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ABSTRACT 

This  r e p o r t  d e s c r i b e s  t h e  t h i r d  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  eva lua 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  pulsed 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 unc t ion  formation of s o l a r  c e l l s .  

Three inch  diameter  c e l l s  were f a b r i c a t e d  f o r  r e f e rence  by furnace annea l ing  of 

t h e  ion  implanted wafers .  Conversion e f f i c i e n c i e s  on t h e s e  c e l l s  ranged from 

12.3% t o  14.3%, wi th  and without  a BSF. 

Scaled-up s i z e  c e l l s ,  from 2 x 2cm t o  2 x 4cm, were f a b r i c a t e d  us ing  a  two-step 

25% over lap  pulsed l a s e r  annea l ing  process .  Conversion e f f i c i e n c i e s  up t o  15.4% 

were achieved.  

Pulsed l a s e r  annea l ing  of t ex tu red  s u r f a c e  wafers  proved unacceptable  based on 

t h e  subpar e l e c t r i c a l  performances of f a b r i c a t e d  2 x 2cm and 2 x 4cm c e l l s .  

Fur ther  l a s e r  annea l ing  work us ing  t ex tu red  s u r f a c e s  has  been d iscont inued .  

SIMS p t o f i l i n g  of ''8 and/or  4 9 ~ ~ 2  ion  implanted s p e c i e s  f o r  back s u r f a c e  f i e l d  

followed by pu l se  annea l ing ,  both by e l e c t r o n  beam and l a s e r ,  revealed t h a t  

a d d i t i o n a l  work i s  requi red  f o r  op t imiza t ion .  

The process  v e r i f i c a t i o n  phase of t h e  c o n t r a c t  was i n i t i a t e d  f o r  smal l  ( 2  x  2cm) 

and l a r g e  ( 3  i n .  d i a . )  c e l l s  using t h e  su rv iv ing  process ing  cand ida t e s  showing 

b e s t  promise. 

A high  throughput l a s e r  system was conceptual ized which w i l l  accommodate t h r e e  

(3) inch  diameter  wafers  a t  a  r a t e  of one per  second. 
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SECTION 1 

SUMMARY 

Three inch diameter cells were fabricated by furnace annealing for reference 

during this reporting period. Cells, furnace annealed at 875O~ for 20 minutes 

in a nitrogen atmosphere, consisted of.the three surface conditions, i.e., chem- 

polished, flash-etched, and texture-etched, and were both with and without BSF. 

The conversion efficiencies of representative cells ranged from 12.3% to 14.3%, 

with and without a BSF. 

Scaled-up size cells, from 2 x 2cm to 2 x 4cm, were laser annealed using a two- 

step 25% overlap pulsing mode, and fabricated into functional devices. Cells with 

a screened on and fired aluminum paste 'for a Back Surface Field yielded the highest 

conversion efficiencies, up to 15.4%. 

Pulsed laser annealing of textured surface wafers resulted in the expected subpar 

electrical performances due to extensive 'surface melting and destruction of the 

pyramidal peaks. .Continuing work on this contract will be performed with chem- 

polished and flash-etched surface wafers only. 

SIMS profil'ing of 2 x 2cm samples fabricated and reported in the previous report 

was performed to determine distribution of the dopant used for the BSF formation. 
It was found.that there were little depth differences between the as-implanted and 

Pulsed Electron Beam Annealed (PEBA) profiles. Pulsed laser over PEBA, or just 

laser only, did show a slightly deeper junction. This accounts for the improved 

Voc achieved on the actual cells fabricated, which then leads to the conclusion 

that furtber work is still required to optimize pulse annealing for devices with 

a BSF. 

The process verification phase was initiated for both small (2 x 2's) and large' 

(3 in. dia.) cells, and will use.those'process steps and parameters still showing 

best promise. 

Finally, during this period a high throughput laser system was conceptualized to 

accommodate three (3) inch diameter wafers at a rate of one per second. 



SECTION 2 

INTRODUCX' ION 

Th i s  i s  t h e  t h i r d  q u a r t e r l y  r e p o r t  on a l a r g e  s p o t ,  pulsed l a s e r  annea l ing  

c o n t r a c t  f o r  j unc t ion  formation of phosphorus implanted, Czochra lsk i  grown, 

s i n g l e  c r y s t a l < 1 0 0 >  s i l i c o n  wafers .  Work performed du r ing  t h e  f i r s t  two 

q u a r t e r s  included development of a  30mm diameter  fused s i l i c a  l a s e r  beam homo- 

gen ize r  w i t h  which good uni formi ty  a c r o s s  an i r r a d i a t e d  s u r f a c e  was achieved. 

Laser  annea l ing  parameters  were developed wi th  a c c e p t a b i l i t y  s u b s t a n t i a t e d  by 

Transmission E lec t ron  Microscopy, Secondary Ion Mass Spectrometry, and Ruther- 

fo rd  Backsca t te r  a n a l y s i s .  Small 2  x  2cm s i z e  c e l l s  were f a b r i c a t e d  under va r ious  

p roces s  cond i t i ons  inc luding:  t h r e e  d i f f e r e n t  wafer s u r f a c e  cond i t i ons  (chem- 

po l i shed ,  f l a s h  e tched ,  and t e x t u r e  e t ched ) ;  fou r  l a s e r  energy d e n s i t i e s ;  s i n g l e  

and r n ~ r l t i p l e  pu l se  mode of ope ra t ion ;  w i th  and wi thout  BSF; 5 and 10  KeV f r o n t  

implant energy l e v e l s ;  Pulsed E lec t ron  Beam Anneal o t  " ' 8 1 ~ ~ 8 ~ ~  implants  f o r  BSF. 

B e s t  r e s u l t s  were achieved on a chem-polished s u b s t r a t e  which had been 3 1 ~  i m -  
2  p l an ted  a t  5 KeV, 2.5 x  lo1' ions/cm dosage, l a s e r  annealed a t  1. 5.J/cm2, w i th  

4 9 ~ ~ 2  back implants ,  PEBA, followed by l a s e r  pu l s ing  over PEBA. The b e s t  of t h e  

l i m i t e d  q u a n t i t i e s  f a b r i c a t e d  y i e lded  a  14.7% A M 1  conversion e f f i c i e n c y .  

During t h i s  r e p o r t i n g  pe r iod ,  work cen te red  around s c a l i n g  up t h e  s i z e s  of c e l l s  

l a s e r  annealed f o r  eva lua t ion  from 2  x  2cm t o  2 x 4cm. Also, t h e  p roces s  v e r i f i c a -  

t i o n  phase of t h e  c o n t r a c t  was i n i t i a t e d .  This  phase makes use of on ly  those  

cand ida t e  s t e p s  and parameters  which s t i l l  show promise i n  t h e  f a b r i c a t i o n  of sma l l  

c e l l s ,  as w e l l  a s  t h e  l a r g e r  t h r e e  (3) inch  d iameter  s i z e .  Add i t i ona l ly ,  a  high 

throughput pulsed l a s e r  system was conceptua l ized .  



SECTION 3 

TECHNICAL DISCUSSION 

3.1 REFERENCE CELLS 

. A  group of f i f t y  (50) t h r e e  inch  d iameter ,  ion  implanted, furnace annealed c e l l s  

were f a b r i c a t e d  f o r  re ference .  Annealing was performed a t  a temperature of 8 7 5 ' ~ '  
.. 

f o r  20 minutes i n  a  n i t r o g e n  atmosphere. These c e l l s  cons i s t ed  of t h e  t h r e e  (3)  

wafer s u r f a c e  cond i t i ons  under eva lua t ion  i n  t h i s  i n v e s t i g a t i o n ,  namely, chem- 

pol i shed ,  f lash-e tched ,  and tex ture-e tched .  They were implanted a t  5 and 10  KeV 

l e v e l s ,  and a t  dosages of 2.5 x 1015 ions/cmZ (pol i shed  and f lash-e tched)  and 

4 x 1015 ( t e x t u r e  e tched)  f o r  t h e  f r o n t  s u r f a c e s  ( 3 1 ~ ) ,  and 2 5  KeV, 5 x 1015 f o r  
4  9 those  wi th  a  back s u r f a c e  f i e l d  ( BF2). 

Table 1 shows t h e  e l e c t r i c a l  c h a r a c t e r i s t i c s  of t h e  f a b r i c a t e d  c e l l s .  Severa l  

c e l l s  were broken dur ing  f a b r i c a t i o n ,  mainly due t o  some f i x t u r i n g  problems ex- 

per ienced by ASEC i n  t h e  ohmic con tac t  vacuum depos i t i on  process .  T G ~  Vo,. v a lues  

f o r  t h e  c e l l s . w i t h o u t  BSF a r e  q u i t e  low, namely i n  t h e  440-460mV range. .Typ ica l ly  

Voc f o r  t h e s e  c e l l s  should be above 530mV. The low Voc ou tput  could have been 

caused by improper annea l ing  wi th  subsequent low a c t i v a t i o n  of t h e  implanted phos- 

phorus ions .  To v e r i f y  t h e  subpar ou tpu t  of t h e s e  c e l l s ,  ano the r  group of twenty- 

f i v e  (25) i on  implanted c e l l s  were f a b r i c a t e d  by furnace  annea l ing  under t h e  same 

cond i t i ons  a s  t h e  previous  group. These va lues ,  a s  showq i n  Table 2,  a r e  con- 

s ide red  more r e p r e s e n t i v e .  

3.2 LASER ANNEALING OF SCALED-UP SIZE CELLS 

F a b r i c a t i o n  of scaled-up c e l l  s i z e s  from 2 x 2cm t o  2 x 4cm was completed t h i s  

per iod.  Two l a s e r  energy d e n s i t i e s  were used,  1 . 2  and 1.53/cm2, which appeared 

b e s t  s u i t e d  f o r  annea l ing  a t  t h i s  p o i n t  of t h e  i n v e s t i g a t i o n .  The 2 x 4 ' s  were 

annealed wi th  a  two-step l a s e r  p u l s e  ope ra t ion ,  w i t h  a n  approximate 25% ove r l ap  

t o  o b t a i n  100% s u r f a c e  i r r a d i a t i o n .  The c e l l s  were f a b r i c a t e d  us ing  va r ious  

process ing  cond i t i ons ,  i nc lud ing  some wi th  a  screened-on and f i r e d  ~ luminbm p a s t e  

t o  form a back s u r f a c e  f i e l d .  The process ing  v a r i a t i o n s  and r e s u l t s  of  t h i s  work 

a r e  shown i n  Table 3. Ranking t h e  d a t a  by conversion e f f i c i e n c i e s  shows b e s t  re- 

s u l t s  achieved on those  c e l l s  w i th  a  screened-on and f i r e d  aluminum back s u r f a c e  



Table 1 

I O N  IMPLANTED, FURNACE ANNEALED 

THREE INCH DIAMETER REFERENCE CELLS 

1 c e l l  VOC I,, CFF 
i No. Descript ion (mV) (A) (%I q (%I Comments , 

Polished, 5 KeV, No BSF 

I t  I 1  1 I 

I I I I 11 

II t i  I I 

11 I I 11 

Polished,  5 KeV, BSF 

I I I I 11 

11 I t  I I 

11 11 11 

I I 11 11 

Polished,  10 KeV, No BSF 

I 1  I I 1 I 

I t  11 I I 

I t  11 11 

I I I I 11 

Polished 10 KeV, BSF 

I I I I 11 

11 11 11 

11 I t  I I 

11 11 I I 

441 1.46 5'6" 8.0 

454 1.50 60.6 9.0 

456 1.46 63.8 e9.3 

- - - - Bfuke 

452 1.52 66.3 ;-1O.O 

a - - 7 Broke 

8 i .53 72.5 13.8 

586 1.53 72.0 13.7 

- - - - Broke 

568 1.53 72.0 13.7 

456 1.50. 66.6 10.0 . 

- - - - Broke 

45 6 1.52 66.0 10.0 

452 1.49 65.6 9.7 

452 1.49 65.6 9.7 

566 1.52 72.7 13.6 

569 1.54 72.9 14.0 

569 1.54 72.9 14.0 

578 1.50 73.7 14.0 

570 1.54 74.4' 14.3 



Table 1 (Cont.) 

Is, CFF 
Description q ( % )  Comments 

I- 
Flash-Etched, 5 Kev, No BSF 

I I 1 I I I I I 

'11 11 I 1  11 

I I I I I t  11 

1 I I I I I I I 

Flash-Etched, 5 Kev, BSF 

I I 11 I I I 1  

I t  I 1  11 I I 

'11 1 I I 1  !I 

I! I t  I I I 1  

Flash-Et ched , 10 KeV , No BSF 

11 I I I I 11 

I I I I I 1  11 

11 I I' I I I I 

11 I I I 1  I I 

Flash-Etched, 10 KeV, BSF 

I 1  11 11 I I 

I I 11 I 1  11 

II 11 I I I I 

11 I 1  I I I I 

Texture-Etched, lOKeV,NoBSF 

I I I 1  I I 11 

11 11 I 1  11 

Broke 

Broke 

Broke 

Broke 

Broke 

Broke 

Broke 

Broke 



Table 1 (Cont.) 

Cell Voc Isc CFF . , 
I 

No. Description (mv) (A) (%) 11 (2) Comments 1 
t 

44 ~exture-~tched, 10 KeV, No BSF - - - - Broke 

45 11 11 $ 1  11 440. 1.49 69.0 10.0 
i d 



TABLE 2 

ION IMPLANTED, FURNACE ANNEALED 
THREE INCH DIAMETER REFERENCE CELLS, NO BSF 

C e l l  v o c  I s c  CFF 
No. D e s c r f p t i o n  (mv) (A) ( Comments 

PO5 -1 P o l i s h e d ,  5 KeV 

- ~ - - 

bi -y- ~ - F l a s h  Etched,  5 KeV 540 1 . 4 3  73.5 12.4 

- - - -  ---- ~p 

PO10 -1 P o l i s h e d ,  1 0  K e V  555 4 74.3  1 3 . 0  

Broke 

-2 

- 3 

- 4 

- 5 

551 1 .44 73.9 12 .8  

548 1 . ~ ~ 4  74.2 K:.8 

553 1 .46  73.0 12.9 

v v 551  1 .44 74.3 12 .9  

FE10-1 F l a s h  Etched,  1 0  KeV 547 1 .45 73.2 12.7 

TElO-1 T e x t u r e  Etched,  1 0  KeV 555 1 .44 71.6 12.9  

546 1.47 72.9 1 2 . 8  

548 1 .44 73.6 12.7 

549 1 .46  73.0 12 .8  

549 1 .46 73.0 12 .8  

- 2 

-3 

- 4 

-5 

- 2 

-3 

-4 

- 5 ? 

b 

552 1.48 72.2 12.9 

549 1 .48  73.1  13 .0  

548 1 .49 73.3 1 3 . 1  

? 
-- - - -- -- Broke 



TABLE 3 . . 
2 x 4 cm CELL PROCESSING VARIATIONS AND RESULTS 



f i e l d .  Table 4 shows t h e  r e s u l t s  of t h e  v a r i o u s  p roces s  con f igu ra t ions ,  ranked 

by conversion e f f i c i e n c y  groupings. 

From t h e  d a t a  shorn i n  Table 4,  t h e  most promising processes  a t  t h i s  j unc tu re  

inc lude  : 

1. Both chem-polished and f lash-etched s u r f a c e  wafers .  

2. Both 5 and 10  KeV ion  imp lan ta t ion  l e v e l s .  

2 3. Laser  annea l  a t  l . 5 ~ / c m  . 
4. BSF formed by screen-on and f i r e d  aluminum. Laser  pu l s ing  over PEBA a l s o  

r e f l e c t e d  f avorab le  r e s u l t s ,  bu t  a g r e a t e r  in-depth eva lua t ion  is  neces- 

s a r y ,  which is  beyond t h e  scope of t h i s  c o n t r a c t .  The PEBA technique i s  

a l s o  i n  t h e  ca tegory  of r e q u i r i n g  a d d i t i o n a l  development, and w i l l  no t  be 

f u r t h e r  u t i l i z e d  a t  t h i s  t ime. The aluminum BSF a s  performed by ASEC i s  

an e s t a b l i s h e d  p roces s ,  and w i l l  thus  be used f o r  t h e  ba lance  of t h e  c e l l s  

r e q u i r i n g  a BSF. 

The ohmic con tac t ing  performed by ASEC o r i g i n a l l y  c a l l e d  f o r  vacuum depos i ted  

Ti-Pd-Ag wi th  s i n t e r i n g  a t  6 0 0 ' ~  f o r  10  minutes i n  an H2 atmosphere. Even though 

t h e  6 0 0 ' ~  should n o t  i n t roduce  any d i s l o c a t i o n s  o r  s u r f a c e  d e f e c t s  i n  t h e  s i l i c o n  

s u b s t r a t e ,  i t  was determined t h a t  by f i r s t  vacuum d e p o s i t i n g  aluminum f o r  t h e  - % 

P-contact followed by Ti-Pd-Ag, s i n t e r i n g  a t  a lower temperature,  4 0 0 ' ~  f o r  10 

minutes i n  an N2 atmosphere could be performed. Accordingly, a l l  P-ohmic con tac t -  

i ng  was performed by ASEC i n  t h i s  manner. 

LASER ANNEALED TEXTURE ETCHED CELLS 

A t  t h e  o u t s e t . o f  t h e  c o n t r a c t ,  s u c c e s s f u l  l a s e r  annea l ing  of t e x t u r e  e tched  s u r f a c e s  

was somewhat dubious. Th i s  was a t t r i b u t e d  t o  expec ta t ion  o f . t o t a 1  d e s t r u c t i o n  of 

. t h e  pyramidal peaks .due  t o  s u r f a c e , m e l t  induced by t h e  pulsed l a s e r  energy. The . 
t o t a l  melt  cond i t i on ,  however, had t o  be v e r i f i e d ,  which l ead  t o  t h e  b r i e f  work 

i n  t h i s  a r e a .  

Scanning E lec t ron  Microscope (SEM) photos ,  F igu res  1 and 2 ,  show r e p r e s e n t a t i v e  

t e x t u r e  e tched  s u r f a c e s  be fo re  and a f t e r  l a s e r  annea l ing .  These photos a r e  indeed 



\ 
TABLE 4 

2 x 4cm CELLS RAYKED BY CONVERSION EFFICIENCIES 

* Laser Annealed 

10 

C e l l  Process Configurat ion 

Chem-Pol, 5 KeV, 2 @ 1.55, AL-BSF 

Chem-Pol, 10 KeV, LA @ 1.55, AL-BSF 

Chem Pol, 5 KeV, LA @ 1.55, BSF w/PEBA + Laser 

Flash Etch, 10 K e V ,  LA @ 1.55, AL-BSF - 
ClieakI'ol, l O K c V ,  LAP1.5.7,  N n R S F  

Chem Pol,  5 KeV, LA @ 1.55, BSF,w/PEBA only 

Flash ELcll,  10 K e V ,  LA @ 1.55, BSF w/PEBA + Laser 

Chem Pol ,  10 KeV, LA @ 1.55, BSF w/PEBA + Laser 

Chem Pol, 10 KeV, LA @ 1.55, BSF w/PEBA only 

Flash Etch, 10 KeV,  LA @ 1.55, BSF W/PEBA only 

Flash Etch, 5 KeV, LA @ 1.55, AL-BSF 

Flash  Etch, 5 KeV, LA @ 1.55, BSF w/PEBA + Laser 

Flash  Etch, 10 K e V ,  LA @ 1.2J, BSF w/PEBA only 

Chem Pol,  10 KeV, LA @ 1.2.7, Nn RSF 

Chem Pol,  10 KeV, LA @ 1.25, BSF w/PEBA only 
--- 

Flash Etch, 5 KeV, LA @ l . S J ,  HYP w/PERA only 

ChemPol, 5 KeV,  LA @ 1.55, No BSF 

Flash  Etch, 10 KeV,  LA @ 1.55, No BSF 

Text Etch, 10  KeV, LA @ 1.55, No BSF 

Clle111 Pol ,  5 IZeV, LA @ 1.25, NO BSF 

Flash  Etch, 5 KPV, 1,A @ 1.55. NQ BSF 

Flash  Etch, 10 KeV, LA @ 1.25, No BSF 
- ___- . - 

Chem Pol ,  5 KeV, LA Ca 1.2J, BSF W/PEBA only 

Text. Etch, 10  KeV,  LA @ 1.55, BSF w/PEBA + Laser 

Flash Etch, 5 KeV,  LA @ 1.25, No BSF 

Rank 

1 

2 

3 

4 

5 

.-. -7 

Conversion 
Eff .  

15% 

14% 

132 

12% 

11% 

Grouping 

15.4 

14.8 

14.5 

14.4 

13.8 
11 

13.6 
11 

13.5 
I I 

13.3 
11 

13.2 
I I 

II 

12.8 

12.6 
I I 

12.4 

12.2 
I I 

12.1 

11.8 

11.7 

11.2 



TABLE 4 (Cont.) 

2 x 4cm Cells Ranked by Conversion Efficiencies 

b 

Rank 

6 

J 

Cell Process Configuration 

Text Etch, 10 KeV, LA @ 1.55, No BSF 

Flash Etch, 5 KeV, LA @ 1.25, BSF W/PEBA 

Text Etch, 10 KeV, LA @ 1.25, BSF w/PEBA 

Text Etch, 10 KeV, LA @ 1.25, No BSF 

Conversion 
Eff. Grouping 

9 & 10% 10.8 

10.7 

9.9 

9.0 



Figure 1 

A s  Implanted, -2000X 

Figure 2 

Pulsed Laser Annealed 
1-2  ~ / c r n ~  2000X 



i n d i c a t i v e  of t h e  e x t e n s i v e  m e l t  induced by l a s e r  i r r a d i a t i o n  on t h e  t e x t u r e d  

su r f ace .  

Resu l t s  on 2 x 2cm s i z e  t e x t u r e d  c e l l s  are shown i.n Table 5.  

TABLE 5 

E l e c t r i c a l  Output of  Laser  Annealed 

2  x  2  cm Texture-Etched Cells 

The above output  conversion e f f i c i e n c i e s  coupled wi th  t hose  shown f o r  2  x  4 ' s ,  

Table  3 ,  which ranged from 9 t o  12.4%, r e f l e c t  g e n e r a l l y  i n f e r i o r  ou tput  perform- 

ances.  A SIMS p r o f i l e  performed on t h e  phosphorus doped f r o n t  j unc t ion  i s  shown 

i n  F igure  3 .  It appears  from t h e  f i g u r e  t h a t  a  very  deep junc t ion  was formed, a  

cond i t i on  no t  d e s i r a b l e  f o r  f a b r i c a t i o n  of h igh  e f f i c i e n c y  s o l a r  c e l l s .  I t  can 

be concluded, t h e r e f o r e ,  t h a t  pu lsed  l a s e r  p roces s ing  is  no t  compat ible  w i t h  

tex ture-e tched  wafers .  Accordingly, no f u r t h e r  i n v e s t i g a t i o n s  w i l l  be  performed 

wi th  t e x t u r e d  s u r f a c e  wafers .  

C e l l  voc I s c  CFF 
No. Desc r ip t i on  (mv) (mA) (%I 77 

N 1  10 K e V ,  4  x  1015 
S ing le  Pu l se ,  1 .2  ~ / c m ~  509 122 49.0 7.6 

3.4 JUNCTION DEPTH PROFILING 

N2 I I I t  II 520 127 65.4 10.8 

N3 II 11 11 
' 530 127 76.2 12.8 

N 4  10 K e V ,  4  x  l 0 l 5  
S ingle  Pu l se ,  1.5 ~ / c m ~  5  30 124 71.8 11.8 

N5 I 1  I 1  I 1  546 127 70.7 12.3 

N6 11 11 I 1  525 120 47.8 7.5 

A s  r epo r t ed  i n  Qua r t e r ly  Report No. 2, f a b r i c a t e d  2  x  2cm c e l l s  d i d  n o t  e x h i b i t  

* 

output  improvements w i t h  an e l e c t r o n  beam (EB) annea led  back s u r f a c e  f i e l d  (BSF). 

Improvement was ev iden t  on specimens where EB annea l ing  of t h e  back s u r f a c e  f i e l d  
2  was followed by l a s e r  annea l ing  a t  1.5JIcm . SIMS a n a l y s i s  of sample wafe r s  revealed.  



DEPTH (microns) 

Figure 3. ~ e p t h  profiles of phosphorus in texture etched silicon for 
as implanted and laser annealed specimens\ 



t h a t  t h e  EB annealed p r o f i l e  d i f f e r s  very l i t t l e  from the  implanted p r o f i l e ,  Figures 

4 and 5.  Some dopant r e d i s t r i b u t i o n  occurs,  but  the  depth of t h e  P+ region remains 

e s s e n t i a l l y  t h e  same. From t h i s  i t  can be concluded t h a t  a 4000; deep BSF on a 

350pm thick.  wafer i s  not deep enough t o  cause the  type of output improvements 

a s soc ia ted  with a back su r face  f i e l d .  

When the  wafers a r e  processed by e i t h e r  l a s e r  annealing of the  BF2 implant o r  by 
* 

EB.annealing followed by l a s e r  annealing,  t h e  boron p r o f i l e  changes s i g n i f i c a n t l y  

with the  r e s u l t  t h a t  a -5500A deep P+ region i s  a t t a i n e d .  Typical  c e l l  output  i m -  

provements obtained from EB + l a s e r  annealed'  BSF were 20-30 mV inc rease  i n  Voc and 

up t o  5 mA inc rease  i n  I sc .  This  processing a l s o  yielded the  h ighes t  conversion 

e f f i c i ency  c e l l  a t  t h e  time of 14.7% A M l .  

I n  Figures 4 and 5,  t h e  p r o f i l e  f o r  t h e  s i l i c o n  samples t h a t  were l a s e r  annealed 

only, were approximately t h e  same depth o r  deeper than t h e  EB + l a s e r  annealed 

counterpar ts .  This i s  due t o  b e t t e r  o p t i c a l  coupling of the  l a s e r  energy t o  t h e  

s i l i c o n  su r face  "amorphized" by the  BF2 implant,  a s  opposed t o  a su r face  t h a t  has 

been res to red  t o  a s i n g l e  c r y s t a l  s t a t e  by EB annealing. The genera l  consensus, 

never the less ,  i s  t h a t  even a 5500; deep BSF on a 350pm th ick  wafer i s  i n s u f f i c i e n t  

f o r  r e a l i z a t i o n  of f u l l  output improvements t h a t  can be a t t a i n e d  by a P+ region.  

It appears a s  i f  t h e  depth of t h e  BSF should be a t  l e a s t  lpm. This  w i l l  r equ i re  

considerable work, which is not wi th in  t h e  scope of t h i s  inves t iga t ion ,  i n  o p t i -  

mization of l a s e r  parameters t o  y ie ld  such a deep dopant r e d i s t r i b u t i o n .  Previously , 

developed da ta  on l a s e r  parameters f o r  f r o n t  junct ion  formation is  not  app l i cab le  . 
, , s ince  these  were optimized f o r  t h e  exact  opposi te ,  namely shallow junction condi- 

t ions.  

T n  Figure 5,  n oharp boroa peak is  shown f o r  t h e  as-implanted specimen. The peak 
3 reaches a concentra t ion  of 2.5 x 10~ '  atoms/cm t o  an approximate depth of 500i.  

This is fol lowed'by a normal boron implant p r o f i l e .  The sharp peak is  a r e s u l t  

of a dual  implant performed by SPIRE Corporation on t h e  f l a s h  etched s i l i c o n  wafers. 

I n i t i a l l y ,  t h e  wafers  were -implanted with boron a t  25 KeV, 5 x l ~ ~ ~ / c m ~ .  Evalua- 

t i o n s  fol lowing t h i s  implantat ion revealed t h a t  the  boron implant does not anneal  

r e a d i l y  by e l e c t r o n  teaiu processing. The implantat ion s t e p  was then repeated by 

SPIRE, but t h i s  time using BF2 a t  same energy and dosage l e v e l s .  Good EB annealing 

of t h e  BF2 implant was a t t a i n e d ,  but a s  previously indica ted ,  t h e  EB annealed P+ 

region was of i n s u f f i c i e n t  depth t o  b r i n g  about c e l l  output improvements. 



0 0.30 0.60 0.90. 1.20 1.50 

DEPTH (microns) 

Figure4 Depth p r o f i l e s  of boron i n  chem-polished s i l i c o n  for a s  imvlanted, 
electron beam annealed, laser  annealed, and e lectron beam plus 
laser  annealed specimens. 



0 0.30 0.60 0.90 1.20 1.50 

DEPTH (microns) 

Figure 5 . Depth p r o f i l e s  of boron i n  f lash  etched s i l i c o n  for a s  implanted, 
electron beam annealed, laser  annealed, and e lectron beam plus 
laser  annealed spec'imens : 



Because of t h e  good r e s u l t s  achieved wi th  l a s e r  pu l s ing  over  t h e  PEBA, some l i m i t e d  

experimental  work w i l l  b e  performed wi th  118 implanted s t r u c t u r e s  a t  25, 50, and 

150 KeV l e v e l s ,  followed by laser annea l ing  only. Th i s  sma l l  e f f o r t  w i l l  be  ac-  

complished i n  p a r a l l e l  w i t h  t h e  on-going smal l  c e l l  p roces s  v e r i f i c a t i o n ,  c u r r e n t l y  

i n  p rog res s ,  and w i l l  be  used f o r  a pre l iminary  view on t h e  m e r i t s  of l a s e r  anneal-  

i n g  f o r  back s u r f a c e  f i e l d  formation.  The depth of t h e  boron d i f f u s i o n  a t  t h e  150 

KeV energy l e v e l  is  p r o j e c t e d  t o  be,  a f t e r  annea l ing ,  approximately .7p , which on 

t h e s e  14 m i l  t h i c k  c e l l s  is n o t  considered i d e a l .  It obviously would be b e t t e r  on 

t h i n n e r  (6-8 mi l )  wafers .  The only a v a i l a b l e  wafers  a t  t h i s  t i m e  on which t h e  work 

w i l l  be performed, however, a r e  t h e  14 m i l  wafers  purchased a t  t h e  onse t  of t h i s  

c o n t r a c t u a l  work. The wafers  had a l r eady  been implanted i n  t h e  f r o n t ,  and i t  was 

deemed t h a t  i t  would no t  be t imely  t o  purchase new wafers  p l u s  perform t h e  requi red  

front.  implanta t ion  s e r v i c e .  

3.5 IMPLAr\rIs IIOSAGE ANALYSIS 

\ 1 5  2 
As r e p o r t e d  i n  Quar te r ly  Report No. 2 ,  SIMS a n a l y s i s  of 5 and 10 KeV 2..5 x 10  /cm 

implants  revealed t h a t  t h e  1 0  KeV samples had a h ighe r  concen t r a t ion  of implanted 

s p e c i e s  than t h e i r  5 KeV coun te rpa r t s .  T h i s  was puzzl ing  ~ i n c c  t h e  exact  r eve r se  

should have been observed. Analys is  of t h e  problem by SPIRE Corporat ion revea led  

t h a t  an apparent  mal func t ion  of  t h e  ion  implanter  l e d  t o  a lower implant dose a t  

5 K e V  from t h e  requi red  2.5 x 1015. To v e r i f y  t h i s  occurrence,  a d d i t i o n a l  wafers  

were implanted a t  bo.th energy  l e v e l s ,  5 KeV and 10 KeV, and w i l l  be sub jec t ed  t o  

STMS a n a l y s i s .  C e l l s  (2  x 2cm) w i l l  a l s o  be f a b r i c a t e d  from t h e s e  wafers  and com- 

pared t o  o r i g i n a l  work. 

3.6 PROCESS VERIFICATION 

The p roces s  v e r i f i c a t i o n  phase  was s t a r t e d  t h i s  per iod  f o r  bo th ,  smal l  c e l l s  

( g r e a t e r  t han  200 i n  q u a n t i t y )  and l a r g e  3 inch diameter  c e l l s  (48 i n  quan t i ey ) .  

P roces s  v e r i f i c a t i o n  on swll c e l l s  c a l l s  f o r  both single piilse and mul t i - s tep  

ove r l ap  p u l s e  annea l ing  u s i n g  those  annealing paramaccro rltlbu~ed beet suited t o  

da te .  The small c e l l  work is  be ing  performed on 2 x 2cm s i z e  wafers  which w i l l  

accommodate both t h e  s i n g l e  and mul t i - s tep  over lap  p u l s e  anneal ing.  The l a r g e  

t h r e e  (3) i nch  d iameters  w i l l  be t h c  f i r s t  made using l a s e r  annea l ing  under t h i s  



c o n t r a c t .  The s t i l l - c a n d i d a t e  process ing  parameters c o n s i s t  of : 

o Wafer Surf ace  condi t ion :  Chem-Polished and F l a s h  Etched 

o C e l l  Types: With and Without BSF 

o Ion Implanta t ion  - Front  Only: 5 and 10 KeV, 2.5 x 1015, 3 1 ~  

o Laser  Annealing Energy Densi ty:  1.5J/cm2 

o BSF: Screened-on and F i r e d  Aluminum Pas t e  

o Ohmic Contacts :  Vacuum ~ e ~ o k i t e d  Ti-Pd-Ag, '1 m i l  g r i d  l i n e s  on f r o n t  
11 11 ~1-TI-Pd-A& on back 

o AR Coat: ASEC Mul t i l aye r  AR Cons is t ing  of A1203 and Ti02 

For t h e  l a r g e  c e l l s ,  3 inches  diameter ,  an  a u t o m a t i c . s t e p  and r epea t  c o n t r o l l e r  was 

designed and implemented on t h e  l a s e r , s y s t e m .  The c o n t r o l l e r  provides  t h e  r equ i r ed  

commands t o  f i r e  t h e  l a s e r  and move t h e  X I  p o s i t i o n i n g  t a b l e  on which t h e . w a f e r  i s  

loca t ed  under t h e  l a s e r  beam. The "programming" i n  t h e  c o n t r o l l e r  a l lows  f o r  com- 

p l e t e  w a f e r  i r r a d i a t i o n  by v i r t u e  of 16  l a s e r  pu l se s  i n  a span of 4 minutes.  . . 

3.7 HIGH THROUGHPUT LASER SYSTEM 

One of t h e  goa l s  of t h i s  c o n t r a c t  i s  t o  develop t h e  c r i t e r i q  and concepts  f o r  a 
> .  

product ion type  l a s e r  system capable of s i n g l e  pu l se  annea l ing  of 7.62cm (3-inch) 

.diameter ' wa£ers at 1 waf er/second. , Based on p rev ious ly  determined requireme*ts 

of l a s e r  energy d e n s i t y  needed f o r  annea l ing  ion  implanted wafers  and o p t i c a l  

l o s s e s  sus t a ined  from beam homogenization, i t  w a s  concluded t h a t  a system capab le  

of providing approximately 100 j o u l e s  of energy i n  a s i n g l e  20nsec pu l se  would 

s a t i s f y  t h e  above s t a t e d  goal .  I t  is  assumed he re  t h a t  a t  maximum, 1.5J/cm2 is  

needed t o  aLttl in good annea l ing ,  and t h a t  35% of t h e . a v a i l a b l e  energy would be  

l o s t  i n  a homogenizing medium. Since t h e  a r e a  of a 7.62cm diameter  wafer i s .  

45.6cm2, t h e  r equ i r ed  energy on t h e  s u r f a c e  of t h e  wafer  i s  approximately 65 

jou le s .  Adding 35% o p t i c a l  l o s s e s  t o  t h i s  f i g u r e  r e s u l t s  i n  a n  approximate 100 

j o u l e s  laser ..output requirement t o  y i e l d  a 65 j o u l e  beam i n c i d e n t  qn t h e  s u r f a c e  

of t h e  wafer.  To s a t i s f y  t h i s  requirement i n  terms of c u r r e n t  s t a t e  of t h e  art 

laser technology, a system was proposed by.IMSC and d iscussed  w i t h  Quantel I n t e r -  

n a t i o n a l ,  manufacturers  of t h e  Nd:Glass system u t i l i z e d  by '  LMSC. on t h i s  con&act .- 



The resultant. discussion led to a mutually agreed on system design which would 

satisfy the 100 joule, 1 PPS (pulse per second) production requirement. This 

laser is a Nd:Glass (phosphate glass) system yielding a 45mm beam from each of 

a group of amplifier stages. Each 45mm amplifier would operate at 100 joules 

1/X PPS where X is the number of final amplifier stages in the system. The 

amplifier stack would fire sequentially with the result that system output would 

be 1 PPS. Each amplifier, however, would operate at 1 / ~  PPS allowing sufficient 

cool down time for the amplifier rods. Prior to homogenization, the 45mm beam 

will be passed through a frequency doubler where approximately 25% of the beam 

energy is converted to a .53pm wavelength with the remainder at 1.06pm. The'beam 

is expanded to the required size in the homogenizer, and will be capable of single 

pulse annealing of 76.2mm diameter wafers. 

The calculations performed in determining system energy needs for annealing take 

into account 35% optical losses sustained T K U I I I  the currently utilized laser heam 

homogenizer. The homogenizer consists of a fused silica rod with a ground input 

face, polished output face, and a 90' bend in the middle. Additional work in the 

area of developing improved homogenizers is of paramount importance since reduc- 

tion in energy losses would allow laser operation at lower energy levels with sub- 

sequent decrease in system complexity, number of components (amplifiers), and cost 

of system operation. 



SECTION 4  

CONCLUSIONS 

4.1 Texture etched silicon surfaces are not compatible with pulsed laser 

annealing processing. 

4 . 2  ~mplantation/pulse annealing parameters for a Back Surface Field 

formation require further development to optimize performance. 

4 . 3  Screened and fired aluminum paste for a Back Surface Field formation 

yield acceptable performance in combination with front implantllaser 

annealed devices. 

4 . 4  A high throughput pulsed laser system to accommodate single pulse 

annealing of three ( 3 )  inch diameter wafers at a rate of one (1) 

per second appears feasible. 



SECTION 5 

RECOMMENDAT IONS 

5.1 C0nduct.a greater.in-depth evaluation for Back Surface Field formation 

by ion implantation/pulse annealing. 

5.2 Initiate the development for a basic high throughput laser system 

to determine proof of operation. 



SECTION 6 

NEW TECHNOLOGY 

A concept for  a high throughput pulsed laser  system capable of  a three (3)  inch 

diameter spot s i z e  with a potent ia l  for annealing one (1) wafer per second has 

been established.  
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