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A  f o w - v o l t a g e  e l e c t r o l u m i n e s c e n c e  d u e  t o  i n j e c -
t i on  l n to  t he  l um ino r  o f  m lno r l t y  ca r r l e r s  f r om an
insu l_a to r ,  i n  wh i_ch  these  ca r r l e r s  a re  p roduced  by
s p a c e - c h a r g e - l i m i t e d  c u r r e n t ,  h a s  b e e n  o b s e r v e d .  i n
a  me ta l - - i nsu la to r - l um lno r  sys tem a t  room and  n i t r o -
gen  tempera tu res .  The  l _um ino rs  used  were  sem icon -
d u c t l n g  c o m p o u n d s  o f  t h e  A z B o  t y p e .

I t  f o f l o w s  f r o m  a r g u m e n t s  a d v a n c e d  i n  [ f ]  t n a t  i t  i s  p o s s i b l e  t o  o b s e r v e ,
1 n  a  m e t a l - - i n s u l a t o r - l - u m i n o r  s y s t e m ,  e l e c t r o f u m l n e s c e n c e  e x c l t e d  b y  i n j e c t l o n
o f  m ino r i t y  ca r r l e r s  i n to  t he  l um ino r  f r om an  l nsu la to r  j - n  wh i ch  these  ca r r i e r s
a r e  p r o d u c e d  b y  s p a c e - c h a r g e - l i m i t e d  c u r r e n t .  S u c h  a  m e t h o d  o f  e l - e c t r o l u m i n e s *
c e n c e  e x c i t a t i o n  i s  i m p o r t a n t ,  i n  p a r t i c u l a r ,  b e c a u s e  p r o d u c t l o n  o f  e m l s s l o n  1 n
the  v i s i b l e  reg lon  o f  t he  spec t rum a t  room tempera tu re  ca11s  fo r  t he  use  o f
s e m i c o n d u c t o r s  w l t h  s u f f i c i e n t l y  b r o a d  b a n d s ,  f o r  w h i c h  1 t  i s  f r e q u e n t l y  i m -
p o s s i b l e  t o  c h o o s e  m l n o r l t y - c a r r l e r  e m i t t e r s  w i t h  e v e n  b r o a d e r  b a n d s .  I n s o f a r
as  we  know,  howeve r ,  t h i s  l dea  has  no t  been  con f l rmed  expe r imen ta l - l y  so  f a r .

W e  h a v e  s u c c e e d e d ,  a p p a r e n t l y  f o r  t h e  f i r s t  t 1 m e ,  i n  p r o d u c i n g  a  h e t e r o -
s t r u c t u r e  i n  w h i c h  s u c h  a  m e c h a n i s m  o f  e l e c t r o l u m l n e s c e n c e  e x c l t a t i o n  i s  e x -
pe r imen ta l  1y  rea l_1  zed .

Our  ana fys i s  o f  t he  requ i remen ts  lmposed  on  the
phys i ca l  pa rame te rs  o f  t he  ma te r i a l s  used  i n  such

.  s t ruc tu res  (p r imar i l y  on  the  e fec t ron  a f f i n i t y  and
F  t t r e  w id ths  o f  t he  f o rb ldd .en  bands )  has  made  i t  pos -
j  s l b l - e  t o  se l -ec t  a  number  o f  sys tems  i n  wh l ch  one  can
f l  expec t  rea l i za t i on  o f  t he  cons lde red  m ino r i t y - ca r r i e r
14  i n j ec t lOn  mechan i sm.  The  l um lno rs  used  were  b road -

band  supe rconduc to rs  on  the  AzBe  g roup .

O n e  s u c h  s y s t e m  i s  t h e  h e t e r o s t r u c t u r e  P t - L a 2 O 3 -
CdS- In ,  t he  cu r ren t - vo l t age  cha rac te r l s t i cs  o f  wh l ch
a re  shown  i n  t he  f l gu re .  The  ma in  f ea tu res  o f  t hese
c h a r a c t e r i s t i c s ,  w h i c h  a l l _ o w  u s  t o  a s s e s s  t h e  e l - e c t r o -
l um inescence  mechan i sm in  t hese  s t ruc tu res .  a re  t he
f o l l o w l n g :

1 )  T h e y  a r e  u n i p o l a r .  W h e n  a  p o s i t i v e  p o t e n t i a l
i s  app l i ed  t o  t he  p l -a t l num e l -ec t rode  ( cu rve  1 )  ,  t he
cu r ren t  f l ow lng  th rough  the  sys tem ( fo rward  cu r ren t )
i s  nuch  l a rge r  t han  fo r  a  nega t i ve  po ten t l a l  o f  t he
s a m e  m a g n l t u d e  ( c u r v e  2 ) .

Cu r ren t - vo1 t  age
( c u r v e s  1 ,  2 )  a n d
volt age -b ri ghtne s s
( cu rve  3 )  cha r -
a c t e r i s t i c s  o f  t h e
s y s t e m  P t - L a z O  g -
v  u 9  - I l t  o u  a

3 0 o o K .

2 )  T h e  p r e s e n c e  o f  o n e  o r  t w o  s e c t i o n s  w l t h  a

power - l aw  re la t i on  1  ^ ,  Un  w i th  n  =  2  -  3 .  I n  t he  case
o f  t w o  s e e t l o n s ,  t h e y  a r e  u s u a f l y  s e p a r a t e d  b y  a  r e -
g ion wi th a s t ronger i .ncre ase o f  the current  .

3 )  T i re  f l ash - l i ke  cha rac te r  o f  t he  re laxa t i on  o f
t he  fo rwa rd  cu r ren t  a f t e r  i nc reas ing  the  vo l t age .

4)  The dependence of  the for lvard gurrent-on the
t h l c k n e s s  d  o f  t h e  L a z o s  l a y e r ,  i  T '  d - t z  

-  e )  a L

U, Vol ts

a z l



U  =  c o n s t  ( i n  t h e  e x p e r l m e n t s ,  d  w a s  e q u a l  t o  l O 0 O  _  3 0 0 0  E )  .

5 )  Equa l - i t y  o f  t he  f o rwa rd  b ranch  o f  t he  cu r ren t - vo l t age  cha rac te r i s t i c  o ft h e  s y s t e m  1 n  q u e s t i o n  t o  t h e  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  o f  a  c o n t r o l  s y s -t e m  P e - L a 2 O 3 - P t , 1 n  w h i c h  t h e  c u r r e n t  w a s  i n d e p e n d e n t  o f  t h e  p o l a r i t y  o f  t h ea p p l i e d  v o l t a g e .

The  fo rego ing  fea tu res  l nd l ca te  t ha t  t he  f o rwa rd  cu r ren t  i n  t he  i nves t i -ga ted  sys tem i s  due  to  monopo la r  i n j ec t l on  o f  ho l -es  f r om the  p la t i num e lec t rodesi h + ^  + L ^  r ^  nr r r  u v  v r r E  ! d . 2 v  3  .

.  I ndeed ,  i t  f oL l_ows  f rom i t ems  (4 )  and  (5 )  t ha t  t he  behav io r  o f  t he  f o r v ra rdb r a n c h  o f  t h e  c u f f e n t - v o l t a g e  r e l a t l o n s  i s  d e t e r m i n e d  b v  n n o n e s s c s  r - , n ^ r l r r i n o  i rthe  lnsu t -a to r  layer ;  the  rea tureJ  (z l - ,  (a i , * ; ; ' ' i 4 i - ; ; ' r ; ; ; : ; i " : i  ; " :# ;Jns  
r 'n

e h a r g e - l i m l t e d  c u r r e n t  [ 2 ] ;  t h e  f a c t s - i n a i c a t e d  i n ' ( 5 i  u " " a ' i i i - a r r o ,  u s  t o  a s -sume the  eu r ren t .  f l - ow ing  th rough  the  Lazo  a  ,  wh l ch  i s  l - im i t ed  by  space  ch3 . rge ,1 s  d u e  t o  i n j e c t l o n  o f  h o l e s  i n t o  t r r e  L a 2 o r ' f r o m  t h e  p l a t i n u r n  e l e c t r o d e .

Th l s  i s  p rec l se l y  t he  reason  why  l um lnescence  i s  obse rved  i n  t he  l nves t l -g a t e d  s y s t e m s  a t  r a t h e r  1 o w  v o l t a g e s  ( U  =  1 O  - : O  V ) ,  p r " l i c u i a r f y  i n  t h e  v l s i _b l e  r e g l o n  o f  t h e  s p e c t r u m  ( l f O  - - l 0 0  n m ) .  T h e  b r l g h t n e s s  o f  t h i s  l u m i n e s c e n e einc reases  i n  p ropo r t l on  t o  t he  cu r ren t  f l ow  l n to  t he  samp le  ( see  cu rves  1  and
J  i n  t he  f i gu re ) .  I t  1s  lmpor tan t  t ha t  t he  e lec t ro lum inescence  was  obse rved  a t1 =  J 0 0 o K  w h e n  t h e  l - u m i n o r  w a s  c a d m l u m  s u l f i d e ,  i - n  w h i c h ,  a s  i s  w e l l  k n o w n ,  t h eg reen .  and  o range  pho to lum lnescence  a re  s t "o r ,g i y  quenched  a t  t h i s  t empera tu re .O n  g o l n g  t o  n l t r o g e n  t e m p e r a t u r e -  t h e  i n i p n s J l - r r  s f  t h e  r e s i s t c p e d  v i s i b l e  e l - e c _t rotuminescence incre ases upp""; i  J i l  i ; ; " ; ; - ; i r " i^  , "" io i ' ; i#:  j  .

The  resu l t s  g l ve  g round .s  f o r  hop ing  tha t  t he  me thod  rea l l zed  by  us  f o r  1n -
Je -c t i ng  m ino r l t y  ca r r l e r s  1s  p rom is ing  fo r  i r , u  ouve lopmen t  o f  e f f ec t i ve  sou rceso f  v i s l b l e  l i g h t  o n  t h e  b a s l s  o f  a  b r d a d  c l a s s  o f  l u m i n o r s .  W e  s e e  p a r t l c u l - a r
advan tages  i n  t h l s  me thod  when  b road . -band  semiconduc to rs  o f  t he  AzBe  a re  used ,s ince  these  a re  known  fo r  t he i r  e f f ec t l ve  pho to lum inescence  i n  t he  v i s i b l e  re -g i o n  o f  t h e  s p e c t r u m .

A . G .  F i s c h e r ,  J .  E l _ e c t r o c h e m .  S o c .  l 1 B ,  1 3 9 c  ( 1 9 7 1 ) .
A-  -Rose,  Concepts  1n  Photocond.uc t lv f ty  

- r t ro -  
a r i i -ud  prob lems ,  In te rs  c ience ,1 9 6 3 .

t t l
r 2 l


