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T h e  o b s e r v a t i o n  i s  d e s c r i b e d  of  • n e w  p h e n o m e n o n  in  t he  e l e c t r i c a l  c o n d u c t i v i t y  
of  c e r t a i n  I~-V s e m i c o n d u c t o r s .  W h e n  t h e  a p p l i e d  e l e c t r i c  f i e l d  e x c e e d s  • c r i t i c a l  
v a l u e ,  o s c i l l a t i o n s  of  e x t r e m e l y  h i g h  f r e q u e n c y  a p p e a r  in  t h e  s p e c i m e n  c u r r e n t .  

T h e r e  h a s  b e e n  a n u m b e r  o f  p r e v i o u s l y  r e p o r t e d  o b s e r v a t i o n s  o f  t he  g e n e r a t i o n  

of  e l e c t r i c a l  o s c i l l a t i o n s  w h e n  a c u r r e n t  i s  p a s s e d  t h r o u g h  a h o m o g e n e o u s  s e m i c o n -  

d u c t o r .  H o w e v e r p  in  m o s t  of  t h o s e  c a s e s  b o t h  h o l e s  a n d  e l e c t r o n s  w e r e  p r e s e n t ,  a n d  

in  a d d i t i o n  • m a g n e t i c  f i e l d ,  1 a v e r y  low t e m p e r a t u r e ,  Z, 3 s p e c i a l  d o p i n g ,  4 o r  • s p e c i a l  

5 
g e o m e t r y  of  s p e c i m e n  w a s  n e c e s s a r y  to  e l i c i t  t h e  e f f e c t .  I n  t h i s  l e t t e r  w e  g i v e  a 

b r i e f  p r e l i m i m L r y  a c c o u n t  of  • new p h e n o m e n o n ,  in  w h i c h  the  a p p l i c a t i o n  of  • h i g h  

e l e c t r i c  f i e l d  to  • h o m o g e n e o u s  b o d y  of  a I I I - V  s e m i c o n d u c t o r  g i v e s  r i s e  to  s t r o n g  

o s c i l l a t i o n s  of c u r r e n t ,  w i t h  f r e q u e n c y  in  the  m i c r o w a v e  r a n g e .  U n d e r  the  c o n d i t i o n s  

of  t he  e x p e r i m e n t  ( r o o m  t e m p e r a t u r e ,  z e r o  m a g n e t i c  f i e l d ) ,  on ly  e l e c t r o n s  a r e  

b e l i e v e d  to  b e  p r e s e n t .  

A n u m b e r  o f  s p e c i m e n s  w a s  m a d e  f r o m  e a c h  of  two d i f f e r e n t  c r y s t a l s  of  n - t y p e  

G a A s ,  a n d  f r o m  two  of  n - t y p e  InD.  T h e s e  w e r e  c u t  in  t he  f o r m  of  t h i n  d i s c s ,  a n d  

" o h m i c "  c o n t a c t s  w e r e  m a d e  b y  a l l o y i n g  a s u i t a b l e  m e t a l  (Sn f o r  G a A s ,  In f o r  InP)  to  

t he  f i a t  f a c e s  of  t h e  s p e c i m e n s .  T h e  c r o s s  s e c t i o n  w a s  t h e n  r e d u c e d  s o m e w h a t  b y  

g r i n d i n g ,  l e a v i n g  a b o d y  of  s e m i c o n d u c t o r  in  the  f o r m  of  a t r i a n g u l a r  p r i s m  a b o u t  
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5 x 10 -2  c m  on a • i d e ,  and  of l e n g t h ,  b e t w e e n  c o n t a c t s  on the  p a r a U e l  e nd  f a c e • ,  f r o m  

2 x 10 -3  to  2 x i0 "~- c m .  

C u r r e n t  w a v e f o r m  p r o d u c e d  by  the  a p p l i c a t i o n  of a v o l t a g e  p u l s e  
of 16 V a m p l i t u d e  and  10 n a n o s e c ,  du r&t lon  to a • p e c i m e n  of n -  
type  G a A •  2 . 5  x 1 0 - 3 c m  i n  l e n g t h .  The  f r e q u e n c y  of the  osc iL la -  
t i ng  c o m p o n e n t  is  4 . 5  G c / s .  L ~ w e r  t r a c e :  2 n a n o s e c ,  c m  - I  
h o r i z o n t a l l y ,  0. Z3 A c m  "I v e r t i c a l l y .  U p p e r  t r a c e :  e x p a n d e d  
v i e w  of l o w e r  t r a c e .  

The  c u r r e n t - v o l t a g e  c h a r a c t e r i • t i c s  of t h e • e  • p e c l m e n • ,  w h e n  m e a • u r e d  w i t h  

10"8 •ec .  p u t • e • ,  w e r e  a p p r o x i m a t e l y  l l n e a r ,  the r e • i • t a n c e  r i • I n g  • l i g h t l y  a •  the  

v o l t a g e  w a s  i n c r e a s e d .  Above  • o m e  c r i t i c a l  v o l t a g e ,  c o r r e • p o n d i n g  to an  e1~c t r i c  

f i e l d  of 2 0 0 0 - 4 0 0 0  V c m  "1, the  c u r r e n t  in  e v e r y  • p e c i m e n  b e c a m e  a f l u c t u a t i n g  f u n c t -  

i on  of t i m e .  In  the  G a ~ s  s p e c i m e n • ,  t h i •  f l u c t u a t i o n  took  the  f o r m  of a p e r i o d i c  

o • c i l l a t i o n  • u p e r i m p o • e d  u p o n  the  p u l • e  c u r r e n t .  An e x a m p l e  i s  show n  in  the f i g u r e .  

The  f r e q u e n c y  of o • c i l l a t i o n  w a •  d e t e r m i n e d  r r ~ i n I y  by  the  • p e c i m e n ,  a n d  no t  by  the  

e x t e r n a l  c i r c u i t ;  v a l u e •  f r o m  0 . 4 7  to  6 . 5  C , : / •  w e r e  o b • e r v e d  on d i f f e r e n t  s p e c i m e n s .  

I t  w a s  e s t a b l i s h e d  t h a t  the  p e r i o d  of o s c i l l a t i o n  w a s  u s u a l l y  i n v e r • e I y  p r o p o r t i o n a l  to 

s p e c i m e n  l e n g t h  a n d  c l o s e l y  e q u a l  to the  t r a n • i t  t i m e  of e l e c t r o n s  b e t w e e n  the  

e l e c t r o d e s ,  c a l c u l a t e d  f r o m  t h e i r  e • t i n ~ t e d  v e l o c i t y  of s l i g h t l y  o v e r  10?cm •ec .  - I  
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No s i g n i f i c a n t  e f f ec t s  of c r y s t a l  o r i e n t a t i o n ,  r e s i s t i v i t y  ( in  the r ange  0.1 - 5 Q cm) 

o r  tempea-atuz 'e  w e r e  o b s e r v e d .  S u b s i d i a r y  e x p e r i m e n t s  have  e s t a b l i s h e d  tha t  the  

e f fec t  i s  a s s o c i a t e d  wi th  the bu lk  s e m i c o n d u c t o r ,  and  not  wi th  the c o n t a c t s .  In m o s t  

of the InP  s p e c i m e n s ,  only  sudden  c h a n g e s  o r  r a n d o m  f l u c t u a t i o n s  of c u r r e n t  w e r e  

o b s e r v e d ,  bu t  in  one c a s e  c o h e r e n t  o s c i l l a t i o n  a t  Z. 7 G c / s  was  o b s e r v e d .  

The p e a k  p u l s e  m i c r o w a v e  p o w e r  d e l i v e r e d  by  the GaAs  s p e c i m e n s  to a m a t c h e d  

l o a d w a e  m e a s u r e d .  V a l u e s  a s  h igh  as  0 . 5  W a t l  C.,: /s,  a n d 0 . 1 5  W at  3 G c / s ,  w e r e  

found, c o r r e s p o n d i n g  to I - 2 ~  of the  p u l s e  i~put  p o w e r .  T h e s e  v a l u e s  would a p p e a r  

to be  h igh  enough to  m a k e  the p h e n o m e n o n  of s o m e  t e c h n o l o g i c a l  i m p o r t a n c e .  

The m e c h a n i s m  l e a d i n g  to the o s c i l l a t i o n s  is  not  y e t  u n d e r s t o o d .  The f ac t  t ha t  

the c r i t i c a l  e l e c t r o n  d.r i / t  v e l o c i t y  i s  abou t  30 t i m e s  the  v e l o c i t y  of sound,  6 and the 

a b s e n c e  of o r i e n t a t i o n  e f f e c t s ,  m a k e  i t  u n l i k e l y  tha t  the a m p l i f i c a t i o n  of p i e z o e l e c t r i -  

? 
c a l l y  a c t i v e  a c o u s t i c a l  w a v e s  is  i m p o r t a n t .  I t  i s  p o s s i b l e  tha t  the f l u c t u a t i o n s  of 

8 
c u r r e n t  r e p r e s e n t  n o n - l i n e a r  e f f ec t s  of the a m p l i f i c a t i o n  of p o l a r  o p t i c a l  m o d e s ,  o r  

9 
of a t r a n s f e r  of e l e c t r o n s  to h i g h e r  m i n i m a  of the  conduc t ion  band.  C a l c u l a t i o n  

-1 
s u g g e s t s ,  h o w e v e r ,  t ha t  the o b s e r v e d  c~rit ical  d r i f t  v e l o c i t y  of about  107 c m  sec .  i s  

s e v e r a l  t i m e s  too s m a l l  to f i t  e i t h e r  of t h e s e  m e c h a n i s m s ,  and fo r  the p r e s e n t  the  

q u e s t i o n  r e m a i n s  open.  

Some of th i s  w o r k  w a s  p r e s e n t e d  o r a l l y  a t  the June  1963 I E E E  C o n f e r e n c e  on 

E l e c t r o n  D e v i c e s ,  E a s t  L a n s i n g ,  M i c h i g a n ,  U. S. A. 

I t  i s  a p l e a l u r e  to a c k n o w l e d g e  the c o n t r i b u t i o n s  of J. L. St a p l e s  to t h e s e  
e x p e r i m e n t s .  
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On dkcrit  l 'observ&tion dtun nouveau ph6nom&ne dane la conductibilit6 61ectrique 
de cer ta ins  eemiconducteurs du type III-V. Loreque le champ 61ectrique appliqu6 
d6passe une certa~ine valeur  cr i t ique,  dee oscillationJ de fr6quence extr~hmement 61ev6e 
appara issent  dane le courant  dane 1' 6chantA/lon. 




