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I t  is  predicted that  current  d iscont inui t ies can occur  on the
overheat  branch of  an S-shaped current-vol tage character is t ic  (CVC)

of  a semiconductor  p laced in a nagnet ic  f ie ld perpendi .cu lar  to  the
current  f l0w.

I f  the t ransverse d inensions of  a semiconductor  wi th S-shaped current  vo l tage character is-

t ic  (CVC) exceeds a character is t ic  parameter  1. .  (wi th the d imension of  length)  [1 ] ,  then the

carr ier- temperature d is t r ibut ion belomes inhom6geneous.  I f  the problem is  one-dimensio i ta l ' r ,

i . e . ,  i f  a t1  t he  quan t i t i es  depend ,  say ,  on  z ,  t hen  the  equa t i on  f o r  t he  e lec t ron  ! . t p " I? lYT :
O ( z ) ,  i n  t h e  a b s e n c e  o f  s u r f a c e  e n e r g y - r e l a x a t i o n  m e c h a n i s m s  1 3 , 4 ) ,  h a s  t w o  s o l u t i o n s  0 t - ' J ( z ) ,

whose  va lues  co inc ide  a t  t he  m i .dd le  o f  t he  c ross  sec t i on  ( cu rves  I  o f  F ig .  1 )  t 1 ] .

I f  the sur face energy-d iss ipat ion mechanisns are taken into account ,  inc luding the case

when these mechani .sms have'd i f fer ;nt  powers at  the sample boundar ies,  only  one of  these two

dist r ibut ions remains,  and i ts  form depends on the re l i t ion between the quant i t ies r1e and r1"  ( the

character is t ic  porvers of  the sur face nechanisns on the boundar ies z = 0 and z = 4,  respect ive ly) .
r n  n .? t ; n , r ra r  i f  l o  <<  r l a ,  t hen  the  O(z )  d i s t r i bu t i on  t akes  t . he  f o rm  o f  cu rve  2  o f  F ig .  1 ,  and
L t L  P d L  U r 9 U l 4 l r  r r  i

the forrn of  curve 3 i f  r1q '>> na [a] .  16 lo  = la  and at  the sane t ime lo = f la  < nsr  (where ncr

i s  a  ce r ta in  c r i - t i ca1  va iue  o f *n - tS ] ) ,  t hen  the ie  a re  two  so lu t i ons  f o r  t he  t empera tu re ,  - 0  
=

O( t l ) ( z ) ,  [ 5 ] ,  i us t  as  i n  t he  absence  o f  su r face  mechan i sms .  These  a re  shown  i . n  F ig .  2  ( cu rves

l t  on the other  hand,  ig  no = r la  > f lcr ,  then there is  only  one temperature d is t r ibut j -on
L ) ,

( cu rve  2  o f  F ig .  2 ) .  The  fo rego ing  enab les  us  t o  t r ace  the  2
var ia t ion  o f  the  tempera ture  d i ,s t r ibu t i .ons  in  the  case when the  ,
power  o f  the  sur face  mechan isms on one o f  the  wa l ls  (say  the

wal1  z  =  a )  i s  f i xed  ( r1a  =  cons t ) ,  and var ies  on  the  o ther  wa1 l

f rom 116 <  na  to  l ' l o  >  la .  So long "5  r lo  <  13 ,  the  tempera ture

O(0)  on  the  wa l l  i  =  0  exceeds the  tenpera ture  0(a)  on  the  wa l1

z  =  a ,  a n d  t h e  e l e c t r o n  t e m p e r a -
tu re  g rad ien t  30 /dz  averaged o
o v e r  t h e  c r o s s  s e c t i o n  i s  n e g a -
t l ve .  When 1o becomes equa l  to
rla, but r l4 < r ls '  this average
g iad ien t  i s  neg- t i ve  fo r  one o f
t h e  e x i s t i n g  d i , s t r i b u t i o n s ,
o ( t l )  r z l .  a n d  n o s i t i v e  f o r  t h e
o t h e r ,  Q t - r l ( z )  t s l .  O n  t h e

other  hand i f  r la  >  r l c r ,  then
the  grad ien t  i s  equa l  to  zero
a t  r t o  =  n a  [ 5 ] .  F i n a l l Y ,  w h e n

ns becomes la rger  than n" ,  the
grad ien t  averaged over  the  c ross
s e c t i o n  b e c o m e s  p o s i t i v e  [ 4 ,  5 ] .

T t  i c  n p r f p c t l w  n h r r i o t t s

tha t  a  cont inuous  var ia t ion  o f
the  power  o f  the  sur face  mechan-
i . s m s  i s  a r t i f i c i a l .  H o w e v e r ,
a s  s h o w n  i n  [ 6 ] ,  a p p l i c a t i o n
o f  a  m a g n e t i c  f i e l d  a l o n g  t h e
y  a x i s ,  i . e , ,  a l o n g  a  d i r e c t i o n
p e r p e n d i c u l a r  t o  t h e  P l a n e  o f
the  e lec t r i c  cur ren t  and o f
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t h o  o 1 a ^ f r ^ n  f a m n o Y, .  ' - , , , y ' . ' a tu re  g rad ien t ,  leads  to  an  e f fec t  j . ve  "change"  in  the  va lue  o f  the  sur face
nechan isns .  Assuming fo r  s imp l ic i t y  tha t  the  sur face  mechan isms are  present  on ly  on  one o f  the
s a m p l e " w a l l s  ( s a y  t h e  b o u n d a r y  z  =  a )  a n d  a s s u m i n g  t h a t  t h e  m a g n e t i c  f i e l d  H  i s  w e a k
t ( o u t ) ' < <  1 ,  w h e r e  o g  i s  t h e  c y c l o t r o n  f r e q u e n c y  a n d  t  i s  t h e  r e l a x a t i o n  t i m e ) ,  t h e  b o u n d a r y
cond i t ions  fo r  the  e lec t ron  tempera ture  take  the  fo rm f6 l

*  1,=o 
= H' i ' to)El .=0,  #1,= o = uo( o)  E -  TF( o)  )1,=" ( l )

w h e r e  0 ( 0 )  i s  t h e  c o e f f i c i e n t  o f  t h e t r a n s v e r s e  N e r n s t - E t t i n g s h a u s e r r  t h e r m o m a g n e t i c  e f f e c t  [ 6 ] ,
E  is  the  app l ied  e lec t r i c  f le ld ,  and F(0)  i s  a  func t ion  tha t  takes  in to  account  the  tempera ture
dependence o f  the  sur face  mechan i -sms.

I t  i s  seen  f ron  ( l )  t ha t  i n  t he  case_when  H  i s  pa ra l l e1  t o  t he  y  ax i s  (H  >  0 ) ,  an  i nc rease
o f t h e m a g n e t i c  f i e l d  f r o m H =  0 t o H = H ( r r J  = 1 F ( 0 ) / 2 0 ( 0 ) E  i s  e q u i v a l e n t  t o  a c h a n g e o f 1 1 6
frorn 0 to na.  Wi th fur ther  increase of  H (H > H(n)) ,  le  becomes ef fect ive ly  larger  than r1" .

Consequent ly ,  when the f ie ld changes f rom H = 0 to 11 > g(n)  the tenperature d is t r ibut ion
is  deformed in the nanner descr ibed in the connect ion of  the change of  r1o (see Figs.  I  and 2) ,
I t  f o l l ows  f rom th i s ,  i n  pa r t i cu la r ,  t ha t  i f  H (n )  i s  l ess  t han  a  c r i t i ca i  va lue  H f l c r )  =
ncrF(0)  /2A(0)E,  then the e lect ron- tenperature gradient  averaged over  the cross sect ion reverses
sign and exper iences a d iscont inui ty .

( ' incp rha o"nression for  the current  I  averaged over  the cross sect ion conta ins in  the
presence of  a t ransverse nagnet ic  f ie ld a term proport ional  to  the product  of  the magnet ic  f ie ld
H  by  t he  e lec t ron - tempera tu re  g rad ien t -ave raged  ove r  t he  c ross  sec t i on  [ 6 ] ,  t he  d i scon t i nu i t y  o f
t he  g rad ien ts  i n  a  f i e l d  H  =  H tnJ  <  H ( ' r c r )  l eads  to  a  d i scon t i nu i t y  i n  t he  cu r ren t  i n  t he  same
magnet i .c  f ie1d,  We note that  an increase of  n leads to an increase of  g(n)  and consequent . ly
when n is  increased the d iscont inui ty  of  the current  occurs in  s t ronger magnet . ic  f ie ld.  I t  is
obvious that  there is  no break in  the current  at  H = g(n)  > g( t lcr ) ,  i in . "  ih"  "uur"g"  gradient
is  then equal  to  zero,  is  ind icated above.  An exact  ca lculat ion s imi lar  to  that  per formed in
[4 ,  6 ]  y i e l ds  t he - fo l l ow ing .e lp ress ion  fo r  t he  d i scon t i nu i t y  ( " j ump" )  f f  o f  t he  ave rage  cu r ren t
i n  a  f i e l d  H  =  H (n ) ,  when  g (n )  <  g (nc r ) ,  as  a  f unc t i on  o f  t he  powe i  o f  i he  su r face  me ihan i sms

I  n = nrnta 
q r /r  -  (  q/n.r l '

Such a dependence of  the average c i r r rent  d iscont inui ty  is  understandable.  As 11 + l " r ,  the
average d iscont inui ty  tends to zero,  s ince the e lect ron- temperature.  gradient  averaged ovei^ the
c ross  sec t i on  dec reases  nono ton i ca l l y  t o  ze ro .  As  11  +  0 ,  t he  co r respond ing  va lue  I f  H (n )  a f so
tends to zero.  Therefore,  a l though the average gradient  Ci f fers f rom zero as r l  + 0,  i t  nakes no

cont r ibu t ion  to  the  express ion  fo r
t h e  c u r r e n t ,  b e c a u s e  H h )  *  O .  I t
can  be  shown tha t  when H is  inc reased
the  cur ren t  iump in  a  f ie ld  H =
H(n)  <  H(ncr )  oc"urs  in  la rger  va lues
of  the  la t te r .  0n  the  o ther  hand,  i f
H ( n )  >  H ( l c r ) ,  t h e n  t h e r e  i s  n o  d i s -
c o n t i n u i t y  i n  a  f i e l d  H  =  H ( t l ) ,  a n d
the  j  (H)  curve  has  a  min imum.

R e v e r s a l  o f  t h e  d i r e c t i o n  o f
t h e  r n a g n e t i c  f i e l d  ( i . e . ,  H  <  0 ,  a n t i -
p a r a l l e 1  t o  t h e  y  a x i s )  l e a d s  ( s e e
( 1 ) )  t o  t h e  a p p e a r a n c e  o f  ' r n e g a t i v e "

s u r f a c e  m e c h a n i s m s  ( i . e . ,  l o  <  0 ) ,
The cor respond ing  mean va lues  o f  the
e lec t ron  tempera ture  and o f  the  tem-
pera ture  grad ien t  can  be  read i l y
shown to  be  monoton ic  func t ions  o f
the  rnagnet i -c  f ie ld  in  th is  cag l  .  Con-
sequent ly ,  the  cur ren t  a t  H  <  0  i s  a
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monotonic funct ion of  the f ie ld H.

Figure 3 shows the gauss-ampere character is t ics for  d i f ferent  va lues

I t  is  natura l  to  expect  the current  d iscont inui t i .es on the J lU;  ptot

current  iumps on the CVC.

of

t o

the parameter  n.

lead inevl tablY t ,o

g l v

t l l

12)
t 5 l

l ) th .  l i r i t ing d i rnensions at  which the problem can be regarded as one-dimensional  are

e n  i n  [ 1 ,  2 ] .
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