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R6sum6 - Des couches endommagdes par implantation ionique, 2 forte dose, dans 
GaAs ont 5tE reconstruites 2 l'aide d'un laser Ruby pulsS (nsec), d'un laser 
Nd-YAG puls6 (psec) ou d'un systsme de lampes 21 halogsne. La reconstruction 
du r6seau cristallin par ces diffSrentes techniques de recuit rapide est Stu- 
diEe par diffusion Raman des phonons. 

Abstract - A nanosecond pulsed ruby laser, a picosecond pulsed Nd-YAG laser 
and a set of halogen lamps are used to induce the reconstruction of the dama- 
ge layer obtained by high dose ion implantation in single crystal GaAs. The 
lattice reconstruction by these different rapid irradiation sources has been 
examined by Raman scattering from the phonons. 

INTRODUCTION 

Lasers, electron beams or incoherent lamps provide a way to locally heat the surfa- 
ce of an implanted semiconductor. A rapid local heating followed by a fast cooling 
after irradiation are induced by these different beams (transient annealing) and both 
crystal recovery and dopant activation are obtainable during an annealing cycle. The- 
se techniques are widely used in Silicon Technology. Gallium Arsenide which contains 
two different kinds of atoms is more chemically unstable than Silicon and surface de- 
gradation is more likely to occur at high temperatures. 

Raman scattering by phonons is an unique tool for characterization, after an annea- 
ling cycle, of the lattice reconstruction, the surface degradation as well as the na- 
ture (donors or aceptors) and concentration of dopants introduced by implantation. 

LIQUID PHASE RECRYSTALLIZATION 

Two kinds of laser pulses have been used : a Q-switched Ruby laser (25ns) and a pi- 
cosecond (30 ps) pulse from a mode-locked Neodynium : Yttrium Garnet laser. It is be- 
lieved that melting of the implanted layer occurs under irradiation, followed by a 
liquid phase epitaxial regrowth. 

a - STUDY OF THE LATTICE RECONSTRUCTION BY THE RUBY LASER : 

A set of two different Indium ion implantations have been performed in (001) GaAs 
scbstrates to obtain an uniform distribution of defects over 1000 A from the surface 
one at 330 KeV (dose 3x10'~ cmd2) and the other at 170 KeV (dose 1.5 10'' 
cm-2). Such bombardment conditions allow the formation of an amorphous layer of 
thickness larger than the argon-ion laser radiation (5145x1 used to perform the Raman 
measurements. 

The scattered light interesity I ( w )  of an amorphous material is given [I] by 
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I( w ) = C [n(w ,T) + 11 gb( cu ) /  w , where n(w ,T) is the Bose- Einstein 
distribution kt temperature T for first-order Stokes scattering at energy shift w and 
g (w) represents the vibrationa? density of states in band b ; Cp is the cou- 
pking constant given by Cb. lei R!~ (w)ejl with d a n d  ?as the polarization vectors 
of the incident and scattered light, and R.. the Raman tensor components ; Cb 
is proportional to w for o,< 50 cm-I (Eef 2)'dnd is taken constant for highcrwva- 
lues in GaAs. The amorphous GaAs spectrum at room temperature is represented in Fig 1 
(uppest curve). Two main bands can be distinguished : one which corresponds to the 
modes belonging to the transverse acoustic branche and the other which is associated 
to the frequency range of the optical branches in the crystal. The amorphous density 
of states which appears on this spectrum is very similar to that of the corresponding 
crystal (Fig 2) but broadened by a convolution with a Gaussian factor of the order of 
25 cm-I (Ref 3). The first band peaks at the frequency corresponding to the 
transverse acoustie branch at the Brillouin zone edge and is labelled DATA (Disorder 
Activated Transverse Acoustic band). The similarities between the density of states 
of amorphous and crystalline GaAs are due to the conservation of the short-range or- 
der of the crystalline phase and the near-neighbor character of the atomic inter- 
action. I I I I I I 
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Fig 1 - Ruby laser annealing of 
implanted amorphized GaAs 
Raman scattering study at different 
density of energy. The horizontal 
lines indicate the zero level. For 
0.6J/cmZ the resolution is 3 cm-' 
and 5 cm-1 for the other spectra 
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Fig 2 - Phonon density of states 
in GaAs crystal from Dolling and 
Cowley, Proc. Phys. Soc. London 
88, (1966) 463 - 



An i r r a d i a t i o n  wi th  o f  a Ruby l a s e r  pu l se  of 0.6 J/cmZ allowed complete reconst ruc-  
t i o n  of t h e  c r y s t a l  s i n c e  t h e  spectrum of t h e  annealed sample ( l owes t  curve  of F ig  1 )  
i s  ve ry  s i m i l a r  t o  t h e  one o f  t h e  GaAs c r y s t a l  (LO l i n e  a t  292 cm-I and a smal l  
TO a t  269 cm-I owing t o  d e p a r t u r e  from s t r i c t  backsca t t e r ing ) .The  LO l i n e  corres-  
ponds t o  t h e  h i g h e s t  phonon energy of t h e  d i a g r a m  of t h e  c r y s t a l  d e n s i t y  of s t a t e s .  
It is  c l e a r  on F i g  1 t h a t  t h e  DATA becomes l e s s  and l e s s  a c t i v e  w i th  i n c r e a s i n g  va- 
l u e s  W of t h e  d e n s i t y  of energy of t h e  Ruby pu l se  and p r a t i c a l l y  d i sappea r s  f o r  W =  
0 . 6 ~ / c m ~ . T h e  high energy Raman peak of amorphous GaAs s p l i t  i n t o  two l i n e s  which we 
c a l l  LO-like and TO-like a s  t h e i r  f requency,  width  and i n t e n s i t y  tend t o  t h e  LO and 
TO o f  t h e  c r y s t a l  a s  t h e  l a t t i c e  is reconst ructed .  More p r e c i s e l y  a s  t h e  long-range 
o r d e r  is  r e s t o r e d  t h e  LO-like and TO-like s h i f t  t o  h ighe r  f r e q u e n c i e s ,  t h e i r  width 
dec reases  whi le  t h e  LO-like i n t e n s i t y  i n c r e a s e s  d r a s t i c a l l y  wi th  r e s p e c t  t o  t h e  i n t e n  

- s i t y  of t h e  TO-like. 

b - STUDY OF THE MULTIANNULAR PATTERN PRODUCED BY A PICOSECOND LASER 

The l a t t i c e  r e c o n s t r u c t i o n  depends on t h e  r e s o l i d i f i c a t i o n  v e l o c i t y  of t h e  s u r f a c e  
l a y e r  melted under i r r a d i a t i o n  by t h e  pulsed  beam. There i s  a t h re sho ld  i n  t h e  speed 
of t h e  r e s o l i d i f i c a t i o n  process  above which t h e  c r y s t a l l i n e  s t r u c t u r e  does no t  reco- 
v e r ,  r e s u l t i n g  i n  amorphous m a t e r i a l  formation[4]. Extremely s h o r t  pu l se s  (p sec )  o r  
s t r o n g l y  absorbed l i g h t  p u l s e s  (U.V. photons) produce r e s o l i d i f i c a t i o n  r a t e s  above 
t h i s  t h re sho ld  i n  semiconductor.  

S i n g l e  pu l se s  of overage  d u r a t i o n  27 p s  a t  1.06pm were e x t r a c t e d  from a mode locked 
Nd : YAG l a s e r  [s] and were used f o r  anneal ing .  The samples were GaAs (001) subs t r a -  
t e s  amorphized wi th  Te i o n s  a t  a dose o f  1 x 1015/cm2 and a t  an energy of 250 
KeV. The amorphized l a y e r  was about 1000 Z( t h i ckness .  The gauss i an  l a s e r  beam was 
focused on t h e  sample a t  a d iameter  of 450 pm. 

The annealed  s p o t  is  composed of c o n c e n t r i c  r i n g s  [5] of d i f f e r e n t  c o n t r a s t  which 
can  be viewed under a conven t iona l  Normarski o p t i c a l  microscope. This  mu l t i annu la r  
p a t t e r n  is  probably  due t o  a m u l t i p l e  m e l t i n g - r e s o l i d i f i c a t i o n  process  [6,7] du r ing  
t h e  pu l se  d u r a t i o n .  The b e s t  o p t i c a l  c o n t r a s t  was ob ta ined  a t  1 .5  J/cm2,above t h e  da- 
mage th re sho ld  of t h e  s u b s t r a t e  and t h e  annealed spo t  was degraded a t  t h e  c e n t e r  ( s e e  
F i g  3 l e f t  t o p  edge) .  Raman s c a t t e r i n g  measurements were performed us ing  a microprobe 
and t h e  i n c i d e n t  l a s e r  was focused on a 1 jm-diam spo t  scanned a c c r o s s  t h e  a r e a  i r r a -  
d i a t e d  by t h e  picosecond pulse .  A l l  t h e  s p e c t r a  a r e  taken i n  t h e  same exper imenta l  
c o n d i t i o n s .  The f i r s t  r i n g  surrounding t h e  damaged c e n t e r  is e s s e n t i a l l y  r e c r y s t a l -  
l i z e d  but t h e  LO peak i s  downshifted by 2 cm-l. Furthermore a ve ry  sma l l  peak ap- 
p e a r s  a t  267 cm-I which i s  a s s igned  t o  t h e  TO mode and is probably  a consequence 
of a s l i g h t  d i s o r d e r  o r  m i s o r i e n t a t i o n .  The s p e c t r a  (C) and (D) obta ined from the  
o t h e r  r i n g s  of t h e  p a t t e r n  a r e  c l e a r l y  i n t e r m e d i a t e  s t a t e s  between c r y s t a l l i n e  (A) 
and amorphous (E) GaAs. One can n o t i c e  t h e  s t r i k i n g  s i m i l a r i t i e s  hetween the  l i n e s  of 
(C) and (D) and t h e  TO-like and LO-like of F ig  1. Then t h e  r eg ion  D appea r s  more or- 
dered  than t h e  r eg ion  C and t h e  annealed p a t t e r n  i s  c l e a r l y  formed of r a t h e r  ordered 
and r a t h e r  d i so rde red  r i n g s .  

SOLID PHASE RECRYSTALLIZATION-HOLOGEN LAWS ANNEALING 

When a C.W. l a s e r  o r  an incohe ren t  lamp i s  used,  t h e  anneal ing  mechanism i s  u s u a l l y  
a s o l i d  phase e p i t a x i a l  regrowth which proceeds a t  r a t e s  comparable t o  those  obta ined 
f o r  conven t iona l  thermal  anneal ing .  The r o l e  of t h e  l a s e r  and t h e  lamp i s  on ly  t o  
h e a t  t h e  implanted r eg ion  t o  a tempera ture  (1000-1300C) h igh  enough t o  induce s o l i d  
phase regrowth. 

A system [8] of two 150 W ha logene lam s have been b u i l t  i n  t h e  l a b o r a t o r y  i n  o rde r  
t o  anneal  implanted GaAS samples (lx10P5 Te ions/cm2 a t  250 KeV) ; c o n t a c t  pro- 
t e c t i o n  of t h e  s u b s t r a t e  was obta ined by mounting t h e  sample i n  a sandwich conf igura-  
t i o n  between a s i l i c o n  p l a t e  and a q u a r t z  p l a t e .  The r e c o n s t r u c t i o n  of t h e  l a t t i c e  by 
i r r a d i a t i o n  was accompagnied by a s l i g h t  s u r f a c e  deg rada t ion  evidenced by t r a c e s  of 
c r y s t a l l i n e  As. The presence  of A s  can  be a t t r i b u t e d  e i t h e r  t o  an  evapora t ion  and 
r e c r y s t a l l i z a t i o n  of As a t  t h e  s u r f a c e  of t he  sample due t o  the  confinement [8] , o r  
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F i g  3 - Raman s p e c t r a  of t h e  d i f f e -  F i g  4 - Raman s c a t t e r i n g  s p e c t r a  of 
r e n t  r e g i o n s  of t h e  mu l t i annu la r  amorphized GaAs i r r a d i a t e d  wi th  Halogen 
p a t t e r n  induced by a picosecond lamps ; -------- amorphous r e f e r e n c e  
p u l s e  ( A  : 1.06 flm) i n  an  amorphi- i r r a d i a t e d  f o r  30 A ; -0-0-0- 

zed GaAs sample i r r a d i a t e d  f o r  45 s 

a  thermal  oxydat ion  wi th  As r e t a i n e d  i n  t h e  i n t e r f a c i a l  r eg ion  du r ing  growth [9] . 
Raman s c a t t e r i n g  a l lows  a s imul taneous  s tudy  of t h e  l a t t i c e  r e c o n s t r u c t i o n  and t h e  
s u r f a c e  degradat ion .  Seve ra l  i r r a d i a t i o n  t imes have been s e l e c t e d  between 5 and 45s .  
The presence  o f  c r y s t a l l i n e  As d e t e c t e d  by t h e  two f i r s t - o r d e r  Raman l i n e s  A1 
and E was c l e a r l y  an i n c r e a s i n g  f u n c t i o n  of t h e  exposure  time. Yet,  t h e  As laye$ 
a t  t h g  s u r f a c e  was t h i n  enough t o  a l l ow t r ansmis s ion  of i n c i d e n t  and s c a t t e r e d  pho- 
t o n s  from the  implanted region.  The bes t  o p e r a t i n g  c o n d i t i o n s  f o r  Halogen lamps an- 
n e a l i n g  were ob ta ined  f o r  a  t ime exposure t of 30s f o r  which the  i n t e n s i t y  of t he  LO 
was maximized (60 % o f  t h e  i n t e n s i t y  of a  c r y s t a l l i n e  r e f e rence .  For t > 30s ( F i g  4 )  
t h e  LO dec reases  wh i l e  t h e  As l i n e s  con t inue  t o  i n c r e a s e  ve r sus  t.  For t < 30s both 
t h e  As l i n e s  and LO dec rease .  

CONCLUSION 

T h i s  is an  exper imenta l  survey of t r a n s i e n t  annea l ing  of implanted amorphous l a y e r s  
o f  GaAS. The r ap id  i r r a d i a t i o n  sou rces  used induced e i t h e i r  a  mel t ing  followed by a  
r e c r y s t a l l i z a t i o n ,  o r  a  complete s o l i d  phase regrowth. The Raman a c t i v e  modes a r e  
s t u d i e d  i n  t h e  t r ans fo rma t ion  amorphous-crystal .  The s tudy  have evidenced TO-like and 
LO-like nodes a s s o c i a t e d  wi th  i n t e rmed ia t e  s t a t e s .  The n a t u r e  of t hese  i n t e rmed ia t e  
s t a t e s  is  no t  y e t  e l u c i d a t e d  ( a r e  t hey  p o l y c r y s t a l l i n e  ag rega te s  ?)  Only t h e  use  of 
o t h e r  technique  ( e l e c t r o n i c  microscopy f o r  i n s t a n c e )  could b r ing  an answer. The f a c t  
t h a t  no coupled LO phonon plasmon modes appeared i n  t h e  s p e c t r a  of Te implanted GaAs 
i n  s p i t e  of t h e  good r e c o n s t r u c t i o n  of t h e  l a t t i c e  a f t e r  anneal ing  by Halogen lamps 
i n d i c a t e s  t h a t  no s i g n i f i c a n t  e l e c t r i c a l  a c t i v a t i o n  has  been obta ined.  
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