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ABSTRACT 

Th i s  r e p o r t  d e s c r i b e s  t h e  f i r s t  q u a r t e r  r e s u l t s  on a  c o n t r a c t  t o  e v a l u a t e  t h e  

m e r i t s  of  l a r g e  s p o t  s i z e  pu lsed  l a s e r  annea l ing  of i o n  implanted s i l i c o n  wafers  

f o r  j u n c t i o n  format i o n  on s o l a r  c e l l s .  

A Q-switched Nd:Glass l a s e r  system i s  used o p e r a t i n g  i n  t h e  1064 ( r e g u l a r )  and 

532 (wi th  frequency doubler )  nm wavelengths.  The l a s e r  ou tput  i s  i n  excess  of 

30 j o u l e s  wi th  a  20-50 n s  p u l s e  d u r a t i o n .  

M a t e r i a l  used i n  t h i s  i n v e s t i g a t i o n  i s  3-inch diame'ter CZ s i l i c o n ,  P-type, 0.014 

inches  t h i c k ,  10Q-cm resistivity, < l o o >  o r i e n t a t i o n .  Three wafer  s u r f a c e  con- 

d i t i o r l s  a r e  be ing  eva lua t ed  i n  t h i s  p u l s e  annea l ing  i n v e s t i g a t i o n :  chem-polished, 

t e x t u r e  e t c h e d ,  and f l a s h  otchcd ,  

Annealing was performed w i t h  and wi thout  beam homogenization. Both modes showed 

e x c e l l e n t  l a t t i c e  recovery  from t h e  implant-induced damage a s  analyzed us5ng 

Ruther ford  Backsca t t e r ing  techniques .  Homogenization of  t h e  beam was performed 

us lng  a fus~ed  s i l i c a  rod conf igured  w i t h  a  90' bend. The unhomogenized annea l ing  

was performed us ing  a plano-concave l e n s .  

F a b r i c a t i o n  of l a s e r  annea led  c e l l s  .us ing  both  modes is forthcoming. 
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SECTION 1 

SUMMARY 

Th i s  r e p o r t  d e s c r i b e s  t h e  f i r s t  q u a r t e r  r e s u l t s  on a  c o n t r a c t  t o  e v a l u a t e  

l a r g e  s p o t  s i z e  pu lsed  l a s e r  annea l ing  of i o n  implanted s i l i c o n  wafe r s  f o r  

j u n c t i o n  formation on s o l a r  c e l l s .  A second o b j e c t i v e  is  t o  de te rmine  t h e  

f e a s i b i l i t y  and requi rements  f o r  a  l a s e r  system t o  annea l ' 3 - inch  d i a .  wafers  

a t  a  r a t e  of 1 wafer  p e r  second. 

The l a s e r  used i n  t h i s  c o n t r a c t  i s  a  Q-switched Nd:Glass l a s e r ,  > 3 0  j o u l e  out-  

p u t ,  w i th  a  20-50 n s  p u l s e  d u r a t i o n .  The l a s e r  i s  equipped w i t h  a  frequency 

doubler ,  and is  capable  of d e l i v e r i n g  a  spo t  s i z e  i n  excess  of  25mm diameter  i n  

t h e  energy d e n s i t i e s  of i n t e r e s t .  

M a t e r i a l s . u t i l i z e d  i.n t h i s  i n v e s t i g a t i o n  c o n s i s t  of 3-inch d i ame te r ,  CZ s i l i c o n  

wafe r s ,  boron doped, 0.014 inches  t h i c k ,  w i th  a  nominal base  r e s i s t i v i t y  of 

10S2-cm and a  < l o o >  o r i e n t a t i o n .  Three wafer  s u r f a c e  c o n d i t i o n s  (chem po l i shed ,  

f l a s h  e t ched ,  and t e x t u r e  e t ched )  a r e  be ing  eva lua t ed  t o  determine l a s e r  annea l ing  

e f f e c t s  and q u a l i t y  of s o l a r  c e l l s  produced. Implant dosages a r e  2.5 and 4  x  10  15  

ions/cmz a t  5 and 1 0  K e V  l e v e l s .  Process  v a r i a b l e s  t o  be eva lua t ed  i n  t h i s  con- 

t r a c t  are a s  fo l lows:  

Anneal w i t h  A =  1064nm 

Anneal w i th  A =  532 nm 

Anneal w i t h  a  mix ture  of A = 1064nm 
532nm 

Implant l e v e l  10  K e V  

Implant l e v e l  5  KeV 

S ing le .  p u l s e  annea l  

Mul t i -pu lse  annea l  

Raw beam annea l  

Homogenized beam annea l  

Annealing e v a l u a t i o n s  were performed w i t h  t h e  l a s e r  o p e r a t i n g  i n  a  TEMoo output  

mode. To homogenize t h e  o u t p u t ,  t h e  laser beam was passed through a  l i g h t  guide 

d i f f u s e r  which c o n s i s t e d  of a  fused  s i l i c a  rod w i t h  a  ground inpu t  f a c e  conf igured  

w i t h  a  90° bend. To e v a l u a t e  "raw" beam e f f e c t s  on t h e  s i l i c o n  wafe r ,  t h e  homo- 



gen ize r  was removed and a plano-concave l e n s  was i n s e r t e d  i n  t h e  pa th  of t h e  l a s e r  

beam. Th i s  was done t o  spread  out  t h e  beam f o r  obtainment of t h e  r equ i r ed  energy 

d e n s i t y .  

I n i t i a l  a n a l y s i s  of annealed s u r f a c e s  was performed wi th  ~ u t h e r f o r d  Backscat t e r i n g  

Techniques. T e s t s  revea led  e x c e l l e n t  l a t t i c e  recovery from t h e  implant-induced 

damage f o r  both homogenized and raw beam annea l ing  modes. F a b r i c a t i o n  of l a s e r  

annealed s o l a r  c e l l s  i s  forthcoming. 



SECTION 2 

INTRODUCTION 

This  is  t h e  f i r s t  quar te r ly  repor t  on a process development concract t o  evaluate  

t h e  m e r i t s  of l a r g e  spo t  s i z e  pulsed l a s e r  annealing of phosphorus implanted CZ 

s i l i c o n  wafers. P ro jec t ions  w i l l  a l s o  be  made t o  determine t h e  f e a s i b i l i t y  and 

requirements f o r  a l a s e r  system t o  anneal  3-inch diameter wafers a t  a r a t e  of 

1 wafer lsec  t o  m e e t  t h e  high thruput  goals  of t h e  1986 LOW COST SOLAR ARRAY 

PROGRAM. 

The contrac t  has  an e f f e c t i v i t y  d a t e  of 5 March 1980 and is of a 12 month 

durat ion.  

The genera l  plan is  t o  purchase CZ s i l i c o n  P-type wafers from Applied Solar  

Energy Corporation (ASEC). This  w i l l  be followed by phosphorus ion  implantat ion 

by SPIRE Corporation. Ohmic contact ing of the  c e l l s  w i l l  be performed by vacuum 

deposi t ion  of t i tanium,  palladium and s i l v e r ,  concluding with a mult i- layer a n t i -  

r e f l e c t i v e  coating.  Some c e l l s  w i l l  be processed with a boron ion implanted, 

e l e c t r o n  beam annealed, back su r face  f i e l d .  Also, wafer su r face  condi t ions  con- 

s i s t i n g  of polished,  t e x t u r e  etched and f l a s h  etched w i l l  be evaluated with re- 

spect  t o  t h e  q u a l i t y  of c e l l s  produced using l a s e r  annealing. 

Control c e l l s  w i l l  be fabr ica ted  f o r  comparison wi th  l a s e r  annealed c e l l s .  These 

con t ro l  c e l l s  w i l l  be s i m i l a r  t o  t h e  evaluat ion c e l l s  except f o r  t h e  s u b s t i t u t i o n  

of furnace annealing ins tead  of l a s e r .  Some con t ro l  c e l l s  w i l l  a l s o  be made with 

POCL d i f fused  junct ions .  3 

The laser system used on t h i s  con t rac t  is  a >30 jou le  Q-switched Nd-glass l a s e r  

equipped wi th  a frequency doubler. The pu l se  dura t ion is 20-50 nsec with a 

r e p e t i t i o n  r a t e  of 4 pulses  per  minute (PPM) and a beam diameter of >25 mm. The 

equipment is  shown i n  Figure 1. The o p t i c a l  path of t h e  beam is shown i n  Figure 2 .  



Figure 1 - Laser System 



Figure 2 - The Optical Path of the Laser 
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SECTION 3 

TECHNICAL DISCUSSION 

The wafers used on t h i s  con t rac t  are of t h e  following s p e c i f i c a t i o n s :  

o 3-inch diameter, boron doped, CZ s i l i c o n  <loo> o r i e n t a t i o n  

o 0.014 + - .002 inches t h i c k  

o 7-14 a-cm r e s i s t i v i t y  

o t h r e e  surface  condi t ions :  texture-etched, f lash-etched,  and 

chem-polished 

The t e x t u r e  e tching and polished su r face  processes a r e  p r e t t y  wel l  defined. There 

i s  some concern on pulsed l a s e r  annealing of t e x t u r e  etched surfaces ,  s ince  the  

l a s e r  energy causes su r face  melt ing and thereby tends t o  negate t h e  pyramidal 

s t r u c t u r e s .  Polished surface  wafers, on t h e  o t h e r  hand, might not  be cos t -  

e f f e c t i v e  t o  s a t i s f y  t h e  1986 LSA goals .  

The app l i ca t ion  of f l a s h . e t c h i n g  is  only t o  remove saw damage, and can be achieved 

using va r ious  solutions. The su lu t ion  rccomenderl was the same a s  success fu l ly  

used i n  our Phase 11, Automated Array Assembly con t rac t  !') It was supplied by JPL 

based on work performed by Photowatt (formerly Sensor Technology). The so lu t ion  

c o n s i s t s  of a mixture of HAC, HN03, HF, i n  t h e  r a t i o s  of 5:3:3, r e spec t ive ly ,  with 

immersion of the  wafers f o r  30 seconds, followed by standard r i n s i n g  and drying. 

SEM photomicrographs of t h e  t e x t u r e  e tched,  chem-polished and flash-etched s ~ i r f a c e s  

a r e  shown i n  Figures 3 and 4. 

Test  f l a s h  etched wafers were fabr ica ted  i n t o  func t iona l  c e l l s  by ASEC preparatory 

t o  processing ( f l a s h  e tching)  t h e  e n t i r e  l o t  of wafers required f o r  t h i s  program. 

Immersion times on d i f f e r e n t  samples were 30 and 90 seconds. Chem-polished wafers 

were a l s o  fabr ica ted  f o r  comparison. No BSF was appl ied  t o  t h e  c e l l s .  Output 

values  of t h e  completed c e l l s  w e r e  q u i t e  c lose ,  with those chem-polished exh ib i t ing  



Wafer Center View Wafer Edge View 

Figure3 . SEM Photg Flash Etched Wafer Surface 
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Figure 4. SEM Photos, Texture Etched ( l e f t )  and Chem Polished (right) Surfaces 

2000X 60° T i l t  



11% e f f i c i e n c i e s ,  and t h e  f l a s h  etched type, 10.9% f o r  both t h e  30 and 90 second 

immersion t i m e s .  Based on these  comparable outputs ,  the  f l a s h  e tching process 

was deemed acceptable  f o r  use and t h e  balance of t h e  wafers were processed. 

3.2 ION IMF'LANTAT I O N  SERVICES 

SPIRE Corp. w a s  contrac ted  t o  perform t h e  ion implantat ion work f o r  t h i s  con t rac t .  

Table 1 shows the 'requirements by wafer lsurface  condit ions and f ron t lback  implant 

species  and dosages. 

The major i ty  of t h e  wafers boron implanted f o r  back su r face  f i e l d  w i l l  be Pulsed 

Electron Beam Annealed (PEBA) by SPIRE. A con t ro l  l o t  w i l l  be furnace annealed 

f o r  reference ,  a s  w i l l  o t h e r s  without BSF. 

The Nd:Glass l a s e r  system obtained by LMSC f o r  performing t h e  laser  annealing 

evaluat ions  is  capable of up t o  40 jou les  output  i n  a 20-50 nsec pulse  opera t ing 

i n  t h e  TEMoo mode. Without t h e  use  of e x t e r n a l  o p t i c s ,  t h e  beam diameter i s  

25mm which converts  t o  8 joules/cm2 of del ivered energy densi ty .  

The problem of annealing wi th  s i n g l e  h igh power Q-switched l a s e r  pu l ses  i s  t h a t  

c e r t a i n  l i m i t a t i o n s  a r e  present  due t o  i n t e n s i t y  inhomogeneities i n  t h e  beam. 

The presence of a mode p a t t e r n  a l s o  y i e l d s  l a r g e  i n t e n s i t y  v a r i a t i o n s  which can 

degrade annealing uniformity. I n  a Gaussian beam d i s t r i b i t i o n  assoc ia ted  with 

T w o  mode operat ion,  unwanted specimen damage may occur i n  t h e  regions  sub- 

j ec ted  t o  t h e  c e n t r a l  (maximum power) por t ion  of t h e  beam. 

To a t t a i n  s a t i s f a c t o r y  beam homogenizati.on, an o p t i c a l  system has  been developed (2) 

t o  e l iminate  inhomogeneities i n  high power l a s e r  pulses.  The system, c a l l e d  a 

l i g h t  guide d i f f u s e r ,  c o n s i s t s  of a fused s i l i c a  rod bent approximately 90' i n  

t h e  middle, Figures 5 and 6. The laser output  beam is d i rec ted  t o  t h e  input  f a c e  of 



TABLE 1 

ION IMPLANTATION REQUIREMENTS ON 3-INCH DIA. WAFERS 

Other implant information: (1) Implant uniformity t o  b e  + 10% - 
(2)  Implant a t  7 t o  10' t i l t  

Wafer Surface Type 

Pa1;Lshed 

Flash Etched 

Texture Etched 

BORON - BACK 

25 KeV, 

5 l 0 l 5  

X 

X 

X 

X 

X 

PHOSPHORUS - FRONT 

X - 

10 KeV, 

4 

X 

5 KeV, 

2 .5  x l 0 l 5  

X 

X 

X 

X 

10 KeV, 

2.5 x l 0 l 5  

__rFC_- 

X 

X 

X 

X 



t h e  rod,  which is ground wi th  diamond powder or equivalent .  A s  t h e  beam e n t e r s  

the  l i g h t  guide, it  is d i f fused ,  although some microscopic i n t e n s i t y  inhomogenei- 

ties remain. Most of t h e  inc iden t  l i g h t  is  s c a t t e r e d  c lose  t o  t h e  forward di-  

r e c t i o n  and passes  down the guide being subsequently contained by t o t a l  i n t e r n a l  

reflectLon a t  t h e  guide wall .  

A r e l a t i v e l y  small proport ion of t h e  inc iden t  l i g h t  i s  s c a t t e r e d  through l a r g e  

angles a t  t h e  input  f ace  and i s  l o s t .  A s  t h e  r a d i a t i o n  propagates down t h e  guide, 

repeated i n t e r n a l  r e f l e c t i o n  f u r t h e r  d i f f u s e s  t h e  beam and speckle components a r e  

progress ively  eliminated. This process i s  enhanced, e spec ia l ly  f o r  near-axis 

l i g h t ,  by introducing a curve i n t o  t h e  guide. A bend of approximately 90° has been 

found t o  be p a r t i c u l a r l y  e f f e c t i v e  i n  suppressing any remaining speckle while g iv ing 

rise t o  minimal l i g h t  losses .  However, such bends introduce c a u s t i c  p a t t e r n s  i n t o  

t h e  t ransmit ted  l i g h t  and a f u r t h e r  l eng th  of guide i s  required  t o  rehomogenize t h e  

beam. The l i g h t  f i n a l l y  emerges from t h e  guide through an e x i t  f ace  which is normal 

t o  t h e  guide a x i s  and highly  polished. 

Out 

Figure 5 Light Guide Diffuser  Schematic 



Figure 6 - Light Guide Diffuser 



I n i t i a l  r e s u l t s  with a prototype l i g h t  guide d i f fuser  indicate  t ha t  very good 

beam homogenization is obtained. Figure 7 shows l a s e r  beam burn spots on 

photographic paper produced by the "raw" beam i n  (A) and by the  homogenized 

beam i n  (B). 

Figure 7. Laser burn spots on photographic paper from a "raw" beam i n  (A) 

and homogenized beam i n  (B) - approximately 1-inch diameter. 

The cen t ra l  gray area i n  the  raw l a s e r  burn spot corresponds t o  the  maximum beam 

energy. The progressively darker regions moving rad ia l ly  away from the center 

a r e  indicat ive of progressively lower energies typ ica l  i n  a Gaussian beam dis- 

t r ibut ion.  The burn spot i n  (B),  however, is of a uniform shade corresponding 

t o  a homogeneous energy output obtained with t he  l i g h t  guide diffuser .  

Figure 8 shows 30m diameter annealed regions on a 3-inch diameter f l a sh  etched 

wafer. For reference, a 2 x 2cm c e l l  was placed on one of the  annealed spots  

indicating ex is t ing  capabi l i ty  of s ing le  pulse annealing fo r  fabr icat ion of 

2 x 2cm s o l a r  ce l l s .  



Figure 8. Single  pu l se  30mm diameter anneal  a reas  on a 3-inch diameter s i l i c o n  

For eva lua t ing  wafers annealed with a raw l a s e r  beam, i t  was planned i n  our 

i n v e s t i g a t i o n s  t o  hold t h e  wafers i n  a hor izon ta l  plane,  Figure 9 ,  while re- 

f l e c t i n g  t h e  l a s e r  beam 90' onto the  sample with t h e  use of s p e c i a l  high power 

l a s e r  mirrors .  To t h i s  end th ree  l a s e r  mirrors  coated f o r  r e f l ec tance  a t  

A=1064nm, A=532nm, and combination of A=1064nm, 532nm w e r e  purchased from C V I  

Laser Corporation, one of t h e  l e a d e r s  i n  t h e  high power l a s e r  coat ing industry.  

Post  laser r a d i a t i o n  exposure evaluat ions  of  t h e  mi r ro r s  revealed coating de- 

gradat ion from hot s p o t s  i n  t h e  l a s e r  beam on mi r ro r s  coated f o r  A=532nm, and 

combination wavelength. It was concluded by C V I  t h a t  beam hot  spo t s  exceeded 

t h e  damage threshold  of t h e  coat ings ,  and t h a t  s i n c e  these  were t h e  h ighes t  damage 

r e s i s t a n t  coatings available, no obvious so lu t ion  was apparent.  To a l l e v i a t e  t h e  

mirror  problem, it was decided t h a t  l a s e r  annealing could be performed without 

t h e  a i d  of t h e  mirrors  i f  t h e  wafers were properly f i x t u r e d  i n  a v e r t i c a l  plane. 

Figure 1 0  dep ic t s  t h e  p ro jec t ion  of t h e  beam with t h e  wafer mounted v e r t i c a l l y ,  

w i t h  t h e  a i d  of a vacuum f i x t u r e .  The f i x t u r e ,  Figure 11, made of aluminum 

o f f e r s  exce l l en t  hold  down of t h e  3-inch diameter wafers, and has been found 

extremely use fu l  i n  i r r a d i a t i n g  test samples. The aluminum r e f l e c t s  t h e  l a s e r  

energy and is not adversely af fec ted .  This  set up permits  evaluat ions  of sample 

annealed wi th  a r a w  beam. 



Figure 9 .  Configuration of optical components for bending the laser 
beam 90' onto the sample wafer. 
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Preliminary eva lua t ions  of l a s e r  annealing u t i l i z i n g  t h e  raw l a s e r  output  were 

i n i t i a t e d  on wafers implanted a t  25KeV. 3 x 10'' ions/cm2 of 31~. These wafers 

were a v a i l a b l e  from our  previous in-house work on l a s e r  annealing. To o b t a i n  

maximum anneal a r e a  coverage, a -100m f o c a l  length  plano-concave l e n s  was used 

t o  d iverge  t h e  laser beam. 

The l e n s  u t i l i z e d  was made from BK7 g l a s s  wi th  double peak AR coating.  Both the  

s u b s t r a t e  and t h e  coa t ing  were damaged by t h e  laser beam, and consequently, i t  

was decided t o  experiment with uncoated fused s i l i c a  l e n s e s  which have a h igher  

damage threshold  than BK7 g lass .  

Laser exposure tests have shown t h a t  t h e  fused s i l i c a  l e n s e s  have e x c e l l e n t  

s t a b i l i t y  and damage res i s t ance .  However, t h e  tests a l s o  revealed two o t h e r  

p o t e n t i a l  problems. The r e f l e c t a n c e  of t h e  uncoated l enses  is approximately 8%, 

represent ing  a p o t e n t i a l  f o r  damage t o  t h e  l a s e r  o s c i l l a t o r  from the  r e f l e c t e d  

beam. To a l l e v i a t e  t h i s  problem, t h e  l e n s  was t i l t e d  a t  an angle  t o  ensure t h a t  

t h e  beam would not  be r e f l e c t e d  back i n t o  the  system. The second problem w a s  

discovered i n  processing t h e  sample wafers.  The annealed a r e a  on each wafer 

exhibi ted  a small c i r c u l a r  spo t  t h a t  was untouched by the  laser rad ia t ion .  The 

presence of t h i s  spo t  is a l s o  due t o  t h e  high r e f l e c t a n c e  of  the  uncoated lenses .  

The l a s e r  beam re-f l e c t e d  from t h e  concave' sur f  ace of t h e  l e n s  is focused t o  a 

point  wi th  s u f f i c i e n t  energy dens i ty  t o  ion ize  t h e  a i r  a t  t h a t  spot  wi th  t h e  

r e s u l t  t h a t  t h e  c rea ted  plasma is opaque t o  l a s e r  r ad ia t ion .  This  condi t ion  is 

propagated t o  t h e  su r face  of t h e  wafer. a s  shown i n  Figure 12. 

The condi t ion  of  having an unannealed a r e a  on the  wafer p resen t s  a problem 

only i n  f a b r i c a t i n g  c e l l s  from s ing le  pulse annealed s i l i c o n  with a raw beam. 

I n  cases  where mul t ip le  pulses  a r e  u t i l i z e d ,  e i t h e r  on the  same spot  o r  through 

s t e p  and repea t  procedure f o r  l a rge  a r e a  coverage, t h i s  problem is e l iminated  

by r o t a t i n g  the  wafer i n  the  case of the  former, and us ing s u f f i c i e n t  over l ap  
. . 

i n  the  case of the  l a t t e r .  



Figure 12,  Formation of an unannealed spot  on a wafer due t o  uncoated l e n s  
c rea ted  plasma 

The problem can a l s o  be e l iminated  by us ing l enses  with long f o c a l  length.  A 

small  t ilt  angle imparted t o  such a l e n s  p laces  the  f o c a l  po in t  ou t s ide  the  

pa th  of the  inc iden t  beam, Figure 13, hence e l imina t ing  the  "blind spot" condi- 

t i o n .  To t h i s  end l enses  with - 3 O b  and -500mm foca l  length  were purchased f o r  

forthcominn evaluat ion  - . . S .  
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Figure 13. El iminat ion  of an unannealed spo 

t i l t i n g  a long f o c a l  length  plant 
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t on a s i l i c o n  wafer by 
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3.5 LASER ANNEAL PARAME TE R DEVELOPMENT 

I n v e s t i g a t i o n s  t h i s  per iod  concent ra ted  on e v a l u a t i o n  of t he  l a s e r  annea l  q u a l i t y  

of  i o n  implanted wafers .  The wafers  were a v a i l a b l e  from o u r  prev ious  in-house 

work on l a s e r  annea l ing .  The wafers  were < l o o >  FZ s i l i c o n  implanted a t  10  KeV 
1 5  

and 2.5 x 10 ioxislcm2 of 3 1 ~ .  

Laser  annea l ing  was performed wi th  a  combination of parameters  which inc luded  

annea l ing  wi th  a  s i n g l e  (A = 1064nm) wavelength and mixture of two wavelengths 

( A =  1064nm and 532nm). Typica l  annea l  energy d e n s i t i e s  were between 1.5 and 
2 

2 .0  joules/cm . Sing le  pulse  annea l  a r e a s  ranged from 2 5 m  i n  d iameter  wi th  a  

homogenizer ( l i g h t  guide d i f f u s e r )  t o  approximately 35mm wi th  a  plano-concave 

l e n s  between t h e  sample and t h e  l a s e r  beam. Analysis  of i o n  i m p l a n t e d l l a s e r  

annealed s i l i c o n  s u b s t r a t e s  .was performed with Rutherford Backsca t t e r ing  tech-  

niques.  Figure 14 shows 4 ~ e t .  b a c k s c a t t e r i n g  and channel ing s p e c t r a  f o r  random 

a l i g n e d ,  as- implanted,  l a s e r  annealed and unimplanted ( v i r g i n )  s i l i c o n .  The 

as-implanted spectrum shows a  narrow peak which corresponds t o  t h e  depth  of t h e  

d i so rde red  l a y e r  i n  t h e  s i l i c o n  in t roduced  by t h e  implanted specimen. Analys is  

of  t h e  l a s e r  annealed implant  shows a  b a c k s c a t t e r i n g  spectrum t h a t  i s  almost  

i d e n t i c a l  t o  t h a t  of  v i r g i n  s i l i c o n ,  i n d i c a t i n g  complete l a t t i c e  recovery  from 

t h e  implant-induced damage. 

The i l l u s t r a t e d  spectrum was obta ined  from a c e n t r a l  s e c t i o n  of a  sample i r r a d i -  

a t e d  s imul taneous ly  a t  bo th  l a s e r  wavelengths wi th  the  beam spread  ou t  through 

t h e  use  of  a  plano-concave l e n s .  Since the  raw l a s e r  beam has  a  gauss ian  d i s t r i -  

bu t ion ,  maximum energy i s  depos i t ed  i n  t h e  c e n t e r  of t h e  annea l  a r e a  wi th  the  

subsequent r e s u l t  t h a t  b e s t  c r y s t a l  recovery i s  ob ta ined  a t  t h a t  p o i n t .  Anneal 

q u a l i t y ,  a s  shown i n  Figure 15,  i s  somewhat reduced a s  a  func t ion  of d i s t a n c e  

from the  c e n t e r  of t he  annea l  a r e a .  

F igure  16 shows a  b a c k s c a t t e r i n g  spectrum from samples annealed a s  above except  

t he  plano-concave l e n s  was rep laced  wi th  a  beam homogenizer. The spectrum i s  

almost i d e n t i c a l  a c r o s s  t he  25mm spo t  s i z e ,  i n d i c a t i n g  very  uniform annea l ing .  

The spectrum, however, shows a  s l i g h t l y  h-igher s c a t t e r e d  p a r t i c l e  count than  

v i r g i n  s i l i c o n  which can  imply t h a t  100% recovery of t h e  l a t t i c e  was not  achieved.  



4 
2 .7  MeV H e  . 

S i  < loo>  10 KeV 3 1 ~  (2 .5  x 1015 ~ m - ~ )  

0 Random O r i e n t a t i o n  
A As  Implanted - 0 Unimplanted 
a Lase r  Annealed 

F igure  14. ~ a c k s c a t t e r i n ~  s p e c t r a  of < l o o >  s i l i c o n  wafers  i n  as- implanted,  
unimplanted ( v i r g i n ) ,  and laser an[-leal s t a t e s .  A random spectrum 
f o r  t h e  v i r g i n  c r y s t a l  i s  a l s o  shown. 



Figure 15. Backscattering spectra of laser annealed <loo> silicon wafer 
illustrating difference in anneal quality as a function of 
distance from'the center of anneal area. 
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F igu re  16. Backsca t t e r ing  spect 'ra of < loo> s i l i c o n  wafers  i n  unimplanted 
( v i r g i n ) ,  and l a s e r  annea l  s t a t e s .  Laser  annea l ing  was per-. 
formed w i t h  a li h t  guide d i f f u s e r  and combination wavelengths 
a t  1 .5  joules/cmf -20 n i e c  pu l se .  
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This  can be due t o  i n s u f f i c i e n t  annea l  energy d e n s i t y ,  a  hypo thes i s  which w i l l  

be v e r i f i e d  i n  t h e  near  f u t u r e .  Another p l a u s i b l e  exp lana t ion  f o r  the  h ighe r  
3 1 

p a r t i c l e  count i s  due t o  t h e  extremely h igh  concen t r a t ion  of P atoms implanted 
2 1 3  

i n  the  s i l i c o n  (10 atoms/cm ). The phosphorus atoms have a h ighe r  s c a t t e r i n g  

c r o s s  s e c t i o n  than s i l i c o n  atoms, hence, i nc reas ing  s c a t t e r i n g  p r o b a b i l i t y .  I n  

a d d i t i o n ,  phosphorus has  a  sma l l e r  i o n i c  r a d i u s  than  s i l i c o n ,  and i n  s u b s t i t u -  

t i o n a l  l a t t i c e  s i t e s ,  t h i s  l e a d s  t o  a  d i s t o r t i o n  o r  channel  narrowing i n  t h e  

l a t t i c e ,  a  cond i t i on  which a l s o  l e a d s  t o  i nc rease  i n  s c a t t e r i n g  p r o b a b i l i t y  

with subsequent h ighe r  s c a t t e r e d  p a r t i c l e  count.  ~ d d i t i o n a l  t e s t s ,  which w i l l  

inc lude  t ransmiss ion  e l e c t r o n  microscopy ( T E M )  and secondary i o n  mass spec t ro -  

metry (SIMS), w i l l  be performed. These t e s t s  w i l l  a s s i s t  i n  a s c e r t a i n i n g  

optimum anneal  parameters .  

Based on t h e  Rutherford b a c k s c a t t e r i n g  work, t h e r e  appears  some hope t h a t  

s a t i s f a c t o r y  annea l ing  can be obta ined  without  t he  a i d  of a  homogenizing system. 

The a t t r a c t i v e n e s s  of t h i s  approach r e s t s  i n  t h e  f a c t  t h a t  t he  l i g h t  l o s s e s  

i ncu r red  a r e  minimum i n  comparison t o  those incu r red  with a  l i g h t  guide d i f f u s e r .  

To f u r t h e r  improve u p o n . t h i s  approach wi th  subsequent c o n t r o l  of spo t  s i z e  and 

geometry, qua r t z  tubes  i n  30mm, 35mm, 40mm, and 45mm diameters  were ordered .  

These w i l l  be coated with aluminum on the  o u t s i d e  f o r  maximum r e f l e c t i o n  and 

u t i l i z e d  a s  i l l u s t r a t e d  i n  Figure 17. 
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Figure17.  U t i l i z a t i o n  of a  qua r t z  tube  f o r  c o n t r o l l i n g  shape 
and s i z e  of annea l  a r e a  on a  wafer.  



SECTION 4 

CONCLUSIONS 

Good annea l ing  un i fo rmi ty  r e s u l t s  were ob t a ined  through usage of  a  

fused  s i l i c a  rod w i t h  a  r i g h t  ang le  con f igu ra t i on  t o  homogenize t h e  

l a s e r  beam. 

Analys i s  of  l a s e r  annealed s u r f a c e s  us ing  Rutherford b a c k s c a t t e r i n g  

techniques  showed e x c e l l e n t  l a t t i c e  s t r u c t u r e  recovery  from t h e  

implant-induced damage f o r  both homogenized and raw l a s e r  beam. 

Improved annea l ing  uni formi ty  was ev iden t  f o r  a  homogenized beam 

mode of  operac ion. 



S E C T I O N  5 

NEW TE CHNOLOGY 
- 

No new technology has  been developed t o  completion dur ing  t h i s  q u a r t e r .  
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