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SECTION I 

SUMMARY 

Silicon sessile drop experiments were performed on mullite and. beryllia 

substrates both with and without a chemically vapor deposited-silicon nitride 

(CVD-Si3N4) coating. The mullite substrate caused doping of the silicon 

droplet to a resistivity of about 0.06 Q-cm aft'er heating for 1 h at 

1450°C. The presence of a nitride later, though cracked, resulted in a 

resistivity of about 0.25 Q-cm under similar conditions. In the case of 

beryllia the samples shattered upon cooling and measurements were not 

possible. Molten silicon in contact with both substrates displayed high 

contact angles. 

Results of x-ray analysis on the thermal stability of Si3N4, both in 

the presence and absence of molten silicon, show that the as-prepared amor- 

phous layers are converted predominantly to the a phase with high temperature 

treatment. The a phase is then slowly converted to the B phase accompanied by 

simultaneous decomposition. The latter process appears to occur more rapidly 

in contact with the silicon melt than in an inert gas. In both cases the 

B phase seems to be the more stable form of Si3N4. 

Silicon ribbon specimens doped with boron (p = 1 Q-cm) were grown from 

dies coated with Si3N4 for solar cell fabrication. Infrared analysis of two 

such ribbon specimens indicated that the oxygen and carbon content were 

below the level of detection. The Czochralski seed material was used as a 

reference, and the analysis showed an oxygen level of ~ 3 5  ppma and 30-40 ppma. 

for carbon in the latter. By comparison, the levels in the grown ribbon were 

estimated to be < 5 ppma for oxygen and < 25 ppma for carbon. 

Solar cells without AR coatings, fabricated in two ribbon samples, 

gave efficiencies of 6.6% and 8.0%, respectively, relative to 9.6% for a 

Czochralski control. The application of an k coating increased the 
efficiency of the best ribbon cell from 8.0 to 11.8%. 



SECTION I1 

INTRODUCTION 

The o b j e c t i v e  of t h i s  program is  t o  develop and e v a l u a t e  d i e  m a t e r i a l s  

f o r  u s e  i n  t h e  growth of s i l i c o n  r ibbons by t h e  inve r t ed  r ibbon growth 

p roces s  (IRG). The major ercphasis is on developing CVD coa t ings  of Si3N4 and 

SiOxNy on s u i t a b l e  d i e  m a t e r i a l s  and s tudying  t h e  s t a b i l i t y  and i n t e r a c t i o n  of . 

t h e s e  l a y e r s  w i th  molten s i l i c o n .  The d i e s  a r e  being t e s t e d  i n  s i l i c o n  r ibbon I 

growth experiments.  The r ibbons  are being cha rac t e r i zed  e l e c t r i c a l l y ,  

c r y s t a l l o g r a p h i c a l l y ,  and i n  s o l a r  c e l l s .  Self-support ing CVD d i e s  and 1 
c r u c i b l e s  w i l l  a l s o  be f a b r i c a t e d ,  and depos i t i on  parameters  w i l l  be  ad- I 

j u s t e d ,  where p o s s i b l e ,  t o  f avo r  minimum c o s t .  Other p o t e n t i a l l y  u s e f u l  

m a t e r i a l s  w i l l  be prepared and t e s t e d .  
' 
I 



SECTION 111 

PROGRESS AND TECHNICAL DISCUSSION 

A.  SESSILE DROP EXPERLNXN'I'S ON SUBSTRATE MATERIALS 
AND CM-COATED SUBSTRATES 

1 
I n  previous experiments we have examined the potent ial  of various 

commercially available refractory materials, including carbides, n i t r ides  

B 
and oxides, f o r  contact with molten s i l icon.  Two interest ing materials were 

1, not included i n  the above evaluation, namely, bery l l ia  and mullite. During 
4 

\ t h i s  reporting period, s i l i con  s e s s i l e  drop experimentawere performed on 

II be ry l l ia  and glass-rich mulli te (85% mull i te  + 15% glass) substrates both 

\ with and without CM-Si3N4 coatings (NH3:SiH4 = 33:l). Sectioned 

s i l icon/mull i te  samples gave a four-point-probe reading f o r  s i l i con  r e s i s t iv i ty  

of approximately 0.05 62-cm a f t e r  heating a t  1450°C i n  ultrapure helium fo r  1 h. 

The corresponding r e s i s t i v i t y  f o r  Si/Si3N.$/rnullite sectioned samples was 

approximately 0.3 n-cm irrespect ive of whether the substrate  was coated on 

one o r  both sides.  Microscopic examination revealed, however, that the 

n i t r i d e  layer under the s i l i c o n  was cracked, allowing the molten s i l i con  to  

contact the  substrate in the cracks as shown i n  Fig. 1. I n  the  case of 

bery l l ia  the  s i l i con  droplet shattered from the substrate  in the  cooling- 

down process,.and r e s i s t i v i t y  measurement was not possible. Both the Si3Nq 

layer  and s i l icon  droplet  shattered during the  cooling of CVD-coated beryl l ia  

substrates.  Molten s i l i con  i n  contact with both substrate  materials displayed 

high contact adples. 

B. STABILITY OF CM MATERIALS 

Work conrmenced t h i s  reporting period on a more detailed analysis of 

the composition and s t a b i l i t y  of CVD-Si3N4 layers. A layer of n i t r i d e  was 

i removed from the  susceptor on which the  d i e  par ts ,  used i n  the growth of 
1; s i l i con  ribbon, were coated. This layer represented several deposition runs 

J with the r a t i o  NH3:SiH4 = 33:l. The susceptor had been coated or iginal ly  

with a layer  of s i l i c o n  which was select ively etched from the  back of the 

I/ n i t r i d e  t o  provide a free-standing s i l i con  n i t r i d e  layer. A portion of t h i s  

I1 layer  was heated at  1500°C i n  ultrapure He fo r  30 m i n  and was then examined 



(85% mllite + 15% glass)  I 

- 275X 

Figure 1. Section micrograph of a Si/CVD-Si3N4/mullite 
sample showing cracked CM layer  

by x-ray d i f f r ac t i on  (powder pat tern)  f o r  i den t i f i ca t i on  of t he  phases present 

and estimated content. This  procedure was then repeated f o r  successively 

longer periods of time up t o  a t o t a l  of 30 h. The r e s u l t s  a r e  tabulated be- 

low. 

TABLE 1. PHASES PRESENT I N  CVD-Si3N4 LAYER AFTER BEATING AT 
1500°C £OR SUCCESSIVELY LONGER PERIODS OF TIME 

Approximate Content Time a t  1500°C 

a-Si3N4 6-Si3N4 S i hours 



There is an apparent t rans i t ion  from the  a phase t o  the  @ phase accompanied 

by decomposition. It is in te res t ing  t o  note  t h a t  there  is a r e l a t i v e  increase 

. i n  the  @-phase content despi te  the  f a c t  t ha t  decomposition is a l so  taking 

;? place. Microscopic examination of the  polished sect ion of the same layer ,  

heating fo r  34 h a t  1500eC i n  He, showed that the sample had a 
:r&r , , , "  

,[@pi.-.;:. porous texture  on both surfaces while apparently qu i te  dense i n  the  center  
, . 

#I ,- region of the  sample. This i s  shown i n  Fig. 2, where micrograph (a). ,;gp:. +:- 
taken with angular i l lumination,  shows .the two porous edges and cen t r a l  

region of the  cross  sect ion of the  layer .  Micrograph (b),  taken with 

r ' perpendicular illumination, shows the  higher ref lectance of the cen t ra l  
' . 
. coherent region r e l a t i v e  t o  the  porous edges of t he  cross  section. X-ray 

' 1 .+;. 
i: 

r. ''?~:;& ~-, - ,, 
powder pat terns  were obtained on specimens from the three regions - both 

. ,- 
' -  . faces  of the  sample and cen t r a l  region. The r e s u l t s  a r e  tabulated below. 

,. - A portion of the  same sample was etched i n  a mixture of HN03 + HF t o  remove 

excess s i l i c o n  which might be access ible  t o  the  etchant,  and x-ray powder 

- - I  pat terns  again obtained on the  corresponding three regions. The r e s u l t s  

,B-Ik-', a r e  a l so  tabulated i n  Table 2. The designation f ron t  surface i n  Table 2 

r e f e r s  t o  t he  surface which was exposed t o  the  gaseous reagents during the  

I CVD process, and was exposed to  the  He ambient during heat treatment. The 

back surface corresponds t o  t h a t  which was i n  contact  with the  susceptor 

'*% during deposit ion and res ted  on a vi t reous  carbon support during heat  t reat -  . . , -  , 
8 ,  , ,,., 

,',A& ment i n  He. 
- 2 , - : / '  ,:. 

q *~,,<-7F TABLE 2. PHASES PRESENT IN CVD-Si3N4 LAYER AFTER HEATING 
a + &  kL.-.- AT 1500°c. FOR 34 HOURS I N  HELIUM 

Approximate Content Approximate Content 
(before etching) ( a f t e r  etching) 

4 ' 1  Front Surface 45% 15% 40%" 7 0% 30% 4% 
*-> Central Region 25% 45% 30% 33% 66% %I% 

Back Surface 14% 43% 43% 25% 75% ~ 1 %  

.,. -- ,. ' Most of t he  s i l i c o n  present here could be observed microscopically as 
, . clustered pa r t i c l e s  on the  sample surface and was not uniformly dis-  
I4 L' - , t r ibuted throughout the surface region. 

, , 
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Figure 2 .  Section micrograph of a CVD-Si3N4 layer after heating i n  
He a t  1500°C for 34 h; (a) micrograph taken with per- 
~endicular illumination, (b) with angular illumination. 



The r e s u l t s  presented i n  Table 2 show var ia t ion i n  content between 

the  d i f f e r en t  regions of the  film. , This obscures the  data  of Table 1 which 

were intended to  represent overat1 c o m p o s i t h  for t he  depth of the  sample 

but which may have been weighted by mater ia l  from one region of the  sample, 

par t i cu la r ly  the  back of the  layer.  There i s  a decrease 5n the  a-phase 

percentage content i n  going from the  f rop t  surface t o  the  back surface and 

a simultaneous increase i n  the  0-phase content. When the  sample is etched 

t o  remove excess s i l i con ,  it appears tha t  a l l  of the  sample i s  su f f i c i en t ly  

porous to allow the  etchant t o  penetrate the layer.  However, microscopic 

examination shows t h a t  the  cen t ra l  region is still much more aense a f t e r  

etching than the bounding surface regions. After etching, the  analysis  

shows t h a t  the  a-phase content decreases fzsm the  f ron t  surface t o  the  back 

surface while t he  B phase increases corrernndingly.  It aLso appears t ha t  

the  r a t i o  of the  0-phase content t o  the  a-phase content is highest i n  the  

region where the  s i l i con  content i s  highest, suggesting t h a t  tR& I% phase i s  

the  more s t a b l e  phase i n  contact  with molten s i l icon.  A simthr con- 

clusion may a l s o  be inferred from other  observations. 

In  one of our ribbon growth experiments the  melt was ralsed to  a 

higher temperature throughout the  growth period (about 4 h) than in any 

previous runs. Subsequent examination of the  d i e  a s s d l y  (S i  N on 
3 4 

vi t reous  carbon) revealed t h a t  the  n i t r i d e  lsger' (*I5 m) was completely 

removed i n  t h e  region of contact  with molten s i l i con ,  and the  vi t reous  

carbon was strongly attacked. When residual s i l i con  i n  the  d i e  was 

se lec t ive ly  etched away, i t  was found t h a t  6-Si3N4 needles and cubic Sic 

c rys t a l s  ( iden t i f i ed  by x-ray d i f f rac t ion)  had formed a t  t he  ends of the 

V-shaped d i e  where the  temperature was lowest. The Si3N4 needles (see 

Fig. 3), were well  defined, about 2 mm i n  length, and aligned i n  compact 

p a r a l l e l  c lu s t e r s  perpendicular to the  t r iangular  end pieces of the  die .  

No evidence of a-Si N was found awng  these c lusters .  Quali tat ively,  it 3 4 
appeared a s  i f  most of the  dissolved n i t r i d e  coating had reappeared i n  the  

form of 0-Si3N4 needles. Analysis of the  remaining layer  outs ide  the  region 

of d i r e c t  contact  with the  s i l i con  melt showed the  presence of both a and 

0 phases. The only phases detected a f t e r  etching away the  s i l i c o n  from the 

d i e  were the  th ree  phases described. The temperature of t he  m e l t  i n  t h i s  

run is not known, but was probably c lose  t o  150O0C. 
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Figure 3. Micrograph of 6-Si3N4 needles grown from the s i l i con  
melt on the  cooler p a r t s  of the  d i e  assembly. 

The values given i n  Tables 1 and 2 a r e  very approximate and intended 

only as estimates of the composition changes occurring with high tempera- 

t u r e  treatment. There is a l so  some uncertainty i n  the  s u i t a b i l i t y  of the  

sample used f o r  purposes of analysis .  We observed, during subsequent 

polishing of a portion of the same n i t r i d e  s lab,  from which the above samples 
I 

were taken, t h a t  the  s t ruc ture  consisted of d i s c r e t e  layers  which tended to  

peel off  a s  a r e s u l t  of polishing. It became evident t ha t  a coherent l ayer  

cannot be obtained by successive deposit ions when the system is exposed t o  

room ambient between depositions. The above r e s u l t s  may be influenced by 

these observations, and other samples prepared i n  a s ing le  deposition s tep 

a r e  now being evaluated. However, the  trends a r e  expected t o  be s imilar .  

The analysis ,  t o  date ,  indicates  t ha t  a-Si N is an unstable form of 
3 4 

Si3N4, whether alone o r  i n  contact  with the  melt, under the  conditions 

l i ke ly  t o  be encountered i n  s i l i c o n  ribbon growth. The B phase appears, a t  

t h i s  time, t o  be more s t a b l e  under these conditions. Consequently, experi- 

ments a r e  being directed toward t he  conversion of the  a phase t o  the  6 

phase p r io r  t o  ribbon growth experiments. This requires  information on the  



. . 

r a t e  o f  conversion a s  r e l a t e d  ' t o .  temperature and ambient. In  pre l iminary  ' . 
I 

. . . . : exp.eriments, a  sample o f .  S i  N ( 1  .pm i n  th ickness ,  NH :Sin = 33 : l  a t  1000°c) 
. , .  . ,. . . . .  . 3 4 3 4 

. on . ' , s i l i con  was heated a t  1400°C f o r  1 h i n  u l t r a p u r e  He. 'I'he est imated com- 

posit.i.on of t h e  f i lm ,  a s  determined by x-ray d i f f r a c t i o n ,  was about 90% a-Si N 
3 4' 

and 10% b - ~ i  N based on t h e  ass&pt ion  t h a t  t h e  f i l m  was completely 
I 3  4' 

' c r y s t a l l i z e d .  This  sample was a l s o  used f o r  t ransmiss ion  i n f r a r e d  measure- 

I ments. .both be fo re  and a f t e r  t h e  hea t  t rea tment .  The spec t r a ,  shown i n  

Fig. 4, i n d i c a t e  t y p i c a l  amorphous c h a r a c t e r  p r i o r  t o  h e a t  t rea tment ,  Fig.  4 ( a ) ,  
! 

and c r y s t a l l i n e  c h a r a c t e r  a f t e r  annea l ing  as revea led  by t h e  appearance of 

s t r u c t u r e  i n  t h e  spectrum of Fig.  4 (b ) .  A p o i n t  of i n t e r e s t  he re  i s  t h a t  

I t h e r e  i s  no evidence i n  t h e s e  s p e c t r a  f o r  t h e  ex i s t ence  of Si-H o r  N-H bond- 

i ng  i n  t h e s e  f i lms.  The depos i t i on  cond i t i ons  were o r i g i n a l l y  chosen t o  

avoid incomplete r e a c t i o n  of t h e  s t a r t i n g  ma te r i a l s .  The r e s u l t  of t h i s  

experiment i n d i c a t e s  t h a t ,  a l though c r y s t a l l i z a t i o n  i s  p o s s i b l e  a t  1400°C, 

t h e  predominant phase,, i s  t h e  a  phase, and conversion t o  t h e  B phase is .very  
. . .  ' . .  . . 

slow. To a c c e l e r a t e  t h e  conversion f r o m  t h e  a t o  t h e  B phase, ~ o r t i o n s  of t h e  

same l a y e r , '  used. i n  . the experiments corresponding t o  Tables  1 and 2 above, 

were heated t o  t h e  1 6 0 0 ' ~  i n  N2 f o r  pe r iods ,  ranging  from 114 t o  a  t o t a l  of 
. . 

4-114 h. The purpose of t h e  N2 ambient w a s  t o . s u p p r e s s  decomposition. A s  

i n  Table 2, ,each sample was' analyzed wi th  r e s p e c t  t o  f r o n t  sur face ,  c e n t r a l  

reg iqn ,  and back sur face .  'The r e s u l t s  showed l i t t l e  d i z fe rence  i n  t h e  con- 

I . , . t en t  of t h e s e  t h r e e  r eg ions  £.or any sample, and l i t t l e  dependence on time 

i n  the,  range 114 t o  4-114 h. I n  a l l  c a s e s  t h e  a:B r a t i o  was approximately 
... , . 

i 2, and excess  s i l i c o n  was s c a r c e l y  d e t e c t a b l e  i n  any sample ( ~ 1 % ) .  Thus, 

- '  n i t rogen  suppresses  decomposition, bu t  conversion from t h e  a  t o  6 phase i s  

s t i l l  slow,,' a p p a r e n t l y  much slower than  when i n  c o n t a c t  w i th  t h e  s i l i c o n  melt  

f o r  a  given temperature.  Th i s  i s b e i n g  s tud ied  f u r t h e r .  

C . SILICON. RIBBON GROWTH 

I Severa l  s i l i c o n  r ibbon  growth runs ,  us.ing the  V-shaped d i e  configura-  

I t i on ,  were performed du r ing .  t h i s  per iod .  The d i e s  were v i t r e o u s - c a r b o n  
I 

coated 'with CVD-~i N 
' 

cons ide rab le  progress  h a s  been 'made i n  t h e  thermal 3 4' 
p r o f i l e ,  and a  number of r ibbon segments'~.,with'essentially c o n s t a n t  width 

' 

have been grown i n  consecut ive  runs .  ~ h e s e  were i n t e n t i o n a l l y  doped w i t h  

boron dur ing  growth t o  about  1 Q-cm f o r  t h e  f a b r i c a t i o n  of s o l a r  c e l l s .  
. . 
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Figure 4. Transmission in f ra red  spec t ra  of CVD-Si3N4 corresponding t o  
(a)  amorphous as-prepared sample and (b) sample a f t e r  c r y s t a l l i -  
za t ion  a t  1400°C in He f o r  1 h. 



TWO r i b b o n s  were e~ra11iated 601: i m p u r i t y  c o n t e n t  and d e f e c t  s t r u c t u r e  p r i o r  

t o  s o l a r  c e l l  f a b r i c a t i o n .  I n f r a r e d  t r a n s m i s s i o n  measurements were made 

on two such  r i b b o n s  and on t h e  seed  m a t e r i a l .  The f o l l o w i n g  r e s u l t s  f o r  

oxygen and ca rbon  were o b t a i n e d .  

TABLE 3. OXYGEN AND CARBON CONTENT OF RIBBON 
AND SEED MATERLALS 

Oxygen (ppma) Carbon (ppma) 

Seed ~ 3 5  %30-40 

Ribbon < 5 < 25 

Measurements were made a t  s e v e r a l  p o s i t i o n s  a l o n g  t h e  seed and r i b b o n  i n  

each c a s e .  The r e s u l t s  h e r e  i n d i c a t e  t h a t  oxygen and ca rbon  were n o t  

d e t e c t e d  i n  t h e  r i b b o n  segments w h i l e  t h e s e  s p e c i e s  were d e t e c t e d  i n  t h e  

seed m a t e r i a l .  The v a l u e s  g iven  f o r  t h e  r i b b o n  are e s t i m a t e s  o f  t h e  

d e t e c t i o n  l e v e l  f o r  t h e  t echn ique  as employed h e r e .  

D.  SOLAR CELL FABRICATION AND EVALUATION 

Two s i l i c o n  r i b b o n  samples were f a b r i c a t e d  i n t o  s o l a r  c e l l s  and e v a l u a t e d  

by R. V.  D I A i e l l o  a t  RCA L a b o r a t o r i e s .  Two s o l a r  c e l l s  were made on each 

r i b b o n  sample. For  comparison,  c e l l s  were a l s o  f a b r i c a t e d  s i m u l t a n e o u s l y  on 

a c o n t r o l  C z o c h r a l s k i  s i l i c o n  P-type wafer  of 1 . 5  a-cm r e s i s t i v i t y .  The 

f a b r i c a t i o n  was conducted by f i r s t  e t c h i n g  t h e  s u r f a c e s  o f  t h e  r i b b o n  t o  

remove Q 1  m i l  from each  s i d e  fol lowed by a s t a n d a r d  POCl j u n c t i o n  forma- 
3  

t i o n  d i f f u s i o n  a t  875OC f o r  25 min. The r e s u l t i n g  s h e e t  r e s i s t a n c e  of t h e  

j u n c t i o n  l a y e r  f o r  . the  r i b b o n  and c o n t r o l  samples were:  

TABLE 4.  SHEET RESISTANCE OF JUNCTION LAYER FOR RIBBON 
AND CONTROL SAMPLES AFTER JUNCTION FORMATION 

Sample 

R 2-1-78 
R  2-1-78 
R  2-10-78 
R 2-10-78 
C o n t r o l  

Shee t  R e s i s t a n c e  (CL/U) 



The samples were me ta l l i zed  wi th  ~ i / A g  on bo th  s i d e s  and a  s tandard comb 

p a t t e r n  was def ined  on t h e  junc t ion  sur face .  The c e l l s  were de l inea t ed  wi th  

a  mesa e t c h  to l i n e a r  dimensions of 1.15 cm x 2.0 cm. No AR coa t ing  was 

app l i ed  before  the' f i r s t  measurement. '. . , .  ' 

. . . . . . . . 

~ e a s u r e n e n t ?  of t h e  i l l umina ted  oLtput  , .  . c h a k  . t e r i s t i c s  . were done wi th  
. . . .. 2 ..' 

t h e  ELH, AIG1, lamb s i m u l a t o r  a t  '97 m~/cm . The r e s u l t i n g  output  curves  . . . . . . . . . . 
: . . .  . . 

and c e l l  parameters.  a r e  :'shc&n i n  Figs.  5-8. I n  add i r ion ,  ' es t ima te s  of t h e  , ' , . . . .. 

l i f e t i m e s  ( d i f f u s i o n l e n g t h )  ;&re: &de from p ~ i ~ e d  recovery measurements on' 

small mesa diodes a d j a c e n t  t o  t h e  c e l l s .  These va lues  a r e  l i s t e d  i n  
I .  Table 5. 

. . 

TABLE 5.. ESTIMATES . OF LIFETIMES AND DIFFUSION 
. . LENGTHS FOR SAMPLES I N  TABLE 4 

. . . . 

~ i i f u s i o n .  ~ e n ~ t h  ' . . . . . 
, . Sample Li fe t ime T (vs)  (L = JDT ) (urn) . . . . 

. . 
. . . . 

R 2-1-78 0.6 3 9 
R 2-10-78 0.9 4 8 
Control  3.6 9 5 

Ribbon sample 2-10-78 was b e t t e r  i n  a l l  r e s p e c t s  than  sample 2-1-78. 

The major d i f f e r e n c e  was i n  t h e  l i f e t i m e  of d i f f u s i o n  l e n g t h  which r e s u l t s  i n  

t h e  h igher  c u r r e n t  and v o l t a g e  f o r  sample 2-10-78 and may be due t o  a  h igher  

contaminat ion l e v e l  i n  sample 2-1-78. S i g n i f i c a n t  d i f f e r e n c e s  i n  s u r f a c e  

t e x t u r e  between t h e  two r ibbon samples were noted be fo re  and a f t e r  e tch ing .  

R e s u l t s  ob ta ined  on sample 2-10-78, when a  convent ional  s ing le - l aye r  AR: 

coa't ing (725 1, Zr02) was app l i ed ,  showed t h e  fol lowing ' proper ' t ies .  

TABLE 6. RESULTS OF SOLAR CELL MEASUREMENTS ON SAMPLE 
R 2-10-78 WITH AND WITHOUT AR COATING 



Figure 5 .  Solar ce l l  characterietics for one of two ce l l s  
on ribbon 2-10-78 and for control c e l l  without 
AR coatings 



Figure 6. Solar cell characteristics for second c e l l  on 
ribbon 2-10-78 and for control c e l l  without AR 
coatings 



Figure 7. Solar c e l l  characteristics for one of two c e l l s  
on ribbon 2-1-78 and for control c e l l  without AR 
coatings 



Figure 8. Solar c e l l  characteristics for second c e l l  on 
ribbon 2-1-78 and for control c e l l  without AR 
coatings 



SECTION I V  

CONCLUSIONS AND FUTURE PLANS 

S i l i c o n  s e s s i l e  drop experiments on m u l l i t e  and b e r y l l i a  i n d i c a t e  that 

a CVD-Si N l a y e r  on m u l l i t e  can be u s e f u l  i n  lowering t h e  amount o f .dopan t  
3 4 

t r a n s f e r r e d  from t h e  s u b s t r a t e  t o  t h e  melt ,  whi le  b e r y l l i a  shows much l e s s  

promise a s  a s u b s t r a t e  m a t e r i a l  because of thermal expansion mismatch 

between s u b s t r a t e  and CVD l a y e r  o r  s o l i d  s i l i c o n .  

Resu l t s  of x-ray a n a l y s i s  on t h e  thermal s t a b i l i t y  of S i  N bo th  i n  3 49 
t h e  presence and absence of molten s i l i c o n ,  show t h a t  t h e  as-prepared 

amorphous l a y e r s  a r e  converted predominantly t o  t h e  a phase wi th  high-temper- 

a t u r e  t reatment .  The ct phase i s  then s lowly converted t o  t h e  B phase 

accompanied by s imultaneous decomposition. The l a t t e r  process  appears  t o  

occur  more r a p i d l y  i n  c o n t a c t  w i t h  t h e  s i l i c o n  mel t  than i n  a n  i n e r t  gas. 

I n  both c a s e s  t h e  6 phase seems t o  be t h e  more s t a b l e  form of  Si3N4. High- 

temperature (%1600°C) annea l ing  i n  N lowers  t h e  r a t e  of  decomposition, bu t  2 
conversion t o  t h e  B phase is  s t i l l  slow. 

In f r a red  a n a l y s i s  of s i l i c o n  r ibbon specimens grown from CVD-Si N 
3 4 

coa ted  v i t r e o u s  carbon d i e s  showed t h a t  t h e  oxygen and carbon l e v e l s  were 

< 5 ppma f o r  oxygen and < 25 ppma f o r  carbon whi le  t h e  corresponding 

l e v e l s  measured on t h e  Czochralski  seed m a t e r i a l  were ~ 3 5  ppma f o r  oxygen 

and 30-40 ppma f o r  carbon. The b e s t  s o l a r  c e l l  e f f i c i e n c y  (without  AR 

coa t ings )  ob ta ined  on two such r ibbons ,  was 8% a s  compared wi th  9.6% f o r  

a c o n t r o l  sample. The e f f i c i e n c y  was increased  from 8 t o  11.8% by t h e  

a p p l i c a t i o n  of a n  AR coat ing .  

We p lan  t o  cont inue  t h e  eva lua t ion  and a n a l y s i s  of CVD l a y e r s  w i t h  

s p e c i a l  a t t e n t i o n  given t o  t he  formation of t h e  B phase of S i  N p r i o r  t o  
3 4 

c o n t a c t  wi th  molten s i l i c o n .  The a n a l y s i s  of CVD-SiO N has commenced and 
X Y  

w i l l  be eva lua ted  i n  d e t a i l  i n  t h e  months ahead. Both m a t e r i a l s  w i l l  be  

used f o r  t h e  growth of s i l i c o n  r ibbon from t h e  Mark I1 r ibbon p u l l e r .  



APPENDIX A 

NEW TECHNOLOGY 

There a r e  no new technology i t e m s  f o r  t h i s  r e p o r t i n g  per iod .  



APPENDIX B 

MILESTONES FOR D I E  AND CONTAINER DEVELOPMENT 

Key Tasks - Malor Problems 

1. Development and Evaluation of CVD-Si3N4-Si%N ... System 
wdegradation and erosion r a t e  of CVD-SI3Nk in -con tac t  with 

molten S i  
eopt imizat ion of CVD-6i3N4 a s  r e l a t e d  t o  p reps ra t ive  

condit ions and post-deposition annealing 
wcomposition of  as-deposited CVD-Si& layers  and i d e n t i -  "r f i c a t i o n  of phases present  a f t e r  cry8 a l l i z a t i o n  above the 

melt ing point  of S i  
wdegradation and erosion r a t e  of CVDSi%Ny i n  con tac t  with 

molten S i  
woptimization with respec t  t o  p repara t ive  and annealing 

condit ions 
odeposi t  above CVD l ayers  on various d i e  mate r ia l s  f o r  the 

growth of s i l i c o n  ribbon 
*fabr ica te  self-support ing CM d i e s  and c ruc ib les  and t e s t  i n  

con tac t  with molten S i  

2. Evaluation of Other CVD Coatings 
wident ify o ther  p o t e n t i a l l y  use fu l  coat ings 
w prepare CVD coat ings 
w t e s t  e ros ion  i n  con tac t  with molten S i  

3. Reaction and Pressure-Sintered Materials  f o r  Use as  CVD 
Subs t r a r e s  
wSijN4 with various d e n s i f i c a t i o n  a i d s  

::Xke 

4. Character izat ion 
wmaterials charac te r iza t ion  s t u d i e s  w i l l  be conducted 

according t o  tha t  ou t l ined  i n  A r t i c l e s  1 and 2 of 
Task Order No. RD-152 

5. Inverted Ribbon Growth w/CVD Dies 
*Growth Rate 

50 cmlh 
100 cmlh 
150 cmlh 
200 cm/h 

@Thickness (+5 mil) 
40  mil- 
30 mil  
20 mil  
I5 mfl 

wRibbon Length (cm) 
10 cm 
1 5  cm 
20 cm' 
30 cm 

oOperation of Mark I Pu l le r  
eOperation of Mark I1 Pul le r  



APPENDIX C 

MANHOUKS AND COSTS 

Manhours and c o s t  t o t a l s  from October 1977 through February 1978 were 

1 ,785  and $67,540, r e s p e c t i v e l y .  

*u.s. GOVERNMENT PR INTlNG OFF ICE: 1978-740-09411446 




