, or on open plate  decouplmq resistor 
R4, 11 used, or o defect ive tube, would a l so  be responsible 
!or 3 condition of no output. 

Reduced or Unstobl. Output. If o normol input signal 
' -  .- h-'-- =,,*-I>d ..rr. ~ - ~ ,  n w 4 k  nr ~ntermittentlv shorted tube, or 
leaky input or output cocpiing copocliors ruuy h t i e  i ~ ~ s i  
of resucrd or unstuble wtp;:. A :ed~zt:on :n the opplied 
p ln fe  (and screen)  ~rol tage wlii cal;se the o u t p ~ t  to be ie- 
?2ce?. w5iie i n  unitnhlp s;~ppiv vaitoqe wiii cause unstoi ie  
output siqnol ompl~tude. A change i n  q r ~ d  b ~ a s ,  brouyh! 
o h u t  by o changed value of grid resistors 2 1  ond iii, or oi  
cathode resistor R3, will c lso d i e c t  the output s ignal ,  nnd 
may distort the signol by biasing tne tube nwr ly  to a t o f !  
or to sotilr3tion. 

LOW-LEVEL VIDEO CATHODE FOLLOWER. 

APPLICATION. 

The low-level video cathode follower i s  used to match 
the curput lapeaonce o i  n iow-ievei uiam sowce, such ca 
a video ilrnlter, to a low-impedance t ransmiss~on line, wit"- 
GL: !e:e;ia;otin; :hc w-veform ai the v~iien signol. 

CHARACTERISTICS. 
P o s ~ t l v e  output siqnai is in phase with the posltlve 

;:?p?i! signal. 
Input impedance is nigh; no grij  currntt :Ions hiihiii 

the designed operating conge. 
Olltp\lt impedance is iow; values shown give an actuo! 

cutput impedance of 100 ohms. 
Outp-! vol tagr  qn?n 1s iess than unity: voiuej  s o w n  

7 i . i ~  on ni tual  ooin of oppraxmateiy 0.5 
C l s s s  A output q v e s  bndlstor:td : rp roJx t l an  oi inpi t  

c:gn;! :,:i!h!fi C P $ : T ~ &  n?pro!inl mnpe. 

CIRCUIT ANALYSIS. 
General. LT the  cclrculi shnwr. in tile u ; ; o ~ i ~ ~ ~ : ~ ~ ; ; i j  

,:;"sl;~:;~?,, ;:,j;e 57u :m:?.-u!c,7? ! S  :se!!,  W,CP m.,cj, 
sections connected in paralie!. Actual vaiues oi resis:ao~r 
'z? -Fcclt,?P-- USPC 1" ,p,:s . ; l r , -~ , t  "re S;,UV\:, 1,. .!.L 

::nr: tncsc ~ ~ a l u e s g o v r r n  thp inpu: ~ n d c u t c u t  i:m?ts m c  1P.e 
" : , E : : L I  l'!."! 

,-?p:itor 1s cse6 I n  :b:e q : j G  Clj,:dll, 0~32 tnC ;lCleS 9 1 ~  I.=,: 
l i r ec t ly  to tbe p!cte supply vol!oqe, +Ebb. The  ids are 
!.-!.:zed, t h r n o l ~ n i  TPSLSIOT A l .  to ol~ned negatiive :]as, - 
-LC,, horn o voltaqe ?iv?der i o m p s e d  01 R2 and R3, which 
1; rec irnm a -iSGV oms supply. Tt,; zr:pu: ; s  :ekes !rc.z 
!?e z::?lleie5 c ? r i n o ~ s  ,a:loss i,i<lriidi rc;;s:s: !?5. !+ 
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slstor R4 a c t s  a s  o porositic suppressor to prevent inter- 
modulation between the two trlcde sect ions,  due to slignt 
vonotlons Setween them. 

Circuit Operation. This  circuit is d e s ~ g n e d  to accept 
o positive lnput s ~ g n a l ,  and reproduce it withe-t distort~or. 
In  the pos l t :v~  output s ~ q u i .  U n d i i  n i i z ~ !  apc:nt:nq 

Lor-Level  Video Cothde Foiiower Ctrcutt 

conditions, the ; ! r a t  :.I:: L.~n?!e Î 1pel311r1.4 level c! 2.2- 
volt oositive moiit pulses, an? p i d h c e  an o ~ t p u t  !eve! oi 
~p;:cx:-~!e!)r i ~ 9  volt. A S  a v , a x i z , ~ ~ ~ ,  i ~ : ,  m, I ~ ~ L U T  z.;~r,ci 
of 4.2 volts onplitude will produce ~n output omp!ltude oi 
2.0 ro!!i. This 0 ~ t p ~ 1  l e ~ e l  q p r ~ c h e s  the grid-rurrent 
reglan ot tne type 576 i&, ui.3 iiit.i:ire ;5 ;k! 1:- r c x -  
i:!,"m tnat sm, be zz tcmel  ;sln; i r i s  :ih :ice. Ti:e +i:: c! 

- .  
1:1e i i i ~ u l t  1s ~pplixlm0te.y I.:. 

-. . , , . 
;tic ":pu; ;.gi,,, .. .... !.i: ::.;::;t ?:.r::.: ,.-r.:- '- 

Z i  to the grid of sff t lon 1 a: a type 5 7 0  rwln-trloar, '~n , :  
. , - ,  

tnrauyn suppressor reslsror r4 lo me ;:lo u: >i.;r.u.. A. , 
~ ~ 

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

, / ~- . " ,-.L,,,, ._ - , , , , . . , , , , .  , ~ ~. . . . . . ",, , kc; r-;;iy, rc rl .in51n,j~11;1::e1 < . I I C U ~ ~  i c i i i D Y s r r  U. rrri. . . . .-. .~,., .-2 -, 7 k  .*".-.". &? 'Tnw , ,,, :,,-,r, ;:; :.vc 
.-a ..&...*- . .  .. ~ 

. ?  . li.ic:a:s, L! rk.l;t t e  iok:-;" :s Î;p:C*:::.I!Cl" -L ,D :111; 
, . . ... ._ ,. , , :  : , .. 2 -  . . _  .. c. ... A . .-. , ,  , . ,,, ", i c  

-7 - !e!wnrd. f i r  L : . d ~  . , . . .. 
. . . . . .. . . . :  , - - - 7 .  ' ." U".., ...... , s , ,,~ :~?: :..: :,? ,:..,: >-7.-,*s . . L : .r -.<--. ."*"^A q, ,ha .nmf s7r;l,; %I)- ..,.,,..,,.u~........ ~ , ~ ~ .  ~ ~ . .  

. . 
st i tures  rne ouiput 01 iijr ru:h;tc :lZlw:. 

. . . . A p u u u u i ~ ,  tor", ,ji cij;;;;;;n c! ttr ;-:U! ; . i ~ o l ,  sn?rr 

35 droop or s.0, I S  of s i i jnl i l i j r i ie  ;:: :;n-ltii! ;i?:c :zt5?5: 
L ! ! , ~ ;  ,,?: $, n .  L ~ . > ~ ~  1s ;he Serny :r a!?g!?!LIe, wit?  time, oi 

.io: : cp  >ort,o~, c; L L . ~ . : ~ " ~ ~  :<"::2 .xr;: z;,: ,-:;-::. -. . . , , , ' , ~~- ~- , ---- ,.. :-.".-,"o,, ,,,, !;,- r ,7 :  ,,:, ,,! ,-,I 2." - , .i ." A - . i . . . . . . . . _  _,  .... . -  
, , .  . . . . .,. ., < -  ; - , , ,  , ,  , . , ,,,;,- , . , -, . . . . . , . . . 
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ling circuit. For small values, the percentage of drmp i s  
equal to the pulse length divided by the RC time cmstont: 

W(%) = 
prl= lm& b m d s )  

RIOHMSI X ~ [ F A R A D S I  

For example, for Values of C1 - .0$f and R1 = 1 
mey, and a pulse length of 500 pet, 

Droop % = 530 x lw6 =.Dl = 1% 
1 x 1'4 x .05 + 10a 

FAILURE ANALYSIS. 
NO output. Assuming that a signal of the proper posiuve 

value i s  applied at the input to the vidw cothode follower, 
the primary muse of no output mov be a defective tube. If 
the tube i s  found to be operational, on open coupling cop- 
acitor. Cl,  would interrupt the operation of the circuit. An 
open resistor R3 in the &id bio; voltoge-divider circuit 
would ollow the full volue of the -15Dvolt bias voltoge to 
be applied directly to the tube grids, cutting off the tube. 
Failure of the plate supply voltage would interrupt opera- 
tion of the circuit, a s  would also an open-c~icuited cathode 
resistor, R5, provided that there i s  no continuous d-c path 
paralleling R 5  in the output cucuit. 

Reduced or Un.tabl. Output. With o proper positive 
input signal present ot the input to the video cathode 
follower, aleaky (partially shorted) gr~d coupling capacitor, 
Cl, may be responsible for a severely distorted output. This 
leaky mndit~on, octing a s  apartial short, would ollow any 
volue of d-c voltage which i s  present at the input to be 
applied to the grid of the tube. l h i s  voltage would appear to 
the tube a s  o chanqe in srid bms, and sh~f t  the operotinq . . 
point on the tube's E,-I, characteristic curve into either 
the cutoff or sotwotion region. An open grid resistor, HI, 
may cause the tube to "block", or to "motorbwt", or to 
exhibit no effect other than o distortion of the output wave- 
form. With on open grid resistor the tube moy "block" be- 
cause the yrid coupling copocitor. C1, has no readily avail- 
able discharye path, and rnoygradually accumulate o negative 
charge, sufficient to cut off the tube, throuqh grid current 
on the positive peaks of the input sianal. Intermittent con- 
duction of the tube, or "motorbwtiny", may result if leakage 
through C1 allows C1 to discharge down to the point where 
the tube i s  momentarily "unblocked". in some cases 01 an 
open wid resister no immediately discernible symptoms will 

~ ~ 

be evidenced other than o distortion of the output waveform. 
Tnis may be caused by the q id  "flwting" ot some inter- 
mediate value and the input signal continuing to be coupled 
through by the capacitive voltage divider action of coupling 
capacitor C l  and the grid to cathode capacitance of the tube. 
Since the interleaode capcitance of the tuhe i s  very smoll 
a s  compred with the capacitance of C1, most of the input 
signal will continue to appear across the grid and cothode, 
and the tube will react in very nearly a normal manner. Should 
resistor R2 in the voltage divider network become open- 
circuited, the fixed negative hias from the -19V power 

~ . W 0 . 1 0 2  AMPLIFIERS 

supply would not be applied to the qid.  As a result, the 
input signal may be sufficient to drive the tube to saturation, 
seriously distorting the output on the positlve peaks of the 
signal. If, on the other hand, resistor R3 become opwl- 
circuited, the full volue of -150 volts from the bias power 
supply would be applied to the grid, and the tube would be 
driven far beyond cutoff. Reduced output moy also be traced 
to on open paiasitic suppressor resistor, R4, which would 
muse one triode section of the tube to be without an applied 
input signal, reducing the output to half the initial value, 
mfh a pmsibility of distortion on the most positive 
portion of theinput signal due to reduced bias. The r e  
duction in b ~ a s  would be the result of the "blccked" grid, 
causing a redunion in w i e n t  flow though the common 
cathode resistor, and hence a lower value of voltage drop 
ocmss the common cathcde resistor. If the cothode resistor 
should change in value, because of age or overlmd, the 
output voltage would be changed accordingly. 

PULSE CATHODE FOLLOWER. 

APPLICATION. 
The pulse cathode follower i s  used a s  an isolation stage 

between a critical circuit and the circuit which it feeds a s  
a l a d ,  while at the some time preventing any lmding 
effects from appeming at theoutput of the critical circult. 
This is accomplished by means of the cathode follower's 
characteristic of a hlyh input impedance anda low output 
impedance. 

CHARACTERISTICS. 
Output s~gnal  i s  in phase with input signol. 
Input impedance is high: no lmding effects are reflected 

at the wtput of the previousstage. 
Output impedance i s  low: considerable power may be 

supplied to the output load circuit. 
Output voltage regulation i s  good, due to low output im- 

pedance, even though the input signal may have pmr voltoge 
regulation due to its high impedance. 

Input capacitance is low: approximately 2.5 ppf exclud- 
ing capacitance of circuit wiring. 

Rise time response i s  fast: approximately 0.02 psec. 

CIRCUIT ANALYSIS. 
General. In the circuit shown in the accompanying 

~llustration, a single triode section of o typical twin-triode 
such a s  o type 5314A, i s  used. Actual voluesof resistance 
and capacitance used in the circuit are determined by the 
operating choracteristics desired, and ore therefore not 
given in the diagram. Typical valuesused to produce 
specific operating characteristics, and a d~scussion of the 
effects produced, ore given under Circuit Operotion. An 
input capacitor, CI, i s  used in the grid circuit, and the 
grid 1s returned to ground through grid resistor R1. Plate 
voltage i s  supplied directly from the supply voltage, Ebb, 

and the output is token across the unbypassed cothode 
resistor, R2. 

Circuit Operation. The pulse cathode follower illus- 
trated a b v e ,  using on input capacitor (Cl) of 0.047 pI 
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P v l r c  Cathode Follower Circuit 

ond a "rid resistor (31) of 680K, with a type 5814A t u k  
(one triode s s t ion ) ,  has o very iow input copocitance of 
approximately 2.5 ppf, ond a fast  rise time response of 
0.0'2 usec. The rlse time 1s in lorae port dependent upan - .  
the transconductmce of the lute and its assncioteJ inter- 
electrode capacitances. A typicoi rise time of 0.02 p e c  
or 0.03 is soas:ncrory iGi ;r:u, i m-:< j r i i r  pi;;; 
liming nppiications. 

The tronsitior. time of the nqotive-qoin; edges of pulses, 
such os the fall time of a pasitlve pulse or the use t!xe 
of a neyative pulse, i s  increased Ly c cz!hode io!lo.ier. 
This transition time depends u v n  pulse onplitude, ~ h i l e  
the positive-rjoinr! edges of puises ore unappreciatly a[- 
fected hy oulse m-,!it;?e. This is dse 13 the !net that the 
tube trmsconductmce i s  of a different voh~e durin! the 
!ail oi  the pulse than during the rise 01 the pulse. The tube  
i s  nearer mtoff durinq the fall 01 the puise: tronsconductance 
i s  ot o iorr value md the co-nbination oi ouise ~xpii?d?e, 
capacitance, md the value of cathode resislor oil com- 
tlne to detersme the tall time. rnc ne;at~vr truns~t~on 
time may be improved 5y the use oi a negotlve voitoge con- 
nected to the cothode resistor, from o neqative Dower supoly. . . . . .  
il Cnis 1s Jon=, t?? turn ,;:;; :xi;; G 7,:::e: .::P:S c: ?!z!z 
current in i ts  ijuiesiefit state, i t i i r j i r ~ i  :G 2 zizi!:: 1.2::e 
n a v l o j  ,es 

. . I " . - 8 .  .- 
.>Lil> .C,II...C" L" -(."L..". i,.. i r  

native, the returned end of the jrid res~stor m s y  i jbe ioiinected 
". , ,  , < ,  

10 a I ~ D  an tne L Z L : , ~ ~ ~  ~ e b ~ s i ~ ; ,  d.:~c= : ..~,;,=; ,>.-- -. 

plate current i s  now dram by tne ruoe m.en ;ulescent, 
!IS opergtmq p i n t  tb o ~ + ~ K L , J > I "  r?rtc,v~\: f r c ~  c;YcE. 
ihe tuje8s !:or.sza.i.cwr:ce is gm;? I! ; l;,j?,?: ~.:!::e, 
and the foil time, or neqative transillon llme, 1s thereby 
decreased. 

dditionol copocitmce io the outout clrcuit nos 5" 
e!tect on the ne:jotive t r lns l t in~ t i r c ,  2s  sipwn i ?  t'le foi- 
!owing :!!~strs!im. !! c m  Do seen !kg! l?? c;p;ll!nnce i n  
....................,..a .--..- " - , " ;  *,,- ,',,." ..... : ,  
,115 " Y l Y U l  c l i i U , ,  3rl"ui- "- . ,Lv. .u " .....,. ....... 
.._, .... -- . ,.--,., -. .,-- -,,. ," .... ,",! ........... 

Eiiect ei iddirionai Duipui Cir.uit Copa~i tan i r  on Negc- 
tive i r a r i t i o n  Time 

The over-dl e f f ~ t  of o cathode fallouer on the transi- 
tion time of positive ond negotive pulses, s n i  o visuol de- 
finition a f  transition time os applied thereto, m q  be kt ter  
understsod 5y referrin4 to the foiio.riinq woveforn illustr- 
lions. 

PYLSE 
~ M P L ~ T u D E  ii ii 

PULSE 
POSITIVE 

TIME 
N E G A T ! V E  

Effect on Negot ivc to ing  Edger of Pvlrer Due to Cathode 
Fo!!.x.r 

: r - s ? x z e ,  rise an? !?I! t i l e s ,  11. 7 S:I ;!c. lr107e section 
oi type 58i4A twln-trde oprruied 61th ;.!n:L. :o!:qes 3! 

ORIGINAL 



ELECTRONIC CIRCUITS NAVWIPS WO.OW.IO2 AMPLIFIERS 

+I53 and t335 volts and cathode rss!;tvce :i 12% m: 2iY, 
ore qiveo teir,.u. 

~ ~ 

Input limit 
(MIIS) 0 to 70 0 to 170 -100 to +I80 
3utput limit 
(volts) 0 to 61 0 to 148 -90 to *162 
Output ~mped- 
once (ohms) 
for 23-volt ~ n -  
put pulse 300 423 300 
Rise time (iisec) 0.02 0.02 0.02 
F d l  time ( ~ e c )  
for 20-volt in- 
put pulse with 
added 15 tyif 0.2 0.15 0.05 

The output impedmces given o h v e  ,were neasurel ~ i t h  
a load of such value 3s to reduce the output voltsge to 
one-half the value of the no-load voltarle. The ei!ective 
output impedonce for larye values of signal depmds upon 
3ulse polarity. As shown above, ,when a cathode resistonce 
ol 22K returned to -153 volts is me!, the 3utnut IT.--' ."once 
i s  302 ohms for u positive pulse. For ,, nedative inpJt 
pulse, how eve^, the outaut inze33nce i s  cpproxl-i~tely 
1430 ohms. Note the marked imoiovement i n  fa11 time nnd 
the increased siqnd hanllinq copucity '!xned by returnLnq 
the cathode-reastor t s  3 neq~tive su??ly. 

FAILURE ANALYSIS. 
No Output. The input circuit should be checked to 

insure that an innut s>jnsl is being opplie? to the pulse 
cathode follower. The tube should cllso be checked to in- 
sure that it con function properly under normal conditions. 
:f the input signal is >resent on3 the tube i s  quo?, on open 
coupliny capacitor. C1, would prevent the s~ynal fmn 
reochiny the lute. It h i s  capacitor were shorted, any value 
of d-c voltoue that may be oresent 31 tb,e input tern!fi~!s, 
from the previous stage, would be 3 p p l i ~ i  to the qt,i 31 the 
tube, and would seriously affect its 913s ln j  IFYP!. ~?sJ!- 
ficlent or no voltaje at the ?late of the t u k ,  Sue to !oilmir* 
of the power supply, would obviously result i n  na outaut. 
'inother couse may be m open-circuited ;ak!ade res:itor, 
112, ossuning thst the output circult nos no cantlnuous d-c 
path which could act os o cathode resistor by ?molleling i32. 

R.dusmd ar Unstobl. Output. If it has been oscertain- 
ed that a normal input signd is oresent at the Innut 13 t?e 
oulse cothode follower, severol conditions ccdl i contritute 
to 3 faulty output. A leaky c?upllng cmacltor, :I, v s ~ l ?  
effect~vely lower the irput ir2eSonce ty srav~Sinj 3 p3th 
of lower resistance i n  the gnd circiut, t h ~ s  c'laqlng the 
opeiotinq chorocteristlci of the tube. ,Any d-c vultop ?re- 
sent at the input ;radii appear n t  the jrid, thereby ch;n?lnj 
the oms. If this vo l t a~e  i s  a3s~tive >n? oi o su!f!cient 
value, the t u k  nluy ue driven to soluru:!on, resul!l~!~ in 
severe jlstortior of the outout siqnd. i n  open i r i - i  resistor, 
31, may cause the tuue to ''B13cK". OI to " : . , ~ t ~ r k o t : ' ,  ~i 

to eXk,ltit 13 etiect o tha  trlx 2 J ls l?r t l~-  ;! I lc  o:lt?,~: 

wove:arm. (For 3 c i e  :etalle? ?,scusslm, reis tc the 
FkILURE ANALYSIS sectlon of the clrevims zirclllt: Lori- 
Level Video IZatho6e F~llo.ver.; A a n q e  i n  value of 
cnt'node resbstar 3 2 ,  due to aging =n l /n r  excessive current. 
may t e  t ie  cause of reduced output. 4 reesce: ,,due of 
p:ste voltaye, d ~ e  to portis1 fc~iure  sf the pwer supply or 
to excessive loodinq of the su?oly by sone other defective 
circuit, moy olsa be responsiiile for o reduced vdue of 
Oat3111 ire- IT: pulse cgthoSe follower. 

VlOEO AMPLIFIERS 
The video amplifier i s  similar to other t p e s  of electron 

t u k  amplifiers, except for its frequency and phase response 
requirements. In rador opplications, responses of from 30 
ms to 8 mc ore necessary. ond for television, rewonses of . . 
a; least 20 cps to 4.5 mc'ore required. Such o response r e  
ouiremenl mwns tho! the d r w ~ i n a  min characteristic of . ., 
mnventiclvui lmpliiiers a: low ana high bequencies must 
k compensated for to produce o brmd or relatively flat re- 
sponse over the reqcired mnqe. To innease the high-he 
quency response, shunt-peaking and series-peaking circuits 
are used (see Section 2, paroqroph 2.5.2 for an explanation 
of R-L penking circuits). To increase the low-frequenq r e  
sponse, bass-boost circuits ore needed. Where frequencies 
lower than 10 cps must k amplified, d-c coupling may be 
used. Generally speaking, cathode-iollower outputs ore 
used to f u r ~ s h  positive video, while nerptive outputs are 
obtain4 by biasinq the final video amplifier near cutoff. 
Thus, the CRT tube my te driver: by &live video applied 
to its cathode, or by positive video applied to the grid. The 
video can k changed in polarity by using an odditfonal 
staqe of omplificotion For example, in receivers, if one 
amplifier stoge follows the detec:or, the detector output 
polarity is inverted. If two stoges !allow, the polarity i s  
the some a s  that of the detector. A third stage will again 
invert the siqnal. In addition to the frequencrresponse r e  

cause an undesired change in the video waveform. In re- 
ceivers, where the CRT requires onlv 35 to 70 volts for 
drive, o n e  or t w ~ s t a ~  video amplifiers are standard, and 
triodes or pentodes ore used. For amplification of the weak 
carne:a signal or for a.;nsmission tetween units o! equip 
ment, chain amplifiers consistinl 3f a n u t e i  of stages are 
in common use. Either self-bias or fixed bius may be used, 
and the plate voltage is usually low (from 105 to 1% volts). 
Circuit discussions of typical video amplifiers follow. 

TRIODE VIDEO AMPLIFIER. 

APPLICATION. 
The video omplifler finds extensive use in television cir- 

cuits, chere actual "picture video" s ~ i n d s  :re amplified; 
i l  radur circuits, where .vide rsnqes i n  frequency must k 
naq5led; and in conmunicatlons .vherc a illl~k: I! VoLce- 
fre,quenq channels are successively "stocked" in ire- 
quency, one z w v e  the other, to accupy a complete 6-meya- 
cycle channel. 
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CHARACTERISTICS. 
I loss  A operotion i s  utilized to insure 3n outout which 

i s  a faithful reproduction 01 the input signal. 
Polarity of output siqns! is invert& over that of  input 

sign31. 
Frequency response i s  brooder than that of a stondord 
:-: c>;p!d zxp!i!i?r. 

inpur signal may cunsist G! pi!ae; of citne: p s ! ! ! ~  or 
neydtive polarity. 3: both. 

CIRCUIT ANALYSIS. 
Gonerol. At low frequencies .the gain of w. ordlncry 

3-.3 coupled amplifier iecreoses rapidly a s  the !rqdenc: 
decreases, b e n l ~ s c  of the correspnz?lnu incress2 :n react- 
-.-- -, ...r +~ - - 1.. ..--= -4 .he . " " , t  ,-wj?l:n,; ,?lfi,c;:o: ;u:-; : =.., r.3c ;,% ,,= , .  . . 
quencv. The increased reoctonce causes a ire-tei sro- 
po:t;on 3! t-.e :i.?dt sljn31 ~01ta:je to ?r33 >cross the cam- 
citor, iravlnj a snoller ?::p:ti~? 01 !" mput s!:jnol to 
appear 31 tne in;l l  !o i r , ~  LUW, ,izi;s; :: c j.::: rc;!.;:,:: 
i n  oddtion, yposslnq oi 1:)s i ~ t h s i e  rs;i;t~r 5m*.es !ess 
effective for the saxe reason, resulting in deqenerative 
effects and iurther reducing !he gain. This loss ai gain at 
1 3 ~  frequencies noy te pnrlioI!y overcome by the use of o 
lager value of coup!in:i capacitance. If, however, t w  
large ,I vniue o! coupling c a p d t m c e  is used, !he high- 
frequency response moy te adversely aiiecteJ. 

At hi+ frequencies, the qmn of sn oriinar/ 3-;: nupled 
amplifier also decreases w~th on incresse in frequency. 
This i s  due to Lbe capccitlve effects of the wiring, the tube 
and sxnei, ma: i-ic:elr;a,&e : ; ~ ~ c i t i ~ c ~  :!$el!. =!! n! 
whch effectively add capJci~ance OC:OSS ine plate l a d ,  
!row. the plottoi :he t u b  diiectly to ground. Tn:s svoy 
copcitonce ,Cd, ilcts a s  o bypass mpac~tor in the pinte 
circuit in miallel with the output voltoye, hywssing the 

~ ~ 

higher frequenmes. As the frequency is further mreased 
the gain continues to foil, eventually reachinq o p i n t  where 
<ne amplifier circiii u; !onge; ompiifies. 

In order to counteract this action wd extend the ampli- 
ilcation range 41 the directim oi increasing frequency, the 
do te  lwd resistance must k dtcreasd.  r\s an opprox~- 
mntlon, t+e response may tc- extended from 3 given iimltinq 
va!ue, such 35 10 kc, to a value ten times as rjreot (1 mc) 
by decreosiny ine value 01 Lhe p i ~ t e  loaa IesLstor In lne wme 
?perfinn, such ns fiom 220K to 22K. However, by so doing, 
the 3 i ' ~ - 4 1 !  -cis c! fie ~ m ~ l i f ~ e r :  including the niddle and 

- .  
! ;se;  !;epclc; i ~ z c ,  ! s  c-~!i~roiiiy icd~l .d .  ;>,AS icsz 
l u s t  either be 131e:ilte" !! tine ex1enie.l L i r  Y uc:tcv ;sm;;: . ,.  

require.: ;r uve:;3.?.- ty ?n!c; 2 ~ 9 r i i r n u .  i i d j c >  i2. .J,G..- 

ficotion. 
clrcult   ti^^. IF+ sch~mocic snoirn M ~ G *  ilha- 

:rates a trla'e v:dec amphfier c~rcuit. TLle lnput a!?no:. 

co",pse" "i vliiu i, ' -  . . -- . " '% -. -P.,n , , v r  ",><a ,. i.",... &>. .. .- -. ..,.. 
~c l j r i tv .  is oonliei to mc wid oi the tiioas sm~i;!ir: t'?13;4F: ,. . .  
coupll~g cqucitor 2:. Thc q!i 1s return& to round throu8qh 
-id :=E:E!CI Ci!. The cnmhinatlon ClRl forms on R-C 
circull ot the input to the r u k ,  ond the fine conitant of 
!his circilit !lr!ts the !ow-irewencv resmnse of the inpii.. 
<. , - r  Thp : , ; , e  2m:t;n: z j i t  LE im:, !n .-ompllson ic ::12 ..-.. 
p e r !  > I  i " e ! e ! i t  in? 

misdle and niqn irequencsrs, me vdllre a. .,. . a  au;:~-.il.~:, 
. . 

large !h~! its re*-t,,n,-+ >: ac~:i<i:Ie, 2 ~ 5  c7.e !,dl; 3!lpli 
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Triode Video Amplifier Circui! 

.ioltaqe oppeois 0ii3si ijii? ies is to~ 3!  oni  !S thereby ap- 
plied to the grid of the t u k .  But, os the frequency de- 
creases, the reactonce af CI inneases according to the 
iomulo: 

As a result, tne eiien oi 21 i* no lijilqe; cejliiitle; its 
reoctance and tne resistance ol 3i Lorm 3 ~:!!aqe dlv!dei 
jci;,i u?,;c>, tL.2 ins-! , i 2 ! !335!~  cpppi~ed. Tie voitzqe 
drop across Yi LS iosl, iol uii piilitiid ;Y;p;sCr. LT~?. >n!y 
tho! voiue which uppems;c;ass 9 1  is e!fec!ive at the grid 
n! the lute. The voltoqe drop c r o s s  C i  m y  be reduce? 
i"/ !ncreosinr, the conacitonce of ;I. Mhicn w11i decrease 
i t .  - v t n n c p ,  iui h e  extent to vihci CI can k : nc re~se i  . . . - -. . . 
;s limit& k c n . ~ s e  an increase in pnysmi size r~su i l s  in 
an lnirease in stray capacitance. ;he su:y capccltonce, 
i -  l ~ ~ m ,  "-1s !q the some manner as 3 bypass c~pocitor in 
:he r;!c!e circs~it, tn denpose the p i n  ot the hiqh irequen- 
.~ 

ive ;7Y3 9 i E .  In. tne K,de ", . i~" d..:>;,!,er Ci~c;::, ;L 

abtc~7ec Dy  c ! ! l ,z ! .n~ I"? " C > ~ I ~ J ?  GL;U<~  .=>:a:>; :::, 
." 

connected in series wltn me c5ihcie o! tiit. tube. !ne 1~1ii 
-,--rr-n ",8cfe,,! i,,,w,:>u t;&c"";, ,,.e L U X  ,."use- * : ~  :'..: 

res!star. Imce the t8;k c~rrenl  varies *!In me varlatmns 
>: G;c;& s;qsz: ,.-,.".,- " , . . , ,-,;,c ~,,, <,;T",G~; :Gi:- 

. - . . - 3 - ,  

7Cje 1% "eveiu~?g XlG5S L X X G , i Z  ;e>.Sidt .',;. X??: ::., 

sLim : s t z z ! ~  i .=I~e c! 21ii b i l s  "01 [;."el Lhese s ~ w a  
unriqtlnns must 'w b v ~ o s i e d  3rounz :he h a s  resistor by 
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.which 113y b? le4uirt.d 13 ?CS: f ~ e ~ u e n c i ? ~  7 1 z i  l 3 ~ e l  in 
value, the copocitance of the cathmie capacitw C2 nust, 
in mzny cxses, 5e nucn grelter, such 3s  135 :icra!lr~:s 
or more. As a yener3l rule, tne tme  a n s t l n t  ? I  PZ ~ n !  
iZ must b i  lor.? in conp3rison t3 l!ie 3eugi of tne lo;,est 
trequency to se passed by the vldeo amplifier. I n  nrier t? 
provide effective bypassmg lor the 7-c co.monents o! tne 
signal around the cot?a?e :esi;tor, the vdue of conxitjve 
reactance gt the losest frequency to 3- r o l i f i e i  !; jflerlliy 
occeoted to Le me-tenth (or less) tlle i e s ~ s t c n ; ~  . ? ~ i a e  
of HZ. 

'The value of plnte load resistor R3 hss a c3nUollinj 
eiiect, not only on the p in  o! !he anpli!~er, 3ut on its 
frequt.ncy response 35  ell. The q i n  incrc3s.s .,,it+ nl.;b.el 
values of piste 103d res~stance, but tile t;n i ~ n i s  C! the 
circult kcomes less. Jonversely, lorrer values 3i ?lXe 
load resistance dill decrease the p i n  of !he anplifier, 
but will extend its frequency response. Thls is iliuitrnted 
in the foliowinj diagrsm. 

LhRCE R L  

G A I N  

I I I 
0.1 1.0 10 100 1000 

FREQUENCY IN  KC- 

Effect of Value of Rr  on Video Amplifier Bandpast 

The vnlue of the plote load resistor rnw be decrelsel 
dodn to approximately 1% in saxe apallcztions. 2:rther 
extensloras o[ the frequmcy range requlre the use 3!  nlzi- 
frequency 2nd iow-frequency coinpensotinj networks. 

Stray (or distributed) cspacitance, due to the copocitwce 
of the circuit riirinj on3 the interelectrode cap~cltance 31 
the tube, i s  a cause 31 poor high-frequency response, zn?, 
therefore, distortion. The distoriion of the output wove- 
lorn, 3s a result of poor hiqh-frequency response, 1s shoin 
in part C of the following illustration, while theinput wave- 
Iorm and the ideal output wveiorm 3re shawn in parts I. 
and 5,  resoectively. If the parollel coinoination of the 
plate resistor, R3,ond grid resistor R, of the following 
stage ollows the stray copacitonce, Cd, to charge and dis- 
charge quickly, the output wi l l  show i~t t le  or no distort~on. 
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I D E A L  OUTPUT 
W A V E F O R M  

D I S T O R T E D  
O U T P U T  W A V E F O R M  

D U E  TO STRAY 
CAPACITANCE 

- L 

S A C K  E M F  DISTORTED OUTPUT W A V E F O R M  
A C R O S S  WAVEFORM D U E  TO 

INDUCTANCE D U E  TO INDUCTANCE 
I N D U C T h N C E  A N D S T R A Y  

A L O N E  CAPACITANCE 

Intercircuit Waveforms 

If, however, R3 and R, are large values of resistance, Cd 
will require 3 relstively lonj ti-re 13 c5ar;e or l~;ch.~ije, 
and the stee? sldes of on appliei square .rme i l l l  be dis- 
torted, 3s shorn in px t  C of the 11lu;trrtim. 

rhis condition may he overcone i n  one of t*10 I Y O ~ S .  

The first is to reduce the size of Cd by using special ompli- 
her tubes witn lo# values of lnaut zn? output c~anci imce 
iztaeen the leol .#Ires 3nd ,round. The sccon? is to Jr 
crease the tlme required by C d  to charge or discharge. 
This con he ccs-.alishel by reducinq the vdae of 35 or 
R,. If R, i s  reduced, however, the low-frequenzy response 
will suffer. If 3 3  1s reduced, the qxin of the s t ~ q e  N ~ I I  be 
reduced in turn, hut this m s y  t e  sverco:e by u s ! o ~  ,,id,- 
tionsl stajes 3f onpllfication. 

The decreosed response 31 hijh Lmquenzies is mused 
nr~ncipdly ty the shunt in,^ effect 31 the :iiitritute.! c3p3ci- 
tance of the circuit and the interelectrode capacitance 
31 the t u k ,  which t~gether 2ct to re.1~-e the 1-lpeionce of 
the plote 1 0 d .  This effect mly te c3x~ens~ te . l  tor, m i  
the nigh-frequency r m j e  may be extended, by the additlan 
3f 3 small vdue 01 ~nductanc~,  L1, In series xltil plate 
resistor R3, a s  shown in oort A a1 the f a l l o ~ i n . ~  i1l;strntion. 
This inductance serves to t w s t  tne rezoonsz of the hi25 
fre;uencies, while hovin~ prastlcally no efiect uoon the 
lower frequencies. The h o s t  in response 31 Li,h trel.~en- 
cles i s  due to the high induct.ve react3nce 31 tne induct- 
ance, LI ,  which produces a back EMF, resulting in o 
sharp ?egk at hijh fiequencles. 3s s h c n  11 pcrls 0 la!. 
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A SHUNT COMPENSATION 6. SERIES COMPENSbTiON C. SERIES-SHUNT COMPENSATION 

Triode Video Amplifier Frequency Cornpensotien Circuits 

t rrl the i i lus t r~ t ion .  T'nls s h x  p e k ,  or tntroddcei ?i:- 
torticn, wil! csunterzct 1%: cause3 by the str3y c-pac1tmce 
2nd 152 ~ e s ~ l t m t  a u t p ~ t  #,ill be 31mo.s: 3 3ure SWU:F X I V ~ ,  

;i shown i n  p ~ r t  F. At 13n f~e j l l tnc les ,  the ini '~1: lve 
- . . ., :. ,, ~ ~ O C l O ! l 2 e  J: t l~l? ~ ~ # ~ ~ c T X ~ C Z  1Z :a:<, 2:;: :!23 : : c d > ?  

ellecl on toe clrc:lt. 7nl; s e t i o l ,  cna;+n 2: s: iy i ,~ COX- 

r?.s,t!co, 1s ~ f ! p c t ~ v e  snen tlie ir,oui-iur.-!re;l;enly lt-.r! . , 
i . .  ,r-:: !I,? ~i;?,, :n: t l l ~ r ~  :ii. ~ n i y  ; I?.; stl:?s ,I :-D!!- 

f l ~ ~ t l ~ i l .  
ho the r  method oi :3apnio:?ng for irns cliect, kn:i.vn 

z:  ;cries :?mp?n.s2tlln, i s  rnawn i n  Durt 3 ;iso.ie. I3 . . 
LEIS :lel:luJ, J i . . .ul i  i-iluz ;I ;nd-c!znce, LL, !s c n ~ v , : t ~ i  
,i i i . : i i j  tet.:i.m !:e slot? 1.1 the wtput t r  the lollan!nu 
sto,je. T:us srrioll inducrjncc res3nJtc; :iitk: t i e  i n l i t  
:mocltJnce 01 tne !oIIIw~~ S~JJE  21 nlgn Lrzouenc~es, 
:ni 3;:s 13 c ~ n c e l  tne ml:n!lny ?L!;ct ;!? i n p :  ~ 3 : -  
c?:arcc by :he ~ n c r ~ a s e d  irnppdance a! t h i  series ;esor;r: 
c:rcult. 1 ' ~ ~ s  re.wIts 1." zn izcrea.;?: ,*L;!L~L JI ! ! ,e  1o,.muL 

t- !he i o l l l s ! n i  staqe, a d ,  therelore, 3n lncrezse in j imn.  
7 

I L I P  n~ivm!o jes 01 w t h  of Ins move 5etnols :,q or  
?",!ur,!->4 >,-, ,., >,,,,I ie <; t. ::,,s z.::;;: ,  ,:r,c ,:: ,:: L%!L.::- 

sr!wq.t cQm3e-,s?L<u::, Lb >.v:*:, Gc;: c ::,;':=. T?!z 20.Y 

r!::n - e ! ? , :  11111zea :mi:, i .= iii:u::A.r- L: _ . -::.:: :<.:& 
olote re;lstar Ri x j  the in,Juc:.ln:e Li i n  seric; ,;<;t:! ::!i - . ~ ~ ... r,,ote W1.j t:,= 2 " l G ~ : .  ~ L C ,  :; ,.>1..:: .>.. ,~ ,.- , . ' . . , ' 
irpqi,ency peakmg eftect o: trc FEL:.I-co::~persoilor ;I;-YL; 
.,-- . ,... " ."- ,",.~ c,.,,>* ! , ,  ,. . -. . , , , . . . . . . - . . . . . ..I , ,,l r,, j., ::.: :.::::::: 2 2 ~  :2  . . :i!e iij;nGfit 2;:cc: 3: 1:;e tc:!53-::,-:,?-,-,:::,~~: z,r22::. -. 

!he !ecreasni response 3t Ion irequencles .s csdse.: 
3 1 ~ n c i ~ a l l v  ty the ~ n c r e ~ s e l  :e3c qce ?I :k!e !n?ut co~p l l ng  
;:coijtji, uLI:~",  :n:cnes 7~300te-170ie v l iae 05 t i e  !IS- 

4 d r i z y  iecic;scs h l s r .  2'10 CS!~E.  Tl,is ! ~ c i t o i e ?  re- 
S!,UrtSE, G: ~ G S S  =: <Ci?,, C2?, :TJ?.!?~,~CI*< :>'! !>e 05dlt10n 

, , 
nr 1 nw-,,r~,,;,i,, iiii;,pi;.;;::;n ?.2:.:s:i, .! Li:l-., 1 i=7;- - . ( 1 . . . , .  .~ ,, , ,.: .,.,:,, ......A ',.,.. ,... . - > .  .. . ~ , , , ,, .~ , 

- 6  .. , _ c::zcitor, C3, and a res i~ tor ,  R1, connected in:,> ; 

filter circuit 2s shown below. 'The hlter, connectel' in 
series ,with ~ l o t e  load resistor R3, occompllshss ltrro pur- 
gases: 

Lar-Frequency Compensation Circvil  

. . .  , ,  7 . .  ,, ,l,rl:uces .: P ~ . J Z S  ski!: i n t t  !:F i!:te C:ICI~:! ,>i?.!~h 

z1?I?cnsl:es t31 1% m l s e  snrir  in irirautour ;duILi i j  ;,;- 
~ 1 : .  :2:  !: ,x:r-se: !he cf!ective ?\at- i n i  i ~ m i m c ~  
J! I - ;  1is;benz:es. 30 i t r ? ~ ~ ; ~  .~.ci,q!z~nj tie la$-f:c;;!:elc. 

-7 - > . : - - , - - , " I , "  ,,,-. 
;;I;I. .;,La ,, ,,,..,,.- t !w ! r v o e n r ~ n ;  R4 
21.15 Ri r-e [up ine ?late l ua l  31 :TS i i r i ~ ~ t .  77s :iA:i::; 
;! P,:;:!! i-,c:c:s~ !he :T!P ?I I?.@ c~rc: j l t ,  in r l e  I->>- 
!!e22+p..> T.?<:.,,,;;;+. :?,: z::sc:!:.:e ?:S:!y,ze "! ,.,,;; , 
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be high, thereby preventiny my shuntiny effect. At high 
frequencies the reoctmce 01 C3 i s  loier,  causing the siy- 
nal to Le shunted around R4, effectively removinq R4 from 
the circuit. In this manner the piate load k o r n e s  lower 
ot hiyh frequencies, and the hiyh-frequency resDonse will 
not suffer. 

Frequenq response i s  M impartont consideration in 
video amplifiers, but it is not the only one. Phase distor- 
tion, which c m  be tolerated in an audio anplitier, i s  capobie 
of destroying the lmaye on a cothoderoy-tube screen. 
Phase distortion i s  produced when the time or onyuiar re- 
lationship 01 electric woves to eocti other chonijes a s  they 
p a s  throuyh ony electrical system. As on example, con- 
sider the wove shown in pan B of the figure below. 

Cornposit* Wovefotns of Fundamental Plus Third Harmonic 

This wove i s  anuoliy composed of a fundamental frequency 
in combination with i ts third harmonic, os  shown in part 
A of the illustration. If the effect of the circuit on each 
of these two waves i s  different, the two waves may appwr 
os in part C of the illustration, where the third harmonic has 
changed its p s i t i m  with respect to the fundomental. That 
is, i ts  phose reiotionship hos changed. The resultant 01 
these two waves will now assume the shope given in part D 
of the illustration, which i s  certainly different from the origi- 
nal woveform shown in wrt  B. 

41 low frequencies, ihe phase of the voltaye ot the yrid 
of the amolif~er is uovnned h the amount 01 oowsition . . 
offered ty the coupliny capocitor to the o-c waveform pss- 
iny throuyh the circuit. The coupling capacitor and wid 
resistor ore, in effect, a series circuit. As the opplied 
siynol Lecomes lower and lower in frequency, the ever- 
increosiny copocitive reactance couses the circuit current 
to lead the applied (siynol) voltoye in ever-increasing 
amounts opprwchiny 90 deyrees. The voltaqe drop anoss  
the yrid resistor i s  in phose with the current through it, and 
would 01% lend the opplied voltage by the ssme amount. 

In the middle range of frequencies, from 200 to 20lO cycles, 
the copocitive reactance of the C ~ U D ~ ~ ~ L J  cspocitor becones 
small enoulh with respect to the reactance (resistonce) 
of the rjrid resistor to have a minimol effect on the passing 
waveform; therefore, phose shift con be considered neqli- 
gibie in the middlefrequency range. At the hiqh-frequency 
end of the band, the input capacitance between the yrid and 
the cathode becomes important and must te considered. 
The input capacitance ond the grid resistor form, in effect, o 
parallel circuit. As the capacitive reactance ofthe inout 
c m o c ~ t m c e  D M O ~ P S  less 11: !eir *lit. .r.:r?:c.i 4 !rcq-c?:-,. 
l i e  :lrr?ni ., t i e  or,!!-l .ro: L.-.>I.:. d.!l x : m e  -x? 
and more capociti"e and will k y i n  lo leod the opplied vol- 
toye 4 ever-increasing amounts approaching 9J degrees. 
Another way 01 expressing this thought i s  that the voltoye 
ocross the paroilel combination will begin to 13y by ever- 
increasing arnounts as the opoiied frequency i s  increased. 
The shift in phase angle at the grid of the tube is opposite to 
that cmsed nt the low frequencies, but in either case the 
result i s  the some: phose distortion. An illustrution of the 
relotionship ktween phose distortion ond frequency response 
in an ordinary amplifier is given klow. 

The high-frequency and low-frequency compensating 
networks previously described, in addition to compensotiny 
tor frequency response, help to correct lor phase distortion, 
a s  they shift the phose tack in an opposite direction to 
make the circuit appear resistive over o wider frequency 
range. 

FREQUENCY RESPONSE 
CURVE 

1.00 

w 0.75 
?z 
5 a 0.50 
A'= 

0.25 

0 

.02 0.1 0.2 1.0 2.0 10 20 
FREQUENCY IN KC 

Phoso Distortion ond Freqwency Response Characteristics 
of an Ordiaay Amplifier hclge 

F A I L U R E  ANALYSIS 
No O~tpui .  With a video signal of sufficient amplitude 

opplied ot the input to the video amplifier, a defective lute 
i s  the primary couse 01 no output in the majority of cases. 
If the tube is found to te operationoi, on open coupiiny 
capacitor C1 would prevent an input signal from reaching 
the vidm amplifier yrid. An open cothode resistor R2 would 
interrupt the operation of the circuit, resulting in no output. 
If a compensation circuit i s  employed in the piote circuit, 
a shorted capocitor C3 would prevent the appiicotion of 
plate voltage to the t u k ,  md would probably burn out 
plate resistor R4. (Refer to LorFrequenq  Zompenwtion 
Circuit diagram.) Foilure of the plate supply voltoge would 
interrupt circuit operotion in the same mmner. Application 

ORIGINAL 
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of plate voltage to the tube would also be interrupted if 
?late resistors R3 or R4 become open-circuited, oqain 
resulting in no output. 

Reduced ~r unstobl. Output. Assuming that a vidw 
siynnl of proper omplitude is present ot the input to the 
vldeo axplliler, a p a r t ~ a i i ~  or conpletely shorted jiid coup!- 
In? capxitor C l  may te the cause of o redxed or severely 
distorted output. ii me capu~~ivi is gi;:;;I!i. ;ho:!e?, 21:. 

value a1 o d-c voltoge which my be present or ine input 
terminals of the clrcult ~ o u i d  k applled to the q id  o! the 
tube. Appearing to the cute as a d o n j e  in grid bias, this 
volt=gee, ii positive, may shiit the operating paint oi the 
tube todard or into the saturation reylon, couslny severe 
dlst3rtion by lim~tiny the posltlve x o k s  of the input sijnal. 
I f  jrii resistor R i  seccxe men-z-_?r:jl:ed, jrii blrlckinj irsu!: 
'e>"li LL",,, ;,IS "C~U.:,":~:~~~, :: :!.::;<5 ! ~ =  t-, !-,= - : m !  
i.o!!s~es en lhe  id; which could not i e t ~ r n  ta ,round. 
113;i 1 ;ti?i?de  itor or C2 :,cc~ixe ; i .~ r t i l~ ,  t k ?  c ~ t h o ? ~  
bios riaul3 oe removed, o n i  lilt. wt!,o?e #add 0pC:3!D 31 - 
o iixed youn? ~ o t e n t ~ o l .  ;nls wcu;i ciun,ji. Inc 5"---'- IIe,~L~.Ig . 
point on the tube's E,-i, characteristic curve, u::iri~hg 
nore piote current to flow, mi?rotnbly operate !"to the 
soturatim rejion, ~ l t h  the :onsequent severe distortion 
i n  :he outp-1 siqnd. I!, on the other hand, cathode capa- 
citor C2 uecme open-circu:ted, the cathode vo!taqe wodd 
rise a?? fc!! w!th b e  q i d  input signal in isthode !ciIo:~er 
fashion. Thls would introdi~ce deyeneration, ivhich v1oul3 
result in o reduced value of outpit siqnul. Ii the vide? 
amplifier circuit contains low-frequency cmpensotion, on.' 
capacitor C3 in the compensation net*iork become open- 
iiiiu,rs-;, rae ;amptr.na;;;;: iL.;iice;i;:L~; ::cc!? -k !c~!, 
nnd iistortion miyht resuit, sittiou jn mis iisla:t;i?n -;.;:t 
nnt ti? v e r ~  notice?ble. 

PENTODE VIDEO AMPLIFIER. 

APPLICATION. - ~ n e  potode < i d s  cmp!i!:e: is ??serl !n nmpi~iy, witnour 
z::sr,;-tion, 3 bU~d of irequmcies between opproximotely 
lG cycles on2 6 megacycles. This amplifier ;s normally 
'used to amplifv o higher ievei ot input signai rhan the i.iiide 
video arnpi!ilet, mt 0s c resuit it ion fu:n;sk or: ou!pt  

s~gno! n! considerabiy higher pwer than xoy be recilzej 
Iron1 J ::lode ompiltler. .:!e per~raie uc2y~:!.e: .: -z:i 
~n television ann communications applications, n d  in pa:- 
tirlllor ir rcdar receivers, where it often tollows me 2etec- 
T"' 'TO"?. 

cHAHACiERijiii j, 

Operated a s  3 Closs A ompliiiei LO ob:::n :- jt;.: . , 
,,Jr,d, ;.r,><r, ;e*,>: .:.= .,,;": :.;~,=: ... ::I-- .. , , , - . , . , . inn 

Output s i m ~ i  is of reverse poi i i l ry  r,:, c i , i r  c , , ~  ,:,.,: 
. , ., . - . . 

Inpu; s;ri;:21 g;.y L t  sCfili;;̂ .:.- i;: z..lse', :,1 ?! "It'll 
vs l t ive  or neqative polonty, or Ootn. 

7 rreauencv response 1s more !~nwr  throughout the ipe:- 
;tis> ; o q c  thon that of 3 triode v13s ompiliier. 

2 v e r d :  ,>a::. ;;e: stage is h::ier &on till! a! n triode 
",,i5 ar,zlihe:, 

Outplt voltage i s  higher that that of a triode video 
amplifier when opetoted from the some supply voltage as a 
triode. 

Harmonic distortion i s  less, for the smne output voltage, 
thon that oi o triode. 

CIRCUIT ANALYSIS. 
t.n.rol. Pentode video amplifiers may be classified in 

four c i r a i t  ~:arimlons, nrcording to the type ot blas and rne 
type of screen supply. The bias may be either zero-bias or 
self-bias, while the screen supply moy utilize either a 
screen resistor or a fixed value of screen voltage. The 
basic circuits for each oi these variations are shown in the 
accompanying illustration. 

The pentode vidw amplifier has hlgha plate efiiciency 
,,;e;.:z; ~::e: se?.si!iicty thnn n triode video arnplliier, 

a s  a gmerol rule, but at the some Ume it suffer- it~gkjer 
hormonlc d~storrion. In order to redace this type of distor- 
tmn to a mmlmum, negative or degenerative feedback may 
~c u s ~ j .  i i o ~ ; ~ ~ ~ e : ~  this reduces l h ~  overdl1 goln of the 
a.mp!i!ier. The output circuit usually utilizes resistance 
coupling or resistance-capacitance coupling, although in 
some applications transformer coupbnq or induc tanc~  
capacitmce (choke) coupling moy be used. 'Vhen resistance 
coupling (or tesistance-zapacitonce coupling) is used, the 
load ieslstcnce for moximum power output i s  usually within 
!0 xrcent of the volue obtained by !he iormula: 

,#>ere: Z: = p:a:e !ml :esistance 
- t b a  = plate supply w!:oge (or: the sodrce 

side of RL) 
!, = plate current 

Tne power output i s  Iess than the value Ebb 'P , 
2 

'kcuuse o! the po"e: loss in plate resistor RL. Plate 
e!!ic:e"cy, for o total harmonic distortion of less thon 10 
percent, is approximately 35 t 7%. The overo!l output c n ~  
~ u h  efli i isnzj is !-we: !ha.? fhls valuel since the output 
... c:::cisnq is i f-cticn o! 50th !he plate niriMt and the 

scieen ;~irect, z;,? the screcc currest 1s wosted insolai cs 
:hi. ~ i l t ~ u t  i s  concerned. 

Cirsult 0p.ration. The schemat?cs shown prev~aosiy 
:!!:)s::cte !om hasic circuit variations oi the pentode vidw 
.... ;.:.::er. !c -::cIL! 4 ,  !he tu'w i s  operot& at zero 1.s. 

~ i m  h e  cothde qiounded, and the screen voltage is sup- 
pit& throuqn Screen iesisloi RZ, wh:ih 1s cypassrd by 
;cpaci!or 52. !r c ~ i c u ~ t  R, h e  tube is operared 31 zero 
bas ,  bl;t the screen is heid ot a fixed voltage throuqh a 
:i,iit ;,--cc:io- tc the zcieen power supolv. In circuit C, 
the tube ;s operatej with cnthde bias obtained through the 
;se of ccthode resls:?: 32, which is lei! unbyjmssed to prw 

. . ,!1,2e ie,;~ne:a~:r.. :> srrer 13 Improve h e  over*!! frequency 
i e ~ i x l r ~ ~ ~ .  ?,e siici:: ..e!:1~e !C ~ u p p i i ~ r i  ~ h r u u ~ i l  si i iei ,  
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ELECTRONIC CIRCUITS NAVWIPS 

resistor R3, which i s  bypassed by capacitor C2. In circuit 
D, the tube i s  operated with cathode bias by means of 
cathode resistor R2, which i s  left unbypassed to provide 
degeneration. Inductor L1 i s  connected in series with 
plateload resistor R3. Inductor L1 and resistor R3 act to 
extend the response to the higher frequencies. 

In circuit A, the pentode is operated at zero bios, since 
no cathode resistor i s  used, and the grid i s  returned to the 
grounded cathode through mid resistar Rl.  Cathode circuit 
degeneration at low frequencies, and the resultanl loss of 
goin, i s  thereby eliminated. Tnis loss of low-frequency goin 
is evident in circuits using cathode bias, with a bypass 
copxitor shunting the cathode resistor, because of the 
lncreasinqly higher capac~tive reactance offered by the 
bypass capacitor a s  the frequency i s  decreased below a few 

9m,oOO.l02 AUPLIFIERS 

hundred cycles. The &sadvantage of zero bias, however. 
i s  the limitation imposed on the input signoi, in that the 
input signal must not be so great os to drive the grid to 
saturation and the condition of grid current flow. The screen 
voltage is supplied, from the power supply, thraugh screen 
resistor R2, in order to operote the tube at the proper sneen 
potential, which under norm01 conditions is of a lower value 
than the plate voltage. The sneen resistor i s  usually 
bypassed by o sneen capacitor, C2. The R C  circuit which 
results from the combination of R2 and C2 provtdes a small 
mnount of degeneration similar to that provided by an unby- 
passed cathode resistor. Since the nomol screen current 
i s  only a small percentage of the plate current (10 to 15 
percent), the amount of degeneration i s  proportionally 

+ E ~ ~  + E b b  
A 

Z E R O  8145, S C R E E N  RET19TOR 

INPUT 

ORIGINAL 

' E ~ ~  ' E b b  
B 

Z E R O  814s. FIXED SCREEN 

' E ~ ~  +Ebb 

C 
C A T H O D E  BIAS, S C R E E N  RESlSTOR 

+ E ~ ~  

D 
CATHODE BIAS. FIXED SCREEN 

Pentode Vide. Amplifier Beric Circuit Variations 
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ELECTRONIC CIRCUITS NAVWIPS 

smaller. The degmera:ion apprwches a negligible volue 
when the time constant of the R C  circuit, R2 and C2, i s  
greater than four times that of the lowest frequenq which 
i s  to be passed by the amplifier. 

In circuit B, the pentade i s  operated at zero bias, similar 
to that of circuit A. The scr-n, however, is supplied 
directly from the p w e r  supply, without the IUSP (i! O S R C I P ~  

dropping resistor. By this means the screen voltage i s  
held to a pactimliy constant value, assuming thot the 
imoedonce of the wwer SUDDIV i s  of a relatively low value. .. . 
As a result, no degeneration i s  provided by the screen cir- 
cuit, and the voltaae win of this circuit i s  slirrhtlv hisher - * . .  ~ 

tho" thot of circuit A. 
7. .: :. " .L" --.- 2" :" --,..-. "2 .,.J.L "-.L"A- k:"" ,,, -, ,,,- "-,,.-- .u --.",-" .... .. bU...""b . . 

the amount of which 1s determined by the values of the 
cathode resistor and the plate and screen currents. The 
cathode resistor i s  left *bypassed, in order to prov~de 
deqer:eriitioll, nkic!: increases :he ovei.j!l f ieq~ency iespm;; 
of the amplifier and reduces the distortion and/or noise 
which may be introducted within the amplifier itself. In a 
number of amplifier circuits, including those designed for 
audio frequencies, the cathode resistor i s  bypassed by a 
capacitor of a relatively large value. The mpacitor acts a s  
an extremely low impedance path for all frequencies higher 
than approximately 2W cycles. As the frequency of the 
signal to be amplified decreases below this value, the 
reactance offered by the bypass capacitor increases very 
ropidly, and a s  a result the gain at lower frequencies d e  
creases. In order to owid this decrease in qain in the 
vidffi amplifier. this b y ~ s s  capacltr  i s  omitted !lorn the 
circuit. The gain at the low frequencies i s  thereby held to 
approximately the some vaiue a s  the gain at the medium 
frequenc~es, but the overuli gmn of the circuit - a t  all f r e  
quencies -suffers a decrease in value, bemuse of the 
degeneration introduced by the cothode resistor. The screen 

AMPLIFIERS 

voltage i s  dropped, from the pwei  supply ptential, through 
screen resistor R3 to the poper value for pentode operation. 
The effect of the screen resistorsapacitor combination i s  
similar to thot described for circuit A. 

In clrcuit D, the pentode i s  operated with cathode bias. 
in a manner similar to that of circuit C. The screen i s  sup- 
plied hy o fixed potential directly from the power supplyl 
and no screen resistor i s  used. Degeneration due to the 
screen circuit is thereby avoided, as in circuit B. In this 
circuit, however, an inductance, L1, i s  connected in the 
plate circuit, in series with plate lmd resistor R3. This 
comprises a shunt peaking circuit, which acts to keep the 
response flat to a much higher frequency than may be a b  
2 . L  m 1 I I A -nip m r n n l m r e  ." .,,." ....,. " -....y.- r.-.- .. .....F.... 

discussion of compensation circuits, including shunt peak- 
mg, 1s given in connection with the triode video amplifier, 
previously described. " . ' " ' "..,.,.'. ..".' "".,c UvYIIIUIIYII ". oYiil ~ , , e  ,i ,,u.. .-..a U-.... 
already discussed i s  given in the following illustration, 
which shows the pentode video amplifier circuit used in 
the AN/SPS-1OD Radar Set. In this circuit, the video input 
signal i s  applied through coupling capacitor C l  to the grid, 
which i s  returned to grcund through grid resistor R l .  The 
amplifier tube, a type 6AU6, i s  operated with cathode bias 
obtained by means of cathode resistor R2. Partiol bypass- 
ing i s  povided by capacitor C2, which, becouse of i ts low 
volue of capacitance (130 p p f ) ,  offers a low impedance 
mly to the higher frequencies. The screen grid i s  held at 
o relatively fixed wtential from the power supply, thmuqh 
the voltage divider R3 and 8 4  arid its filter network C3 and 
C4. In this case, the R-C circuit consisting of R4 and C4 
provides negiigible screen degeneration, becouse ine j u n e  
tion of R4 and R3 i s  held at a relatively constant potentiai 
by voltagedivider action. A shunt peaking compensation 
circuit is provided in the plate circuit, by means of induct- 
Mce i l  in series with plate-load resistor R5. The use 0: 
plate shunt gakinq maintains the output respanse flat to a 
much higher frequency than possible without i ts use. The 

Pentode Video Amplifier Circvit used in AWISPS-IOD 
Radar je t  
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ELECTRONIC CIRCUITS N A V W I P S  

output of the vldeo cmpl i f~e r  i s  taken th rob~h  C5, !he output 
coupling copacitoi. 

FAILURE ANALYSIS. 
No Output. Assum~nq h o t  o signal of sufiicient ompli- 

tude and proper po1a:lty i s  applied nt the input to the pentode 
n d e o  omplifler und no output i s  obtoined, the tube should 
be checked ioi proper operation. An open coupling capacitor 
C l  or an open cathode resistor, if used. would interrupt the 
operation of the clrcult. An open plote resistor or screen 
resistor, li used, OI filllure of ths plote or screen power 
supply would llkewlse be o cause of no output. If shunt 
peaking i s  used in the plate circuit, on o p e n ~ i r c u i t e d  induct- 
once L 1  would interrupt the plate current nnd result in no 
output. 

Reduced or unstable output. With a -video signal of 
proper ampiltude and polority present a t  the Input to the 
pentode v,deo arnphfier, o leaky or shorted input coupling 
capacitor C1 may be the cause  01 a reduced or unstable 
output. A leaky copacltor may ollow c d c  voltade from the 
output of the previous s tage t o  be present on the lnput grid; 
this would change the volue of bias ond cause distortion in 
the output signul, or reduce the output to a low value or 
even to zero. An open grid resistor R1 would probably couse 
grid blocking, or audio oscillotlon ot a slow rate. If the 
cathode bypass  copocitor C2 became open-circuite', if one 
is used, degeneration would be introduced and the output 
wculd be considerably reduced in value. If the copocitar 
became shorted, the cathode would operate a t  zero bias ,  
and the output would probably be distorted although of a 
h ~ g h e r  volue. Should the screen bypass cupacltar become 
shorted, the output would be reduced to on extremely l w  
value, and in  add~t ion  the screen resistor wouid probably 
overheat or burn out, because of excessive current ilaw. 
Another cause  of reduced output may be traced to a ieduced 
value of plate or screen voltage, due to a faulty power sup- 
ply. If a voltage divider i s  used in  the scieen voltage sup- 
ply, similar to that shown in the illustration of the AII/SPS- 
10D video ornpllller clrcult, an open resistor a t  the around 
end of the voltoge divider would Increase the voltoge a t  th,e 
screen. This  would probably increase the alate  current 
sufilciently to overioad or burn out the tube. In elther cose, 
the output siqnal would be severely distorted. 

TRIODE VIDEO DRIVER AMPLIFIER. 

APPLICATION. 
' h e  video drlver omplifiei IS used to ompllfy r d o r  ui  

other video s ignals  to the proper ieve! for driving the 
cothadc-roy ind:cat3r  be. 

CHARACTERISTICS. 
A negotlve out;.ut sign01 i s  pr:,;lded :or oppl;cotlon to 

the CRT cothode. 
Cathode bios i s  used, ~n camblnoticn with, o fixed 

negative bios on the grld. 
A positive v ideo ln jc t  s:qno! is required. 
T h e  cothode is ~ort1311y bypcssed ,at h17h video 

irequencies to proviie j a r ;  s t ~ ~ i l ~ i ~ t : o r ,  0114 !ugh-frqurnry 
cornpensotion. 

0967-000-01 20 AMPLIFIERS 

The tube elements ore connected in pa:al!el to provide 
~r.crecsed transcondu;tr;nce. 

Shunt or ser ies  ;ecklng i s  c a t  reyulred. 
B c  restaration 2s provided by o SeFtirOte dic.de. 
Low coupllnq resistsnce provides improved frequency 

response. 

CIRCUIT ANALYSIS. 
General. A negative vldeo output ;ravlSts some d e i i n ~ t e  

odvontoses over a positive video outiut.  Since the tube 1s 

necessa r~ ly  slcsed neor cutoff ,  the quiescent cr resting 
current i s  much lower than would be reculred far  positive 

video. A s  o result, b e  mommum t u t e  :otinq for plate 
dissipation i s  seldom reoched, even when the tube i s  over- 
driven. By uslng a duo!-triode with i w  cou;ling resistonce, 
rlo;e aain can be obtoined for c given jcndwldth thon from a 
single ~ e n t o d e  s ra je .  3y connectln; the triode elenents  
m parallel, the theoretical trcnsconductcnce i s  dcujled; 
however, full advantage CaMO: be tcken of this circuit 
orranqement, because a !ow value of loadinu reslstnnce 1s 

employed in order to ,wi6en the tanc:iidth. %ace t i e  
copocitances oi  both tube elements are in  parallel, the 
effect ive input capocltonce and output capocltance ore 
greater. The triode driver stoge 1s uzuolly the iinal (out- 
put) stage in o video arnpl~fier chain. Th l s  stage always 
drives the cathoderoy indicator tube, which requlres a 
large voltage drive tor intensity modulason of the CRT beom 
(little power i s  required): therefore, i t  i s  ~ s u o l l y  spoken oi 
o s  a "vidmdriver  stoge" rather than o "video power-output 
stage". 

Circuit  Opsrmtion. ' i le uccornponying schematic S ~ O , # E  3 

typical dual-triode .video driver. The  negative output of the 
d r~ver  i s  usuolly applled to the cathode of the indicator tube 
to reduce the c o t h d e  bias  and illuminate the tube with full 
beam intensity a t  the neqotive peak of the output siqnoi 
(which occurs a t  the positive peak of the input s~gno l ) .  

OUTPUT T 
INPUT 

? 

-Ew 

Triode Video-Driver Circuit 
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Capacitor C c  1s 1t.e inrut cr,,plin; c;pccl!si: t i e  o-taut 
of the s tage ?s ~ s u o l l y  direct-co:lplr,i to tile CRT cnthuce. 
t ixed  negative 310s 1s obta~ned  from .; voltoge divider, 
cansls;.r,; oi i i l  or.? P,j, tc sd;;if :: :e;; .;sits or ncqot!:e 
has 13 t.he , d w l ~ t r l n l e  lriis rkreuqk comzon j r ~ d  reslstur 
i l i .  C i d  resistor R5, in seri? wltn :be ;r;d d VIL, ; s o  
!~c>rc>s~lic st>:,pL?bb",, , > I  ",!,itl hi"9*c,'', "";~bic:, p?e".er,ts 
h.;?-:~:::'>e::z,; :.,:..;::: , :-c !,> !he x;r:l.e, car,>ec::x 

. . 
0: elements. i i o i e  i3.i :s o I-c rus:>rer w!~,;:, ,,,;,~r~!e~ o:, 
3 biased C!Z:IIF 3". the :n?u! s!s'~c;, sc thot the w t j u t  
s~gna!  always ;iacuces :ne same !rtr:isity o;. !il? CRT for 
. . 
: ~ c r t l c c l  input 5 1 ~ 0 l r .  Jctkcde 5113 li J I S ~  s;;jlieJ Ly 
do, wnlch is ay!,.hse6 iy C l  ao ti,,,; ~u t i lode  dugenei i l t~~: .  
b,;?,:s, !:"L.rc.;,rj: , , I ?  :P2,Jae,.:" r:.,:,L;r,.;t'; t h S ,  s:>ec.:. 

. .  . 
',,3c>-,rY4Gez,cy Lu , , ,p= , ,>  bt;,,, ,-1,-u,k A ~ L  ,.ci , , u ~  1:. ;;.. 
biz!- ?,--,,,* .. . A . ~r , , : ,? , . . e  . . I - , * I , *  . . ., ;,,.i-- pr:,,ilt,-e,; c;r, . ~ ~ ~ . p I ~ f ~ ~ ~ i  
sr,?::,::. cAy<,l: >;.:c: :::-:> s12!e i,"Ll :<4. 

'.:;,i. 7s ~);-:i ,71-!,?r!, :r,. +.. ' ~ .  -.... . . .  ...; .. .. ... . . - , l l ! l  O r 1  I'"::s 
hotk. huif-sect:ors '01 YI near c~ to t : .  ( T r e  to::, ;c:rscer.r 
current !low 1s on trlr orcer ot 3.5 ti. i l i l i an loe re . ,  i ne  
oi~tid~.t volrilge is rera snZ L r a ~ t i ~ . l : l y  ths Pj:j p l ~ t ~  v~!tg;e 
1s cp?iled, slri;r t!:r ? r ~ p  , o c : x s  ! , ~ 2  r*s:s!x 34 1s l e s s  
:"I- 2 vclts. Si-.Ll;i!y, th,e :;thole t ~ z s  ?eve!o3~,? !"I :fie 
w!esier:: volce o! curie?! Is only 9 S.,:~II! f i o r r ~ i n  o! a vllt, 
- - A  *L.  c h"? -."-+l"nl:\, "" a;;o,-, "" tke c!rc,;i! "1 I.!,!- 1 :-?, A,," ...- ?.__. i.__, _. . 

Assu:se thot u cosi t ivr~join. l  vidvfi ; ~ , ~ r l  ;L ippiicd 
through coupllnq CGpZcltOr Cc. Tt,e ?asltlve lnput valtoge 
reduces the !,xed negative h a s ,  t h ~ s  inc:easlr,g the plate 
current flow. The inc:ecse6 ilcw c! ;late cuirer t  proliliccs 

YL1"ar p1Y'C A""" .LI)I>aU, 1 ,? ".," .I..1 ""- 

. ,  . 
7 . I , .  , . , . : , q , , i ,  1-;,, ..., +. .... .. ,. .. .... - , ~ . .. . ~~~ . 

. ,  , .- 
":c ,,o;::*2 .!~,:p?:s:-s !>,E :>;: <~ , : ; Y L  ., ;.::. .:,,:,, ;.: ty,? 
nmpiitu,:e oi  the i+ut sigrru; Ir,;rii;es, !:.e ca<:,&i biks 
a l so  incwoses ,  and the e t f ec t i s .~  -:3s is :TC :a:̂: 3: k t !  
:hi !he? -c;c:i:.e t i35 3::? ! ! a  !?s!c-!nnecl~c .il!"r<r i ) l ~  - 
!ne use of combined b u s  1.1 ii1.i !,islur, ; , r < , ~ i ~ I ~ ~  i 7,i,ir 

Imeor Iaput-vers!lsilJ!c.lI u;:laljc ru:otloi.ship. : ~ o i m z ! ~ ,  
odequote catcode bvposslnq :revents ir~stontarieous cniingcs 
in bloc iron piaducinn degenerat~ve voltages wt.icii q p o s e  
!he effect of t i p  inpt1t . ~ o l : q e .  In t:.:s c~rcu~!,  i:o~)ever, .- Lyle \a!? a! t:~ a : i o d e  L;PZSL c:;o:!:oI 1s inIec!e1! lo be 

su!ilsiert nlily ior thp w r y  nigh ireq~coules-n;t fc;: o e d l u i ~ ~  
.-A '-.u ;-.,ln^~ie< ~~ "( ' :s I t  11111' \,1ne0 freoueoc,es the 

crc -cc r  rzthc?? ,:c!!c.- rrmli-5 cr;s;tcr!, wht le  nt ttr 
!c : :~ :  !:2y;"p.c:2z ::: !n:!:?!,7P-r>>:?:,> ,Jn,,-;nr,e,- ",~:<n,,& 

. - ,  . , . . .I?..,; ,-is - -  --- . . 
,, > ' ~ .  , . .. ,. , ~ ~ , , , t I , ~ *  

;:,: f 7c<ucr,?; 2>::-,:- .z ::e:, !..< :n,.:-:,.c-: . 7  r,,. -,,~ 
=~nr&nq ly  qrpn:rr, 711t1s, cuthode dtaer ,er : t~on a s w m e s  
. 8 ~ -  +-.,. A +  ,?x!"-ce .ae.-q?v ..",. ?::*,p,: :,,,,, ,:c,s,v I!<" ,,>=! .L:p> .. , 

- --- . ,- .--Il , ,  -.m" .,a,, ,' : . , e ,>  $jeI.: I [  . " , _  j. . . : !  . . .  . _ 
.- & .  . 

Lb I ,  : . .  . ." .... . , 
:' " & <  .-< #,.1!-? !-, q?.", ~. 

. . 
;?'b.er. tc.e ,,:,?c,,, :-,[.a: s..~r',.>: <.,1:1<:; ! Z 2  r,2 :,e>:::<? 

A : - - - . : - -  .&.. ","""I d l c  !S !be b!,X " " A  r-,4,,,-ps ?in." > . . L L , .  ~ ..,, , ,< .,. ,. -. 
current flow. T;e vo i t a j t  Yroj z i ~ i s s  :i~ pk;c  I;:! 
. .... .. . i-... ., . . . . : c  -"'.-C';I-,3i77," . . :"n,.^P: 77- t:.c L?U:LdI -.U:i-lJr . . 
r,.+ t ,,., ::? z;::,. ::-,: -.2:2:7:c ::::.: !?.>,:: ?!F-: - . l P r ' ~  . ~ 
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tuolly reaches the !,xed h a s  level,  c: Ns?ch time the circuit 
i s  again in the yulescent condition. if the negative input 
signal drops below +,e hi35 l e , ~ e l ,  fie :o!'roie ;! c!ampinq 
diode CR1 besu:.es nejct lve .#:ti :es;ect to the m o d e  and 

j-.- '""C '"'> ---d ..-. - a',"'.' "h..""". ."y lh. ."- " <inn" .T.- 1 nrn,,nl liid , . ~ ~  

res:stor R2 is tbct no furthe: redgcaor in output voltaqe 
c:~ 3CC.I:. Thp ?:~?ii c c ~ d l ~ r t c  u n r t l  the plnpl~t i , o l t ~ g e  q u o i s  
;r Kcomes  ;;;ire :msll lve ihuii $e  I-a;; :j;;cj ti.:; u s e  the 
-, * - , * .  -","" ", , , . ,..,,". . c  ...u..... ". .he zero !eve!. '!:kc? :be lrput s ! p a l  
>gcoin goes positive, plate current 3g01E :laws, producmq o 
ro:tuqe drop across 8 4  ccd a negative o~tpu!. 

, , :.--.; i C  !:re:! t : ,  I* CI:.:OA! c 7 7 t  S! t-P ~ l i t c  u~;:~li .:cItnge, , . 
. ,  : ' ' --- I- . .-,.: ..: ,:- : ,,,,- . ,  , , l v  ;.*,,,, . 1 :  " . , I ,  , - .  . I il_r . . 
a~al lcb:e;  thot I; suf!iciert voltage drive ccn be obtained 

, , , , . : : t  . : -  , . %, c z z : ~ ; c l ~ ~  b.12:. 
f .,,,e , ~ i l " ~ *  ,di .,:;gc .d!"c: L: ; ..Lu:2:.: :-::cz!, z: , : ~ 3 1 7  

, . ., . 
Le r?.,L,rm >:.: L,Ld>> ,> ~,>e:J;>2:,, x ::.;: z~.:::. x:;21 .::kqe , : I . L .  .-..- . - <  1 , -" .U! L,,C 3 d,.,L A,.+ ", >.*. ".. !!:I::! :.ke i.7?2! si-"' r.-- 

oseiatlng 3r. a low dt i !~ cycle  o l d  consisting of shart- 
'!urc!ion ~ u l s e s ,  t t , ~  2 1 3 I i i ~ d e  1s ~ ~ . - 3 ! i y  l e s s  thon the 210s 

;evei and the cia;p~ng J l d e  nil1 not opera:?. Hourever, 
with lcrge lnpct s1.;nois greater Lh3n the blas  level, and 
otieratinj on a high d ~ : y  cycie, tne cI3mp1ng diode will 
operare un: hcld h e  output c t  t,he jars  ;ex  !eve!. IDy 
prajeriy selectmy the value of t ie cathode bypass capocitor, 
sufficient cothode degeneratioi. i s  produced to reduce the 
rise t m e  to the same v a k e  us wou!d i,o:mally occur in 3 . , ' 2  "..*!.?Ae -,~-,:., ;..i,i 9b.,ln, r"nki"" i:i".y " " " > > I U  i l l  "'.i i""'""' .~. I , -. elnpioyeii in  15s jiarp ?l;c;lx. .::I;. ?i~:.;.;iates t i e  iecessilj. 
sf prividinj  cozpensct : r j i rducr3nce in the plate lmd, 
3nd :voids a ry  cdveisc uitect on tne tioasienr response a: 
~L~ ... c - n ( . ' , e T  ........u.. " ;i>ec :rc:erly ~ i w i q i l d ,  this clrclilt ,will 
~ r o d u c e  o r?se !irne of :ess  thir. .25 iniic;;scc;rd withoct 
exessive overshoot a ~ ~ d e i s h o a : .  

FAILURE ANALYSIS. 
No ~~~d ; j  in lr.. .,,L, , +  ..:,.-~,! .rl..l., ,m;roje~ biiis, loss 

oi plate voltage, o aetectlve tube, or on open c a h o d e  . ~ 

a r c u t  czn rusuit 13 n3 ~ ~ t j i t .  1: i j j i i i n g  ;~poci:a: 2 c  
15 open, no signill 'wil opprar at the j r i i  and :here will Le 

, . ,  
i o  j1a:e a tpu : .  Cnrcn iur iirl !~!pdi a ! .~ r . d~  r , . m  L.:~ ~ s ~ i l ! ~  
scooe or c VTVh!. If blos divider reslstar R3 is aper., toil  
supply bias w ~ l l  be apzlied to fne qla; thus, tne tube will 

.. -- 
~ , ?  t,,<>c: :", >Z~L,.< c":~:: ::.G .::;:: 2:: ;;2:.:%. L! .-2 l> 

. . 
+a:. ::.c v,>;;;,:c x~j;~.r i !  P3 :3 j:3:1rCI 'K!! _h? L t r  

. . , , .  .I *il-ne :> 1l.t L;.,; ..+;.. .-..-.=. .. --  . c - .  , 
no bijs be nvpl,rd ti. ;I :-j :ni ;;cc #ill 

, , , .  
,:",,<"*~ ..L" .,., , .,.:.. -.: ..,>4L :.. . ' ~  '. ~.:.:- ,. '. ----  

;utsif. In !nis :j;e, i;::; very 1a:;e r:r;i.c i::e!r !b c 
.. . --=.., .-,:,,? ,.,,,, > 1,:; ~, ,:L,", . " a : !  :,+ ,,!.:,:::.<,!. , -  ~~~~ .. . . , .  

~ -~ 
7w<;?<?;, ::,;- G"I+L >LL" uu.y -c >. S~-~,z:; ,GZ :,, !,e 
cnnsidered nrl outp:lt ot all .  Ii btos divider H i  is open, 
a similor result *ill O S C ~ I  becmse  ~ l t  I I ~ C K  oi  fixed bias 
cr, f7,c ;;,-, .! :!.: ;!.:T:?!, : - , ? f a : !  h ,:<: : :;:;>l~, ,Jck,:7e ,:!I 
; + + r ~ r  2;. t;,e ri,:, :L;s ;u::;:;; 2f: :? z!c:i cc:rc?t 7?? t^e . . 
,3,,:+:. ,,.s+ :. <c;i27;2:er I= dcv2:?,.::,? :;?,?!:,er :;.e 5:,2 
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appears ond, if so, whether i t  i s  normal. If czthode resistor 
R6 i s  open, the ciicult will be incomplete lopen) ond no 
output will occur. If R6 i s  open, shunting the cathode t o  
grounc will produce an output, in which c a s e  R6 should be 
checked with an ohmmeter wlth the power off. (With the 
power on and 06 open, t h e  voltmeter may act os o high- 
value return resistor and couse the s tage to be biased 
off; or 'when used o s  an ohmmeter and properly poiorized 
the batteries in the meter can furnish an almost normal 
bias to Vl cothode nnd couse or, erroneous indication.) 

If plote resis:or 3 4  i s o . i ~ n ,  no :::ole valtoge ivlll be 
applied ond no output will be cbtained. C k c k  the supply, 
first with u voltmeter to determine thot voltage i s  present, 
and then check the plote voltuqe to ground. If plote 
voltaqe i s  normal, and no ~ u t 7 u t  can be obtcined with proper 
bios ond input s ignal ,  V l  is defective: reploce it with a 
known good tube. 

L o r  Output. Ilnproper bia;, law piute v o l t ~ j e ,  or o 
defective tube can couse a low output. If the bias  i s  
ICN the diode restiircr .v~l! c l i r  a f i  ;:o:t of the input s ~ g r d  
and souse  a reduced output. Likew~se, i! the Sins tecumes 
loo hiqh i t  will tnke o !cr,~er drive to oiitsin the s c i : ~  a:.[- 
put. Check the bms supply ond voltage ocross R1, '12, and 
R3 with a voltmeter. If diade CRI IS shorted, grid ies ls tor  
R2 will be removed from the circuit and the grid signal 
voitaqe will be developed ocross R3 olonc. ?his will 
lo re r  the qrld ir.~,ilt l rn~edance  and reduce the drive, result- 
ing in a reduced output. Check CRI fcr  forward and 
re:erse res is tance with an ot:nmetcr. If R2 i s  lorge, 
iwhlch i t  norr~.ol!y is, t h e d ~ o d e  need not be dlscsnnected 
for this check. If tilere 1s no clifurin;e bet-een for;:ord 
and reverse indicntions ond a low r2sistonce 1s neasured the 
dlode i s  shorted. If a high :esis:;nce i s  ir.dicoted In 
both d i rec t~ons ,  i t  1s open. Check ti:e supply voltage ond 
then the plote voltuge with a voltmeter. It the p!ote vo!taqt 
i s  !ow the output will be re iuced.  If plate resistor R4 
lnc rmses  in v a l ~ e  viifh uge on obncr.?,~i!y Iwd, plate 
voltage will result. tvfe~sure the reslstcnce of R4 with plate  
voltage OFF, when the i l ~ t e  voltcqc o;,?eurs to be ex- 
tremely low, ~ n d  the supply vo!tag.- 1s ncrrnal. A sinlllor 
symptom con be produced by o d e i r ~ t i v r  ta,k which tuxes 

heuvy plate current flow, or by law Llus. Repluse the t ~ b e  
with o known qood one and check thot !he d o t e  voltoqe 
returns t o  na:rrol with proper bios orpiled. I! not, :here is 
a possi t i l l ty  thot the tube 1s osc i l~a t ina  and that tt.e ; a h  
o! R5 i s  insufficient to prevent it. Check fi5 with an ohm- 
meter w ~ t h  the plote ,voltage ci!. l i  :?slstonce i s  normal, 
connect an oscilloscope ac russ  t t e  qril und qraund, and 
then ocross the plote and gruur.d. 1: tt .r  waveiurc! i s  
found obscured by n broad, light, sclid Sand across  lt the  
circuit !s nscillntinq ut radlc f:rc,~exc:es. Check the 
wirlnq. ~0rtic:larly the porc!le! ccnzcctlons to the tAbe  
elements, to t~ ceitoin they i icve nct :eel; !engtt,er,ed or 
chcr,qed, su i s t i tu te  a n c h e r  tl:k, con: 0s a lo i t  resti:t ch3n~;~, 
the v d u e  of R5 t o  c: liuch lnrqrr vslcc. 

Distorted 0 ~ 1 ~ ~ 1 .  If the cathode degeneration i s  changed 
because bypcss capacitor C1 is u l e n  cr shnrte,!, 1ret:l;ency 
d i s t a r t~on  .will oscui. ' h e  high fri.:;uuncy o u t s ~ t  (wlthcut 
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degenerotlonl wlii be l o ~ e r  t h m  the cat:ut at medium m d  
lob  frequencies, ond !he stq,;r ,,;ill i c t  lil.5 or uccc-.:,cn~ 
sated urnpliiier. Use or: o s c ~ l l o s c o ~ r  drad a sqmrc wa,:e 
ingut. Obwrve the Input :;LC o u t ~ u :  ::=veiorr .s; with o 
positive input, the DJI:LI s ig ic l  sI10cld be n e g o t i v ~ ,  
large: in om;litude, und oi the sqme gereral i:avefo;m. A 
slopirg verticnl edge on the squcre :.,uve indlcotes the 
rise or ioll time i s  excessive,  while n sarjg1r.y ilct tcp in- 
dicotes low frequency f:isri.r:~on. Ci oun be roughly ci!crkc2 
by ternporo:!ly tkar l l iq  i t  r;>!!e oL:er.iln~ t i e  ,!ioveforn oil 

the osc~ l iosccpe .  If the c i r c ~ i t  is a ~ e r c t l n q  prope:!y the 
,wavcfoim ;'rill bc rare distorted ,!hen C 1  i s  s tur ted.  If 
no chonge 1s obser9ed. C! 1s elt!)er ripen or s'lor:rd. 
ihe:k i l  wltil on in-circuit cnpoiit~:n;e checker, or d ~ s -  
connect i t  and check for !b.e proper ccsncitnnce value m d  
for leukage. Escessl-:e l w k u ~ e  will cousc C l  to oct o s  
resistcr in poraliel i ,~i tb  cathode resistor R6. Check; fgr 
d ~ s t o r t ~ o n  should te ncde ot frec;uer,c~es , N ! I I C ~  aIe not 
e f i ~ t l v e l y  by:;ossed by C l .  If t i e  check 1s made :st a 
frequeccy to iihich C l  offer; l i t t le  or 150 rcactorce, the 
slqnol will ?rcbubly appeor ;ligt,t!y distorter! ,!,hetiler C l  
:i vrofnirg properly arnot. 

Check (he rise ond foil of the ,i:,,efarl:~ far overshoat 
and undershoot. In tes t  equlpnrnt  cyoll;ot;oi,s it should 
be l e s s  than I%,  in Tv' ,x R u h r  lrpr1icn::nns 5% to 10% is 
satisfactory, while in Serv&wuipment 40% to 50% i s  
occeptable. These l e s s  should -n r x d ~  on o nornclly 
operating equip~nent so that the technician i s  foniliar 
with the correct ,v,a.deior;r, cpGearcnce cnd permissob!e 
amount cf distortion tefnre  t;i,uble cccxs .  \'loveforms 
ore not requlrel to be any betfer than those shmm in 
the opproprlote Technical blanu31 cnver~nq  the equipment 
under test. 

BEAM-POWER VIDEO DRIVER AMPLIFIER. 

APPLICATION. 
The bean power video drlver i s  widely used in searzb. 

rodors to amplify v ~ d e o  s ignals  to t t ~  35-10 60-volt level 
necessary for intensrty modulotlon of the cathode raf In- 
dicotor tube. 

CHARACTERISTICS. 
Flxed negotlve bias i s  er:lp!oyed to prcvldr npcratior 

In the Closs k l  rejlon. 

A negative output is produced for o positive input 
slqr.01. 

Shunt m k i n o  i s  s s e d  to carnoenrats for ~ n i r t o s e d  
rise t ine  produced by the h i jh r r  output copacitonce of the 
pentgde. 

D-C rcstarotion is provided by a s c p r o t e  diade. 
Provides qieoter output, more u ; : ,p l~ i~co t~or . ,  0r.d better 

11necr:ty rt,an a sin?le triode driver cpi.rot?ng a t  h e  some 
voitaqes. 

Requires mare d-c power than the triode (screen 1s 
added) and plcte currer.1 1s lorger. 
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CIRCUIT ANALYSIS. 
~ene,.l. The bwm-power video driver 1s similar to h e  

triode video driver previously discussed in this section 
of the Handbook. The  use  of o beam-power pentode tube 
provides yieotei amplificotian than the triode with on in- 
crease a f  I lneai~ty.  The low input capacitance iif the 
pe~itode decreoses the n s e  !,me considerably, however, 
the lorge output capacitance greotly increases the rise 
tir,e, ;a that the overcl! ;es-1: 1s t c  IPCIPOSC thc r:se t i l e  to 
a b u t  double the triode value. Consequently, i t  i s  neces- 
sary tc inclcde o shunt ccmpensoting inductance in the 
plote circuit, sm:t cothode degeneration, as used in the 
!:!ode, 1s unable to provtde sufficient compensation. T r e  
shim!-peakin? cornpensotmi; clrcult i s  designed to reduce 
me  totai rlse nme to iiom 46 to 5 F r c e n t  o i  tnar obramed .!. -.,.- -" - ~ i , , . ~ , .  L ~ ~ ~ ~ , I C I . S C ! I ~ X ,  dcpeirliiig 293n thc :-be ?fpe zscd.  
%cause of the comF.ensatlcj circuit ;nddctance the over- 
shnof is inrrposed to nho8:t 3% li ohol:t dnohle thnt nf n 

trlode driver. The odd~t lon  oi the screen element m the 
pentode causes addition01 d-c current to be drawn over 
that c f  the t~ iode ,  which, smce i t  does not directly con- 
tilbute to useful output, causes  o greater d-c power loss  
and o drop in overall effic~ency. It i s  n e c e s s a q  !hot the 
screen be bypassed to ground effectively for oll frequencies 
employed. 'While the screen bypass copacittii i s  effect ive 
ior the hlgher frequencies, i t  usually offers sufficient 
impedance a t  the low frequencies to provide o droop in 
low frequency output, which does  not occur in the tilode. 
n e  low frequency component of screen current, m effect. 
% o d ~ c e s  an :rverse f e e a h s k  voltoqe ccross  the screen 
bypass impedance, which lowers the lnstontaneous screen 
vUltugr dr,? i rdb ies  i .dtjut a t  t h e  ?rr+c-r,cies. This 
airion i s  similar to the degeneiatlvc oct;on develcped 
ocross a lightly bypassed cothade resistor. Unfortunately 
i t  is greatest a t  the very low frequencies neor the d-c 
I e v d  ( i  to 15 cps) which ore normally a c p l ~ f i r d  l e s s  than 
frequencies above this range, unless spec ia l  low fre- 
quency conpensouon IS used. Hence such screen de- 
g e n e i c t i o ~  c a n m t  be s s e d  to !!ot!en the overol! r e s p n r e  
s n c e  11 only further otti.nuates the low frequencies. 

.Alinaugh the s ingle  triode driver lacks the onplifiio- 
!IT nf the k g - p o w e r  driver, the porailei-connected, 
duol-triode d r~ver  usually provides equivalent performance 
"1~~3 f i r , , p l~ f~a t i an  .*,tkjaUt ths p r ~ b l e m  sf law f r q ~ e f i c y  . , .  , 2 .  . , "  -. . . . ;;'..i .,..... . 2 .... ". " i-I -.. '................ .~.. v,.w e, uc ..,.., 

.. 
,,~Lu., 1s elircrivu ;:I 2 i lv lni  t ie inilcctor tube. 

Circu!t Operotion Tnr srhenintlc of o Iyycnl  hmm-  
aower .I!%e ddr!ver s tage 1s shown in  the occompunyy.2 
! ! ,  <:r,o:,nn 
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OUTPUT y n @ q  ? INPUT 

M Y  - - 

Typical Bean-Power Video Driver 

Resistance coupling is employed in the input circuit; Cc 
i s  the ioup1:nq ccpaclto: and R3 i s  the gnd resistor. T!e 
output ciicult is usually direct-mupled to the CRT ca!b,de. 
b o d e  CR1 i s  o d s  restorer connected across  the qrid 
resistor, and fixed bias i s  obtained from voltage divider 
R1, R2 connected across  the s e p r a t e  neqative bios supply. 
Lmeen voitoge is oblainea from me plate suppky miouqh 
serles dropping resistor R5, bypassed by C1. Resistor 
H4 i s  h e  plnte iond resistor, ond L l  is the shunt-peaking 
inductance. 

Wlth no input signal, V l  r e s t s  in a quiescent condi t~on 
with a plote current o f  approxlmotely 18 miliiornperes, 
is determited by the fixed-tias .~ol!aqe divider, Fil an.? 
Ri. The has 1s in ine Closs A i  region and i s  on ine  
order of 10 voits ~ e g u t i v e .  For small input s ignals  or 
for short duty cycle s ~ g n a l s  dtode clamp CR1 has  no effect,  
but for lorge Input signals wlth long duty cycles. 11 clomps 
!he b:as a t  !he fixed ,,n!ue, and prevents the grid from 
k l n q  driven into i ~ t o f f .  Whenever the Input s i w o l  makes 
the cathode of CHI more cegatlve fhao the bias  rialue 
o;p!:e? tc !ts nfiode, !orword cocduiti?n occurs. an4 the 
j::ia! 35 ;~Y,G:F.! o-rcss =id :esis:o: R3 tc; gaur.? 3;;- R?. 
3 , s  &,a zero s u : p ~ t  level i s  x in ta i r . ed  z: :hc fined 
h a s  ia!ie !see section 16 of this H a n l b o k  lor o d ~ r - s -  
slon o f  brosrd clamp o?eiaiion;. '/i>,e;, z p i s i t i v e ~ j a l n 5  
!npui siqnol oppeais on thr  grid of Vl ,  plote current is 
::.zm:sed. PC :ip plote ccrrert 1s ~ " c r e a s ~ d ,  n ,v?!!aq? 
drop occurs across  plcte l m d  rcs:stor 94;  :his is h e  
negarive-.qalng output vullugc. ;'<iten V i  ~s .3perDlr:.g, 
zurrent flows !ror. !he rott.ode, through the grid wlres, 
throcjjl the screen wires, ond to the plote. A small d-c 

.., 'I".., ;" "- , ,"-Ah, ,  .~o..,.":,;..o c- 
il .ii,, -" ,,i,.i i.".. I" -, r"" 

o ~ s o r b i n q  some elections as they pass througn the screen 
,wires. This screen ccrrent !lows throwh screen veltoge 
,!~,?na(n,x , , ~  > 7*s,.;:,?: ZC, !C the ?LO!" zmz!; .. . a d  qmdcd. ?>," 

CHANGE 1 



ELECTRONIC CIRCUITS NAVSHIPS 

,aitoqe drop ocross 55 ma!r.!alns tile s:ret.n ,c:toge a t  
the desired v o i ~ e .  T;e ef!rcti,ie screen w1t;;e i; tr,at 
oi the ; ~ p p l y  l e s s  the drop ir. R5, slnce screen current 
flaw 1s ir, c dlrectlon whict. de,ielaps o voltage tt.ot op- 
poses the supply voltage. Any ~nstantorteous (a-c) ,,aria- 
rlons in screen cciren: are bypa554  tt,rau>h C l  tc zroir.3. 
However, ot !he very law frequencies tt.e irpeConce o i  
CI  develops on odditionai ics tar taceaus valtoqe rrop 
betheen the rcr ien ond ground. This vcl:3qe is degerero- 
tive ond opposes the scretr, voltoge. Since the capocl::.ie 
reactance of C1 vorles !nversely wltb. frequency, the screen 
voltoqe i s  reduced ot these instants, proportionately to 
he  kequency, and the oir ,pl~i icat~on IS, l ~ k e w i s e ,  reduced 
slnce the screen voltoge controls the plate  current. Tnx, 
there is o droop i n  the wcveform ot h e r  f r rqsencles  
which 3rE cot caequately bypassed by screen capccitor 
C1. 

Wnen the trolling edge of the positive ir.pl;t signal 
returns toviaids zero !t 1s negative-going on;i the plote 
current i s  reduced. The reduced ~iol toge drop ocross  R4 
produces the posltlve-going trulling e d j e  on the negative 
outpi t  woveiorm. Any excessive drive in the negative 
dlrectlon is eliminated by the :lampmg diode c s  explained 
prev~ously above. W e n  h e  plote current chonqes dlrec- 
tlon, the ind~c tz r i ce  of L1 tends to continue current f l o , ~  
In the s o r e  direction and couses  a slight overshoot. Be 
cause the overshoct i s  ke;,! below 3%. by pr?per design 
and s e l e c t ~ o n  of compnent  values, i t  couses  only a slight 
amount of distortion. Peoking cod L l  i s  connected ir 
series with plate  iwd R4, ond the total drop across  thls 
conbiration load varies in  accordonce w ~ t h  i t s  impedance. 
4s the frequency is increased, the reoctance ond hence 
the impedance of L1 lncrecses  a s  d i e s  the iugh frequer,cy 
octput, thus high frequency conpensatlon is ochleved. For 
further ~nformot~on  on thls type of frequency compensation 
see the prevaous discussion o f  the TRIODE VIDEC AM- 
PLIFIER i n  h:s section of the Hcndbwk. 

FAILURE ANALYSIS. 
No Output. Improper bias, lack oi  plate or screen 

voita3e, an open input clrcult, or loss  of input slqnol, 
o s  well a s  o defective tube can cause u loss  of output. 
I1 voltoqe divider resl;tzr R2 i s  OFer, tt,e !ull neqotiue 
blos supply voltoge wlll be applied to V1 grid, the plote 
current wlli be cut of i ,  and no ~lutptit can occur. The same 
condillon will occur if R1 i s  shorted except thot, ~n this 
Instance, the entlre bios supply will be d!ss iy ted  ocross 
R2, will cause i t  to heat, smoke, and e;.ectuaUy burn out. 
In e!ther c a s e  check the voitag? ocross R2 wltt, a vcltmeter. 
If e ~ t h e r  R1 or R3 i s  open no hias will be applied to V l ,  
h e a v y  plate current will flow ord  overload R4 ond L:; 
eventually this w ~ l l  couse the w w k e s t  one to burn out. 
Meanwhile, the output will be held a t  a constant r.iov!7lum 
ncaative volue, causing the C R T  to be constantli  iliu- 
mlnated, and no s lsnols  will o>pear. Cneck the bios 
supply to ground, first with o voltmeter. then iror: R1 
to giound, on?; ilnolly iron the ?id cf V1 lo ground. Lcck 
of voltage indicates thot h e  failure is between tile zios 
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supply ond the point mwssrcd. I! t:.e c w p l i r g  co;cc:tSr 
Cc 1s open, no s i ~ o l  will op;ear on the ~ l d ,  an? r c  out- 
put ,will XCUI e.ien ! n o ~ ? i  narnol t:os 3-d pin:. ,v-rlta.jt 
c r i  in,?,csted cr the valtme:er. Cr the other nsnr, if Cc 
1s snorte! tt.e plate ~ 3 l t c q e  of tbe preccdli.g vice3 0:- 

pi,ller will dri,;e V l  heovlly lnto conduc:~on a r c  couse on 
~n?!catioc simllor to thot of no-bias. In lh13 ZOSC, the 
vcit-eter w!ll show 3 large pos~t!,t. voltcge on 1t.e ~r :d  
of Vl. 

If  tb,e plote supply 1s ul  f c ~ l t ,  nc plote cr screen v3lt- 
a3e wall exls t  on V1, and no output ,will be ctjtc:r.ed. 
C k c k  thc sa2ply wlth o \oltmeter cnd 1t.m check the 
voltoje from screen to g r o u d .  If R5 i s  wen,  no :cito?e 
'~111 oppeor an the screen,  ona t i , i  plctc current will be sc 
smoli thot proct~colly no out;ut u!;ll te  obtolni?. A snorted 
screer. c a p x i t a r  ( C l )  ,will 01so ;oxse o lock 5i  ~ ~ I t o g e  
indlcotion o t  tbc screen, s lnce  tne entlre supply will be 
dropped ocioss  R5. In this ics!aocr, R5  will heot cbrcrc~ol ly ,  
ond will probably smoke und ther burn out. If either R4 
or L1 ore oper ,  no ijlute voltoge will appeai on Vl; the 
screen of V1 would then attempt to icnction os o plote, and 
the heavy current flow will couse the screen to heat and 
glow red, and will o l sa  overlood R5, cause i t  to snoke,  anc 
burn out. With normal bics voltaqe and screen ,ioltoge, 
and a higher than normol plat? volto;e, if no output volloge 
exls ts  and a n  lnput s lq ro l  :s known to be applied, elther 
t u t r  V1 1s deiective, or H4 is short circulted. Replace 
the tube w ~ t h  a knowr good one, and lf ::o o ~ t p u t  i s  abtalr,ed, 
turn o f f  the plate v o i t ~ g e  and c ieck  R4 lcr continuity, and 
proper reslstonce. 

L O W  Outrut. If :iomplng dmdc CRl is s h a i t d ,  the 
Inpbt si-jncl will be shunted :o grcucd through R2 and a 
lower than carmol output 'dill be obtolned. Should R2 
increase in resistonce the b ~ o s  will be hiqher than normal 
and a reduced out3ut ~ i i l l  a l so  occur. In b e  c a s e  of R2 the 
blos volue con be checked wlth a voltmeter. However, tu 
check the dlode, i t  must either be removed from the cir- 
c u t ,  or the plate  a:d tt.e bios su9plies !lust be discon- 
nected ond the forwor3 ond reverse r rs is tance r!easured. 
If the dlade resistance is low, or.6 1s the same in  both 
dlrections, i t  is shorted. If i t  reods a high resistance in 
both dlrections i t  i s  open. (It  will normally ~ n d i m t e  a 
hlgh resistanze in tne reverse direction and a lo.++ resistance 
in the iorword jirectlon.) 

If V l  i s  low in enilsslon o low o t ; u t  wili kc obtolned. 
Replace the tube wlth a known g o d  one. If 8 5  increases 
I n  volue, the screer. voi toje  will measure lower than ro rno i  
with rated supply voi:a2e, and the output will a l so  be low. 
A slmliar condition moy be caused by a hlgh reslstonce 
Imk to ground through screen c a p c l t c :  C1. Ct.eck C1 wlth 
o r  in-circuit capccitanc? ct.eckcr, or rrecsLre 35 wtil gn  

ahnlmeter, with the por,er OFF. ':ii:?n CI  1s dlscunnected 
the screen , i o l t o p  wll! return to normal if the cawcltor  1s 
defective. 

I f  the  ~1.11,. s,pp!y is la', bain the scrcan ::n: p1:tr 
voltoqes w111 be rropoit~onatcly lower. If !t.e suppl! acd  
screen roi tcges  are ro rna l ,  bu! the piate ;olra?e i s  low, 
replace the !uSe !o nake certain that it 1s cot  1t.e .:ause. 
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llith the same condltlon pers1stlr.g oiler V1 is repiactd, 
ineck L1 ~ r , d  A4 ;nd iv iC~c l l j  :or resistance, with tr.c s ~ p -  
G ! ~  ;c!!;je OFF. A 2oor ra!<t.re? ]om!, o: Ir increase in 

;LC :C~:S:~-CL c f  L l  I: R4 IV~!! collie 2 lc-er than nnrrnnl 
voltsge. I! L1 meosures nore than 20 ghins, check i t s  
rote4 6~ ~ P S I S I U ~ C ~  in the ealllpment t tchnlcal  rnanilai. 
C - - I '  .--l,.r+-rr "*A ?imLar i i m i u i n -  n " , -bar  t h ~ n  nmrmnl 
I.,."i. .iil".iil-l "li" ".." .....> " ..._).._. " 

res!r!nnce wd!  usually IrcrPnse qreutly in resistance when 
looae:, hct oppear c lose  enough to norntol to be wlthln ine 
~ l l - r i z t l e  tolcr:;;e 31 c r e s ~ s t o n c e  check (20 percent muxi- 
-.;;.I. In m y  even!, !he d ~ c  ,volto?e ?mp when opera:lr? 
s h o u i  o:iy te fi irw voits. 

~i . ,~ , , i~~.  gsu i l :y  a ~ ; ~ : p i i .  . io i t3;~ ics:sto?.ce 
, , ,  . I  . . ~  ~~ :; : : 7 . 1 ! L > !  n:ll  .IYL.:lll,ll,l I.I , t .  L l " i  .,, .,.. .-...- 

pcrts. To ,deter.-lne distortlan, howe,?;, i t  is necessary 
t? observe and compare waveshopes, ar;d chrck the lnput 
rr2veior? l 3 o l n i t  I?? iiU!pltt wnvrfor l  i1+nst t!le o';!~u! . , , . ,..-- . .... ., ..,- !U  , ,  . . , .  ..: i !  .:-. i -  ..<. . . . ~ ~  .... 
.*,C:.E.II^~?S :~d:~?!i.-- !- :be i.TJ?;"t.l: ! ~ ~ h ? ? . - ~ !  mnr,!"! 

Use on osc~ l l a scope  to observe the operot inj  woveiorm. 
The polnt where I! deports f107 rormnl lndlcates roujhly 
the iircl;lt creo at fault. Remember, a lso,  that a l l  onpli- 
f iers  hove s sllght nmour,t ot :~s to r t~on ,  but there are toler- 
o n e s  whlch must not he ixcerdr- l .  For exompie, the ex- 
sessive 2;:pl;t ccpoc:ty s t  tne 3ecm cr::.er c?rcult anC tho! 
of the CRT cohcde to ground, plus 1t.e wiring copoc;tonie, 
WLII  reduce the u s e  time. Thus, the leodlng ond troilln? 
edges may hove r! slight s lope rahe: t k n  bein; i d s l l y  
,!rr!?c.c!.  like*.?^^, the lint in? nnrtlnn oi t h ~  p~>!se c5n be 
e: <9ec tc 6 roo2 or s z ;  :;:;*,tiy. $:;t!) :r;d,dct .,<= vJ1ts ip i 

.,:I the piote circuit hire will olsa  be some overshoot a n c  
uni t rshoot ,  soused 2y t:le t t : ec l s :  ~r.:~;:o;;;e ;r. :fie 1122- 

% s e n t  resoonse. p . 2 ~  :he zutput woveiorm w111 never ;e 
:Jer.tl:cl to h3f 01 !he ; n p ~ t  wave!or,, b ~ t  ti,q wll! re- 
semble each oLb:ei i l s se ly .  The rPsponse cf the izertical 
onplli ,ers i n  h e  tes t  osa l ioscupe  ivlii uisv ~ l i r ~ t  ttle up- 
mrent  wwieshape oppeorlng on t i e  screen. "When checking 
waveiarns, a!riays nloke certain !not the tes t  equipment 

, , 
15 CZpODle a; p ~ ~ & ~ l ; . G  tile bLlt:lC t?~ul t  ?>,s? :f X l 9 -  
::Is.. 

, , lqilun s l ap ln j  <e:ticn: i h i p e s  ore :tsc:ved, iook fc: de- 
~ -..-. .- -.,L.-. -..-a?. ,C:,ddte; :,.ib, !,<:q":,,-, ,:dy,,."L "> -.. u:..L" -.,- 

shunting capailtcnce to i r x n d .  Foi sioplnq horlzontol 
Lines, iuok tor i t tenorat i .2  lo* :reqbency iesprse CUUSC 
. , .  . . 
, . '"Ve~:. ," .,., d :++,?t , ~ . , ~ , ; T , : , ~ ~ i  .,,;;,:,; , ,;;,,,:. ,,, ,:, . j  - - ~ , ~ ~ . .  , . 

??e?7!e cn!c?n? p:?te, Or iCrPPr  n.$!msitn-~, Hv tPm~ 
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having the e f f e c t  on wcveshape for which ;t was des~gned. 
Do nst make ocv uncuthor~red madlflcatlons i n  Navy equip- 

ment because it may appear to be better to you, s ince you 
mav be overcompensaunq insteo3. 

CuA!!! !u!XF!?, b!APL!F!ER, AND DRIVER! VIDEO 
AMPLIFIER. 

APPLICATION. 
The ;ham omplliier 1s used in a radar display 

system to ,mu posit?ve radar video w l d  poslnve marker 
F.ulii.s, ts invert t i e  iambircd ;i:nols, s n d  snpl l fy  t6em !c 
- - 1 - ,  ( ‘ L C . ~ " ,  .? .- , ? , u m c , , ,  md, ~-~~ I?," .L- ~~ ~ rc,hnd.c my ,". 
dlcotor. 

CHARACTERISTICS. 
Z" ,,?., ,,-,-;> ,df : ! ~  ,;-: > - -  .. - .- --."L.--: .*"",Lor < "  ,.,,"" ." ,... , , ~, ,,,,, ~ ,,,,,.,.,,, . ~u"-".-. .,. 

C I S ~ : ~ ~ P .  

Uses [;xed or se i i  bias, os oppllcsble. 
Uses dual trlodes to save space and provide adequate 

a;lpl!flcation. 
iiequjres pasltlve i n p u : ~ ,  on6 supplies a n e q t l v e  out- 

?Lit. 

Amp!;i;cotlon is .vorloble from 30 to 60 tlrnes. 
Sllnlmum rlse time i s  80 nanoseconds, with a moxlnum 

delay tlme of 50 nanoseconds. 
h o o p  i s  not greater than 6% for o 500 microsecond 

pulse. 
:"au,~;- :npl;t s;gnni 1s !-roil e . 4 ,  with o maxim;: 

duty tactor of 0.05. 
. ' , ~ u ~ ~ ~ u a :  Z J I ~ L :  is 52 voits peck. 

CIRCUIT ANALYSIS. 
~ ~ ~ ~ ~ ~ l .  The  choin xnpllfler consis ts  of three basic 

i r i i u i t s :  o cimrian ciii;oae qp vise- m:xe:, c twwstcge 
~ctermediote  amplliier, and o video driver. Each a i  these 
basic circuits i s  described seporotely in this Hondbwk. 
For 2 ;  exp!on;tior, oi :ic v i i ec  ~ i x e : ,  see CO?fi?.?ON 
^,--...?-C r . ~ ; ~  V I E 0  OiIXE? In section 12 of this Handbook. -. :?e !rtermediotc amplifier cunsis ts  of t w ~  identical 
; : : ;cs, ;:!5 !k,c CXCC: . ! :~  h! -7 ,;c!:me ml!rcl 1s added in 
the cathode of the second stage. See the discussion of the 
- - . . - - . . . - - - 
1i r18~j i .  vucu ii?.lPiiFiZi'., orld t iu t  of the T3IC3f - . . .  .. : : : . . .  . . . r r  7 : - T i - i ,  .- .,,- '.-- - -. .-.; ,."-""Ti " . , , . ! i ' ,  "". ..i_--- 
!or :1 d ~ t o ~ i r d  ( I I ~ C U S S ~ O ~  01 tnese tno oosic i l rcui ts .  

cie=_it npe:stic., 7"- lniil-ln CC/IP..~OIIC I I / ~ ~ -  . . .  
!;>:ti 7 !yp;c;l i1:zo izFli:":. 
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- INPUT 2 -j---j-, -- 

W 
-c 

OUTPUT 

9 - 

Chain Video Amplifier 

Slnce each of the baslc  c l rcul ts  is fully described e l s e  
*,here in thls tlmdbook. 0s stated above, the c i r cu~ :  opera- 
tion discussion will be limited to 3 simple iunctlonol 
aignol descnptian w~ttr charocterlstlcs. See the speci i ic  
boslc circuits for MY odditlonal information. 

Tube VI is a dual-triode connected os  o common 
cathode vldeo mlner. Pes l s t cnce  coupling i s  used to 
s u w l y  two identical, high-irnpedonce, gr~d-input circujts. 
The plates are porolleled and the output i s  token from 
cothode resistor R3, which i s  common t o  both circuits.  
When a positive lnput i s  applied to either ,qmd of VI o 
vositive output voltage 1s developed across  the cathode 
output resistor. Becouse oi the cothode follower c o n n e c  
tion, the circuit is degenerative ond no gain is obtained. 
With opproximotely 1-volt positive input, about 0.65 volt 
positive output 1s develowd. For equal cmplitude inputs 
whizh are i n  time coincidence, the output i s  ocditive 
and ot a maximum. The extent of the adding, pr~marily, 
depends upon the volue oi the catklde i e s l s t a n e  ond the 
input signol amplitude. Gnero l ly  speaking, the largest 
input signal tends to dominate the output, and the odditive 
factor becomes zero if one of the signols i s  more than 
double the amplitude of the other. Tre low impedance 
output of VI i s  RC coupled t o  two ~ntermediate level, 
coscoded triode video amplifiers. V2 i s  o dual triode 
using each half-sectlon as o s q a r o t e  s tage of video oopll- 
flcotion. The positive s ignal  from the coficde oi VI i s  
applied to the qrid of V2A. which develops o negative 
output signol ocrass  plate load resistor R5 The plate of 
V2A i s  iiC coupled to the qrid of second half-section L'ii?, 
s o  that both s tages  ore coscoded. 'When the n e g t i v e  dr1.i- 
ing signal appears an V2B grid, o positive output is devel- 
oped across  plcte load resistor 38 for ippllcotion to the 
driver stage mid. The  cathodes of aoth s t a j e s  supp!; 
cathode bias through ~ a r t i o l i y  bypassed resistors 36 ocd 

39 ,  to provide degenerotion a t  the lower frequencies and 
thereby improve high frequency response. The fixed cathode 
resistnrc ni these two stages a re  ider:tical, however, they 
ore bypassed, with diflerent values a i  c o p c l t o n c e ,  t e c a ~ s e  
oddltional iesistonce in the form of gain connol 8 1 0  i s  
connected in ser ies  ~ l t h  cothode resistor 3 9 o f  the secon?. 
stoge and ground. ( k i n  control R10 is only partioliy by- 
passed to retoin the fuli degenerative action of these cos- 
caded s tages .  Cveioll gain i s  approximately i5 times, and 
the goln control permits control of volume over a 2 to 1 
rmqe. 

The <.csi t~ve output of V2H i s  a lso 3C c w p l e d  to 
driver s toge V3, onother dual trlode. ' f ie elements of V3 
ore pornlleled to provide greater tranjconductorce and 
njore goin. Flxed bios is op>iic.l tbe '$3 g r d s  from sepa- 
rate blas source, with ;crtici!y bypassed cathode resistor 
R14 supplying degenerative cothcde compensation s o  that 
plate peoklng circuits me not required. '%e drlver s tage 
s2pplres o goin of ai~prnximately 6, and uses  a diode d-c 
restorer (CRI)  os o blcsed rel3tl.ie clomp for hiqh level 
signols. 'When 3 positive slgnol i s  a jpl ied to the qrid of V3, 
o negative a ~ t b l r t  i s  developed across plate resistor R15 
far applicotian to the CST cotk.de.  A maximum peak 
voltage drive o! 60 volts i s  obtained for intensity mod- 
ulation of the C 3 T  ind~cotoi.  Tbc low output capacltonce 
of the triodes pro,:ides qood r ise  tmle response, ond the 
s n a l l  quiescent cilrrent of 0.5 rnllilmpere provldes e f f i -  
cient operation. The overol! ?ass band 1s useful  from 10 
cps to 1.7 xequcycles; by changlnz volucs and using 
subm~nioture tcbes ,  the l~uss 'wnd can be e x t e n d d  t o  
a b u t  3.8 meqocycles. The t igk frequercy llmit 1s affected 
sligk,tiy by the setting of the goin control, because of the 
increased degenerotion cfforded ot !k.e low goin settings. 
Becouse at the l lni ts  permitted by tl.tle speclficatlon MIL- 
E-1, the nmpl~f~cn t ion  may be chormqed by 2550 lf the tubes 
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are oli selected for o nigk talerar,ce. A ten percent chonge 
in bath filament and plate voltoqe wil; only .vary tne orpl l -  
t i ca t~on  i 2 . i  percent overall. Tie 9re-il~us!y -toted vcices 
oi input, o u t p t ,  m d  ~ C S S  *rid cre r i d e  cssur;~n; norrai  
plot i  and iiloment i-a!tcqes, m d  :;ks c! ave:cjc to1e;ancc. 

bai s t q e s  ;s di;cij;et a t  tne ecd c: eccb, 3: tne tepcrote 
clrcult discussions ieterer.ced a t  tt,e zealmina of this 
clrcdit desnlptlon. 

dse or oscli!oscol.e anc c sq;me :!ave generotcr to 
:sclate t i e  trouble tc 3 basic c ~ ~ c I I : ~ ,  tie? troublesb.oct ti:e 
3efectl,,p clrc8;it ic acccr:!cncr .>r:<- 1k.e detoi!ed iai>-re -- 
7 -., - t - j .  7 - 7  pa,GT?lp ;pp;;. - . ?LL ,, , , 

cycle square w-ve mput s ~ g n c i  to one irput and observe the 
c , ~ w ~ t  i . ~ t k  the sscl;lcscope. If :t,c s u t ~ o t  .i~n:.e!or- 1; 

cormc!, ~ p p l i  the sqic;;e i.a.;c t c  :ic 3:k,c: :zwt 3rrd 00- 

serve c r , , ~  0 slnj~ica outpbt ~ c d r ~ ,  ; . . ~ y  dlit"rer,zc Lz cU:&t 
, r , d ~ m ~ e s  trw~bie h e  m d ~ v h c i  :?.~r.r.eL G[ SL:~? 'L'l. 
Then apply two equal signals s i rncl tonec~sly to both lnputs 
and check !or a s:cilar blit !arqei autout. I! no output, n 
!ow octi)~!, or G distorted out>ut 1s autolned durlng ony oi 
these checks connect the osc>iloscope successively to the 
o u t ~ ~ t  of mck, stage. Proceed fro- the output h c k  t c -  
words the mput and note when the s;gnai observed or: the 
o s c ~ l l o s c o ~  Gssunes i t s  narnol s h o w  ond approximate 
output level. As on exombie, assume that with norno1 
mpbt applied both i r p j t  ci-annels, h e  driver cutput 1s - 

i \ 
1- - J  .- L- ;:*,,,4* b ,,,, A ;  .,np,*,. 
LL,L!!U i i l l Z L . , " , ,  ". I , "  ,l.,, ""-, ,.-l. '."?.en 

Y ', '. m e  osciilascope 1s recaved on6 eoi::;ectd to '73  id, r ,e  
LC slqncl c m p l i t ~ c e  is i e d x e d ,  51;t thc tistortior. 1s st:!! 

evident. t!owe,ier, when the csclilosccpe 1s connectell to 
L ~ S  GII rf 1/23 the d ~ s t i r t ~ c c  d i s z ~ ~ e ~ r s .  -he t i o w e  ther . . 
exists  in t lxe  'J2E. 11s i l s soc l~ ted  ciriult,  or I;, the coipl-  
inq clrcult between V 2  and '$3. Obscivlnq t5,e r i r ~ e i c r n  
c t  t::v ~ i c t c  a! "/23 ;.:!! @icki/ e!i-?xte the coilpi!rq 
c!rcult. h ,io!taqe check of V2 will then reveal I! the 
e!emet.t v o i ~ q r s  are .?orool, i! the vcltaqes are cor-c! 
tube V2 is r,robaoIy a t  touit, ond r e ~ l u c l n q  it wiu. o &own 
good tube will restore operotlor. to ncimol. 

Note thot in thls c a s e  no tubes were replaced or voi- 
toyes meosured untli the npprox:l!lute iccatm:; oi tie 
trou3le in this clrcuit was pin-pointed by the vlsuol wave- 
lorn check. '!:hlle me t ~ b e s  mu!? have beer recio;e csd 
l L  1 --.-. ..,, -" A "- ""?" "? ,,,- ... ,,,,,, ,,"" , , ,c  eAe,.,t,., u.Lu* Ld ,.,L..u-e~ uv-.. vu ,..L uu.yu.  

seti I; ke iLi .am1,  it  i; evil~:;: :Let 4 p:cced~re C! !Kit 
3 ~ .L . ~L .L. 

a",: AS kns.c<:;, < ...**:c "i : c ,  =,=.. ,..uuy, ,,.L 

!rc , -~ie  : , . p r  rrd4<,Leer! e ; ~  , . r , ~ t e :  .;~, In,: -,g:,;.e:, . . 
:-Leu w 2 - L  ..:;e kc?:>  .e,AceJ ,.!.e:, &:, - 1 . ~  :AL :L:--:~ 
;y was detectwe. Fcrrier tests  cr rre t u e s  woum tnrr. 
k l,Kces>ury I< ,ieter-i?,~ .vb,ick, *cs GI fc"::. 

,'he:: aperctlar ;! ci!,:iit, i l  ;-riderstud ,-,;.d the 
trouble symptoms ore coreiully evoluoted, mucr, neealess 
testlnq con te avoided. Tke cause  oi the trouble con 
usua!!y be determined by apply~nq aaslc  c ~ i c u i t  theory. 
!s !kc .13ubt!s! ccses ,  3 syslematlc m e t t o ,  C! testl?> SXC"  

;j j";: je-c::&.! ?)i.! ;:-:.i. Sgp*:!?T !C 2.q; zL!n-5:.!?,, 
meeds, cc . : i : - ~ x - ~ i s s  ?cess:zq. 

CATHODE-COUPLED (IN.PHASE) VIDEO AMPLIFIER. 

APPLICATION. 
The cotnode coupled videc oz.pliiler is  used a s  an !r.- 

put mtchlrig a r ,p l l f~er ,  or cs an int~rmedicte  level , i l e a  
~rrpl i f ler  in ccszaderl d i r ~ t < o u p l r :  video stages. 

CHARACTERISTICS. 
1Jix!ly !s se!i-h!n+i6, nltiniwlr rnmhirnt>on inmi- 

--I - ^ I ;  L.". -mm h a ,  oL*>-"'"d u",, ". 
U ~ d c i l y  explays c w i n  triode for rpoce qnd economic 

reasons. 
O ~ r ~ t e s  in-phcse (a neqatlve output cccurs far c neg- 

stlve lrput an? v~ce-versa). 
3 o v i d e s  2 hl;i input n p d a n c e  wlth o m x ~ i s t e  cutplit 

i r ~ d u n c e .  
- , . 
nrq:;;r?s nc i;zc:: ::rque:lcy CU::.LS:;:ULII!L~ . I ~ ~ i l l : i .  

ir.verse f e e d h c k  iron the deger.eratlve cotho5e pro- 
?sees wlceranl response. 

CIRCUIT ANALYSIS. 
Gon-al. ?he c;.!hde<m;!zC i'iinc c . ~ ~ ! i i i e ~  CC? he 

considered to be a comhinotim of two h s i c  cir iul ts  (a 
c ~ t h o i e  !o!lcrier 3rd o :roun3~.6 grid ampilf~erj  corrected 
In a ccscc6e 3rranqenent viitnout any ioupl lrg eleaents .  
The ellnunatlon of tt.e necessity lor cauplmy t' ements  
i k ro~gh theuse d direc;iaup!mg i ,x~r;vis the !a? ire- 
lurncy respmse.  Snc; most detectors provide c r.ejctlve 
output, t h ~ s  circuit m y  3150 be convemently direct- 
cwpled to the detector, and con te e ~ t h e r  d-c or c s  
couple3 a t  the output. A!! the a j v m t a g e s  of the c a t n d e -  
!c!!c'&er ?c:c! ?re -1i2t"inlirl. WLII!P f h ~  qr~,lndp6?rld 

:;;c;it pa-.ijes nu:% :.)ti starillti  
and less tube raise .  The a ~ t p ~ t  circult icn d s o  k easily 
:;.:tcr.e~ to : t , ~  :C:I>',;.~: s t q e  !ar r7...-"- .".L ..." ... - I L I ~ U ~  3y 
proper cholce c i  imd resistor. Since tne c a t n 3 r  d e g r ~ r o -  
tlor 1s d!e:tive tar hath input ond output s tages,  increased 
l i n e ~ r i t y  is abtelned ,n,itll better w e r a l l  freque?.cy re- 
sponse or15 u wder pus3 h l n d  thur. tor conuentisr.;l pioie- 
coupled stoqes. 
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A twlc-trlole t l b i  1s SSK, ~ i t c  0r.t t.df-sec:icn, VIA, 
opro t ing  as o cathcde follower, ,whlie the secorc-half- 
section, VlB,  operates cs n ;ro~n!rd ;rlc oltput ;ta;e. 
Cathode reslstcr Pt f ~ r c t 1 3 z s  3s o CO~TC:: c o t r i d e  r ~ s i i -  
tor which, supplies bioi !or bath tcbes, 3rc a s  he isa? 
ocrcs i  which the m p ~ t  is developed cnd opplitd to t ,e  
output stage. The outpl t  v o l t q e  1% d r v e h p d  o c r s s  
plote resistor R L  in the second hali-section of V1. 

Yiith no input siqnal applied, toti. : u k s  rest in the 
quiescent corditlcm, and, since Ri 1s ;sn-or t c  bet:) 

tubes, the l n ~ t i a l  bius 1s determnec ly tile !ot?l cotb,cct. 
cunen t  of both tubes. ldt,ea a 3eGative i n p t  s i ~ n a i  i s  c p  
plied to the grid d VIA the .iote current 1s ;educed, or?  
l e s s  cathode vol tole  1s deve!o;ed clcrcss h. S ~ c s  tb,e 
cothcdes of both half-sect~ons are connected t o q e t k r ,  th2 
~nstantaneous cothodc bias is reducec, orc both t.olf- 
sections !end to d r ~ w  r a r e  p l ~ t e  c x e n t .  F'lote current 
flow through VIA is de te r7 l r . e  by t s e  e t f e c t ~ v e  b ias ,  
.which i s  the d ~ f f e r e n c e  Senvern the i n p ~ t  s i w a l  m d  tile 
developed catha& h a s .  Currect flow through Rk 1s m c 
directicn which places c ;osltive polarivy 32, the cnti-cbes 
and a negative polarity at groun3. Since the y ~ d  of V1B 
i s  grounded the reductlor of cathode v o l t ~ q e  ~ C S  the Same 
e f fec t  o s  11 dr grid of V19 :\.ere driver, l e s s  negative, or 
in o positive direction. Tt,s ; h t e  c w r e r t  flow tb~sug t .  
l w d  resistor HL inc rwses  ond produces a plate vcltc]r 
drop. The i n c r e s e d  drop ocioss tt,e :oc,2 r rs ls tor  ap;cars 
a s  o neqctlveqoing otit:~: vcitage. Thus the out jut  pol- 
arity i s  the same as the input coicr!ty. The increased 
plate current flow in VIE, ir, turn, inc rmses  the totc! 
cathode current thraugii Rk ord ;rod;ics on increoc:~:g 
positive cathode bias. Thus clrcult apiotl;i: i s  degen- 
erotive and operotes ,wit5 theeffcct sf inverse feedhock. 
Design i s  such  that the common cathode resistor is iower 
in volue than the plote load resistor. H m c s ,  for any 
change in p!ote current of VIB the Zegenerative c n t h d e  
voltage developed i s  l e s s  thsn the output va!:rce. %e c!- 
fective drive voltoge for V i a  is the d i f f e r e r c ~  bemeen the 
degeneiotive -voltogr deviicped across t-IC cothajt.  res ls tcr  
and the i n p ~ ~ t  siqnal a ~ l i e d  t o  the grid of LILA. it is iess 
than the input voltage, b e c o ~ s e  the cothc?n f;.lla!ver stogc 
has  less  thon unity goin, otheiwlse, ti-c input si;rcl ,::,~ii 
be cancelled out and no output would OCCUI. 

Whec the Input signol s w q s  positive, the v ? p s i t e  
action cccurs. Plate  currect in VIA i s  i:,crcasrd, mi 
produces on increased cathode current on3 lorqer t ~ a s  
o c r m s  Rk. 'Ihe larger bias i s  applied a i  o negctive swing 
to the grid of V1B and reduces the ?late cwre~nt ,  likwiise. 
Reduction of plate currert in V13 calxes 2 :c?l;ctd cathode 
current flow through Rk. This inverse 3r Segmercllve 
feedtock reduces the total wiltput v a i t q e  aver wi3 t  i t  
would norma!ly behr i tho~ t  degerercticr,  but ctlli  permits 
effective onplificotion of the averoli output. 

Desigr, is such thct the tatol anp!lficction i s  b u t  
half of that normally cbtaincbie f r c r  1t.e ;one st;gi, using 
plote couplin,q instecd of c o t t d e  :ailplin;. Althouqh full 
tube gain i s  not abtolned, cathsde deSenerctlcr ;m; i l e s  
a n  improverent in linwrity and prevents any pcssi5iliv, 

of overdrive md dlstcrtlon occunny. In a:;?:lsn, t?e wer- 
a i i  r e s p r , s e  of the ;?p:if:er i s  i r o c 3 i n r b  t y  the 5tjer.e:~- 
f ive feedkcck. J..nj. ten?ency of Ire  or ; l l f l i r  IC cri$:iy 
i s1jn31 of one frequency more thon orother i i s , d e c q  is 
reduced c c t o n ~ t i c a l l y  by the increase' de;enrr~tion pro- 
duced by the stronler ~1~171~1. 7 x 5  t i e  z ~ p i l f i ~ ~ t i o n  15 

mode u n e  constant over c ,wider m;.;? thcr, rarc!, so  thzt 
the r e s jocse  curve ! s  il;tte?ed, resultic: m 3 ~ ~ d e r  pcss 
b n d .  7% use of direct caspl!nq bew~een  Lie 1,:: .stoQes 
e imina tes  m y  pob1e.n of phose shift in the clupilng ca -  
pacltcr or m y  recct iveeifects  , . i . i ih  n x l d  cttenuati !ts 
Io,#er f : r , q ~ e n c ~ e s .  Coosequenliy, s's-rt- or seric;-+ofilrj 
circuits are not r tqj i red to p c d u c r  s o t ~ f o c t o r y  viceo re- 
sponse. in some ap l i ca r ions ,  v.:.~ twln tricdes a r t  coscndec 
t o  sdpply maxinun >am. 

If o plate load resistor i s  connected in ser ies  with the 
plate of VIA, opra t lon  i s  substanticily t t e  some, exr rp t  
thct 3r. ogt-of-phase cutput c m  be o b n m e c .  'iOth i c s i s -  
tors in both p!ates, d m 1  and opposite wtpu t s  can be 
obtained with :he circsit oprot l r ,?  cs o ?hose Inverter !or 
push-pull operation. 

FAILURE ANALYSIS. 
NO Output. Lack of supply voltage, plate voltaqe, at 

improper bias  will couse l a s s  of autput. I! ejther h:lf- 
section of V! i s  defective, or 1f no si.;ncl exis ts  ,n VIA no 
output will be cbtoined. A s ~ m p l e  voltoge check of the 
supply, ond tkm from plcte to grocnd will determine if 
lock of plate voltage i s  the cause.  A checkof  the bias 
voltage developed o c r x s  Rk, with no s i p 0 1  applied, will 
determire if the = o p r  bias  exis ts ;  if not, i n h e r  the tit? 
or resistor i s  at foult. Reploce the tsbe witt. one know- to 
be gmd ii the lube i s  s ~ s p e c t e d .  Loss  of Input signol 
car, be ct,ecke? with o VTVM or by observotlon with on 
osciiioscoFe. 

LOW OYIPU~. Imgropr  piote or b x s  vo;toge, o defective 
tube, or a reduced in;ut siqnol will cause a reduced out- 
put. Check tile plote ond bias v o l t o g ~ s  v;:th o voltmter .  
I! the input signal i s  normal in cnlpiitude as observed on 
an o s c ~ l l o s c o ~ e  ar VTVM, but the v ~ t v u t  i s  low, replcce 
V1 with 3 knowr. ,good tube. 

oilto.+.d O ~ t p ~ 1 .  Olstat ion con best be observed w ~ t h  
nn osc l l loscop  and a known input (ap?ly a signal f r o 2  n 
sigffil generctor connected to V1A orld, or use a stead,] 
input signa! to the detector). Observe the woveform on 
V1A grid, a s~mi lo r  viavefam, but reduced m ampiituce 
shovld appear ot the cathode. Then check t i e  wiveform 
ot the plots of VIB, 3 sirnilor but cmplified signal should 
appear. '6hendis tor t~on i s  vis ia ie  c t  on') ci t iese p i n t s  
the muse 1s in the preceding circuit. 

SQUELCH CIRCUITS. 

Squelch clrcuits ore used to s i lence the receiver audrc 
output and min!mize noise when tumng betweer, stations, 
or while monitoiir.; a frequency when no s i p 1  1s present. 
Communicatims rece:vers of h i jh  se-.s!tlviV usuolly 
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contom o 6elwP; AGC c l r c x t  u;b.;ct, c " c c  tiit IP:~.?CT 

21 moxirnx sens1t:vlty for weok s:yno!s. '!hi:? no sl;nci 
1s presen:, or the :ncocmg s l jnc l  :i lca i i i ~ d l i l .  l e v r i o p  
go:?, cor.t:ai vnltcje, 3 I?CI I~XX i t  :OISC o~itp-~! ::cu:s. 
.... . . 
'Nnen ~ m l t o r l n g  0 zn3nn?i, U.ic cnlse 1: rr!:,-.l?mr!y 3~r.cf-  
m g  in ?he p r i o d  tetueec tr~nsrws;!.oi, 3 ~ :  < t c ~ a i l y  
N n i r c  h e  noise dur ra rxrernni :;:I>P.,s L Y  ~-y,;n.i -,zii,2i 

0: the opemtor. 
The iqreich a r c u l t  i s  rcr-izitf cr::cyeo :s zn oY!znc- 

. , 11: switch tc t ~ r n  t k  cujlc cut;lt o! !ce rece?:.?: ;:I .crier. 

no larrlsr 2ppecrs, !vier: !ns rtrr!ve. ;:ji;c: :: t s s  ?:xi 
im 2oxzenlcat:or. 3 rd  .will r.3: 5pi.n t i e  s-,ueicn, Jr 'wlrcn 13 - 
sljna; 1s present. ;ue uuu.; oitlu! 1s I L I : ~ , :  a i  ,:,i:i!l J 

cor;;tr a:se;r;, cr i sl,,r.;; stror.u er,ir.fi tc ;;ii;;i :;c 
, , ,  . , .... >q"eici, ,> receive". ,n;,r.c ":,,,,:. , , d , > C  2C"CL c >L>.  L.!C 

C:nn!ch !/.r09bnle C"Ltr"! b"I-'] " ~ t l , 5  $1 t":, ~?l:; ;!?- 
?,CIS ,:i,>,): ele , ,o!se ;c,,*! a;erot: !!;= .: &=:: !:, :> c;:.!, ::.. 

cliy k-rst; r :  332 "GCF. ro!se, or stcl!!c, ^re ezcc,;ctire-. 
whlzh 316 siii~:cli.r.t tii O Y C I C O ~ : ~  the s+eich cr,d j r s : . ~ ~  
nomentory burst of nolse. 'ihese short nolse ?xis! ?c r c t  
materloiiy cmtnbu te  !a ojeiator i c t l q ~ i  ct ;;.ici os tLr i;;- 
t;nlu;b :!o?sr 3dt?ct fro::> 2r cnsqdek:.s2 re2river. 

Aithodjh o n.m;ei of s y s t e n s  ar? ir is., :ost s<;c!:. 
c ~ r c u i ! ~  iz.i:!v.- 0 d-s n r ~ l ~ f i e i  vrhic- :rocl;c:.; a co?trol 
. . 
5 : s  cr;? e n a q t  13 1st  oli ti :~cPI\.F- f:rit 1,:::s c-g!i- 
iier when co siqnoi i s  present. T7.e negative AGC ,roitaje 
deveioje; bv t t r  rtce;ved s l a m ,  1s use< to remove the . . 
cor,trol b n s  ( s y e l s h )  and i l low the c u t l o  s tage t o  o p r o t e  
normiiv. Use of t t z  rece:ver iGi: vcitaqe t c  co?!roi 

AGCCONTROLLED AUDIO AMPLIFIER. 
f i e  kK-sc r~ t io : i rd  sudio st:~~;;iii?i is d5e: to .s?!i3ii 

the rFcFl,Jer uc!l! rlT1! ni Jcltlr. !t,iD! !' .... .., --- .... 
lu  r r i u c r  the i,o~.c 0ui;lut u s  1;;s receiver ia tdrrc: irul:, 
ane s i q z !  !: x c t t . ~ : .  2 1: p::ic;ix>f .LL!LI i:. r .x!c  cr.2 
controlled net oprot lon.  

CHARACTERISTICS, 
11 i; iiiir,ed o!! bv n pOsi!ivc AGE d l z !  ;ivo!t~;e. 
It i s  t u n e d  o r  by a negative AGC voitaye. 
!! -cy recdere! ipnppr?t?v- by - c a r r n t -  =witrh 

G X ~ I ~ R ~  tL:eskol? ic :e!e:r.:ze? 5%: c :.-EX! tics 
"-*", . -. . -. . 

,. . -  " :~ . , ~,pm!W ?, j  : n ~ g c ! ? ~ e  A,(;.: ,v!::!zc, ,:! !.r ,.; != .. .,-,,- 
A" . 

$,lny L*. mck3gr< ns o se l f io r t , ; inec  ccces i s ry ,  cr s u ~ -  
?::v ,zs cn l n I * 7 ~ !  9: tne f*,'. , b y , .  

- 
thesha ld  to s u ~ t  Icc31 ssercting c c n i l t l x s .  i c  rer::! c?- . . 
eration of the recelver u:lti-out SL;L~:,?:: i;113n, t i c  S ; J C ~ X  

clrcul! 1s nmnally coz? le te i  tho*<R 2 snl tc i . .  (::er. tills 
swl1-n :s open tr,c scl;elcr. cl:cut i i  :z;jir:t~vf.. .;..:Z;J;T 

. . 
351 ne;essmy for C!I:UII cp i i t !o r ,  x t t .  tt.2 t ~ e s ~ . c I :  :;r- 
tiol x? 1t.e S Q L ~ ~ C ?  c i i ~ r .  i.h:tct, I S  ~SLCII!$ :r;~::e: i?r 
_-o?,,emerce !r. n!mcr!on. 

circvit Operation. 4 t y p l ~ n i  z ,310 s ~ , ~ e Z t .  aperate: i y  
rPCCI.:lr :s!!c;~ 15 5:131(.: tl::;::.31:;3~1~ :I: rz2 C 3 -  

coc,>:c.y:r,q j!:,;s:r~tiar,. 

AUDIO ( N W T  

Q " a  

AGC 

- - 

AGC Car.trolled Acdio Ampliiier Circui: 

A , . , "  ,*,,; t.,& c:cctrcntLk ;,: ,-,LA, ,,-.. " ., ...... .*L ..".. b"::..( .. L .,:"- ,,,. ,., . . A  
c o i s e c t t d  a s  n ic coctro; nnpilil?r, and ncli-s.?ct!jr, V;B 

"< !Le 5i"- ,7p",.n'!w ; ,r*, ., ,.:.:.,7n2 -*c .~ . 
.. f 2 5 . 2: . . . . . . . . . .  - -  . _ l _ l  - ._ .. , : ~  . ,-,, . . . . . . . . . . . . . . . . . . . .  
"..A .- - ,  " "8 , " -  .... .." .. "... *- -. ..- ---,... ...... "., n , .  .- --... . . . . . . .  -. ..-........ .-....... . . ~. 
,,"It"-<, - . . . . .  ,.,.., ~. . .  ... . . . . . . . . . .  !!, .:.:; -,,. U L , , " " .  +; - - ..--...... 
;:. At::<: ,:,.:!: I;!!. :"% <: :2  z7.: 22:  L;~. ;:L.::.z;~. 2::: 

yesis,"!. ! j":~.~!!,~, th.- ",,,><-,;- ?I.-. ... > ?  

-. ,?,~ . . . . . , c .  -- . ,*- .c ..,-..*,- ..rr, . .- ... ..-" ... ., .- - . 
. ~ , .  T'.. -I..- .. ,/i,'$ ; - :  .. ."* ...... ,!!: , .r ~~ .., ., . , , ,  ,. ' .,, .., , 

CIRCUIT ANALYSIS. . . . . . . . . . . .  . .  , , "2 , , ,.," ........ . ,  .... , ....... :""I.- :..."". ." . I d  I. __-  . , . . ,  
~ ~ ~ ~ ~ ~ i .  ?a e r s ~ r -  ltn! :!I? C:~PICK :C  ? ~ F , c ?  :? IT? mzlrlveiy ro:-i~< r ~ r o ~ : n ~ ' ! .  %i~::~r:,z~ ;.I I. I-+, - ' - - -  . .< , 1 ...... ;iezkiz! :cz:ztl s:;::!, :: :i zc~er i :~: l  !-:! ; 5 : ; ~  ce::-:- , . ,> ,  .......... ., !- ; !,:r .:::!:Y~ ;.:;--: 

jt./.! -.i.:+icn T. ?Ct!...P ! h ! ~  ""? :?pi!!:..- .-, ~;!uP;P t h e  ?jntp ilnylii q n -  ;r", ,?- i v - - , -  -. 7. U i  
. , ~. - , ~,~ -, 

>q n,tr,i.ut e ~ e ; i i ; e  t;;,~i;;z,? i.;:;s ~iaiii 'va-'. ,."A> - F,'7, ar,d 38. Ti:e CJI~ , . , , IC L.: ;i:G :s : ~ r : r ~ ~ k , :  : ..." .~ . . ~ .  
sourczs, t t e  S_LS;C~  c l r i ' ~ !  o?-L IL. _iter::.iii_.: 2 -  t : ? r~ - -  V3:ln? :li.:z~: 21 :r:' ;x::;:, c: $ ,z:.,; ?:, ;:r ,. ..;;,G 

... ":~".crr^:. 7 n,lc 1.. ...... 1>1,<, .kc. - ..-. - r , ? -  .... ..... ....:. .. - 
. ................................... ............. . . I,.-- :̂ ,"... I" .---'i.. -^.,^- .Î  , 
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and R i .  !n t i l s  manner I!,: cct5cr.r ;i ,413 is c:hcy: :>I.- 

pcsitl,,? t h n  the plate c i  ' i lA,  c ty;l:c! :1ri3ti3:.;.cc 
hicsiry arrcr je-mt.  R t s i s t i r  I55 i. vcrr.. .. ".. ,.I. 3s 

= --? -- .. 
the t'lrssr,cld contra:. :,~rc 'Liz is r .crtcr-t.--;i;..c t ;  

the second md!o s t o p ,  P5 i s  tt,e ylcte i m ?  resis t=,  so6 
C2 i s  the couplinq c u p c i t o r .  Cctkc- .~ ryjcusi : . j  i;r 'ViA 
i s  occo::plished by C3. 

With n c  signal opplied, t?.e re-eiver AGC d s l o i  voltaqt 
of o ; ~ r o x l n a t e i y  + l . j  volt; 1s c;;;12i 12 ln;,t vcitc3e CI- 

w l e r  R1 c n l  HZ. Since the 3nC c i  ';]A i s  ;or.nec!ec o- 
c ross  R2 3n:y t t a t  v;lta;e c ;pc i i r ;  czrcss 32 1; r i iu- t ivi  
in drlvin; the :ill; ;ppr;r.i?ati;y $7.~-!l!t̂  I ,  ,:.TO:,+:- on; 
lost  ocrcss  R l .  3e;cuse R l  1s cor.nrcted Ir ;enis 
between the AGC bus and ti.? qrl ;  ci ?'iA, cny i;rn~?; 31 
the AGC: bus t y  yr i j  currrzt i l w  :L ;re,~t?.teS ry :re il:n 
resistance of Rl .  Cothole Sics for 'cbii 1% ;ii.iic.x: a -  
c ross  threshold control R8, .nh.ich i r  3 y p i s e c  icr oidio 
lreuuencies t ' i  C3. Thus the averace c : t t a e  t i o s  rt- 
moifis ~no i fec teo  by the si;ial cr by instcr . tane3,~i  s kc r~cs  
in tt,e plote cunent  oi VIA. Switci- Si is nm.i.o!ly closed t c  
complete thecothade circuit; w e n  11 ia -;en t:r s j u i l c i  
circuit i s  mode morerctive. 

As the pasitive input (AGC deicyi v o l t o ~ e  causes VIA 
to cor.,3cct, a n e ~ d t i v e  vcltc;;- h i :  is ;.rr\.~.:el -7 ;lotc 
current flow th roqh  R4. Current iis:i IS :rc,?i thc x t h d e  
of VIP. to the plote, through R4, or.c tbr3uqr the v i t u j s  
divider to the supply. Thxs the cn': o i  R4 nh~ck  i. cirect 
cmnected tnra,:-,h 32 I: t>,z ;ni sl ', !3 i s  c,i:c;: ;ilv-r. 
negative v+t,en plate current increcses  ir8 Vlk .  ?'.is 
negative aias  on the grid of VIB i i 3 ~ i s  tire 0~12 io  s tage 
to cutoii,  siler.:xg the receiver. T-:e ;on! L! .*hick CUI- 

oif occurs i s  dr tsrmne, i  y i n m i l y  Cy tr.5 settinu 3i tbrrskold 
control RE. ':hen R8 i s  adjusted sc thct heavy plote cur- 
rent flaws m VIA, i: !or~e  bict  is ; r c d c x  ;nd cnly o .wry 
srmll  positive siqnai is necessziy !a drive t i e  scueich 
sufficiently 12 produce x t a i i  :cl.trcl blcls. 

When the incow:ny ilgna! prccuces a r.ejctivs AGC 
voltage in therrecei.ier i t  causes  plate c x r e n t  f:o?z throuyt, 
VIA to be reduced. The reduced plate cxrrent pcduces o 
snol ler  v a l t q e  d r o ~  ocross R4, thus recuiinq the bias  
applled to .,;l% qr:d, and i.einittlnu tne audio stooe to ose- 

-0.3 volt will unsate the audio s t aae  ond kc outact wiil in- 
crease until the AGC s.oltaqe reaches 0.8 "a:;. At th.s 
time, tk,e squelch tube i s  completely cut  ofi, normal i l a s  i s  
opplied to the audio sta;.r, or.3 full c u l i c  ;~t?ut 1s obtoine;. 
the occompznying chort shows a t y ~ i c o !  squelch sensiti- 
vity curve. 
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OUTPUT 
VOLTAGE 

INPUT VOLTAGE 

Once the squelch tube i s  corpletely c i t  s i f ,  r.orr;.a! f i x e l  
bios ia owrotion of the c u ; ~  st;qe i s  s,~gjlie: 3j. tk=. 
vd tcge  divider zonnecte? 13 the i o t i d e .  Yj ez.llsyi!:; 116 
or,d I37 as  untypzssrd catbcde rrs is tcrs ,  s o n r  cc tkc ic  i.- 
qer.?rotia: i s  ;xaidec to intpsvr  the .Ei;i?eoritf oi I:-., nr:t 
audio amplifier. Any oadio signal a;rxaring 3;. V1B q i .  
will r.01 a f f e c t  squeic'l aperctio?, b e c ~ s s r  sque.:h t E r  
VIA 1s cut oi! wher. iull o u t 3 t  i s  ;o tamx.  3 ~ r i - g  tt,t 
t i n e  the sq;~.zh is bi0sir.j d i  'J!b a;! l  ;:rtisl.i r - . z~c in j  
the audm o;tpr;t, any oudic voitsqt c?;:!e3 though R3 to 
the s q u r l ~ h  ?!ate 2s ottenuoted by i?e lor;? r e s i k t ~ n c e  
:olue of R3 and has  no s!!c:t ii circuit s~r . : t :sn.  I -  
though there is c shqh t  dt loy f:on o;;licatim of !t.i si;:nl 
to the receiver until the circu~:  i s  c:mr':rteiy un,iuttl;, i t  Q 
i s  only c fe'x n::rosc:oc:r (;:h;h o;pors  tz 3s !!;ston- 
toneous) an3 hos no ~ f i e c t  a?. lne int~!!l~ibi!ity oi t r e  2";io 

L\ 
signal. 

FAILURE ANALYSIS. 
squelch inop.rativ~. hiii oi ,zrijer In+! signcl, an 

oFen pl,:te = c a t h a e  c i r c d t ,  :r a ? e i ~ t i v t .  tubs will prz- 
v m t  squelch tbbe VIA frs -  opr;t::g. If the r?c4vzr  ;ce; 
not s u p i y  o p s i t l v r  &:a, v o l t c ; ~ ,  :I $1 i s  iy., or 
R2 i s  shorted, the circuit a ls?  will c,2t c p r a t e .  ;.ieisure 
tne v o l t c ~ ~ t  from thp grid of '/;A to g:-url ~ ~ 5 t h  ti si~lt:zetei,  
olso the voltage on h e  AU3 h s .  Voltage a t  the ;us, but 
not a t  the grid indicates enher R: i s  c p ? ,  or 3 2  :r snorted. 
Use on c h n z e t e i  to check t i c s e  ;Fs;rtcrs. I! C: I; : ~ i ~ , z -  
t?ve, the c a t i a i e  circuit w11! !x open c o d  the sq:e!ch wil, 
not orxrote. '.!ckr c co.t:;ulty rh.ec:: JL ; . e  :.;!!;i. ii 
plcte ieslstor 74 is e a k r  c p r  or s'.:::c~, cc ~ Y : ?  ,;!!!' LC 

, . :evelcprd to cort;ol the o u d ! ~  512:~ . :, : .: ;.,.!:.- , ~~! 

,!St Op:OtP. ! E"*L:<, I-C i:i:tC YC::?:~.. C. '.':,. ' c ;lcte 
vo!ta;e 1nO:ZJ:Es h i  is c:k!-.. ,;:, ..?It- I.::!:.:? C' 1j.i 
$ole a i  Vli .  a ~ d  the sqw;:l. Inoltr:r;vt e ~ t ? e i  1:: tu% 1s 

: e i ec t r~c ,  .!; 1s sk~crte:, .',: 1; , c: :' ::::.!L.! ::c!:t:L 
H6 is se t  t w  high. %place ViA ::!!:-. r .;::c,.",;.? 3" -xi t:-_ 
cnd al:ust the thresbo:? cortro.. I: t r i  sqbe!:? i t i l l  -I!! 

not o;erate, rectcve ;icte ;cv;er fir,.. i.:c--r *',,, .. -,-- .. .1::3"CC 

01 R4, ana R3. It R3 is shortei ,  1'~:: ::qut:cn .,,ill c p r a t c  

CHANGE 1 



ELECTRONIC CIRCUITS NAYSHIPS 

k t  the c d i o  v;ll: :e rcc-:ci r ~ k z  :i:r Z ~ L C I - ~ L  I: :EC~C.IC~ 
., . tlvr. Cr t l e  o:nei n a l c ,  .i F,3 is o-.e: :ri.:,. ::.. prassil; 

be a recuced audio output on6 the squr lc i  w?!i not cpercto. 
Squelch Operates, Audio Output LOW. )>!hen the s q ~ s k h  

o;erctes, bat the o d i c  o t p u t  is lc:.:, tnp :ece:v:r ::a; ni. 
applylr.j 3 neck cuila sl.-pc!, 31 :La ....-... ,-,,-. 

3. .  o s1c;e 1. l!.: 

oio;eriy biased C ~ e c i  1.o bl.:> Y -  I.::: i.:~i. .j 
:-.elm t c  1cc:te t::r :eioct?ve :esls!i: Apply 2r. z",iic 
s ,  ... .. u; ' ,ru.,, ti:, ub~:iu s:;:,:! ;e<.r2r..tG: :~' :;.e GI,! 2 .'/i2 
.C Icrqe: o~!.;ut ;r?lc::e; me O-:!~!:CI ir 0~13t:r.: :-I  ti^: 

.L , ,., r<.rc,>.sr i; ;z: ~- - ..- . , ~. . . . .  . . _&~,. . l_t.  

f i -F ampiiileis air simiio; i n  nluv r s sp rc r s  rc ;:hi.; i ~ ; ~ i l s  

ot elect:on tub;- anal~l:i.rs, but 2ii;ir ;r,mc;.h ,n tirr 
. .  . - . - . .  - . . .  ......... T:, ....... . ..:.-..... . . . . I . . . . . . . . . . . . . . . . . . . . . . . . . . , . . .  , . . 
two generol c losses  of i-f o m p l ~ i ~ s r ~  the untune.: arnpl~fler 
and the tuned m p i ~ l i e r .  In t t e  lintunec amplifier, :rspanse 
i s  deslred over c lcrge r-I r a g e ,  and h e  mclrr lunctiorr 1s 

ompilflcotian done .  In the tune3 :-i ompiifler, ?e:y h l jh  
onpiiilcat;an is a e s ~ e d  over only a s:idl range or :requtr.- 

. . . . 
cies ,  c: at o single !:cq,er.cy. Thus, In cc<::ial 13 :mp!?!:ca~ 
t:m, s e i e c t i ~ ~ t y  1s also i e s l r ec  to sepcrate the wonted from 
the unwanted s l g n d s .  Tne us? oi the :me? :-f onp!if:e: 
1s seneroily un~versd ,  while that of the untune6 r-i cmoli- 
tier is relegated to a few specld cases. bnsequent!y,  
when r-f amplifiers a re  mentioned, they are ~ r d i r n r i l v  

eiemen: S S L G ! ~ ~  mns1sts  ;I o pcldiel-:esonw: i-C c:Ic;~~. 
:: -3y ze :nc;etlveIy tuns- :by .: :nc .~c5i i  sicq, i;::ii !:.c 

tank copaclrancr linen i n  iwuiue or consistinq o: tile stray 
and distributed cilpacitance cx l s t ln j  in the clicult.  3, as 
1s usually the cose, o fixed or  s l ~ g h t l y  adjustable i n d ~ c t o r  
Getermines the nigh-iieq"ency limit, x,3 z ;~n ing  i q i i ; t o ;  
1s used to tune to ;he des l re i  irequrr.q or mer a range of 
frequencies. 

7.. .*"":..<-- ""..:"- *,. .LLLa..,,9 L.," .y... ez:, thc  :-i cmpli:lcr s?r.:es !3 x t 5  
j::,>I:iy :k,e s i j c a l  m d  L . ~ O ( ~ S Y  :hi. 9ro:er f : e q ~ e : : c ~ ;  i:! 
nddi!~on, i t  serves ro iix l i i r  sqiisl-to-:lois :u tu .  A puut 
- ' ,,,, . .  ul.,,.... ,.~!! zcke !t,? c?;:y:::?fi! chi? !c Y - , . .  --I,, a,... 
to lorge input siqnois, wherecs c good r-f axpiifler wiii . . . . Srmg ::> +.r wrok s~gr~i l ;s  uuure iilc ilaiui~~:Y..~ l iu l ie  i ~ ~ i i  ... ................. _=_ *._. _ _  ._  ._^ . _  ........ / . _ "  .. .i ..-.ar ___. ... .._.... 
urn  tlius pei:tht reception K ~ I C L  ~ U L U  oir i~rwise L? ,rryljs- 

, ,  - , 
C . n , r  8 n e  ..! om~l! i !~r  is ,><,~, ,!yr,, ,, ,711 ,-i , .! :*r,,,-, , 1.- 

:cc:ecsel, s:we a sI?qr:ii !ewer ?os:ave potent:ci new 
'.---,.I-- :r ..;, ;I,- . . . .  . ': ... ir. -,> !LC,. my.< , , , r , -  . . . . . . . .  

, . . . . . .  
G;,d :,.g:, :,-equcnz7 :c-e.>=;s,, a:.; ;;~.;:ea ;..3;, 

r-vhl~ed ~ i t h  =~rr=:e se!er~!virY. ir rrarsrnlirers; rne r-i 
r~ l ! i ! i ev  rerups m I.?F!!!~? a sin;!? ! .eq~e~cy i !ncl!~I!q 
uny ardrbm; i ~ i < u n i c ~ c >  producril t, nlddulu:.,r,; :; ; 
i d ~ e  s i i i t ~ r l i  ioi opplicctlon :G :ne m!en,ns. 3 0 s : ~ ~ ; l y .  
tne iecelver ;-i anpi i i le i  1s o i u i ~ c j e  ampiiiier, wi.ile ti,< 

:he :rcnsnlt:er :-t omplli~er i s  c po,:wa sm?iiiie:. 
. ~ ~~, As ~ , , ~ i , t  LC sus+ectc,., 3.r,,.c, ::,c . ~ :  d:iLl.Le. .- . ...".". Ke 

-...- .. .... ." 
" 7  . 7 . . . . . . . . . . . . . . .  -I.-.". ........ l.. ." ... 
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pmameters i s  necessory to &:an proper 0pri::li.n. b, tt.e 
med:~m-, low-, acd hih-ireydency :znjes, ;on:ec!loncl 
tubes wd components a re  used. k the VHF, StiF, ma r.iiro- 
wave ranges, speclolly d e s ~ j n e c  tubes and components c:e 
req;:ei to ab rc~r .  optimum results (ior exonple ,  tne iiuvelinq- 
wave tube o ld  the multi-covlty klystran). 

in  addltion to War desqn ir;ruirirnenis i r n ~ c s t i  by fie 

qwncy ,  other canslderations are oiten i n v o l v d  to obtain 
l e s s  n o s e  md j;oC ; c l e s : ; , i~  i:ith ;lli!i;.?c: c--l.;..- c:lon, 
sucn as those in-.olved in  cos:udej ana :oscoied stoges. 
I n  other instilnsts ti,e i ~ f  aqp!;:ler not only a;.piif:ers, 
!,L: ,;lsil seivPs i t  i i ~ l : ~ p i ~  ::e i:cq;eacj. Eci: sf !i:e 
..... YY1;0d5 y p e s  a d  C I C S S ~ S  2: ;~! r n ~ l i f l ~ r ~  :,:I! be disc:s~t,: 

.Lo *-]Ip " . , F "  p.-.*. ..." F ~ s  . ................... 

PENTODE R-F VOLTAGE AMPLIFIER 

APPLICATION. 
The  pentode 1-1 voltnge ~ ~ p l i f i e r  is mr;li~ersnlly used 2s 

tile Input s tage i n  ieceivws cr o;t,ii cascoor.: ;?i znjiiile: 
stoges to piovlde a hlgh s~gnai-to-nolse ratio wltn maxlmunl 
voltaye ;mpiiflcmon. 

CHARACTERISTICS. 
hloy be either tuned or u n ! ~ n r d .  
Operates ot o specific r-f frequency or i s  tunable 

over a range of :-I frequin::es. 
Pravdes hlgt. g o ~ n  (100 or bette:). 
!!;es :z?FesCEce Cc.lp!lng C: I?.;.': or ?c!C:!.! . v S ~ i e  fill" 

galr. is r.ot reqdred,  md trmsforxc;  coupl1n2 .with n: ,w:thm~t 
l ~ n , 3 g  :"; l , , y t ,  &k,. 

. . . . .  djeS iarr.oae 3i-s, i- / _I,.,YLL . . . . . . . . . . . . . . . . . .  _,"> .", l,.,Yi. .:! il.p, . . .  . L  

srgnals.  
9pe:utes C lass  A at c l i  tlmes. 

CIRCUIT ANALYSIS. 
General. ' h e  pentode I-: ioi tage mpi l i i e r  may be 

e!!i.er !L.& O! .i?!uniiii !&!hen .I?~,J-P,-, !hp str,wy w:rir" nnr 
?iitritiite,j ; i ~ ~ ? i i ;  c a p ~ i i t i r i ~  PIG; f h -  t i b c  m;.cc:tcnce 

. . 
tc q r ~ ~ ~ , ~  ;i8m: the fAqt,~heq,.s~c,~ : c s ; s z s ~ ,  a d  k.czce !be 
hl"hec1 r.! iienltPp." c1 wi,-+ 17 rn" " P  l l S P l  C" f h P  0ti:v: 

3-  

iimd, the !uned r-f ompllfiei uses o pawllei-resinont clrc;;; 
Lu .,up,, ;? !,id:. ,,r<pic.,c? zc:Gs> .".k.;z:, :!,&. :cc? .;c:::,;c .; 
, ,  , " . . . . . .  ..>.....? i ! ,_  > i  ..:- .ii.ir,:.i_,? .>, ! i hi. ............ .... : . t , ~  .. .... . . . . ,  

cGcGcitG;cc> ;r,erei, A.xd YU t i ; =  :3Lc 2: :u:,.:.< 
i u  :t,-; :,:G!,?: ~ : z c " e ~ r ~ ? : ;  cni :;:e;t<: ~%l:!i"d:,~,; !2=  

co.n!paEi ,",,?. !r>c 8u!,ru,~*u a,: ie! Uf :,,cse r',.;,,er i r % . " < r , ~ ~ ~ >  
i . ̂L.̂ ,.", ," " ...... ?:e:eiore, 1". ,.."..A .- ..i ......?............ --.I,".. ' -  . q,,,el s31!.: 

. . : .> . - .~ . .A 2 ,,:, . . . . . . . .  ......... 
~ .., .,.,. . ..,. ,. . . . . . . . . . . . . . . . . . . . . . . . . .  
, ,. $:b!%, ,..:t!, - trtr,.?c &;>td,e: ::::.e. T,L,e :ufis,: r-: ...... 

,f,er:s - .., "' ".,,-. . i rn . .~ ,~~~~:  IPS ! , C T I L I : - C ~ :  ~ ~ 3 i i i l e l  mll 
.,.<, L.."2 L*- :  . " ? > , c . - . ;  ?.,. . - ..... u.u... "-.... u...,...... ........ -I:SSPE: N:rr;:~tz~: ~ 7 -  

p!:neis ire used t i  ~ m p l l i y  C:5 :r vclcr- ~cd;! ; te i  siql-!s 
.... ... ,. $'.."""'..+ 1 ' "1""U-i"L \ ~ ~ . . >  -- :.?; , - $  ..L 'l , .i ,ii-' -.--- Leo-> u,Y'i" L - - J  "-",,'<"." '.." 

are lised to cnpilty !elevision, v l d ~ ,  3 r  ?>;is-nud~lorc; . . . ,I...",..; .I.. A ,-"!,';a,c .,.-or,, . "  ,; .,,,- ,.< L !~; ... .._.L_.. . .r_..._ ....I, . . . . . . . . . .  . " .  
:,. ?.C c!,2,z!.,d t!:? ,.F!!!r! f T 7 > , , + !  7- :", . .;),+:-,:A ::,r .......)......! ,::,,. 

CHANGE 1 





0967-WOO120 AMPLIFIERS 1 ELECTRONIC CIRCUITS NAVSHIPS 

operotlng very close to zero blas, m d  the Eg-Ip c x v e  in  
thls region is never stralyht. This  results in uneven posi- 
tive and negatlve swings, ond this  produces distortion. For 
: ~ f  amplifie:; where :L,e Input s i g d  i s  largc, a; in coscoded 
or i-f s tages ,  o larger bios and a more llnear portlo" o! the 
c,..., 0 ".m ,.?- A -"..- 

,,,, rrnen tihe mpui signal is muduluiad, cuiil 1-f ~ y ~ l r  ~ull iy 

be o! dif!erent m,jlitude; !has, ccnsidering ench cycle  m 
be amplified linearly, the madulat~on i s  l l k c r r ~ s e  a m p l ~ f ~ e d  
proportionately producing an over-all modulation envelope 
,which is dmos t  ,dentical with tho1 of the orirjirtd modu- 
lotioc. A sliqht difference (usually o reduction in rnoduiction 
foctail t r l s t s ;  this is p rod~ced  by d~stor t ion,  r h c h  ail! be 

. . 
c:;,-ussea i n  i l ;p li-:?il :iG?i F ~ i i i i r e  !innivs;s. 

When small values of Clcs are ~ s e d  in the lnput stage 
m d  loiqe s iqnals  ore applied, Astortior cccxs becocse . ~ ~ ~ 

the s;jno! 1s pa;tiolly clipped cf! ir, thc plctc circuit. !n 
d d , t ~ u ~ ,  4 r ~ d  current tic* c r a t e s  J h w ~ r e s : ~ t z ~ ~ ~ ~ e  i: ;~~~~.! j  

path bet*een the yri: and the cathode, which ef!ec!'ie!y 
lowers the yrld taqk 9. As a resalt,  the input slyno1 and 
over-all ompliflcation of the s t age  ore reduced. Therefore, 
11 i s  common pioctlce to employ o variable cothude resistor 
for monuai galn control, or to provide some means of aurc- 
motlc h a s  igoln) control. FOI c complete d s c u s s ~ o n  ai 
AGC circuits, reler to Section Zi, Control Circuits, in 
tkis Handbook. 

FAILURE ANALYSIS. 
>:" C,,ppu+, Loss G! ;,LC:<, zc:??;, c: f:!cr:;c.,: .;cl!~ 

aye, or a detertlve tube, con cause  no ouIpl;:. Tqr voltugrs 
can be checked wlth a voltmeter, on0 n open f l l m e n t  cc? 
sometimes oe ocserved by noting [hot tne t h e  is not l1;ir.i- 
cat& and fee l s  cold to the touch. if ulr p l ~ t * ,  screen, ar,O 
i ~ l m e n t  voltoqes ore nomcl ,  subst i t i te  o t ~ b e  to te  qmd.  
If there i s  st111 no outptit, check the inpat transformer by 
m ~ l ~ i n o  a modulated vol ta le  !rom a sirno1 gpnerotor to .. . . ~ ~ 

the input t e i m ~ n d  and otserve whether there i s  cn input 
voltage on the gild (use o VTVM or m oscilloscope m d  :F! 
probe as !he indicotorj. kn open screen reslstor iR2j 
~ i l i  be ~ r , d c o t e ?  by the lock of screen ioltaqe. S : m ~ l a l j  
u shorted screer. capacitor (C3) will drop the screen uoltoge 
v; zero und cuuse R i  w rieut d~t torn~ui iy .  7rie si_~il -:i<iii 
candltion may be observed visuolly by smoke from or dis- 
coloration o! the resistor. An open or shorted cathode bypass 

. .. ."" ". , ,  , ,  ...,, , -"." ,,-,,,. ",,.,,., ,,.,~ .... ,."M, ..,.,. ."i"...". .l-, -..., ri ----_ - -_.r_. 
.ii~i:i:;zi.; ~.G"c's:, I:. ZjCi .  ?ic; :C7:::c: {il!) ;.-:z!I;. ;;.!!. . , > . I  ~. , ,  . , 

t * C ~ ,  d;, >=., O..,".L *..,,.".A c =. ..<"-c- ... ", "L 

obvious or may show oniy o s  3 siiynt increase in ;is- 
. ~ . ~  . ! .- .. . . . , , -, .,.. . c  . .  . . ~  
.".'.Yi,. .. ii,.;,.* ..,yuii.u. i. i i  - ?id - i i i . i . r c .  "rrL..J 

ins on wherher I: is short-nrcuitec or open-clrc;~rec, Inere 
.. uy Lc , I "  uuipui vi li cu,,5;:tiil:t i i: iuii: .j,,:p.,; iijYii~~ 

,,,-I,, . . ... ,,,..,. SIrlcr e.ch ;l?pa;ltoi jl0~~~i5.i k,y i i l l ,  i t  hiil 

be necessaly to disconnect one  end to check for capacitance 
or a short. Where m open col i  1s suspectec, 11 car. be 
checked !or continuity wlth m. ohmmeter. 

Reduced Output. V!ic. the:? i s  2 o;e-8 ;::cui! :n 
s;:i;e: *."".'rime: .,"..u."~... 7 1  0: 'm, ;! s2ii; ;-!ec: c3psc:: :,). :c.F!?>: 
ruaia t r t w c n ,  ii,c ni,,;l,.ijs ii-siiiiizl:" G: :hi : i .Gi l iL  

frewencles), the o ~ t p ~ t  wll! be :educed, rather :b.an ncn- 
exis:ent. Cn the other hand, 31 the lower i-i !reqieni:es 
the a ~ t p u t  r ; . q  he reduced ;;;it:ca!!y :3 :e:c. ." ci:eci 
.... L _.- ..L-_--t... .... l i  .I.>rc ..,,* a ,.lhotiur .c rnnl,nl.ii.i " ,,,,, ",," ,,,, ",,L,L, ..~., "b...... .,,- .,,,*...u. .- 
ii, t',e ia!s. A ciii-tge :c :P,e .;;1~2 I !  scr:.er :ecls:>r 22 tc 

t:;brr ,jc!vr .!:!I !?we! !" -creep w!rn:p n r r  TP+,II~P .P* 

ohlpui.  L ~ k r w ~ s r ,  ii reduced p l ~ t t  ~ii::i~i ii,si2 ~f 2 

h:;t,~:es:star.ct p?~!  cr w ? n i l ~ q  vi?l! 1cwt.r the ~,:!F..J!. Low 
astplit c m  also be come?. by a ie tect lve t u k ,  tho: IS, a 
tilbe with law f;lmer.t  ez:sslcn or ZT i n t e x d  shrr t .  I! 
the lu te  hos on inteind she;:, it *iill ?rsb G :,t;;.f c,z!:,nd.: 
c ~ r r e n t ,  thus p rohc! r j  3 ,ncr+ jrrote: t!!on !!;ir..~I ttci j n i  

: L . ~ ~ C > L ~  !hi o*:pvt i c i > r i : r j i y .  .i ?.C:L<::, .,, i;;:,,277 G: .."" ~ . , " -  ,."<. ,.,. .& ,, .,. , , , ,  . , ,,,,,, ,,, , , , .  
,,~..,d,,,~dd~,,.. ..... ~ ~ . . .  .""". ,. ". ... 
apparent lack o! o u t p ~ t .  !r this instance :kc z:ic:>:! .;xi! 
check no:-ol in every respect. ~r.2 chas:?c: . . !!Cps w!!! 

z a k e  ns .':!!e:tncc. S~lts!i!L!c :rz!::sr s!:~!! i r l ?  1 .~ ....... . . .  -.., ? .. .- , .  ..., ~ . 
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lction) frequencies J! c ~ n u l ~ l a t e ~  ;:lpd: s:,jrd will z:ez:e 
.. . I , " & %  --- , - 9  -' 2;..*"~*,-* A ,  o ,- .ko - r o  -' *.a " .,,,,,,,." ,.,,,,.,., ". -"- .- --..u.-.- -. . ~. . ~ . ?doe E4.$ ch~i~~ie i i s : . : .  : . L ~ : . . U ~ Z ~ ,  "re-."' .'". C , - . L r . . . = . . .  

, . 
1s requlrec tc 2rt?rm!ne !h:s cc:i!t:x; :.e:!:er, :! :r nl 
i l l t ie  cor;se4uen;i- e x c q t  ia :&v ;esi;:lu:. ~ ~ x ; n l ; c ,  

change ~n the modulo+ion focror is itiis~i! y it,? :oi: 
:t,c: tt,s .?.d;.;,:"i 7 , c ~ ~ l ~ t c :  :-: z ; z : : z  x: 2:  :.;:<:cr,: 

mp1;:ddes. Thus, thc iargc; ;:.;nais 3:e omp!:!:i? :::ore 
!hop !he smailrr siqnnis : , e r o ~ ; s ~  or r " ~  c . ~ r i ~ f i . i ~  ni 16- 
t;be charocteilstlc: thls is "!so o Jei:;n prcblrn.  t ic i  
distortion i c y  occur becalsr oi : ; ~ L c F ~  5si. oc !he 
comer ot law slqnui ievris.  T.,Ls :s c8a;n~,~ii, r ~ m ~ x i z e d  
;ypi;pe. , r..u,;r ,,, i..-- ry~,uSr i , , r  -.,,u; .-2 ..,..', -...yr.; ... :, .  6 .  ..:.r::::J: + 

:ayethei wi t i  screen ;y;us;~n;.   ti ti^ ;;,z~i'. t e  i.2 i .:~. 
: ,  i>s;a;:.dr', 17 <:,e c,:"l~,~,<~,: -., ,,,,y ~ ,,.,..> ,.,,., ,:,~, , A k , . ? ,  

whew the f i l ters  or byposs coi;.por.er!:s -re .!e!i.~t:ve. 
~ s e  a1 on asi l i loscope v + l i l  snow v.:lerr t he  !.LI.~ ,d i i , r . l ra  
.-. " ~, "-" -.., .u-u..u- -. . 

, . , . , ,  . . . .  - -7,. --  -- -" ,.,,, ".- ", -....-.....u... .- -.-. 
, . . . .  ~ . " .l,l. '...._.. _FI. ... .. ... :~ ~~. 
. . - - . . - . -- - - - - - , . - - . . . . . .. , . - - .. ,. - ., .. . . . .. . . . .. . . . . . z~,+ccn 1 ° K  a,,u,,t, "),k,>C,.. 2 , ,>~," *=>, ",.= u. '.,.AL.. ... "? 

, , 
_<  __,l__- ~ ~ . L  ." ..,. , ~ a . ,  , 

. .  , .. . , . ~ . .  .. . 
:a ae inncyan.; !r I?,? rrcep:!uR VI :::e sr:.ri.d b: ;::.!. ;: c .:. 
. , .~ ~ ~ . . ~ .  2 . ,  . . . .  .., , . ,  . ... . . ,~ .  r,,,,,,,,~,,~,. ",,.. .,. ,.,,,,,,.",. ,,.. ,... A , ,  .,.,.. ~ . , 

. . . I .  . - . . . I .... t I ,. . ,  -,  ,L., ~ . , , , ~  ,., ,,.,,,,,,,, .., , ,  , ,,...., . .,. ,. .,..., , , ., ,.,, 
dlstoitlorl occurs to me lnoaulat~an freqbtni;ei- 01 s l  j n l l ;  

,, , . . , , ,  , 
'i;::c? art. ni?rma;y louo 3 rd  c lmr .  It i.a~!? no1 :e :Jn- 

. . 
!,sed ,u~tr .~  seiectlve ;aaln,ai ,,,rich ::iic. r-::l;is I:.-qt~in:; 
+ , < t -  ,.., ?? .- . . . . . . . . . . . . . f ibA ~ P : c ~ ~ , , ~ , - .  

?lor. :-;,. ;: ..=, r-.ll-" ......l .- .; .... -.- _ _  F__."._..._ ..... .. .. .~ ~~~~ . . . . , . .. -..-?" ~ ... .~~ ., ~ ,,." a<.",,* ,,."-".".-" " ..,., ".- .- -.--- ...--u.-..-.. 



ELECTRONIC CIRCUITS NAYSHIPS 

This actually causes modulation of the carrier of the d e  
sired s i p a l  by tho1 of the undesired signol. Crass modulo- 
tion i s  recogn~zed os o form oi "monkey chatter" heard in 
the background a1 biuodi-ust stations, particularly where 
strong adjacent-channel signals ore present. It i s  also 
recognized in voice communication bv the clear. undistorted. 
but weak reception of the undesired stotion super~mposed on 
the desired stollon. In the pouse between svllobles ond 
words, the cross-modulating station con be heard clearly. 
The interfering signal may not be within the tumng ronqe of 
the receiver used, although usually it 1s. Here oqdn, the 
fault i s  due to curvature of tile tube characteristic, md i s  
eliminated by ottenuatlon of the unwanted slgnal, either by 
selectivity or some other means. While usuolly a design 
problem, these types of distortion are mentioned here b e  
cause it is possible in catoin instances that design speci- 
fications may be overridden by drcumstonces be;ond t t e  
control of the technician, such as wha  the ship is tempor- 
arily located close to mother station. In this event, need- 
less time might be spent looking for trouble with-in the 
circuit. 

If too great a selectivity i s  employed, the s i d e  
bands wlll be portiolly clipped from a modulated signal, 
resulting in a form of frequency distortion. This can 
result from m incorrect setting of a selectivity control or 
from regenerotion within the stoge, which will produce 
sharper tuning. Regeneration c m  be produced by operating 
with too low o screen voltage or insufficient screen byposs- 
ing, md  by improper lead-dress when components in the 
grid or plate circuits are replaced. 

TRIODE GROUNDED-GRID R-F AMPLIFIER. 

APPLICATION. 
The tilode grounded-grid r-i omplifjer i s  used in receivers 

a s  a tuned voitoge amplifier, particularly in the ultro-high- 
frequency ionges where it i s  impossible to use pentodes or 
beam power tubes. It i s  also used as o Class C linear power 
amplifier, especially in television trmsmitteis. 

CHARACTERISTICS. 
No neutralization circuit is necessary. 
Can use either iixed or self-bias. 
Hos low power gain, but relotlvely high voltage join. 
Requires more driving power than o grounded-cathode 

stage. 
Grounded grid effectively isolates plate from cathode. 
Operates Closs A biased for reception, md Class C 

biased os i-f poweramplifier. 
UsuaIly used with disc seal or pencil-type, closelv 

spaced triodes ot frequencies where coaxial lines ore used 
a s  tmk circuits. 

Particuiorly useful in wideband applicotions such as 
TV, because it produces increased output power and eifi- 
ciency in o particular tube for a given bandwidth. 
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CIRCUIT ANALYSIS. 
G.n.ral. While the grounded-grid amplifier i s  most u s e  

ful at UHF, it i s  sometimes used on brier frequencies for 
i ts  inherent stobility, and to avoid neutralization. With 
proper desiqn, lt also helps reduce "first stoqe n o d '  in 
receivers. However, the grounded-gnd circuit i s  not general- 
ly used ot the lower frequencies becouse of the extremely 
high gain possible with grounded-cothode pentodes. In 
transmitting oppiications it i s  usuoliy used as o Closs C 
linear amplifier, particuioriy in those opplicotians where 
the driver stage has surplus driving power, because only 
o small amount of poweris absorbed by the grid circuit, 
and the iemnlnder i s  "passed through" to the plate circuit 
and odds to the total output becouse of the grounded-grid 
connection. 

Circuit Operotion. The accompanying schemotic illu- 
strates a typical grounded-grid circuit. For convenience, 
the tmk circuit i s  shown as a conventional LC aarollel- 
tuned circuit; m actual proctice, however, coma1 lines 
or cavities ore used at the high freauenc~es, where this 
circuit 1s usually used. 

Typical Grounded-Grid R-F Amplifier Circuit  

Input couplina cooocitor Cc, functions os both a muplina . - .  . - 
capocitor and o d-c blocking capocitor to isolate the input 
circuit from the antenna or previous stoqe. Thus, the cathode 
bias i s  not affected by theinput circuit. Radio-frequency 
choke RFC keeps the cothode above ground, since the grid 
is grounded to the chassis. Resistor R1 i s  o convenuonol 
but unbypossed cathode bias resistor which suppiles Class 
A bias for Vl (see section 2 porogroph 2.2.1 for a discussion 
of cathode bias). The plate of V1 i s  series-led through 
voltagedropping md decoupling resistor R2 and tank mil 
Ll .  Bypass capocitor C2 keeps the lower end oi tmk coil 
L l  at ground patential, and byposses R 2  for rf. Cl i s  the 
tmk tuning capocitor, md the rotor i s  grounded to eliminate 
body copocitmce effects when tuning. The output i s  c a p  
ocitively coupled through Cc, to the next stoqe. 

CHANGE l 
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not qave as much m p l ~ f i c a t i o n  as o hiqh amplification 
factor  tube. Noi wlll a trlode give os  much gain as a 
pentade a t  the lower frequencies. Thus, ever though we 
speak of the qraunded-qrid c ~ r c u i t  cs providinq hiqh qoin, 
i t  does not mean tr,ot the goin is as great os that provlded 
by the ,grounded-cathode circul: uslng the some tube m d  
voltaqes. At the ultra-high frequencies where this circuit 
1s most useful, the performance m d  yain ore better because 
o f  the poor performmce of the pentode. At the lower rodio 
frequencies, i t  usually requires two s t ages  of grounded-wid 
onpliflcztlon to obtain resuits equlvolent to those obtained 
w ~ t h  a s ~ n q l e  ?rounded-cathode pentode stage. 

In power amplifier applications, law power auin i s  
~ ~ 

obtained becouse of the increased drive requirement and the 
low mput impedance. The low input imoedmce, however. 
d o e s  not obsoib oil of the Input ( d n v q )  power and cause o 
complete loss. Instead, the driving power i s  fed into the 
plate  circuit (it i s  connected i n  ser ies  ~81th the plate and 
cathode circuit), and odds to the totol plate  power ( l e s s  
the omount needed to drive the tube). The  additional plote 
power supplied by the drluer is distributed between the 
mternol tube plate resistonce and the tank circuit, so  that 
only a portion 1s lost or dissipated in the tube plate. The 
totol output power in watts is equal to Ip(ein + Ep), w h e ~ e  
em is equivalent to the rms value of grid voltage (E4). 

In r-f power ampl~f ie r s  w ~ t h  d~rec t ly  heated flloments, 
slnce the fliament 1s also the cathode, ~t 1s necessary to 
use r-f chokes in the hloment leads, or piovide some other 
arrangement to keep the filoment above qround and balanced. 
If h e  fblament i s  not kept alwve ground, the iiloment m d  
qod would be short-c~rcuited, and the circuit would not 
operote. 

When employed as a modulated power amplifier, the 
smali portion of drive power which i s  inserted into the 
plote circuit remolns unmaduloted, moklng i t  procticaily 
imposs~b le  to ob to~n  100 percent modulation when plate 
modulation d o n e  i s  used. 

FAILURE ANALYSIS. 
No Output. Wlth proper blos m d  plote voltoge, as 

checked with o voltmeter, only on open lnput circuit, lack 
of on Input siqnol, or an open output circuit can result i n  

no output. Wlth input coupling capacitor Cc, open, no s ~ q n a l  
will be opplied to the cothode and there will bc no output. 
With output copacitor Cc, open, the siqnol will not appear 
ot tile output. Likewise, i f  the tube i s  defective, no output 
signal will oppear. If capoc'tor C2 i s  shorted or R2 i s  open, 
there ,will be no plate voltaae on the tube plote: thus, no 
output w l l  be obtained. The  copocltors can be checked 
with an in-circuit copoci tmce checker, while R2 con be 
checked with m ohmmeter. If the tube i s  suspected, s u b  
s t i tute  a tube known to b e  good. Do not neglect the possi- 
b ~ l i t y  that the plate  supply f u s e  may be open. The voltmeter 
check will usually inj icote  m y  abnormal operation. An 
open plate circuit will be indicated by no voltage a t  the 
plate. If the vmed output circuit is shorted, plate  v o l t a ~ e  
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will appear to be n o n o l  a t  the supply, but will b e  entirely 
dropped ocross 132 ond thus be zero a t  the tube plote. If  
the  plote voltoqe i s  low, and excessive plate current is 
the couse, ~t will a lso c a s e  o high cothode blos. If the 
bios rs sufilclent, the tube will be slmost at cutoff and 
the output will be s o  low as to be mlstcken for no output 
ot all. If the cothode r-f choke 1s shorted, the bios m d  
plate  vaitaqe will appear to be normal, but the input siqnol 
will be bypassed to ground through cothode resistor R1, 
ond there will be no output. Where V1 a c t s  a s  a power 
amplif~er ,  11 Cc, is shorted or !ecky, the cathode will be 
biased excessively by the plote voltaqe of the drivinq staqe; 
this bias may couse plate current cutoff, m d  result in no 
output. 

LOW Output. If the bias i s  hlgh, the plate vohoge low, 
or the tube defective, a low output will be obtained. Check 
the blos and plate valtogewlth a voltmeter; l f  the voltaqes 
oppeor to be normal, replace the tube with o tube known to 
be qoad. With selective tank a r c u i t s ,  o smoll omount of 
detunlnq of copacitor C1 will ot:enuote the siqnal consider- 
ably. Likewise, a hiqh res i s tmce  in the t m k  circuit, 
caused by o poorly soldered connection, may couse suff ic ient  
l o s s  of signal beccuse of low circuit Q ( m d  reduced s e l e r  
tivity) to produce o reduced output. An increase in the 
ies ls tance of R2 due to aqinq will cause  on increased volt- 
a g e  drop, low plate voltage, m d  low output. A change in 
the output load can cause o deturnng effect on the tmk  
ond o reduction of output; the detuniny con be mmpensoted 
for by a sliqht readjustment of the tuning copacitor. If 
byposs copocitor C2 opens, the t m k  circuit, C1, L1, will 
tune broadly and resonate ovei o dllferent r m q e  of fre- 
quencies, and, i i  R2 i s  sufficiently snol l ,  ,will couse loss  
o f  siqnol throuqh absorption by the power supply. 

Distortion. The qrounded-grid amplifier i s  subiect to 
the some distortion possibilities as other r-f amplifiers. If 
the bios 1s t m  low, large r-f s ~ q n o l s  will in effect drive the 
grid positive, cousing nonlinearity and soturatlon effects; 
thus, the plote waveform will be clipped a t  the peak of the 
cycle .  If  the bias i s  t a ,  high, the negative peaks will 
dr ivr  the tube to cutoff, clippinq off the bottom of the 
signoi. In both coses, a distorted autput will result. Where 
modulated s q n o l s  ore ampl~fied,  i t  i s  lmportont that the 
p a s s  band of the tuned circuits be wide enough to avoid 
sideband cutting, or the missing frequencies will couse 
distortion. The  possibility of increased selectivity due to 
reqeneration i s  l e s s  with the grounded grid than with other 
circuits: however, the good shielding between the input 
and output moy be nullified i f  the ieod d ress  i s  chmqed  
during a repair. Hence, when distortion seems to occur 
only at certain frequencies or over a norrow portion of the 
tuning range, or i f  whistles or squeals  occur, neutralization 
or a lead dress  correction may be required. 

CASCADE R-F AMPLIFIER. 

The  cascade t-f amplifier is qenerolly used in tuned 
radio frequency receivers to supply high gain and s e l e c  
uvity before detection. 
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CHARACTERISTICS. 
Uses o number of stoqes connected in  cascade. 
Operates C lass  A for linear amp:~i~cat ion.  
,, usually oprro i rd  sell-blusrd, ul t i~uuqi~ i ~ x r d  b u s  liiuy 

be used. 
I,... A -.-.- :. . L -  ..., -.... :. - ' - - -L  
UaCD " a . , , " A =  L U k , ~ "  a,""= A,, " I =  "LA" b A L L " . %  "L ="La, 

tube, for seiecuvity. 
Uses pentode tiihs for higt: qain, olhaugh ony tYbe 

type may be used. 

CIRCUIT ANALYSIS. 
General. The cascode r-f mp l i i l e r  is 3 canventior.al 

ompiifler whose output i s  carnected to ice input of o sl;l;i;r 
L!zce, ,,:l..:cb, !Ir2, Is c?nErc!i :., cln!i!er s!:::!];.r E!gzt, 

Thus ,  the outputs are cascaded fram one stuqe to the other. 
and n u m b e r  a i  slmiiur s t ages  ore used !a proviie high 
ompliiicatlin. U s u a l l y  three tunid stoqes are used, m d  :he 
urrlpililcorlon vorlrs a s  ti:r cube oi  lilt. smqie  s t cq r  qoin 

, ,"*,.~ 
i u  qoln oi  iO (per sioge produces o roioi jcin 01 luuv,. 
'While i t  i s  not necessow tho: h e  staqe be tax5 (untuned 
s t aaes  moy d s o  j e  ccsccded), 3 hiqhe: qoin i s  abtciner! 
from the tuned staqe than from the untuned stoqe. Hence, 
the untuned r-f ompllfier i s  qenerolly used only for specioi. 
wlde-band oppiicotions. Likewise. ~t is opoaient that 
e~tr ,er  triodes or pentodes moy be employed. Scwever, witn 

triodes l e s s  over-oll qoin 1s obtoined ond the hl.di. ?rid-to- 
plote ~nterelectrode tube copacltance produces ~nherent  ~ n -  
stab~i!ty. Thus, to avoid the probiem oi  nel;traiizatlon m d  
ra achieve ",ah qain per sraqe, rhe penrode r ~ b e  i s  usuoiiy 
employed. 

i i , s"ir  .,. .... . . . . . .  .. ..., 
L , , E  aI, ,SII IYLIL "L Y L y - I L Y I  I Y > L Y Y C  

r-! amplifier 1s :iiustrated in  the occompcnvinq iiqure. 
-, 
i nree s t aaes  of r-i umplificotion ore providei, usrriq trar:s- 
former coupllnq for mnvenience. While cll  stoqes ore 
basically identical, the componenr volues are ,:at o i ~ m y s  
!he some. Usually the bias, piat?, nrd  screen voltaqes ore 
diiierent in the vorlous s taqes ,  or ot leust tnsy difier 
between the f ~ r s t  ond the remrnn1r.q stoqes. Since ecch 

, . ..-." L" -A , " -  *L" "..*"... -; .&" ... """A<--  -..-,. .". "." "".r". -. r.---u...y -.-,,-, 
i s  ~ s u a l l y  the smollest on the ~ITS:  s tcqe an? the icrqrs t  
, .. 'he icst '"- -,, ~ , .  . , .:.- lor-e bics  3n <ne !ost stcqe .; KC- 

r s s o ~ y  iur lhls s t aq r  to hu~,ri:r the : Y ~ C , C  o~lipu: YO:~UI:C 

swlnqs developed in the iirst md secon stoqes. Smce me 
iirs! stoqe piote swmq is the smoiiest, 11 cun apeio:e ~lri l 
a lower plote voitaqe m d  thus produce l e s s  "shot nolse". 
to provide o better s q d - t o - n o i s e  %tic .withant l a s s  O! 

qom. Thp flnnl StOqP, o f  CO~,:SP, hns the l o r q ~ s t  plate VO!:- 

oqc. The  screen voltoqe is usually the same for all s taoes ,  
excPpt perhaps the first stooe. 

-L 

Tyoscol Corrode Three-Stage R-F Pmvl i f ier  - - 
T. ... . - 1  T, -2 - A  ...- . ..< :. ..... . .  .. ... ... ..,." - " ..-, ... ~ - ,  .", ..... b . " " ~ U  . ..r-.ctn.-?rC -1 : C  .LC. , - m  .+ *."" wu...... .... i... ........ !c::r:; 2-2 7 4  . . 
is trie output tronsiormer; T i  ono 73 ore lnterstaqe trans- 
!o:nlrcs. The piiinories ui the r-f transiormers are untuned, 
,wr,li? me secondaries ore ; ; ~ n r d  by vr;r:cb!p ccpncitois. 
Althodgh not s h o w  in the sshemafic, tk:e.e fninq m- 
puarors  aIE nechmlcc i  ? o n e 2  tu]?ru:er far s ~ c : I e k r o b  

, . , , ,  , . , ... ". "" ,,,"-~ ...... " -,,-" ........ ,,." "" --..-... ........ "...- .- .....,. -. .-.....3 -.r--.,u.u 

............. .............. , "  uc .,c""."Lc.." ,". ,,."A ..,, ";;. :<;:,;;',.;, <;;,,r, ; 
!,!!;,:, ;; !:rq,j#,7,,..* ::, :,.:c:.:?.l. ?7,8. ,,:<<. 3: ,; >:;;,::!,.:-;.;r.,,: 

clrcult PIOVLdes o n13h impeaance c t  the qrlas 01 Y i .  vL. 
cnd '$3, thus procsc~r.: !nqh qo!r. 2nd qlod seiectlr,~:y. 
Resis tors  R2, 85, m a  58 are szre.en voltoardropp~nq i l n l  . . .  .nc:^*".< . .*,-i ^ ... "? ... qrn. - -  ..... ........... .. " ........ .),'1'T.. . .  . . .  

.... ... 
jcreen 5yw-s ezp-,zi-crs 8 3 '.':', ,-?Z .!,,, ry;;oc:: ,.. ;. - -. -. . - - ,  

A .  ,- .-" .... ..- .-.. .- . . . . .  
. . L O  .a. ..<, .,", U." . , A  ".L V.",L "" .~**L *."v?.,.q "..b 
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iiecouplinq resistors for tubes V1, '42, m d  V3, respectively, 
~ n d  are bypassed by caporltors C5, C9, and Cl2. Cothade 
( se l l )  bias 1s s u ~ ~ l l e d  bv resistors R l .  R4. ond R7 far  V1. . . . . 
V2, ond V3, respectively. The cothade 010s resistors are 
bypossed by capacitors C2, C6, ond C11. (See section 2. 
paraqiaph 2.2.101 thls ~ a n d b o a k  far a dlscusslon o f  

' 

cothode bioslnq and bypasslnq.) Capacitor C13 is a lorqr 
filter capacitor used to minlmlze hum campanel:ts in the 
supply source and possible Impedance coupl~n; effects  
due to the use  of a common supply. The  lnput moy be from 
an ontenno or cther source, ond the out?ut ior, be opplled 
to other r-f s toqes or to a detector. 

In the absence of o signol, eoch tube is restlnq ond 
drowlnq i t s  s tot lc  "clue o f  screen, plote, and cathode 
current. Electron ilaw is from ground through R1, R4, or 
R7, through the grid and !he screer: tc the plote, through 
prlmary coil L3, L5, or L7 and plate resistor R3, R6, oi  
R9, back to me supply. The  cotnode current is the total 
space  current throuqh the tube, includinq both the screen 
and plote current (a lso inclucln; qrld current, if allowed 
to flow), which bloses the qrld neqatlve because of the 
voltoge drop developed across the cothade resistor. Similar- 
ly, screen current flow throuqh the screen reslstor produces 
a voltogedrop wlth o polarity w h ~ h  apposes tt,e source 
voitaqe, and thus reauces the screen voltoqe to the deslred 
value. Screen bypass capacitor C3. C7, or C10 byposses 
the r-i current vorlotians to >round (:"hen 3 siqnol appears), 
so only d-c current can flow t h r a ~ g h  the screen resistor. 
The  qulrscent value ~f ploto cdrrent f1owln.q through trans- 
former primary L3, L5, or L7 is steady and this produces co 
output. However, in l l o w ~ n ~  through plote reslstai R3, 36, 
or R9, i t  produces o voltoge drop with a polarity whlch 
opposes  the supply voltoqe, thds reducinq me eliectlve 
plate voltoqe to the deslred value. Capocltor C5. C9, or 
C12 bypasses m y  r-f cdrrent vorlations to around (when o 
slgnal oppears) s o  that only direct current flows throuqh 
the plate reslstor. nus, ory i-i varlotions cannot char,qc 
the d-c plate voltoqe. With no signal opplled, there is no 
output from m y  o f  the s tages(except  ior slight theimoi 
variotlons of plate current which produce nolse); hence, 
there i s  no iinol output a t  T4. 

When a slqnol is opplied to the prlmory a i  the input 
transformer, signol current vorlatlons throuqh L1 produces 
a varylng mognetic ileld whlch induces a voltaqe in second- 
ary L 2  by transformer actlon. 'When tuned to resonance by 
C1, o larqe;.oltaqcis developed betweer: the qrld ot V1 and 
around, across the tuned circult, ond the turns rotlc between 
L l  and L2 determines the impedance presented by the lnput 
to the V1 g r d .  In the case of on antenna inpa!, a step-up 
turns ratio motches the low ontecna impedance to h e  blah 
~mpedance oi  the pcrallel-tuned c l r c u t ,  ior efflclent power 
transfer. Assume for the moment that the r-f slqnal i s  
increoslng In o positive direction. The  instantcneous 
positive qrld swlng produces u larqe lnstontureous :urrent 
flow in the plate circult. ?'-.IS plate current i13wlr.4 throuqh 
tne impedance piesen!-d by pr:r,ory cc!l i3 jrsi lcos 3 volt- 
ole drop ccross  the T2  prlmaw, and the chuzqinq uolue o f  
plate  current a lso induces o ~ 3 l t o q e  ln iu  s e c o c d ~ w  L4. 
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'lihen L4 1s tune? by C4 to the some irequcncy os the mput 
siqnai, o iorqe val taqels  a l so  developed across thls :uned 
circuit and is opplied to the qrld of V2. StoqeV2 operates 
in o slmllor monner and supplies on cutput ta stoqe.43, 
whlch further ampllfles the s i p a l  and produces o f i n d  
neqotive output lrom T4. ( A n  even number of s taqes  would 
produce M output of the some phase or polarity os t+e ir.- 
put.) 

&'hen the input sirpol decreases ,  the plote ccrrent 
throuqh V1 is reduced, and the reduction in current flow 
through L3 induces a smaller l n w t  voltoge in V2, and 
l ~ k e w i s e  in V3, with o r e s u l t ~ t  smoller totol output. 'With 
each tube operotmg Class  "A", equal posltlve ond neqotlve 
~ n p b t  slgnols produce amplified output s ignals  of the same 
shape. but of larger amplitude cn:! opposlte phose. Cathode 
resistor R l  is vorioble to provide monusl control o f  the 
flrst stoge blas, m J  ollaw adjustment to prevent stronq in- 
put siqnols from drlving the tube to soturatlon and produc~nq 
dlstoition. 

As can be seen from the abave explnnat~on, operotlon 
of the cascode r-f ompliiler is similar to thot oi any other 
pentode r-f ampllfler (discussed previously in this sectlon 
o f  the Hondbcok), but wlth each s tcge deslqnei  to handle 
the full output of the pieced~nq stoqe. The cascade r-i 
ompliiler is the munterport of the tuned interstcge ii-f) 
o m p l ~ f ~ e r ,  discussed !n this section o f  the Handbook. It 
dlifers princlpolly i n  the fact thot i t  Operates ot o hiqher 
frequency, 1s continuously tunable over 9 Ioi le  ronqe of 
frequencles, ond has  sonewhat l e s s  seltctivjty because 
only sinqletu-,ed circults are used, . ~ ~ t h  sliqhtiy l e s s  qoin 
idependinq upan the operatlnq frequencies and number of 
s toges employed). While simple tiansformer-coupled stoqes 
a re  shown and d i smssed ,  i t  i s  possible to ase copocltively 
coupled stoqes, or other bandposs orrongements. 

The  suppressor grid 1s s h w m  grounded in  the schematic 
to minjmlze plateto-grid coupllnq through the lnterelectrode 
tube capacitance, and to provide better sh~eldln( ;  between 
the input ond output; thus, at hlqh radio irequencies, the 
p o s s l b ~ l ~ t ~  o f  osclllatian due to reqencraaon i s  rother 
remote, s o  that no neutral~zlnq arranaement is necessary. 
At the lower rodla fiequencles, the slppressor may be 
connected to the cothode wlt'nout cadsing undesirable e f fec t s ,  
since the r-f feedback is l e s s .  

FAILURE ANALYSIS. 
Gene,-I. The foiluie onalysis ior eoch stoge of the 

coscode r-f amplliier 1s essentially the s o e  as thot ioi the 
s ~ n g l e s t a g e  pentode r-i ompi~lier discussed prer lm~sly i n  

this Hondbok.  In ioct. the first-stoge components of thc 
cascade ampl~flei  ond the componerts of the s ina les taoe  
ampl~irer  are i d m t ~ c o l l y  symbolized, except that the p l x e  
decoupl~nq filter (R3  ond C5) was nct included in  th? s l n s i e  
s t a l e  ompllflrr. Therefore. Vlls fcllure onalysls will be 
conllned to qenerai l t~es  concernlnq n u l t l s l a ~ e  circuits. 

No Output. Ary trwilble ivhich prcducet c r;o-outp~t 
condltlan i n  o s1n;le stoqe ,will result i n  t l ther o slmllor 
condition or o consld~rcbly reduce: o ~ t p u t  in the ilultistnqe 
clicuit. Becouse of the hloh acln o n i  the passlblhty o! 

- 
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slqnal feed-throuan to a fo l lowln~  s tage by stroy capocltlve 
effects ot r o d 0  frequencies, i t  i s  possible for o s l n ~ l e  stoqe 
to be inoperative and still  have o substanual output from 
cascaded s t a l e s .  In tiiic sper la l  rase, the l a s s  in nmplifim- 
tlon can be observed by inserting an input from o s i p 0 1  
oenerator and notinn the output. Then: by successively 
cpp]yinq [he s:qna! to ,"h,e fo!!aning i 7,pd ts tqrids) 
aqam observln.1 the output pro4,lced by the s i m a l  qenerotar, 
i t  wlil be noted tho1 the output suddenly Increases when the 
d e f e c t ~ v e  s tage i s  possed. Oidlnoiily, the output would de- 
:recse from staqe to stcge, rcquir:ng o c^r.stsnt!y lncreosed 
sinnal a=nerotor w t p u t  a s  F I I C ~ .  stoqe i n  pclssed. I i  plote 
I t -cm~plir3 flltei 33, C5, cr 36. C9, cr "9, 212  fo:ls 

~. . . . ~  ~. , ., 
l C l i r r r r  i r  Lc.ll>!r.% .i!,c,ra "1 ? r \."yrL,<"? < ! , C  

alote voltoqc of the affected stoqe will be zero and no aut- 
ptlt wlii oe oatoinen ( n e q i ~ c t l n ~  the posslbliity ot stray 
couplinq). 

?, , ., 
,-!,eLs ;>iute, >c: cell, J;J uu!izcJe ,<o;b dqr5 vL qrs3 ::G 

w!!h a .vni!rn~t~~:  m y  obnnrmni s,nl!oqe xi!! !occlize the 

therefore, the V2 qain. By Insertlnq the s i m a l  a t  the plate  
of V2, only r-f transformer T2 will be checked, ,whereas by 
inserunu the s i w a l  a t  the n i d  of V2, toth the amplification 
of V2 o l d  the operatinn o f  T2 will he checked. Less of 
soin due to osinq of tubes over o lonq penod of time con 
ormr i n  m ~ l t ~ s r n ~ ~ i ~ o r d p i i )  :-f nrnp1if:prs; nnd mny no! 
!." " ---. "". ,,".., *,." ."A,,"*:n- ;" -" ..*." 7" .L,"  """" ",I "= " w " " . ~ < , ,  ,L""LL'",, >., oL"L,L. ,,,Lo -.,-= "JL 

lndlcotions ond voitoqes Uppear normol, except !hot the 
equipment does not seem to be performing s o t ~ s i a c t o r ~ l y  and 
most s ~ s n o l s  are weak. 'Were mointe>once stordords cre 
prov~ded for the equipment, o simple comparison will 
reveal the deflclency. i t  shoul? be kept i n  mind that each 
s:we should sroduce 3ddi11on~i qain: ?.e:sjo:e, my stcqe 
>!!&.;,?~, 81. .,".,, 3.  i . , ~ L " i : ~  , ; c l c ; i l v c .  

Distortion or Paor Selectivity. Lo.# blos or plote i.clt- 
oqe will couse distartlon, os wlii law screen vnitnqe. Since 
the screen voltage fixes the range 01 plate swlng, i t  hos 

, . , .  . ,  . , 
a r r v r r  in ,,.r ,-., r - n n  ,n rn..n ,. c r  . . I  r -n .r -  .,.ri ...... ... .-.ll-..l, -. ...-.. ...-. - -...-.., e :r 

plate voltage. Driving the plate voltcge below the s c r e m  
troubie to a specific s taqe ond to the parts a s s o c ~ a t e c  with voltoqe will produce distortion, m d  in some lnstunces 
that tube element. Be certoln to check the supply voitoqe cause o neqonve resistance condition resd t lng  in unwanted 
also; here may be o defect in the power supply. With self-asal la t lon.  In multistaqe ompliflers, the poss lb~ l i ty  
normol voltaqes ond no output, either an i-f ironsformer oi cross-modulation and ~nteimodulotion dis tor t~on ex l s t s  
or .i tube is defective. Heplace 6o"btful l u t e s  with t b k s  
known to be in  good opeiatlnq mnd!t:an. 

L o r  Output. High bias, low plote or screen voltage, 
and a d e f e c t ~ v e  r-i tronsioimei or tube con cause the out- 
put to be low. First check the plate, screen, and cathode 
. ,o l ton~s 31 each tube to uerlfy that tiled-" bins nnd opem- 
r"".,,".,,ti,>^.. ., - 7 ,  -,..,,.! ?<,""o-+,..~,~,,*.> 4;,."*"..- ..,.< -".," ... u.,- ".- U" ,,,,hb. -, "" ,vu. ..,>.L ",", ," 
the OLliFYt terminals, ond insert a stronq siqnol (withln the . . . .- 
:":.:nq :;nqe, tram 3 ;:j~i: generotor :C :r,e q:1<S 2: '$3 ,  
... v i ,  mc Vi, respectlveiy, (use o d-c biocklnq copocltar in 

' ser ies  with the qenrrator output). A s  the generator is naxied 
from staqe tc stoqe; addlng additlocal amplificotion. ~t 
shuu i j  be nrcessov to decrease the qrrlrrotor output to 
malntoln o constant output indlcot:on; atherwlse, o lock of 
l a m  i s  indlcoted. If an oscilloscope and on r-f probe are 
z; .s i l~5le ,  :k +:a! q e ~ . s r z t ~ r  k.e I d ;  x n n e c t e i  tc the . . 
inps~t, cr.c r ; i  sljnol traced from h e  jiid tc :he p i i t e  of 
zaei sraqe .~lri: ine r-i probe. # i t i  tne generator set to a 

'.c TG;;c;, :_;? 'i. .-.k --- -.- -'. .. .L.- 
i.C .-. .Yru - . .Y ._ )  *A_.  

1:equency. An increcse :n amplxtude should be obtained cs 
:ne siqnai is peaked; ii on lncreose is no; ooromec, the 

. . . ~ .~ ..=-.-.:., ,..~ 
."..i" -..- "....".- .." ...-., ii.; -... i. '.;.2- :'.<. ;;:,-I:.., 

ond  r-arnoc:~s ore "rounded (lor rl) throuqn nvuoss cuuocl- . , , F .  ...,<l n.~.i " l  lrlv +r-..m ~~ ,,, ",,,k ~ n-,u ~ 

i;less oze 2! :k.ese ~ ~ p i i c i t o : ~  : S  iaOpei~:i;~. .Vernembei 
vL.+ c ) r p i  t:,.- !.f jyhl I , - r ~ Y s  .-!7c,!it t : L  r.,n.*.. 

. .. . . 
-+Jz.:a;.Lc, : .... ::..a= :Z;U.,.:.~ "; ::,c ;.;:"~: A; ;Ji.L 

i-; ,~t~m:i~s. Ses t  rilsiiits 7ie0>:3lne? * ! , n p  'he st Tni er 
a:.pu* : 3  ! n s ~ : t ~ d  !n !he C!IC?!:I !mmedlc!e!y nhe3?, OI t s i e ~  

, . 
. ~ ~ , , , , ~ d i d t e ; y  dftec h e  t~ k c i , x k e i .  For e~a!,p.e, ,I 
the output C: t i e  !:rst c:oqe is to be checked, thc :npjt 

I . .... ,e opplie; :o the : r l i  a; i I and !ne 3urpur miosurei  
ccross the TZ semndory. If the signol i s  oppiled to the 

.' .,,r 31 'ril ,<.sti,~!, G ~ I ?  .:.~u~u:u: T2, i i , ~  1;ad.i~ e!fe::s 
.. > -. .-- ".". ...,, , -..--. ."- ... -. , , --" ~ , ,  , , , ,  .,.,<., ~.. <L,,L. ".". ..... " ..LL, , .,. , , ~  ,,.,, , - ,  , A  ,.,,,,. 

to a qreater extent than in s ~ n q l e  stoqes; however, the 
causes ore he  some. 

in tuned radio freqtency amplifiers n stionq s i . p d  tends 
to block the ompllfier ond broaden the response curve, so 
thot c ross  modulation effects a re  not a s  noticeable. By 
nd jus tm~nt  of t h ~  mm~io l  +r mntrol; the ~ffec:i\= nrnpll- 
:,"^.in" ^"^ ie ;eA,," -: '- " ..,. ' ",,m.'a"A "- -..--- 
.,""LL",, -",, &, ""-e~. ," v,u.en~ ".u,."".,.,,q ",, .,,,b,,, 
siqnals; thus, the nonlmeanty introduced 1s a v o l d d ,  and 
an" c r a s s  modblotion and ir,:eimoibiotion dis:ort~an are 
m:n~mlzed. Poor tiacklnq of omqed  tmmnq capacitors con 
aiso produce e i k e i  a loss  of qain or distor t~on bv cut t ins  
off f requenc~es o u t s ~ d e  the pass  bond of the l i l d ~ v ~ d ~ o l  
sroar. iiowrvrr, b ~ n q i r t u n e d  i-1 s t a q r s  urr ilsuuily so 
brood in tuninq that s i isht  differences (in p a s s  band or 
resonance) merely brooden the over-nll response curve, s o  
iiiot only pcoi selectivity ii-j,i;i. Fropt; ii2jl.st:;.nii i.f 
t r i ~ x e r  acd podding c c p o c i t ~ r s  will restcre tt ,e ini:icl 
silect!,j!ty, bat ccnco: conpensore fa: pcor 3eslm. 

CASCODE R-F AmPLiFiER. 

APPLICATION. .- ,"*",,<""A~ ..f "m",;';a7 ; ~ - . " " l " , . ~ +  .:= " L;"k.,."," 
~~ .. ~ . . ,  . ~ . . . . 

!ow-noise r-f ir.;;t stage to LigL-fre;jen;y receivers. 

CHARACTERISTICS. 
fwa [ r i d e s  D I O V ~ ~ P  t1.e P ~ u I Y ~ L ~ ~  I ~ Y I - I . -  7117 g! 1 

~ ~ ~ 3 d e  wi!h :edcce6 9a:se. 
::o~se e q ~ ~ u d ? r , t  i s  eqbd ta !~,GI af  G s,fiq:e : r i d =  

s*-- 
L W U ~ .  

Groundedqili  stage stabilizes t i e  i i r c ~ i r  s o  <n:t 
neutralization i s  no! normallv required. 

,. bses ?:ass A srlf-blcs, ~lt!;okqi:-fmr2 bics car, 5r 
U.,L,'. 
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CIRCUIT ANALYSIS. 
Ga.rol. Tile c a s m d e  circuit cor.sists of o sinqle, E n -  

ventlanai qrounded-ccttcde input cmpllfle:, connected in 
series with a graunded-qrld cnplifier stoge which contains 
t ie  autput lmd.  In most instnn:es the t.vo tuhes ore tri- 
xes, although they could be triodesonnected pentcdes or 
a cozb!nctlor of pentode input ond triode output. To obtcin 
the low-nojse feotdre, the trlode output must be used. This 
c i r c ~ l t ,  like the grcs~rded-gi:d clrcuit discussed previously 

Typical Carcode R-F Amplifier 
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in t h ~ s  sectlon of the Handbook, 1s usually employed ot 
frequencies where the effect ive ampliiicotion of p n t o d e  
and beam power tubes drops off 35 o result of high- 
frequency effects. It i s  seldom used a t  frequencies lower 
than 30  megacycles, s ince equivalent or better performance 
con be obtoined with careful design by using o single pen- 
lode tube. 

Circuit Oprot ion.  The accompanying schematic 11. 
lustrates a typical triode cascode r-f amplifier circuit. 

1- the schemotic, C1 is  o coupling capacitor tclpped on the 
h e :  end c f  tank coil L l .  It i s  mzde vorlable to provide o 
s!l?ht mount  o! :nput tuning. Input tonk circuit L l ,  C2 is 
coupled through :orrocitor C3 to the grid of Vl .  The low 
reactonce of C3 to the r-f signol cllorvs maximum signol 
(developed across the tonk) to zppeor or the  Vl  grid and 
prevents the d-z shuntmy of :he 3 r d  signcl to ground 
through L l .  Cotbade b:cs is provided by 32 bypassed for 
:f by C7, ccd 2 1  is the gridieturn resistor. Tube 'Jl is 
connected as o canventlonal grounded-cathode ogpllfler, 
,with 1'2 actlnq os  tne olcte loo? 1rpe3ance. Inductor U 
'lelps rrotch t i e  lc,a ,noilt ~m?edcnce of grounded-qrid stoge 
'vZ2. The grid of V2 is returr.ed to t'le cothode 5y R3, w h ~ h  
develops contuct blos, on3 !s grolinded lor rf by C4. Tne 
313te Ion? of V2 c o n s ~ s t s  of the ?arcilei-tuned tank, L3, 
25 ,  u,lth outcut  ind ding L4 mductiuely coupled to it. 
Reslstor 3 4  js  o plote decoupling and voltage dropping 
resistor, bypassed by C6. h i s  series-feed plcte arrange- 
ment cllows the rotor of C 5  to t e  grounded to avoid body 
:apccltonce effects when tunlng. 

Operotlon of the czscodc circuit con be better under- 
stocd if o?erotior: of m c h  tube is cons~dered separately, 
and then opercticn of the two :uSes combined. Vl r e p r e  
sents  u conventjonal tr:ode r-I amplifier using cathode 
bias and shunt jrld feed, ,with the ?late direct-connected to 
the cext stcqe. 7":ne plate ijoltnqe for V1 1s obto ind  thro-zh 

V2, which octs  simply as o dropping resistor. Tnus,  as- 
L 

surning equal plote currents and plate resistances. 
the plote voltoge of Vl i s  b.olf that applled to V2 less  the 
cothode bios of Vi. Cathode bios i s  supplied by R2, 
slnce the totoi currents of V1 ond V2llaw i n  ser les  through 
it. Slgnol current varlotlons do not affect the blas because 
R2 1s bypassed for rl by C7. (See sectlor, 2, paragraph 
2.2.1 in  thls Handbok for o discussion of cathode bias.) 
Blos i s  selected so that piate current flows a t  a l l  tunes 
(Class  A),  and s o  that V1 operates over the linear portion 
of i t s  grid-voltage, plate-current transfer chorocteiistic 
curve. The qnd of Vl i s  retiirned to ground thiough R1 s o  
that electrons connot occumulote, bias-off the tube, and 
block operotlon. The value of R1 is large enough that 
none of the lnput s ~ q n a l  1s shunted toground. Thus, when 
on lnput sagno: oipears on C I ,  l t  1s mupled into the tuned 
tmk cons>sting of L l ,  C2. By topping C1 d a m  or. tuning 
cod  L1, autoumsformer ocuon i s  obtained to s tep the low 
antenno impedance up to the largevalue of parallel imped- 
once offered by the tuned tonk. Thus maximum power 
transfer 1s obtolned between the antenna and the tonk. ' h e  
lnput signal appears a s  an 1-1 valtoge across  the tuned in- 
put circuit, w d  is opplled tc the Vl  grld through coupllng 
ond blocking capocltor C3. Slnce C3 is in  se i l e s  with the 
~nput ,  the grld of V1 is lsalated from the input circuit os 
far a s  dc  i s  m ~ c e m e d ,  but 1s connected for rf. 

CHANGE 1 6-A-ZZU 
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w t,en an i n w t  s l , ~ 3 1  i s  :ppllcd, l t  is m i ~ l e d  thm;t .  C 1  

to the tmk  L1, C2, which c t  resonance provides m inneoscd  
slgnol to C3 and d e v e i o ~ s  a vol t3je  ccross  R1, which, ~ r .  
turn, is applled to t+,e qiid 01 Vi. Assur.lr2 thct the input 
s q n a l  1s increosln. lr o pcsiuve directmr, the g l d  bius 01; 

VI is .decreised ar.d cuus r s  he c u ~ b o d e  arid plate  currect to 
inirr.osr. >,e ics lur l tneaus iiicrrcse o f  c c h c d e  current 
hcs  ro effect on R2 slnce i t  1s bypossed by C7. Hoiveier, 
tt,e increased plate cbrri-nt l l cn  tt.:ouj" L2 (w.d lu te  V2) 
dilves n e  cornode oi V2 mare neqonve, ond s lnce tne grld 
01 '$2 1s ileld ot ground poter~tlal the elfect i s  as though a 
pos;:lve voltagp we;? applied ro V2grio. Taus t h e  plote 
cu!!ent o f  V2 also rises acd Lqe d:op UC~OSS k e  plc:e tank 
,.~,,~lnr.< " .,."k C,!..r..., ,,P..., 1 -  ( ~ 4 ,  ( -5  ,",,,.,?h !<   PA^^,!,,^>, 
cob?led to !re outpu! by scconco;) co>l L?. lVlth the out- 
& t  w,!~,i,;%q : ~ ~ ~ r . c c l e ~  ~h.~itose, A. o u l ~ b t  vullaqe that 1s 
:;. $.ose w:th the :nput algnul 1s pradsced. 

Cnnvers~ ly ,  when the ~ n p !  s!qnol to V! 1s npcmgtlc? 
over the neqotlvr no l i -qc le ,  the blos on '$1 is lr~creosed 
by the Input slqnol, ond plot2 current !low in  V l  :s :educed. 
7 

.::I: rdl;:rq p!ote c u r m t  !!ow ~ r :  '11 ~l!or:s the plate volt- 
aye to rise t a u i d s  !he supply value, driving the dlrect- 
coupled cotnode of V2 in o p o s l t ~ v e  direcaan. iYner. V2 
~:ott.odr becomes more 2usltlve, the plate zurrent of V2 is 
reduzed, v .hle  the plate voltage r i ses  2nd induces ar In- 
creaslnq voltoye in tank. Wnen connected in-phose the tonk 
output i s  n e g a t l e  during u negotjve input slgnol to V1. 
Snce t oh  V1 and V i  ore connected in s e n e s ,  tne output 
voltoje i s  only hail of whot i t  nsrmolly wcu!d be with one 
t b e .  7 r e  ro l se ,  h.cwevei, !s oni). one u a r t e r  oi mot pin- 
duced by o single h;.;h-gain tube. So that o Imge reduction 
.,~, : u k ~  nZl& G<cd:Z ,fi:k1E Gutput s;<r,al.  0,d- 

>):ion :0 r n s e  i tdi j i t i in ,  the c l r iu i :  .s brcventrd lram 
osc l l l a t~ng  (srot l lzec) .  lnls actlcn ond the et!cct 01 c;i- 
c u t  loodmg cre explained in the detailed functioning of 
8 ,,,, , ,,,,Ik ..>I !::= ,.:2p:.,l! ,Jh di  5Lu> sx,J be;b*. ? -...-. 

Assume 13r tne moment that the mput s i q , d  i s  again 
going positive. The bias  on the V1 grid is mornrntorily de- 
cr~nsed n r l  an !ncrensri plnte cllrrrn! momen!nilly flews. 
In 1low:~g t h r c ~ y h  L2 th? cc::e-! :evelops a %nail emf, 
..i::c'. i s  cEt.3f.p'-3ne ,>!it5 !tL .:C!t3;e kSCk !:̂ . p!^tC. tC 
o r ~ i  !hrauqh ti..? r r lu ! r~~r :d  irrrrrli-::trodr conncltanre on.( 
helps prc:er,t sr.lf~osc;lic::s:~ 21 V!. 'rYhcn ::.c input signal 
--"" ....... .,, . L . . ' . . - . - -  ,,, :r""--.-.. , . . :  --.c ". ,--4 ?..- .L1.. .-, .... " iu.. Y..  .. 1 4  ... " ..&"  ,i., "-e., l,l. 
. , ...---- 2 ->-.. ;;... h, I ,  . .  , - r , , . - r ,  ........ > -  I... ,->. " L  .. ,,,? !F the c:q- 
.:..:.":::: :;.2;:.f~~:, :!~,.> -:.:;~.g~ ... ;2:e u,.rre!:t t:.!>"$. 
:b,e lJc> .yJrv I;,= ,,:,]p22ecr>L ,,"[,,ct: is wd[. 

+ut. iiunc,rr ti,? : ~ l u ! e  l a d  lor '/I co r s l s t s  iil '72 a d  11s 
nicoc!otedto~k c!icui!. L3. C5. Ir 3dd:~.cc. !he reflected 
,..A I.^_ - .  r n 4 .?.. . . -<.. . . . . . --A .L. . - . . . .  .. . - , "  i- '...,"'.- ... 

,>I .-.- LuLuL t . -  , : . .ped~nie  j i i s in ted  I; tk:e 22  plate. Sinze 
, . ~  
V L  1s conilrstes !n serles w!tr 'vi ,  mc plate resistonce at 

& , * k  !,.:ps <<,!>,:.; :< <.!!s.:!.!~!; ;,~!r:,l!,:!c< ,"!p rlo:c 
ha:! of V2. Ti,? lntut res:s:once of V2, thp voucded-gilC -.-_ ^ ^ I__  _ L  .._. ^ .L^ ^ ...-... ̂ ',/, I^ i... ._ ._  
C L " y L ,  ".-- _liiU ,,,. , \,,, uULI-Y, ", .* ,iYYi,", "". ia .,.~ 
creosrd by ltlc seiles reactance odse;! by ii. 'fils, L i  
1 ; -  n(!!;:"fie V? y:,! !? 9:. V] P]o~e .  +ccsse V? 

> . -. . .......... .-. ..... .!.-.! 1:. 1 ' 1  ,;i:" .... 7 . .  .! ,>xn,:,>r,n,. ,-,r :I.,,- :,!,7:? . , . , .  

0967-000-0120 AMPLIFIERS 

01 V1 a l s c  oppears on the cothnae of V2, and,  since the 
;rid 01 V2 i s  y o ~ n d e d ,  in effect oppeurs us an oppositely 
poiarlzed signal on the gild. Thus, o pasltive output on the 
catboar 01 V2 appears as o negative signal on the gild o f  
'$2. and causes  a decrease ir the plate carrent 01 V2. 
Cai;veisely, o nejat ive cothodr s i q d  CpjeOT5 os c posl- 
u v e  q l d  signcl, on2 miises an I rzrecse ~ r ;  tke pizte K i r e r t  
c l  V2. Since the inpilt m d  output 01 the grounded-grid 
s t q e  ;re ;l: phcse, h t L  t;bes o p ~ r o t e  in tl.e 5 0 : : ~  di- 
recuon. That 15, a s  the ccrrent 01 Vl increases ,  so !oes 

thc current cf Vi(bcth in the some di;ec!!on). Thls is 
necessary since bath V! or;,? V2 are scrlrs-ccnnected, and 
the same currm! flows t'lrw:jh b t h  tubes. When the plote 
.?rent "! V ?  !nr'-"'-', n vnl,.q2" imp "??en.< nrmsi: 

tank coll LJ, and M output voltuge is lnduced in mupling 
io i i  i4 thriush trunsluriiirr action. S i rn l i~ r :~ ,  *hen the 
nlote cu:;ent decreoses, m output 'iuitcqe of o p p o s ~ t e  
3013:~::. : 5  ??UC!LDC?. 

The discussla;i obove covers the indwidual apcrotlon 
of the separate s t o j c s  of the coscode amplifier without 
ionsidenng the e f f e c t s  of coxt ined operctmn. To can- 
plete the djscusslon of circuit operatlon 11 IS  now necessary 
to examme the monnci 11: which tt ,cse om;iliIiers operate 
when connected in se r i e s  ocross the plote supply. Th? 
narr;lol cascaded ampliliei operates in ~ ~ i a l l e l  vi~th *.e 
sui,ply, and wlth i t s  qrld connected eiiectively i n  serles. 
The coscode s taqe operates in exactly the opposlte manrer. 
Both tubes ore fed thelr plate voltoqe in s e n e s ,  so thot the 
plate resistance of one tube ac t s  a s  o dropplng resistor for 
t5e other tube. Altt,augb. cne s tcqe !s 2rounded-catb.ode and 
the other 1s qiounded-wd, thelr qrlds ore el lect ivelycsn-  
rl~cle: I" p~ra l ; e ; .  

The s~mpli l led equivalent schc~cat;;  Yclow snuas the 
d c  representotlon o f the  circuit. It  is clear :hot there is no 
d-c connectlo" between the grid cnd ground or betweer. the 
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With no slgnoi a?pilec, the tubes are resting in a any increose in the negatlve space  charge returns the stray 
quiescent condltlon, wlth the some plote c ~ ~ r r e n t  flowing electrons to the cathode rother than to the plate. 
through both VI and V2. The plate valtoge of V1 is de- The comblnatlon of o cascaded grounded-cathode and 
termined by the drop across  V2 ond 84, and is further re- grounded-gnd s tage i s  a lso often used ond referred to os o 
duced by the amount of cathode bios developed across H2.  code .mplifior. This change in clrcult i s  accomplished 
As the V1 plote voltage increases [with a s ignal) ,  the V2 by addlng plate voltage dropplng ieslstor Rx, shown in  
plate voltaoe decreases ,  s ince the total s lpp ly  voltoqe does dotted l ~ n e s  in  the schematic o b v e .  This  circuit i s  not .. . 
not change. The  V1 grid voltage is the cothode voltage two se r i e s  s t ages  wlth o common plate voltage; ~t 1s s ~ m p l y  
drop produced by the totol cothode current tunes cathode two s e w r o t e  c i r ~ i t s  connected in coscode. Although . . 
resistance R2, plus any signal-excitouon voltoge. With a 
practically constant cothode curient, this blcs  v ~ i t o g e  
chonges very little. When the plate current through V1 de- 
creases (because of a negative-swinging lnput signal),  the 
d o t e  voltaoe of V1 increases: a t  the some tlme the V2 .;rid 
;oltages mcreases ,  s ince the'plote voltoge i n n e a s e  of ?I 
i s  applied directly to the cathode of V2. %.us, the current . . 
through V2 is coused to decreose olso to correspond w ~ t h  
that of V1. Any increose or decrease in plote current 
through V1 and V2 (caused by the input signal) produces a 
corresponding increose or decrease in output voltage 
across  load resis tqnce RL. This l w d  resistance is the 
impedance offered by the tuned tank a t  the f r e q u e n q  of the 
input signal. The result i s  to p rov~de  o relatively constant 
omollficatlon thiauah V1 ond V2. eouivalent to tb.at of a 
single triode tube operated with'o reduced plote voltage. 

Althouoh moxlmum aain i s  abtoined, s ince i t  i s  oioduced 
a t  o relatively low plate voltoge wlth a minimum change in 
plate current, l e s s  noise is produced than for on equ~va len t  
gain obtained with o lorqe change in plote current. The 
isolation provided between the input and output circuits by 
grounded-grid s toge V2 minimizes ony feedbock between 
the input and output. Therefore, self-ascillation i s  pre- 
vented ond neutrollzation i s  unnecessary. (Although in 
some circuit versions V1 i s  neutralized, this i s  not done 
to prevent oscillation, but rather to increase the input 
adnuttance s o  that high goin may be ob taned . )  By noin- 
toining a reiatlvely constant plate current, the circuit pro- 
duces a very lineor output sional, because the oain is 
independent of plote resistance and equal to t h e  tube 
omplilicotion factor a t  a l l  times. Thus, the normal diop- 
plng off in effective arnplillcotion a t  h ~ g h  rodio frequencies 
i s  overcome by the coscode circuit. The  decrease i n  noise 

output and the increased goin ot high frequencies moke 
this circuit most useful, ond provide a much better signol- 
to-noise ratlo than any other circuit ccmblnotlon. 

The  reoson for the decreased noise i s  not the reduction 
In sho te f fec t  alone (random variations in the rote of 
electron emission from the cothode produce o hissing noise 
coiled she, effect), because of the low pl3te voltage used. 
The decreased noise  1s a lso due to a reduction in the 
"induced grid n o s e "  ond the "flicker effect". Tne In-  

duced noise is reduced because of the lcw effective 
impedance of the grounded-grid circuit. The fllcker effect, 
whlch occurs because of small temperature changes in 
oxidecooted cathodes, i s  reduced by holding the plate 
current relotzvely constont. Thus, the space cncrge wlthin 
the tube iernolns relatively large ond constont, ond any 
increase coused by fllcker effect i s  swomped out, s ince 

constont goin i s  not a c h ~ e v e d  by keeping the plate current 
in V2 relatively constont, almost identical resul ts  are 
obtolned. In foct,  the cascaded form of mscode  circuit 

provides odditional galn, s ince each stage o p r o t e s  seporate- 
ly a s  an amplifier. Huwever, the flicker effect  i s  not 
elminoted, and as each s toge usuolly operates a t  a slight- 
ly higher plote voltoge than each s toge in  the original 
coscode circuit, slightly more shot noise i s  produced. Be- 
cause of the increased signol g a n ,  however, the increase 
in the noise figure i s  not very evident, s ince  the sign01 
tends to override the noise. 

FAILURE ANALYSIS. 
General. The failure analysis  applicable to the 

grounded-cotho~e r-f amplifier and the grounded-grid r-f 
amplifier may be used a s  a guide, porucuiarly where the 
cascaded form of coscode circuit i s  used. Since the tubes 
normally hove their plates  series-connected, the follow~ng 
analysis applies unly to the orginol cascode circuit. 

No Output. In the ser ies  plate circuit consisting of 
R4, L3, V2, L2, V1, and R2, any open circuit wiil prevent . ~ 

operotlon and thus couse loss  of output. Normal plate and 
cothode voitoqes will i n d c o t e  either nosignol applied, a 
defectlve tube, or on open input or output circuit. Always 
check the supply valtoge when checklng plote and bias 
voltages, to verify h o t  the supply i s  operating normally. 
If the mput clrcult 1s d e f e c t ~ v e ,  plac:ng the ontenno (or 
other input) directly on the gild of V l  s h w l d  produce on 
output. A resistance check of L4 will verify continuity, but 
not necessarily ~ n d i c a t e  a short circuit s ince the c o ~ i  
resistance i s  usually l e s s  than 1 ohm in elthei cose. With 
an oscilloscope ond r-f probe, the signal con be checked 
a t  the plotes of bath tubes; i f  the signal 1s present, L4 i s  
defective. If R3 opens, the grid of V2 con become blocked 
by the occurnulatlon of electrons an C4. A resistance 
check will lndicote whether R3 i s  of the proper value. If 
either C1 or C3 is o p n ,  no slgnal will be applied to the 
Vl grid. Use on lnc~rcu i t  capacitor checker or tempoiai~ly 
odd a copoator  equi,ialent in volue to C1 or C3 to deterrn~ne 
whether an output can b e  obtained. If  the tubes are suspect- 
ed, repioce them with ones  k n o w  to be in goad operaung 
conaitlon. A no-vcltoqe indication on the plote of V2 con 
be cocsed by a shorted bypass copacltor C6. If C6 i s  
shorted, the entire plote supply will be d l s s~po ted  across  
R4, causing I! to overheat, smoke, and poss~b ly  burn our. 

Low Output. Low plote voltage, high grid bias, or a 
defectlve tube wiil produce a reduced output. The plcte  
and bios valtoges con be checked with o voltmeter. If C7 
:s open, the output will be reduced beccuse of cathode 

CHANGE 1 6-A-22W 
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rye:.a:uor,. Likevmse, 11 either Ci or i5 is detdnec or 
a p n ,  tho cbtput will k r r d ~ c e d .  I1 Cl ci C3 is defective 
but stray conocltive c3dplii.q e r l s t s ,  icw bbt2tit noy a i s c  
ke obtained. Use ar inclrrult c c p c i t o n c e  chrrker In 
check the copocjtsrs, I1 gr13 r i - : ~ r n  r e sb tc r  81 cr R3 :s 
awn or lncicoses r i  v a l x  m t h  o3e. 11 1s posslble for tnr  
~ ~ ~ ~ ~ ~ ~ t ~ d  \..re h,10~4 lllr hgve ID~UC.L! OutpLt c:!.~ 
stroc? s>gnoi. 1)s~. an ohmmeter to cnein the values sf R l  
and Fi3 *hen in  doubt. Since the odtput is an r-i s ~ g n a l ,  L4 
m t e  GFen ond yet G IOW 0~11.ut be c t t c i r ?d  throuqt. stioy 
rupac!tlvr cuupllrq. 

Distortion or Poor Selectivity. 7h.e CCS:O?~ um;I:i;e: 
i i  i db je i r  1- the soole o u s e i  a1 :.sturttizl a!;l ;>or ;elc,:- . * ,  . , ,  i .  i . . . . _ I  :..__ - . . , ,  -. 4. .. ...... -" .,"-- -. . . u...u....-.-. - .4.  ". ?.".> 

vaitage vili! c x s e  clipping and distcrtio-. Use 3 voltn:eter 
16 6rlerr lr.e ,whether rhe proper b ~ u s  am5 piate vo;toqes 3re 
present. Hlqh resistonce 111 tn r  rul:!.eo c i rc i i t i ,  cousru 2y 
.... 8 , .  ..I .. ' I  .. .~ .-... . ~ . . , .... 

'li"i .,il".c,C~l " ' > C  ".,"I ~ ,.,J . 1 . 8 <  ,JllJ 

se!ectlvlty. St . - r  !ol~! ts  In l:le 3nterl,a cr tron5-n!sslon 
11re system :sn c m s e  r e c t ~ l ~ c a t i o n  ~i tne r-i .wqnol and 
;rwsce apur~ous responses o: orors N n i a ;  n1gi.t be mls- 
lrtcrpretrd cs as to i t lo r .  Cnongelnq the ontecna .x,:i!l usilcl- 
i f  Z J U S ~  :r:~s iu:.J:tion t i  z s a p j c a r .  ,';:.cn In aoubt, lnsert 
a :.ocdoted 5 4 ~ 0 1  from ;: S I ~ U !  jene:oto: t;cd w:th;n c;e 
r m . 1 ~  oi o p e : o t l ~ ~ ~ .  JSP on c s c ~ l l o s c o p r  an5 r-I p r o x  to 

T\n !CI:OCI !:ye i lqcal  irorn Inpit !o ortput. Ir.y ustartlor, will 
he vlsl t le  0s a cnonje in pottern on the scope. Any cross- 

?. n d ~ l o u o n  el lects  $,,ill te due to overlocd~ny by strong 
i ~ c s 1  slyl01. an3 can be e l ~ : o l n c t e ~  only by t t m a o u n a  tiip 

1; -. i, ?-,..,?. . , ~  .L ..<. - 2 2  1 " 2 : -" ~~~3 - . ~ L u ~ L -  . u~ r 2 L , , > + ~  >*13..L..,>L 

;c!ect?vlty ociore ti:e ::lput. 

TRAVELING-WAVE TUBE AMPLIFIER. 

APPLICATION. - 
I he travellnq-wove tube axpliller 1s used ot sl;p=-higil 

irerjuencies as an untuned r-f ompllfler (or ,xxer) in  micro- 
,?!tie receih;ers, 2s s !izecr lmp!if?t: !I !r%sm:ttn:c, m ?  I- 
!?$! q;:s::en!. Its broad-hrd ctcrss!irisU~:s r:akc I: par- 
ih;.uiclri! dselul fur hrrjh-mr.d t e l e v i i i ~ r i  ofid t l t c i r o n ~ c  
"?,!"! cr-,ec<,re: !ELT!J! "-,"i,"",,-ns, .> :.-.. .... , 

CHARACTERISTICS. 
- ---.-,. " -  ..-. ," ...,.?x," ,..c;., 

"i -. "" ll..... .- . -II....-. , 
.- --- >;,; zqDctc jes tG ,2,GLb .. . "  , I ,*,,"L'L,~~. 

r:;;,-,en,rv. <,,I;?: ;rcc 1,; CG 47 Gzrzez:. 
Cower noi.a;!.pq capaoll?!les vary uo!:! us isw nb ?OG 

, , ,  ,,,. V Y : : ~  :c ! k!l,>,;;,>!, !;,r rcnt : r . ; :ms+n~x c-::s:=?,:.  
r,.,., ,,.,,! .J p4u. ! . ' : Y ?  !-. > A!L ~.2 b,c! , L C : : . :  -, : 
ri k:ioua:ts. 

YO SF^ i n l n  :n o s1n:;ie tu3r vcries !m!:: 2:: to n~ as 
.7.d*:Kir. 

,,;-, ' 
. . .  -. 

.",?se i141;rec iicni 2 ai rc ,cc io- oe 7;rilrie;. depena 
,:,,,:,, < ~ # s  :cc~"er:cy ;:T,::ases ,vi::. : : q ~ e z r f ,  ><: 221 
l:nearly!. 

t;cc ;; 5i::,J ::-: -,:.;i: v2 .-;::IIL 1 i.-,:i.L:L: 

. , ,,, ,.., -,-.,,,,,, ,, ,.. -. - . . -. - - . . - . . . - . . . 

Amplliies by virtue of a alstrlbuted interaction betwoir, 
an electron beom an? o trovellng wove. 

Is a nonrescnant device inherently copabie 01 enLrlnous 
h rdwld ths .  

Usually enpiays irlajneuc tocuslnq of tie electron bean ;  
nowever, electrosta:lc locusino is son.eumes erployed.  

CIRCUIT &N.ALYSIS. 
Gmcml. Povclinq-wove tunes art used lor imh iarye 

ond s:oil siqnol a p p l ~ c u t ~ u n s ;  eacn ~ L D S  is roted !or o spe- 
clllc pocer-nord!ng copoalllPi o-ier .I certolil i r q u e n c y  - 
rmje. lney s;pplement the presectl; aio!labie !::!cicwa.,e 
t u x  types, s i c h  os pianor tricdes, n lys : r~ r s ,  and r a g -  

v>-.. > ..,,, ' , , ,  ',, ,.,, J"--A " ,~ .,.,. ".,". , , . L >  " .*.-" ---. ". .". 
p l ~ c a t ~ o n s  where o lorqe icnqe of irequarcies must be 
c3 ,~e rd .  Since h e  tuDe is conlpierelv sell-canralned on6 

* .  
nnd alrput  fltt~n.;s ore provided, sependlng apon the lrequen- 
oi ranae in m e ,  so h o t  only fllo-lent and collector power , , 

ore needed i n  a d & h  to the input ond output leads to 
~ r o , i ~ d e  on oueranr? orpllfier.  A~thocgh tne 1:oveilng-wove . ~ 

t u x  53s  h;:, ]-in and 1s :;slly Cmtd :i c h o n p n q  the col- 
!ec!ar vclta;e, :I p c s s c s ~ c s  nclse  cha:ccte::stlcs Lho! me 
somewnor l e s s  deslroole than those 31 Some oi ine otner 
:y?es c i  X n o w o v e  tubes. R ~ e r . 1  irnpro,rwerts olcng tils 
ilne hove produced n o s e  figures c l  6 db at 3000 xeqacycies  
ond I l db ot 10.000 megacjcles. or better, as compared with 
31 db for the early versions. The  6-db ll+re IS opprcixl~ 
xote1.f the i r e  i s  h a :  s b l a ~ c d  w:t5 3 CI.(S!O! :ixer. !! 
1s well known that ::ystals -re easily -'ornuged by r-! enerqy. 
iioiurvsr, fie r r c~~e l : : :~ -wui~c  t ~ u r  1s mt so eosl ly  dm::uqei 
slnce on mput over-loud will merely iuuse suturotion 
!~nstead of burnout os :n :he c a s e  of the crystoli; hence, 
with t h ~ s  t h e ,  o s l cp le r  duplex~nq syste-. may be used. 

Ci,cvit Opc..tion. 7ne xcc-p;-y:r; i:qm sr.cwc <?e 
essentlol eiemcnt; ,i c tro.,elmq~wove tube. 3 e s e  urea 
long, norrow election D a m  and o circuit copable 01 sustoln- 
::; c E!c.::. ~i!e~tcn!n:"!!c , w ~ o  w t h  c !~~$i!?dinc! z?m- 
Wnt.r.1 of e lec?lr  iield, w h ~ h  zan trnvel  long ir. syr.chi,:.- 

OUTPUT 

I 

Saxir Troreling;Wove Tube Elements 

-,,sm *,;tn .". ., - 
..,i ..i. ...,.. ; K P  S I S I ( - W O V ~  CXCL?! L I J O I I ~  a n :  

. ' I . .  -- . .  . . T" r.,ri " r , r r . , i t  tho ,3>,> "," , , L > , ~ ~ , , u , , y "  

,wove uoveis aionr; tile wire wim uppruxlnutrly the speed of 
!:;'.I. I f  IS?" !?! the w ~ e  1s 13 times os lcn; as the 
,,.,,I I - i  ;L .,! :/,;. : ~ i !  ;,: i~-I:*. .LC %.Z.:C :.::!: :::;el 21333 . - - ~  ~~ 
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the electron 3em at one-thirteenth the speed of light, and 
h e  electrons i n  h e  neon, posslng throu* the center of the 
cod, wlil be i n  syochronisn wlh this slow traveling wove 
li hey ore occeleroted by o%ut 1530 \,olts. The speed of 
the electron oeam i s  controlled by the potential opplled to 
the acceleroung onode. Slnce the hellx is connected to the 
mllect-,r at the end cpposlte h e  cathode, the helix also 
serves as an oddtlonal occelernting onode. An ox~ol xog- 
netlc held is used to focus the electron beox, to keep the 
beom fiox sprwdlng and to gulde it tirough the center of 
the heilx. 

'%en the elecuons uovel olong in synchromsm with the 
slow wave, there 1s a cumulouve interoction which results 
~n ampliflcouon of h e  trovellng wnve. At wovelengths of 
oround I0 centimeters, the power gam may oe of lW0 to 
10,030 Unes or even greater, ~n o distance of 10 inches. 
Because no resonont clrcuits are involved, the troveling- 
wove rube is inherently broad-band; subsmnual gain nos 
been obtained aver bands of bausands of megacycles and of 
severnl octoves. Waves traveling backward, ogolnst the 

' electron stream, are procucoliy unoifffted by its presence. 
To make a stable and useful enpiifier, attenuation of the 
Sackword wave :lust be added in  the slow-wa.ie circuit. 
lisuolly, it is lumped Reor the center of the tube, and ~ n -  
voduces o loss to the hckward wave whlch is much qeater 
tho" the amount by which i t  reduces the  forward goln. The 
necessiiy for the ottenuatoi and 11s reductlan of forward os 
well as hckword goin is a basic limiting parameter, whlch 
hlndeis high-power tube deveiapnent. 

' h e  following flgure illustrates a typical trove~lng-wove 
tube amplifier usmg a solenold type of mawetic focus coll. 
The electranlc beon i s  obtalned from a Pierce electron sun. 

ATTENUATOR 

+ ACCELERATING 
ANODE - 

Typical TravdinpYave Tube Amplifier 

which produces o series of essenuolly parollel-path elec- 
trons. The tendency af the parallel electrons to be deflected 
or to suoy from the parollel path 1s overcome by adding o 

solenoid on the glcss envelope of the tuoe whose 0x1s 1s i n  
the langltudina! d~recrion. The focuslnq held of the s o l e ~ o ~ d  
deflects any stroy electrcrns hclck lnto the electron swear 
so thot they must !ravel through the center of the helix. 

The r-1 input signal is fed into he hellx ar the cothode 
end of the tube, whle the r-i output slgnol is token from h e  
opposite end of h e  tuoe, near h e  c-illector (or anode). The 
occeleroting anode cieotes the inltlol eiectrlc held whnch 
ottrocts the electrons from the cothode, ivn!le the collect.ir 
(or anode) sers,es to collect *,e spent e!ecuons after they 
hove possed hraugh the hei~x, and return them to the power 
source. The hell2 is c a n n ~ t e d  to the callstor interrally, 
and also acts as an occeleioting anode for the electron beam. 
The r-f signal 1s coupled to ond from the hellx induct~vely. 
Tnere is no dlrect connecuon between the helm and the ~ n -  
put ond output clrcults. The helix consists oi o continuous 
spiral of wlre or strap 10 to I2 lnches i n  length, whose 
noturol resonont frequency is much lower than the range of 
operation so that it acts as o nonresonant devlce. The pur- 
pose of the helm ls to provide a path for the input s~gnal in 
proximity to the electron Seam so that interaction can occur 
between h e  bean field ond the signal fleld. When the r ~ f  
input signal is ~nduced on the helix, o conductive poth is 
provided by the helix Iron h e  cathode end to the collector 
e-~d of the tube, througn nrh~ch the r-1 s:qnol current flcrus. 
Slqnal current flow lnduces o fleld around the hehx whlch 
trovels wlth the signal from input to output: thus, o  travel^ 
~ n g  wove is produced along h e  helm. Nhlle the electron 
bean and r-i signal bath travel or the speed of 11~+t ,  the 
poth araund thehelix is longer. Therefore, the siqnol field b.. 
progresses from turn to turn through the helix at a much 
slower speed than the electron, whlch travels through the 
center of the helix and follows the shorter direct path bet- 
ween cathode and collector. 

When the input slgnal fleld opposes the field of the el=- 
irons poss~ng through the center of the helix the electrons 
oredecelerated, and are overtoken by other electrons. Dur- 
ing the time the b&m electrons are decelerated, .they re- 
linquish kinetlc energy to the field of the r-f slqnol, and t a d  
to form in bunches. When the signal fleld increases, i t  
enhances the electron field and accelerates the electrons, 
and energy is transferred horn the r-f heid to the electron 
field. As the slgnoi f~eld  and elecuon beam progress 
through the tube, more bunching acnlrs. %us, more el=- 
uons are ovoilable to give up kinetic energy while a por- 
tlcular bunch i s  passing through o deceleiaung field. Slnce 
more time i s  spent by an electon in a decel~ot ing field 
than in an acceieroting field, it gives up more energy to 
the r-f field tho" it receives. Thus, a s  the signal progresses 
olong the helm, it increases in strength, and is amplified. 

No energy uansier is possible unD1 electron bunching 
commences. A s  bunching increases, the s l q o l  amplitude 
increases and causes even qeo ta  deceleration of the elec- 
trons (in the following bunch). This c m s m  the signal 
strength to increase exponentially, as shown in the acca-ipa- 
nying ~lhstrouon. Ever,tually, o paint is reached at which 
the electrons in the bunches are slowed to the extent thot 
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IN 

A t  ATTENUATOR t O U T  t 

FOCUS 
PLATES 

Elcctmrtatic Focusing 

?he ottenuator whlch prevents the backward wove from 
causlng oscillation and loss of ompllficotlan is provlded by 
spraying o resistive fllm (produced by an oquadag salutlon) 
on thehelix and plbe envelope ot the proper locotlon. In a 
hiqh-power tube the ottenuotlon 1s mncentroted nmr the 
center of the tube, while i n  a low-power tube it is usually not 
more than onethird the distance fiom the cathode. 

While more could be sald a b u t  the various phases of 
design, the discussion above i s  sufficient to ocquoint the 
reader with the pnmory funct~omng of troveling-wove tubes. 
Slnce the tube i s  o fixed pockoge, there i s  nathlng the elec~ 
tronic technician can do to chonge i ts  operation. 01 
course, iaulw ODeration can result from lncorreet connec- . . 
tions or operating voltoge and polarities. Therefore, further 
discussion at thls time i sunneces sw .  Additional data can 
be obtained, when desired, by reference to other texts or to 
manufacturers' iniarmotion sheets. 

FAILURE ANALYSIS. 
No Output. Lock of input slgnol, on open output clrcult, 

or a lock of filament or plate voltage can couse loss ai  out- 
put. Use a voltmeter to determine whether the filament and 
piate voltage are correct. WARI\NG: High plote voltogo 

exists between the  collector and ground; be certoin to oh 
seme all sofe* precautions when measuring t h ~ s  voltoge. 
Since the cathode i s  usually mnnected to one side of the 
filament, measure the fllament voltoge only when the plats 

*OI,.~S i s  off. 
The lnput and output circuits can be checked for mn- 

tlnultv with on ohmmeter, with the mwer off. If the external 
c l rcu~ts  appwr to k sousfactory, use a signal generotor 
to supply on input to determ~ne whether there is loss of in- .. . 
put signal. Likewise, In  the  output o durmy lood may be 
substituted. If the Input and output ciicults ore apparently 
sotisfactory ond proper electrode voltages ore appl~ed,  a no- 
output condition will probobly lndlcote a defectlve tube. 
When possible, substitute a tube known to be in good oper- 
ating condition. 

Low Output. Law output con be mused by lmproper 
plate or filament voltage, low drive, or o defectlve tube. 
Check the plate and filament voltages, observ~ng oil sofety 
precautions. When operating normally, most travel~ng-wave 
the bios of V3E: in oddition, on improper set t lnj  of vonable 

plied, the Output should meet the deslgn speclflcatlons. 
In transmlttlng appl~cotlons, insufflclenr r-i drive will couse 
reduced output. In the special case where sweep voltages 
are used to tune outomotically aver o band of frequencies, 
1t 1s important thot the dnve waveform and sweep waveform 

,n be of the shapes and anplitudes specifled; otherwise, r e  
duced performance will occur. Low tube enisslon c a n  some- 
times be found by notmng thot the output fluctuates in 
amplitude and that o hi$ noise 1s developed in the output. 
The beom current in this mse will be reduced, and low out- 
put will occur. Unfortunately, other conduons, such a s  
lood reflect~ons or c change in accelerating voltoge or col- 
lector voltoge, will olso change the beam current. Where 
saleno~d focusing colls are used, lock of sufficient field 
will olso cause o reduction i n  the bean cuirent, ond can be 
caused by o defective coil, low focus~ng voltaqe, or loss of  
power to the coli. In this cose, the focus supply can be 
checked with o voltmeter and the resistance of the coil 
determined by m a n s  of on ohmmeter, with the power off .  
Camporison with o g w d  call will lndicate whether the re- 
sistance is high, low, or normal. 

Becouse of the few ports involved, usually o voltoge 
check, o waveform check, and o beam current check are the 
only simple checks possible. If normol results ore obtdned 
from these checks, substituuon of the tube, the input, or 
the lood will be necessary. In tubes hoving a low noise ,A 
f iwre ,  disconnecting the antenno from the input in receiving 
appllcotlons will reduce the noise, and serve a s  a rouqh '. 
indcotlon that the tube is functlonmg. However, in tubes 
having high noise figures this change may be masked by the 
tube nolse. Thus, 3 more positive check i s  to insert a 
signal fiom a known source ond d e t m i n e  whether normal 
mpl l f~ca t ion  is obta~ned. A chonqe i n  lood should olso 
couse o change i n  beom current, a s  should o change in 
focusing-magnet current. 

In the cose of overdrive, increased current usuolly oc- 
mrs, followed by a reduction in output a s  the collector i s  
heated by electron b o m h h e n t .  Once saturation is reoched, 
no further increase in current occurs as the drive i s  further 
increased: thls indicot~on con sometimes be m~staken for 
r ed~ced  output. 

TUNED INTERSTAGE (I-F) AMPLIFIER. 

APPLICATION. 
The tuned lnterstaqe (i-f) amplifier IS universally 

used in superheterodyne receivers to supply high r-f 
mpllflcatlon and the desired selectivity. 

CHARACTERISTICS. 
Uses pentodetype electron tubes to obtain high volt 

age qmn. 
Uses doubletuned tank c ~ r n u t s  to obtain sharp 

selectlvlry. 
Uses radla-frewency tronsfoimers to lsalote Input 

and output circuits, for voltoqe step-up and impedance 
matchinq. 
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n-7 SECOND 
ST4GE STAGE 

- - 
Ebb 

0 - 
Two-Stage I-F Amplifiar Schemstic 

I - 

Transformer T I  couples the grid of Vl to the plate oi 
the preceding mixer or converter stoge, while T3 usually 
supplies the i-f signal to the detectoi. Any change in 
impedance between the primary and s ~ o n d o r y  circuits 
can be accommodated by changing the turns ratio in the 
umsfarmers. Normally, a 1-to-1 ratio i s  used, and my 
difference in impedance between the plates md grids of 
the cascaded stages i s  usually of acodemic interest only, 
since the primary and secondary of each i-f trmsformer 
me hi&-Q, parallel-tuned circuits md they both oresent . . 
a high impedance to the circuits in which they ore 
connected. The hiqh impedance produced by the plate 
circuit lank causes o large voltage drop across the pnmary. 
and by transformer action o Large voltage i s  induced m the 
semndary. At the same time, the secondary presents a high 
impedonce to the following tube grid circuit so that maximum 
voltage is developed on the gr~d, and grid losses are kept 
to o minimum. Thus, it i s  seen that double-tuning in 
itself always provides sufficient matching for efficient 
volmge transfer, provided that the coupling between the 
primary and secondary i s  optimum. It is also evident that 
the largest voltage i s  developed m o s s  either tmk ot 
the frequency to which it i s  tuned, since it presents the 
highest impedmce at resonance. While there are some 

this i s  taken care of in design calculations. 
Further exminotion of the schematic also revwis 

that the stages me simple pentode r-f voltage amplifiers. 
Self-bias for the stages is provided by cathode resistors R1 
and R4, bypassed for rf by C3 and CB, respectively. 
Screen voltage i s  obtained through voltagedropping resistors 
R2 and R5, while plate voltage is supplied through R3 and 
R6. The screen resistors are bypassed to ground fw ri by 
C4 and C9, and the plote resistors ore bypassed by C5 
and C12, which also form a decoupling network. 

With no signal applied, both Vl and V2 are resting in 
their quiescent condition. Plote and screen currents flow 
steadily through cathode resistors R l  and R4, and develop 
o positive bias at the cathode, which i s  the some as a 
neaotive blas on the arid. [See paioaraph 2.2.1 in Section . . . .  
2 of this Handbwk for a discussion of cathode bias.) 
Screen resistors R2 and R5 drop the supply voltage to the 
value of screen wltage necessay to provide sufficient 
plate current swinq. Likewise, plate resistors R3 and R6 
brop the plote volcage to the prober operoung value. 
Since each of these resistors i s  bypassed to ground, my 
r-f variations of plate current (when a signd is applied) 
ore eliminated so that steady plate and screen currents 
flow throughout the cycle (with or without signal), and 
cathode bias can be used. 

When an input signal i s  applied to T I  primary, o hiqh 
impedance i s  offered the signal at the resonant fiequenq 
to which C1 tunes Li.  With secondary L2 tuned to the same 
frequenq by C2, a high impedance oppears htween the 
arid of V1 andaround. When the input sianol causes M 

increase in current through LI, a corresponding increase 
in voltaae i s  induced in L2 by transformer oction, and the 
increased voltage appears on the V1 grid. As the ryid of V1 
i s  made more positive on the first half-wcle of operation, 
a larger platecurrent flows through the primary of T2. 
With tuned circuit L3. C6 tuned to the some ireuuenw a s  . . 
the siqnol, a high impedance i s  presented to plote current 
flow, the plate voltage i s  reduced toward zero, and o lorge 
voltage drop occurs across L3. This voltage drop induces a 
negativegoing signal in the secondary of T2 by tronsiormer 
action. When tuned circuit L4, O i s  resonant ot the siq- 
no1 voltage, a lorge negative voltoge olso appears between 
the grid of V2 and ground. 

Since V i  and V2 me biased ot the center of their 
gild-voltage platecurrent trmsfer characteristic curve, 
large positive or negative swings of voltage con be 
accommodated without causing any distort~on. Thus, the 
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amplified input sqnol from Vl, which oppears on the V2 
grid, i s  reproduced in ompl~fied form in the plote circuit of 
VZ. The operation of tube V2 is s~milar to that of tube V1 
except that the sign01 is oppositely phosed. Tnr neqotive 
grid signai liom the first stage causes the plate current 
- 4  I,? *" ,, *-.---- ""A ,L,. " I-.- ..-I .--- -' .L. -.-.. > ..... ". .- .- ...-.Ll*', ."," .,,L &,*"LL " Y I L Y I ) L  Y. ,115 >SLY,," a,",,= 

rises toward me supply voltaqe iwes  wsitivei. At the ~. . . .  . 
s m e  time, the prlmory of T3 o f f s s  a hlgh impedance to 
current flow. The reduction in plate current flow through 
tuned orimaw circu~t L5. ClO oroduces o loroe oosltive . .~ 
going voltage and induces a voltoge in the secondary of 
T3. When secondary circur i6, C i l  is tuned to the same 
frequency as the signd, it produces o higin impedance, 
nnd a 1o:ge outplir vottoge 1s developen ocross 1:. 

When the lnput slgnoi ot the first staqe qoes neqotlue, 
on the remaining half-cycle of operation, the oction of Vi 
and '!2 1s exoctly the opposite of the described obwe. As 
the piate current at Vi i s  reduced by the input signal, o 
positivegoing voltage i s  pioduced ocross the T2 prlmary, 
and this voltage i s  applied to the V2 grid. In turn, the V2 
plate current i s  increased, producing a negative output 
voltoge across T3. Since Closs A bias i s  employed, o s ine  
wove input produces a larger and ampllfled smewave output. 
As long as the grid signal does not dnve the giid of V1 or 
V2 to the point where it draws current, and the plate voltage 
does not fall below zero and cause plate current cutoff, 
no distortion occurs. The output waveform of the wplifier 

D i s  the same os the input waveform, but i s  much larger in 
".""li...Ao 

\ 
" ..,F.. ~""-. 

Slnce [he gmunded-cathode circuit inverts tine input 
signal, the output of an even number of stoges is of the 
same polmty as the input. ?herefore, any feedback from 
output to lnput will produce regenerative oscillations. 
However, the very small ploteto-gnd capacitance of the 
pentode reduces any such feedbock to o negligible value, 
and neutrolizotion is not required. The use of plate d e  
coupling capacitors C5 and C12 prevents feedbock through 
commor, impedance coupling in the power supply. Thus. 
o stable, high-gain, and hlghiy seiectlve amplifier is pro- 
duced by connecting the two doubletuned stages in 
coscode. From the discussion a b v e  it is clear that the 
operation is ~denticoi TO tho[ oi the sir . '~lestdge parade  r-f 
voltage amplifier in d l  respects, except for the effects of 
the double-tuned circuits in providing higher gain and 
, .  9 .  o s  ' n 'e  ... .- - .. - .p - :e  .. ... - + - -  a.u9e. 

FAILURE ANALYSIS. 
General. Tne &scissions of falure adysis  for the 

pi;.t,Jc ?,r ,A,inCl.f.e: ;.>: :Le C;s;J:; = ~ r  \;:,;];:.s:, 

prrvmusiy discussea ir. this section, are genrrnily 
;ip!.;zb!e to :hc intersloge ; f m?hf:cr. 

No Output. k de!~;:ive i-f trm,sfa:~e:, ;r .?;en 
bias resistor (Rl or 341, loss of screen or plate volt- 
age, or a defective tube can cause loss of output. 
Check the plste, screen, cathode, and suppiy voltages 
with a voltmeter. Luck of plate voltage can result from o 
defecuve power supply, an open plote reslstor (33 or 5); 

, , ,  , , .  ,,.7 ,.,", " C",,..O,. ,,,,..,~ ",,.,,,*u ,.,..,,.,.,,,,, ,, , , _ _..u..__ .-.- -,illl l_rl__.__ ,_J '2: i ~i:, r: :: c:e;-  

live transformer (T2 or T3j. If the voltage is zero ot the 
junction of C5 and R3, oi C12 and R6, the couse is elther 
an open plote resistor or a shorted plate bypass capacitor. 
A resistance check, using an ohmmeter (with the power 
off), will determine which is at fault. With plate voltoge 
u i  C5 uld  Cl2, bui riot ui ihr piore oi one of the rubes, 
an i-1 transformer primary is defective, or the primary and 
secondary ore snorted; m either cose, replacement of 
the transformer is necessary. An open plate circuit in o 
screen-grid tube can usually be determined quickly by 
noling that the screen is red, because of on overloaded 
screen, which tries to toke the place of the plate. In this 
cose screen resistor F?2 or R5 wiii be excessively hot; 
:: may smoke, an? w;!! ever.:udly bwi. 02;. Mere 
voltage exists on the plate of one of the tubes, but not 
or. the screen, bypass capacitor C4 or C9 may be shorted, 
GI screen resistor R2 or R5 moy be open. A resistonce 
check from each screen bypass capacitor to ground (with 
the power off)  wiii indico~e zero i f  the capacitor is 
shorted, and a resistance check of the screen resistor will 
reveal the mndltion of the resistor. Since the screen 
voltage determines the plate current of a pentode, to a 
great extent, it i s  not always necessary for the screen 
voltoge to be zero in oider to cause loss of output. 
Since cothode resistor R1 or R4 is in series with the tube, 
if the resistor is open the circuit to ground will be incom- 
plete and the tube will not operate. Lkewise, if 11 inaeoses 
in value sufficiently the tube con be biased off to dmost 
::;; p:;:; ;u;;;n:, =d c-yj- jcch a OYtpUt 06 i,;. ti. 
cons~dered procticdiy no output at ail. 

If the tube i s  defective and no emission occurs, the 
carnode voltage will be zero. Wlth C3 or C8 shorted, there 
w~ll also be no catbode voltage, but the ootput will be 
distorted becailse of heovy plate and screen current; in 
this case the plates will get red afid the tube may be 
damaged. Where h e  indicot10r.s are otherw~se normal, 
the tube should be suspected; replace the tube with one 
known to be in good corAition. In simple receivers it is 
sometimes easier to tlrst replace the tube to determine 
whether it is at fmlt. However, such a procedure con couse 
additional trouble in multi-tube i-f amplifiers, particuiorly - 
In [nose having a nigh ~nieimed~ate irequency. inis occurs 
hecause the i-f tuning is affected by the tube capacitance, 
so that replacing the tube in a different socket (or wlth 
".,"tmer ',,,. -..- .. .-ej :r.:aws :ne se: oms ;  dlji.aei.i, wt,iih ;ma 
csuse c large loss o! ;air.; tL:s conditon can 0!s0 be 
. " .  6 .  .. . .. t I I . 1  , I I .. 
....l.-"". ."' "" -U.p".. "'-. ." '.... ". r'"ii ,  >-:ceii, 3," 
cathode voltages and no v ~ t w t ,  even with gmd tubes, i t  
. . .... .~ -- 
.a -c. ."LP, t3z: I!,? seccodc~j of butbut ;;~nd~rrfier , J Is 
open or iotuiiy aetuned. tisuoiiy succ, c condition w;ii 
pr9ducea s], .q .I - , . t - , . , i  -, .,. ,e,mse - of stray iiipai;tii.e s o ~ p l ~ ~ ~  
between wlnd:ngs, b;: I: c~iild be mistaken for a mijii!pu! 
condition. 

Low Ou+pvi. Low output c3n be caused by o deiective 
tube, low screen or piote volroqe, or t m  hqn a bios. 
First check the tube element voltages w~th o volrmeter. A 
iow voltage on the pior? or screen lndlcotes excessive 

. . ,  ,-.?? r!!: ..L.il:! in :kc: Li (;:o"-c4n; !-;e .;oltcgc dro;. 
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through the series resistor), an off-value plote or screen 
resistor, or a ieoky bypass capacitor. The resistors can 
be checked by mems of m ohmmeter (with the power off), 
and the capacitors with m in-circuit copocitonce checker. 
Larger than normal plote and screen current wiil also cause 
o corresponding increase in bios voltage, since cathode 
bias i s  produced by the sum of all currents flowing in  the 
tube. A leaky screen or plate hyposs capccitor will cause 
reduced plote or screen voltage, reduce the cathode current 
flow, and hence decrease the bias. Low tube emission is 
usually indicated by higher thm normal plate and screen 
voltages, with reduced cathode bios. As the condition 
becomes worse, the output will continue to decrease 
progressively until the tube emission 1s insuffic~ent to 
produce on output. When all voltages appear normal and 
the output i s  low, either o tube may be defective or the 
alignment my be at fault. Replace the tubes one by one, 
noting whether there i s  any slight increase inoutput. If 
very little or no increase in outpu! can be obta~ned by tube 
replacement, recheck the alignment. !f during alignment 
one of the tuning cnpacitors (or tuned inductors where 
inductive tuning i s  used) does not seem to have my effect, 
the transformer being tuned i s  defective: replace it with a 
good one. 

When the set suddenly blocks on receiving o loud 
signal md  becomes almost inoperative, the i-f amplifier 
is probably oscillating and developing sufficient bias to 
couse the reductlo" in the output signal. Sometimes blocking 
wiil not occur, but o strong squeal or howl will occur instead. 
In either cose o plote or screen bypass copocitor moy be 
open. In some instances drying out of the last electrolytic 
copocitor in the power supply will cause loss 01 filtering 
ability, produce hum, and through common impedance 
coupling cause a similar effect. 

Di.to.tion. Distorted output can be caused by an 
improper bios, plate, or screen voltage. h e n  the plote 
voltage drops below zero, plote current cutoff occurs, 
and this stoppage of plote current flow causes &stortion. 
If the plate voltage i s  driven into plote current saturation 
no further change in plote current con occur, md a similar 
type of distortion will exist. Excessive bios will cut off 
the lower portion of the drive signal, reduce the plate current 
swing, and cause distortion. Likewise, excessive input 
(drive) voltage will cause the bios to be driven tozero 
(or ObOve) and cause grid current flow; this will couse 
plate current saturation on one signal peak, and cutoff 
on the opposite signal peak. Both distortion and reduced 
signal output will occur. Usually, o voltage check for this 
condition will indicate improper or fluctuating voltages 
on the tube electrodes. However, it i s  easier to use a scope 
with an r-f probe and observe the signal. A simulated 
(signal input w~th modulation applied also 
provides a simple signal for observation on o scope. 
Localization of the trouble to o specific portion of the 
circuit will usually involve only those components in the 
circuit where the distortion i s  observed, so that further 
simple voltage or resistance checks of the ports involved 
will locate the defective part. 

TRIODE R-F BUFFER AMPLIFIER. 

APPLICATION. 
The triode r-f buffer amplifier is employed in receivers, 

test equipment, ond tronsmitters os on intermediate omph- 
fier stage, between the oscillator ond the output stoge, to 
minimize or eliminate the effect of impedance or lmd 
changes in the output on the oscillator frequency. 

CHARACTERISTICS. 
Operates Class B or C in transmitter applications, and 

Closs A (or AB,) in test equipment and receiver applica- 
tions. 

k i n  and power output ore usually low. 
Normally operates on the same frequency a s  theoscil- 

lator and output stage. 
Plate efficiency varies with the bios: Closs A i s  lowest 

and Closs C is highest, with Closs B ot some intermediate 
volue. 

Requires more grid drive than a ~entcde buffer. 
Usually requires neutralization to prevent feedbock and 

selfdscillation. 

CIRCUIT ANALYSIS. 
t.n.r.1. In receiver applications, the r-f buffer ompli- 

fier i s  generally used between the lccal oscillator and the 
mixer os shown in the accompanying block diagram. Thus, 
any changes in mixer operation or load, such a s  might be 
caused by automatic volume control, affect only the buffet Q 

BUFFER- 
FINAL 

DRIVER LOUTPUTI 
AMPLIFIER 

TRANSMITTERS 

- - y ~ - t  AMPL 

Buffer L~cotionr 

CHANGE 1 
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stage,  and the oscillator frequency i s  not pulled or chanijed. 
Thls type of operatian i s  used mostly for s ~ n q l e  s~deband  
reception, wkere ~!teos;illctor frequency x s t  ke kept 
s table  with:n a few cycles  of the de-1:-d f u n d a ~ m t a l  o: 
outpot frequency. In ucnsmltters, the bo!i?r :zp!liier is 
osed to i?olnte thehiqh-leuel ~ m ' > l l n f ~ i  r-f nl!plit qtnne '.-.. .L----.,, -.-. -..-- 
"Ylil L'.'""".."LY1, iU p2C"Cl.i  LICL,YLilL, . , I I C Y I Y I I Y I I  C11Cil. l  

on the carrier ond toova id  distortion. it iz a l so  use.? I" 

law-level s toges far  the some purpase, and in cw operation 
it prebierts sudden chnnges in  l w d  *inn keylng from s f -  
fecting the osciiintar ircquer;cy. i t  ;s scmetlme; uscd s: 1 
Iwl-purpose omplifiei to silppiy ;d3ti.onc! di lus  porer, 

plus isclat ior .  'Nier used cs 2 p-,::c: ~ r p l : i i c r ,  hi..,:~:er, , - . ~ ~  ~ , :  , .  , , ,  . . ! .  7 ~ . ~ .  
. L a  """'LC,,, C?,C<L ,> rri,,,,,cv ,".,! ..rc 1!>r: A ? i . u , >  

l m d s ,  s o  that sometimes mare tt.os one jorrei buffer s t a y  
nay  be used. In tes t  equipment, the r-1 Duller I S  not neces- 
s ~ r i l y  lised only to provide a stnolp oscillator i r q ~ : ~ n ~ y ,  
L . ~  , . ,  , , ,  ,,, : s c :  ( L > ~ > ~ .  :e,lt t!.c c!,.: , , [  i.:,;: i.: . , , -  . . . . . . . 
stage from hnvi"? gny other d f p c t  ?P tbp r tn2 t  p c r d i n l  
the buffer. 3eml;se tes t  equipmefit oild receivers iequlre 
linear operation with minimum distortion, t i e s?  buiiei s tager  
ore always operote3 Closs  A (or Ati,). Although the trons- 
lnlttei buffer s w j e  c d d  clko be o p r o t e d  Cluss  A, 11 * o d d  
resi!: in on unnecessary loss  in efficiency; hence the iea-  
son ioi C!~CC b or C operatlon. &muse tne i b s s  '1 stnge 
requires a large drive and this  grid cwrent req~lrement  
l a d s  the peceding stage, Closs  C operatlon i s  not used 

\ .when Cioss B ozra t ion  will suffice. Since only 311 i-f 

\ cnrrier i s  amplified, the tonk circuit eliminates onv distar- 

x !13R CSLSC-! Sy r i ~ ~ l e - t : : S e  C1-i- , r _ r . u ,  n - ~ r - * ' -  u ,.i. n. 

Circuit Operation. fie sci-.czot:c of a t y j i c d  trlode 
1-1 L J f w  41b8&:irr a i ~ w r ,  ir. tk8e ,~c;u.:.p:r.j~<:; 

trotion. 

I 
Triode R-F Buffs, Andi l ior  - - 

tectlve cothade b ~ a s  a re  employed (olthodgh either could 
be used alonel. Resistor R l  orovides the nrid bios bv 
me0r.s of the grid current flow in Vl ,  obtained through 
Qrl,j dri,)- from 'Lsosci!]ator input. equs nc,; ~. 
R F i i  keeps the input rf from 'xlng shunted to around 
t i r o l q h  f h ~  ?rid return r ~ n i s t o r .  P l o t ~ r - l i ~ e  ~ n f h d e  hins .- -,,"*I:"> L,. D'> L ..-- ""2 L... PI 6- .  .' TL-  "I".- .""L .' '"vr'.L" "&, Y,w"LY Y J -  ". >". .,. L".II\ 

consis ts  of L i  and C2, witb C2 k i n g  o spl i ts totor  type 
ol vorloble camcltor. Thus,  with the center plate of C i  
jraunded, the tank i s  balanced, and opposite polnrities 
exist a t  the ends oi  t5e tsnk coll. b e  end of the tank coil 
i s  co;p!ed th:o;gb Cc, to t:,e next (oatp;:) s tcqe,  whilc the - . - ' L ~ ,  2r.c i e s p i t i v o i y .  30th ilned grid h i , x  ond p o -  .. > ~ ~ ~ ~ , . ' . ,  ~...,:.'-,L..,..L.. ~ . "  5 ,,,., , ~ ,  , , , , ~  u,  , , , ,~ ,  ",, .., ,c~,. , , , , , , b 4 , ,  ,.,, ,<, .> , ,pp. ,  ,,r~. 

trslizing connection, acd  the plote voltoge i s  applied to 
the cmte r  01 the coil. FCC2 Keeps tne rf in the tonk out of 
tne power supply. and C3 n s s u e s  this by by,wss~ng any re- 

:e.:l,:J..l > f  : ) (  :.,: J I ! , ~ , ,  ,,,*,:! :c;217 (0 ,r ,,,., ~ , , {  . . . . . . . r - .  .. 
!E tke 3Sserce ?! a r  1np11t F!:~c!, :nthn6e cs~rrent !!ow 

through R i  develops c protective cuthcde bios rrhich is 
sufilclenr to pevent  damage t o  the tube, but i s  not sufficient 
for narrncl operotion. 'Wen !heasc~i la tor  input signal i s  
opplied h rou jh  Cc, t o  V1. grvd conduction mcms during 
the positive Lclfi-ycles. Grid cur:ent !low frcm the 
cnthode to the p d ,  charging the cluplin: copc l to r .  Uur- 
i n j  thenegotlve olternotion, the gnd current i s  cut off by 
the negative sign01 and the bios voltage d e v e l o p d  by the 
charqe on the couplins cnwcitor  dischorqinq t o  qround . . .  . .  . 
t h r a u ~ h  RI .  After a few alternations this sionol bias  de- 
. c ,- ?leu,, -A. .L:--  ,.,, LC lt--e. ", 2: e r p l a ~ c e ?  in Section 2 .  
wrcgrcph 2.2.2, of this Handbook. The total tu 'x  current 
., , , , . ,  , , ~, -- > ,  , . ,  r ~ ~ r o 2 ; ~ ,  2F,L r21.,,oce , p , c  . -. ~,~.-,= .rc. ~ . -, _ , - ~ -  .--a .I s::j51 
xaount to the signal h is ,  an3 the operating bias 1s a iam- 
binotian of boti.. Yormclly, the tube opeiotes C lass  R, 
and plote current i s  cu t  off during the negative h a l f i y c l e  
, , 
; ,>::: r:: cFT:ct& ,:IOSP $ 3  "",{ < vdr! I;:~ 9eyJ ti,>e ::<1:. 
cycle is c u t ~ f f ) .  T?ILS, 2lcte-cwren: pulses flow only dur- 

tke posltlve hoiii-ycie, ,and loss  of tneneqa t~ve  half- 
cycle rvn!d ?nmn!!:, ~ J I I O  i~ r - to~! im.  F i m ~ a i i n ~ ,  the 
* 6 ."rk -"""'" , .  , , . , , " .,,.., tin2 l f  !.I 114 C2, 7cts  o; : :c- 
:c::3:: fc; :! :z?. ;~;;lics t!,c =issin; r.c;c:iu; i.ali-zyc!c;. 
3 1 s  c r : l on  nrrllrr ~ C C : > S P  nnce thet lnk -ir-lit I: ~ x -  
::led, 3;:rllc;t:ons ?a n3t im;:cdiztely C ~ C I S E  ,unless tnere 
-.. : i" ^ :" . L _  ."_I. "I*L i .  ". .- *L- " " .- . , -  .,.... L . "  ...,. " .,.......,,., "..~.,. ,.,L d"" .,.- 
. I ~ , . ~  : .L. ... . .~ :.L 
. ~ !  :: ~. :? ,,..,,: ~, ::,? ,.?! . ?>>  ,.,.~!:>.,17. > ~ ,  , ,..Li>, ~ : -  % ! i : ,  

1 ,  1 . I , I . j  / . . , , ' ' .>L.' --.ti. ... ' 
, ... ,,.-,.,,. ..,~l . ' .-, , - >  ",., .. - ):..< .( . s a p . . , .  ,-- ... -, ?" -. . . , 

, . . . 
4"),".,L" aL,, :&a.!."r ' , Z I ~ < ~ C ~ C .  ::,r can; ,a ?ffc<t><e;.. 
r e t l r l e?  !c i t ;  !r!t!gl i m p l ~ t d c  XCE.  P Q C ~  c,::!D. 43; 
, .. :, # , ,  ,. ,.,, . , ,,-- , , , ,+  k.. ,L,, 8 ,  .< ,,.L.-L . . .~ ... , . . . . . . . . . , . . 

., -. , ".. . , ,.ar. ::::irs. ?hs-:?:~:?, t k ? ,  :G?z CX;?:?:; :: tP,oC<h . . ., ..C8L La!,,18.d"b>,.r U A L ~ , C b ,  dl,.i,,*,Al>L",>.d:, .#, t:!L~u~,Lk"L . . . . 
-.,!?t: : b r z : j c p  q! :?P loss ~t !ha lFl,t!,lo n? i !q - j e  gj 
. . .*.r;tiari. S l r ~ l i i u b e ,  7 : ~ ~ s  '1 ,c'(~ation is possible i n  
5. r-! nm$:!~t.r h n r c , ~ :  n! !ha t ~ ~ n e ?  !c& ci:c:i!. !z ~1 . . 
5 I ,  G I e c r y  o n  ~ - r i l t r d  b y  
t : ~  wii;:!>vr : c i t i ) . r i ~  cri 1% otner ny t:r ne;c!:ve nclt- 
-,,-,* ," *r"l,,Am -- .,..*," t,.. +-A -.-- 8 .,-.-, .- .." -. u..-.u.-..-u 

CHANGE 1 6-A-22F F 
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With the output tank tuned to the some frequency as 
the Input (drive) siqnal, p s i t l ve  feedback con occur . ~ 

through the large grid-to-plate capacitmce of the triode. 
Although the p lar i t ies  of thegrid and plote are opposite 
in the common or qrounded-cothode circuit, the copocitive 
feedback voltoge leads thepredofinontly inductive (high- 
0) tank voltoge, ondis, therefore, of the proper phase to 
combine regeneratively with the input signal. Hence, 
neutralization i s  necessary to prevent self-ascillation. 
Neutrolizotion i s  accomplished by feeding hrck an equal 
but oppositely polarized voltoqe through Cn from the other 
side of thetonk. Since at any instont the opposite ends 
of any tank coil are of opposite plari ty,  taking the feedback 
voltage off the end of the coil opposite the plote always 
provides the carec t  polarity for neutralization. The ,use of 
a center-topped coil with a spli ts tator  tuning copacitoi 
insures o completely bolanced tonk. Thus, it i s  only neces- 
sary to adjust Cn to approximately the same volue a s  the 
grid-to-plate mpacitonce to obtain neutralizotion. 

The manner in which the neutrolizina circuit forms a 
rwctive bridge with equal n i m s  i s  shown in part A of the 
 follow^ simplified schematic. This olote-twrid feed- 

~ ~ 

bock system isknown a s  the Hazeltine or neutrodyne type 
of neutralizing circuit. A similar form of feedback from 
grid to plate i s  known a s  the Rice system, and i s  shown in 
p r t  B of t k  schematic. While other forms of neutralization 
ore also used, these two types are the most populor and 
commonly used circuits. In port A of the illustrotion, Zs i s  
the input impedance, m d  coils Lp and Ln together form tank 
coil Ll in the plate circuit. The voltoge ocross Cn i s  
equal, m d  opposite in polarity, to that across Cgp; thus, 

A 

HAZELTINE CIRCUIT bT/L:] - L I 

- c 2  

- 
+ 

c. 

8 

RICE CI  
CIRCUIT 

. 

C" 

Typical Neutralizing Circuits 

there i sno  flow of clrrent from output to input, and complete 
neutralization results. In port B of the figure, the o p p s -  
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ing voltages me developed in the q l d  tank ocross Lq and 
Ln; otherwise, the operation is the same. 

Although the tiiode buffer described obave uses capaci- 
tive input andoutp:lt coupiing, inductive coupling can be 
used instead. In this case the grid circuit usually contains 
o tank, with o coupling coil, and theplate likewise. The 
opemtion i s  the same except for theinductive input and 
output coupling, ,which merely transfers the signal into the 
input tank ondout of f heou t~u t  tank. Push-oull stoaes ~ 

may also be used us buffer amplifiers, in which cose neu- 
tralization i s  easily accomplished by usinq moss-connected 
grids cnd plates, since they ore oppositely phased and po- 
larized. 

The basic triode r-f buffer amplifier originally consisted 
primarily of a lowqoin voltage amplifier which did not draw 
grid clnrent and wos lightly loaded, since it only supplied 
thegrid cwrent (drive power) necessary for the final output 
stage. Therefore, i t  offered no l a d  to the selfexcited 
oscillator, andallowed it to operate a t  maximum stability. 

>~ ~ ~ ~ - -  
tively isolated theoscillotn from theoutput stage, s o  that 
it was affected very little by any modulation peaks, or on- 
off keying of t k  output stage. For sotisfactory performanm 
Closs A operation of the buffer was requited, ondlow ef -  
f~ciency was obtaired. In Inter years oscillators of better 
stability were produced, and Class B overation oermittpii 
o more efficient output with slight oscillotor loading. Thus, 
os the stateof the art advanced and election tubes and parts 
improved; it was found thot even Closs C operation could 
be used. Hence, the buffer amplifier isnow generally 
considered to be any omplifier usedbetween the oscillotor 
and output stages andoperating on the fundamental fre- 
quency. By using Class AB, operation, high efficiency 
with no grid current flow can now be obtained. However, 
the high goin of the pentode has virtually made the triode 
buffer obsolete except for special applications. 

When operated Class A, the operation i s  the same a s  
that described previously except thot it i s  not necessary 
for thetured tank to supply thenegotive partion of the 
waveform. 

FAILURE ANALYSIS. 
No Outp~ i .  Lack of an input signal, lossof plate volt- 

age, a defective tube, or a detuned output tank will muse  
loss of output. The sl;pply voltoge should be  checked with 
a voltmeter to determine whether the proper voltage i s  
available. The grid drive rmy be checked by reading the 
grid voltage developed across A1 (in stages where grid 
current i s  drawn). Usually, transmitters are equipped with 
a milliammeter to read rpid and plote current for tuning in- 
dications. Plate c w e n t  indications will usually pinpoint 
thetrouble t o o  prt iculat  locotion. For exomple, no plote 
current indicates on open plote or cathode circuit, o de- 
fective tube, or lack of plate voltage. In this case,  it i s  a 
simple matter to turn off theplate power, dlscharps h e  

1;lr.r with o shorting stick, ond then make o resistance 
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check of cathode resistor R1, and a continuity check of L l  
and RFC2. If plate current is p e s e n t ,  tune CZ for mlmmum 
dip in plate current. With suff ic ient  drive, there should be 
a large curer.1 off resononce n n c  o STICII cuirrent ot reson- 
once. 1i t t c  r :vc  i s  lackin;, the rctio h t w e e n  the non- 
resonant ir.5 resonant con6ltion w ~ i i  be smoii. if riie rario 
i s  large and t h e  resanont cwrent  is lower than normal, there 
1s no loo: or oniy a i:qht 1006 on t?e s ~ t p u t ,  cnd Cc, is 

pxbab le  open. !n t'lis instonce, ar. r-f i n d i c ~ t o r  will show 
rf on theplate s i d e  of the c a p c i t o r ,  but not on the actput 
side; use o s m i l l  coil cannccted ?i:ectly to t l e  vertlcol 
plotes of -n oscliloscope (no! through tile scope amplifier) 
t o i o u o l e t o  t t r  j l a t e t ~ r ;  nn21ndliotc ri. Ljin oi gr:! 

. . 
" ~ L V C  ,"A;; *,a"". "a & k e  . z s r ~ z :  ;r,:;c~:i~c .;:LC.? 

cn."ot b e d i p p d  IO o norrnol low vnl\>e, since tile !bias wlll 
t i  nnLi that ;i.z~:led i y  EZ. If Z 3  is s/i;ite;i, :/ie p ~ w e i  
supply piate hse or c l r c u t  5reaker will open, nu piore 
voltage ,villi re appilea, m a  ioss  a t  o u t p ~ t  will cccur. 
where the piote voitage is norrno; ano me 2nd drive is 54i- 

ficient,  b;t the plate current i s  low (or s l w ~ l r .  ?ecieoses 
a s  tk,e stage cperotesj,  the e z i s s i o ~  of the:abe i s  prctnbly 
low. n e p l o c  the I-be vi tn  one known to be good, when 
possible. 

L o r  Ou~put .  Low plat? voltage, low grid drive, im- - 
prop3  blos, or 0 defective tube can cause  l w  output. i n e  
plate supply voltoge and grid oias across  R i  and H2 con te 
checked with o voltrreter. It isirnportilnt to not the dii- 
ferencebetween receiving and tionsrnitting r-f amplifier 
. , , , , , , . , . . , -, , . . . I .  . .' _. .L. . . : :  I:: r::c i:-cl,c: >?u;r. Jl!y ? ?  " !  lllr 

\9 grld or plate is usuaiiy s o  srnoii incit i t  will not ioimqe ine 
iiletrr: however, in the t:nnsnitter atcqe, loige I-! c i rc~lot in;  
iuirents  I T P  p r o d l - ~ o  in  the zrld snd picte Clrcclts wnlcn 
:ZJ: 12xzjle :he xe te r  irber. d-c mecsllremezts ore made to 
ground. Tqereiore, l t  i snecessa ry  to use o iod icdrquency  
choke in series wlth the voltmeter, or use  a mabe ,which 
i s  2deq-cte!y !!!!ere? !or i!. vncilum-tube voltmet?r may 
be used on ieceivino eau ipmnt ,  but i t  i susual lv  "noble t o  - . .  
withstand the high voltage p e s e n i  in trmsmitters. A s  o 
generai rule, theretore, o!i d-c voitage mosurcments  a r t  
m a t  in p r t i o n s  of h e  circmt whleh =re "cold" t o r i  (no 
r f  exis ts) ,  and other ind~ca t ions ,  sud? 05 plate a n e n t ,  ore 

. ,. 
J L ~ C  ~ r , s t e ' ~ a .  ~ I I I  a p e c d  ~ r ~ s ~ w c t s ,  1-i . v U i i ~ ~ ~ c t L ~ ~  :a, be 
used.) 

With piopei plate voltoge ond blas, low output wlll be 
z.Y=icc; 1: 1r.e :-: G::z z::'<: :z 2::: :Lx:!cL2:!: !L, ,;!;:.% !?1e 

:;kc ?;c;; the 9tcpe: v c l x  c! pizte ccrrszt. L:uewls:. 
. , . . I >  _.8.. 2. ._ _L.^._ .i_ __._^_ ."" C..";i*,i,. I".., ,..ihi .. ... C.ac.u.i .i r i i r .  ...r r."i.. 

pii te  i i r i en t ,  and C~us the pope: output. ilte:: 011 indics- . . . . .  
L;-;,- "t!,d ;!,"I, ci;:: :-:>?:,: ::c :,:r:.z:, ::.: ::>c :.: ;;zzz::? 
at rcult. i e p i o c e  tne ruspeciru tbuz riirn "fir tiianii to oc 
.- - .  .. ,,--.-.:-- -"-,,.,,p.- .< -c*<k:o 
11, i""l ""'" ...." i_"li"...".., 1. ""ll_"_"_ 

:: :c:hcie =p23to: C! C ? X Z ,  2!2:e .cx:Z:! ?5:!:!ic?;5 
occurnnq at radio-frequency rates wlii mommturiiy deveiop 
high cathode bias voltages, piaduce degeneratiw,, and souse  
reduced output. 'i'emporcriiy grounbing t:te cu t :~ca r  in  
this case  will rpstare c ~ i o t i o n  cnd theoutput to norr.~!, . , 
and prove tkat C i  is drfrctiue. yo nol r;y ~i.'~i,~:l:.c i:.e .. . -" ,"" .,,-,.,,,, . . . , , ,  " 7  , , , . , ,  , , . . .- ...__ ~, 
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operate ot zero bias, w ~ l l  be overlooded, cmd will be damaged 
if current i s  allowed t o  flow for u prolonqed period of time. 
Sometimes low output will be obtained becouse of parasitic 
osciiiation ar o very low irrqurnuy. n ~ ~ i s  a-cars when 2 
feedbock loop occurs ~ k o u g h  the neutralizing circuit and on 
ussuci",d i-; u),"b :yFiiss tiiirk :..-:-- ^"-^"""i-i 
- 

LY""v IUCL.I.III*,. 

i h e  symptoms ore hqin plote current wlii low r-f outpur or 
tb.e desired frequency and larger than r . o i z ~ !  j;id c;r;e;,t. 
Once started, these oscillations will usuclly continue when 
thenomill grid excitation i s  removed. If the circuit operates 
ond tunes normally wiih reduced picte voltuge and ot a re- 
i ~ c e d  actput, but will not do s c  whe; ful! plate voltage i s  
zpp l~ed ,  p r a s l t i c s  cre p rohb ly  ti.e couse. Ll j~o l ly ,  this 
,w?ll i?.-ch: jc ?d,~:,? -7:jip-ezt r;rrr ;n:t;nii- :ecelui-i. 
but c a n  sorrrtirres be zacsed by a c h m g e l n  components 
,with 3 e .  by ; p r t  fa i lcrc ,  at !;y i ~ p r ~ p c ~  Sios, or c h o q e  of 
Iwd  dress  .';-in; : :epi:. 

improper tisutrailzotlon. IYii;~, > ~ g i  La - .l~LU1,.p~cKU'I 

sz~zt;z!ized 3; . x i z~d jas ted ,  ope~z:icz ?::I! kcc.ze c~rc t i c .  
The t u k  n a y  operotenorrnally and then suddenly s tar t  
oscillating when s h o c k d  by 3 trcrslent p ~ l s e .  To determine 
whether the s t zge  i s  properly neutralized, remove the plate 

voltape and tune theplote c a p x i t o r  through resonance while 
observlna the qrid neter  mdin t ions .  A stecdy, unciionqed . . 
meter reading indicotes complete neurtclization; a slight 
changeor shorp !lick oi  jrid cmrent os r e sonar re  is passed 
indicotes that neutrolization i s  incomplete. Adjust the 
neutralizing capacitor while 1unir.c theplote throuqh reson- 

PENTODE R-F BUFFER AMPLIFIER. 

APPLICATION. 
' h e  v n t o d e  r-f buffet amplifier is universally used in 

i r ie lver5,  tes t  eqjipir~ent, and t-ans:.itte-- I- u- -- ilri - '- i~~iuuuii '-.'-- 
stage. It is generoliy used between an oscillator and on 
olitput s toge to prevent nodulation or load changes from a f -  
!CC::EQ the CCC:!!~!~: !:q-e:cy. 

CHARACTiRiSTICS. 
' I  -..- 1%'. --c.-teA r,".+ 4 c. -"".i ,..- " 2  ",,i^.."" 
"'d"., -(- ." I .,."-.I. , .  -....--l.. 

Class B or C operation i s  sometines  employed. 
60s reiariveiy h q h  voicuyr and wwri 4ulr1. 

- :nes ~ n t  " o r n o i i Y  rrq+l,rl. n ~ ~ ~ t i ~ l : l i n i ~ i i n .  

!?>erntes an same ireqoency 3s rnput a.nd output sto'jes. 
~ ~ ~ ~ . 7 ! ~ r  i s , > ~ c t i ~ , j  ?fi?,?! h,:n ,7 tviads, 

CIRCUIT ANALYSIS. 
~ a n e r o l .  The pentade r-t buffer ompiitier is on eilec- 

ti',? :sc!ctior a rp i i i i e r  becouse g! the low crll valtlnje 
d r ~ v e  required far  full outpct, which places very i i t t is  Iwd-  
2:; c c  !he CCC~!!C:~: (o:  IF.^!) z t q n .  T~Gc, r i ~  ~cc:!!c!o: 
can be des .ped  for maximum s t ~ b i i i t y  under a light or idl- 
;"" ,-,.A . , Ic ~?!:!icz, ~ b . e  e!!ec!!v~   hi el?^?,: ;ilppi!e,! bythe 
2c:een zr.6 s;::reccz: . . e i -ze r t c  2: :he scn:cde re?-zes t3e 
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grid-to-plate copailtonce to such a smoll vniua that ieed- 
back is prcctrcoliy eiminated. Therefore, no neutral~zing 
clrcults are needed, so that fewer parts -re required ond the 
ntu:iollzlrq a d l ~ s l - n m I  1~ nl~:?~nat-.c. ilncll; ,  t b . ~  !:I,;? -:L- 

p l i f~cot ion factor of the pentode broduces a large output volt- 
oqe tinder the conuol of cnly o smoll grld voltage. Slnce the 
screen prevents plate current voriatlons from ofiecting the 
grid or input clrcult to any nlorked extent, a ~ u c h  lorger 
power con be developed in  the pentode plate clrcult tho" i n  
o triode opcrnting ot the s o l e  plate voltoge. Becouse of the 
smoil drive iequlred, the pentode r-f buffer ompllfier v.oy 
a l s o  be used to drive another pentode (or tetrcde) output 
t2be without losing i t s  obllity to oct  a s  ar  isolation stage. 
The resultant tracsoitter output, then, IS equivalent to thot 
developed by two or three t r l d e s  operating a t  higher plote 
voltoge and currents. 

Circuit Operation. The o c c o ~ p o n y l n ~  lllcstriltion is c 
schematic a! a t y p l ~ o l  w r t d t  r-! buff% 3rpli!ier. 

cs 

-IF 
INPUT 

4 - - 

Typical Pentode R-F Eulfcr Amplifier 

3 . e  $:lc or Vl 1s C O ~ O C I > . I F ~ ) '  C O L C ~ ~ ~ :  t n r o ~ ~ j h  (; t(; f~ 

osc~l:ator. iieil..tor i i l  I; the qrl I re:brr res!s:or, J C I 0 . 5  

v:hich the input voltage oppears. Cctlaode bics is sapplird 
by Ri, whlch is bypassed for ri  by C1. Screen voltage 15 

obtained through dropping i e s ~ s t o r  R3, r. hlch is bypassed to 
ground for rf by C2. The plote voltcge 1s serles-fed through 
LI  to t l e  plote of V 1 ,  ond is tun-? :o resonarc? b>, 3. LZ 
1s the output coil, i h l c h  is in?cctively cog?le? to L1 (L! 
nrd U form r-! transiormer T I ) .  ;he rcd~o-ireqllency choke 
(FIFC) prevmts cny rf !ram enterin] t!,e supply ~ n l  i s  by- 
passe? to qra~ind for r i  byC4. 

When the osclllotcr sperotes, a siqnal which 1s appox-  
~rnotely o s i n e  wove i s  developed in its plate circuit, ond is 
a?plled thro8!qt8 G to the V1 w:!. h e  Ic,. :eac:ance or 
C c  ensures that a c inmum ua lhge  drop (and very little loss  
o i  slgnol) occurs ocross the caupllng copx l to r .  Grid re- 
sis tor  R1 provides o high iapedar.ce across w h ~ h  the cs- 
crllalar signal i s  developed. Smie the qnd does not n i r -  
r a l l y  &ow any grid current, no current flows through R1 31 

0967.000-0120 AMPLIFIERS 

cny t lne  j n l e s s  Cia?; 3 or C operation i s  e:rplayed). Co- 
thade resistor R? piovldes b ~ a s  v o i t ~ j c  which 1s developed 
across i t  by space ;t.orge current flow, (not is, the sur of 
both the screen m d  plate currents. Nhen plote and screen 
.,oita.le 1s q;l:c.! :o 'L'1, ,cxr--,t ik::. !c:: 7mur.i th13~5t .  
Ri. producrng o positive cothode bias  whlch i s  equlvolent 
t o o  negative bias voltage applleC to the gnd. Smce R l  1s 

b y p s s e d  by C1 ior rf, no shonge occurs in bras when an In- 
put slgnol appears across V i  (bet*,een yrld and ground). 
Any r-i current vorictlons a re  Dyrnssed around R2 by CI ;  
hence, the bzas is ofiected only by o steody change in plote 
cr screen current, and not by instantaneous i-i vonatians. 
Thus, a s  tne lood chanqes the bius will also change accor- 
d~cg ly .  It 1s important that the loud be held constant to 
produce the deslred operutlng bias. When operated Closs A 
( ~ n  receivers and tes t  eqcipment), the operztlon 1s over the 
l . - . i .~r  p i t lor  s! :be i o - i c  z ~ i v i .  I" i:lnss $ uperct:o:I 1 
;I:.~htl; t,:?tri: 31,:s 1.i use!. (Sue Scc!lo? 2, ior?;rcptl 
2.2. 1, o! I k ;  iim<:fix;ak !:,I c a~:?usslon o! c3'iode 13;. 
Jr: ocr;:,:r:o.'l 2.3 !or 1 c ~ l n : ~ l ~ t e  1ISCJSMOI .  ~f C I U S S ~ S  O! . . .  
c.rpl111i.r cpt:otlar. : 

As the osc~ l l a to r  slqnol IS applied to the jr,d ci V1, as- 
suxno  a slnusoidul inout j ianol ,  the aositive h o l i i v c l e  of . .  . 
operation couses  the plate current to increase, and the ne- 
j c t l vc  nu.!-c,,cli. co:>ses !he plate  c.>rrint to riccriose. Tr.e 
plate  curient s u n g  1s deter-nined by the s a e e n  voltage op- 
pearlng on the screen of V l ,  which i s  cor:uoiled by the 
value of R3. The screen resistor is chosen s o  that with the 
proper plate voltoge applied, and i l ~ t h  no slgnul, the V i  
screen and d a t e  current flowina through cothode bias  re- 
s ls tor  R2 provides the noi;:.al blas. Dur~ng o.peratlon, the 
scrcer, currert flow:: ste3;,!yi C I C Z I . C I ~ ~  3 ~ 0 j t 0 3 ~  2:op 
3crzss R3 of ;uiIiciert , v d l ~ l t  tc Crop thc plotc sjp;iy volt- 
a y e  to the desired screen voltoye volue. Any electrons 
striking the screen ore b y p s s e d  to mound through capacrtor 
CZ. L~kcwise ,  ony chonge in plate current w ~ l l  not e f f e c t  
the screen voltage, s m c e  R3 is always kept ot ground poten- 
tin1 for r-f varlstions; hence, only d-c current flow deter- 
nines the screen voltage, and this does not vary with the 
slgnol. Since t i e  screen 1s closer to the gnd than to the 
plate, i t  exerts a strong control over the plote current: a lso,  
slnzc it i s  nouncc- fa; r! thro3:t CL. r x  fecdS;rk c3r: en,.-t 

and neutrallrution is urnecessary. Tank circuit L!, C3 is 
connected i n  senes with the piote i f  V:, and when tuned to 
resonance offers o high inpedunce. Thus, os the rnput volt- 
uge swinqs pasltlve, the plate  current of V1 mcreoses, and 
ir, flowinq inrough L1 induces a voltage in  seccndary L2 by  
tronsfar?er actLon. i l eanwh~ie ,  the h1y5 i n ~ d o n c e  of t+e 
tank produces c 1 x g e  ?late voltage drop and the actuol 
plate voltage f o l k  toward zero. The design is such thot the 
plzte voitoge i s  not ollowed to drop below the actus1 screen 
valtoge. (Ltnerwise, the screen of VI xould tend to oct os 
i plate; ti;- ~t nould be overloaded cnd cause distortlor.) 

As the asc~l l i i toi  signal changes i t s  cycle and swings 
negative, the 'il plate current IS reduced, ond the reduced 
vclue of c~~r;e:: t h r r q r  i l  L?ducns Jn o p ~ ~ s l l e l y  pclar!~~:! 
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output voltage in L2 by transformer action (the current now 
flows in the opposlte direction). At the same time, the 
plate voltoge rises toward the suppk voitige. Tt,e octucl 
piote voltage i s  olmast equal to the s~pp!y vottoge ot 
the neqallve peak of the input cycle. The goundedcathode 
clrculr produces a poiuriiy (or y i luse j  rc~vrraiuit. h?,:liir tk 
Input signal goes negative, the plate output siqnai 1s posl- 
tive ond of opposite phase or polarity; conversely, when the 
input slgnoi goes positive, the plate output signal i s  nega- 
tive. The output voltoge induced Into secondmy coil L2 i s  
polarized similarly when it i s  connected in-phose. If can- 
nected outd-phase,  the output signal polarity i s  the same 
35 t h ~ t  of the input signol. 

:"puGiLo, C; eeps is;;?; =; :=>k ,:z, Li =: :-: 
ground potential, and the RFC ensures that any residual rf 
15 offered o high impedance, sc that it flows to ground 
through C3 rather thon ottemptinq to flow t\rough the low IX- 

pedonce ofiered by the ourput i i i ~e r  copliiror oi the pioie 
suppiy. 

if tank circuit L1, C3 i s  not tuned to the oscillator or in- 
put frequency, o very small impedance i s  offered in the plate 
circuit and little or no output voltage is developed. The un- 
loaded Q of the tonk circuit i s  mode high, s o  that the loaded 
Q (at resonance i provides sufilcient selectivity to pss 
oniy a narrow band of frequencies between the half-power 
points, and the tonk is able to discriminate between wanted 
and unwonted signals. While in Class A operation plate 
current flows a t  al l  times during the cycle, in Class AB or 
" ..... - ,.,,,,,- , , , , , ,  ,,! .L- -:--I :- ..:--:-- 1 ; .  := k . . " " A  .-,, +- - u?-.u..-.. r-.. -. u > c  OL,,22". ,< ,,,Ad"..,,, ,,., ." ~ , - > "  .... "-. 
01:;. Curing tihis perioc, 1-1 e n e r g  i s  suppi id  from the tcnk 
circuit so that the operation i s  the smne a s  if  plate current 
flowei constantiy without nny interrupbon of output, and no 
distornor i s  developed. The plate tonk is reinforced during 
each positive hall-cycle with s~ i f i c i e c t  rf to overcome any 
tank losses, s o  that the tank i s  never depleted. 

Qou~ding the suppressor grld provldes o shleidmg oc- 
tion between the screen and plate, ond thus prevents second- 
cry emission from he plote. merefore, coupling between 
tine plate and grid i s  oniy through the electron dtrtom, and 
is a t  3 minimum. In those tubes with. stippressors internally 
connected to the cothode, the operntlon is identical except 
there i s  shyhliy c.oie ;duj:ii.j 5eiiieifi :f.e jri? zn2 p!;te 
through the electron streon. 

Although the input 1s snawn copacltlvely coupled, i t  1s 
.om.?,in*s in<"ct;.<<>: ,x>..<,,;c2, ~:, ,,?,.c:, :<se z :::*: :xi 
1s used in tke q r~o  rlrcult i n  piucr at t es i s to~  Hi. The oper- 
-,,-- .- .. ' h a  . ~~ .  -\--:I lor the ?eve;oanent iii ri i!i?htiy 
lai:ei grid eriitotian, since the parallel-tm,ed tank usually 

..",-7r- ~ . ~ . ~  2 i;-i-. ,> ... ... i r n m d n n ~ a  .. . thq- !ti. L'I?,~ ie<ii!," ,?n i  u,!! - 
U S  e t u 1 : t : I .  .iuc, 
when Closs R or C o.protjon is er.piayed, the tank i s  some- 
!::.cs :?dei!c ~ 2 , ; i ? e  k t t e r  ,;r!4 rq~!qtio?, :  since ~ 1 2  P J ~ -  

;en1 tends :a s h r , t  t k  ;a;>t G?.? kwer tb.c 4:;s :np:! ir.. 
pedonce. 

As is evldent irom the d~sc.ssian above, rile "die, a;;;- 
pli i~er operates in pract~caliy the same manner a s  the pen- 
t& 1-1 voltzqe arj!if;e: jrev;c;s!j; ?;s:xced "" ", " " , -F- --.- ".... n- ....:~. ,~"* , , " )  A , 6 6  -c',~,.- , =  i n  ,he ,4 s<>,7n . . , .  ,... " ..., " -.--. _ _. .. ..-~> 
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considerations, which ore based upon hght grid and plote 
loadlng to piovide moximum isolotion rother thon outaut - ~ 

voltage or power. 

FAILURE ANALYSIS. 
; ,,,,, ;, n. 1 :-.. - r i - . l  ...n--n !...;< i,.,ihDoan. 

, 1 1 5  Y.~LYI*I"I. ". ."..".- ".." .,I.u .--. . 
rode R-F Voltage Ampiiiier, prrvrously d is iwsed  in this 
section of the Handbook, i s  generally applicable, and is p r -  
ticulmly slanted toward receiving opplicotions. 

No Output. Lass  of plate, screen, or filament voltage, a 
defective tube, defective coupling capacitor Cc, open output 
coil L2, or shorted qrid return resistor P i  con cause no out- 
put. Check the rube voltages ond supply vaitoge with o volt- 

. . . ' -, . . . . - . . 
lerer. nnr;ui:ui;: vvl~ocrs  Lic:nL.etuu> ii. i i : ~  Y a ~ ~ i : y  ~ . % ~ s i  
in the plote and screen circuits; be certain to observe oil 
safety precautions when checkina these voitaaes. An a w n  

~ ~ 

filoment can sometimes be observed by nollng that the tube 
;; not ; l~;rmc;ed azd ie=ls ccld la itLr iLucb. If  LhI* -Iutr, 
screen, and !:la-el! ?ri.!toges .re norrnc!, ~ubsti tute o tube 
known to be good, if possible. If there i s  still no output, 
coupling capcitor  Cc is probably open: check for proper 
capacitance with an inslrcuit capacitance checker. Uslng 
a vtvm or voltmeter with an r-f probe (or on oscilloscope), 
check for voltage herween the input and ground. !i Liere is 
a vcltage indication on one side o! the coupllng capcl tor  
but not on the grid of V1, the capacitor i s  open or R1 i s  
shorted. (if Cc were shorted, o high positive voltage would 
appear on the grid from the oscillator plote and cause high 
cothode bias voltage.) An ooen screen resistor (R3) will be 
ind?cnted by Ice4 of scree2 voltoge, -!though c shorted 
screen copac~toi jC2) will give o similar indication. In the 
i c t~e r  case, however, ?j wiii heat ,:bnar!:.~l:~ u i d  dro? the 
screen voltoge to zero. This shor t s l icu~t  cond~tion may be 
observed visuolly by smoke from, or discolorouon of, the re- 
sistor. If the short i s  prolonged. the resistor wiii bum out. 
A n  oper; or shorted cathode byplss C O ~ C L ~ C :  ( C i )  will not 
necessarily produce a ao-autput condition; however, i f  coth- 
ode resistor P2 1s open, no output will be obtained. 

!! t h e  is nc ;lute vc!toge, cci! L! sr the UFC may k 
Lpen (be certain to check the supply voltoge to ascertain 
l i . ,  L , . ~ .  .i ..A e -.... .-ne. .-,.-- -.,,,.i 1, .- ; - " , . , A  ..-. -- a+a,.,; .--...-,. <re) !!plate bymss ca- 
p c i t c r  Cd is shni!ei, !he p/nte ql~pply wzil b ,?mppe:l 
across the RFC, which will heat up and burn out. Co,! and 
?Fr co:.ti:.z:!y ;71 te che:kzd -i!h 2. ch~-t.!er ~ i t h  the 
pow.. off. .. ,. 

US~C~LY, 0 >C,l:~i<:.;c!el l a  9 ~ v \ l d e ?  1:. !IX.ST,i:terZ :;I 
re2sdrlry the plrte mrrent (31 i -?lei ccr k :onr.ec:e3 in 
series between the plate w ~ p l y  an.? +he RF'C.: Nc p!ote cur- 
rent md:cates loss of supply voltage or on open circwt 
!c::P.er ::. !?e re te r  cr :F. !fie pi?!? -!r-l!!!!. 1: " 0  fl!p I?  p!nte 
current ca, be obtoined 0s C3 is  U5ed tk.roygL ;escn;r.ce, 
elrner i3 is snartea, rnere is no ailve, or ii is partioily 
sho:ted. I! tL;e ;late ccrre.ct is !c,:: ,:?i ij COP be :ilppef? 
properly, hut no output exists, outvdt cod L2 i s  open. 

&,j"L& c"tp";, F ""<..* L."" ,"c,.,'; + -" LA-..,u..- "."-, " 
or plate voltoge, lack of drlve, or o defective rube can ccuse 
reduced output. Cberk th? Dins, plate, screen, ar.d supgiy 
vs!taces w:t? = 3~0kzeter. LOW scree? vgI!cqe wiii CO,JS~ 
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tnsufficient plote and screen current, and will result in low 
bias and reduced output. Low plate voltoge wlth norm01 
screen voltage will cause the screen to oct os o partial 
plate; the screen aloy run hot, depending on the value of 
plate voltoge. This can result from a high resistance in the 
plate circuit caused by a poorly soldered connection, or 
from o defective tube. If the tube 1s suspected, replace it 
with one known to be in good operoting condition, when 
possible. 

If C3 connot tune Ll to resonance at the output ire- 
quency, o reducedatput condition will be obtomed. Tnis 
can result from a lack of sufficient inductance in L1, caused 
by a shorted turn, or by a short or open in C3 itself. A 
check wlth a gnddlp oscillotor, or a wavemeter, will revml 
whether the tank cucuit is resonant at the wrong frequency. 
In either case, part substitutions will probablv be reauired. . . 
since C3 cannot be checked far contin& or for capacl- 
tance with the insircuit camcltonce checker without dis- 
connecting one end of the cod (the law coil resistance ef- 
fectively shorts the copacitor). 

A leaky or shorted input capacitor (Cc) will place a posi- 
tive bias on the grid ond cause larger than normal plate cur- 
rent to be drawn; at the same time the cothcde bias will be 
increased, so that the effective plate voltage will be re- 
duced. Depending upan the omount of leokage voltage a p  
plied to the '$1 grid, the output will be reduced, and, be- 
cause the operation is atthe bottom of the transfer charoc- 
teristic curve, the positive signal peaks will kclipped ty 
plate current saturation, causing some distortion in the out- 
put. If Ri opens or becomes too high in volue with oge, 
coupling capacitor Cc will chargethrough V1 when thegrid 
is positive wlth respect to the cathode, but cannot dischorje 
except through existing leokaqe paths; therefore, the iapocl- 
tor will tend to accumulate o negative charge and block l'l 
from operating. Actually, when Cc is charged, no further 
grid current flows. When the input siqnal k a m e s  neaotive- 
gomg, Cc discharges through the highshunt leakage paths 
in the tube and grld circuit, producinq a neqative bms. 
Since the capoc~tor cannot cbmpleteii dlschorge hefore the 
next conduction penod, it eventually accumulates sufficient 
charge to hold the grid at cutoff. 

If screen capacitor C2 opens, the screen voltage will 
vary with the signal, and couse o reduction in the output. 
It is also possible for selldsallation to wcw. 

Oiswrtlon and Oh., Ef1.c~~. The buffer amplifier is 
subject to all forms of distortion common to other r-f om- 
pkflers, except that buffer operation usually implies the om- 
plification of only o single rodlo frequency. Since tuned 
tonk circuits ore used, any tendency toward distortion 1s 
usually swamped out by the tonk. The tuned tank also 
minimizes my distortion caused by multiples of the arig- 
inol frequency, or hormonics. Although hormonlcs exist, 
they are not selected by the tuned circuit ond are greatly 
attenuated in the output. Clipping and bottoming can cause 
a tendenq toword peak flattening, but the tank circuit tends 
to supply the energy during the cutoff periods. Thus, the 
usual effect is to produce o reduction in amplitude and to 
retain the sinusoidal woveform. When the buffer also octs 
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as a power ampl~fier, this ieductlon in  dlstortlon may not be 
obtalned to os large an extent. Nornolly, no neutrolizat~on 
is requlred; however, i t  is possible to chonge the lead dress 
durlng repau and couse external feedback because of in- 
ductlve or copcitive coupling between the relocated leads. 
Do not chonge the lend dress of r-f anpliflers unless obso- 
lutely nscessary. 

FREQUENCY MULTIPLIER (RF). 

APPLICATION. 
The frequency multiplier stage 1s used to provide on out- 

put frequency whlch is some integral multiple of a funda- 
mental crystolsantiolled, or selffxcited asclllator fre- 
quency. It is universally used in receivers, test equipment, 
and transmitters. 

CHARACTERISTICS. 
Uses Class C operation ot all times. 
May be self-biased, fixed biased, or a combinotion of 

both. 
Output frequency is alwoys some muitlple of the fundo- 

mental. 
Normally doubles or tiiples, but can operate up to about 

the seventh harmonic. 
Efficiency varies lnverseiy with frequency. 
Maximum usable efficiently is on the order of 70 percent, 

and lowest efficiency is about 45 percent. 
Grid bias is higher than in the normol Class C amplifier. 
Requires more grid drive than would be necessary far 

opemtlon at the fundamental frequency. 
Daes not require neutiolization. 

\ 
CIRCUIT ANALYSIS. 

General. Although elther triode or pentode tubes may be 
used a s  frequency multipliers, the pentode is more commonly 
used because of the reduced grid drive required for pentode 
operation, plus the larger power output obtainable for the 
same plote voltage. Since grid current flows in Class C 
operation, the multiplier stage requires a slight amount of 
power from the oscillator to drive it. The reduced drive of 
the pentcde, therefore, allows the oscillotor to operate more 
stably, and permits a lower-rated oscillator tube to be used. 
Normally, a Closs C amplifier i s  biosed at 2 to 2 4  times 
cutoff. The frequency multiplier i s  essentially a Class C 
stage which util~zes its rich harmonic content, or, rother, is 
operated so as to develop o greater harmonic content than 
narmol. Selection of the desired harmonic by o tuned output 
circuit produces o relatively large output at that harmonic. 
To produce the distorted plate current with its rich harmonic 
content, the stage must be biosed higher t h n  for normal 
Class C operation, and must be driven harder than normol. 
Thus, plate current flows only during a small fraction of the 
cycle, roughly from 60 to 120 electrical degrees (depending 
upon the omount of harmonlc multipl~cation desired). 
Therefore, the normol gr~d bias for a multiplier is usually 3 
to 4 times cutoff. Because the plate output tank is tuned to 
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a different frequency from h t  of the input (drive) signal, no 
platetoqrid feedback occurs. Therefore, neulroliration is 
never required, regardless of whether uicdes or pentodes are 
used. 

A hormonic generator consists merely of o number of 
irequency-multiplier stages connected m mscade. T'ney ore 
used in receivers, bang driven by 3 stable lorn1 oscil- 
lotor whlch oprotes of a low fundamental frequency ond is 
multiplied through several stoqes to supply an oscillator 
s17n01 too VHF or UHF mlxer.  Llke*lse, ~n test equipment, 
o suitable oscillator has its output frequency multiplied ior 
use a s  a s i q a l  generator or frequency standard, or for other 
purposes. In o uofismltter, the mdlt~pller stage (or stages) 
cl1;n.s $2 "se ci ; s::.;Ie :rjstil tc ;rwi'e have !a: ;-I 
ornpliiiers operat~ng on harmonicoily reioted output i r e  
quencies, or it may be used to supply 0 crystol-zontrolled 
output ot higher frequencies, where crystal operation at the 
odtput lreque!rir !s  not fcasiale. 

?he power output oi the multlpller stoge varies roughly 
us the reciprocal of the number of multiplcat~ons. Thus, a 
frequency doubler prcduces about one-half the output power 
of o conventianol Class C r-1 amplifier stage, and a fre- 
quency ulpler produces about one-third the power; hence, 
the necessity for cascaded operobon ot the hlgher multiples. 
For example, two doubler stoqes opemted in coscade will 
deilver twice the power of a single quadrupler stoge. 

The loaded tank circuit impedance increases roughly in 
proportion to the number of hormonic multiplications required, 
cinrn the n,,tn,,t ""A  " rn-,-r irn"d""P.3 .......... --.?-. ..................... 2.--.-. ....r---..-- 

is nrcessary to prcvide the some voltage drop across the 

> tank. Thls piaces a practical l~mit on the number o! multi- 

i plications pss ibie  in a single stage. 
circuit Opcr0tlon. The occompanying f~gure ~llusuotes 

c typical pentode frequency multiplier s top.  Schematically, 
the stoae oDoears identical with that of the conventional . . .  
Pencode R-F '<oitoge Ampliiier or the Pentode R-F Buffer 
Amplifier previously discussed. However, there are differ- 
ences in parts values to provide the mrrect bias and o p t -  
ution, cnd the ppite tank resonates ot o niltipie of the !~n- 
damentai frequency. Detailed differences in  operation are 
discussed below. 

renl iiow in Ei,  and protecuve caulode blus is suppiled by 
- ~ 

. . - ~. . . . . . .  
$ 2 ,  , . : : , , :L.e szieer. v.:i::<c :i 

aroppej ti. me proper vaije oy s c r e n  resistor R3, hypassed 
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N N T  

Typical Frequency Multiplier Circuit 

for rf by C2. Vorlobie capacitor C3 and inductance L l  form 
the output tank c~rcuit, whlch is inductively coupled to out- 
put coil L2. While series plote feed is employed, one end 
of the tank is bypassed to ground by C4, and the mdio- 
frequency choke (RFC) insures that any residual rf remain- 
in: fiows to mound by wov of C4 rather than through the low 
impededance of !he power-supply filter. 

With no signol applied no grid bios 1s developed, and the 
piate ond screen current ilow throug'h cathode resistor R2 
provides sufficient cothode blos to limit the static current 
ilow to a safe value. When the oscillator signal is applied, 
the low reactance of coupling capacitor Cc allows procti- 
caily 011 oi the input to oppear across Rl and tine Vl gild. 
On the positive holfsycle of the input signal the plnte 
current increases, ond on the negative halfcycle it 
decrecses. Dcring the psit ive halfcycle Cc charges, and 
?urlng the negotlve hnlfsycle it discharges from the capac- 
Itor to ground, a negative bias is developed across Rl; this 
grid bias voitage and the cothode vaitoge stored m C1 pro- 
duce o high bias many times the cutoff value. (See Sectton 
2 ,  pzraqraphs 2.2.: an? 2.2.2. of this Handbook, for a fur- 
the! ?:scusslon of iuthode ind gridd-ive, or signa! bias.) 

&cause of the exmenlely high bios, the plate current 
conduction period is reduced to o small fraction of the 
total cycle. Actuollv, it is less than a halfsvcle and vanes . . 
with the omount of multiplication desired. For a frequency 
doshier it is amut 120 electrical degrees, and for o qum- 
tupler it is ohout 60 degrees. The short time during which 
piole current fiows produces s very distorted plate pulse 
" , \ , - L  . . ........ ..rich I .  turzc::ici. '!ih.en plate 1m.k C3, Ll is lured 
to the desired output frequency, it offers o high impdance 
c! the !re:~~ency, sn the! '2 !GI:? ?TO: i? :!n!r. v n ! ! ~ ~  o c r ~ c  
across the tank. With an increasing plate current, cuused 
by the posluve ,"put slgnol, the plate voltage is dropped 
:;.n.;:? zerc: +~;r:ng cato!!. prcb;ced bv h e  aeoative p r t ~ o n  
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single-stage doublers, whlcn require s l lgl t iy  l e i s  tnan hali 
the drlve sower. Thus, pilsh-pgsh o;ler(:tlon 1s more limited 
in i t s  appl lcat~on than the b s l c  slngle-stage n c l t ~ p l ~ e r .  It 
1s nalniy use5 where a lorge doubler output 2s required, 
smce i t  will ;lraduce this output v;lthout any loss  oecoust  
of nultrpilcotlon. Thls is true because a plate cLrrent 
pulse  is provldrd far each positive holi-cycle of the in;"! 
s ignal ,  or one iar w c h  output cycle .  T t . ~ s ,  the ton'n cx- 
cul t  requires l e s s  replen~shing,  ond gff i ter  output and ef-  
ficlency ore abtalned. 41Lhough o jush-pull input 1s re- 
quired, t h ~ s  con easl ly  be abtolned wlth o grid tank clrcult. 
In oddition, hcrmonlcs oi odd order, w h ~ c h  c-n sometmes 
c a u s e  o flnal output on an unwonted frequency, ore rninl- 

mired, and a purer output 7 iovefor~  1: suppued than tho1 
by the s ing le tube  doubler s tage.  

circuit Operotion. The ccoc :pcny in j  illastratlon shov~s  
a typlcal push-push doubler s tage.  

Push-Push Frequency Multiplier Sfage 

A s  15 evmml  irc-i t i c  sci:er,3tlc, o jusk-pull Input i s  pro- 
vided by r d  tronsiormer T1. L1 1s the primory, and L2 1s 

tuned by split-stator copacltoi C l  to the fundomental fre- 
quency. Signal blas i s  silpplied by g n d  drive, couslng grjd 
current flaw through R l ,  wllh RFCl keeping ony rf out of the 
b ias  circuit. k protective cathode b ias  1s a l so  supplied by 
R2, which is bypossed ior rf by C2. Tubes '.'I and V2 ore 
pentades w ~ t h  the11 suppressors directly grounded, although 
tubes  having the suppressor connected to !he cothude 13- 

ternally could a l so  be used. Screen voltage for the tubes is 
dropped to the pioper volue by R3 and R4, which are bypas- 
s e d  ior r-f by C3 ond C4, respectively. The plotes of V l  
and V2 ore parallelilomected to plate tank L3, C5. The 

secondary of r-i tionsiorr:er T2,  wlnding L4, prowies  an 
;nductlvely coupled output, although ccsocltlve coupling 
could hove been used as well. Serles plote feed 1s used, 
ond the d-c plote voltage 1s opplled throuqh RFCZ to the 
botton end cf L3, whlch 1s bypossed ior ri by C6. Thus, 
any i f  a t  this palnt flows to grcund through C6 rathei than 
through the pawer supply fllter copacltor, and any b d y  
copacltance e f fec t s  whlch otherwise would occur when tun- 
ing tack cawci ta r  C5 ore olso e l l ~ i n a t c d .  ., ,+nen the laput signal 1s c r ~ j h c d  13 input t rers iorzei  T1, 
the input voltage in primary windmg L1 induces o vol.ogc 
Into secondary wlndlng L2 by t racsiainet  action. The  cen- 
ter of the L 2  secondary i s  connected to ground through RFCl  
ond R1. The v.lndlngs are polarized so thot the top end of 
L2 (connected to the V1 g r ~ d )  i s  positive when h e  top end 
of L1 1s pasltive. Thus, when the top end a i  L2 1s p o w  
tlve, the bottom end of L2 i s  negative. Since the bottom 
end is connected to the gnd of V2, V2 1s negative when the 
V1 gild is pasitive, and vlce versa. Thus, o oilsh-pull in- . ~ 

put connection is provided. Tunlng capacnor C1 1s o spllt- 
stator type w h ~ c h  provides a balanced tonk arrangement to 
ground, and olso resonotes L2 to the operating frequency of 
the usc~ l lo tc r ,  cr lnput stoge. 

In the absence of an input signol, :rotectlve cathode 
b ias  1s orcvided by oiote and scieen current flow throuah 
R2.  he cothode bios ond the slgnal blas ore effectively 
s e r ~ e s a i d i n u ,  so that the total Closs  C bias i s  a comblno- 
tion c f  both. (See parogrophs 2.2.1. and 2.2.2 in Section 2 
of this Handbaok ior 0 complete d i scuss~on  of cathode ond 
slgnol blo:;.) As  the input slqnal i s  opplled, e ~ t h e r  the V1 
or '$2 grid conducts an the posiuve ha l f syc le  of operation, 
and gild current flows throiigh R1, producing the slqnol blas, 
which is added to the cathode bias. Since only one tube 
conducts o t  a time, the cathgde bias a t  any particular ~ n -  
stont 1s produced essentially by only one tube. (When sign01 
bias  is obsenr bath tubes will conduct, so  the protective 
bias i s  produced by both tubes.) 

On the positive hali-cycle s i  lnput slgr.al when Vl con- 
ducts ,  plote current flaws ior approximately 120 electric01 
?e7ri.p:; ai operation. Dkril:? tlle rirrulnder o f  !n? cycle, 
tube V1 is cut oif. When the input signal goes neqotlve, o 
p o s l t ~ v e  grid voltage i s  induced in LZ and opplled to V2. 
while V1 1s held a t  plote current cutoff by o negative signal. 
The  positive gnd  input to V2 causes  plote current to flow 
for o penod s i m ~ l o r  to that oi  V1. Bath plotes ore parollel- 
connected, s o  that o pulse of plate current occurs for each 
h a l f s y c l e  oi  input signal. Dunng current flaw, the plote 
voltaqe 1s drooped across  the hiah impedance of output tonk . ~ . . 
13, C5, whlch 1s tuned to twlce the input frequency. Each 
!,me the plate voltage i s  reduced to i t s  mlnimum volue, 
energy is absorbed by the plote tank. Hence, 11 receives a 
push to keep i t  a s c ~ l l a t ~ n g  each negative holfsycle ,  from 
,which action the term push-push wos der~ved.  Note that in 
push-push aperation w c h  tube operates alternately while the 
other tube remains o t  rest; this should be distinguished 
irom push-pull aperatlon, where the current of one tube In- 

creases whde the current of the other t u k  decreases (both 
simultaneously). 
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?It r e l c t lonsh~rs  01 the ?rid valtcqe a:i slate cbrrent, 
and grid current and plote voitage wave for:^ is shown in 

the occanlpunylng ilyure. As the grid voituge jeg,) to 'il 

\ Plate cnd G r i d  Wave!orsr and Their Rclotionrhipr 

PJ 
\ 

r ises  m a  positive direction, i t  drives the tube above cutoil, 
cnd ?Ic!c ccrrent !l:xc. P l s : ~  CU::CT.: IF, in !Ic:v~~c 'LIOUJ~ 
the tcnk impedance c t  the resonant irequency, produces a 
voltage diop nhich o p p s i s  the applied plote voltage and 
reduces i t  toward zero. As the grid voltoqe contlnues to m- 
crease grid current flaws when zero bias is reached, and 
develops n bias voltage m e s s  H!. PFC! prevents shun!- 
inq o f  the 1-1 input to qioun2 thrwilyh i i l ,  si that only the 
r e c t ~ f ~ e d  di- blos current flows through Ri. The current 
flew :c ! r x  -.cc?? :'.io..gt zc!h?.'e 317s i e s i s ! ~ ~  FI?, i? :ie 
" " * L A C  ." .k- ..<A ""2 k""L *L.",,"L Dl  . .  ," " 2 -- .,,..- . ,- ........ ", ... ...--.. ..., --.... .~...u~..~.. n, 
-- -"tb,& b;as I: n7--- "d k.. ..- ---,, --pap. -1 - . A  2 -.... . L"' "I L." '.."., ".,. ...I. .,l.~'.'.; 

cuiient, SL: t i i s  b i o i  r e ro i7s  so?.star! 0s Ian; 0s ;i; c ~ r -  
rent f:ows. azd werages  to a ;onc#hs; sza l i e r  value over 
the entire cycle. Because of the low value of cathode re- 
r:r!n?ce e-:iave" !!'e ?verdl! "!-: !- ernxce* 5y r-,!:. 1 
VOp , -. ,. ... I ~ O .  Mist of the o ~ s  v-ltoqe ;s develcwd zcrcs; 
i i i ,  .vnicn is a large v u i u e  oi resistonce \!Lid to jil). As 
1i.c grid curre.:  reocher its :eok, s? d3ec the $n!e cu r rwt  
o! V!. A! this tlme he &tc vd tuge  of V i  r w c h e s  u .%in,- 

""A -,,,, ", ,* "k"".h"A h.. *h" .",.n"",,* .",.,, .... .... ....... ."."-, ,-..-. .- ..... U*" -, ..,-. ..-".,~ ~".,,~ 

cuit.  Shen the input s i ~ n o i  ieuches i t s  p s l t l v e  p k  anc 
ih!?:;e: Iliec!!ol (c$s$rifi; ,3 5:zi h,.?i'e!: !! SN!?;~  ca,>c- 
:Id . -  ,GfiA !,7!k :3&:!:3 7e:s. !.:.~.,;5.,:,;!+, !b,e c:,~:<. :,>:;+r,: 
, , ! , t i  .!.,.+ <.,,r:er>, : , !>I ,  i t , ; ; .  ';;;,e,,t , i : v  ,;,,,i v:,;: , , , !~ , i , , ~ ~ > >  !>*it,= 
zero oias ,  tne ?rid curren: z tops ilowing ano :ne p a t e  c~ t -  
cent  C, ln :>n, le-  IC, .l*-rr,1s+, MIbl!? :.me >:,>Ir b,.#lth!e !rj- 
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cremes st;!l iurther. 1-he plate voltoqc contlnues to in- 
crease, even ot ciltofi when the plotc zurrent ceases, be- 
c z ' x e  3f t i e  ilyviheel n c t n n  of the tonk clrcult. A! h l s  
!I::,:. !, i.?! 1: sipr!y!3q e..rgy to the .crCu!t while the 
tuoe 1s icowrat lve.  

......... .'*?.* *L" ," " .  ! "" ,b', ,,, -.,2 ?--b,,%> ?a,,., .n- ,,.,-., .... u.,..-. .. 3... ~..- .. -~ 

imtmAe; I~ i ;~ , , i i  i n  G n i g z t w i  ?::c;:;;r (thc ccjot;--. h;!! 
c;.:!e!, 2 ;zs?:!.;e-:olnG s v ~ n c l  1s !;$,:el o l  me V? gild 
thro>jn I l .  Thus, os the V2 prlu rises asove cutoll, plote 
c;;:eat iqalr: flows, SU! thy; 11-P 10 !?_ The f13w of plste 
r e  J plote volmpe 3r:p ccriz: the hljh t m k  in- 

p p l z n r t ,  u ~ i  !he e i fecuve  plote ,,3it(?;r of '4' i o i i o ~ s .  ;t 
- . i r ;  ~ h ~ i ,  y l j  c ~ ~ r r e - t  flon; i~ i 2  nii ;:sdy~e, ; r,?<dtivc 
" . - . "  ............... +.rl-:j Ey ;,, ............. r.:..c n2i: ................ ,, ,., : ,,,,,, ,,, ,,.,,, ,,.. ,~ . ~ i.ucie. 
. ' , k t ~  >b:e qrld current in \ii is at c m a ~ i : ~ ~ ~ . ,  50  i s  the plotc 
,;.::r-r:, :-d :he- rf!uc::vc ?lo!. voltage is 373:: 3! z -:$I- 
.... ,\: ,L" ." ....... ..-- 1 ,*.- L.- . + ?  "".-*'vc ""i -,,.- ""2 ... .... . . ,/._ ..,<_. _ .-.. ". .." .._, 

. . . . . a - . . .  ...... ;c";.;,c, J . - - -  . b . ,  ,,c .... br: 1, ...,I.. g o  *......%.. a,, "-- ,.A ......... . I . .  -.. ........... x r - . ,  2 .- 
"YIIUJC. 4,. .."..U..LY"~.y. V L  Pl"L< -".lili, d i i l i - i . , T > ,  :iii: 

z-ro 11132 and then cutoff is ieucheo, and V2 s t o p  conducr- 
1n.2. tdeunwhllr, smce the toni  a r w i t  I; o j c~ i lo t lng  in syn-  
chranlsm, the plote voltoqr continues to rjse untjl the posl- 

tlve peak voltage is reached. At thls tlme e g ,  and eq, ore 
--,,,, - ,- -. ".o., - ,  :oitoqe Ec and 1: each a t w ,  piotc current :s 
canpietely cut olf  0x5 the tonk 1s ogoln supplying energy 
13 the clrcult. As eq2 g m s  nore negouve, eq, goes moie 
p s i t i v e .  When cutoll is reached V1 conducts ogaln, and the 
s lote  valtiije again drops toward i t s  mlmauzi valur. i t  h e  
I .  ..- I . _ . .  .L.. -1 ...- .- -. ,,- 
2 ' "  .,.2LYIJI . l,llll(l.~( ,(,.: LULI.,,I LD "v"III ", ,- , , , "*~ , - 
i T h m  value (as is me gild c m e n t ) ,  and h e  tonk again uo- 
. ..LO - 
a 2 c u -  ~ o e r  iron, the plate circuit. Since lhe tonk mcil lotes  
!n synchronism, cornpletmg one o s c ~ l l n t ~ o n  tor eacn hoii- 
.,.I- ,.\, ",,, ,, - f  in2ut, the out2ut is tw:cc the mpit  I rquenr , .  9e- 
ccuse the tank 1s ie~niorcRi !or m c h  h a l i c y c i e  ui  the in- 
?"I, or once Lor each cycle 01 owratLon, not as lnuch p w e r  
;; c x ~ n d c d  from the tcnk a; ir, a ;:aq!e-stew zircu;:. The 
:late slficiency, therefore, increases over that oi  !he single 
stoge, s lnce oniy hall os much energy is e x ~ n d e d  by h e  
tcnk, ond l e s s  1s nbsoibed from the plate. As the input 
..,. .> .po l  continues, &e octmn just described is i e m t e d  r!er 
o ~ d  aver ogoln. Smce L4 1s induct~veiy coupled to i 3 ,  the 
:irculating tank current induces oil r-f vaitoge i i l  LA 
trunsforrnei action, ond the output i s  approxiincltely equoi to 
the plote voltage drsp deveiawd ocross one tube. Any other 
r . , l i l u r . i ~ ~  i r i  h e  clutu circui: ilru uiieral  il vrr" s . ,ul i  irnpcd- 
.;:.rr: S L S ~ C ~  the lunk is nut tur>eJ i;: eiut ire+rncy: ihus, 
, r - !y  lnr lrsiccti nsrl:,unrc i re j l iensy rnisls in rne uurpur. 

AIthatuh the pulses of plote current occur for aniy 1 2 i  
vr . j r tcs  j i ia are i.iyniy <l..roirea, :nr l iynn t ' e i  a;iion ol me 
!~:,k clrclilt tends to snlooth the output into upproxlrmte 
::re ,.ua?cr 7 :  llv.!Dic r!!e ! r q > c c q .  2.m-e !req.ienc/ !xi:!- 
p. i r i s  ore csi.aliy awe: ~c&ia:eo, ai;,f r e m o ~ i n q  woveio;m 
il.itorllon is of little sqnl l lconce.  

FAILURE ANALYSIS. 
NO Output. Lock ai i n  :?put (drive: sl?nul, ioss  UI 

rc-n or !,lute v u i ; ~ ' j i .  ton o.pi u~ji!rit t:licoii, ui defective 
rcn?. r . n  r n ~ ! c r  i n c r  ni nutpur (necr r k  ??i"t, sciwn, 
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snd :iui+Iy vcl:r;es *~!h a vclt?eter. For no 3UlpUI i t  LS 

U S U . : : ~ ~  necei. .tirj  !OF DC!r t h s  i: t e  ~ e l ~ c t ~ v c ;  LI ore t ; k  
13 o:r:ut,:e, tnc o u t p t  ,.,;;I1 oe r e w c e j  rs:her t h 3 ~   ell::.^. 
noted entjrily. I1 c - thme  blzs rc:i::tar 32 :s cpen, :ne o r -  
cult >,:!I1 bc ini.j:s:lcte 2nd n; cct;ut mn acclr. :: 1-1 trans- 
P-ri ter 71 or T? 1s oFn or 5hurle?, nu output con occur. 
lL>c% 31 n i u t  (drlve) 1s lnalciited oy no tns vcltoqe, o s  
r:eosured acro.:.: i i l .  Likewlsc, no r p u t  ;ill1 sraicce hl'lh 
2131~  u n j  screen CLIIOPI b e c m s e  01 the 105: ; i  ;rrJ bl:~, 
w d  mi; xu;e tile orcteLt;i? cathode 3lc; \'oIt3;~1 a i r i s5  
i i2  to be 1cr:;-r lnnn ror , J I .  Slr.iil;iiy, lf f ihtr  nFL1 Lr 

h l  1s o;rn ,  no q r x  b ~ u s  li!il be o3ratned, and h2 hlli arc- 
ducc o loiqer thun noinal yo tcc t lve  alas  .ultn no au!put. 
:men ln doubt, n rc-lctnnvi checn 01 i l ,  L2, l i l ,  22. and 
i r i i i  .vith the p . r e r  C F F  con be quickly zn.: cosily 
I.::>& - or e l i rer  tic o s c ~ l l o ; ; c o ~ e  or a i;T<:.: :Jr m we.: ir 
chuzk the grid:; 01 V i  arc i2 !or r!. ii n: h v e  eX151Z an: 
i L  1s shorted, !he tuoes r / l l l  shon  color and b? a ~ r n 3 , ~ e d  
(if the snort is p1013n-jed), w h d r  no outp'lt .~111 tf  oDt(llnc3. 

I! SCICEfl r".i,s:2r . i j  or ;,< 1: ,;.-:3, or 11 c>pac::51 z3 61 

-1 1; o p n  or ;halted, tilere r l l i  be 3 reductLon ~n Z::*ut, 
but not co;:plute loss  o l  output; no::civri, 11 both resls!or.; 
d r c  open or if both cc:ncltarr orc s ior ted,  n 3  screen volt,:ge 
'+ill  cppeor snd  !here ~ l l l  be no output. if cltnei C3 or E4 
IS rharred, "3 or 34 v ~ l i  r e a l  oanor7;lly. ;haw color, or 

snoke, and will e v e n t u ~ l i y  burr out. I f  plate c n ~ k e  3FZ2 is 
open, no ; lut t  valmqe will be a;pile< to elther V i  or V2, 
an2 there rvlll be nu output. A s ~ a l l a r  condltlon u~ i l l  result 
11 6 :s shortmi; In it,); sosc tne -;:biy 1s u r a p p d  ~CIO;; 

the 1-1 =hake, .ihlch ,.?lil poDably cause 1: to :?lake an= 
burn out. i f  L5 docs not iesonutc Lj lo :ne proper fie- 
qucncy, l l t t lc  or !,a output ... I! be ieve~cp-d. Jhecn Lj lor 
con t jn ,~ i ty  ;ij*, 0.1 ~.h: :~etei ,  iz:th the plute .ioltoje CFF. 
Use a 'yla dip ?etrr ai o ria.,,eneter to cne;k t:s t;nK re- 
sj i lur t  !requercy. i f  th i  condition 01 ii is ir d0~31 ,  C O L ~  

L -:"st be ?~sc,;nnccted checkr ;  ;5 with o c;pcsltuncr 
cneckei. Ii secon&ry L4 oaens, nrr lood will acoeur on . . 
eltner '41 L I  42 and o lo !er tnon norcol plate current will 
be indicated. L4 can nc ck,+ckw !or contmuity w ~ l h  an sl:r- 
:ncter. 

>> ~.,,11,2::,rlcter c::,r !,e ;nscrccc, ,r. tne 5r:i >P,C plate c,:- 
cull- la l o c ~ i ~ t a t e  the lccatlon c! trcuble. It wjil lnd>cctc 
the grjz current, :ihlcn sn3n5 whether sul!jclel:t drive js 
pru:;ert; I! .":I; uli:o i&;lc;!cate the p l s x  c-rrent, vr>ish con ne 
cilecked lor 3 i l p  ( ~ n d i c a t l n ~  resonance) onli lor pry-r load- 
lng. A sharp d l ?  iri  the plste current ,wit? .very l2w :iniz:il;n 
current and no output indiczte: tho: !hs loci  is i c t  :g~piR:  
su l l l c~cn t ly  or that the output c ~ r c u l t  IS open. 

Low Output. KO ~ u i t ~ ! ? ~  or low v31tigc ori the s:ree:! 
or p1a:e. ~nsufl lc lent  drlse, or a delectlve tube will cause 
lovi ou:~,u!. Thc screen arc  plote voltuges con be ciecred 
nith a viit:neter; the srjd drive i i n  C ! S S  be checkcd !,),ti 
o :oltrrete: by .?cosilr!ng the grid b ~ c s  .,s!toge devel- 
n;e? 9cms.i !:I. i! e:ther ,?3 or 3 4  1s ojer.,  7 0  screen volt- 
o j e  w l l  be ~ p p l ~ e d  to i 1  or C2, respectively, and r e d u d  
output wili r e s ~ l t .  Llkewlse, ~i elthe1 C3 cr  C4 is shcrted, 
o sl!n~lor cond;tlsn ,wil l  occur. Lon  screen v o l t o ~ e  csn oa 
couseli by 3 chcilje in  v d u c  o! resister 33 or R4,  or ay a 
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leoky cuwcltor  ,C3 a: C4. A r:.ili~c:;~neter insericd Into tne 
. iup~ ly  s d r  o! c3ch screen reslstcr will l n d l c t e  whether 
;raper screen curren: 1s octilme.1. In,cbll~ty to sotoin :re 
r p .  >,i; , ,  , .,creen c-rrint c! the correct volt3 jt. i r n l c , ~ t e s  o Is- 

kc:! <,  tdte .  :! :?t:;L I; 3pen or l i  Jc 1; shorte:, na pllte 
vat t :qe will be a;,;llud to e l t i e r  'dl ci $2. I; t h : ~  cis- the 
scrien ;,111 tr.1d :o ac: 2s :::e plut t ,  ;:.!kt, and cvinrudllq 
Sc Jj . .  uqed (11 tilp ccr~dlt!cn :; ~ r a l r s  j & i  .A hqn  r z a s i -  
oncc d d e  ta o p o r i y  soldered jalrlt in the piotc circuit 01 
',;! cr 72 ,,w111 cwse reduce3 volt;lc;c anc c;t>u:, ~ i 1 3  .,,;I1 
?~;uoliy be m31ci;?6 by b i n d  tuning 01 tank ca-ocltor Ci, 
wltil Iw; ?late cdrren:. I f  the 3utjur i; 137, n d  the vcltojes 
u,;pe3r normal, rc-tcve c re  tuoe n! 3 t!:;e, noting ..,vhethcr 
the out;ut rises r :  drops. A ; i l i t i ~ l l j  shsrti .  tube cufi cause 
the o u t p :  to rise when the delectlve t m e  is rex~a-;d. i o r x -  
,>;I; the L U ~ ~ J U I  jnuuid urop t; uoout half value; 11 no rncrge 
sccurs, the re:?svcn :me  I; proacbly deiectl-ie. ,?hen i n  
doubt, replace both tubes viith tubes kncwn to be qcod, 11 
pcss:Sle. 

Incorrect Output Frequency. !! o:hi: i:.,:. ;.-v ,ielil.:: 

outcut  i ~ e q u e v , ~  ir obto~ned,  ore ol ;t,e nroei is pioacolj 
~ n ~ p e : ; t l ~ ~ c .  Since a posh-:ux clrccl: ;;n produce 3nly 
w e n  hurlnonlcs (Lcd, 4th, 6th, el.), on aad h r r a x c  rln cc 
s r a d ~ c e ?  ocly by s;:qie-tubs o?c r t l>n .  In t n ~  zase t r e  
cutput .vlll !u:i~;ily be ied~,ceC. \Jc::;111), tne tank c ~ c d i i  

does not tune througo rnre :han one iormnic .  Ha~vever, 
In :,;sltibonri e:julcr!ent usrny s h a r t i n ~  swjtches to chanoe 
tne inductcnce, 11 i; pcsslble far 5 poor cr opcn cantuct to 
n l l ac  t?,c incorrect vulai  c.1 :nad,:t;r;e tu oi used, o n i  
t h ~ s  come reronance a t  so re  undesircj n;lrlcnl;. 

SINGLE-ENDED (CLASS B OR C) R.F AMPLIFIER. 
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CIRCUIT ANALYSIS. 
The alternating cormne-1  oi plote current in o Class  

B r-f amplifier i s  prapat ioroi  t o  tka c ~ p l l t u d e  i f  the input 
iexciting) siqnc!. 'iki~rrefzre, the 9:;er out-t i a r l e s  o s  
the squor? of the ei'::t;tion (drive) vi!ta.;e. Nor~iclly, ir, 
CW operotion, rm,.!:nbn j r i v e a r i  r d x i z ~ n :  x t ~ d t  are as-:. 
'$,hen used to n.mplify 1 n!o?ula!e. r-f F ~ R Q ~ ,  the o3t?u! 

c:ust vory lmwi ly  with the lnput so  thnt no distortion i s  
produced; a lso,  the matput vcnes  in o a p l ~ t u d e  in ac- 
c o i d m c t  w1t.l the rr,aduiotian. Consequently, for speia1:;n 
35 3 I I ~ ~ C T  I-i ~ . x p l ~ i ~ e r ,  nore stringent !lrr.lts :ust be 
pioced sn hcs,  erci tc t ian.  sn.! piate ,v3itoge thcr !ST CW 
o ~ r a t i s r .  in odnitlon, !3  c l l a ~ v  for the c m s t a n t  lmd  and 

-..,..I--; -. '?. .. 4 .-.-. .LA -.--" :,. ,,.. -- " .u.. "- ".." .&.. ""- <" . . ,J .--. "., ,.,b - ~ " y -  .- --"..: "v 

crcted a t  c 23 p r c e n t  reduztiac in i t e ?  X O X ~ ~ P :  (CW op- 
er3tlon) .mer. (Since the C'ri st03e 1s ~ e y e c ,  it dces nct 
owrote  31 fuii poitrr c o n t l r , ~ ~ ~ ~ I y ,  3rd car; ti-ereiore l e  
~~, ~.. .  L .  , . .., . . .- ... \ '-.L~. .. . . 1 . -  1 .  r> A ,  111. , . , > , T , )  .,L,.%? ,L.,>i,-r#,2- 

t i c ~ s  x,v!!?rh s re  qp!?cc5It. tn t5e m,~dcl?ted C!OSC 9 l!neor 
amplifier w!l be discssr l - :  a t  the end of this  article, s i r c e  
sllghtiy j~ f fe ren t  opeat lcq cundlnors  -re necessary to pro- 
v13e for n d u l c t i o n  ~m?l i tude  incr?;sei. 

The Class  C r-f ompllfiei is sinlia: 1s the Cioss  B I-f 
;mplifier, except fi a"< -. U ,. -....L ' " L . ,  .,.y.-, i:"Ls. 'I -n" ".- . 
11 r e ~ " ~ : e s  correspo~dingly grecter exc~ts t ;~; :  r;;:h mcre 
drive power, and it u s ~ z l l y  oFi:tes ;t higt,er ?lcte vc!t;3e 
ond current. As o result,  qreoter output o d  efficiency ore 
abtoined. In the CIIISS 3 s t age  the o!ternatin.; campmen1 

(\1 of plctevaltage i s  -?lisct!v crsrmtior. 11 t o  f i r  s la te  vol toje  

h b,?! t)!e ; )y :  ,!o]tg9e c s  ::, ::::: L2ep2 ti2:,). cLs, ;b:e .-. output p w e r  i s  proportior,ol to the squcrc oi t i c  + !ac  v d t -  
\ - 

i g e .  , z l s  > s  why a g h - 1 e . d  midfi1a:;rs ~ a i y  me ;h:e \'cii- 

c;e 3f tne Class  i r-I cc:plli~er stcqt. to ;rozuce om::,- 
tude :no?clction. 

circui t  Operation. The schemat~d  of a typical Class  B 
fir C : r i d e  r-i p t i ~ e r  ~:m@itier is s6.c-vn ir. :h? a c x m p a m ~ : ~ ~ ;  
 lustrati ti on. 

' 5  Cbk 

I - V 
A - - 

Closr  8 or C Triode R-F Porer  Ampliiier 

here for e a s e  and simpkcity of &sc i s s ion .  C m s i d ~ o t i o n s  
involving other types of tubes will be discuss& a t  the end 
of this orticlc. The input circuit is skew, ccoplciti'fdy 
mupled hy Cc; altno:~gh ony other f m m  of ccc?ling could te 
used insteod. Grid bias (in o d l ~ t i o n  t o  bias from !h? fixed 
supplyl i s  prffiuced by the s i v i n q  s i m a l ,  which causes  
.^^,.'.^A "..A" ,... ',<,,., .i.".,"b a , .  Um-1 " ,p., -tc ".""" 'i"U I"..-.., I.".. I.."".,.. ..., 1.. "I 

shunting of thedr ive  signal t o  griund via R1. (Rotect ive 
cotnode blos 1s sometimes ~ m v l d e d  by cathode resistor 
R k  b y p s s e d  by Ck, and is ;how in dctted lines since i t  
m y  not be used. \'hen it i s  not use<, the cathsh3e i s  c m -  
nected directly t o  g r m d . )  S e  sec t i a :  2,  p a g r a p h s  2.2.1 
2.2.2 of thls H o n d h k  iar o conplete  dlscussmn ~f mthode 

, .  . , % ~ , .  -~ 
I::, .i:u!!? q,,"-'rUh : > L U l l i l l :  ","a. i L k ~ I :  P:Y~L. i"& ZYil- 

s i s t s  o f  C l  and L1, with out?ut link m i l  L2 iduc t ive ly  
coupled to it (capacitive coupllnq or anolher form of 
coupllnq such os o si-raetwcrk is sometimes used ~ c s t m d  of 
.- ,  , , , -, , ,,- v,Jlta2e is :~wc rza- fe,! ~l:~,:"~,:~, !?r,Z?, x~bgi:kl -. , . . . . . 
is t ,ypsse - i  by C2 for rf !sh::nt plote i u '  ic clsu c f t rn  
used). This onongenent  ensures  that any rf a t  the center 
top on L1 i s  b y p s s e d  tc  ~ o u r d  throu* t k  low-impdm.ce 
po t ,  offered by C2 rother than the high-impedance p t h  3!- 

ferrd by RFC2 and the ;;svier a p p l y  filter c a p c i t s r .  Wit, 
tt,e center of Ll graurded, b o t h e d s  of the coi l  i r e  o t  
oppcsite m d  equal  patentiais. Spl i t -s tota  tunlnq c o p c i -  
tcr C1 7iointoins the bolonced arrangement, and permits the 
rotor t o  be grounde,i in order to avoid b t y  caFocitcnce m- 
in: e f fec t s  ( s h ~ c t  plote feed pwmits the c o p c i t n r  acd co i l  
to be directly groundedl. h neutralizinc volta2e i s  token 
!:or Cqr ocd c! h e  tusk apposite ths plcte, nn'is fed kc+ 
to the grid through c a p c i t o r  Cn. In this g h t e  neutralization 
;-  it^&, in eife:tivt.iy i o r m  p x t  ii : i r l j e  circuit xblci. 
~ o l o n c e s  out the plote-ta-grld i n t e i e l ~ u d e  tLhe c c p c l -  
t:rce and prevents f eedmck  m d  s e l f ~ s c i l l a t i - l i  of VI. 

4s i s  evident, the schematic is similar to that o! a neu- 
t r z i i ~ e d  1-1 v o l t a ~ e  arnpiiiirr, which ~ J S  beeit ; ~ e Y l o l r ~ I y  
i l scussed  in this  section of the Handbok .  The difference 
in  oprc t lon  i s  due t o  Lbe use of cutoff bias, y e a t e r  drive, 
;i< s h a t  ;"lies of p i e  ;wren1 r n n k ~ c t i ~ ~ ,  .&ich ;;rovi2e 
.,>; i;. !r,ver . "  cu!pLt. L:!,2>s 8 ofi,3 :: o!rql,:,ers ore 
i l sc ,ssd  s e p a t e i y  i r  rhe ioiiminl; prc.iraFiis k a u s e  
:! 5 5 ~  5 ~ f i c : ~ x ~ ~  iz t k i 1  zp;at ioz.  

class s operation. Normolly. V1 conducts for only a 
potlloil 01 o cycle, ustluily tor liii: irtiirizoL degrees, 3ul 

~ ~ 

.,-: .'2.,- :),;I, :b:;~;27r.<: :J%;..,,-t , rx zwrLt;2, x- 
,J!:C> LIUJ~ I:). ; i l ~  tube ls:,uailr; *LO: ecerqy trirl: 

s-- r m ;  ~ ~ !.cap. r.,'. rimmwi:l,-tlr- :nri!rs ,: tke 
,.,;!e, w.hich ;r?vl:es 3 ;;cc!ied ":!y;v;k?ee! r:!ect" to k r ~ p  .- . , , . . ' I  .-.., !I..,;",. ..c,. ;,.. tk.. - \  ,>.." ,x>,>' .,:.r., ..-...#, . . , , ,  
~ . .  , . .  . . - 
;.;n :u: the ilr: , i ; i , ;~it~nq n~.!q:.c 3: r:x:st~~r..  i:.ils, 
* b . ,  r-< !>'j!ps,! 1- " n ~ t 1 7  8 n;q .J,Y - - r f i :?y t : tp;!  q ~ ~ r n l  i- 
~ ! a c i n ~ < ,  2s lanq u s  !k key i s  d c w r .  {Tr C1-s.s P, o u l ~  

( ~ n t u n e  ilmpilflerj opeidion,  draiithrr tu3e is i.~dn to zup- 
oly tt , i  e x i q  for the negitive i,cl:iycle.) 

When the crlve siqnai (1-1 excitation) 1s oppile? t?rcugn 
c. ,c, the xi? s! '11 i; momentaily diiver, w i t i v e  wh?n the 
p s l t l ve  h o i f i y c k  oi ir.wt s2gr.a: e:.cec;s ii:e !he2  m;a- 
.,.+ . ~ , - z  ,.r,;:;-,= ,Y7,,< :,,-,:~k, r,:,>:* ,Trr=~,t ;v,< yi,: ,-,rr+:,t , . , 
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flow during tnis interval. Plate current :law is rot continu- 
ous throughout the cycle, but is in the form of short pulses 
of energy, one fa euch cycle. Durin; thls time 2s jrid 
current flows from l roud to the coth.de m i  d o r j e s  Cc; 
when the Input goes negotlve, Cc discharges through Pi 
bock to qrourd. Electron flow is ir tr,o Jirrct~on which 
m k e s  the grii end of RI ne;atlve, thus p d u c ~ ; ~ ;  o signoi 
bias. RaCio-frequency chokeP.FC1 Fesent.; 3 hiih impe- 
dance to the exciting r-f signal and prevents it from being 
shunted to r round thrmgh Rl. ?h.us, only tiie rectified 2 c  
component of grid current flows through R1 to deveiop the 
bias. The amount of d-c grid flow is averaged over the 
mmpiete cycle to provide a strciy c s  bias ,:oltay. This 
signal bias is in addition to the negotive d i  ilxed bias 
voltage, whict, is applied between Ri (or the .;ri2 31 V!) 
and ground. The fixed bias outonatlcaily pr~vidcs protec- 
tion in the event thot the grid drive i s  interru>ted, s c  that 
complete loss of bias cannot occur. The tots1 blas 1s the 
sun oi both the iixed bias and the sijncl bias. Regur~less 
of the 1.j.x of bias employed, the opratior is similar. TLbc 
V I  dces not m d u c t  until the exicting voltaje drives the 
grid abwe cutoff. Once above cutoff, plate crrrer.1 :lows 
ond increases cs the qid val tqe  incrcoses. Grir current 
does not flow until theqrid-drive vo1t;je reduces the total 
bias to nearly zero. From this point on qriS current olsn 
tiows, reaching its peak at the s m e  time os the peak of 
plate cu re i t  flow. 

Vlhen plate current floris, the ~ c e d  tonk circuit offers a 
resistive impedance a t  the frequmq of resmonce, .which 
drops the etiective ?iote voitage to its minimum value at 
the p a k  of the mniuction qc le .  At this t1n.e the tack nr- 
cuit absorbs eneiqy from the plate circuit. At the some time 
the plate i s  olso dissiptinj some ene ra ;  this plote dis- 
sipation is at c minimum, since the e!fective piote voltage 
is ct its minimum also, and moitir.um eificiwcy is & t ~ ~ v i = .  

As the omplitde of h e  grid excitation cow decreases 
toward zero CPLI ther swicqs aegaive on the ia:!chzing hali- 
q c l e ,  the p i c  hics is ircressed ilni the ?!ole currext I; 

decreased. When ti.: piole current decreases, t k  viltoqe 
drop across the load !m m7.k izpeiance) clss?ecrw.:es 
una the plate voltoge rises. \Tien ?late current cutdi is 
reached, the piae  voitsq~ 15 just e+zi t? t i t  s?~xit. now- 
ever, the circzit aces not cease oprstion, since the  ton^ 
circuit contains 1-1 energy which is now reieuied 1: t k  !:&. 
From the xoment of c?ltoii ,~nlii  c;lrre:t is cqcin ira;!n 31 

the next ha l iqc le  of o-arctior., the tcnk keeps supplyinj 
the energy. ?his is sccalled "f!ywheeI" acticn of the 
tonk circuit. During this time (when no phtecurrent flows) 
the tank circuit is mmpieting its hclfsycle of oreration, 
and the instontanecrus piate voltage continues to rise 
until the peak tonk vsitoge is reached. The plote vo!tage 
ot thls pomt is hiqher than the saurce or supply voltage, 
but, since the t ~ b c  i s  tiasec far oeiotv the ?tint a! c c n < ~ -  
lion, it has no eitect or V1. 'Re tonn circuit now s:vings 
negative cnd the p!ite voitaqe dro;: tovord the d-c supply 
voitoqe. At thescne lime, the peak of negati\r? 713 swi:1 
is reached and the qric drive signci sviings positivr, thus 
ieduang the total bias. Evmtuoiiy, sutoft is posse' ond 
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the tube is driver, intccanzsctiar, Lgcir. As the ;lo;ltive 
drive v3i tqem~rezses .  G,e e!iicti,:e ;,I;; decreases ond 
plote curert flni cantir;es to i rcrssu.  %,? ;kt6 currert 
iiow o o ~ s e s  0 ~ i i t c q ?  ?ro: OCrcss 1-e i m ~ c r . c c  of the 
imd (or tonk circu~tj, -;I,: t?e effective plat.: is 
again reducec. Near zeIo bias gri: mrerrt cgoir, f io*~, in- 
creasing to mau!:lur, ot toe p o k  d the drive si ;r131, "kid? 
caresponds with the point of minimum plcte voitu;e. The 
cycle r.ow repa t s  over a6 aver 3gr;in as long as the cir- 
cuit is corpietea (key is held dc..ir). 

?he accompnyinj illustrat~on s h w s  the nnnner in 
whih the plate current varies with ;r~".ooltqe. The grid- 
piote transfer choracterisfie curve is assured to be lineor. 
Actwlly, there rs alwlys a slight omount of curvature near 
zero blos (the bottom) 3rd nasr saturation (the top). %re- 
fore, ~n linear cperotisn the bias !or "projected cvtoff", 
which is slightly difierent than fa  actual cutcif, is en- 
ploy&, and m y  ?arvotwe near cutofi is negiecte? (it ivill 
pcduce oniy a snoll anlount of 2istoitian. 'vhich con nor- 
miiy  be toiercted). As con be seen from the fiqure, tt,e 
plate cxront is proportiand! fa tne erivo siqnai amplitude 

LINEAR CHARACTERISTIC 

'P 

-MAXIMUM GRID 
EXCITATION 

Grid Voltage and P;ate Current Relotiunship 
:or Unn.oauiater Clarr  5 Linear Arnpltfiri 

up t i  saturation. After the saturaticr region is reoct,ri, the 
pizte eare;:t \*I!: vgry only slighiy for 9 :orge chcnze in 
excitotim until iuii saturotion i s  rmchec, at chlch ?tint 
there is pacticc!ly no ch;n?e ir plcte current for r:y i,x- 
ther cf,m?e m ?:<citotio-.. 7nis is sttm;n zca: ciem !y in 
the foi la~ic ;  graph, whict, o k o  indicstes how lir.r.3rity m i  
s:tl;iatim :re ~ f f e c t e l  by .'iffemnt I=: irnp?unce ir. tnt 
plote tonk. Note thot in the f~ r s t  curve, produced by a high 
ioad impedance, it takes less ;rii exci!sti;n voitoqc tr 
rea:? sotmotion than for mcderate or.! 1oiv ~r:peian:es, as 
shown in curves 2 and 3. Tr,e clcser the curve is tc soturc- 
tion, t3clearer the output vo;t~ge i s  to t k  p h t i  \~ol tcq.  
i ' k  outpill vcltcje rever eqcals or eic?e:s the plotr sg;piy 
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EXCIT&TlON VOLTAGE - 
Sotvraticn Carver, Showing Eitect o i  L w d  Impedance 

voitnge, since the mini%- jlote ,i,>ltoqe is c!rays r c l , .  

greoter than the p a k  w l u e  of t t e  ;rl3 i.ncit;tiar vi l t i l je  in 
order to prevent excessive q i c  current fi0.v. If the 9csl- 
t:ve grlc were oilov~ea t o  k c o m e  greater thcn the ei!ezti.,e 
piatti voitilqe 1t.e ; r x  KOLI: tter.  o:t 2s a piate on:. 1er.J to 

. . .  carry cJi Ine -.:qoce curs-. * Y , - ~ -  "" ,C."" ". 1- i... ".- " -*"- ...y vL12 mcr!coc 
n a  oarmge to the t ~ a e  s t ructwr,  1i.e ;Icte a r r r n t  ;~ou l '2  
actuoiiy be interrupt?d, which i: h e  s a n e  os ii t i e  j!ote 
were driven negative t thls time, 0r.i o i s t a t i m  .vou!c be 
p d u c e i .  decal1 thot ot the p a k  cl  ~ r l d  sviing the plotr 

A,-: current is qreotest o n l  ri i s  beina cl:sorbed bv the tor.% cir- 
GI!: t b w ,  c z  i ~ t e r ~ : ; p t ~ ~ n  =I r,x??.t 7: [\:is ;~ i r . t  x~:~:: LC 

;\I tole1ct~5.  
4\ L-, 3 ap1zt;ar. ;: 1s bs~ ,zpr to r , :  .;.:?t?,er 2: cat 152 

transfer SUTV? I; .?si;tly lir.ear, since no rr~ojulction i s  i l j-  

piled 3rd mrrximum outtut ,with 2 LSCS:? :.in.~eforr. i s  311 
thot i s  recessory. Any s i i jh t  distortion c:~? to ncollnrant;. 

-" . . . . ....... .... ~.. ...--,.. e:; ; ; ; czpz  c-: 3y :,KC C::CC: a: tnc :123e: t::r 
c i r c l t .  s o  f ra t  3proxirmteiy 3 sirs-wave c u t ~ u t  l i  ~ k v o y s  
suppiiec. tsier when driven 1:ito :,cavy sofuration the ;late 
""i'4fam .)!ill be 'ntj'fcCt~:;( pu:;t.: tho_ i; 
nee??? viilIbz is!, nnd the d rhe r  t h e  x y  he ovt.r!miei 
3~ the a the r ;~ rd ,  when a r ~ d ~ l a t ~ i  s iq ro l  is :G ~ , : ~ > l i -  
'!-I, l t  !i iywtrn! !?a m- C%lT'CtD:!F!?C -.81~lrD PD !!CDX 

In a d r i  to retoin the s h o p  of t k  mo;ulotim without &is- 
r ~ . , ~  . .  , ........... 

L.ll,L,,. ..,c , d 2 > " t " , l . ~  ,:I:-',>.:",:-, 2;d:cL~ric,,i :*ive 

CUTOFF 
a , i i  

......... 
MWULITtON 

' T=- 
Grid.Voltoyr. Plot.-Current Relatiunships fo 

Moduloicd C l v r l  8 Linear Amplifier 

As i o ~ q  os the ;inear portion i s  not excee?e l  (the ?rive i s  
ndjmted correctly), no distortion exists.  This i s  normcl 
Cioss  B linear o p r o t i m .  St.ouiJ the ?rive te t w  low the 
outpl t  wili t~ un<istorted, but the tull ompliiied power out- 
put will not be obtoined ond the efficiency will t e  lower 
thar, sorr.ci. Since the !inear mpl l f i e r  m s t  ~ o v ~ d ?  four 
tlmes the resting pcvrer far full 1 M  p r c e n t  madulat~on 
capability, the c s r i e r  level i s  norm~l ly  adjusted for hclf 
the mzxlmum current wlth h l i  excitotioli on2 ca molulotii)r,. 
When the current doubles on t5errodulotlm p a k s ,  the power 
output will vary os the  sqaore of this cwient ,  and procxe 
a p a k  ofitput lo;i t ix%s :sr,;:. ":/he: no:l;:ate,i, t t e  C::SJ 
Y :-t oaplifie: stoge has stricte; ;eq;irer,ects. n . e  ;ri! 
bLcs r!:s!c:c! ,.-.\, -., , , . , t b  .......... - d , , l " , ; ~ " .  b - ? m  ~ " I I ,  ...., +<"-A L,,c ......... 
i s  used md o constant piate voltage supply i s  required. 
Z s m i i y ,  the Jr ivr i  ia :-igrr than :lccessiliy far C'ti u i r r u -  
tior, and the grid oi :iie linear amplifier 1s i d e d  mwn 
:::th :e~i;t-::~e !C ~ci':?e Setter : e ~ ; ! c t i c ~  :::th :: -ore 
nearly ccns tmt  iffid o r  tne d r ~ v e i .  hnce  mnimum plote 
dissipction occurs in t t e res t in ;  (or quiescenr) coniition, 
the e:ticiezcy 3t this point drops t o  about 33 p r i e n t ,  ar.d 
r w c h e s  mmirncmefliciency gt the p a k  of the m x u i a t i q  
s l j iml  01 3mut  ot p c e r l t .  Since tne pe;ns on volce 7 . ~ " -  

i a t ~ m  are of s5ort i u n i o r . ,  t i e  totul over-311 efiiciency 
crops (where in CA apro t ion  iuli p w e r  and eff ic iency are 
obtained mnstcntiy), s o  tt.ot o maxinum oi 50 to 55 per- 
cent i s  obtained under ;oiulation. To e n s u e  that the t h e  
i s  not w e r l w d e d  in the resting (quiescent) condi t~on,  
i w e r  plote voltoqe 1s usea t h n  lor CW o2rat ion.  Since 
L l c s s  L c p r c t l s r ,  =:l?,t:s the mpf i t i e r  to 59 driven i m z s r  
2nd p m t e r  etticienc;' to be obtained, Class  13 linear op- .... :-- ..... . ...--, : I . : - -  ............ h \ , - . J . . ,  -... 
" Y " Y ' ,  i_lC1 Ui.,) " ,..r &-.. L C l i .  ri.., l,i"Ui"LU 

signcis. ;i the iist of , inj ie-s idekn:  o p r o t i ~ n ,  t ic 
hoeor Class  Y s t o l e  is the only type oi ompliiier suitcnle 
far po?ir i - ,g  undlstoited umplicotion d tte r-I slcebon: 
< i  ..r.., i :: ,,o,,;,j ,: ,,u>c cis[orti,,n;. cqe !!,, ?jU. --,.. ,-- 
lotion is developed in the output (high-level mcdulation), 
the Class  C amplifier 1s alwmys used. 

cl.rr c Operotion. The  C!cis C s:c;e i c  5icze.l !c: b e  
yond c ~ t o t f  ( 2  to 4 times), a that the sond~ctior. occurs 

c.<e; r z 2 e  :: 122 12 125 electriez! ic;7ees 2: ;:,z 
"ycip. SECP "inte ? ~ . r r ~ n t  !IO.YS !or '1 shorter ~ r i o c  "! 
t l a e .  arecter e!ficier,cy i s  obtained (the losses  are less). 

. . . . 
.,, ,,,is,;.? cfiz (,,a:: 2:i: *c;e 2:s r*<";:=: ;I::= i s  ; ,,& k, 

h' .he) ,  ,,.y.. L'2ri::l tihe ncrcz,ductic< Lcr',-- .-.. "' ".",-" ".. ".?;.; , 
eiisryy i s  s u p p i i d  to the i ~ r c u l t  !ior, trte tuncL tcnn, ]ual 
- =  - ....... ) m  ) ~ - C ! ~ S E  - 3 s t q e .  R e  3;erz!!o-. :s :den!iczl e\.cep! 
. " I "  " .  . L "  ̂ -i l i  . . . .  ~ - , - "  - ... .,I..:, b.?  xtp; t  
is no ionjei p~opoitlonal t 3  t k  i rp i l tu5-  01 the snc i t ,~ t lon  
s i ~ n a i .  lnstrua, meoutput 1s no*. ~roporr ionai  ro me plure .. .@....,.. ! l .e r-! ?_:,ie $ 5  kc;! coczt l r !  11 r x i r . ~ ?  7zpl i -  
tude in 313% to <rive l i e  tube tc !-I! saturatior.. D,e l l c i s  

, . - - - , < ' d m .  8 -  " I - >  I:--". L. ..... 2.L ."-""" ..-- ,"."..", .--- 
i .....?. .- .... L",, "", ...... . L o * b L  ,- "u.Lu,... 

I! !he plcte i.oltoge is dounled, the piate cbrrent 1s also 
&.::cd, ~~2 1t.e ;o<?: x:;ct ;: :he2 h; : r e s  :crza!. . -, 

.n , J: ",*~,,, ,,,., ..,,, ",,, ,,,.., 4~ ,,,- ,..,, < ,.,, \",.",", ,>:,,,- - . - .. - - . - .. -. ..... - ...... - ... -. .. - - .. - ... - ..... - ... - . - . - 
<GilL,+ u e  t.>r,; :G c;3tui,, 1 &>ic, .?,lp,,!. Ec?,.,>,.>? t , ;  
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the q r e o t e  efflclercy oitmned, thepower o ~ t p ~ t  of U'e 
l a s s  C power arpllfier for 0 qiven plate voltage 1s qrezter 
than t5ot obtained from a Closs  B amplifier for the some 
plate V O I ~ J ~ ? .  

, #  hhen o ma?lllater! signol i s  o~p11-d t o  the ori< a: o 
L icss  C ompliiier, the aaplifier con?;:ts only while the 
siq101 is above cutof!, md 9 2istorte? plateoutput s i g 3 1  
appears with V r t  of the racu la t io r  cut  off. Tins i s  shown 
jrcphlcclly in the iollowing illustrotlon. h thecther ton?,  
if the  madulation is applied in the form of on c c  plate 

Grid-Vo!ta;e, Plcte-Current Relationships 
in a Moduioted Clasr  C Ampliiier 

W67-0000120 AMPLIFIERS 

Note thct the t m k  circuit current variations p o d w e  eycal  
positive and neql t ive swings so that 3 symmetricai o.Atpur 
e n v e l o ~ e  i s  generate<, ond o mlni-um ?late voltojt. Zreoter 
t t . 3 ~  e x ~ i t i n 3  ~ 0 1 t c j e  Eq 3j7,3ys OCCSS. n u s ,  31 53 time 
1s :he grid ,oltcqe nore posltlve thor. the plate vcltoge, cnd 
excessive ~ i i r i  current cmnot  flow. The followinq woveforns 
show tkelnstontaneous voltace onc current relationships i~ 
botn t i e  q r l i  cn3 plate circtlits or the same time basis. 
Plate  v o l t o ~ e  variation i s  stlown in x r t  A of the ! igwi,  
qrid current m d p l a t e  current vJri3tians are s h c m  in p a t  
B and grid voltage i s  s t ,o~m in ;ar t  C. 

voltoqe # h i d  olternotely adds to md subtracts from the I ,  I I  

normal ds clate volto3e instontaneouslv in o c c a c c n c e  n.itb. ! I  ! I  
the modulation, then t h e x d u l o t i o n  envelope will be r e p r e  
duced without distortion, s incs  the instantaneously vorylng 

C 
plote volto;e proiuces o vorylng output o! simllor woveforn, 
as shown in the accommnvin7 illustrotion. 

/ L I N E A R  I - E  CURVE TIME 

ENVELOPE 
'-OUTPUT VOLTAGE 

CdRRIER LEVEL 

Plate Voltage and Plote-Tank Current Relcttionrhipr 
in a Modulotec C l a r r  C Anpiii ier 

Plnte o l d  Grid W~veformr in Class C Operotion 

Tr gri4 bins i t  s1ic.h.r: a s  fc a d  the exciting or hive 
vol t r r~e  3s Eg. P.e  supply voltage i s  2 b ,  and the a c  

;k:e ;cltc?e :::,? d r r o s j  thc ]sod IS El, n:r!;h 1s 31% ikc 
outrut v o l t ~ j e ,  Eo. Note thst Emn m,? Eg mar alwsys 
occur si!nultoneous1y, and that a l l  ~.vw?forms are s inusoi ia l  
slr.ce t h q  ore develop.! ocross tunel  tonk circuits. (!f 
the grid circuit of V1 ?oes not ccntoin 3 me.? t m k ,  the 
e i i t c t  of the driver stoge tank p r d u c s s  the some result.) 
The plate<,~rrent pulse is always inuch l e s s  ihon holi c 
cycle, 2nd jrid current i s  flows only when the ?rid i s  positive. 
Tne total lnstartaneous co tk ,d r  current 1s tne sun of ip 
on6 iq (in o p n t d e  the screen current 1s oddel). The 
oversge value of the plotesurrent ?:IS? W U ~  3 co?~?lete  

CHANGE 1 6-A-22UU 
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cycle i s  the direct current, Ib, which i s  dram irom plote 
sumiy  Et. Likewise, h e  cveroje  value of the instantane- 
ous grid cmrent, is ,  i s  the d c  grid current, Is (averaged 
aver 0 ffircplete cycle). n,e p!ote lnput power i s  lh x Eb. 
T-.e pl3te h o d  ii?pd:ce i s  mrr.ecleb in ser ies  ~ i t h  the 
p!ste suppiy to 3eve!op tke desire-. a;t;l;t vol:oge .;;hen 
pl-te current pulses flov;. The output m p t u d e  I; ccn- 
trolled by vlryi lq  the cnuplin; d the Iffid to the t;n& 
plate circuit. While the plote tunk opFeors os a purely re- 
s is t ive !ocd ot resonome, the i c t m l  !cad i s  the ontenno 
3 r d  nsscca ted  transl??ssion line. Vrhen matche?, tbjs  
combinotim i s  resistive nLso, but i! not popzrly m o t d e d  
i t  Tav a d u c e  n reoctiv- p f f m  /w!i-I r ~ ? - ~ t ~ v -  7 m e ~ r -  

tl.ie), ond require that the plate tank be re tu rnd  to resonance. 
' h i s  ?a2zin3 ,;,<i, ..--,. , .i ,LC 2 -. " i 1: - .- .L- , i , ,  ,c,,e~ ,L LU,,,,~~ ,,, ,,,= 
, . ,"-* 
,uuw. T3e i ~ v l s l o r  i i  mer;y hetwlen the tuned c l rc i l t  ,m.: 
t i e  tuh? i s  il",>ys / ~ o p r t i n n 1 l  10 T ~ P  ie??prtlve VO!!~:? 

drops across  them. The drop ~ c i o s s  t9e tune6 circuit (me 
reflected lcod represents u;eiul i-f outpi~t, while the drop 
3crcss t i e  tube resis torcc r e p e s e n t s  3 105s of e n q y  
rihich is dissipated by the plate as heot. This piote loss  
is vqu3l to lk,e lns13nt;neous piote current mjitiplied by 
the instar,mnenls plate voltage !ip x e ~ ) ;  except for the 
;n,all 3ri.omt 1 ~ x 1  in the r e s i s t a x e  of t i e  t ~ n z  i i rcul t ,  ~e 
plote loss  represents the bulk 31 the inefflaency, whlch 1s 
u s u ~ l l y  not more thon 25 percent. 

h 'he  accampnying f i v e  shows the sotwotion d o r o c -  - ,. terlstlcs d 3 typical  C lass  C amplifier for dliferent values 
: 1 of a!ls n 4  2ecre.s ol ?ycltlt!or. L? mr! d the S C I ~ C  c.'T.!D. 

\ "A", r epesen t s  Class C oprc t ion .  2nd the dotted c a v e ,  !<"#,  ;ezp:=... PI--- .J n. "I... n .t.-. ., , .<,,.4 -.u-., u "=,u, .d, , .  , ,< -~" . -  u "3v 

;s ;lh.iys ~ j i i t d d  brtwrer, reic 2,:' point I ,  where 5-rum- 
t ~ o z  belins. This region i s  lmcur; that is, the output 
vorles i r e c t i y  wlth the mput. The Class  C stage, howevpr, 

J;,+~y' ,3LTcJ:r,j t,Z :jg)!t ,Jf k3i:lt  ;, 9!;, j u*Jc il,) 
uround p i n t  2, wilch w in the hrovy saturotlor region. - 
~ n x ,  no current flows untii sui i ic ler t  excitation exls ts  to 
2 .mvp tb I I J ~ P  into cnr:uctinn A, thl jg !2clense?, 

-x.e..t .Icc -;,ck].< ." 1;-L. --.. " ,,,, " . " d -. ," .A,,., .,2L a,> ,u, "t 
-":-. , r.".. -..<-. , .- --.-. 7 .L-.- .- --. L : --.- .-- 
ri . . . . A , .  i",.. rYL..i : iY +.I.< i i..iii l i  ..YL l,,YLli .llL,C"iiC 

In r . , r ren t  w , t i  m !n,-;cci !" +!>,?, - n j  b.n,,nr, in<", , r - ~  

2 there is pro,-t~caily so change a t  GI!. Th: 1s thp namnl  ............... L>.._. ... ... : ........... .L. .:-. ., .,., p-iili - L  .,-"., ...Y...ii... 11.- L_r.CII...a ,.li . 
-!!:,- :-,: t :,<,-r,:( :-.,. ::'!:ilr i , ~ ] : \  :,:;:,i : i ' , .  ......... . * A . , , ! I  . , . . , .  
. - . j  ,A.!l. .k ::.<"I, 11 .>:.dl :i;c2: 2 : , :  ;,.U<:; "i.,?d::i>:, ,;:i;; 

. . . . . .  : .-d > ," .., .... , ...... .< .......... , .,, ,,,.2, ".  an I., ~r.,:~c~:t : . .  , - 
!a vnrlous vdiues o! Imllmq. :?.F .c!::!-:~~ ;C:J~,ZV 103,: QI . . 
Y , . , < , I  .-".,;.o I"-? ...... " .L"* ,L-, .>! x. !3r t!,,, ............ .."" ..,",, ...... 
.......... . : i _ i . . . . . .  . . . . . . . . . . . . .  ...................... i Y 

- 3  

,,.it;: ;c ,.,- 1EJ i:!>Fi ,,r,2., ;.2c< + 1: , . s y  c,:r,:, ~; cL. 

-r-!:an :s stit:  C lcss  i., put t l r  31Cti. x n ~ n t s ,  - , i x r i l m  

p;u:c ,ul;qs:-,, or.: ~ C , V S  ~ f i s r  rsyu2r& x e  a;, d~icerefi;. 
5. 1 7 j i  te'.:"; C:p2Cltc:CT (iC-;/ -ie: 1- prudci 
, .  , . ,. . , ,  , . .  , ,  3 . .  
.,.y,. ,..,F"d.,L? -'d:,<,L>u:., ;<:.it= 2 .dl<< :-.A,;, dq-lLd;,c-'  

!h!C) ls use* f3! t h e  law-l-xecccs  :mdit103. l 'hz hC 
. - - i . .  !, L -.,= --..- , -c*2T .=.. 

.,A,- ...,,- .-"-.- "." .. ":? :: ,;e:'.'i.c: ?.::d,zt- 
,.,,. ,.,,-.'.-, ,,",. *,n,." ..," rn,",rn,,rn ,,,..a .,",."me ,,. ., ." .... .- -..-, .......... .... ," ..-* .- 
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hiyher, the output voltage will be l e s s  and the eff ic iency 
N I I I  be a t  i t s  1ov:est value. Purl C of the figure shorws the 
effect  of 3rij-leck bias  on saturotion. In tt,is c s s e ,  the ap- 
er5tic.n is clways s e t  a t  point X to ovoid ? i s t a t ion ,  loss  of 
efficiency, on? rejuced output. Since the gnd bias  will 
v=ry with the c?mnt  of excitation, c loiv l r ive current will 
cbonqc tne operotion into the Class  B reJ im,  or somewhere 
be t i een  Class  B 3nd Class  C, with reduce.? output and dis-  
tortion. 

Thus, I I  can be seer f ran the figure tbct i d 1  saturctlon i c  

31.~0ys required in 3 Class  C n:plifit.r to prevent any 
c h m g e  in drive from affecting theoutput. With o saturated 
drive, o lgrgei output con be obtoired only by increasing 
the plote voltcge. 

Other con~tdcrat ionr .  Beom power, pentcde, and screen 
grld tubes cre generally used instead of u ~ o d e s  b e c o ~ s e  
they requre  l e s s  drive and I larger output can be d r v e l c p d .  
Also, the screening effect of the screen grid pav ides  
reduced ;ril-plate copccitonce and minimizes feedbock, 
s o  that oscillotion will not usually occur, and no provision 
for neutralizotion i s  required. Thus,  on o v e r s l l  saving in 
ports i s  sttolned. S ~ n c e  the plate is ioither from the grid 
t t zn  the screen, i t  IS irportant to keep t i e  screen voltage 
higher than the excitotion: otherwise, tke grid current be- 
colries excessive. However, the minimum plate valtaqe can 
now be rrlode lower, ond a larger plate swing obtained. The  
limiting factor i s  usually the screen voltoge, s ince lf the 
plate volt,zge were mode much lower then the screen volt- 
oqe the screen would have a greater ottroctian for electrons 
,which shoul i  go to the pl'zte, or.d the screen viauld tend to 
act  as the plate. 

At high frequencies, where the vonsi t  time becomes an 

L+e neyative Fort of the cycle  occurs are driven back to the 
cathode, and cause  a hwt ing  effect ivhichcan result in 
darnage to the cuthode. In addition, extra drivin; power i s  
required because of power lost in t h e q r ~ i  circsit.  As o re- 
sul t ,  ?liferent tube designs hove beer. d e v e l o ~ d  to e!immote 
or a t  leost reduce tncse effects. As the frecunnc, in- 

. . 
or plotc tonk a r c c i t s .  Lead l o s s e s  incieose cn:! lover the 
highest value of impedance which con be obtained with reo- 
sonabl t  efficiency. Hence, transmission lines ore used in- 
s tead,  on? grounded-rid circuits are em?loyei to micimize 
external coupling between the gnd and plote circcits,  and 
to r e h c c  feedback within the tube. 

The oppllcotion of oodulctian and i t s  effect oo amplifier 
operation and performance hove been m r t i o n e d  c t  appro- 
priate points throuqhout this c i r c ~ t  discussion. F a  further 
information, the interested reader i s  referred to Section I 4  
in this Hondbwk, where the subject i s  covered m detail.  

FAILURE ANALYSIS. 
NO output. An open or shorted lnpiit or cutput circuit,  o 

defective tube, or lock of supply voltoge c m  taus? o no- 

0967-000-0120 AMPLIFIERS 

out?ut condition. If coupling c a v c i t o r  C c  i s  open, no qiiC 
dijve will be obt3ined. No current will be indiccted on the 
?ti? meter, cn3 the ; 1 ~ ?  m t e r  +iill  7150 r w d  zero, since 
the flxed has will keep the tube beyond cutoff. h, o p n  
3riJ choke, RFCI, or 2r idresis tar ,  81, will remove the 
bias frog Vl; ~ r .  Lbis c x e  suff ic ient  $otr current will k 
draan to blow the plote fuse a s u m l y  breaker. Such a 
conditim cornct occur 'xb,erecothcdode b 1 3 ~  i s  s ~ ~ p p l i e d  3 j  

R k ,  s ince the tube current ?:ill be limited by the cathode 
resistor to o s a i e  value. If either o!ate choke RFC2 or 
tank coil L1 is open, or ~f bypass capocltor C2 i s  shorted, 
no plute voltage will be s p p l i ~ ?  to Vl und on o u t p ~ t  connot 
occ-r. Tre o p n c l r c u i t  ccnditlon ,;;ill be ir,dlccte? bv no 

plote w t e r  reading, while the shorts i rcul t  condition w!li 
be indimted by an off-scale deflection of tt.e meter and the 

b l w i n g  of the plate fuse or supply fuse. I i  sutput toll L2 
i s  o p n ,  no output con be obtained; the grid meter indica- 
tion will k c o r n o l ,  with a low plate meter mdicotian. If 
tan!< capacltoi C1 1s shorted, hlgh plate current will be In- 
dicsted m d  3 blown p:cte fuse a i l l  restlit: on the other hand, 
i f  C, i s  open, a minimur; plote current Zip ot the usuo! 
resonance positlon will not be obtained, ond the plate cur- 
rent wiil mnst likely be h q h  sLlce the circuit i s  out of re- 
sonance, When driven to full saturation, letuning of the 
tonk circuit aff-resmcnce -will muolly cause excessive 
plate current (two or h r e e  t m e s  ttm2 norrn31 v31ue). Leaving 
the t m k  ? s t w e d  will probably ccuse  the plote fuse or 
breaker to open. Th~s i s  n o r m l ,  and is due to i m p o p r  op- 
eration n the r  thon o circuit failure. I f  reutrolizing copacitor 
Cn i s  shorted, full plote voltage will be applied to the grid 
31 Vi, excezslve plate cwrent will be irdicsted, on6 the 
fuse or breoker will own .  

'Where trouble i s  indicated by high or !ow meter readings, 
the bias sn? plclte voltaqes con be checked with o voltmeter, 
to be certuir they are preient and c a r e c t .  Open c i r c n t s  
indic;trd by zero cwrent  car be chccke:! fur continuity, 
with the POTWER OFF an3 the f i l ter  c o p z i t o r s  discharged, 
usinq on ohmmeter. Be certain to observe uII safety pieccu- 
tloni. Since the VOI~II;PS use4 in the grid and plote cir- 
cul ts  of transmitters are usually very hish c n l  extremely 
lon.:erous, your first mistake mcy be yaur lost!  Replace 
any suspected tubes with ones known to be somi. 

Reduced Output. Low bigs or plate voltage, a s  well 
a s  improper drive, will cause  reduced output. In mocu- 
loted cmpl~fieis ,  lock of suff ic ient  filament emission or in- 
ability of the power supply to furnish ful l  p a k  current will 
i i s o  cause 3 reduct!or in the out?ut, with distortion. B i x  
and plate voltcges can b e  rneosured .with. 3 voltmeter. \'hen 
meosurlng d-c vcltages in  I-f circuits,  Inaccuracies and 
m t e r  burnout con cccur if s u f f i c l ~ l t  I-f filtering i s  not em- 
ploye?. i t  is the usuol proctice, therefore, to rreasze the 
voltages on the d s  s i l e  of the c ~ r c u i t ,  and rely on cm- 

tir~ulty rnnosurenents in the r-f clrcuit,  usirg plcte ond grid 
cwrent meters and, when ovoilable, r-f tank current meters 
to ~nd ica te  wher the c i r c u ~ t  is operating nopetly. Usuolly, 
low bias  should be s u s p c t e d  when bct:~ grid m d  plste cur- 
rents a re  lorqer thon normal, ond the t u k  plote shows ex- 
cess lve  plote d i s s i p t ~ a n .  Insufficient drlve i s  usuolly 
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fo1;rd by nct lnj  tho! the g r ~ d  clirient is below r.;r;.oi. 'iVlth 
norma! qrld c x w ' " ~ ,  13;. p!ote clrr tnt  in6:;ctes e i t h  Iov! 
;!c:i ;clt;;e, ::::;:c;;.: ! c 2 ,  x 3 . : e x  :-be. Under cr:t:ir. 
lmd;nj  ;anb:::ans ,;)>,ere excess:ve :eac!xct- :s :ef!ecte? 
, n t 2  t r?c,rc,l t, , , , " , ? . . - . . - . " , - , , - A  ,--. -. .".. .., ... ..... " ,  . . . y  ... ", rPJeC1 t E 2 t  
!b,E. ""-.- ,,, h.,'Ai" q-l.rc"h!n 1" r",c r n c c  > . . . . . . . . . . . . , . . . . . . . . . . . . -. - - ~ - ,  ., 
L ! , e  t u : l ~ ~ ~ ~  5.,G4:? be LLdJU5td f~ ; . . JX;~U~T, ?-: ,Cul&L 2 s  1;: 
::ccte! ;n c !he:mCct:;!e lete:.  

:inm t u b t i  oihei than trlodc; arebsed,  the screer. ,volt- 
3;e ~ . Z , C L T ~ E  i-portznt in :etcr-.;filn; :xe ;!at? c s r r , :  ;:: 
terz?  tk.; 2ut;ut. !.:;kc crrtulc t%ot e.c proFr screen volt- 
z J e  li :ppi:z:, ~i that nc:n:: ;::?en c l r e c !  :z  ai tulre5.  
I-.--rtir; 3 ~ e t ~ c  ~n tzr ..!:r?en ~>r:- l t  [ : .kr:  2 r.e!sr is  cc! 

.,.. , , .--- ,. - - -.- -- .-.. -- .-.. "- , . , . . . ! , I  .- , , -  . . .. . , .I - \ , , , . , , I, 

,'v::,:,:! :.,lr.zn: ,:!,:lc,3:cs tr.:: 1-,e ::~"21.. .s cl:,c,..; 
r - . . - , ,* .- - - , .. , , , 1ZTr"F.t !nd:..?l":: ~~s!:!!:L-:"?I ?:;'J,. S: S:l?T 

. , , . , I , >  .,.. L ." ,-,,- ." ..>,, , - ,  - 1 1 ,  ,.,:,-.+~,-L,." .... "?., ... ",. ....-... ~A....," .,-<.., ~ . . . ~  ...,.. 
, , 

scree!. :,~llc.;r ir u aeirctl:t. p l u k  clrc-li. ..urin.r-.2 a,:ree!l 
c b r r t n i  J t  int pclrlt ~i i : .~ r . l~ : :~ in  $1115 cjrreri 15 r1317111;. 

:x?i!.'t..: ti:ct it  iops not ~ X C P P C  tk,e r c 1 9  vzluc. 
,-c-.,- -, ..",ci 3utput is soxet :res  5-e :c t r&k :n the %!t.!t- 

nJ  or t rmsmi i s~on  1,rp; the re iae ,  i t  IS 3lwjyi  good PIIC- 

t!ce to u::r 3 cum. ,  l w d  m e n  checkirq out the transmitter 
. . 7,ckc cc:t 9,r, .kp. .... . I-,J b A o . .  .- .- "-1 ,.- - u.=,. t ~ e  L;::. A 

r,, ,"L ".',"k a" tu& em, .r,< - ""* . , , , . , , . - ... -".. Ye i : 3 &  by t i c .pc r~~l i :  
3ear:ng tne p l ~ t e  tcrk ;nd ~mm?~:~ateIy returning it aack 
to in- ;ro;er s?ttinq, nean.-r~ili. obstrvlng t b t  t ; ~ e  p h t e  
:,r:i::: .ncr;.:ses co::a;ier;'.lv. If i.r!J off iesmxu- too 

;q;;;ren: ;;;pe;;::.;i.; thc h::c:; ;hc-12 Sc :eplccc? whcn 
4 1:s vuIr.qp dro~ls  b l o w  1 5  p r - m t  of t~ 1 7 t ~ <  v01:ie. 

\ IK trio.:r mpli i iers ,  imprcper n e ~ t r o l i z ~ n i i  mr c x s e  
reiuced o ~ t p ~ t  2r.d errotls o;lertlar.. T!E neutrclizotion 

iP i , ,,,eckud wien rei8;cr: ~::tplit 15 ~ L t a i n t - ~  ~ l t : i  
;rruter Incn nornlai piate current incicstlc:!, us2ally i c -  
icmpmn?:  by increa;?l plate ns;lp:r;cn. in? si;:zr sy:.p- 
t o r  is olso p s s i b l i  $her. parasitic csciilations -1st 
mtner ot la;: frequencies or a t  entrereiy lizb, f l ~ q ~ m c i e s .  
;' "; ~ . -  . ~ .---. : . ~ .  - - *-*, I.. dL",,e.." *GaLu.,e- dl: t G t X  
\ ,  > . . ~. L . . , I  .-. .:: ... . . - ~ > t  

c-2.-,,,::?,., b U L  c,:...c> ,"2,.,-..,.d2 i., L,i.-,,,L-a#.~.. 

~~ ~ -. ~ ..., ,,,e;c,:. >:"->:Cr.L :. , "r ..;:,.r :-:-.: 2.. . ~<v~~.cc::L:~ 

$\irk o p ~ i t  ko,;inq u slijhtiy d i i i r r r ~ t  vclur. in tms case  
. .c. _. $.." 

~. . . - . A r  .'.'.i. 1. ... ' .'.<"..., . - uub,,, -... :: ia',v-kcqder.cy ;: :n,? ..c;ic:;lred ~ X I S ~ ' I -  . ~ l . ~ ' : ~ t . ~ . .  . . . . 
: - t i  1 '  I t  : ! i i w - >  ... !,,>:. 

. , , . ... .:: . , , . . I . , ? .  , ,  , , ,,, . , , ,  t,,T,~ < , , -  : ,,,. --F-u..-.- ..... "-" -.., ". ..,...., - 
nt tnot frt.;l~ccy'!. !f hljh-fre,jlency p r m l t l ~ s  ws: ,  t c y  
31P ~ ~ - 3 l i y  e;siiy e l i l i l i ~ i t ~  q icst:iiisj p r c s i t i ?  i u p -  
9ri-sccrs in serle:, ,>><tk. Int b:!3te bJC, 2e?:Jrc.r t-? ?late 
." 2 .. . . . -k z ; . ~  ... ,,- - ,  ." .. -,. * -""-,."- .* 

"i." i... I".. ,.,.A. s... <~ -. ." ... L ."."t~ :",...--L*U,. ", .- & , , L  , * ,  ,A, t:,c kt?27;, 
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. . 
!:.,prt;nce. in t l l s  ~ S P ,  5~;14oi: ;;-sting s o z : ~  ..si.fui 
om;tp.lt, tt.cy mo;. r;!!:te a t  frwu-ncies i.hlc!# niy . r t r r -  
!?re w t h  7tii.r sar-vl=es. ?ban,! 2 lorv-p3.i illter b c t n i z r  
:?T. t.or.sm:t!e: ar.: tn? m t e r c 3  r:?!! i!ir:13tt. 37.;  Ir:!:Z:.!e. 

~ > r ~ , o n i c  n i l l t l o r .  ra?mlctlon sf tr- Sins ~n.! ' i r lve, 

pius an incrwse in  tne tann clrcult '2, .mil 3lso ?lnlmlzt .  

this type cf 11stcrtion. (Tr.~i !r not 12 b: ,cc?sil;re: 3. 

mt:cr>z:tI;n tc Ecno ~r:?prcvei 1!:2-]0s In I!,? e;::lp- 
-pnt, t~,; I; ?~=i;s;?,i i n  iise 5,-> con.iltl;;; ;re cz- 
-a,,- b.,....t-re: a :r 1% !:?ij.) ??r:'.er ~ c : u i ~ t e z ,  rxlinear?!y :f t-e 

. . > ,~~ . ~ ~. 1. c! .:::.=: ,.,,2~,<,.cr~i~,~. J , p A  ! . , * _  ., , LLY.. L i l i  . . i i .  

;;we 1 Ji;torte? r . i ' ? u l ~ t ~ ~ i  ~ s Y c ~ o ~ ~ .  TFe ,,w:v~!?T:: TY 
OE. obse~ , i? l  or cr O S C I ~ ~ C S ? C ~  !i:- 111 I-i prcbli C: COnnPrt 
?!ror:i? t ?  tne p l ~ t i i j :  ~ ! : : t  t +  .?:~~l[>wrf SO 1-11 
. ,--  ,..u: ..- .,,. " .,.. i..:. r!i..:r, ,.,- ,.: . , ,  . .: . _._._ _.." .i_ . ,-S. . . . . . . . ., . 
cli: i-~r!"r,! i c  1e!erm?ne ! k t  !be z?!;!z!11r. is  LC! i i z -  
torte: aeiare MIP; oipllr: VJ tt,e :::.bli!icr i~spec t - . :  31 

3e:zj 31 f=u!t. \:3r:!i31 CLC?!~-:.CCPE C:,~CI(S i l l !  re\,eal I?-~ 
c x s e  (;:rprc wit: tyjlc2I !aulty i:cveicrii::;i. 

PUSH-PULL (CLASS B OR C) R-F AMPLIFIER. 

l OD, l P L T l n U  ", r LSLm, ," , . ,  

:r,e ps"-pdii Lims S or C : ~ f  pm;<er c:?.pi~ljer LS -LCJ 

~n!vcrsol!y at higt. iiequcncies nc cr lnternlediafe 
(hweri s t cq t ,  or 72 1:)" ficoi 011tpbt st0i.t io: tranii.:tteIs, 
,,tere a lcrge outpbt with ~edliced iectnd hh:r:,;nic d i s t c r t i x  
i s  reqmre?. 

CHARACTERISTICS. 
l ises  either Class  3 or Class C bios. Fined bias i s  

ncrmally ;;ed, br:t sel! 5 1 ~ 5  (ellher si;nal or cathode 
t i - .  " 5 ;  . r n ~ y  uiso be used; sanerimes a comtiriaricil oi 
. , ncrc types of 5;;s are czee. 

. uses . a tuned r-i tonk circuit to cievelop 1t.c o ~ t p d :  
:re;-e,:c,. 

Output e f i i c l e n q  vales  wlth bios; approximately 50 
d operation, ond '111 to  iY: percent 

T. ,,,,,,, ..,>.. ,e ,,,;, _ ,.ei ..-I:--.:-- ;:he: :L;c t j . p z  ?.^ 
~. . 

.. . 
; r ,p~ t  cr,d Gbtb,,t l ~ e q ~ e n c l e s  are "Sdoirf tr.e sc:?.c. 

. , ,  , .. . :  
; r-r.;et ..,Jr. --:LA: ,-i.. i .-i,ir.. .i i... 

,-,ejl;~;es o~;iox~moteiy Nice rr,e gr:a-cr~ve p e r  . . .  2 !?,2 z::,<lc~cr2c< ;:::c, A!-,; 2 ;u:?,-~21: lzp:!. 
? . .  . , .",. ,.. , -. r, .>,,- , ,,..-T 3: ,-,-,-=:.2era::> r€,5>,?,?6 :: - - - - . . . . - . . .- . . . - - - . . . - - - . . - . 

eilrxnote6. 
Input and o ~ t j j t  C O ~ Z C : ~ Z ~ C C  IC ncii t x t  oi t i e  s1r.3ie 

erded S!G~C_ 
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ELECTRONIC CIRCUITS NAVSHIPS 

CIRCUIT ANALYSIS. 
t.n.,ol. In the push-pull configurotion, the input and 

output copacitar.ces of the tubes are e f f e n i v e l y  connected 
in ser ies .  Therefore, only obout half the nornal grid and 
plote tuning mpacitonce i s  required for a specif ic  frequency. 
Consequently, high fiequenci. tcnks ore easier  to construct 
ond u s e  of this type of clrcuit i s  more prevalent on the 
higher frequencies (obove 30 mcs) dthough i t  con be, 
ond i s ,  used on the lower frequencies. The  push-pull grid 
Input olso provides a step up o f  n p u t  izpedonce oi about 
four t ines  ovsr thot of o single tube. Thus i t  i s  easier to 
drive the push-pull ozplifier,  s ince the driver s tage om be 
more easi ly  matched. Becouse two tubes ore driven, twice 
the drive power of a sizgle-ended s t age  i s  required. It  
should he noted thot the Class  B or C power amplifier 
although connected in push-pull, does  not actually operote 
in push-pull ioshion i ~ k e  the Class  A stage. That i s ,  
instead of increasmg the cuirent 01 one tube .while simul- 
taneously decreasing the current of the other tube (the action 
from whence the name push-pull was derived), each 
tube operates separately. Operation occurs only during 
the positive portion of  rid swlng when t ! ~  drive exceeds 
the bios, and plate current flow i s  cut off during the 
negative yorticn of the cyclc a s  ire tank circuit supplies 
the output. While not oceroting in true push-pull fashion, 
this circuit retains most of the advcntages of the basic 
circuit. Since the individucl plote load i s  one quarter 
the total load, low impedance h i d e s  con be used to 
develop o high power output. And, although the second and 
even harmonic co?tent is not cancelled out in the pr imry 
of the r-f output transformer, the even harmonics ore 
eliminated in the output circuit (the secondary). The  
push-pull connection also offords a slight increase in 
power output; normally. 2-1/2 to 3 tirnes the single tuhe 
rating con k obtained, particularly in urnadulated opero- 
tion (CW). When triode type tubes ore used, their large grid- 
plate  capacitance causes  feedback, ond the circuit tends 
to operate l ike o t w e d q r i d ,  tuned-plate oscillator; 
therefore, triodes are always neutralized. The  pentode, 
tetrode, or beam power tuhe types normally do not require 
neutralizing k c o u s e  of reduced interelectrode cowci tance  
m d  better shielding. However, crianjement of components 
i s  sometines  such os  to permit external couplinq 
(particularly at high power and a t  high frequencies) 
and neutrolization IS then necessary. 

Although cutoff bios i s  reqmred, a t h o d e  bios may 
be used s h c e  one of the tubes i s  zlwoys conducting 
(both conduct olterrately). However, s ince  the push-pull 
c ~ r c u i t  i s  a balanced circuit i s  a balanced circuit, i t  i s  
usuolly easier  to apply a fixed neqotive b ias  ond ovoid 
selecting or matching the tuhes to get  equal  currents. 
S inm grid current i s  always drown, a grid leok reslstor 
i s  usually connected in ser ies  between grid ond ground 
to provide some s l p a l  bios, and reduce the voltase r equ i re  
ment on the sepmote C-blos supply. 

Circuit Operetian. The schematic of a typical triode 
push-pull r-f power amplifier IS shown in the occompaqyin; 
illustration. The triode i s  used for e a s e  of explaraticn. 
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Conslderatlors fcr sneer, grid and otrer type t u k s  will be 
discilssed a t  the en? of this article. 

Triode Purh.Pull R-F Power Amplifier 

Cod L i  couples the output of the driver s t age  to tuned 
input circuit L2, C1. Grid bics 1s supplied to a tap an L2 
from c fixed bics  supply, supplemented by signal bias pro- - 
vided by R1, and bypassed for rl  by C2. The  cathodes of \ 
L i  and V2 ore grounded, and the plote tank consis ts  of 
split  stator capacitor C 5  ond coil L3; the cutput i s  inductive- \ 
ly cou;led IhrougL i 4 .  Cross neutrolization i s  provided, 
,olth the plote o f  '41 coupled th~ougb, neutralizing capacitor 
C4 to the grid of V2, and the grld of '41 coupled to the 
plnte of V l  by reutrolizinq copocltor C3. Series plate 
feed i s  used rvitt, the  supply tapped to the center of tonk 
coil L3, cnd bypassed by rf by C6. 

'~Viti: c fixed negative bios owl ied  to the center top OT. 
L2 from t t je  separate neGotlve bias  s ipply,  the grids of 
tubes V1 and V2 me biased for beyound cutoff (about 
2-L'2 t ines) .  In the a b s e n e  of excitation, bath tubes cre 
cut off,  no current flows ond no output i s  obtained. Wher. 
1-1 excltouon is opplled to coli L1 a s im~inr  1-1 volt- 
a g e  is lnduced m tank cod L2. Slnce the center 
to; of L2 i s  byp:ssed to qound  for if it i s  cffect~vely a t  
r-I <round potentid [zero voltage) and the ends of the 
coil to ,which the qrids of VI ond V2 ore ottached ore 
at equal ond opposite r-f potentials. When o positive 
vol!age o;pears on the grid of V1, a negative voltage 
a p p n r s  ot the grid of "42. '%th a bclonced Input the 
v a l t ~ g e s  ore r ~ f  tquz1 amplitudes c r d  of opposite polarities. 
Grid tcnk capacitor C i  tu res  the input tonk to resononcc a t  
the 1re;l;ency of tt.e drive valtcje. Tt,e noxinun current 
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ELECTRONIC CIRCUITS NAVSHIPS 

flows in the closed tonk circdlt, cnd ?.oxir:~n drive volta?e 
is Oeveiobed ;cross the karaUel-connected tcni and applied 
to Ice grids. k s s m l n g  o sine wcve excitiry sigrloi .join: 
>cs!rive oc rh.e ;rid of i i ,  rkc qril sf 7 2  1s driven further 
ne,]-;tive into cutofi a-d n; plate ci,rrent flo.,c.c ir  V 2 .  A; 

., . 2 > ,>  I u , , , ~  ;> ,,,E >,,j;lb, " Z ,  " A  41," ,> Lck* ti#= c u t ~ f i  ]="el r,c 
cxrert tio,ni ir. VI dso ,  crd balk lanes remam cut oil. 
As the ;csitlve-goinc input siq?.cl rises r;Ltive t:le hius 
leiel on $11, the tuoe is eventunily driven into cgr?~ctlan, 
~ n d  alcte currert fic,.s. Since 1% tuccs are iii.ed "lazed 
?s ' f~ ic  cito!f, y2te c~-rre.l flcws c d y  :xi.".; t ie !,me t : , ~  
,.:riL 1s diove c,ioif, or !or a b o ~ t  125 de;iees of t!,e 
.>;.::~e ::.l! c;:le ci C:<L:VAI:SZ e l  : x i .  :ti. pos~!~,;e 

, . , . ;:.< '.L::c;c ::.zcL:,2:, >A:: :"::c:.: ;:c:::zc:, :ccc:.:?.; 
its ~ e c k  :t tt,r s;ille ti;r!e tb,e eicitctio:, v s l t a ~ e  reaches ,--.-.. , , , . , p * c , - . . , .  . -..- < , : r " " , . A , - t : , , .  ..,," ... ; ..c.... . ..,. ... ; .  ...: -. ... .~..., .... .... ,?.le the 
4:i.i vcitaje 1s c:;ly sufficicnriv posltlve to reduce tile 
:laez o;a; vcltz;e so tr;t tne e::enive 2135 is 3s :  ; s v c  
cu13i: jaLt stlii reytlvei. hcwever, :s the cr?piltude oi tne 
<i:ic ilolt~ge ir.cre~ses, tile ;id 1s hiver. to ti,c re;" ~ i a s  
:eve: znl tnen positivi. ?t or iRir zei; bits 7.1- wrrsrt 
21;:  be;;?^ I: !!Y-., i~cre:s?z7 !c. ! !3  ;)elk v 2 l ~ e  zt !::t 
crest of !he cycle. Grid c,~rren! flc- is iron] tl:e cotiloCe 
sf ',;I !c !be :I!?, tirx:h c?!l L 2  z?2 t've crzter t c ~  tc T~I!  
resistor S I ,  I'rec to t i e  biz5 ~ p p I y  ixd qrocwd. Ir flowin; 
throuqh R1, o ngotive voltoge is developed ccmss Hi 
i.hjc.! odds to the izstr;;.t;rccc. 5:s. Tne valcc c i  ;11 15 

chosen so that t ie  maximum desired sics 1s produced with. 
; +ei;f;ee :iii ;;iii;t 3i;i i i r ~ ; i  i i i  =is: ji r i i  i j c i e  

\ 15 reached, v;lt?, lqht saturation far Cioss B anapllf~ers, 

re : r d  nit! nwvy  soturot~or tar i insc ,? ilrnpilfiers (sep 

1 
::n2]ttr?ej !::I:ri 9 ;I :: " 7  ??,:EI "..llfler ,circ,.it 

'..,V... 

>rl tkl~s scctio~. oi i i d r . 2 0 ~ k  for 0:. e ~ p l o n ~ t i ~ : ,  a! s c t ~ c -  ..- ~,,r,, o;.? Sectiin 2. psrz;rs;k 2 .2 .2  fo: G "sciss:cr: of 

c!:rcl b!?!). 
?*'hen piste ccirent iicws in Vi rhere is o iiow oi 

i!c;:;or.; !I;- ::e iithc7c :L:c-;L :be j:j? :,.i;es 1: t t c  
piote, ccd tiom the plate throusi: tke top csll oi tank cgli . - 
i 2 ,  out tb.e center tcp to the >]DIE ;upph ond qcund. 
Curre:~t ilov: through i j l i  s i  i? praxces on electric !~rl:: 
Z ~ C L Z :  the coil t.,:i?ch x t s  3s  !t~ :ri:zi., C! 1 tr3ntf0r:,e1!, 
and t ie  mnnetic lir,es of force link output NII L4 ( h i c k  
,:c!F l i  t : ; ~  iecondoryl ind~;cinr 2r 31~tv.t ,i<ltaqe i~ it. 
A *  fb C - V O  t imn t i e  f ~ c l d  -rn~.?i tho I n w e i  h d f  I 3 . ~ .  ~ ~. ...~- ~ ~- ~~ 

! " c . C P .  I . I ~ I V , ! I J E ~  ,..'l!?. ,. 3.. ,: <Ir~m!nn in  "nnfln!!n 
.~ - 

c:rre>! !Icy trrou?? I.. 1-15 ! r~ : . c~ :  c~:rrert cr.gr:rc t-e 
, " , o r -  ,.,. - , , - . , , > , * 7  7.-7 ""." ?,.-., ... .. . .... . . . ., 3 CE;~!:'VF!:., ~ : : ! n  
t . e  upper nuli a! tne c:~p~citcr 1s chmqei posltlve. !te 
"llPCi t i .  !-SF. :-c:r,e : ?  !: I?? :U i l t  C-ll :C!t I '2YIP : :.in :i" 

inplcitnr m n n ~ t e d  gcrcss i ~ 3  o i i  r-r Nipper pli.ti 
; , 1.2 , ,  . , ,  , . ,L..~ ' , ".,- -.. ' 
Cb <:re $c~r<:iiel I ~ L O , ~ . . ) ! ~ : ~  ct tt:e cm~tp~t tre+er,c,;, LI c i i c ~ ~ -  
!ztiz; c-r:e-t is h1!! ;p ~itLi.7 1k.c 1:~k :!LIc~. cc::t:xei 
rn  n s r l l l n t e  6ri.k nne forth.. F P ~ ~ J L ' T C P ~  inst by V i  n n r  
tk,c7, by ',', 1 - ;s ~t r;urctcs. ?.c re;-2;::: t;:.k :;rlcctr ti.e 

, , 
ae::re o ~ r p ~ i  ireq~e!!cy g!r.: UISLTI : : .~ I .~ I~S  1~3ir15: gr:> 

: .cr~T?ics .;rh!r. .is,. re-- 1 , .  ;.lv~ir.r, iT,FF ,?, i 
- 

" 0  8 h n  t - n t  , m r . n e m " ~  .- .n,-y!m,>w 2t !'.,P . .- ~ ....r... .. .. . 
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fundamental output frequetcy znd very lair ot any of tb.e 
baarrnonic frequencies. Ttus manlmum vultage is ?e-eloped 
across the maximuin i~pedonce fire;er;tr? ct V.e ?eslrcd 
Cund ar,en fie " c,,Lf, '7.. .--k -":I - > - -  --.- -? " ."--" q,--- . , I =  Lug, bus. ".au " - L a  uo " ,bp,,L 2 
e~;totiansfarrner witk 3 turcs rstio of one :.aif tc one ( 2  :3 

!). sizcc !rz~zfc:mc~ ll2;2d~?.c: 2!;!2,;s .!C?!CZ zs I!,? 
square of h e  rurns ratio, ir presents a iocd ir:!prca!ct. ~d 
:!fie sir.iile tibe a! one r,l;mter the plcte tc phtc  
mpedunce. At the positive crest of the nrive cjcie tt.e 
voltoje drop across the tork ~mpedance is r u i n u m  a i d  
causes :,5c ellective plcre vo1:cge to oe c! 3 n:xi::.~:c 
vzlue. At lh:s tlne the 1tr;r.k 1s ~ C s c I a i q ,  31 3cr.q ik.zr3ed 
,.,, ... .. .. , f cnerjy, , ~ n d  orly 7 :;3?11 -rnr~.zt 1: n;~plleci !A t ie  
t:..rr tr.r * i c d , r . t > ~ r  :,- f r i  .-r- -t -g,rt. >-!:  :: . -P -,?,=. r...- . ~ .  -.--.c .. . ... 
eff;clent part of ti:e operctiri c).c!e. 

A s  [b,= enc;l,;lic: ..-It-,." "". ,,, . "  >-,-<-- !:.e c:c>t L!.; rc:?-,ze- 
.L .- 
1u.e ar,pl~?"de it tecoz,es zeg:w:e 3mq. , ;,c ef!e:tr~c 
bias &co.?.es nore nrgorive 03: piate cu::er:i il;:. ,.; 
reduced. ;?.is uctlurj :u.unonues u:,:.; ~eiu .AL> ;;uc;.d 
cnd grid c-rrent Ilori, i~kewise, r e J ~ c e s  sn? cecset. F ~ r c i l  
here until c-tof! the plate csrrent ccntinuei to redm~ce, 
3rd cmses :\;?en c ~ t o i f  i!:.-c is r?nc!.&. "it!le tile olate 
current is reducing, it induces c tcnk current !lo* in  tke 
nppasite diiecfiri co~sing :t,e tank cipiciior to c:scnarae. -. . 
lnis discharge caminbes beyond cutoff ,when zstk. V i  and 
42  are non-conductin;, 3rd 1s tt,e 3c-cclled "ily,.heel" 
effect of the tank, .wk,ich contin~es to ; ~ p l l y  3n  r-f olilput 
even tb,ough neitner tcbe is operatir.2. ';,:hen the positive 
L I Z  .i 2 . -  ....I... 2 .L. ...~ ..... L.,'-. -1- . L . . i : ,  . , A .  L:,-'C I,-:- "' "" 

starts, the q id  of V i  is invez  irnier inio cutoff c n i  
1s b,eld inoperative for the remoi-~:;~ pitlo: of tb,e ialf  
cycle. 

V 2  qrld i s  c;n 5eir.j 2;ivcr vi::iuc ;y :re  re-;;^ 
live hali-cycle of input signal. (Tt,e inp~t  sigral is IK- 

vetted bv the push-pull ?npdt tork.) ;mix :t,e n tmtl ie  m i 5  
ij.i]E, ::he ?'I iL. -:de 1- cperste encctl. , -- --" .'.-..,i.,' 
chnve for V1. The eiiective Nos ic  reduce6 ,st11 plrte 
c;rrent flows, is bits de- -, .e.,. ".,Lb , . .~:A j.l-. -.. r..lTLiTl '!O1:< 

s t ~ r t s  nest zero 31a5, recctlng 11s peck ct Ire nqctive 
crecr 3: t ie  drive sijnnl ;!be ;;I: viitc:r z;plie! ' / L  1; 
posit~vei. Plate cLrrent flow; th.ro;;n VZ r d  t te lwer  
hul; 0: tre tock coil, ;o.+; :io;vs ;n tne a re r  clienlon 
snd ch3r;es C5 i n  tne apposite Clrect?cr to the prevlogs 
iclf-cvcle of owrotion. Actually, Iprrotlon is only wer 
1 1  . ~ ~ _  .- _~ ~. i ~ . . _ .  . . ,  . . ~ ~ -.. 
.A" ue4,cea La ,22C>.~.",..ZL d=,.,,e, "..L ,.,c .d.,ea ",e 
+d,r;isii ;,,=* FO iriirrt3 2; :hi. :e2 jcjite i.il:-S,;lt. 
- . . 

~~ ~~ 

> ' , \ , S  :G u c  , ' , A t  L;,,% ;.,,..- ..u"L~,c.: ~. ,.,.,.,*" 
iur ii toto1 o! 12C de;rers, crld t te lu;i; lur 242 &;ree- 

. . - . 
L": -1 ~; s;: ,.,. e +c.e U; ~ & e ; < ; . . , ; , .  "+e!d:i";. -1 . - .> 
idectical in evev respect r!itP, tt.ot oi Vi, !:?it c.xrer.1- .". . . 3 : . . ~. , , . :  ' , * ,  -I-.!l i... . , ~ ,  <,! :,:>. >- , ~ '  
EGt zcp2 rJcc;p2 i clfcct ecc:, 1" u.ed;ep; ieL 

sepcmteiy. T5e tank c i r m t ,  neon,v'lilc, cor::rues tr 
oscillute first in one hrection for 180 3eqises ci..: [;en ir. 
the nthei lirectio? for !he :cl-ainlrcj i8C ?pqrpps nf t : ~  CWI- 

;let" q d e ,  5eiz; :clrLorccd mc!. ,.:l!~:,c;k 2:, ; :.::e:e:.: 
".. .-:' ' * :-. . ---. -. 8 ., .- * '" " uutpuc Lull L. auwy..ra ir .,,.., """; # C ,  l;u.li ." , . .e 

"::te!:!,:, , I ,  ,r7,<s,,,!shJu,, ii,.c l,,J:. l : .~ L,...C" L , c L u , ~  t> 
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cavity, and a collector nnode. The cavities no" be :ntearal 
with," the tube or constructed externally so that the tube 
can be mserted with," them. A focusina cod arronqemen! 
3s usuolly included to prevent divergence of the electron 
beam, l o s s  of electrons, and consequent reduction in rffi- 
c i e n q  .Any number of covities con be used by lncreoslnq 
the tube lenoth, a s  lonq a s  the tianslt tlme ocross the 11ps 
of t h ~  cavity i s  short as compared wlth the wavelerath of 
the siqnal. The  hiqh-power klystron operates ot voltaqes 
o f  25 to 100 kilovolts or more, and the current 1s in terms 
o f  amperes or tens  of amperes, rothei than milliamperes. 
T h e  unit is usually shielded as a protection oqoinst hioh 
voltage. and specla1 lead shields  minimize the X-rodlotion 
produced os o consequence of the hiqh electron voltoqes 
used. Since the physical construction 01 the varlous tubes 
available are sllqhtly dlffeirnt lor different mon~factures .  
the follawino discussion applies senerolly 05 for a s  basic  
theory is concerned. The  e f f e c t s  of cavlty shape and con- 
struction, windows, and apertures or couplina loops are 
generalized so thot the d i scuss~on  will be opplicoble to 
most types of klystrons. Moderote-power tubes use iorced- 
air coolinq, while the hiqh-power units use hollow water 
jackets with forced-woter circulation to p rov~de  artificial 
coolinq. 

Because of the noise  produced by the electron beom 
(noise  fiqure averaqes 25 db), the mult~covlty klystron i s  
normoily used for trmsmittinq opolicotions insteod o f  
receivinq applications. h'hile feedback can be employed 
between the cavi t ies  to provide oscillation, the multicavitv 
klystron i s  generally used as a llnear 1-1 amplifier, beinq 
driven by a lower-power klystron or o travellnq-wove tube. 

C i r c u i t  Operotion. The  s impilf~ed schematic o f  an 
elementary rnulticav~ty klystron i s  s h o r n  in the OccompMy- 
ing illustration. 

* 
INPUT INTERMEDIATE 

Simplified Klystron Multicwity Amplifier 

alternately retards and accelerates t i e  electrons posslnq 
thrguqh the resonotor. The  retarded nr,d accelerated elec- 
trons all travel along through the dnft  space between the 
covities. There, some of the accelerated electrons catch 
up with some of the retorded electrons w h ~ c h  lei: the lnaut 
resonator earlier, so thot bunches a r e  formed. These 
bunches are composed o i  electrons which posses  thrauoh 
the input resonator whlle the f ie ld  was changlnq from re- 
tording to accelerotlng. Tnese  b ~ n c h e s  eventually pass  
through the output resonator (or cotcher) ond induce a 
current from whlch :he output 1s derived. In the 3coul ty  
klystron, an intermeJlote resonafor is placed between the 
input and the output cavl t les  to provide, in effect, o two- 
s t age  amplifier in one tube envelope. The bunched electron 
beam produces o fleld ocross  the intermediate resonotar, 
ond thls aqom retords ond occelerotes the beam (thot is, 

velacity-modulotss i t  anew). In tubes for very broad-band 
aperollon, sever01 intermedate  resonators may be used. 

The  monner in which the electron be03 is foimed ond 
bunched con be understood by following the action step 
by step. The mi1101 electron beam is produced by o Pierce- 
type electron qun. The elections emanate from a fiot cothode 
under the ottroct!on of a positive occeleroting field pro- 
duced by on occeleraticg grid located near the cothode 
(between i t  and the lnput resonator). Th l s  electrode is 
shaped to permit possoge of the e1ectrar.s through o small 
orifice. In low-power guns the electrode moy cantoin an 
octual grid structure through which most 01 the electrons 
p a s s  w~thout  hindrance and form an essentially parallel- 
poth bean of elections. The  tendency of these electrons 
t o  expand around the 0x1s of the beam and disperse 
i s  corrected by o magnetic field placed along the axis 01 

'x 
;": 

the  tube by o focus~ng  m i l  (permanent magnets ore also 
used). Any electrons w h ~ c h  tend to fly off a t  o tonqmt, or 

'. 
in a radial direction, are forced back Into the beom poth by 
the parallel flux l ines  from the cal l .  In extreme cases they 
couse the recolcitiont electrons to lollow o spiral path 
back to the axis  o f  the beam. T h e  parollel beam o f  elec- 
trons, d l  troveling a t  the some speed, passes  through a p a r  
of buncher grids, as shown in the accomponying iilustrot~on. 

LECTOR 
BUNCHER ELECTRON 

GRIDS BUNCH 
CATHODE I I I 

Q Q one e e a:o a o ole a o i awe B e e  
o e oleo e e s e  o e e'o e e 

I I I 
B O B  e e G  

ACCELERATOR 
At the left i s  the cathode of the electron gun, from which 
the long election k a m  is occeleroted, a d  a t  the riqht i s  
the collector, which finally collects the beom. The  electron 
beam first posses  through the input resonator. The  input GRID- + @- TUNED CIRCUIT 

+- 
slgnai produces a longitudinal electric field ocross the port (TANK OR CAVITY1 I N P U T  

o f  the resonator through which the beam passes .  T h i s  field 
Electron Gun and Bvnchcr Grids 
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Each of the buncher grlds is connected to one s ide  of a 
tuned circuit (cavity). ( ' h e  tune? circuit m d  the buncher 
q r d s  ore 31 the same 2-c potentiol as the occelerntor qrid.) 
The  !np,t s i s c l  i s  ~ s i l n l ! ~  i n d ~ c t : ~ e l y  m ~ p l e d  :at= the . . 
tuned clrcujt or cavity, m d  produces m o-c field between 
the$,= q" l s .  Ascl,minq " ;!prwn". ?"?,>!, when the hnnlrher 
-..A -,.. ---..-. L ---. L - A - ;  - - - - :  .L. L ..L.. ~.:, g"" L'U"C>L iY  L l i C  L Y L l l Y Y C  1 3  P > I L I Y C ,  LilC UUl iL i l r l  qli" 

farthest awcy i s  neqctlve. These  ,ioltoqes add to i.r sub 
tract from the applied d-c occeierating voltoqe. Therefore, 
the olternotinj ( s i ~ a l )  voltage between the bincher q n d s  
causes the velocity o f  th? electron ltavinq b e  bwcher  
3rms to dlffer ,  depend~nq upon the t m r  a t  whlch eoc', elec- 
:ion ~ ~ S S E S  t k s e  ;rids. . , 

;n e:ec::Uc :::a: usssei :ne ceP:e: 3: :ne nmcner =cv;:v 
31 tt,e same tlme the input s1qna1 1s passin? throuqb. zero 
leaves the bcncher 3t the some velac!ty ot ,w$:ch !t entered 
!s!nce no zhmqe  ?n icceIeiat?ng pctt>:?sl CCCJTS). The 

. ,  , . . 
pC3S:t13Z C l  :?me eleCl:OaZ pl3t:eC ZqGl2:t t;7,e 1s ShO#.T, ;r, 

:LC fa!la,;~;r.: A;p!egz:c l:oj:c;;., ;,Lick ind;;;tcs h-w 
bunches are formed. Tne slope of the lines in tihe f q u i e  r e  
p:esents tne velocity of ths elections. 

, , . , 
' I ,  

CENTEROF A B C: D E: F G' H *I 0' C1 D' 
E W E R  

Z 
0 2 
* L O  
BO& 
D 1 

" 1 
CENTER OF 

CATOiER 

Applegate Diagram of  Electron Bunching 

Electrons whlih pass  the center of h e  buncner a fe* 
eieclricai degrees earlier tho" the point ol zero voltage 
, . - . -  ,,sc,:!l ,,s ,I! ~ ,IFl,> l r .  pe ,> l>g:,2,!;; *!!z,>J,T ,. "on" .,.,,, 

A . . _ , _ _ 1 _ 
?p:cs!c; !:?Id, -?d Iec,:? !he Slrcke: :r:th :ed:cei :.c!x- 
.:,, :::.:< :.L.: 2Lz:::-:: .::::;: :! :.kt k-:.:!~,=: 2;;"- :: ,=,,, 
..- , , ,,. Elcc::oas ?ih;c+. p;ss a iew elezt i i ioi  i eq iees  after in? . .. -~ . - 8 , .  . . r ..,.,, - . '&L . ,u  " -.,-,&, "d -, . -,: Z.). 5. AA<<I&, , ,  1 cu,L 

*,In lncreusea vrroclty since !nr ouncner i.oirsqe 1s now 
^,. .L,I,, i."i*. .k.." ."C .."i,".. -..,..... ...Y .... ..,-,, i .  .I.III~ c! ~ i ~ ~ l t - i ~ t ~ i  j r i d  
(:as:!:,:e s.;;cl zi?s :c ?CSL!:JP P : < c : : ~ ~ c  L.C!:~;;.!. !i ;LC 
tieia-tree drlit space retween the ohncnei and the inter- 
medlote covlty, foster electrons F and G catch up w i n  
electron 2, which previoasly possed the bunch wlth no 
rhon le  in v?locity. Slorvpr electrons C nnr' D la? behire, 
r;nd Cence 3;r;w rea: !O i. b :  so-f poi!?! x?~,eef l  l!?? ?#c 
en,,,.,"= ","".,"*" - - , - . 

L. ". -. L, :, 1̂̂  Y z:O:': ::ssc tc;c:i.c: 
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~n a group. Now consider electror A', whlch leaves the 
buncher o hall-cycle later than E. In !his cose i t s  ne~qhbor-  
Inq electrons ?rw c w q .  since H I S  s l l jht ly  slower and 9' 
w;!! bc sl:oLt!~ laster. Cor.~.e;;;entl;, the e1ect:oo st:eom ~. . . 
c i o n j  the tube consls ts  oi electroc bunches seporoted by 
r q n n s  !c whlc? !here nrli !w ~ i a r ! r c n c .  From !he d!nlrom, 
i r  oppeuis u s  ii,ouqil i r u i ~ c l ~ ~ ~ ~ ~  orcuis .II ihe iiisi hirlf-cycle 
of operotion. Actually, Simchln: really occu:s two or three 
cyc les  loter in the relatively free drlft-spoce between 
cavities. Alsc, b u n c h ~ n j  occurs twice in the thrercavit,, 
klystron (once between the input ond center cavities, m d  
once a2oln between the center w,3 output cav~ t i e s ) .  Smce 
; t  is !?si c o r p k x  3 n l  so-ewi10: cosier to linSerstm3, thls 
^."^.,.". . "  . . ( ,  ̂  [" el,U: iJS:Zf nr..,n- n,.^Oiil" I .  , ~ ~ "  ,.".,, .d "4 " u "" ,,.,,.,,.,.., ~ ,,,,," ..., . , , ~ .  
reoily 1s a representotIan of o two-cavity klystron wlth the 
retcr5o:ior ar.3 occelc:otlon a! electrons cvcremphos~zed Si, 

c . .-.. .. - .. -' -1 --..-.. ...-.- .L- 
d.,>LZ u L",.L>,,"wd> *,,="a,. " 2  =acLL,"s,a =, ,<c ,a  La,= 

buncher qrids, the number of electrons accelerated by the 
alternating (slgnol) 11eld between the buncher grids on one 
hall-cycle of alternotian is enactly equoled by the number 
of electrons whlch "re decelerated on the other hall-cjcle. 
Theretore, the r.et enerqy exchmqe between *e electran 
strrarn ond t n i  bcncher 1s zero over c c-xplete cycle 
(assurninq c s ~ n u s o ~ d a l  slqnol), except for any losses  that 
occur i n  the tuned circuit or buccher covity. As the e l e r  
trons trove1 down the :-be, they poss thiouoh the interrnedi- 
-...-"..,...-.;A~ ."A ;*;,,"- "- "??,I!"*,"" , L - - , A A , "  
"li .  ..LI. ,...,I . - .  "..i ",. " 1  1 , . 1 1  111-  ,,.. 1,111. 

.-, i3viiy. i n u s ,  on O-c poteritiol slmilor to :he inpu; s x q a l  
1s proddced bet,neen the m~ddle  :av:1; ~ i l d s .  :When the 
rnijdie coviry i s  tuneo to o irequency sllqntly hqner  than 
tho1 of ine buncher cov>!y, ! t  presents an impedance with m 
~ n d ~ c t l v t  COmpOnent. This  prouldts o phase relotlonshlp 
bewet r ,  the caviw vo!ta;e and the electron streom which 
cnuses !ui!her ve!nc!!y mod~iniioc of the eiectioc streom. 
In thls case,  slnce the covlty i s  o high-Q resonont circuit, 
it cibses a voltooe t ~ l l d - u p  ahlct: i s  Iariltr t h m  that o! the 
lnput sqno i .  Tneretore, tne electrons ore ogain bunched; 
tnls t ine  they ore for-ec lnto denser bunches. m d  the free 
elections between the bunches a res t i l l  further reduced 
i-ome cre a s i b e i  :r:!u the new ouncnes). T k  ::rw ounc:cs 
of electrons form in tine dr11t space between the mlddie 
covlty ond the output (or cotcheri cavity, pass down the 
. L,,L~, L r  ,<-, , r . . . . . . - - . - -c ."  ,,,L ." &-,, ~ -".~~,. 

Ti ^_.i:.:^__ _. , ". ̂" . . . .  ̂ . _^I_. .L_. ,,,e Lu,,u,,lu,,a u L  >hs L u k L h ~ L  L u v ; L y  -.c au,,,L*2.u: 
> . r ,  ~ - .  
*...=.z .... '2.- ::".:? .a :=:2:*2 d ~ r . ~  2.e :.A* s: :!.2: $.E 

possoge of tile elactron streom i n  bunches tnro~qr ,  tine first 
, 

J.,> -:=A=> L :.c,":.,z >~t~:,t':: d + Z  .;. ?:,.b r.v;G:~.*e 

?otcnt:ci retarcs the electrons, and. In  siowlna them dawn. 
.rj,iik.., i n i i  !r ::a- t i?- .  7-i icii . i ; j  h i t n i t i  i f ,e i ~ i i  
, :  3 1 0 . ; : :  ! ,, h;:i-wovel?fiJt,: 
ot the frequency 01 operollon. n u s ,  by the tlme the first 
bunch reaches n e  second catcner jrid, the ilrst cotcher 
qnd has  reversed polority m d  becomes pnsltlve, whde the 
sezo.3 rctcher ::I? 1s cow neqa:!ve, us s t awn  1: the occc-.- 
nnn,,,,.. ? "  ,.,...y 
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I-& Slnce the secandqr~d 1s olso nelatlve. 11 further slows down 
the electrons md oqoin absorbs enern from them. Thus. 
~n deliveiinq enertpi to h e  tuned cavity connected to the 
catcher qrids, the speed of the electrons i s  qreotly reduced. 
After passinq thls second set of cotchei arids the spent 
electrons ore collected and remov~d from the tube by the 
pasltlve caliector piote. 

A complete multlcovity klystron r-f amplliler c m  be 
shown schematically as illustrated in the accomponyinq 
f~qure. The operation i s  exoctly os descabed in the para- 
qrophs above; therefore, it will not be repeoted. 

Catcher Grid Polori* 

FOCUS COILS 

+ 
Ebb 0 1. J 

INPUT ' wr~u: 

Multicavity Klystron R-F Amplifier Schcnotic Oiagram 

FAILURE ANALYSIS. 
No Output. Lock of or improper accelerating voltoqe. 

loss of drive power, or improper cavity tuning can result 
in loss of output. Usually, excessive beom current indi- 
cates improper tumnn or voltage. A voltagecheck will in- 
dicate whether the voltage i s  suffic~ent. WARNING: 
D ~ n ~ c r o u s  High Voltage i s  present; all safety precautions 
should be token to make certoln that no shock hozard exists. 
In practice, the shell of the tube i s  grounded and o hiqh 
negative voltoqe i s  applied to the cathode. It is partimiorly 
important not to remove ony laod shielding while trouble- 
shooting: otherwise, X-radiouon effects will produce o 
hozard to maintenance personnel. Normally, o nwutput 
condition wdl be caused by an open circuit (or short cir- 
cuit) or by o defective tube, rather than by mistunlnq or 
low voltage, since in these latter cases some moll output 
normolly occurs. When bath filament and onode voltoqes 
ore correct and the proper drive voltage exists, the tube 
is probably at fault. Substitution of o tube will not irnmedi- 
ately restore full output, since the proper tuning and adjust- 
ment procedure must be followed to enable the tube to 
function properly. Use the manufacturer's recommended 

procedure for tuninq and piocinq the unit in service, and 
note any deviations in performance or my obnoimol in- 
dications os the procedure i s  followed. Investiqote each 
deviation as it occurs, md make certain thot i s  i s  cleared 
up before proceeding further. 

Redussd Output. LOW filament, drive, or anode voltaqe, 
os  well as mistuning, cm couse reduced output. Check the 
filament and plate voltages with a voltmeter, observinq d l  
safety precautions. An increased beam current can result 
from improper tuninq or improper lood. Check the drive, 
using o dummy lood at the input to be certoln thot sufficient 
power is ovailoble. W~th suffic~ent drive established, 
connect o dummy load to the output and follow the proper 
tuning procedure. As the tuning procedure i s  performed, 
the beam current should reduce, more r-f drive should be 
required, and a greater odtput should result. Where focusing 
coils ore used, loss of focus magnetism will show as a 
reduct~on in focusinq-cod current md o reduction of bwm 
current (the stray electrons ore absorbed before reaching 
the collectoi). An increase in beam current can usuolly be 
traced to improper cavity tuning. For maximum output, 
both the input and output cavities should be tuned to the 
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same f r ~ q u ~ r r c y .  !r ~ : - c I - ~ " P ?  OFelS!!Z3 1: :s neceiscry 
that P Z C ~  C Y I ~ Y  tt. tune.! to +,e proper lrrq;incy; o t i c :~ ,~ i se ,  
l o s s  a! o ~ t p u t  01 C I  irequency rwde will acci:. As all 
other power ompl>l~ers, the proper locd m ~ s t  be ottoched: 
a:i,e:i;~se, trprapc: ;-,;.ecin:e r i l a t 1 3 r ~ i . 1 p s  ;ii,se 
un*on:i: re!le:t~s:;s on? i loss  oi pawtr. ic recilar..; 
cFpl!:o!:cns, ic:: cc!:?Jc c;;lss:rn ;xi!! ;;;z!!v :a,;i ;; 

ircrtcse :n nxse  krc3cse 3i uiweri ~ : C C : I W  EIIIISSL~~. 

DIRECT-COUPLED (D-C) AMPLIFIER 

APPLICATION. 
T ~ b ~ e  31rect-co8~~:eo c ~ m u ~ : i ~ e r ,  ,:mmc>,,iv k:,2.vr. .:? .,k, 

d-c ampi~ iber ,  .- ubr; w i l c r r  I I  :s necrssury lo  ~m;illy en- . . 
trm,!y !I,,+.! 1,:1: . ,,nnni" . " X  " ..., in.., . , .  t" .", 7?> !",?!L,+ 

:nr; rero f:cT2ezc; Llrec: :;.. r .  ?-.' ... . '7L- . ,,. ,..<-, ?axmc?, 
cppilz:t:rc ot !he 51- nlpl l i ler  :s :r fir i-r .:3r:;:i--t::~ 
wltr,eter.  Thls  urnplilit: aiso i l rds  'Jsr in u nui;ncer; 
br~drje circuit, where two 3-c valt3ges ore to be conpored, 
ona ine d ~ i l e r r n c e  between them is to be ind!cntpo an a 
meter. iinainer important cppilc3tlon 1s ;r, the s l jna l  lnput 
ar;ol;l:er o! an o s c i l ! o s i ~ p e  r:hich. i s  ?esiired :j i i m p ;  
las-Irequercj. or direct-ccr:en: :npu:s for ~wave!a:m c:sa!ay. 
Cthr: ;ses ;I 2 A:uc:-co~,~!cd cnplific; ;I?: :; isilc:c :;"c 
dl- circults while allowing o transfer 01 s ~ q n a l  from 1b.e 
f i rs t  clrcult to the second but not in  the reverse direction: 

b to 3d0 two or more d-c voltoges to produce o d< output pro- 

\\ wri:ono! to tneu sum mult~pl:ed by o mnston: fccto:; and 

\ 
to reverse ine o.liu!lr? oi c "-c voiraqe while -ir',ler kecp1n7 
11s numerical value unchanged or increoslnq !IS nurer lco i  

n? ,vnhe by 7 c a n s t ~ r t  i o c t ~ r .  

i 
CHARACTERISTICS. 

-, rne connection between the output ( p h t e j  of one staqe 
"..A *LC : - - , . *  !*. ,A, " ' * L  2." ---,,'<-. . " "  2 ..e- * - - * - I ,  - +.." ...rri ."..", ". ... e ", -.,.? .... .. .- - ".. .. " . . 
connecrlon, wlinout ine u s e  a i  any !nter;eninq coupllnq 
divic* buck, 3s o c o p o ~ ~ t ~ r ,  ~ n l p d w ~ e ,  ui t i~n~l i l ; :mei .  

A n p i ~ i i c o t ~ o n  oi  very low irequenaes,  or very slow 
variations al v c l t q e ,  1s ociompllshPn w rhilut d!strrtj,>r 
and w,:h lrniiors rcsprrrse. 

speed rcspor,se ,. -. , , . ~ ~ t , ~ . ~ . : ,  - .--I ., irr..r3n:~i:ecu~: .-.-, 3 , l s ?  
s ignals  moy bp ampillled wlthout any dlstortlor! due ta 
d i f f ~ r n t ' l r i ~ r .  

!ncA impedczce ;s  '?ch; nc : : ~ d  cdr:t.:.! i!;'er, 
!!~!:l.! !.-?ec"?ct. I< ,:i.r.: !c,V 22: be -c..? z r  1, ... ? -  

3ne C :  !\YE 3b.-5. 

UA,"..,,. ,?h-?- ,  - *  - ,.-.. c -"" .,. .-.. T"." ..., ,,..-> L, 4. ." .,-. ..,.. ". ." ... c;;.; ;, ;;.:,,I. 
stoqe, or odd nvn l tk r  of s t aoes ,  n i  im? l i l~co :~an .  :+* ~ n -  
p i o s p  nl rp l l l  +!1.,, mov ir ?>:?,r-" <P ,-, 7" 2 

nuxber ni  stoqes. 

~ n g  device seivPs to isalate  t i e  b.qhly posi t l ie  va!tc7e, 
*h!;t. ailen nzs 2 Y O ~ ? I C  01 s w ? r l i  5mJ:e:. volts, a1 tne 
F I o I ~  a i  the prrcedlng s tage,  from the low signal cics ,volt- 
mje ct iht  ~ r ; d  of l i e  ampl i l~ r r  s!sqe. !n resis tanir-  
capx~tonce-;az;le? i:;7 ;mpe.?ccce-;aupli~ ;m;l;f;u: ;i;- 
c i l t c ,  t i e  :ocpl:n r.apo:l:r,: ;:e,Jer,ts t t e  plo:e i,;cly 
:Olta;c ::Cm b?.?~ 33pl:ed 12 !?c ;::d o! tke SL:C~C.?:~$ 

stoq?. i n  t:msior;re:-couple ampllller circuits, :he elcct:l- 
col ! i r l a t ~ o n  !$t*iein !!,e pr!?:ary UT? SPCO! .? :~~  w::I:r;s 
prevents !"le plole supply v a l t c ~ e ,  ,utich 1s piesent i n  tile 
prlmnry rilrilr2, fro- Nmj o;?I!DJ to tne :117 C L I ~ L ~ I ,  

'which. !q,::,-dns t i3 i;-cordcry nin;lr,q. 

In :n? clrcct-coupled !or 4-c) ~mpl l i l e r ,  tL,? ou:put (plo!~! 
::I urtceo!?: >t<!-e :s  :n:nc,:tid dlrect l r  ic !be :TI:).: . . 
4 1 , ~  "1 ,!,e G,:tp,;!,e:, .\JL,.L>! 8.!;e ube "1 ,,:I{ , , I ,  eI,,e,>,cr4 

*'.--,,- I,". -,,, -i >-  . '."""'̂ .-. - .̂ "" ..,. ",,,,. -b,,s ., . ., ,., r.,.. < . ...., . . . . . . . , . , , , . ., , --,. ~ ,.,,.. ~. 
.-,,,,,.,,,. " . . ..,... ., . ...-. c c3n;;ler I C : ~ ~ C  2:  ~ ; s p b ; z i  tne :el;::-? 
. ... ." l t n w s  I: : i c  1~7!:!:-11 ' : : ~ P s .  S ~ C T C  + k , ~  p1a:i 1: i~s-:L !;hp 

m'.st 3~ s8.ppI:~: u po;::i;;l i-litoqe ultt, :espeiI to 1;s 
ccrtiode, ~ n c  tk~e ;rib of the lo,low~nq tune m s t  be su;.plled 
:> n r y n v o  2!ns ,io!!n3e ii?th r-spec! to !ts cathode: !ils 
qr:d, 01 course, is alrecdy suppi le i  ~ l t l  ;he pos.;l;e ;late 
-- wt.nll,l - ' - '  u -! t t t  prcit-linq pl i re  thli:,~+, o 4lie;t icr:rtcaon. 
4 speclcl volt;lje-61v:dcr netr:ofk :5  :i.e:elc:e :eq;::ed tc 
" " - 8  . . L e  - -i -' L.." -"- - 8 - .  - . " " J ". ".".. ... > r..,i'i:tcji ::; CZL: 

azpllller s tnq i .  
Circuit  Operotion. A typical d-c amplifier clrcult 1s 

siaawn in the iollawlns i;lust:at~or. In this clrcurt, the 
lnput slqno! 1s opplird, across ~ i ' ?  reslstar R I ,  dliectly to 
ti,r .:rid oi ,he i i r s r  secrlon ai r*lis-cr~aie r:j"e L i  w h r +  

CIRCUIT ANALYSIS. 
General. 1;. mm! vocczm-ki3e ;mpli!ier circiit; ,  

cnu?l!"; ~ P , Z > C P  # l i e d  ~ P ~ w c ? "  the 17111/1~! (?!ntr?! c:'cU!! n! 
. , rhr precedln; s t q e  cn: :r,e ;nm: (qriJi circuit G: L : , ~  jn,pl.- 

iler stooe ~ i r o w v  3?iy t'e ~ i t e r c 3 c r l  1133CErr . I :  c: : 1 ~  
%r:-! s!cxcl :c :ass +rc-:b. !.! 1.e sz-e !:-e. ::c ZCI.:~~ 





E L E C T R O N I C  CIRCUITS N A V W I P S  

is used as o two-stage triode arnpllfie:. n e  grid resistor 
1s returned to the most negative p i n t  on voltage &vide1 
P4, designated a s  point o. R e  cothoCe is connected to 

Tro-Stoge Dircct-Coppled Amplifier Circuit 

point b on R4,  whlch establisi,es the proFr qli blas fo: 
opra!ion of V I A ,  slnce point a is more negotlvc than pc?n! 

;. 3.e e x e t  1a:o:ian c! p i c !  b m voiroUr j l y i ; ~ i  5.4 i s  
somewhat critical, since the terrrlnol voltaqe at point b 
j epenis  -yon !i!? v L l U i ;  ;! -.:r:-:! f!cwi?3 ct each ci t i e  
voltage divider tops b, i;, ;nl 2,  oc .<el! a:; ';par k? mpi,el 

voltage, Ebb. Plote voltage i s  taken from top d on X4, ci.? 
applied through plate load resistor Ri to tile plate a: VIA. 
P io t t  i a a i  i2sis:o: ?,2 clsb ser ies ;s :he ;:id 1 ~ 9 ? ! " 7  io' 
the second amplifier stage, VIB, a n i  :'he piare c~zierc; i:i.n- 
inq throuqh the resistor esioblls"es the grid rokayc C! 
V;B o; :!-e .;o!-t ex!s!?.g n t  p i n t  d less the voitaqe drop 
nc;oss :esist3r "2. F,c ~ O C G I I O ~  of p in!  (i on the .valtai;e 
dlvlder i s  s ~ ~ u ! )  iliiit Z F ~ ~ O X I F ~ ! ~ ! ~ .  C.~P half of the r3:ui 
;i;ve; ;;--!.: .i-!!v:- FLb 19 omlie? ;O t!,: !hs! ;mp!if:fl 
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hovinq o uniiorrn frequenci response over a wlde range, ord 
3 :esponse time wi:ich i s  practically insrantanaYs. 

Assumlnq C~at !he vo i t qe s  hove beer adjusted for Zhss  
4 operation, the na;m;1-! v?!t-.:e c r n i i t ~ o ~ r  01 'he c,rcult 
*ir'n nu slorla: qpi:=d tc t51 !r!;~:: ore sha*:! I;! p:lrt 3 0: 

N E W  VALUE OF / NEW VLUE OF i 
GRiC BlAS-ORIGINAL G R t  BIAS-cR!GVAi 
e ! l S  ?L#)C O"S1T'VE BlAS PLUS POSITIVE 
!UP37 i ! G W P i  ihi7ii: S;LP<>L 

D-C Anp!ifier !npu*-Ou**t Voltope Charoctorirtics (For c 
Sing!* S t q c )  

. . .  
!c!!o,.v:c3 ?!!!~frnfion. Tze ~ I X S C  i i i ~ e  O: G:C n:c$, 

Irnm tho ?OWPT S U ~ J L ~ ,  is indicated os a neqctlve ,vni!aqe, 
ind  ::.v ausl;r:al cctput :"51!.3qe is ~ndrroted a s  o positlvc 
"c,tage. .l;$,s 1s (he "aide "; +;l:z;e 2::; :.-3ss ~ l ~ t ?  
r*s;sta: >,>, resc*A:.z ::c;~: 2:e >l.>.~* :~r:er,:{:~3".~:7.~ :i73.-: 
:,,3-,np,,t-stq~l L:,:,.::>,~ZS. i; ?cr! : ,?< <?.? iii,,>;rz:;zr.. G . , I c . ._> .. .,. - - .,. ,:,=v ..-":,,~,: 
2 '  : : , <,.. ,c -. . ~ - 
to :he q i d .  r i : e  nrqouve lnput vol:gje &?s !c t ' ! ~  !?re' 
vol~ie a! arln r l as  volroye, i!llch is ;i;; :c;l.i;vr, . :: 

. . . . . . , . . . . . ,  
I /  Ir." ,YL"C i, <... - , . , ;:,, . ,.., . ~~ 

....., - - - -  - ..' " - -  .,-,.:.-- , ,,:#>s<~5 ,? ,,, ,, ,,, .,,, ,.,,,, ,,. ,.,:> . . . ~  ~ 5 ~ .  

,., ',( . ...~ .:. " ,  .,.. , - - , .  -- 
,m q ,  .~ ... A ,. ... ~ ~ 

-. , , , .  

dljclnq a hl2iBC: ,,ai:qe 3: !~ ; :z  ,;:cis, 7 s  r .ccc~.sc  2: 2 ? 

n>,.c ,.< ..... . .. . , ~ .  . . , .~ ,. .., : ! > I  1, *..," , , . , . , . . 
., ~ .. - 1s *:! : :nc ;npd! Sl?!?21 r,,::, , e e : ,  , ~ :  , , . - .  ~.:, ~. - . - - - .. .. . . 

-.-. . **... , , : :, ~ , , ,  ~ . L  , ,,, ..-: .r .;. , ... c .-.,,-:> 

5r,,7,.vn ;:; ?2r: ,>, ::> +::! ,: : > , : s : : : , : m  ' . " , , t  s!,-%7! .:-!,"q* 
. .- 

0 " o p t  0 I",? , . .:.;.: r l t  
. . 

.lac s,~trccts bop. tb.e >. h e . , x ~ v e )  y hxed : s x t  3! :.: :I : 

..-,.,.~. . . .~.,; ,.., to pron>:ce I; T2PW :j,Le 3; J!,J ;!as ni,;.:. .5 ! L  
. : .  .- 'irpn i.. ,!.. :,.,,.,. , ".. .. ., - . ,wer si)il? ! i re irl p r !  l ci i?e 

. . . . . . , 
:;,,5trG:A;z, :;>s* :D !"? --:< ,u;,2,Je :,.<; ic;e:. . . .-- . .. 

. .  . 
y ,s,,, "" ,,,"". .".:2<: ;: :... :.?;!., .L= 7.:? ,:;::: :..e ' % ! . , - , ~  

. . ~  . .  . . -  . - ,  , , , ; . . ; ; . , 8 : *  :^.. >li,..r ;-  

. .,,.. . .,.,.,,,: - . -. a :::!: ?4 i.-.?-:-!. ! ! n l r i  s i r h  condi!i>r,;. tke 
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amplifier will not operote w~thln Class A limits.) As a 
result of this less neqotlve bias valtmqe,a greater current 
i s  caused to flow in the plate circuit, though plate resistor 
R2, mid a lower voltage 1s produced at the plate, as indi- 
coted by the uppei (output voltage) solid Line ir part d of the 
illustration. In port e the voltaqes have ieturned to their 
original values, folloning the ;emoval of the input siqnol. 

For purposes of explanation, the discussion of the ef- 
fects of the Input slgnal and the output voltage has ielerred 
to only one stage (VIA) of the two-stage direct-coupled 
ompliher circuit illustrated. ?he operatIan of the seconi 
stage (VIBI i s  identical. It should be noted that b e  slgnal 
at the output of the first staqe IS reversed in phase by 180 
deqees. This i s  evident from the ~llustrotion of the input- 
output charocteristlcs, where the negotive input siqnal 
produced a posltive ailtput signal. An additional 180- 
deqree phase reversal is produced by the second stage, 
givinq an output signal from the two-stage omplifier clrcult 
which i s  in phase with the i n p ~ t  s ~ ~ n a l .  

A very proctlcal application of the d s  omplifier circuit 
i s  found in i ts use os a d-c vocuun-tube voltmeter. This 
circuit, utilizinq o single triode, i s  shown m the iollawinq 

Vacuum-Tube volt mete^ Utilizing Direct-Coupled Amplifier 
Circuit 

i1lustiot:on. The voltage to Se meusured is oppl~ed, tb,rou$ 
a ronqe switch, SWI, to a tapped voltaqe div~der which 
allows several ranges of voltoqe to be measured. T i c  volt- 
age dliiider i s  composed of severol resistors, R1 through 
34, wlth R4 nlso serving os the grid resistor for the tr~ode 
d~ omplli~er, V1. Plate lood resistor 85. having a ialue 

WO.OW.ID2 AMPLIFIERS 

of 22K or higher, acts a s  o cunent-limiting reslsto: to pro- 
tezt the meter in the event of excessrve input voltaqes. 
Variable resistor R6 functions as a balance control to allow 
the voltmeter to indicate zero volts wlth no applied Input 
voltoqe. Voltoqe divider RE, connected onoss  the lnput 
voltage from the power supply, is tapped to provide the 
proper grid b ~ o s  and voluneter halance voltoges. When 
voriable resistor R6 i s  adjusted for a zeic voltmeter indi- 
cation with no input signal, the voltaqe at point c on voltoge 
divider R8 i s  exactly equol to the voltage at the junction of 
R5 and 36. Now when on input s~qnal i s  opplled, additional 
plate current flows through R5. RE, and R7, causing the 
voltoge at the junction of R5 and R6 to drop to a lower 
value, while the voltage at point c on voltaqe divider R8 
remains relatively constant. When properly coiibrated, the 
meter indlcotes this voltage drop as the applied input volt- 
oqe. 

A disadvantage of this direct-coupled vacuum-tube volt- 
meter circuit lies in i ts poor stobllity of cal~bration. The 
plote current of the tube varies in o somewhat unpredictable 
manner with variations in fllament temperature, aqe of the 
tube, and vanations in resistance of the co~plinq element 
with temperature variations. These vanations are especi- 
ally evident when an ottempt :s mode to read small voltages 
ocniroteiy. 

FAILURE ANALYSIS. 
No Output. Assuming that a signol whose amplitude 

[either positive, negative, or o combination thereof) is 
within the design limits of the d-c amplifier, is applied to 
the input terminals, the primary cause of no output i s  o 
defective tube. If the tube i s  ccpoble of satisfactory opei- 
- i iz in ,  the cause of a na output condition is obviously an 
incorrect voltage, or lack of voltaqe, at some point in the 
clrcuit. Referring to the first illust~ation (two-stoge dlrect- 
coupled omplifler circuit), an open voltage divider P4 would 
cause one or more of the voltoqe taps to foil to supply the 
required voltoqe to either the cathodes of VIA or VIB or 
the plote of V1A. As o result, either VIA or VIB would 
tail to operate. An open resistor R2 wodd renove plote 
uoltoge from VIA,  resulting in no output: a similar condition 
would occur if plate loud resistor R3 opened, rernovlng plote 
voltage from Via. 

Reduced or Unstable Output. Assuming thot o sotis- 
factory signal i s  present at the input to the direct-coupled 
amplif~er, on open grid reslstoi R1 would cause unstable 
output, along with intermittent qrid blockinq, or "motor- 
booting." A cb,ange in the supply potentiols for any tube 
m a multi-stage d-c amplilier would cause the currents and 
potentials of all succeeding stages to vary. If, for example, 
the qrid potential of the ilrst tube vones slightly, the join 
of :he amplifier will cause the curient in the lost tube to 
.vary by a large amount, even to the point of decreasing to 
zero, or of lncieasing to on excessively high vaiue. In 
either case, distort~on will Se ~ntroduced. A chanqed value 
of P4 [or portions of R4), or of plste resistors 32 and R3 
would oll have the effect of chonqlng the supply potentiols 
of tk.e tubes. I h e  amount of unbalance cra ted,  ano, con- 
sepently,  the amount of output distortion, wili depend on 
,whether the gain oi one or both stages is involve3 in mp!:- 
fying the unbalance. An open or pottially sho:te6 filter 
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low frequencies, includinq zero frequency or direct current. 
without substantial loss of qain. 

'Ihe push-null directcounled amolifier is well suited . . 
for such applications, since the lnput signal i s  applied 
directlv to the qrids of two tubes, without the use of coupl- 
lnq capacitors. Frequency response is flot down to and 
including zero frequency, ollowinq the use of this circuit 
for omplificotion of steady-stote d-c voltaqes. The response 
ot very hiqh frequencies i s  limited by the stray capacitances 
in the circuit, which have a shuntinq effect, similar to that 
of the ordinary R-C coupled omplifier. 

Circuit Operation. The schematic shown above illus- 
trates a typical two-stage push-pull direct-coupled (d-cl 
amplifier. T h ~ s  type of circuit may be found in opplications 

~ ~ 

such a s  the deflection amplifiers of radar scopes desiqned 
for electrostatic deflection, and the siqnal amplifiers 
(vertical-deflection amplifiers) of hiqh-quality test oscillo- 
scopes desiqned far direct-current woveform analysis. 

Tne input slqnal, which moy consist of positive or neqo- 
tive pulses, or both, or simply of a positive or neqative d-c 
level, i s  applied across the grlds of VIA and VIB. These 
two triodes may be enclosed in the sinqle envelope of a 
twin-triode such a s  type 12AU7A. Self-bias i s  provided 
both triodes by means of the common cathode resistor, R3, 
in combination with potentiometer R4, which provides o 
halance control for use in equalizinq the gain of VIA and 
VlB. Plate voltaqe of a medium volue (t150 volts) i s  
applied throuqh plate load resistors R5 and R6. Vanable 
resistor R7 functions a s  a qain adjust control, and fixed 
resistor R8 connected in series with it sets the low limit 
for the varioble volue of the total resistance between the 
two triode plotes. ?his combination. R7 and RE, affords a 
relatively simple mans ,  from the standpoint of clrcuit com- 
ponents, of adjustinq the over-all qoin of the amplifier, and 
thereby the amount of vertical deflection in oscilloscope 
applications. Resistor R8 should hove o minimum resistance 
value on the order of 1.5K, in order to molntain this minimum 
wlue of resistance a s  o plate-to-plate load when R7 i s  ad- 
justed to its zero-resistance position. As R7 is adjusted 
from its maximum volue, toward zero resistance, loading 
of the siqnal output from VIA and V1B i s  increased, reach- 
Inq o minimum value when R7 is adjusted to remove its 
resistance from the circuit. The maximum positive and 
maximum neqative excursions of the siqnal to be amplifiw' 
may thereby be adlusted, while muintaininq the over-all fre- 
quency response of the amplifier. 

Tne amplified output siqnal from the plotes of both 
triodes, VIA ond VlB, is applied directly to the qrlds of 
the second stage tnodes, V2A and V2B. Since the qrids 
of the second staqes are at the same positive potential a s  
the plates of the first stage (some volue less than 1150 volts 
due to the voltaqe drop throuqh R5 and R61, the cathodes of 
V2A and V2B must be placed at a somewhat qreoter poten- 
tial than t i50  volts (above qround), in order that the qrids 
may be properly biased, i.e., neqative w~th respect to 
cathodes. In this clrcuit, which utilizes self-b~as, this i s  
accomplished by the use of o lorqe value of cathode resist- 
ance, composed of potentiometer R9 and resistors R10 and 
Fill. Potentiometer R'3 serves as a balance adjustment to 
equalize the qain in h h  halves of the second stage; In this 
applicotion, it serves to " p o ~ i t i ~ "  the waveform under 
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observation on the oscilloscope screen. The bias on the 
cathodes is adjusted by means oi variable resistor R l l ,  
while the totol resistance of the cambination R9, R10, and 
R11 establishes the total bias voltoqe at the cathodes of 
V2A and V2B. This relatively lorqe volue of cathode resist- 
ance, which amounts to approximately 12K, would introduce 
deqeneration into the circuit, resulting in o decrease in 
qain, if this were an unbalanced (sinqle-ended) staqe. In 
this (push-pull) circuit, nonever, the deqenerotive effect of 
one half of the clrcuit at any instant immediately cancels 
an opposite effect of the other holi of the circuit, and no 
loss of aoin occurs. Conversely, any tendency toward on 
unbalance in one half of the circult introduces deaenerotion 
which acts in opposition to the initial tendency, thereby 
kee~ino both halves of the circuit balanced. Such o tendencv 
towmd on unbalanced condition miqht be caused by circuit 
drift, due to unequal cathode emission in the two triodes. 

Plate voltaqe for the second staqe triodes is applied. 
from a considerably hiqher voltoqe source than thot of the 
first staqe, throuqh plate load resistors Rl2 and R13. 
Althouqh an applied voltoqe of t4W volts, dc may appear 
to be excessive, it should be noted that the actual voltoqe 
at the plates of VIA and VIE cannot exceed 250 volts 
positive with respect to the voltaqe at the qrids, under any 
conditions (within Class A operatinq limits). Under normal 
ooeratina conditions. with nlate current flowlna. the voltaoe 
a t  the plates will be considerably less than 250 volts 
positive with respect to the grids, due to the voltaqe drop 
in the plate load resistors, ossuminq thot similar tubes are 
used in bath staqes (V1 and V2) with similar plate lwd 
resistors, and that no input siqnal i s  applied. 

In the circuit illustrated. comcitors C l  and C2 are used 
in a compensotion circuit; C1 connected between the ouput 
plate of one half of the circuit and the input arid of the 
opposite half, and C2 connected between the output plate 
of the second holf of the circuit and the input mid of the 
first half. These capacitors are of very low volue of 
capacitance, such os 0.5 mmf, and function to ollow posi- 
tive (in-phase) feedback of the hiqh frequencies only, leov- 
ina the mid-frequencv and low-frequency response unaffected. 
When the proper values of capacitance are used (these valuer 
vary with the values of plate resistance, operatinq voltaqes, 
and tube types), the response of the overall circuit, which 
normally drops off with increasinq frequency, may be main- 
tained tiat to a considerably luqher frequency than would be 
possible without this compensation. The volue of capaci- 
tance used i s  somewhat nitlcal,  in that if the capacitance 
i s  ta, hiqh the amount of positive feedback will be exces- 
s i w ,  resultinq in oscillation and severe frequency distortion. 
In addition to mmntaininq the hiqh-frequenw response over 
an extended ranqe, the use of hiah-frequenw feedback 
offers an additional advantoqe: When direct current input 
waveforms me beinq amplified, in the case of the circult 
illustrated, the extended hiqh-frequency response acts tc 
decrease the rise time of the leadinq edqe of the input wove 
form. If, for instance, the input wavefarm i s  o direct current 
whose voltoqe increases instantaneously (the lwdinq edqe 
of a square wave) from one volue of voltage to a more posi- 
tive volue, this perpendicular wavefront will be found, upon 
analysis, to be composed of an ~nfinite number of frequen- 
cies. If all of these test frequencies could be passed by 
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the amplifier circuitry, the output would be a perfectly per- 
pendicular wavefront, a s  shown by 1 in the following illus- 
tmtion. Since no amplifier can pass frequencies whlch 
opprooch iniinlte values, without attenuation, the output of 
h e  ampiifler will nai be a waveform whose wavc!;az: :s 
perfectly perpendicl;la:. Instead, h e  wavefront will beq:n 
ru b i ~ P ~  onliy fiiiiil cii?~ndi~.~!nr:, C C L E : ~  cc !~!?.CYMC?? 
rise time, a s  shown by 2 i n  the liiwrruilon. As iui0ie oil: 

more of the hlgh frequencies are attenuated by tb,e amp!i!?sr 
c i rm~ t ry  (stated in another way, as the om?lifier becomes 
more inferlor in i t s  hlqh-frequency response), the sloping 
of the wavefront away from the peipendiculor increases. 
%us die orig~nolly perpendlcuior wcveircnt now becomes 
markedly sloped, with rounded corners os illustrated by 
*-..A ""SLY :--- i i"l^,,, L.u. ,  .I. iar*nc ti.'. .... nr ,  . .  r,n,Tl w;-Jr;-nn; ?,-,a:: ,~ 
%degree anqles. 

I iNPUT 
WAVEFORY 

8"'"' " , 'T?"T "- 
FREOUENCIES 
A T T E N U A T E D  

MORE nl in 
FREOUENCIES 8 -3 
ATTENUPlTED TlME- 

, , 
OUTPUT 1 , WAVEFORM 

I /  / 

SMALL RISE 
T l M E  

: !  
LARGE RISE 3- 

T I M E  P 

Worcfwn Distortion Due to High-Freqsency Attenuation 

.&other tvplcoi cirmii  illcbtrutlng thc uis G: z c;s?.- . . . ,  
pu!! clrect-couplea ampilrirr qiiieii i i r  Tile i ~ . . a n ~ : . q  
illustration. Here, a ~ l t m e t e r  M having o zero-center 
ccrrie is us& ~n o voclrum-tuoe va,rn;rtw ~;:r ; ; .  L=S~,.-.~L 
to indicote ony unbolonce between the Inputs to two halves 

a i  the p ~ s h - 7 d ;  z x r ~ i t ,  ~5 I!!? < ! : ~ I ! ~ ~ ~ ~  w d  c...;m-~l d 
imb"imce. Tne j n p ;  ;;;cair is cer.trr.:gpe3, tc ?X- 

nble 3 ~ o r , p a i s m  to be mode between input A and B. '!he 
t w ,  direct-mupled triode amplifiers, V l  and V2, ore mn- 
nected in two legs of a bridge a i m i t ,  with the !w x p t  
voltages to be compared opplied to the srids of V! znd V2. 
:especr;veiy. Tnr srlds me c,,,,,e, ' 'L--.-h ,.,, ,,,.. ... -', 4 :es:s:cis 
ut - A  u i  m n nenmlve llrvi nros v u i ~ u ~ ~ .  k'lijir i i . l i q i  , ,. - ." . .- .- - . .- , -- . . 

, . .  
1s q p 1 e u  r:lIu"g,, p1u.c LL"., 2=a.> Tu," :2 c:.,.: :':, :.:!:. : 
. , o i ~ ~ e r . ~  ij ~ i , " , i r :  ;,:i;rs; L;*, ;:;:;;. Wit? :;k?r. '!1 z",? 
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Push-Pull Direct-Carpled Amplifier Used in Vacuum-Tube 
Voltmeter Circuit lor Twelnput  Cornpariron 

V2 ond resistors R l  and R2 properly matched, nnd no in- 
put signal appl~ed to input A or input B, the circuit is per- 
fectly balanced and no difierecce of ptentlol  ocross the 
-I-.-- -i r r l  , . - - A  ".." IT?  . - -..;I! hn __  ~- hy - vo~fmpter  M. ' h i s  
resuits fmm ihe ioct thut e p a l  cirren:s ! law: r j  thrawgk. re 
sistors 53 nnd R4 will glve e w a i  voltage drops across 33 . . 
and R4, and ldenticoi voiruges n.;;i be pirsent ;I ; r e  ;;xc:: 
c! b!h tgbes. 'When o s i p a l  i s  apphed ocross Input A, 
the gnd of V1 becomes nore (ur less)  ~ s i t i v e  !hm !he ggrld 
of V2, dependnq upon the plori ty a! t'.e ap?!l?d signcl. 
!!!he 1 n p t  s!gnni 1s ps l t lve :  the more posltiva qiid ui '<I 
couses an increase :r, plate current thrwqh P3, creanng 
an wbclcnce in  the oatput a rcs i t .  As a result, the In- 

creased voitoge drop ocross ii3 coLses lilr p h t e  i.: :'i 'r; 

% m e  i255 p i i t i ~ e  thar, :he p!ctr ;! Li, LC? the $!ti:- 
ence betnern the t w a p h t e  w:t;jes ;.;III D: : c i : c ~ ! r <  j y  .. . . . . . . - . . . . voltmeter !,$. vo~tnerer  L! 1s ;e..:~.;-a~-:-~.~.~ 

and i i  the polarities of i ts  ccnnecii ir .~ ln the c i r c ~ t  are . , .  
correct, it wlii mil;cute il neqctive iai~:~e. 11 2 :;:u.c :.,.:.y 

" .  bcs;:;..e ::*y,=: :: c;;;:e: :z:*:s :7:;,,-7 .,, ""?;:., ::,; :,,.;: 
i i~ , , ; !  :;;;;;;::; 2cIccz a, r r e  :r?. .. "t W ! . ,  or- 

~~~. - -,"  ,..,,, --,. L G , , , ~  Z"7C ::.-:. :!.* ;:2 7: ,. ' ,  . ~. ~~ ~ 

nqhei  value of wrient to :la.# &,m~gh 1: thm ii a:1?3$ 
:;aw;l~,4 < .-,2 LL ;- ::~,: : 2F,z: :: ::.;:: :,, :-: !h- 

voltage o: tne plare c: V L  W I U  Drcomt i ~ ~ ~ i ~ ~ ~  i:ij:. 

C , ?  "L<l"ge at  >L,? p;z:c ;$ 5.; :2=:::, .<- *: ,,.- ~ ,.< 
m+;;7 " .xi:: ,.,*:-.. " ,-,. L -;,- '- :;.I:-", ;,: . ., ..., "",.. -... .. ~ . . > C  7 n-5''!'2- 

volue of voltoge dltierence oerneen me two i rpu r  s l j ! . .~ ;~ .  

F A I L U R E  ANALYSIS. 
N- output. !f c s;yaI +oninn on nmplit~de within the . . 

6es:on !im:!s ?! :ne p?lsbpuil 6-r mnpri:ier is i~ml sh i :  at 
, . 

.L. . ." ":- - ..,.-.,,,., ,,.:.,.:, , >  ,+ - , ~ = .  ;,: 
,.,i ',."", ,iii ,,.,,." ", - u_._>.... 

. . ---.-. -- ..^ .,: ... ,.,.,. ,, . .~ -.. > ..... 
r-..-~ 

- , ,. ,. ,~ 

...a. ,.* ."-- LO . , i l l  - . icr.  1 ~ P.2"I:tnIf ~~ XIL^I! ! l" .  1- 7 ~.Js".DL~! 
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circuit a l y  if this tube is o twin-type, and then only if 
both halves becone defective at the some time. Referring 
to the first illustration (typical two-stage push-pull direct- 
mupled ( d c )  amplifier), if V1A and VIB are the two halves 
of o twin-triode such a s  a type 12AU7A, ond if the VIA 
section of the tube should bemme defective, the V1B 
section will still operate to furnish a reduced output. In 
a similar mrmner, the failure of any single resistor in the 
plate or grid circuits wwld not b e a  cause of a nwutput 
condition, because the other half of the circuit would mn- 
tinue operatin . However, if common cathode resistors 9 R3, R10, a R 1 should become opencucuited a if the 
plote power supply to either stage (t150 VDC or 400 VDC) 
should fail, there would be no output. 

R.duc.d Or Unstebl. Output. Assuming that a satis- 
factory signal is present of the input to the push-pull 
d i rmarupled amplifier, a number of conditions could mn- 
tribute to a reduced mtput, which ordinarily wwld be o 
cause of a nwutput cmditim in o singleended amplifier. 
The failure of a single section of o twin-triode, or of o 
single triode where singletriode type tubes are used, 
would cause o reduced output, os discussed in the previous 
parcqraph. An "open" in any grid or plate circuit would 
alsocause reduced a ~ t w t ,  because the aher half of the 
circuit would cmtinue tooperote. ?he output, hwever, 
would probably be distorted, because either the pcsitive or 
negative half of  the input signal would be cut off. If either 
balance control R4 or wsition control R9 should become 
opendrcuited at some point of rotation, an erratic output 
would be obtained when the mntrol is operated ocmss the 
point where the "open" exists. A simple misadjustment 
of R4 or R9, or of bias adjust mntrol R11, with all other 
comments operating normally, would contribute toward an 
unbalance which might result in reduced or distorted out- 
put. If capacitors C2 ar C3 should change in vdue or be- 
mme shorted, the circuit would become unstable and possi- 
bly go into oscillation. In this particular circuit, which is 
self-biased, o reduced value of plate voltage caused by a 
d e f d v e  paver supply would, in all pmbability, only re- 
sult in a somewhot reduced output, the quality of which may 
remain acceptable. If, however, o circuit which employs 
fixed bias should operate with reduced plate voltage, the 
output miqht be distorted, in addition to being reduced in 
value. 

DEFLECTION AMPLIFIERS. 

APPLICATION. 
The deflection amplifier i s  used to amplify the signals 

before they ore applied to the deflection plates of an elec- 
trostaticdeflenion type of cothode-ray tube or to the de- 
flection coils of an eleNanagnetic4eflfftion type 
of cothoderay tube. Two separate amplifiers are ossoc- 
iated with each cothode-ray tube: the horizontal deflect- 
ion amplifier, which normally amplifies the horizontal 
sweep signols, and the vertical deflection amplifier, which 
namally amplifies the input waveform to be displqed on 
the screen of the cathode-ray tube. 

ORIGINAL 

CHARACTERISTICS. 
H o r i m t o l  D-fleetion Ampllfln. Input impedance is 

high; looding of the preceding horizontd gmemtor circuit 
i s  thereby prevented. 

Input capacitance i s  low; attenuation of high frequen- 
cies i s  thereby prevented. 

Hlqtrkequency response 1s qmd, DJI no1 genemlly a s  
3ma os the :esponse o! the ve:ucal deflecuon ampl~her. 

Bandx~ot" ds~a:ly covers 10 c v c s s  to 100 kc: certam 
applications may require a range df 1 cycle to 500 kc; other 
applimuons (such as fixed sweeps of radar deflection) may 
require only o limited range in bondwidth. 

Output impedance depends on intended application: im- 
pedance is high if amplifier is designed for voltoae (el= 
trostaic) deflstion: imoedance i s  klativelv lowio match ~~ ~~~~ 

the impedance of defle&on coil if designed for current 
(electromagnetic) deflection. 

G n  of the amplifier depends on application; the gain 
is usudly lower than h o t  of the vertical deflenion ampli- 
fier, because the sweep generator output normally feeding 
the horizontal deflection omplifier is ordinarily higher and 
more m s t a n t  thon the input signal feeding the vertical d e  
fleaion amplifier. 

&lanced output (push-pull) i s  desirable, to prevent 
distortion caused by mequo1 amplification of positive ond 
negative signals. 

V.rticol D.fl.ctlon Ampllfler. Input impedance i s  
very high: loading of the preceding a tput  circuit, with the 
consequent woveform distortion, is thereby prevented. 
(Special applicotims may require o low input impedance, 
which must then be matched to the source impedance of the 
input signal.) 

Input copocitance is very low; attenuation of high-he 
quency components of input signal is thereby prevented. 

High-frequency response is vely gmd; oppllcotion gen- 
erally demands a better response than that of the horizon- 
tal deflection amplifier. 

Bandwidth usually covers 10 cycles to 1 megacycle; 
certain applicaions may require a ronge of 2 cycles to  1 0  
meqacycles; other applications may require a mnqe which 
includes zem cycles (direct current), but at the same time 
they may require only a limited high-frequency response. 

Output impedance depends m the intgnded application, 
in the same manner a s  in the horizontal deflection omplifier. 
The impedance i s  high if the omplifier i s  designed for 
voltage (electmstotic) deflection; it is relatively low and 
must match the impedance of the l w d  (deflection coil) if 
the amplifier is designed for current (electromagnetic) de- 
flection. 

Gain of theomplifier depends on its intended applica- 
tion: it must be sufficient to produce a pattern of acceptable 
size, on the pmticular cothoderay tube used, from the 
smollest (voltoae) input sianol reaulred to be dis~laved on . . . . 
the screen. 

Balone output (push-pull) is desimble-more so than 
in the horizontal-in order to reduce pttern distortion and 
beam defocusinq. Since the input signal to the vertical de- 
flection amplifier is generally much lower in amplitude than 
that of the horizontal input signal, the amount of gain re- 
quired of the vertical cmplifieris generally Ngher, and 
hence the possibility of distortion is also higher. 

6 4 - 2 0  
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CIRCUIT ANALYSIS. 
G.n.r.1. A deflection amplifier i s  intended to accept, 

os an input, a signal whose woveform may be simple (as in 
the case of adirect-zurrent waveform) or exceedingly complex 
(as  in the case of several kndamen!~! frmuencies in corn 
bination with o multitude of their harmonics), amplify it, and 
!;-cish en outp-' in which !he n r f ~ i n ~ l  woveform remains un- 
changed. An ampliiier iniended iii use 08 a ho;i:onto! de- 
flection ampiifier i s  required to increase the amplitude of 
the sawtmth sweep waveform, in order to prduce suffi- 
cient horizontal deflection. In radar disolavs of certain . . 
types, a triangular type of sawtooth waveform i s  used for 
a horizontallv sweDt timebase. An om~lifier intended for . . 
use as a vertical deflection amplifier i s  required to in- 
?ease !he ,mpiitu6~-snme:lmes rc mu:oruua w~pljliilji~s- 
of almost any type of wavefm. Since the requirements of 
the verticol deflection amplifier are generally more strin- 
gent than those of the horizontal deflection mplifier, in- 
sotor a s  gain, bandvndth, and irequency response are con- 
cerned, ine foilowing discussion will be particd!ar!y oppli- 
cable to the amplifier intended for vertical deflection. 

The most complex waveform which may be required to 
be molified i s  a ~erfect  sauare wave. Such a wave con- 
tains a fundamental frequenq and an infinite number of 
odd harmonics. It hos zero rise and decay times, and o per- 
fectly flat top and bottom. The voltage changes from a 
maximum positive value to a mdmum negalive value in- 
stantaneously. In order to amplify a waveform containing 
an infinite number of harmonics, without distortion, an 
~mp5fiei hoi-;zg cn in!i:ite S z d ~ i d t h  wnu!? he mquired. 
Such a wweform and such on amplifier do not exist, fc: the 
following reasons: Any change in valtoge, no matter how 
abrupt, requires a certain amount of time to occur. The pie- 
sence of shunt capacitance, which in some amount i s  d -  
ways present in a circuit, causes the rate of change of 
voltage to be further reduced This results from the fact 
:hat the ~ l t a q e  across a cawcitor cannot chonqe inston- 
tmeously. In addition, every amplifier, no matter how 
careful the desisn, introduces some deuree of distortion, . . 
which deterlorates the (perfect) square wave. 

In actualitv, the smare wove aoolied to a vertical . . . . 
amplifier contains several hundred (iather than an infinite 
number) odd harmonics. The ~llustrotian below shows :he 
outpit waveforms from mplifiers in which the high-freq- 
upncy response wos purposely restricted. The input to  
!ne mplifiers, in eoct, case, was ; "-e.'ec:" . -- .+%e w~i'e. 

A. IOIIARYOWICS B. 100 HARMONICS C.GREATER T H A N  
500 IIlRYONlCS 

Output Square Wover Horing Restricted Odd-Harmonic 
Content 
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frequencies a s  high a s  the one-hundredth harmonic of the 
fundamental, while in C the output contained over five- 
hundred harmonics. In order to reproduce a square wave 
with reasonable fidelity the vertical deflection amplifier 
sbu ld  hove a bandwidih sufficiently wide to pass~the 
tenth odd hmmonic of the fundamental frequency. Note 

o tmdwidth wide enough to  poss the fortieth odd harmonic 
(81 times the fundamentol) of the fundamentol frequency. 

A wovelorn having o very short time duration, such a s  
o timing pulse, requires a different method of calculating 
the minimum high-frequency response required of the de- 
f lmion  amplifier. The minimum i;pper l i r j t  of response 

:- - .--. ';.""I 1. *ha ",,l+. ~,lrn,i"n, " s  Lcq"Ls" 1 0  .,,r-rr-., r,"P .- .... r -  

follows: 

where: =required minimum upper limit of ampli- 
fier response, in megocycles 

d = pulse duration, in microseconds 

As an example. 3 1-microsecond rectanaular pulse re- . . . . 
quires a minimum frequency response which i s  un~form up 
to 1 meqacvcle. A l/Cmicrosecond rectanqular pulse re- - .  . . 
quires a minimum frequency response uniform up to 4 mega- 
cvcles. 

In addition to pulse duration, the high-frequency re- 
sponse requirements of the ,vertical deilezuon ampiifier 
also depend upon the rise time of the pulse to be mnpli- 
fled. The rise time i s  the time required for tb,e w!se tc in- 
crease from 10 percent to '30 percent of i ts  maximum mxpli- 
tude. The shorter the rise time required, the hgher the 
frequency response of the vertical deflection amplifier 
must be to reproduce t i e  waveform. 

Finally, in order to accurately reproduce the original 
wweform in the amplified output, the vertical deflection 
mplifier must have m &solute minimum of phase shift. 
That amount of phase shift which i s  present must be pro- 
porhonni to ine frequency of  the mmpoi,ent !;eque:cies af 
;he :- ..,p~t , wneform. As an example, suppose o canplex 
wweform which is composed of a fundamental sine wove 
plus its second h m o n i c  is appiied to the ierti;;! 2c!!en- 
ian axpii:ie:. S ~ p p s e ,  fsr;her, <IF. he z~p]i f ie i  &el,~is 
the iundomentoi by the intervai oi t ine eqaal tc orre-qumirr 
c;.c!e. !t order to :reserve the oriqinol wivefarm, it is 
necessary that the second hmmonlc be deiayed by an equal 
:::ex.;! 31 time, !c -cictan the !imp i~lntianshin between 
tne fundamental and the secozd hor~ori ; .  In i:?er to ab 
:in the some intervol of time delay, the second hurmonic 
-us! be delay& by onehalf cycle. A third hormon~c, 11 
present in the input waveiorm, m ! d  have to be delayed by 
three fourths of a cycle. By this means a linear phase 
shift i s  produced in which ine anquioi d q l r c  0: pktcie 
shift i s  directly proprtionol to  the frequency ratio of the 
harmonic to its fundamentol. 

Circui, Op...;;.n . 2 , c  ::hczacc chc,+.? be;.- i i1~-  
-+~r*e- I: typica! de:lei:ion mr;::::~: x e d  to ; :~~ucE .  
vertical deflection. This circuit i s  a basic type oi circu~t 
and i s  given only iiri the purpose of i :s:-~si~~. ?&:e d e  
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FROY HORIZONTAL 
DEFLECTlON 

AMPLIFIER 

C Z  

Typical Deflection Amplifier Used for Vertical Deflection 

+n 
o-- 

tailed discussion on actual circuits used os deflection 
mnplifiers will be found in the twoamplifier circuits to 
follow: Voltage Deflection Amplifier and Current Deilectim 
Amplifier. 

'Ihe circuit illustrated i s  actuolly o simple paraphose 
amplifier, which i s  used to produce two output vdtages. 
equal in amplitude and opposite in phase (polarity). Since 
53 volts per inch is o common deflection sensitivity for 
cathode-ray tubes, and since the gain of the stage ('$1) 
i s  less than one, the amplitude of the input signal to this 
stage should be on the order of 50volts. The input siqnol is 
applied through coupling capacitor C l  to the grid of the 
deflection amplifier tube, Vl. The grid i s  returned to cath- 
ode through grid resistor Rl. Plate voltage i s  opplied 
through plate load resistor R4, and the cathode is biased by 
m m s  of RZ, which i s  bypassed bv C2. The values of R3 

- - 
REFERENCE 

VOLTAGE 

VI 
v2 

- 

. ~ 

and R4 are equal, md the same current passing through 
them will produce signals which ore equal in amplitude 
but opposite in phase (polarity) at the plate md  cothode. 
These two outputs, which provide push-pull deflection. . . 
are coupled, through C3 aid C4, respectively, to the 
vertical deflection plates of cothode-ray tube V2. Equal 
deflection above and below o zero-voltage base line i s  
provided by a centering control network consisting of duo1 
control R5/R6, and resistors R7 and R8, which are by- 
passed by C5 and C6, respectively. Capacitors C5 and 
C6 insure thot any electrons striklng the deflection plates 
will be removed, to prevent o negative charge from build- 
ing up. If a positive pulse of short time mnstmt i s  opplied 
at the input to the circuit, to C l ,  the output at the plate ot 

-- - 

Vl will be on inverted, or negative pulse, which i s  shown 
ot the top plote of cothode-ray tube V2 as o pulse below 
the reierence voltoge. The wtput ot the cathode of V1 
will be an upright, or positive pulse, which i s  shown at the 
lower plate of V2 os a pulse obove the reference voltage. 

7 

RI -I 

FAILURE ANALYSIS. 
No Output. If a signal having an amplitude within the 

input limits of the deflection amplifier is applied to the in- 
put terminals, a detective tube i s  the most probable cause 
of a noautput condition. An open coupling capacitor Cl,  
o shorted grid resistor Rl,  m open cathode resistor R2 or 
R3, or an open plate resistor R4 would dso be responsible 
lor no output, a s  would also 0 power supply failure. 

Reduced or Unstabla Output. In the typical circuit 
illustrated, the Iailure of a component i s  more likely to 
c a s e  a reduced, distorted, or unstable output, rather thm 
no output whatsoever. A leaky coupling capacitor C1 or 

I 

. .~~ 
n change in value of my resistor would contribute to o re- 
duced or unstable output. If cathode resistor R2 or R3 
changed in value, the outputs from the plate and cathode 
would be shifted from the desiqned center (which moy 

CZ;; 

or may not be at ground potential, depending uwn the de- 
sisned application), md the output would be shifted with 

R Z  

A 

~ ~ 

respect to the zero reference. If shifted too for, peak dis- 
tonion may result. A similar condition would occur if r e  
slstor H5, R6, R7, or RE became either open-circuited or 
changed in volue, or lf capocltor C3, C4, C5, or C6 became 
leaky. If  capacitor C3 or C4 become open-arcuited or if 
capacitor C5 or C6 became shoited, one half of the normal 

- 
0--_REFERENCE 
- VOLTAGE 

R 3  

Ebb 

1, - t f - 
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times the fundomental. Therefore, the overnll  bndposs 
required of the vertical amplifier has an extremely wide 
range. High-frequency compensation is usuclly included 
in the circuit, in order to extend the high-frequency response 
to the limits required. The gain i s  usuolly adJustab1e hy 
means of both "cmrse" and "fine" connols. The 
coarse adlustment, when provided, usually consists of 
a se t  of resistonce-capacitance networks designed to 
hove various degrees of attenuation. The networks of 
resistors and capacitors ore used to maintain the ottenuo- 
lion of any one network constant over o wide range of i r e  
quencies. The fine adjustment of vertical gain is usually 
a potentiometer, located in the grid circuit of some stoqe of 
ompiification other than the first. Here, it i s  isolated from 
the critical constants of the attenuation networks (which 
are located in the first staae). and does not varv the inout . 
impedance presented by the Circuit to the signai source. 

In small and inexoensive vertical deflection am~lifiers. . ~. 
a single output t u k  is sometimes used. The output signal 
i s  coupled directly from the plate of this tube to one 
deflection plate of the CRT, whlle the other deflection 
plate i s  graunded. Thls i s  an unbalanced output, and has 
the following disadvantage: Each tlme the ungrounded 
deflection plate goes positive, on a peak of signal voltage, 
the weroqe potential of the two vertical deflection plates 
rises to a considerable value above that of the second 
anode. This causes the electrons in the beam to be acceler- 
ated to a higher velocity than that imparted to them by the 
second anode potential. As a result, the trace brishtens on 
positive peaks of the signal, and the beam i s  not deflected 
a s  much by a qiven increment of sianal voltaae because of 
h e  higheivei&ity. Negotive peaks hove an bpposite 
effect, in that they reduce the average potential of the 
deflection plotes, decelerating the beom to a lower 
velocity. As o result, the troce i s  reduced in biilliance on 
the negative peaks, and the sensitivity is incrmsed 
becouse the b e m  i s  deflected more thm it should be by o 
qivm increment of signal voltage. These effects may be 
eliminated by the use of a balanced, or push-pull, type of 
output circuit. 

WO.OW.~OZ AMPLIFIERS 

In both vertical and ilorizantol deflection amplifiers 
of better design, tolanced or push-pull deflection is always 
used. In this type of circuit, siqnols that are tquol in 
amplitude and opposite in polarity are applied to both 
deflection plates, neither of which is qrounded. The 
positive side o! the high-voltage power supply, which i s  
connected to the occeleroting anode of the cothode-ray 
tube, is grounded. These connections produce a minimum 
difference of potential between the accelerating anode and 
the deflection plates. As a result, two advantages ore 
realized: First, the effect of the accelerating anode 
potential in distorting the deflection field is minimized, 
because of the fact that os one deflection plate is charged 
to a potential which i s  Dositive with respect to the acceler- 
ating anode (whlch is at ground potential), the opposite 
deflection plate is simuitoneouslv charaed to a actential 
which is on equal amount negative 'with respect to the 
occeleroting anode. Under these conditions, a line of 
equal potentiol midway between the two ctarged plates is 
mointained at the same potential (ground) a s  thot of the 
crceleroting anode. This results in a minimum of beam 
delocusing and pottern distoition. The second advantage of 
the positive-grounded connection of the high-voltage power 
supply i s  that no high-voltage insulation is required 
between the accelerating anode and the deflection plates 
and their associated circuitry. In this respect the problems 
common to hiqh-voltage circuitry, such a s  corona and high- 
voltage breakdown, are ellminoted from the region of the 
cathode-ray t u k  which includes the neck, the ilored 
portion, and the face (screen), as well a s  from the output 
circuits of the deflection amplifiers which. feed the signols 
to the deflection plates. The high (negative) voltage i s  
contained within a small portion of the tube neck a t  the base, 
wherein are located the filament and cathode, and the 
first anode. 

Circuit Operotten. The schematics shown below il- 
lustrate two common types of deflection amplifiers used 
for electrostatic deflection. The first shows a phase 
inverter used to obtain two output voltages, equal in 
amplitude and opposite in polarity, from a single-ended 
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Typical Pharc Inverter Used or  Voltogo Deflection 
Amplifier 

input signal. in this circuit, the input signai, which i s  
shown a s  a positive pulse, i s  applied through a coupling 
capacitor, C1, to the grid of a triode amplifier, V1. The 
grid is returned to qround through grid resistor RI. The 
amplified output, which i s  a negative pulse due to phase 
inversion in the tube, i s  taken from the plate and opplied, 
through coupling capacitor C3, to one of the vertical 
deflection plates of the cothcde-ray t u k ,  \n. The plate 
vcltoqe is applied though plate l a ?  resistor R3 md 
;otentlometer R4. The negative output puke  at the p!cte 
of VI olso appears ocross R3 and R4, which oct os o 
voltoqe dividei. A reduced value of me negative output 
pulse is token from o top on the voltoqe divider by m a n s  
of potentlometer 8 4  and opplled, throuq'n coupling 
ccpacitor C2 ond resistor R6, to the q ~ d  o! the phase 
~nverter tube, V2. Res~s tar  R2 serves os the grid return :or 
rnls rube. Tne output ot the plate of Vi i s  a positive puise, 
the amplitude of which i s  exactly equal to (o l lho~gh of 
nppnsite pn!ari!y! !he cmp!i!,~de n! th? nutnu! n! V!, 
prov1d.d that potentiometer R4 i s  properly adjusted to 
iurnlsh the correct volue of siqnoi input voltoqe to the 
?::d of V2. ??us positive puise output of V 2  i s  coupl?d. 
!h:3qh C4, t c  the ot?er verticc! de!!ecUon p!oY st the 
coinme-ray IUE, " 3 .  in tnis moaner, equoi and oppaslce 

signois ore opplied to the two deflection piotes, Lo provlde 
a t a l o n e d  deflection. 

A shift circuit i s  usually included a s  part of a deflection 
amplifier for electrostatic deflection, by means of which 
the electron h m  of the cathode-ray tube moy te p o s i t i o ~ d  
in the exact center of the screen, or may Se moved to any 
desired initial position under conditions of no input signal. 
Altholiqh the shift circuit i s  not, in a strict interpretation, 
actwlly part n! the deflect!on amp!!!!er ( k a u s e  the 
cmp!!f:er turnlshes i ts  output a t  the point o! coupilng 1c 
tne CH'T - a t  coupling copocltas C3 ond Ci l  m tbe previous 
schemnlc:, !! !s csuaiiy shown along with the wpil t ler  
circuitry in order to show the complete l a d  circuit. I n  
the illusmotion shown, the shitt clrcult i s  composed ot 
equol resistors P? and RE, isolation resistor Ria,  and 
~c lent ioae ter  R9. The tnttom deflection plate c! c a t k d e -  
ray tube V3 i s  fixed a t  a potenlioi holf-way between + 2% 
volts m,d qound, by the voltage-divider action of resistors 
R7 nnd RR. When the ndjtiatnhle nrm of p?tentiometer Rq 
i s  s e t  exoctly holf-way between the two ends of i ts  resist- 
ance, the voltage of this point - which i s  furnished through 
lsoiorion reslstor RIG to the top deflection plate -wil l  k 
exactly -La! t c  the vcitnge a t  tne pnct!nn o! 37 and 38. 
nencr, me i ~ x r d  6-c voiwgra opp;lrd tu h e  iup urid ;muurn, 
deiiectlon piotes wili be equal, ond the electron team a i l i  
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be positioned midway tetween them. By adjusting the 
movable arm of potentiometer R9 away from its center 
position, the top plate of the CRT may te made positive or 
negative with respect to the bttom plate, thereby 
positioning the team above or below the center position 
on the sneen. 

The second type of deflection amplifier used for 
electrostatic deflection i s  the paraphase amplifier, 
shown in the following illustration. In this type of 
circuit a balanced output is obtained from a single-ended 
input signal by means of common coupling in the a thode 
circuit of b t h  tubes, which accounts for the circuit being 
known a s  a cathode-coupled panphase amplifier. The 
input signal, again shown a s  a positive pulse, i s  applied 
through coupling capacitor C l  to the grid of triode amplifier 
V1, with the grid returned to ground through grid resistor 
R1. Cathode bias is obtained by means of cathode resistor 
R2, which is common to hoth V1 and V2. Since R2 is un- 
bypassed, the input signal at the grid of V1 also 
appears at the cathode, while the inverted signal appears 
at the plate a s  one output of the circuit. The signal a t  the 
cathode of Vi is applied, through dlrect connection, to 
the cathode of V2. The grid of V2 i s  connected to a 
balance potentiometer ~ h i c h  o c b  a s  a voltage divider 
between Ebb and p u n d ,  to furnish the proper bias so that 
the output signal of V2 can be adjusted to equal thot of 

V1. The positive pulse at the cathode of V2 will increase 
the bias, decrease the plate current, and produce a positive 
output at the plote of V2. The output signal at the plate of 
V2 i s  reversed in polarity from the input signal, a s  in any 
ordinary vacuum-tube amplifier. But, because the input to 
V2 i s  the signal voltage developed a n o s s  cathode resistor 
R2, and tecause this signal is applied to the cathode of 
VZ which has its grid returned to ground through R5 md i s  
thereby a t  ground potential insofar a s  the signal is con- 
cerned, the output signal at the plate of V2 has the same 
polarity a s  the input signal at the cathode of V2 or the 
input signal a t  the grid of Vl. In this way, the output 
signals from the plates of V1 and V2, which are applied ta 
the deflection plates of the CRT, are equal in amplitude 
but opposite in polarity [phase). Resistors R5, R6, and R8 
and potentiometer R7 comprise o shift circuit which allows 
the electron team to be positioned on the screen of 
the cathode-ray tube a s  desired, in the same manner as 
described in the precedinq typical phase inverter circuit 

The circuit operation and the schematics given above 
hove, for simplicity, omitted the additional compensation 
networks which ore often included in scecific a~olications. 
In order thot deflection amplifiers do nit restricl'the 
bondwidth of the input siqnal, they must have wide 
frequency response, low distortion, 2nd time delay propor- 
tional to frequency, similar to the chorocterlstics of video 
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amplifiers. Compensation circuits sirnilor to those discussed 
ur.der :he parographs on Video Arnpiiiler LLICUL~S are used 
in deflection amplifiers, depending upon the amplifier 
design and intended opplicotion 

FAILURE ANALYSIS. 
No Output. Assliming that u s i p d  n! prnper nmpii- . . tude iond mlorjtv 11 toe deflection om;;!ifi,-I i s  s w i ; S d l i  . . 

designed hr sing!evolarit)l pulse operotion! i s  npplle? tc 
the input trrminds, o defective tube should iltst be 
st-spected os the cause of a no-u~ut  mndition. 4r apen 
in=L: z,,?!jn,, :., .',or -: 2 :,+::r:sc --I: 7::.s.,:, ! -- . ~ 

r; spe5 5;i .. !... .. ;..L .c;~,,.". . .  -:> r - - , - ~ r T ~  . 
ow!ifier c i in i t  diaqrm!), or a failure ci tb.e .ewer sl;poii. 
%-., 4 , " A : , , : > , :  -11, ~ k- : L > .  < . ~  ~~ ~ . . ~ ~ .  _. .* "... ...,.- ,,,, .?,. iu:lll? X!: . : ; yc  
plate resistor on the input side of  the circuit ( R 3  in h e  
iliustrationsl wouid also remit in no out~ut .  Conwnents 
zec;l:~ :- a BJPLI:C : . : c~ , :  =sY 1191 ' ~ P  ~ q : ~ o  .~ ri -i-r.:* 

!$;!L:C. A ?  ,s; e:.:,:: >pir> :&::Lr.; :s cbc zecozz 
ration on a rvpi:.oi norwhost. cmc!i!ier, i! ?!ze :es:;:c: 
R4 hecome shorted. the high value of plate current that 
would flow throuan V i  wpula of course (!ow ttiioush the 
common cathcde iesistor, R2. As a result, both cathodes 
woilld be at a nigh positive potential. The mid oi YI 
wau!d Cierefore h highly negative with respecr ro its 
carhoae, and mlqht possiD!y be biased k jon l '  a t  off. 
No signol output would thereby ke obtamed. 

Reduced or Unstobl. Output. in both of t ia rypical 
circults iliustrated, a number of conditicms could coiitrihite 
to a reduced. distorted, or unafnh!~ cam!. 3.5 !r!!::e of 
,5-:-.!-phase ~ ~ ~ i : ! : ~ :  vuh :i2, i.s piite i e s i s t a ,  j i  ,IS 

output coupling capzcitar, .f open, rrouid be responslbie 
{or i;r OUL;LI 3f cpprcximateiy one-ha:: V,e noirnni anplltuae. 
An open output coup1w.q capacitor from the plate o! Vi 
would a!so rrsu!t  i;- c >  qutpu! s i z !  3f me-kc!! no:r;;i 
mplirudr. .4 chmrgr ir. :he z i ~ ;  sf i-put , 3 ~ : ' .  ss.sto: -. z ;  wiiiii c:lafije the iniiutin~prdance to ine stage: i n n  
might affect the amplitude aqd possibly the waveform of the 
input signol. An open-circuitd wsitloning potentiometer 
c: it- ^4;=:~1;?. rsj:i:.z~ (ES, F,10 ;;, iypico! jilose inverter 
circxit: '37, P8 i~ :yp:cci prcpkjase c.. >.;tier circa:: 
v+ou:d preveni ihe posiuonirrq cf ihe wnue!am 3is>:z, irzr 
,ha e,mao" *' ,L" ,-0- :- .La ----I  .~ - . . ... . . ,  .,. . ,. . . ... ..,- ..i..r.." ,i.w.,.r.. ni, up*, 

!esis!or in !he wksqe divide: cor~nectd oi~r;s.j ttie - .  
+a~. .~ . . . r ,~  pu:en~~merer t f i i  ~r r i m  ~ r ,  Iff= ~ y p ~ c a i  ~ n z v  
, n . . * . . c . - . r . , .  , , < ~ . , , ,  ~, . i, , . , ., ..,, . ,,..nr, ,,,-- , , ~~ ~.. . . 
<;,,;;,,;;*i :>cc"8[, w<>,>,,: : # % ,  .,= .aq-r--z>. P .nr .-a ~.. . . .. ,.,, iiii ,~,i ilSr (r . ; , . .nn, .^  "^.^^..--^.r- .- ~. .. ~- - .  * .  . ~~ .~ 
cos!r?s- me W.:.VP!::- 1_~si:-i ,2: the C:?T %:~eec. 

CURREKT 2 E F i E C T I O l i  WPLiFiEk i k O Z  ELECTRO- 
C i G w r T i i  ;=TI 

APP: ;CATiOX 
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, ,ST, . . ~ .  . 
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to be horizontal deflection tolls of the deflection yoke used 
wi* ,;- eiectrom~qneticde!!ection CRT. 

CHARACTERISTICS. 
Horizonrai il.ii.ctlon Ampllfl.r. Input impedrmce 

.s high; Inding ni tne :receding horizontal generator 
c i r ~ i t  is G-8~,e"i, pncver~i&. 

input copacltmce i s  low; cttenuation of high !re- 
q~encies  1s hereby prevented. 

Hiqh-frequency response is very good: must be so 
tn wold r , e  m s s ~ b ~ i l t v  o! distortin? the trapzoida! 
..:,,. " -  . .=-.- ~ ~ > ..,! ~. ~ , .  ... . :.:s w:r:-, 1: 2<<:rc4 tn 3?-?9ce 0 

. ~ . . ~  . ,. . < . .  .... u u q :  1 ; r. :::;L>II' 

tei!ecum ~31:s. 
, ,,, ;.-~ . ~ ~ . .  . . . . .. ... . . .. . , --+ 2L .s +<, LLL : .<a 1.vauae 

2ero frequency. 
?~r? .s :? .h  " + ; ~ Z , ~ C  in n?nbcotion +sip. ra)i rover 

, , ,, . .. , . .  Y , u  :.L: ITI~PS -e ;51;kc, m! 1% r1mn;e's sscal!y 
:nore i:n:rea EcaYse me spesitic opplicotion normally 
requires oniy a iew tlxm sweep trequencies. 

Output impedance is relatively low, and must h 
mntched to t ie  load (deflecting coil) for maximum transfer 
of current with ml~imum waveform distortion. This 
requirement acts to restrict the h d w i d h .  

k i n  depends on opplicatim design: t!e c;li;ent 
galn (power gain) is usuolly high, but the voltage gain 
may h low --even less than one. 

Bulmced output, furnished b.i a push-pull type 
c~rcuit, i s  desirable, in order to obtain a uniform deflectim 
~ ~ - 5 :  ::=,u. H~wrvc;, Lye principai appilcatians of the eiectr* 

magnetic deflection type of cathode-ray tube, namely, 
iodci and television. do not require the precise duplico!!~ 
ci the input wovelorn that i s  essential in the prhcipo! 
nppIicati3r.s 3! me electrostatic deflection CRT, nmnely, 
wweforrr malys:s and complex wave amplitude measurement. 

V.nicoi 2.,t.ctlon Ampllfl.r. input impedance !s 
-oma!!j. cat-zmely high, in order to prevent any wave- 
form dstor!i~n $2. !c id!m effects on the circuit supply- 
ing the inpur sigr,~,. tiowever, since any part~culm 
aoplimtlon at rm electnmognetic deflection type of . . ~ ~ 

:a*ose-roy c u k  noimaiiv operates with a permanently 
connected input circlll!. !he input impedance of the 
zmplitiei muy be of a fairly !ow value, which must be 
notch& :o :he source inoedmce of lhe l n ? ~ ~ ?  s l n r l  

Lrsut c q a c i t m c ~  i s  low. In nrrl~r f~ nre~m.! :he 
u.in,r,lir,,ii -: ill.+, i ,w!~mrles  

I , .  : , ,pY:. L _ T ~ ~ ~ : L Y  rrs,mse is vey PC: ~ u s t  be sc. !> 
;;&, ;, , c + ~ , . -  :u exurme!y cnar: 1n;ul &!ses witt- 
oul iniioducing appreciabie Ume delay. 

Iu- i ieq~er , ; ,  resmnse is -6 cut ( 1 4 s  nnf inr!nn- 

zera irequencv. 
-..... %,, .'~--""- 0-  -. .,--.,-~ ' . . . . . . .  5 .  ..I,. -L"Si i 

.. "" .. . . .  ,.~,< % F S  t G  ,:It: S C .  h,t ti)" r<,E:T? "my w mere 
hmi ! c i  arin ; r . ! :  ,t,p !eadv? e 6 ~ e  m i  !he !enqth r,f z 
: , 5 .  a:,; ;wc he siiapr. ,>i rhc tn? of t b  rr:rr. 

!$. ?. .,..?* %:, :, 22 '-, 2&e *$P!?# q,?ljcaaons 
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Gain depends an application design: the current gain 
(power gain) i s  high, but the voltage gain r.oy be low. 

h l m c e d  (p;.sb.-pull) output is desirable, both from the 
standpoint of the high power outpt ,with minimum dlstor- 
tion required for magnetic deflection, and the need for on 
absolute minimum of beom defocusing k e n  pinpoint radar 
target , :esentation i s  tequlr€d. 

CIRCUIT ANALYSIS. 
General. The deflection of h e  electron beam in cln 

electromognetic deflection type of cathoderay tube is pro- 
portional to the strength of the magnetic field set up with- 
in the tube, which is in turn ptoportlonal to the value of 
current passing through the deflectior. coil. Since it i s  de- 
sirable to deflect the electron b- linearly, the mrrent 
through the coil must increase linearly wit3 time. When 
the end of the sweep i s  reached, the electron beam must be 
returned to i ts starting polnt quickly. The current wove 
required for electromognetic deflection must therefore be of 
sowtooth shape if the resultrnt sweep is to be linear. It 
should be observed that it i s  the current wave which must 
be of sawtooth shope for on electromognetic tube, not the 
-ltope wove os in on electrostatic tube. 

The deflection coils, through which the deflection am- 
plifier output mrrent flaws, consist of wire wound oround 
either a nonmagnetic core or an iron care. The wire used 
in the coil has, in addition to the desired inductance, some 
nrnwnt oi resistonce. As a result, the sowtooth current 
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both resistance ond inductance. Such a combined wove- 
form hos the shope of a trapezoidal waveform of voltoge. 
' h i s ,  then, i s  the woveform which must be amplified by the 
current deflection ompilfier. 

Circuit Operotion. The schematic shown below illus- 
trates o simplified typical deflect~an mnplifier for produc- 
ing o horizontoi time base using magnetic deflection. ' h e  
input signal, which i s  o trapezoidal waveform of voltage a s  
show, in the illustration, is cppiiw' through coupling ca- 
pacitor C1 to the grid of pentode mnplifier Vl. The ampli- 
fier i s  operoted os o Closs A stage, with fixed bias applied 
from a negative power source. Sufficient negative bias i s  
applied to the grid, through qrid resistor R1, to prevent the 
grid from going pos~tive w~th maximum signal input. The 
amplifier tube, V1, i s  o pentode or a beam power type, in 
order to obtain the power mnplificotion that is required to 
furnish sufficient current to the deflection coil. This coil 
moy require between 50 rnd 1W milliamperes of current for 
maximum bean deflection. The output of V1 i s  applied to 
the deflection coil, which in the illustration i s  represented 
by m inductance, L1, with o resistance, R2, in series 
with it, shown a s  a dotted resistance because it i s  octually 
a port of Ll.  The output voltage waveform at the plate of 
Vl i s  trapezoidal; when this woveform i s  applied to the 
series R-L circuit (deflection coil), the voltoge waveform 
appearing across the resistonce i s  resolved to a sawtooth 
shope, while that appearing onoss  the inductonce i s  re- 
solved to o scluoie-wove shope. The square wave of volt- ~.~~ - 

must flo u through the equivalent of a series resistive-in- age across the inductance causes a sawtooth wave of 
ductive IR-L) cirmit. Since a square wave of voltaqe will current throuah it, which is the required waveform for pro- . . - .  
produce a sowtooth wave of current in a pure inductance, ducing o horizontal time base deflection on the screen of 
while a sawtooth wave of voltage will produce o sawtooth the cothode-ray tube. The development of the sawtooth 
wove of current in a pure fesistmce, the cornbinotion of a current waveform from the trapezoidal voltage input wave- 
square wave and o sawtooth wove of voltage i s  required to form is shorn in the following illustrotion. The trapezoid- 
produce a sawtooth wave of current in o circuit containing a1 voltoge input waveform to the grid of mnplifier V1 i s  

- ESC + - Ebb + 

ORIGINAL 

Typical Current ( E l c c t r o n ~ ~ n e t i c )  Deflection Amplifier 



E L E C T R O N I C  CIRCUITS WO.WO. 102 AMPLIFIERS 

I - t t 
- Ebb + 

Development of h r t o o t h  Current Waveform in Deflection 
Coi l  from the Trapezoidal Voltage Woveform Input to 

Amplifier 

s h o w  01 a; aittermtiated voitoge which oppeais across 
the lnductonce i s  shown at b; the integrated voitoge which 
w p e o s  acmss the resistance (of the mil )  i s  shown at c: 
:'~e &;rent :tarouyh t t ~ s  2e:iscti;n &I. kh;ct, IS i:,s ion,- 
*site r e d t  of wmeforn,~ b plus L, is shr*m 3; 6. 

L stcan< iirruit for proiuiing a honzafiia; Time m i t  
for rnaqrieuc defletlon i s  shown i n  lhe illustiation beiow. - . . 
Jnr 1zix.r siqnal ro rnis wpiinrr 1s a s~%me i i l ve ,  iiisimj 

of the trapezoidal wove required in the previous clrcuit. 
' h i s  sirpoi 1s applied, Lirou$n coupilc? .;.aporitor C i ,  I- 
the grid of a p ~ t o d e  or b, pwer  m,;.pll!ier, Vl. iRc 
grid i s  returned to ground through resistor R1. The posi- 
tive voltase applied to the m t h d e  of V1, from the plate 
supply by means of the voltng4ivider nctior, of resistor 
F13 and cathode resistor 82, mobtoins Vl biosed to atoff 
in :he nbser.ce ~f x, ;in?": s i s a l .  Ms, :he first psi: iui  
puist. oi the irlput s q u u ~  wuvr  rruchrs liir :>rid:  hr iubr ..., . . ~ \  . ., m ~ . ~  ,,. . ~ . ~  . . ,, b",.""-,d .,L" .*,,, ~ . , L  .L .,..,,.., .>.~L ,.,, ~*",,~,,, 
,L .-., "!. 2 ', -:, , " - - A  : - A  T 1 .:-..- .... Y.9u ~ e . ~ e . ~ . ~ , ,  iYii li .I.YYLIYL i l l  iAjiYiini- 

Current (Elsctromo9n.tir) De f lec t iw  Amplifier Util izing 
Square-Wore lnpvt . , " .u+.uai: . A e  which .nrvid be iimi;& mly b,y i . 7~  

resistance of the circuit. Beiorethis limiting p i n t  i s  
reoched, however, conduction of the tube is suddmiy inter- 
rupted by the negative-ping end of the swore-wve input 
pulse. 51 this way, only a relatively linear portion of the 
exponentially rising waveiorm is utilized. When the conduc- 
tion of the tube i s  intempted ot the end oi the positive 
sqiiaw wove, ':I is slit off,  r , d  Lie L7irrent decays rapidly 
to zero. n i s  rapid decay i s  due tc a c h x g e  ir. the tine 
constant of the circuit between the rise and fall of the 
current. During the rise of a r r m t ,  the circuit time con- 
stant (which is given as inductance Avid& by resistance. 
or Lm) i s  long, tececouse of the lorge value of inductive r e  
actonce (due to the large inductance) M a  the ma i l  vdur 
of resistance in the circuit. The resistonce is composed of 
m t h d e  resistnr R? nnd the lnw value of plote resistance 
mi i h r l n r ]  rirp ri~rny "i rvnmt, thr  lime cnnsrrmt is 
mode shari, a s  a resuii oi k e  increase m k e  voiue oi pioie 
r e s~s tmce  wher v ?  stop:: condbct?fi?. *It;. LPP snortmwl 
tlme constant, the a n e n t  d q s  rop~diy. The addltionai 
vaiue oi inaucrm~ce in  tne sirsuit i u c  io ii,cucrar L L  In- 
creases the time constant, to produce o sicw h i ld i ip  of 
z r m t .  L?&-cr L1 rrcy ?e eiiec::.:eij. r-cver: i r m  :?c . . . . . ., i i r a i t ,  sf w o m q  oi-ross it, wnen t m e r  s e e p  aetiecuan 
rates ore required. 

The sudden decay in current flowina in the deflection 
coils, when the tube stops csn.?uct;nq, ro;;ses a comter 
e,m,f, to be ' : .L. -.:> . .L.-L .LA uLm ,n Lj ,c  * , , I ~ , ,  ~ ~ ~ ~ e i l :  

decry, :r, addition> *,= ~::rc,~,t r,c: be ~ : ~ ~ k + x z i t ? d  ;:i~ . . ns~!iinr!nn 'hy r b  ~ w i + i i  Pnnny in v n i w  ni nlrrrnr N -  
, . .  ., . . ,. , 

".",s' Y.S Y ~ I I . . ~ L I " I , 3  ,.YYUIIII Ai UUi,  - _ i J I  _.a"/ .ui.- 

. :... .L. ' . I , . .  .:.. ....- : - I , . .  :'.LA .:.- >. P, 
'L""C "'L" Y 1 C  LY""'L"g > W C C p ,  CapCCLUIIy 2 ,  L l l C  LllLUll  Y 

i s  high. This cmditioo may resclt in a nonlinwn start n! 
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the tulldup of current in the mil, and therefore a nmlin- 
ear sweep, a s  shown m the following illusmotion. 

INPUT 
VOLTAGE 

I I I I 
WAVEFORM 

I h 
OF 

A I 
ST4RT END 

OF 
SWEEP SWEEP 

Uadompd O~r i l la t ioar  in Def1.crion Coil Cvrmnt 

These oscillotlons may be eliminated, or damped cut, by 
lowering the Q of the circuit by m a s  of a resistor shunted 
across the mil. However, this wastes some of the deflec- 
tlon current; a more satisfactory method incorpomtes the 
use of a dmping diode shunted across the deflection coil, 
a s  shown in the illustration below. In this circuit diode V2 
acts  to damp out the oscillatims in the following manner: 
When the a n e n t  through V1 i s  innexsing (during the rise 
of the sawtooth, current wave shown in the illusmtion 
abave) to provide the sweep deflection, the voltcqe at the 

t 
Ebb 

Oefiectioa Amplifier Output Circuit With Jomping Diode 
Added 
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plate of Vl i s  lower than the plate supply voltoge by the 
amount of voltcqe drop in the deflectian coil and inductor. 
The cathode of damping diode V 2  i s  therefore more positive 
than i ts  plote, and the diode will not conduct. When the 
current through V1 fails to zero (at the end of the sowtooth 
current wove illustrated), the voltoge at the plote tends to 
rise above the plate supply voltage due to the fact that the 
counter e.m.f. generated by the inductance odds to the plote 
supply voitoge. Whpn this condition i s  reached, damping 
diode V2 conducts, and any oscillations are dissipated in 
resistor R5. 

Balanced output (push-pull) circuits, when used, usuol- 
4y operate by means of a phase inverter circuit fed from o 
single-ended source, a s  described in the previous circuit 
on Voltage Deflection Amplifiers. In some coses in radar 
deflection circuitry, the two outputs obtained by means of 
a phase inverter are separately mplified by individual 
s ing leaded  deflection amplifiers, and then applied to the 
two seporate windings of a split-winding deflection yoke. 

FAILURE ANALYSIS. 
No Output. Assuming that o signal of proper mplitude 

and waveform (square wove or trapeznidal wave, depending 
on circuit design) i s  opplied to the input terminals, ode-  
fective tube would be the most likely c a s e  of a no-output 
condition. If the tube i s  found mpable of operation, m 
open inplt coupling capacitor C1 or open grid resistor R1, 
or open cothode or screm resistors, if used, may be the 
cause of no output. Since a currentdeflection amplifier i s  
characterized by a relatively high value of platecvrrent 
flow, a common source of trouble i s  an open deflection coil. 
If the coil i s  opensircuited, and the circuit i s  similar to 
those previously shown under Circuit Operation, the appli- 
cation of screen voltoge to the tube with no plate voltoge 
present may result in a burned out tube or poor emission, 
bemuse of excessive screen mnent. ' Ihe same condition 
may prevail if the deflection mil i s  remotely located from 
the mplifier, and the interconnffting mble i s  inadvertent- 
ly disconneed during operation. No outplt may also be 
due to failure of the plate voltage  supply^ 

Reduced or Unstable Output. A chonge in value of al- 
most any of the circuit components, due to age or portial 
failure, may contribute to o reduced output. If the mpaci- 
tmce  of input coupling capacitor C1 changed or the resis- 
tance of grid resistor R l  changed, the output would be 
affected. If the cothode b w s s  capacitor (if one i s  used) 
becwe  either open or shorted, the bias would be changed, 
resulting in either decreased wtput due to degeneration 
(if open) or distortion due to no bios (if shorted). If the 
circuit incorporates fixed cothode bias obtained through a 
voltage divider from the E b b  line, an open resistor on the 
E b b  side of the cathode (R3 in the second circuit iliustra- 
led) would intempt the fixed bios, and the circuit would 
operate with self-bias, which may produce distortion under 
high signal input conditions. A decrease in the voltage of 
the plote supply, due to foulty operatian, would also be 
responsible for a reduced output. 

ORIGINAL 
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FEEDBACK AMPLIFIERS. 

Feedback mpl l i l e r s  ore dlvlded Into two baslc types, 
those employing p s l t ~ v e  ieedaack, ;no those employmg 
negative feedback. Posltlve !eedback consists oi  !eedlng 
bock o pit !an o! the slgna! 1n-Fn3i-s ~ l t h  the l n p t  i o t q o t  
the ovemll output IS increased because UI the fee i ib~c< .  :I 
left uncontrolled the addltlonai output, i n  turn, supplies a 
prcportionoteiv 1314er ; n w t  ~ r d  :hc cv i i s l i  outsi: is f w h e r  ~. . . .  
~ncreased .  Tnis  cumuiotive effect of bullilng up h e  slgnal 
orn2l l t~de is rcr:ci regeneration. :;am 6-,e ;;:put O! an 3z- 

pliller 1s lcd h c k  :nra t i c  :;gut :n ; :egcncra::ve zcnncr 
the llnoi resul! :s !3 C ~ U S E .  tb.e c!:cu:! !C cxc!l!:tt 3! Z O : : : ~  

6 r w ; ~ n - ; .  ,ar n v m i  7 5 ~ 7 1 1  ~ n - i  a; ';a?l.e-r.o- 

i h u s  Ule r-1 asclllator 1s 3Us1~311y 0 regenerotwe :eedbacn 
~ x p l l l ~ r ,  # t ~ c t ,  e v e n t ~ o l ~ ~  S ~ J ~ L I I L C ~  0 :  >;,..C ,,,JXJA.L;:. L.I- 
pi:tude. J e c r r c . 1 ~  sw2k:nq. 7b.e >st cl  p-zltj.,e ieednacn :s 

ot lower irequencles (wlthln the o u d ~  r ~ n g e )  tc supply hlgi. 
gem over o single stoge of amplificot;on, .rihlch is controlled 
b y  oddltionoi stoges w t n  negatlve leecbacn. 

;$her: tne leedback is ::.-ic 162 degrees o~t+l-;hase 
,:,:m the :r?t s~gr .01 r; !not :! rec~ce; :he cuerz.. CL!F.~! -1 
the ampiiiiei, i t  is considered to re degcnmrotive on6 is 
Known os negatlve or inverse l e e d h c k .  .Although t i e  np- 
plicatlan of negative feedback reduces !he goin of tne am- 

L A  pllfler below thot which would normally k ab ta~ned  w ~ t h a u t  
leedback, 11 provides many desirable fwtuies .  In  qenerai, 

:"A\ 

!t I:PTC':PS !he be2v?or o! !3e s~\,s!ez, 2:s : ~ C I ~ C E ~ E  !fie 

\ bondwlth. It icpraues the I~nearl ty  of the system, an? can- 
;*4uer,tlr -.~; +,"">,-e> .~~ ,- > ~ . ~  .,.. ,r.!tcr:,d";~t:,,:. cr,d k,";!-,,~:~,~d ;,>- 

rortion. A! the same nme, ~ h e  i n v ~ t  ~ m p i d o c i e  is ;ni i iused 
ond the output lrrpedunce is decreased. 4ny nolse gener- 
a ted althln tne ampllfler system ltseli is reduced, bot it nas 
,... '."..., ... " ...... ."i.,,,r?;~,> "A,.",' ...., 5e, 3 !:C1 'JI!: ;?, , ........ 
o! the output is led Lock to the input, any change i n  circuit 

,values is in eliect ouromoticoliy conpensated ior, s o  thot 
!he c!rcu?! go!" 1s S!O~!!?LP& The !A!!ow!c: :r?ph C ~ W S  

t'le %era!! 5eyuency :csccrse a;d ;a:r !;I ;: zne!;!;~; 
..... i^.., .... ' . i h _ - I  ^ " A  ^."_i.'. .... * -  ,L - 4 "  ......... u..r ,~c,uuL~,  ".a" u i i i r L A ~ e l  lrirli 3 uu ui lii,iirr 

f ~ e n b ~ k ,  on- ripe wit5 I C  inn! n-oqttvn f o ~ i h r i i  51- 

rhaugh the overoil onpll!icatlcr 1s d e c r e o ~ r i  by the feed- 
. , .  

uain, toe irer;drr.cy irspunst. I> ;:;;~ru~A, o l d  :; . ~ u l r  -, . ................ . ., ! ! . . M ~ .  ..,,-, .: ,: ,?.) t r t  :,:. :,;-, ,," .>,:: 1: . . .  ..,- -.- . . . . . . . . . . . . .  
, ,  , , 

. 1 , ,  , 
, , .:e.:.c :L., G:;" :..<:. : r c ~ & r , c . ~ ~  2:c LC :" >!,Ac -: .... -,;"A 
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oy reactance effects chonglng the !eedhck a t  these ire- 
quencles l ion nesative to pasltjve. The loss  of axpllil- 
catlon when feedback 1s used can be recovered by employ- 
ing additional s tages  of oipll!icat~an. In foct, wltn goad 
dcslgn i t  1s p;s:bie t s  u;c 3 single s t - y  c! p c s l w e  feed- 
bsck to prav:de the las t  gn;n, ..ul:i: the :cma:n:nj i r p l l i ~ e r  
s!ages us:ng !-ve:ce !eedmck. !:;!col pas!!lve onc Ergo- 
tlve i e e d h c k  clicu:ts ore discussed in  the fallowing pare- 
grcpis. 

POSITIVE FEEDBACK (DIRECT, REGENERATIVE) 
AMPLIFIER. 

CHARACTERISTICS. 
Uses self-bias, but Ilxed bias may ;!so be used I! des:red. - ~ i a v i d r s  me 3n;11!iio!1on ol t..o u: ttiree tcsc.5 in a 

: p r t l o n  c i  ?he output voituje is led buck (in-phi;se) 
,.,tt, the mpu: s.qfi0;. 

Distort~;.n is lnneosed  i n  sropartion to the anraunt of 
leedback. 

Feedbock noy be occompl:sned by ies is t lve,  ;nductive, 
or cu;ucltive methods. 

:i.3!!, I".. :. 3nly c r e  e!me c! ?cs!t!.!e leed30cY !$ e!?p!o',eil. 
Osc~llat!an moy =cur of entre:e!i low or extremely 

I.-' '."- .C-C:CL bCC:L;e m^C!2.rCL L!fcC!C_ .-.,.. 

CIRCUIT ANALYSIS. 
tenerml. &cause the electron tune u!:~plliler inverts the 

. , ,  
c,""", ,.. ,,".e c,rcel!, i! is rF..tjs,Jry -Ithci i ,,je a u.y.. "."." .uy.w. 

tronsloimer to rewrsc the phase, or to pass the signal 
tnraugii aromer stage to obtain posltive i e e d b a c ~ .  Tine In- 
put c~rcuit  rperctes  35 n mmer nnri ndder: with the cutput 
;:gncl b a n g  t ic su-. c! h e  Input slgna! and the *sitwe 
fee?L-;k vi!tige, x!:;;!;cd 5 y  thc :a:; c! L ~ C  stage. Ir 
r-i nrnpll!lpr- oererai nrortic? 1s to rrlunlr n pnrrmn nl th r  
plate output &:k to the input hrougi: an r-I trarslarmer, and 
,. .i t . - - L  c+,,.T* +h o. , , . -en,>  > - - -  h.-,--ll..". ," y.., , il" ...- .. ...- ". .......... -!....'.....I! t i , ~ , ! . L  '1-.'L.-I. " - -- .  L. . . . . . .  ..................... ,,, .L. u!!! ~ 7c,AL" .,,.., 2i.jLr L,,r -. 
La.+; ;i,! r : e ~ ~ t ~ - i i  is -iiqii ::I ic;t : ~ ~ l . ~ a : i : z ,  tke 
jL1AC";,; :,;r,c2: cix"i! J.c"y :r.t j-It:;L:l: 31ilL:t. 

rlenr ui pas~t ive  ieedouci. it r i ; i  serve, however, tu 1:- 

!ustrate m d  describe the baslc orinc~plet.  cnd nperot~an of 
- - -  - - . ' - , . k c .  -"- i P . . ~  l o . .  ." ...... b.-.*-.- ....................... ...-. . .  . . 
= I S  L: s~r . i l ,zr  CIIC;~:~ even thccz5 tP,e cl~c:;:: z:??.::: .. 
:cent~c01. 

c i r c u i t  Operation. A !y?.c3! c!-r?e !e0?4:0ci 1713""t~- a . 
.. ~ cnt .<I.; pxl t r , e  ieiSboc;. :,L iuercc:r.c 3ejtrs:;t.m 2r;- 
.!:?z? i.;. cR?;.2h;i=:! cc!'.d.?e zsls tcrs .::: !', ;+? .7-?:e 

q i L n  an;: r i s p n s e  12 anuwn in  1r.e ~uc;Yl,,pny.n; sit,en,otlc. 
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Ebb 

? 

Cathode Coupled Positive Feedbock Amplifier 

T h e  two-stage arnplif~er consis ts  of o triode reslstorce- 
coupled s t age  d r ~ , i ~ n g  a pentode transformerzoupled output 
s tage.  Capacitor C1 and resistor R1 form the RC Input clr- 
cul t  to triode V1. Cathode self-blos i s  provlded by cothode 
resistor R3, and the output i s  developed across  plote res is-  
tor 32. Copac~ to r  C2 and resistor H5 ore the RC ccupllng 
clrcuit for d r~v ing  pentode V2, with cathode blos supplled by 
R6. Both cathode resistors R3 and A6 ore unbypassed, 
whlch normally provldes degeneration. However, by can- 
necting the cathode of V2 to the cathode of V1 through feed- 
bock reslstor R4, the p z i t l v e  feedback voltage concels  
the degenerot~ve effects of cathode reslstor R3. Thus, the 
output 01 V1 1s ~ncreosed  by the ieedwck voltoge. Resis- 
tor R7 is the screen voltage dropp~ng reslstar for V2, bv- 
passed by C3. The  output of V2 i s  tronsfarmer coupied through 
T I  to a loudspeaker or to anotner amplifier stoge, a s  desired. 

Assume o sine-wove Input slgnol applied to C1 and is 
passed to the gild of Vl ,  appearing ocross R1. On the posl- 
t lve excursion o f  the slgnol, V1 gnd 1s d r ~ v e n  in a posltlve 
d~rect ion.  The lncrmslng piote current through plate res ls-  
tor R2 produces o negatlveqolng output voltage, whlch 1s 
coupled through C2 to drlve the gnd of pentode V2. The  
negative d r l v ~ n g  voltoge appeors across R5, and causes  the 
plate current of V2 to decrease. The changlng plate cJr- 
rent through the p r ~ n o r y  of output transforner T1 induces an 
output in the secondary. Screen voltage 1s obtained by drop- 
ping the supply voltage through R7, whlch is held ot ground 
potentlo1 for oudlo voltoge changes by screen bypass capac- 
itor C3, so  that the screen voltage renolns o constant d c  
and is unaffected by the slgnal varlatlons. C4hen the plate 
current of V2 decreases  wlth the negatlve d r ~ n n g  s ~ g n a l ,  
the cothode voltoge developed across  R6 1s negatlveqolng. 
A portlon of thls voltoge 1s coupled back through feedbock 
reslstor R4 to the cathode of V1. Thus us the increasing 

plote current of Vl causes  on lncrwslng iposltiveqoing) 
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cathode voltsge m o s s  3 3 ,  the ne.;save voltage frim \I2 
cathode cancels  it and FIeverTY the ~rp:! tign,=I h . x  ~ r c d c -  
ing o degenerative cathode voltage on V1. Thus insteod ~f 
the instontoneous b13S on '$1 Lncreoxinrj i t  1s neld .;t the 
s o n e  level, or even slightly decreased by the negctive feed- 
back voltoge from V2 cothode. When the feedback is -ode 
sulflclent to produce a sliqhtly d e c r e ~ r l c g  blos on V1, the 
output voltoge 1s ~ncreosed by t h ~ s  posltlve l t e iback .  The 
e f f e c t  i s  a s  tnough the g r ~ d  input ;:jnol :"ere increased. 

On the negatlveqalng portlan of the Input slgnal the op- 
poslte oct l ln  occurs. The negative sivlnglnq qrld valtoge 
couses '11 plate cwrent to decrease,  ond p r o h c e s  o smaller 
b ~ o s  across  cothode reslstcr R3. At the sone tune, the 
plote voltage o f  V1 becomes posltlveqolng and drives V2 
grid in  a posltlve d ~ r e c t ~ o n .  Thus the plote current of V2 is 
increased, and o higner cathode .;cltuge is developed across 
V2 cathode reslstor R5. This p s l t l v e  Joltage, in turn, 1s 

fed back through R4 to the cothode of Vl ,  w h ~ c h  :s tne s a n e  
a s  incrwslng the b ~ a s ,  or a p p l y ~ n g  a larger negotlveqorng 
input signal. The  plate output o f  V1, therefore, 1s greorer. 
Since R4 i s  larger than R3 and R6, the cothode ,ioltoge de- 
veloped across  R3 hos llttle e f fec t  on V2. a e c o ~ s e  sf the 
feedback arrangement, the output ies ls tonce (plate resist- 
once) of V2 is decreased to a I o m r  volue and l e s s  turns are 
needed on T i  to produce an oppioprlate c i tput  ro tch ,  ond o 
large power output i s  developed. The reduced turns on T I  
produces a reduction in totoi c a p c l t o n c e  between turns and 
Increases the ef iect lve h ~ g h  frequency respcnse aver that 
ivhlch would normally be obtolned. 

circuit variations. A t y p ~ c o l  posltlve feed'wck clrcuit 
using a topped o u t ~ u t  transformer to supply voltoge ieedback 
over a s ~ n g l e  s t age  is shown m the occornpanylng schernoac. 

INPUT 

Ebb 
- - 

Transformer Coupled Positive Feedback Amplifier 

From on exolnlnotlon of the schemat~c .  11 1s seen to be o 
conventional oudio a n p l ~ f ~ e r ,  with a resistonce coupled m- 
put and tronsiorier coupled output, except for the specxol 
feedback provisions. T h ~ s  consls ts  a1 current llnltlng re- 
slstor R2 in ser les  w ~ t h  V1 grid, cnd the feedhack arronge- 

CHANGE I 6-A-40 
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:li:.: cf 34 2i.l 25 ccnnicte: fie: :te ;eccnxr;  o! :-: 1-1- 
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, , ,  
, , , ,  ,,,.:, , , , , , , ,  - - . . -. - . -. . . - . . . 

FAILURE ANALYSIS. 
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LOW output. is" tcli.-n 31 j!ste volwge will p c d ~ c e  
n io,.i cdtpu:. Cneck for ~ I C ~ E I  p13te. DXS, 2nd screen wit- 
;ge v,ltn 3 ~ I C ~ ~ T . ~ : C I .  TOO n:qn c bias caused by heuvy 
piore icrrenr  ha:, an externzi snort or 0eiectli.e r:ze wl;i 
c-use t?.e : C e  :c :perz!c 5ear s;rturlt!nn or c l to i i  an6 re- 
. . 

2 ; ; .  :r.e 6::p;r accs;d;rgiy, ;:;ally ,.nth notlcecble dis- 
:-r!!c.. !: ieel::::>ci reclrror r<.ii c;.ens 6pqenerurj<;r: ~ . l i  

C ~ U S ~  2 reaucea sutju1. If C2 LS :eUy, h e  blos on V2 grla 
s l ! l  :::-,A ; ~: ; l t ; v t .  2nd tne r ~ i e  s l i t  be reic  i n  h e c ~  ;ow- 
:3t:;:: ~ I O G J C L P ~  i ; : t l ~  OI nc autput. 

oir tor ted output. : i ~ : : .  posltjve f e e d b c ~  :: :s narr:ol for 
::czter 31s!L-raur 19 3CCL11 !ha2 131 !5.e ;a,:le i!cqe n l thou~  
i e e o s x n ,  lrr!ess cm.mrsared itir by u inter stuqe lls!ng neg- 
<:lie ! recbcri .  E.<cuss~~,t ~lstortlljr,  can M io;sed by . . 
L,.. +u:+ "C "::c~;, .d::;<cd L: L; .:.;:zp ::2:z:zx: ,::::~ 
J .  i ni.re r y  e v ~ n  be r ~ s r . . m t ~ o n  occurmq ut e rzemr ly  

. . !,,., .>: e... nl,;?: irsAu=n,zi*> wcza:* <,I 2fic:c .::,;it 
r:iecrs. i:;c ir ;:;-liioscspe to iaiiuw 1r.e sl jnai  r:;rodrjn 

. .. 
,..L L ~ . ~ ~ . :  2r.z ?,ots ..;new the ~:s:ortm:. a;peo:s, tr,er. 
OIICCK tne ss;aclated x r t s .  

NEGATIVE FEEDBACK (INVERSE, DEGENERATIVE) 
AMPI-IFIER. 

APPLICATION. 
(ueqctli'e 1ecJaack 1s used in sxecn ampliilers, -iaau- 

:o:ors, ar.d k.,qh-flde!lty sound s y s t e z s  to Improve (he over- 
2.1 r e s p o n ~ e  0°C s t o a ~ l ~ i e  tne gem. 

CHARACTERISTICS. 
. . 
'-'zer z?!i b135, D~J '  f!xed c!ar rmw, g i s ~  bP tusei, ~f 

4- .~".!t?2. 

dsuaiiy reyu:res an add;aonoi r:agr or lmore b l  ompil- 
: i a t . an  1; r,;ke ;p :or :he Lo;; ;r:axei by zejat lvc :tea- 
h,."b 

portlcn ai  :nc o c r ~ t :  ,voilcye IS ied ouck uutili-kituse . . i  .L_ . i '..... ... L ..,,, "~ " .3,. ".. 
1:;tortlcr .s aecreosed in propcrrlan to :he amount of 

i r tabuck. 

'~:~-:!:ct?afi -cy ?cedi ,,! ?rtre..ely  in^ or h y h  ire- 
;ueneles oecsce  2!  zdt:erie g x ; e  rh?!ts co;r!ng the feed- 
;.;:* to cndrtjc to p s i i i v e  ir.;;eod of negative. 

b. ' - . - r  -, - ;.-...m -a-o.-.n.l .(, li .he . .. . -. .~. ... .. . ,~ . - -?l:f,?r 1s 
7:v,,vc 7d:,,**4 .. .,- .~ 

T:<:C::;!!;' :l<::;W. :Z: :C !,CEC? Zi. Lh.e:rc: 2?!E4E Ze2F.I- 
r i . 3  - . - - . n . . . , I* ,77- , I , r ;=r  - . -. . . -. . . . - . . .ro.es, . . , ; j  . no- ciiec;&, 

, , , : 1 ;  - - . A  ."" ,". .. .- ....p.u..u, 
ou!but rr:.pedurse is rel ic&. 

" . , . . , . -. + .  . . . - . . . , I I  . , . ': :F T.],nln,i ,-q," Tr->PnS"lPC . . 
:-,r so r o 7 t  r!rr.~::. 1 : r r  is ::noli;zrd and crrrntirn ,s 1::)- 

_._.i". 

CIRCUIT ANALYSIS. 
c;=.r.!. ,rhrre cre CCZ\ methni- nf "."~ln;in~ ne;in- . ...,, , , ~  ". .:::r;;i few13c:k. I: .~.cy ie  -ie- 3i'er 3 i~ r : l e  s tage 

u! ;, e: i !:x:.;uer ivi >ia,cb ,u -uu ; i r  ,tot ru i r  ;kC,ln 5rsrj. 
, , , , . . 

;'*'-i. .~i' s-err* '-71::: ~ ~ ~ w ~ > y i  oe orr jrr :r~ul~vc ,)fill lrll:7 . ~ 

CHANGE 1 6-A-41 
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nunber of s tages  ore usually used. Either uc;tnge or cur- 
rent feedback may oe  smployed. Althocqh thc clrcj l t  i i  

usml ly  uriunged so thot the f eedbc ih  i i  ~ i c c r j l ~ s n r d  .r. 
; e m s  with the input s ~ g s u l ,  ~t rray be connec:cd i n  st.un:, 
:I des l id .  

The  occoi.pny!ng block dlogron! sic,rs the rr,anner :r 
whlch feedback 1s norrrally oc-co~pl lshed.  

OUTPUT 

Tyllical Inverse Feedback hrrooqement 

The  totul output v:l:oge 1s r u d e  b;, of two pzrts: !hat re- 
sultlng from the Input voltoge e ~ n  and thdt resclt;nl; from 
the feedback input pea. The f:rst w r t  consis ts  c! funda- 
nentol  output ef which 1s equal to pin, plus hormanic and 
~ntermodulat~on dis tor t~on ccmponrrts eh, p l ~ s  o ry  noise 
en generoted wi th~n  the stage. The sum of these campc- 
nents is the total output eo, whlch wauld normally exis t  
w~thou t  feedback. With feedback voltage & applied to tie 
input, the second p i t  oi  the output voltage 13 opeo, wnich 
contoins a portion of a l l  the three previously mentlcrea ;on- 
panents, plus new hormon~c and interr.odu!at~on dlstortlan 
canpanents .  Since the i e e d b a c ~  opposes the nor .~a l  s;grol,  
the  noise ond harmon~cs ore reduced by the ir.,,erse !eedSo;k 
to o negligible value, and the iunda.nentol output is a153 
reduced. hiahex~otically i t  can be denonstrated thot bcth 
the fundamental, harnion~cs, ond noise  are r e d x e d  by the 
iactoi :/I-@, where@ 15 the ieedoack factor. 

Circuit Operotion. The occoxpanyinq schematic s h ~ . v s  
a typlcol two-stoge triode Inverse ieedback onpiiiier. 

W67-000-0120 AMPLIFIERS 

~ x i z f i :  fur :ze feedotcin cc-rtc:!-n, \'! am V2 for: a can- 
, .=rtlcnu! .. !rl<c rre;:i:aEce cc.;kd ~:np:lfiei lkolr. ,  bs inq  
Z n  c,~:p~.t tr-ns:ar;cr i n  the 1lr.o: stage. The seqotlve ieed- 
a ~ c k  :; Lnsurted 12 serles .vlth the cathode bias resli!or of 
,,, tr.rob-;n :o!toge ?1~13t-1 ccns~s t ln ;  of F b  cn6 37 con- 
nected i1cr:;ss the seccrd31y of the ql tput  trln:i>r~ler. When 
a oos1:r;e input s q n d  is zpplled, 11 wsre; <hrc-gh 1 and 
ojpnais  3-10::z in: r?s1it31 P I ,  41.vlng the ~ r l d  of V1 in 1 
posi t l ie  dlrect!un and !rcreo%n; plote currei.1 flow. Tie 
~ n c r e ~ s e d  2ln:e current fl3.v ti.:3uqn ?lute res1s:cr 3 muses 
il ..,rI?~gi. cros, ;;hlch IS 3p~llleC 0s 3 ce jo t~- , e -g~ lng  Sri,ilng 
vo1ts;e throuah 3 rc h e  gr!d a i  mtpdt  or:plli!er V2. F,2r 
the !.1~?1cnt, assu!!1e thct Vl cathode res15to:. R2, is 

g rour je j ,  s o  thzt only t:lc 2% a!;ls Je; t iaped by 3vercgc 
,zurrent !la* cppmrs .  S~nce  112 is b y g s s e d  by i 2 ,  ony In- 
i t u n t , x e o u s  chan les  in  slgnol current hove r.o effect sn the 
tics and t;:1 tube a m c ? l ~ f ~ c ~ ~ t ~ o n  1; ubtc!ned. , f i lm t i e  negu- 
tlve drlvlng vcltoge from V1 a p p a r l n g  across grld r e s ~ t o r  
P4, $'? plate current reduces, und the reiuc!!or cf ccrrect 
througn the prl;r.:ry ill T i  ~ n d u c e s  an output vaitoge lp,to the 
secordary *!ndlng o f  t i e  output tronsisrmer. '42 1s a l s o  
i u t h d e  biased, '.rl!h weroje plote c x r e n t  !lor<, t h r c d n  RC 
develop~nq the d c  bids, ond 15 bypassed by C4 so that the 
r lqnal  v3riut:ons hove no effect  on bios voltage. ihth the 
paslave s lde  of tt,e T I  secondary connected to voltoge 
dlvlder 36 and f i i ,  d wsi t lve -qo~ng  mrtlon of the output 
vcitoge taken acrcss 27 is a p p l ~ e d  I F  series wltn cathode 
resjstor ii2 31 tube Vl ( 3 2  1s ?rounded through R7). Thus, 
t h ~ s  srnoil p r t l o n  of posltlve cutput voltage ~nstontaneously 
Increases the c3t'lode bias, ieciuclrg the output occordlngly. 

k 
\ 

iihcn the Input s ~ q n a !  goes negot:ie tb.e oppLs?te oct lor  
ensges, a nc.qot!.:e o ~ t p u t  v o l t ~ q e  .S developed ocicss the 
feedhack voltage divlder, ond IS cpplled V1 cathode to de- 
cie3:;e the blas and increase tile output. In both instances, 
the f e e d h c k  voltoqe sets in opposition to !he nornol e f fec t  
3! rhe input signal, lust I S  : f a  \,oltude 180 degrees o c t a i -  
phase ~ l t h  the input s ~ j n o l  wos inserted on the grtd of V l .  
Smce Lqe ieedbilck ~vcltoqe is c r ly  o fractlon of the mput 
(about one tenth), the inpl;t signol is oniy sllghtly redxuced, 
bct the addltlonal a . ip l~ f~cn t lon  cbtalntd through the gair 
o! the a ~ p i l f l e r  increases the ar:!aunt of feedback voltage 
I n  :he plote of the octput stage. Thus, the overail goln is 
considerobly reduced over whc: ~t would norrnolly be without 
!redhack. The net e f fec t  1s to flatten out the ornpliiier re- 
sponse curve so the goln a t  I C ~ V ,  -,ld-nand, and hlgh frc- 
dluencles 1s obcut the some. Hence r r~ th  a !latter respnse 
greater f ide l~ ty  1s obtolned. A>y hucl p rduced  by the find 
a r p l ~ f ~ e r  suppl;es 3 correcting feeoback voltoge whlch ei- 
iectlvely cancels  and reduces the nun, "nd any har.qonlc 
a i s to r ton  is o!fected likewise. *#hen the lnput s ~ g n a l  is 

~ncreased  i n  anpl l tude,  the output olso Increases but the 
p,': remoms rei3t:vely constan! because of the f e e d h c k .  
'Thus the asp l : f~e r  !:~y be driver burlei m d  st i l l  produce 
be::er fldellty ~ r ! d  l e s s  distorrlan thcn w~thout  ieedmck.  
The l i m t  of drlve 1s redched wnen grid current flows in  the 
inpat s tage,  since the lnput slgnol llself becomes distorted 
cnS feedbock . w 1 : !  nct ccrrec! thls cod:t!an. #ith proper 
G e i q n ,  up tc tmee s t u j e s  of hlgh gala omp!lflcot;on -ay be 

Two-Stage Triode Negative Feedback Amplifier 

CHANGE 1 
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~ s e d .  Beyan?, this, excess):* jhcse s h i t  :: jroiuced 
through the feedbock, network, so tnat the ieedmck chanies  
1rgn negotlve to slightly pasitlve ot the low ord hljh !re- 
quency ends of the response curve and usuoiiy coase t  os- 
al lat ior .  in.? ils!urt:on, wnluh ::ekes the ex113 a-;'II!!c.c:!cIT 
useless. 

FAILURE ANALYSIS. 
No Output. An open input, cothode, or ph;e  clrc~i i i ,  

iacK ci  pl::e vcltuge, or c ceiective :uoe c3n cause o loss 
01 a i i t~u t .  Check the plate vokuge ond cothode bias .m:n u 
htgb resistance .ml:mete:, 751s .+;~il . ~ e ~ ; t y  t k :  :esistz;s 
32 ,  R?, 2nd 55. cs .;,e!! as 33 2nd the ;::r-:y s! TI -:c i c t  
nTr ""a .*", "? . ,her  ('7 -. '., .,- ri^.r& -" n..lr ir .  "" . . . .  -~ ~ ~ 

p ~ i t  s ~ 2 n 0 l  J S ~ J  an 0scll:oscope. 11 the slyno! oppeors c t  
.L. 
L.I= ~..p.t hu: m: ~ f i  :t.e ,q.: c! ':I, e,:hcr C i  .- u+:. 2: ';; 
: ;:I< tc c~!hode shc::. 3e;icze :he r;k ;.ti ; knc.s; 
,,,,c.mna ,,.Lo ,.<?, ,,,,"n ..-~ *,,.,. "Lm-> .................: ... : ............. " - ....... !h:. .- . . .  
CI wlth an lncircul t  copocltance checker. If the slqnol op- 
peors on the :I)?, bct not or the ?late, und c o r ~ c l  plc!e volt- 
aGe exists, re j lace 1:. !! tke siqnzl a p p a i s  ar, L5e 913:~ 
of V 1  but not on the grld of '$2, capocltar C3 1s open or V2 
is i e i e c t s e .  Sepioce ;i w : h  z kcwn  3003 tuae. I1 the 
condillon pers!sts check !'be ca,m>c?tnnce of 23. ii the s!g- 
nai o p F a i s  on h e  grid if ii b ~ c  noi or me <,!ate, e!;ner <ne 
tube 1s d e f c t l v e  or T1 prlnory 1s shorted. A reelstance 

-% check w11l determine 11 T1 is shorted. If  the slgnol op- 
peors on the plote cf '$2 but nut 01 the output, the secondary 

('" o! T! 1s eltner open or shortec. Check tne :cslstance and 
c s z t ! ~ ~ : ? f  sf ?! ,,vl!k. 27: ch?.r.e!c. 

~ e d u c c d  Output. I1 the plate ,voltcge !L lovi, 2: ths ~3!t!- k . ,~ L ...... L.~: .L~.. . I I L ~  . ~ 2  ...- ~: . . . .  . . ..... . . \ e " ,- . . .  , " , . r ,  -. 
, , 

Gele i t i i t  tube c ~ n  c a s e  noti, law alate v-koqi and iiiqii 

cathode blas, Mcouse 01 heow conduction due tc a sho:ted 
condltlan. Llkewlse, low etnisslan *ill 0150 CU;X o re- . - ,  , ,  , , , J,J:*2 L,9;>u!, :-,epiT:e DJi<! *::!!: :,<:,-,$!:; ,;J>2 .< 

ond ooseive l f  the output returns 10 norr .~! .  Check the :hte 
nnd blas voltages w l t h  o voltmeter 11 the conb!tlon p r s l s t s ,  
s i n r e  ?q!nq C!G!? cr h?nc res!s!nrs muy mrrecse ~n ;m!ie . . .  
z d  c r ~ e  e>L$e; ,c reda:::,~ ,?! $ 2 : ~  ,+:l:2;e ;r k x s ,  ,o: 
bull,. If eiit,er ~ u u ~ : i e y  i i i p ~ ~ ~ t u i  Ci  l j c  C'3 15 Leaky GI sh;i:. . . . . .  '7,  '" an1ry.r N , (  "e :...::.,- 1 P C l i i C O  Î( ! - r l , - , F r  p:,?i . . 
(plote voltage trom :ne precedln,; stage w:!! be appiir: tke 
;:A:,, :! c;:hc; :?,c ;7;:.c7, :: .:c ::?,i<?; 2: :: ..; *::.:::: 

. . >',,::r,; ,,: , I  ?:.- i,,:ri : j:,. ;?,:I. ,:. : .  .:, : : , I  : :, ,:. ,,, ' 

, , , ., , , 
. . .  .,= .":,=. A"., :.-!...".. ...... "u"..."ub"* -.,K-X >.."?.> :.. 

, , 
21.2 A:.; L:C!: >.&A:> :,-::;,2: 2...2-L: :i.2: :.: ','L L:;:,-, :,. 
&l;dce Ti *, tn  u qu"0 :cdc,b;"r!:,er. 

? . ,  , " .... L . . .  r . . . . . . . . . .  . , *. .. , , ,  * ,- ,, , , , ,  P , * ~ .  ,,.., ~ ,, , ,  , 
, . . .  L 2 ............... : ........ ..  . .  ............. ............ 
d,cs!es [>,;"re c [  !@,E :ce,:9>,:;: .,2.2,. :;! ,=,: ,J<,d y: ,",:!: 
C D  ann!j:mter IOT me o r o m  v ~ b ~ e .  5ezsucr :uw> il ::n:: vi 

, ,  , >;;!b Kcz;;2 >Ae:, =?= z7,cc< :z he ze:tz;z :hL: :>,c ;;,- . . .  , , : - ,  . . . .  i"""'-, " . .-.'I ' - . .  -. ...,2L, ...,. 
..-2 .... > ,  L A  ...... ,-, L..L.--  .-> :... ..., ........... 
'Y,.d"'VII Y C  , i . i " l i Y  "I  Yii> i.l" i.-. Y I"IIYIC ..,C_..i. 

ioo iohl or IW nlqn a bias or roo iw 1 ~ , , = t e  ~ 0 i t 3 q e  can 
- - .. , . - . -. .... .----" .-.-. ..-... 
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PART 8. SEMICONDUCTOR CIRCUITS 

AUDIO AMPLIFIERS. 
The semiconductor type of audio amplifier i s  similar to 

i ts vacuum tube counterpart: however, there ore a number 
of significant differences which must be considered. For 
esomple, the electron tllhe niidio umpiilier narn~olly operotes 
a s  o voltage omplifier except for the final output staqe. 
while the tronsistar audio omplifier operoles os o carrent 
amplifier in all stages. Thus, the electron tube represents 
a high-impedance, voltage-sensitive device, while the 
trnnsistor represents a low-impedance, current-sensitive 
device. 

r:....- . l . ~ + . " . . c ~ c . " ,  : -  + . ~ i , - " ~ l . ! " !  nw., 0<>qrqnce je- " ... b. ..u..-.-.-. .- ---. ~ , 
vice, it may draw current from the input source or the pre- 
ceding stow. (Except in class B audio ampliiier;, tLe 
drawmy of qrid cui-ient in t ;k  amplifiers represents dis- 
toitioil oii! is ncvc: u:d. Whi!e c!css C amplifiers d" 
drnw ijrid ciarent in normal operation, they ore never used 
for audio amplification.) In this respect, each transisto1 
amplifier stoge may be considered os o current or power 
omplifier operating at o current or powel level higher than 
tho1 of the preceding stoge, but lower fiat ,hat a! the !oilow- 
ifiq stage. 

While the types of transistor ampiifiers ore similar to 
the types of electron lute amplifiers, such os preamplifiers, 
driverilmplifiers, and output stages, the power levels em- 
ployed are much lower. Thus, transistor preamplifiers 
generollv operate in the microwatt ronge, amplifiers and 
driver stoges opemte in the icw mi!l?watt range, and output 
stoqes operate i:. the high milliwatt or low watt ronge. At 

*",,a lu. iir,,i+_.r. >resent, mwer outputs uf 5; tc ::C .-"- '-- 's--"'"'". 
audio amplifiers are normal, whrreos power c u t p ~ t s  a: 1 to 
10 watts were considered high until recently. 'Rerelore. 
any general statements relatiny to powers applicable to the 
:oi:owii.g c;;cu;t; ms: not it. !gkrz !on l i t e i~ : :~ ,  si;cc 
they will change with the state of the art. Actually, except 
for extremely high-powered transmitter applicorions, the 
:razsi;:or a-dio amp!ifier !dcy a m w r e s  w r y  fnvombiy i n  
many respects with the electroc cube aud:a c-p!!!ier. The 

size gi,d ie!ij:i!i:j. c! the transistor, plus !Is lncq 
!i!e ?:? !cw h%t-pr~ii!clnq ohilitv make its lise ooil~lar ;i 
equipmenis normally requiring many stnges: in add~tion. 
hi:e ab,:,:y :a cpem:e at l c ~  ~:s!tc~es x k e s  :h.e !r~?s!5!?r . . . . -n i . . :  ." -::?i.:.. --.I ".,,:..:- -, , , :<  ,.. i.,:i . . . . , . . . . . .  .. ... 
1fig fr,nm &ttery sdv9!ie>. lsrqer *&;~7,z?,:, >r:,:r: !?7 

i ~ n r ! < ~ s t r , r  r ,wr~tion c~av 5c ab::i:ei h::: s p m n l  I?,*- 
,voitcqe Fwer sucpi?es emp;oycnq srrnLmndizt;r 2.o;ez ;;.: 
?- ?,I-?M?F fii:: ~ ! i ~ i x t i f i ~ .  !k e l e d  fio btteries.  -_ . .. .*?, .--I,':..- ,,,,. <,., , ...-! be ?.erstel ?ins: h 5, b 3  - or i.: !"st os with electron tdbi .amc!ifieis. !Yhec 3pe:oted 
,::ass A, the" ore operotw on tne iineor portion uf i i ie  mi- 
iectar chzr:c:cris~c. n e  class A binsed trmslstnr has o 

coo:inuous !low of collectoi ru:rmt during Lhe entire cycle. 
, , w ~ e t n e ~  a bi4,v4i is presc;t cr :GI, .;;>,!ch ca::espzds -it!! 

the action in its electron tube counterpart. They may be 
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for collector current cutoff, slnce coliector axrent will ilow 
only durinq that half-cycle of the input voltage that aids 
the forward bios. '%en biased for zero collector voltage, 
a heavy current flows when no signal is present, ond prac- 
ticolly 01: the collectoi voltage i s  dissipated across the 
ioad resistor. Although h e w ,  mrient flows, the pwer  
dissipotion i n  the transistcr is very iow =cause pwer  i s  
the product of both current and voltope, and the voltage is 
practically zero (due to the smnl! voltage &op onoss  tne 
very low impedance a! the transistor). The collector cur- 
rent varies only durinr; thot portion of the cycle when the 
~nput  vsltsge opposes the forward bios. llnder these con- 
ditions low efficiency is ohtoin& ond the forward current 
t r rnsfer  iocs ! u cb j is cnureclobiv i e d ~ i d .  The =;ass A B  . . 3 ,  .-.-. .-: .-..- transistor ampurlei 1s b~usau iuh ri i ;~sl . u i L c ~ i u i  vuaLuyr 

1' -- -..-. -. "..."" i,. !a,, th"" n hnlf-nirlP "f opera- Luc",' u* Lu..b,,. *" .--- - . . ~  
:ion. In :b::s i c se  ::e efflciescy is ss:::ew!!ct . j i ~ t e i  ihm 
!hg! !01 clnsa A ,  hot less t i a n  !hat 13: class B, and iie 
statements just m d e  concerning the closs B amplifier also 
cpply to the dass AB omplifier. Closs C amplifiers are 
biased so  that the collector c?lrrent or voltaqe is zero far more 
than a half-cycle; thus, they are not used for audio amplifi. 
cauor. because tii !he serious audio distortion prdcced. 
However, they can be iise?, single-ended or push-pull (a 
push-push) for i-f tipplications. 

The most important factors to be considered in an anal- 
~ s i s  of oudio amplifiers ore input and output impedances, 
siynoi and noise levels, and required frequency response. 
Since the tronsistor is basically a low-level current device 
11 1s most !mpOrtnnt thor he  input arid output i i i i pkn ies  be 
matched to obtain maximwn power gain. (In the election 
:;be ~.i:r:i: !biz is -~~a! l%! ll!%{ 3 !~nblern in !he nt l t~~l t  

staye.) 3 e  rutlo D! s.T:ai-ii-noise power at the input to 
signoi-to-nose power at ine output gives the noise factor 

:-!:a ( F A ,  the k!!er !he n?ice qunlltv nl the omplifier. 
The noiss ! o c : ~ :  is c!!sc!& by the opint!ncj pnint, the 
sirlnnl sotlrce iesistcnie. I?? the !rcjuenc; of !he si;~a! 
ompllfied. Tne accompa?.yinq cnart shows a typico: vari- -.:-- -' --is. I*:.' rqlio-tn. \-.!rnnp rind e n i , f ~ t  "..- .,u...u.--.--,.. ~~.~ .... 
,:,:T??nt 
-.:i .,,.- ::;,:i gLr:i. :-:.r::! -.::.:̂- !nr .:zr:--r -?!-+: C! 

~ ~ ~ : : : i ~ ;  ellitter '-I:T"f 1-2 ̂;iipr!^: ~~i!n.:e. .IS a n  * 
seen, riie 'msi cm~l l , u~ r ,  iii icw aijise is speiz:ioil 2: 

emitter mrre9ts of less thnn 1 rnill~ompere and ot milector 
:.c!t3;er z! !?s: tscr 2 ,-!!! z i m w  tho, nn I ~ ~ T ~ S P  in 

m!!enor .voltage ..wi!! i - c rzse  the eoisr --re rap!dly thn? 
wlii a sim~iar i!>crwx e,~~ic:a cur;ev>;. '?cia ~u~:es+;s is  
I? n cimiior -nni!t,o" i n  , , I > ?  nrn"1lflers w k r e  hlqiiqain 
sta!;es are o"ernfe3 ot  l,rc .v~ltcqes 15 rdi::e noise. 

n, ,!!sc! ?! ? ..~S~.JP I? ci:mn~ snllriP rrs;ctOncp 

upor, rite ;noise fileor is indiiotd .fi ;he io1lw;r.q p p h ,  
*.ic2 i ,?,ij .vtr;  ha !  5%: , ? ) ~ r t > ~ n  IS  ~.?~o:,qed ~1::) CP 
:-"... .--:-.---" ". ,<,, .- ,,~",,~, eh-c .,.-"...* .-.-,. "--. ."" .- -""- ~ .. . 

i-v-. .--. ". -....... "" .,>.",, ". .. :.r ,pi,, , , ,  ::,,i<,i <c,:;cGE. T;.ei ::c 
always operated push-pull to owid serlols auuio aistortlm. 
C e  b e t  y>!rr  ~f!icie!:cy is nhlnini: *he8 they are Lased 
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COLLECTCU VOLTAGE 

Variation of  Noise with Operatins Point 

10 100 IWO 10.000 loo.& 
SOURCE RESISTANCE-OHMS 

Source Resistance Versus Noise Foctor 

The manner in which the noise varies with frequency is 
indicated in the following yraph. For very low frequencies 
the noise i s  high, and for higher and higher frequencies it 
tends to decrease until at obout 50 kc the curve changes 
direction and noise agoin starts to increase. In porticuiar, 
this illustration predicts that low-noise d c  amplifiers ore 
difficult to achieve and des ip .  

~ , 0 0 0 . 1 0 2  WPLIFIERS 

I .  5 I 5 10 
FREQUENCY-KC 

Noise Variation with Frequency 

The necessity for matching input and output circuits for 
greatest power gain dictates that porticulor circuit con- 
figurations Le used. For example, o low input resistance 
can be obtained by using the common base (CB) circuit for 
values of 30 to 150 ohms, and the common emitter (CE) 
circuit for values of 500 to 1500 ohms. Although o high 
input resistance produces more noise, its use i s  necessaiy 
when a hiyh-impedance device such os a crystal microphone 
or a transducer i s  used. Otherwise, o transformer i s  re- 
quired for proper motchiny. 

The common collector (CC)  circuit, which i s  similar to 
o cathode follower in electron tube usage, provides o 
relatively high input impedance, a s  shown in the following 
basic circuit. 

CC Input Circuit 

The hiyh input resistance i s  produced by the large negative 
voltoge feedback in the base-emitter circuit. As the input 
voltage rises, the opposing voltage developed across RL 
substantially reduces the total voltage ocross the t a s t  
emitter junction, and the current drawn from the signal 
source remains low. A low current produced by a relatively 
hiyh voltage indicates low resistance (by Ohm's low): thus, 
if a 5 h h m  resistor is used a s  Rr, the input resistance 
for a typical transistor will be approximately 20,WO ohms. 
Unfortunately, however, small current changes in the cir- 
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cuit, caused by functioning at the following stage, produce 
larye variations in the input resistance ,value; therefore, 
this type of input circuit is not very desirable. 

A better input circuit can be obtained by use oi the CE 
confiyuration w.ti-,series resistance, os shown in the iolfaw- 
,nu schematic. 

- 

Series CE Input Circolit 

In this iiqure, r ,  represents a typlcol base-emitter resist- 

, ~ ~ ~ ~ s l y  desaibed, on l@,OOC ohm series resistor, ?,,, is 
employed: 18,000 ohms plus the initial 2W0 ohms will prw 
duce the required value. By use of the series 18,000 ohm 
resistor the total input resistance con be kept relatively 
constant at 20,000 ohms, unaffected by varlotions in tran- 
sistor pornmeters or ty  the current drain of the following 
stoge. The disodvantajes 3f this circuit ore n smaii ioss 
!n current yoln or.d the large resistnnce in the base circuit. 
The use 3i 2 l age  resist,2re;. ,r, :i,c ksi. ci:?;:! c x  !e31 
to bias instabrl~ty 11 the t los voltoy~ js fec to tne tron- 
sistor via this resistance, 

The following input circuit represents the best overall 
compromise. 

Degenerative CE Input Circuit 

' .' 1 " "  -,,-. n l _ . O A "  _.,--. ,,,c > ,pa ,  .uL.-,c L..: .,.- ...- 5s the i!nb:,~assei emlrrer 
;es1:tor, jiE, ieveloas o vci!ngo i:, ir?positioo to the inp-! 
slgnai. Ti,!> :i.;ieilti;ri;.c ( 2 :  z:;z!i.:e! !eedh"ck >,c!in?~ 
couses on increase in the input resstilnce. '/,'hen o 533- 
a!,n l o 2  resistor, RL, is :~sed w!ih o i!l'?-oha en:tter re 
::z:c:, FF, !!:e !c,!,?! inpl,t :c:i::zn=e :s 5>~:oxl-c!ei,: 
, # ~ )  8-88-8>-1 "h-c ;"7 ,> !ylpit:<>: i,",,s&:~;, I?, ~j?;:;:~, the &",""u ... 

emitter resistor acts as a swomplnq resisrar, lo ilcip ai-di- 

I . - -  .k- tr,~r,=i.!nr ,I",: ,,z,rnizc ::,e:rnal aor!orion e i ie~lb .  ..-- 
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Because the common-emitter confiyuration provides 
thermal stability (by means of emitter swamping), o reioilve- 
iy high input resistance, ~ n d  high vsltoye-and-current yam. 
11 i s  usually employed to !he exclusion of other confP;uro- 
1:ons. Therefore, h e  circuits to t e  disit i~scd in !atel 
paruqrcphs w1lI use the common-emitter confiyurotlon; the 
other forms ui i i 1 t . n ~  ciiiuits -I!! no: be -.e?!!xed uniecs 
considered germone to the dlscuss~on. - 

ine tronsistor audio arnpiifiei is i;suc!fy classified a s  
a ~ ~ . a l l . ~ i ~ ~ ~ l  amplifier or o l ~ ~ ~ c - s i ~ ~ m l  amplifier. Actual- 
ly ,  the soaii-signal condition represents excursions oi the 
input signal over only o small ronye obu t  the operating 
Doin! (bias level), on the order of fractions of o voit. Smaii- 
slqnal conditions ore normally calcuiated by appropriate . . 
;c,; , , ,~;c,  -:;.CC :ED .;3iles !em?!? re:nt;vely ::neu! u! !!!?lii!c- 
moticoiiy constant over the small range involved. On the 
other hand, with lorqe-sl;n;l conditio;~, wh:cn ore associ- 
oted wlth the povei i?m?llfier :3; output s!a.:e), therr noy  
be cons~ierotiie jeporrure iron: the iai;i,uiz is; izrqe r-l-ui, 
thus, the power ompiliier i n u s i  bi ~i,;!yzed 3-2 designed 
qraphimliy. In this respec!, the tronsistor is somewhat 
different from the electron tube, with inherent nonl~nwrities 
which vory considerably from unit to unl!. As o result, 
matched pairs of transistors are used to produce the des~red 
results where the indiv~duol oarometsr variation is too 
lorye. 

DIRECT-COUPLED AUDIO AMPI.IFIER 

A P P i i i n i i O i i .  
The diren-coupled audlo ampiifier 1s used *!>ere 51q: 

:gin 31 iow nudio frequencies, or omplifint:cn of d~rect 
c::rrent !zero frxuencv) 15 aes.rei. 7ne ilrect-co!orz . . 
oudlo omplifier is also used where it is desired to elir,i- 
note loss of irequencies tnrouqh o coupllng ncvi:oik. This 
cirai!! bas nllmerous oppiicat~ons, pa;ticu!arly in CaEputers, 
nlmjuiiriii GI ips: i,i~::.;ine~t~, i n ?  iv l~st r tn i  conrroi equirr 

CHARACTERISTICS. 
. . 
Uses camman-emitter ;!rcdi: io; ;;i;.h ;.-:c. 
IJsuoIiy requlies therrnol stotilizstior. to prevent mnl- 

way. 
Frequencv response extends to zero irequency (direct 

c>~rren!). - rrs(vlnrib C I ~ U U I ; ~  I*Z;~ :i. F.13:; C: E:?l Il.9 :"fi,?-',? 

,1,RCtil7 AdAiyji5, 
~ e ~ e ~ o l .  The transistor i s  o device w!:ic!~ uses the .. . , ~ . ~ .  .- --,,>;. ,-i~anue ,;; i-rr<nt :.LA : 1 , i 2 ~ j i ;  a i...d.u. .. c~~ 

fylng action. bC tijs patenrlalr 3re uppllru to is= tiaim- . . 
.::2:3: e!e-,?:. ,<! [ L . ~  i;,e p-,,c: G! cc::2:i2?,. :?, 2-?-zc8:p!-.l . . . . . .  G,xpJi:je:s, L-,e ;-c >rJ$::p, F">Ty5.t:2is arc e:!=~::.:~!,, 
3?d r e ~ n i n  unofiected by the operotlnq slgnoi. in 5-c- 
muoled aamli!ieis, however, 3 cnozqe ?n voltogr on one 
elemeit (eithe: s--c or d-c) gppears oiso os s slmllar or 
~ rnp l i i ;~?  ihocje ,n another e!e-mt, s r  !+at the b l ~ s i n j  
cant  ih;i.qes sit: the s:qco!. In cascoded stoqes tneji  
" " " " c ! ~ ~  ",C ~~,,,"iGti'"X zzi tZ"5 p:esep.: ,: r,!,:,L!e,!~ , >  s:cb; 

" - ' --.. -." -: ,.., ",,',,'", , :. , ::-+iT;; r̂ ';;;:iCC, "". .. ~ 

;: is ::id?:: tic! iheimg! r h n ? ~  o?peorlng at one ele- 
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men1 i s  olso opplied to another element. No problem results 
if the circuit can be arronged so that the ternperntxe in- 
-.ease or decrease i s  self-correcting in the followiny tron- 
sisri:. In most instances, however, thermal instability 
kcorneb T m a p  poblem if more than two stoqes of d-c am- 
plification o!? cascaded. 

Germanium ti::?sistors ore more subject to thermal 
instability than ore ailicon transistors, but in either case 
it i s  usually necessary to provide some fom. of temperoture 
compensation i f  the temperahre exceeds 55 deqrees centi- 
grade. ?he complexity of the compensation circuitry is 
dependent upon the amount of correction needed. Because 
of the rapid changes which ore occurrlnq in the semican- 
ductor field, it is likely that temperoture compensotion 
will be eliminated or minimized to o grwt degree in the 
future. Even so, however, the primory limitation of direct 
coupling stil! remains, namely, the necessity for ~ ~ m u l a t i v e  
ly increasing the bios and operating values os each stoge 
i s  cascaded. While the use ;f low bias and collector volt- 
ages permits somewhat more range than con be obtoined 
with the electron tube, the transistor, like the electron tube. 
i s  subject to maximum breakdown or revers? potential 
limitations. 

In addition, noise i s  a problem since the d-z ~mplifier 
amplifies any internol noise os well a s  the signal, and 
tronsistors ore prone to produce qreater noise at the lower 
audio irequencies. Thus, the ability of the d-c amplifier 
to extend its response to low frequenc~es not normally avail- 
able through other coupliny methods i s  samewhot nullified 
by the amplification of the inherent noise in the tronsistor. 
Generally speaking, we con say the low-frequency response 
of the d s  amplifie: is limited only by the signal-to-noise 
ratio, while the hiyh-frequency response is limited by the 
frequency-response charozteristics of the tronslstor. 

In the directsoupled amplifier, the collector of the input 
stage is directly connected to the base of the second ampli- 
fier stage; therefore, any collector supply variation olso 
appears at the base of the second stoye, just a s  if it were 
a change in the input signal. Since the transistor in the 
second stage has no way of discriminating klween zctual 
input signal vnriotion and first stage collector ss~pply vori- 
ation, it i s  evident that either type of ,variation will be 
amplified in the second staqc. 

By the some type of rwsaniny it can also be seen that, 
even in the absence of an  input signol, a change in the yoin 
of one stage (or the over-all goin of cascaded stages) a s  
a result of collector s,~pply voriutior~s, will produce an 
output signal. Similarly, o chonge in  bios level in ony 
stage or on any elenent will be amplified proportionally, 
and a change of output will occur. Such changes in bias 
levels normally occur 0s a result of temperoture variotions, 
aging, difference in transistor characteristic due to manu- 
facturing processes, or changes in transistor leakage cur- 
rent, and ore referred to as drift .  (This has no connection 
with the process which occurs in drift tronsistors.) 

The variation of the forward bias characteristics of a 
typical germanium diode with temperature is shown in the 
accornponying qoph. nlhe forward bios vaiiatian is usually 
expressed as a change in bias voltoye with temperature at 
a mnstant ioiwnrd bins c~rrent.  !: i s  u s a l l y  small, but 

AMPLIFIERS 

Eninat-Bare Diode Characteristic 

becomes significant because of the large amplification it 
receives because of the direct coupling arrangement. 

The manner in which the collector-base diode varies its 
reverse saturation current with temuerature i s  also shown 
in the following graph (for a typical germanium transistor). 
In this instance. the fiaure shows that the reverse-current 
characteristic i s  highly temperaturedependent, and relatively 
large cunent variations are produced os the temperature i s  
increased. 

In a similar manner, it con be shown that the forword- 
current transfer characteristic of a germanium transistor 
also varies with temperature. However, in this case the 
gain con either increase or decrease with temperoture (sili- 
.on types generally increase with temperature). Tne per- 

Variation of Collector-Bare Diode Reverse Current 
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centage variation in gain with temperature varies qeatly 
with the operatiny point, and many units show a change in 
sign a s  well a s  maqnitude. The goin variation of o silicon 
type may be from two to ten times that of a germanium type. 
Thus, we con see that the major sources of driit in tron- 
sistors are chanqes in the d-c properties of the mllector- 
hnse and emitter-base diodes, and changes in ine d-c [UL- 
ward tronsfer ratio. Generally speaking, in comparinq the 
operation and performonce of germanium anti slllcon tran- 
sistors, it can be said that a t  temperatures below that of 
the reference temperature, To, the two types ore compor- 
otle. At and a b v e  ine reference ternperoture, the silicon 
type tends to hove lower drift. The reference ternperoture 
!c: ::!icx is !M decj~ees c e n t i p d e ,  and that for qerax:ux 
i s  60 degrees centigrade. Klrn low >uurcc r t s ~ ~ i a ; i ~ e  i:.~? 
values of drift are ottoincd above T-, whde with high 
source resistance the test  performonce occurs 01 te-Pro- 
tjri; ,:.here the reilerse sntutntion collector current may 'k 

neylected. 
In d-c amplifiers, low drift i s  obtained by operatlnq w~tn 

low values of collector current: this reduces the reverse- 
leakage current by keeping tne wltoqe between the caliec- 
tor and the bose ot o low voiue. 'Ibis voltage is a farward 
bias for reverse current. Generally, nny desiqn precautions 
~ h , ~ n  reduce drift also reduze noire: cclnversely, with low 
noise less drift is obtained. When the collector current is 
reduced, the qain decreases and the internal emitter resist- 
ance increases. Because of the reduction of qoin, the 
omount to which the collector current of the first stage n n  
he reduced ir snmewnar iimited. i n  s ~ r r q i e n i e i  o-;lii;ri 
stages, both the current dritt and the voltage 2rift in the 
second stage ts:..' tz Le!p canre! the iapt~t stage drift: in o 
differential d c  ampliiier, howevc;, the drift ir! the second 
stage may either aid or oppose that of stoge 1, depending 
upon the design. 

Gespite the apparen! disodvontoges of the d< ampli- 
fier, it does produce (for o rwo- or titree-stoge iini:) high 
ya:n and good fidelity, portiiulorly in the low-frequeccy 
pollion of the specttum. It also provides amplification with 
os few pans a s  possible: thus, it i s  economical to build. 
I -  .,, actual practice the d-c amplifier 1s usuolly limited to on? 

ni  two staqes of ompiificotior: becouse of drift, especially 
where dc must be amplified or where frequencies oi 0 to ;/ 
qc!e: ore c! i-portmc~. To overcome the effects of drift 
i; d i  amn!i!ie:s o special "chnpper omplifier" hos been 
Jt..ieliipe?el: h i s  ?,z!iiler ccnverls top t i c .  inal or  su >,a; 
!!,e s t q e s  can 3e iscictri  21.1 !nis prevent Lhe iu>;t~:~i;;i 
drift *h -h  11.. 

~~ ,, , ,  . a s  1"s is o snecriii ?/it ~i 

5molifier, which will be discussed ioter ir, t i i s  section ol 
:he !!c?"L.c. 

Circuit Operotion. 
i .  sosic C,rsu,,, ' "  - --"---..- -.- *F,r- ,- , , . , , . , ,I , , ,-  >,,c -" -. - -.-. ~ 

. .. 
emitter di- omplifler is shown 11) tile Gicompaayinij i i i-i-  

trction. Tt.e input siqno! is represented by  the 0-1 genera- 
:-; ,::::$ 1. :n!emn_! rpwstnnce equol ro 8 ~ .  The input 
siynol i s  applied between Sose o d  er:i:ter. '?tonsistar 
C! i s  hosed by RP, using tne form rif externz: ?NP se!!- 
L.-- .. i.... ex;!ained ::. Sect!lc 3. ~ roqrap l l  3.4.;. ;,?B ocd :he 

intei8nl ~esistaccc o! :$,e 52s-m!t!e! y h n c ~ i o n  fur;? u volt- 
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oge divider across the collector supply, and a forward bias 
i s  developed across RB.) The input siynol opposes the 
t ios between base and emitter, which i s  normally chosen 
for class A operotran. The direction of electron current flow 
through the collector output loci reslsror, RL, is indicot4 
by the orrows. The polority of the re%ditinj d-e vo!toqe 
ocross the ioad resistor i s  a s  shown. 'When the positive 
alternotion of the input signal is applled to the base, the 
tase-twemitter bios i s  reduced (since the siynzl and bins 
u;liu;ies ;re , {  opp;i:c p=!~:i!:.!. Rezn~sii t+ t n s ~ m -  . . 
emitter potentioi is now iess tbon (he mmni -;jet ::ye 
hole cilrrent from the emitter to tile collector is io*ered and 
r!ectron flow through tne output ima resistor is ; e ~ x e l .  
The decrease in vcltaqe drop across RL produces o neqa- 
t lre swing acd, consequently, produces 3 irqst!ve output 
siunal ocross Ri  . As the sine-i~o,ve input siunol mes  . . 
nega:i-e, the bits ~ t e n t i a i  1s ndea by Ihe input siunsi; 
ond cs  the base-to-emitter bios i s  increased, mare hole 
cirrer.t flows to the collector. D,IS produces more electron 
flow through tne coiiectoi circuii, increusinq :I.e vc:bi;e 
drop across R;, ind produces c ps:!:ve ,!xi ri~-,a1 s'ein: 

during tne time that the input siqnci is ner;c:lvo. 7x5 ef- 
:ect;veiy proauces un v~~s i ;+p : - . i ; : !  ~U;;Y; xi;::! !:.::F 

times referred To as a IEMeqret p:,osi. reversal). S;?ce 
HI, i s  the load for Lath dc and oc, Inere is oniy one iwi 
, - --. .-.-. ""; " ,,,** ,,,,; p,7 . , *c  ;;..,+in: t ! , , ~  ,,,,, :, ::~,= .,,,c, ",., ....-...-. .~.., 
;;"d :?s;z:;; ;:< !: !?,% >p:s::Fe- T..?.. ,,<,,tor !,;. :e 
i;,e G":b"; "-,"5; ?,L .: :;;;;:< !::-:::.; r2  .*- ~ , . Q U , , l  ~-~~~ ,,,& 

next stoge, it ffin k seen !ha: fhe5e fi:is? t - . poc~n t s  
. I iL . . _ _  

"++'l' z;rr>; . . &  ,"... .. .. - ~ ~ ~ - .  
circ:~;: tnese noise coroponenis, cii'j.),.,;,n, ,. u- -: .;:, 
;.+. !!e,>u?.,,:,e,. Grc ,.sGc!:,, e::7,.2::z5 :?!?.:.La< L.. ".-- .; ip -; --...-.. 8,. -.;.>;~. ;.,j -~;p;;;;~ i;.;:ii;r:. . .. . . . . ~ .  . . .... 
hv thermal eliects, ana aiso resuir irom eirctior. ;:vn ; ; ; i ~ ~ , : ,  

the ioad ies:srur. l ney  inchar L b l t  lircz;;i; "hits  no.^ 

genera!ed by difius:on-recombination etiests w~thin ;'ne 
+."" ,.u.,s:stor (similar to shot noise in the electron tdbe), am! 

;;:icce zed !eaxrrgn nc!se 'ram l i e  i~.!~ir~s~sr. ri?,ii: a -  

.uilieti;,ts i i i ~ ~ ~ t  to 2s ~ t ~ : : ~ . ~ d . . : . ~ .  . ,i : :: := . . 
2 . , -. . . . " c , , -  > - - 2 . -  .. ---.I.. ---. u.u....7-.-.. .~ .. . -,,>r ,a -"., 

! i d  !c the ry!% of frnm I-to-10 kc for white noise lir, the 
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audio range), with the semiconductoi noise predominating 
and increasing for frequencies lower than 1Kc. The d-c 
noise results from supply voltage voriotions. Thus the 
noise components usually el~minated by the a-c coupling 
capacitor in other types of amplifiers, creates a design prob 
!em in the small-signal type of h c  amplifier. In lage- 
signal amplifiers these noises are usually masked by the 
large input siynal. Note olso that any d-c bias chanqes 
caused by thermal instobilily of the stoge also appear 
across the lood, and are applied to the input of the neat 
stage. This i s  an inherent disadvantage of the d-c ampli- 
fier. On the other hand, with proper Input and output motch- 
ing, maximum am i s  obtained in the staye; ?oreover, with 
no coupling network to create a loss between stages, maxi- 
mum output and efficiency ore produced. Since all frequen- 
cies are present, including dc (zero frequency), and ore 
applied equally to the next stoge, it can be understood why 
the d s  omplifier presents maximum gain with excellent fre- 
quency response, particularly ot the lower frequencies. 

2. Cascaded Stages. Because of the high gain possible 
per stoge, many oppllcotions require only a single stoge of 
d-c-coupled amplification. Where more than one stoge is 
required, transistors offer circuit arrangements that are not 
possible with electron tubes. For example, through the use 
of c o m p l e m a n t ~ r ~  symmetry it i s  possible to connect the 
coilector of the input stage directly to the input of the sec- 
ond stage without disturbing bias arrangements, and to use 
the same supply. By using olternote orrangements of NPN 
and PNP transistors, only one supply is needed. Recall 
that in the vocuum-tube d c  ompiifier, a s  each stage pro- 
gresses the plate voltage i s  incrwsed, with the grid being 
tapped back onto the preceding stage plate voltage to obtain 
the bias. Only tandem arrangements of similar type tran- 
sistors con follow this principle. The term complemen+ery 

symmetry 1s derived from the fact that the NPN tronsistor 
i s  the complement of the PNP tronsistor, with bath circuits 
operating identically, but with opposite polarities. The 
accompanying figure shows a simple directcoupling circuit 
using complementary symmetry. 

Tandem Coupling Arrongrment 

In this figure, the direction of electron ilow is shown by 
the arrows. It i s  evident that the hse-emitter ]unction 01 
the second staye carries the collector current 01 the first 
stoge. If the collector current of the first stage exceeds the 
maximum base-emitter current rating of the second stoge, 
the collector resistor shown in dotted lines must be used. 

9 0 0 , ~ . l ~  AMPLIFIERS 

Otherwise, this resistor i s  not needed and proper design 
produces o soving in components. To do this, 01 course, 
the transistors must k of opposite types, (NPN to PNP. 
or PNP to NPN). 

By the use of o special compounding connection, two 
tronsistors may be employed a s  a special type 01 d-c ampli- 
fier to obtain linearity and almost unity gain (olpha). The 
accompanying figure shows the compound tronsistor connec- 
tion using the common-base configuration. 

Compound Connection 

Note that the input to the second stoge is the base cur- 
rent of the first stage. Effectively, the input impedance is 
the series combination of the two transistors, while the 
outputs are in parollel. Such a circuit is roughly analogous 
to the push-push electron-tube circuit. Actually, this cir- 
cuit is employed a s  a sinyle-transistor compounded-type 
circuit, with emitter, base, and collector resistors used 
externally. The direction ond relative values of current 
flow are shown in the f ip re ,  assuming the use of two tran- 
sistors with an equal arb of .95 When these values are 
converted to or,, the total combination value (.9975) i s  
equal to a gain of 399 a s  compared with an at. of 19 for a 
single transistor, or more than the normal gain of two stages 
in cascade (19 x 19 = 381). compounded tronsistors may be 
employed singleended, or in complementary symmetry os 
push-pull stages, exoctly a s  for single tronsistors. They 
represent a special ond unique circuit alone; however, they 
nre shown here to illustrate how they are derived from the 
bosic d-c amplifier. In most app1ica:ions the compounded 
circuits form the output stages of on amplifier, or ore used 
os the d-c amplifier in a voltoge-regdotor circuit. A typical 
high-gain preomplifier using an NPN and a PNP tronsistor 
in a direct-coupled, cascaded, complementary-symmetry 
amplifier i s  shown in the following schematic. For simpli- 
city ond convenience, separate bias and collector supplies 
ore shown. The output of the microphone is tiansformer- 
coupled (for proper matching) to the base of tronsistor 01. 
Fixed class A bias i s  supplied to the emitter from a sepa- 
rate supply, and emitter swompinq is provided by Fil shunted 
by Cl.  Use of emitter swamping provides temperature s t a b  
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ilization for germmiurn transistors up to norr;.:i :oom :er.- 
peratures, a d  for silicon transistors up to iX degerc 
centiqode. ?he output of the first stoge appears ocrosz 
collector resistor RZ, and i s  direct-coilpled to the base of 
PNP transistor 02. Capacitor C2 and resistor 53 iorx z 
iow-irequency compenscting ~ i l c u i l  (.r iiltcr: 2c:aSs Lb.e 
load, shunting the hl*er frequencies to q o u n d  orr: siiic- 
tivdy tmstinq the lower frequencies. This hplps :o com- 
xnso te  foi loss cf low frequencies !n the -nicropnonc 
and tronsformei circuts. Tmnslstor C? is emitter-stabilizec 
by swamping resrstor 35, bypassed by C3. Res~stor 34. 
:uhich is unbypassed, i s  placed in series with the emitter 
ro provide deuenerotivc !cedk..ck igr impinvement iii the 
linearity and respnse. Resistor R6 is the collector load 
across which the outp~t  i s  developed. Fire? emitter bias 
is used with o seporote coilector suppiy far si-npiiii~,, di.2 

convenience. 
Assume thot o slnewove sign01 is appiie? tz :be 19%: 

of T i ;  a s  the siynol increases in  .: y x i r l v r  ii:rc.i.,. :: 
odds to the forward bios of NPN transistor 31. ' 3 e  lncreas- 
e? !!ow of electrans throuqh Ql increases tne emitter, msi ,  

. ~ 

536 coliector current>, 2liJ ;:BE ix:?:?:: LIY,~!I,::: j>- '.!: 

ct the coiiecto; ordl;sc5 ; .iii::ii.,?!i. ;z!~::z? I'?!!?!* 

3r3p O C ~ O S ~  co~iec!ilr . c ~ ; ~ ; ~ .  Ez. '?. z ,  ::: ':: --.:- 
" ' i ; , h a  hali-cycle that the input signal goes ,maiii~e v,,v ?i..- 

torword oms, tar surp;t .".. -1 ;:I .. :!;::r -! :!', 
nqative. 

As tne IEF.:: F!?.,K!; L;,UII?C; i , i : i i , : ,  ;LJ LIIZCZI: -.~.: .~ . . tive, ,t oppose; ;he Lor,,*dr.: rljs,  :: ;n::.; 2 ?e-:-x-vi a!--- 

t:on flow throuoh the transistor, and o orooorrlono~ rc iuc l iu ;~  . . 
i n  the emitter, base, and miiector currents. The voltoje 
droo onoss  3 2  is reduced and the cciiector voitauf. ~ p -  
prouches that of the source, s c  thst ? ositively oolsriz~d 
output is prdiiced. Thus, for !?e e?t:rp -all-cyc;z <:.it L:,L 

!nptJt !!~,mni ?u+a i l i u C i i i ;  ;;.i CjpCi . i iL  ~i.t i ' 2 ! l i i i  -,:is; 
. . , .., , - *  .L. --;:"".", ";,-:: ,, ,-.: . ~ .  

L C  " . . . - ,, ,. , 
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Since emitter resistor R1 i s  bypassed ty C1, chonyes 
occurring dur~ng tne audio cycle will have no effect. How- 
ever, any slight chonqes in emitter current (produced by 
temper3turt. v ~ n o t i ~ ~ s  i n  t5e tronsistarj which occur at a 
very slow rote d e ~ ~ i ~ p  3 voltcge SCIOSS R l ;  t h ~ s  voltaye 
increases or riecrenses :he bias in i direc:ion which opposes 
ti.. rhon.~": see Section 3, mroqroph 3.4.2, SIAS STABILI- 
7 l n n r !  C I , , I I ~ . ~ ,  i-. ,vr - ru i.,r.-.- .ilcrllcslnn -.-.....- of  this ~c t iw , .  Airy 
Zclse ~ l t n q e ,  r'lermal t i o s  cnonrjes not cornpensated for 
5y El,  and the ompili!ed sqnai  oppeai ccross collecto: 
resistor 92, 2nd clie npplied directly to the base of 92. 
i:o!e thct :ir :~;nai a! :!is ,mint is apposite in polarity to 
tic! of t.1~ irlwt storjc. Capacllor C2 ii,! :eslstar 3 3  iirrrn 
- . .l,,i ~ c c s  f:lter 3 e t v e r q  VIP b o x  zn? emit!?: 3! O?, . ) i i lc~ 

, . .. . . . , * , , , - , , , , .- -2. I & , <  tllO,; . , , . . . . , . L ? i , ,  , .,, .. .- " . .. 
:aasts the rase res2onse oi tnt onpiiiier on3 :ompensores 
171 3-y !c55 g! !c,.v I T ? J ~ ~ C ~ < S  in l k , t  liljvi i~;;i!z:=;;. - . ~ 

!rn?;!:rnr .)i I-, : >!4? Not., 1-P L . . c ; I ~ ~ P  3: :,L :s !is: ." ,: . . .  ; , ,  ' - 1  ' x : & ~ "  ,ha < ,,?,, ,,? 
-?" -<... .. . . . . . . , , , ,  , ~ ,  ,, ,.. . 

C? :s pcsi!:ve, it ? y n s e .  !he ilxed emltter blos ~ n d  efiec- 
t~vely rejuces tile fot.~ar? bias. '>/!ti- reduced lorword bias, 
:he f!w c! ncle c'jrrent tirouql !he ironsistcr is decrecsed, 
and the er,:tter, base, and collector currents ore reduced 
proportlonolly. Tnereiare, tt.e ex:ernai i1o.v 2f eicc::uz clr-  
renr rb,roqr' cs1iect;i ie;;::o: SF i s  reduced, m d  the ia i -  
Icctor ;.;l:s:je a9pr30ches that o! the source, prodbi,nq 3 

xqgtively polarized mtput siqnd. Th.e output is now a i  
t re  same polorlty os the mput slgnol to transistor 31, so .--, ..", d'lring the ent!re .di-cycle that the Input s~gnal to 31 
: z  ni?:.?t!,~p, !he output o i  02 is neqative. 

..,, 
,i;i.:, :i.; 1:;:;: :> 1\2 i; ;"jct:r.e; !kt. po!zr!tv !% c -1 ns 

r? 31d ! i ie  ixlseem,ttei 2nd ~ ? C T E ~ S ~  tlie elfectlve ior- 
-~ .--- > ' .-,- -,,..- " >  : 1 ,  . : . c  4<L . ,  " 

ticv? tzroGqh tne lrans!stdr ~r,creoses, znJ ; i l t  e::,ltttr, x s c ,  
::?. c~!!ector curr?c!s increase crooortianolly. Ihus,  the 
tx!emcl !:nii. of electron current tnrauqh 36 lnto the coilec- . -" ;nr "1 IJL LS i"~le l is~l i ,  GZ7 i: :n 5:c:: (: i?!i~:L?i.:? ::, Firr 
duie o pasltlve output voltaye. In o slm~lsr manner, t h i s  
-:!p-! valtoqe (oi Q2) is of :he some paiarlty os thot at the 
iisj, Y L  ;l, :!:-;, t5i c!!i)c: cf the t c  s t c q ~ q  i s  to produce . . ,  .::. 5;tr.l: ~ 1 3 ~ 3 ;  :: I::e S J ~ Z  x l x i t i  7; ::c i7pi:t s iyn!  !a 

. .. - I , .  -. q t c t  1s broinefi w:eri t.ri iiecxo? :.;be5 I!? nsr,?! - - . 2 -  -- ---..-:.-.. .n!,7;,...i n , . tn l ; t  s,.,r,,i, ':le ,.' ... -..-c - * >  .. . . . .~~ 
must oe a,? ~i n u ~ b e r .  - -  . 

4*3,EplV< re;;>,a ,>d .a u,pcsz:.! bi Z?, :c !?.?, T L "  
,, , - ---- . , . ,  . . ,  ..fie,-:. '"...̂ ..,,. ..ln., ;, - 1 :  ,,,., ::,-. , .>. .... . . .~~ ~ ,,,,.., "~... 

.. , 
I ...~._ DL .- ._- 

r-m-.": "rlr!tl!:~,t,s A ) , ,  ~YGG"CL d ." .,.<: ~. , .  . .. 
, , . ,  , :._. i . , .  , i i i - t  ---- .- , ...,. . ~ .  ~ , . , ,- ., > ,, ,~,. , ,- ,, , -. .. .. . , , ~ ,  

:~,?iziz; to ;:cE:!:ze :fie :ircv:t, - 
. - - i : : . r  ?.: ,,,!.i;L :: .:z::.;xste?. ? I S  I vntto->e rie- 

, . 
v i l v r C u  ;rirr- .: .~. .. - -  ..,- - ,-"-  -.,- :-. 

. , ' , . . . ~  ' .- , ,  . . , : , . ' - -  . -  ^--^i,t.n" lr. .. .. . . . . .. . . : .> . I , i  -... ,,..".. ... 
:'s i i 7 c  :-:.~?::Cnl p 35 .  !t 15 fieUrreruave, r i l u s  pia,~i,;,r 

. . 
i t .  , ,  L .  ?-2 -.e,;?!:,- --!rn-k 17- 

j ioisj  ;fie i~s-!:e:-e?.;; iesjonic ;r< smbi1i~rr tl.e ;ti:;c 
so ,fipot .$o; yd4e ,<G: i > : : , ~ , ~ , -  ...,. , --- ,,, -,-:..,-a .,.; ". The n_?,!!. 

' : ?.ed output oi ,'2 is e:ther appiiej 5lrectiy w J jpwtier sr 
J e [  : *<,;e,  .- ,. ,-- :.. . <~. m , , n  i : t- 0t""l i f n . , D E  

-.> -. .~~ ~. 
" ' .-... ̂ ~-,. ,. .:..,;i.;,,:w,; ,:.;, j;,,i;,;;;; :; - , "  ,,,., ~ ~ . .  

snnwn !c the occomponylng SCP.~!XI~C. it represects t'li- 
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minimbum of ports 2nd d z  supplies tnee<w tcr a ~ ~ g h q u n ,  
three stage complementon/ symmetry type of d- ama!lf>er 
for small signal applications. 

R I 

INPUT %T 

As shown, the base of ths input stoqe 1s crnpleted 
through the input device, ~t i s  effectively open, it has no 
driving voltage, and zero base current exists. The milenor 
current, I C E O ~ ,  flows through the base of stoqe 2, which is 
biased by supply V E E ~  in series with the emltrer of stage 
2. Since staqe I uses an NPY transistor, the positive 
emitter bios of stoge 2 i s  of the proper polarity to act a s  
mllector voltage for 01. Any change in t?e collector cur.. 
rent of staye 1 appears a t  the collector oi stoge 2 in amp11- 
Lied form: thot is, I cz  z BJCEol ,  where 8 2  i s  the current 
gain of stage 2. Stage 2 uses a PNP tronsistor; therefore, 
by complementary symmetry, stoge 3 must ols3 be on NPN 
stage similor to stage I. The emitter bios for stoqe 3 3s 

supplied through VEE3, which 1s connected pos3ti.e !c 
ground. Thus, the collecior supply of Ctage 3 ( V ; . ; - J  is r'f 
seriesaidiny polarity, and the total ccilectsr voltaqe is 
thot of both the coilector and emltter sdpp!:es of s t o q ~  .. 
In a similar manner, the coliector voltage 01 stoge 2 is 
supplied by V E E Z  and V E ~ S .  The collector current oi 
staqe 2 i s  the base current of stage 3. 'B.e o t o i i  s! the 
amplifier appears across collector resistor R4, and the col- 
lector current i s  tho1 of staye 2 multiplied by the ornpliii- 
cation factor, or Ic3 = 8 2 8 3 1 ~ ~ 0 1 .  Emiller resistor R1, 
R2, and R3, which ore oi o low value, provide deqenerotive 
feedback; they also oct a s  emitter =warnpin? resistqrs ti. 
help stabilize the amplifier with respect to temperature 
variations. 

Assuminy thot the input stoqe " 5  i r~:lec:>i oinect of 
5 microamperes and assuming o qain of 38, the second staqe 
will hove a collector current of 190 micrgamperes. With a 
gain of 40, the third s t q  co11:ctor current wlll  be 7.6 
milliamperes. It i s  clear that any sli*.?t cnonqc :n the 
current of stage 1 caused by temperature or noise will be 
greatly amplified ond oppnr nt the ob'vit of SIT: ,  '3 #ith 
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SUCn senslt,vity o?i ~ n j l l ~ l ~ c i l ~ ~ a ; : ,  tilere'ore, it i; ,?lo.ast 
mandatory that s!!+ cr a,p!!f!er Se tempeiatur~ampen- 
bated; eveti i! :O.T tempe.?v:!-r ': n.! vc:, excessiveh. 
Noturolly, the mplltsde at the inrut s!,jn,i l u s t  be lim~ted 
, i  , ~e fldelifV . ' r  . ,>htn~n-*!. P.:.J i , ,  tr3:1-!stor 
into cutoft an6 sat.natior woilid :lip the pplks of the s ~ q o l ,  
just a s  i~ electron tube operation. I! is also evllen! that 
low-oars~ tronslstors must be used; otherwise, the nsise 
r?qb. '  : . ' A ) .  Ire si!n'l;. '.lo~e Ihc! :n tki5 omplltier the smail 
emitter i:ici .>f  s twe  ? operotas as the collector voltage of 
stage !. Lrv, c,, 'ectur vcl tag~ is :xed !a mlnimize noise 
yeneroted m the mp~i stoue; this is similar to the tech- 
niques used tor nigh-;air- vacilun-tdbe nnpli[lers, where 
the plate voltaqe of the input stage is sue l ly  a b u t  1/3 thot 
of the other stages. 

FAILURE ANALYSIS. 
No Outpc9t I n .  o:.: ;.I, d. .sn 1s ;ercr:lly 

indicative of elther an oper or shorted td~rcuit, or o d d e r  
tive tr,-nr~=t?r, i '  t n t l i . ,  IIrprriseT !;is; ui!l cwse  distortion 
or low output ratner than no oc tp~ t  at ail. A resislcnce 
analysis should quic~ly ieveal any open-circuiten camp- 
nents. since only a few rnrts are in-mlved. P forworc and 
Leverse resistilnce cbeck of the trans:stor con be made ta 
determine whether the tiaosistar needs replocement. For 5 

qcnd trrlnsirt~: '5- !n,~.?rd ic:istlrce :c low (less thon o 
iew ohns! arid the reverse resist:mc? is high (50K and 
hlgher). ?iith continuity throw~tlvu; and components of the 
proper resistance, a simple voltoge check should indimte 
the cause of improper performo?ce. Llse a hich-impedance 
vacuum-tiire voltmeter; at the normally low voltages involved, 
the shun: n j  d f e i t  o! the -;(TI 23,000 ob,rns-per-volt meter 
night o i  rm crwt. 

L o r  Outpc ' (;ene~a!ly, low ,::to!! results from improper 
biasing, cous~::j  eitb,er too weat a fluu ~f current or too 
sn311 o i l ~ w  of current i t ~ ~ t  not cutoff). Defective bypass 
copocitors provide a leakage path for current which, in flow- 
! - r j  throiiq1. .in ossocloted series resister, prol.,ces o volt- 
age drop greater thon normal. Usudly such c conditim mn 
be wsily checked hv means of n vo!!qrje onolysis. Where 
higlbr-c.r!.:;ci p~t:ls ' , O - I C  hre I !ntri,3,1 i i ,  eitt,er becouse 
cl rotlriy sr,ldere.i j.-.,!c 01 o;, cnmpirrrts, .> 105s of 
! I ! I  . " r j i n ~ r l l v  those ~ ' q l i ~  csn hp 

ioccad 2 ;  menns .! . rrs,:.I.ini? sr:?!,ysls. .S.:n the small 
number of components involved, elther a voltage check or o 
re5islance check should quickiy isolate the trollhle !o a 
p~rticu!": p0it;on o! the CI:~;::. /ir-en n 3 n ! r g  ohm-neter 
tests, be sure to observe the correct polarity and not to 
-7pl.i n forword hios to o circuit re?r.rin- 3 reverse bios, 
a: ,!ice versa. exc,?Y:l?,J t..~ ?eI: ,,:51> 210s con ruin the 
tronslstor. The use ai o snorting har (screwdriver] to qround 
(on acceptabi: :,r,>r:t:::e P ~ P L . ! I I ~ ~ - ~ u ~ z  I ~T~ : . ' .  ..ioting) 
should be uvoided to urevm! overload or occidental short- 
circuiting of the supply thrau:lh ccmwnPnts not designed 
to 'iithstani tile extra c;rrent. li t.,e trm?ie cmnot k 
located quickly by means oi the s~mple voltage and resist- 
once checks describeti above, t'le r.ost effective trouble 
shmtioo method i i  tti npplr. o;l icaut siunoi on3 #use on 
oscilloscope to check the siynoi path throuyh the circuit. 
The hiqh-impedance ossii iascop~ inp?lt will have little 
:!fee+ ;E ~iivi!!  --pern:;or~, 4 ';c ? l s ? ~ n p ~ ; - -  L.S .:f the 
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Self-bias i s  used with RB ond the internal baseemitter 
resistance providing the bias (it acts os o voltaqe divider 
cmnected across the suoalvi. Emitter resistor RE serves os . .  . .  
an emitter swamping resistor to provide thermal compensation. 
(See Section 3, paraqroph 3.4. 1, of this Handbook for a dis- . . .  
cussion of bias, and prograph 3 . 4 . 2  for a discussion of 
stabilization action.) The collector input, which 1s the 
signal from the d-c amplifier stage, is direct-coupled, while 
the chwwr  (sometimes called "carrier") inout mav be .. . . . 
elber direct- or a-c-coupled. In either instance, the cir- 
cuit bias voltaqe must beorronaed so thot the direct 
couplinq dces not bias off Q1 in on undesirable mode of 
operation. Note that the direct-coupled collector input i s  
actually the collector supply voltoqe. Note also that the 
a c  waveform shown as the d-c input signol on the s c h e  
m t i c  represents the signal component produced by in- 
creasing the d c  input above the level repiesentinq zero to 
produce a positive waveform, md decreasinq the d-c level 
b low this zero level to produce the neqobve waveform. It 
actually i s  a d-c voltage which varies a t  the signol fre- 
quency. 

The opaotion is such tho1 the transistor acts 
a s  a switch, being off when deenergized ond on when 
enerqized. The switchinq action is obtained from the 
chopper input s i q a l ,  which is o rectongulor pulse of con- 
strmt amplitude (usually in the audio ranqe). On the posi- 
tive peak, the forward bose bias is reduced to a value which 
stops conduction throuqh the transistor. On the neqative 
peak, the foward base bias is increased and the emitter 
cmducts heavily in the saturation reqion. Durins the 
vertical rise and fall times, the bios chonqes ropidly hom 
m e  state to the other. It is durinq this time thot the 
transistor is in its normal operatinq reqion, but bemuse of 
the short duration of the rise and fall time no actual ompli- 
fiation cccurs during this period. 

Let us consider one cycle of operation, Assume that 
the transistor i s  resting in i t s  quiescent state with a small 
self-bias and with no inputs applied. Transistor 0 1  will 
dmw its quiescent value of collector current. Assme 
that a lOCOcps rectansular pulse i s  applied as the chopper 
input to the base electrode. With equal on and off times the 
kansistor will conduct heavily durinq the neqotive chopper- 
pulse when the fomard bias is increased. Assume that 
the d-c input signol i s  also simultaneously applied to the 
collector, and that it i s  positive. This will ploce a forward 
bias an the collector (instead of the normal reverse bios), 
and the tmnsistor will quickly reach a steady saturation 
current. Note that the d-c amplifier input siqnal i s  actually 
acting a s  the collector supply voltage. At point A on the 
schematic the input waveform will appear; however, at 
point B the input voltage i s  entirely dropped across collec- 
tor resistor Rc,  a s  a result of the heavy conduction, and 
no output appears. When the chopper input siqnal qoes 
positive the fomard base bias is opposed, and, since the 
square-wave input is always oi qreoter amplitude than the 
bias, the tose i s  reversebiased and collector current i s  
effectively reduced to zero. It is not exoctly zero because 
a small reverse current, Iceo ,flows through the internol 
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resistance of the tase-collectcr ond emitter-bsse junctions 
of the transistor. This reverse cunent produces o voltaqe 
drop through collector resistor RC in osoosltlon to normol 
collector current floh, from polnts B to A instead of from 
points A to B. There!ore, the polarity of this reverse- 
generated voltoqe 1s i n  oczosltlon to the d-c ~nput siqnal. 
and thus reduces it o smal: amount. However, for the 
presentwe may iqnore this small lass of input voltaqe and 
say that durinq the nonconductinq period the full amplitude 
of input voltage appears at the output. Dunnq the entire 
positive excursion of the d-c input sianol, the output wlll 
consist of a series oi pulses hovinq oppraximotely the same 
amplitude as the input siqnal at the instant the tronsistor 
i s  turned off. When passed throuoh couolina caoacitor 
Ccc , this waveform will look exoctly like the input since 
the d-c portion is eliminated and only the vorvinq o-c 
portion bppeas ot the output. As stated previously, this 
amplitude is sliqhtly less than thot of the input because of 
the reverse drop throuqh Rc . Therefore, olthouah called o 
"chopperamplifier," it i s  clear that the win i s  always 
less than unity and the function is mainly one of conveitino 
the d-c siqnal to an a-c siqnol. 

Consiser now the owration on the opwsite half-cvcle 
of the d c  input siqnal. In this instance the collector 
voltage i s  always neqative, which is the normal reverse- 
biased collector condition. With the same rectanaulor 
chopper input siqnal, the base bias is alternately reduced 
and aided. In the reduced condition, effective zero collector 
current i s  obtained; durinq the oidinq part of the chopper 
sianol, the forward bios is increased. Thus, the some . . 
w r o t i n a  conditions prevail, wifh the transistor olternatelv 
driven to saturation (this time by the chopper sional alone) 
and ta effective cutoff. Durins saturation (the on period) 
the collector input sianal is dropped to zero throuah the 
collector resistor, and durinq effective cutoff (the off 
period) the siqnal appears a t  the output. In this instance. 
a d n ,  there is also a flow of reverse current, which ora- 
duces o sliqht opposina voltoqe so  thot the input sionol is 
sliqhtlv reduced. The outout appears a s  a neaative varvino 
voltaqe which is identical in shooe to the input sional. In 
the collector circuit it consists of o mouo of pulses with 
an amplitude mual to the inout sionol omolitude (minus the 
reverse drop) durinq the off period. 

The uniaue orwertv of the transistor which Dermits it 
to operate with either a foiward-biased or reversebiased 
collector also serves to switch the functions of these 
elements. Tnus, with fomard bias the collector becanes 
an emitter, and the emitter functions a s  the collector. 
This allows the desiqner thechoice of either connectina 
the transistor as a common emitter, or of reversina the 
collector and emitter connections and have it operate in 
the inverted fashion. In either case the awration is 
identical except that the terms sollostor ord emitter must 
be interchanaed in the places thev appear in the circuit 
discussion. 

In some applications the emitter resistor is not used 
since its function is for temperature stabilization by small 
or increment01 chanaes of emitter current, and the larae 
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m l ~ i  ci sctuat lcr :  71.11t?t reqnres f i ~  to I I. ,: siinti ~ r ~ i u e  
to pievent i;:erferencr vi!!. circil:: arirrltlzr. by se!tc!l!.g 
r'1jsa A tl;s :;: :L.e~:~~: ~ZC:~!:CII, !ne !rms:rtnr 
L. . . . .  - . A  . n n ....... ulsauu ,,, ,,., ...-.. .u..,- "f -,-." !5.1~s per-!!tlnr~ ti,? 
cmt;ol sd,mcl :G s?.,~,: 2 1  e;iml!,; !:: elthe: dire:tt,.~!~ t ~ r  - 
:":=!! c: :ct.:.!!cr. !t!C ,>I'..w", ,+* # ,V  :a! ,, .:,,>j\!J,:,TOtoj 
ty9eLi  C;,"pkt, : :  . -- t i .  ..,- ̂;. 6 ,,,- =,--,, ,.,..,. 

2 I.,. u i  *l.-ildi ,,.i i i i 9 r - i .  .................. 
sis!;;; ;:ti i cz izc ,  !,:LC rez!s!?r D? 1. 015- ~ ~ l t f ~ i :  wi!h 
conta;: tiss bean- ~ ~ p p l l e i  s y  ltlelllcrrc! x s e  r;.;!st,2:!c,~ 
:f the !:;.si::z:. !: :;j p~tz ! .  tt.2 chnppei-~.;l?i!zr I: :I- 
*.3yL els:ly Tt~C,;r . . led bizci.ii. c! :kc ;!;:I :::p?t:, <:!k O!:? 
- < * L  -...- -,,- - " C  ,Lm .. ::*Lt,~! ,-,.7r, i., ". ....... . . . .  . . .  - ,  : . . c:.mt~;i :.,F ;,:*r..:: s:,:.:~ 

. . ...- ............... . . . . . . . . . .  : : :>  . . . .  
5:stor !s n i t .  perfcc: ais.:;h. ' f i n ~ r  : I  1: ::CSFC !her? !: 7 

f ,r,,.. ;n;: :,ie .: ......... , *  ... -",, ,-c ... cTq!v,. I,, 
h e ,  : : 7 t !  : a : 7 : :  1, Tr:r 

. . . . . . . . . . . . . . . . . . . .  ........ . . 
ii,;2p ..'..... ....... ,.,% 

, ._.> _ 
, $ 3  i r .  . ...,, . .-,, -..,, *\.c -. ..mq, ,.. 

i_'>i, , ....... ,- - ~ 

, n ? .  ,>.- t3!~ "cl:><:! ~~;;?e,.''. 1: ,. .-:!,!.:!>! $, :! ? l , I . < !  

o w  rr,luszs rhr ornc!itadc o! the ??;,st s!.rci 1 ~ 1  :?tic 
affects ti)+ i!:out sl,~nc; by f i x i r j  tt.c ILYJ~C:  li::~! 3f s!.jna! 
whch  .my !E choppmi. These vultdyts m i  crlr;ci.ts CJ:. LC 

;ed::ccd a: zro?zr seiccr?!:~! uf t!onslstbii (s i l l ion !:;:25 
ore nre!e::it) ;in: ir ;se zf :LC i,?:i.-:nd ~E:!!CI-CO!~C!CI 

i\ it-ar.s?osed) cunrecacn.  S!!!k, the invert t i  conr.p::lcr o 

3\ lower offset  ro!toqe is obtoincd beco>!se oi the e f fec t s  of 

'.. :hi% emlitti  cn2 cclleztcr chin:: s;:mdinr; resi~tgnco;. T!r's 
. . . . . . .  ............ " ......... .- --,-I..--, ........ <.--.. t i .  rpi ...<> ?o]!ectcr 4 
em>!l?r c,.;:w.t> ,.=:> .I!.: LO) z:c ice:*:; ::.:.! ,~>,>l~ 

:e:npeo?ure ::re,; ,im:rie !:! r u l u r  io! cilc!. 12-2i;jier ilsr ::. 
, . 

t?::P??>!L'2,: .:r,o ,l;:J,, ':c,,:S>c ,,!:.,: ",".:.: :: ,::..:c7,zs 
vgr!r; with  :he :al:o.;el. >'/itS, gccd S e s l ~ ~ , ,  tne  or;'^ 1s 
yrur:~.:~!:~ ;e:o nhir. t5e ::~:sIc:3r is c,!ndc!ly, a r i  !t I: 

ulmas! equoi :: :Ae insta,?:cnmds w!uc 0: the iw,.f si3n3! 
WEE t! I S  non-rnrA~,,-rirc. 

FAILURE ANALYSIS. 
,,,. 

Gcneroi. ,men , T ~ ~ I ; , G  . . G ~ J ~ ~  i;~,c::<:, isc 2 .;ccr;-, 
. . - I  .- , , . . .  ;"-= ru,. e:P: .: .-:::.g I L N  ,2.ii: .. ......, ., 4 ,,..,. >. 

!cnct emphy?3 ar. :ke iw~:-21!-:c :m; rs  ?! rur!~,?ncjui.o: . . 
I . .- .: - .... : - . : :  ' A  ....................... 

when shur-klrij ;zn:~:iu~ry .vl:L. ;:e ;c~zc:cr,  ;:xs :! 
iorwora bms :r,,rodqr~ an" U: tr.e t:;t~s~.;:ct ; x r . a . ~ : . ~  ,:!I:: 

- .  . . . . . . . . . . . .  ; - ,  . ~ :  ,;, -""-. ........ 
~~ 

No !! !:,-ro ,< -- , . ??yp r  I , , ,  ,., I.> ! :>,,,J er b-,,~. 
. . 

L ...-. .- ̂ ... .i .. . . . . . . . . . .  , ,: .... . , 3e:ec: r;e, !c:e :<;;; Le :~:,2 t7.;, : 'bp-< t L , : ~  >75e : :<s:: 
. . < .  . . . . . . . . . .  . . . . . . . . . .  . .  , ; . ' 

w c  ! J .r ..... " ", ......... ...- . 
. . . .  I .  . . .  _ _  . _ . . . . . . . .  i ............... " ............. . , . . 

.... , # . ,  . :. ...... . . . . . .  _ ! L I ' , .  , .~ ?,.? ., -; ;- 

,, ., ., . ~ O C I O O L  ~ r . 8 0  ~ r . p i i z  !G ::re :eai- ;;.J r,,,lr.c, ,.. ..... .,u,; 
preser,:, l!,~, lru!.>,s?Jr :> i?ts<.!:<+. !:,?:;:Xc ;:.:;i::, ".,e 
krcwr, ti; i~ pea. 
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--- . --.a . i i : t  :z insc!flcient drive lor narrnoi operotion anc 
p r d u c e  a partial o u t ~ u t .  ' h e  circuit reslsrcnces can be 
checked w t t .  on ohmmeter, or,d the chopper sign01 with on 
oscllinscope. If colipiiny capoator  Zcc is snorted, the 
.;li!p.>! *d l  ~ I S O  te reduced. 

Dtstorted Outrut. 8% n;l!:rccr output i n  t r~ i s  circuit 1s 
i-q.fi,~gici.! !a d:;!;:tion ::: co!?!e!Itlcnui ornpiiiirrs. O i ~ r  
tne :ir:~:: :5 3~;igned. LI!~ u change IP. the value oi !he 
.- ..v_..c~r:L. !r;,>t ~ I , ~ r n I s ,  or the tiar,sistor con cause 

- 
dlstir!mn. ~ r l e  chopper i n p t  sign01 can be cb.ecked an an 
~ ~ ; ~ I ~ O S C ~ L ~ ,  -;1! !b.e c x ~ a n e n t s  mn be checked w i n  
c o : !  A Li.,,!:? c., ihcrtcd ;cr!gl:nj c o w 1 1 3 1  ( ~ c c )  

:::: c:'.-e .::-:?.tisr w:tr r?cgcrc our;j?lt, dewndinq xpon 
.... ..-... ....... . . , . ! 4 . : e  r e *  : .  :3u ;cpcc:tii !:!Ls: 

ze ms!:ir?r.rc.t; LL ~~ ,CL"LUI  LCUI.U~I, A: 1: ;A:. LC ;%i;jl:i 
I-. .L". ...... te::~'::! C I ? ~ ! ! ? ~ I C  w!t? 'n ~ h l i l e t ~ r .  Ii 011 COO- 
- ... & > ^ %  .-.,-. .. ,: e,,., -. , ..-. l:l>!,>r ~ L , s ;  t;. iciecn:?; .....-.. .. 
..?I , , .  ,-.- , .: .J;.*" -" c IIICW~. !o re 5001. . . . . . . . .  

R-C-COUPLED AUD!O AMPLIFIER. 

APPLICA.TION. 
T v ...... , , Lbu,lc? .- ... t:x;!stor ludlo cmpilfler is ~ornmoniv 

wLe;e q;? !;?:l:!y c.,:?: 7 ] c r y  rnccP ?i audio f r e  
qrlencles 1s deuced. For example, it  is used in ine ornpll- 
fler s tcqes 0: receivers and commumcatlans equipment where 
l ~ r t l e  oi nc poner oulput i s  ~ e q ~ i r e d .  

i H ~ R h C T i i i ! S i l C 5 .  
Uses common-em!t!er ciccult ior h l q r  jaln m c  better 

,.*-- .-",?9,nq . - . -  d... . . . . .  
; . , ....... L,c.~.:. -.z:< !~. !::: ,!:.,twnr ,?p?r2!nn ' ~ n d  mm!m:>r, h s -  

torllon. . . 
j sua i iY ar:lphfles s m d l  si p a i s ,  h: ccn ac d c s i m r d  

- '  - 2 1  !-..*.,-*I. , " " q c p " A o A  st""es, . .  . i  .... i. ." .... -." .......... . ~ 1 ~ 

I.; j s ~ ~ a > l y  t lxe-blosed ire? rhr c~i icc i i i i  > ~ > p : i ,  
muy be -r:L-blose,3 in sc:.? ap;!ic~!iar.s. 

Emitter srvor:pinq 1s normally used for thrimai srcb- 
'77rtinn. 

::-ic is !o<jiy i n i i c - T  OVP: a rcnje 51 c ~ ~ r ~ a i m u ~ e l y  100 
!,> L2.3CO cos or icre. 

3s::: voi!~qe q a i n  "rid power qaln ure rnqh. 

C!SCU!T h!4hllS!S. 
,-. . . I  . t :c r-c--c'!:l!-c 1I1?cEIFTI1r n r n ~ ~ i ~ i i r r  i b  s l l l l l iu r  

~ .-- . .~ :- :~.p !-!:-cmr?e< ei=c:ron. wiw q n ~ ; , l i f ) ~ ,  P I ~  
,.u*u., :.LLU::P~: ::. .'::t i. C! ! - ! 5  ?ec,l'>,, ,,,e , ~ X ! 3 r n U < ,  

: I-0 (7. t i  i, I-.,rrron is, irsw8dedj-en:iter clrcu!, perr.l!s 
' - ^  ... ' 8 " "  .. 1.'. .:.ri W < P ,  P.:,,:YU,e!,i !U [ i l c  vliCuu- vuue 
-.'j , .. *bc. ~z:*!e r  ! L , I u ! . - c ~ P ~ !  f o  : 4 ~  i l ,n i  cathcdc, oni! ti:" 

. . . ,  -,..: - l . . . . . C ^  ,D1. 
' . . I . .  ...A .. iqr .... i... ...... .""- ...................... . . ,r *." t ~ ! i ~ , " : ~ ~  ?,:.?,?..',:,LC: t:,ot tr,e two r - ,~ -cm"pi~~  c1:- 

.-.I; ;:* jrac;;-.:!!.! i 3 r . t : c d .  Any i~f fe rences  me due to 
!& !c!ei?s! pn"mm-fer- nf thp  ironsistor m d  the niotchinq 
~c.p;ri:.eilis is; ~ C X I X L X  u;lt?dt w:ti i i ~ i r ~ x  dlsioition. 

c i r c u i t  operotion. 'i-?e u w i i L \ ~ : ! ~ , ~  >, : i .< : , , , ~ t~ :  si8s*s 2 .... -.*.,.--, L,,,Jb .?,n -- p, r . , , , , , , . w , . , , , u ,  , - , - . , :~ , , c~e~  ! rGE. - - ... - ....... -. . , .  , 
..... < , s y - ~  ;":;- :;. ".,. *. 7... ........ 

CHANGE ! 
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INPUT 

- - P - - 

- - - - 
R-C-Coupled Audio Anplificl 

The  input 1s shown capacitlvely ccupled, and voltaqe 
d ~ v t d e r  R l ,  RB provides iixed bias  iror: the collector supply. 
Emltter swamping 1s prov~ded by RE for temperature 

stoblllzatlon; Rt 1s bypassed by CE. (See section 3, par* 
graph 3.4.1, of this Handbook lor o d ~ s c u s s i o n  01 b lo s  
arrangements, and paragraph 3.4.2 lor a discussion o i  bias 
stabdlzotion methods.) Collector reslstor Rc I S  the loud 
across whlch the output voltoge 1s developed; this voltoqe 
1s applied through coup l~nq  cnpacltor Ccc to the output 
c~rcu l t .  Resistor R2 1s the base teground  reslstor in the 
next s t age  when coscoded mpl l l i e r s  ore used, or 1s the 
output load resistor (such as a headset) i n  s ingleended 
stages. 

Normally, the amplifier i s  o smoll-slqnol ornplliier, with 
the bias f ~ x e d  a t  the center of the trMSlSIO1 dynamic trans- 
f e r  chorocteristic. With no Input slrJna1 o steady collector 
current, IC, flows as determined by the base bias voltoqe. 
W~th R1 and RB connected across  the collector supply a s  o 
voitage divider, a iorword lnegotlve) 010s i s  developed 
ocross  RB;  this bias i s  sulilcient to cause the quiescent 

value of IC to flow, even though the collector is reverse- 
biased. When the Input siqnol goes positive, assuming a 
sinewove input, the forword bose bias i s  d e c r e a s e  inston- 
taneousiy by the m p l i t u d e  cf the input s i q a l ,  cnd collector 
current l c  IS reduced. The reductlon in collector current 
c a u s e s  the voltage ac ross  coilrctar resistor R c  to r lse 
toword the supply voltaqe, which 1s negatlve (this is exactly 
the reverse o f  vacuum-tube octionl: thus, a negntl,irswinqin-, 
output signal i s  developed. Wen the lnput sign01 Decames 
negative, t t  adds to the iorword baseblos  ord coJses  l c  to 
increose. T h e  increase in collector current throuqh Rc 
produces a l e s s  negative voltoge or positive swnq. T h e r e  
fore, the collector autput follo,#s the lnput signal except 
that 11 i s  reversed in  po ia i~ ty ;  when the input sqnoi  is 

positive, the output s ~ g n o l  i s  negatlve, ond vice versa. 
T h e  collector output 1s developed ocioss  RC between the 
collector cr:d ground, and is opplied through c o u p l i n ~  ca- 
pacitor Ccc to the base o f  the next stage, or to the outpgt 
load. 
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In casccdrd : e r i ~ . c n i e c c i o ! r d  s!clei !be klsi r;?; 
:er:sto; ;r? jaze- ts imit t i r  irtcrriul .npejance ai tn t  nei !  
s13qe t r cns~s ta r  3!ier 7 s h ~ r i t  90th Letxesn cou ; I~r j  CC- 

pccltoi Ccc and q m u ~ d .  Tnerefare, t i e  re;ctmce of Ccc 
and the total parollel ri-slstance from base to qround iorn: c 
voltale d:.,;irr ocrosz titi coiltcto; :esls:or oi  ! ie  ilrst 
stcqe. If ths reac:cnce of the ecupllna copacltar 1s Iar?e, 
t r e  out;.d! v01137e1s jreatli  ct:enuc:e?, ond only n c::.cl! 
output a s e a r s  be:viern bcse m ;rourd of tLle s e c o r l  stoqe. 
S,cce !.he r e r c t m c e  o f  Ccc iaries i:lvrrsely ;v13.r. f r e + e n q ,  
: k t  lower 0 ~ d 1 3  ! : e~ue~c!es  are 2t:en~uted more than the 
hlqi-er i requenaes.  Far 2006 low-irequercy response tr,e 
couplln; capacltsr is ,ace ibf i lc ler t ly  lo:.lt r: vclde !h3! 
~ t s  ieactsnce is very s n d l  as corrporeo rrith the base-to- - 
graunc res>stunce. ih1s 1s il1:!131 to .i3cwr:-tibe ~IUC!IC?, 

where relotlvely small couplln? ccp:c:tors (suci os .0C1 
nicrsfarad) 315 S Z U S ~ : : I O ~ ,  t e c d ~ s e  tile ~ ;cu~z- t i l t e  2112- 
to-qround inpedance 1; verj i-~:k. Because the transistor 

oasetc-ea!tter i r j e d c n c e  1s ful:!/ 109: (about 5OC 01:msj. c 

coupl~r.g capacitor of 50 m~craforads or more is neeied tc 
oc i i eve  the low Impedance ieljulred to pass the s l j l a l  
a l t rou t  excerslve a:!enuotmn. ( A  i h i c r o i o r a d  copocltor 
hos o capacI!jve reactance of oppraxirnntely 30 ohms a: 
100 cps.) For p o d  low-frequency r e s p m s e  the reactance 
o i  the iaupllng copocitoi should olwoys be l e s s  than one- 
tenth the effective bose lnput npeoonce .  

A t  the hiqhe: oud>o frequencies ( o k v e  2C,000 cpsl,  tne 
collector-teem:tter copacltance of the f l rs t  s t o j e  md the 
boseto-emitter shuot!n; copocltance o f  the second s toqe 
tend ta byposs the h l j i  l r e q ~ e n c w s  to ground, cacs ln l  o 
drop i n  the response. Tnis  frequencv-ottenuot~nq actlac 
31 the t rons~star  occsrs because the wjdth of the internal 
!ranslstor PN ;unctions ore voltage-sensitive. \r.lth hiqher 
vaitc?es the tiansitlan region i s  narmw, carrespondinq to 
the closely spoced olates of a iopocltor wlth the associ- 
ated h ~ g h  capacjtance. The reverse b ~ o s  an the collector 
olso reouces the *,l?!i of this tronsitior rillcr, so t int  
t r sns~s to r s  are generally charocterlred by o high inter- 
e ieccooe capcclrocce. For exornple, on ouldo transistor 
rnoy hove a collector-to-base c a p o c l t m i e  on !he order of 
50 plcofaicds, os compared with n ,vacuum-tube p la te to -  
311d copacltance of one or more p~cofarods. The collector- 
to-emitter capacitance i s  usdally 5 to 10 times h e  vclur  
of the collector-to-bcse capacitance On the cormor;-emltter 
clrcult), as campared w!!h 8 picofarads or l e s s  for vocuur; 
tube platetc-cathode capoc i tmcr .  Thus, i t  can be seen 
how the nlgh-frequenq response is afiected cons~cerobly 
by lrternol trlnslstor parameters. Of course, nny shm: 
wl:lnq ccpoci tmce iv~ l l  olso odC to !he shuntlnq effects  of 
tt:e transistor. Bath leu,- and high-freq~ency cornpersoting 
clrcults rr.oy oe  used to increase the eilectlve frequency 
response if t!le clrzuit, cs discussed i n  'i!idebmd Vldea 
A-pilllei Circuits l x e r  in tlxc section. 

Over the region of 100 to 20,000 cps, the r-;-co~upled 
amplifier hos o relatively ilat response, on3 ,with piage: 
motcning will alicrd h q h  porier m i  voltooe qans. Herce, 
thls form o i  coupllnj is un:versolly e x p i o y d  r;ie;e jaod 
audlo response is required i i r t iout  n r  cpprec;c'cle g a e r  
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outout ( vo l t i l j eamp l i~~=a t~on l .  The co;-rsn-base con!lquio- 
::o-, is s o r e t l n e s  employe3 where better nqh-frequency 
response 1s deslied (:,on that piovldrc by the zomnon- 
emltte: i l l c ~ l t ,  s11:ce :b.e ~ o i ~ e ~ : o r - : ~ ~ b o ~ e  COpUCltOnCe 16 . , ,. 
only t:3:r. :C li!O cs [~reu:. 

T.- , ,,ns~sto: r.;?:c amp!~i~ers a re  ils" .i,o;c;tcrlze3 by a 

r l$  inherent noise wiucll is ;reotist a t  t:,e l o s m  c;;Ao 
frequencies. 0pe:ut;on with low voiues of enltter cd::ent 
und low collec:or vo!tajes, roqe+,er ;-I:I lo:r volues o! In- 

put reslstonce, ten35 to m l n m ~ z e  the nolse. In the common- 
rrnltte: ilrsult,  dejeicrat lve ef!ects produced by or ur- 
b y p u s s e , i  em,t!e; resistor ten? !3 increase !he !rpc! !rc!st- - 
once. ,nus, :: is convent!on! pr3ctlce to use large ez!t!?r 
L,..-..-- --nq.-.m.c ,. ti.. ---rq,,?i~, rllplll, t o  o,,c:: " , r -" -  ~.~ ~ ~ 

posslblllty of degeneiatlan. As with the elecrron ruae, ex- 
zecnal l e e , J h i k  - ~ ; L U . I S  ?:C.JA,~?  kt:?: :sspoczc, sltb,c;;>, 
em.rter 5eqenera::or. r;ci ;oE:e!l:!>es be #-see. Sirie iin?: 
-;;: !::r :b,c EI.!!-,L:?~ :.t"p!y mq? h i  i n i i l ;  ~ h l n l n p l  hy 
3 s ~ m ~ l e  ~ s l t o ~ e  x v ~ d e r ,  1: i b  used i n  b t h  loroeand small- 
s i ~ . n l  rrppl~cations. Self-b!as is generally :estrlcted i n  

use 13 vew sma!!-siqa! z:;!liie:s; 3 t t i w i s e .  i ! i t o r t ~ o ~  
end Improper operation wl l t l  o reductjon in la in ,  a: bloc'k~nq, 
x;f XCLI 3r hi;e s :qnds .  !n tne :-u-;capled ;impll!:er, 
the emitter rchlstor f8~ilrtioni malilly 0s i swai::D;na :esls:o: 
tor temperature stouiiization, and prwen:> h i j e  2him;e: .;; 

ompl~i~cot lon wlth temperature vorlotians. 
In cansldeilnq the operat~on o i  the transistor r-c-coupled 

\ omplliler os conporel  with the electron-tube r-c-coupled 
ompilfler. ~t should be cleor Iron tne above d~scuss ion  
:?-! 0-e c!rcu!! !r n? ninnc! Pxcrr collr:prpor! i j b u i i  ui tile 
other. 'The l l f t e r m c e  1s that !ronslsto: s tages  onerate WLIP 
I. . . , s , ~ :  :i2 z-:~;: :~;c~::ccc, g! !?>: ,:d!13~5, w? 31 

V Z ~ ,  IL,, lev.e1s -: ~ ; , , ; ~ ~ i ~ ~ ~ t ~ o ~ . ,  atlere,2s ckct?a~,-vdb? 
s t a q e i  operate wltk relat~veiy high input and output imped- 
onces, 0: : lqn  val tojes ,  m i  or h q h  levels of ur:!plil~cotlon. 
-. , 

, n , , 2  ~ 8 , ' .  ::,J:>!>:,~,I ,.3 k,,;.~;cc!i~ ,: c,.::ez: z;-;!:!;e:, ,;;h:le . .."-, .. 
the electron iube 1s a voItageampi~!~er. Zonseqcently, the 
trgni!stor requlres ciosei m a i c b ~ n ~  (rutilrr tlmc ~ n ~ a r n a t c h ~ n ~ )  
c! mpedwrec  to ~ ~ O C U C P  maximum performonce. 

FA!LURE ANALYSIS. 
Genepol. :?r?er. !:.oklnL) ~ o l t 0 3 e  ct,ecks d s e  c .VKU,.~,- 

tube voltmctcr to C V S ~ ~  the low ,values a! multlpller re 
.-.- - .  ,-.-I-..-- -- I ~ , . . . , ~ - I ~ ~ - , ~  i-Jr.-PC ,,i Cfnn?nm <,.,,,.,..- . , . .r ." :.... .. - ,  """ --r ~ . . - I .  -",-. .., , ,, ,, , , , , >-5,..,." ,,,, ,,, ,~ ,. !?? CC:~!:! !C gb$c:,,re . 

;:.,,, ;::;;.:, .<,k2,: "e:k:r; -- " . . . . . . ,. . . ... , ... , , . 'i .. . -.. - . *hmrnatur . . .. . .~.  . . . . . , 
, , ... ?LC 2 !,::*2:? 5 3 5  <?.r,Ga7- Y .  cr:: 2: :n" ::cF.?,:?,:c: :L:r.c!~oP.s 

w, ; i  C d b k  d fa:.% h*- :e i l s :~Xe  :c2:1:,;. 
No O U ~ D U ~ .  k 10-o~!put mnriltion moy be COIIIPI! bv on --.- -.-L.,.. - . h.. ,-r. -ror - , , -<,  -,, .n<s "."",i .. . ~~ ...,., . . 

.;::a:;, i i  Ly 3 ~C!CC:I;P ::c~s:s!cI. i. ,:il!?;e c h x k  w ~ i l  
, ,, 

$e!'2!':.lr>E Wr.<tr#er <!It: blda U:,J C ~ ~ i c L t u ,  , u L ; < 9 c a  >:; 
- . . r -  ,,.I. .,,, ...., -, 1 'VT'.".! ..\lii :r,!!i.c!e T J ~ ~ O  1np.l: 3nd ourv~r 
. , . , . , . . tice lev, c o r p m t n t s  ,r.;a!.~ed, s;np!e ,;clrs;e 
;r: :ir:;:z~cc CL-CLZ I:::!! .li.l?!!,i ? ~ ~ ? C E ! C .  !he + n ~ ~ r r e  nf 

troobie. if tile ~ L U >  ~01:@4e diwl l t r  AS Open becadse return 
. . .  . 

rciir,c:,  PP : c  ,i:4ec:!~n, ' ie ins* t i n s  ,.rill be sutt:clen: 
!,: : ! ' : t :  :!::" . !  32-n, z:!.; c$-tc-: cLcs 

exlsts m d  the tJCm51StOI will very likely conduct heavily 
I n  tb,e saturation region. Ii col!ector reslstor RC i s  open, 
there wlll ne no voltoqe indlcatlon o s  measure3 between 
between tne collector ond ,qround I !  ernrtrtr resistor RE 
1s open, the clrculr %nil nor operurr; i>owevrr, l i  emitter *- 
pass  capact!ar r:i: IS  shoi:c.d, :he circult 'will aperote but 
1 1  w ~ i i  i ~ t ~ ~ p ~ r ~ t ~ r e s e f i s ; t i v e .  Likcxizc,  i! :b,c CF,I::C: 

bypass COPOCL:OI 1s open, i t  may reduce h e  output because 
o i  degenerotlve irrdbock, but normally will not couse 
complete stoppage of operotLon. I! the Input cauplinj cop- 
oiltor or the Output capocltor is open, no output will result. 
Check the lnput and output c l icul ts  with an oscilloscope; 
disoppeoranie of the s i j n a l  will ~ n d ~ c o t e  the locotior oi  tne 
?clectlve conpanen!. Ii the coupllny copocitor is s h o r t ~ d  
2; !?;;:;, :: ,/,:!! >!!?z! !:!% hS? b!35 I! I,>,-,,,?? ,7t ?*,e :np,jv: 
but wlii ~ robob lv  not be s u f l ~ c ~ e n t  to stop operation. On 
:nC ,..i. ., ..or;d, L :! tb,e O L ! ~ :  copncitor i s  01 foult, the coi- 
lecror reverse b ~ u s  (*hl L S  noimally hiqh as iomp~ie? .  
wtth me  DaSe D L O S ~  wl;i 3e uppiled as iuil lornuid b ~ i l s  to 
tne aase oi tne next stage m d  w111 bius it ttesvilf inti 
soturotion: thus, no output n d l  result, and the current may 
be ss!!:::cn: :o destroy the transistor. I! the coupllnq ca- 
poc~tor  i s  Ienky, the effect wll! depend upon the amount at 
leaka7e. Wlth slight ieakoge there may be proctlcally no 
observable effect, or possiblv d~stoi t ion;  ,with h e c y  l w k -  
o ~ e  there will probably m iio output. Of course, i! the 
transistor 16 shorted or o the rw~se  deiective, o n w u t p u :  
condltlon wlii occur. However, the tronsrstor should be 
replaced only after all  other checks hove been made ond 
: ; ; : .  * ;CYGii ihC.:!: c! ::%ti~:o: C.pE.1- 
ctlon con be made (li the t rmsls tot  clr,  be easiiy removed 
fro?, the circuit) ty measuring the for:~a:d md reverse 
:Ps!s:onces ri,!th a? ohmmPier. A hijn reverse resistance 
an?. !o:\. i0:wx.i :esistonce i n d ~ c o t e s  that the transistor 
1s operable, L~J: does not m d i c i t e  l !  the j c n  i s  normcl. 
Br ceituirt to observe the correct paianties. 

Reduced Output. 1np:~pe: b i c ~  ,io!!lqe or n chanqe !n 
!? !he volue of n component, os well os o defective tian- 
s;s:;: cac muse reduced o~!put. If the t imsls tor  qaln is 
low, the output wiil also be low: howevei, lranslstars 
s , n o ~ l d  be :rplccrd a d y  ofter d l  orhei checks nove ken 
mode, u r l ~ s ;  there is good reason to suspect that Improper ." r u ~ i u y ~ s  ~ ~ U V L .  been oppile?. i i  e~t i ler  oi in? buse voiro4e 
dlvlcer bias resistors enanqes in volue, the bias wlil be 
either too low or too high and the output will be reducea, 

. . 
*:tl~, Gcccz;Gr.r;~< 2:::3;::2z. ;,. ::?;pie ..,cl:!?.=!%l :!I?,:? 

~ : ? : ~ , I Z C  ..,;k,~:b,c: :?,c k z s  :: zs::ec!. I! !b.e ccllecto? 
., , 

, ? b ~ b , G >  La ,* < 2 > , > ( ,  .r, v G . " ~ ,  ,c,e G*tGa[ *A,, t>? ,,,,: [v\,s+, i 
tee. ubar .~ c i  the extra ia11i;e drop GC;CLS t ie iesi~to:; I! 

::,t ,e>.utu. .- :L- :uB, .;. ::.,, :-:;.: ,..!! :,e ::- 
i r t a i e c .  it me COUpLlrl; ;opocltors ore aelrct!vr, u ,ass or 

: > , . , ? : , I  ,Jt c,.r I G * - ~ ~ + ~ " ~ G < : V .  *;,3 c: :cc 2CCC2L;- ,?:.!; :cu!: 
," ;..- -uuv;A:J; - .,,,..2..lLu,..~t . s  IF:;: :!:3r :b,e ?cs!- 

3.. 

value. A leak" COpoCltOr wlil llkeivise cause Improper oms 
voltajes and reduced output. Capocltors usually must have 
one end d!scannected from the c ~ i c ~ t  befor? they con k 
:es!e.! by zecns o! 3 .srw?ard CnFncitaqce malyzer !~n- 
z.;;;:: ccpac : t sce  cb.eckers :c cot require t h s j .  
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ELECTRONIC CIRCUITS NAVSHIPS 

Dirtortcd Output. I f  the b a s e h J s  1s tw h?qh (reduced 
ior,noid bias), the transistor wlll operate on th r  IONPI 
portlan oi  i t s  dynamic chorocterlstlc, ond the negative Input 
peoks will be clipped (posltlve callector swings). Llhewlse, 
)I the bias 1s too low Oncreased forward bias), the  trar.s~s:or 
wlil conduct heavily an2 iperate  sil the upper >oitlon oi  :ts 
dynamic characteristic, w>th ccrrespondinq clipplnq a l  the 
positive peaks (neqative collector swinas). In bath c a s e s  
extreme distortion wxll be caused. If the bias  1s proper but 
the collector valtcge 1s nct, s lnl lar  effects moy be coused. 
I f  the collector val tagels  too t,13h, the negotlve collector 
sivinl h,ill be cilpped, and if too low the posltlve collector 
swm, ,a111 be clipped: In e~!her :"stance heavy distortion 
wlll result. Pm open nmltter bypass cipocitor wlil pcrmlt 
degeneratrve feedback to occur, and, depending upon the 
amount, will show either a s  distortion or o i  reduced out- 
put. A change in lood reslstmce produced by a delectlve 
collector or load resistor or by a ieoky coupllng capocitor 
i c ~ u s i n j  c h r a v  shunting c f  the output locd) usually shows 
as a distorted output with reduced volume becouse a! the 
mlsmatchinj. Use olr oscilloscope to lollaw the siqncl 
throuuh the clrcuit ond determine the point a t  which the 
woveiorm deports from noimol. In most lnstonces the del- 
ectlve component will then be opporent. Do not overlook 
the poss lb i l~ ty  that distortion may be occurring in o previous 

stage, merely being amplified by the s t o j e  under susplc;on. 
Too lorqe an input (overdi~vel will cuuse both positive and 
neqotive peak clippinq wit" diitortlan, just as in an e k e  
tron-tube omplifler. Apply o square-wove mput from o 
signal generator ond observe the output an an oscilloscope. 
Frequency d~s to r tmn  will Sr silown by o slopinq r ise  and 
toll tlme (poor hlgh-frequency response); o sloping f la t  top 
~ n d i c a t e s  poor law-lrequenq response. Electran-tube 
techniques lor locaiing distortion nay  generally be used ior 
translstoi trouble shootlnq l i  the proper valtaqes and polar- 
, t ies  ore employed. 

IMPEDANCE-COUPLED AUDIO AMPLIFIER 

APPLICATION. 
The imaedance-cau~led transisto: cudiu ornpllfier 1s 

used where 'llgher goin tho" the :-c coupled s tage i s  de- 
sired w ~ t h  k t t e r  re;canse tho:> tho1 provided by transformer 
coupling. 

CHARACTERISTICS 
Uies  commcr emlttcr circuit for higher qom. 
Operates Closs  A for llrleor operation and ninimdm dis- 

tOlt10". 
Usually amplifies small s q n a l s ,  but car) te d e s ~ g n e d  

to handle large s:jnols in cascaded s loges.  
I s  fixed blcsed from Lhe collector supply, but mqi  use 

self t l ~ s  in some c~p:icauor.s.  
Eni t ter  swcrpinq i s  norm all^ used !or thermal stakil- . . 

1zution. 
Gain is foirlv ilnifarrn over 3 n n o e  ui os:roximoteii 

100 to 15,WO c p s  or mare. 
Bath voltuge crd power qoin are high 

0967-000.0120 AMPLIFIERS 

CIRCUIT ANALYSIS. 
G~MIDI.  Tic ii:i~edance-co;ied translstar om?liiier 

1s slmiloi in c gcneral sense to the im?edance-coupled 
electrol: t u k  c-plliler p:evioucly discussed in ?art A of 
th!s section of :::r Funcbook. Use ai the corlnsr, (g ro~nded)  
emitter clrcult ollows use of the analogy that the base oi 
the transistor i s  el;ui:.dent tc t t e  electron t.Le grid, the 
emlttrr cqulvalent to h e  ! u k  cathode, and the collector 
cquro len t  to the tube plate. T h s  it i s  cleo: Lrcm the 
fol13wln~ schematic that the two i.r.pedmce coupled circuits 
ore a:actico!ly identical. Any diiierences are due to the 
troos:stor internal porozeiers acd tke rwotchln~ requirements 
to obtoln nun!nurn outsut with ! ~ m ~ r z u r :  d i s t o r t i ~ c .  

Circuit  Anolysir. The i a l l aw~nq  s c h e r a t l c  is that of a 
convent~onal PNP, t r ~ o d e ,  common-ec.ltter ir~pedonce- 
couoled tror.sistcr audrc cmpiif~er  circuit. 

ccc 
OUTPUT 

lNRn 

- - 

Impcdoncc-Coupled Audio Ampliiier 

The input I; shown copucitively coul.led, and voltage 
dlvlder R i ,  RB prcvides fixed c!as from the co!lecri?i 
supply. E:nit:er soacizlrlq i s  provided :y RE !or tem;era- 
ture stab:lizatior; 1s !bypassed :y CE. (See sectlor. 
3, paragraph 3.4. I ,  of this Handooak !or o discussion oi  
blos arroi:genlents, and coragroph 3.4.2 far 9 discussion of 
b ~ o s  stcblllrctlon ;.tethcds.) Collector impedance LC i s  
tk,e loud across  w+hicil the cutput voltcge i s  d e e l a p e d ;  this 
, o i t o ~ e  i s  opp l~ed  tk.rough caup1ir.g ccpacitcr Ccc to the 
octput clrcilit. Reslstor R2 i s  h e  h o e t o g r o u n d  resistor 
in the next s t c i e  ,when coscaded tim;il!lers arc  used, cr i s  
the o u t p t  LOUS res:stoi (such cs o headset) In single-ended 
stages.  (In s o r x  usplicotions R2 muy b,e replaced ny an 
iron-cored inductor slrcllur to LC.) 

Normally, the ompllfler i s  o s m a l l - s ~ p a l  amplllier w ~ t t s  
the bias !,xed c t  the cewer of the ticnsistor dynoa~ic trans- 
fer c h u r a c t e r ~ s t ~ c .  M'lth no Input signol o steady collector 
current, IC, flows as detetrnined by the base bias voltoqe. 
With R1 ond 98 connected across  the callecta: supply a s  a 
,;oltoqe dlvtder, o loruard inel;otlve) bias i s  d e ~ e l o p e d  
across  96: this has 1s sr;iflclent to cause the quiescent 
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value o: IC to flaw, ?.,en ttcugh the cailector i s  r eve r se  
bsse?.  

',?hen he !nput signal goes positive, ossurning c 
s!newnve !r;:u!, the forward h s e  Llms i s  decreased inston- 
toneousiy by the umpii!dde of the input signal, and cci!e:tor 
ctlrrenr Tc is reduced. Tne reduction in collectoi iilrient 
:USGC.S the vo!toge o c r o s ~  co!!rctoi lnnnrinnrp - . . . . . . I - r: to rie- 
rreos? an3 rise toward the sur,ply .ioltoge. w h ~ h  i s  neqo- 
!!ve (tnis is exoctly the reverse of vacuum-!& action); 
liils.  a neqative-swlnqing output sign01 i s  degeloped. 
Yhen h e  i n p !  slqnal beco:nes nefpt ive,  it adds to the 
fi.i.n.oid base D ~ O S  o rd  causes LC to i11cre0se. The Insreas. 
:r :oIlt.ctar rdrient through L pruducea a loiije voltage 
,Aub, ,u<rG:: ;:,< : : . , > r 2 ~ 7 . ~ ~ .  :~i":c: !!;c ?:;2!!,;c cc!!ec:c: 
voltage and prcduces o pcsltive swing. 'herefore ,  the 
collector outuilt iaiiows the ingut slqlu; enceor that i s  i s  
~ C V P ~ S P ~  ::i nolor!ty: wile" the lilput iiqna! is cicsltije, the 
: . : . . t ,  > r  ; . Ti; -c!!cc:c: 
c~!:'.' I. ?e ,plrye? l r r o s s  7 %  !~l?-fio?ce 01 LC &tween 
the collector and ground, onJ :s a>;lled through coup lu~g  
cunocltor ccc  to t i e  jcse of he next stoqe, or to the out- 
pu: !cud. 

in c o s i u d e i  ~r:;pedanceccupied s t o i e s  t i e  base 2 : ~ s  
resistor on: bse -m-em~t te :  :n:e:;cl lnpedcnce cf the next 
zydGe - .. -.A .?, offer a sin! coth ?eween cou;ilnrj caboci- 
1-r Ccc 3rd ground. %erefore, t i e  r ecc tmce  ci Ccc and 

'J\ the total parollel resistance (or impedance) from base to 
\ ground form a voltogr di,ilder across  the collector reslstar 

of fhe f j r s t  stoge. If tke reactonce of the coupling c o p c i t a i  
::, I;:;;, t?.? ,>.::;: .~+c;[a,qe 15 ,7;er;fly 3 .  ;t:en:;2!r.i, on.? cr!') 
o .small o;:p>: il:gmr; k e t w e c ~ k s e  and ;ic~rl! c! the  . . 
2 5 .  Z:nce C:r IP:CISIICI of ZCC . J : L C .  ..,ji.ise:y 
w!tn I rquency ,  ir,e lower uudlu irrquenc~e.5 art. attrr.uG;ei 
:..era :hen tl!e hicher frequencies. Far good low-frequency 
:esponse- the coupling camcitor  i s  mode suftlclently iarqe 
11. ,clue i;at its rwc tcnce  :; ue:y smcli as co::;y~rei w?ti! 
the Ssse-!o-ground resistance or impeconce. This i s  slmilor 
to voclll~m-tube practice, where relatively s n a l l  coupilnq 
;z~;ci:s;c (c-rL CT .no! , z i c z f g r ~ ? !  .re sn!?c!nc!nn, t p -  

cc4;C :be .?on,. .--e i .  :r:d-to-q:uufid irnpedonce ic ,very 
nlgi!. ijeccdse be Ucinsistur b s e - t o - e n l i t t i  i rp idonce  i s  
' . . I . . '  C..L.,.+ X,? -Am,., 2 " " , , 71 ! " "  ?"n"?: ,?,r,7 i 9 , d . . . , . - . , , - - - ,. . -. . . . . , ,  .,.-.,--.. , - ~ ~ ~ -  
......ufarcds ;r !nore 1s needed toach leve  the luw imwdznze 
rq , .,^ . . .  

rLb ,o .subL L ' S ~  >,y,iui ~ ~ i n o ~ i  ixi?5siit i::ciii~t:,>:. 
. . 

: , 5 ,  A ; ~  ,;,,:; z::::: zc=.:z:!z: 52s  = c2"+:! ,2y :-,:,.: <n:, ,  ~p .>{ 
. - -  , - . , tu<::;!ox,.,.":e:v . . 3" Gfi,C.S G I  ,"u C X .  j TL; .",..;-::e4uc!,".) . , . . '^. .k . I  

~ ~~ ,, , # # ?  >.>,"., ,,,,.; ,,"""L,,", " 

;!;;vj: h. ! e s ~  !%c me-tent? the eiiecrlve ulse input 
, , , -  J , v  ,.& 

. , 1.. ... ""i :. ;.i.z:r A:, .!;;.?: -;!::c; O1 *?? 
-r .-I:? ;--.nzirar o r i  in<%c!or c::: h, imde !o ;er!e5- 
, r . ~ n ? , -  nt i !?w tre.;;ercv to ; , r ~ . i l d ~  coss 30C.SI. 

.A; L~,e !,&; <"AL !:c;"c:.::ez (z>c,;e 15,QE Z ~ S ! ,  
:k,c ;;!;r-:cr-:c-e:?.!!er cnpac?tance of th? fi:st s tcge cn:! 
:ze b o s e - ~ ~ e : , . i ~ i e ~  b:,d~.i~:.4 xgc:i:~r.:e c! :hc z z z o ~ , ?  
;:(:JP !oqe!ni: #!I" the iorqe clstrlbu!ed m F c > t c n c e  frur,: 
:d:. :; :-:- ;: :r? :a!!ec:c:~:r?uc:o?:~ !c$s !- bypss  ! te  . . 
:,::: !!:;2z!!c:e> !,., 4r,:,,Lr,,!, ,:,> .:,;,,; ,; 3rzc :r, :t,c :cz~:?,:>. 
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?he f r e sxnq-a t t enua t ing  action pioducw' by t h e  Wan- 
s ~ s t o r  wcurs k c a u s e  the w ~ d t h  of the internol transistor 
P'.J lunctmns are voltoge-sensitive. With higher voltage 
the transltian resion i s  norrow. coireswndino to t h e  closelv 

the width a! :his translaon reglon, s o  thor wons i s~ars  ore 
gener~ l ly  chorocterized by a high interelectrode copaci- 
tccce. For exomple, on audio tronsistor moy nave a coi- 
:ector-to-iase c o p c l t a n c e  on the order of 50 plcoforods, a s  
m w a r e r ?  ivrth o vacuum-tube p l o ~ e : o - ~ r i d  copacitance of 
3ne or Tore c!coforads. The cr;l!ector-tmmltter copoci- 
tonce i s  usually 5 to 10 t ines  the value of the collector- 
!o~b?se c o c c l t m c r  o n  tnr  cornn,on-er,ltter cirn;it], cs 
co~noorec wlin o plcofuruds or iess iui vuiuuiil-tuk i.1z:e~ .- a-* ;Y.,,hadc cc;oc:!cnce. ' h i ,  ~t can Ix seen how the 
t..~:~irq;.ei.cy :espcnse 1s cffected cons~deinbly by interilal 
!r.n71Q:nr ?rirt;rc:crs. Of course, or." shunt wl i lnq  capcl- 
tonce ond that of the collector inductance wlli a i s a  add to 
the shuntlnq effects  of the tronsistor. Both low- and hlgh- 
f:equency cornpensoung circuits may be used to increase 
tire e i iect l ie  frequency r e s p n s e  of the circuit, as discussed 
1,: Ic.?ebnd Video Am:liiier C i imi t s  ioter in this section. 

3 i e i  the reg102 of 100 tci 15,000 cps,  the impedance 
c ~ p l e j  i rp: i f ie ;  has  ; relcti.;e!y !lot resgorse,  and with 
proper tnotchinq will afford high power and voltoqe gains. 
Hence, this form af cou7llng i s  employed where gocd audio 
response i s  requlred with o moderate power output (for high 
uuiiut tmnsfoiner-couolma i s  used). The common-base . - 
coniiouruuun is sometimes employed where berre; hqh- 
i r c u e n c v  resoonse i s  desired thon tho! orovided bv the . . .  
cc-.-~7-em!!!er c!rc11!!. smce the co!lector-to-base m w c i -  
.u,.Le :; only 1/5 to !/13cs q e o t .  

Truns!stor audio ompllfieis are oiso characterized Ly a 
hlqh ~nherent  noise  which, i s  meotest c t  tt,e la,#er audlo 
i:e+cr.ciez. "erct!s~ with low vo!ues of ernt!er current 
and iaw coiiector voitaaes. touettlrt with ;ow vo:Yss ii: 

input reslslaoce, tends to minimize he noise. 9 y  usin.; 
an lnducior in piace of thehise-to-ground resistor (RB or 
32 i n  the schemat~c)  o very !ow input res is tonce,  and o 
l n v r  ncisr firjurr over that of the rc coupled o m ~ l i f ~ e r  i s  
abtained. !n the corn-on-emitter circuit, deqenemtive 
e t fec t s  produced by on unbypssed  emitter resistor tend to 
'n-rP?se t h ~  input resistance. Thus,  i t  is conventional 
L:OC!:CC IC ~ c e  !n_rqe e r n i f t ~ r  h y ~ s s  copocitors to ovoid 
-..,, -mce,,~. I,,> , ?! 6eqen~ra t lnn .  As wllii tile eiectrun 
I,.-r .... . exterrui !edmci clrcui;~ p r ~ v i d e  r r t t r r  responsr, 

q m . - * , - h  -1 ,.. a? *ege~era t io r  A :ioy son~e t imrs  we used. 

Sjrce flxed bias from the cailector sujpiy may te easily 
.-?:nlrpo oy 0 s~rn:>ie vc l t~ ( l e  Oliiaei, i t  is ~ s e i  iil X,IC 

l a rge -n~d-s -o l l - s i ,~o l  appl~cot ians .  Self-bias 1s generally 
ic,:i,;:e> .; ";; :; .."-,.;?.ii.CI .n-i , . - P : ~ ' > ~ . ~ .  !!,* rw,ir ._., _..y ;_. _.:/ 
dlsturl~ull und mDraoei apeiation wi:h a :riucti;c ;c ;a;::, 
ar r!ocklcg, mcy occur on large siqnols. The  eni t ter  
reilctnr i t inrtlcns malnl" as a s w a m ~ i n ~  resistor lor tempero- 
r;;c stcb~liratlo::, an.? grrvents large ik.3nges I; omp!ill- 
:":.or wl!n teacrrat!~!e v u ~ i u t ~ o n s .  

ic c?rrlj~r!~q I" P ~ I I U I I U , I  of the t r o n s i s t ~ i  imjedci.ce 
- -  "1." -.--.'me. 5 s  rcmpnre"!tn I" P P ~ P , ~ " " . ~ ~ , ~ ~  -u"".-u -...r...... 
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inpedance-caupled ampli l~er ,  !t si:ould 3e cleor lio: ti.e 
a b i e  diaiusrlo,! thot one CIICI! 1; JP i!i:.ost e13;t 
counterpci! iduol) a! the otiler. The difierer.ce I: t-ot 
tracslstor :tg.;es z p r u t e  ..wtn 1:;; ! c j ~ t  JT rnfCut !c jed-  
onces, at :ow voltcrles, ond a t  ,very icw levels oi  orrpliii- 
cotia;. w h e r n s  electroc-tube s t ~ z e s  coerc!e ::.i!h relatlvelv . . , 
h!q? !nput 2nd c - t p ~ t  irrped,2nc?s, ~t tl;h voltu;es, ,z,C ct 
h u h  levels of ampl!iication. Tnur, thc trontistc: 1s 
h s i c o l l y  a current anpl i f ler ,  wnlle the elec!ron tube i s  n 
valtoge ompil!ler. ~onseq.;untly, the Vonslstor requires 
closer niutchiny (rather thar nls-r:,atct.in;) oi ic?edor;ei 13 

maxlmdn peilcrinar.ce. 

FAILURE ANALYSIS. 
Gcncrol. '/?hen moklntj ,ioltoge checks c s e  o vacuurr- 

tube voltxeter to C ~ V O I ~  the :oil. v~ lues  O!  ilultiplier re-1st- 
snce  employed on the lo*-.;olto?e rongts of the standor? 
23.50% ohm:-per-v~lt meter. Ec c a r e h l  a lso to airserve 
proper polorlty when checking contlnuity with or a t l n ~ c t e r ,  
since a i o r s i d  bms thr,>ur;h cny a1 tt.c trcnslstur jucctiorls 
wlll cause  o !else low-resistonce rwdif i j .  

No Output. A rnc-uut~ot corrdltion i.ioy 5e caused by on 
open or short circuit, t y  impto:&: t ~ u s  or loss  oi  callectcr 
voltage, or by u defective tror.zistoi. A valtaSe check wlli 
determme i;h<,ther the t los or.2 collictcr .;o;tcges ore 
nonnol: a l so ,  a VT'II.! wlll ind!cote audio insu! cnd cut;ut 
voltages. h'lti: the trw coilrr.:nentr ir:/al:.ed, s i n p l e  iol tcge 
and reslstunce checks will usdally lndicute the source of 
t rn~b le .  If the h;i voltaqe divider 1s 0FE.r. trccluse r e t m  
resistor, R B  is defective, the Sase t ~ o s  will k s u i i i c ~ e r , t  
to cut of! the trunsistcr. ;I~'ith R1 ;per, 3n:y contact h i s  
exis ts  and the tronsistar ivlll :ery l ~ k e l y  conduct heovlly 
1, 1i.e sotcratlan reom?, if csllectoi indu:toi L C  Ir ipPn 
there wlil t e  ro  . ~ o l t a q i  mecsuicd =tween the collector on? 
ground. ;i e::;itter reslstar RE 1s ipen,  the circul: ,w~il  no! 
operote: however, l f  enutter hyouss cnpucitor CE is shorted, 
the clrcult v;i:i coerote t u t  i t  will :E ti;n;eratilrc-sensit>~~e, 
L:kewlsc, 11 the emitter bypass curccitor i s  men, st r n q  
reduce the o;tpu! t i c a u s e  oi degencro t i~c  i e e i m c n ,  but 
nwmolly will not couse :unlpiete s tojpuoe o: opcroticn. 
If the Input cous1:nq copac1:or or the 0 ~ t ; c t  cor/oiitor i s  
open, no o u t ~ u t  will te cbtoir:ed. Chec: tile in-ut an! 
output c ~ r i ~ : t s  with o n  O S C ~ ~ ~ G S S O ~ ~ :  ~ I ~ G ~ ~ ~ C T U I I C ~  of the 
slqnal will irdlcu'e tk.e iocatiar: a! :he de1ec:lve ornponen!. 
If the cc;plin; copaa to r  is sharted or lezky, ~t iiill a f fec t  
the base tlos I! Iacoteii o t  !t,c input, o i t  wll! praboily not 
be sufficient to s top operation. On the otker hor.d, 11 !he 
outnut eaoocitor i s  a: fault,  the  collector revcrse bias 
(whlck: 1s n a c o l l y  nlgh o s  compared with u,e h s e  bios) 
w ~ l l  be applied os  full forward b ~ o s  to the base o! the  next 
stoqe ond vjill t i o s  i t  heo.:iiy lnto roturuuon; thus, nc 
output will result, and the current noy he s u i i l c ~ e n t  rc 
destroy the :ranslstor. I! tbe couplir~c cc:&cItar IS leoky, 
the r i lect  will dewnd  upon the a?!cun: o! leakage. 'Nth n 
s l~qh t  leakage t i c re  !nay te practically nc ocservcble 
effect ,  or poislbly distortion: with !,ea.iy lecksqe there 
will proSo;!y LF nc output. Cl c c n s c ,  I! the transistor i s  
shorted or otherwise delectlve, a ro-outpil! c u ~ d i t l c r  will 
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;c:.r. Ha:;e.er, L-,E tr::,.ils:~r i c c i l d  be replccei  cn:! 
oh!: I i  atijcr e t ccks  !,:.JC Lee? :.tsle s n ?  there 1s :Ill! n~ 

, , 
a.:L.:. A :,-..:i, c;tcr ~ . i  : I U ~ S ; S ~ C I  ~?er;:ion con ;k z3dc  
(lf 1% trcns?itar ccr, v cosily :t,?,sv~d from t~le c ~ r a l t )  
>y ZICIIL::I:~ t r e  isr:,nr5 a:rd rcver;c res1;ttinccs .#ilk, CT 
ci::.ete!. A. :!:q? re w:;e resistsxe a!:? lavi : ~ ~ r r c r d  

:esl;:c:.cc :I~:CO:ES !ilc: t i e  tv~ns l s t c i  is 03errr3le. cut dces  
cct !ridicote :! :he qaln 1s norno;. 2e certolrr to oiser,ie 
tile cor:cit rciurltle:. 

Reduced O u t p u t .  Ix;io:ir k;os .,ol!u;r cr a :t.onge in 
the value ~i c car.ponent, us well os a delecti,ie transis!cr 
c;; c 3 ~ s e  reduced o ~ t p u t .  Ii 1F.e t:sr.sistcr ;an 1s :r;.,;, the 
3utncr will o!so ze i w ;  hcwe,er, tror.s~stors should he 
repluced cr.ly o!te; 311 0:i.e: cnccks h a ~ c  Leen :no&, dnless 
therc 1s gaud recso:, tc suspect t to t  ixp:sper .ialtaqes have 
t e n  ~ ~ d : c a .  i f  e:::lir oi  !hc List voltoje-dl,:lier :,us 
. .csi..~. >.LT.. - rt:cn~;ei ir w l ~ e ,  tke bIC5 "iiil z.e elfher too low 
or too h g h  GI.! the o-t;.-t will t r  reducec, 'with oc- 
corponylrq d:storr:on. A slclrle vc l t r r t e r  c h e w  will 
de:crm:re ,iiheti.er the 5!05 i s  correct. i! t i e  C L I I ~ C I ~ I  
15du:tcr devclocs o hl;h resistunce, :!ic OJICL: ii~!l t c  
decreuied ? e c a , ~ s e  oi  the extra 3-c voltage drop across  the 
choke. !I tke ;ca;llr; iu;ccltorc ore Le:ectwe, n loss  3: 

output a :  :ne low-fruqurniy end cf 1t.e ;rectru:n ,#!!I I C S U ~ :  

wher, tire coucling capcsltance is l e s s  t i , m  the design 
v o l ~ e .  A lccky cosccltor w11l likewise come ir.pr>per 
b!cs ,;clto;es on2 reduced output. !3pacltors usually must 
hove one erLl disconnected iron the c l r c ~ i t  helore they can 
bc tested ~y zecns  c! n stond3:c cc , sc i t ance  onolyzer 
(m-circu~t  capac;tance checkers do not requi:e this). 

Distorted Output. If tt,e base 212: 1s too high (reduced 
!orword kios), !he t r cns l s t a  will operate or tile lower 
poruon c! i!s d y r m l c  t rmsfe r  c t ,zrcctenst ic ,  cnd tt,e 
ceoatlve !rput peaks will te cl l jped (positive ccl!ector 
swmgs). Likewise, i i  the h a s  is tca low (increased 
iorvmrd kios), the 1:onsistoi will conduct t,ea:'ily 0r.d opcr- 
a:e or. the uppe: portior; oi i t s  dyr.o:::ic transfer choracter- 
l i : ~ ,  w;:h ;aire;uonding :l!pping cf the ;ositl.:e p m k s  
(nego!l,c collector swln ls) .  lr: 50th cases entieme dls- 
tortion ;u~ l l  te co;sed. If the blcs 1s pmper but the ml!ec- 
tar voitoqc I; m:, sirtllci eiieit;  m y  be coused. If the 
col:r.itor vcltage 15 too high, the negoti,ie collector swinq 
will be cl:coec, and 11 too low the positive collector 
swi rg  wil l  te ~ l ! ~ a e d ;  ii: either lnstcnce he',? distortion 
will result.  An o p l  e x t t e r  bypass cajoci tar  will >errnit 

~ ~ 

degenerutii.e !ccdhck t o  occur, and, depending upon the 
o m u n t ,  vi~l l  siioa either cs distcrrian or as reduced output. 
A ct.onge in i w d  reslztonce ?:0&Xed by a deirct ive col!ec- 
tor ct.ake or IDC? :es:ctor, or zy o leoky coupling capacitor 
( c a ~ s l n g  II heovy ihurtlnq of the outpil! I m d )  usually stlows 
as a dlstor!ed cctsut wilt, resuced vclume *cause oi  the 
mismatching. Use cn c s s ~ l l o t c o p e  to follow the signal 
thrwgh the cirsui: and determne the pain: ot which the 
vwveforrn di3urt: frorl no:m31. In nos! ir:s:inces tile 
defect lvr  cax?orent will hen  i e  opporent. Do not uver!ock 
t i e  pcssl;!l!ty :tot dlstcrtion nay  5e acmrring in a previails 
stoqe, xerely k i ~ g  o m p l ~ l ~ e d  by the s t age  under suspicion. 
TM lcrge an input (auerdri,iej will cobse h t h  ?ositlve cnd 
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negatlvepeok c l~op lng  wit" d l s t c r t~on ,  just as in a electron- 
tube ompiifler. Apply i sqxrc-wa,ie input from o s i p 0 1  
Fer.er3tor and observe the output on on osc!lloscope. 
Freq-ency distartian wi!! be shown by n r l n p ~ n g  rise ond 
!=I1 tlme (wor hq.-frequency response): o s l o p i ~ g  f la t  top 
ind icn tn  mnr I"w-fr~noencv I P S ~ O ~ S P .  Ele~ t ron- tu te  . , .  
I--L - i". I.-"*;"" i .-.*... -- -".. ",",."lh, in , , c d  inr 
L c i , r , i i ~ u i ~  lur .v,,. ",. ...", %..... ".., "- ---- .", 
uonsistor trogble s h o o t ~ n n  lf the urucer volto~es and 
po la r l t~es  a re  employed. 

TRANSFORMEA-COUPLED AUDIO AMPLIFIER 

. -". .-.-,-,. 
I T T L I L Y I  I"". 

The  transformer-coupled transistor ourllo omplllier i s  
used where h!ghel !am and power Qutput man tnot provlse? 
by ap, r-f-coupled or irnpp~once-roupipd s taqe are ruqu!red, . , . . . " : .-\.  ~ ,,>, ... . , .  [ -  .;lrr. -,,- ..,... .,.. ~ .u4b,..., ... ..-*" ...., ,.ur ....,. 
atcd. 

CHARACTERISTICS. 
Uses  mnmon emitter clr:uit for hiqher qaln. 
Operates Cioss  A ior llnear operotion m i  m;nimdm 

distortion. 
p n  UsuolIf amplifies smal! s;,--CIS, but c x  be d e s : s e d  to 

handle large s i q o l s  in cascaded stages. 
I s  flxed-blosed from the collector supply, but moy use 

self-bias in some applications. 
rrn;,,-r ~ swnmpsnc ~r n ~ i - n l ! ~  osd far rhertnol sto- 

. ,  . 
aiiiiiiaan. 

G a ~ n  i s  folrlv uniform over o ronqe of opi.:ax~mately 100 
to 10,000 i p s  o; =ore. 

Both voltage and Dower qan ore hi&. 

CIRCUIT ANALYSIS. 
General. Tne trmsioimrr-coupied t r m ~ s ~ s t o r  z~.cii:;ei 

1s s i m ~ l a r  in general to the transformei-coupled electron- 
tube ompliflei previously discussed in Part A of this s e a l o n  
,,f '1.- - ' A -  ---- "-.e-'"-.' -,-., "-'"A. "o r  ", iiri iu,,i..i",, ,rr.,iii ,,iriu,r.r 
emitter) a rcu i t  permits cine asssmption that the bose of the 
t rms i s to i  is equivalent ra h e  eiectron-tube cg:ld, tile 
cr.i:ts? 1s ?qd;.<cf2?,: :c tkc the cs!b,?de, s d  tb.2 CC!~?C!CT 

1s equivalent to the tube plate. %.us, ~t 1s ciear Iron) the 
iaiiawing schemonc <nu, LW IWU L I I I I : ~ ~ O ! ~ , ~ ~ ~ - L U U ~ ~ ~ J  c,~Lu,:~ . . . .. 
,A:+ 2:,:,::.~.2l:. ::e:,:::::. ::.r,; 2:::e:27.=cs z:c 52.: :z ::.c 
!ronsls!or lntesrlui rjurumenw m i  ins  ~ a t s . i i n . ~  ;eaui:i- 
-,,!c tn nhlc!r mnr !? , r  ,~h~,rn.,t w , r t ,  -.,tnjm,,m ijstcr:i.zfi. 

Circuit  Operotion. T9e nccn:accnj!zq sche*lat?c 1s 
t h !  ?! : rorieptinn,a! ?NP tr;clp ,%-,-on.e-;:tp7 

I r _ _ ::;::ii;;;,c-;r.;:d t::r;i.!.l ..;. _. ,.~.~.. -.. .. 
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T& 

Tronrformer-Coupled u d i o  Amplifier 

The  lnput is srmm trmsiormer-co~pled t i ~ o u g n  T i ,  OR- 

v a i t i ; ~  hv ide r  ?!, 73 provdes f l r d  irr- the i:>!!ri:a; 
supply. Emitter sirailgir~ i; pioviddc Ly P.r fc: !e::;erct:ie 
s t ab~ l l ro t ion ;  ,?E 1s tipassed by CE. jSce Sec:icr 3, 
poraqroph 3.4.1 of this Hcrdbook !or o d.scusslon oi  bias 
arrmqements, and 73rograph 3.4.2 for o discussion of b a s  
stabillzatlon methods.) The outpdt 1s transfoiner-coupied 
through T2. 

'The c-se I! T I  !c n p p i ~  !n? input s i m o i  ro me j0sr CII- 

cult provldes an alxos! !decl temperature response c h o r a r  
,er,>t ,,:, T L -  .,,c ir.. 1 -,.,..--c<".-".,..,"A.", ,.... "i" .... ", .,...-... " .--.-," ,. r o u L -  --i 

~, 
i 

. . 
,"i input r u r l s t l c e ,  and, #hen ~ ; e c  ,.:;In rmltti:  

swnmpina resistor HE, any variation in  aaln witn tenpero- 
lure is recuced to o very small voiue over a larqe r m q t  of 
:er:pe:ot~re: [,:re,~tzr thar, k r  ~r;: s:b,c: :~;;c c f  c x p l i ~ z  
c~rcu i t ) .  Narmiiiiy, trms1st3r Oi rests  in i t s  quiescenr 
conbltion, with Z i a s s  A clos provided by vultuqe div;dsr 41. 
RR. The 2uiescent collector current, ic. I S  stendy, prw 
duc;zi a r l v  a snzl! ~cns ton!  v n l t a ~ e  drop across the pri- 
m 2 : ~  :es:i:n^ce C! 72. ' f ins, pinct~col iy  the fhill V O ~ ~ P  3i 
r r i l ~ r r o r  s:,coir, b'cc. I S  uvc11,-ble. '21th steady :o l !er! l :  
current no ;oltoqe is lnducrd m the secondary oi  Ti ,  and 
.L , -  -. - ,.-, , r - = c , ,  - , ? - > ?  :.p,, <,",,<I " v " q : s p ) .  .,.".L .- ,." "".?". ~ , 
, . . ' b  - -  - ci;i.-".r-. -."-,.I ir ,",." ,"p,i .r:n ,hn in. . ! , " ...,..,. . "  .... ". ." d -.... 

;,,! -.>L-. :, zu::?X: !!? :?::,::h t k  ;::-.s:., "! 71 !?.*2C?5 ? 

, ~ l : ; ~ ~  .!, ::,* sec~p.:a:/, .,,5!ch : s  ~>p!:ed !: !!.? wse 9: 

GL, Assdz,.r,a :h: bL,i ::~;,sio:r,?r a?cor.2:r~; :s z3?,necte2 
!?-ph3se ,,;l!h !+" primorv, o pos111ve incrmse in  v a i t a , ~ e  -. --..-... " .-r +.." b.ro. IT:i  ins l l i - lp  j.n,,clp i , , :n, ,  r O n ^ Y i s  .,. ,, .. 
:+ Lciiyai? Z C : ~ : : - ; C  b!cs, c n l  2 r ~ j i : ~ i l  ilnv+ ;i ccl ic  tr,i  . . , ~ ~ .~ .=. 
iuil+.~l, L L - ~ , ~ .  illi ii,i.iiiii:ii.;rrr .".. ir.r. .-..-. .. -. 
- e r ~ - s ,  t t ?  orlmrlv vc i t a ,x  drn l  ,lizu ' irclrubrs, u ; ~  di; iws 
, .!:i -~,.,... i,.,O1 \d!taqe :a :;xi tcwor? tn,e ne;c!:vm -. . . . ~ . r ~ l v  
:,3!!23~. I!z~wb.i!a, !he v i ? d ~ ~ t n n ,  rnilprtnr T:I~TPP,I i n + ~ ~ e s  

a G;iaqe 1; t k  ~ c ~ a ~ ~ : ~ ;  .;;:z21r,;. Tk,e ~e2:: .23?{  &L:- 

I ' ?  ! S  ,:<:rP;̂ :P.: :r-3:3ce 5c .r<;t C rt.iuc:n I A I I L J I U I  
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current produces a necotlve voltaqe swlnq in the secondory, 
anc on insreas1c.i cdirent produces a positive sninq. 

The  emltter csrrent flowinq thiouqh RE is the steady 
quiescent value, m d  any chanse in base b ias  with input 
sjqnal 1s bypassed orcund the emitter reslstor throuqh 
capoc~to i  CE. Althou~h the capacitor will not pass  the 
quiescent d-c current, i t  will pass  the aiternotlnq oudlo 
voltaqe produced by the chanqlna input siqnal. Thus, only 
a-c cwrent chanqes f l aw~nq  throu7h RE (the thermally in- 
duced chonqes caused by temperature v o r ~ a t ~ o n )  produce an 
emitter bias. This  emitter b ~ a s  i s  in a direction which 
causes o reduced flow of emitter current, s lnce i t  reduces 
the forward blas ond hence reduces the collector cur:ent 
back to the oilq!nol value so that it oppears unchonqed. 
If the emitter bypass capocltor were not used, the lnput 
sjqnal voltoqe would produce a deqenerative effect, slnce 
al l  collectar and emlttei current would be forced to flow 
throuqh the emltter resistor. 

Consider next the neoative swmq of the input siqnol. 
In this instance, the forward bias  an the base element i s  
~ncreosed  (the tv;o neqotlve voltoqes odd), m d  a heavy 
collector current flow occurs. The lncreoslnq i c  throuqh 
the prlmory of T2 induces o voltoqe into the secondary. 
Assumlnq the same in-phase connection o f  the pr~mory and 
secondary, the output voltoqe i s  positive. 

Note that this action is similar to thot of the vocuum 
tube ompllfier, except that i t  i s  opposite. That i s ,  o posi- 
tive input to an election-tube grid increases the plate  
current, whereos o positive Input to o PNP transistor b s e  
element reduces the collector current. In each instance, 
however, the polarlzotion oi  the output IS opposite that of 
the input. i3y chanqinq the connections of the secondary 
w~ndinq of e ~ t h e r  T I  or T2, the siqnol con be chanqed s o  
thot i t  i s  of the some phase at both the input ond the output: 
this i s  an advontaqe of tronsformer coupling. 

Since the secondaries o f  T I  and T2 a re  not connected 
to the11 primaries, the transformers offer a convenient 
methad of seporotinq Input or output s lqnals  from bias  or 
collector voltcqes. By usinq the proper turns ratio, the 
primary ond secondary lmpedmces moy be matched. In the 
base circuit the input reslstonce i s  matched, qivinq max- 
imum qain, Ilkewise, in the output circult the proper turns 
ratlo reflects the secondary load impedance into the pri- 
mary, which, when added to that of the tronsformer primary 
i t se l f ,  provides a motched load for maxlmum outout. 

Normally, t5e tror.sforner-coupled stoqe is operated in 
the middle of i t s  transier chorocter~st ic  to produce linear 
omplificatlon. It 1s also o smoll-siqnol amplif~er  when used 
In preomplifler stoqes. in followinq cascoded s toqes i t  
becomes o lorqeslqnal  amplifier, operotinq w ~ t h  o lorqer 
blos over the llneor rmqe  of l!s transfer choracteristic. 
When necessary, bias resistor RB is bypassed tc ground 
wlth a lorqe copocltor to prevent oudlo sianal voltaqes from 
cousinq the bias to change with the s ~ q n o l ,  porticulorly i n  
hiah-qa~n and iarqe-siqnol amplifiers. 

In cascaded translstor ompliflers the load on the second- 
ary of T2 1s the base resistonce of the next transistor. 
Since this i s  resistl?e rather than reactive, there is l e s s  
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frequenw distortion that would occur in an electron tube, 
where the load 1s predominatly reactwe (even in output 
s t aqes  the speaker i s  o vazyinq reactonce). In lowpower 
s toqes the flow of reverse Ileokoqe) current, Iceo, throuqh 
the collector-tebase junction becomes important when 11 is 
o lorqe percentage of the total operotlnq collector current. 
Thus, the desiqner c h w s e s  a translstor with a s  loiqe 
a beta o s  i s  possible, m d  as small o leadoqe current os 
can be obto~ned ,  m order to l e t  the most qain wiUl t h e  
l eas t  leakoqe current. ('he flow of reverse current does  
not occur in electron tubes.) 

T h e  frequency response of the transformer-coupled 
ompllfier 1s lower thm that of the resis toncesoupled or 
impedance-coupled tiMSlStOr oudio cmplifler. There i s  
more shuntinq copacltonce than in r e s l s tmce  couplinq 
because of the transformer distributed turn copaci tmce,  
ond there I S  o leakaqe ~nductance between he piimori end 
secondory which does not exlst in the impedance-coupled 
stoqe. The  occompanyinq fiqure shows the equlvolent 
circult of o transformer-coupled stage ond the factors  that 
affect the response. 

Tranrlomar Epul~olent Circuit < 
In the figure, resistors R1 and R2 represent the d-c 

primary and secmdory resistance, respect~vely.  These  
resis tances  must te kept low since they are ohmlc losses ;  
also, the full collector current usually flows throuqh R1. 
Tt.erefore, the slope of R1 determines the d-c load ]me, 
and the transformers ore desiqned to hove o primary resist.  
once of from 2 W  to 800 ohms for oroDer matchina of urn- . . 
slstors. Inductances Lp and Lr represent the mbqnetizinq 
inductances of the p r i m w  and secondow transformer wind- 
mqs ,  respectively. T h e  prlmov inductance i s  usuolly made 
from 2 to 5 times load reslstonce RL for q w d  low-frequency 
response. However, the lower ine frequency the l e s s  the 
inductive reactance, s o  tho1 the response tends to drop at 
low frequencies. Capacitors Cp ond Cs represent the 
shunting capacitances of the primary m d  secondary wlnd- 
lnqs,  respectively. These ~ n c l u d e  the shunt basetc-qraund 
and collector-to-ground copacitances of the transistor, which 
ore olso larqe. T n ~ r e f o r e ,  the hiqh frequencies tend to be 
shunted to ground. Cp, Le, and Cs  i n  cornb::~otion form an 
e f f e c t ~ v e  low-pass filter,  s o  that the hlqh frequencies ore 
ottenuoted (Le i s  he  leaknqe inductonce between the pri- 
mcry m d  secondov) .  In substance, then, we s e e  thot the 
hlgh-frequenq response is primarily deterrnlned by the 
combinofion of shunting capocitonce with load resistonce 
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ond leakoae inddctance, while the law-frequency r s p o n s e  
1s determined by the combination of lood res l s tmce  ond 
mojnetlzlng inductance. In add t lon ,  the shuntlnq cop- 
acltunce ond in?uctmce form resonant circuits which produce 
hjnrps in the response curve. Proct~col ly  spek ln? ,  the 
response :s vev slml!or to tho1 of the eleition-tdbe t rms-  
former-couple2 mdlo  stoge, with somewhot l e s s  high- 
irequency response. Lass of ! o w - f r e q ~ e r q  response 35 
coi-pared wlth the electron-tube ciicult becomes opparent 
when minlnturized tionslormers ore used, because ol the 
J ~ I l ~ c u l t y  of bullding transformers wlth a sulflclently larqe 
I ran core to prnvlde o nlgn !nductcnce with t h ~  llolted 
nilrrber o! turns avu~lob le  :n tne soaee ullacotel.  

S r a p ~ ~ e  :he uppurmt iu s s  ui respunsr i n  rile truitsisiur 
!r~lsfarmer-coupled cmpli!?er 5s cnnpuir@ ,n,!th sther f ~ r m s  
01 cocplin; c::d the use o! rlrct:on :ubes, rei3t:vely p o i  
rescanse obtoined by us1n3 mare stages 3n low-cnd- 
hlh-Irequencv peokino circuits where necesscrv. A man- 

ard reverse resis torce w ~ t k  an o h r r e t e r .  A h ~ g h  reverse 
resistonce an? l o i  forword resistance ~nd ico tes  that the 
translstar 1s operable, but does not indicate whether tne 
goln 1s normal. 9e ceitoin to obser-ie tbe lorrest polar- 
it:es. 

Reduced Output. Improper bias valtoqe 0: i i5w2e in 
the value a i  o cor.panent, os well cs a defectlue translstar 
or troniio:nrer, cm cause reduced nctpu:. If !be : rzr :s ta :  
oilir. i s  low, the output w!! also be low: however, t rmsls tois  
should be reploctd only af ter  oil -her checks ha.= beer. 
made, unless there is load reason to s i s p r c t  t:!~! improper 
voltage hove been n?pllea. I! Plrner of the hose voltaq- 
d l v d i r  b lo i  rrslstor- r: 1 1 . 3 ~ 3  .n w l u e ,  : h ~  ~ I C S  ,w~lI he 
i i t j t c j  iuu :uir uj LY" il..>il our  L W C  UUWUL ~ i i i  i~ ~ r d l j c r i ,  
wltn occomprmyl"~ 4!star!!on. simple vnl!n!e!er check 
w:II 2etrrmlnr ~!??tk:e: 5.e !t C U ~ ! ~ U ! .  i! !!:e ;J~~YC:I.: 

wlni lnl  oi  T i  aeueiops o 11:P reslstance, the outpu! wl!i 
be de;;eosed b e c n ~ i e  at tne rktrc d-? voltour +:3 . 

FAILURE ANALYSIS. 
Generol. When making voltaqe checks. gse  o vocuum- 

tube voltmeter to ovoid ti.? low V O ! U ~ S  oi  mul!lpl!t.r r e s s t -  
once employed on the low-voltage ranges of the stondard 
20,000 ohss-per-volt meter. Be careful also to observe 
palarlty when checkmy cont inu~ty with on ohrrmeter, slnce 
o iorward bias through any 01 the translstar iunctlons will 

: ,  1~ uGG>c ,; Lul>e LL...v- > -  ". . - ....... --,i;:__ ..ly. 

No Output. A n w u t p u t  conClt1on may be cause3 by an 
own-or short-circuited transformer wlndino. bv improper 
blcs  or l a s s  of caliectar valtaqe, 31 by 3 e f e c t i v e  tr3nsls:or. 
A wlta:e check will determine wheher  the hias m d  coliec- 
tor voltoges cre normal; also, a VTVlil till! iirdlcate cudlo 
mput ona output voltaoes. 'Wltk the lew companmts involved, 
s!.?p!e ilo!!n;e xi_ :es lc tmce ~ h e ~ k s  ,a!:!! .ISCC!!~ :E~:CC:C. 

the source o i  the rroublp. If th? blos voltaqp dlvjder i s  
open because return resistor PB :s delecave,  :5r base ?:as 
wlii be suificlent to cut o f t  the rranslstoi. #lth n l  open, 
onlr  ior,tuc: bl:s exis ts  and 1r.e transistar will ,very likely 
condui t  henv~ly rn the sotnratlon reglo". If tile prlmory o f  
-, 
1 r is ilr?r. h r c .  h l l i  be nu i o i t q c  !!leusurd between me 

collector anri ground. I! emitter reslstar R t  i s  open, the 

. . .  - .  . - -  ~ ..--, 
3 ! ~ ~ ~ s ~ ~ s ~ t ! ~ ~ e .  
. -  , - - . . . . . .  1 ........... ......................... "II.p_ -_.--a i l _i _ 
f e d b o c k ,  but no:nol!y ;a;ie ;o;:;ple:c s;ai;poje . . ....... .. .....- ". "" -.- .-A - -. . ~ - ~ -  ...:............. .- . . . . . - . . . .  -. ." , - 

; ~ i i i ~ i  is apen, nu ~ ~ t < > . i  nll l  LE ODi3lnrd. i ~ r r c h  trie ~ n -  
2 - :  Ic? ?.l!:L! -::C.l!!S w::- 3- c.;c!!!c~::~~; j!t2;;e3:*CL 

o! :be s:?nal n:!! i r d i x t r  :he I z c ~ : ! ? ~  0!  the ?e<ec:;re 
w ~ n i n j .  if 1b.e trunslstar 1s stlorred or ot i~erwlse d r~ecr lve ,  
3 no-matpit colidluon wi!l occur. Hwever, the transistor 
sr.ouic or repiocra oniy alter aii  other utlecks hove been 
m ~ d e  m d  there 15  still  no OU:PU~.  A r o q h  check of tran- 
sista: operotlon con be ;made (if h e  trmslsrcr  cart 'k . . . .  . .-. ....... L~~ - - - -  ~ .~ .. -.. .... " ,-,,,,, "-,, . . . . . . . . . . . . . . . . . . . . .  ,." , , ,?  ......... , , , -  , , , , w , J ,  . . ,~~~~~ 

of 1:s dynoml: transfer d3iocter is t is .  md the neqc:lvr 1))- 

put pecks will be cl:?pel !?osl!!ve co!lector 5.~12;~) .  

Llkewisc, lf the bias is too law ( i n c r ~ n s e d  farword bias), !be 
transistor wl!! conduct hpavily ond appm!e an t i e  3pp.r 
portlon of 11s dynornlc transler cb.oracterlstlc, ivlh c o r r r  
sponding clipping of the positive peaks (negative collector 
swings). In bath cases extreme dls tor t~an irill be caused. 
If the c ~ a s  1s proper but ine collector voltage i s  cat, sirnllor 

..... ..... .:'....-. L , T 1 . L .  .. > I  ~ 5 .  , , . ...... ' ,".? " ' Y  "' L"u3'". ': .-ill;...... . . . . . . . . . u . b . . - .  .. . ..*.., 
t i e  wgotive caliectar swing w111 be cllppec, anc i t  too law 
:he posltlve collector jr i lnq will be clipped; In eithr: 1"- 

s t o n r ~  neavy mctart!on will resuit. An open em!tte: bypass 
copoc!!or will permi! degenerotlve fecd?cck tc occu:, cln?, 
deser ,d~nq Lpon ti.e amount, ujll  show a t h e r  as  ulstortlon 
or as reduced outjyt.  A chonqe in  loo2 reslstance produced 
by o detective n ~ ~ t p . !  !mm+!nrnor (72) or c !cc? res!stccc: 
change usuoily shows os o distorted output with reduced 
volume beco1;se o! the -.~s;iitching. Use an oscilloscope 
to follow ine slqnoi ulrouqn the clrcult and determine tne 
point 3: w h i ~ h  tt.? ;wi.ef~::: depcrts !ram ncrmal. In nos: 
instances the dciective component wlii ther. be opparent. 
Do nu t  o ~ e r l w i  tile puasibrl~ti that Jiatortlun siuy be 
occuirlnq in a previous stoge, merely being amplified by 
the s tage under suspicion. Too iorge an lnput loverdrlvel . . . , *!;: ,-,TcSF r,3[!l p.. C17."+ ,7c:,< n=,ptl."e pe,JK: ,:l:pp 111,4 ,,"l!;: 

IIciortlnn, !gst i s  I ?  i r  -1-van-tube mnpl!i!er. App!y c .... .-..*.-...-..-. A . m  -.-- 4 -?"-."* 2 ......................... . , y . I _  j.,.-, "..i ",,1 

'ohserve !he o u t p ~ !  0'. fi-: ~ ; x ~ ? l l ~ s c o p e .  F:eql;enc+ d;s:a;:;on 
. , ,.,, 1: L" ?k n,.,., k , ,  -?" ? - I :  t - . . ~  1~ .. , , .; ? ,  - .  .... jj"", . _,,. . . . . .  . 

::*+2c+ c2';"nbr,; d .;ipinq i!oi top lnwcotes pour 1 ~ 7 4 -  

! I ~ ~ L ~ I ~ ~  r ~ s y ; ~ ~ .  E]e,:ir3r-!_be !ec'.2:~e; is: lccc:;-; 
?:stortion mc). :,?:eio!!Y te ;sP! f?r  !rxsis!or !:c_~!E 

aiauoung L! !he proper voituges ond polorlties cre employee. 



ELECTRONIC CIRCUITS NAVSHIPS 

AUDIO POWER (CLASS A. AB, AND 8) M P L I F I E R .  
PUSH-PULL, TRANSFORMER-COUPLED. 

APPLICATION. 
The push-pull tronsformei-coupled transistor audio 

amplifier i s  used where hiqh power output and q o d  fidelity 
are required. For example, it is used in receiver output 
stages, public address amplifiers, and AM modulators. 

CHARACTERISTICS. 
Collecta efficienoi is hiqh with mcderate power aoin. 
Requires twice the drive of a sinqle tmnsistor staoe. 
Power output is more than twice that of the sinale 

transistor staqe. 
Second and hiokr evenerder harmonic distntion i s  

cancelled. 
Distortion mries with the class of operation: it is 

least for Closs A operation, and greatest for Class B 
operation. 

Collector efficiencv varies with the class of omolifier. 
from 50 percent maxlmum in Closs A to 78 percent moximum 
in Closs B, with an intermedlote value for Closs AB. 

Fixed bias is usually used, but self-bias may be en- 
countered h some Closs A applications. 

Operates a s  o loroe-siqnol amplifier for all except 
very small inouts. 

Emitter swamoina is used for thermal stabilization. 

CIRCUIT ANALYSIS. 
General. The push-null transformer-coupled tronsistor 

amplifier i s  similar in qenerol sense to the push-pull 

+r ,, c v- 
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INPUT 2 

uonsformer-coupled electron tube audio omplifier discussed 
in Part A of this section of the Handbook. Use of the 
camman (grounded) emitter circuit allows use of the ana- 
logy that the base of the transistor is equivalent to the elec- 
trm tute qid ,  the emitter equivelent to the m t h d e ,  ond 
the collector equivalent to the tube plote. Examination of 
the accompanyinq schematic reveals that the transistor 

push-pull circuit is proctimlly identical to the electron 
tube ~ush-pull circuit. Ar,y differences are due to the 
tmnsistor internal parameters and the matchino rewire- 
ments to obtain maximum wwer outnut with minimum 
distortion. 

Push-pull amnlif~ers can be operated Closs A. Closs 
AB, or c lass  B, as determined by the amount of forword 
bias. Like the electron tube push-pull circuit, the least 
amount of distortion and power output is produced in Class 
A operation, and the qreatest amount of distortion and 
power output is obtained in Class B operation. Closs AB 
stages operate between these levels of distortion and power 
output. For a qiven equipment and NW of tronsistor. 
selection of the operotinq bias, distortion, and power out- 
put i s  a desirm problem. The followins discussion will 
cover each tme  of operotlon; olthouoh the different woes 
of operation are similar, there are siqnificont differences 
among them. 

Circuit 0p.rotic.n. The followina schematic shows a 
PNP push-pull, tmnsformer-coupled output staoe. Tne 
Imd resistance may te a loudswker,  o Closs C r-f staqe, 
or other tyw of lmd. The load is considered to be resis- 
tive unless stated otherwise in the text. 

Rnh-Pdl Tronrformn-Corvhd h l r ( o t  
Power Amplifier 
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The input signal IS upplled to the base of i,oth tron- 
sastors throug5 trcnslormer T I .  The aolority for the 
poslt1i.e hali-cycle of Input is snown on die sct.enatic to 
fociiirare proper ilrdersrandlnq oi t i e  operotiotl. liotr h a t  
when the top end o! :+e secondary a! T I  is  pcs:ti.,e, the 
L > ......... TL ........ > ..,..... . ..,,, 
Y Y L L Y " 1  Cil" 1 3  IICgYLIWC. i l l Y 3 ,  i i j U U L  ",." Y/ir_l~lli.)- 

?oicrlred s lqncis  cre appiled to tne Wse oi trarslstors 3 1  
unJ GZ ivhen gr. input .sip01 appeors irr the p lma iy  of T I .  

The Input signal is ootoined i ron a orecedlng dii.,er 
power oirlpl~fler stage. Very ilttie power is ;eq;lred icr 
i l a s s  A 0pe:ation: increasingly nore drive power 1s re- 
+.re? :o: C1:s.. AR on3 Ci;;; 5 o2crc:;or.. Tqe 3::3! 

a n o u n  o! r lve  y n e r  reeded depends i p o r  the cl:cult 
....... . . '* , .~ 8.. ... ; t  ,.ri, .:., 4. ,. , <  ,>. . - rQr  ,,-. -; 1 c -  3 .... ,~ ..... . . . . . . . . . . . . . . . . . .  

percent oi d ~ e  C L : ~ ~ : .  7:onsforiner iniiut cocpilnq 1s used 
!a o!ov!de ~ u x i n ~ . ~  jrive rower d srJper matchir~? of the 
:i,.,eis;oqe, ,rindb.-- 4.-- 'i " .ua .,",,, .,,e CO2.C L&U, >+p!,y i~ q -  
pLe,i :i#r,>uq+~ voituqe d i ~ d e r  resistors i i i  m i  X 3 .  H c s ~ s t u ~  
n. 
nL, unJ RE, uir  the n ~ u i t r r  S Y I I I I I I ~ I P , ~  ~ ~ s i s t a i s ,  which are 
left unbypxssed to provide o sli;it amodnt of degenrotion. 
Refer !o Sectlac 3, puroqroph 3.4.1, of this !!ondk,oi !or 
u d i s c u s s ~ o n  o f  hws crrangements, and to "aroqroph 3.4.2 
for o d l s c u s s ~ o n  of bias s w s ~ l ~ z o t i a r ,  nethods. Tne cailec- 
:or load cors l s t s  G I  :P,e c;rl?:cry :es;stonce oi output 
L-insformer T i  ?ius thc reslstonce reilecte? iw:n the l m d  

'4 connected ac rcss  tk.e scccndory. 
Cla=r A Operotion. 'With no input signal, the stage i s  

\ resting in its q i c s c e n t  co~dit iar . ,  d:owlcj heu:y col:eitor 
".,...A .... -.,..;-,. ,., .,,~<*, .< 1" ,..--, -14 ..... L . , . . . . . . .  ............. ", ..-. ". ." ....... " 

Smce no :b.ur:<e L : ,  c ~ ~ i l c x t o r  a r r e n t  UL.L:S, r.: out;ut 
ioitgqe 1:. 1r.duce5 !r thp secondary oi T2. Assu-lnq c 
oositive izlput snm; ci. <re mse oi i i  0116 cn in-pk.asr 
connection of 7 1 ,  the pos~ t ive  valtoge of the signal sub 
:roc:; :rim :G?e nim;c: !ir,;d:d :r.eijati;c) bias, eI iectP~eiy 

:he bust " ' c c  ".. ,."A ie u.... --- . . .  ss collector current 
to iiov, in ' j i .  As t i ?  coilector current i s  reduced, the 
c h o ~ q i n q  l ~ n e s  of mgmetlc flux k t w e e n  the primary and 
secondory :! T? ;nd:ce 3 voltage !r. Lh,e secondary. At 

, - >  the peon ili u,e ir,pur siq-a:, Lie sii:ect;i current ai vi  
.e+,- ,,e, A + -  ,, , - smoii .:oi;e, 0r.d the collector :.oltage 

3ppiooches the sapply ioltage :retches 1:s 30s: r.eq-ti.Jc 
;u ;u r j .  TiAu>, G,e c d ~ r ~ ~ r ~ o n  c;;,~ltcr c i : < ~ t t  f : < ~ k e ~  t i ~ c  
polority a1 h e  a,put siqnul ap?osite ttiat of the ,"put 
signal. Simuitaneousiy, :he input slgirai iri  T I  1s appileo . . . . . . .  .̂..I .. , .>' . . . . . .  ............ ' ,  .... ' r , < r  , .",- *:', >. , , :  .-. .. ...,. ............... 
5% z s c e ~ d c r y  -.v:c.??c: srn ?;:.s!!~!y reinnzed when rr 

. ,.- .,... . -  .d ..-......... .. . L m ;  ..... ",> .... -, , ,  ....>, ...... -.._ ................................. 7. .  

-"" ," -vGse ;:~ ,,,. . ,,7c -,,.,. .,.., ..... . f ~ r , , : ~ . ~  "."" es an iccrease ic the 
.......................... ^i T: .r,;,,^^r .. .................... ,. . . . r . . . . . . . .  ............ 

:!.~pnuhr iuliu,,c ine ,cccr.liuiy u: ine " ~ : p ~ t  
T L . .  ..... .*- , ' ,  ?: ,kc . v - ,  . ....,. - 1  ,- ,- 2 -?v~ . . , .  ', ,kc, .... ........... ................ ...... - .- . . . . . . . . . .  6 -,I J : ...m.cn .Lo -: <," ................. ...........-.......... , ?  .L. 

inese incbceo o i t p ~ r  v o i l ~ j e s  2ie cor:#olrzed ira ,he ~ e c u r ~ d -  
dry of TZ to pru3,ce tile effect oi z c~! l i - i tm a n e n t  
qurvuier.: to twlce tnat ot : s!r.jie trunsistoi. Note Inn: 
!h:i :c!IL:' i tke ;mp !be action that occurs in the 
riectrcn !J& ~lisi#,+~:i c~r;ult k r  Fort A 6: i n l i  Sectiini.  . , ..... .... .. . ., . , ,  - ~ , , ~  

I I , -  . .. ? ? "  ~ , , -  ,,, , ,  ,.,,- ~, ? ............ 
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plate) I w d  ~ m p d a n c e  I; olso !our times h e  i w d ,  since 
the srimarv-to-secancorv turns ratio i s  t a sed  on a one-tc- 
one rat10 of ho!! h e  p~i::,ary :O the ;ecor,dnry. 

Dyiinq the -emlive h ~ ! f ~ c + c l c  sf ;nj;t ~ i g r o !  ercu! 
slon, t'le opbcslte actlan occurs. 3 . e  ..eegotlue s!qr.ol 
066% :c. the re;c!i,!e isrwor6 h i ~ s  nn$ !rgm+r< !hp coi lor -  
(", uu , , c , , t  oi ;I, ;,,iean";hile, .L. L l l C  L... IUac U L  .r -7 Y L  L' : "  Y L I V S I I  2.: 

pcs:!:,ie e t  tke ic-.e t x e  31 1s ?::,,en neqo!i.!e. The 
positive inc:ease in the input signal reduces the iorword 
blos and cccses the 92 ccl!ectcr current :3 decrease. 
Aqoin, the net result is the some as !i i h i i c  the ia:!ectc: 
current c l  3 sincjie stuge were !nvol'ied ir !lowing through 
2. ?:ate d s o  tho! tb.e ic!:cctc; :urrel;t il;,is II Cp>os:!~ 

, . .  . , nlreC.l".-c rnrr .  . " .,," :,xL:I UIYI. ..u,,- "rC.. 
. , -. -" u: r,e L!:II!,>>,, 'dl : 1 ,  :,a .... .... ... 

that any ;nphose prin:o:y-l:dllceJ v o l t ~ g e  comgcnents srt 
concelled 3i: (seccnd on:! ol! ?.,en harmonics): thus, the 
output 'voltage mduced In !he semcdary e a n s ~ s t s  of the 
. . . . ,  :-::;.~ec::l c:r;ar.cz: 31i 71;. 23: :.3331i;;. "?.e ---- ...,.... c: :r .;i:c'. :hc S C : O ~ ~ - ~ ~ ~ X C Z ~ C  ;c::gc?.ec! is  n n -  

celled out in the secondary is  shown in the failowlng ilius- 
trotion. In p: t  A of the figure, the a s i t i v e  signal :s 
enhanced by ttie second horrnanic, while the negotive 
sign01 is reduced. In part 6, the opposite actlor; is  shown 
for the second hulf-sycie of operation, The separate 
resulton: ws,~e!orms are shown in part C. I;. port D, they 
are combined together to farm a complete anpllfied signal 
with no second-hormonlc content. 

For Closs  A operation, :.oxlmum outpu! efficiency and 
the l e n t  dissl?otron nr? nhtnined with -.laxlc!um siqnol 
s, ,<"" T* ..,,.' .+"," ,ha+ ,,. a ...,. ,, ..." ne cu ..u... L.w. ... e poire: dirsi;at?on ratir~- 9- 

of the trunslstor a t e  not exceeded, oniy half the rmaximux 
. . 

per::lasiclc calieiiu; ;;;tcje 1; ;p>ileS. since me a;pI:ec 
voltage tends t3 douLle because 01 the lnducuve eifecr  of 
the transformer. For Clnss A operotior, the tiorsistor is  
b~ased and operated a t  the center of the forword tronsfer 
churoc te r~n t~c  curve, s o  that eqvui wse cuiren: swings will 
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ELECTRONIC CIRCUITS NAVSHIPS 

FUNDAMENTAL PLUS ZNO HARMONIC iC,  

/ 

Elimination of 2nd Harmonic 

produce opproxinotely equal collector current swings: 

thus, it  funct ior i  as a iorye-slgnal amplifier. Since o 
lorqe-signal ompllfier operates over o much greater range 
of current and voltage !hon a snioll-signal amplifier, circuit 
design 1s cccorrpl~shed graph>cally, uslng the a c t j o l  
Ironsistar currents to determine the range over whlct% mini- 
mum distortion ocd nlaximun power cu!sut can be obtained. 
Usuoily, the trcnsistor .s s lqh t ly  l e ss  lineor than the 
electron tube, but wlth good deslgn i ts  operation compares 
favorably with electrar, t h e  operstiar. 

Slnce much heot is dlssiooted ot :he coliector ior large 
power outpurs, the shel l  of the power transistor i s  usuolly 
connected flrrnly to the chossls for dlrect conduction an3 
ieductlan of heot (chassis  acts  os a heat sink). Where *,e 
shell must be insulcted from the chassis, 11 i s  usuolly 
separated by o thin wafer 01 rnlm (or other silitable ~ a t e n 3 1 )  
fo provide ins'~io!lon ond yet ollow full heot transier. 

, r ,$here minimum distortion is requxed, the transistors 
are  selected i r  matched ,pirs, os is  true wj t i  electron 
tubes. Becouse of me hich power-hondlmg capability 
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requlred for C!ars A cperatlon, tronsistorj are  usually 
operated Cli;ss B or Cfoss  AB. 

Class 8 Ops.~t ion.  In t u e  Closc B operatmn, the 
b ~ o s  is such that no collector current flows for one-holl of 
the cycle. nus, each transistor reproduces only half of 
the cycle, ond two vcnsistors ore requlred tofoithiully 
reproduce any signal (an e x c e ~ t i o n  is the Class  B r-i 
amplifier, discussed iorer in this section, which uses a 
tank clrcuit ond ompl~lies  only o slnqle frequency). Slnce 
ot cutoff a re ie i se  curient flows in Lhe transistor, collector 
current is never completely cu t  of!, ond o small quiescent 
current !iows during the inactlve haif-cycles of transistor 
operation. (This quiescent reverse current should not be 
confused with the small forwurd current which flows in  
Class AB opeiatmn k c o u s e  the bias is  not .;t cot a lf . )  

For two transistors completely biased off, the forward 
tronsfer chorocter is t~c IS as shav;n in the loliowmq lllus- 
tration. The two trcnsfer curves ore placed mck-to-back 
to make the complete dynamic operating curve. Note how 
thls curve i s  rourded ofi ot  the kqinninq ond a t  the end 
instead of benq a stralqht line. This is typjcal of the 
nonlinearity obtainable a t  cutoff, and illustrates why Clcss  
B operution produces the greatest distortion. 

Composite Cunent Transfer Characteristic, 
Class B Operotion 

The accompanying ciicuit i s  thot of o typical C lass  
3 stage operated with zero bios. Enitter swamping resis- 
tars 3 1  and R2 are used for theinol cornpensotian, ond 
are unbypassed to provlde o sllght amount of degeneration. 
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Class B Purh-Pull Stage 

Vote here one of the differences between the elecuon 
tube and the wonsistor. At zero bios the ionventionol 
electron tube conducts heavily, and it is necessary to 
apply considercble negative bias to achieve Class B oper- 

4 ouon. On me other hond, the tronsisrar always has the --. , C ~ : : C ~ ~ J :  :?;E;>~-L IU,~ 2, L?ju5, :he G : , ~ ~ ~ ~ ~  cf G fo?;:c:d 
base b u s  (that is, at zero bias), no miiecrar current can 
flaw. Cn this respect the transistor is simdar to sprcnlly 
const:ucted Closs 9 (zero b~os )  electron tu'ks. 

'When ; st,-col :s a?plied tc input traosformer T1, o 
voltage is applled to the bose of wansistor Ci and an 
an oppositely polorlzed voltage is applied to the bose of 
32 (the p!cr:ljj fa: the i?.:tic! hclf cycle is sh~wn on the 
schemoticl. With transistors Oi  ond 92  s t  zero bios, only 
reverse ieokoge collector csrrent !lows in the obsence of 
o slqnol. When tqe input slqnai is oppiled, the iiow of 
current in the orln:arv of TI :nalces on ossosltelv DO!I:~ZP: 
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amplified form, but of opposite polmity. If the oulput 
tronsfarmer 15 connected in-phase, the same ;alority of 
output exists as in the iiimary; wher, it is cocnected 
outof-"husr, the l jpasite poiaiiiy exist;. ?his !;ODs- 
former actlor! is identical wlrh that occur::ng in the electron . L. ,. -..,, ?<.",,<* 
'"US pVVlir".. ..-I.1. 

Slnce here is no hw~y flow oi quirsient iurrwt *".a 
no slgnol is apjlied, z;xi-~m d i ~ ~ i p n r t i ~ ~ .  ICCUTS du~inq 
h e  siqnal (ot a b u t  40 percent maximum collector current), 
and less h a t  is developed for the same siqnal os in o 
Closs A cnplifie:. Hence the transistor con te driven 
ho:der to obtaln greater effic:ency an2 !core power output 
than is obtolfied in tke Closs A stage. %e f!zw ni reverse . ,,. 
' n " l , ] e  ,-n P i f o r  iiii:er: :i.~:eSe,::s U lubi L? CLI?LICIIL" 

since no useful oction is produced by :hi; current. Such 
surrect f:ow dm- nct exis! :n the elec9on tube. To rninl- 
zizc th;; 135s. !:C~S?SIOTS o:e selected !or 0 10" ICEO. 
SLilce i d i u  pine;  .; ;i;oiii&, L>e i:ns;s;~:s k: du:::.; 
qeiztioii (,- niiimu;n c! 79 pc:cc,n! effirie,vcy is !heoreti- 
colly obtoinabie) and the reverse leakage current increases. 
Emitter swamping resistors R1 and R2 provide a small 
apposing b ~ a s  voltuqe to revent thermol runowoy. They 
3re not bypassed with capacitors a s  in Closs A operollan 
because the copocitors would charge during the operative 
haifl-yck cnd dlschaige duiing h e  inopemtive half-qcie, 
thus causing o change in blas. Because of the larqe peak 
current which flows through theseresistors, they are kept 
too very low value of resistonce to prevent excessive 
deaefieic!!~. nr? ! r+c "! nrnpliflrotinn. In some opoli- 
cut~ons, by -,i;pti selec:iar, of t.nnsis!o: types acd gjd 
d e s q  they ore not needed. In any went, when used, 
their muin funct;on 13 ta prc.;lae tneraoi stobiiizatlan; any 
beneficial degenerot~on which may mcur ironi  the^: use 1s 
or.ly 3 secondary consideration. Ctherwise, they have no 
efiect on the operation of the c i rc~l t .  

Since h e  uansistors awrute alternatelv in Class 9 
o~eration, there is no bs ic  cancellation of second and 
even-order harmonics in !he autout transformer a s  in Closs 
A +emtion. There is,  h;.<~;e:. cn inc:ccse in tL.i:d- 
iur:iznic distortion pro;idcei when the waveform msses . . . . 

slqnol on h e  &e oi 91 (transformer connected out-af- tarough zero (this is known os c r o s s o ~ s r  distortion). The 
phose,. h s ,  tze pzj t~veiy  s~irnqi!~; inpa  d+etira A u J ~ , ~ I ; - , r i n t  ;i :+is ty>e c! ii5:n:t:on :s simwl by 3rojecting I ~~ ~ 

neqatiw (forword] bias on the inse of Oi.  causing callectar 
current to flaw in the top half cf the prlnary o! TL, and in- 
LbLe6 x, cut&: .;c::aqe ;7, :r.c Lc:C:.2c:.j. .A,: :!ye SC!!!? 

:,,a,= tk.= ~fiV"t .;;IGqc z7<!i22 :c 22 is cp~osi te  <? ?c!T!:\, 
. . , .. ,,- . , .,< T, 

Yi," ","""irs ; ;c.r;-r ...., ,.. -r. "i.. ...., 
rhe entire iol:-;ycir Q1 conducts while 0 2  remoms cut 
. . . , ,. , 

dl.. <,:lE:. :;I* > , , t a u :  ,L"<.uL.d + " ! ~ . . : j ~ ,  :s:2::e 2:zz 
is appfiea to c;t a!: '41 cauecta: cc~ren t ,  uou I ~ I W U I ~  OLGS 

.> J~!,:?C: ic  ;2. <:~?,~cq"<::;t:.f, 22 ccKd3cv: T.2 C k  :r,- 
crcub>rp; ,:,>;;?,:t,>r ,?"::?Kt . ? , 7 ~ , . , ~ b ,  ::,e 3cttc:: ha!! :f the 
orlrnorv a! '12 lnduces o voitaqe in me secandarv oi h e  
od:;lut trccsformer. 5urlng chis ha i i~yc ie  3 1  remains syt 
o!f while 32 canductn Thus; 31 and UZ ulternlitelv can- 

. ~ . .  ~ 

a sine-wave Input s ~ q a l  on the transfer i-horocterisiic 
curve, os shown in h e  accoir.;*;:>yllig iilublrutiun. The 
,&s:<jr!~ia:., ,:, ,;;,:z:c:: :;; 22::: ::;:: s :~ . z i z  325 1 ~ 3 ~ 1  f s r  - 
i ~ r p e  rn?:t srqnnis. 1 . b ~  5 z t ~ r u c n  1s el;x;i~c:cd k.y uppLj'- . --.:: ir,.,n.i I.!,>? i , ~ ,  ,he :,,ir-efiittri 1~n;tion o! . . - ~  .. 
the tiansirtars, 3: wh~! cmcunts 10 operanon 0s o i i a s s  
3'2 ~ n ~ ~ j i i i ~ .  E? , L . ~ ~ ; : : , ~ c  i; ;;SF? cnlv when the . , . .  
:aqe d::,;~:.: ": :;..:"~:.::,:,L:.:: 2:2:>:!l,:, ::r. >,E ::!c::te?. 

3 x 1  whe. <?e 1-pt ,.i ~ m l  nr,?li~:crs 0 !orwid tins. Since 
- .  -. 

:he $ui~uts  3: arc yf oi r  corn:,med ir, tire secor.doiy o l  
, . . . . . , , , , , . ,. ,,,, , , ~~~> -.- .. 

""LI1". .., ?1. :I . . i ,  r , ,  ,, 
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OUTPUT ICOLLECTORI CURRENT 

I82 

CROSS-OVER 
OISTORTION 

, , 

BASE IlNPUTl C U R R E N T  

Derelo~ment of Crossover Dirtortion 

Class AS Operation. The schematic of the Class  AB 
amplifier 1s bzsico:lv identicol with thct of the Closs A 

shown prevlausiy, 11 is evident that the operotion is more 
linear except  far ,very large signal swlngs. 

amplifier shown prev~ously. The only difierence i s  that 
bias voltoge dmider resistors R1 and RB ore of different Conposits Current Transfer Chatactcrirtic, 

values. Only o slight iorword bias i s  applied, and only o C l a r r  A 0  Operotion 

small collector current flows with no si(jno1 applied. Projection of the input signal on the composite trans- 
3 

While this current i s  essentially wasted, i t  does  eliminate fer  curve shows the collectar output, which, when corn 
the crossover distortion which would be produced if the pared with thot of the Class  B s tage shown previously. 

b 
bins were reduced to zero. It i s  evident, then, that Closs indicates the improvement in fidelity obtained with Closs  

\ 
AB operation produces slightly l e s s  output than Closs B AB operation, ond the total eilrnmot~an of cross-over 
operation. &cause of the smoll resting current, the d~stor t ion.  
transistor con be dnven harder than the Closs  A stage: 
conseuuentiv. oreater autcut con be obtained than for ~ C I  1 ! . 
C l a s s  A operation. The e f f~c iency  overages about 65 per- 
cent  for o well desiqned Class  AB stage.  

The  ~ m o l l  resting current, l ~ k c  the overogc current 
drawn in  Class  A operation, cancels  out the flux in the 

1 Q2 
primary of the output transformer (coch s ide  flows in o 
different direction), and there i s  no o ~ t p u t  produced until 
a sign01 i s  opplied. When the input sign01 i s  applied, Q l  
conducts and 02 IS driven to zero conduct~on on one half- 
cycle ,  while on the other holf-cycle 92 conducts and Q l  C O L L ~ C T O R  
is driven to zero. T i e  resultant siqnal swings a re  unequal lOUTWTl 

CURRENT 
and considerable second-harmonic distortion i s  produced 
in the prlmory c l  the output transformer; however, i t  i s  
canceled out in the secandory when joth signs1s ore com- 
bined (assuming that the transistors ore fairly well matched, 
Thus, only fundomental and third-haraonlc distortion con 
ex i s t  in the output. This  form of operation i s  identical 
with Class  A operation except thot more odd-harmonic 
distortion i s  produced k c o u s e  the transistors operate for 
l e s s  than 360 degrees of the cycle. Development of Clorr  A 6  Signal 

T h e  occornpanylng illustration shows the composite 
transfer chorocte:istic for o typical Closs  AB stage. When 
compared wjth the trcnsfer curve for the Closs  B stage 
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FAILURE ANALYSIS. 
;','hen makin: voltaqe checks,  use o vcculiz- 

tgbe voltmeter toavold the low vclues oi shuntinil resist- 
ance a r d ~ m r i l ~  m:pl,2ye? on the !ow-voltngr rnnqes. ?e 
coreful a l so  to observe p o w  p o l ~ r ~ t y  when c h e c k ~ n j  
rnntlntilty w;t i  the n i i : ~ n t ~ t ~ r ,  slrce o !oiward kilos throuqh 
--..-'a!-.. V.""?,  ..". <-*. ,.,<,I "" ,,,.-" ' " Ice  I" .... ",,? U' ,"= iiui..,ir_", ,>.. _,.r,.r . . r i .  rrrr. _. ."."- 
reslstonce readlr,g. 

No Output. A no-cutput c o ~ d l t i a r  con oe caused by on 
cpen c~:cuit in  elther the Input wans!ormer, T i ,  or our;ut 
trarsfarmer. T2. or :r t i e  s.:ar.pinc resistors. PL, and Ri,, 
3s ~ n ~ c l i  a s  by lack 31 sspply voltage. The suppl; uc.lt3-0 ,- 
tun be checked wit'. 3 v01tmeter. 3 r d  lack of cn!Iect;r or 
, . 
L.">r -,u:. " ~ l t " , ~ <  r<;7, , G ! Y ~  . > c  :.-:L?=;~.C:. Z;:.:~?.L::; 
check; ,cf the tmnsforner; (W?E WE POiYER TURNEY 
O?F) w ~ i i  d e t ~ r m l n r  wilether olnp or more oi tile wind~rtrjs 
ore open, and the resistors con be checked ioi orooer 
<*:lst,Jr.,zE w::!, t5e :,,-!ne:+r. p ! ~ - ~ , ~ , , j . " . ,  f7)!;;:? ,Gf tb," 
trorsistnrs u,l!l net ro,!se ro.-,-Ie:r loss -f ol:t:u! unless 
both tronslstors iail  completely. 

L o r  Output. Lack of sufiicient drive power, low 
sapply voltoge, i ~ p r o p e r  bias, or a dcirct lve trocslstor 
can cudse r e j ~ i e d  oxput. The su;ply vol tc jc  acd tics 
con Se checkcd w t h  a :.ultmeter. Lcck a! dribje power con 
De deterr l~~aed by n:,serv!nq the waveiorn wlth on osclile- 
scope cr.d rot:rg whether there is sr;!Iiclect drive !o 
c a s e  ever~tual f!ct-toppin? or bottomlnq ~f the output 
woveform. A shorted or n:oemtive tronsistor can a l so  
couse low ootnut. Denendinq won conditions, renovlnc 
the fr-,nsist:; ( ! r r  3 -!,:;~!: ~ 7 ~ k r : )  ,*;c::!! P~!~.FI ~ ~ C T ~ C - C  

or reduce he  c ~ t p u t .  In the c c s e  o! o shorted tronslstor, 
<r,e :c:!;Jc v,jLL prcLgd,j ir::re,:sc *!te!, , t  rer.oved. A 
trunsistor wltlr low gum or poor periormance, when removed, 
will orojoblv cocse further reduction of the autout. It the  
shorted tronsistor is left in the clrcult ond the good one i s  
:cnouE, tncre u:!l a!sa ke o dr;rrosr I:! t i e  o3t:ur. Trki. 
it ccn k seer. tila: wtrere o transistor 1s ~ u s p e c t t d ,  both 
transistors sk.ou!d be replaced wltn ones nnaw t oeqooc 
!I crder !n ,Ge!t.mrine whether fhc cil!??~! ccrnpc to 

normol. hr :her  checkinq with 3 trsnsistor tester wlll 
2e:rin;i;r LLC ?cici:ix CZC. 

Distorted Output. iilrtortrd n\lIrr l l  rmnv irr : - o u s d  l,v 
lack o! prowr b:os or supply i~cl tcgc,  b;. urderdr~ve  ci 
?<C~;:!.;C, 2: kj ?c!ccIr;e !?2r.zizts:: 2: !:2rs!2?ze:s. !: 
,:,.,r ;:,::r ......-......... ,f ... .*...ncf.- ,7m,eT ,<  ,:,-,?-, ,:,r <by;:*< ;.:+ !rc;::r,tz. 
, : . . . - . .  . I  . . :  .." .., ; ..<........ ;.,.....,...... L:k? ..... i ,I.., i,.; ,; .,.ri,.L -'.. ?; . . "  . - . - . . . . ; . ' c  ...<_, ...................................... L .  . . . .  

. . 
eed< G; ;ne l,.),,: S.+r,";, or,; if ,: tGG 10.7, L".ALLL". -."--.-- 
ht!c-?c? w!!! r r n d ~ ~ c e  !!-e Sam- pi!%! ? t  !he trrj\:qh; .if 
.L" 'T..".., . ...-,.. .-, ,-, ," ,-<.- " , 4 "  ,>r. ?...,\ . -?" pe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
-L -k 2 .... L -_. -b-.-e:Cr ;.L.ln ilnr ""A .,nl,nne CIIE - 2  " * .  . . .  . . . . . . . . . .  ."..", . -. 
a cnacne~i v l l t ; ,  u vuiti: ,c~il.  I:. .; ;, Jhs s  A 3  
5!0+., ?re iloii ct :k ,:~rri~!t KT :P iw?~rilf!.!e n n i  t i e  
.nit +::: iL..y.t~ui r.ltt : d d c i d  ~ . & . ~ u t  - .- ;rd in:rei:cd l i i ~  
.-.+.-- .-, I \ . . -  ...... -- -.-.I!~~-,.- u" -..,uu---u 1- .- -.nica..,- .hn .anlraini- ............. 
ci:ecnlng irui!. . tput ta 0111put. L e a  Lne iwii%.eiorm de;o:ts 
irnm 101.731, tni. .-c.:si. :t !ne t r c u i ! ~  u:l! ,1suo1i,; DC - 
".,~.""d. 
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AUDIO POWER AMPLIFIER, PUSH-PULL, 
SINGLE-ENDED COMPLEMENTARY CIRCUIT 

APPLICATION. 
71,r push-PA, s ingleended c~1:.ple;rent~ry YXIC oili9l:- 

iler is ~ s e d  nnere hiir  power ci tpu:  anz t l ie l i ty  arc r e  
r e .  For e.x~.m.p!r. !! !.- c s e j  !n recr!ver n?l!put < r n p n ;  
~n w b l x  address ompllfiers, 0°C i n  A?d sodi~lutors .  ,anere 
rrducei wei$lt an2 space i s  c prlcie iequiemerit. 

* ,I --?I,';*.. *" 

Poirt-r autau! 1s tlrlce !kt 31 a smie  trsnsrsto: stole. . . 
, "o  maul sr D L ~ ? ~ :  i;andrli;z,ei .j .>u?. 
, l i t ~ r t l c n  \ai;es nit; t-e ;;ajs c; L;F:G::~T.. 
i .  - 1 '  ' 3 "  ...... : i ..... ,i.L."Fn:Tl .<.. A . . .  , ........ .......... -. ..__.II . .  

Ln 50rPP ~ D I I ~ I C O ~ ~ O ~ S .  

C:xcd bi;; I S  u s ~ o l l ~  sse?, but sell-biu:: :;zy be PC- 

countered ir; ssn~,e oppl i i i i t~ir ; .  

CIRCUIT ANALYSIS. 
. , 

Generol .  ~ompiementcry iy:..rme!!y i s  >nlq#~c? e ~ ~ t ! ,  !:to#- 
s lsrors ,  o n i r o s  iiu e;~iiiurr-iube ~ o ~ r l t e r + a r ~ .  i ~ ; i i l i  frorii 

boslc thPory ti.01 o tronsistor nay be elthei the PNF or 
llPN :ype, on? that the 510s mc polor!tirs ore opposite. 
Thus, two d~i ierent  types of r i ans~s to r s  may be used back- 
to-oack to orovde push-pull operotlon wltnout the cecrss i ty  
!c: ph.3se!n.!crt:?> ! c x :  I"? ?l i tp~:  : r m ~ i o i : ~ r s .  An 
econorie i ldvontn>~ is I O I C P ~  1:; :b,o: ti,? cos: O! :he trans- 

.,.-: --.* 2 --> - ,- <'"... .-?? "-"" ,-  nL*".". . .. 
4 , .  .. -,,;" ..... Lutd..a. ... -" 

& Si,:Ct: tilt! rCJ:tlJC  if?^::, L! !:O:lSlGr:;,trS OF? ~ 1 ~ 2  
I C ~ C , ? ~ C  !:on! t h ~  C!ICUI~ .  

Circuit Operation. TP,e 0ccompcnv:nc; scbema:lc shows 
,> > L # ~ .  >lr-e,,,~:e,: p,,>;,-;,,!! ,-:,,7,p!,-~czt,7:~ :!7,;,P::: 

clrcult. 'The UperOtlOn is Class  b 3t L E ~ C  SICS. 

INPUT I ( 
0 



E L E C T R O N I C  C I R C U I T S  N A V S H I P S  

Res l s toncecapac~ tonce  Input coupling is usea, wlth 
CCC nctln3 a s  the couplinq capocltor and RB os the bose 
retur? resistance across  whlch the input siqnol is opp1ie.i. 
With bath emitters g ro~nded  and no blos applied, the bases  
of the transistors are ze rwb~ased  a t  cutoff. No current 
flaws in the absence of an lnput signal. When on lnput is 
opplled, batn boses  are b ~ a s e d  in  the some directlan. 
Since O l  1s on NPN tronslstoi. the o o s ~ t ~ v e o o ~ n o   out . . . , .  
siqnal produces o farwaid bios. 02 is o PNP tiu~slstor 
and requires o neqotiveootentlol for forward blas: the In- 

put sign01 has  no effect other than to reverse-b:as 02 ond 
hold 0 2  in a cutoff condltian. n u s ,  during the posltlve 
half  o f  the lnput signol only 9 1  conducts. Durinq the neqa- 
tive portion of the Input sign01 0 1  1s biased off beyond 
cutoff by a reverse bias, and o forward bios i s  applled to 
0 2 ,  couslng collector current to flow for the entlre neqative 
half-cycle. Thus, each transistor conducts alternately for 
half  o f  the cycle, and two tronslstors are iequlied to re 
produce the input signol. Note that the hoses  ore connected 
in parollel, and, s ince only one transistor operotes ot a 
time, only enough duve  for o slnqle s tage i s  requlred In- 
s t ead  oi t.*irce the drive as m no~mal  push-pull operatlan. 

Because the uansis tors  are of opposlte types, two equol- 
voltage collector power suppiles ore required, one neqotively 
polarized and the other posltlvely polarized. ( A  slnqle 
supply can be used with proper c ~ i c u i t  chanqes, but twice 
the collector voltoge of o slngle s toge is required.) The 
load resistor, RL (whlch moy be the voice cod o f  a loud- 
speaker), is connected from the corrmon connection between 
the power supplies and the emitters. In thls instonce the 
ernltter end 1s grounded, s o  thot the power supplies are 
actually floating above ground. When the input slqnal is 

applied and develops on output for ecch half-cycle, the 
output i s  added together in the common l m d  ond no trans- 
former is required. T o  develop maximum power, a low- 
impedance i s  needed. Otherwise, lf hiqh-impedonce loods 
are used, an output transformer will be required for proper 
load matchin?. In thls instance, however, the wind~ng need 
not be center-tapped since the output i s  s ingleended.  
Because the output is s lng l rended  (taken between the 
collector and ground), the collector load is colculoted on 
the bosis a! the full pnmory-to-secondary turns rotio -no t  
on oneha l f  the pr~rnory-tc-secondary turns ratlo os in the 
convent~onal  push-pull stage. Thus,  the loadlnq 1s 1/4 
the norm01 push-pull output, which accounts for the low- 
~mpedance  output . 

In most electron tube or transistor circuits i t  1s nec- 
e s sa ry  to separate the d-c component in the output from the 
output from the a-c component by copocitlve or transformer 
coup l~ng  (except i n  the special cose  of the d-c amplifier). 
In the complementary symnetry arrangement such provisions 
o re  unnecessov.  Both d-c power supplles ore connected in  
ser ies  w ~ t h  the tronsistors, and only one tronsistor i s  opero- 
l ive ot o t lne ;  thus, there i s  no net flow of d c  oround the 
circuit. When 01 cmduc t s ,  there i s  3 flow oi  current throuqt 
RL, the tronslstor, and the power supply in one direction. 
When 02 conducts, the flow i s  through PL, 3,. and the power 
supply m the opposite direction; thcs, there is no clrsulat- 
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in? current, and the d c  is effectively removed from the food 
circuit shes 3 d y  the continuously varylnq a-c component 
flows through the lood. Likewise, in the base c i r c u ~ t  there 
i s  no contlnsJous ilow of dc, since the current flows out of 
the base when 02 conducts, and into the bose when 0 1  con- 
ducts. Therefore, the charging and discharging o f  the cou- 
pling copacltor ond i t s  possible effect on changlng the base 
blos are of no consequence in  thls clrcuit. 

In the preced~ng discussion i t  was assumed that the 
tronilstors are balanced (or matched), hovinq identtcal 
gain ond mllector  currents. Like the conventional push- 
pull ompllfler, this matching is necessary to obtuin moxi- 
mum output with minimum distortion. Unlike the electron 
tube clrcuit, w h ~ c h  uses ldenticol plate voltoaes ond 
motches the plate current, the complementary symmetry cir- 
cuit has  identical collector (piate) currents since the tran- 
s ls tors  ore series-connected and the biasing is adjusted 
to equalize the collector voltages. In the cose  of Closs  A 
or AB operatlon, the blos polnt in the bose circuit i s  offected 
by drlve or? base current drain . Tilus, keeplng the slqnol 
from oifecting the bias is one o f  the important d e s ~ m  p r o b  
lems. Sa iai a s  the technicion is concerned, the proctlcol 
effect is thot with better d e s q n  l e s s  distortion is obtolned, 
with o moxlmum of amplification. 

While the common-emitter circuit is used in most tron- 
sistor ompl~fiers, better performance i s  obtolned from the 
ccamon-collector clrcult when complementory symmetv 1s 

employed. Althouqh the aver-all qaln and output are sllqhtly 
l e s s ,  ;h? stablllty o f  the circuit 1s improved: the collector 
supply can be grounded in-stead of floatlng (whlch reduces 
powei supply ripple), and the e f fec t  o f  neqative feedback i s  
obtained, thus requlrlng l e s s  closely balanced transistors 
and improving fidelity and response choracteristlcs. Both 
clrcults a re  identicol except that the ground 1s removed from 
the emitters a d  placed on the common powei supply con- 
nectlon, os  shown in the occamPanwns schematic. 

n 
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4 -- - 
Common (Grounded) Collector Complementary 

Symmetry Push-Pull Circuit  
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A s  ir, other comxon-collector o rcu l t s ,  no polorlty lnverslor 
31 tne OUlFLt s ~ q i o i  OCC,:~, 50 !riot tne :nputs uric aL:puts 
are sf the same polxi ty .  In operation, the circj i t  functlois 
?? the Some monr.Pr os  t h e  C ~ m m o n - ~ m l t ! ~ ~  ?11sh-p1111 conpic- 
:.!er:ury-.y::!mr!r$ orpl l l ler  p r e b i o ~ s l ~  d r s c r ~ h r d .  Only a r e  
IrilnSIStGI OGeICl!eS 01 u tine, zero t i o s  is erployed,  ond 
!he O J ! ~ !  !s taken trom !te em!tters tc grm'.. Collecnr  
cgrrert i l o h j  tnr0~2i- 31, p w e r  sspplY Vcc,, and iood 
resistoi h i  in one direction, and tb,rocgh Vcc,, C2, w ~ d  81. 
i n  the o p p o s i t ~  dir~ct!on,  ns tile tianslstors are alternately 
io r~?r - - imse ,<  bj- the !npu: slqnol. There :s :are .differ- 
mce, na,hv,rr. ;n that more Input idr!ie) ioi!uqe 1s !eqt?!e! 
. . 
1 ,.t,tulr !.I: ,-.,.t,clt :iro,ts- ,ci i 5 ~  !=jmir71ii; c i fset  ;! 
- : : ,7  :.:,; ::,: !::2 i-:,:.:2:. ::;: c;,.::::: z:.: :::-:,:. 

T ~ P  ocxnporyln:  scb.enotlc shm,,s tne conplen.ertary 
, . 

s:rt!!:.rfi ;.5l.-pb;: a rcu l t  c s r~nrc teo  lor ua r  *ilk o slr;qlc 
--  L U N ~ I  i~.;::~. ,:!L i l l t P  Leclinck irca :,;llectcr :: L Y ~ .  

OUTPLl 

4 - - 
C~mplementory Symmetry Purh-Pul l  4rnplifirr 

r i ? h  Conno. Power Supp!), 

P -r-o- ,.-- "".."",.".rl ,- ,.:,.* ,,,"A 7e<,r  **. 
~ ~~. ~ . . : . . . . Q! . + -  .Ln ,,' ̂  r.-.^iu r , . " n l , .  .>.. ., , ,  ...., , ,, ,..,, ,,. " "" "" ??... "- 

8 8 . .  .," .".",.-L .*" ,A"*  .-" ,-""..,a* *+ ,*" h,""k. , ,,. ,..... ; ... .. , .. 
.? . , . , .3c:,2: -,cr ? Z  P!!PC ?: PI!?,?: c-7 c- -----=.-.,,.- . . . , , , , , . . , . . . 
r;;i tz:; -;,:...., ...----- ","a .- . .." .... -.-.- LU.L.. ... "e::.: ;;:: :i.c 
POWPI  i8:pply, twice the 5-i v o l t o : ~  of or? iuoplv i s  nec- 
=:c-7,, , .  j 7  .7-.:,,,"n, .Ps ,~ . :q7?  - , j  77.. " /  ",,.*.<>I ,.,,., "" 7- 

. . pr~.;!d~ ? !!~t.! ""St. .!a> Ir? .I ..!,%lt !.!n.!!t 1 :rr,4buc. 
T, .. . "  . . , .  . ;.-,,, u... ; .... .- L"&. ,;,c :LLL"-& ; L & < L ~  :!,c ,:,;::i.~ 

!n; : ~ C I J ) ~ ? F - ~ T S ,  m r :  !w '>-c k!,~:, 1s :3413srt~<: n~  set‘^.!^,: 

tke .vu!iles cf C! 3rd 42 sc ti:: ~F.JZ! cc!!ector ,va!:clcr 
nm nhtnlnrd 1.r1:" the series r o r n ~ c f ~ o n  of t:;rsisrnrs i i p  

. , , 1.7 .", .. ..- .,,. JL,. <..- ". .:.- L::c";t;. 
L s  :3r 0s !YT"::.IC CI:~:O!IUI .s r u 8 ~ . c e r ~ ~ c ,  ?! :i l s u  . . 

. . " * .. , , , :  1 ,  ? ,  s :  , .,, , ,.. U.,. 
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enalter camp!emtntaiy synze t ry  iircil:. >,er c faraoiJ 
;,us is o:piied by !he s q n c l ,  !he t r ~ n s i i l o r  c-rdbc:~. Y!tn 
o s l nw iuve  incut slqncl oppllnd, a sine v;ove of cbrrent 
llows (at  audio frequencies) tnrnuqh copacltc; C! nnd ioad 
5:. to develna k c  actput s : , p d .  , 

FAILURE ANALYSIS. 
General .  Xnen n c k m  vcl::qe r-i,ecks, "sr  J Z C ~ , . P , -  

tdbc v l j l l ~ ~ ~ r t e r  t~ oioi: tilo 1311 vcIUe: :I shurrt:5j :esls:- 
x c e  enployed or the Ion-voltcqe :a-.:cs of l o s t  vcit- 
ann-r.i:llamce:sr t ~ i t e r s .  I?e c ~ r c i u l ,  3 : ; ~ ~  IO cbsc:.~e 
>r;pe: poi:l:ti ::>PC c i ~ 7 Y : z  j 10r1:2,i::f 3: noklz: :es:st- 
a i ce  re:s;:;rcz:s :;;:b, h n  ;i::.::.e:r:, .::::: c fcrt~cr? t ? l s  

,- .F - * I , , ? .  ..,., - ..?. . ..*,, I. c , , , , q o ?  ~ . . .  , 
low-reslstonce rpadlnj. 

No O ~ l p ~ 1 .  li, U;UI. ;, ..!.;I: ;.;;..t .: 1:; i 7 : . t :  j i p j l i ? ~  
, . . , . . ? . . -, ,,",...-,s:.., 2: 22 use:.. :d..::.71: C<>x:t:: 'L: loac ces;51- 
..--- ?'. " ..i- a ..,. , -  .;, !S :,;I, ..:? ckac', .,.. 1 1 1  , * , j lCc tD  -. . . - . - . . - - - . , . . - . . . . . 
.%nether the u:oper vd toqr  c n ~ i  paior!lles xc appllen. Since 
C l a s s  B zero b!os opercilor :s normally t.ai;loyed, no 5ose- 
ta-tm::te: (CI q10ilcl) vsl toje  ex i s t s  :E the shse!:ce of c 
slqnal. Howeve;, l f  0;; o;rerpt i s  r x i e  !0 i:easLre thi; 
. , ~ l r c ~ r  ,nl:b, o meter, o Llsc :-u;!::: !r:cy br  :t.n!;~rl 

t h r i 8 ~ q h  lhc voltmeter sirrntin: :es;s:oncc. T?,eiefcre, cnlv 
1i.c p:!dr~:, ~ 8 2  ;";;I,, ..:l::,~e s:.~:l2 ts : t , x k d ,  m.2 :A? 
,"put signal stlould ae cbsr:ied ~ l l n  or; oscilloscope. Lock 
of lnput  slqnol or; tt,e oicl!losccp? :nClca:es an open c o u p  

copocltor, Ccc, or s shorted !"put c l r idl t  coilaed by u 
defrctivi. rronsliror. I f  the s b p ~ l y  ia:t;qt and uolor:ty are 
co:rprr and o siqnai i s  visinir u i  tnr  i n o u t ,  c u t  nu! 11: the 
!cod, ellher the trarslstor 15 ?e!ect~ve or l h ~  !ow: ! S  

. 4 pc!s:qrpn r , r  p?F~!r,!lt.; -in.u ~ ! i l  i n ! . r , , , , q ~  

, ., ;<kirlei :a-.' . .  , .  ,. , ,, . .... : I  !! ,: n>r: 7 1 ,  ?.,I,{ th? r72n- 

sisrors con be a1 iouit. Slnce vniy orir !r311..~bt~r LS opera- 
l l v r  ut a t m r ,  bath tronslsiois r:dst be detectl\,e ta couse 
" I " " ?  ^' ̂ ..." .,. "'L" ....c,, ",'A ."-A ". '."^.'".' n,,,"ut " -. -,,,-..,.u-, >. --.- 
ex!sts. :i<wn IS h b : ,  replace rrle :ransisturs *.!i~ urct 

L,~,J*,~, k ,;GGG, 
Reduced Output. ii one oi inr trcnslstors 1s ?efe;tlve, 

or l f  on? of the s ~ p p l y  valt3qcs I; low or tne s ~ ~ o l v  1s 

zeiecrivc: o loss  ?! uutg:t i . i l  leer:. d s r  31: o s c i l l o s ~ o ~ e  
:3  obser,;t '>.here :he ?rF'-: ' w x e l c r c  or OL!C,~! ~ i .n~~eform 
departs from nornrai. Cneck t l  : r . ~ % =  sure 9.31 there 
si~!f~c:;n* 1.7 t'ne orercdln,; s t a o ~ i .  A leokv coop!lno 
,-nnnr~tnr ~~ w i l l  ?I?-i. 7 i:ur< 5 1 n s  31 '1s~ CI:CLIII? causinn 

. . 
,-r>n,->,,-.>r>n > n  r,"e Yrr,"<t<.,.7 c:T,,: re ,,,I? ,,,,,; I,,? <,:,,e, ,?,bbera- 
.... .!"?. 21-:,*r,,~:LP,7 : > 7  ' :;c ;;TIC, , ? I  c c :  ;I:;:,, ::,,. :1:-,1:: 1,;4., LC 
! -: .', Yiil,, , . 1 . .  . , . , , ii .r,,:,c >-,, . . .  . . . . 
d ~ s t o r t ~ a r , .  Ili~bo;w,ce.: cc.;:ecror . :clrn~es. .: su:i!clertiy 
,,;Lcrer.L, ,,,L. ,:,l-ze ,,<,:, ~ , l  <:;,p.,: ,.., I:.-:, <;,,; .;..s;"::.~z - ? >  

u n e  side cf the ;;:cu;t, ;.'nlr:: :a? hi s;se:.i;J :n :?e aicl l -  
- . .  , , . , . , L , . I r .  .. .. . . ~  ... 

, 
C!;it, a :?S:.?YJCZC G:',.; 'V<.:A,:C ;:;<LC, >:<L-;; <~.-<.l,, i : ; C ~ ~ S t e  
~ n p t h p r  the -0-,aorrris a: rower suaplv is d ~ f ~ c t l u e .  ',%ere 
tne traiisls:ais >re >hj ; .c te i ,  :ep:ice hotn h.tt, ones known 
t,- ?? ; c x ,  ?r :?r,*",? !-.-:*, :.=oorc:+;> ,>:; : ck.:.<>, tm,e;7, c,n 0 

.-. . . - ~ ,  
.,u,i _-iair. i . . L  , . .  

E,.torted ouip,t. .: .C.&~L: :,:<; :: .L22 :es.::z.ze :c2 
~ . "ubr  u ~ , * L Y I L C ~  cuiYU,. <.,, ,Ls:..,csL~~~ :L ,>L:~:7.,;,e 
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where the slqnd departs from nornal. Thetrouble will then 
be localized to mot portion o f  the clrcul! s h o w ~ n ~  the d ~ r  
torted waveform. h the common-emitter clrcglt, 1 1  the dls- 
tortlon occurs  on the necative F3111on of me waveform, f ie  
trouble i s  in the PNP transistor clrcult, 11 it 1s on tine 
posltlve portIan o f  tse waveform, the troilble 15 in  the UPN 
tronsistor circult. Since there 1s no inversion o f  polarlty i n  

the cornmon-collector ciicult,  me  lndlcatlons will be the 
opposite. That is, distortion on the posltive woveform 1"- 

dicotes  trouble in the NPN trmsis tor  circult, ond d ~ s -  
tortion on the neqotive wovefarm indicates trautlo in the 
PNP circuit. 

AUDIO POWER AMPLIFIER. PUSH-PULL, SINCLE- 
ENDED, SERIES-CONNECTED CIRCUIT. 

APPLICATION. 
The  push-pull, s lnq i rended ,  serles-connected o u d ~ o  

amplifier is used where hlqh power o u t p ~ t  and ildelity ore 
required. For example, ~t i s  used in recavei output stoqes, 
in public address ompliflers, and in servo anpl l f lers ,  where 
compacmess and reduced weiqht through elirn!natian oi tne 
output trmsformer a re  desired. 

CHARACTERISTICS. 
Collector e f f i c ~ e n w  is h ~ q h  with moderate power ooin. 
Requires the some d i ~ r  as o conventlonal push-pull 

amplifier. 
Power output i s  twlce that of a sinqle tronsistor stooe. 
No output transformer 1s reqblred, ord iden t~ca l  types 

of t rms l s to r s  ore used. 
Distortion varies wlth the c l a s s  of operation, 
C l a s s  B blos is normally used, but Closs  A or AB oppll- 

cat ions may be encountered. 
F ~ x e d  or zero blos i s  normally employed, but self-blos 

may be used in some oppllcotions. 

CIRCUIT AN.4LYSIS. 
General. The series-connected, sln,?leended push-pull 

ompllfier uses two simllar-type transistors in the equlv- 
alent  of the complementopj symmetry circalt to provlde o 
transformerless output. It requires fewer components than 
the conventlonal push-pull ompllfler, but mare than that of 
the complementary symmetry amplifier, since o push-pull 
input 1s necessary; it i s  s~ngle-ended in the output only. A 
compound-connected transistor input c i r c u ~ t  may be used: 
however, s ince t h ~ s  circult requires two additional :ran- 
s is tors ,  an Input transfo:mer is usually used instead. Be- 
cause  o f  the ser les  transistor connection, two separote 
collector s u p p l ~ e s  ore required, or a center-topped supply 
that i s  twlce the value of a s ~ n g l e  supply i s  necessary. 

Circuit Operotion. The s c h e m a t ~ c  of a typical s l n q l e  
ended, series-connected push-pull PNP audlo m p l l f l e r  is 
shown in the accomponylnj flyure. 
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- R L +  
INPUT 

+ - 

Single-Ended, Sericr-Connected PNP 
Purh-Pull Amplifier Circuit 

Note' Read the DIRECTCOUPLED AUDIO AthPLIF'iEP 
circuit dlscusslon eorlier in thls section for an? bockcround 
~nforrnotlon. 
Tronslstors 0 1  and 02 ore zero-blosec and are nonconduct- 
ing in the absence of a siqnol. Both t rms l s to i s  are ti.e 
PNP type. The input transformer has  two separo!e wnd- 
l n q s  rother than the center-topped orranqemer.~ convention- 
ally u s e d m  push-pull circuits, to provide out-af-phcse 
(opposite-poiority) input slgnols to the series-connected 
common-enltter stages. This provides on input connection 
which i s  sepcrate for each tronslstor: the bose of 0 1  
i s  driven posltive while the base of 02 1s driven neqa- 
tive, ond vice verso. With Closs  0, or zero blos, only one 
transistor operates at a tjme. One of the secondorles of 
T I  1s connected so os to lnvert the slqr.01. Thus, on the 
positive input s l lnal ,  0 2  is drl,,en neqotlve and me fa:wo:d 
bias  couses conduction; meanwhile, the bose of 0 1  is held 
a t  cutoff by o p o s ~ t l v e  input. On the opposlte half-wcle. 
02 i s  held ar ~ t a f f  while 01 is driven ta  conduct:ur. by 
the negotlve lnput signal. In this example the secondary 
connected to 0 1  is connected in-phase, whlle the secondow 
connected to 0 2  i s  connected oul-cf-phase. 

The  land. RL. I S  connected from t h e  rnmrnnn nnint ni 

the two power suppiles to  the emitter of 01 and 1t.e callec- 
tor of 02.  Disreqardlnq this  load connectlan for the moment. 
11 i s  cleor from observat~on of the s c h e m o t : ~  tnat the :wo 
transistors ore connected in ser les  wlth eoch other cnd tiel: 
separote power ibpplles. In the absence oi an .nput s>qnol 
no current f l o ' ~ s ,  m d ,  smce each tronsistor conducts 
separately, w ~ t h  current flow in  opposlte dlrectxons throuqn 
RL there 1s no net flaw ol dc throuqh the lood in one dliec- 
tion to unbalance it. Therefore, thp voice coil of the speaker 
may be ploced directly in this circuit to a c t  3s a lood, with- 
out requiring any d-c lsolotion throuqh coupllnq capacitors 
or tronsfarmers. 

When collector current flows in 0 1 ,  the electron path 1s 

from the emttter, thrauqh RL and the power supply, k c k  

CHANGE 1 
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ta the collector. 'When collector current flows in 02, the 
electron poth 1s from 1P.c ern:tter of 02, throu4h the povicr 
supply and lood i i ~ ,  back to the collector. These current3 
fiow rn opposrtr d i i r c t ~ o n s  thiou4il tlir loud irslsror, ras i l  
producing one holi-cycle a t  the si2nal. There ;c no can- 

,In-.. "' 2.. .L.^.."L .L̂  ^. .r . . r  ". ,i.".^i ,La !"^> ..., "U"" U."b .,,. ""y,, ",b b... "., ". .,.." -*,. .,,. 
In Closs  A or Class  4B sroqes, o iorward blas is suppiled 
13 the bosc, ond Scth tror.si;to:s condzc: ;on::n~~l!i. C-C 
cdrrent flows lhrauqh the series tiozslstors ond paNer 
sdpplies. bil: does not flaw throu,qh the loo6 reslstor. D,IS 
octlon occJr i  because, w:ti o balanced ilrcult urd  ! J e r t l c o ~  
colirctor currert flow i n  iotn transistors, equcl but oppus!!? 
i c l r i q e s  are dweioped ocrcss the lsad resistor: :t.eiefi:s, 

, , 
!lie,, , -=>ce:,  ,.,2w.l>),J ,A( :  ~ ( l ~ , . . , l , , , e  LeI,d ,>.c Lu~:e;ll :L," ,,>< 

through the lccd. 
!n C l a s s  h Ope131131, zny S~CCI?-no:mcn:c ~.21:en: :s 

,cnnceled out In I?? Ian6 nc !ri c o ~ v e c t ~ a c n !  p-sh-p~l!  -!I- . -, " 
1; 'L1255 2 :jC:3t:%, ! i C i C  : 5  I S  CC:CCIJ::iZ Z 1  

i e c c ~ d - h ? r m c ~ ! ~  CU~~PP.!. 3ni the :redo~.!nan! i : s t ~ . r t ! ~ r  !C 

third hormonlc. Thus, regardless of the method by wnich 
i t  ? s  obtalnec, secand-harmonic dlstoruor. 1s reduced !n th!r 
clicult a s  i n  tne conventlor.al push-pull circuit. 

FAILURE ANALYSIS. 
tenora l .  '!(\en ~ i k i n q  w l t a q e  ;t,e;ks, ;se c vac:4,z- 

tube voltmeter !a wold the low valses  of shuntlnq ieslst- 
once ordlnailly employed an the low-voltaqe ranaes of can- 
vention01 volti.hmme!ers. Re ccreful a lso to observe prope: 
polarity whpn checklnq cantlnu!ty with !he- ahmnpte-r: 
s )pLs<  !o:,;,2!j 5L;s v):oc4); dr,y the 1 rGqsls!or ;u2c: ;m,:, 

b wdl cause a lolse lon-resls tmce iealnq. 

\ N O  output. I z;-c-:PL: ;sx:t:m ;m, $6 :axe: :; 2: 

o c t r -  or short-c~rcu!lec: lnput t rmsformrr ,  I!, o! lood, CL. 
a s  well as by a lock of supply voltage. The  supply valto2e 
an? the collector or Lose b!as voltaqe can be checked 
i i ; n  o ialimeie;. i a z t ; z ~ i ? f  :necks oi tne i i , i ;~t  ti&-,s- 
former r i~ndlnqs (or the load) will locote any open clrcults. 
and short-clrcu~ted w~ndings  (or load) wili be indicated by 
chtz-ete: :eodi-;s c.! Iccc !hw ! oh-. !- C!crs P a: 49 
i toges h e  h a s  :esii!ors c r  be checkr3 for proper ; a l e s  
nlti on ahmmeiri. Noinul l r ,  foiluie of the t im~sis tors  wjl: 
--! ccgse ccmpl~!? Ices c! nut?!! ilnlesc %!c !1"15!C!"IF ic'i 
completely. 

L*w o",p",, L z A  2; s~:f~: icr , t  ;::"c sc,\er, ::*. 
,:,. i l......,:,l, : .... .,I ::.il! l,.....iI....I,. .. , . . .  .. .. . ,., ,,,:., , , , ,... , . , . ., . . . . .  

-, . , , , .  :LY";;'? i i : p i : .  ,,.e S"jk.1 i C I L L j T S  :id 312s ;or, ti 
, , <::,ec ,,,,it'. ; ,;~!tr,c~e;, -' " ....i C. ^^" i 

v.  ..,~" / L",, Y C  

,rirrmined "y o b s e r v ~ n  I tne wuveiorn with an O S C I ~ ; O S C O ~ P  

K? ~ c ! ! z - :  i.h~!b.e: there is s:ffic!e-t ?r:,ie tc cc-se e.iec:::c! ;!-.~ -. L ,ct!r7 : " - " a  .L--. ."... 4-.- . . - . . . .. - . . . . - . - . .  ~ 
. . ..- . -w. .w. .  c E::t;r: 

sbariel or o t h t w i i i  lnopeiotlve i r ~ n s i s t o i  in? ;as? 
aurpul. Geprhulnq upon canuirlons, remoi~n] me tre.rs:sla! 
!!rev c p!cy!n sccke!! w!!! e!!+er re!!re ?r !rcrez:P !%- 
~;; :put .  In the rose oi  3 s!:or:ed translstar,  15;. a x p u t  w:il 
"."k"k,,, ..,L*" ;. , c  .*".".,,4 ,,VrL"." .L" *."..F,p*-. ,,,,, "~ .-., ,,,-,,,...,, .~ ." .. ... " ,,,,, ., ,,,,. 

,;as low gam, u sliqi!! rrductlon of output wlil usualiv be 
x i ~ d  when i t  1s remmed. I! !t.? -ie!er!i,~~ t ra r i : s f l i  :F 

:::: i:. :he r.::";t z>? LL.C GCC? 3ze ;L : " z Z . x < ,  : icc:c:zc 

In the o ~ ~ t p u t  will a lso be observed. Thus, where o d e f e c  
tlve transistor i s  suspected, i t  is usuolly good practice to 
replnce b t h  transistors wltt, ones known to be good in 
".ACi ," 2 I .-,- -." ," -c,c ......, e whethe: the odtp;! comes up to no:nd. 
Ft:rtt,er checking 'wth o transistor checker will then deter- 
m1nn ("P ipf"!'.',- ""*. 

D;.ie.ied Duipui. 3istoi ted o ~ t p u t  m q  be c i ~ i s e d  by 
lock of proper blnr or sgpply voltaqe, by underdrive or 
overdrive. by deiectlve transistors, or by o defective input 
t r~ns fo rne r .  If the primary winding of the input transformer 
; s  open, either no output will occur or s very low output 
xay  oe ottainea by copocltive ioupllng between the turns. 
":,,,~ver, l i  elhe: one of the secacdary windings 1s apen 
"1 ..!,,ILY, <,,C. ,,i;,,e,aiiii ,.,I: 1.i: i i i i ~ l ~ i t  F ~ ~ Y F I C ~ : ~  Y,,: 

dlstortlon will occur. Likewise, if the bias is too hlgh, 
cilpplnq wili occur an the peon of the lnput signal; l f  it is 
roo low, coilecro: bottomlcq wll! produce the some eliect 

. ,, . 
- L  :! ,v .:3u411.> L,! L ; ~ ~ :  >l,;l,<:!. Tt.3))sj,2r::.e: res8st*)ce OIkd 
-an!inu!ty cm 5- ch-ck~d w!th o" ahmme!er, wblle the 
bias  ond collector voltages con be checked wlth o voltmeter. 
In C ioss  4 or Class  4 6  stages,  one naif of ine c i r c u ~ t  can 
be lnopeiotlve a d  the unit will s u l l  function with reduced 
output but w l i h  lncreasei  d~stor t ion.  Use M oscilloscope 
to cbse;ve ;he rvovefo:m, check1r.g from :nput to ol;:put. 
When Lne wove!orm deports from normal, the cause  of the 
trouble will usuollv be obv~ous.  

AUDIO POWER AMPLIFIER. PUSH-PULL. 
CAPACITANCE~OIOOE COUPLING. 

APPLICATION. 
i n e  pusn-pull, c o p u c ~ t a n c r d i o d r c o u p i r d  audro amp- 

lifler 1s used where h ~ q h  power and fldellty ore required in 
receiver output s taqes ,  public address  systems, m d  mod- 

* . C . . C . . ^ l l  ,.-. :. . I . . ...,. -,-" uu ... e w n e :  CU~PU! s tcqe of 
a r e s i s tmcrcoup led  amplifier. 

CHAXKTERISTICS. 
collector eff i i lency is hlqh . ~ l ; h  rnoderote power qoin. 
R e g ~ i i i s  tt,e s m e  ? ~ i . ~ , i  os 0 coi.vent;ono! push-P;!! 

IT~/ ! ! ,D. ,  

Poweroutput is twice that of a sinqle s t o w  
. ._ . ,~_.. 1 . . A : , _ " . . - " ,  ...- ni"' 
."u . ! j V " ,  ,.U>>.U,,,#C, .a u a L ~ . ,  u,. >"L,,,~L". a 7 Y - d  

,, :..>:>, 4 ,>!> <:<? ::syj. 
,, , 

::;?*: L;:CW,: :L ~ b ~ ! . - p ~ . i  ,+p>>itely p ~ l x i z e d  ~ 1 . ~ 0 1 s  
j:-,~: L:!~:c: : c!::E.P .:;;e:te: o: 2 r ~ s t . - p ~ i l  ?r:uer are re- 
q ~ d e ~ i ; .  

!!:1!3:!!3c ,:CT!EC w!t? the c lass  of operation: operation 
. , hU .. . , . . , 2: ?, 'w:!!  C!-ri 48 i s e  :redo-matin7 
r , . ...J b. ,as is naimallv Y S F ~ ,  td t  i ~ l f - b j c s  m w  been- 

cudnterro in sonme upplicutiuila. 

CIRCUIT ANALYSIS. 
c .  7%. lnnnri innieAinA-mllnl~A ntuch-nlill -" ru-..-.-- -.--- -.-r... r.... r . ~ ~  

omplifisi dl l ie i i  from the convent~onai pusn-puli ampli- 
! ! ! I :  t .  3,cdes are used to pre- 

. . ..--, ...,. .LC, "k-."."" .. -. +."-'-.-.n- " i  -- !.+ c o u n i l r -  *..... c3pac,- 
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tor frc producing a shift of base bias  3~1th slqnal, Circuit Operation. The  accOmpMylnQ schemotlc shows 
and causinq distartlon. The use  of copocltlve couplmq o typlcoi push-pull, capaci tancediodecoupled PNP tran- 
ellminotes the necessity for an input trmslormer m d  p r o  s is tor  oudlo omplifler. The  operation i s  considered to be 
vides  o reduction in  weiqht and sopce, m d  m mcr3se in C l a s s  B wlth o slight forward bias  to eliminate crossover 
economy .Any lmpiovement in response characteristics distortion (octuolly C l a s s  AB), a s  determined by valtoqe 
through elirninatron oi  the input transformer ond i t s  r e  divider resistors R3 and R4. Because diodes CR1 and CR2 

act ive e f f e c t s  are somewhat minimized bv the shuntina and ore connected in se r i e s  opposltlon ocross the mput, and are 
loading ef iects  o i  the diodes. Thus, the operation and isoloted by coupling capocltors C 1  and C2, conduction 
performance ore substmtiolly the same o s  the conventional 
transformer-coupled push-pull amplifier, with a sllqht lm- 
provement in the high-frequency response. 

a, 

47 
+ - 

4 
Cap~citonce-Diode-Coupled Push-Pull Stage 

through the diodes i s  necessary to es tabl ish a bias  on the 
base  01 the transistors. With R4 connected between the 
diodes and ground, a slight neqative w l t a q e  appears a t  
their cathodes, s o  that they normally conduct sliqhtly. In 
the absence 01 m input s l jnal ,  conduct~on throuqh CR1 and 
CR2 permits a continuous flow of d-c base current, which, 
in turn, permits a small idling collector current to ilow 
through the forward-biased bases. Th i s  s t a t i c  (quiescent) 
current ilows in opposite directions through the primary 01 
the push-pull output transformer, T1, ond the eiiective ilow 
i s  zero. No secondary output occurs because the flux in 
each half o f  the prlmory o f  T I ,  produced by d-c current ilow, 
c m c e l s  ( a s  i n  conventional push-pull operotlon). 

When an ~ n p u t  siqnol i s  opplied, oppositely polarized 
s ~ q n o l s  ore supplied to coupling copocltors C1 m d  C2 
simultaneously. (Resistors R1 and A2 represent the driver 
s toge output reslstonce, normally taken between the driver 
s toge coliector or emitter m d  ground.) With o neqatlve- 
going slne wove sign01 applled through C l ,  o forword bios 
1s applied to the base oi translstor 9 1 ,  couslnq collector 
current to flow through the upper half ot the primary of T I  
into Ql .  At the same time, o positlvegoinq input siqnol 
i s  opplied through C2 to the base of 9 2 ,  produclnq o 
reverse h a s ,  and i educ~ng  collector current flow thiouqh 

the lower holl of the primary oi  T I  into 92. Since 0 2  i s  
normally producing only a small current ilow, this reduction 
in forward bias  drives the translstor nearly to cutoff.  Tnus, 
the current in 9 2  is reduced while the current in 0 1  is 
lncieosed ( this  i s  conventianal push-pull action). When the 
negative input signal i s  appljed to 9 1 ,  i t  a lso reverse-bioses 
the anode oi  C R I ,  and the d ~ o d e  appears as a very hiqh 
reslstonce; therefore, the lnput signal IS not bypassed to 
ground via R4, and there i s  no el iect  on the bios circuit. 
On the other hand, when the posltlve input siqnol i s  applied 
to CR2 and thebase  01 02,  the diode i s  forword-biased and 
i t  conducts heav~ly .  T h ~ s  o c t ~ o n  permits C2 to discharqe 
ropidly through the low resis tance 01 CR2 ond R4 to qround 
on one side, and from ground through R2 to the other s ide  
o i  C2, as shown by the dotted arrows in the schematic. The 
electron llow path is from ground throuqh R4, and CR2 to 
C2  on one side, and from ground through R2 to the other 
s i d e  of C2. Thus, a small instantaneous posltlve voltoqe 
i s  developed ocross  R4. Th i s  voltage further reverse-bioses 
CR1 s o  that i t  cannot conduct and oiiect the operotlnq bios. 
l i  CR1 and CR2 were resistors (instead of diodes), the 
voltage developed through these resistors would appear 
~n serles with the blos  applied to bath transistors and 
cause o shift in operation. The  bias  developed would add 

CHANGE 1 
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AUDIO WWER AMPLIFIER, COMPOUND-CONNECTED. 

APPLICATION. 
' I l l h e  cospcun?-zonnEsted pov,er omplifirr 1s used as the 

output s tage in recev,er, pubilc address onpliilers, and 
modulctors where lorge oudlo power outputs ore required. 
It is oisa used as a d l rec tcaup lm cocuoi onlplliler i n  

translstorlzed vo l~oge  r e q ~ l a t a r s .  

CHARACTERISTICS. 
High voltage and power yoln me obtcuned. 
Operation is usuolly C l a s s  A. 
Flved bias i s  n o n a l l y  employed but self-blas moy be 

mcountered. 
Hlgh input resistance 1s obtalned (much greater thon far 

a slngle CE stage). 
Inbut i s  series-connected, and output is parallel- 

connected. 
Two or more bansis tors  ore required. 
Rctio of emitter current to collector mrient  renalns con- 

stant; there i s  no drop-off of callector current ot high emit- 
ter currents. 

Hlgh current mplif!cation can be obtained w ~ f h  very 
little distortion ( less  thon $5 percent). 

ClRCUlT ANALYSIS. 
General. Two compoundzcnnected tronsistois m w  be 

employed os a slnyle trans~stor and used in o h r  clrcmt 
mnf~qurouons,  such a s ,  push-pull oudio ampl~f ie r s ,  to ob- 
tain greater output and more linear response than can norm- 
oily b e  obtalned in the c i r cu~ t .  Because the foiwoid current 
gain does not drop o f f  a t  high emitter currents, the  operation 
i s  linear and slnce the collector current continues to in- 
crease p r o p o r t i o ~ l l y  as the  emitter current increases, the 
trmsistors can be drlven to full output without any increase 
in d~stortion. The i n c r m s e  in linearity of the collector cur- 
rent which the compound connection provides con be c lmr ly  
seen from the accompanying grophlc comparison of emltfer 
and collector currents. 

Ic  imoi 

800 

600 

I 
TRANSISTOR 

0 2W 400 600 800 IE ( m a )  

G r q h  Sowing Di(ferencer Between Compound. 
Connected and Single-Transistor Operation 
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Note that i n  ths mouh the ratio o f  collector current to e m t -  
ter current far  a slnole bcnslstor remains constant (as in 
dicoted by the stroiqht-line p r t l o n  01 the curve) unul ap- 
oraxlmotely 400 n o  is drawn; then the collector current 1"- 

creases less ropldly os the emitter current irneases (os in- 

dlcated by t h e  curved portion). This 1s reducuin i n  col- 
lector current l ~ n e n r ~ t y  indicates c l o s s  m iorwmd csrren! 
a ~ p l l f i c o t l o n ,  which is most pronounced in  power an-  
p l ~ l i e r s  that drow heavy enltter current. l i e  vorlot~on of 
the total collector current wlth lnput emitter current for 
conpound-connected translstor is a l so  shown irr the g a p h .  
Observe that the rotol collector current ai the compound- 
connected translstor does not drop oil as the emitter cur- 
rent increases, but varies llneaily over t h e  entire range of 
operouon (11 is o stroiqht line instead of a curve). 

Circuit Oper.,tion. 

The basis schematic for o pair of compound-connected 
tronslstors used a s  on audm o.xp11fler is shown in the oc- 
componylnq illustration. Tne clrcult enclosed by the dashed 
l ~ n e  can be considered a s  o single tronslstor wlth connection 
points X ,  Y ,  ond Z representing the m s e ,  collector, and 
emltter, respectively, of the combined transistors. 

bmpound-Connected Common-Emitter 
Audio bunolifier Circuit 

Fixed Class  A blos is supplied fo the b a s e  of ban- 
s is tor  01 through volioge divider resistors R1 and R2 coc- 
n ~ t e d  across the mmnon power supply. (See Secuon 3, 
paragraph 3.4.1. for o d s c u s s l o n  of the types and methods 
of biasing). The b ~ o s  an 92 is suppiled by emitter cunen t  
Ilow through Q l  and 9 2  lo ground, the actual  value being 
determined by the emitter current oi Q l  and the forward 
goin of 92.  Copacitlve Input coupling 1s provided by Ccc. 
The output load. FL. 1s connected in se r i e s  with m t h  
transistors and o a m m a n  source of power; the collectors 
ore connected i n  parollel, ond thus s h m e  o common load. 
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rents ond i s  not of much siqniiimnce, because the cam- 
pound connection produces I larger output mainly by its 
ability to Fass a greater current through the same load. In 
the basic schematic the output i s  shown copcit ively 
coupled; where large power outputs ore desired, an output 
tronsformer i s  usually used a s  in the  conventional single- 
ended power ompl~fier. ' h e  compound connection moy h 
used in any of the pieviously described clrcuits in this 
handbook to obtain greater linearity and output, but it re- 
quires two transistors for each one used in the conventional 
circuit. 

When the load reslstanceis  connected i n  series wlth 
the emitter of Q2 ~ n s t w d  of the collector, this compound 
circuit becomes the msmded emitter-follower amplifier, 
sometimes referred to as the hr l ino ton  circuit. Because 
of the large amount of  degeneration provided the operotlon 
1s sllqhtly different iron thot of the compound circult des- 
cnbed obave. In other publications, the compound can- 
nection i s  also referred to a s  the ~ m d m  connection or the 
Super-olpho connection. 

FAILURE ANALYUS. 
General. When maklng voltage checks, use a vocuwl- 

tube voltmeter to ovo~d the low values of shuntlng resist- 

ance mployed on the low-voltage ranges of most volt- 
ohm-m~lliameter testers. Be careful, olso, to observe pra- 
per polar~ty when check~ng mntinulty or mok~ng resistance 
measurements w~th  the ohmmeter, s lnce o forward bms 
through any of the tronslstor luncuons will muse  a false 
low-reststonce readlng. 

No Output. Lack oi supply voltaqe, either on open or 
shortclrcuited Input or output or defectlve transistors, will 
muse  o nouutput mndiuon. The supply voltage and the 
presence of collector and base bios con be checked wlth o 
voltmeter. Wlth the proper voltoge and polor~ties exlstinq 
in the circuit, observe the woveform wlth an oscilloscope. 
Loss of signal on the base side of the input indicates either 
an open coupling copocitor or a shorted mput. Since the 
mi l le r  of Q1 i s  connected in serles with that of Q2, failure 
of either transistor will p rodce  loss of output. An opm 
output coupilnq capacitor (or tronsformer, ~f used) will also 
muse  loss of output. Leaky coupling capacitors usually 
will not cause a mnlplete loss of output. On theother hand, 
a shorted input capacitor con bins the czrcuit to cutafi or 
into h a v y  saturation depending upon thepolarity of the 
mllector supply of the preceding driver stage. Since all 
short circuits will most likey change the blos and circuit 
voltoges, and open circuits w ~ l i  show normal voltoges, a 
simple voltmeter check will d e t m ~ n e  the type of Muble. 
With only a few parts in the circuit, thw may be checked ~. 
s m o t e l y  to determine the defective port. When t h e  
opaotxon of the transistors i s  in doubt, replace them w~th  
ones known to be good. 

Reduced Output. Improper bios, low mliector voltoge, 
or defectlve tronsistors will couse reduced output. A leaky 
coupling mpocitor will produce a larger than normol bias and 
couse the transistors to operate c l o s a  to cutoff or to 
saturation, depend~ng upon the polarity of the bias. l 3 e  
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reduction i n  output moy be slightly nouceobly or very evl- 
dent, depending on the volue of the b ~ o s  change; and may be 
easily determined by o slmpie voltoge check. If h e  h a s  
and voltages are correct and the proDei load is connected. 
a reduced output with normal inp"t i d i co t e s  thot e i t ha  
one or b t h  transistors are defective. When suspected, r e  
place b t h  transistors with one known to b2 good and check 
the removed tronsistors separately, either by means of o 
transistor checker or by individual substitution in the cir- 
curt. Where the wrong lood or a shortc~rcuited load is used, 
the output wili be reduced. Check the volue of the load 
with an ohmmeter. Where mpocltive output coupling is 
mployed, o leaky or shorted capacitor can muse  a steady 
flow of dc through the output circuit. In the cose of a 
speaker, a steady flow of dc through the voice coil will 
hold the cone in a steady posltion and require o imge out- 
put to move it. Check the output load for a d s  voltage to 
mound using o voltmeter. Where the load has changed in 
value, reduced output will usually be accompanied by dis- 
tortion; the same indication will occur for reduced coi- 
l m a  vollage, which can be determined by a simple volt- 
age check. 11 all e l se  oppeors normal and i t  i s  suspected 
that the lood i s  defective, the load con be disconnected and 
replaced with o resistor of theproper volue and wattage rot- 
ing (usually 1 to 2 watts wili be satisioctory for average 
transistor testing), and the output can be observed wlth on 
oscillosmpe. 

Distorted Output. Audla distortion will be obvious when 
a monitor~nq speaker or headphone 1s provided. Improper 
bios or low collector voltoqe, an improper load or defective 
transistors can cause distoruon. Check the bias and coi- T 

lector voltages with a voltmeter. Use an oscilloscope to V 

observe the input waveform ond to fallow it throughthe W 
circuit. When it departs from normal; the location of the 
trcuble wili be obvious. Clipping of one side of the signal 

'.. 
indimtes improper bios or other voltages, while clipping 
on both sides indimtes overdrive, a s  it does i n  electron- 
tube operating. Make certain thot the input waveform i s  not 
distorted, slnce suhsequen amplification will increase the 
distortion, mking it appear to originate within the stoge. 
With proper bias and other voltoges ond with a normal lwd,  
if distortion appears the transistors are likely to be defec- 
tive. Replace them with o pair known to be good. 

AUDIO POWER AMPLIFIER, BRIDGE-CONNECTED. 

APPLICATION. 
The b r i dgeconn~ ted  power amplifier i s  used in re- 

ceiver output stoqes and public address systems or other 
wuiDmmts where a larqe audio power output with low dis- 
tortion i s  reauired, and no output transformer i s  employed. 

CHARACTERISTICS. 
O v e r ~ l l  frequency response i s  improved by direct out- 

~ u t  cou~linq.  
Operation can be Class A or B, with the least efficiency 

obtained in Class A, and the most eff icienq in Closs B 
operation, a s  in conventional push-pull stoqes. 
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Produces twice the power output of o conventional push- 
pull stage. 

May te operated a t  twice the n m c l  supply voltage 
instead of h-If the voltage a; in othc: ckcui ts .  

Each transistor d i s s ip l t e s  only holf !he p e r  of i t s  
c a e z : p n  i c  th r  c % - , e n ! i g ~ ~ l  push-~ol!  ;TOY: the~efore; 

smaller t rowisiurs  88~uy br used :or the some i i i tpi t ,  or i; 
grwte r  power can be obtained for thesome hansistors. 

A single untopped source oi  supply voltage may be used. 
No d z  current passes  through the load. 
Requires push-pull input (oppasi t i  polarity ond Ymce 

the driveof a single stcge). 

iiki" iT iji Ai.,. ji j, 

General. The h i d g e  circuit i s  d e v e l o p 3  from the bilsie 
3% brldge, sozct lmes coiled the Wheotrtone bridge. ~si?.q 
q~-;--1-ct ia  o m s .  !r. the b a s ~ c  two-transistor circuit, two 

,,,. , 
q m l  p m e r  ss?piies form 1k.c xhc: 2 : ~ s .  ,w::n q;c: 
tmzs i s t i i s  i n ?  equc! w,vc; ;-;~!ies, !he hid;- is k1onct.i. 
for d s  flow and there i s  no flow of d c  through tile l w d  until 

-~ - - .  
cussed in this section of the handbook i s  iln ixomple of G 
simple typeof  bridge circuit. The full bridge circuit u t t  
lizes four identical transistors in a b r i d ~ e  arrangement, or 
two PNP and two NPN trcnsisiors in 3 conplemenlory sym- 
metry crrongement. The  useof four transistors a s  thebridge 
nrms yrrnits oprnt ion with o single for untouoed) p w e r  
supply, and povi?cs twice p::er ?;twt tLi 5j-;1i 

. . 
Ci.cvir Operotion. ':'r.e s i i t m ~ t l c  or ; ty;.;;;! 10;:- 

transistor PNF br~dge  omphfler is shown i n  the accompny-  
ing illustrotion. 

Note that tronsistais 0 1  and 93 hove the l m d  connected in 
the emitter circuit. Nhile 9 2  and 9 4  have the load connected 
in the collector circuit. Therefme, 3 1  ond 03 ore common- 
cn!lectci confi:nrrl!~"ns (the oi,tp~:t in tnken from the emitter) 
~ i t h  high input impedances requirinq large-voltage i n p ~ t  s i<-  
nals. Transistors 02 and 0 4  are conmon-?mitter confiaura- 
tion; {:hco~tput i s  !"ken fro- the co!!ector! '>with Iw input 
impedances requirin? low-voltoge i n p ~ t  s igncis ,  to ~ d u c e  
on emit t r r iol lector  current equal  to that of the common- 
collector ccnnecied transistors, and thus e q u o l ~ z e  the bridge 
::rTrF"lS. 

?he inpit siqnol i s  connected i n  a push-pull arrange- 
mert tcl thebases  ci 0 1  cr.6 33; t h e b e  i!rput to 3 4  i s  . ,, . L nl .L.. L - ..... ,:-:.:.. ..":".-. 
LUhl.,! Lil,:!! , t (C  C,.%.ItC! "1 V. , ,"YYU,,L".,Liil  .lll, ,L".l.". 
R2, and thebose of 0 2  i s  sapplied with o signal from the 
emitter of 0 3 ,  token through current ilmltlng resistor iii. In  
~ h l s  manner t h r o p p s i t e  bridge arms are connected t o  
sil:)l;uL~y v>iJL; ,.:, j u l : <  :;:lo;lcr ippJtS (:5 r3;u1:ed fGr 

carnmnneni!!er ci~cl~i!!: othewise,  1 s p c i o l  tmnsfo imr  or 
3 complementary symmetry arrangement would be necessary 
!a provide proper omplilLdde inputs. When a negative input 
5:gnal i s  opplied to 3 1 ,  the farwcid bias i s  increased and 
30th thecal le i toi  ond en:itter currents increase. Kith in- 
creased emitter current flowing though RL,  c negotlve volt- 
c:e :- ? e : e I o ~ ?  scrcss !helm? and opplied through R2 
to increase t h e  forward bias on 0 4 .  Tnerefore, the collector 
and emitter currents of 3 4  a l s o  increase. The  transistors 
we selected for q u o 1  gain, and RZ for equal E , s o  that the 
emitter and collector currents of both transistors a r e  equal. 

I.:eunw);ile, -:: opp2si!tly wbriz;j (psiti".: input 
signal i s  appl iedto the Sose of C3 s i ~ u l t a n e o u s l y  with the 
Input s i ~ m l  cp?iied to Si .  7-e >asl t ivi  ir.pilt sirjrici 
reverse%iases the bse  oi 93 and reduces any flow oi 
collector a d  emitter cixrcnt. Similorly, the emitter voltage 
of 93 developed across l m d  resistor F I L k c o a e s  more p s i -  
live kcuuse sl I;,e rrductian in sxient i i w ,  znd vzcugh 
HI ploces o reverse bias on the ' b se  of 92, causing the 
emitter ond collector currents of 9 2  be reduced also. An 
i zc rmsed  cc~rsn!  t k r c c ~ 5  GTC si3c cf 1b.c b:iige ,>:it5 c 
r e d ~ c e d  carrent t h r o q h  t i e  oii:er s iS t  of the bridge pro- 
duces the sonie e i fec i  u s  i i l  ciiovenliilrrul pusti-pull owia- 
.:..- .."... .,. 7.. P L ~ ~  -.-<., A cp:c!i3r,, the tct?! c!!rren! f!avii~: th~@u$h 
thelood is the  same os if iwice the,iormal current flow 
exlsrrd. i r l  'Zicss E upiu i iuu ,  u l I y  twu L r ~ i ~ > i s i ~ r s  L a f i J ~ c t  . .  . - - -....-- / ..,. ...., =, ... - .?:. * --. -... 

. . . . . . 
dntn t,.,iii,i.ul ji gr,ai i".ili.... ,qeo .. . - p d " r ~ , r  . . . .  .' "" .. < > I %  .. ~~,.m~lLc ^. . ' 

, . 
'#,~.?!-:\,,:le ~ ~ > 5 < # , , , , , < ,  1 ,, <,n+ d,,.<? :narc, ,I rerG3es pGsiti.92 
m:! 3 reverse bias is pioced on theimse oi i.1. 7"ne rc- 
;or;& hi:. ;I.i..-i; t 5 ~ ' T - i : : ~ -  , , , , ? G I  c! C l :  Zrdl,ci",q c 
F ~ ~ .  :.;> >-:::.r, .: ::.c c :: .> 21": :;GI:?? th:..;!. -- :-;: rc I P I : P ~ S P ~ ~ S  the bcie of Q i .  ?nus, hot!~ C1 u:ld 94 
rm1Iter ond co l~cc ta r  r j r rents  nrc relured s l m u i t o n e o ~ ~ ~ y .  
;,~s.c;.hi;~:e, .L- ,,,= .,,pL, . a.9., .;---, ", "Fv .--p- :G 1k.e XL: :f C3 21s: 
c h o q e s ,  k c o m s  n q o t i v e ,  ond npplics a forward blos to 
, , ,c,- , . ,  . <;;e  u4se 4; q;, w ; . i i ; r  ,lli,-;usrs tl.i i i i i ; ;  i i i ie i i t .  ni 

Full Bridge Circuit 
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increased emitter current flows through thelmd in the oppo- 
site direction, as  shown by the dashed arrow on the sche- 
rmtic. The chonqe of current flow creates an opposite 
polarity across RL. 

Since the voltage developed inahe emitter circuit of 
03 is negative and the base of 02 is connected to the 
emitter of 03 through R1, a forward bias is also placed on 
02. Thus. the emittersollector cwrent flwr of 02 is in- 
creased simultaneously with that of 93. As a result, the 
transistors interchane roles; 93 and 02 become conductina, 
while 01 and 9 4  are hriven toword cutoff in Class A op- 
eration, or are entiiely cut off in Class €3 operation. As- 
suming equal transistors, biases, and drives, equal but 
oppositely polarized voltages me pcduced across thelmd 
resistor by the current flowing in different directions in the 
bridge arms, so that the effective d-c flow i s  zero. Since 
the varying (a*) lcad current flows first in one direction 
during one halfcycle of input and then in the opposite di- 
rection during the remaining half-cycle, the output lmd con 
be directconnected in the biidge, and no output transformer 
in needed to develop theoutput signal. While the input re- 
sistance of the bridge i s  high, the output resistance i s  low, 
and no impedance transformation i s  necessary to match 
loudspeaker of servo lwds. (The tronsistors are usually 
selected to have an output impedance near that of the load, 
in which case RL = VcAc.) 

Because there are olwoys two transistas ocross the 
supply, thecollector voltage of each transistor i s  always 
less than tk sup ly  (usually half). Since no tronsfnmer i s  
used, tkcollector voltage con never exceed that of the sup- 
ply, so thot the designer con apply twice thenormol collector 
voltage to both transistors in order to apply the full rated 
collector voltage to each transistor. Therefore, a greater 
output can be obtained than would normollybe possible in 
other amplifier circuits where tha maximum collector volt- 
a.s isnever allowed to exceed half the su~olv voltaae. .. . 
Likewise, since mch transistor dissipates only half the 
pawer dissipated by each tronsistor in a conventional push- 
pull amplifier, a four-transistor bridge circuit can produce 
twice theoutput of the conventional push-pull circuit. This 
accounts for thehigh output power of the bridge circuit. 
Because the inputs to 04 and 02 ore obtained from the 
emitters of 01 and 03, only enough drive is required to 
drive the tnses of 01 and 03. Therefore, no additional 
drive power is required over that of the canventionol push- 
pull amplifier. 

In Closs A operotion, the quiescent currents of the 
transistors are equal, and no dc flows through the lmd 
because the bridge i s  balanced. Dwinq operation, the cur- 
rent through one pair of orms increases while thecurrent 
through theother pair decreases. On theopposite half- 
cyck t k  conditions are reversed. On theother hand, in 
Closs B operation all tronsistors are zero-biased with no 
signal applied, andno current flows. When on input i s  
applied, one pair of orms conducts while the other pair 
remins cut off. During the remining h o l f q c l e  theother 
pair of orms conducts while the first pair remains cut off. 
Thus, twice h e  cwrent of o single tronsistor flows through 

0967-000-0120 AMPLIFIERS 

the imd durinq either type of operation. Because no trans- 
former is used and tt,e transistors are directiomected, both 
low-frequency response and high-frequency response ore 
improved. This accounts for the decrease in distort~on of 
the bridge circuit as compared with any of theother push- 
pull circuits. 

FAILURE ANALYSIS. 
tsne,ol. When making voltage checks, use o vacuum- 

tube voltmeter to ovoid the low values of shunting resis- 
tance employed on thelow-voltage ranges of most volt- 
ohmmilliometer testers. Be coreful, olso, to observe proper 
polarity ivhen checking continuity or making resistorre 
measurements with the ohmmeter, since a forward bins 
through any of the tronsistor junctions will couse o false 
law-resistance reading. 

NO Output. If the output lmd or collector supply is 
open or shortcircuited, no output will be obtained. A 
short-circuited lmd will te indicoted by o resistance read- 
ing of less than one ohm, while on open circuit will be in- 
dicated by infinity or a very much larger than normal re- 
sistance. Check the supply voltage with a voltmeter to de- 
termine whether the supply is defective. On the other hand, 
since thebridge is normally bolowed across the points to 
which thelmd is connected, o voltage check ocross the 
lwd will usually not pinpoint on open lmd. Instead, the 
voltmeter shunt will replace the Imd, if open, so thot a 
iolse reading will be obtoined. Ii o transistor is shat-  
circuited, the other portion of thebridge will operate; thus, \, 

o single defective transistor will not produce a complete A 
nadutput indication. If tronsistor 04 or 92 is shorted, 01 
and Q3 will still operate. Dn theother hond, if 01 or 03 

n 
is shorted, thelarge input signal will prohbly bias 02 ond 

\ 

04 into cutoff and saturation, ~oduc ing  no output (in some 
instances a slight output may still beobtained, depending 
upon the applied bias). If either R1 or R2 is open 02 or 
04 will not operate ondno output will be obtained in Class 
B operation. Likewise, if 01 or 93 is open, the remaining 
half of thebridge will not operate. 

In Closs A operation, all four transistors would hove to 
be defective simultonmusly tocause no output. Since in 
Closs B o ~ i o t i a n  only two tronsistors conduct at o time, 
while theother two are cut off, it will benecessary for two 
transistors to be defective ior no output to occur. Where 
tronsistors are suspected, they should be reploced in pairs, 
and the individual transistors should then be checked out 
separately in o tronsistor checker. 

Reduced Output. Reduced output may be caused by 
ioilure of a single tronsistor, defective bias resistor P1 or 
R2, or on open input circuit to one arm of the bridge. The 
resistors may be checked with an ohmmeter, and the sup ly  
voltogemay te checked far proper value with o voltmeter. 
While unbalanced voltoges across the seporote arms of the 
bridge may indicate the potnble location of the trouble, on 
o s c i l l o s c o ~  check is preferable. Follow t k  signal from 
the input and check the output waveform of each tronsistor. 
Were the waveform departs from norml, the trouble is in 
thot portion of the bridge. Since the inputs to 04 and 02 
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ore taken from t t e  emitters a i  0 1  and 03 ,  it will be normal 
to find the onlpl~tude of 0 1  and 03 lorgei than that of 0 4  and 
02. The emitter outputsof Q l  and 03 willbe of the same 
phase as their inputs, while theoutputs of 04 ond 02 wlll 
be opms~te ly  mianzed with respect to their inputs, hecause . . . . 
of the comnon-enitter COMection. 

Di~s,*ed o ~ t ~ ~ t .  Distorted output muy te caused by a 
defective transistor, impoper collector voltage, or t m  
large o drive (input signal). The collector voltage may be 
checked with o voltmeter to determine whether it i s  normal. 
T w  large an input signal will cause clippingoi the signol 
in the output circuit, os in other omplifier circuits. T w  
low o collector voltoge will produce bottoming, a form of 
clippic: whi+ r ~ ~ _ l l l t c  when  t h ~  +!>npl~  V O I I O ~ P  rmnot follow 
the wok signal demands. Hence, ~t is aimost mnaotory to 
m e  an oscilloscopi 10 cteck the siqnal wvfefoim through 
the zircuit. Flotteningof the signal at the p k s  or troughs 
sf modu!otion indicotec clippin: I?? the resirltnnt distor- 
tion. If Rl and R2 and the 1md are oi the proper value, and 
the supply voltageis normal, the transistors ore defective. 
Replace the transistors in w c h  arm of thebridge, sepra te ly  
with ones known ta be good. 

PHASE INVERTERS. 
The phase inverter uses o single-ended input signal to 

develop o dual output of opposite polarity suitable for driv- 
ing on RCsoupled push-pull power amplifier. To supply o p  
positely polarized outputs, it i s  necessary to invert one > of thesignols s o  that i ts  phose oi polority i s  opposite that 

\ of thecther signal. Strictly sponlng,  the pnase inverter 
does not really invert the phase of thesignal: it merely 
~i ,ur ,qes the polarity of err o! the-u tp~ts .  Ey  ope: choice 
oi load and bias, thephase inverter mw also te ilsed to . . 
amplify the input signol. The output irom a single stage, 
however, is limlted by the deaenerative voltaaedeveloped 
i:: !ir emitter clicgit. T h s ,  more dri-<e is retired than for 
a conventional singlestage ampilfiei to overcom tine nega- 
tive feedtock developed in the emitter. Two types of 
circuits nre employed in the singlestoge phase inverter, 
we with a bolcnced output and the other with an unbolonced 
output. Less disto:tim i s  povided by the balanced rrange- 
mmr, which requires anlv onernore port t h n  i s  ased in 
the unbolonced arrangement. Where the push-pull output 
;:;gc driucr. i;. !5cph%se ic-.rerter i s  oper?teli Clcss R, 
: t i  ioflei i; ;s;;i;rl; -hi& sc,~etjrn?s CO". 
..,A tr sqpl ied  b y ;  s i n g b  imerter stzge. In t h e  instance, 
t h c w ~ ~ t o ~ i  kolcr.ce? inverter is employed t c  suppiy tne 
uddit,anal pocei needed. Since the twc-s:qe 3hcse :n- 
:.erter uses a sewrote tmnsistor ta develop each output, 
. , :  !;rthcr ?rive ,e#er x d e d  iscb1olne.i by *onventionoi 
p6L-pull dr~vers.  %e tronslstcr phose inverter is practi- 
coiiy idemlcol wilii tiir election-tuk $nost iriuirtci. di.2 
my jenerul rernoiks in the previous discussion of eiectron- 
rube phose inirrters mcde in Part A of this section of the 
U ~ r d k - - L .  c:e c!sc cp:!icct.!e. 
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ONE-STAGE PHASE INVERTER. 

APPLICATION. 
The one-stoge phose inverter i s  used to supply two op- 

pasitely polarized outputs, from o singleended input signal, 
to drive push-pull omplifier stages. It isused in radio 
receivers, public address systems, ond transmitter mduio- 
tor stages, usually as the driver stage for the power ampli- 
fiei. 

CHARACTERISTICS. 
Requires mare drive than for a singlestoge ampliiier. 
Supplies two outputs with m e  input signol. 
The outputs are opmsitelv wlaiized and of approxi- 

mately ihe same ompiitude. 
R e  bias on.' lmd r e s i s t axe  are selected to provide 

equal output sigrois. 
Prnvides better frequency reswnse than is possible 

witi, on input tronsformer. 
Is Class A-hiosed for equal swings: normally does not 

use either Class AB or B operation. 
Is usually fixed-biased, but self-biased applications may 

k encountered. 

CIRCUIT ANALYSIS. 
General. Where o singleended stage isused to drive 

o push-pull amplifier, it isnecessary to supply two op- 
positely polarized input signals to the push-pull stage. 
While o center-topped transformer may be used, it has been 
iound that KC coupilng generally provides betxer ireque:v;y 
response, with o saving in economy through elimination oi 
the ttronsformer, plus o reduction in weight ond space. The 
use of the phose inverter circuit piwides thenecessory duo1 
output. The unbolonced phase inverter uses o imd in the 
emitter dnd a lcad in the ml lenor  to develop the oppositely . ~ 

palcrized outputs, and 1s sometimes referred to in other 
pubiications a s  the inlit-lood circuit. Rctiially, the lm? 
i s  not split; identical imd resistors are used to obtain 
equal output amplitudes. A balanced output condition may 
be obtoined in the singledtoge phose inverter by adding 
another resistor, as will he explained later. 

Circuit  Operotion. The occompnying schematic i s  
that of a one-stage unboionced phase inverter. 

One-Stage Unbalanced Phase Invertel 

6.8.j.7 
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Fixed voltagedivider bios i s  supplied by resistors R1 and 
R2 (see magraph 3.4.1 in section 3 of this Hondbmk for 
a discussion of bias orraqemems). The biasisnormally 
Class A with the tmnsistor operating at the center of its 
dynamic transfer curve. Thus, equol swings about the bios 
p i n t  (with equal imds) will poduce equal autput sigmls. 
R3 is the collector lmd, and R4 i s  the emitter lmd. Both 
lmds ore of the same value to pcduce equal output signals, 
which arecopocitively coupled through Ccc, w d  Ccc, to the 
push-pull stage. 

When a negative input signal i s  opplied to thebase of 
01, it adds to the forward bias of Q1 and couses the emitter 
and collector currents to increase. Electron flow i s  in the 
direction indicated by the arrows. The emitter current flow- 
ing through R4 p d r r e s  a negatively polarized signal, 
while the collector current flowing through R3 pcduces o 
pxitively polarized signol. Since R3 and R4 are identiml 
in value, and t k  collector current i s  pacticolly equal to 
the emitter current (less the small amount of base cmtent). 
equal-amplitude output signals of oppsi te  polarity ore po-  
duced. On theopposite tnlfcycle of operation, the input 
signal becomes positive and reduces the fornard bias, thus 
reducing bath theemitter and collector currents. In this 
instance, assuming that the drive i s  such os  to  almost stop 
conduction, thecollector output becomes negative and ol- 
most equal to the supply voltoge. Simutoneously, the emitter 
current i s  reduced almost to zero ond theemitter becoiws 
pxitive with respect to the collector. Thus, the emitter 
and collector outputs change plority as the input signal 
c h a m s ;  the emitter outpit sigml i s  in-phase ond the col- 
lector output signal is out-f-phase with the input signal. 

Unfortumtely, the mlleaor output impedance i s  higher 
than the emitter output impedance, and on u n b a l ~ c e d  out- 
pit conditim results. Even though eqwlumplitude outpit 
s i ~ d s  ore developed, the push-pull input i s  basically 
mismatch4 for the emitter output and matched for the col- 
lector output. As o result, distortion occurs with strong 
sigmls. 

A balanced output i s  provided by connecting R5 (sham 
dotted in the schenatic) between the emitter and Ccc.. In 
t h s  mse, the input impedonce becomes high for bothpush- 
pull transistors, since the impedance of the emitter isnow 
determined by R4 and R5 connected in series, and their 
total volue is chosen to provide on impedance equal to R3. 
Tnus, the distortion produced by strong siqmls is eli- 
minated. Bemuse a voltage drop a r u r s  across R5, R4 is 
made lorger than R3 to compensate for the loss in output 
voltage which wwld otherwise occur. 

Since R4 is unbypossed, the voltage developed ot the 
emitter is degenerative, and in effect opposes the input 
voltage in essentially the same manner a s  negative feed- 
back; thus, a larger driving voltage must be applied to the 
base of the phase inverter than would normally be required 
for an amplifier without feedback. Where this inplt drive 
is limited or unavailable, a twostage phase inverter i s  
generally used becauseof its reduced drive requiiemems. 
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FAILURE ANALYSIS. 
General. When making voltoge checks, use o vacuum- 

tube voltmeter to avoid the low volues of shunting re- 
sistance employed on the low-voltage mnges of most volt- 
ohmmilliammeter testers. Be mreful, also, to observe Froper 
plarity when ckcking continuity or making resistance 
measurernets with theohmmeter, s i r re  a forward bios 
through any of the trmsistor junctions will cause a folse 
low+esistonce reading. 

No Output. Lock of supply voltage, no input signal, a 
defective transistor, a an open collector resistor (R3), 
emitter resistor (R4), or bios resistor (R2) will podrre a 
naoutput condition. 'Ihe supply voltage can be checked 
with a voltmeter, and the voltage to ground checked from the 
emitter, base, and collector, to determine whether normal 
voltages exist and whether resistor R2, R3, a R4 i s  open. 
With an abnormally high voltage between fhebase and 
ground, Ql will be driven into saturation (this indicates 
that R2 is open). If RZ i s  shorted, or no input signal is 
applied, o nouutput condition will also exist. If either R3 
or R4 i s  open, emitter and collector crnrent flaw will be 
interruped md no output willbe developed. If either A3 
or R4 i s  shorted, only o single output will be obtained from 
the portion of the circuit which is not shortsucuited. Both 
resistors would have to be shorted to muse a complete no- 
output condition. Failure of coupling capacitors Ccc, and 
Csc, will cause loss of output only if they are both 
either open or shorted to ground; if only onecopxitar fails, 
only one autput will be affected. If either copcitor i s  
leaky, a reduceda~tput cmdition rather than a nooutput 
condition will occur. Where the transistor appears to be ot 
fault, replace it with m e  known to be good. 

Reduced Output. LOW supply voltage, improper bias, 
changed values of load resistors R4 and R3 (or R5), a s  
well os leaky or defecuve coupling capacitors, con cause 
reduced output. The supply voltoge and bias m y  be checked 
wlth a wluneter. Howevei,if R2 were open and o voltage 
check were made between the base and ground, the voltmeter 
shunt would replace R2. if the shunt were nearly the same 
volue a s  R2, o false ind~cotion of nearly correct volue would 
be obtoined. If the values of R3 and R4 (and R5 if used) 
increase. then the outout sianal amolitudes will be less. 
or unequal at best. with anbudio i p u t  opplied, follow ;he 
waveform throuqh the circuit, observina it with on oscil- 
loscope. When the waveform depr t s  from normal, the lo- 
cution of the trouble should be obvious. 

Distorted Output. If thebias or supply voltages ore in- 
carect, thelmd resistance i s  not of the proper value, or 
the transistor is defective, o distorted output will be ob- 
tained. Use on oscilloscope to observe the waveform. 
Since theoperation is Class A, equal swings about the bios 
point should produce equal-amplitude and undistorted outputs 
of opposite polarity. If overdriven, the tops and bottoms of 
the waveform will be clipped (a sine wave will appear a s  o 
rectangular wove). In theunbalanced circuit (where R5 is 
not used), strong signals will couse distortion toappear on 
the collector output but not on the emitter output. In the 
balanced circuit, strong signals should not cause distortion 
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until they exceed the bias value, and then both outputs 
should teequally distorted. If the transistor i s  suspcted ,  
replace it with oneknwn to be good. 

TWO-STAGE PHASE INVERTER. 

APPLICATION. 
The twestoge phase inverter i s  used in receivers, 

public address systems, and modulators to produce suf- 
ficient power to drive a high-powered push-pull stoge l r m  
a single-ended input. 

CHARACTERISTICS. 
3n:y o small inpit s;p71i! :z xeccsscry t3 h ive  L$e 

stages to full output. 
Supplles two output signals for o single input signal. 
The output phoses (and polarities) ore opposite m d  suit- . . 

able for a input. 
Operotion is usually Closs A, although Class AB or B 

applications may te encountered. 
More than twice the power output of a singlestoge 

phase inverter i s  obtained. 
Distortion i s  equal to or less than that of the single- 

stage circluit. 
i 
\ 
? 

CIRCUIT ANALYSIS. 
G.n.ral. ?he tw-stage phase inverter uses two 

C\ separate transistors operating a t  their full capabilities in 
\ the commonemitter circuit to provide o lager  power otitptir 

than the one-stage phase inverter circuit. Since the output 
is token from the collector of each stage, there is no 
negotive feedhack in the emitter circuit to overcome (as in 
the single stage), so  that less drive than that required for 
the singlestage phase inverter i s  required. As a result, 
more output power i s  obtained with less drive thm !or a 
smgie stage. 

C ~ r s v i t  0p.rotion. The schematic of a typical two- 
stage PNP tronslstor phase inverter i s  shown in the 
accompanying illusvation. Transistors 9 1  and 0 2  ore 
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tnsic mmmonemitter-connected amplifiers, each supply- 
ing o single output. 0 2  i s  connected in m s m d e  with Ql ,  
but has RS connected in series with the hase to limit the 
current and drop the driving signal to a value equal to that 
applied to PI. ???us, with the input signal to 0 2  held to 
the same volue as the Input to 01 ,  the output of 02 i s  made 
!o q ~ a !  !he outp'lt of 01: also, since the CE circuit pro- 
duces urr invert& outpiit pdaiily, the two separole %!put 
signals ore equal and oppositely polarized, and suitable 
for driving o push-pull stoge. Fixed Class A bias i s  pro- 
vided for both stages through voltage divider resistors; 
Rl  and R2 bias 91 ,  while R6 and R7 bias 92. (See section 
3, prograph 3.4.1,  of this Handbook for types of biasing, 
and parogroph 3.4.2 !or o discussion of stobilizotion 
methods. j Resistors E4 and 33 ore emillrr s r w r r ~ i r r ~  
resistors used for thermal stabilization, and are bypassed 
by C1 and C2 to prevent degeneration. Since the capacitors 
bvpuss any a-c cmponent of the sirpal, they are affected . . 
only by d c  current voriotions produced by zhhnging tempera- 
ture. Knen o temperature change increases the emitter 
current, i t  produces o d c  voltage anos s  the swamping 
resistors which oppases the operating bias and outamati- 
colly reduces the emitter current to compensate for the 
temprotur-used increase. Resistors R3 and R8 are the 
collector lmds of Q l  and 02 ,  respectively, across which 
the output voltage i s  developed. The collector of Q1 
is mpacitively connected to the hise of Q2 by Ccc,, and 
the push-pull outputs are coupled through capacitors Ccc, 

and Ccc,. 
,,., . .  . 
wnen o nego:;vr ~igfini: i s  ~ p p l i d  :; :kc C-se a! 

01, the forword bias is lncreosed and the emitter and 
collector currents are increased above the resting (or 
quiescent) value. Electron flaw is from the emitter 
through C l  to wound, ond from the collector supply through 
I73 to the collector. As shown in the illusvation, the coi- 
lector output of Q l  is positive, and is applied through 
Ccc, to the base of 02and 'S.;our$ dloppinq resistor R5 to 
drive 02.  (The inverted output from the collector of Ql  i s  
suo~l ied  to the push-pull circuit by Ccc,.) ?he d u e  of RS . . ~ ~ ~ - 

i s  chosen to supply an input to 0 2  just equal to the ampli- 
tude of the input sign01 applled to 31. With o positive 
siqnoi applied to the b s e  of Q2, the forward bias is re- 
duced and the emitter and collector currents of P2 ore re- 
duced. Electron flow is from the emitter of 0 2  through 
C? to pamd ,  ond from the collector supply through RE la 
fie collector. Since Cioss k bias i s  used, und assuming 
that the base voltage appiled ro 0 2  is just equal to the 
s:cs, coilector current t ~ o w  is r~lucea to zero and h e  LYL- 
lector voltage rlses to that of the  nerptive supply (both 
ends of R8 OIP negOtlve wltn respect to qrounaj. Thus, o 

negative output i s  obtained from the collector of 0 2  and is 
app;ied through LC, 0s @..e oppositely poiorized (in-phosej 
push-puii drlv~ng signal. Slnce Oi operates practically 
instantaneausiy (there is no inherent delay), the two out- 
puts cpp-r nn t h e  ?~iah-pi>il qrids simultaneouslv. (Note 
that possage throuqh one smge inverts the signal, while 
passage tinrough two CE stooes returns the signal to the 
-r>:mal palanty.) 
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Assuminq o sine-wove input, when the negotive half- 
cycle is completed the signol reverses, md o pasltive 
Input is now applied to the base of ?I. The positive 
input reduces the forward bias of 0 1  to zero (assuming 
full swing) and the collector voltage rises to thot of the 
negotive supply, thus producing o negative output. Tne 
large-amplitude negative collector output is dropped 
through R5 so  that it is approximately equal to the input 
sgnol amplitude applied to QI. This small negotive input 
to the tose of 02 increases the forward bias ond causes 
the collector current flow through RB to increase. Electron 
flow is from the supply through FIB to the collector, which 
produces o positive voltage drop a t  the collector (the 
polarity of this voltoge drop is opposite that of the previous 
haii-cycle), so  that h e  output from 02 i s  now positive. 
Since there is no inherent delay in the operation of the 
transistor, the positive output from Q2 and the negative 
output from 41 appear practimliy simultaneously at the 
push-pull inputs. 

Dropping resistor R5 octs a s  o inlancing resistor to 
equalize the output of boh stages. The tronsistors need 
only be of similar types; matched pairs are not required. 
R e  collector resistors are usually mode equal so that 
identical currents will produce equal output voltages. 
Where little power is required, suchos thot needed to 
drive a conventional Closs A push-pull stage, swamping 
resistors R4 and R9 and their associated bypass capacitors 
C1 and C2 may be eliminated from the circuit, and the 
emitters connected directly to ground. b oppllcations 
where distwtion kcomes ciiticol, the use ai feedbock 
from the collectoi is resorted to by connecting bias resistors 
R1 ond R6 to their collectors. In this instance resistors 
RZ and R7 could k eliminated by cilanging the values of 
both R1 and R6. Tnus, it is evident that the hasic sche- 
matic may mry slightly, according to individual design, 
using different bias and stabilization methods. However, the 
operation is essentially the same since two stages of 
amplification are used to invert one of the outputs and thus 
provide a push-pull output. 

FAILURE ANALYSIS. 
G.n.r.1. When making voltage checks, use a vacuum- 

tube voltmeter to avoid the low volues of shunting resist- 
ance employed on the low-voltage ranges of most wlt- 
ohm-milliammetet testers. Be careful, olso, to observe 
proper polarily when checking mntunity or moking resist- 
ance measurements with the ohmmeter, since a forward 
bias through any of the transistor junctions will couse a 
false low-resistance reading. 

No Output. Lack of collector voltage, imprope~ bias, 
or on open R3, R4, or Ccc, will prevent Ql from driving 
02 and there will be no output. The same result will be 
obtained if 0 1  i s  defective. A defective 42 or a com- 
ponent in that stoge will affect only the output from 02; 
the outout from 41 will be unaffected. Measurina the 
supply voltage, collector voltage, and bios wib  a volt- 
meter will usually indicate the portion of the circuit in 
which the defective port is located. If  either R2 or R7 
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is open, the hios will be determined by the internal 
base-twmlttei resistance of the transistors. However, 
when measured ,NIL+ a voltmeter from base to ground, the 
meter shunt will act os Lhe lower portion of the bios divider, 
and cause n faise indicotlon. Check also for the presence 
of on input signal (use on oscilloscope or VTVM probe) 
since the phase inverter 1s usuolly RC-coupled to a pre- 
ampllfler stage. An open output resistor or coupling 
capacitor in the preamplifier will not permit any input to 
appear at the bose of Ql .  Swamping resistor R4 or collec- 
tor resistor R3, if open, will prevent the flaw of emitter 
and collector current. If R4 is shorted, the circuit will be 
temperoturesensiuve but it will operate normolly other- 
wise; w~th a shorted collector lmd resistor (R3), no output 
will be obta~ned from Ql and, consequently. 02 also. A 
leaky coupllng capacitor, Ccc, will not produce a nooutput 
condition, but will cause partial clipping of the signal ond 
distortion. If shorted, the increase in bios will drive 42  
into heavy soturotion, ond, wh~le the output of Q2 will be 
lost, on output will still be supplied from Ql.  If  R5 i s  
open, no output will be obtained from 42; if R5 is shorted, 
the outputs of 41 and 02 will be greatly different in ampli- 
tude, md dlstoition will k~ present. If bics resistor R6 
is open, contact b~as  will be placed on 02; and thus the 
output will be distorted, ond of larger amplitude than 
normal. If RQ is open, there will be no output from 02. If 
collector resistor PB is open or shorted, no output will be 
obtoinedfrom 02. If the output coupling capacitors are 
open, no output will result; if they ore otherwise defective, 
only reduced output will occur. Nere  the tronsistors are 
suspected, replace them with o n e  known to be in good cm- 
didon. 

~ e d u c s d  output. LOW ~ollector v o l t a ~ ,  improper bios, 
or o defective transistor can cause reduced output. 
Usually, a voltoge check of the supply and bios will de- 
termine whether oneor more of these voltaqes ore at 
fault. If either of the swamping resistor bypass capcitors, 
Cl or C2 i s  open, the degenerative effect of the swamping 
resistors will cause reduced output and require greater 
drive in the staae affected. Since 0 1  drives 02. and ODen . . 
C1 will change both outputs; ii rmly C2 is open; only the 
output of 0 2  wlil be affected. A leoky coupling capacitor 
Ccc, will improperly bios Q2 and muse o clipped and 
reduced output. If one or more of the coupling capacitors 
are completely shorted, the collector voltage will be placed 
on the following transistor bose, muse heavy flow of 
forward current, and bias the transistor into soturation, 
thus reducing the output of the stage to a small value. 
When normal voltages and bios appmi to be present, use 
an osc~lloscape to fallow the woveform through the circuit. 
When the waveform chonges omplitude, the locotian of the 
trouble should be obvious. If all voltaqes and resistances 
check normal and yet the waveform is defective, then the 
ironsistar in thot portion of the circuit i s  ot fault. Reploce 
transistors with ones known to be good, or use on in- 
circuit transistor tester if available. 

Distorted OU+PU~. Improper bias or supply voltage. 
overdrive, or o defective transistor can cause distortion. 
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Use on o s c ~ l i a s c o p e  to check :he woveiorm, oftei checking 
the oios "nil collector voltages w i h  a voltmeter. Follow 
the input s ~ q n c l  :hrouqh eeah ':!age to !he output, check- 
ing f o i  prow; 3;:p!:?dz ofid palmity. Th.e s ~ g n n l  ot the 
c o l l s t o i  oi Oi  should ;e s l r~ !c r  :n tho1 on ine bose, but 
;! o;;c:it: ;o!cr:ty. The s?:nnl gn tho 'map of j 2  should 
& equai in ~ i i : ~ : i i u d r  iv ;:rat oil c!, bat d oppa3::c 
polarity also. S o h  cd!ector n.!pll!s tg qrlcnd should be 
of equal amplitude au: o: cpposlte poloriiy. I! !ne d-c oms 
ond co!!ecta: voltoges i r e  r.arxal but c dlstcrted collectoi 
ULIPUI  occurs, the trarlslstor i s  p i o h i i y  de:ec:~ve. 8e-  
place the transistar w:ri one know,! tc be MIKE 
2erto:n h a t  the I:IPL! iljnoi is Ilndi~:jiteC: c t k e l i . : ~ ~ ,  ti.e 
:.F,,-,.:~~,, *;i; ,". ~. , . ,  , ...., . ,," ~,,Jer:e2 L",>>:,:,< L! ll,.,,A,*.# 

the ci:cuit. Cllpp:ng oi the peaks ond :ro~gils o! he 
signal mi ica te  !hat the :np:it drive IS !LC g r w t .  

VIDEO AMPLIFiiRS. 
- ,  ~ n e  rrequency rum+ ii.ieed by 5i ;ldec az;!:!:~: is 

yrwtly extended over that of the audm arnpliiier. Video 
!:equencies ex!md fro!? dc, or c few cycles r;er seccnd,  
to os high os 5 or E megacycles, d e p n d i n g  upon the type 
of signals. For emrnple, In television applications !he 
picture infornlatlon requirts o ur.liarzt 'mndwidth of Frcrn 
611 cps to 4 mc, wheieos in iadcr appiictltioos a bond 
wldth of liom o h u t  3; c;s to 2 mc is suffiilcnt.  In c!r- 
cuits where sawfooths or pulsed waveforms are to be ompi?- 

r\ iied, 11 is necessary :a cover a ionge ol frequencies i ron 
: : :  : , :  tLi :-;;;..:! !a:.:: ;-:. F : ~ ! ~ ? . ~ ?  :C . ' . .  .. 

a t  ieost  ter, tunes h a r  oi <he highest k e q u e n ~ y .  ;!)in 

\ e x t m d d  ronqe ;t necessary bcc~use waieshcpes  wntch are 
not sinuso:3ol c3n!a11 ?,any hainanlcs, wnicn c u s t  'k "$7,- 

pli!ie:! eyw!ly ~ 3 3  w?:"?! =?y phase de!,>y in order to 

avoid d ~ s t a r t : ~ ~ .  f i e  s!n~so>dnl  waveiiiiri requirej in$ 
sufficient ii~iliarmity of r e s w n s e  t i  N;; i t s  ;eior.d on! 

2 - - rn" ..?, "".. ,*imp hinher hnrmnDlrF ihii" <>,,,,,..,-,, 3Crurr. -.., ...y.... .. 
of suc5  ma!! omplltbde tho? they con be considered nep 
llglble as far a s  Lieii effect  on :he sllupt c.i the n.ovrforr. 
i s  concerned: an the aher nana, the squore ,wave, puliicu- 
iariv 01 the lower ireqdencles. requires !!;a: ir ;r;i;i.lte 
number oi barrnon:cs be passed for occurute irp:oljuc:iii of . . 
the waveshape. In practice, P~sweve:, I: nab ::ee:) !'>;!A 

that for square waves, harmonics o b v e  the teorh, iike 
th~se =eater than the third !or the sintlsoldoi slanoi, are 

. . . . ,  
~ ~ ~ l l " ~ , y  r , :  r,ec8,~t>,b,E ",,,L;.:"~:c G>L ;.cv.c :;?LC 2::cz: ::. 
the i n o ~  tke i,r;al .wuueLu:;:;. 

. . 5 : x e  L-.P "!"?,3 ,,,,,p%.,,rc rreu,rcs \>,e L ~ S ,  L.,;~~:,:~ 
uniioimity oi :cponse, 3-C c o u ~ i i n g  i s  use2 rutirei inoil 

. . . , ,  , Irunstlrmr: cvuj,,iii < h i  ... ;. ;..;.. u :, <,... : ..,, 
ccscniel  st;?es ore i s r i  :i .;;;p!y s~;t:;c~-;: :a:-. <!:IS 

;Lq";:e; :;:: :.!e :c:cri:'2. ...,:. , ,. . ~ ' 11:: t ,,,<"<,:,e\: . . 
LU ,,L,t",n u.,e :e<,jjr?i x > G p x : ~ ,  2I.C L:,": LA: ,!=L>z ii+,j:.>:: 
be used where p s s l b l e  to f l o t t ~ n  out the response. Lo.#- 
fr~n~>ency response i s  im~roved by lislnq lorqe soiues  a: 
~ o u p i i r . ~  ;cpucltci;e :O !owe1 !he s ~ i e s  r eoc tmce  ond i t  

duce me vuil.u,;c Jrull iliiiis. ;>,? ~ i ~ p : i i . ~  c0&:::3:. ?t 
, : "?!?!-s Pi .nn ' " " ~ . " >  Ci i~Ci i t i i  "sic Ei?;<iiC2Ti ::2:.;:Ci;: 

c::~::!s F , 2 ? *  " > ? " O V  ,",cn x:le ",!i,,e> u > d  ~ L w & , ,  
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e l e c t r o n - t ~ k  c l rcu l t i  (an the order af 10 pf). Even so,  
further cornpensation is requ~red through pr t lo!  bypassing 
of the collector load resistonce t o  improve the low-frequency 
iespar.se and to prevent phase distortion a t  :requencies 
lower than 33 cps. Becouse the gain i s  highest a: the 
lower f r rq?irni les ,  11 1s ger .er~1 pra;:lce !o reduce the low- 
frqur88;y jc:m^a? 3Ui" ::he hgh-trequency q l n ,  ru iiiliu~18 
unllorrn response f i r  jctn law and hlgt  Frequencies The 
h q h - f r q u e n c y  response i s  inc iwsed  by uslng cornpensotlng 
circuits w ~ t h  indbctance m :he load circmt. The higher 
lmd  rwc tonce  a t  the h.lgt:ei video irequencies causes  o 
larger .l;i:p-: ,,cl:cge !a k develoaed ( i h c n  1t.e output 
mu!? r.c::ns::y be d:e"p:ng!, nnd tnus extends the frequency 
,-, -rv,.o . ~ ~ r .  ~ "'e - P ~ , ~ ~  B Y I ~ , C I O ~ C C  i n  me lwii iiccult also 
lesonates wltn tne stray (s:~uni) circuit uilu ilu,mis;ur 
cup<L tu r,cc, ..-..= -.-> , hi+ i z p d c n c r  pnralfel-resnnont 

i i r a i i  .wi.:cII LC ei!~'cuve we :  3 i u ; q  ronge ui !requensies: 
. - , -  .: , , ~  L."".,,~ li r i w  ?coking. Further extension oi  

l ' i ~  resoonse a t  the highest vldeo irequencies empioyed 
is abtained by the use of a n  odditionol inductor in 
srrles flit3 the caupiln; copocitor. The series inductor 
and caupllng capacitor form o series-resonant circuit ot 
the ;e:) hl j c  vlcco fiequencles, !o h o s t  the response o t  
i". eupper i!mts of il!npllf;nction: this is bsc?in as 
re.1.. peaking. in i ie i h l i l s ~ s 1 ~ 1  ~ i d r i j  ~m:liiier, the use 
of cornblned shunt- and series-peaking circuits provides 
the maximum extension oi high-frequency response. 

In the electron-!use vldeo omplliier, further increase 
in hiqh-frequency Fesponse is a b t o i n d  by using a lower 
!n! ... res:n!::zce !ken c c r x l  n c i  by soc r i i r inq  some 
o'ditional goir.. S u i t  cornpensotIan is not possible wlth 
<k :rL:,.s:>!,Jr v~<!*: ,..-:;,:i::e: 5,z<;e.;c:, 2:zce ?"*q',r 

golri occuis up to :rnux, ~ h ; c h  :s !k,e dpper !imt a! usilblc 
transistor F i n .  Above imox the transistor goin drops off 
to aoc t i co l ly  nathinq, and the transistor no longer ampli- 

~. . , , 
ries. m mc eleczc:: :LLT, !!u*eYe!. .Ire ij(ii: ~ C E :  z i t  3:o; 
off until for past the highest video frequency (octuoliy in 
the high r-l ranges), so tho: neavy imding con improve the 
: i z c e  !he commnn-emitter ~ i r c u i t  p r d u c e s  high 
qcir., ct:sc3dcd tiansistoi s:33rs con be n!~smotched so 
r b a ~  !be iuw-irrmiueniy gain is redace? t c  qua! L$e high- 
'.--.."".... ...-" : .,">" ,, ..,. "".' .. . ~ ' > i i  nrnvidm rpsno,,se 

odequare over-ui! ,pi", L4ntchlng to obtain mo:e gain i s  
~ s u u i l y  .rqul1& u n i r  ;t ::,; ::;;.si;:z: CL:C~! ! :w:>e~y  . ~ ~. 
,'f ,7<z; s:::c e,.cez: S !  !kse I,-,*?! fr*2:;encics, 
:.-Louse ,:.i Lye extenie: :;~%derxy l~r:,c, 2r?d ::-,cc t k  !?A, 

. . 
LY,,,er!,:" T.,,, <>,~.,, j,77";,7r,* ~,z,-,li!ic;:izn ,>a:<, QOfl~ . .~ . , 
s i s t a i  tc ::c~s:c!oI. ccns?qerOL.le Care 1s ileceb~ary irr 
:-,-,., : , ,  : i ;r,-a~pr;:ic~ and ci:c-it lrr!ohi)ity 
- ,  I .I _ .~: ,.?. .-.:- .... , ~ .  - ..:..-. "<+2 , . -  .'. . ,ccpr21!~y ,><-A 

:1 . .::tv :" ~ 2 ,  ,a jp.:prpr7:#":, ; , ; ~ i  ( : I .J~  Lt&lllze the c,rc<;:. 
'.Vh?.- ,: - ' : - l p r  r i  s t o q e ~  i r e  : ~ s p b ,  on externul negailve 
. . . ,  
~ e e o l i u i n  ,w,, ;;Y;::~ i.;z,~:ded :2 :-.prcvc !he i!nbii~ty 
and res ianse .  Hou:ever, s ince  the i s e  oi external neF-  

;&&ik pecu:. . ' 3 ~ .  ---I:':-.- ..,".." ,:. ,'"A :a "."cu",:: ?.L,,. c.s , . ~  
-ily k prmlcved ir. xony other circuits), i t  wi l l  not 'ke 

i,-r<ner -:.,cU:.;ej .:, :k xc::::. 
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WIDE-BAWD VIDEO AMPLIFIER. 
The widebond video amplifier is used to provide uni- 

form amplification of video frequencies in radm ond tele- 
vision receivers and dispioy amplifiers before application 
to the athode-ray-tube indicator or other video output 
device. 

CHARACTERISTICS. 
Common-emitter confiquro~ion is used to provide high 

gain. Transistors used must hove on alpha (or beta) cut- 
off frequency hi~her  than the highest frequency it is d e  
sired to amphfy. 

Class A bias is normoily employed to minimize dis- 
tortion. 

Amplifier is specially frequencycompensated to pro- 
vide wide-bnd response. 

Compensating circuits may be employed in the bose, 
emitter, or collector leads, and even between stages in 
the coupling circuit, to obtoln the desired response curve. 

Input impedance i s  on the order of 10.000 to 15,000 
ohms, while the output impedance may be either high or 
low, depending on the requirements of the output device 
(high for CRT drive and law for coaxiol line drive). 

CIRCUIT ANALYSIS. 
G.n.rol. The widebond amplifier may be either a 

single s tow for liqht lwds, or o number of cascaded stoaes 
to sup?ly . J r p  J : ~ . P ;  .o.:3qes, wte:e ok?rec~oc:e ~ L I F , :  

power is needed. 3.i~ol.y me 331' 1ndlco::r is dr~,e- q. 

the widebond amplifier since only a little power i s  required 
to drive most cathode-ray tubes. The overoll response is 
usuolly from 30 cps to 6 megacycles, olthough the response 
of television stages may ke restricted to 4 mc, and that of 
radar stages to os low a s  2 mc. When a response greater 
than 6 rr.c is needed, special design techniques ore em- 
ployed, and the overall gain is usually much lower than 
that of the overaoe widehnd amolifier. ?he transistors 
need not be matched, since design i s  accomplished for 
wch stoge individually, and the CE circuit provides 
better overull i e spnse  for mismatched stages. The rela- 
tivelv hiah-imwdance iwd orovided bv a CRT is usuallv . ,  . 
ccnsidered to be mpocitively reactive, whereas the low- 
impedance imd offered by the video (coaxial) line is 
nomally considered to ke resistive, since it is usuolly 
terminated by a resistor whose d u e  is equivalent to the 
characteristic lmpedonce of the line to avoid reflections. 
7he types and methods of compensation are standard, but 
they may te used differently by eachdesigner. It is usual- 
ly considered more important to obtoin the desired p i n  and 
respnse than to effect a savings by the limit use of wrts 
and transistors. Where high power output i s  required, an 
external feedbock loop is usually employed to provide 
stability and to improve the overull response characteristic, 
in addition to the internal compensating circuits normolly 
used. 

Clrcvlt Op.retion. Tie followinq schematic illustrates 
o typical wideband mnplifier using two transistors in 
cascade. 

Wide-Band Video Amplifier 

In the schematic. Ccc, couples the b s e  of Ql to the p r e  o discussion of bias arrangements, and 3.4.2 for a discus- 
ceding stage, usually the video detector, and prevents sion of stabilization methois.) R 3  and RB are the emitter 
the d-c base bias from being shunted through, or affected swamping resistors for Ql ond Q2, which are bypassed by 
by, the detector circuit. Resistors Rl and R2 supply fixed Ci and C3, respectively. L1. L2, W. L4, and L5 are 
volmgedivider bins to 91, while R6 ond R7 perform the compnsoting inductors inserted to improve the high- 
same function for 02. (See section 3, paragraph 3.4.1, for frequency response, while R5 and R9 are the collector lmd 
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resistors. R4 and C2 iom a low-irequencyboost circuit 
in the collector circuit of Ql. Ccc, i s  the interstage 
cwpling capacitor. L3, together with the input capcity to 
Q2 forms a series peaking circuit to improve the high- 
fiqiiency response. The 0pe:ntion of the amplifier is 
similor to that of any other common-emitter, RC-coupled 
czp!i!:er ex-.:! !or !!he effects of !he mmpensntinq 
circuits. 

When a sinewove input sirplal is opplied to Ccc,, a 
voltage is developed ocrass the series impedance of LI  
and R2, and is applied to the base of PI. Assume for the 

tive bose bios of GI ond couses 3 reduction of emlttei 
current. Since emitter resistor .5j is "ywbac" by C: 13" 

degenemticm ts produced. However, as the emitter current 
reduces, collector current flow through R4, R5, and L2 
oiso reduces. A s  the collecto: ccrrext :educes, the collec- 
tor voltage rlses towards the neqtive supply voltiiqe and .. . 
produces a negative-going output voitcge. P , is  ol;tpi;t 
voltoqe is applied in series with L3 and Ccc,, oocears 
ocross basereslstor R7, ond is also oppliedto the tase  
of 02. The negotive-going output of Q l  increases the 
fcmard bias on Q2 and muses o qmter  ilcw of collector 
cwrent though R9 and L5 At the some time the emitter 
current in 02 also increases, but since it is bypassed by 
Q only the hiqh frequency component flowinq throuqh L4 . . .  
changes, and the medium and low frequency components 

L\ are not afiected. Thus, as the input waveform goes posi- .... .;.r, ; pubii;re y0,i.g iii: Gmp:if& ;;;:?-I '""f":" i" 
j\: developed tn the collector circuit of Q2. 
\ During the negative half of the input signal, the signal 

adds to the negative forward b ~ o s  and Increases current 
flow in the collector of 01. The increased collector current 
flow creates a large drop across resistors R4 and R5 and 
inductonce L2, developing a positivegoinq output voltage. 
7.- . r ria ioltoge applied ir. series wit! L3 and Ccc, appors  
across R7 and the base of 92. Since it is positive-going, 
the forward tose bias on Ql i s  reduced and muses both 
the emitter and collector currents to !aii also. The coilector 
voltage of Q2, therefore rises towards the supply volue ond 
develops a negotive-going output signal. Thus the input 
and output woveiorms and voltages ore m-phase. Since 
the transistors operate Class A, o linear and amplified output 
is produced. The frequency iesoanse and band pass ore 
i l i i~cim ny the ciim~xmsut~i~g nrtwljrks a s  iollows. - 

lne iow-frequency lrspuirse of the 21 stoge i; Scsicz!!y 
cetermlned oy me time canstanr of Ccc, di . i  2:. &-luu<2 

Ll is in serles w~th R2, its effect 01 iow frequenc~es is 
negiiglole slnce its reactance is very sriiui; ua ~081puri.L 
with the resistance of R2. L l  is used to provide o hlqh 
;rz;t;nce (mush 1c:ger tCon F.2) at h e  niqh vj i rx ,  i r e  
ouencies, to uvmd sh-ntmq fnem to <round 1:;rouqh the 
relatively law resistonce of R2. Since there is more than 
ndepole  "om at low ireuuencies, it is unnecessary to 
cvoid, or to compensatefor, any law-frequency shc~t ing ot 
tnls point. Fixed bias 1s used so that 31 may be kept at 
the centpr of its operating curve ioiequol pcsi:iue and 
?.eqt:%:e sW?n:s, 0s 1s -!mi ni Cinss A o ~ m t i u c l .  ii3 . . .  . , . . 
is 4iieccL.u vruy d y  u - ~  ijiusyca LUU-L; ., :~-i.-;;:-:; 
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differentials. When an increased emitter current flows 
though R3, a positive voltage is pralucw'; this voltoge 
opposes the forward bias, reduces emitter current and 
returns the operation to nornnl. Thus, R3 provides con- 
ventional emitter swomping action. Since C1 bypasses R3. 
the a-c (signal) variations of emitter current do not pass 
through R3: hence. R3 has no effect on normal signal oper- 
ntion. As Lhe a l l ~ r t o r  cilirenr increases, electron flow i s  
from the supply through R4. R5, and L2 to the collector. 
At low frequencies the reactance of L2 i s  very small, ond 
it has proctically no effect. Also, at these frequencies 
the reactance of C2 which bypasses R4 is very large, and 
ion se considered os open. Thus, bath R5 and R4 corr.bine 
to farm the collector imd ot low frequencies. At medium 
' I -,- ' :-- .1,. .".."l-n", i r 7  bmnoc ",," ,,,q,a ,4c\,"L...-.b- ".b .""-.".."- -. -- -..- 

small and can be considered to short-circuit H4. There 
tore, os the irequency increases, R4 is siriinted out of the 
rtrcoit, the collector imd becomes smaller, and less out- 
ydi s v u i t ~ ~ r  is develiiped.  NO:^ :!at n! the lower frequen- 
cies !he output voltage is increased over what it would 
normally be without R4 and C2 in the circuit. Consequently, 
the combination of R4 and C2 function to extend the low- 
frequency response. A s  the high frequencies i m s e ,  the 
shunt output copacltance of 0 1  andthe shunt input cupa- 
cltonce of Q2 tend to bypass the signals to qround, thus 
lowering the output voltage at the higher frequencies. To 
compensate for this effect, L1 offers an incrwsinq rwct- 
once (0s the irequency increases) and, together with the 
jutput capacitance of Q l  (and stray shunt circuit capaci- 
tnnr- to ?round), forms a porollel-resonont circuit. Since 
collector resistor F5 is lr. series with this resonant circuit, 
it is brmdly resonant so  that the laad impedance i s  in- 
creased over the mli-nlah-irequencv ranqes, and the output 

. . 
extend the tau-irequency response ond the high-frequency 
response oi the circuit, respecuwly. 

The output of the Ql stage is coupled through capoci- 
tar Ccc, to the tase of Y2. Although L3 is connected in 
series betwaezr the i i i l l ~ t s i  sf 31 cy.2 coupling capacitor 
CCC,, I! hcs little reactance at low irequencies and thus 
has proctrcoliy no effect on ine iow-frequency response. - 
,cc, is hiqe orxi ugpmrs os a shc;: circuit to the output 
signal from QI, so  that the signal is applied to the tase of 
31 with procticaiiy no artenuauon. Alrhuugii the ior vulur 
c:  oyas :?>::l,>,~#c?, 3-, ;er;,!- :<; :,!,,.r,: tp,c ;r,r.": siT.2: t.c 
j :~md, !! !C PC! iryu~"v-responslvr urtd dies so equoiiy 
L. ... ".. - 8 1  i.n-_g_-.~C ...,.-..-.-v. !!c,ucver, fn~1  l n r t ~ r  mpirihln<:e 10 3 2  
is freqiiency-:eiponsi.ie and shuiits the hlgher vldeo !re- . - , : . : z  L.:I;c~~u~c !n: *his !.iss 2nd !g 

lncreuse the nign-frequency ieswnsr,  Lbe :aid? oi L? i:. 
&.cse;. :c ;e;cr:a!e ,.with t k  r : p t  .m:wc~tonc~ nf  31 at the  
hi,;L,e; ;idea !:equenc?ec. >.as the hiqh-iiwjnpnq re- 
sponse is extended by inis serles p ~ l i i r i q  circuit to campen- 
sore ior any input shuntmy rifects. The signal a t  the bose 
of 32 is ,  oi course, inverted in  polarity by possage tnrough 
!he 01 stoge, and is agoin inverted in the 92 stage to 
provide on orltput paiarlty which is identical to that of t , e  

-,""", '.'"". *.yII"._ 
J ?  7 b  !"w ":,I">, (r-,<,~n,-i+s swa,nz;;a res:stc: .53 

4. c h l l n t ~ l  hy C3, even thouqh 1.4 is cornected in series .- ~.~ 
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with C3, since the reactance oi L4 is negligible at the law 
frequencies. As the video frequencies increase, however, 
the reactonce of L4 increases while the reoctonce of C 3  
decreases. In effect, L4 acts 05 o choke preventing the 
possoge of high-frequency mmponents around 88. Since 
h e  high frequencies must now poss through RE, o degene- 
rotive voltage is developed by the flow of signal emitter 
mrent through R8. T h ~ s  degenerative voltage opposes the 
normal forword bias and requires a larger input sigml to 
prcduce the some output. T h ~ s  is the same action thot 
occurs with o partially bypassed emitter resistor, and i s  
equivalent to negotive feedback. Thus, the response at 
the middle and upper video frequencies i s  kept uniform, 
and positive feedtack through capacitive coupling of the 
input ond output signols is prevented with a slight loss in 
gain. A t  the frequency where the reactances of L4 and C3 
ore equal, series resonance occurs, and R8 is completely 
shunted (short circuited): there i s  no degeneration, and a 
peak response occurs. For all other frequencies L4 and 
C3 iunction as o ~riableimpedance shunt around R8. 

02, like Ql,  is biased Class A, and operates at the 
center of its transfer characteristic. Therefore, equal input 
swings develop equal and undistorted outputs across col- 
lector resistor R9. Compensating inductor L5  is connected 
in series with R9 a s  o shunt peaking circuit, to improve 
the high-frequency response and correct for the shunting 
effects of the collector-twmitter capacitance of Q2, a s  
well a s  the stray circuit apacitance in shunt togromd. 
When the output i s  applied to the control elecvcde of o 
CRT, the ~ i u e  of collector resistor R9 i s  mode large in 
order to develop o large voltage drive. With a low-impedance 
output, R9 is usually made to match the impedance of the 
lmd, being on the order of 3 to 300 ohms, as required. 

The schematic circuit just discussed illustrates the 
standard fcsms of frequency compensation employed i n  
video amplifiers; however, each wide-band amplifier 
varies somewhat because oi the desired response chor- 
octeristics and the diiferences between the transistors. 
For example, in one amplifier compensating circuits moy 
not he used in the base or emitter lmds, but onlv in the 
collector and coupling circuits, whereas in onother 
amplifier compensotinq circuits may be used in the leads 
of each transistor element. Usuoliy, the greater the number 
of compensating circuits used, the greater the bondwidth 
and the better the uniformity of response. 

FAILURE ANALYSIS. 
t.n.ral. Wen making voltage checks, use a vocuum- 

tube voltmeter to avoid the low values of shunting resistance 
employed on the low-voltage ranges of most volt-ohmmilii- 
mnmeter testers. Be careful, also, to observe proper 
polarity when checking continuity or rnoking resistance 
measurements with the ohmmeter, since a forword bios 
through any of the transistor junctions will cmse  o false 
low-resistance reading. 

No Output. Lack of an input signal, improper bias, lack 
of supply voltage, or a defective transistor con couse o n o  
output mndtion. Use o voltmeter to determine the supply 
voltage and bias. Note thot the voltmeter shunt will com- 
plete the circuit when you are read~ng voltages ocross open 
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components; thus, erroneous ind~cauons con be obtained, 
leading to false conclusions. To avoid errors of this kind, 
~t is better to use an oscillosmpe to observe the wovefon 
on the bose of 01, and to iollow the signal through the 
circuit, noting where it disoppeors. The trouble exists 
between [he points where the sxgnal lost oppeors and where 
11 dsappmrs. If o signol exists on the base a! Ql but not 
on the collector, elther R2, R3, R4, R5, Ll,  or L2 moy be 
open. Continuity or resistance measurements will determine 
the defective part. This same condition can also be caused 
if 0 1  i s  defective. When the other parts check properly, 
substitute a transistor known to be gwd to determine 
whether the transistor i s  at iault. If o sign01 exists at the 
mllector of 0 1  but not at the bose of 02, eitk,,er L3, Ccc,, 
or R7 may be open, or 02 may be deienive. A resistance 
check will determine whether L3 or R7 1s open; if neither is 
open. Ccc, or 02 must be at fault. Check the value of the 
copoc~toi with an in-circuit capacitance checker. If a 
signal exists at the base of 0 2  but not at the collector, 
either RE, R9, or L5 i s  open, or 02 is deiective. If RE, R9, 
and L5 show continuity and proper resistance when checked 
with an ohmmeter, 0 2  must be defective. Replace the tron- 
sistor with one known to be gmd. 

Redused Output. Reduced output may be coused by im- 
proper bias, low collector voltage, a chonge in the value 
of the emitter and collector resistors, or defective tran- 
sistors. ' h e  opproxlmote bios and mllector voltoges can 
be determined wlth an ohmmeter. Then use an oscilloscope 
to follow the woveform through the circuit, noting where the 
ampl~tude 01 the slqnal changes to locallze the trouble to 
the defective portion of the circuit. If R1 increases in value, 
the bose bios on Q1 will be lowered; if R i  opens, the fixed 
base bias on 0 1  will be effectively zero. Either condition 
will couse o reduction in output and protably on increose 
in distortion. If R6 increases in value or opens, it will 
c r a t e  a similar condition fa 02. If either C l  or C3 i s  
open, excessive emitter degeneration will occur and drosti- 
colly reduce the output. If either R5 or R9 becomes shorted 
or ciicnges to o lower volue, less output voltoqe will be 
developed. A similar condition will be caused if 02 i s  
defective. The resistors mn be ckcked for their proper 
values with on ohmmeter, and the mpcitors can be checked 
with on incircuit capacitance checker. Replace 02 with a 
transista known to be good when all other p r t s  check 
normal. 

Distortad Outwt.  l m ~ r o ~ e r  bios, overdrive. low ml- . . 
lector voltage, or defective transistors con cause dis- 
tortion. The bias and collector voltooes can be deter. 
mined with o volmeter. Distortion can be most qu~ckiy 
seen and imoted by the use of an oscillascope. Apply on 
undistorted s~gnal and check the wweform through the cir- 
cuit. The location of the trouble will be evident when the 
wweiorm deports from nomol. Overdrive will usually be 
indicated by a flattenma of the tous and battams of o 
s~nusmdal waveform, ind~cating thot the signal i s  exceeding 
the bias voltoge at the pwks. In the case of a square wove 
the amplitude will be reduced, causing amplitude distortion. 
Since the wide-hnd amplifier covers a large range of fre- 
quencies, ond the low frequencies ore particularly suscepti- 
ble to phase distortion, it i s  preletable to ase a ware wove 
for testing. Becouse it takes a number of harmonics to pro- 
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duce a square wove properly, the entlre audm ronae may be 
checked by applyinq only two different squarewave fre- 
quencies, such as 60 cps and 1000 cps. The vldeo response 
can iikewlse be checked every 5 KC up to 3 kc (the usual 
limit of generator range). A sloplnq response to the leadno 
or "ailing edge ui h e  wuvriocm in i i cu~ ra  pwn i # l q i > - L l r  

quency response, while a slop~nq fiat top indicates poor 
low-frequency response. By tempoororilv short-circuiunq o 
specific mmpensotlnq circuit, the effectiveness of the 
poruon under susp~cion con be qauqed. Clstort~on caused 
by regeneration (positive feedback) sometimes occurs in 
hiqh-gain amplifiers, and i s  shown by a larqe-amplitude 
response peak isomet:mes by osc~llat~ori!, LIS.ICIIY over . , -s.""I: .w", .-. ..̂ ",. . . - ...-. . . y ~  -. ..Lyuezc;ez, ;:, ~ ~ ~ ; ~ : ~ s ~ ~ ,  'v;::;, z . w z c ~  
band amplifier k n o w  to be ape:ounq properlv, i t  wlli 
show as a hump or peak tn what o:.'r,ar;ly wouid be a flat 
curve of uniform response. 

R-F AMPLIFIERS. 
Gnaro l .  The transistors ;sed for ;-f amallf~ers differ 

in o number of respects from ~lectron tubes. The forward 
trmsfer odmttance is rouqhly 15 to 40 umes lorqer than 
the corresponding tube tr&sconductance. Both the input 
admittance and the input capacitance are also correspond- 
ingly larger. The base-tosollector capacitance may be quo1  
to, or even less than, the qrid-to-plate capci tmce of on 
electron tube. However, because of the lower impedance 
1 >...-I..., :. .L. ..-.. :..- .L:. ..--.: .--.. 2-.. .-. 
""C.> i l r rv l rcv I:? ,:rr L ? u r ? a l a r L ~ L ,  I,?... . , .JYLILYI ILC Y E 3  11u: 

hove a s  much importance os it hos in tube circuits. Tne 
series resistances of the transistor elements olso become 
higher at radio frequencles and produce o number of efiects. 
F a  example, the base spreodinq resistance increases the 
amount of drive power ieqdiied ard causes instability in the 
amplifier. 'Re emitter series reslstnnce decreases the 
amount of drive pwer iequlied, on6 olso I l m l t s  tne omount 
of usable omplificouon because of the oddttional deqenera- 
tion produced. Tne collector senes :esistmce adds to the 
total output impedance ro increase the qoin, bur oiso re- 
duces circuit stability because of the possit.ll:!y of 1eqen.r- 
olive ieedback due to me ?,.;her qoln. P. phase shif! IS oisc 
produced in thr sutgu! bt-;ai;o u i  this ~ o ! l c i t ~ r  ie;~;i-:,~t. 
Each of the obove items will be discussed in more detail 
at the oppoplote polntsbeiow. - , , . .  , . .  ,ne {me,, r., ,,,"pil:,er ls runs,gt:r,> 10 Ec !:,Jrr;.n. 
band ampllfler rather thm a w:dekonl ampl~i~ei @ecc,~ss 
I: :asses 9-!y z :e!la::.ei;. czc!! 3: tln;::c-z:~~ 
about Lke center of 11s bmd pass. 'Yhereat the -vidm 
,W:.jei--~> uulz,d, -...r.. fie: ;=:sez ficyc?::cz !:z: Z C : ~  !: , . 
6 mc or more, irie i-i m~pLticr used in ioiiliiunliaiicrls 
ewcment u rd !v  deer nc: pcss zcre t h z  !1 :3 !5 k;. . . 
w d  in most mstmces !ess :h'z this x :e .  &. .:he ;.:ie: 
hand, 11 snouid be noted (not Cnr r-f umpiiiiers used .n 
television service, or ior pdsed maduiotion, reqwrr o 
much iarqer bandwidth to uccomoCatr U!r ::!any slicocn.: 
frequencles ossacioted wlti these tvoes oi tronsmlsslors. 
Such amplifiers a e  conslit lei  :o be se; . i  n A t b a r i  
.<.--,.< ..- L.- .&. .... .~ .... ~~. ... , - , u , , , p  A,,, r,>, r . . < r L s , .  * , I - , $  1,- ,!, , , - , , , - , ,  .,, 
L.-L .L-. .L- -., : I..- . -  - . - - # I  --.---.--- ,,.",, U,", ,,,c ,,,U"",",,U,. ,,C~.,>C,,,~" ,.. , .. " 8 ,  .,r,, . , I , , , > . .  

oi thls fiqure. Far exo~.ole, o 3OOOmc corrler w l t i  o 
IG-xc zz&~n:,r,q i ~ ~ q ~ e a r "  w z d d  b? G ~ Z G ~ C : ~ ! ~  k,x,$;e; Ly 
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o n m m w - h d  r-f  wpliiler, but a 30mc corrler contmn- 
ing a lbmc modulation frequencv would require a wide- 
band r-f ampliiier. Since semtconductor w~de-band r-f 
mpiikers me not yet commonly used, the clrcults to be 
discussed later in this sectlon concern the conventional 
norlowband r-i ulnpliiln. 

R-F amplifiers are used lor both recelvinq and trans- 
mitting. A receiver uses a low-power, small-sionai ampli- 
fier, whle a transmitter uses o hlqh-power, lorqe-slqnol 
amplifier. Except for the conditions required by the pow- 
er consideration, both types of ampllflers are simlar and 
operate identically. Unfortunately, however, the transis- 
tor response or power qmn 1s reduced os the irequencv 1s 
irxrecsed. ?he :esxr.sc ;-:.,e ci ; k;r.siz!c: is s:zilc: 
to that of a low-pass filter. Tnot is,  up to a certaln 
frequency the qoin i s  fairly uniinrr;., and beyond this 3:- 

off frequenm the output drops rapidly toward irio. The . . . . 
h i t  of t h s  upper cutoii frequency and the rupidity oi 
dropoff depend to o qrear extent on ine type oi trmsisroi 
and i ts  composition. Mmy different types of tiar.sistois 
hove been developed to extend the usoble hwh-ireauencv 
rmge, such a s  the surface barrier transistor, the drift 
transistor, and others. 

In addition to the loss of aoin at the hioher frwuen- 
u e s ,  the ocuon oi the transistor becomes complex: the 
umsistor does not operate exactly the same at hmh i r e  
quencies a s  it does at lower frequencies. The internal 
resistance changes, wd the effects of the iunnion capa- 
"2tGces p;;n;un;,--', 7- Li^L 6." ^ _ - I :  

A,, >L.",,-.a=q"=2,L"-",:,v.3- 

fier applicabons, the mllector-tobase copocirance causes 
positlve feedback that may result in osc~llation. The over- 
age volue of collector-tobase capacitance for hlqh-fre- 
quency transistors is on the order of 2 picoforods, os com- 
pored with 50 picoforc3s cr more for transistors used t h e  
lower (audio) frequencies. Tne bcse spreading resistance 
(resistance of bulk matprloi oi 'xse)  of the uanslstai 
increases ot high frequencies, and the shununq effects 
of the low-res:stance potb, p:aduced by forword conduc:ion 
of tne base emlrter jbncaon tend ro icwer h e  input 
resistmce, while L+e forward tins c::s 13 :e?:ce : h ~  
width of the depletion arecs on; thus increose the base-:c- 
eaitter ;dpucltil~;ce. ti,e SG;:E tiiw, :he i:,~er:~.: !Iu:. di 
emitter current throuqh the base-mllectc: junction also 
reduces me width ol tne PN junction md lncreuses me  

, ,, . .  , cqoiitorie iernii!: <'F kie ,3p,j ,:o,:e:;gr. i! : 5  

capacitance wilci cwsec i e ~ d b o c ~  anti : e~Imcy  mwcr? 
"c,4,.,,,",. "" .L,. --n.-..-- :.-",." *-,. , -  "?"" A .  " -- ... -, ........y ..-yu-,.-; ...-..u" .., 
high irequersies the coli~tor-tc-r,~,:tter ;apccl!ancr rroy 
he 3< L."L "" L"-, ..-e2 .L". ..; ,Lp L"""~"-):" -,-. _ . .  . . . . .  .... ._ ..... _ 
capccltmce. i c i  ;-is reason, ;; ,e  iozxon-L-se i . i i ~ . t  
generally 2ives he:!cr h:;k.~!re:ue?:y res2onse :kc. !he 
common-emitter c?rr~;:. 5':: I x k s  t5e ki:h :c1- -f tie 
common-enutter ilrcul;. Lr8;c the cornmori-rn,iiler i-irciilt 
tends to be more stible a; ;he hiqher frequencies thw, ' 
eirner Cne common-mse ;,r:u;t or the common-coiiector i 
circuit, the deslcn ::en:! IS 13 use t:~ns1stors with 3 hiqh 
alpho cutoi! frcq,mir. ;r; ;ire ZE ~on:~a~ritian for hiqhe .. . '2 -.., . - - - 2 , . r  -... YY.,' .  i,"ii, ,..i.,,,i , . , .  I .,, . , , .~  " .,., ..,..-. 
:" .k. .,, ",AS SCC%S?,. 

Unilat.rolization and Neutrolixation. In electron- ... L ' - . " I . ,  -...- L ..h-..- A,-: , U U ~  i-a uririii.c.a iacr ", .,,= i,Lil,,r. ,uvu .,ii(uc,r~ 
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cles ,  interelectrode copocitance causes posltlve feed- 
bock and osc~l lot ion.  Neutralizing c i r c u ~ t s  are i;suoIly 
prov~ded to prevent osc i l l a t~on  and to insure maximum 
join w ~ t h  st3bility. Likewise, in the transistor r-f 
amplifier, the effect of the bosecol lectar  c a p c i b n c e  
and the development of neqatlvc res i s tmce  through o 
change in internal parometers a lso causes oscillation. 
Neuval izat~on c u c u ~ t s  a r e  used to prevent this osc i l l c t~an  
and to obtain maxlmum go,". ?veuuohzation represents o 
s w c l a l  f a n :  of unlloterollzot~on ot o slngie frequency. 
When we s p w k  of uni loter~ l izot ion,  we ore talking a b u t  !be 
the methods of mok~ng the tror.sistor o one-woy device. 
In other words, the Input circuit is unaffected by the output 
clrcdlt. Recoll from b o s ~ c  theory h o t  there i s  o reverse 
current effect and common impedance coupllng w ~ t h l n  me 
Ironsistor. 'This m m n s  tho: any chonge of current in the 
output clrcult aisil develops o f e e d h c k  cuire,: whlch of-  
fects  the Input clicuit,  and vlce verso. Thus in tuned arr- 
p l ~ f ~ e r s  o change of tunlng in  the output s tage reflects back 
as a chonge of copacltonce in the Input circuit, and also a s  
o chonge in  the arncunt of output fed bock ~ n t o  the input. 
In coscoded tuned s t ages  such effects would cause ollgn- 
men: problems. As m c h  stage was adjusted the preceding 
stages would have ta  be readjusted, since m c h  odjustment 
would change the previous odjustment. The result would be 
thot no two alignments would be alike and, likewise, neither 
would th* perforronce and selectivity of the r-f ompllflers 
stoqcs be col p r o b l e .  Uniloteralization deals with the 
method or circuitry whereby both the r e s ~ s t i v e  and reactive 
partions of the clrcuit a re  cancelled so t tot  there i s  no 
feedback from output to input, and, power flaws unilaterally 
in only one direction, from input to output. Unilateralizauan 
of the clrcult 1s not frequency-respansive; I: is effective 
for a l l  frequenc~es. On the other hand, neutrol~zatlon is 
effective for only o single  frequency or a relatively s n o l l  
range of frequencies. For exomple, 1: i s  only necessary to 
neutralize on i-f stoge because it operates ot o fixed center 
frequency. tiowever, on I-f amplifier used in o multi-bond 
receiver requires un~ la te ro l~ra t i an  to prevent the passibli- 
ity of feedbock or osc~l lot ion an any of the frequency ranges 
over which it operates. 

A typlcai example showing the feedback elements and 
uni loteral~zot~on elements involved in o conmon-bose am- 
p l~f i e r  1s illustrated scheinoticolly in t h e  occanpanylng 
flqure. The elements r'b, rc, ond Ccb in t h e  illustration 

OUTPUT C 

urc the in:erral poraaeters ?;iich cnsse feedsacr  and as- 
cliiaticn a t  rail9 f rcocnc les .  desls tor  r ' t  1s tne b o r e  

rprooding resistonce, rc LS the resxstonce ai  t i e  c ~ l l e c t o r -  
mse jvnctlon, and Ccb is the c a p c l t a n c e  of the callectar- 
base ~unctlon. The reslstonce of the collectar-base junction 

1s very hior. cecaase of the reverje 31as ~ I u c W  on  the crrl- 
Ieclai. At very i ~ h  f ~ e ~ u e n c l e s  Ccb effectively shunts 
rc. Assuze :hot cn  input slqnal adds to the forword blas 
an t h e  base ( h e  mse ond collector olos suppiles are rat 
shewn on the schenct lc  for s~mpllcl ty)  o rd  cause:: :he em:- 
ter to be ncre posltlve than the base. Collectgr current ic 
increases in the direction shown by the crrow. A portion of 
the Increase in collector current i s  fed through Ccb and 
r'b i n  the dlrectlon shown by the orrow, ond produces o volt- 
aqe wlth the lndlcoted polarity. This internal f e e d h c k  
voltoge developed across r'b is 3f the san:e polonty ond 
adds to thc input voltage, causing o further Increase i n  ic ;  
th l s  actlon is regensrotwe and represents positive feed- 
back, which will produce o s c ~ l l o t ~ o n .  The  external c~ ic l i l t  
e lenents  inserted to neutralize this oction ore RN,, R N ~ ,  md 
Cu; they correspnd respectively, to r't rc, and Cct. Slnce 
a t  high frequencles Ci.i shunts Rr;,, this reslstonce i s  
necessary only a t  the lower rodlo frequencles. It IS clearly 
seen that when the input s i ~ n c l  causes  o feeiback voltage 
ocross r'b, a partion of increased collector current ic is a l s c  
fed h c k  through CK and RN, to the h s e .  The dlrectlon 
of this externol feedback voltoge i s  as indiccted an the 
sdiemotlc, ond i s  direct oppasit>an to the ,voltage developed 
across i b. When the internal and external f e e d h c k  voltoges 
a re  made e q m l ,  since they ore of oppaslte polarity, they 
cancel and no positive or neqotive feedbock occurs: thus, 
the cjrcuit 1s uniioterolized. In tne mmmon-emitter clrcuit, 
since the polarlty of the collector is opposite thot of the in- 
put, i t  1s necessary :a develop on out-of-pnilse voltage and 
feed i t  mck  to the input. This 1s done through the use of 
a transformer, using the secondary wlnding to Invert the 
feedbock voltoqe, through a tapped tank circult, or by use of 
a bridge circuit, as will be shown in some of the foilow~ng 
circuit explonot~ons. In some instances on inductance con- 
nected in  ser les  w l h  o blacklng capacitor is u;ed between 
the collector ond the base, wlth the inductor ond the dis- 
tributed copacltance in the collection clrcult operatmg a s  
a tuned, parollel-resonant circult. however, inductive 
orrongenents tend to be critic01 in odjustment slnce they 
ore resonant only over o small range of frequencles near the 
center resonance pomt, and thus are not os frequently used. 
Port101 emitter degeneration 1s sometimes employed m o 
sunilor manner to provlde the feedback voltage. The oc- 
compmylng flgure shows same typic01 feedback circults 
used far neutrolizlng the co-n-non-emitter configuiotion. The 
parts ~denbficot lons are Identical vwth those used in the 
common-bose circuit explained above, and operate in exactly 
the same manner: therefore, no further explonotion i s  in- 
cluded to supplement the figure. 

Feedback ond L'nil~tcmlization Elements 
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s.l.~ti~i* and Impedance Matching. Slnce the narrow- 
bond am7iifier operotes to a r n ~ l ~ f y  a lnnd of frequencies 
around the center !ccrrler) f:equency, t?ined clrcuits ore 
ahws  iised to a b t o : ~  the des~red  selectivity. R-F om- 
ol~f ie rs  and 1-1 ampilflers ore almost identlcol. b t h  ore 
- - * , - O * r  7-f omn!!f?~i<, nut fhe i-1 ornpliller operates ot o -"."".., . 
fixed ilnienliediute) k sue i i i y ,  .;;L;d; i s  USUC!!~ lower thnn 
the frequenw of the r-f amplifier. The r-f amplifier nor- 
mally consists of only one (or a t  the very most two) stages. 
whereas the i-f ampiifier uses a n u m k r  of cascaded stages 
to obtain hiqh ,gal" with the desired selectivity a t  the fixed 
I-: frequercy. While the r-f amplifier 1s tunoble aver the 
entire ranqe of reception, the 1-f ompllf>ei is flxed-tuned over 

,,,cU,YLI. IILI("I,I n ; v  3 smnli i:muenw runqr u h u i  ilic r c r t c i - - ~ " - ' -  

cy. The selectivity IS determined by the Q of the tuned 
ciicult: the hiqher the unloaded 0, the qeoter t h e  seiec- 
t:v:ty. When lcaded the Q will drop; thus, the design is 

, . 
b s r o  "bun the mlaade3 9, smce i ~ e  :oac:::g :s  UIUOIIY 
deteinlined bv &t <iiiiit i a ; ; !~g~z t i o~ :  nnd hms. n i e  p s s  
band of the tuned circuit 1s considered to ke that range of 
frequencies covered between the hal!-power points on the 
select~vlty curve (these accur ot 70.7 prcent  of  peak an- 
~il tude).  Thus, o response dawn 3 db a t  5 kc on e~ the r  
slde of L+e center (carrlw or 1-fj frequency covers o ionge 
of 10 kc in bnd-width. 

Althouqh matcbnq input and impedances will provide max- 
imum transistor power gain, this i s  not always pss ib le .  
It is sometimes necessary to sacrifice qain to obtain the 

--I--.: ...... T- -"-- ,".," n?nc h" T,cmotrhinq YS>I'C" .,CliLlllll7. i.. -." -, ~ ~ ~ ~ - ~ ~ ~ -  

stoqes wltn 1nd;v;duai hlgh ga;n it oezsses unnecessmy to 
~ n ~ i a t e i a l ~ z e  or neut:allze the stages. It is also d~ff lcu l t  
to abtaln o nlqn-(l circuit if he input or output reslstonce 
of 1% tronslstor which shunts i t  is low. 'herefore, o vorle 
tv of clrcult devzces ore used to obtoin :he deslied motch- 
ma impdance while mo1nta:ning o high 9 for op!irum s e l e c ~  
t:$,!ty. Hence we ilnrl the simple single-tuned, paroilel- 
resonant tonk, so popular with electron tubes, replaced by 
a tnp~ied tnnk, or t u r d  by o co~acl tance  iivider for lm- 
pedance translorrnlnq puiposes. The fciiow~nq ilgura sirow5 

tvpicol farms of coupilnq c l r r ~ i t s  us& beween coscaded 
stages of r-f or >-I onpll!iers. 



ELECTRONIC CIRCUITS NAVSHIPS W67-WO-0120 AMPLIFIERS 

In clrcult A,  the canvenuonai smgle-tuned, transformer- 
coupled csrcu~t  1s shown; the ~mpedance  i e l a t~onsh lps  ,vary 
as the s q w r e  of the turns ratlo. Incircui t  3, c topped auto- 
transfarc~er i s  used; L1 plus L2 ore tie primary, ,.vtlile L2 
1s the secondary pioducmg a s t epdown impedorce ratio. 
In c~rcu i t  C, a c o p c l t c n c e  d ~ v i d e r  is used to reduce the 
impedance between the input and the output. In crrcuit D, 
b t h  the Input and output llrpedances ore different, and L1 
helps to improve the o v e r a l l  0 of the tank csrcult. In E, o 
double-topped transformer is used t o  supply h i g h Q  p i n o r y  

~~ ~ 

and secondam tanks with the proper impedance motcn~ng lor 
t h e  input and the output. Slnce the 0 of the circult d t  
pends on the ratio of rwcwnce t o  r e a s l a n c e  in a c.il!, the 
lower the reststonce and the hlgher the inductonce, the 
Iorger the 0. Therefore, to natch the ior; values of i n p ~ t  
and output resistance in the cornnanemittei clrcult, the 
lorqe inductance i s  rapped ot on o2proprlote golnt along the 
inductance. The square of t h e  twns  ratio between the 
lower and upper halves of the inductance determnes the en- 
pedance a t  the tap. For e ~ a l n p l e ,  in clrcult B of the pre- 
ceding ilguie, assume !hot the c o l l ~ t o r  output impedonce is 
cn the order of 10,000 ohms and that the tap rs located 
i / 5 o f  h e  dis tance between L1 ond L2; s ince L1 will have 
5 Umes os monv turns os L2, o 2510-1 l m ~ e d a n c e  reductlun 
results [lnpedonce varies os squore o! turns rotlo). The 
output imoedance ocross  L2 then would be rouohlv 400 ohms. . . 
ond sujtable lor matcnmg me mpat t o  a comcao-emitter 
stage. Naturally, the exact ca lcu lo t~on  is not as simple 
a s  i n  the example, s i n c e  the loading effects  of clrcuit ca-  
pocitance and shunt lnteinal impedance must be cons~dered;  
hanrever, the example serves  to illustrate the basic prin- 
clple involved. In practice, the exact locotlcn :I the tap 
1s mode expen:nentolly, sing the design equations o s  o 
gulde. 

At the hlqher l r equenc~es ,  with o smolier number of sec-  
ondary turns, unlty coupling in i-f or 1-t uonsfarneis  be- 
comes d i l l~cu i t  to achieve; thus, capacltlve coupl~ng 1s 

qeneroily us&. Where extreme selectivity i s  desired, the 
transfornters a re  usuolly double-tuned (both prlmary ortd sec-  
ondory ore tuned). ? h ~ s  produces o sharper reswnse, s ince 
two tuned circuits ore used lnsteod of one, ond o flottc-r 
overa l l  response a l s o  resxlts. Cascoded stoges are often 
stogqer tuned to provide o wlder Sand poss; this 1s ilnlvei- 
solly done in television 1-f ompllf~ers .  

The receiving 1-1 a o p l ~ l l e r  uses Class  A blas to ovoid 
distortion, whlle the transmttinq r-I amplifier aperotes 
Class B or C lor e i f~c len!  power generatmn. At the p e s m t  
tlme, the fol low~ng circuit dlscusslons ore llinited :a r e  
celvlng types 01 r-f or 1-1 ampl~fiers .  

TUNED INTERSTAGE (I-F) AMPLIFIER. 

APPLICATION. 
The tuned interstage 1-1 a;,pliller 1s used in supernet- 

erodyne rezeivers to produce h y h  gom and the deslred 
selectivjty. 

CIiARACTERISTICS. 
Operates 01 a flxed frmuency snd is runobfe aver o sno l l  ~. 

ronqc far allrp;ntent and adlusklent  of band pass  
Uses  ether s ~ o q l e -  or double-tuned cuupl~ni; (1-i) trans- 

formers. 
Uses Clos; A blos to n ln ln lze  d~s tc ruon .  
Cnmmon-emtter conhgurat~on normally used, olihabgh 

iorrmon-base circuits r a y  be encountered in some opplica- 
tlons. 

Usdolly lncludes o neutrai izot~or  c l r c u ~ t  to prevent 
lnternoi i eedmck  fro- cousins self-osclllatlon. 

CIRCUIT ANALYSIS. 
Generol. Tne 1-1 ompliilei in o superheterodyne re-  

ceiver determines the selectivity ond goin. 3 y  using o num- 
k r  of czscaded tmed  s toges aperatlng a t  3 ieiatlvely lot+ 
rodlo i r e q u e n q  c; compared wlth the fundmental  received 
Sequency, h ~ q h e r  901" per s taqe is obtolned than viould be 
poss i i l e  ot the slqncl frequency. By using o nil;noer of 
tuned circuits, the seiectl.;ity 1s lncreosed over *,cia( a 
stngle tuned clrcult. 'Re acco:apanymg figure illilstrotes 
the xonner in whlch the selectlvltv and t m d  pass  a r e  of- 
fected by a nuzoer of tuned clicuits.  

Effect of Tuned Circuits on Porr  Band 

In port A of the figure, the s e l e c t ~ v ~ t y  curve prnduced 
by o slnyle  tilned circuit i; shown. In port U, t i e  double- 
hump& curve produced br a stogyer-tuning two i-I s toges i s  
shown (overcoupled ci icul ts  a lso produce a s ~ n ~ l o r  re- 
sponse). In part C, the indivlduol response curve ore super- 
imposed on roch otner. In p r t  D, ~ e l d e a i i z e d  response i s  
s h o w .  These  cuupllng circult :cct#niques are slmiior to 
those used in electron !uw clrcults.  Since the tuned cir- 
cul ts  in h e  I-! omplillei lorn a c a u p l ~ n g  network notct,lng 
the output of one s t age  to the input oi  the r;ent stoge, 11 is 
necessary fa  hold losses  in the n e t w o i  t o o  ich, value. 
It 1s olso necessary to ca tch  theoutput and input ln~pedonce 
to o b t o ~ n  :;axinurn qoin. At the same ume, the unloaded Q 
of the coupled circuits n o s t  be kept a s  hlg5 os possible to 
retoin o good selectivity charoc te r~sac .  Because of the 
relatively low input andautput impedonce of the t r anss to r  
ond t h e  lorqe capacitance cetween err.lttei, i a s e ,  and col- 
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lector, de s~gn  problems me  crmted whlch do not =cur in the 
electron tube clicuit. For example, the power transfer e f -  
ficiency between !he wimary and secondary of a tuned tnns-  
farmer i s  motimmwi when bsth the a~looded P on4 the b n d  
PSS ore lorge. Thus, a hlqh ~ W R  t~ansfer  and o norrow 
b r l i  vujs p s i  i;n!!;;';:g :cq-i:=.%.ts. Since he  mnd- 
p s s  regulrement 1s determ~ned by iiie u:iruuut oi s e i i i t i c i y  
desired, if h e  input and output impedirnce sre ~ a t c b e d ,  
the power tronsfer con be improved only by raislng the un- 
l a d e d  0. 

The common-emlttes clrcuit has a low input reslstonce 
taqether with a high input capcltonce,  and the outplit In- 
pedunce is moderately high w~th  a lorge shunt capacitance. 
3e ; c f c r c ,  in ir.tersiu3e coup i l n~  !ronsiormers or. ~ ~ ~ i p d c n c e  
stepdawn (whlch vanes as the square 01 the tums rotla) 1s 
required to match the hlqh output impedonce to he  l o w  in -  
put lmpedonce uf the next staqe. :n addition. the total 
circmt copocjtance nust  be cons~dered w h a j  delaninini ;  
the inductance needed to resonate a t  the intenndiate fie 
quency. Thus, the reflected input (secondory) copac~tonce 
(which varies inversely a s  the square of the Nins rotlo), 
plus the primary shunt collec '~.  and wiring cowcitance, to- 
gether with the octual primary t u n q  capacitor, Iorm the  
total tank tunlng copacitnnce. When calculated for 3 given 
s e t  of design considerations, the inductonce is often very 
small and, a t  on 1-f of 455 kc, requires a very large tuning 
copci tance  to obtoln resonance. While the large tuning 

! copci tonce  hos the beneficial effect of swamping out  the 
campritiveiy sna i l  uurlaisMi iapocit~ni;;, ;I is di!f:c.2!: 

a to build a small lnductonrr wlth o hlgh Q. ihereiore, i t  

becomes necessmy to increase the small w lue  of pnmary 

\ inductonce to o larqer and more procucoi coii value. By 
increasing the mductonce. ( f a  exompie 1W times), the tun- 
ing capacitance mn be reduced to only one one-hundredth 
of its former value and still resonate ot the s a g e  inter- 
mediate frequency. Althoti+ a h i g h 4  circait, the primary 
tank now has on irnpedrmce of 100 times the oriqinol value. 
'To reb in  the original impedance to match the transistor, 
the tank i s  tapped to ~roduce  o 1Uto-1 turns raua (he in- 
ductonce functions a s  on outomnsfon;~er), and the tron- 
sistor is connected ocmss the lower-impedance portion of 
the primary windmg. 

With the primmy tonk matched lcr proper power transfer 
the mrns rotlo ktween the entire primary ond s€condary is 
selected to produce the propa slrp4uwn ratio. Y h s ,  c:; 
lmpedonces involved ore c n t c h d  lor rff ioent  p ~ e i  t r o r z ~  
fer. if necessary, me 3-1 s-ndary may "is; be ropiird ;i; 

a simllm manner to obta~n o hi@Q input tonk. % e  foiiow- 
~ n g  tlgure lilusuotes me manner m wli~ch iiic Ycaiiti d s i ~  
!ivl!y and impedance matching me  abtalned m a  simple 
;ingJe-tuned : ~ l  transformer designed iui u 45% 1-1. 
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Typical Matching Circuit 

Circuit Opsrmtion. Tne sci!eti:oui' a1 0 tj.jiizl ; r :~ is tcge  
I-f anpiiiier witn neutial~ration, enpioymq the uonmon- 
=: : O ~ J : I , J ~ ~ Z : ~ G ~ ,  ;s sk,~:;?, :?, :h.e x c ~ z ~ s n y ~ ~ ~ ~  !i- 
!3?5t1(1U011. 

The input slqna! is coupled to the tase of Q! through 
Ti .  I-F tronslormer TI is double-tuned, with L1, Ci form- 
~ n j  the prlrnory tonk and L2,C2 formmq tne secondary tank. 
i h e  low, mse-input impedance 1s notched ioi ~OXL'IIL?: 

transfer of power by topping it dawn on indiictonce LZ, 
*,ereby retclnlnq the nigh Q necessary ior g ~ a d  seiect;vity. 
Trjmmei capacltors C1 ond C2 tune the 1-1 transfornier over 

- 
Typical Comnon-Emitter i-1 Stogc 

o snail rongr u b u i  tkls isil:;; !rcl,-zzc;, y%!!i!tjnq prnrt 
oilqnment a t  the internealate frequency. Ciass A bhs 1s 

supplied to h e  k s e  01 Ql :!roc+ voltage aivldei H i  and 
, , , ii , . .- ... -.nnccr: - ,  ._..-- ... ii,, , ! :$ rf,. n? md c? 3 r ~  w e  9- 
rî ::3:3! cl::!e: i'Yz.*.p!"? " ~ , " L u $  IY1: b - f j ~ s s  ::jzC::cT_ 

(See secuan 3. paraqopn 3.4.1 lor o alsclission ~i oias;r;g 
;,i~>ods, G-:. x-,:oqaph 2 - 4 2  !or n :.isass;ar, ai stab!l!- 
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zouon methods.) Output translomer T2 couples the col- 
lector of 01 to the base of he  lollowlng stage. Tne prlnay 
of T2 consists 01 L 3  tuned by C4, and the secondary c3n- 
s ls ts  of L4 tuned by C5. L3 is tapped to natch the col- 
lector output, provide maximum power output, and yet r e  
toin the hlgh Q necessary lor select~v~Pf. Capacitor Cl 1s 
used to byposs the collector supply. Neuuaiizouon is pro- 
vided by RC network CN, RN, connected from the secondow 
of T2 to me base 01 01. The leedtock 1s taken from the 
tronslorner secondary to provide a 18Gdegree phose s h ~ i t  
or poloiitv inversion, to mncel the internal feedback devel- 
oped witiin the transistor. 

In the absence of on input signal. the I~xed oias deter- 
nlned 3y the ratio between Rl ond R2 causes 9 1  to draw 
11s quiescent value 01 collector current. Ql operates at 
the center of its chorocteristic transfer curve to permit 
equal ps i t ive  and neqatlve swlnqs. Slnce the quiescent 
current is steady, nc output is developed. Assume on input 
sign01 withln the intermed:ate frequency bond poss 1s ap- 
plred to the T l  prmory. Primary tank C1, L1 oppeors a s  o 
nigh impedance to those frequencies within the band poss, 
und, slnce it i s  a resonant load far the preceding stage, i t  

develops o large voltage across L1. Tnis primary voltage. 
in turn, indues  a voltage in the LZ secondory. The secon- 
dary 1s tuned by CZ, ond is resonant at the some inter- 
mediate frequencies. Therefore, o large voltage is devel- 
oped for those frequencies which ore within the band poss, 
and a portion of this voltoge developed between the top and 
round lslnce C6 provides an 1-1 shunt arolind R2, and places 
me rotor 01 Czond the lower end 01 L2 ot ground potential) 
Is applied to the base of 01. These 1-1 lreauencies are 
essentiallv sinusoldal; they consist of the fundament01 (or 
currier) and modulation which appears a s  sidebands above 
and below the center frequency. Assume that a halfcycle 
01 this frequency is negative and odds to the normal fonvard 
bias applied to 01. For the duration of this negativeqoing 
half-cycle, the emitter and collector current of Q! inneases 
slnusoidally, in synchronism with the amplitude of the a p ~  
plied s~vpial. 

Since the collector is tapped to L3 any current flow 
through the top to the ground end of the coil also induces 
o voltage In the top partion by autotransformer ocuon. Co- 
sowcitor C4 twes  L3 to the intermediate frequency, and 
the tank oppears as a high impedonce to those frequencies 
wittun the i-f pass band. Thus, a larqe voltage is developed 
across the pimory 01 T2 and induces, by tronslormer action, 
a voltage in the tuned secondary circuit. The tapped portion 
of 13 also prov~des an impedance tronsformotion. With the 
lower end oi L3 supplying an impedonce equal to the collec- 
tor impedance, moximun power transfer cccins though the 
transistor. lhe r;pper portion of W (above the tap) provides 
o bLgher impedance, which allows o sufficiently high Q to 
be obtolned to provide sharp tuning and selectivity despite 
the l w d ~ n g  effect 01 collectoi current flow through the bot- 
tom of the coil. Thus, only frequencies within o narrow 
band wss around the corrier (i-f) frequency are amplified 
strongly, and the frequencies outside the band ~ s s  ore re- 
duced in amplitude md effectively rejected. 
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bring the remaining (positive) half of the slnale I-! 
cycle, the slgnal opposes the forward bias and causes a re- 
ductlon in the emitter and collector cunmt. These alternate 
increases ond decreases in current cccur at i-f totes, and 
ore equivalent to an a< current flow; thus, the a c  signal 
variations induce an output vclraae in the secondcry of T2. 
If the current did not vary with the signal, but rather re- 
mained steody, no transformer action could cccur. 

Mile the d-c emitter current llaws throub R3, the 1-1 
variations are typossed by copacltor C3 so they have no 
effect on emltter resistor R 1  n u s  only smoll current 
changes (induced by temperature changes), consistlnq of 
slow, d s  vartotions 01 emltter current, affect R3. Since 
elechon flow i s  from emitter to ground, the current chang- 
es produce an oppositely polarized voltage which substracts 
from the nomol forward blos and reurns the enltter cur- 
rent to its previous value. This is conventional emitter- 
swomplnq ~Iction. 

7 l e  autput impedance of the collector is reduced by the 
stepdown turns ratio between the primary and secondory to 
a value suitable fn matching the input impedonce of the next 
i-I stoge. Tank c~rcuit  L4 and C5 is also tuned to the 
lntermedlate frequency and selects only the desired signals 
for application to the next stage. 'The use of a number of 
tonk circults provides o relotlvely flat but sharp select- 
ivlty curve, os explolned previously in the introduction 
to this clrcuit. 

When the intermediate lrequency is high enough to couse 
some 01 the collector output to be coupled back to the base 
through the collector-to-base capcitance and develop o 
ieedback voltage through the internal tose spreading resist- 
Mce, osclllouon occurs in the i-f stage. Therefore, CN 
and RN are used to feed back o voltaqe from the secondor, 
01 T2, whose phose is opposite thot of the collector output. 
to the tose of Ql.  Wlth an equal voltage of oppos~te polor- 
ity, the internal feedback voltoge i s  cancelled and oscil- 
lauon cannot occur. in some circuits RN is not used; CN 
is sufficient. In some citcu~t desips, mismatching of the 
stoges 1s used to avold feedback or.d oscillation, wlth same 
loss of win. Usually, only os many stoges os are neces- 
sary are used to wovide sotisfoctow selectlvitv, since 
the more the stages the greoter the feedtack possibility. 
Likewise. doubletuned circuits ore not used where sin& 
tuned tronslormers are sotlsiostory. 

FAILURE ANALYSIS. 
General. When making voltoge checks, use a vacuum- 

tube voltmeter to avoid the low volues of shunting resist- 

once employed an the low-voltoge ranges of most volt+hm- 
;lilIlammeter testers. Be coreiul, also, to observe proper 
polorlty when checking continuity or mokinq resistance 
meosurenents wlth the ohmmeter, slnce o forward bios 
through any of the tianslstoi junctions will cause a false 
lo,*-resistonce reading. 

NO Outpvt. Lack of on input s ~ ~ a l ,  improper bias, lack 
of supply voltage, or a defective transistor can couse loss 
of output. Check the bias and supply mltages wlth a volt- 
meter. If A1 is open, the base bias will be zero, .which COT- 
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responds to Closs 8 operotion, and there i s  a possibility 
that smng  sirylals may produce o partial output. However, 
if R2 i s  open or if the secondmy of T! (L2) i s  open, the 
ksecircui t  of Q1 is a i m  open rmd no output crm O C N I .  

Souid the primary of TI (L1) be open, there will be no coi- 
 tor volmge applied to the preceding stage, and na trons- 
i s  of s i ~ o !  :o Q!. Since  he i-! srnrp operates at radio 
frequencies, use on r-f pabe in conjunctim with o vtvm, a 
on oscilloscope, to detanine whether a sirylal appears on 
Ll. If R3 i s  open, the emitter circuit will be incomplete 
and no output will be obmined. Use on ohmmeter to d e  
termine the continuity and resistance of R3. If a voltage 
exists at the Lnse of 9 1  but not ot the collects, either T2 i s  . .  . 
oern-uvr ui C: is ;h;;:;l. .". & c  ~vs!!o:e !-din? b r w e ~ n  
the collector md  rpound with no autplt inmmtes that elmer 
Q1 is defective or T 2 i s  shwtcircuited. Check T2 for 
shorts wlth on ohmmeter and then rwloce 01 with a trm- 
sistor known to be wad. If n2uuofizing ccpcilcr CN i s  
shorted, the hose of the following stoge will be directly 
mnected to the h e  of 01 and will shunt honsistor Ql. 
niee  will be o loss of mn~lifimtlon, but not necessarily 
o complete loss d output. Howev~,  if the mpocitor i s  
open, oalliation will occur and muy couse blockhq due to 
o chanae af bias I the transistor will rectify the mcil- 
lotion and produce a d c  has). Or, d the oscillation is not 
strong enou*, o partial output noy be obtained (with or 
without distortion). Check the capacitor with a capaci- 

* tance checker: also check the value of resistor k w i t h  on 
i \ shmmem; 

Low Output. A numter of conditions con cause reduced 
output. For example, low c d e c m  a h a g e ,  low bias r l t -  
age, loss of tronsistar qam, on open or hi&-resistafice 
hlned circuit in the 1-1 transformers, and short-circuited or 
changed values of other parts. Check the bios md coi- 
lector voltages with a volbneter. Use an oscilloscope and 
r-f probe und test fran point to polnt ~~rosghoul  the cir- 
cuit, to determine where the s i q o l  drops in amplitude. The 
siplol ot he collstor of 01 should te larger in amplitude 
than the sirylal a t  the Lnse of Ql. If the s i p s 1  appears 
at the rnplt to TI and is rgeotly reduced at the base oi Q!, 
e~ther TI or 0 1  1s defect~ue. if C3 i s  opensiisdted. :?e 
emitter cuirent flowing t\rou@ D? will prduce d~qen~mtlnn 
and a p p s e  the bias. The output wiil be reduced in pro- 
p m a n  to the amount ot degeneration. With o cilleits: c ; : ~  
pa;;! quai VL. or icii i:an *-r out;rat O! t ie  j l s e  l i  ,?I, r1t:ei 
T I  clr <'$I is delect~ve. 'Where pluq-in t~~ns i s to r s  x e  jii- 
;::id, I! :c ::rsc!!>, -:!s to stihst~ture a tronsistar k:;ewc 
tc. be p o d  thor to suhsrirute on :-f wnsfarmer. 

insufficient Selcctiritr Lack of selwtiviN can iiccllr 
m a u s e  ol pmi ai~qnnent ;f tiiried circuits, which I; XLZ!~ 

ii ;iid;cated 5j loss oi .pan, tqether with brmd tuning. !r 
most coses, howeva, specla1 tests me necessary to d r  

twmme wnemer reuirmniwti is 11CI11ed. zr.6 SLECIC! 3:n 

cedures and equipment me required for propa alignment. 
?herefore. reodiustment ot me 1-i trimmers d~uui; Le ut- . . 
temp4 only when it is acertained that the circult 1s arner- 
w:se operoung normally. Where i-f transformer ( s )  are rc- 
V~UC&,  1: :s neceSsc:y Lt., ,,,,Tk? p7Gpz ~ ~ ~ 2 ~ ~ * ~ ? , ! ~  P> !~5!,~,!+ 
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the initial selectivity. A rou* approxlmouon of perforn- 
ance moy be obtoined by observing the detected output on 
an osc~lloscope and tunlnq on r-f slgnol generator thro~gh 
the 1-f pss hnd.  The umplltude oi k e  siqnai observed on 
the osciiioscope wrii be nffir:y =ifam !a: n !la!-tapped 
response curve. The 70-percent reswnse paints wlow ond 
a b v e  rhe i-l cail:ei fi iq;er.q ,;::!I :ciico!e c:pmuimntely 
the low-and hiqh-frequency ilmirr of iilr w.5~ L-,d. %c:e 

l o c ~  of selectivity i s  suspected, the necessav check con 
he mode by determ~ning the equipment spec~ficotions, fol- 
lowing the monufocturer's recommended oiignnent procedure, 
and cornwring results, noting theeffmt of each adjust- 
ment of the response curve. 

TUNED COMMON-BASE R-F AMPLIFIER. 

APPLICATION. 
The tuned mmmon-base r-i unipiitlrr is "sea ::. :cce:ue: 

lnput stages to provide I O N  noise, ar i  good se!ec:ii-:!y 
rather tho" high r-i goin, and to eliminate lmoges and 
spuiiods signals in superheterodyne recelveis. 

CHARACTERISTICS. 
Uses cormon-base configurotioo. 
Uses fixed h a s  (except when autumatic qoin control is 

employed), although self-base opp!icot~ons m q  be en- 
countered. 

Uses o singletuned tank circuit to provide selectivity. 
- .  
;iansis:oi g u r i  1s leis bL,l-- ~ n i > ~  k t  !-zed rt-sc!?Q!s 

c~icui ts  provide some galn. 
Does not require thermal compensatlon. 
Becouse of lower outpu! capocitmce, is operable at 

higher frequencies thm other circuit configoratiori. 
Usually requires neutrolizotion or un~loterailzation to 

p~e,vent oscillation. 

CIRCUIT ANALYSIS. 
General. Becouse of its lack of gall?, the tiined common- 

base 1-1 ampiiiler 1s generoily used as an lsoiotion stoqe 
between the antenna and mixer stoge, parumlor!y ir. rnedlbn- 
frequency (broadcast) receivers. While the tuned clrcuiis 
oiler some Increase in signal gom, tne liunsisroi gair, is 

a l w o ~ s  less than one. Since images und spurious signuls 
tie not d~scrlm~noted oguinst in receivers hovlng their 1"- 

?uts c"!ipipd to rhr nloxei siaiis. :hi sc;e:::v:r, -4 r.:,? 
rscuction eiiects uf  1i.c tul:id i-: ci;;:;!;;: j:3:.1?c he!!ei 
2ertor-.once. 

Secouse ot the iow basemliector cupclcitonce in r-f 
. . 

trmslsrors, me common-w~r c~r iu i i  15 ~ ~ d i ,  -2s: :;: 
-very h~qh irequencies (the shunt output capocltmce is 
i:.,;!, :>we:, ;n? @et:er perl,!rr,n!t:c ~ u l t  be irc;,ctti:. 5 t h  

bosr qrO"n&,j a :-... " ,... , ,,-A circu~t resistmce er.sts, m d  
therxsl campensotion is usually omitted. ' h e  comman-wse 
r ~ i r u ~ t  is olso considered to be ~nherenriy unstade over 
;he er,t;re range of o?e:ation, sc that r.eutra!!za!lon or un- 
licteroilzotion rir:*i.rks are ~ ; e d  :c -,:evw.t csc~!!ct:or. 
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circuit Operotion. The accompanying schematic illus- 
strates o typical mmmon-base r-f ompllfler uslng fixed base 
bios. For simplicity of c~rcuit discussion, it i s  assumed 
that no outomaticgainrontrol (A-GC) voltoge is opplled. 
(See Port B of Senion 21 in this handbwk for o discussion 
of A-GC circuits.) The tuned input circuit consists of 
porollel-resonant tmk L1, C1, with the antenna tapped at 
the lower end for proper input matching and max: mum power 
transfer. The circuit i s  orranged for negative ground, which 

I - 
Typical Common-Base R-F Amolifiet 

allows both tuned circuit tanks to be grounded in order to 
avoid body capacitance effects. The input tank i s  coupled 
to the base by capacitor C2 thus avo~ding shunting of the 
emitter to ground through the low value of d-c mil resist- 
ance. The emtter d-c return i s  completed by Rl. This i s  
essentially shunt feed bias. While R1 muld be replaced 
with an rf choke (shown in dotted lines in the figure), it 
i s  made resistive to ovoid "dead spots" caused by any 
spurlous resonances formed by the stray and element cw 
pocitance with the RFC, since the stage usually must be 
tunable over a wide range of frequencies. Fixed voltoge 
divider bias i s  provided by R2 and R3. (See Section 3, 
paragraph 3.3.1 for a discussion of base bias.) C5 
places the the base at r-f ground and removes the 
&c bias circuits from the radio-frequency path, so thot the 
initial bias i s  unaffected by signal voriotians. Output tank 
C3, L4 i s  tuned to obta~n maximum selectivity, and the 
collector output i s  matched to the base of the next stage 
through r-f transformer secondary L5. The tuned circuit i s  
placed in the Primary rather than the secondary, since 
tuning the secondary would tend to shift the phase relation- 
ships between the grimary and secondory. Thus, feedtock 
loop CN. RN, provided for neutralization and cancellation 
of internally developed feedback, remains unaffected by 
circuit tw~mg. Transistor Ql is a high-frequency type of 
tronsistor; the cose ~sgrounded to provide further shielding 
and isolation between the input and output circuits. Cc- 
plcitor C4 bypsses any r-f around the supply, md  prevents 
it from entering the bias circuit. 

The functioning of the r-f amplifier i s  basically the 
some os that of an RC-coupled audlo amplifier, with tuned 
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tonk circuits L1, C1 ond L4, C3 acting in place of the 
bose and collector resistors, respectively. The difference 
i s  thot the operoilon occurs at radio-frequency rates rather 
than audic-frequency rates. Instead of the amplitude of the 
ouido s~gnol itself causing the emitter and collector currents 
to vary; 11 i s  the omplitude of the r-f envlope at my paiti- 
cular instant wh~ch causes these currents to vary. In the 
cose of modulated emissions, the modulation varies the 
amplitude of the r-f mvelope in proportion to the modulation. 
Thus, the rece~ved signal can be cowidered os on r-f 
carrier which rises and falls sinusoidally in accordance 
wlth the amplitude of the modulotion, and i s  amplified 
exactly as if it were o single audlo frequenq, assuminq 
that the input and output circuits ore properly tuned and 
hove the required bandwidth . If these conditions ore not 
met, the r-f envelope k a m e s  distorted; tlnt is, o differently 
shaped signal is f a m d .  The 1-1 envelope is produced by 
individual radio-frequency cycles varying a b v e  and below 
the zero carrier level. Each cycle produces equal positive 
and negotive alternations, and muses the tronsistor bias to 
be increased and decreased equally. The overage value 
over a halfcycle of modulation determines whether the 
total effect is thot of an increosed or a decreased signal. 
Thus, the tips of the r-f pulses trace out a relatively slowly 
varying signal, which i s  the audio (or 0 t h ~ )  modulation, 
and accurs at on oudio (or other) rate -not an r-f rate. De- 
pending upon the rapidity of rate of change of the oudio 
modulation, a few of the r-f cycles could be lost without 
significantly affecting the over-all modulation waveshape. 
The occompnying il lus~ation shows the concept of on r-f 
envelope and the manner in which it i s  formed, using o 
single carrier frequency and o single 400-cycle sinusodiol 
modulation frequency for ease of explanation. Other more 
complex waveforms also produce o similor result, which 
can be demonslroted by a mathemotic onalysis beyond the 
scope of this Handbmk. 

R-F CARRIER 

R - F  ENVELOPE 

r--- 90 t 4 0 0  

fa  (CARRIER FREO I 

(0  - 4 0 0  

Development of an R-F Eavclope 

With no signal appl~ed, 0 1  rests at its quiescent value 
of emitter and collector current as determined b, bose bias 
div~der R2, R3, toqether with emitter resistor R1 and mllect- 
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or reslstor R4. S~nce  the quiescent current is steady, no 
output is piaduced. When a s ~ g n a l  is applied to L1 from the 
antenna, a large resonont voltage i s  developed scr3ss t m k  
i l ,  C l ,  and i s  app1it.J htaugh C? to the cm:t:e: of Q!. - 
tor  e a s e  oi Oiscuss!an, !he input tonk con be cons1je:ed 
(1s uri I-: j t n s i ~ : z i  ;;nn::t:d k:-ee?. e,it!er n _ n l  ~ r n ~ n r i .  
,with an output omplltude equal ro h e  I-: n ~ v i l o p i  0: the 
signal. 

Assume that the input signal amplitude IS increostng 
and becoming mare positi,,e, and thc! the instuntaneous 
value of the sicpol adds to the enutter bias. A s  the emitter 

bias lncreoses in a favnrcrd direcrion, 1t.e rmrtter ond col- 
!ector or i~siirent increase. Irrternally ir. trans;stor , 5 l ,  th,eii is - .. .,n.,, I:"., .I b.clt.s !in? ?mitt-- :o -oiie~:ci. ex:e:noii~. d j e  

!low cons i s t s  of electrons from emitter to collector. A 
;mn!l base c l i e n t  flo,.vs lrnm Lnse to emitter (throuqh the 
bose lurlctlon), ihraugh blc:k:cq cs?-c,:or C2 md tmk  L!, 
ii to w d  inrougt L:, t i  !;lr Lose. Tne collec:;: 
current iicw 1s iiam ground t t l ioqk~ O4 ad I-7.k L1, C! 
to :he collector, md through the collector-to-bose lunctlon 
and C5 to qrilur.6. Note tho! in the common bose c i r c c t  
ike  calleclor a!rrent 1s ciwoys kss  than tne emitter 
current (IC = IE-1s). When the collector current Increases 
with a si~nrril ,  o 1;ize vo!taae drop i s  produced acrcss  the 

> .~ 
output tank impdance ,  thus develop in^ a s s i t i v e  au!?~! 
sianol (the common-base l n m t  and O U I P J ~  polo~i t ies  3re . ~ 

i d h c o l ) .  S ~ n c e  the L5 secondary is coupled to the L4 

bj\ ~ ~ I I I I U I ~ ,  current !low thrau;5 the primary induces cn o ' ~ t p u t  
,,;lr,2 :- .L- hil . m n c f n ~ m o ~  nrtinn. Thp SFC. , . '!? ':" >r iw,. "".; -; ..u....-...... 
andory by transformer an lon .  'Tic sr ion52iy a;!p~t :;y 
he eltile; :n-phose or o~t-c!-phcse, dependlnq *pun the 
Connectlors. 

A s s s s e  now :+ot the input sips! amplitude decreases 
and qoes neqotive. The fmltter !owe:? tias 1s :e?~;e3 
i l n i  l e s s  collector current flows. As the ~ n p u i  sip.al qoes 
r,eg;;;;c, :hi. c3I!e:!31 \io!!n_qe IICPS toword in? silppiy 
,;clue. Since he- collector i s  r e re r seb losed  bv the neqati.ie 
slipply, o nesative output si;nol is produced. Eo!lectoi 
res ls tar  34  prevents large posltlve s w m q  from dropplni 
tne caiiector voitoqr past zero, 3nd s i ~ s ; c l  or ove:sk3ci 
whlr'l war:id drive the collecto: pos l t l r e  ond praduce o 
torw;rli c3i;ectoi 210s wlth cur:srquent ~ , , j ; t  cm~rrer,; pu:su 
ond dlstortlan, by llrr.~t!ng the total available supply voltaqe. 
Thus,  a large s ~ c p a 1  can drop the coliector voitoqe to zero, 

., , 
n:ui : r ip h . r ~ r l r  i u l i c y ~  .iii: ;:::: :e icc; ::LC LL:. L: L::C 

lioi; In ?,A. (7:~~ i i s i s t ~ i  xj ) .  LC: LC L Z C ~  :r sor ,c  C:I- -" 
CUltl i . .  .:.J~'&>:L:"! . . ,:,. :! u.:u:.:!'.< z: ::~:: :: 
remains unoiiecred by signal vurloii-ns, and in c!!ect -" ' '  , ~ ~ OrO"noS l 02K  iOpl;d;>: 1- :i ;,"A. ""., .-," -..-. -. 
when the cmccl tsr  is turea. 

*,.- ...- i.*,." .,?P M,z>r k 2j< 7:: ,<  ,-c;;, c:ei kt.;)?::, :b,c . . - . . -. . -. . , 
5ecosaGpf a f  :'he u@"; :~~~si,:,?~.,:: cn$ :b,,, pz.tt?: sc  +,=: 
!! feeds back m o o i ~ i - ? h o s e  voltage to tne emitter ma 
prevents asciliatlon due to internoi i e d ~ o c k  wi!hin Q!. ln 
, .-fo-->.': ..,r.i,,e.., .- ,, ,.perc!:n.? over ! n r q  f r equenq  ranqes, this 
: ~ ~ u i r a l i i i n ~  i.sw3;k :i isuz!!y rt:!,xed b,y .i, 30101~ T O K F I I -  
r "led uiri!~teii!;z;::a;: cstwerr. ~ L S ,  :re m p u :  r,rni!r 
r?rnnsns o n n i i s ~ e , J  bv usv ct,cr,:e; is z*:~~:, c: v;~:?,:, 

~. -. - .,<c, " , L L  ,.,.. L ~ , "  . ,--.-r..-. .- 
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FAILURE ANALYSIS. 
Generml. M e n  rak ing  volwqe :heskn, lice o voc~um- 

tube voltmeter to ovo!d the low values oi snuntinq resist- 

once employed on the low-voltage rmges  oi  voit-oi>mrnr!ers. 
Be careful 4 ! 5 ~  to obse~:'e proper pulorlty nhe i  ineck;;: 
can ti nu it^ el::, the chmrneter, smir a for'n,~r< tiis tnra~:? 
my 01 the  t i m i s t a r  ! ~ n c U o , ~ s  nil: c a s e  o falsc lo,.*,- 
res is tance readmy. 

'(;hen iheckq r-i voltages, z ! , ; ; ~ ;  use i: :ocu~-~-tdbr 
voltmeter (VTVI.4) or on electronic voltxeter ,with on i-i 
probe. The conuefit~ona! vcltmeter only .ndlco:es dc. 
Tk,errfarr.  ~t i s  necessar:. tc !::st :ec:?iy the it betort tt,e 
,vc:!re!er .,I!! ii3:z;te ~ r s c e r l ~ .  Th!s ?ore aulomnt!:ni~i 
- .L- ! iTx?\1  -4  F - ~ ~ ~ ~ ' P ! ~ . ,  PI the p - i  prone tile .,. ".. . ....., ~, . . 
 electron!^ ,ioltnlerer :s ,>srd. 

NO O U ~ D U ~ ,  ::d ~ ; , + t  z~~n:!, : s!,~:tci i?,?;! 9: cetp2! 
tcnk, an open emttter clrcLl1 or 'r1ect:ve !:ai:i!5tu îl L-s 
*;!I ;- ,.- .,.,?. -*L. L..., ".,.-I ^I? -liio ,;n ~ ? t ? , . ? .  I/ HI is 3pen, 
t h p  ~m>!te: circuit wlli be open. w,d 11 1-4 15 open, !ke 

collector clrcui: will be open; In e ~ t h e i c a s r  there wlll be 
no output. I f  R2 1s open. 0 1  wll! operate 21 opprox!murely 
zero bjos ond no output will occur except 10: extremely 
strong s l q n d s .  ;heck t i e  6-c .::i:aqes zn $1 to di termi?.~ 
the b:as. "hltn a norcni supply io!to.;i, for c P*.:P 1:cr.- 

s!stnr (wltn neqative q i o ~ r d ,  311 ~ j l : ; ~ ~ ,  r..:i :tji psi i -  
tlve wlth :espect to ground. The  emitter will always be o 
few tenths of o volt mare posltlve thon the hase, and tile 
collector will read the lowest (sametln,es zero). For ex- 
amole, i f  R4 were shorted, L4 wacld be connected to 
;:o;n?, the c?!!~cta: :vx!.l ?e ot iraun? ootentioi, nnl r r l r  

mete; n .0~13 ~ n d l c o t t  zero, even !irc,,qh 1311 ccllecra: vcit- 
s q e  svoui i  s~i:: 'k .+,:.,d. 

The  tank colis ;on ne i;,e;ne; ;u; :c;;t~:;ur:y n~t'; a- 
ohmmeter ic  determine whether tt.ey areaper.; they must 
be li>sconnected when the tuninq copaclrois ore cnecked. 
i t  : ~ ~ p ! i > <  :cgzc::!2: cz 12 de!e.!l\je, <orre .b!! r,C 

output. :I Ci 15 open, h e  ummtter voltage WII I  be normoi, 
bu! there wil l  te no output. if C2 is shorteC, ine ernitter 
~ ; ! I ; ~ C  xi!! LC !c- ! d e : e ~ d ~ ~  on thp rPs:ntmce ot i l l ) .  
ar.3 no e x p u t  will be ahtaine?. !a :h;s cose P I  :7!ll :r! 
bn! an6 pussibiy huir, o ~ t .  

!i k;;xr - ? P ~ C ! : , ~ T  1-4 I<  ~ h o r 1 4 ,  t+ p t ~ ~ ~ l v  w l l  be 
shorted, w!th consequent l o s  i f  autpj t ;  I! he capoc~tor  

, . 
;s cge~:,  ur,li G :c;~.e; su;pu: T:, J;c~:. !i ;:;=c::?: 
i: :- :re-, .." ---. ... !. . 1: "'. ~ . .  :,,.,-:I-,: ; ,~, lr,,i: ;i;̂ ,.;L. 
I < > ?  b1OS r,%:ws<~, an: :he :-: SL.~:.": L C ! + . ~ ~ < .  2Yit:?: 7;: 

. , ,  , ",> ilrr,,, r,",,TT +r,,,,7 rp;,< ,,". ,...,.. , : -  re+ - ,  .<..,brL.~,,< u"-,, ! ...7A....>: 
:E.? s:!! pro-uce el:?er n very *run dr ~ r i i i t ~ ; i j : : ~  i i u  id:- 

. ? ! !' ! 5 : c  ZTeE RO CG!"! ,,/!!! he " C I ! , ~ I C P " ( ~ ~ *  

.&i 2.J ::.c -,:<:..:..;< ::u;!:-.; :::.>>?:- .h,, ;:!???, 

-".. : ~ r n n l a r i  - is ~ P W  5;::,:!l. Zj;!Ilotii.i :ij;d '; 1 
' ! P ~ ~ C ~ I Y P  neutiollzlnn nPtwara, :! sullicleilliy srrul~ti ,  

L!: "?,< k ! d k  ::,c z2::::t:: zc? !b.,:: :c3'JF- " , I ?  : 
;c zero. l i :ezk the i i i e  o f  RN w:tt nr ob,::.!::rter, m I  

. , -  , 
iczin ;;u aiiii li -ipd__:iili;e ihtzki:. 

Eelecllve :-i tcnks con calls? a no-ouxput c o n l l l s u .  
- .  ,,*lsb:ivc ,r,.h_ . .-a - 3 z :  c;::Ii I - C J : ~ !  IL ,r. iiper,!inj 

, .  . . -- -,,.,... m,, ,,.,*-,,,,, , *;.,-;' Fr tb,,~.; : ,,7,c :; : :xz:::: " .,,:....-. " . 
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frequency, portl;~la:ly when the t m i n  dlcl is colibrated, 
since my change in component values wlli chanqe h e  
resonint freouenn. Ii the c:rcuit blosvoltaaes aocex to be . . . . .  
normal and there i s  no output, conllect o modulated r-f slcjnal 
oenerator to the ontenno, the emitter, the collector, and the 
output wmding, successively. If the lnput circuit is de- 
fective, h e  simol will appear when the oenerator is con. 
nected to the emitter. 11 the transistor 1s defective, the 
signal will appear after the generator is connected to rhe 
collector. With a defectlve collector tank, the siqnal will 
oppear when the generator i s  connected to the output wind- 
~ng. If the signal does not appear, the output coil i s  open. 

It i s  important to keep in mlnd that any slight capacltlve 
coupling ot radio frequencies will pass o weak signal, so 
that c weak output is possible under circumstances which at 
oudlo frequencies ?iould be impossible. Thus, where more 
[ban one i-f stage IS used, it 1s poss~ble to have a "dead" 
input stoge and yet, thrauqh stray capacitive couplinq, 
obtain sufficient signol "leak-through" into the followinq 
omplifiei to produce o weak output. 

Low Output. LOW o~tput  can be caused by improper 
blos or supply voltage, o defective transistor, hlgh series 
resistance 01 impedance, or a low shunting lmpedonce or 
resistonce. The bias and supply voltage can be checked 
wlth a voitmeter. If the value of R1 increases, the emitter 
bias will be increased, and 11 the value of R4 increases, 
the collector voltagerange will be reduced; both cases 
will couse reduced output, and can be checked by use af an 
01,mmeter. If C5 opens, the base return to ground wlli be 
throuqh R3, which places i t  in series with the input slqnal: 
thus the input signal will be reduced, as well as the output 
signal. High resistances pioduced by poorly soldered 
connections car, also couse reduced output. Applying o hot 
iron to the defective joint will usually restore operouon to 
normal. If I i i  deterlorates to o very low value, the input 
signal will be pait~oliy shunted to ground and the output will 
be reduced. Were the transistor seems to be defective 
(less signol oppwrs on the collector side than on the 
emitter side), ieploce it with one known to be good. No 
current qan  i s  obta~ned through the transistor in the coirmon- 
base circuit, smce the collector current i s  alwoys less 
than the emitter current by the amount of base current. 
Nevertheless, when low impedance i s  used in the input 
and high impedance in the output, a relouve voltage gain 

wili be obtoinedbecouse of the greater voltoqe drop ocross 
the larger impedance. 

Distorted Output. Receiver 1-1 amplifiers ore operated 
Class A to ovoid distortion. Ii the bias i s  too high the 
peaks will be clipped, 01 if ttie bias is too iow o similar 
effect will be caused bv overdrivino, ond soturotion wlll 
occur on stianq slgnais; both effects are forms of amplitude 
distortion. If the selectivity i s  too sharp, frequencies out- 
side the band pass will be cut off entire]; or &iually 
attenuated. Thus, on modulated s ~ m a l s  some of the s ide  
bond frequencies will be lost, and frequency distortion will 
occur because of the loss of some of the audio siqnals. 
Normally, deterioration of ports coused by aging, moisture 
absorption, etc, will produce a reductlo" in the tuning cii- 
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cui: 9, and thus result in reduced performance and decreased 
selecrivity, but this will not couse distortion. On the other 
hand, ports volue changes con couse regeneration (positive 
ieedbackl ot certain frequencies or over a range of ire- 
quencies. Such feedback increases the sharpness oi 
tuning and can couse distortion due to s l d e b d  cutting. 
The prime cause i s  failure oi the neutralizing or ,milateral- 
iration network. Such effects con ulso he caused by o 

defective tiansistot. First check the neutrolirotion network 
ior proper component values, md then check the supply and 
blos bypass capacitors. In multipke-stoge receivers, 
common impedance coupling can occur through deterloration 
of the power supply bypass capacitor, tilus producing un- 
wanted feedback slmilor to that encountered in electron 
tube operation. In cases of this kind it i s  usualiy necessary 
to remove the defective capacitor and replace it with a new 
one in order to cure the trouble. Just placing the new co- 
pocitor across the deiectlve one will not always correct the 
troubie. 

Distortion caused by "cross modulat~on" irom strong 
local signals sometimes exists, and i s  primarily a fault m 
deslgn (lock of suffic~ent selectivity1 or the result oi roa 
close coupling to the antenna, which produces fundamental 
overload. Thus, soturatlon occurs, and the nonlinearity 
produced causes the unwanted siqnol to appear on the d r  
sired slgnal os cross modulation. This effect is most 
noticeoble when operating in the immediate viclnity of 
strong shore or ship stations. It cannot be remedied by 
normal parts replacement, but rather by external meons, such 
os changing the input and antenna couphng or Inserting o 
loss nefvoik ot the input. 

TUNED COMMON-EMITTER R-F AMPLIFIER. 

APPLICATION. 
The tuned common-emitter r-f ompliiier is universally 

used in receivers and test equipment to provide hiqh r-1 
gain and selectlv~ty, and to eiiminate imoges or other 
spurlous responses. 

CHARACTERISTICS. 
Uses common-emltter configuration. 
Uses ilxed bios lexcept when outornotic gain control i s  

employed), and some self-bias combinations moy be en- 
countered. 

Trmsistor provides high ?am (100 or better). 
Usually requires thermal cornpensatlan. 
Requires neutral~zotlan or unilaterolization only at the 

lower r-f frequencies, since it i s  inherently stable. 

CIRCUIT ANALYSIS. 
Generol. ?he large collector-to-base copocitance of the 

transistor tends to skmt the output to ground, when con- 
nected i n  the common-emitter configuration. Tnerefore, the 
amplificat~on tends to drop at the higher radio frequencies. 
On the other hand, o small chanqe in base current causes 
a very large relative change in collector current. Thus, 
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the small signal input controls a large current which d e  
velops the otput  voltage: this action i s  sinilar to e k e  
tron tube operatio? using the grounded-cathode canfiguratia;. 
Aithouqn the s;-t impPdmce of the common-emitter circuit 
i s  not a s  high as thui of the cnmmm-base ercuit, the l q e  
collector current flow through o moderate output impedance 
produces a much lorger output. Hence, the common-emitter 
circu~t always gives a large gain. Even at the higher radio 
frequencies where the qain drops off, it moy be possible 
to obtain sufficient aoin over that of h e  common-base cir- 
~ m t  to jusufy use of the mmmon-emitter circuit instead. -. 

i ne  co.~xior.-emttter c i r ~ ~ i t  Z!E~ hn+ o hiaher input 
impedance man that of the common-bose clrcu;t ios the 
order of a few hundred ohms). Conseyently, it i s  easier 
to match the input (ond the output) circwt for efilcient 
power transfer. As o resu!t, the ;omman-emitter circuit, 
rother than the common-base circuit, tends to be used uni- 
versally. 

Circuit Operation. The accompanying illustration shows 
a typical tuned rf ampllfier using the common-enutter m- 
figurction. L l  and C1 form the input tunicq circult, with 
both the antenna md  the base tapped onto LI to provide o 
proper impedance match. Capaciior C2 bypasses the lower 
end of L1 to ground for rf, md also bypasses bias resistor 
R1. Fixed hse bias i s  provided by voltage divider RI, 
R2. (See Section 3, porograph 3.44. far dscuss im of bias, 
and poragruph 2.4.2 !or n discussion of stabilization.1 'her- 

\ ma1 stabilization is provided by emliter swamping lesis".: ck 
\ 

Typical Tuned Common-€miner R-F Stops 

33 bypxsed by C3. The ourpui i ~ n k  cszsi+ts of C4 and 
L?, with h e  supply voltage fed at approxlmntely !he center 
,?( :he coti. Thus, w. outai-phose v o l t ~ g e ~ s  o~talned and 
: :?t> ' .'----h u I L ~ ~ . , , .  ~ C N  iut nei::di:ili,~ the !rnrsistor. LZ is olsc 
tnppo ur upw;;:::!e ?lints to matcil the cc!iector mid ikc 
o~rput  clrculi. 71e c~!put IS c~p~c i t lve ly  coupirii & i i u q L  
Ccc. Capacitor C5 tunct1o:is ti bypors r t  cround co:!ec:sr 
resistor H4 and riir sdppiy, m d  also to maintain the center 
;i :he coil at around potent~ol, in order to insure the prupei 
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phase relationships between the ends of the tank coil. R4 
IS a ~ l t q e d r c p p i n g  and isolation resistor in the mllector 
circuit (it is not always necessary to use R4). 

Operation of the tuned mrrmon-emitter r-f amplifier is 
very similar to the previous!y discussed R-C cwpled audio 
amplifier usmg l i ie io-.-.am-emitter circwt, with the tuned 
tank circuits reploced by cesiS:3:s. The basic d:fierruse 
i s  that the audio amplifier operates at low frequencies 
wlth relatively slowly varying signals, whereas the I-f 
ampllfier operates at much higher frequencies and follows 
the relatively slowly varying envelope amplitude when 
modulated. When not modulated, continuous-wave signols 
,~r!!hm the ban6 pass oi the tuned circuits are amplified 
equaily on the posit:ve and r,eq:;:c ha!!-~cles, and vary 
m amplitude with the average amplitude of me input s i ~ . g l .  
Thus, as the s~gnol fodes it the output siwal is larqer, md 
a s  i t  fodes out the output sign01 is smaller. ?he action, 
meanwhile, occurs ot the r-f n t e :  for example, a continuous 
r-f signal of 30 megacycles requires a time of only one 
thirty-milllonth of a second to complete one cycle of opero- 
tion. 

At the start of the cycle of operation the rronsistor i s  
resting in a quiescent condition, with the mllector current 
determined by the d-c base bias, which i s  fixed for o specl- 
i ~ c  supply mltaqe by voltage divider resistors R l  and P2. 
It i s  usual practice to bias the hse neqotive with respect 
to the emitter (forward bias). 'he difference in potential 
~s nomolly only a few tenths of a volt, md  i s  set at the 
crnter oi !he iorwliid trzsier characteristic curve for Class 
A operation. Since the received signal is normaiiy o;; ths 
order of m~crovolts, the low bias value is sdequate to p r r  
vent overioad~nq (except in the cose c i  strong local siqnalsl. 
Either automatic or mmual gain control 2s usual!y provided 
in piactical r-i stoqes to occarnmodate :argesiqnals; this 
is not shown in the schematic, to avoid circuit compli- 
cation md for ease of discussion. (See Section 21. Part 
8 ,  Control Citcuits, of thls Handbook for the iunctioninc 
and operation of semiconductor automatic qan  control cir- 
cuits.) 

Assume that on I-i signal within the band pass of the 
tuned input (tmk) circult, consisting a! L l  md Cl, 
gipears at Lbe antenno. ',\'it? the ontenno tc~ped onto 
L! at the proper number of turns to motch its impedmce, 
t ie  low-impedance antenna resistance i s  trmsformed by 
~,totronsiormrr J R I ~  to i;lo?;k h e  iaije parallel resonant 
impedmce oi t ie tank. nus,  muximiim s ipa i  translrr 
from the mtenna tc :ke c?!! 1s obtained. In turn, the bose 
i s  also topped onro Li for a proper irnpedacce motcn, I- 
change the iow inpiit :es:s!?nce offered by the common- 
emltter circuit to o voiue ;iiiit more :!oseiv matcnrs tiit 
higb irnpdoncr of the ?xed input c~icuit. W~th  bypass 
mpocitors C2 nod C3 effectively grounding tr,e bottc,m a! 
L1 and the emitter, iespectlvily, cs far ns rl  is ioncernsi, 
the tuned input circuit is connected between the base ana 
the emitter. Thus, the r-1 slgnui ~GE: zc! !\nw throuqh the 
b ~ a s  voltage div;der or the emitter swamping resistor (R3). 

Assume, fcr ,the moment, t!ot the input sign01 i s  swinry 
;no znqa!ive a,\: ;Sdz I,., ihc fz:,unrd bose bws ,  ihis p:c- 
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ducinq an lnnease In coilector current, (which i s  a flow of 
electrons from the supply through L2 tc the collector). Ap- 
pixcation of the instantaneous negative signal voltaqe to 
the base a iQ1  couses a flaw of holes from emltter to base. 
This i s  the same os a flow of electrons tiom h s e  to emit- 
ter, and a c~rculoting base current flow occurs from the 
emitter through C3 to ground, and through C2 and the lower 
portion of L l  back to the base. On the positive holi of the 
]"put s~gnal the forward b ~ a s  is reduced, and the collector 
current, likew~se, is reduced. Electron flow and base 
current ilow are through the same path as given previously 
for the neqouve half-cycle, but is &minished in voiue. 
W~ttl equal positive ond negative swings, an averoge value 
of base current flow occurs, and varies in accordonce with 
the siqnai an.plitude. The collecmr current follows, but it 
i s  larger in amplitude since i t  is approvimotely equal to 
beto tmes the input signal. 

Since the input tonk circuit i s  tuned to h e  frequency of 
tile incominj siqnol, only r-f signals within the band puss 
oi the tuned clrcuit appear at the base and affect the col ier  
tor curmt. The ,zmount of selectivity of the tuncd cir- 
cuit depends '~pon the unloaded Q of the tank. Yhen this Q 
i s  hi@, the tuned clicuit i s  highly selective, and only a 
nnriow bond oi frequencies is accepted b the tuned cir- 
cult. Thus, the base current IS controlled by the tumnq of 
:he tank clrcuit. When the tank circuit 1s resonant to the 
signal, a base current 1s injected into the transistor; when 
it is nonresonant, only the d-c (bias) value oi h s e  current 
ilow exjsts. 

In the collector circuit, the load impedance acioss 
wh~ch the output is developed consists of tuned tmk circuit 
L2, C4. Coil L2 i s  bypassed to ground for rf at the supply 
valtage tap by C5. Thus, the rotor of tuning capacitor C4 
can k grounded to avoid body capacitance effects when 
tuning. The portion of L2 Setween rhe supply and the low- 
er end of L? forms a neutralizing winding, which furnishes 
180-degree phase s h ~ f t  md supplies an out-of-phase voitoqe 
back to the b s e  through CN. Thus, the effect of the tuned 
input and output ci:cl;ils b r ~ n g  coupled through the tion- 
sistor collectorto-base capacitance and the internal base 
spreadrnq ieslstance of 01, which causes pslt ive feedbock 
and oscillation, are conceliedout. This type of neutroiizinq 
circuit i s  similar to L5e Hazeltlne neutrodyne method used 
with electron tube operation. Since the output impedance 
i s  the low input resistance of o iallowing comrnon-emltter 
stage: the coupl~nq capocitur i s  tapped a: some intermediate 
value of turns ratio between the supply and collector taps. 
Thus, a step-down ratio is provided to match the transistor 
output for maximum pwer transfer and gain. The collector 
is also shown topped down on L2 tor proper matchinq, 
assuming that the tuned lmk impedance i s  higher than the 
collector impedance. %is is usually true at low r-f ranqes: 
howzver, at high rodlo frequeocies, such as in the UHF 
region, the tank and collector impedances moy be of the 
some order, in which case the collector may be connected 
to thetop oi L2. (In some circuit verslons o deliberate mis- 
match may be arianqed and the neutralizing QriCngement 
dispensed wlth.) 
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Reqordless of the impedance-matching or neut:olizing 
methods used, however, the output signal 1s ?eveloped 
ocross the ~mpedancr provided by the parallel tuned tonk 
circuit. At resonance the ~mpedance is high, and off reso- 
nance it is o lower value. n u s ,  lot frequencies with~n 
the band p s s  oi ine tuned circuit, the impedonce is high, 
ond o large voltage drop occurs across this impedance. 
Tilth a negative-gong input simol the callector current 
flow causes o drop across the psrollel-tuned tmk which 
reduces the sollector volta;e toward zero. Since the collec- 
tor is reverse-biased, the output is positivegoing. When 
the ~nput signal swings pasitlve, the forword bias i s  reduced, 
wh~ch reduces the collector current also. Less voltage drop 
occurs across the output tank, and the collector voltaqe in- 
creases in o negative direction, thus producing a neqotive 
output siylol (common-emitter output ond input polarities 
are oiwoys opposite). R e s e  posnive and negative siwal 
excuislons OcNr ot an 7-1 rote. For a constant-amplitude 
input, a constant, amplified output signal isdevelaped. If 
the signoi i s  modalated, the output amplitude follows the 
waveform envelope, and the output omplitude varies in 
accordance lvith the modulation. With slgnoi swinqs less 
than the applied kase bias, no distortion is produced. li 
the input s~qnal isgreater than the bias, or if the callec- 
;or voltoge rs dropped to zero before the peak occurs, then 
clipping and distortion eflects ore produced. Resistor R4 
i s  used to drop the collector voltage to the proper value 
and to oct as a decoupling resistor. It also prevents the 
collector voltage irom being driven positive by stronq siq- 
nols, which would forward-blas the collector md cause 
heavy current flow with distortion. The transistor cose is 
qrounded to prov~de better shielding and prevent r-f feedback. 

Fiormolly, swamping resistor R3 is oifected only by slow 
d-c voriotions ai emitter current caused bv ambient temper- 
ature changes. The increased enntrer cu rent flab, with 
temperature produces a voltage ocross R3 which opposes 
the bsas voltage and reduces he emitter current hack to its 
original value. Any r-f slgnd is bypassed ocross R3 by 
C3. n?ls is co~,vent~onoi emitter swomping octlon. 

The output is shown copocitively coupkd since it is us- 
ually more econom~col than providtng a secondary wlndinq 
to com~pie out of L2, plus the fact that at high frequencies 
it i s  sometimes difficult to obtain optimum coupling between 
ivind~n,>s because of high-frequency etiects. Any of :he 
topped tanks shown in ine schematic car, be replaced by 
tuned transformers without my change in operation, if they 
hove sufhc~ent  coupling, 11 they tune to the same frequen- 
c ~ e s ,  ond if they tune over the some range. Circuit cost 
and designer's preference usually determine whvhlch are used. 

FAILURE ANALYSIS. 
General .  When moking voltoqechecks, use a vocuum- 

tube voltmeter to ovold h e  low ,?slues of shunting resistance 
employed on the low-voltoge ranges of valt-ohrnmeters. Be 
careful olso to observe proper polarity when checking can- 
tlnulty with the ohmmeter, since o forward bias tt,ioti~h any 
of the transistor luncuons will cause a lnlse low-resistance 
leading. 

CHANGE I 



ELECTRONIC CIRCUITS NAVSHIPS 

,&hen checklnq r-f vcltoges, always us, 3 vacuum-tu~e 
vol:meter ('VT'r'bl) cr sr; e lec t ron~c  voltmeter with an !-i 
probe. The Lxni.e,nt:or~a! voltmeter ~ n d i c a t e s  only bc. Tnrw 
[are, i t  1s necessary ilrst to rectafy the r l  belore he  vuit- 
r r t p r  a>:! i ~ 2 : ~ n : e  p-operiy. Th:5 is done adto30!icaily 
in the VTTG,, "ill; sepo~a te ly  by ri,t i-! 3:3& wneri i l l i  
e l ec t ron~c  io!tne!er !s used. 

No Output. Open base, emitter, o: collector ca:cults 
ot short-clicuiied ; r p d  or output a r c u l t s ,  as ivell a s  lock 
of supply vo!tale or a ie iect ive t rws l s to r ,  ,con couse no 
outpui. 11 e:thcr il is ope2 o: E l  is shorted, r.o output wlil 
oe cbtai.eu. :! L1 :s  d:sco!;cez:ed from C1, Doth the can- 
: ! L T : . i ''1 ran. be ciieckeb with nn 
ohmmeter. Lcck of supp!,, v a l r q e  a s  ;vpl; u, ;;;; ..c!!iy 
cun oe 50t;rm;-rd 51 use oi a ~c l i , z s ; e r .  Pinper base b a s  
!nd,cnrt-a ibc; :?.? $.os f l ~ v l d i i  2nd lcwer ?c:! 'o! L1 a:? con- 
nected t c  rile ucsc?. L:b:c;;:;, z n y r  co!!ector ~ ~ ! t l i j e  ir: 

~ ~ 

dlcates  mu! 34 i-2 L? 3rp SD~~S!CC!OP/ and !ha! rm!nq 
caoocitor C4 is not shorted. If  C5 i s  shorted. Vie lull sm'u:i  . .  . 
voltage ?!!I! be ,a:cr;pel ocrois fi4, cni there w d  be no out- 
put. !f coupling capa3 la i  Ccc I S  open, no output wlii be 
ohtojned (although mere ls a p o s s ~ b i l : ~ )  t'i:: 3 stronq s l ' ~ n a l  
m y  still  fee0 :?r~ugi, as ; 'n,rok siqnal by stray capucltive 
coupimgj. i f  rr.:itter :eslstoi 23 1s opsr,, t i e re  con be GO 

OUCPU!. If neutral~zing capacitor CN is open ond the i e d -  
bzck 1s sd ! r~aen t ,  tne transistor mo), be tlccked, with con- 

. sequent :ass oi  mtput ,  oltnougii i t  1s more ilkely tho! a low 
c.r;~; ,,TI:> z+?c! indddistartior, wlli t e  ohrclned. How- 

y ever, ,, Zz. ;s j;o:;eJ, tii LZE? g11 ~ " , i ~ . . ^ .  b,u' ... ...A. !i L . i  -. -'".'- *,,".. 
ed tnr i l~qh he reu!ra:,ia:~cr, cwl  m d  no O L ~ ~ U :  wlii ~e 

\ obtotnet.  
P:c;::o!ly, the collector v o l r q e  .rill St !s,;er !?an ine 

supply vo!ti;e h c o ~ i s e  of the drop ncross RS. .&. i l 3 h  sol-  
lector vo!;a;c wtll !r.dicnte i3prapt.r Li:s cc ['fie h e ,  or 
k i k  r2i ~~lli?c!or c ~ ~ l r 2 n :  5-e !LS ; ?~!citi,ir r m ~ ~ s i o r  O: cn 
o e n  emitter resistor (R?). !f the tronsiitoi is i.- dclilh!, rs- 
clace i t  nitir one knoivn to !x in jood ,ci;crctinq condition. 

LOW output. i f  0;s !~:,:!"r:d bms  15 too  OW, i! the  50;- 
lector vol tageis  !ow, or : f   he t;m.s!stor oam has  deter,- 
orate.:, a :ow autpc! wi:; Li ;kc:ne?, til,?h-it-sistm;i 
soloerea :o-t'rit.~is i: :" 1i.pl;t and o ; ! ~ !  tanks or sun- . . 
resononce con ulsc  couse n reduc:!c,n oi tnr  output. :! 

ernl!ter resistor n3 !nc:euas; ::. .:":F nr hy~asb capdcltor -- .. , , 
i > u$n,;, :ce :r.!,?.: &:;I ; : ~ ? n l s ;  i r  ~ed'i,-er! by emitter 

3 ! TGe k w i  x,: c~!!ec,rir v ~ l i u u i ;  ;::! . , - ,er, 2n; v <  7J!! ce ,-;;ecke; .;;:!b :e C ~ ~ E L C  .:., .,.:? - --L!,,,-' -. ,7c 
an shmmrrei. .A,!?. o;ec c y p s s  cqxc:t3r L L ,  b,, U; -.. 

..,-= . .,:i:c,! 7.: :he %:?,I m:oujn 105s 01 p i  sij;;al 
,n the r,ss x,c sdkgi: -:.;.;::: ?:,': PW e r n t ! ~ !  G ~ ~ C , . = . C , . : : . ;  

, . . . - '.. -L,o,..!& ' .. ,.,. .-.... .. . V  :::lick.. . . ow ,. . ~ r ~ r . .  
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s h u n t ~ n ~  on equ~valenr copnciior across i t .  An increose in 
output when this 1s done lndicotes that tne oii3:nai cap.1~1- 
tonce 1s insu!l~cicnt. To determine h o t  the t m e d  c ~ r c u i t s  
are operatma praperiy, ~ r s e i t  ; zoduloted s ~ o n u l  iron il 
slTcl  generotor into me uiltinnn, ap2d use or a s c ~ l l o s c a p e  
with a? i-f probe to ietermlne ..vt,ether the s : x d  OPpeOIs 
a t  rirbase am.? tb,e ~ii!i;:~:_ T ' i n ln .~  the tonk circkl:; w!li 
cause the signal ta increase ,I; i n p ! i t d e  nt tile resonant 
i r equenq .  !i the tuninq hc; r.0 ei iect ,  the tilnks are opell 
or shorted and must be dtsconnected and cil?ckic :d!v!dua1- 
ly. ')%en the a r c u l t  componecti appear to te operrrtin~: 
normoily orid t'ne outpl.! 1s lev:, suSsl!lute a t ims l s t c i  
knowr !c be q x d  to determine wherre: the o::ilno1 tran- 
,-i..n. ".-. ,; J t  :ouii. 

,Yhcre kii ""l; -,;. : ';- ...., . , ... , t " .--- . . -.,-,,,. <or,- 
trui !he .;c!x!?e rltttorrratlcoll!,, do not nrqlect tnr  po->;L.;.:, 
Ihal too grec: 1 AS7 :oltuqe r o y  be oi~sir.~l-;f! :ie stiinr- 
'!,:::A c properi" it~nctror,i;,q :::cj!ti :tie 4ZC vc!taae .r:il 
"or" in occor:;nce wltr: t;,e i:rcz;!, :I tkc I?.r 7 -:;nai, 
or with the tuning, as me :i;I;c? s!?nni 1s selected. ?,!t-. 
delayed A Z i  i t  1s normol for the AC-C bias ,,ol!oqe to be 
almost zero ~ l t h  iieik sl,qols so thl t  i ~ l l  ser,s:t:vity 1s 

03tcllieO. 
Distorted Output or Poor Se!sstiritl. it t!:e ;:a; !x 

n,qh or too iw, $ie si~i10i  nay  i? cllppe5 i y  opera::-; n! 
or near satllrorlon or cuto!i, respPc!!.!eiy. i l  tr.rri;c. I?,- 

cess ive  regeneration 0: scne irequer;), !" t m m Q  mcy be 
sharpened s~f!~cien!ly to couse sideband cutoff,  and i r e  
quency distortion will result f ron ti.? loss  oi oiiqinul i r e  
zue"cirs rion ;;;r.l:r t l - i  :r+z+-"ms band. Poor seirct- 
!vity (broad tbn~ng j  is YSI;U~~~ C U Y S ; ~  b; 5.?z?. :~s1st iyl ie  
.;; :kc t-ned rircd;:s ?uc to poorly scldered loints or aqlnli. 
A :c,:,trin; c: tkp tuned clrcutt 2 nr 2::- ::..:c Q bmnen- 
~ n q  o f  Vie srleii~~!:;. c3rvi ond :eadce lh2 apparen! ;>in. 
l Y > ~ i  coilbraled j i a l s ,  reccpt:cr s! !hi s!-rrol ot tie wrcn; 
!rcqbi?:,-\. :n&cntes o change in c;;cu:t consrants in !he 
lank, cr a ciiulje i; :he EtrOy md I~~s ! ; ; ?~ :P~  ?'rb<.:: 25- 

pocltance ir, :he tried circuit. Usually, o reod)ua;merbi -f 
the tr1nc;er ~api10cit~:s ,wi!! restate the col~bi- t ioo ra ncrmal. 
It 1- p a r t i c ~ l o r l . ~  :mportoni wi!ilc ;?ix::!?q or t ~ o u b l e s i i m t i n ~  
:-! circilits not to i i s t i i b  the !eod ?ress  or reroute the wirlng; 
nrnereise, 3 chonge in stray cap3c i t~ r i c i  (0: :?,ducl~nce) 
will cause lrnprogei ;rd&ii;i ..! 152 :.:?,el T I I C G ~ ~ ! .  !.?c!stule 
;i:.::!jo~ In colls and dielei:ricr plus a.yoq effects  cur. 
: . ay i r  c lncc oi 0, whlch con be iestcic2 an!;. (ir~nlacino 

:.~?c< C ! . " , , , , S  cr c j  :<!!:?!;:,j ::.<- ,7:<?k">kiq I?, 

-I ,am t~ ielir;= i-c z c i r t i r p .  .A s i :  s;rz~; Y.!?. :T 
<:oust z !,2W s.,!:!.,l :=;,u::-.:- ?T.,?S. <: x-?,:.: 7",C 

re-,ir wushin,q md jryir,; :J ;;;i.:cc- ncil:,i: iz;,:::. 1. 
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