
HAL Id: jpa-00223132
https://hal.science/jpa-00223132

Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

ELECTRON SPIN RESONANCE INVESTIGATION
OF THE EFFECTS OF THE H2+ IMPLANTATION

AND DIFFUSION ONE THE LASER INDUCED
DEFECTS IN VIRGIN SILICON

A. Goltzene, B. Meyer, C. Schwab, J.C. Muller, P. Siffert

To cite this version:
A. Goltzene, B. Meyer, C. Schwab, J.C. Muller, P. Siffert. ELECTRON SPIN RESONANCE INVES-
TIGATION OF THE EFFECTS OF THE H2+ IMPLANTATION AND DIFFUSION ONE THE
LASER INDUCED DEFECTS IN VIRGIN SILICON. Laser-Solid Interactions and Transient Ther-
mal Processing of Materials, 1983, Strasbourg, France. pp.C5-307-C5-311, �10.1051/jphyscol:1983546�.
�jpa-00223132�

https://hal.science/jpa-00223132
https://hal.archives-ouvertes.fr


JOURNAL DE PHYSIQUE 

Colloque C5, suppl6ment au nO1O, Tome 44, octobre 1983 page C5-307 

ELECTRON S P I N  RESONANCE INVESTIGATION OF THE EFFECTS OF THE H: 
IMPLANTATION AND DIFFUSION ONE THE LASER INDUCED DEFECTS I N  V I R G I N  

S I L I C O N  

A. Goltzene, B .  Meyer, C .  Schwab, J . C .  ~ u l l e r *  and P .  ~ i f f e r t *  

Laboratoire de Spectroscopic e t  dlOptique du Corps Solide, Assoeie' au CNRS 
No 232, Universite' Louis Pasteur, 5 ,  rue de ZrUniversite', 
6 7000 Strasbourg, France 
*centre de Recherches Nuele'aires, Laboratoire PHASE, 67037 Strasbourg Cedex, 
France 

Resume - La resonance paramagnetique e l e c t r o n i q u e  des de fau ts  p r o d u i t s  p a r  
l e  r e c u i t  l a s e r ,  a des dens i t es  de puissance elevees ( 2  ~ / c m - * )  a  P t6  e t u -  
d i e e  dans l e  s i l i c i u m  s e m i - i s o l a n t  non dope, obtenu p a r  c ro i ssance  en zone 
f l o t t a n t e .  Aucun e f f e t  n ' e s t  observe s u r  l a  r a i e  a gy = 2,0055 i 0,0005, 

+ 
aprss  i m p l a n t a t i o n  de H2, apres d i f f u s i o n  de l ' hyd rogsne .  Ceci e s t  en ac- 
c o r d  avec l ' a t t r i b u t i o n  de X a des l i a i s o n s  pendantes creees pa r  des con- 
t r a i n t e s  mPcaniques pendant l e  choc thermique. En e f f e t ,  on s a i t  que ces 
de fau ts  ne son t  pas pass ives  p a r  l ' hyd rogene  m o l e c u l a i r e .  

A b s t r a c t  - E l e c t r o n  paramagnet ic resonance o f  t h e  d e f e c t s  induced by l a s e r  
annea l i ng  a t  h i g h  power d e n s i t y  ( 2  ~ /c rn-2)  has been i n v e s t i g a t e d  i n  v i r g i n  

FZ s e m i - i n s u l a t i n g  S i l i c o n .  A f u r t h e r  H; i m p l a n t a t i o n  and d i f f u s i o n  i s  i nac -  

t i v e  on t h e  s i g n a l  observed a t  gx = 2.0055 + 0.0005. T h i s  i s  c o n s i s t e n t  

w i t h  t h e  a t t r i b u t i o n  o f  X t o  the"dang l ing  bonds, c r e a t e d  b y  t h e  mechanical  
s t resses  d u r i n g  t h e  thermal shock, as t h e y  a r e  n o t  pass i va ted  by  mo lecu la r  
hydrogen. 

INTRODUCTION 

Laser  anneal a t  h i g h e r  energy (more than 1.6 ~ / c m - ~  f o r  ruby  l a s e r )  c rea tes  d e f e c t s  
i n  v i r g i n  S i .  

These have been ev idenced as w e l l  by e l e c t r i c a l  measurements as by  e l e c t r o n  parama- 
g n e t i c  resonance (EPR) / I / .  

E l e c t r o n  paramagnet ic resonance (EPR) exper iments have shown t h a t  an u n i d e n t i f i e d  
d e f e c t  X, c h a r a c t e r i z e d  by an i s o t r o p i c  LANDE f a c t o r  g  = 2.0055 c 0.0005 was asso- 
c i a t e d  w i t h  h i g h  i n t e n s i t y  pu l sed  l a s e r  i r r a d i a t i o n  o f  v i r g i n  s i l i c o n  wa fe r  mate- 
r i a l .  Chemical e t c h i n g  showed t h a t  i t s  c r e a t i o n  was indeed l i m i t e d  t o  sur face l a y e r  
of  about  1 um thicknes;; f u r t h e r ,  t h i s  c e n t e r  d isappears  aga in  upon a  thermal an- 
nea l  a t  500" C /1 - 4 / .  

T e n t a t i v e l y  t h i s  s i g n a l  was asc r i bed  t o  two p o s s i b l e  models, e i t h e r  t he  vacancy-oxy- - 
gen complex (V-Of) o r  t h e  t r i v a l e n t  s i3+ ( o r  d a n g l i n g  bond), t h e  a c t u a l  i s o t r o p i c  
va lue  o f  t h e  g  f a c t o r  r e s u l t i n g  f rom an o r i e n t a t i o n a l  averag ing i n  bo th  cases. For  . .. * 

each model, t h e  EPR s i g n a l  i n t e n s i t y  corresponds t o  some 10~"enters  p e r  cmL o f  
i r r a d i a t e d  su r face ;  t a k i n g  i n t o  account t h a t  t h e  d e f e c t s  a r e  w i t h i n  a  surface l a y e r  

o f  about 1 um th i ckness ,  t h i s  corresponds t o  a  l o c a l  concen t ra t i on  o f  some 1017 ~ m - ~ .  
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On the  other  hand, e l e c t r i c a l  t ranspor t  measurements l i k e  DLTS /1/ have confirmed 
t h a t  two energy l e v e l s  a t  Ec - 0.18 eV (El) and Ev + 0.33 eV (HI) can be cor re la ted  

t o  oxygen r e l a t e d  defects, which are a lso  disappearing a f t e r  a thermal anneal a t  
500° C .  

Some o f  the defects  observed i n  S i  become inac t i ve ,  as we l l  e l e c t r o n i c a l l y  as f o r  
t h e i r  EPR s ignature,  when hydrogen i s  added. This occurs f o r  the dangl ing bonds 
i n  amorphous o r  p o l y c r y s t a l l i n e  S i l i c o n ,  which are no more observed a f t e r  doping 
w i t h  atomic hydrogen; however, molecular hydrogen i s  n o t  e f f i c i e n t  /5, 7/. 

t 
H2 implantat ion has been used more r e c e n t l y  t o  cure det r imenta l  e f f e c t s  on devices 

due t o  surface recombination centers. 

I n  t h i s  context,  we have performed a comparative study o f  l a s e r  generated defects, 
t 

p r i o r  and a f t e r  H2 pass ivat ion us ing EPR as an i n v e s t i g a t i o n  t o o l .  It i s  shown t h a t  

the main X de fec t  a t  gx = 2.0055 i s  no t  a f fected by t h i s  treatment; t h i s  i s  s t i l l  

cons is tent  w i t h  the a t t r i b u t i o n  o f  gx t o  the dangl ing bond model. 

EXPERIMENTAL 

4 The s t a r t i n g  mate r ia l  was h igh  p u r i t y  f l o a t i n g  zone S i  o f  10 Qcm r e s i s t i v i t y ,  c u t  
3 i n t o  1 x 3 x 6 mm and chemical ly etched by CP 4 before l a s e r  treatments. 

Anneals were performed i n  a i r  by means o f  a pulsed ruby l a s e r  w i t h  pu lse dura t ion  

of 2Q ns. The energy dens i t y  on t h e  samples was se t  a t  2 ~ / c m - ~  and t e n  successive 
shots were appl ied on both main sides. 

Molecular hydrogen H; a t  1017 ~ r n - ~  densi ty  was implanted a t  very low i n c i d e n t  ener- 

gy ( 2  KeV). Since the X center  are concentrated i n  a 1 pm top  layer ,  t h i s  step 

had t o  be fo l lowed by a d i f f u s i o n  procedure t o  insure a s u f f i c i e n t  penetrat ion depth 
t 

o f  the  H2 species. I n  order t o  avaid a thermal anneal o f  the X center,  s tab le  u n t i l  

500" C, d i f f u s i o n  was performed a t  180" C, a temperature which i s  a t  l e a s t  100' C 
below any thermal recovery temperature o f  defects  o f  s i m i l a r  EPR s ignature C ' .  Du- 
r a t i o n  was 10 mn i n s u r i n g  a pene t ra t ion  depth o f  5-8 pm according t o  Ref. 8. 

X band EPR measurements were performed a t  4.2 K using a stack o f  three samples t o  i n -  
crease s e n s i t i v i t y .  Checking experiments were performed on blank reference samples, 

a f t e r  H' imp lan ta t ion  and f i n a l l y  a f t e r  d i f f u s i o n ;  The spectra have been recorded 
a f t e r  cgo l ing  down i n  the  dark, then w i t h  a band t o  band pho toexc i ta t ion  ( A  % 1 p) ,  
t o  assess l i g h t  induced e f f e c t s .  

RESULTS 

The v i r g i n  s i l i c o n  samples are near l y  EPR-free, even a t  4.2 K (F ig.  1 ) .  

This i s  no longer  the case a f t e r  t h e  l a s e r  treatment (F ig.  2) : an i s o t r o p i c  l i n e  X 
appears w i t h  an i s o t r o p i c  LANDE f a c t o r  gx = 2.0055 c 0.0005. The peak t o  peak f i e l d  

d i f fe rence  on the experimental absorpt ion d e r i v a t i v e  i s  (12 + 1) G. The i n t e n s i t y  
2 corresponds t o  1013 - 1014 per cm o f  the i r r a d i a t e d  surface. 



F i g .  1 - EPR spectrum o f  v i r g i n  S i  a t  4.2 K 
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F i g .  2  - EPR spectrum o f  S i  a f t e r  l a s e r  anneal a t  4.2 K 
a )  a f t e r  c o o l i n g  down i n  the dark  
b) d u r i n g  p h o t o e x c i t a t i o n  (1 = 1 v )  



JOURNAL DE PHYSIQUE 

Fig.  3 - EPR Spectrum of S i  a f t e r  l a s e r  anneal and H; implantat ion,  a t  4.2 K. 
a) a f t e r  coo l ing  down i n  the  dark 
b) dur ing  pho toexc i ta t ion  ( A  = l p )  

F ig .  4 - EPR Spectrum a t  4.2 K o f  S i  a f t e r  l a s e r  anneal H; implantat ion,  and 
10 min a t  180' C : 

a) a f t e r  coo l ing  down i n  the dark 
b)  dur ing  pho toexc i ta t ion  ( A  = 1 p) 



A f t e r  H: implantat ion (F ig .  3 ) ,  the l i n e w i d t h  o f  the absorpt ion l i n e  broadens and 

and the centro'id i s  displaced s l i g h t l y  toward lower f i e l d s .  A f t e r  a thermal anneal 
a t  180' C t o  induce a d i f fus ion  o f  hydrogen (F ig .  4) ,  the  resonance l i n e  becomes 
narrower, the s ignal  X has again the  same shape and i n t e n s i t y  as before H$ implan- 
t a t i o n .  

During pho toexc i ta t ion  X i s  n o t  a f fected,  whereas a narrow and weaker i s o t r o p i c  
s ignature Y i s  observed a f t e r  l a s e r  anneal ing a t  gx = 2.0000 + 0.0005; i t  vanishes 

a f t e r  H; imp1 antat ion.  

DISCUSSION 

I n  these experiments, we observe i n  a reproducib le  way, the s ignal  a t  
gx = 2.0055 + 0.0005, co r re la ted  t o  h igh power densi ty  l a s e r  annealing. 

This s ignal  does n o t  vanish a f t e r  our subsequent hydrogen doping treatments, n e i t h e r  

a f t e r  H; imp lan ta t ion  nor  a f t e r  a thermal treatment a t  180° C. Th is  i s  s t i l l  con- 
s i s t e n t  w i t h  one o f  our previous models f o r  X ,  t he  t r i v a l e n t  S i  dangl ing bond, as 
the l a t t e r  i s  n o t  a f fec ted  by the molecular bu t  on ly  by the atomic hydrogen d i f f u -  
sion. 

I t has been shown r e c e n t l y  t h a t  the dangl ing bond acts  as a c a r r i e r  p a i r  recombina- 
t i o n  center  a t  Ev + 0.4 eV /9/; This i s  a lso  consis tent  w i t h  the simultaneous 

e lec t ron  and hole l i f e t i m e  decrease determined i n  v i r g i n  S i  prev ious ly  131. 

The c rea t ion  o f  these defects, which are d i s t r i b u t e d  we l l  behind the melted layer ,  
can there fo re  n o t  be ascr ibed t o  a f a s t  contaminant r e d i s t r i b u t i o n .  We asc r ibe  i t  
the extended defects  induced by the  mechanical stresses dur ing the thermal shock 
leav ing  then dangl ing bonds i n  these l o c a l l y  disordered areas. 

F i n a l l y ,  i n  t h i s  Si sample, we were able t o  evidence a f u r t h e r  weak shal low donor 
l i n e .  I t s  behaviour can g ive  a h i n t  f o r  the processes r e l a t e d  t o  the r e s i s t i v i t y  
changes which are sometimes observed a f t e r  l a s e r  treatments. We observe t h a t  the 
contaminant responsible f o r  thectonorsignal i s  on ly  a c t i v e  a f t e r  the l a s e r  shot : 
a s i m i l a r  behaviour was observed p rev ious ly  by EPR a f t e r  P doping /2 / .  A f t e r  H$ 

implantat ion,  Y vanishes : these defects  are then compensated by implantat ion de- 
f e c t s  whose EPR i s  responsible o f  the  apparent broadening o f  X .  Where then defects  
are annealed, a t  180' C, the t r u e  shape o f  X i s  restored.  
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