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ABSTRACT 

This report describes the second quarter results on a contract to evaluate the 

merits of large spot size pulsed laser annealing of ion implanted silicon wafers 

for junction formation in solar cells. 

Investigations on homogenization of the laser beam were continued. In addition 

to the 30mm diameter fused silica rod with a 90° bend configuration; quartz tubes 

were obtained and briefly tried. Best results were obtained with the rod homog- 
- 

enizer . .. 

Laser annealing experimentation resulted in complete recrystallization of ion 

implanted silicon substrates as confirmed by TEM and RBS analysis. 

Single pulse laser annealed, functional cells (2 x 2cm) were fabricated using 

varying process conditions, yielding conversion efficiencies predominantly in the 

13% to slightly less than 15%. 
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SECTION 1 

SUMMARY 

Two approaches f o r  beam homogenization were f u r t h e r  evaluated t h i s  repor t ing  

period. U t i l i z a t i o n  of a fused s i l i c a  rod, 30m diameter wi th  a 900 bend con- 

f igura t ion ,  yielded exce l l en t  r e c r y s t a l l i z a t i o n  of ion  implanted s i l i c o n  ac ross  

the  30mm diameter area  on the  subs t ra t e .  This was subs tan t i a t ed  by Rutherford 

Backscattering analys is .  

Use of quartz tubes coated wi th  e i t h e r  aluminum o r  s i l v e r  on t h e  e x t e r i o r  surface ,  

proved unsa t i s fac to ry  due t o  the  l a s e r  energy blowing t h e  deposi ted coating o f f  

t h e  surface.  This approach was abandoned a t  t h i s  time because i t ' s  considered 

t o  be beyond t h e  scope of t h i s  program. However, i t  i s  believed t o  have meri t  

f o r  minimizing l i g h t  t ransmission losses ,  and should be f u r t h e r  inves t iga ted  i n  

g rea te r  depth f o r  t h i s  app l i ca t ion .  

TEM a n a l y s i s  of s i l i c o n  s u b s t r a t e s  l a s e r  annealed a t  1.2, 1.5, 1.9 and 2.1 J/cmL 

energy d e n s i t i e s  showed defec t - f ree  and complete r e c r y s t a l l i z a t i o n  and recovery 

of s i l i c o n  from t h e  as-implanted amorphous s t a t e .  

SIMS a n a l y s i s  was a l s o  performed on wafers implanted a t  5 and 10 KeV l e v e l s  and 

l a s e r  annealed a t  the  four (4) energy d e n s i t i e s  of i n t e r e s t .  It was determined 

t h a t  a l a s e r  energy dens i ty  not  g rea te r  than 1 .5  J/cm2 would maintain junctions 

on the  order  of 3000 i f o r  t h e  5 KeV implants and 3900 i f o r  those  10  KeV 

implanted. 

Functional c e l l s ,  2 x 2cm i n  s i z e ,  were f ab r i ca ted  using a v a r i e t y  of processing 

condit ions,  including varying l a s e r  annealing cnergy densities, wafer surface ,  and 

withlwithout BSF. C e l l s  were ohmic contacted by vacuum deposi t ion of t i tanium - 
palladium - s i l v e r ,  followed by a mul t i layer  a n t i - r e f l e c t i o n  coating.  Most of t h e  

5 8 - 2  x 2cm c e l l s  f ab r i ca ted  from t h e  v a r i e t y  of processing condi t ions ,  exhibi ted  

conversion e f f i c i e n c i e s  of 1 3 %  t o  s l i g h t l y  less than 15%. The r e s u l t s  a t t a ined ,  

though prcliminary, s u b s t a n t i a t e s  t h e  general  a c c e p t a b i l i t y  of l a r g e  spot  s i z e  

(30mm diameter) l a s e r  annealing. 



SECTION 2 

INTRODUCTION 

This  is t h e  second q u a r t e r l y  repor t  on a process development contrac t  t o  evaluate  

t h e  merits of large-spot pulsed laser annealing of phosphorus implanted Czochralski 

grown s i l i c o n  wafers. The l a s e r  system used on t h i s  contrac t  is a >30 jou le  

Q-switched Nd:glass l a s e r ,  equipped wi th  a frequency doubler, and operates a t  

1064nm and 532 wavelengths. It has a pulse  durat ion range of 20 t o  50 nsec and 

a r e p e t i t i o n  r a t e  of 4 pulses  pe r  minute with an e f f e c t i v e  homogenized beam diameter 

of 30mm. The f e a s i b i l i t y  and requirements t o  scale-up t h i s  type of l a s e r  t o  anneal 

3-inch diameter a t  a rate of 1 waferlsec. w i l l  a l s o  be determined. 

C e l l  and laser annealing va r iab les  being evaluated on three-inch diameter wafers 

are l i s t e d  below: 

Wafer Speci f ica t ion:  CZ s i l i c o n ,  boron doped, 10 S2-cm, <loo> , 
3-in. diameter, 0.014 i n .  th ick .  

Surf ace Condition : Chem-polished, f l a s h  etched, and t ex tu re  etched. 

15 -2 
3 1 ~  Front Implantation: 5 KeV, 2.5 x 10 cm 

15 -2 10 KeV, 2.5 x 1 0  cm 

10 KeV, 4 x 10~ 'cm-~ ( textur ized surfaces  only) 

Ion implanted, Laser a~lllealcd wi th  no back 

surface  f i e l d .  

Ion implanted, l a s e r  annealed wi th  back 

surface  f i e l d .  

1 5  . -2  
Back Surface Fie ld :  "B and BF2 implanted a t  25 KcV, 5 x 10 cm , 

pulsed e l e c t r o n  beom annealed. 

Front Anneal Variables: Laser energy d e n s i t i e s  of 1 . 2 J ,  1 . 5 J ,  1 . 9 J  and 

2.1 J cmW2 ( a l l  30mm spot  s i z e ) .  



In the first quarterly report, it was related that good annealing uniformity 

was achieved over a 30mm diameter area using a fused silica rod with a right 

angle configuration. This was substantiated by the excellent lattice structure 

recovery from implant-induced damage using the pulsed laser enerjgy as analyzed 

by Rutherford Backscattering techniques. 

During this reporting period, work emphasis was in the development of laser 

annealing parameters with analytical work performed by Transmission Electron 

Microscopy (TEM) and Secondary Ion Mass Spectrometry (SIMS) techniques for 

verification of results. Functional cells were fabricated and tested, for both 

ion implanted/laser annealed junctions and POCl diffused junctions (for reference). 3 



SECTION 3 

TECHNICAL DISCUSSION 

3.1 BEAM HOMOGENIZATION 

Two approaches t o  ob ta in  s a t i s f a c t o r y  beam homogenization were evaluated i n  t h i s  

q u a r t e r l y  time period.  The i n i t i a l  approach of taking a fused s i l i c a  rod bent 

90' i n  t h e  middle wi th  a ground input  f ace  and polished output f ace  (see  quar t e r ly  

r e p o r t  No. 1, Ju ly  1980) and passing l a s e r  l i g h t  through i t  yielded very uniform 

30mm s i n g l e  pu l se  annealed a r e a s  on t h e  s i l i c o n  wafers. Anneal uniformity was 

subs tan t i a t ed  by Rutherford Backscat ter ing a n a l y s i s  which showed an almost iden- 

t i c a l  spectrum ac ross  t h e  f u l l  30mm spot  s i z e .  Typical l i g h t  i n t e n s i t y  losses  

experienced with t h i s  homogenizing systeni were approximately 33%. 

To minimize l i g h t  l o s s e s ,  it was decided t o  evaluate  another  system consisefng 

of a plano concave l e n s  placed i n  f r o n t  of a quartz tube  coated wi th  e i t h e r  

aluminum o r  s i l v e r .  Laser l i g h t  diverged by t h e  l e n s  would be contained by t h e  

quar tz  tube  wi th  f i n a l  spot  s i z e  t o  be determined by t h e  diameter of t h e  tube. 

S ize  tubes  obtained and t r i e d  were e igh t  (8) inches i n  length  by 30, 35, 40 and 

45mm i n s i d e  diameters wi th  wa l l  th icknesses  of 2mm. D i f f i c u l t i e s  were experienced 

wi th  t h i s  approach due t o  blow-off of t h e  coat ings  on t h e  tube and constant  propa- 

ga t ion  of high i n t e n s i t y  s p o t s  onto t h e  s i l i c o n  s u b s t r a t e  wi th  subsequent wafer 

s u r f a c e  damage. It was decided a t  t h i s  b o i n t  t o  u t i l i z e  t h e  bent fused s i l i c a  rod 

a s  a homogenizing medium i n  a l l  f u t u r e  inves t iga t ions .  Addit ional  work on o t h e r  

approaches, including tubes ,  should be undertaken; however, i t  i s  not  wi th in  t h e  

scope of t h i s  inves t iga t ion .  

TEM AND SIMS ANALYSIS -- 

TEM a n a l y s i s  was performed t o  evaluate  t h e  recovery of l a s e r  annealed s u b s t r a t e s  

from implant induced damage. Wafers u t i l i z e d  consis ted  of chemically polished 

su r faces  implanted a t  5 KeV and 10 KeV, 2.5 x 1015/cm2. Four samples i n  each im- 

p l a n t  group (5 KeV and 10 KeV) were prepared. The samples were annealed u t i l i z i n g  
2 a 3 0 m  beam homogenizer a t  energy d e n s i t i e s  of 1.2 ~/cm', 1.5 J / fn  , 1.9 ~/cm', and 

2 2.1 J/cm . Within each anneal  energy s e t t i n g ,  approximately 25% of t h e  energy was 

a t  A =  532nm and t h e  rest a t  A =  1064nm. Figure 1 conta ins  TEM r e s u l t s  which typi -  

f i e d  t h e  l a s e r  annealed specimens even a t  t h e  lowest l a s e r  anneal  energy dens i ty .  



Figure 1 . TEM Micrographs of 3 1 ~  Implanted Silicon After Laser Annealing (A), 
and After Furnace Annealing 900°c / 20 minutes (B). 



For comparison, a TEM micrograph of a furnace annealed (900°c/20 min.) sample is  

a l so  included. Single crys ta l  diffract ion patterns (upper-right insert)  were 

obtained indicating complete recrystal l izat ion and recovery from the amorphous 

state during laser  annealing. The laser-annealed implant is found t o  be defect 

free, whereas a very high residual defect density i n  the form of dislocation 

loops is found i n  the furnace annealed specimen. 

The obtained TEM data, coupled with previously reported ( f i r s t  quarterly report, 

July 1980) Rutherford Backscattering data indicated tha t  excellent crystallographic 

recovery is obtained i n  ion implanted substrates a s  a resul t  of exposure t o  laser  

i r radiat ion.  In selecting an optimum laser  anneal parameter, additional data, namely 

3 1 ~  dopant diffusion as  a function of laser  anneal energy density was required. The 

necessity fo r  t h i s  data a r i ses  from the requirement of maintaining a shallow Junc- 

t ion i n  the c e l l  fo r  improving its response i n  the blue end of the spectrum. To 

t h i s  end SIMS analysis w a s  performed, Figures 2 and 3, on samples annealed a t  the 

four l a se r  anneal energy densfties: 1.2 J/cm2, 1.5 J/cm2, 1.9 s/cm2 and 2.1 J/cm2. 

2 With the  exception of the prof i le  for 1.9 J/cm the remaining three profi les  show 

increase in  dopant diffusion with increase i n  anneal energy density. Unexplainably 

the dopant prof i le  at 1.9 s/cm2 w a s  almost identical t o  one a t  1.5 J/cm2 and con- 

sequently was not included i n  the figures. Additional work is forthcoming t o  verify 

rhts  cmdition. 

The impurity concentration (atoms/mm3) ia a s  implantad and annealed s tares  for 

10 KeV implants was found t o  be higher than for  the 5 KeV counterparts. This is 

puzzling since the reverse should be true. An evaluation of t h i s  phenomenon is 

also forthcoming . 
The standard approach i n  determining impurity depth following SIMS analysis is t o  

measure the depth of the cra ter  sputtered by the action of the  ion microprobe 

primary beam, and re la te  that t o  sputtering time. Attempts a t  measuring cra ter  

depth using a Dektak and Tencor proficorders fai led due t o  the f a i r l y  rough chem- 

i ca l ly  polished surface of the wafers. From obtained plots  it was evident that 

wafer surface peaks exceeded cra ter  depth, making it extremely d i f f i cu l t  t o  

ascertain from which point on the  surface t o  measure the crater.  Consequently, 

the depth sca le  on the  figures ref lec ts  a less accurate calculated scale based on 

the known projected range of the as-implanted dopant profile.  Based on t h i s  scale 
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Figure 2 .  SIMS profiles of 5KeV phosphorus in s i i i con  for as implanted and I 

laser: anneal.ed specimens .' 
7 
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Figure 3 . SIMS profiles of lOKeV phosphorus in s i l i con for as implanted and 
t laser annealed specimens. 



i t  appears  t h a t  t o  main ta in  shal low junc t ion  cond i t i ons  i n  t h e  c e l l ,  annea l ing  
2 should be c a r r i e d  out  a t  laser ene rg i e s  no g r e a t e r  than  1 .5  ~ / c m  . A t  t h i s  

0 
energy dens i ty  j unc t ion  depth  was approximately 3000A f o r  t h e  5 KeV implanted 

specimens and 3900i f o r  t h e  10  KeV implanted specimens. 

CELL FABRICAT ION 

The obta ined  TEN, SIMS, and RBS d a t a  v e r i f i e d  t h a t  l a s e r  annea l ing  y i e l d s  an 

e l e c t r i c a l l y  a c t i v e ,  d e f e c t  f r e e ,  shal low junc t ion  device. To f u r t h e r  determine 

optimum f a b r i c a t i o n  parameters  and cond i t i ons ,  2 x 2cm c e l l s  wer; f a b r i c a t e d  us ing  

a v a r i e t y  of process ing  condi t ions .  The process ing  cond i t i ons  and A M 1  e l e c t r i c a l  

ou tput  r e s u l t s  a r e  shown i n  Table 1. A l l  l a s e r  annea l ing  was performed w i t h  t h e  

3 0 m  diameter  fused s i l i c a  rod w i t h  a 90' bend conf igu ra t ion  (descr ibed  i n  s e c t i o n  

3 . 1  Ohmic con tac t ing  and mul t i l aye r  a n t i - r e l f e c t i v e  coa t ing  (MLAR) ope ra t ions  

were performed by Applied So la r  Energy Corporat ion (ASEC). Contacts  were formed 

by vacuum depos i ted  t i t an ium - pal ladium - s i l v e r .  A n t i - r e f l e c t i v e  coa t ing  was 

evaporated Ti02 and A1203. C e l l s  wi th  t e x t u r e  e tched  s u r f a c e s  a r e  i n  process  of 

f a b r i c a t i o n  by ASEC and were no t  a v a i l a b l e  f o r  i n c l u s i o n  i n  t h i s  r e p o r t .  Also i n  

process  a r e  2 x 2 ' s  w i th  screened on aluminum f o r  BSF, and 3-inch diameter  c e l l s  

which were implanted and furnace  annealed f o r  r e f e rence .  

The d a t a  presented  i n  Table 1 can only be  considered as pre l iminary  i n d i c a t o r s  a t  

b e s t ,  due t o  t h e  small number of c e l l s  processed. However, it does s u b s t a n t i a t e  

t h e  gene ra l  a c c e p t a b i l i t y  of t h e  l a r g e  spo t  s i z e  laser annea l ing  process .  

A s  a means of comparison, t h r e e  (3)  i nch  diameter  c e l l s  were f a b r i c a t e d  by ASEC 

us ing  cheir s tandard  POC13 d i f f u s i o n  process .  C e l l s  were made from similar CZ . 
s i l i c o n  a s  used f o r  t hose  l a s e r  annealed, namely, 10S2-cm, < loo> , 0.014" t h i c k ,  

chem-polished s u r f a c e s ,  Ti-Pd-Ag con tac t s  and MLAR. Table 2 shows t h e  r e s u l t s  of 

t h e s e  c e l l s .  

The d a t a  shown i n  Table 3 was e x t r a c t e d  from Table 1, and was ordered by type  of 

c e l l  cons t ruc t ion ,  i r r e s p e c t i v e  of m a t e r i a l  s u r f a c e  cond i t i ons  and laser energy 

d e n s i t i e s .  It i s  presented  f o r  purposes of r e f l e c t i n g  an overview comparison on 

work performed t o  da t e .  



TABLE 1 
FUNCTIONAL CELLS - PROCESSING CONDITIONS AND TEST RESULTS 

LEGEND: @ PO (CHEM POLWIED) 
FE (PLASH ETCHED) 

@ SINCLE PULSE: IRRADIATED ENTIRE 2x2 CMAREA WITH ONE PULSE. 
DOUBLE PUIBE: SAME AS SINGLE EXCEPT TWO PULSES ON SAME AREA. 
2 STEP OVERLAP: IWO PUISES WITH 50% OVERLAP. 

@ "B, BF2 IMPLANTED AT 25KEV. 5X1015~~- ' .  PEBA: PUISED ELECTRON BEAM ANNEALED. 

@ 
CONDITION 

SINGLE 

SING& 

SINGLE 

SINGLE 

SINGLE 

SINGLE 

DOUBLE 

2 STEP 
QVEPUP 

h S I L P  
OVERLAP 

SINGLE 

SINGLE 

DOUBLE 

8 STEP 
OVERLAP 

SINGLE 

SINGLE 

SINGLE 

SPIGLE 

SINGLE ' 

SINGLE ' 

sw.1:3 

SINGLE 

SINGLE 

SINGLE 

SINGLE 

BINCIl; 

SINGLE 

FRONT 
LASER 

ENERGY 

(~/cm') 

FURNACE 
875'C/20 mln 

1.5 

1.5 

1.2 

1.2 

1.5 

1.5 

1.5 

1.5 

1. J 

1.9 

1.9 

1.9 

1.9 

1.5 

1.5 

1.9 

1.3 

1.2 

1.5 

1.5 

1.5 

1.5 

1.9 

1.9 

1.9 

1.9. 

FRONT 
IMPIAm 

(2.5 x 1015 cm-2) 

10 KEV 

5 KEV 

5 I&v 

10 .KEv 

10 KEV 

10 KEV 

10 KEV 

10 KEV 

10 KEV 

1U WV 

10 KEV 

10 KEV 

10 KEV 

10 KEV 

5 KEV 

5 KEV 

5 KEV 

10 KEV 

10 KEV 

10 KEV 

10 KEV 

10 KEV 

10 KEV 

10 KEV 

10 KEV 

10 lCZV 

10 KEV 

. 

@ 
WAFER 

SURFACE 
CONDITION 

PO 

PO 

FE 

PO 

FE 

PO 

FE 

PO 

PO 

YE 

PO 

FE 

PO 

PO 

PO 

PO 

PO 

PO 

FE 

PO 

FE 

PO 

FE 

PO 

FE 

PO 

FE 

@ 
BSF 

NONE 

NONE 

NONE 

NONE 

NONE 

NONE 

NONE 

NONE 

NONE 

niiluii 

NONE 

NONE 

NONE 

NONE 

BF2. 
PEBA 

BF2.PEBA 
+ LASER 

BF2,PEBA 
+ LASER 

BF2,PEBA 

~ ~ B , B F ~ ,  
PEBA 

BF2,PEBA 

1 1 ~  , R F ~ .  
PEBA 

BF2.YEBA 
+ W E H  

~ ~ B . B F ~ .  
PEBA 
+ IASER 

B%~,PEBA 

I ~ B , B F ~ .  
W BA 

DP2.1'EW 
+ LASER 

~ ~ B . B F ~ .  
Y E U  + 
LASER 

NO. 
CELLS 

PRoCEssED 

2 

3 

3 

3 

3 

3 

3 

1 

1 

I 

3 

3 

2 

1 

'2 

1 

1 

3 

3 

3 

1 

2 

2 

3 

3 

1 

1 

-.,.-.. 

Voc 
RANGE 
(mV) 

550.559 

552-556 

539-546 

543-549 

530-559 

549-555 

549554 

554 

550 

340 

549-556 

550-555 

550 

648 

555 

575 

57 3 

545-550 

534-5115 

540-557 

ssz 

$66 

565,571 

552-556 

553 

bt.5 

560 

Iac 
RANGE 

(mA) 

128.5,127.5 

133.6-134.8 

134-136 

125.7-128 

132-133.5 

lZ6-127.5 

131.5-132 

127 

125.5 

108 

125-126.5 

131-131.5 

125 

130.5 

152.7.133.6 

139 

136 

127-126.9 

ui-192.5 

127-121.5 

1ro.s-isi 

121.6,128.8 

134 

126-rL7 

191-132 

U6.7 

133.0 

CFF 
RANGE 
6) 

77.78.6 

74.9-77.1 

72.3-77 

73.8-75.5 

70.5-72.3 

72.8-77.9 

74.2-75.8 

76.5 

76.3 

0 0 ~ 0  

75.8-77.1 

76.317.3 

74,3,76.5 

72.1) 

76.9.77.6 

73.6 

73.8 

76.7-71.2 

72-77.1 

68.9-78.1 

i6.1-77.6 

78.3.78.7 

74.74.5 

71.5-18.8 

71.4-77.2 

, I&. l  

72.9 

~ 

",",! 
RAF 

13.7. 

13.8-14.5 

13.3-14.1 

12.9-13.1 

12.5-12.8 

12.9-13.6 

13.5-13.9 

13.5 

13.8 

10. L 

13.3-13.4 

13.8-14.1 

l2.8,IY.I 

13.1 

14.2.14.4 

14.7 

14.4 

13.3-19.8 

12.8-13.9 

11.8-13.8 

~3.9-14.0 

14.0.14.2 

14.1.14.'~ 

13.8-13.7 

12.9-14.0 

ld .0  

13.6 

-- ~ .. 

J sc  
RANGE 

(mA/cm2) 

31.8.31.9 

33.4-33.7 

33.5-34 

31.4-32 

33-33.4 

31.5-91.9 

32.9-33 

31.8 

31.4 

0P.S 

31.3-31.8 

32.8-32.9 

31.3-31.6, 

92.8 

33.2.35.4 

34.8 

34.0 

31.8-32 

32.8-39.1 

31.8-91.9 

32.6-32,s 

Y~.Y.YS.I  

33.5 

31 .~~31 .  I 

32.8-33 

31.7 

33.9 



TABLE 2 

POC13 DIFF'USED CELLS ( 3  IN.DIA.1 

TABLE 3 . 

OVERVIEW OUTPUT COMPARISON BY CELL CONSTRUCTION 

( m ~  ~ m - ~ )  

32.8 

32.-33.6 

r 
Q ~ Y  
Cells 

'4 8 

Isc 
(A) 

1.496 

1.46-1.53 

Mean : 

Range : 

7) 
(%) 

12.4- 
14.5 

11.8- 
14.4 

13.6- 
14.7 

13 .7  

12.6  
1 3 . 3  

JSC 

( m ~ c m - ~ )  

31.3- 
34 

31; 5- 
33.4 

31.7- 
34.8 

31.6, 
31.9 

32- 
33.6 

CFF 
(%I 

73.4 

71.1-74.6 

Vo c 
(mv ) 

542.9 

540-545 

, 

77 
(XI 

1 3 . 1  

12.6-13.3 

I s c  
(mA) 

125- 
136  

126- 
133.6 

126.7- 
139 

126.5 ,  
127.5 

1460- 
1520 

Type 
C o n s t r u c t i o n  

L a s e r  
Annealed, 
No BSF 

L a s e r  
Annealed 
With PEBA 
BSF 

L a s e r  
Annealed 
With PEBA 
& L a s e r  
Pulsed BSF 

Furnace 
Annealed, 
No BSF 

P0Cl3 
ni ~ ~ I I s P . ~ ,  

NO BSF 

CFF 

69.9- 
77.9 

68.9- 
78.2 

72.9- 
78.7 

77, 
78.6 

71.1- 
74.6 

Q ~ Y  
Cells 

30 

2 0 

8 

2 

48 

S i z e  
C e l l s  

2 x 2cm 

2 x 2cm 

2 x 2cm 

2 x 2cm 

3 i n . d i a .  

Voc 
(mV) 

530- 
556 

534- 
557 

560- 
575 

550, 
553 

540- 
547 



From t h e  preceding data ,  i t  is apparent t h a t  t h e  contr ibut ion of t h e  PEBA formed 

BSF was i n s i g n i f i c a n t  when compared with t h e  no BSF devices. When followed by 

laser puls ing t h e r e  i s  a s l i g h t  increase  i n  t h e  Voc, leading t o  t h e  observation 

t h a t  a d d i t i o n a l  work should be performed on t h e  PEBA and/or l a s e r  pulsing f o r  t h e  

BSF formation. 

3.4 DELIVERED HARDWARE 

Two hundred and f i f t y  (250) ion implanted, unannealed, 3-inch diameter wafiers were 

del ivered t o  JPL f o r  t h e i r  d i sc re t ionary  subsequent processing. The wafers con- 

s i s t e d  of:  

-2 "P implants. o 50 ea. chem-polished surfaces ,  5 KeV, 2.5 x 10 cm 

-2 3 1 ~  implants. o 50 ea. chem polished surfaces ,  10 KeV, 2.5 x 10 cm 

15 
o 50 ea. f l a s h  etched surfaces ,  5 KeV, 2.5 x 10 cm-2 3 1 ~  implants. 

-' 3 1 ~  implants o 50. ea. f l a s h  etched surfaces ,  10 KeV, 2.5 x 10 cm 

15 
o 50 ea. t e x t u r e  etched surfaces ,  1 0  KeV, 4 x 1 0  c h 2  3 1 ~  implants. 



SECTION 4 

CONCLUSIONS 

. . 

4.1 Large spot  s i z e ,  s i n g l e  pulse  l a s e r  annealing y i e l d s  a c t i v e ,  defect  

f r e e ,  shallow junction s i l i c o n  s u b s t r a t e s  from which high e f f i c iency  

s o l a r  c e l l s  can be fabr ica ted .  

4.2 Low cos t  f l a s h  e tching techniques f o r  saw damage removal on t h e  s o l a r  

c e l l  s i l i c o n  s u b s t r a t e s  appear t o  be compatible w i t h . l a s e r  processing. 

4.3 Five (5) KeV ion  implanted/laser  annealed s o l a r  c e l l s  appear t o  e x h i b i t  

increased conversion e f f i c iency  coupled with shallower junction i n  com- 

par ison t o  10 KeV implanted cells. 

4.4 Additional work on annealing back surface  f i e l d  implants i s  required 

fo r  optimization of cell output. 



SECTION 5 

RSCOMMENDATIONS 

5.1 It is recommended that additional work be performed to assess the best 

suited process for back surface field formation for the LSA program. 

Processes for consideration include: (1) ion implanted "B or BF2 

followed by PEBA or laser pulse; (2) screened-on and fired aluminum in 

conjunction with laser annealed front junctions. 



SECTION 6 

NEW TECHNOLOGY 

Single pulse laser annealing of 2 x 2cm size cells was demonstrated with electrical 

output characteristics similar or superior to conventionally processed cells. 



SECTION 7 

PROGRAM SCHEDULE 

Progress t o  date is shown i n  the following Program Plan Chart. 



A = MONTHLY, 0 = QTRLY 0 = F I N A L  L O C K ~ E E D  MISSILES B SPACE COMPANY 

MOCEL P L A N  

SCHEDULE PLAN 
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I 
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