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WHY FIGHT GRID CURRENT I N  CLASS B MODULATORS?+ 

J. L. Hollis 
Collins Radio Company 

Cedar RapTds, Iowa 

B B S r n C T  

Grid voltage waveform dis tor t ion   ranks   wi th   ou tput  
transformer  inadequacies among Class B audio  ampli- 
f iers  deficiencies.   This art icle dea l s   w i th   t he  
problem of grid  voltage waveform d i s to r t ion   and  
suggests  the  use of low pla te   res i s tance  low mu 
t r iode  tubes as a solution. By avoiding  operat ing 
conditions which r e s u l t  i n  gr id   current ,   the   major  
source of d i s tor t ion  i s  eliminated. Direct coupled 
dr iv ing   ' c i rcu i t s  which encourage la rge  amounts o f  
inverse  feedback a r e  r e a d i l y  employed under  such 
conditions. A typical  amplifier and i ts  measured 
charac te r i s t ics  i s  used f o r  i l l u s t r a t i o n .  

1. m y  Is This  Subject  Important? 

Class B operation of  push-pull  amplifiers is  one of t h e  best  ways 
known today of obtaining  high power. with  reasonable   eff ic iency in  t h e  
audio  frequency  spectrum. In order   to   keep  the  harmonic  dis tor t ion  to  
a tolerably  low,value,   careful  at tention must be paid t o  t h e   d e s i g n  of 
the  output  transformer and the   g r id   c i rcu i t   de ta i l s .   Proper   t ransfor -  
mer design  has  been expound.ed by several   authors .   Grid  c i rcui t  design, 
on the  other  hand, has been more o r  less by r u l e  of thumb. 

2. Thy Is Grid Current an Important Cause of  Distortion? 

Figure 1 i l l u s t r a t e s  the  grid vol tage   p la te   vo l tage   re la t ionship  i n  
Class B operated*vacuwn  tubes. It will be.  noted that the two lef thand 
curves  are f o r  a medium mu triode. The extreme le f t  curve shows typi -  
cal  operation  with  intermediate  values of grid  voltage. The maximum 
value of grid  voltage i s  less   than  the z e r o  bias   vol tage s o  t h a t   t h e  
grid i s  always i n  the  negative  grid  region.  Plate  voltage  swing i s  
nominal,  being  considerably  less  than  the maximum c a p a b i l i t y  of the 
tube.  This  operation  naturally w i l l  be   very   inef f ic ien t   because   the  
m i n i n n r m  value of plate  voltage is  always rather   large.  The middle 
curve, on the  other  hand, shms a quite  acceptable  plate  voltage!  swing 
which brings the   eff ic iency t d  r ea sonab le   va lues   bu t   r equ i r e s   t ha t   t he  
grid be driven  into  the  positive  region t o  do SO. Please n o t e   t h a t  a 
small curve is shown which i s  designated  grid  current.   Grid  current 

*Presented at the Audio Session of the IRE Convention in Long Beach, 
California on August 29, 1952. Manuscript received Janumy 23, 1953. 
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starts f lowing   a t   t he   i n s t an t   t he   g r id   vo l t age   pas ses   t he  zero line 
and moves i n t o   t h e   p o s i t i v e  gr ib  region. It i s  dur ing   t h i s   i n t e rva l  
when g r id   cu r ren t   f l ows   t ha t   t he   d r ive r  i s  c a l l e d  upon fa deliver 
power. If t h e   d r i v e r  voltage regulation i s  anything  but  perfect, the  
vol tage  will drop  below  what i t  should be during  this  grid  curren*'  
i n t e r v a l .  The dotted  curve shows a possible  modification o f  t h e   v o l t -  
age waveform as a r e s u l t  of t h i s   g r id   cu r ren t .  It should  be  noted t h a t  
th is  also affects the   p l a t e   vo l t age  swing. These points a r e  the d i s -  
t o r t i o n  which i s  common t o  t h i s  form o f  operation. The only way t o  
operate  under  these  circumstances  without  excessive  distortion is t o  
make t h e   d r i v e r ' s  impedance so low t h a t  i t s  voltage  regulation i s  
essent ia l ly   per fec t .   This ,  of course, i s  very  wasteful o f  d r ive r  
power and t e n d s   t o   o f f s e t   t h e  improved amplif ier   eff ic iency.  

The curve on the   r igh t ,   which  is designated as a low mu t r iode ,  
i l l u s t r a t e s  a different  approach. Here .a tube i s  selected that is 
capable of e f f i c i en t   ope ra t ion   w i thou t   t he   necess i ty  of operating in 
the  posi t ive  gr id   region.   Grid  vol tage i s  shown always i n  t h e  nega- 
t i ve   r eg ion .  Even so, t h e   p l a t e   v o l t a g e  swing  reaches a very satis- 
fac tory  minimum value,   which  thus  insures  reasonably good eff ic iency,  
dur ing   ' the   nega t ive   ha l f  o f  the  cycle.   Since it i s  never  necessary 
f o r  t h e   g r i d  t o  be dr iven   pos i t ive ,  no gr id  cur ren t ,  flows  and  there- 
f o r e  no power is required from the   d r ive r .  The d r i v e r   i n   t h i s  case is  
simply a vol tage  amplif ier .  It is  t rue   t ha t   t he   d r ive r   vo l t age  re- 
quired may be  considerably  higher   than  that   required by a medium mu 
tr iode.   This   vol tage swing i s  r e l a t i v e l y  easy to obtain  since no 
power is required.  It is only when a cornkination of  voltage  swing 
and power output   a re   requi red  that  dr iver   des ign  becomes a serious 
problem. 

3. What Are t h e   C h a r a c t e r i s t i c s  of an   Idea l  Audio Pmer  Amplifier? 

A power ampl i f ie r  which  approaches the  i d e a l  is one i n  which the 
g r id   t o   ca thode  impedance  remains  constant  throughout  an  entire cycle  
of driving  voltage.   This  might Be some f i n i t e   v a l u e  i n  which case 
t h e r e  would be a cons tan t   p ropor t iona l i t y  between the   d r iv ing   vo l tage  
and  grFd  current, o r  it might  be  infinite.   Unfortunately,   there are 
no s u i t a b l e  vacuum tubes which present a cons t an t   f i n i t e   i npu t  imped- 
ance.  Therefore, w e  must choose a tube  with  infinite  input  impedance. 
This means that the   g r id  must  never' be dr iven   pos i t ive  w i t h  r e s p e c t   t o  
the cathode so t ha t   g r id   cu r ren t  never flows. Such a tube  obviously 
never   d i ss ipa tes   any  power from the   d r iv ing   sou rce  and thus has a 
second  advantage.  This we s h a l l  set  a s i d e   a s   c h a r a c t e r i s t i c  -- 

a. - -  No driving - power requi red  

In   o rde r  that reasonable   eff ic iency nay be realized, i t  is im- 
p o r t a n t   t h a t   t h e  mininun p la t e   vo l t age   be  reasonably low at the peak of 
the   cyc le .   S ince   th i s  peak occurs when t h e  g r i d  i s  a t  i t s  maximum s w i n g  
i n  t he  pos i t ive   d i rec t ion   which  i s  i d e n t i c a l l y   t h e  zero grid vo l t age  ' 

l i n e ,  it is important  that   the  tube have low pla te   res i s tance  a t  this 
instant.   Therefore,  a second  charac te r i s t ic  of  a good audio power 
amplifier is -- 
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be Low p l a t  e res is tance -- 
A low plate  resistance  tends t o  make a constant  voltage  gener- 

a tor   ou t  of the  amplif ier  which; f o r  modulator  service  where the load 
is determined by t h e  Class C amplifier  loading, i s  a d i s t i n c t  advan-, 
tage. 

4. -%.Are the  Par t icular  Requirements  of Tubes f o r  This Service? 

In  a t r iode  tube the relationship between the  important  tube  para- 
meters i s  expressed  as mu - GH R It i s  apparent from t h i s  that t0 
have low plate   res is tance  the  tuge must have a high transconductance 
and a low mu factor.  Generally  speaking,  then  tubes which best meet 
th i s  requirement mi11 be low mu. 

’ A few examples w i l l  i l l u s t r a t e   t he   po in t s   j u s t  made. 

Figure 2 i s  a t yp ica l   p l a t e   cu r ren t   p l a t e   vo l t age   cha rac t e r i s t i c  of 
a t r i o d e  of medium or high mu. It will be noted  that  the zero bias l i n e  
has a ra ther  f l a t  ‘slope. A typical  load  line‘ has been  superimposed to 
show that driving  the  grid  only t o  the  zero  bias i s  a v e r y   i n e f f i c i e n t  
use of the  tube. The l o a d  l i n e  must be extended  (dotted  portion)  into 
the  posi t ive  gr id   region t o  realize any efficiency. 

Figure 3 i s  a typ ica l   p l a t e   vo l t age   p l a t e   cu r ren t   cha rac t e r i s t i c  Of 
a l o w  MU triode.  It will be  noted  here that the superimposed load l i n e  
r e p r e s e n t s   r e l a t i v e l y  lm minimum plate  voltage  values when it i n t e r  
s ec t s   t he   aem b ia s  line. The ex t r a   do t t ed   l i nes   i l l u s t r a t e  a range of 
su i tab le   load  impedance values. It i s  t o  be noted that the  p l a t e  v o l t -  
age  swing  changes  very l i t t l e  as the load impedance i s  changed. 

Figure 4 i s  a typ ica l   t e t rode   cha rac t e r i s t i c  curve. Here it is ap- 
parent  that by careful  choice of the  load impedance very  high  plate  
c i r c u i t . e f f i c i e n c y  is obtained. It will be noted, however, that small 
changes i n  p la te   load  impedance cause  serious  changes  in  plate swing. 
In  many c a s e s   t h i s  i s  a serious  disadvantage. What i s  not shown in 
these  curves  are  the  screen  current  variations.  Screen  current flows 
in pulses qui te  l i k e  grid cur ren t   i n   pos i t i ve ly   d r iven   g r id   c i r cu i t s -  
Its peak value  deperds  considerably on the  minimum pla te   vo l tage  dur- 
ing a cycle.  Extremely good regulation of the  screen  voltage supply 
i s  therefore  a must for proper  operation of te t rodes i n  Class B ampli- 
f iers. 

5. What C i r c u i t  Advantages Does Class Bl Operation  Provide? 

(Class 31 operation i s  defined as an operating  condition  where the 
plate current flows f o r  one-half  cycle,  while grid current  never flows 
fo r  even a fraction of a cycle. The subscript  1 indica tes  this g r i d  
current . l imitat ion.  A subscript  2 refers   to   operat ion  wherein  gr id  
current flows during a t  l e a s t   p a r t  of a cycle. ) 
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Since   t he re  is no  gr id   cur ren t  t o  contend  with,  the  coupling cir- 
c u i t s  between  the  dr iving amplifier and a Class B 1  modulator  can  be 
simple and o f  t h e   t y p e  common t o  ordinary  vol tage  amplif iers .  
Res is tance   capac i tance   c i rcu i t s   can   rep lace   the   usua l  Class B driv- 
ing  t ransformer.   Figure 5 i s  a c i r c u i t   w h i c h - i l l u s t r a t e s  this f a c t .  

Figure 6 i s  a modification of the  schematic shown i n  Figure 5 
wherein a d i r e c t   c o u p l e d   c i r c u i t  i s  subs t i t u t ed  between the   d r ive r  
and t h e  power amplif ier .  An input   s tage and a feedback  c i rcui t  are 
a l so  shown. This arrangement has very marked advantages where inverse 
feedback i s  to be employed. It w i l l  be noted   tha t   there  is only.  one 
capac i to r  i n  t he   en t i r e   f eedback  loop which is almost a certain  guar- 
an tee  of proper low frequency  phase  versus  feedback  loop  response 
c h a r a c t e r i s t i c s .  There  can be no low frequency  motor  boating  with 
t h i s   c i r c u i t ,  no matter  how  much inverse  feedback is used. It will be 
noted also that   the  high  frequency  feedback  loop  response can  be r e a d i l y  
c o n t r o l l e d  by t he   s t r a t eg ic   cho ice  of p l a t e  load resis tance  values   and 
ra ther   s imple   response   shaping   c i rcu i t s .  

It will be   no ted   tha t   the   d r iver  is operated d t h  its cathode nega- 
t i v e .  to ground. This allows the   vol tage drop i n  t h e   d r i v e r  load re- 
s i s t o r   t o  be   used   d i rec t ly  as t h e   b i a s  and s i g n a l   v o l t a g e   f o r   t h e  modu- 
lator.   Although a t r i o d e   d r i v e r  i s  shown, a t e t r o d e  may be used t o  Con- 
s iderable   advantage   to   ob ta in   h igher  voltage gain. The screen connec- 
t i o n  i s  shown dotted. 

Typica l   charac te r i s t ic . s  of a modulator using t h e   b a s i c   c i r c u i t  Shorn, 
i n  Figure 6, bu t   wi th   th ree  8C2s tubes i n   p a r a l l e l  on each Side of t h e  
push-pull c i r c u i t   ( a   t o t a l  of six i n  a l l )  are as follovm: 

Tubes 
- . .  

_I_ 

First Stage -- 12AX7 Plate Voltage -0 5 KV 
Second Stage 0- pirsh-pull 4-29~ Input Level -- +lo DE?4 
Third Stage 00 ( 6 )  - 8C25 Inverse Feedback -- 20 DB 
Power Output 0- 25 Kw 

Figure 7 shows the  inverse  feedback loop response  for a. 50 t o  
15,000 cycle  passband. Both ideal and actual  response  curves are 
shown for stable   operat ion  with 26 DB of .feedback and actual  opera- 
t i o n  d t h  20 DB. 

Figure  8 shows a typical response  curve  taken  from  the  rectified 
RF of a 35 KW transmitter  which'was pla te  modulated by t h e  modulator 
described. The high  frequency  cut-off shown i s  produced by a low pass 
f i l ter  f o l lming   the   modula tor   un i t .  

Typical   values  of d i s t o r t i o n  measured f rm t h e  same rec t i f i ed '  RF 
source a r e  shown in t h i s  same f igure.  It w i l l  be noted that  from 100 
t o  3,000 cycles  the d i s t o r t i o n  i s  less   than l$, while between 60 and 
15,000 cyc le s  it is  well below 2%. 
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Fig. 1 

Typical ins tan taneous   p la te  and 
Tm gr id   vo l tage   re la t ionships  for  

Class B operated tubes. 
Left  and  middle  curves are f o r  
medium mu, while right curve 
is f o r  low mu t r iodes .  

GRID VOLTAGE AT 
ANY INSTANT - . . . . - - . . . . __ __ . . 

LOWp TRIODE 

Fig. 2 Typical  plate  characterist ic  curves Fig. 3 Typica l   p la te   charac te r i s t ic   Curves  
f o r  a high mu triode  with a possible for  a low mu t r i o d e   w i t h   s e v e r a l  
load l i n e  superimposed. possible load l ines  superimposed- 

&- Typical p l a t e  characteristic curve 
f o r  a tetrode tube w i t h  several 

E; 0 possible   load,  lines superimposed. - 

' b  
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D R I V E R  MODULATOR 

Fig. 5 
Convential driver modulator arrangement f o r  Class B1 operation. 
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"yyical inverse  feedback loop response showing the  
idea l  curve f o r  a 50 to 15,000 cycle passband and 
a s o l i d  curve depicting the   curve  actual ly  attained. 

0 

-5 

-IC 

Fig. 8 

Typical  response and d i s to r t ion  data measured a t  the 
output of a 35 KW AM transmit ter  employing Class 
modulators i n  the direct coupled c i r cu i t   desc r ibed  
i n   t h i s  paper. 


