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SECTION I 

SUMMARY 

The, thermal s t a b i l i t y  of CVD SiO N l a y e r s  i n  con tac t  w i th  molten 
X Y  

s i l i c o n  has  been s tud ied  by x-ray a n a l y s i s .  The r e s u l t s  i n d i c a t e  t h a t  these  

l a y e r s  a r e  converted t o  t h e  a and $ phases of S i  N wi th  t he  $ phase pre-  
3 4 

dominating. The $ phase content  i nc reases  wi th  t ime, a s  a l s o  observed i n  

our  t e s t s o n  CVD Si3N4 l a y e r s .  However, i n  the  l a t t e r  case  the  cu phase was 

t h e  dominant phase. Our r e s u l t s  t o  d a t e  i n d i c a t e  t h a t  the $ phase i s  the  

more s t a b l e  form i n  c o n t a c t  wi th  molten s i l i c o n .  This exp la ins  why CVD 

o x y n i t r i d e  l a y e r s  appeared t o  be  more s t a b l e  i n  con tac t  wi th  molten s i l i c o n  

than CVD ~i N l a y e r s  i n  our  prev ious  experiments.  The oxygen p re sen t  i n  
> 

3 4 
t h e  o x p i t r i d e  l a y e r s  i s  appa ren t ly  removed dur ing  con tac t  wi th  the  s i l i c o n  

me l t  w i th  simultaneous conversion t o  S i  N p r i n c i p a l l y  the  8 form. 
3 4' 

High-density hot -pressed  S i  N has  been prepared us ing  MgO a s  b inder .  
3 4 

This  m a t e r i a l  was found t o  be $-Si3N4 by x - r ay .d i f f r ac tome t ry  and displayed 

e x c e l l e n t  chemical i n e r t n e s s  t o  molten s i l i c o n .  The p u r i t y  of the ma te r i a l  

was a l s o  much s u p e r i o r  t o  t h a t  of  hot-press'ed m a t e r i a l  purchased e x t e r n a l l y .  

H u l l i t e  c r u c i b l e s  d isp layed  some high-temperature i n s t a b i l i t y  e f f e c t s  

which may in f luence  t h e  bonding of CVD l a y e r s  t o  t he  m u l l i t e  su r f ace .  

The Mark I1 r ibbon growth appara tus  has  been i n s t a l l e d  and t e s t e d .  

'S i l icon  r ibbon growth f o r  t h e  t e s t i n g  of d i e  m a t e r i a l s  i n  t h i s  system i s  

now poss ib l e .  



SECTION I1 

INTRODUCTION 

The objective of this program is to develop and evaluate die materials 

for use in'the growth of silicon ribbons by 'the inverted ribbon growth 

process (IRG) 'and for other applications. The major emphasis is on devel- 

oping.C~~:coatings of Si N and SiO N in suitable die materials and studying 
3 4 X Y  

the stabiiity and interaction of these layers with molten silicon.' The dies 

are being tested in silicon ribbbn growth experiments and evaluated analyt- 

ically. - The .ribbons are being characterized electrically , crystallograph- 
ically, and' i;n solar cells. Both CVD coated dies aid c'rucibles will'be 

fabricated, ' and deposition parameters will be ad jucted, whcre, possible, to 

favor i n inhuh  .cos t . 
. .  " 



SECTION 111 

PROGRESS AND TECHNICAL DISCUSSION 

A. STABILITY OF 6VD UTERLALS 

Our s tudies  during t h i s  quarter d e a l t  with the  thermal s t a b i l i t y  of 

s i l i con  oxynitr ide C M  layers  in the presence of molten s i l icon.  The layers  

described below were deposited on reaction sintered S i  N and subsequently 3 4 
used in s i l i con  sessile drop experiments i n  He  a t  1450°C. The samples were 

then sectioned and examined microscopically. The approximate phase content 

of the l aye r s  was determined by x-ray diffractometry. Figure 1 shows a section 

view of a S ~ / S ~ O  N I R S - S ~ ~ N ~  composite which had been heated a t  1450°C i n  He 
X Y  

fo r  four hours. This pic ture  was taken a t  a posit ion away from the s e s s i l e  

drop. Si l icon had spread over the  surface and appears in  Fig. l ( a )  t o  have 

penetrated cracks in the layer.  However, when the sample was etched to  selec- 

t i ve ly  remove s i l i con ,  these apparent cracks were found t o  contain a material 

d i f fe ren t  in morphology from adjacent portions of the layer  a s  shown i n  Fig. l ( b ) .  

It appears tha t  there is a t ransport  process which r e su l t s  i n  the  r e f i l l i n g  of 

cracks i n  the CVD layer.  From subsequent x-ray analysis,  i t  a l s o  appears that  

the material  i n  the cracks is probably 6-Si3N4. 

I n  our l a s t  quar ter ly  report  we have indicated tha t  6-Si3N4 can-be formed 

by a t ransport  process i n  m l t e n  s i l i con .  A s  w i l l  be discussed latsr, these 

l aye r s  contained no s i l i con  oxynitr ide component a f t e r  the  s e s s i l e  drop experi- 

ments but had been converted predominantly t o  the 8-Sip4 phase. Figure 2 

shows a surface topograph and enlarged sect ion view of the above sample. The 

surface micrograph shows the presence of a mesh-like pat tern  extending across 

the  surface. The transported material  is contained in the  bounding tegions 

of t h i s  pa t te rn  and has a dark gray appearance in the'micrograph. The section 

view in Fig. 2 shows the  intersect ion of  one of these regions with the  cu t  face  
% \  

of the  sample a f t e r  etching t o  renmve s i l icon.  A sect ion view corresponding 

t o  a cut  through the s i l i con  sessile drop on the'same sample i e  shown in 

Fig. 3. A t  the  in te r face  between the  CVD layer  and the  s i l i con  droplet ,  

needlelike 0-Si N v e r t i c a l  growth fea tures  a r e  apparent. The layer  a l s o  
3 4 

displays  a d i f f e r en t  morphology f o r  some depth under the  s i l i con  droplet  than 

t h a t  at the bottom portion of the layer.  It appears t ha t  a transformation t o  



T 
+ CVD Layer 

6 CVD Layer 

Figure I.., Section view of S ~ / S ~ O $ ~ / R S - S I ~ N ~  after 4 h at  145Q0c i n  
He, (a) region adjacent to Si d r o p l e t  before e t c w g ,  
(b) after etching to remove S i .  



(a) - 140X 
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+ CVD Layer 

Figure 2. Surface and section views of etched sample from Fig. 1, 
(a) showing surface pattern, (b) showing intersection 
of pattern with plane of cut. 



Figure 3. Section view of sample from'Fig. 1 under S i  droplet .  

B-Si3N4 occurs with time t o  g rea te r  depths i n  t h e  CVD layer .  This a l s o  occurred 

i n  t h e  case  of a second sample, similar t o  t h e  one described,  which had been 

used in a s i l i c o n  sessile drop experiment *where t h e  heat  treatment in  He a t  

1 4 5 0 ' ~  was maintained f o r  20 h. Surface. topographs of  t h i s  sample a t  d i f f e r e n t  

magnificat ions a r e  presented i n  Fig. 4. The surface  t e x t u r e  is q u i t e  d i f f e r e n t  

from t h a t  shown i n  Fig. 2(a)  because of t h e  longer  period of  t i m e  i n  contact  

wi th  molten s i l i c o n  i n  t h e  case  of  t h i s  sample. The morphology apparently 

c o n s i s t s  of r e l a t i v e l y  l a r g e  t ransparent  c r y s t a l l i t e s  throughout t h e  depth 

of the  l a y e r  as shown i n  Fig. 5. I n  t h i s  case, t h e  CVD l a y e r  i s  approximately 

90% B-Si3N4 (see Table 1 )  a f t e r  contact  with molten s i l i c o n  f o r  20 h. The 

remaining 10% by volume i s  a-Si3N4 without evidence of  an  oxyn i t r ide  phase. 

A s  indica ted  i n  Fig. 5, t h e  l a y e r  has separated from t h e  subst ra te .  This 

problem r e l a t e s  t o  CVD-layer/substrate compat ib i l i ty  and w i l l  be discussed 

l a t e r .  Our p r e d o u s  s e s s i l e  drop experiments indica ted  t h a t  CVD s i l i c o n  

oxyni t r ide  is more r e s i s t a n t  t o  chemical a t t a c k  by molten s i l i c o n  thaa 



(a) -70X 

(b) -700X 

Figure 4 .  Surface topographs of etched SiO,Ny layer after 20 h at 
1450°C in He, (a) law magnification, (b)  same at higher 
magnification. 



(b) - 140X 

Figure 5.  Section view of samlde from Fig. 4. 

TABLE 1, X-RAY ANALXSIS OF SILICON i )XKNITUDE SAMPLES 
AFTER SESSILE DROP EXPERIME~JTS 

72% 4 h in  He at 1450°C (etched) 

i ~ i / ~ i O  N /RS-Si3N4 10% ' 90% . 20 h i n  H e  at 1450°C (etched) 
x Y 

* 
region external to s i l i con  droplet 

'region under s i l i con  droplet 



CVD Si3N4 layers .  Our recent  r e s u l t s  i n d i c a t e  t h a t  the  observed d i f -  

ference i n  r e a c t i v i t y  r e s u l t s  from the  d i f fe rence  i n  r e a c t i v i t y  of the  a and 

6 forms of S i  N The approximate composition of the  two oxynitride-samples 3 4' 
discussed above is  presented i n  Table 1. It can be seen from these  da ta  t h a t  

thelayersarepredominantly 6-SiN Longer periodsoftimeincontactwith 
3 4' 

molten s i l i c o n  favors  increased B phase content ,  and conversion t o  t h i s  phase 

is f a s t e r  i n  the  presence of molten s i l i c o n  than i n  the  absence of molten sili- 

con. The oxyn i t r ide  l a y e r s  apparently decomposed with the  evolut ion o f  oxygen 

and simultaneous conversion t o  the  a and 6 phases. 

B. REFRACTORY SUBSTRATE AND CRUCIBLE MATERIALS 

Our experiments t o  d a t e  ind ica te  t h a t  6-Si N has excel lent  chemical 
3 4 

r e s i s t a n c e  t o  molten s i l i cop .  A major problem, however, i n  the  development 

of t h i s  system is f ind ing  s u f f i c i e n t l y  cheap s u b s t r a t e  mater ia ls  which a r e  

compatible with the  system i n  terms of thermal expansion and pur i ty .  For 

example, the  l a y e r  shown in Fig, 5 has separated from the  subs t ra t e ,  although 

t h i s  may have occurred i n  the  cooling down process. I n  t h e  pas t ,  both v e r t i c a l  

and hor izon ta l  c racks  have been observed i n  CVD l a y e r s  depending upon l aye r  

thickness and the  nature  of the  s u b s t r a t e  mater ia l .  Up t o  the  present  t i m e  

we have given most a t t e n t i o n  t o  the  s t a b i l i t y  of the  CVD l aye r s .  Recent ex- 

periments have a l s o  been d i rec ted  toward a more d e t a i l e d  examination of  sub- 

s t r a t e  and c ruc ib le  ma te r i a l s  such a s  mullite, s i l i c o n  n i t r i d e ,  s i l i c o n  

oxyni t r ide ,  and graphi te .  The experiments a l s o  included t h e  f e a s i b i l i t y  of 

coat ing  the  inner  and ou te r  surfaces  of shaped bodies of these  materials. 

Preliminary r e s u l t s  are discussed below. 

Both CVD s i l i c o n  n i t r i d e  and s i l i c o n  oxyn i t r ide  l a y e r s  have been deposited 

on t h e  inner surfaces  of m u l l i t e  crucib les .  The l a r g e s t  c ruc ib le  coated t o  

d a t e  was con ica l  in shape wi th  dimensions 2-718" x 2-118" x 2-314" deep. The 

as-deposited amorphous l a y e r s ,  seve ra l  m i l s  i n  th ickness ,  remain crack-free 

a f t e r  cool ing  from t h e  deposi t ion  temperature (lOOO°C) t o  room temperature. 

However, i n  a l l  cases  including these  and p r i o r  experiments with m u l l i t e  

subs t ra t e s ,  the  CVD l a y e r s  vere cracked a f t e r  thermal cyc l ing  t o  the  melting 

point  of s i l i c o n .  I n  s e v e r a l  cases  t h e  l a y e r s  were detached from t h e  m u l l i t e  



surface.  Further examination revealed t h a t  mul l i t e  undergoes a s t r u c t u r a l  

change wi th  time a t  these  elevated temperatures. This time-dependent change 

proceeds from the  exposed surfaces  through t h e  bulk material .  The presence 

of a CVD l a y e r  appears t o  slow down t h e  r a t e  of  change. An example i s  

depicted i n  Fig. 6 which i s  a sec t ion  view of a c ruc ib le  w a l l  a f t e r  melting 

s i l i c o n  i n  a m u l l i t e  c ruc ib le  coated with CVD s i l i c o n  oxynitr ide.  The durat ion 

a t  t h e  m e l t  temperature was about 30 min. Examination, i n  terms of  a scra tch  

test, indicated t h a t  the  inner surface of the  c r u c i b l e  w a s  less a f  fected 

mechanically than t h e  ou te r  su r face  which was not coated. Both v i s u a l l y  and 

microscopically, t h e  wal l  of the  c ruc ib le ,  about 1/8" i n  thickness,  has been 

a l t e r e d  s u b s t a n t i a l l y  i n  ceramic proper t ies  from both surfaces t o  a consider- 

a b l e  depth i n  the w a l l  of t h e  material .  

In  t h i s  experiment, the  w a l l s  of t h e  reac t ion  v e s s e l  were water-cooled 

quar tz  and t h e  ambient gas was u l t r apufe  He. During the  heal-trealmeat cycle ,  

a considerable  amount of v o l a t i l e  ma te r i a l  (opaque l ayer )  condensed on the cold 

w a l l s  of the  reac t ion  vesse l .  By x-ray d i f f r a c t i o n  ana lys i s ,  r h i s  mater ia l  was 

found t o  be amorphous i n  character ,  and x-ray fluorescence indicated t h e  pre- 

sence of S i  and K i n  about equal  quan t i t i e s ,  and t o  a much lesser extent  A l .  

I n  another example, Fig. 7 ,  CVD S i  N was deposited on mul l i t e  a t  1 0 0 0 ° ~  and 
3 4 

etched o f f  during a period of severa l  hours ($24 h) i n  an  equal mixture of  HF 

and HN03 acids .  I n  t h i s  case,  t h e  temperature never exceeded the  deposit ion 

temperature (lOOO°C). The subs t ra te  shows s igns  of degradation i n t o  the  bulk 

of t h e  material from both surfaces.  Subsequent x-ray ana lys i s  i d e n t i f i e d  these 

su r face  l a y e r s  a s  m u l l i t e  (3A1203:2Si02). Apparently, the re  has been no de- 

t e c t a b l e  change i n  chemical composition i n  t h e  case  o f  t h i s  sample. A sec t ion  

view of a t h i r d  mul l i t e  sample which had been subjected t o  severa l  processing 

s t e p s  and heated t o  about 1400°C i n  N2 is shown i n  Fig. 8. Again, there  is  

evidence of mate r i a l s  change from both surfaces.  The changes occurring a t  

t h e  m u l l i t e  surface  a r e  probably responsible f o r  t h e  separat ion of  t h e  CVD 

l a y e r  and subs t ra te  a t  e levated  temperatures. I n  f u t u r e  work g r e a t e r  c a r e  

w i l l  be given t o  the  chemicals used i n  t h e  handling of  mul l i t e  s ince  these  

a l s o  appear t o  a f f e c t  t h e  surface  of t h e  material. 

S i l i c o n  n i t r i d e  c r u c i b l e s  have a l s o  been coated with CVD l ayers ,  but  

these  have not  yet been evaluated i n  a s i l i c o n  m e l t  test. The Si3N4 c ruc ib les ,  

a s  obtained from t h e  vendor, were porous and r e l a t i v e l y  impure. These f a c t o r s  
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Figure 6. Section view of a mul l i t e  crucible  wall  t ~ h i c h  had been 
coated with s i l i c o n  oxynitr ide on t he  inner surface  
and used f o r  melting s i l i c o n  ( ~ 3 0  min). 
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Figure 7. Section view of a mul l i t e  crucible  wal l  a f t e r  etching a 
CVD Si3N4 layer  from both inner and outer  surfaces. 
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Figure 8'. Section v i e w  .of a mul l i t e  crucible  mI.1 which $ad be- . 
heated t o  1400°C i n  Q a f t e r  a CVD coating had be& ' " ' 

etched from both surfaces. 
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h i &  density and purt&,y:ws prepared t o  evaluate t h e  bondiag of the CVD l ayers  
. > < .  . , 

t o  t h i s  ma te r i a l  a t  hisfrtemparature. The Si3N4 powder wad obtained from Cerac, 

Inc.  a s  "Electronic Grade" with average p a r t i c l e  s i z e  of 1-3 vm. Our analys is ,  

by x-ray d i f f r a c t i o n ,  indica ted  t h a t  the  B phase cdntent  ?as 75-80% and the a 
. . 

phase content  20-25%. . Tbg inpuk$fy cmtktxk olitkined by edlsaion spectroscopic 

a n a l y s i s  is given i n  Table 2. The binder was ~ g d '  'Baker Arialyzed' Reagent and 

was f i r e d  a t  950°C f o r  1 h t o  remove water. The MgO content was 3.8% by weight 

and was mixed with t h e  Si3N4 powder in CC14 using an u l t r ason ic  homogenizer 

opera t ing at  20 kHz. The CC1 was subsequently evaporated. Ba l l  mi l l ing  was 4 
avoided t o  reduce contamination. Hot press ing took place i n  a graphite d i e  

containing a l i n e r  of  'carboa &ls& which had been -coat& bn the  - inside with BN. 

The graphi te  ram f a c e s  were s imi la r ly  l ined  and coated. Efrst pressing was ca r r i ed  

o u t  at  1750°C f o r  1-1/4 h in N a t  a pressure  of 6.0100 psi .  The densi ty ,  eom- 2 
pensated f o r  by t h e  presence of M g O ,  was 99.2% of t h e  t h e o r e t i c a l  va.lue. The 

hot-pressed material was found t o  be B phase S i  N by F r a y  d i f f rac t ion .  3 4 

PPM - PPM - 

Microscopic examination of a sectioned sample showed t h e  presence of a 

small  amount of a second phase, probably MgO from incomplete homogenization 

of t h e  s t a r t i n g  materials. Because of the  chemical ine r tness  of  8-Si3N4 t o  

molten s i l i c o n ,  a sample of hot-pressed mater ia l ,  without a CVD coating,  was 

used i n  a sessile drop experixwnt. A micrograph o f  a sectioned sample is 

shown i n  Fig. 9. The composite had been heated a t  1450°C f o r  4 h i n  u l t r a -  

pure helium. A t  t h e  magnification shown (%700X), w e  have not  been able t o  



Figure 9. Section view of a Si/Si3N4 (hot-pressed) sample. 

i d e n t i f y  a second phase i n  e i t h e r  the  s i l i c o n  d rop le t  o r  t h e  S i  N surface.  
3 4 

The roughness of t h e  subs t ra te  surface appears t o  be about t h e  same a s  observed 

before the  s e s s i l e  drop test. W e  have a l s o  noticed t h a t  t h e  s i l i c o n  d rop le t  

displayed l i t t l e  evidence of  surface  s l a g  formation i n  c o n t r a s t  t o  o u r  previous 

experience with purchased hot-pressed S i  N These r e s u l t s  give us f u r t h e r  3 4' 
confidence in  t h e  iner tness  of B-Si34 t o  molten s i l i con .  The r e s i s t i v i t y  of  

the  s i l i c o n  s e s s i l e  drop was about 1 Q-em (n-type). The s i l i c o n  was i n i t i a l l y  

n-type with a r e s i s t i v i t y  of severa l  hundred Q-cm. 

Several types of  graphi te  have been coated i n  previous experiments and 

used i n  contact  with molten s i l i c o n  with varying degrees of success. Poco 

graphi te  DFP-1 coated with Si3N4 ( ~ 1  mil)  has f requent ly  been used as end 

pieces  i n  our d i e  assembly f o r  t h e  growth of s i l i c o n  ribbon s e p n t c s .  Some 

chipping of the  l a y e r  from the  subs t ra te  has o f t en  been observed a f t e r  t h e  

growth experiments. The r e s u l t s  of a sessile drop experiment on a CVD Si3N4/ 

DFP-1 sample are shown i n  Fig. 10  together  with a sec t ion  view of an  mooated 

sample. The dura t ion of the  test was 30 min a t  1440°c i n  He. Both samples 

were heated simultaneously. A s  can be seen from Fig. 10(a ) ,  the  CVD l a y e r  is  



. . 

cracked, but t h e  extent. of react ion between the  s i l i con  k t  and the  graphite 

subs t ra te  is consi<ert&ly less in  the case of the coated subs t ra te  than i n  the 
, .. 

case of the uncoaked substra te ,  Fig. 10(b). 

The s i l i con  oxynitr ide crucible  and substra te  material  obtained f o r  these 

experiments is a l so . r a the r  porous and is current ly  being evaluated, 
J - 

V '  :;P" . 
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The Mark I1 'rib*> pu l l e r  has been ins ta l led  and various adjustments made 

to,improve ribbon growth conditions. Ribbon growth f o r  the  t e s t i ng  of d i e  

mater ia ls  is now possible but some contamination problems have y e t q t o  be 

eliminated. 
< ,  



Figure 10. Section view of a SiIDFP-1 (graphite) sample, 
(a) with CVD Si3N4 coating, (b) without CVD 
coat ing . 



SECTION I V  

CONCLUSIONS AND FUTURE PLANS 

Si l i con  oxyni t r ide  CVD l aye rs  provide a means of obtaining @-SigN4 

coatings f o r  use i n  contact  with molten s i l i c o n .  Be  conversion is a t i m e -  

dependent process and the  contact  angle of molten s i l i c o n  with t h i s  layer  

i s  a l s o  time-dependent. ThLs may be a problem i n  the growth of s i l i c o n  

ribbon by the ETG- $*oess ~ f k  
W e  hope t o  examinfj : t h i s  gzob 

The p o b l e a '  ef ogrnp.a-t&< 
> .  .. 

ye t  been resolved,  wi? *$ill bgl+ina 
* .  - 

The usefulness of hot-ir~ssred. sili 

has not  been ex+l(p:i&&, ~e:&.ll <& 
samples i n  addi t i& t b  -*amp1 

: .  . 
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APPENDIX A 

NEW TECHNOLOGY 

It has been found t h a t  CVD S i  N l a y e r s ,  c o n s i s t i n g  of the  a and fj 3 4 
phases of Si3N4, become more chemically i n e r t  t o  molten s i l i c o n  a s  the  fj 

phase content  i nc reases .  Methods a r e  under i n v e s t i g a t i o n  f o r  i nc reas ing  

the fj phase content .  



APPENDIX B 

MILESTONES FOR DIE AND CONTAINER DEVELOPMENT 

Key Tasks - Major Problems 

1. Development and Evaluat ion of CVD-Si3N4-SiO N Systems 
mdegradation and e r o s i o n  r a t e  of CVD-Si3N4 inYcon tac t  with 

molten S i  
*op t imiza t ion  of CVDSi3N4 a s  r e l a t e d  t o  p repa ra t ive  

cond i t i ons  and pos t -depos i t i on  annea l ing  
*composition of as-deposi ted CVD-Si%Ny l a y e r s  and i d e n t i -  

f i c a t i o n  o f  phases p re sen t  a f t e r  c r y s t a l l i z a t i o n  above the  
me l t ing  po in t  of S i  

mdegradation and e r o s i o n  r a t e  of CVO-Si%Ny i n  con tac t  with 
molten S i  

*op t imiza t ion  with r e s p e c t  t o  p r e p a r a t i v e  and annea l ing  
c o n d i t i o n s  

mdeposit  above CVD l a y e r s  on va r ious  d i e  m a t e r i a l s  f o r  the 
' growth o i  s i l i c o n  ribbon 

* f a b r i c a t e  s e l f - s u p p o r t i n g  C V D  d i e s  and c r u c i b l c s  and t e s t  i n  
c o n t a c t  w i th  molten S i  

2 .  . EvaluaLLuli UP Ocher CVO Coatings 
miden t i fy  o t h e r  p o t e n t i a l l y  t ~ s e f u i  c o a t i n g s  
*p repa re  CVD coa t ings  ' 

* t e s t  e r o s i o n  i n  c o n t a c t  wi th  molten S i  

3 .  Reaction and Pressure-Sintered Mate r i a l s  f o r  Use a s  CVD 
S u b s t r a t e s  
mSi3Nq with  var ious  d e n s i f i c a t i o n  a i d s  
mSiOxNy 
s h l l i t e  

4 .  C h a r a c t e r i z a t i o n  
*ma te r i a l s  c h a r a c t e r i z a t i o n  s t u d i e s  w i l l  be conducted 

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

5. Inve r t ed  Ribbon Growth wlCVD Dies 
*Growth Rate  

I ?  cm/h 
100 cm/h 
150 cm/h 
200 cm/h 

*Thiolmcoo (25 m i l )  
40 mil 
30 m i l  
20  m f l  
15 mil  

*Ribbon Length (cm) 
10 cm 
15 cm 
20 cm 
30 cm 

mopernt ion of Mark I P u l l e r  
*Operat ion of I,lach I1 P u l l e r  
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APPENDIX C 

MANHOURS AND COSTS 

Manhours and c o s t  t o t a l s  t o  the end of May 1978 were 2 ,940  and 208,927, 

r e spec t ive ly .  

- 
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