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During t h i s  r epo r t ing  per iod ,  t he  primary a c t i v i t y  has  been t o  develop 

microprocessor c o n t r o l  of t he  c r y s t a l  growth process  and t o  develop and demon- 

s t r a t e  the. acce l e ra t ed  c r y s t a l  growth program. 

Accelerated recharging of t h e  qua r t z  c r u c i b l e  by the  RF'melting of poly- . . 

c r y s t a l l i n e  s i l i c o n  feed  rods  was deemphasized by JPL pr imar i ly  .due t o  t h e  

u n a v a i l a b i l i t y  of s u i t a b l e  q u a l i t y  feed  rods  a t  an e f f e c t i v e  economical p r i c e .  

The development of the  co ld  c r u c i b l e  program as a n  a l t e r n a t i v e  method of 

c r u c i b l e  recharging was cont inued,  b u t  , a t  a lower p r i o r i t y .  

During t h e  e n t i r e  q u a r t e r ,  t h e  c r y s t a l  p u l l e r  was made a v a i l a b l e  t o  the  

microprocessor development group so  t h a t  an  e f f e c t i v e  demonstration could be 

scheduled during the  f i r s t  week of May. Software programming problems delayed 

t h i s  demonstration. 

Work continued on t h e  acce l e ra t ed  c r y s t a l  growth,program. C r y s t a l  growth 

runs  were made u t i l i z i n g  t h e  water cooled work c o i l  p rev ious ly  used i n  t he  RF 

p o l y c r y s t a l l i n e  s i l i c o n  rod melt ing program. Accelerated growth r a t e s  were 

demonstrated b u t  an oxide build-up on the  co ld  su r f ace  of t he  work c o i l ,  r e s u l t i n g  

in heavy f l a k i n g  and consequent f a l l i n g  of oxide i n t o  the  mel t ,  r e s u l t e d  i n  our 

abandoning t h i s  approach and redes igniag ,  eva lua t ing ,  and demonstrating a n  a l t e r -  

n a t i v e  h e a t  s i n k  arrangement. 

A l l  necessary p a r t s  were rece ived  f o r  t h e  co ld  c r u c i b l e  premel te r  and the  

system was assembled and i n t e r f a c e d  t o  t h e  mul t i t u rn  h igh  vo l t age  RF power 

supply. During commissioning of t h e  h igh  vo l t age  remote switching s t a t i o n ,  a 

con t inued  a r c i n g  problem occurred, w i th in  the  " t i c k l e r "  (feedback) c o i l .  This  

problem was i d e n t i f i e d  and co r rec t ed .  A s e r i e s  of bench type mel t ing  t r i a l s  was 

undertaken t o  e s t a b l i s h  t h e  f e a s i b i l i t y  of t he  approach. A p o r t  capable of 



i n t e r f a c i n g  the  co ld  c r u c i b l e  t o  t he  c r y s t a l  grower was f a b r i c a t e d  i n t o  the  

furnace  tank f o r  sub sequent recharging exper b e n t s  . 
A l l  p a r t s  r equ i r ed  t o  convert  t h e  c r y s t a l  grower from u t i l i z i n g  12  inch p a r t s  

t o  us ing  14 inch p a r t s  were received.  The c r y s t a l  grower was converted t o  14 inch 

p a r t s  during May. 
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1. INTRODUCTTON 

The purpose of t he  program i s  t o  demonstrate t h e  growth of up t o  150 

kilograms of 6" diameter s i n g l e  c r y s t a l  s i l i c o n  ingot  from one c r u c i b l e  by 

the  Czochralski  (CZ) method. 

The method being developed r e l i e s  upon convent ional  CZ technology combiaed 

with new equipment and process  des igns  and concepts .  These concepts  a l t e r n a t e  

c y c l e s  of c r y s t a l  growth and h o t  melt  replenishment-and a r e  designed t o  be 

u l t ima te ly  s u i t a b l e  f o r  u se  i n  a high volume product ion f a c i l i t y .  

A Hamco Model CG2000 RC c r y s t a l  grower was i n s t a l l e d  f o r  t he  p r o j e c t .  

Modif icat ions were made t o  a l low the  s to rage  of a p o l y c r y s t a l l i n e  s i l i c o n . r o d  

wi th in  the  chamber which is  u t i l i z e d  i n  t he  c r u c i b l e  recharging cyc le .  A vacuum 

t i g h t  i s o l a t i o n  va lve  a l lows  r e t r i e v a l  of grown c r y s t a l s  and c r u c i b l e  melt  

replenishment without contamination. 

Addit ional  modi f ica t ions  designed i n t o  t h e  system provided f o r ,  me l t i ng .  ., 

e i t h e r  p o l y c r y s t a l l i n e  s i l i c o n  rods  o r  p o l y c r y s t a l l i n e  s i l i c o n  chunks by t h e  
' 

use of RF induct ion  hea t ing .  The c a p a b i l i t y  e x i s t s  i n  t h e  design t o  melt  rods  

d i r e c t l y  i n t o  the  c r u c i b l e  by the  use  of an  induct ion  hea ted  copper work c o i l ,  

Power t o  t he  work c o i l  i s  f e d  from a 50 kg RF genera tor  v i a  a remote switching 

system t o  a Hamco designed and f a b r i c a t e d  FG f eed th ru  system. The f eed th ru  was 

designed t o  be s i t e d  i n  one of t he  spec t a fo r  viewports  and t o  couple d i r e c t l y  + 

onto t h e  work c o i l .  It was u t i l i z e d  i n i t i a l l y  t o  melt  rod,  and then was v e r t i c a l l y  

ad jus t ed  t o  a c t  a s  a h e a t  s ink  f o r  acce l e ra t ed  c r y s t a l  growth. However, due t o  

process  problems r e l a t e d  t o  oxide formation and f l a k i n g  occurr ing  on the co ld  

s u ~ f a c e  of t he  RF c o i l  when i t  was u t i l i z e d  i n  t h e  h e a t  s i n k  mode, an a l t e r n a t i v e  

hea t  s ink  assembly was designed and Eahricated.  The p r i n c i p l e  of t h e  h e a t  s ink  

arrangement i s  t h a t  it w i l l  absorb the  energy r e l eased  by the  h e a t  of fu s ion  

during c r y s t a l  growth and t h e r e f o r e  i nc rease  t h e  throughput.  



A secondary acce l e ra t ed  mel t  program i s  undergoing development us ing  

p o l y c r y s t a l l i n e  s i l i c o n  chunks a s  feedseoclc. These chunks w i l l  be  melted and 

fed i n t o  t h e  growth c r u c i b l e  by the  u t i l i z a t i o n  of a  co ld  c r u c i b l e  premelter .  

S i l i c o n  chunk feeds tock  w i l l  be  f e d  i n t o  the  co ld  c r u c i b l e  arrangement by mcans 

of a  c o n t r o l l e d  feed  mechanism which p rehea t s  the s i l i c o n  wi th  a r e s i s t a n c e  h e a t e r .  

M e l t i n g  t a k e s  p l ace  i n  t h e  co ld  c r u c i b l e  by u t i l i z i n g  the  induct ion  hea t ing  

. . 
m u l t i t u r n  work c o i l  ~ u r r n i i n d i ~ l g  t h e  co ld  c r u c i b l e .  The co ld  c r u c i b l c  i s  inr.l.ined 

s l i g h t l y  su that the  l ~ . v i . t a t e d  s i l i c o n  melt  w i l l  t r ansve r se  t he  l eng th  of t he  

s i l v e r  boa t  and so  t r a n s f e r  molten s i l i c o n  d i r e c t l y  i n t o  the  CGZOOO RC c ry s t a l  

grower qua r t z  c r u c i b l e .  The t o t a l  system i n t e r f a c e s  wi th  t h e  p u l l e r  through a  p o r t  

i n  t he  furnace  tank wa l l .  The system i s  designed such t h a t  t he  t r a n s f e r  tube 

assembly system can b e  r e t r a c e d  a f t e r  d i scharge  of the  molten s i l i c o n ,  so  t h a t  

i t  dnes n o t  i n t e r f e r e  with normal c r y s t a l  growth. 

The CG2000 RC c r y s t a l  grower w i l l  be  con t ro l l ed  wi th  a u~icroprocessnr  based 

contlt6f system, T h l S  sysCcm w i l l  be progra~uu~~ib lc  t o  t h e  r equ i r ed  sequencing and 

c o n t r o l  requirements .  

The program, t h e r e f o r e ,  d e a l s  p r imar i ly  wi th  process  improvements which w i l l  

lower che cost3 of t h e  meltdown and t h e  c r y s t a l  growth s t e p s .  Add i t i ona l ly ,  it 

d e a l s  wi th  improved automation f o r  t h e  process  t o  reduce l abo r  c o s t s  and inc rease  

y i e l d s  . 



2.0 PROGRESS 

During t h i s  q u a r t e r l y  per iod ,  primary e f f o r t  has  been aimed towards 

completion of t h e  microprocessor c o n t r o l  sof tware,  i n t e r f a c e  and demonstra- 

t i o n  of microprocessor c o n t r o l  of t he  c r y s t a l  growth process .  

To d a t e ,  a s e r i e s  of sof tware problems have no t  allowed achievement of 

t h i s  demonstration. 

For t he  f i r s t  two months of t h i s  r epo r t ing  per iod ,  the  CG2000 p u l l e r  was 

engaged almost t o t a l l y  on microprocessor c o n t r o l l e d  growth development. A 

dec is ion  was made t o  provide another  grower ' (a t  Kayex expense) f o r  micro- 

processor  development. This  would a l low development of t h e  acce l e ra t ed  growth 

program t o  cont inue sepa ra t e ly .  Microprocessor~interface wir ing  t o  t he  new 

grower is  scheduled f o r  completion J u l y  11, 1980. 

A new molybdenunl h e a t  s ink  was designed and f a b r i c a t e d .  Severa l  c r y s t a l  

growth runs  have been undertaken wi th  encouraging r e s u l t s .  Run 1/23, s t a r t e d  

June 25, 1980, y i e lded  t h r e e  c r y s t a l s  t o t a l l i n g  59.5 kg wi th  a 93.25% zero 

d i s l o c a t i o n  y i e l d .  The t o t a l  machine time f o r  t h i s  run (from switch on t o  switch 

o f f )  was 37 hours  35 minutes.  This  r e p r e s e n t s  an o v e r a l l  machine throughput of 

1.58 ki lograms per  hour.  Actual s t r a i g h t  growth time was 21.33 hours  which 

r e p r e s e n t s  a s t r a i g h t  growth throughput of 2.58 kilograms per  hour .  An added 

f e a t u r e  of t h e  molybdenum h e a t  s ink  is  t h a t  the  argon flow h a s  been r e d i r e c t e d  

t o  advantage. A s i g n i f i c a n t  reduct ion  in the  amount of oxide formation on the  

c r u c i b l e  wa l l  and r i m  was observed during Run 1/23; a l s o ,  the  t h r e e  c r y s t a l s  

were t o t a l l y  f r e e  of any visible su r f ace  oxide formation when removed from t h e  

p u l l  chamber. It is  thought t h a t  t h i s  reduct ion  i n  oxide formation i s  r e l a t e d  

t o  t he  h igh  zero d i s l o c a t i o n  f r e e  y i e l d  obtained.  

The co ld  c r u c i b l e  premelter  h a s  been assembled and operated off  t he  c r y s t a l  

p u l l e r .  It was f e l t  necessary  t o  undertake a s e r i e s  of "bench-top" experiments 

t o  f u l l y  eva lua t e  t he  f e a s i b i l i t y  of t he  approach. To d a t e ,  six experiments 



have been run .  S i l i c o n  chunks were preheated and then passed t o  t he  s i l v e r  boa t .  

The s i l icon . 'was  melted and l e v i t a t e d  us ing  a mu l t i t u rn  RF c o t 1  and allowed t o  

f low through t h e  boa t  i n t o  a qua r t z  c r u c i b l e .  Work is  cont inuing on i n t e r f a c i n g  

t h e  system t o  t h e  Hamco CG2000 RC p u l l e r .  The modified furnace tank f o r  i n t e r -  

f a c i n g  of t he  co ld  c r u c i b l e  h a s  been rece ived  and f i t ~ e d .  

The va r ious  programs r e l a t i n g  t o  the  o v e r a l l  c o n t r a c t  a r e  now repor t ea  i n  

d e t a i l  s e p a r a t e l y .  

2 .1  Microprocessor Cont ro ls  

During t h i s  q u a r t e r l y  r epo r t ing  per iod ,  a t echn ica l  d i r e c t i o n  memorandum 

was i ssued  by JPL g iv ing  the  development of a microprocessor corl t rol  of the  

c r y s t a l  growth process  a s  t h e  number one p r i o r i t y .  The c r y s t a l  grower u t i l i z e d  

' in  t h i s  p r o j e c t  was made t o t a l l y  a v a i l a b l e  f o r  t h i s  s e c t i o n  of the  p r o j e c t  

during t h e  months 01 A p r i l ,  May and  p a r t  of June. 

A demonstration of microprocessor c o n t r o l l e d  growth was scheduled i n i t i a l l y  
?. 

f o r  t he '  week ending May 2, 198U. A f a u l ~  developed Irl ~11c A/D printer1 c i r cu i l :  

board which, a t  f i r s t ,  w a s  thought t o  r e q u i r e  replacement.  Prolonged bench 

t e s t i n g  f a f l e d  t o  reproduce t h e  f a u l t .  I n t e r r u p t s  t o  t he  memory system a l s o  

caused problems. The memory was d iagnos l ic .a l ly  t e s t e d  f o r  bad c e l l s  a~icl 35V (peak- 
- 

t o - ~ e a k )  square wave p u l s e s  were observed ULL t.hc A.C. l i n e .  A power l i n e  con- 

d i t i o n e r  was obtained and incorporated i n t o  the  system. The pu l se s  were t r aced  

back t o  t he  power supply used i n  t he  Hamco CG2000 RC ' c r y s t a l  grower. Doth of 

. .  t he se  problems n e c e s s i t a t e d  rescheduling of t h e  demonstration t o  May 19 ,  1980. 

' P r i o r  t o  t he  above d iscussed  prul lems,  a s e r i e s  of c r y s t a l  growth runs  were 

made so  t h a t  microprocessor i n t e r f a c i i g  and va r ious  c o n t r o l  systems could be 

checked, c a l i b r a t e d  and ad jus t ed  a s  necessary.  A l l  of t hese  eva lua t ion  runs  were 

performed us ing  12  inch diameter qua r t z  crtlc i b l e s  and a n c i l l a r y  g raph i t e  p i ece  

p a r t s  t o  conserve c o s t .  The f i r s t  run (No. 11) was made Apr i l  23 .  The neck and 

crown were grown u t i l i z i n g  c o n t r o l  through the .  MPU. Cal ib ra t ion  va lues  were 

4 



~ ~ t a b l i s l i e d  For a l l  motors. Software adjustuleuls Were made s u c l ~  chat  t he  motor 

c o n t r o l  sequence would be f i r s t .  

Dry runs  were made on A p r i l  25 and 29 t o  check ou t  previous c o r r e c t i o n s  

and t o  implement t h e  seed t r a v e l  and c r u c i b l e  t r a v e l  i n t e r f a c e .  

Run /I12 was made Apr i l  30 when the h e a t e r  was i n i t i a l l y  powered manually 

and then a c t u a l  me1 t down and melt  s t a b i l i z a t i o n  was achieved through the  MPU. 

Run /I13 was made May 6 t o  check out  and comprehend a l l  t he  co r r ec t ions  

t h a t  were made were operable .  

Run /I14 was made May 8 when the  MPU was i n t e r f a c e d  p a r a l l e l  with t h e  c r y s t a l  

grower. The seed and crown were grown t o  the  shoulder by a d j u s t i n g  the  p u l l e r  

c o n t r o l  sequencing through t h e  microprocessor.  Adjustments were made t o  a l t e r  

t he  d i sp l ay  sequencing from 3 seconds t o  1 second. 

Two f u r t h e r  c r y s t a l  growth runs ,  i . e .  Nos. 1 5  and 16 were made i n  an  at tempt  

t o  i n t e g r a t e  t he  Rcticon camera system i n t o  the  second loop (growth con t ro l )  

program. Software malfunction was t r aced  t o  t he  Reticon sys tem'g iv ing  an imaging 

problem causing f a l s e  diameter read  ou t s .  Th i s  c r ea t ed  severe  diameter c o n t r o l  

problems r e s u l t i n g  i n  a dec i s ion  being made t o  abandon the  Reticon c o n t r o l  system 

and t o  u t i l i z e  t h e  s tandard  Hamco CG2000 RC c r y s t a l  grower pho toce l l  diameter 

sensing technique. This  changeover was completed June 6 ,  1980. 

A t  t h i s  t ime,  a c r i t i c a l  review of t h e  program was undertaken. It was f e l t  

t h a t  t he  MPU program was u t i l i z i n g  t h e  CG2000 p u l l e r  f u l l  time and so  prevent ing 

development work a s soc i a t ed  wi th  t h e  a c c e l e r a t e d  growth program from cont inuing .  

A dec is ion  was made t o  provide a a  a d d i t i o n a l  c r y s t a l  grower t o  t h e  p r o j e c t  a t  

Kayex expense f n r  microprocessor development. Microprocessor i n t e r f a c e  wir ing 

t o  t h i s  grower was commenced and is  scheduled f o r  completion J u l y  11, 1980. 

A r ev i sed  microprocessor c o n t r o l  program plan  (Fig.  I ) ,  toge ther  with the  

o v e r a l l  Program o u t l i n e ,  (Figures  l a  through l g )  fol low.  

2 . 2  Accelerated Growth Program 

Several  c r y s t a l  growth runs  (Run Nos. 7;8, 9 and 10)  were made i n  an a t tempt  
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JPL 95527n PROGRAM OUTLINE (8063) 

I, CONTROL I 

A,  GOALS 

1, PROMPT OPERATOR FOR PROPER SEQUENCE OF OPERATION,  

2, CAUSE "CRUCIBLE ROTATION" TO BE UNDER CONTROL, 

A ,  MOTOR CONTROL R O U T I N E  

CAUSE 

A ,  TEMPERATURE L E V E L  
B, SOAK TIME (ENTERED 
C,  C R U C I B L E  P O S I T I O N  
D ,  TEMPERATURE L E V E L  
E, SOAK TIME (ENTERED 
F ,  C R U C I B L E  P O S I T I O N  

ENTERED) MELTDOWN 
MELTDOWN - 

ENTERED) .MELTDOWN 
ENTERED) STABILIZE 

S T A B I L I Z E  
ENTERED) STABILIZE . 

B, MINIMUM ACCEPTANCE: (SCHEDULED 2/22/80) 

1, PROMPTING - 
2 ,  C R U C I B L E  MOTIONS 

3, AUTO; BAKEOUT, MELTDOWN 8 STAB1 L I Z A T I O N  

KAYEX CORPORATION 

Figure la 
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A, GOALS: 

A ,  CRUCIBLE LIFT & ROTATION (NO JOG) 
B a  SEED L I F T  & ROTATION (NO JOG) 

2, ALLOW FOR TEMPERATURE VARIATIONS 

3 ,  ROUl'1NE E X I T  

A, ABORT BY OPERATOR 
B ,  ABORT DUE TO MAJOR ALARM 
C, E X I T  TO AUTO-DIAMETER CONTROL 

1, A L L  MOTORS UNDER CONTROL 

3, OPERATOR TO BE ABLE TO PERFORM MANUAL GROWTH 

A, D I P  SEED 
B, GROW NECK 
C ,  GRflW CROWN 
D, SHOULDER CRYSTAL 
E, ABORT BY OPERATOR OR  XI-r TO AUTO (TIIIS STAGE STILL ARCIRTS) 

KAYkX CORPORATION 

Figure lb 
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. .  
CONTROL I 1 1  

111.  CONTROL I 1 1  ... . . 

A, .GOALS: 

1. CONTROL SEED ~ I F T  V I A  DIAMETER INPUT. . . 
. . .  

A, OPERATOR CAN CHANGE DIAMETER REQUIRED 
B, RETICON (OR PHOTOCELLS IF RETICON UNACCEPTABLE) DIAMETER 

INPUT, (RETICON INSTALLED 8 TESTED), 
. . .  

2 . LOCKOUT OPERATOR ATTEMPTS TO .CHANGE ROTATIONAL SPEEDS . 
' OPERATOR MAY ABORT OR E X I T  TO AUTO OR MANUAL, 

3 .  CRUCIBLE L I F T  A' FUNCTION OF SLJ CAL. XTAL WEIGHT, AND CRUC-IBLE 
S IZE.  

4 .  ABORT DUE TO MAJOR ALARM. 

1. CONTROL SEED L I F T  BY. DIAMETER INPUT. 

2 ,  SLAVE CRUCIBLE L I F T  TO S L j  XTAL WEIGHT, AND C, S I Z E ,  . 

3 ,  LOCKOUT UNACCEPTABLE OPERATOR COMMANDS, 

KAYEX CORPORATION 

Figure lc 
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I V ,  CONTROL I V  

A ,  GOALS: 

1, INCREASE AND DECREASE TEMPERATURE SET POINT AS. A FUNCTION OF 
THE AVERAGE D E V I A T I O N  OF THE SEED L I F T  FROM THE SEED L I F T  SET 
POINT,  

2,  OPERATOR ALLOWED TO: 

A, ABORT 
B ,  E X 1  I' MANUAL 
C, E X I T  AUTO D!AMETER 
D ,  CHANGE SL  OR DIAMETER SET PUINTS,  

3 ,  ABORT DUE TO MAJOR ALARM, 

1, TEMPERATURE SET POINT A FUNCTION OF AVERAGE SEED L I F T  U E V I A T I O N  
FROM I T S  SET POINT,  

.2, OPERATOR MAY ABORT ON E X I T  TO CONTROLS I I OR I I I, 
. . 

3 ,  OPERATOR MAY CHANGE SEED L I F T  OR DIAMETER SET POINTS,  

KAYEX CORPORATION 

Figure I d  
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1 V .  CG 2000 RC USAGE 

A.  SIMULATED R'UNS: 
. . . . 

. . 
1. REQUIRES ALL MACHINE FUNCTIONS EXCEPT FOR TEMPERATURE 8 '  

DIAMETER SENSING. 
I 

2. TEMPERATURE CHANGES PERFORMED BY MONITOR I;NG THE APPROPRIATE 
D/A OUTPUT, (COMPARE VOLTAGE TO AN ACTUAL VALUE FOR THE. SAME ' 
SET POINT READING.) 

I . 

B I  ACTUAL RUNS: 
. .  . 

1. REQUIRES': 

A.  BAKEOUT - FROM COLD MACHINE . . . . 

B .  MELTDOWN - FROM F I N I S H  OF BAKEOUT 
C, VARIOUS STAGES.. OF ACTUAL CRYSTAL GROWTH, I 1.E 1. NECK' .ONLY 

OR NECK & CROWN, ETC. 

2 .  GROWER SHOULDNOT BE IN USE FOR MORE THAN ONE SHIFT IN MOST 
CASES . . . 

KAYEX CORPORATION 

Figure le 
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V I ,  DATA STORAGE AND PROCESS DEVELOPMENT 

A ,  GOALS: 
. . . .  

1. TO STORE RUN DATA AT FIXED TIME I'NTERVALS (UND. AS YET).  

A ,  A L L  MOTOR S E T T I N G S  
B, A L L  MOTOR TACH READINGS 
C ,  DIAMETER S E T T I N G  
D ,  TEMPERATURE SET P O I N T  
E .  ACTUAL DIAMETER (REQ.  RETICON OR SIMILAR) 

2 .  TO STORE RUN DATA WHEN OPERATOR CAUSES A CHANGE TO OCCUR, 
I , E ,  ENTERS NEW SET P O I N T ,  

3 ,  PRODUCE A HARD COPY OF A L L  RUN DATA FROM THE FLOPPY D I S K ,  

A,  SUITABLE FORMAT TO BE USED FOR' EASE IN ANALYSES OF DATA 

B, MINIMUM ACCEPTANCE: (SCHEDULED 8/1/80> 

1. RUN DATA STORAGE ON FLOPPY nISK, 

KAYEX COKPORATION 

Figure If 
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V I ,  PROGRAMMED GROWTH 

A,  GOALS: 

1, ALLOW OPERATOR TO ENTER RUN DATA POINTS,  
. . .  . . 

A,  PARTICULAR DATA POINTSJ I ,E8 S L j  CRj..ETC.a. .. . 

B ,  PARAMETERS FOR.USE'OF DATA POINTSJ I a E o  T I M E  INTO RUN 
OR XTAL WEIGHT OR BOTH) ETCm 

. . 

2, ALLOW FOR PERMANENT STORAGE OF DATA POINTS,  

3 ,  RETRIEVAL OF STORED FOR USE I N  SUCCESSIVE RUNS, 

A,  EL IM INATES NEED FOR OPERATOR ENTRY AT START OF EACH RUN 

4, ALLOW OPERATOR TO E D I T  AND CHANGE GROWTH PROGRAM, 

5, A L L  ENTRY AND E D I T  FEATURES TO BE I N - . P L A I N  ENGLISH AND 
ENGINEERING UNITS  SO AS TO REQUIRE PROGRAMMING KNOWLEDGE ' 

ON THE OPERATOR'S PART, 

1, A L L  GOALS L I S T E D  -PREVIOUSLY 0 

2, OPTION TO POSTPONE U N T I L  LATER DATE DUE TO PROCESS DEVELOPMENT 
PROBLEMS 8 

3 ,  I F  POSTPONEDJ THEN SOME. FORM OF PROGRAMMED T A I L I N G  OPERATION 
OF CRYSTAL TO BE DEVELOPED TO J P L  CONTRACT REQUIREMENTS, 

KAYEX CORPORATION 

Figure  l g  
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t o  demonstrate  a c c e l e r a i e d  c r g ~ t a l  growth. Accelerated growth r a t e  i nc reases ,  

throughput and d i r e c t l y  improves on add-on c o s t .  By u t i l i z a t i o n  of a  s u i t a b l e  

h e a t  s i n k  t o  remove the  h e a t  of f u s i o n  r e l eased  dur ing  the  growth cyc le ,  i t  is  

a n t i c i p a t e d  t h a t  improved growth r a t e s  can be achieved;  

The initial  growth r u n s  were made by u t i l i z i n g  12-inch diameter c r u c i b l e  and 

anc i l l . a ry  g r a p h i t e  p a r t s .  A water-cooled copper c o i l  p rev ious ly  used a s  t he  induc- ' 

t i o n  hea ted  work c o i l  i n  t h e  a c c e l e r a t e d  rod mel t ing  program was u t i l i z e d  a s  t he  

h e a t  s ink .  Excessjve oxide lormnt ion on t h e  water-cooled su r f ace  of t h e  work c o i l  

occur red ,  r e s u l t i n g  in oxide f a l l i n g  back hito t he  me1. t  wi th  r e s u l t i n g  "twinniag" 

of t h e  c r y s t a l .  A l l  of t hese  c r y s t a l  growth runs  were undertaken p r i o r  t o  making 

rhe CG2000 RC c r y s t a l  grower t o t a l l y  a v a i l a b l e  t o  t h e  microprocessor program, 

i .e .  from A p r i l  lP 1980 t o  A p r i l  21, 1980. 

A s  a  r e s u l t  of t he  oxide formation on t h e  water-cooled h e a t  s ink  c o i l ,  i t  

was decided- ro?d&s-2gn and f a b r i c a t e  an  a l t e r n a t i v e  h e a t  s h i e l d  arrangement. A 

c o n i c a l  shaped molybdenum h e a t  shie1.d w a s  f a b r i c a t e d  to accommodate a 14-inch 

diameter  c r u c i b l e .  The t o t a l  system was i n s t a l l e d  i n  a  d i f f e r e n t  Hamco c r y s t a l  

p u l l e r  from t h e  c o n t r a c t  p u l l e r  so  t h a t  the misfnprucesoor d~vel'opment could con- 

t i n u e  un in t e r rup ted .  A c r y s t a l  growth run  (noted a s  s p e c i a l  r a d i a t i o n  s h i e l d  

development run)  was undertaken on May 20, i980 u t i l i z i n g  t h e  new 14-inch set-up . 
An i n i t i a l  charge of 26.2 kg was co ld  cllargcd i n t o  an Arners51 c r u c i b l e .  Problems 

were encounter-ed i n i t i a l l y  i n  e s t a b l i s h i n g  optimum r r u c i b l e  s t a r t  p o s i t i o n  - i n  

r e l a t i o n  t o  heat - sh ie ld  d i s t a n c e  from the  ~ u e l t  l o v e l .  An i n i t i a l  c r y s t a l ,  5-112 inches 

i n  l eng th  was pu l l ed  from t h e  mel t  t o  e s t a b l i s h  parameters .  &ice thesp parameters  

were s e t ,  c r y s t a l  No. 1 was removed from the  grower, and growth commenced on 

c r y s t a l  No. 2. Crys t a l  diameter pu l l ed  w a s  5.3 inches .  A t o t a l  of 15.6 kg of 

m a t e r i a l  w a s  grown i n  7.66 hours  (from seed d ip  t o  t a p e r  ou t  of t he  c r y s t a l )  repre-  

s e n t i n g  a  t o t a l  throughput of 2.03 kg per  hour .  

The i n i t i a l  h e a t  s h i e l d  design requi red  some modi f ica t ion ,  p r imar i ly  t o  t he  

p o s i t i o n i n g  method, t o  i n s u r e  opt imiza t ion  of t h e  thermal cond i t i ons .  One immediate 
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Crucible 1 Crucible 2 
(37.5 hrs continuous operation) 

rl5mTZs & m 
Oxide Formation on Crucible Sections and Rims 

Figure 2 



advantage of using t h i s  fgrm of hea t  sh ie ld  was t h a t  i t  readjusted the  argon flow 

p a t t e r n  such t h a t :  a )  the  c r y s t a l s  produced w e r e  t o t a l l y  f r e e  of any oxide 

formation down t h e i r  length,  b )  s i g n i f i c a n t  improvement was made t o  the  amount of 

oxide formation on t h e  c ruc ib le  w a l l  freeboard and rim. It w a s  thought t h a t  t h i s  

could have a s i g n i f i c a n t  impact on the  a b i l i t y  t o  grow mul t ip le  d i s loca t ion  f r e e  

c r y s t a l s .  .- - 
--.- 8 -,< 

' A . ~ w g ~  

* *; 7' 
-L: /-. - 

The con t rac t  CG2000 RC c r y s t a l  grower was converted t o  14-inch piece  p a r t s  

and a c r y s t a l  growth run ( ~ u n  No. 19) performed on May 29, 1980. The purpose or 

thi? p n  !as t o  e s t a b l i s h  parameters f o r  150 mm diameter growth on t h i s  p u l l e r  
I : 

from; %Cih=hh diameter p iece  p a r t s .  From a charge of 30.14 kg, a t o t a l  of 24.5 kg 

w a s  pu l l ed  in a t o t a l  overa l l  t i m e  of 11.1 hours. However, a diameter con t ro l  

problem ex i s ted  throughout t h e  run. The diameter progressively tapered from 5.8 

inches t o  6.4 inches through i ts  length.  This expla ins  the  higher throughput r a t e  

of 2.21 kg pe r  hour. Approximately 10.4 kg of c r y s t a l  w a s  zero d is locat ion.  

A new molybdenum heat  s h i e l d  was designed, t ab r ica ted  and i n s t a l l e d  i n  the  

p u l l e r .  The hea t  sh ie ld  was tapered at  an  angle of approximately 21 degrees and 

had a lower diameter of 7-112 inches. This would al low 6-inch diameter c r y s t a l s  

t o  b e  pul led  through. The o v e r a l l  length  allowed f o r  a s t a r t i n g  m e l t  level of 

2 inches below the  rim of the  hea te r  f o r  a 30 kg charge i n  a 14-inch diameter 

c ruc ib le .  Also, a design using th ree  loca t ing  and posi t ioning f e e t  was b u i l t  i n t o  

t h e  system. 

Four c r y s t a l  growth runs  (Nos. 20, 21, 22 and 23) were made during the  month 

of June. Nos. 20 and 21 were s i n g l e  runs and Nos. 22 and 23 were mul t ip le  runs. 

A l l  runs,  with the  exception of Run No. 21, produced high zero-dislocation y i e l d s  

a t  r e l a t i v e l y  improved throughput r a t e s .  An example of the  improved c lean l iness  

of t h e  c r u c i b l e  wall  obtained i s  i l l u s t r a t e d  i n  Figure 2. The sec t ion  on the  l e f t  

i l l u s t r a t e s  oxide build-up a f t e r  normal growth without the hea t  s ink.  The sect ion 

on t h e  r i g h t  i l l u s t r a t e s  t h e  r e l a t i v e  c lean l iness  of the  c ruc ib le  wal l  a f t e r  



37.5 hours of mult iple growth (Run No. 23). 

An i l l u s t r a t i o n  of the  heat  shie ld  is  shown in Figure 3. 

Detai ls  of c ry s t a l  growth runs a r e  included i n  Table 1. To date, cold 

f i l l i n g  of 30 kg of s i l i con  i n to  the  crucible  has not  been attempted with the 

heat  sink attangement i n  posi t ion,  but  no problems a r e  ant ic ipated.  Approximately 

20 kg w a s  cold f i l l e d  and melted and the remaining 10 kg was hot  f i l l e d  u t i l i z i n g  . + 

developed hopper recharging techniques t o  get  the 30 kg melt. 

2.3 Induction Premelting of ~ump/Granular Si l icon 

A cold crucible  s i l v e r  boat system is being developed t o  allow molten 

s i l i con  t o  be charged d i r ec t l y  i n to  a quartz crucible.  This w i l l  avoid present 

7L 
p'q 

. I , cold f i l l  techniques and temperature cycling of the  quartz crucible.  

-'-%'* h h e  boat was fabr icated from copper and then s i l v e r  p la ted.  Delivery of the  
- !b 

. 1 

=,- -- - - - 2 - k h i g h  voltage multi turn work c o i l  and quartz tubing w a s  received in April.  The 
I R 

' * - V h  a t o t a l  system has been designed so t ha t  it can be in terfaced d i r ec t l y  with the' 
, . 

pul le r  v i a  a por t  i n  the pu l l e r  furnace tank wall.  Figure No. 5 shows a cross  . , 
, , ..;l$TF .,- 

section of the  s i l v e r  boat ,""wo&k c o i l  and quartz outer tubing. Figure No. 6 shows 

the t o t a l  system interfaced t o  the c ry s t a l  pu l le r  furnace tank. 

t 
I .r -.. - 

I, . 

The cold cruclble  system w i l l  be operable on a continuous m e l t  and tlow 

pr inc ip le  during the  crucible  replenishment process. A storagelfeed arrangement 

f o r  s i l i con  lumps w i l l  be interfaced t o  a s i l i con  preheater and t o  the  cold 

crucible  i t s e l f .  Lump s i l i c o n  w i l l  be fed i n to  the  preheater, where the  s i l i con  

temperature w i l l  be ra i sed  t o  approximately 500 degrees Centigrade. The s i l t con  

w i l l  then pass i n t o  the  s i l v e r  boat and be RF induction melted using the  mulri- 

turn RF c o i l .  The induced magnetic f i e l d  w i l l  allow the  molten s i l i con  t o  be 

l ev i t a t ed  and so flow along the  s i l v e r  boat t o  recharge t he  crucible .  The t o t a l  

system is designed t o  be r e t r ac t ab l e  and so allow it t o  be adjusted a f t e r  comple- 

t ion  of the  recharge process such t ha t  i t  w i l l  not  i n t e r f e r e  with normal c ry s t a l  

growth. 



Molybdenum Heat Sink 

Figure 3 
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RUN NO. 20 

Crystal  Crystal  Pt .  of P t .  of t w i n  
Crystal I/ Length ( in)  W t  (kg) Dislocation ( in)  % OD or  Poly ( in )  % Good 

1 20" 19.45 - 100% - 100% 

Cold charge = 26.9 kg Pulled y ie ld  = 72.3 
Time start = 9:30 AM Power off = 10:OO PM Total run time = 12-112 hours 
Overall throughput = 1.56 kglhr 
Stra ight  growth s t a r t  3:00 - 10:OO = 7 hours 
Stra ight  growth throughput = 2.78 kglhr 

RUN NO. 21 

Crystal  Crystal  Pt .  of P t .  of twin 
Crystal !I Length ( in) W t  (kg) Dislocation ( in)  % OD or  Poly (in) % Good 

1 27.5" 27.7 7" 25.4% grl 32.7% 
Nucleation 
on crucible  

" .  F .  wall  occurred 
ilr a t  5"Ihr 

growth rate. 
Resulted i n  
l o s s  of OD. 

I 
I 

Cold charge = 18 kg Hot f i l l  = 12 kg Total  = 30 kg 
Time s t a r t  = 8:35 AM Time f in ished = 1:00 AM Total  Eun t i m e  = 16.65 h r s  
Pulled y ie ld  = 92.3% 
Overall throughput = 1.66 kglhr 

. Straight  growth s t a r t  5:00 PM - 1:00 AM = 8 hours "Difficulty es tabl ishing thermal 
parameters from 1 1 : O O  AM u n t i l  3:00 PM 

Stra ight  growth throughput = 3.46 kglhr 

RUN NO. 22 - 
Crystal  Cry s La1 Pt .  of P t  of t w i n  

Crystal  // Length ( in)  W t  (kg) Dislocation ( in)  % OD or Poly ( in)  % Good 

1 24-114" 22.8 None 100% - 100% 

2 16-114" 14.2 None 100% - - 100% - 
Totals 40-112" 37 .O 100% 100% 

Time s t a r t  = 8:33 AM 6/19/80 Time f in ished = 10:20 AM 6120180 
Total run time = 25-314 hours Total throughput = 1.44 kglhr 

1 TABLE 1 



RUN NO. 22 (cont 'd) I 
Crysta l  111 (90% of c r y s t a l  grown manually) 
S t ra igh t  growth 4:45 PM - 12:05 AM = 7.3 hours 

I 

I 
St ra igh t  growth throughput = 3.12 kg/hr 

Crystal  i/& 
Stra ight  grow% 5:30 AM - 10:20 AM = 4.8 hours 
S t ra igh t  growth throughput = 2.94 kg/hr; average p u l l  speed = 3.36"Ihr or  8.53 cmlhr 

RUN NO. 23 
- 

Crysta l  Crystal  P t .  of: Pt .  of twin 
Crystal  i/ Length (in) W t  (kg) Dislocation (in) % OU or  Poly (ill) 9; Good 

1 24" + 2" 22.2 None 100% - 100% 
taper 

2 18.25" + 4" 18.7 16" 87.7% 18" 98.6% 
taper 

3 21.25" 18.6 15.25" 71.8% - 17" 80 .O% 
(no taper)  - 

Total  63.5" + 59.5 55.25" 86.5% 59" 92.9% 
6.25" (4.5 kg 

taper est. f o r  
tapers  = 

55 kg 

Total  charged = 65.6 kg W t  pulled = 59.5 kg 
Pu l l  y i e ld  = 91% 
Total  run time 8:35 AM - 10:lO PM = 37.4 hours 
Total  throughput = 1.59 kg/hr 

Crystal  ill 
21 kg i n  7.8 hours 
S t ra igh t  growth throughput = 2.69 kg/hr = 3.06"Ihr or /.7 cnllhr 

Crysta l  i/2 
16.7 kg i n  5 hours 
S t ra igh t  growth throughput = 3.34 kg/hr = 3.65I1/hr or  9.27 cm/hr 

Crystal  #3 
14.8 kg i n  5.5 hours 
S t ra igh t  growth throughput = 2.69 kglhr = 3.0g1'/hr or  7.85 cm/hr 

S t ra igh t  growth calcula t ions  f o r  Crystals  1 and 2 exclude ( e s t ima~rd )  taper out 
lengths and weights. No. 3 w a s  not tapered out of the  melt. 

1 

TABLE 1 (cont 'd) 
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I - To date ,  t h e  premelter system has bee11 assepnblad and operated off the  c r y s t a l  

. I' 

, p u l l e r .  It was necessary t h a t  t h e  f e a s i b i l i t y  of t h e  m e l t ,  l e v i t a t e ,  and pour 

approach be  demonstrated p r i o r  t o  t h e  in te r fac ing  of the  assembly t o  the  c r y s t a l  

p u l l e r .  

I n i t i a l  problems developed in the  high vol tage  remote switching RF induction 

hea t ing  system due t o  a rc ing  between an insu la t ion  package. This was corrected 

b u t  then i n s u f f i c i e n t  power output was experienced. A generator company representa- 

t i v e  was c a l l e d  i n  t o  r e c t i f y  the f a n l r .  While u~ciking adjustments t o  t h e  " t ickler"  

r u  Ieadbnclc coil, severe a rc ing  occurred, causing t h e  feedback c o i l  t o  b u ~ l s  out ,  

This caused j u s t  over a week's delay u n t i l  a replacement was obtniuud. 

A series of m e l t  experiments were undertaken t o  evaluate and make necessary 

equipment adjustments. It w a s  found necessary t o  f a b r i c a t e  some support sec t ions  

f o r  the  mul t i turn  work c o i l  within the  quartz tube. Applying power t o  the  RF c o i l  

while it was f r c e  standing in the  quartz tube produced carbonizat ion on the  reverse 

s i d e  of the  s i l v e r  boat .  Supporting t h e  boat jusL c l e a r  of the  quartz tube elimi- 

rleLed t h i c  prnhl ern. 

Some problems occured with s o l i d i f i c a t i o n  a t  the  o u t l e t  of the  s i l v e r  boat 

because of temperature decrease. The RF c o i l  was extended t o  the  o u t l e t  of the  

s i l v e r  boat  t o  e l iminate  the  problem. 

M e l t ,  l e v i t a t i o n ,  and pour e x p e r b e n t s  were demonstrated off the puller ouch 

t h a t  t h e  f e a s i b i l i t y  approach was s a t i s f i e d .  

2.4 Accelerated M e l L  Frogram 

Meltback of Po lycrys ta l l ine  Si l icon Rods using an RF Work Coil  

A s  a r e s u l t  of t h e  JPL issuance of the  technical  d i rec t ion  memorandum, t h e  

above program w a s  de-emphasized and no work was undertaken during t h i s  repor t ing 

period . . 5, . - 

Polycrys ta l l ine  s i l i c o n  rbds  of 5-inch diameter guaranteed crack f r e e  were 

unavailable.  Also, rods exh ib i t ing  uniform diameter and f r e e  of bow w e r e  not  



obta inable .  ~ i a m e t 6 r  var iances  and excess ive  bowing down the  rod a x i g  c r e a t e d  

severe melt ing and a r c i n g  problems. The . cos t  of p o l y c r y s t a l l i n e  s i l i c o n  rods  

.. made i t  h ighly  improbable t h a t  t he  o v e r a l l  c o s t  goa l s  could be  met. No known 

programs a r e  ongoing t o  produce Tow c o s t  rods  of s u i t a b l e  q u a l i t y  f o r  t h i s  

programs. 
, .. 

- 3.0 ECONOMICANALYSIS 

No new economic a n a l y s i s  d a t a  were generated dur ing  t h i s  r epo r t ing  per iod .  

. . 
4.0 PLANS . . . . . . 

.. .. 

a )  Demonstrate microprocessor c o n t r o l  of t he  c r y s t a l  growth process .  '. 

b )  Develop a c c e l e r a t e d  growth program and demonstrate 150 kg growth of 

mu l t ip l e  c r y s t a l s .  . . 

c )  I n t e r f a c e  co ld  c r u c i b l e  t o  c r y s t a l  grower and demonstrate qua r t z  c r u c i b l e  

recharging p o t e n t i a l .  . . 

. . .  

5 .O The program p lan  is  i l l u s t r a t e d  in Figure  7.  



. . 
PROGEAM PLAN LOW COST CZ CRYSTAL GROWTH ' , 

CONTRl ..?" "rn",.',. 
'J 

Man 1 I 

Program #2 Defwit'ion of - 
Process & Variables 

N 
Q\ 

Figure 7 




