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D a t a  have been  obta ined  on va lue s  of the  m a x i m u m  
d i s s i p a t e d  p o w e r  fo r  g e r m a n i u m  and ga l l ium a r s e n i d e  
in l iquid n i t r ogen .  

In the e x p e r i m e n t s  s m a l l  r e c t a n g u l a r  b a r s  of p -Ge  
and n - G e A s  (p ~ 10 ~4 cm -3, n ~ 1017 e m  -'~) with d i f f e r -  
ent  su r f ace  a r e a s  ( 0 . 2 - 7 . 5  cm z) we re  inves t iga ted .  A 
t h e r m o c o u p l e  was  p l aced  be tween  two s i m i l a r  s a m -  
p l e s ;  e l e c t r i c a l  con tac t  was made  with fused indium.  

G e r m a n i u m .  The d e g r e e  of addi t iona l  hea t ing  of 
the s a m p l e s  was  d e t e r m i n e d  f r o m  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 s t i c ,  the  r e s i s t a n c e  curve ,  and d i r e c t l y  
f rom the t e m p e r a t u r e  r i s e  due to the  p o w e r  r e l e a s e d .  
At low p o w e r s  up to 0 .01 wat t  the  s a m p l e s  r e m a i n  at  
l iquid n i t rogen  t e m p e r a t u r e ,  and Ohm~s law is  s a t i s f i ed  
(PiP = cons t ) .  With f u r t h e r  p o w e r i n e r e a s e  the t e m p e r -  
a t u r e  of the  s a m p l e s  i n c r e a s e s  mono ton ica l ly  up to 
80~ ~ K (Fig .  1). At the  s a m e  t i m e  the r e s i s t a n c e  
i n c r e a s e s .  A c c o r d i n g  to Hal l  e f fec t  da ta  p = cons t ;  
the  d i s s i p a t i o n  is  d e t e r m i n e d  by  l a t t i c e  v i b r a t i o n s  and 
# ~ T -2A. In th i s  c a s e  the r e l a t i v e  change in r e s i s t a n c e  

pr ~ 7 8 ,  (__T 1-~ ~ ' 
P~8 ~tr ~ 78} 

which a g r e e s  with e x p e r i m e n t .  In t h i s  r eg ion  the h e a t -  
ing i s  not d i r e c t l y  p r o p o r t i o n a l  to the  s u r f a c e  a r e a  of 
the  s a m p l e s .  At  the  c r i t i c a l  p o w e r  of 13 • 3 W/era ~ a 
s h a r p  jump in t e m p e r a t u r e  to 100~ ~ K o c c u r s ,  a t  
the  s a m e  t i m e  the r e s i s t a n c e  a b r u p t l y  i n c r e a s e s  by  a 
f a c t o r  of 2 - 3  (owing to the  d e c r e a s e  in mobi l i ty) ,  and 
the c u r r e n t  f a l l s  (F ig .  2). Again  when the  c r i t i c a l  pow-  
e r  i s  a t ta ined ,  the  t e m p e r a t u r e  j umps  to 400 ~ K, and 
the c u r r e n t  i n c r e a s e s  (band-band t h e r m a l  ion iza t ion) .  
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Fig .  1. Dependence  of t e m p e r a -  
t u r e  of s a m p l e s  on p o w e r  r e -  
l e a s e d  in them:  1) S = 1.6  cruZ; 

2) 0.6; 3) 5.2. 

The c r i t i c a l  p o w e r  fo r  s a m p l e s  with a s m a l l e r  a r e a  i s  
b i g g e r  than  the a v e r a g e  (13 W / c m  2) owing to the  in f lu-  
ence  of the  c o n d u c t o r s  and t h e r m o c o u p l e  l e a d s .  The 

h y s t e r e s i s  of 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 s t i c s  shows 
that  the p o w e r  r e q u i r e d  for  onse t  of  the t e m p e r a t u r e  
jump is  l e s s  than the p o w e r  r e q u i r e d  for  sus t a in ing  the 
nbreakdown" s t a t e .  
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Fig .  2. C u r r e n t - v o l t a g e  c h a r a c -  
t e r i s t i c s  f o r  g e r m a n i u m  s a m p l e s  
10 (8 = 0.45. cm2) - - l ower  vo l t age  
s c a l e ,  and 12 (8 = 1 .1  cruZ) - 

u p p e r  vo l t age  s ca l e .  

Ga l l i um a r s e n i d e .  The r e s u l t s  a r e  ana logous  to 
those  for  g e r m a n i u m .  However ,  a f t e r  the c r i t i c a l  pow-  
e r  of 13 W / c m  2 i s  a t t a ined  the t e m p e r a t u r e  r i s e s  d i -  
r e c t l y  to ~450 ~ K (which i s  connec ted  with the c o n s t a n -  
cy  of  n and ~ in the  i n t e r v a l  8ff ' -450 ~ K). 

The co inc idence  of the c r i t i c a l  p o w e r s  fo r  Ge and 
GaAs shows tha t  the  t e m p e r a t u r e  jump is  connec ted  
with the  b e h a v i o r  of  the l iquid n i t rogen ,  name ly ,  wi th  
the  f o r m a t i o n  of a g a s e o u s  f i lm  a round  the s a m p l e  and 
a s h a r p  d e c r e a s e  in hea t  t r a n s f e r .  This  phenomenon  
was  o b s e r v e d  in h e l i u m  [1] and i s  ana logous  to  the  f o r -  
ma t ion  of  a " v a p o r  lock"  in b o i l e r s  [2]. The c o n s i d e r -  
ab le  s u p e r h e a t i n g  of  the  s a m p l e s  at  low p o w e r s  i s  a p -  
p a r e n t l y  cormected  with  s u p e r h e a t i n g  of the  l iquid phase  
and a l so  wi th  d e c r e a s e  in hea t  conduc t iv i ty  with in -  
c r e a s e  in t e m p e r a t u r e  [3, 4]. 

NOTATION 

T-temperature; a, p -  carrier density; ~ -  mobility; S-  area; p -  
resistivity. 
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