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Foreword 
T h e p u r p o s e o f th is G u i d e is to p r o m o t e the use o f u n i f o r m a n d re l iable m e a s u r e m e n t 

t e c h n i q u e s for the c h a r a c t e r i z a t i o n o f va rac to r s . T h e t e c h n i q u e s desc r ibed in P a r t I o f th is G u i d e 
are app rop r i a t e p r ima r i l y for va rac to r s used in smal l - s igna l a p p l i c a t i o n s , s u c h as pa r ame t r i c 
ampl i f ie rs . Pa r t I I , w h i c h wi l l be pub l i shed later in 1971, d iscusses m o d i f i c a t i o n s , l imi t a t ions , a n d 
ex tens ions o f these t e c h n i q u e s , as wel l as o the r m e a s u r e m e n t s , w h i c h are m o r e app rop r i a t e for 
cer ta in large-s ignal va rac to r s , s u c h as s o m e h a r m o n i c genera to r d i o d e s . T h e des ign o f va rac to r s is 
a d v a n c i n g at a p a c e w h i c h s o m e t i m e s outs t r ips the progress in e v a l u a t i o n t e c h n i q u e s . B o t h d i o d e 
des ign a n d m e a s u r e m e n t m e t h o d s are e v o l v i n g at a rate w h i c h exceeds tha t at w h i c h charac te r ­
iza t ion guides c a n be wr i t t en . T h i s G u i d e is n o t i n t e n d e d t o d i s c o u r a g e s u c h i n n o v a t i o n bu t wil l 
p r o v i d e a basis for u n i f o r m e v a l u a t i o n o f the large c lass o f va r ac to r s t o w h i c h it is app l i cab l e . 

T h e Ins t i tu te wishes t o a c k n o w l e d g e its i ndeb tednes s t o t hose w h o h a v e so freely g iven o f their 
t ime a n d k n o w l e d g e a n d h a v e c o n d u c t e d expe r imen ta l w o r k o n w h i c h m a n y o f the I E E E 
p u b l i c a t i o n s are based . 

T h i s G u i d e w a s p repa red b y the H i g h F r e q u e n c y D i o d e M e a s u r e m e n t S t a n d a r d s T a s k G r o u p o f 
the I E E E - G E D S t a n d a r d s C o m m i t t e e for E l e c t r o n D e v i c e s ( t hen k n o w n as C o m m i t t e e 28 .4 ) . T h e 
T a s k G r o u p w a s c o m p o s e d of: 
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IEEE Trial-Use Standard 
Guide on Solid-State Devices: 

Varactor Measurements 
Part I — Small Signal Measurements 

1 General 

1.1 S c o p e . T h i s gu ide descr ibes several m e t h ­
o d s o f m e a s u r e m e n t for the smal l s ignal char ­
ac te r i za t ion o f va rac to r s . Fo r t he p u r p o s e o f 
this gu ide , a va rac to r is de f ined as a t w o -
t e rmina l d e v i c e used as a v o l t a g e - d e p e n d e n t 
c a p a c i t a n c e . S u c h dev ices c a n be used f r o m d c 
to m i c r o w a v e f requenc ies . E x a m p l e s i n c l u d e 
l o w no i se p a r a m e t r i c ampl i f iers f rom a u d i o to 
m i c r o w a v e f r e q u e n c i e s , t u n i n g e l e m e n t s , 
c h o p p e r s , and p h a s e shifters. 

A smal l - s igna l e q u i v a l e n t c i rcu i t is present­
ed a n d its va l id i ty d i scussed . M e t h o d s for 
d e t e r m i n i n g the e l emen t s o f th is c i rcu i t b y 
m e a n s o f ac m e a s u r e m e n t s are desc r ibed in 
general te rms , a n d res t r ic t ions are d iscussed . 
T h e use o f d c m e a s u r e m e n t t e c h n i q u e s is 
d i s c u s s e d i n T e s t P r o c e d u r e for S e m i ­
c o n d u c t o r D i o d e s I E E E 256. F o r a c o n s i d ­
e ra t ion o f no i se m e a s u r e m e n t s , see Pa r t 9: 
N o i s e in L i n e a r T w o p o r t s , M e t h o d s o f T e s t i n g 
E l e c t r o n T u b e s - I E E E 158. 

1.2 Equ iva len t C i rcu i t s . A l l o f the n o n l i n e a r 
charac te r i s t i cs a n d m o s t o f the losses o f typi ­
cal va rac to r s are loca l i zed in a m i n u t e semi­
c o n d u c t o r e l emen t , hereafter ca l led the n o n ­
l inear e l emen t . A s l o n g as the size o f this 
e l e m e n t is a sma l l f rac t ion o f the w a v e l e n g t h 
o f t he e l e c t r o m a g n e t i c r ad i a t i on w i t h w h i c h 
the v a r a c t o r is to in teract , it is va l id a n d 
useful to t reat the e l e m e n t as a t w o - t e r m i n a l 

LINEAR PASSIVE 
NETWORK 

TWO-TERMINAL 
LUMPED NONLINEAR 
ELEMENT 

Fig . 1 Conven t iona l Separa t ion o f 
V a r a c t o r E lements 

l u m p e d n o n l i n e a r c i rcu i t e l e m e n t e m b e d d e d 
in a l inear n e t w o r k , as s h o w n in Fig. 1. T h e 
l inear n e t w o r k , w i t h o n e or m o r e por ts , m a y 
be representable b y l u m p e d a n d / o r d is t r ibuted 
e l emen t s . 

LINEAR PASSIVE 
TRANSFORMATION 

NONLINEAR ELEMENT 
UNIFORM 
TRANSMISSION LINE 

Fig . 2 Conf igura t ion for 
Immi t t ance Measu remen t s on V a r a c t o r 

For m e a s u r e m e n t o f va rac to r i m p e d a n c e s or 
for the use o f s o m e va rac to r m o u n t i n g s , the 
c i rcu i t o f Fig. 2 is i m p o r t a n t . A wavegu ide 
ope ra t i ng in a s ingle m o d e is essent ial in order 
tha t the u n i f o r m t r ansmiss ion l ine s h o w n in 
Fig. 2 be va l id at t he m e a s u r e m e n t f requency . 
I m m i t t a n c e s m a y then be m e a s u r e d in the 
fash ion app rop r i a t e t o the t r ansmiss ion l ine . 

A useful equ iva l en t c i rcu i t for the non l inea r 
e l e m e n t o f a va rac to r is g iven in Fig. 3. T h i s 

O 

I = l(V) 

I, = — = l|(V) 
1 dV 

Q - Q(V) 

11. 
dV 

C, = — = C,(V) 

rs(V) 

Fig . 3 Nonl inear Element , 
Sma l l -S igna l Equivalent Circui t 

e q u i v a l e n t c i rcu i t i nc ludes three e lements , C j , 
g j , a n d r s w h i c h are b o t h vo l t age -dependen t 
a n d f r e q u e n c y - d e p e n d e n t . In s o m e c i r c u m ­
s tances , m o r e c o m p l i c a t e d equ iva l en t c i rcui ts 
m a y be necessary . 

A t suff ic ient ly h i g h f requencies in the ab­
sence o f c o n d u c t i v e currents , this c i rcui t re-

5 
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