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Abstract:
The primary purpose of this thesis was to determine the characteristics of the cascode amplifier and to
develop equations for the design of such an amplifier.

This entailed developing equations from the equivalent circuit of the cascode amplifier and then
confirming these expressions by making measurements on an amplifier in the laboratory.

Fairly good agreement existed between predicted and experimental results. 
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ABSTRACT

The p r im a ry  p u rp o se  o f  t h i s  t h e s i s  was t o  d e te rm in e  th e  c h a ra c ­

t e r i s t i c s  o f  t h e  c a se o d e  a m p l i f i e r  and  t o  d e v e lo p  e q u a t io n s  f o r  th e  

d e s ig n  o f  su c h  an  a m p l i f i e r .

T h is  e n t a i l e d  d e v e lo p in g  e q u a t io n s  from  th e  e q u iv a le n t  c i r c u i t  

o f  t h e  c a se o d e  a m p l i f i e r  and  th e n  c o n f i rm in g  th e s e  e x p r e s s io n s  by 

m aking m easu rem en ts  on an  a m p l i f i e r  i n  t h e  l a b o r a t o r y .

F a i r l y  good a g re e m e n t e x i s t e d  b e tw een  p r e d i c t e d  and  e x p e r im e n ta l  

r e s u l t s .



INTRODUCTION

I n  low  f r e q u e n c y  r a d i o  sy s te m s  w here  t h e  g r e a t e s t  s o u rc e s  o f  

n o i s e ,  s u c h  a s  a tm o s p h e r ic s ,  a r e  e x t e r n a l  t o  t h e  r a d i o  s e t  i t s e l f ,  

t h e  s m a l l  am ount o f  tu b e  and  c i r c u i t  n o i s e  g e n e ra te d  w i t h in  t h e  s e t .  

i s  n o t  im p o r ta n t .  How ever, i n  t h e  v e r y - h ig h  f re q u e n c y  r a n g e ,  w here 

a tm o s p h e r ic s  a r e  n o t  so  s e v e r e ,  minimum s i g n a l  d i s c e r n i b i l l t y  i s  o f te n  

d e te rm in e d  by n o i s e  g e n e ra te d  w i th in  t h e  r e c e i v e r  i t s e l f .  Now, th e  

s i g n a l  e n t e r i n g  a  v h f  r e c e i v e r  i s  u s u a l l y  v e r y  w eak and  a l th o u g h  t h i s  

s i g n a l  ca n  b e  a m p l i f i e d  e a s i l y ,  any  n o is e  g e n e ra te d  i n  t h e  - in p u t s ta g e s  

o f  t h e  r e c e i v e r  w i l l  be  a m p l i f i e d  a lo n g  w i th  t h e  s i g n a l .  N o ise  g e n e r­

a te d  i n  s u b s e q u e n t  s t a g e s  i s  n o t  so  im p o r ta n t  s in c e  i t s  m ag n itu d e  i s  

s m a l l  com pared  t o  t h e  s i g n a l  w h ic h  h as  a l r e a d y  been  a m p l i f i e d  many 

t im e s .  T h u s , t h e  maximum a t t a i n a b l e  s i g n a l / n o i s e  r a t i o  o f  a  v h f  r e c e i v e r  

i s  s e t  by  t h e  s i g n a l / n o i s e  r a t i o  o f  t h e  i n p u t  s t a g e s .  F o r t h i s  r e a s o n ,  

lo w -p o is e  r - f  a m p l i f i e r s  a r e  v e r y  im p o r ta n t  i n  v h f  r e c e i v e r s .

I t  i s  w e l l  known t h a t  t h e  random  d i v i s i o n  o f  c a th o d e  c u r r e n t  

b e tw een  p l a t e  and  s c r e e n  i n  a  p e n to d e  m akes t h e  p a r t i t i o n  n o i s e  o f  a  

p e n to d e  t h r e e  t o  f i v e  t im e s  t h a t  o f  t h e  same tu b e  c o n n e c te d  a s  a  t r i o d e % 

t h e r e f o r e ,  i t  i s  d e s i r a b l e  t o  u se  a  t r i o d e  tu b e  i n  t h e  f i r s t  s ta g e  o f  

apy  v h f  r e c e i v e r ,

T r io d e  a m p l i f i e r s  t h a t  m ust f u n c t i o n  o v e r  a  w id e  f re q u e n c y  r a n g e ,  

s u c h  a s  i n  t e l e v i s i o n  r e c e i v e r s ,  a r e  v e r y  d i f f i c u l t  t o  s t a b i l i z e  u n le s s  

t h e y  a r e  h e a v i ly  lo a d e d .  S in c e  one h e a v i ly - lo a d e d  t r i o d e  tu b e  h a s  low
c-

v o l ta g e  g a in ,  i t  w ou ld  seem  d e s i r a b l e  t o  u s e  tw o t r i o d e s  a t  t h e  in p u t  

o f  a  v h f  r e c e i v e r  t o  im prove  i t s  n o i s e  f i g u r e .
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Two t r i o d e  tu b e s  can  be c a sc a d e d  i n  n in e  p o s s ib l e  ways b u t  th e  c a s -  

code  c i r c u i t  h a s  p ro v e d  t o  be  th e  b e s t  c o m b in a tio n  w i th  r e g a r d  t o  low  

n o i s e  f i g u r e ,  s t a b i l i t y  and  g a in .

■ The c a sc o d e  a m p l i f i e r  i s  a  lo w -n o is e  a m p l i f i e r  an d  a l th o u g h  two t r i ­

ode tu b e s  a r e  em p loyed , th e  c i r c u i t  a s  a  w ho le  h a s  t h e  s t a b i l i t y ,  and h ig h  

g a in  c h a r a c t e r i z e d  b y  th e  p e n to d e .  Much h a s  a p p e a re d  i n  th e  l i t e r a t u r e  

c o n c e rn in g  th e  lo w -n o is e  p r o p e r t i e s  o f  t h e  c i r c u i t  b u t  v e r y  l i t t l e  h as  

b een  p u b l is h e d  a b o u t  p r a c t i c a l  d e s ig n  c o n s id e r a t i o n s .

T h is  i n v e s t i g a t i o n  was u n d e r ta k e n  t o  s tu d y  th e  g a in ,  b a n d w id th , in p u t  

im p ed an ce ,  and  s t a b i l i t y  c h a r a c t e r i s t i c s  o f  th e  c a sc o d e  a m p l i f i e r  and  t o  

d e v e lo p  e q u a t io n s  an d  p r e s e n t  c u rv e s  t h a t  w ou ld  be  u s e f u l  i n  d e s ig n in g  a  

c a sc o d e  c i r c u i t .
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THEORY

The c a sc o d e  a m p l i f i e r  a s  shown i n  Figo 1 ( a )  a n d  1(b )  c o n s i s t s  o f  a

c o n v e n t io n a l  g ro u n d e d -c a th o d e  a m p l i f i e r  V- f e e d in g  a  g r o u n d e d -g r id  a $ p -
1

l i f i e r  .  I n  b o th  c i r c u i t s  th e  tu b e s  a rp  s e r i e s - c o n n e c t e d  a s  f a r  a s  th e  

a - c  s i g n a l  i s  c o n c e rn e d 5 how ever5 P i g .  1 ( a )  shows t h e  p l a t e  v o l ta g e  a p p l i e d  

t o  t h e  tu b e s  in  s e r i e s ,  and  F i g .  1 (b )  shows th e  tu b e s  p a r a l l e l e d  a c r p s s  t h e  

p l a t e  s u p p ly .  T h e re  a r e  a d v a n ta g e s  an d  d i s a d v a n ta g e s  t o  b o th  c i r c u i t s .

To s e c u re  t h e  same o p e r a t in g  p o i n t ,  t h e  p l a t e  v o l t a g e  f o r  t h e  s p r i e s  

c o n n e c t io n  m ust be  tw ic e  t h a t  f o r  th e  p a r a l l e l  c o n n e c t io n .  Fewer com­

p o n e n ts  and  a d ju s tm e n ts  a r e  n e c e s s a r y ,  how ever, in  th e  s e r i e s - c o n n e c t e d
'  ‘

c a sc o d e  a m p l i f i e r  and  i t  seem s t o  be  t h e  m ost w id e ly  u s e d  c i r c u i t , .

A n o th e r  .im p o r ta n t  c o n s id e r a t io n  i s  t h a t  av c  v o l ta g e  a p p l i e d  t o  f he

g r id  o f  w i l l  c o n t r o l  b o th  tu b e s  i f  th e y  a r e  s e r i e s - c o n n e c t e d ,  w h ereas

avc  v o l ta g e  m ust b e  a p p l i e d  t o  t h e  g r id s  o f  V and  V s e p a r a t e l y  in  t h e
I  d.

p a r a l l e l - c o n n e c t e d  c i r c u i t  to  o b ta in  th e  same am ount o f  g a in  c o n t r o l

I n  b o th  c i r c u i t s  t h e  g r i d - b i a s  r e s i s t o r s  R, an d  R1 a r e  a d ju s t e d  so  

t h a t  b o th  t r i o d e s  a r e  o p e r a t in g  a t  t h e  same p o i n t  on th e  l i n e a r  p o r t i o n  o f  

t h e i r  c h a r a c t e r i s t i c  c u r v e s .  A d ju s te d  t h i s  w ay , b o th  t r i o d e s  may be assum ­

ed  t o  have th e  same tu b e  c o e f f i c i e n t s . The b y - p a s s  c a p a c i to r s  a r e  se ­

le c te d  so  t h a t  th e y  have  n e g l i g i b l e  r e a c ta n c e  a t  t h e  o p e r a t in g  f re q u e n c y .

The t a n k  c i r c u i t s  c o n s i s t i n g  o f  L an d  C a r e  p a r a l l e l  r e s o n a n t  a t  th e  o p e r a t ­

in g  f r e q u e n c y  an d  th e  r a d io - f r e q u e n c y  c h o k e , in  t h e  p a r a l l e l - c o n n e c t e d  c i r ­

c u i t ,  i s  s e l e c t e d  t o  have  a  h ig h  r e a c ta n c e  a t  t h e  o p e r a t in g  f r e q u e n c y . . . 

N e g le c t in g  i n t e r s t a g e  s h u h t in g  e f f e c t s  i n . t h e  p a r a l l e l - c o n n e c t e d  c a sc o d e  

c i r c u i t ,  a s  t h e y  can  be i f  RFC p r e s e n t s  a  h ig h  r e a c ta n c e  t o  th e  s i g n a l
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FIG. I(O).- SE R E S D -C  CONNECTED 
CASCODE AMPLIFIER.

I _l_ !

FIG. 1(b).- PARALLEL D -C  CONNECTED 
CASCODE AMPLIFIER.
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V o l ta g e 5 t h e  s e r i e s - c o n n e c t e d  c a sc o d e  and  th e  p a r a l l e l - c o n n e c t e d  cas­

cade a m p l i f i e r  have  th e  same a - c  e q u iv a l e n t  c i r c u i t 5 t h e r e f o r e 5 t h e  e q u a t­

io n s  d e r iv e d  i n  t h i s  i n v e s t i g a t i o n  w i l l  a p p ly  e q u a l ly  w e l l  t o  b o th  c i r c u i t s .

The g rounded  g r i d  s ta g e  Vg i s  i n h e r e n t l y  s t a b l e  and  b e c a u se  o f  i t s  

v e r y  low  in p u t  im pedance  ( a p p ro x im a te ly  e q u a l  t o  th e  t r a n s c o n d u c ta n c e  o f  

? g ) 1 s i t  r e d u c e s  t h e  g a in  o f  t h e  f i r s t  s ta g e  b y  heavy  lo a d in g .  S t a b i l ­

i t y  in  b o th  c i r c u i t s  i s  th u s  a c h ie v e d . C o n tr a ry  t o  t h e  c la im s  o f  many 

W r i t e r s 5 who have  f a i l e d  to  s p e c i f y  t h e  d e g re e  o f  lo a d in g  u s e d  on 

t h e i r  c a sc o d e  a m p l i f i e r s ,  l a b o r a t o r y  t e s t s  i n d i c a t e d  t h a t  t h e  c i r c u i t  h a s  

some te n d e n c y  t o  o s c i l l a t e  u n l e s s  t h e  se co n d  s ta g e  i s  lo a d e d .  T h is  w i l l  

be  d i s c u s s e d  l a t e r .

The r e a s o n s  f o r  t h e  lo w -n o is e  c h a r a c t e r i s t i c s  o f  th e  c i r c u i t  a r e  

q u i t e  in v o lv e d  an d  have  b e e n  t r e a t e d  th o ro u g h ly  e ls e w h e r e .^

As f a r  a s  th e  a —c s i g n a l  i s  c o n c e rn e d , t h e  c a sc o d e  c i r c u i t  i s  

e s s e n t i a l l y  two tu b e s  c o n n e c te d  i n  s e r i e s .  I f  th e  p o l a r i z i n g  v o l ta g p s  on 

th e  t u b e s  a r e  a d j u s t e d  so  t h a t  th e y  a r e  o p e r a t in g  on a  l i n e a r  p o r t i o n  o f  

t h e i r  c h a r a c t e r i s t i c  c u r v e ,  and  i f  th e  e x c i t i n g  s i g n a l  i s  n o t  a llo w e d  t o  

d r iv e  t h e  tu b e s  o u t  o f  t h e i r  l i n e a r  r e g i o n ,  th e n  we may r e p r e s e n t  th e  

c i r c u i t  by  th e  e q u iv a l e n t  c i r c u i t  o f  F i g .  2 .  S in c e  b o th  tu b e s  have  th e  

same o p e r a t in g  p o i n t ,  t h e i r  tu b e  c o e f f i c i e n t s  J jls gm,  an d  r ,  a r e  th e  '

"V alley , G. E . ,  an d  W allm an,  H ., Vacuum Tube A m p l i f ie r s ,
New Y ork ; M cG raw -H ill, 1 9 ^ 8 , pp 6 ^ 7 .

2 ■
R e in t j . e s ,  J .  F . ;  and  C o a te 3 G. T . ,  P r i n c i p l e s  o f  R a d a r ,
New Y ork ; M cG raw -H ill,. 195>2, 'p p  !429. " ”

V a lim a n , H ., MacNee5 A. B . ,  and G adsdens C. P . 5 "'A Low -N oise 
- A m p l i f i e r ,M P r o c . IRE-.,  J u n e 5 I 9U8,  pp  7 0 0 -7 0 8 .
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same,, I f  a  n e g a t iv e - g o in g  s i g n a l  i s  a p p l i e d  t o  t h e  in p u t  o f  th e  a m p l i f i e r  

an d  d e s ig n a te d  a s  - E g 5 th e n  t h e  f i r s t  tu b e  may be c o n s id e r e d  a s  an  ar-c 

g e n e r a to r  o f  v o l t s  w i th  an  i n t e r n a l  r e s i s t a n c e  r p  e q u a l  t o  th e  h -c

p l a t e  r e s i s t a n c e  o f  t h e  t u b e .  The same a - c  p l a t e  c u r r e n t  I  f lo w s  th ro u g h  

b o th  t u b e s ,  and  th e  s i g n a l  d r iv i n g  t h e  se co n d  tu b e  w i l l  be  m inus th e

d ro p  i n  t h e  p l a t e  r e s i s t a n c e  o f  o r  (jjEg--  ipFp.) ° W ith  t h i s  d r iv in g  

v o l t a g e  and an  a m p l i f i c a t i o n  f a c t o r  t h e  se co n d  tu b e  Vg may be  r e p r e ­

s e n te d  a s  a  g e n e r a to r  o f  "  i p r p )  v o l t s  w i th  an  i n t e r n a l  im pedance

e q u a l  t o  r ^ .  W r i t in g  K i r c h o f f 1s v o l t a g e  e q u a t io n  a ro u n d  th e  c i r c u i t  in  

F i g .  2 .

X p ( 2 ,r p 4 " 2 0 ( I )

w h ere  r e p r e s e n t s  t h e  com bined im pedance  o f  t h e  p l a t e  t a n k  c i r c u i t  an d  

an y  c o u p le d  l o a d .  S o lv in g  Eq. ( I )  f o r

I ir -
P (2 )

The o u tp u t  v o l t a g e  Eq w i l l  b e  IpZ jj and  th e  v o l ta g e  g a in  o f  th e  s ta g e  w i l l  

be  s—

A (3 )

w here  t h e  m inus s ig n  i n d i c a t e s  t h a t  when Z i s  r e s i s t i v e ,  t h e r e  i s  a.
Li

1 8 0 -d e g re e  p h a s e  s h i f t  b e tw e en  Eg and  Eq..

To d e r iv e  t h e  b a n d w id th  e q u a t io n ,  we w i l l  f i r s t  c o n v e r t  th e  c o n s ta n t ?  

v o l t a g e  e q u iv a l e n t  P i p c p i t -O f- F ig .  2, t o  t h e  constant-*- c u r r e n t  e q u iv a le n t
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FIG. 2 -  CONSTANT-VOLTAGE EQUIVALENT 
PLATE CIRCUIT.

FIG. 3 . -  CONSTANT-CURRENT EQUIVALENT
PLATE CIRCUIT
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c i r c u i t  o f  F i g .  3» From E q. (2 )

T  =  E g Q - I u)
p  H l - +  fP ( Z p j)

K / » £ s  =  I p  & L  + I p r p f t + - ^ )

I t  i s  w e l l  Icaown t h a t  J J s s g  r a nd  d i v id i n g  by  r  we g e t

9 m EJL

m p

L
-L

2 - b j j  *" rP(2>>) +  XP (k)
B oth  s id e s  o f  E q . (U) a r e  e x p re s s io n s  f o r  c u r r e n t .  I n  f a c t  t h i s  e q u a t­

io n  d e s c r ib e s  th e  c i r c u i t  o f  F i g .  U (a)$  w here  I  i s  t h e  c u r r e n t  f lo w in g  

th ro u g h  th e  lo a d  and  (2+/^) i s  ^ he c u r r e n t  f lo w in g  th ro u g h  th e

s h u n tin g  im pedance  r p ( 2  4 y U ) . The sum o f  t h e s e  two c u r r e n t s  a s  e x p re s s e d  

b y  E q0 (U) i s  3 t h e  c o n s t a n t - c u r r e n t  s o u r c e .

The lo a d  im pedance may b e  a  r e s o n a n t  c i r c u i t  a s  shown i n  F i g .  U( a )  

Tithere R i s  th e  dam ping r e s i s t a n c e  due t o  c o i l  l o s s  and  any  c o u p le d  l o a d .

We may s im p l i f y  t h i s  c i r c u i t  t o  t h a t  o f  F i g .  U-Cb) by  co m bin ing  th e  tw o

r e s i s t a n c e s  i n t o  a  t o t a l  dampimg r e s i s t a n c e  R g iv e n  by

R t  ~
rP( 2 t P )  R 

*P (E + p ) + R (5 )

The q u a l i t y  Q o f  t h i s  p a r a l l e l  t a n k  i s  g iv e n  by

Q
R y

LD L

^ C r u f t  E l e c t r o n i c s  S t a f f s E l e c t r o n i c  C i r c u i t s  and T u b ess 
New Y orks M cG raw -H ills 19U75 pp  2 # 3 .

^ M a r t in s T . L . s U l t r a - h i g h  F re q u en c y  E n g in e e r in g t 
New Y ork; P r e n t i c e - H a l l s 19 lO s pp 13UT -'"
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a n d  t h e >b a n d w id th  BW i s

B W  — 3 l
Q

oj>L
R T (6)

w h ere  f  i s  th e  r e s o n a n t  f re q u e n c y  o f  t h e  ta n k  c i r c u i t ,  
r

The in p u t  im pedance o f  an  a m p l i f i e r  i s  n o t  i n f i n i t e  m a in ly  b e -  

•c a a u s e  o f  s i g n a l  c u r r e n t s  f lo w in g  t o  g round  th ro u g h  th e  i n t e r - e l e c t r o d e  

c a p a c i ta n c e  o f  t h e  t u b e .  The a~c g r id  c u r r e n t  I  c o n s i s t s  o f  tw o compon? 

e n t s  a s  shown i n  F ig .  £jj t h e  c u r r e n t  Ig jc f lo w in g  th ro u g h  th e  g r i d - t o -  

c a th o d e  c a p a c i ta n c e  Ogjc5 an d  th e  c u r r e n t  Ig ^  f lo w in g  th ro u g h  t h e  g r id - to v -  

p l a t e  c a p a c i ta n c e  Ggp, T hese  c u r r e n t s  may be  e x p re s s e d  a s

1 J P - J tu ̂

Now assu m in g  a  r e s i s t i v e '2 - a s  w ould  o c c u r  a t  t h e  r e s o n a n t .f r e q u e n c y 5 E
L o

and  Egp a r e  i 80 d e g re e s  o u t  o f  p h a se  and  t h e i r  sum i s  th e  a - c  p l a t e  v o l t ­

ag e  Ep- o f  t h e r e f o r e ,  we may w r i t e

A ssum ing v o l t a g e s  p o l a r i z e d  a s  shown i n  F i g ,  2«, Ep^ i s

e Pi =

t h e r e f o r e

E9 r  — Eg — Ip&fp " h / ^ %  -  E X p D p
tj.

S u b s t i t u t i n g  th e  e x p r e s s io n  f o r  I  g iv e n  b y  E q .  (2 )  we a r r i v e  a t  th e
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FIG. 4 . -  CONSTANT-CURRENT EQUIVALENT
PLATE CIRCUIT.



f o l lo w in g  '

Now

and

Ei9P =  E f  ( / J + I)

-1 5 -

== %  p J  +  I) [ I 4-
2  4~y P  • 4* ^L/fp^

I gp=- jc*jCgpEjP — jw  C^p% ^ 4 i){j +; 2 +-/>+• s y rp]

I g  -  V  +■ I 9K "  J a j S C 9 K ^  C ^ p  ^Ai ̂  0 (  I 2  4-yU +■

t h e r e f o r e

:a

■3 Ju j [C 9R + C3P(>+i)(i -  5 1 ^ 2 7 ) ] ( 7 )

I f  t h e  lo a d  im pedance Z i s  a  p u re  r e s i s t a n c e ,  t h a t  i s  i f  t h e  p l a t e  i s  .
L

r e s o n a n t ,  th e n  th e  b r a c k e te d  e x p r e s s io n  i n  th e  d e n o m in a to r  o f  Eq« (7 ) i s  a  

p u re  c a p a c i ta n c e  c a l l e d  th e  in p u t  c a p a c i t a n c e «

Q n  — - C ^ k  +  Cs 2,-fcJj  +* fp

T h is  can  b e  s i m p l i f i e d  t o

C in Caw 4“ Ce
( 8)

T h is  e q u a t io n  f o r  t h e  casC ode a m p l i f i e r  in p u t  c a p a c i ta n c e  can  be  com pare^ 

w i t h  t h e  w e ll-k n o w n  e x p r e s s io n  f o r  t h e  i n p u t  C a p a c ita n c e  o f  a  C o n v e n tio n a l 

t r i o d e  a m p l i f i e r ,  Eq« ( 9 ) -  The o n ly  d i f f e r e n c e  b e tw een  E q . (8 )  and  Eq« (9 )
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- L  G,

FIG. 5 -  EQUIVALENT INPUT CIRCUIT 
SHOWING INTERELECTRODE 

CAPACITANCE.

V



i s  i n  th e  e x p r e s s io n  w i th in  th e  b r a c k e t s .

C m  "■ 9K +  C3p [ |  + IrP  +  H l , (9 )

W ith  th e  c i r c u i t  p a ra m e te r s  g iv e n  i n  F i g .  I  o f  t h e  A ppendix  and  . 

a s su m in g  a  o f  10 K Ohms3 Eq. ( 8 ) g iv es , 6.75) U ^jf f o r  t h e . in p u t  cap a­

c i t a n c e  o f  t h e  c a sc o d e  a m p l i f i e r .  A ssum ing t h a t  i n  F i g .  I  o f  t h e  Ap^-._ 

p e n d ix  was o p e r a t in g  a s  a  c o n v e n t io n a l  t r i o d e  a m p l i f i e r  w i th  t h e  o p e r a t in g  

c o n d i t io n s  a s  g iv e n  i n  th e  f i g u r e ,  t h e  i n p u t  c a p a c i ta n c e  fro m  E q .  (9 )  w ou ld  

b e  31.8

T h u s3 i t  a p p e a r s  t h a t  t h e  in p u t  c a p a c i ta n c e  o f  a  c a sc o d e  a m p l i f i e r  em­

p lo y in g  a  p a i r  o f  t r i o d e  tu b e s  i s  l e s s  th a n  th e  in p u t  c a p a c i ta n c e  o f  a  c q n -  

v e n t i o n a l  t r i o d e  a m p l i f i e r  u s in g  one o f  th e  same t r i o d e s .  T h is  g iv e s  th e  

c a sc o d e  a m p l i f i e r  a n o th e r  a d v a n ta g e  o v e r  t h e  c o n v e n t io n a l  t r i o d e  a m p l i f i e r  

i n  t h e  v h f  r a n g e  w here c a p a c i ta n c e  s h u n t in g  e f f e c t s  m ust be. h e ld  t o  a  mip^.,. 

inum .

T f  i n  Eq. (7 )  i s  n o t  a  p u re  r e s i s t a n c e ,  th e n  c o n ta in s  a  r e a l  

and  a  r e a c t i v e  co m ponen t. F o r an y  Z^ 3 t h e  r e a c t i v e  com ponent w i l l  b e  c a p a ­

c i t i v e  b u t  t h e  in p u t  r e s i s t a n c e  m ay"be e i t h e r  p o s i t i v e  o r  n e g a t i v e .  A p o s ­

i t i v e  i n p u t  r e s i s t a n c e  r e s u l t s  when t h e  lo a d  im pedance i n  th e  p l a t e  c i r ­

c u i t  i s  c a p a c i t i v e ,  w h i le  a  n e g a t iv e  r e s i s t a n c e  i s  o b ta in e d  w i th  an  in d u c t ­

iv e  l o a d .  A n e g a t iv e  i n p u t  r e s i s t a n c e  i n d i c a t e s  t h a t  e n e rg y  i s  b e in g  fee} 

from  th e  p l a t e  c i r c u i t  b a c k  t o  t h e  g r i d  c i r c u i t ;  m o re o v e r, f o r  a  c e r t a i n  

r a n g e  o f . i n d u c t iv e  p l a t e  c i r c u i t  l o a d s ,  th e  m ag n itu d e  a n d  p h a se  o f  t h i s  

f e e d - b a c k  v o l t a g e  w i l l  b e  su c h  - t h a t  th e  a m p l i f i e r  w i l l  o s c i l l a t e .  The
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m ag n itu d e  o f  t h i s  f e e d - b a c k  v o l ta g e  may be  re d u c e d  b e lo w  t h a t  r e q u i r e d  f q r  

o s c i l l a t i o n  by  lo a d in g  t h e  a m p l i f i e r  h e a v i l y 0
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METHOD OF INVESTIGATION

D u rin g  g a in  m e a su re m e n ts3 a l l  q u i e s c e n t  v o l ta g e s  and  th e  in p u t  volt-?- 

ag e  Eg w ere  h e ld  c o n s t a n t ;  The p l a t e  c i r c u i t  was k e p t  tu n e d  t o  30 mcps a t  

a l l  t im e s .  The G e n e ra l R a d io  m odel 1001-A  s i g n a l  g e n e r a to r  was tu n e d  

abo v e  an d  b e lo w  t h i s  f r e q u e n c y  (E^ b e in g  k e p t  c o n s ta n t )  t o  q b t a in  th e  r e ­

sp o n se  c u rv e s  i n  F ig ,  3 i n  t h e  A p p e n d ix , To s tu d y  t h e  b e h a v io r  o f  th e  

a m p l i f i e r  u n d e r  v a r io u s  I o a d s 3 t h e  t a n k  c i r c u i t  was s h u n te d  w i th  s e v e r a l  

d i f f e r e n t  e x t e r n a l  r e s i s t o r s  R ^ . T h is  R^ i s  in c lu d e d  i n  t h e  R o f  F ig .  It3 

p ag e  i l l .  I n p u t  and  o u tp u t  v o l ta g e s  w e re - m easu red  w i th  H e w le tt-P a c k a rd  

m o d e l ,LlO-B v acu u m -tu b e  v o l tm e t e r s .

C a lc u la t i o n  o f  th e  b a n d w id th  o f  t h e  a m p l i f i e r  fro m  Eq» (6 ) r e q u i r e d  

a  v a lu e  o f  L and  R1̂ ,  The in d u c ta n c e  L was rem oved fro m  t h e  a m p l i f i e r  

o u tp u t  ta n k  c i r c u i t  and  m easu red  on a  G e n e ra l R ad io  m odel 916-A r - f  

b r i d g e .  An a v e ra g e  o f  s e v e r a l  m easu rem en ts  was ta k e n  a s  th e  f i n a l  v a lu e  

(0 .96  m ic r o - h e n r i e s ) .

C o n s id e ra b le  d i f f i c u l t y  was e x p e r ie n c e d  in  m e a su r in g  th e  e f f e c t i v e  

t a n k  r e s i s t a n c e  R . T h is  r e s i s t a n c e  w as t o o .h ig h  t o  m easu re  a c c u r a te l y  

a t  30 mbps on th e  r - f  b r id g e  u se d  t o  m easu re  L . "A G e n e ra l  R ad io  m odel 

82I-A  Tw in-T  im pedance  b r id g e  d e s ig n e d  t o  m easu re  c o n d u c ta n c e  was fo u n d  

t o  g iv e  much more c o n s i s t e n t  r e s u l t s .  A f t e r  much e x p e r im e n ta t io n , i t  was 

f o u n d  t h a t  R d epended  upon th e  p la c e m e n t o f  th e  in d u c ta n c e  i n  r e l a t i o n  ^o 

n e a r - b y  m e ta l  o b j e c t s  s u c h  a s  th e  C h a s s is 3 and  th e  e x a c t  p o s i t i o n  i n  .whig}} 

th e  e x t e r n a l  lo a d  r e s i s t o r s  R^ w ere  f a s t e n e d .  W hether t h e  tu b e  f i l a m e n t g 

w ere  h o t  o r  n o t  a l s o  made c o n s id e r a b le  d i f f e r e n c e .  F o r  t h i s  r e a s o n ,  R
T.

w as m easu red  w i th  L and  R i n  th e  e x a c t  p o s i t i o n s  t h a t  th e y  w ere  i n  d u r in g
L
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th e  c o r r e s p o n d in g  g a in  m easu rem en t an d  th e  f i l a m e n t  pow er was s u p p l i e d .

O nly  i n  t h i s  way c o u ld  s e r i o u s  d i s c r e p a n c i e s  b e tw een  e x p e r im e n ta l  d a ta  

an d  t h e o r e t i c a l  c a l c u l a t i o n s  be r e s o l v e d .

S in c e  th e  in p u t  im pedance o f  th e  a m p l i f i e r  g iv e n  b y  E q . (7 )  was a l s o  

v e ry  h igh ,, t h e  tw in -T  r - f  b r id g e  was fo u n d  t o  be more s a t i s f a c t o r y  th a n  

th e  c o n v e n t io n a l  r - f  b r id g e  f o r  in p u t  im pedance m e a su re m e n ts . The ta n k  

was k e p t  r e s o n a n t  d u r in g  th e s e  m easu rem en ts  so  g iv e n  by Eq.  ( ? )  was 

p u r e ly  c a p a c i t i v e .  T h is  c a p a c i ta n c e  was so  s m a l l  t h a t  i t  was n e c e s s a r y  t o  

ta k e  i n t o  a c c o u n t  t h e  c a p a c i ty  o f  th e  l e a d s  c o n n e c t in g  th e  r - f  b r id g e  t o  t h e  

a m p l i f i e r  in p u t  t e r m i n a l s .  The c a p a c i ta n c e  o f  t h e s e  l e a d s  a lo n e  was m easu r­

ed  and  s u b t r a c t e d  fro m  th e  in p u t  c a p a c i ta n c e  m easu rem en t.



DISCUSSIOM OF RESULTS

The v a lu e s  o f  com ponents u se d  i n  t h e  e x p e r im e n ta l  c i r c u i t ,  o p e r a t in g  

v o l t a g e s ,  and  'tu b e  c o e f f i c i e n t s  a r e  g iv e n  i n  F i g . . I  o f  th e  a p p e n d ix . Thg 

c a l c u l a t e d  and  m easu red  f re q u e n c y  r e s p o n s e ,  g a in ,  an d  b a n d w id th  f o r  v a r ­

io u s  p l a t e  lo a d s  a r e  g ra p h e d  i n  F i g s .  2 , 3 , and  h» T hese  c u rv e s  can  hes 

u s e d  t o  d e s ig n  s e r i e s -  o r  p a r a l l e l - c o n n e c t e d  c a se o d e  a m p l i f i e r s  o f  g iv e n  

b a n d w id th  an d  g a in ,  p r o v id in g  th e  same tu b e  and  p o l a r i z i n g  v o l ta g e s  a re  

u s e d .  The d a ta  u s e d  t o  p l o t  th e  g ra p h s  i s  t a b u l a t e d  i n  T a b le  I  o f  th e  

A p p e n d ix . The l e f t  colum n i n  t h i s  t a b l e  g iv e s  th e  d -c  o r  c o lo r - c o d e  

r e s i s t a n c e  o f  t h e  e x t e r n a l  p l a t e - c i r c u i t  l o a d .  The n e x t  colum n g iv e s  th e  

m easu red  v a lu e  o f  t h e  t o t a l  e q u iv a le n t  p l a t e  lo a d  r e s i s t a n c e  Rir,. The 

g ra p h s  and  t a b u l a t e d  r e s u l t s  s u b s t a n t i a t e  th e  t h e o r e t i c a l  e q u a t io n s .

I n  a l l  c a s e s  th e  d e v ia t io n  b e tw een  p r e d i c t e d  and m easu red  v a lu e s  i s  w i th ­

i n  e x p e r im e n ta l  e r r o r .  A l l  t h e  c a l c u l a t e d  v a lu e s  d ep en d ed  upon a t  l e a s t  

one im pedance  m easu rem en t a t  30 m cps, and  i t  was fo u n d  t h a t  th e  b a la n c e  q f  

t h e  r - f  b r id g e s  c o u ld  b e  ch an g ed  m a rk e d ly  b y  a s l i g h t  v i b r a t i o n  o f  th e  

in s t r u m e n ts  o r  b y  a s m a l l  movement o f  c o n n e c t in g  l e a d s .  A v erag es  o f  

s e v e r a l  m easu rem en ts  had  t o  b e  ta k e n  i n  a l l  c a s e s .

Nowhere i n  t h i s  w ork  a r e  th e  d -c  r e s i s t a n c e  v a lu e s  o f  th e  e x t e r n a l  

t a n k - c i r c u i t  lo a d s  m e n tio n e d . The r e a s o n  f o r  t h i s  i s  t h a t  t h e  a - c  r e ­

s i s t a n c e  V a lu e s  a t  30 mcps C ould  n o t  b e 'p r e d i c t e d  from  th e  m easu red  d -c  

v a lu e .  F o r i n s t a n c e ,  a  r e s i s t o r  w i th  a  m easu red  d -c  r e s i s t a n c e  and c o lo r -  

code  m ark in g  o f  68 K ohms was fo u n d  t o  lo a d  th e  t a n k  c i r c u i t  much more ttym . 

a  r e s i s t o r  o f  t h e  same ty p e  w i th  a 33 K ohm d -c  r e s i s t a n c e .  A lso  a  1^0 K 

ohm lo a d  r e s i s t o r  y i e ld e d  a  g a in  much lo w e r  th a n  a 100 K ohm r e s i s t o r .  The
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r e s u l t s  t a b u l a t e d  on pag e  v  o f  th e  A ppendix  i n d i c a t e  t h a t  t h e  lo a d in g  

e f f e c t  o f  t h e  r e s i s t o r s  was n o t  a  p r e d i c t a b l e  f u n c t io n  o f  th e  d -c  r e s i s t ­

a n c e .  ,A cco rd in g  t o  t h e o r y ,  f o r  any  p a r t i c u l a r  ty p e  o f  r e s i s t a n c e  o f a .  

g iv e n  s i z e  and  g e o m e t r ic a l  c o n f i g u r a t io n ,  t h e  r a t i o  o f  th e  a - c  r e s i s t a n c e  

t o  d -c  r e s i s t a n c e  w i l l  depend  o n ly  upon th e  p ro d u c t  o f  f r e q u e n c y  and d -c  

r e s i s t a n c e  a n d  w i l l  b e  in d e p e n d e n t o f  t h e  p a r t i c u l a r  v a lu e  o f  r e s i s t a n c e .

The o p in io n  o f  t h e  a u th o r  i s  t h a t  t h e  a p p a re n t  d i s c r e p a n c i e s  Tpetween 

a - c  and  d -c  r e s i s t a n c e  i n  t h i s  i n v e s t i g a t i o n  w ere  r e s u l t s  o f  n o n -u n ifo rm  

r e s i s t a n c e  m a n u fa c tu re .

The m ost im p o r ta n t  p r a c t i c a l  a p p l i c a t i o n  o f  th e  c a sc o d e  c i r c u i t  i s  ap 

a  v e r y - h ig h  f re q u e n c y  a m p l i f i e r .  U sed t h i s  w ay, th e  c i r c u i t  a lw ay s h as  a 

tu n e d  ta n k  i n  th e  g r id  c i r c u i t .  The c i r c u i t  was c o n n e c te d  t h i s  way a t  t h e  

b e g in n in g  o f  t h i s  i n v e s t i g a t i o n  an d  was fo u n d  t o  o s c i l l a t e  u n le s s  e i t h e r  

lo a d e d  o r n e u t r a l i z e d .  Many w r i t e r s  d e s c r ib e  th e  c i r c u i t  a s  b e in g  very- 

s t a b l e ,  and  c la im  t h a t  n e u t r a l i z a t i o n  i s  u s e d  o n ly  t o  im prove  th e  p o is e  

f i g u r e .  A lth o u g h  two d i f f e r e n t  m e c h a n ic a l  l a y o u t s  w ere t r i e d ,  and a l l  

w e ll-k n o w n  p r e c a u t io n s  w e re  o b s e rv e d , t h e  c i r c u i t  was v e ry  u n s ta b le  u n le s s  

lo a d e d .  W ith  t h e  t u n e d - p l a t e ,  t u n e d - g r id  a rra n g e m e n t, th e  c i r c u i t  was 

s t a b l e  f o r  l e s s  th a n  a b o u t  8 K ohm s. F o r R^ be tw een  8 K ohms and 9 K 

ohms th e  g a in  m easu rem en ts  w ere e r r a t i c  and  f o r  R1̂1 above 9 K ohms, th e  c i r ­

c u i t  b ro k e  i n t o  o s c i l l a t i o n .  Tb e l i m i n a t e  t h i s  d i f f i c u l t y ,  th e  g r id - t a n k  

c i r c u i t  was r e p l a c e d  by  a  300?% ohm r e s i s t o r .  C o n n ec ted  t h i s  w ay, t h e r e  

was no s ig n  o f  i n s t a b i l i t y .

Of c o u rs e  th e  c a sc o d e  c i r c u i t  i s  n o rm a lly  u se d  w e l l  abo v e  30 mcps 

and  a t  th e  h i g h e r ■f r e q u e n c ie s  th e  maximum a t t a i n a b l e  t a n k - c i r c u i t  Q1s .



d e c r e a s e .  H ence, i t  i s  re a s o n a b le -  t o  su p p o se  t h a t  th e  c i r c u i t  w ould be 

more s t a b l e  a t  f r e q u e n c ie s  above th o s e  u se d  i n  t h i s  i n v e s t i g a t i o n .



CONCLUSIONS

T h is  i n v e s t i g a t i o n  i n d i c a t e s  t h a t  w i th  m o d era te  l o a d s ,  t h e  casco d e  

a m p l i f i e r  h a s  t h e  h ig h - g a in  and  s t a b i l i t y  c h a r a c t e r i s t i c  o f  p e n to d e  c i r ­

c u i t s ;  m o re o v e r, i t  i s  w e ll-k n o w n  t h a t  th e  c a sc o d e  c i r c u i t  h a s  a  much low­

e r  n o is e  f i g u r e  th a n  a m p l i f i e r s  em p loy ing  p e n to d e s .  A t one tim e  t h e  c a s ­

code  . a m p l i f i e r ,  b e c a u s e  i t  em ployed two t u b e s ,  was n o t  a s  eco n o m ica l t o  

b u i l d  a s  th e  o n e - tu b e  p e n to d e  a m p l i f i e r .  T h is  i s  no lo n g e r  t r u e ,  now t h a t  

d u o -d io d e s  have b e e n  d e v e lo p e d  e s p e c i a l l y  f o r  u s e  i n  th e  c a sc o d e  c i r c u i t .

I n  f a c t ,  t h e  'cascode a m p l i f i e r  i s  now b e g in n in g  t o  r e p la c e  b o th  une h ig h -  

g a in  p e n to d e  a n d  th e  lo w -n o is e  t r i o d e  i n  h i g h - f i d e l i t y  a u d io - f re q u e n c y  amp­

l i f i e r s .  I n  t h i s  a p p l i c a t i o n  no ta n k  c i r c u i t s  a r e  in v o lv e d ,  so  i n s t a b i l i t y  

i s  n o  p ro b le m .

I t  i s  d o u b t f u l  i f  t h e  c a sc o d e  c i r c u i t  w i l l  e v e r  r e p l a c e  th e  conV eh t- 

i o n a l  p e n to d e  a m p l i f i e r  i n  r - f  a p p l i c a t i o n s  b e lo w  30 mcps w here  v e ry  good 

s e l e c t i v i t y  i s  im p o r ta n t  and  can be o b ta in e d  o n ly  b y  u s in g  h ig h -Q  tim ed  

c i r c u i t s  an d  h ence  h ig h  im pedance p l a t e - c i r c u i t  l o a d s .

I n  i t s  p r e s e n t  s ta g e  o f  d e v e lo p m e n t, i t  a p p e a rs  t h a t  th e  c a sc o d e  

a m p l i f i e r  i s  l i m i t e d  t o  u s e  i n  t h e  v h f  r a n g e  w here h ig h -Q  tu n e d  c i r c u i t s  

can  n o t  be  c o n s t r u c te d  p r a c t i c a l l y ,  and  t o  u se  a t  a u d io  f r e q u e n c ie s  -yrhere 

tu n e d  c i r c u i t s  a r e  n o t  u se d  a t  a l l .
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CIRCUIT PARAMETERS

R ,-  3 0 0  K ohms 
Rk- 2 2 0  ohms 
Rfc4- 5 0  K ohms 
Rh R2" 100 K ohms

C b 1 0 0 0  M i f
C -  5 0  M  
L -  0 .96^ 1  
Vh Vfe- 6B07A

Plate v o lta g e  on ea ch  s e c t io n  ISO vo lts  
Grid bios vo ltage on e a c h  section - 2  volts 
Filam ent v o lta g e  6 .3  v o lts  a -c

j j -  3 9 ,  gm = 6 4 0 0  ^ m h o s 1 rp = 6 1 0 0  ohms

FIG. I -  CASCODE AMPLIFIER EXPERIMENTAL
CIRCUIT.



if

O l __________________________________________
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Frequency in M egacycles

FIG. 2 - FREQUENCY RESPONSE CURVES.
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FIG. 3 . -  VOLTAGE GAIN vs. LOAD RESISTANCE.
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FIG. 4. -  BANDWIDTH vs. LOAD RESISTANCE.
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D-C V alue
of  El

rt  '
M easured

Gain
C a lc u la te d

J a in
'10 K ohms „ 5>.06 K' ohms 32 31
l £  IC ohms 5>i,3 K ohms 3k 32
30 K ohms Sok K ohms h i 39
5>0 K ohms 7 .1 5  K ohms HS Lt3 .
33 K ohms 8.68  IC ohms 55 52

XSO K ohms 9 .7 4  K ohms 63 ■ 59 •
100 K ohms 1 1 .3  K ohms Tl , 6 8

No Load l i t . 75 K ohms 92 87

D-C V alue M easured C a lc u la te d
o f  Rjj r T B andw id th B andw idth

1 0 . K ohms 5 .0 6  K ohms 1020 Kc. 1070 Kc.
15 IC ohms 5 . 3 K ohms ■980 Kc. 1020 Kc.
30 K ohms 6 .It K ohms 800 Kc. ' 850 Kc.
5 0 ' IC ohms 7 .1 5  K ohms 760 Kc. 750 Kc.
33 K ohms 8.68  K ohms 680 Kc. 620 Kc.

150 K ohms 9 .7 lt K ohms 600 Kc, 550 Kc.
100 IC ohms l l . l t  IK ohms 530 Kc. It 80 ICc.

No Load l i t . 75 K ohms It50 Kb . 370 Kc.

D-C VciluG 
O f E i Rt

M easured

Cl n

C a lc u la te d

Gin

10 K ohms 5 .0 6  K ohms 6
50  K ohms 7 . l 5  K ohms 8 j s j r t 6

150 K ohms 1 1 .3  K "ohms 9 ' y w f 7
No Load l i t . 75 K ohms 11 j i j f i 8

TABLE I  -  TABULATED RESULTS
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G ain

SAMPLE CALCULATIONS

Rrp =  Zjj — 5 .0 6  K ohms 

r p ~  6„1  K ohms

/ » = 3 9
A — pCp-hl)  _

I f  ^ ( a + ^ )
3 9 0  + 3 ^

' +  jfegfc+39)

B andw id th

Rrp = •  5).06 K ohms 

L =  0 .9 6  y ^ h  

f r  —  30 mops

BW
r -  f3TT>f30x|06) f o .9 6 x |0 ' ‘6) 

R - r  T  -  ■ 5 0 6 0  ' -
fjoxio6;=  /070 KtOa

I n p u t  C a p a c ita n c e  

Rt  =  Zpj —  5>.06 K ohms 

M a n u fa c tu re rs  d a ta  g i v e s s

Cgk =  2.  BSyupf

cgp = lll5ZTjf 
JU  =  39

r _  =  6100 
P

c,„= CaK + Cg, ^ 0( l -  

s  j a , A f  + 1 .1 ^ 3 9 + 1 ^ 1 -  -----

= 6 J^UcF

2 + 3 9 + S |5 2

V
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