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is ABSTRACT 

The size o f  i n g o t s  cast by HEM h a s  been i n c r e a s e d  t o  45 kg 

w i t h  34 c m  x 34 c m  and 32 c m  x 32 c m  c r o s s - s e c t i o n s .  A new 
,? '. ty < 

c r u c i b l e  h a s  been deve loped  which h a s  ' a be t t e r  s h a p e  factor.  I t  
' .%. . ... 
. . 

h a s  '.shown c o n s i d e r a b l e  'improvement i n  y i e l d s  of  s q u a r e  i n g o t s .  . , 

A 45 kg i n g o t  was s o l i d i f i e d  i n  t h ' i s . c r u c i b l e .  

.; O p t i m i z a t i o n  o f  t h e  s o l i d i f i c a t i o n  cy'cle has shown t h a t  a.Fi 

t h e  h e i g h t  o f  t h e  i n g b t  is i n c r e s s e d ,  t h e  g r a d i e n ' t s  a t  the bot tom,  

as w e l l  as i n s t r u m e n t a t i o n  c o n t r o l ,  have t o  be v e r y  p r e c i s e  for  

e f f i c i e n t  s o l i d i f i c a t i o n ;  
a' 

, .  A new c u t t i n g '  head h a s  'been f ' a b r i c a t e d  and assembled w i t h  t h e  

p r e s e n t  d r i v e  u n i t  o f  t h e  FAST s l icer .  I n  a d d i t i o n  t o  t h e  s a l i e n t  

f e a t u r e s  o f  r i g i d i t y  and a c c u r a t e  a l i g n m e n t ,  t h e  b ladehead  is 

l i g h t e r  and l a r g e r  t o  accommodate a 30 c m  wide  wi repack .  S u r f a c e  

s p e e d s  of 500 f t / m i n  w e r e  a c h i e v e d  w i t h  minimum v i b r a t i o n .  

Encouraging r e s u l t s  have  been ach ieved  w i t h  t h e  new c u t t i n g  

head.  High c u t t i n g  rates and y l e l d s ,  5.1 mi l s /min  and 968, re- 

spect i v e l y  , have  been s e e n  from' e l e c t r o p l a t e d  b l a d e p a c k s .  .Electro- 

p l a t e d  w i r e s  w i t h  diamonds i n  c u t t i n g  edge  o n l y  have been used  

d u r i n g  t h e  p r e s e n t  r e p o r t i n g  p e r i o d  w i t h  good s l i c i n g  performance .  

The impregnated  w i r e p a c k s  have  a l s o  demons t ra ted  c u t t i n g  e f f e c -  

t i v e n e s s  w i t h  t h e  new b l a d e h e a d .  



SILICON INGOT CASTING--BEAT EXCHANGER METHOD (HEM)' 

The effort  on s c a l i n g  up t h e  s i z e  of t h e  i n g o t  as w e l l  a s  
. . . . 

on improving t h e  s q u a r e  s h a p e  and c r y s t a l l i n i t y  o f  t h e  i n g o t  w a s  

c o n t i n u e d  ' d u r i n g  t h i s  q u a r t e r .  S i g n i f i c a n t  p r o g r e s s  h a s  been 

achieved. .  A new s q u a r e  c r u c i b l e  w a s  deve loped 'which  h a s  a  better 

shape  f a c t o r .  These c r u c i b l e s  w i l l  g i v e  y i e l d  of  t h e  c a s t  i n g o t  

s imilar  t o  t h a t  a c h i e v e d  by we ld ing  f l a t '  plates.  An i n g o t  of  

32 'cm x  32 c m  c r o s s - s e c t i o n  weighing 45 k g , h a s  been cast u s i n g  , 

such  a c r u c i b l e .  Details o f  exper iments  a r e  shown i n  Tab le  I .  

C a s t i n g  o f  34 c m  x 34 cm"1ngo'ts 

1 
. . 

During t h e  p r e v i o u s  q u a r t e r  some c r a c k i n g  was obse rved  d u r i n g  

t h e  h e a t  . t r ea tment  of  34 c m  x  34 c m  x  40 c m  c r u c t b l e s  prior t o  u s e  . . 

i n  t h e  HEM f u r n a c e .  These c r u c i b l e s  a r e  v e r y  large a s  compared 

w i t h  t h e  p r e v i o u s l y  u s e d  c r u c i b l e s .  The h e a t  t r e a t m e n t  is n e c e s s a r y  

t o  produce  a g raded  s t r u c t u r e  t h a t  p r e v e n t s  c r a c k i n g  o f  t h e  i n g o t  

d u r i n g  t h e  cooldown c y c l e .  1t w a s  demonst ra ted  t h a t  h i g h  g r a d i e n t s  

d u r i n g  t h e  h e a t  t r e a t m e n t  a i d  i n  t h e  de lamina t ion  o f  t h e  c r u c i b l e  

from t h e  i n g o t ;  however, t h e s e  c o n d i t i o n s  c a u s e  stresses i n  t h e  

c r u c i b l e  and c a u s e  , c r a c k i n g .  The cooldown procedure  w a s  changed t o  

r educe  stresses s o  t h a t  c r a c k i n g  w a s  p r e v e n t e d  p r i o r  t o  t h e  u s e  o f  

t h e  c r u c i b l e  i n  t h e  HEM f u r n a c e .  A c r u c i b l e  u s i n g  t h i s  p r o c e d u r e  

was used  i n  run  41-25C. The h e a t  t r e a t m e n t  w a s  c a r r i e d  o u t  i n  such  



TABLE I. TABULATION OF HEPT-EXCHANGER AND FUEWACE 

. .. . .. 

!3.EDm 
GROWIH CYCLE 

RUN PURPOSE DECREASE OF GR(XJIH Ia?wBKs FURN.TEMP. H.E.TEM?. rnv M.P. M.P. gc/HR. .E. 'rm. m. F. TIMEIN 
C H O W  

41-22~ Effect of solidi- 12 
f ication 
parameters 

41-23C Effect of solidi- 4 
f ication 
parameters 

41-2% Use shallow 25 
. gradients a t  

N bottom 

41-2!X. Cast 34 ern x 34 <m, 17 
45 kg ingot 

41-26C Cast 34 C ~ X  34 a, - - 
45 kg ingot 

41-27 Improve growth . 32 - 
cycle 

41-28 Cast 34x34an: 39 - 
45 kg ingot 

41-29 Cast 34x34cm: - - 

I2 12.5 Single crystal  grawth not 
achieved throughout the 
heighe of ingot 

C. 

3 32.0 Single crystal  gmwth 
achieved t o  the top surface 
of ingot 

27 21.5 Freezing occurred on top 
surf ace 

- 17 38.0 No solidif  ikation pmblems . 
Slight cracking . . near top 
periphery. 

- Run telminated during, mklt- 
down. Cracking in  a m e r  
of the crucible. 

36.5 No significant improvement 
i n  solidification time. 

42 Good sol id  ingot 

- Run aborted during 
melt d m .  45 kg ingot. Test 

2"g heat exchanger. 



' J m m m t O N ,  OF m-ExCHlWm AND m C E  TEMPERATURES 

SEEDING m m  CYCLE 
RUN ' PURPOSE mm RENARKS FURN.TEMP. H.E.TEMP. DECREASE @F 

. ' ABOT M.P. M.P. 
OCIHR. H.E. NRN. Y. TIME IN 

HOURS 
41-30~ ~ k s t  32 cm x 32 cm - - - - - . Fbm aborted during meltdown. 

A 
K U N I .  J 

LI M. I, nwm 
41-30~ TkSt 32 ~ b m  aborted during meltdown. 

crucible with 
45 kg charge 

Test 32 cm x 32 cm 9 
crucible with 
35 kg charge 

Test ueided 10 
crucible 

Test 32 cm x 32 an - 
crucible with 
45 kg charge 

Test 32 cm x 32 cm 16 
crucible with 
45 kg charge 

Test 23 cm x 23 cm 14 
crucible with 
15 h3 charge 

Test 23 cm x 23 an 31 
crucible with 
15 kg cha;rge 

28 Good solid ingot, f l a t  
sides 

- Run aborted during meltdown. 

31 Good solid ingot, f l a t  sides. 

10 Freezing occurred on top 
surface 

. .  . 

36 12 Food solid ingot, f l a t  sides. 



a manner that low gradients occurred near the top while higher 

gradients were used for the rest of the crucible. A 45 kg charge 

was solidified in this run. No problems of containment of the 

melt and solidification were encountered. The 45 kg, 34 cm x 

34 cm x 20 cm ingot cast is shown in Figure 1. Crucible delamina- 

tion was very good except near the top of the ingot where some 

attachment was observed leading to p.ome cracking. This is the 

largest silicon ingot solidif led.  

In run 41-26C, the above experiment was duplicated. Cra..cking 

in a corner of the crucible during meltdown necessitated aborting 

the run. This pl'ocedure, however, was repeated in run 41-28C and 

a 45 kg ingot was solidified. 'No problems were encountered during 

the meltdown, growth, and cooldown cycles. Complete delamination 

of the crucible was achieved. A view of the ingot is shown in 

Figure 2. The ingot is laid upside down after removal from the 

crucible to show relationship of the heat exchanger surface to 

The area.of the ingot. A 1 - inch  diameter heat. exchanger was used. 

In run 41-29 another iagot of 46 kg and with 34 cm x ,34 cm 

cross-section was attempted. A 2-inch diameter heat exchanger 

was used in this run to achieve fas ler  growth rates. The experi- 

ment was aborted'due to sudden change in vacuum during meltdown. 

In run 41-30 a new design of the crucible wit-h a squar.er 

shape was used. A 45 kg load was put in the crucible; The experi- 

ment was aborted during the meltdown cycle bec.ause of cracking of 

the crucible. This crucible was supported better than before. 

It is felt that the problem could be high point loading due to the 



attached. 

.gure 1. Three views of the 
34 cm x 34 cm x 20 cm, 45 kg 

.,A- 8 

ingot cast in run 41-25C; (a) 
side view showing some attach- 
ment of crucible near top sur- 
face; (b) bottom showing no 
delamination problems ; and 
(c) top showing minor cracking 
along one side where crucible 



Figure 2 .  A view of t h e  34 cm x 34 cm x 2b cm high,  
45 kg ingot  cast by HEM i n  run 41-28C. 



heavy load of p ieces  and expansion of melts tock due t o  hea t ing .  

This may cause s t r e s s e s  i n  t h e  weak, ceramic c ruc ib le .  

An important change was made t o  support  t h e  c r u c i b l e  i n  run 

41-31. The c r u c i b l e  was supported by a modified g r a p h i t e  box. 

This  box provides b e t t e r  support  t o  t h e  s i d e s  of t h e  c ruc ib le .  

A very good 35 kg ingot  with f l a t  s i d e s  was c a s t  (Figure 3 ) .  

A 45 kg ingot  was s o l i d i f i e d  i n  a s i m i l a r  manner i n  run 41-34 and 

once again a good ingot  with f l a t  s i d e s  was produced (Figure 4 ) .  

These ingo t s  were c a s t  i n  c r u c i b l e s  of new design. A s  is evident  

from Figures  3 and 4 ,  t h e  i n g o t s  have square corners  and f l a t  

s i d e s .  T h i s  w i l l  provide s i g n i f i c a n t l y  higher  y i e l d s  of square 

wafers and thereby reduce c o s t s .  

The square c r u c i b l e s  w i t h  improved shape f a c t o r  were a l s o  

f a b r i c a t e d  i n  23 cm x 23 cm size. Figure 5 shows an ingot  c a s t  i n  

such a c r u c i b l e .  The f l a t  s i d e s  and bottom of t h e  c r u c i b l e s  

improves y i e l d s  as wel l  as allows a b e t t e r  support  by t h e  g r a p h i t e  

r e t a i n e r  box. The c r u c i b l e  can then conform t o  t h e  shape of t h e  

r i g i d  box a t  high temperatures and improve t h e  square shape. 

When proper support  is not provided by t h e  r e t a i n e r s ,  t h e  c r u c i b l e  

bulges i n  c e r t a i n  a reas  thereby deforming t h e  square shape of t h e  

ingot .  

Crucible  Development 

The c r u c i b l e s  used i n  HEM s o l i d i f i c a t i o n  a r e  s l i p  c a s t  and 

t h e  i n s i d e  su r face  is heat t r e a t e d  t o  develop a graded s t r u c t u r e .  

These c r u c i b l e s  a r e  weak and a 45 kg load appears t o  provide a 



Figure 3.  Two views of 32 cm x 32 cm cros s - s ec t ion ,  35 kg 
ingot  c a s t  i n  t h e  improved des ign  c r u c i b l e  with 
b e t t e r  shape f a c t o r :  ( a )  an i sometr ic  view; (b) 
t h e  top surface of lngot  showing last mater ia l  
t o  freeze is i n  t h e  corner.  



Figure 4. A 45 kg ingot cast in run 41-34C. 

Figure 5. A 23 cm x 23 cm cross-section ingot cast 
in run 41-36C. 



heavy loading.  Fur the r ,  t h e  bottom of the ,  c r u c i b l e  is contoured 

and t h e  s i d e s  have a curva tu re  and t a p e r  f o r  ease i n  s l i p  cas t ing .  

Under heavy loads  t h e  c r u c i b l e  needs t o  be supported properly.  

A g r a p h i t e  p l a t e  wi th  a contour similar t o  t h e  bottom of t h e  

c r u c i b l e  has  shown t h a t  a good support  is provided i n  t h i s  area. 

The s i d e s  are supported wi th  f l a t  g r a p h i t e  p l a t e s  forming a box 

around t h e  c r u c i b l e .  Because of t h e  t a p e r  i n  t h e  c r u c i b l e  t h i s  

g r a p h i t e  box suppor ts  t h e  area near  t h e  t o p  of t h e  c r u c i b l e ;  i n  

t h i s  area t h e  loading  is less than  t h e  lower p a r t  of t h e  c ruc ib le .  

Furthermore, t h e  shape f a c t o r  of t h e  c r u c i b l e  is such t h a t  poor 

y i e l d s  of square  material are achieved from t h e s e  squar i sh  c r u c i b l e s .  

This  has  a s i g n i f i c a n t  impact on t h e  economics of t h e  process .  

In  view of t h e  above a square  c r u c i b l e  w a s  developed, This  
c r u c i b l e  has  a f l a t  bottom with no curvature  and minimal t a p e r  
on t h e  s i d e s ;  t h e  co rne r s  have a smaller rad ius .  This  c r u c i b l e  

(shown i n  Figure  6 i n  comparison with its predecessor)  is expected 

t o  produce square r  i n g o t s  and h igher  y i e l d s .  

Process  Optimization 

The e f f e c t  of s o l i d i f i c a t i o n  parameters w a s  s t u d i e d  on 

20 c m  cube i n g o t s  i n  runs  41-22C and 41-23C. In t h e  former experi-  

ment t h e  m e l t  temperature w a s  reduced r a p i d l y  and t h e  s o l i d i f i c a -  

t i o n  t i m e  w a s  shortened.  S ing le  c r y s t a l  growth and d i r e c t i o n a l  

s o l i d i f i c a t i o n  w a s  not  achieved t o  t h e  t o p  su r face .  In  run 41-23C 

t h e  m e l t  w a s  kept at  a low superheat .  S ing le  c r y s t a l  growth w a s  

achieved a l l  t h e  way t o  t h e  t o p  su r face  (Figure 7 ) ;  however, t h e  

growth t i m e  w a s  very long. A s l i g h t  change i n  t h e  process  parameters 

ppolongs tbe s o l i d i f i c a t i o n  t i m e  considerably.  The g rad ien t s  at  

t h e  bottom have t o  be such t h a t  they  a i d  e x t r a c t i o n  of heat  by t h e  ~ 



. &- 

Figurgi6. Views of the two crucibles used to cast 30 cm x 
30 cm.cross-section ingots. The crucible on the left is 
the sew ' design '(a) view Af,  the side, (b) view of cross- 
sect ion. 



Figure 7 .  A view of the top surface of the ingot cast 
in run 41-23C. 



heat  exchanger. This  becomes more important when t h e  height  of 

t h e  c r y s t a l  is ihcreased.  

In  run 41-24C very shallow g r a d i e n t s  w e r e  used at  t h e  bottom 

of t h e  ingo t .  During t h i s  experiment t h e  e f f e c t  of t h e  hea t . ex -  

changer w a s  minimized and t h e  m e l t  could only be s o l i d i f i e d  by 

dropping t h e  furnace temperature below t h e  m e l t  po in t  of s i l i c o n .  

Thus s o l i d i f i c a t i o n  at t h e  t o p  of t h e  ingot  w a s  by f r e e z i n g  over  

rather than d i r e c t i o n a l  s o l i d i f i c a t i o n  by t h e  heat  exchanger. 

Very large g r a i n s  were formed i n  t h i s  a rea .  This  ingot  has  been 

s e n t  t o  JPL f o r  s o l a r  c e l l  eva lua t ion .  It is in tended l to  use  

samples from t h i s  ingot  t o  s tudy t h e  e f f e c t  of g r a i n  size and g r a i n  

boundaries on s o l a r  cell  performance. 

These s t u d i e s  have l e d  t o  changes i n  hea t  f low a t  t h e  bottom 

of t h e  c r u c i b l e  towards opt imiza t ion  of t h e  s o l i d i f i c a t i o n .  



MULTI-WIRE SLICING-- 

FIXED ABRASIVE SLICING TECHNIQUE (FAST) 

During t h e  t h i r d  q u a r t e r  emphasis w a s  placed on machine 

and b lade  development f o r  FAST. A new bladehead has  been in-  

s t a l l e d .  The main f e a t u r e s  of t h e  modif icat ion are higher  speed, 

more r i g i d i t y ,  accurate alignment and larger capaci ty .  Through 

t h e  experiments c a r r i e d  out us ing  t h i s  new bladehead, encouraging 

r e s u l t s  w e r e  obta ined  by way of high c u t t i n g  rates and improved 

y i e l d s .  

Machine Development 

The slicer f e e d  mechanism w a s  not r i g i d ;  t h e r e f o r e ,  considerable  

v ib ra t ionwas  t r ansmi t t ed  t o  t h e  workpiece which c o n t r i b u t e s  t o  wafer 

breakage during s l i c i n g .  In  a d d i t i o n ,  misalignment caused w i r e  

wander which r e s u l t e d  i n  poor y i e l d s .  Vibrat ion w a s  reduced by re- 

c ip roca t ing  t h e  bladehead a t  lower speeds. However, t h i s  a f f e c t e d  

adverse ly  t h e  c u t t i n g  rate and w i r e  l i f e .  

A new s l i c i n g  head w a s  designed and f a b r i c a t e d .  The s a l i e n t -  

f e a t u r e s  of t h i s  bladehead are a very high degree of r i g i d i t y  and 

accura te  alignment. A smooth g r a n i t e  f a c e p l a t e  is used as a base on 

which t h e  wirepack frame is mounted. This  g r a n i t e  s u r f a c e  is used 

t o  a l i g n  t h e  r e c i p r o c a t i n g  frame as w e l l  as t h e  workpiece carriage, 

14 



v e r t i c a l  feed  and rocking assembly. Misalignments, i f  any, can 

a l s o  be checked e a s i l y  from t i m e  t o  t i m e .  The heavy g r a n i t e  

block a l s o  g ives  t h e  bladehead r i g i d i t y .  The support  of t h e  

v e r t i c a l  feed  has been designed f o r  r i g i d i t y .  The r e c i p r o c a t i n g  

*irepack frame r i d e s  i n  a ba l l  s l i d e  which g ives  it a very 

accura te  alignment durin& t r a v e l .  The rocking mechanism is driven 

with an anti-backlash l ead  screw. A synchronous s tepping  motor 

powers t h e  u n i t  s o  t h a t  t h e  rocking angle  and p r o f i l e  can be 

changed. 

In  add i t ion  t o  r i g i d i t y  and accura te  alignment f e a t u r e s  of 

t h e  bladehead, t h e  wirepack frame has been made l i g h t e r  t o  

achieve higher  speeds,  and it has been enlarged  t o  accommodate 

750 w i r e s  (25 wireslcm). The rocking angle  has  a l s o  been increased.  

A view of t h e  new bladehead is shown i n  Figure  8 .  

I n i t i a l  t e s t i n g  with t h i s  new bladehead has  shown t h a t  speeds 

a s  high a s  500 feet p e r  minute can be achieved and t h i s  is 

l imi ted  by t h e  d r i v e  u n i t  r a t h e r  than  t h e  bladehead. Af te r  de- 

bugging t h e  machine, a l l  components appeared t o  perform satis- 

f a c t o r i l y .  

Blade Development 

During t h e  last quarter1 it w a s  repor ted  t h a t  it is posjs'ible 

t o  e l e c t r o p l a t e  diamonds s e l e c t i v e l y  over t h e  circumfereqde of t h e  

w i r e .  A wirepack i n  which diamonds were e l e c t r ~ p l ~ d  over  less 

than ha l f  t h e  circumference of w i r e  w a s  used i n  run 426-SX. During 

t h e  s l i c i n g  run unusual ly high v i b r a t i o n s  were t r ansmi t t ed  t o  t h e  

15 



Figure 8. FAST slicer showing new bladehead 



.workpiece which r e s u l t e d  i n  on ly  53% y i e l d .  SEM examination 

of  a w i r e  (F igu re  9 )  showed t h a t  t h e  diamonds were not  even 

enough t o  clear t h e  w i r e s  thsough t h e  workpiece. The w i r e s  were, 

t h e r e f o r e ,  rubbing a g a i n s t  the  c r y s t a l ;  ab ra s ion  marks are v i s i b l e  

i n  F igu re  9. Th i s  same wirepack w a s  used aga in  i n  run  429-SX t o  

see i f  t h e  ab ra s ion  du r ing  t h e  f i r s t  s l i c i n g  tes t  w a s  enough t o  

clear t h e  w i r e s .  V i b r a t i o n s  t o  t h e  workpiece w e r e  still  be ing  

observed; hence,  low f e e d  f o r c e s  were used.  A s  a r e s u l t ,  low 

c u t t i n g  rates were achieved.  S l i c i n g  du r ing  t h e  t h i r d  l i f e  test  

of t h e s e  wires ( run  430-SX) improved t h e  c u t t i n g  rates when t h e  

f eed  f o r c e s  were r e s t o r e d  t o  t h e  u s u a l  va lue .  These r u n s  and t h e  

rest of  t h e  exper iments  t h a t  were c a r r i e d  ou t  i n  t h i s  q u a r t e r  are 

..shown i n  Table  11. 

The e f f o r t  of  e l e c t r o p l a t i n g  diamonds on one s i d e  w a s  cont inued 

f o r  ano the r  wirepack.  It  w a s  found t h a t  when s e l e c t i v e  e l e c t r o -  

p l a t i n g  is c a r r i e d  o u t ,  some diamonds, even though they  are i n  ve ry  

low concen t r a t i on ,  still g e t  p l a t e d  on t h e  t o p  s u r f a c e  of t h e  w i r e s .  

During t h e  s l i c i n g  test  t h e s e  diamonds cause  p e r t u r b a t i o n  f o r  t h e  

suppor t  r o l l e r s .  The t o p  s u r f a c e  w a s  masked dur ing  t h e  p l a t i n g  

ope ra t ion  t o  prevent  diamonds from be ing  p l a t e d  on t o p .  Considerable  

w l r e  wander was observed when t h i s  wirepack w a s  used i n  run  431-SX. 

Examination of t h e s e  w i r e s  under a microscope showed t h a t  masking 

du r ing  p l a t i n g  formed a f l a t  s u r f a c e  on t h e  t o p  of t h e  w i r e s .  

During t h e  s l i c i n g  o p e r a t i o n  t h i s  f l a t  s u r f a c e  w a s  not  s e a t i n g  i n  

t h e  grooved r o l l e r s  and caused s e v e r e  w i r e  wander. 



Figure 9. SEM photographs of 
w i r e  used in r u n  426-SX (300X) 



. . TABLE 1 1 .  SILICON SLICING SUMMARY 

FEED 
. . 

AVERAGE 
RUN PURPOSE FORCE/BLADE CUTTING RATE WIRE TYPE REMARKS 

l b  gm mil/min mm/min 

429-SX Life tes t  (2nd run) 0.062 27.28 1.3 0.032 Sameas426-SX(5mil, 33% yield. ~iamonds on 
t o  tes t  depos i t ed  0.125 mn wire codeposited wire not 'sufficient to  

' . bladepack with 45, 30, 15 M clear wires. Lrsw feed 
diamonds ) forces used t o  minimize 

vibrations f ran abrasion. 

430-SX Life tes t  (3rd run) 0.072 32.94 2.3 0.052 Same as 426-SX 27%' yield. Higher cutting 
rates achieved when feed 
forces were restored. 

431-SX Test new 
I-. 
CD 

. . - . bladehead 
- - 5 mil, 0.125 mn w wire Significant improvements 

codepositedwith45, 30, becauseof'rigidity 
15 m diamonds and accurate alignment 

of. new bladehead 

432-SX Test CTI impreg- 0.071 .32.55 2.9 0.072 5 mil, 0.125 mn stainlbss 75% yield; loss of . 
nated wire steel core; 1.5 mil, 0.0375 wafers during l a s t  

mn copper sheath, 45 inch of cut. 
diamonds, electroless 
nickel 

433-SX . Test codeposited 0.071 . 32.55 5.1 . 0.127 5 mil, 0,.125 W +lire, m 83% yield with good 
bladepack deposited with 45, 30, surface quality 

15 p diamonds 

434-SX - Life test  0.073 33.34 3.3 0.082 Sameas 433JX . 53% yield . 

I .  

, - 



3'- 11. SILICON SLICING SUMMARY' 

FEE,D AVERAGE 
RUN PURPOSE FORCEIBLBDE CUTTING RATE WIRE TYPE 

lb . gm m i l l m i n  m / m i n  
REMARKS 

4 3 5 s  Life test  (3d 'run) 0.073 33.68 3. C 0.075 Same as 4 3 3 4  4w0 yield. 

436-SX Test CSI impreg- 0.071 32.16 2.5 
nated wire 

437-SX Test electroplated 0.054 24.85 4.0 

N 
bladepack 

0 

438-SX Life tes t  (2nd run) 0.060 27.18 5.0 

4394% Test electroplated . 0.054 24.70 4.0 
bladepack 

4&SX Life test (2nd run) 0.060 27.62 3.3 . 

0.067 5 m i l ,  0; 125 rrm stain- WO yield. 
less steel core; 1.5 
mil, 0.0375.mn capper 
sheath, 60 pm diamonds, 
electro~ess nickel 

0.100 5 mil, 0.125 mn W wi-e 52%0 yield. 
codeposited. with 45, 30, 
15 pm diamjnds 

0.125 Same as 437-SX 3v0 yield. 

0.100 51ni.1, 13.125nmNwt~ Woyield. 
codeposited with 45, 
30, 15 crm diamonds 

0.095 .Same as 439- 48% yield. 



In run 432-SX an impregnated bladepack-was used.  The w i r e s  

were 5 m i l  (0 .125 mm) c o r e  wi th  a 1 . 5  m i l  (0.037 mm) copper s h e a t h ,  

impregnated w i t h . 4 5  .pm diamonds. .An e l e c t r o l e s s  n i c k e l  t h i c k n e s s  

.of. 0 . 3  m i l  ( 7 . 5  pm) w a s  coa ted  t o  p revent  diamond p u l l o u t .  I n  t h i s  

run high y i e l d s  (75%) and high c u t t i n g  r a t e s  (2 .9  mi l lmin)  were 

achieved ' i n  comparison wi th  t h e  p rev ious ly  used impyegnated . w i r e s .  

Th i s  w a s  t h e  f i r s t  s l i c i n g  test  w i t h  t h e  new bladehead.  During t h e  

experiment two problems were encountered,  v i ? .  , t h e  rock ing  mechanism 

s topped f o r  s h o r t  p e r i o d s  and' t h e  f eed  w a s  he ld  up towards t h e  end 

of t h e  c u t .  The rock ing  mechanism c i r c u i t r y  was c o r r e c t e d  f o r  t h i s  

malfunct ion.  The f eed  mechanism w a s  he ld  up du r ing  t h e  l as t  one 
.: . .  . . .  . .  : 
, , .  

. ". inch  of t h e  c u t  by h i t t i n g  a g a i n s t  a bol t -head.  Under t h i s  s i t u a t i o n  !:: ' 

. .' ! '  .., ._ 
t h e  w i r e  b l ades  were rubbing r a t h e r . t h a n  c u t t i n g  and most of t h e  d i a -  

monds were p u l l e d  o u t .  The.bol t -head w a s  removed and t h e  experiment 
( ,  

,Most of the breakage of wafers  occur red  du r ing  t h i s  : I 

" .  

p o r t i o n  of the experiment.  In s p i t e  of t h i s  problem, h igh  y i e l d s  ... , . .  ,.. . 
'. ._ ,.. . .  

I .  

and . c u t t i n g  r a t e s  were achieved.  A p l o t  of depth  of c u t  v s .  I .  

c u t t i n g  t i m e  is  shown i n  F igure  10. Same type  of w i r e  w a s  used i n  

run 436-SX except  thak 60 ym s i z e  diamonds w e r e  impregnated. 

An e l e c t r o p l a t e d  wirepack,was used i n  r u n s  433-SX, 434-SX and 

435-SX. A mix ture  of diamonds, 45,  30,  15 urn, was e l e c t r o d e p o s i t e d  

on a  5  m i l ,  0.125 rnrn.core w i r e .  The diamonds were f i x e d  most ly  i n  

t h e  c u t t i n g  edge.' Some' diamonds were p l a t e d  on t h e  t o p  s u r f a c e  as 

w e l l . .  In  t h e  f i r s t  run a very high y i e l d , ' 8 3 % ,  and c u t t i n g .  r a t e ,  

5 .1 .mi l /min ,  were obta ined .  In t h e  second run t h e  c u t t i n g  rate w a s  

s t i l l  h igh ,  3 . 3  mi l /min .  The y i e l d ,  how.ever, dropped t o  53%. A f t e r  



Impregnated wires (Run 432-SX) 

Figure 10. 



t h e  f i r s t  s l i c i n g  test  diamonds i n  t h e  c u t t i n g  edge  may become 

d u l l e d  as compared w i t h  diamonds on t h e  s i d e s ,  t h e r e b y  c a u s i n g  w i r e  

wander and ,  t h e r e f o r e ,  poor  y i e l d s .  Measurements of  a v e r a g e  wafer 

t h i c k n e s s  and k e r f  were a l s o  made. I n  t h e  first r u n  t h e s e  v a l u e s  

were 1 0 . 6  and 10 .2  m i l s ,  r e s p e c t i v e l y .  I n  t h e  second r u n ,  however,  

1 2 . 3  m i l s  a v e r a g e  w a f e r  t h i c k n e s s  and 8.5 m i l s  a v e r a g e  k e r f  were 

found.  T h i s  is n o t  c o n c l u s i v e  p roof  t h a t  diamonds on t h e  s i d e s  of 

t h e  wire were p u l l e d  o u t  because  a f t e r  e l e c t r o p l a t i n g  t h e r e  are 

always some dilti i~vr~ds which are n o t  s t r o n g l y  bonded t o  t h e  m a t r i x  and 

t h e y  f a l l  o u t  d u r i n g  t h e  f i r s t  s l i c i n g  tes t .  SEM examina t ion  o f  

t h e s e  w i r e s  is i n  p r o g r e s s .  A p l o t  of t h e  d a t a  f o r  t h e  t h r e e  r u n s  is 

shown i n  F i g u r e  11. A b i g  improvement i n  s l i c i n g  performance  h a s  

been s e e n  w i t h  t h e  new b ladehead .  A . c o m p i l a t i o n  o f  t h e  d a t a  from an 

e a r l i e r  e l e c t r o p l a t e d  wirepack on t h e  o l d  b ladehead  is shown i n  

F i g u r e  12. A comparison of t h e s e  two f i g u r e s  shows t h a t  t h e  s l i c i n g  

rates are v e r y  much enhanced.  T h i s  s h o u l d  a l s o  improve t h e  l i f e  

of t h e  wi repacks .  

More exper iments  have  been conducted  on t h e  new b l a d e h e a d ,  r u n s  

437-$X, 438-SX, 439-SX and 440-SX. A v e r y  h i g h  y i e l d  w a s  o b t a i n e d  

i n  run  439-SX. Low y i e l d s  i n  run  437-SX are a t t r i b u t e d  t o  c r y s t a l  

l o o s e n i n g  from t h e  h o l d e r  d u r i n g  t h e  r u n .  

A l l  t h e s e  exper iments  i n d i c a t e  t h a t  FAST s l i c i n g  w i t h  t h e  new 

bladehead is improved. C u t t i n g  rates of  t h e  o r d e r  of  4  t o  5 mi ls /min  

and y i e l d  of  80 t o  90 p e r  c e n t  have  been a c h i e v e d .  The .main  problems 

are a s s o c i a t e d  w i t h  poor  and i n c o n s i s t e n t  q u a l i t y  of wi repack .  



Figure 11. 





SUMMARY 

A.new c r u c i b l e  o f . 3 2  c m  x 32 c m  c r o s s - s e c t i o n  h a s  been developed 

which h a s  a much b e t t e r  shape  f a c t o r .  T h i s  h a s  improved y i e l d s  

o f  t h e  cast i n g o t .  

~ o r t ~ - f ' i v e  kg c r a c k - f r e e  i n g o t s  of 34 crll x 34 crn c r o s s - s e c t i o n  
, 

w e r e  s o l i d i f i e d .  

When t h e  h e i g h t  o f  t h e  i n g o t  is i n c r e a s e d ,  h i g h  th roughpu t  

is morc .d i f f i cu l , t  ti, a c h i e v e .  

A new b l a d e h e a d  h a s  been f a b r i c - a t e d  and i n s t a l l e d  on t h e  FAST 

sl icer w i t h  more r i g i d i t y  and a c c u r a c y . a n d  o v e r  500 s u r f a c e  

f e e t  p e r  m i n u t e  have  been a c h i e v e d .  

Masking of  t h e  t o p  s u r f a c e  t o  p r e v e n t  diamond e l e c t r o p l a t i n g  

forms a f l a t  which c a u s e s  w i r e  wander d u r i n g  s l i c i n g .  

A 75% y i e l d  and 3.0  m i l s / m i n  r.i~.l:tj,ng r a t e  w a s  a c h i e v e d  w i t h  

C S I  i m p r e g n a t e d  w i r e s .  

Y i e l d  and c u t t i n g  r a t e  w e r e  h i g h e r  i n  c o d e p o s i t e d  b l a d e p a c k s ,  

i . e . ,  up  t o  96% and 5 . 1  mils/mlis ,  r e s p e c ; - t i v t l y .  

I n  t h e  second r u n  of c o d e p o s i t e d  b l a d e p a c k ,  t h e  c u t t i n g  r a t e ,  

4 m i l s / m i n ,  w a s  h i g h e r  t h a n  t h e  p r e v i o u s l y  conducted  second 

r u n s  . 
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