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POINT DEFECTS AND DISLOCATIO8 CLINB IN 111-V COMPOUNDS SEMICONDUCTORS 

P.M. P e t r o f f  

Be 2 Z Laboratories, Murray Hi Z Z ,  New Jersey 07974, U. S. A. 

Resume.- Le phenomene de montee de d is loca t ions  dans l e s  semiconducteurs du type 111-V e s t  i c i  exami- 
ne. Les domaines 00 l ' i n f o r m a t i o n  experimentale e s t  necessaire d une me i l l eu re  comprehension sont 
discutes. Un modele de montee de d is loca t ions  necessi tant  l a  su rsa tu ra t ion  de defauts ponctuels d'un 
seul element e s t  trouve coherent avec les  p r inc ipa les  observat ions exp@rimentales. La montee rapide 
des d is loca t ions  e s t  a t t r i buee  d l a  d i f f u s i o n  acceleree des defauts ponctuels sous 1  ' e f f e t  de l a  
recombinaison. Finalement l ' i n t e r a c t i o n  en t re  l e  reseau de d is loca t ions  de montee e t  un niveau donneur 
profond suggere une associat ion poss ib le  de ce centre donneur avec l a  source de defauts ponctuels 
necessaire d l a  montee dans l e s  s t ruc tu res  Ga AZ AS.  

I-x x 

Abstract . -  This paper reviews the low temperature d i s l o c a t i o n  cl imb process i n  111-V compounds semi- 
conductors and po in ts  ou t  areas i n  which more experimental in format ion i s  needed t o  understand t h i s  
complex problem. A d i s l o c a t i o n  c l imb model r e q u i r i n g  the suoersaturat ion o f  p o i n t  defects  o f  on ly  one 
element o f  the coumpound i s  found t o  account f o r  the main cl imb features. Rapid d i s l o c a t i o n  cl imb i s  
a t t r i b u t e d  t o  recombination enhanced defect  motion. F i n a l l y  evidence o f  an i n t e r a c t i o n  between the 
cl imb d is loca t ions  and a  deep l e v e l  donor center suggest t h a t  i t  might poss ib ly  be associated w i t h  
the source o f  p o i n t  defects needed f o r  d i s l o c a t i o n  c l imb i n  Gal-xA1xAs st ructures.  

In t roduc t ion . -  D is loca t ion  cl imb i n  semiconductors t i ons ,  b) the presence o f  small d i s l o c a t i o n  loops 
and more s p e c i f i c a l l y  f o r  111-V compound semiconduc- i n s i d e  the main d ipo le  and c)  the d i s l o c a t i o n  network 
t o r s  such as GaI-xAZxAs and Gap where low temperatu- Burger 's vector  which i s  t h a t  o f  the  d i s l o c a t i o n  

r e  d i s l o c a t i o n  cl imb has been found t o  p l a y  an im- from which they o r i g i n a t e .  
po r tan t  r o l e  on the devices p roper t ies  11-4/ has been 

a  complex process t o  unravel.  Probably t h i s  i s  becau- Table : 
se o f  the complex c h a r a c t e r i s t i c s  o f  the  p o i n t  defects 

(charge, i m p u r i t y  e f f e c t s ,  c l u s t e r i n g )  i n  a  compound 

where two elements have t o  be d e a l t  w i t h  dur ing climb. 

Furthermore, o ther  e f fec ts  such as d iS loca t ion  disso- 

c i a t i o n ,  g l i d e  o r  s h u f f l e  core s t ruc tu res ,  and charge 

e f f e c t s  have t o  be taken i n t o  account f o r  a  complete 

p i c t u r e  o f  d i s l o c a t i o n  climb. This paper w i l l  discuss 

th ree  features which are of importance i n  the cl imb 

process i n  111-V compounds : a) the crysta l lography 

and s t r u c t u r a l  aspects of d i s l o c a t i o n  cl imb, b) the 

d r i v i n g  forces and c) the p o i n t  defects  problem. 

For space reasons, o n l y  the low temperature c l imb 

(T << h a l f  the compound me l t ing  temperature) i s  con- 

s idered i n  t h i s  paper. 

1. Crystal lography and s t ruc tu re  o f  d i s l o c a t i o n  

climb.- The c r y s t a l  lographic  observat ions o f  d i s l o -  

ca t ion  cl imb i n  Gal-zAZxAs l a s e r  devices /1,2,3/ and 

Gap /4 /  l i g h t  e m i t t i n g  diodes have a l l  been c a r r i e d  

ou t  by conventional transmission e lec t ron  microscopy 

(TEN). The r e s u l t s  of these TEM analys is  are summa- 

- 

Mate r ia l  i Gal-,AZ,As i Gap 

Burger 's Vector i <110> i g c110> 

Climb Plane i { l l O ) ,  { l l O }  i <l lO> 

Climb d i r e c t i o n  ; <loo> <110> i <110> 

D is loca t ion  i Edge, Mixed Mixed 
Character 

Type o f  Climb i Edge Dipole :He1 i c a l  Dipole 
Network Produced ;Hel ica l  Dipole i 

;D is loca t ion  i 
i 1 oops 

Climb Character ; I n t e r s t i t i a l  ; I n t e r s t i t i a l  
iD ioo le  ;Dipole 
;Vacancy loops *;Vacancy loops 

r i z e d  i n  t a b l e  I and an example of a  cl imb network The nature of the giant helical diDoles has finally 
i s  given i n  f i gu re  1. The important features o f  been establ ished as being i n t e r s t i t i a l  /3,4(while 
these d i s l o c a t i o n  networks are : a) the cl imb d i rec -  the small dislocation loODs are of a vacancy type 
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/4,5/. Un foc tuna te l y ,  t h e r e  i s  p r e s e n t l y  no weak beam 

TEM c o n t r a s t  a n a l y s i s  ava i  1  ab le  f o r  these d e f e c t s  t o  

determine p o s s i b l e  d i s s o c i a t i o n  such as those repor -  

t e d  f o r  g l i d e  d i s l o c a t i o n s  i n  GaAs /6 /  o r  Gap / 7 / .  

The f i n e  fea tures  cor respond ing t o  smal l  d i s l o c a t i o n  

l oops  a t t ached  t o  t h e  main d i p o l e  (See f i g u r e  1) a re  

s i m i l a r  .to those found d u r i n g  c l i m b  o f  d i s s o c i a t e d  

d i s l o c a t i o n s  i n  f .c .c .  meta ls  / 8 , 9 /  suggest ing  t h a t  

t h e  d i s l o c a t i o n s  fo rm ing  t h e  d i p o l e  may indeed be 

d i s s o c i a t e d  i n t o  p a r t i a l s .  As shown by s t u d i e s  of  

d i s s o c i a t e d  d i s l o c a t i o n  c l  imb i n  me ta l s  / 8 / ,  t h e  

d e t a i l s  o f  t h e  c l imb  model i n  t h i s  case w i l l  be con- 

s i d e r a b l y  compl i c a t e d  by  t h e  d i s s o c i a t i o n .  F o r  t h i s  

reason we cons ide r  a  c l imb  model o n l y  f o r  undisso- 

c i a t e d  d i s l o c a t i o n s  and assume t h a t  i n  t h e  case o f  

d i s s o c i a t i o n ,  d i s l o c a t i o n  c l i m b  i s  t a k i n g  p l a c e  a t  

t h e  c o n t r i c t e d  p a r t s  o f  t h e  d i s l o c a t i o n .  

beh ind t h e  c l i m b i n g  d i p o l e .  Th i s  obse rva t i on  has been 

t h e  m o t i v a t i o n  f o r  a  new d i s l o c a t i o n  c l imb  model /5/ 

i n  compound semiconductors w i t h  t h e  z i n c  b lende s t r u c -  

t u r e .  The compound na tu re  o f  t h e  l a t t i c e  r e q u i r e s  

t h a t  two a tomic  species,  i n s t e a d  o f  one, be absorbed 

o r  em i t t ed  t o  oroduce j o g  mot ion.  S ince i t  i s  r a t h e r  

u n l i k e l y  t h a t  p o i n t  d e f e c t s  o f  t h e  two spec ies  a re  

p resen t  i n  equal  supe rsa tu ra t i on  i n  these compounds, 

a  s u p e r s a t u r a t i o n  o f  one t y p e  o f  p o i n t  de fec t s  i s  

pos tu la ted .  Fo r  rep resen t i ng  t h e  model we choose t h e  

Ga i n t e r s t i t i a l  , (Ga);, as t h e  excess p o i n t  de fec t .  

The (Ga)., shown i n  f i g u r e  4A has a t t ached  t o  t h e  d i s -  

l o c a t i o n  core  i n  f i g u r e  4B and an As vacancy a t  t h e  

d i s l o c a t i o n  core  ( V )  As, i s  then c rea ted  i n  t h e  pro-  

cess. The f o r m a t i o n  o f  an As vacancy, (V)As, i s  t h e n  

i n v d l v e d  t o  p r o v i d e  t h e  As atom which completes t h e  

c l i m b  as shown i n  f i g u r e  4C. The (v)Ashas moved so 

F ig .  1 : Transmission e l e c t r o n  micrographs o f  a  d i s l o c a t i o n  network produced by  c l imb  d u r i n g  c a r r i e r  i n j e c -  
t i o n  and deg rada t i on  o f  a  Ga A2 As (DH) l a s e r  dev ice .  Arrows p o i n t  o u t  t h e  smal l  loops a t t ached  t o  t h e  
main d i s l o c a t i o n s .  The ~ r a ~ ~ ' ; % c t $ r s  a r e  i n d i c a t e d  f o r  each micrograph. 

The smal l  d i s l o c a t i o n  l oops  observed i n s i d e  as t o  compensate t h e  l o c a l  s t r e s s e s - a t  t h e  d i s l o c a -  
t h e  c l i m b  network a r e  c h a r a c t e r i s t i c  o f  d i s l o c a t i o n  t i o n  (F ig .  4D) and t h e  process may be repeated. Thus 
c l imb  produced b y  o p t i c a l  o r  c u r r e n t  o r  e l e c t r o n  a  supe rsa tu ra t i on  o f  o n l y  one t ype  o f  p o i n t  de fec t s  

beam c a r r i e r  i n j e c t i o n  /5,10/. The examples i n  f i gu -  may s u f f i c e  f o r  d i s l o c a t i o n  c l imb,  o r o v i d i n g  t h a t  a  
r e s  2,3 show t h e  d i s l o c a t i o n  l oops  conf ined t o  t h e  t r a i l  o f  p o i n t  de fec t s  on t h e  o t h e r  s u b l a t t i c e  i s  

i n s i d e  of  t h e  main c l i m b  s t r u c t u r e ,  suggest ing  t h a t  l e f t  beh ind t h e  moving d i s l o c a t i o n .  T h i s  s imple  mo- 

t hey  r e p r e s e n t  a  by-product o f  t h e  p o i n t  de fec ts  l e f t  de l  can e a s i l y  be adaoted t o  c l imb  b y  j o g  mot ion  w i t h  
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i d e n t i c a l  r e s u l t s .  A  thermodynamical j u s t i f i c a t i o n  

f o r  t h i s  model r a i s e s  t h e  ques t i on  o f  d r i v i n q  f o r c e  

f o r  t he  d i s l o c a t i o n  c l imb.  

F ig .  2 : Transmission e l e c t r o n  micrograh o f  d i s l o c a -  
t i o n s  produces by  c l imb  d u r i n g  c u r r e n t  c a r r i e r  i n j e c -  
t i o n  i n  a  C c l l - p l d s  l a s e r  dev ice .  Secondary d i s l o -  
c a t i o n  loops i n s i d e  t h e  main d i p o l e  a re  shown by 
arrows . 

Fig .  4  : D i s l o c a t i o n  c l i m b  model f o r  an und i ssoc ia ted  
d i s l o c a t i o n  i n  t h e  z i n c  b lende l a t t i c e  p r o j e c t e d  nor-  
mal t o  t h e  (110) olane. The 60' d i S l o c a t i o n  w i t h  
b  = 112 a<110> i s  shown i n  4A. 4B-4D schematic o f  t he  
d i s l o c a t i o n  c l imb.  

2. L i v i n g  f o r c e  d u r i n g  low tempera tu re  d i s l o c a t i o n  

c l imb. -  To f o l l o w  t h e  example o f  d i s l o c a t i o n  c l imb  - 
i n  GaAs s t r u c t u r e s ,  we n o t e  t h a t  s i n c e  the  c r y s t a l s  

were grown under Ga-r ich  c o n d i t i o n s ,  i t  i s  reasonable 

t o  assume t h a t  (Go\, and / o r  (V),,s are  t b e  dominant 

de fec t s  a t  e q u i l i b r i u m  near t h e  growth temperatures 

and t h a t  some o f  them have been quenched t o  low tem- 

pe ra tu re .  

I n  t he  case o f  low temperature c l imb ,  t h e  d r i -  

v i n g  f o r c e  i s  t h e  l ower  chemical p o t e n t i a l  o f  t h e  

vacancy r e l a t i v e  t o  t h e  i n t e r s t i t i a l  under t h e  suoer- 

s a t u r a t i o n  c o n d i t i o n .  The d r i v i n g  f o r c e  f o r  c l i m b  i s  

i n  which b  i s  t h e  d i s l o c a t i o n  B u r g e r ' s  v e c t o r  and 

V i s  t h e  As o r  Ga a tomic  volume. The l a n d  [ 7, 
i n d i c a t e  r e s p e c t i v e l y  t h e  quenched-in and equ i  1  i b r i  um 

concen t ra t i ons  a t  low temperatures f o r  t h e  r e s o e c t i -  

ve p o i n t  de fec t s .  I n  t h e  d e r i v a t i o n  o f  equa t i on  ( I ) ,  

i t  was assumed t h a t  the  r e a c t i o n  

shou ld  procuce a  l o w e r i n g  o f  t h e  c r y s t a l ' s  f r e e  ener-  
F ig .  3 : A. T rans~a i ss ion  e l e c t r o n  micrograph o f  a  
d i s l o c a t i o n  l o o o  orocuded d u r i n a  c a r r i e r  i n . i e c t i o n  9Y. I n  f a c t  t h i s  w i l l  be t h e  case if we n o t e  t h a t  
and degradat ion '  of  a  ~ ; i ~ - ~ ~ ; l s ~ l a s e r  devic;. B,C,D: t h e  f o rma t i on  energy o f  ( ~ a ) ~ i s  much l a r g e r  than t h a t  
secondary defec t  s t r u c t u r e s  produczd by e l e c t r o n  beam 
s t i m u l a t e d  c a r r i e r  i n j e c t i o n .  The t imes i n  t h e  sequen- because o f  the larger volurne Of  the former 
ce o f  micrographs a r e  i nd i ca ted .  /11/. I t  f o l l o w s  t h a t  t he  s u o e r s a t u r a t i o n  r a t i o  o f  
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i n t e r s t i t i a l s  [ ( ~ a ) ~ ]  / [ f ~ a l ~ ] ~  i s  l a r g e r  than 

t h a t  f o r  vacancies [ I I / I ~ , ]  / [ I ( . v ) ~ ~ ~ ~  and thus 

t h e  r e a c t i o n  ( 2 )  i s  favored. The excess vacancies 

w i l l  e v e n t u a l l y  f o rm  smal l  c l u s t e r s .  S ince t h e  fo r -  

mat ion  energy o f  a n t i s i  t e  d e f e c t s  / 12/, f';alAs, i s  

n o t  expected t o  be l a r g e  i n  t h e  vacancy r i c h  reg ions,  

a  p o s s i b l e  r e a c t i o n  might  be 

i n  wh ich  t h e  Ga on an As s i t e  d e f e c t ,  ( G a l A s ,  i s  p ro-  

duced. The r e a c t i o n s  (2 )  and (3 )  p rov ide  t h e  two 

types o f  de fec ts  ( v I G a  and ( V I A s  needed f o r  t h e  fo r -  

mat ion  o f  i n t r i n s i c  d i s l o c a t i o n  loops o f  t h e  type 

shown i n  f i g u r e s  2 and 3. 

I f  d i s l o c a t i o n  c l imb  occurs by j o g  mot ion,  i t s  

v e l o c i t y  i s  c o n t r o l l e d  by t h e  d i f f u s i o n  o f  t o  

t h e  jogs .  The j o g  d i f f u s i v i t y ,  assuming no p i p e  d i f -  

f us ion ,  i s  then 

D .=b2 exp [- 1 
3 

where E* , i s  t h e  e f f e c t i v e  a c t i v a t i o n  energy f o r  

p o i n t  d e f e c t  d i f f u s i o n  under c a r r i e r  i n j e c t i o n  con- 

d i t i o n s .  P o i n t  de fec ts  i n  compound semiconductors 

u s u a l l y  behave as recombinat ion  centers  and a r e  as- 

s o c i  a t e d  w i t h  deep 1  eve1 t raps .  C a r r i e r  recombi na- 

t i o n  a t  such cen te rs  has been shown t o  r a p i d l y  en- 

hance p o i n t  d e f e c t  d i f f u s i o n  a t  low temperature /13, 

14/. Under recombinat ion  enhaced d i f f u s i o n  c o n d i t i o n s  

a t tempt  t o  r e s o l v e  t h i s  problem i n  Gal-zALxAs ,  d i s l o -  

c a t i o n  c l i m b  networks have been analyzed by scanning 

deep l e v e l  t r a n s i e n t  spect roscopy (SDLTS) /16,17/. Th i s  

a n a l y t i c a l  techn ique a l l o w s  f o r  t h e  c h a r a c t e r i z a t i o n  o f  

deep l e v e l s  by  measuring t h e i r  energy l e v e l s  and d i s -  

p l a y s  t h e i r  d i s t r i b u t i o n  w i t h  a  h i g h  degree o f  s p a t i a l  

r e s o l u t i o n  by scanning t h e  e l e c t r o n  beam over  t h e  

sample. By SDLTS i t  was found t h a t  a  donor deep l e v e l  

c e n t e r  /18/, t h e  DX cen te r ,  which i s  t h e  most abun- 

dant  (10' '-10' c e n t e r  i n  Gal-xALxAs (DH) s t r u c -  

t u res ,  e x h i b i t s  a  marked decrease i n  i t s  concentra- 

t i o n  over  t h e  c l imb  d i s l o c a t i o n  network /19/. Th i s  

change i s  shown i n  f i g u r e  5 where t h e  SDLTS s i g n a l  

f rom t h e  DX c e n t e r  i s  d i sp layed  as a  f u n c t i o n  o f  t h e  

probe p o s i t i o n .  The e l e c t r o n  beam induced c u r r e n t  

(EBIC) i s  a l s o  shown i n  f i g u r e  5 f o r  t h e  same scan- 

n i n g  l i n e .  

DISTANCE lpml 

* 
E Em%- where Em i s  t he  thermal d i f f u s i o n  energy F i q .  5  : SDLTS and EBIC i n t e n s i t i e s  as a  f u n c t i o n  o f  

1 Y 
and E i s  t h e  bandgip energy. From t h e  s e r i e s  of mi- t h e  e l e c t r o n  beam p o s i t i o n  on a  G a 1 - g 2  s (DH) s t r u c -  

9 t u re .  A  d i s l o c a t i o n  c l imb  network i s  i n g c a t e d  by 
crographs i n  f i g u r e  3, i t  i s  c l e a r  t h a t  C a r r i e r  i n -  DLD. The specimen temperature T = -2b°C i s  such t h a t  
jection stimulates recombination enhanced d i f f u s i o n  t h e  SDLTS l i n e  scan d i s p l a y s  t h e  DX cen te r  d i s t r i b u -  

t i o n .  
o f  p o i n t  de fec t s  and promotes p o i n t  d e f e c t  c l u s t e r i n g .  

I n  genera l ,  t h e  r a p i d  d i s l o c a t i o n  c l imb  i n  G a l - z A L z A ~  Ana lys i s  /19/ o f  t he  ERIC and SDLTS s i g n a l s  as t h e  
and Gap may be a t t r i b u t e d  t o  t h i s  e f fec t .  e l e c t r o n  beam i s  scanned o v e r  t h e  c l i m b  d i s l o c a t i o n  
3. P o i n t  d e f e c t s  i n  111-V compounds semiconductors.- network i n d i c a t e s  an i n t e r a c t i o n  between t h e  DX cen- 

The o r i g i n  of t h e  p o i n t  de fec ts  t a k i n g  p a r t  i n  t h e  t e r  and t h e  d i s l o c a t i o n s .  By c o n t r a s t ,  <110> g l i d e  
c l i m b  process has remained one of  t h e  ma jo r  unknowns. d i s l o c a t i o n s  i n  t h e  saw? n a t e r i a l  do n o t  produce ap- 
Exper imental  obse rva t i ons  / l o /  would i n d i c a t e  t h a t  o r e c i a b l e  changes i n  t h e  DX cen te r  concen t ra t i on .  
i t  i s  "grown-in" t h e  m a t e r i a l .  I t has a l s o  been Prc- These r e s u l t s  suggested t h a t  t h e  DX c e n t e r  m igh t  be 
posed /15/ t h a t  t h e  necessary defec ts  o r i g i n a t e  a t  assoc ia ted  w i t h  t h e  source o f  p o i n t  d e f e c t s  needed 
t h e  d i s l o c a t i o n  l i n e  i t s e l f ,  by recombinat ion  enhan- f o r  t h e  r a p i d  c l i m b  o f  d i s l o c a t i o n s  i n  C a l - x A Z d s  
ced emiss ion o f  vacancies from t h e  d i s l o c a t i o n  core.  compounds. F o r  Gap, t h e  low temperature d i s l o c a t i o n  
A majo r  d i f f i c u l t y  o f  t h i s  model i s  t h a t  i t  does n o t  c l i m b  was observed i n  e p i t a x i a l  l a y e r s  grown by li- 
e x p l a i n  seve ra l  obse rva t i ons  o f  i n t e r r u p t e d  d i s l o c a -  q u i d  phase e p i  t a x y  f rom Ga r i c h  s o l u t i o n s .  There a l s o  
t i o n  c l i m b  i n  dev ices  under i n j e c t i o n  c o n d i t i o n s  / l o / .  i t  i s  l i k e l y  t h a t  a  d e f e c t  complex i n v o l v i n g  ( G a l i  

It a l s o  does n o t  account f o r  t h e  absence o f  d i s l o c a -  i s  i n v o l v e d  and moves under recombinat ion  enhanced 

t i o n  c l i m b  f o r  d i s l o c a t i o n s  such as those shown i n  d i f f u s i o n  t o  promote d i s l o c a t i o n  c l imb.  However, t h i s  

f i g u r e s  1, 2, and 3 when c a r r i e r  i n j e c t i o n  i s  s t imu-  d e f e c t  complex has no t  y e t  been i d e n t i f i e d .  
l e d  by t h e  e l e c t r o n  beam o f  t h e  microscope. I n  an 



P.M. P e t r o f f  

4. Conclusions.- This review o f  the low temperature References 
d i s l o c a t i o n  cl imb process i n  111-V compound semicon- 

/1/ Petroff ,  P.M. and Hartman, R.L., Appl. Phys. L e t t .  
ductors po in ts  out  areas i n  which more experimental 23 (1973) 1969 and J. Appl. Phys., 5 (1974) - 
informat ion i s  needed. A d e t a i l e d  analys is  o f  the d is -  3899. 

l o c a t i o n  c1,imb s t ruc tu res  should e s t a b l i s h  the r o l e  12/ Hutchinson, P . W - y  P.-S. O l H a r a ¶  S. and 
Newman, D.H., Appl. Phys. Le t t . ,  6 (1975) 5, 

o f  t h e  d j s l o c a t i o n  d issoc ia t ions  i n  the cl imb process. 251. 

Fur ther  charac te r i za t ion  of the o r i g i n  and nature of /3/ Hutchinson, P.W. and Dobson, P.S., Phi los.  Mag. 
the  p o i n t  defects  involved dur ing cl imb are a lso ba- 32 (1975) 4, 745. - 

dly  needed. ~h~ d i s l o c a t i o n  c l i m b  model  isc cussed here /4/ Petroff ,  P.Y., Lorimor, O.G. and Ralston, J.M., 
J. Appl. Phys., 9 (1976) 1583. 

requi res the  supersaturat ion o f  p o i n t  defects  o f  on ly  
/5/ P e t r o f f ,  P.Y. and Kimerl ing, L.C., Appl. Phys. 

one element o f  the compound and accounts w e l l  f o r  Le t t . ,  29 (1975) 8, 46. 
some of the  main d i s l o c a t i o n  cl imb features. The ra- /6/ Gottschalk, H., Patzer, G. and Alexander, H., 

p i d  d i s l o c a t i o n  cl imb a t  low temperature can be a t t r i -  Phys. Status S o l i d i  (A), 45 (1978) 207. 

buted t o  the  recombination enhanced d i f fus ion  of o o i n t  /7/  G a i ,  P.L. and HOwie, A. 9 rvlag. 939. 

defects. F i n a l l y ,  evidence of an interaction bebeen /8/ Carter,  C.B., Cherns, D., Hi rsch,  P.B. and ~ a k a ,  
H., E lec t ron  Microscopy 1978 (Published by the 

the  d i s l o c a t i o n  network and a deep l e v e l  donor center Microscopical Society  o f  Canada, 150 Col lege St. 
( the  DX center) suggests t h a t  i t  might poss ib ly  be Un ive rs i t y  o f  Toronto, Ontar io  M5SlAA) 1978 

'Vol. 1, p. 324. 
associated w i t h  the p o i n t  defects  requ i red  f o r  d i s l o -  

/9/ Carter,  C.B. and Ray, I.L.F., Phi los.  Mag., 29 
ca t ion  cl imb i n  G U ~ - ~ A Z ~ A S  st ructures.  (1974) 1231. 

/ l o /  P e t r o f f ,  P.M., Kimerl inq, L.C. and Johnston, W. 
Acknowledgements.- The author wishes t o  thank L.C. 

Kimerl ing, R.L. Hartman, D.W. Johnston, D.V. Lang, 

D., J r .  - " ~ a d i a t i o n  ~ f f e c t s  i n  ~emiconductors 
1976" The I n s t i t u t e  o f  Physics, London, Confe- 
rence Series - 31 (1976) 362. 

R. Logan and M.B. Panish f o r  t h e i r  co l labora t ion  /11/ Fr iede l ,  J., D is loca t ions  (Addison-Wesley New 
and st imulat inc l  discussions on t h i s  subject.  The ex- York) 1964 p. 105. 

perimental assistance o f  R. Logan, A. Savage, A. /12/ Van Vechten, J.A. , J. Electrochem. Soc. , 122 
(1975) 1556. 

Wi l l iams and H.G. White i s  a lso  g r a t e f u l l y  acknowled- 
/13/ Lang, D.V. and Kimerl ing,  L.C., Appl. Phys. Lett., 

ged . 28 (1976) 248. - 
/14/ Lang, D.V. and Kimerl ing, L.C., Phys. Rev. Le t t . ,  

33 (1974) 489, 492. - 
/15/ O'Hara, S., Hutchinson, P.W. .and Dobson, P.S., 

Appl. Phys. Le t t .  , 2 (1977) 8, 368. 

/16/ P e t r o f f ,  P.%. and Lang, D.V., Appl. Phys. Le t t . ,  
31 (1977) 2,60. - 

/17/ P e t r o f f ,  P.M., Lang, D.V., St rudel ,  J.L. and 
Loga;, R. A. , "Scanning E lec t ron  Yicroscopy 
1978 , E d i t o r  : 0. Johar i ,  (SEM Inc. AMF O'Hara 
I l l i n o i s  USA) 1978 p. 325-332. 

/18/ Lang, D.V. and Logan, A., Phys. Rev. Le t t . ,  2 
(1977) 10, 635. 

/19/ P e t r o f f ,  P.M., Lang, D.V., Logan, R.A. and 
Johnston, W.D., "Defects i n  Semiconductors 1978" 
(The I n s t i t u e  o f  Physics, London) t o  be p u b l i -  
shed. 


