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Refraction Index Measurements on A l N  Single Crystals 

J. P A S d h  and L. ROSKOVCOV~ 
The r e f r a c t i o n  index of aluminium n i t r i d e  has been deter- 

mined from t r a n s m i t t i v i t y  measurements o f  plane-parallel  s ing le  
c r y s t a l  p l a t e s  i n  the  s p e c t r a l  reg ion  from 2200 t o  6000 1. 
A1N c r y s t a l s  were prepared by d i r e c t  r eac t ion  of aluminium 
vapour with nitrogen a t  temperatures of 1900 t o  2000 O C  (1). 
Monocrystalline halves of twins of de l to id  shape with the  
twinning ax i s  [ I O l O ]  were used f o r  t h e  measurements (Fig. 1). 
The c-axis w a s  i n  t he  c r y s t a l  plane and p a r a l l e l  t o  t he  longer 
de l to id  edge. T h e  c r y s t a l  xrea w a s  0.5 t o  2 mm , t h e  thickness 
2 t o  4 mm. The l a t t i c e  parameters of t he  c r y s t a l s  
(a m ( 3 . 0 8  5 0.04)& o =(4.93 2 O . O 6 ) ~ ) ,  determined by the  me- 
thod of c r y s t a l  ro t a t ion ,  agreed w i t h  published d a t a  (2  t o  5). 

The t r a n s m i t t i v i t y  o f  t h e  samples has been measured by 
a double-ray spectrophotometer CF-4, a s e t  of molten quartz 
p l a t e s  operating at the  Brewster angle was used as po la r i se r .  
The r e f r a c t i o n  index has been ca lcu la ted  f r o m  t h e  r e l a t i o n  
which holds  f o r  t h e  t r a n s m i t t i v i t y  maxima (6) 

2 

2 nd = NJ , (1 1 
where n is  t h e  r e f r a c t i o n  index, d the  sample thickness,  and 
N the  in te r fe rence  order. The in te r fe rence  order w a s  deter-  
mined graphically.  In t h e  reg ion  where the  r e f r a c t i o n  index 
is  weakly dependent on A (  J > 4500 2) t he  dependence of N on 
1 - is  p r a c t i c a l l y  l i n e a r ,  and i n  t h e  case o f  s u f f i c i e n t l y  t h i n  A 
samples N may be determined prec ise ly  f r o m  the  i n t e r s e c t i o n  
o f  t h i s  l i n e  w i t h  the  y-axis. 

determined by the  prec is ion  of t he  thickness measurement. 
Repeated l i g h t -  and dark-field microscopic measurements (mag- 
n i f i c a t i o n  900 x) gave the  thickness w i t h  an e r r o r  of about 
3 $. To eliminate a possible syetematic e r r o r  t h e  s h i f t  af 
in te r fe rence  t r a n s m i t t i v i t y  maxima w i t h  v a r i a t i o n s  of the  

The prec is ion  of determining t h e  r e f r a c t i o n  index was 
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incidence angle was a l s o  used f o r  t he  thickness measurement. 
If the  t r a n s m i t t i v i t y  maximum of t he  N - t h  order is  obtained 
w i t h  perpendicular incidence a t  a wavelength of Jo and f o r  
incidence a t  an angle of d~ f o r  t h e  same order at a wavelength 
of Jl, then we may determine the  thickness f r o m  the  in te r fe -  
rence m a x i m u m  s h i f t  A> = Po - h1 according t o  the  formula 

(2) 
N 2 (  A,+ >,)AX d2 - 

4sin20c - ~ , ~ E \ A P  . 

The co r rec t iona l  term (8 n k l  A p  ) may only be neglected 
i n  the region where n depends only s l i g h t l y  on wavelength, i t s  
magnitude may be determined graphically.  The sample thickness 
determined by means of t h i s  method agreed wel l  w i t h  t h e  thick- 
ness determined microscopically. 

t i ons ,  ca lcu la ted  f r o m  r e l a t i o n  (I), i s  shown i n  Fig. 2. The 
r e f r ao t ion  index of AlN f o r  t h e  l i n e  of t he  N a  doublet 
( &  cs 5890 8 )  has been measured by means of t he  immersion me- 
thod by Lagrenaudie (8) (no = 2.00 + - 0.06; ne = 2.19 +, 0.06) 
and by Kohn, Cotter, and Po t t e r  (5) (no c 2.13 + - 0.02; 
ne = 2.20 f 0.02). Our measurements give somewhat higher values 
f o r  t h i s  wavelength (no = 2.17 2 0.05; ne = 2.22 2 0.05). 

To check o u r  data, we have estimated the  magnitude of 
the  r e f r a c t i o n  index i n  the  reg ion  of zero absorption f r o m  
t h e  r a t i o  of the i n t e n s i t i e s  i n  t h e  t r a n s m i t t i v i t y  m a x i m  
and minimum of t h e  sample. The following r e l a t i o n  holds 
here (6): 

The r e f r a c t i o n  index f o r  f o u r  samples f o r  both polarisa- 

Tmax - =  
Tmin \ 2n I 

for a plane-parallel  sample and zero s l i t  width. We have ob- 
ta ined  f o r  3 - 4750 8 from t h e  dependence of t h i s  r a t i o  on 
sli t  width f o r  a pe r fec t ly  plane-parallel  sample, by extra- 
po la t ing  t o  zero sl i t  width, 

no 6 (2.17 t o  2.20), 
ne G (2.23 t o  2.26). 
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These i n t e r v a l s  a r e  also shown i n  Fig. 2. Rela t ion  (3) 
gives  r a t h e r  a lower r e f r a c t i o n  index, s i n c e  any dev ia t ion  
from p lane -pa ra l l e l i t y  or imperfect ion of p o l a r i s a t i o n  w i l l  
decrease t h i s  r a t i o .  This es t imate  agrees  wi th  our  measure- 
ments. The lower value of t h e  r e f r a c t i o n  index, given i n  (5, 
7, 8 )  may be caused by a d i f f e r e n t  content  of impur i t i e s  
(mainly oxygen) i n  t h e  samples measured. A comparison of t h e  
r e f r a c t i v e  index of AlN w i t h  corresponding va lues  f o r  iso- 
e l e c t r o n i c  substances,  &-SIC (n  = 2.65) (9) and BP ( n  = 3 t o  
3.5) ( lo) ,  shows that among t h e s e  substances A1N has  t h e  most 
i o n i c  charac te r .  

Research I n s t i t u t e  f o r  prepar ing  t h e  s i n g l e  c r y s t a l s  and 
Mrs. 1. Polcarovd, CSc., of t h e  Phys ica l  I n s t i t u t e ,  Czecho- 
s lovak Academy of Sciences,  f o r  performing t h e  X-ray ana lyses  
of t h e  c r y s t a l s .  
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