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T ran sm i s s i o n mea s u reme n t s  i n  t h e  r a n ge  b e tween  4 0 a n d  
400  cm- 1  w e re  performed for  l aye red s i n g l e c ry s ta l GeS  s amp l e s  
w h o s e  t h i c k n e s s e s  w e r e  b e tween  4 a nd 1 4 0 m i c ro n s . T h e  c h a nge  of  
i ndex  of  refrac t i on a n d  o t her  o p t i ca l  p a ra�e ters  w a s  dete rm i ned  
i n  the fa r i nfra red  r a n ge  fo r th i s  semi c o nd u cto r .  
1 .  I NTRODUCT I ON  

There h a s  been  i ncrea s i ng  i n tere s t  i n  the  l ayered A 1 V B V I

compound s and  e s p ec i a l l y  i n  GeS  d u r i n g  t he l a s t  few years . T h i s 
d i s t i n c t ly  l ayered compo und  c a n  be ea s i l y  o b t a i ned  i n  the  form 
of s i ng l e  c rys ta l s wh i c h c a n  b e  rea d i l y  c l eaved  so  t h a t  v ery th i n  
samp l e s w i th t h i c k n e s s e s  o f  o n l y  a few • m i c rometers  c a n  be o b ta i ned 1 ' 2 )

F i r st  the o p t i c a l  p ro pe rt i e s  of GeS  were exam i ned i n  the  
range  of  the  a b s o rpt i o n edge 3 • 4 ) , fo l l owed by t he  b e ha v i o r o f  GeS
i n  the far i n fra red r a nge 1 ' 5 , 6 ) . The  ref l e c t i v i ty mea s u reme n t s  we­
re done � s i ng po l a r i sed  l i g h t  when  the  d i rec t i on of  t he  e l e c tr i c a l  
f i e l d wa s p a r a l l e l to  t he  d i rec t i o n  of  e a c h  c rys ta l l o g ra p h i c  a x i s 
of the o rt horhomb i c  sys tem i n  wh i c h t h i s  compound  c ry s t a l l i s e s . 
Rama n s c a t te r i ng  wa s  s t u d i ed i n  t h e  same  frequen cy reg i o n .  A l so , 
u s i ng group  t heory Rama n a nd i nfrared  a c t i v e  modes  were  pred i cted  
a nd the ra t i o  between the  i n tra l ayer a nd i n ter l ayer force c o n s t a n t s  
wa s ca l c u l a ted 5 , 6 ) .

I n th i s  work  the  fa r i n fra red t ra n sm i s s i o n coeffi c i e n t  of  
po l a r i sed  l i g h t  t h ro u g h  t h i n GeS  samp l e s  h a s  been  d eterm i ned  a nd 
some i n tere s t i ng i nforma t i o n  h a s  been  o b ta i ned . 

2 . SAMP L E  P R E PARAT I ON  AND  E X P E R I MENTAL 
S i n g l e c ry s t a l  G e S  s am p l e s  we re  o bta i ned  u s i ng  the  B r i d g ema n 

tec h n i q ue  a s  de s c r i bed  e l sewhere 2 ' 4 ) . T h i n  s amp l e s  whose  t h i c k n e s s e s
were be tween  4 a n d  1 4 0 m i c rome ters  were o b ta i ned  u s i ng a c l e a v a g e  
p roced 1 1 re . 

U s i ng X -rays  i t  h a s  been  s hown t h a t  the  c l e aved p l a tes  we re 
para l l e l to x-y p l a te i e  the i r  M i l e r i ndexes  were ( 0 0 1 ) . The o b ta i ­
ned samp l es  were v e ry h omoge nou s i n  t h i c k n e s s  a nd they were s h i ny 
l i ke a m i rro r .  Tran smi s s i o n mea s u reme n t s  were pe rfo rmed when  the  
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l i g ht  beam wa s b rou g h t  norma l to the  s urface , tha t i s  the  d i re c t i o n  
o f  i t s expa n s i o n w a s  p a ra l l e l to t he c a x i s .  G e S  i s  a h i g h l y  a n i s o ­
trop i c  compound  s o  t he i nc i dent  l i g h t  wa s b ro u g h t  to b e  p a ra l l e l  t o  
t he  a or  li a x i s �

I n  f i g ure  1 t h e  c h a n g e  of tra n smi s s i o n coeff i c i e n t  a s  a f u n ­
c t i on of the  wa ve number  i s  g i v e n  fo r  a s amp l e  wh i c h wa s 3 5 . 7 µm  t h i c k ,  

+ + + + 
when  E l  l b . A s i m i l a r d i a g ram i �  s hown i n  f i g u re 2 when  E l  l a .  For 
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F i g . 1 . T ra n smj.ssj.on coe.f ­
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F i g . 2� Tta n sm i s s i on coeff i c i en t
when  E l l a .  

both  d i a grams i n terference  fr i n ge s  were very we l l expose d a nd  t hey 
were not d i s tu r bed  at a l l o n l y  when  E l  l b . F or  E l  l a  ( f i g . 2 ) i t  i s  
o b v i ou s  tha t ,  b e s i de s  i n terference  f r i nges , a s t rong  a b s o r p t i o n  band
e x i s t s  at  about  _ 1 24 cm - 1 .
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F i g . 3 .  Tran sm i s s i on coe ff i c i en t  
a s  a funct i on  o f wavenumber  for 
a samR l e+wh i c h wa s 3 2  µm  t h i c k  
w h e n  E 1 1  b .  
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F i g . 4 .  Tra n sm i s s i o n coeff i c i e n t  
f o r  a s amp l �  wh i c h  wa s 3 2  µ m  
t h i c k  w h e n  E l  l a .  

I n  f i g u re s  3 a n d  4 a re g i v e n  s i m i l a r d i a g ram s J �  � :  · h p o l a ­
r i s a t i o n s  for a s l i g h t l .i' t h i nner  samp l e .  T here  o n e  C d  . .  a l s o  d i s t i n g ­
w i s h  a s t ron g  a b s o rp t i o n  pea k a t  a b o u t  1 24 cm- 1 . I n  fi g u re 5 a re-
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f l e c t i v i ty d i ag ram a s  a f unc t i o n of  wa v e n umber  i s  g i v e n  for a l l t h ree  
po l a r i s a t i o n s  o f  t h e  e l e c tr i c f i e l d. A s t ro n g  re s o n a n c e  a p pe ar a n ce  
for  E l l i  i s  r e ad i l y  a p p a ren t a t  a bo u t  1 20cm- 1 wh i l e  t h e  s ame reso n a n -

+ .... 
c e  does  not  e x i s t  i n  t h e  c a s e  E l  l b .
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F i g . 5 .  Ref l ec t i v i ty of  GeS  i n  the  
fa r i n fra red for  t he  three p o l a r i ­
s a t i o n s .  The  fu l l l i ne corre s pond s 
to room tempe ra ture  d a ta a n d  the  
bro k e n  l i n e s hows the  7 7  K re s u l t s  
whe re t hey d i ffer  from the  fo rmer . 

u i e l e c tr i c  c o n s ta n t  a n d  i ndex  o f  refra c t i o n  { n ) c ha n g e  a l o t 
n e a r  the  re sonance  a pp ea rance 9 s o  i t  i s  v e ry i mporta n t  to k now i f  
a n d  how n c h a nges  i n  the  ra nge  where  the  i n te rfere nce  fr i n g e s  a re 
o b s e rved . I n  o u r  c a s e  we h a ve  d eterm i ned  t h e  c h a n ge  of  i ndex  of  re ­
fra c t i o n  { f i g . 6 ) a s  a funct i o n of  t he wa v e l e n g t h  u s i n g . the ref l e c t i ­
v i ty d i a g rams  g i v e n  i n  f i g. 5  •

• CloS M 

F i g . 6 .  I ndex  of  refra c t i on a s  a fu n c t i o n  of  t he  wav enumbe r .  · 

T h e n  a we l l k n own equa t i o n h a s  been  u s ed to a na l ys e  the  i n ter­
ference  fr i n g e s  

2 n d  = m A · ( 1 ) 

where  " d "  i s  the  t h i c k n e s s  of  the  s amp l e ;  m i s  the  order  of  t he  i n ­
terference  fr i nge a nd A i s  t he  wa v e l e ngth  for  the  ma x i mum va l u e of  
the  tra n smi s s i o n .  
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3 .  ANALYS I S  A ND  D I S C US S I ON OF  RESULTS  
U s i ng eq u a t i on  ( 1 ) we h a v e  f i r s t  determ i ned  t he  order  o f  the  

i n te rference  fr i nge  a nd  t he n  the  v a l u e s  of  t he  i ndex  of  refrac t i on . 
For  the  s amp l e g i v e n  i n f i g u re 1 ,  m= 2 , 3 ,  . . .  , 6  b eg i n n i n g  w i th  t h e  sma l ­
l e s t  v a l ue s  of  the  wa venumber  a nd t h e n  a p pro a c h i ng 1 5 0 cm- 1 . T h e  cor­
rect  v a l ue s  of  m c a n  b e  c a l cu l a ted  more  ea s i l y  u s i ng t h e  c o rre c t  re­
l a t i on n = f ( w ) wh i c h we  o b ta i ned prev i o u s l y  by  a n a l y s i n g the  ref l ec t i ­
v i ty coeff i c i e n t . When  " m "  i s  determ i ned  t he n  one  c a n  ea s i l y  ca l c u l a ­
te the  t h i c k n e s s  of  the  s amp l e .  T h a t  mea n s  t h a t  t h i s method  c a n  b e  
u s ed , a bove  a l l ,  to d e te rm i n e r a t h e r  prec i s e l y  the  t h i c k n e s s es of  
t h i n l ayer samp l e s  who s e  t h i c kn e s s e s  a re b e tween  2 0 a nd 1 00 m i c ro ­
me te r s . 

GeS  i s  a s em i conduc t i ng  m ater i a l s wh i c h c a n  b e  u s ed  i n  h o l o ­
g r a p hy7 , a ) , s o  the  exp l a i ned  method  may be u s e fu l . T r a n sm i s s i on me­
a s u remen t s  s ho u l d  b e  done  i n  the  far  i n fra red r a nge  becau se  o n ly  i n
t h a t  r a nge  a re t he  d i s t a n c e s  between  the  ma x i ma of  the  i n terfe rence  
fr i n ge s  b i g  e no ug h  to be  e a s i l y  mea s u red . W he n  tra nsm i s s i on mea s u re ­
men t s  a re pe rformed i n  t h e  far  i n fra red  r a n g e  i t  i s  p o s s i b l e  to  f i nd  
out  i f  there  i s  a ny i o n i c  re sonance  i n  the o b s e rved  range  o r  no t .  

Th i s  i s  e s pec i a l y  i mport a n t  when  t he  s i g n a l  t o  n o i se  r at i o i s  v ery 
sma l l for  the  ref l ect i v i ty mea s u reme n ts , 

I f  there  i s  o n l y  one  o s c i l l a tor  i n  t h e  far  i n frared  range . 
a s  i s  t h e  c a s e  for  E l ib t hen  o ne  c a n  ga i n  s ome i mpres s i on of  the  
os c i l l a tor  s trength  ( S ) u s i n g the  equa t i o n :

( 2 )

- 1  I n  o u r  c a s e  wTO i s  equa l t o  1 24 c m  , a nd t h a t  i s  t h e  frequency o f
t h e  t ra n s ve r s e  o p t i c a l  mode. £m c a n  u s ua l l y  be  o b ta i ned b y  a na l y s i ng  
the  ref l e c t i v i ty cu rve . T h e  d i fference  between  £ 0 a n d  £m can  b e  c a l ­
cu l a ted  u s i ng £ 0 = n 2 . 

I n  c o nc l u s i o n we c a n  say  t h a t  t � e  mea s u remed i n terference  
fri nges  c a n  b e  u s ed f i r s t  of  a l l to g a i n  i n fo rma t i o n  about  the  t h i c k ­
n e s s  of  t h e  samp l es  emp l oyed . T h e n  very re l i a b l e  i n forma t i o n ca n b e  
a l so o b ta i ned a b o u t  the  e x i s ta nce  of  i o n i c  res o na n ce i n  the  mea s u red 
r a n g e . 
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