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Abstract We presen t  r e s u l t s  f o r  t h e  e l e c t r o n i c  s t r u c t u r e  o f  3 d  t r a n -  
s i t i o n- m e t a l  i n t e r s t i t i a l  i r n p u r i t i e s  i n  GaAs. 50 th  an ion  and c a t i o n  in -  
t e r s t i t i a l  d e f e c t  s i t e s  o f  h i g h - s y m e t r y  a r e  considered.  T h e e x i s t e n c e o f  
accep to r  and donor s t a t e s  i n  the  gap f o r  impur i  t i e s  a t  the an ion  i n t e r -  
s t i t i a l  s i t e  i s  i n v e s t i g a t e d ,  i n c l u d i n g  rnany-electron c o r r e c t i o n s  t o  the  
one- e lec t ron  energy l e v e l s .  Our r e s u l t s  show t h a t  t h e  t rend  f o r  the 3d- 
- induced e and t2 s t a t e s  i s  v e r y  s i m i l a r  i n  b o t h  te t rahedra l  i n t e r s t i t i a l  
s i t e s .  We f i n d  t h a t  Co, Fe, Mn and C r  cou ld  p resen t  donor l e v e l s  i n  the  
gap. Acceptor l e v e l s  a r e  p r e d i c t e d  t o  occur  i n  t h e  gap o n l y  f o r  i n t e r -  
s t i t i a l  Co and Mn. 

1. INTRODUCTION 

Among t h e  i m p u r i t y  systems iri I l l - V  semiconducturs, t r a n s i t i o n  

meta ls  (TM) c o n s t i t u t e  a  c l a s s  by themselves, i n t e n s i v e l y  s t u d i e d  i n  t h e  

pas t  years f rom b o t h  exper imenta l  and t h e o r e t i c a l  p o i n t s  of v iew "'. The 

t e c h n o l o g i c a l  re levance  o f  such systems comes mos t l y  frorn the  growth o f  

se rn i - insu la t ing  s u b s t r a t e  ma. te r ia l s .  

One o f  t h e  more i n t r i g u i n g  p r o p e r t i e s  o f  TM i m p u r i t y  systenis i s  

t h e i r  a b i l  i t y  t o  i n t r o d u c e  severa1 energy l e v e i s  r e l a t e d  t o  d i f f e r e n t  

charge s t a t e s  i n  the gap reg ion .  The e x p l a n a t i o n  o f  t h i s  phenomenon was 

proposed by Haldane and ~ n d e r s o n ~ :  a  s t r o n g  h y b r i d i z a t i o n  b e  t w e e n  t h e  

metal d - o r b i t a l  and l i g a n d  p - o r b i t a l  i s  i nvo lved ,  such as t o  reduce t h e  

va lue  o f  the Mott-Hubbard energy. 

I t  i s  w e l l  e s t a b l i s h e d  t h a t  the TM atoms e n t e r  the I l l - V  semi- 

conductor  l a t t i c e  p r e f e r e n t i a l l y  i n  a  c a t i o n - s u b s t i t u t i o n a l  p o s i t i o n ;  

however t h e r e  a r e  some exper irnental ev idences" t h a t  suggests the p re-  

sente o f  TM i m p u r i t i e s  a t  i n t e r s t i t i a l  s i t e s  i n  I I l - V  compounds. We i n -  

v e s t i g a t e d  r e c e n t l y 6  the  behavior  o f  3d TM eiernents (Cu t o  ~ n )  o rcupy ing  

the  t e t r a h e d r a l  As i n t e r s t i t i a l  s i t e  i n  GaAs, f o c u s i n g  on acceptor levels ,  

(-/O). The r e s u l t s  showed t h a t  o n l y  Mn and Co i n t r o d u c e  acceptor  s t a t e s  

i n  the gap which a r e  r e l a t e d  t o  the  3d o r b i  t a l .  
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I n  t h i s  work, ou r  aim i s  t o  ana lyse  t h e  Sehavior o f  TMs f rom Cu 

up t o  C r ,  as i s o l a t e d  i m p u r i t i e s  p laced a t  t h e  high-symmetry anwn and 

cation i n t e r s t i t i a l  l a t t i c e  s i t e s ,  f o r  acceptor and donor s t a t e s .  The 

one- e lec t ron  energy l evel s  a r e  ob ta ined  through t h e  mul t i p l e - s c a t t e r i n g  

Xa molecu la r  c l u s t e r  model (MS-K,) which has been successfu l  l y  app  l i e d  
7- 1 O 

t o  i n v e s t i g a t e  deep-leve1 impur i  t i e s  i n  IV and I  1 I-V semiconductors. 

To i n v e s t i g a t e  t h e  e x i s t e n c e  o f  acceptor  and.donor s t a t e s  i n  the  gap we 
1 1  

have inc luded  rnany-el e c t r o n  mul t i  p l  e t  c o r r e c t  ions t o  t h e  one-el e c t r o n  

i o n i z a t i o n  energ ies .  

2. THEORETICAL MODEL 

The r e s u l t s  presented i n  t h i s  work were ob ta ined  through hydrogen 

- te rm ina ted  27-atom c l u s t e r s  centered a t  b o t h  high-symmetry an ion  ( T ~ )  and 

c a t i o n  (T ) t e t r a h e d r a l  i n t e r s t i t i a l  s i t e s ,  where the  impur i  t y  i s  p laced.  
C 

For t h e  i m p u r i t i e s  a t  t h e  TA s i t e  we adopted t h e  c l u s t e r  ( I T ~ A S ~ G ~ I ~ H )  

and f o r  t h e  i m p u r i t i e s  a t  t h e  T  s i t e  t h e  c l u s t e r  adopted was ( I T ~ G ~ ~ A s  
C 

1 6 ~ ) .  The p e r f e c t  c r y s t a l  comprises a  f i r s t  s h e l l  o f  4As ( 4 ~ a )  anda sec- 

ond s h e l l  o f  6Ga ( 6 ~ s )  depending on whether t h e  c l u s t e r  i s  centered a t  

the  TA (or  T  ) s i t e s  r e s p e c t i v e l y ,  and 16 hydrogen atoms ( d i s t r i b u t e d  i n  
C 

two s h e l l s  w i t h  f o u r  and twe lve  atoms r e s p e c t i v e l y )  a r e  used as boundary 

condi  t i o n .  Accord ing t o  t h e  c o v a l e n t  c r y s t a l  c l u s t e r  model , the  interna2 

bonds o f  t h e  c l u s t e r  a r e  occupied by 56 va lence e l e c t r o n s  i n  t h e  case o f  

t h e  p e r f e c t  c r y s t a l  s i m u l a t i o n ,  so t h a t  2  e l e c t r o n i c  charges ( p o s i  t i v e  

f o r  t h e  T  c l u s t e r  and n e g a t i v e  f o r  t h e  T c l u s t e r )  have t o  be added t o  
A  C 

the  Watson sphere t o  keep charge n e u t r a l i t y .  T h i s  h y d r o g e n - s a t u r a t i o n  

model has a l  ready been used t o  s tudy s u b s t i  t u t i o n a l  l 2  and i n t e r s t i  t i a 1  l 3  

3d TM i m p u r i t i e s  i n  S i ,  and a l s o  3d atoms r e p l a c i n g  Ga i n  G ~ A s ~ ~ .  

The c a l s u l a t i o n s  c a r r i e d  o u t  here were performed by  a s s u m i n g  

c l u s t e r  models where t h e  hydrogen s a t u r a t o r s  a r e  p laced  c l o s e r t o t h e  hos t  

atoms than t h e  Ga-As bond d is tance ,  a t  a  p o s i t i o n  f o r  wh ich  t h e  c r y s t a l  

band gap, 1.5eV, i s  reproduced. The c a l c u l a t e d  va lues  f o r  t h e  v a  l e n c e  

band w i d t h s  a r e  - 1l.OeV which a r e  i n  f a i r l y  good agreernent w i t h  t h e  ex- 

per imenta l  r e s u l  t s 1 5 .  A  d e t a i  l e d  d e s c r i p t i o n  o f  t h e  c l u s t e r  models used 

can be found i n  r e f  .6. 



Revista Brasileira de Física, Vol. 18, n? 2, 1988 

3. RESULTS AND DISCUSSION 

3.1 - One- elect ron energy l e v e l  r e s u l  t s  

I n  f i g . 1  we p resen t  t h e  r e s u l t s  f o r  neutra1 i m p u r i t i e s ,  f rom Cu 

up t o  C r ,  a t  t h e  T i n t e r s t i t i a l  s i t e  toge ther  w i t h  t h e  r e f e r e n c e c l u s t e r  
A 

s i m u l a t i n g  t h e  GaAs p e r f e c t  c r y s t a l .  For t h e  i m p u r i t y  systems, bes ides 

t h e  occupied o r b i t a l s  appear ing i n  t h e  gap, o n l y  e and t2 resonances  w i t h  

s i g n i f  i c a n t  d- character  a r e  emphasized. I n  t h e  cases o f  bln and C r  t h e  

spec t ra  shown i n  the  f i g u r e  correspond t o  t h e  h i g h- s p i n  c o n f i g u r a t i o n s ,  
5 2 4 2 

e.g. t , e  and t,e r e s p e c t i v e l y .  

We s t a r t  the  a n a l y s i s  o f  t h e  spec t ra  w i t h  i n t e r s t i t i a l  Cu i n  GaAs, 

which in t roduced  i n t o  the  gap a f u l l y  occupied e-symmetry l e v e l  and ana,  

l e v e l  occupied by one e l e c t r o n .  T h i s  a, l e v e l  i s  r a t h e r  de loca l  i zed  and 

has a dominant conduct ion band charac te r .  As we proceed t o  N i ,  the up- 

permost occupied s t a t e  i s  now the  e-symmetry gap o r b i t a l ,  f u l l y  occupied 

which appears c l o s e  t o  the  top o f  the va lence band b u t  e n e r g e t i  c a l  1 y 

lower  than the  Cu e-gap l e v e l  . T h i s  i s  a consequence o f  t h e  decrease i n 

e l e c t r o n  r e p u l s i o n  energy caused by the  l a c k  o f  the a, e l e c t r o n ,  p resen t  

f o r  Cu; t h i s  e f f e c t  overcomes the  decrease i n  nuc lear  charge. We p o i n t  

o u t  t h a t  i n  e i t h e r  case, Cu o r  N i ,  these gap s t a t e s  have a lowpercentage 

o f  d-charge. For  t i i e  Co i m p u r i t y  a t2-symmetry s t a t e  pene t ra tes  t h e  gap 

r e g i o n  and i s  found f u l l y  occupied below t h e  a l r e a d y  p a r t i a l l y  occupied 

e-gap l e v e l .  I n  go ing  f rom Co t o  C r ,  these e and t,-gap s t a t e s  r i s e  i n  

energy and becomemore l o c a l i z e d .  I t  i s  wor th  p o i n t i n g  o u t  t h a t  i n  t h e  

case o f  i n t e r s t i t i a l  C r  t h e  d -der i ved  e o r b i t a l  i s  a l r e a d y  found i n  the  

conduc t i on  band . 
I n  t a b l e  1, we e x h i b i t  t h e  percentage o f  d-charge i n s i d e t h e  meta l  

sphere f o r  t h e  e and t2  -gap o r b i t a l s  ob ta ined  f o r  the  impur i  t i e s  a t  t h e  
m n 

T s i t e ,  t h e  one- e lec t ron  c o n f i g u r a t i o n s  t 2 e  used and t h e  ob ta ined  e f -  
A 

f e c t i v e  c r y s t a l - f i e l d  s p l i t t i n g s  (e-t, s p l i t t i n g s ) ,  heff. We should men- 

t i o n  t h a t  t h e  chemical t r e n d  found i n  t h e  one- e lec t ron  energy leve ls  f o r  

the  i m p u r i t i e s  a t  t h e  TC s i t e  i s  v e r y  s i m i l a r  t o  t h a t  s e e n  f o r  t h e  im- 

p u r i t i e s  a t  t h e  TA s i t e .  I n  f i g .  2 the  behavior  o f  t h e  i m p u r i t y  gap levels  

i s  d e p i c t e d  f o r  b o t h  T and T s i t e s  w i t h  decreasing i m p u r i t y  atomicnum- 
A C 

ber  Z. As wemay observe, t h e  c r y s t a l - f i e l d  s p l i t t i n g s  a r e  s l i g h t l y  
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F ig.1 - One e l e c t r o n  energy l e v e l s  f o r  3d neutra1 i m p u r i t i e s ,  
TMi , a t  t h e  an ion  i n t e r s t i  t i a 1  ( T ~ )  s i  t e  i n  GaAs. The spectrum 
f o r  t h e  GaAs p e r f e c t  c r y s t a l  i s  a l s o  shown. i n t h e  va lence 
band o n l y  e and tz o r b i t a l s  w i t h  s i g n i f i c a n t  d- charac te r  a r e  
emphasized ( t h e i r  d - c o n t r i b u t i o n ,  i n  percen ts ,  i s  i n d i c a t e d  
i n  p a r e n t h e s i s ) .  A1 1 t h e  occupied leve1 s appear ing i n  the  gap 
a r e  shown. 

Table 1 - Percentage o f  d-charge i n  t h e  meta l  m u f f i n - t i n  sphere f o r  t h e  
t2 and e-gap 1 evel  s, the one- e lec t ron  con f  i g u r a t i o n s  (t:en) used i n  t h e  
c a l c u l a t i o n s  and t h e  c r y s t a l - f i e l d  s p l i t t i n g s  f o r  the  3d TM i m p u r i t i e s  
a t  t h e  an ion  i n t e r s t i t i a l  s i t e .  
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F ig .2  - Behavior o f  t h e  impur i  t y  gap l e v e l s  f o r  3d TI4 
i m p u r i t i e s  a t  t h e  an ion  i n t e r s t i t i a l  ( T ~ )  s i t e  (heavy 
s o l i d  1 ine)  and a t  the  c a t i o n  i n t e r s t i t i a l  ( T ~ )  s i t e  
( t h i n  s o l  i d  l ine)  wi  t h  decreas ing impur i  t y  atomic num- 
ber . 

l a r g e r  when t h e  i r n p u r i t i e s  e n t e r  t h e  TA s i t e ,  thereby i n d i c a t i n g  t h a t  

t h e  c r y s t a l - f i e l d  e f f e c t  i s  somewhat weaker over  the  impur i  t i e s  a t  t h e  

T  s i t e .  The o v e r a l l  a n a l y s i s  o f  o u r  c a l c u l a t i o n s  y i e l d s  t h e  c o n c l u s i o n  
C 

t h a t  t h e  t rends  d i s p l a y e d  by t h e  i n t e r s t i t i a l  i m p u r i t y  l e v e l s  a r e  q u i t e  

s i m i l a r  t o  those i n f e r r e d  f o r  t h e  3d TM i m p u r i t i e s  r e p l a c i n g  t h e  c a t i o n  

i n  ~ a ~ s ' '  ( s u b s t i  t u t i o n a l  i m p u r i t i e s ) .  I t i s  wor th  n o t  i n g ,  h o w e v e r ,  

t h a t  t h e  i n t e r s t i t i a l  i r n p u r i t i e s  p lace  t h e  t,-gap l e v e l  below t h e  e -  

gap l e v e l  (as has a1 ready been observed f o r  i n t e r s t i  t i a 1  3 d  atorns i n  

s i 1 3 ) ;  i n  c o n t r a s t ,  f o r  s u b s t i  t u t i o n a l  irnpuri t i e s  t h e  o r d e r  i s  reversed. 

We n o t e  f u r t h e r  t h a t  t h e  e f f e c t i v e  c r y s t a l - f i e l d  s p l i t t i n g s  a r e  srnal ier  

f o r  i n t e r s t i t i a l  than f o r  s u b s t i t u t i o n a l  i m p u r i t i e s .  I n  w h a t  concerns 

t h e  o p t i c a l  p r o p e r t i e s  o f  such systems t h i s  f e a t u r e  i s  o f  f u n d a m e n t a l  

irnportance. 
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3 . 2  - A c c e p t o r  a n d  D o n o r  L e v e l s  

We es t imated  the  p o s i  t i o n  o f  t h e  f i r s t  accep to r  and donor l e v e l s  

i n  t h e  gap f o r  Co, Fe and Mn a t  t h e  TA i n t e r s t i  t i a 1  s i t e  by i n c l u d i n g  

t h e  many- elect ron c o r r e c t i o n  energ ies t o  t h e  o n e - e 1  e c t  r o n  e n e r g i e s ,  

through t h e  approach proposed by Fazz io,  Caldas and 2ungerl1 (FcZ) . For  

i n t e r s t i t i a l  C r  o n l y  t h e  donor l e v e l  was i n v e s t i g a t e d  s i n c e  t h e  o n e -  

- e l e c t r o n  energy l e v e l  i s  a l r e a d y  found i n  t h e  conduct ion band. We w i l l  

omi t here t h e  d e s c r i p t i o n  o f  t h e  (FCZ) method which can be found i n  de- 

t a i l  elsewhere" . We j u s t  p o i n t  o u t  t h a t  i n t e r a c t i o n  energ ies a r e  ex- 

pressed i n  terms o f  t h r e e  q u a n t i  t i e s :  the  h y b r i d i z a t i o n  parameters ' e  
and X accoun t ing  f o r  t h e  r e d u c t i o n  o f  e l e c t r o n  r e p u l s i o n  e n e r g i e s  t 
w i t h i n  t h e  d - s h e l l  o f  the  i m p u r i t y ,  and A which amounts t o  t h e  d i f -  

e f f  
fe rence  i n  t o t a l  energ i  es between conf i g u r a t  i ons. These t h r e e  quant i  t i e s  

a r e  d i r e c t l y  e x t r a c t e d  f rom o u r  c a l c u l a t i o n s  ins tead  o f  be ing  ob ta ined  

f rom a  f i t  t o  t h e  exper imenta l  da ta  on  o p t i c a l  t r a n s i t i o n s ,  as i n e a r l i e r  

~ o r k s ' ~ " ' .  

I n  f i g . 3  we show t h e  c a l c u l a t e d  donor (O/+) and acceptor  ( - / O )  

l e v e l s  f o r  Co, Fe, Mn and Cr a t  t h e  TA s i t e .  The ob ta ined  g round- s ta te  

symmetries a r e  a l s o  shown. As we no te ,  i n t e r s t i t i a l  Co and  Mn c o u l d  

p resen t  f i r s t  accep to r  s t a t e s  i n  the  gap, w h i l e  f o r  i n t e r s t i t i a l  Fe  the 

accep to r  l e v e l s  w i l l  l i e  i n  the  conduc t ion  band. We ment ion t h a t  i f  ac- 

cep to r  l e v e l s  e x i s t  f o r  t h e  i n t e r s t i t i a l  N i  and Cu i m p u r i t i e s ,  t h e y w i l l  

n o t  be r e l a t e d  t o  d -charac te r  s t a t e s ,  as the  3d- induced e and tz l e v e l s  

a r e  f u l l y  occupied. I t  i s  f u r t h e r  w o r t h  ment ion ing  t h a t  t h e s i n g l e - d o n o r  

l e v e l  (O/+) t r e n d  i s  q u i t e  s i m i l a r  t o  t h a t  o b t a i n e d  f o r  i n t e r s t i t i a l  3d 

i r n p u r i t i e s  i n  s i 1  i c o n I 6 .  Our r e s u l t s  í n d i c a t e  t h a t  a1 1 t h e  i n t e r s t i t i a l  

i m p u r i t i e s  s t u d i e d  p resen t  h i g h- s p i n  ground s t a t e s .  

Consider ing t h e  acceptor  and donor energ i  es assoc ia ted  t o  each 

irnpuri t y ,  we can e x t r a c t  the  Mott-Hubbard c o r r e l a t i o n  energy U wh i c  h  

amounts t o  t h e  d i f f e r e n c e  i n  energ ies  between the  acceptor  a n d  d o n o r  

l e v e l s .  We f i n d  U values o f  0.17 eV, 1.13 eV and 0.47 eV f o r  Co, Fe and 

Mn r e s p e c t i v e l y .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  these va lues a r e  r a t h e r  

l a r g e  cornpared t o  those p r e d i c t e d  f o r  impuri  t i e s  such as i n t e r s t i  t i a l s  

i n  S i  l 6  (wi t h  excep t ion  o f  C O ) .  We should say t h a t  these f i n d i n g s  may be 
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ACCEPTOR ANO DONOR LEVELS r-- T~ 

Fig.3 - C a l c u l a t e d  d o n o r  ( O / + )  a n d  acceptor  (-/O) 
l e v e l s  f o r  3d TM i m p u r i t i e s  a t  t h e  an ion  i n t e r s t i t i a l  
(TA) s i  te .  The ob ta ined  f i n a l  g round- s ta te  symmet r i e s  
a r e  shown. 

c l o s e l y  r e l a t e d  t o  the  s t r o n g  d -charac te r  o f  the  l e v e l s  i n v o l v e d  i n  t h e  

t r a n s i t i o n s ,  an e f f e c t  which induces rernarkably h i g h  va lues f o r t h e  M o t t  

-Hubbard c o r r e l a t i o n  energ ies.  

As another  i n t e r e s t i n g  f e a t u r e ,  we ment ion t ha t  the  m u l t i p l e -  

- charge-s ta te  charac te r  g e n e r a l l y  observed f o r  TM c e n t e r s  insemiconduc- 

t ~ r s " ~  i s  a l s o  ob ta ined  here f o r  the  3d atoms a s i n t e r s t i t i a l s  i n  GaAs. 

For i n t e r s t i t i a l  3d TM i m p u r i t i e s  i n  I l l - V  compounds t h e r e  a r e  no es- 

t a b l  ished exper imenta l  leve1 posi  t i o n .  We hope t h a t  o u r  t h e o r e t  i c a l  l y 

p r e d i c t e d  donor-and acceptor  energ ies can be o f  h e l p  i n  f u t u r e  e x p e r -  

imenta l  i n v e s t i g a t i o n s ,  as f o r  example, i n  d i f f u s i o n  processes o f  these 

i m p u r i t i e s  i n  serniconductor m a t e r i a l s .  

T h i s  work was supported by Fundação de Amparo 5 Pesquisa do Esta- 

do de São Paulo (FAPESP) and Conselho Nacional de Pesquisas (CNPq). 



Revista Brasileira de Ffsica. Vol. 18,. n? 2, 1988 

REFERENCES 

1. ~ . ~ l e a r ) a u d ,  J.Phys. C18, 3661 (1986). 

2. A.Zunger, S o l i d  S t a t e  Phys. 39, 275 (1986). 

3. F.D.M.Haldane and P.W.Anderson, Phys.Rev. 813, 2553 (1976). 

4. V.F.Masterov, S.B.Mikhrin, B.E.Samorukov and K.F.Shteltmakh, SOV. 

Phys. Semicond. 17, 796 (1983) .  

5. V.F.Masterov, L.P.Pasechnik and K.F.Shteltmakh, Sov.Phys.Semicond. 

19, 391 (1985). 

6. LuizaM.R.Scolfaro and A.Fazzio, Phys.Rev. 836, 7542 (1987). 

7. LuizaM.R.Scolfaro, R.Pintane1, V.M.S.Gomes, J .R .Le i te  and A.S.Cha- 

ves, Phys. Rev. 8 3 4 ,  7135 (1986). 

8. L.V. C.Assa1 i, J. R. L e i  t e  and A.Fazzio, Phys. Rev. 832, 8085 (1985). 

9. V i v i l i  M.S.Gomes and J.R.Lei te ,  Appl .Phys.Let t .47,  824 (1985). 

10. N.Makiuchi, A.Fazzio and M.J.Caldas, Phys.Rev. 833, 2690 (1986). 

1 1 .  A.Fazzio, M.J.Caldas and A.Zunger, Phys.Rev. 829, 599 (1984); 030, 

3430 (1984). 

12. L.A.Hemstreet, Phys.Rev. 815, 834 (1977). 

13. G.G.DeLeo, G.D.Watkins and W.B.Fowler, Phys.Rev.825, 4962 (1982). 

14. L.A.Hemstreet, Phys.Rev. 822,  4590 (1980). 

15. W.D.Grobman and D.E.Eastman, Phys.Rev.Lett. 29, 1508 (1972). 

16. F. Beeler ,  0.K.Andersen and M. She f f  l e r ,  i n  18th Internationa2 Con- 

ference on the  Physics o f  Semicoluiuctors , v01 .2 (Wor 1 d Sc i en t i f i c, 

Singapore, 1987) ed. O.  Engstrom, pp.875. 

Resumo 

Apresentamos os resu l tados  para a e s t r u t u r a  e l e t r ô n i c a  de impu- 
rezas i n t e r s t i c i a i s  de metal de t r a n s i ç ã o  3d em GaAs. Ambos os s i  t i o s  
i n t e r s t i c i a i s  de mais a l t a  s i m e t r i a  são considerados. Invest igamos, pa- 
r a  as impurezas no s í t i o  i n t e r s t i c i a l  do ânion,  a e x i s t ê n c i a  de estados 
ace i  tadores e doadores no gap, a t r a v é s  da i n c l u s ã o  de correções de mui-  
t o s  e l é t r o n s  aos n í v e i s  de energ ia  de um-elétron. N o s s o s  r e s u l t a d o s  
mostram que a tendência na posição dos n í v e i s  de impureza, e e t,,émui- 
t o  s i m i l a r  em ambos os i n t e r s t í c i o s  t e t r a é d r i c o s .  Obtemos que as impu- 
rezas Co, Fe-e Mn podem apresen ta r  estados doadores no gap. N í v e i s  a-  
c e i t a d o r e s  sao p r e d i t o s  o c o r r e r  no gap somente para as impurezas i n t e r s -  
t i c i a i s  de Co e Mn. 


