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A b s t r a c t  

Hgl-x Cd, Te is  e x t e n s i v e l y  used today as a 
v e r s a t i l e  i n f r a r e d  d e t e c t o r  m a t e r i a l  w i t h  i n c r e a s -  
i n g  impor t ance  i n  t h e  f a b r i c a t i o n  o f  f o c a l  p l a n e  
a r r a y s .  
e r t i e s  a r e  i n v e s t i g a t e d  u s i n g  n o n d e s t r u c t i v e  SAW 
techn ique .  The t r a n s v e r s e  a c o u s t o e l e c t r i c  v o l t a g e  
(TAV) i s  moni tored  a c r o s s  t h e  Hgl-x Cd, Te sample  
which i s  p l aced  i n  p rox imi ty  of a LiNbOj de lay  
l i n e .  TAV is developed  due t o  t h e  n o n l i n e a r  i n t e r -  
a c t i o n  between t h e  e l e c t r i c  f i e l d  accompanying SAW, 
and t h e  f r e e  c a r r i e r s  n e a r  t h e  Hgl-x Cd, T e  s u r f a c e .  
C o n t a c t l e s s  TAV and s u r f a c e  p h o t o v o l t a g e  s p e c t r o -  
scopy a r e  performed t o  de t e rmine  t h e  bandgap and 
t h u s  t h e  a l l o y  compos i t ion  (x )  of Hgl-x Cd, Te. 

I n  t h i s  work Hgl-x Cd, T e  e l e c t r o n i c  prop- 

The TAL' v e r s u s  v o l t a g e  measurements are a l s o  
per formed f o r  f u r t h e r  i n v e s t i g a t i o n  of  Hgl-x Cd, Te 
s u r f a c e  p r o p e r t i e s  ( such  as c o n d u c t i v i t y  t y p e  and 
p o s s i b l e  s u r f a c e  i n v e r s i o n  due  t o  p a s s i v a t i o n  by 
ZnS). 

I n t r o d u c t i o n  

F u l l  s c a l e  p roduc t ion  f o r  c u r r e n t  and f u t u r e  
g e n e r a t i o n  m i l i t a r y  i n f r a r e d  sys tems w i l l  r e q u i r e  
l i n e a r  a r r a y s  and mosaic f o c a l  p l a n e s  w i t h  a l a r g e  
number of i n f r a r e d  d e t e c t o r s .  Mercury cadmium 
t e l l u r i d e  p r o v i d e s  a predominant  r o l e  a s  t h e  mater- 
i a l  f o r  t h e s e  d e t e c t 0 r s . l  
pho to -de tec to r  p r o d u c t i o n  and maximum y i e l d  f o r  
sys t ems  such  as Advanced FLIR Technology (AFT), 
Thermal Weapon S i g h t s  (TWS) and t h e  S h u t t l e  I n f r a r e d  
Te le scope  F a c i l i t y  (SIRTF), advanced n o n d e s t r u c t i v e  
c o n t a c t l e s s  t echn iques  w i l l  b e  needed. 

To m a i n t a i n  h i g h  volume 

For  example,  a f a s t ,  r e l i a b l e  c o n t a c t l e s s  
t e c h n i q u e  i s  h i g h l y  d e s i r a b l e  f o r  c h a r a c t e r i z i n g  
semiconductor  m a t e r i a l s  a t  s e v e r a l  key p r o d u c t i o n  
p o i n t s  b e f o r e  comple t ion  of t h e  f i n a l  p h o t o d e t e c t o r .  
These p o i n t s  may i n c l u d e  a n n e a l i n g ,  s l i c i n g ,  p o l i s h -  
i n g ,  e t c h i n g ,  s u r f a c e  p a s s i v a t i o n  and implan t  pro- 
f i l i n g .  C o n t a c t l e s s  t e s t i n g  p r o v i d e s  c o n s i d e r a b l e  
s a v i n g s  i n  l a b o r  and m a t e r i a l s  by r e j e c t i n g  a f a u l t y  
d e v i c e  e a r l y  d u r i n g  p r o d u c t i o n  and by making t h i s  
d e t e r m i n a t i o n  w i t h  r e l a t i v e  e a s e  compared w i t h  o t h e r  
t e c h n i q u e s  r e q u i r i n g  ohmic c o n t a c t s  o r  m e t a l l i z a -  
t i o n .  The c o n t a c t l e s s  t e c h n i q u e  chosen  f o r  t h i s  
pape r  u s e s  S u r f a c e  Acous t i c  Wave (SAW). D i f f e r e n t  
imp lemen ta t ions  'of t h e  SAW technique2-10 have  been  
used f o r  s emiconduc to r s  such  as S i l i c o n ,  Cadmium- 
S u l p h i d e ,  Indium Arsen ide ,  Indium Phosphide ,  Gal l ium 
Arsen ide  and Gal l ium Phosphide .  I n  t h i s  p a p e r ,  i t  
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is ex tended  t o  i n c l u d e  Cadmium T e l l u r i d e  (CdTe) and 
Mercury Cadmium T e l l u r i d e  wi th  v a r y i n g  a l l o v  compo- 
s i t i o n  (Hgl-x Cdx Te) .  

The main f e a t u r e  of t h e  SAW t e c h n i q u e  i s  t h a t  
t h e  p rob ing  t o o l  i s  an  AC e l e c t r i c  f i e l d  which i s  
g e n e r a t e d  a t  t h e  s u r f a c e  o f a  p i e z o e l e c t r i c  mater ia l  
and i s  coupled  t o  t h e  semiconductor  s u r f a c e  w i t h o u t  
any form o f  c o n t a c t .  To produce  t h i s  e l e c t r i c  
f i e l d  t h e  SAW i s  g e n e r a t e d  by app ly ing  r f  v o l t a g e  
t o  t h e  i n t e r d i g i t a l  t r a n s d u c e r s  made on t h e  s u r f a c e  
o f  a p i e z o e l e c t r i c  m a t e r i a l  (LiNb0,)233 as shown i n  
f i g u r e  l a .  Because LiNbO3 is  p i e z o e l e c t r i c ,  t h e  
e l a s t i c  wave i s  acconpanied  by an  e l e c t r i c  f i e l d  
w i t h  a component p e r p e n d i c u l a r  t o  t h e  s u r f a c e  of 
t h e  L i N b O 3  s u b s t r a t e  (p rob ing  f i e l d ) .  Th i s  compo- 
n e n t  e x i s t s  o u t s i d e  t h e  LiNb03 t o  a d i s t a n c e  o f  
abou t  an  a c o u s t i c  wavelength  (E  31.6 !Jm f o r  110 MHz 
r f  p u l s e ) .  When t h e  p rob ing  e l e c t r i c  f i e l d  r e a c h e s  
under  t h e  semiconductor  s u r f a c e  (which i s  p laced  
above t h e  d e l a y  l i n e  ( f i g .  l b ) ,  t h e  a c o u s t o - e l e c t r i c  
i n t e r a c t i o n  wi th  t h e  f r e e  c a r r i e r s  of t h e  semicon- 
d u c t o r s  m a n i f e s t s  i t s e l f  a s  a t t e n u a t i o n  and change 
i n  v e l o c i t y  of SAW and t h e  appea rance  of a d . c .  
v o l t a g e  a c r o s s  t h e  semiconductor .  The t r a n s v e r s e  
component of t h i s  v o l t a g e  which i s  c a l l e d  t h e  
t r a n s v e r s e  a c o u s t o e l e c t r i c  v o l t a g e  (TAV) i s  t h e  
moni tored  s i g n a l  th roughout  t h e  f o l l o w i n g  e x p e r i -  
ments .  The p e n e t r a t i o n  depth  of t h e  p rob ing  f i e l d  
i s  on t h e  o r d e r  o f  t h e  semiconductor  e x t r i n s i c  
Debye l e n g t h  o r  t h e  a c o u s t i c  wave l e n g t h ,  whichever  
is s h o r t e r .  TAV s i g n a l  can  b e  moni tored  by p l a c i n g  
a me ta l  p l a t e  above t h e  semiconductor  and a n o t h e r  
one e i t h e r  below t h e  LiNb03 s u b s t r a t e  ( f i g .  l b )  o r  
above i t  ( f i g .  I d ) .  To mon i to r  t h e  dc  TAV s i g n a l  
th rough t h e  p o s s i b l e  i n s u l a t o r s ,  t h e  r f  v o l t a g e  and 
t h u s  t h e  p rob ing  e l e c t r i c  f i e l d  are p u l s e d .  TA\' i s  
c a p a c i t i v e l y  coupled  t o  t h e  m e t a l  p l a t e s ,  s o  t h e  
p r e s e n c e  o r  absence  o f  i n s u l a t o r  l a y e r  on  t h e  s e m i -  
conduc to r  s u r f a c e  i s  immate r i a l .  The n a t u r e  of 
t h e s e  c o n t a c t s  th rough which t h e  TAV is  moni tored  
is  impor t an t  f o r  a n o n d e s t r u c t i v e  measurement.  I n  
s p e c t r o s c o p y  measurements,  t h e  c o n f i g u r a t i o n  of 
f i g .  l b  i s  used  where t h e  ground p a t h  i s  a n  AR 
p l a t e  evapora t ed  unde rnea th  t h e  LiNbO3 and t h e  mono- 
ch romat i c  i n c i d e n t  beams a r e  shone  on t h e  semicon- 
d u c t o r  s u r f a c e  through a s m a l l  window. This s t r u c -  
t u r e  is  s u f f i c i e n t  f o r  s p e c t r o s c o p i c  measurements 
where t h e  modula t ion  o f  t h e  s u r f a c e  p o t e n t i a l  by a n  
e x t e r n a l  d c  b i a s  is  n o t  needed .  On t h e  c o n t r a r y ,  
i f  t h e  s u r f a c e  p o t e n t i a l  h a s  t o  b e  modula ted ,  a 
ve ry  l a r g e  v o l t a g e  i n  e x c e s s  of 1000 v o l t s  is  needed 
t o  s u s t a i n  t h e  v o l t a g e  d rop  a c r o s s  t h e  t h i c k  LiNbO3 
s u b s t r a t e  ( 2  3 m).? To overcome t h i s  problem, t h e  
new c o n f i g u r a t i o n  which i s  shown i n  f i g .  IC is 
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d e v i s e d .  I n  t h i s  c o n f i g u r a t i o n ,  a t h i n  aluminum 
s t r u c t u r e  (= 1000 A') i s  evapora t ed  on t h e  LiNbOj 
s u r f a c e  which p r o v i d e s  t h e  ground p a t h  f o r  t h e  TAV 
s i g n a l .  A t  t h e  c e n t e r  of t h e  aluminum s t r u c t u r e ,  a 
window is  made which a c t s  as t h e  i n t e r a c t i o n  r e g i o n .  
Under t h e  AL covered  a r e a  t h e  e l e c t r i c  f i e l d  t e n d s  
t o  z e r o  w h i l e  t h e  mechanica l  wave c o n t i n u e s  t o  prop- 
a g a t e .  Once t h e  mechanica l  wave r e a c h e s  t h e  i n t e r -  
a c t i o n  window, t h e  p rob ing  e l e c t r i c  f i e l d  is  
r e g e n e r a t e d .  The semiconductor  under  tes t  i s  p l a c e d  
above t h e  i n t e r a c t i o n  r e g i o n  where t h e  p rob ing  
e l e c t r i c  f i e l d  p e n e t r a t e s  i n s i d e  t h e  semiconductor  
and produces  t h e  TAV s i g n a l  ( f i g .  I d ) .  To change 
t h e  s u r f a c e  p o t e n t i a l  a d c  v o l t a g e  i s  a p p l i e d  
a c r o s s  t h e  semiconductor  th rough t h e  s a m e  s t r u c t u r e  
used t o  d e t e c t  t h e  TAV s i g n a l .  To comple te  t h e  
c i r c u i t  an  A t  p l a t e  is p r e s s e d  on t h e  semiconductor  
back s u r f a c e  and t h e  ground pa th  i s  t h e  AR s t r u c -  
t u r e  on t h e  s u r f a c e  o f  LiNbO3. The c o n t a c t  t o  t h e  
s u r f a c e  under  s t u d y  ( d e v i c e  s i d e )  is  of s p e c i a l  
impor t ance .  Th i s  c o n t a c t  i s  s imply  p rov ided  by 
p l a c i n g  t h e  semiconductor  on t h e  Ak c o a t e d  LiNbO3 
( f i g .  I d )  and t h e r e  i s  no p r o c e s s i n g  i n v o l v e d .  The 
ground p a t h  on  t h e  s u r f a c e  of t h e  LiNbO3 h a s  
reduced  t h e  n e c e s s a r y  magni tude  o f  t h e  a p p l i e d  d c  
v o l t a g e  by a f a c t o r  o f  100 a s  compared t o  t h e  prev- 
i o u s  work* due  t o  t h e  e l i m i n a t i o n  o f  t h e  v o l t a g e  
d rop  a c r o s s  t h e  LiNbO3. 

I n  t h i s  paper  t h e  f e a s i b i l i t y  o f  t h e  TAV meas- 
urement t echn ique  t o  CdTe and Hgl-x Cdx T e  is dem- 
o n s t r a t e d  u s i n g  b o t h  t h e  spec t roscopy  and TAV v s  
a p p l i e d  b i a s  v o l t a g e  measurements.  

T r a n s v e r s e  Acous to -E lec t r i c  Vo l t age  and 
Exper imenta l  P rocedure  

TAV measurements i n  g e n e r a l ,  c o n s i s t  o f  moni- 
t o r i n g  t h e  TAV ampl i tude  o r  t r a n s i e n t  t i m e  c o n s t a n t s  
w h i l e  t h e  semiconductor  s u r f a c e  c o n d i t i o n  i s  v a r i e d  
by an  e x t e r n a l  e x c i t a t i o n  such  a s  pho tons ,  a p p l i e d  
b i a s  f i e l d  and h e a t i n g  o r  c o o l i n g .  TAV ampl i tude  
dependence on t h e  e l e c t r o n i c  p r o p e r t i e s  of t h e  
semiconduc to r  s u r f a c e  is d e s c r i b e d  e l sewhere lo  and 
is  p r o p o r t i o n a l  t o  t h e  c o n d u c t i v i t y  d i f f e r e n c e  
between t h e  e l e c t r o n s  and h o l e s .  

F i g .  2 shows t h e  p l o t  o f  TAV vs e l e c t r o n  and 
h o l e  c o n c e n t r a t i o n  u s i n g  eqn. (15)  of r e f e r e n c e  l o .  
The c o n s t a n t s  used  f o r  t h e  f i g u r e  are shown i n  
Tab le  I and t h e  f r equency  o f  SAW assumed i s  100 MHz. 
The form of t h e  cu rve  is s i m i l a r  f o r  o t h e r  semicon- 
d u c t o r s .  The impor t an t  f e a t u r e s  o f  t h e  p l o t  are: 
1) n t y p e  s u r f a c e  c o n d u c t i v i t y  e x h i b i t s  a p o s i t i v e  
TAV and v i c e  v e r s a  f o r  p type .  2) There i s  a max- 
imum i n  b o t h  t h e  n and p r e g i o n s .  The r e a s o n  is  
t h a t  f o r  t h e  i n t r i n s i c  c a s e  t h e r e  are few c a r r i e r s  
t o  i n t e r a c t  w i t h  t h e  p rob ing  e l ec t r i c  f i e l d  and t h e  
TAV is  v e r y  s m a l l .  A s  t h e  c o n c e n t r a t i o n  o f  t h e  f r e e  
c a r r i e r s  i n c r e a s e s ,  t h e  TAV grows u n t i l  i t  r e a c h e s  
t h e  maximum. A t  h i g h e r  c o n d u c t i v i t i e s ,  t h e  f r e e  
c a r r i e r s  b e g i n  t o  s c r e e n  t h e  p r o b i n g  e l e c t r i c  and 
t h e  TAV ampl i tude  r educes .  Thus by mon i to r ing  t h e  
TAV ampl i tude  one can  d i s t i n g u i s h  between e l e c t r o n  
and h o l e  s u r f a c e  c o n d u c t i v i t i e s  and a l s o  o b t a i n  t h e  
magni tude  o f  t h e  s u r f a c e  c o n d u c t i v i t y .  Because of 
t h e  l a r g e  d i f f e r e n c e  i n  e l e c t r o n  and h o l e  mob i l i -  
t ies ,  t h e  peak TAV of n-type samples  is much l a r g e r  
t h a n  t h a t  o f  p-type.  Because of t h e  l a r g e  bandgap 

of CdTe, TAV i s  predominant  on ly  i n  small r e g i o n s  
of e l e c t r o n  and h o l e  c o n c e n t r a t i o n s .  One s h o u l d  
n o t e  t h e  h igh  s e n s i t i v i t y  of t h e  TAV s i g n a l  a t  v e r y  
low c a r r i e r  c o n c e n t r a t i o n s  which e x t e n d s  t h e  meas- 
urement c a p a b i l i t y  t o  v e r y  h igh  r e s i s t i v i t y  samples .  
This i s  a d i s t i n c t  advan tage  o v e r  o t h e r  measurement 
t echn iques  such  a s  Hal l  v o l t a g e  and f o u r  p o i n t  
probe  measurements.  On t h e  o t h e r  hand ,  t h e  s e n s i -  
t i v i t y  of t h e  TAV t e c h n i q u e  d e c r e a s e s  a t  ve ry  h i g h  
carrier c o n c e n t r a t i o n .  Lock-in d e t e c t i o n  o f  t h e  
TAV ampl i tude  h a s  a l l e v i a t e d  t h i s  problem t o  some 
e x t e n t .  

In  t h e  expe r imen t s  r e p o r t e d  h e r e ,  t h e  r f  p u l s e  
a p p l i e d  t o  t h e  i n p u t  t r a n s d u c e r  h a s  f r equency  o f  
110 MHz (55 MHz i s  a l s o  used)  and i t s  ampl i tude  i s  
abou t  10  v o l t s  P/P (50 R l o a d  r e s i s t a n c e ) .  The 
p u l s e  d u r a t i o n  is i n  t h e  r ange  o f  m s e c .  w i t h  rep-  
e t i t i o n  ra te  of abou t  30 Hz. The TAV ampl i tude  i s  
measured by a lock- in  a m p l i f i e r  l ocked  t o  t h e  envel- 
ope of t h e  r f  e x c i t a t i o n  p u l s e .  I n  some cases t h e  
TAV ampl i tude  is  reco rded  manual ly .  

F ig .  3 shows a t y p i c a l  i n p u t  and o u t p u t  o f  t h e  
SAW d e l a y  l i n e  and t h e  r e s u l t i n g  TAV when HgCdTe i s  
used .  I n  t h i s  p i c t u r e  trace ( a )  i s  t h e  110 MHz 
i n p u t  r f  p u l s e  w i t h  abou t  2 .5  .Jsec. T r a c e  ( c )  shows 
t h e  TAV s i g n a l  o b t a i n e d  from t h e  HgCdTe sample  which 
is about  7 p s e c  de l ayed  w i t h  r e s p e c t  t o  t h e  i n p u t  
r f  p u l s e .  The f i r s t  peak i n  t r a c e  ( c )  w i t h  no 
d e l a y  ( t h e  small  peak) i s  due t o  t h e  r a d i a t i o n  from 
r f  i n p u t  p u l s e .  

The t i m e  c o n s t a n t  a s s o c i a t e d  w i t h  t h e  l e a d i n g  
edge  o f  t h e  TAV s i g n a l  can b e  r e l a t e d  t o  t h e  gener- 
a t i o n  l i f e t i m e  ( T ~ )  and s u r f a c e  g e n e r a t i o n  v e l o c i t y  
( ~ ~ 1 . 6  The s e p a r a t i o n  o f  T~ and SE i s  p o s s i b l e  by 
t h e  a p p l i c a t i o n  o f  a d e p l e t i n g  d c  ias f i e l d  a c r o s s  
t h e  semiconduc to r .7  
s i l i c o n  w a f e r s  (used  f o r  VLSI f a b r i c a t i o n )  as an  
i n d i c a t i o n  of t h e  d e f e c t  d e n s i t y .  These pa rame te r s  
can  b e  dep th  p r o f i l e d  by t h e  new t echn ique  i n t r o -  
duced i n  r e f e r e n c e  5. However, t h e s e  expe r imen t s  
h a v e n o t  been  performed as y e t  f o r  CdTe o r  HgCdTe 
samples .  

T g  and Sg a r e  de t e rmined  f o r  

Spec t roscopy  o f  TAV ampl i tude  i s  used  t o  
r e v e a l  t h e  subbandgap a b s o r p t i o n  and t h e  i n t e r f a c e  
s ta tes  energy  band s t r u c t u r e  o f  t h e  semiconduc to r s .  
I n  t h i s  method, t h e  wavelength  o f  t h e  i n c i d e n t  beam 
i s  scanned i n  t h e  d e s i r e d  r ange .  The d e t e c t i o n  
s e n s i t i v i t y  o f  t h e  subbandgap s t r u c t u r e s  can  b e  
enhanced by two beam s p e c t r o s c o p y  as compared t o  
one  beam, by t h e  p r o p e r  c h o i c e  of t h e  b i a s  l i g h t  
wavelength .  

The monochromatic i n c i d e n t  i n c i d e n t  beam i s  
chopped w i t h  a mechan ica l  chopper  which a l s o  pro-  
v i d e s  t h e  r e f e r e n c e  s i g n a l  f o r  the lock- in  a m p l i f i e r  
and t h e  p u l s e  g e n e r a t o r .  Bausch & Lomb monochro- 
mator  (B & L C a t .  #33-86-25 w i t h  h i g h  i n t e n s i t y  
t u n g s t e n  s o u r c e )  is used  f o r  t h e  wave leng ths  i n  t h e  
r ange  o f  500 t o  3000 nm. The TAV ampl i tude  i s  
reco rded  and p l o t t e d  a g a i n s t  t h e  wavelength .  To 
o b t a i n  t h e  d e s i r e d  wavelength  r w g e ,  three g r a t i n g s  
are used cove r ing  (500-750 nm), (700-1150 nm) and 
(1150-3000 nm) r anges .  The i n c i d e n t  photon  f l u x  is  
k e p t  c o n s t a n t  up t o  2100 nm (by expe r imen ta l  
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c a l i b r a t i o n  u s i n g  a the rmop i l e )  and is  7 x 1014/cm2 
sec. For  t h e  wavelengths  h i g h e r  than 2100 nm t h e  
monochromator o u t p u t  is  n o t  expe r imen ta l ly  c a l i b r a t -  
e d  and on ly  t h e  s p e c t r a l  f l u x  o u t p u t  cu rve ,  furn-  
i s h e d  by t h e  manufac tu re r ,  is  used ( f o r  g r a t i n g  
33-86-04). Th i s  s p e c t r a l  f l u x  e x h i b i t s  a s t r o n g  
d e c r e a s e  of  t h e  o u t p u t  power f o r  wavelengths  beyond 
2750 nm. A h i g h  r e s o l u t i o n  HRS-2 ( J o b i n  Yvon) 
monochromator w i t h  300 grooves/mm g r a t i n g  i s  a l s o  
used i n  t h e  s p e c t r a l  r ange  from 1600 t o  3200 nm. 
The r e s o l u t i o n  of t h e s e  measurements i s  about  125A0 
( lowes t  r e s o l u t i o n  i s  used t o  o b t a i n  a h i g h e r  out-  
p u t  f l u x ) .  

TAV measurements under  t h e  a p p l i e d  dc b i a s  
(which modulates  t h e  s u r f a c e  p o t e n t i a l  and t h e  
d e p l e t i o n  wid th )  are of g r e a t  importance.  Both TAV 
ampl i tude  and t r a n s i e n t  t i m e  c o n s t a n t  dependence on 
t h e  b i a s  v o l t a g e  (TAV-V and T-V) are u t i l i z e d .  I n  
t h e s e  expe r imen t s  t h e  new de lay  l i n e  s t r u c t u r e  
( f i g .  1c.d)  i s  used.  TAV-V p l o t s  can b e  used as a 
n o n d e s t r u c t i v e  a l t e r n a t i v e  t o  C-V measurements i n  
o r d e r  t o  de t e rmine  t h e  o x i d e  cha rge  and f l a t  band 
v o l t a g e  of  t he rma l ly  o x i d i z e d  s i l i c o n  wafe r s .*  A 
new p r o f i l i n g  t echn ique  i s  dev i sed  which i s  a p p l i -  
c a b l e  t o  t h e  measurements which a r e  p r i m a r i l y  sens-  
i t i v e  to t h e  f r e e  c a r r i e r  c o n c e n t r a t i o n  r a t h e r  t han  
t h e  d e p l e t i o n  l a y e r  t h i c k n e s s . 5  
n ique  and t h e  TAV-V p l o t s ,  t h e  free c a r r i e r  concen- 
t r a t i o n  dep th  p r o f i l e  can b e  o b t a i n e d 5  s i m i l a r  t o  
t h e  d i f f e r e n t i a l  c a p a c i t a n c e  methods. I n  t h e  TAV-V 
expe r imen t s ,  t h e  f i r s t  harmonic o f  t h e  TAV s i g n a l  
which i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  TAV ampl i tude  
i s  monitored by a lock-in a m p l i f i e r .  The e x t e r n a l  
b i a s  v o l t a g e  is  scanned o v e r  t h e  d e s i r e d  r ange  
( t y p i c a l  r ange  z 210 v o l t s )  and t h e  TAV-V i s  re- 
corded.  The o p e r a t i o n  is s i m p l e  and t h e r e  is no 
need t o  f a b r i c a t e  any form o f  c o n t a c t  ( e . g . ,  MOS, 
pn,  o r  Scho t tky  b a r r i e r )  t o  t h e  semiconductor  su r -  
f a c e .  The t i m e  c o n s t a n t s  a s s o c i a t e d  w i t h  t h e  TAV 
t r a n s i e n t s  are monitored under  t h e  a p p l i e d  b i a s  
v o l t a g e 7  i n  o r d e r  t o  de t e rmine  t h e  g e n e r a t i o n  l i f e -  
t i m e  (Tg) and s u r f a c e  g e n e r a t i o n  v e l o c i t y  (Sg) .  
Using t h e  TAV-V and T-V p l o t s  s i m u l t a n e o u s l y ,  t h e  
p o s i t i o n  of  t he  recombinat ion c e n t e r  w i t h i n  t h e  
semiconductor  bandgap can be determined.7 

By u s i n g  t h i s  tech- 

R e s u l t s  and Di scuss ion  

The p r o p e r t i e s  of  t h e  samples  used f o r  d i f f e r -  
e n t  experiments  are l i s t e d  i n  Table  11. Sample A 
is Hgl-x Cdx Te w i t h  x = 0.4.  N o  s p e c i a l  s u r f a c e  
p a s s i v a t i o n  w a s  performed f o r  t h i s  sample.  Sample B 
has  a 3500O A t h i c k  z i n c  s u l p h i d e  p a s s i v a t i o n  l a y e r .  
Sample C i s  CdTe and i s  inc luded  i n  t h e  s t u d y  as 
CdTe i s  o f t e n  used as t h e  s u b s t r a t e  material f o r  
growing HgCdTe by l i q u i d  phase e p i t a x y .  

TAV Spectroscopy 

TAV and photo-vol tage s p e c t r a  f o r  Sample A a r e  
similar and shown i n  f i g u r e  4.  The spectrum is used 
t o  e s t i m a t e  t h e  bandgap and t h u s  t h e  a l l o y  composi- 
t i o n  ( x )  of t h e  HgCdTe sample.  F igu re  3 shows t h a t  
f o r  wavelengths  h i g h e r  t han  2000 nm t h e r e  i s  a 
s t r o n g  minimum around 2350 run and a l s o  t h e  r e sponse  
f a l l s  o f f  s h a r p l y  f o r  wavelengths  h i g h e r  t han  
2500 nm. Minimum around 2350 run i s  p a r t i a l l y  
a t t r i b u t e d  t o  t h e  monochromator s p e c t r a l  f l u x  and 

p a r t l y  t o  t h e  sample ' s  o p t i c a l  c h a r a c t e r i s t i c .  The 
wavelength co r re spond ing  t o  t h e  h a l f  peak v a l u e  of  
t h e  s p e c t r a l  r e sponse  ( t h e  c u t t  o f f  wavelength,  
Ace) i s  about  2500 nm o r  2.5 pm. Thus t h e  bandgap 
can be  e s t i m a t e d  t o  be  abou t :  

1 .24 
2.5 Eg 2 - = 0 . 5  eV . 

The co r re spond ing  a l l o y  composi t ion (x)  i s  e s t i m -  
a t e d  by l i n e a r  i n t e r p o l a t i o n  of t h e  d a t a  p r e s e n t e d  
i n  r e f .  1 and i t  i s  abou t  0.44 which i s  i n  reason-  
a b l e  agreement w i t h  t h e  v a l u e  o b t a i n e d  by d e n s i t y  
measurements. The p resence  of d i s c r e t e  d e f e c t  
l e v e l s  a t  HgCd'Ie s u r f a c e  i n f l u e n c e s  t h e  s p e c t r a  and 
might  e x p l a i n  t h e  res t  of t h e  s t r u c t u r e s .  However, 
t o  p i n p o i n t  t h e i r  e f f e c t ,  one needs t o  perform t h e  
two beam spec t roscopy  which has  n o t  y e t  been per- 
f ormed. 

TAV-V Measurement 

I n  F igs .  5, 6 ,  and 7 t h e  TAV-V p l o t s  are g i v e n  
f o r  Samples A ,  B and C r e s p e c t i v e l y .  TAV p o l a r i t y  
i s  n e g a t i v e  a t  z e r o  b i a s  v o l t a g e  (sample A) i n d i -  
c a t i n g  a p type  s u r f a c e  c o n d u c t i v i t y .  I n  HgCdTe 
semiconductor  t h e  e l e c t r o n  m o b i l i t y  i s  abou t  100 
t imes  h i g h e r  t han  t h e  h o l e  m o b i l i t y .  S i n c e  t h e  TAV 
s i g n a l  is r e l a t e d  t o  t h e  c o n d u c t i v i t y  d i f f e r e n c e  
between e l e c t r o n  and h o l e s ,  i t  i s  p o s s i b l e  t o  
o b t a i n  p o s i t i v e  TAV p o l a r i t y  even i f  t h e  e l e c t r o n  
c o n c e n t r a t i o n  is about  100 t i m e s  less  than  h o l e  
c o n c e n t r a t i o n .  By app ly ing  a p o s i t i v e  D . C .  v o l t a g e  
t o  t h e  HgCdTe s u r f a c e ,  t h e  e l e c t r o n  c o n d u c t i v i t y  
i n c r e a s e s  (due t o  t h e  i n c r e a s e  i n  t h e  s u r f a c e  elec- 
t r o n  c o n c e n t r a t i o n )  and t h e  n e g a t i v e  TAV ampl i tude  
d e c r e a s e s .  For f u r t h e r  i n c r e a s e  i n  v o l t a g e ,  t h e  
s u r f a c e  c o n d u c t i v i t y  changes from p t o  n t ype ,  and 
a t  around .15V t h e  TAV i s  z e r o  and then  t h e  TAV 
p o l a r i t y  i s  r e v e r s e d  t o  p o s i t i v e  s i g n  ( i n d i c a t i o n  
o f  n type  s u r f a c e  c o n d u c t i v i t y ) .  It should be  
no ted  t h a t  i n  f i g .  5 t h e  h o r i z o n t a l  c o o r d i n a t e  i s  
t h e  v a l u e  of t h e  a p p l i e d  D . C .  v o l t a g e  a c r o s s  t h e  
HgCdTe ( f i g .  l ( c ) ) .  I n  t h e  n e g a t i v e  d i r e c t i o n ,  t h e  
h o l e s  i n c r e a s e  due t o  accumulat ion.  TAV i n i t i a l l y  
i n c r e a s e s  i n  t h e  n e g a t i v e  d i r e c t i o n ,  r eaches  a peak 
a t  -0.1V and by f u r t h e r  i n c r e a s e  of  t h e  v o l t a g e  i n  
t h e  n e g a t i v e  d i r e c t i o n ,  i t  d e c r e a s e s  due t o  t h e  
s c r e e n i n g  e f f e c t  of  t h e  h o l e s .  Curves s imi la r  t o  
f i g .  5 have been o b t a i n e d  f o r  many samples .  I n  a l l  
t h e  f i g u r e s ,  t h e  shape  of t h e  cu rve  remains more o r  
less  t h e  same a l though  t h e  v o l t a g e  a x i s  i s  s h i f t e d  
i n d i c a t i n g  a d i f f e r e n t  f l a t b a n d  p o t e n t i a l  and 
p o s s i b l e  d i f f e r e n t  contaminant  cha rges  on t h e  s e m i -  
conductor  s u r f a c e .  C-V measurements on s i m i l a r  
samples a l s o  show t h i s  change i n  t h e  s u r f a c e  cha rge  
d e n s i t y  f o r  unpass iva t ed  s u r f a c e s .  

F ig .  6 shows t h e  TAV-V f o r  ZnS p a s s i v a t e d  
HgCdTe sample.  Comparing f i g s .  5 and 6 w e  n o t e  
t h a t  t h e r e  is a s h i f t  of (-0.8 -(+0.15)) = .05V i n  
t h e  a p p l i e d  v o l t a g e  a t  t h e  TAV z e r o  c r o s s i n g  which 
i s  due t o  t h e  change of t h e  f l a t b a n d  p o t e n t i a l  
between t h e  p a s s i v a t e d  and b a r e  samples .  TAV v s  V 
a l s o  has  r a t h e r  s h a r p  peaks and v a l l e y s .  P re l imin -  
a r y  t i m e  c o n s t a n t  measurements a l s o  show s imi la r  
peaks and v a l l e y s  a t  t h e  p r o p e r  a p p l i e d  v o l t a g e s  as 
shown i n  t h e  f i g u r e .  This  behav io r  can b e  exp la ined  
by p o s t u l a t i n g  t h e  p re sence  of d e f e c t  levels w i t h i n  
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the bandgap. Another explanation might be due to 
the strong hysteresis effect which is also observed 
in the C-V curves of passivated samples. Thus the 
data might point to the fact that proper equilibrium 
was not reached in the measurement. However, fur- 
ther detailed measurements are needed before any 
definite conclusions can be drawn. 

15 

Fig. 7 shows the TAL'-V data for CdTe. At zero 
bias it is positive and increases dramatically for 
positive bias. However, for negative bias, very 
little change is observed. Noting the shape of TAL7 
vs carrier concentration in fig. 2 ( c ) ,  one can con- 
jecture that the sample is p-type and tends to get 
inverted with positive voltage. 

A s  discussedinref. 2 ,  from TAV-V plots using 
analytical modes and numerical computations, one 
can infer the flat-band potential and the equiv- 
alent interface charge density at the surface of 
the interface. However, this has not yet been per- 
f ormed. 

In conclusion, the SAW nondestructive surface 
and interface characterization technique has been 
applied to CdTe and HgCdTe. The study shows that 
useful characterization is feasible although there 
is much to be performed before it becomes useful 
for production of devices such as focal plane 
arrays. 
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Fig .  3 

( b )  
Fig. 2 T h e o r e t i c a l  p l o t  of TAV v s  e l e c t r o n , h o l e  

F ig .  4 TAV spectrum f o r  Sample A 

c o n c e n t r a t i o n .  a )  Hgl-, Cd, Te (X = 
a t  3 0 O 0 K ,  b )  Hgl-x Cd, Te (x = 0 . 4 )  
c) CdTe a t  300°K 

RF p u l s e  i n p u t ,  ou tpu t  and TAV waveforms: 
Trace ( a ) :  Inpu t  RF p u l s e ,  frequency = 110 m z ,  
v e r t i c a l  s c a l e  = 5V/div. ,  h o r i z o n t a l  s c a l e  = 
5 b s e c / d i v . ,  t r a c e  ( b ) :  ou tpu t  RF p u l s e ,  v e r t i c a l  
s c a l e  = O.SV/div., t r a c e  ( c ) :  TAV s i g n a l ,  
v e r t i c a l  s c a l e  = 1 mV/div., h o r i z o n t a l  s c a l e  = 
5 p s e c . / d i v .  
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Fig. 5 TAV-V curve for Hg.gCd.4 at 
T = 300°K, f = 100 MHz 
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Fig. 6 TAV-V curve f o r  Hge55Cd,45Te/ZnS at 
T = 300°K, f = 100 MHz 
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Fig. 7 TAV-V curve f o r  CdTe at T = 300°K, 
f = 300 NHz 
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