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ABSTRACT 

FAST i s  a new s l i c i n g  technique t h a t  h a s  been developed t o  s l i c e  s i l i c o n  
ingo t s  more e f f e c t i v e l y .  It has  been demonstrated t h a t  25 waferslcm can be 
s l i c e d  from 10 cm diameter and 19 waferslcm from 15 cm diameter  i n g o t s .  Th i s  
has been achieved wi th  a   amb bin at ion of machine development and wire-blade de- 
velopment programs. Cor re la t ion  has  been e s t a b l i s h e d  between c u t t i n g  e f f e c -  
t iveness  and high s u r f a c e  speeds.  A h igh speed s l i c e r  has  been designed and 
fabr ica ted  f o r  FAST s l i c i n g .  Wirepack l i f e  of s l i c i n n  t h r e e  1 0  cm diameter 
ingo t s  has been e s t a b l i s h e d .  E l e c t r o f o r m i n ~  techniques  have been developed 
t o  c o n t r o l  widths and prolong l i f e  of wire-blades.  Economic a n a l y s i s  ind i -  
c a t e s  t h a t  the  pro.jected add-on p r i c e  of FAST s l i c i n g  is compatible w i t h  t h e  
DOE p r i c e  a l l o c a t i o n  t o  meet the  1986 c o s t  goals .  

INTRODUCTION 

S i l i c o n  c r y s t a l s  have been s l i c e d  i n t o  wafers  f o r  t h e  semiconductor in-  
dust ry  :#y the  I n t e r n a l  Diameter (ID) and Mul t ip le  Blade S l u r r y  (MBS) tech- 
niques.  While these  processes  were developed f o r  semiconductor a p p l i c a t i o n s ,  
they cannot be u t i l i z e d ,  a s  they e x i s t  today,  f o r  pho tovo l t a ic  a p p l i c a t i o n s .  
Unl,ke semiconductor devices  where s i l i c o n  m a t e r i a l  c o n s t i t u t e s  sometimes less 
Lhan one per cent  of t h e  c o s t .  t h e  c o s t  of s i l i c o n  wafers  comprises about h a l f  
the  cos t  of a  s o l a r  panel .  The wafer ing technique t o  produce s i l i c o n  wafers  
from ingo t  is one of t h e  important  s t e p s  towards reducing c o s t s  f o r  t e r r e s -  
t r i a l  photovol ta ic  a p p l i c a t i o n s .  The s l i c i n g  p rocess  must be low c o s t  and must 
combine minimm kerf  p l u s s l i c e  th ickness  t o  achieve high m a t e r i a l  u t i l i z a t i o n .  
With improved m a t e r i a l  u t i l i z a t i o n  a lone ,  t h e  c o n t r i b u t i o n  of t h e  c o s t  of poly- 
s i l i c o n  and c r y s t a l  growth f o r  pho tovo l t a ic  power genera t ion ,  d o l l a r s  pe r  peak 
wa t t ,  is  s i g n i f i c a n t l y  reduced. Therefore ,  m a t e r i a l  u t i l i z a t i o n  is  c r i t i c a l  
f o r  reducing c o s t s  t o  make pho tovo l t a ics  a  r e a l i t y  f o r  t e r r e s t r i a l  app l i ca -  
t ions .  

Besides being most developed and commercially a v a i l a b i - ,  t h e  advantages  
of an ingot  process  towards making s h e e t  a r e  h igh throughput,  p u r i f i c a t i o n  of 
meltstock during growth, c o n s i s t e n t  q u a l i t y ,  s imple ins t rumenta t ion  and con- 
t r o l ;  howev-lr , m a t e r i a l  u t i l i z a t i o n  and kerf  i n  s l i c i n g  l i m i t s  t h e  low-cost 
p o t e n t i a l .  I n  f a c t ,  the  j u s t i f i c a t i o n  f o r  s i l i c o n  r ibbon p rocesses  is based 
on t h e  premise t h a t  s l i c i n g  cannot be c o s t  e l f e c t i v e .  A s  t h e  c o s t  of poly- 
s i l i c o n  mel ts tock is reduced t o  the  goal  of $14/kg kerf  l o s s e s  i n  s l i c i n g  be- 
come l e s s  s i g n i f i c a n t  but  m a t e r i a l  u t i l i z a t i o n  is  s t i l l  c r i t i c a l .  The combi- 
na t ion  of an e f f e c t i v e  s l i c i n g  process  with a n  ingo t  p rocess ,  such a s  t h e  
Heat Exchanger Method (HEM), al lows t h e  economical product ion of square  shaped 
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h igh  conve r s ion  e f f i c i e n c y  m b t c r i i ~ l  t o  produce h igh  power d e n s i t y  modules a t  
low c o s t .  

SI.lCINr: TECHNIQUES 

The t?sscnt  iiil paramncters f a r  :I s l i c i n g  tectinicjue f o r  photovol  t a i c  a p p l i -  
c a t i o n s  rrre ( i )  low-cost p r o c e s s ,  ( i i )  low expendable  c o s t s ,  ( i i i )  hifill mater- 
i a l  u t i l i z a t i o n  and (iv) produce h i g h  qua1 i t y  p roduc t .  There  a r e  t h r e e  commer- 
c i a l l y  used w a t e r i n g  p r o c e s s e s ,  v i z . ,  ill, MBS and M u l t i p l e  Wire S l u r r y  (MWS) 
t echn iques .  A comparison of t h e  pa rame te r s  f o r  t h e s e  w a f e r i n g  methods is 
shown i n  Tab le  1. I t  can be seen  t h a t  tl ie advan tages  are low expendable  mater- 
i a l  c o s t s  i n  I D .  low equipment and l a b o r  c o s t s  i n  MBS, and h igh  material u t i l -  
i z a t i o n  i n  MWS; however. t n c  I D  is l i m i t e d  by material u t i l i z a t i o n , a n d  MBS and 
MWS bv t h e i r  h igh  expendable  m a t c ~ r i c ~ l s  c o s t s .  A new s l i c i n g  t echn ique  under  
dcvelopment , t h e  Fixed Abras ive  S l  i c i n g  Technique (FAST) , combines t h e  low ex- 
pendable material advantage  of  I D ,  low equipment and l a b o r  c o s t s  of  MBS and 
h igh  m a t e r i a l  u t i l i z a t i o n  of Mh'S. 

TABLE I .  A Comparison of  t h e  E s s e n t i a l  Pa rame te r s  of 
Wafering f o r  D i f f e r e n t  S l i c i n g  Techniques 

l'cirame t  er  I D  MB E MWS FAST 
-- . .-- 

Eqi~ipmcnt c-0s t  s High 1,ou High [.ow 

1,ahdr supcrvisicrn Me J ium Low High 1,uw 

Thr~)ul;hput Mcd i r~m Medium Low High 

Espendable c o s t s  I.ow High Very h igh  Low 

Mate r i a l  u t i l i z a t i o n  I.ow Medium High High 

Sur face  damage t!ifih Medium Medium Low 
-- -..- 

In  t h e  FAST p r o c e s s  (1)  n mul t ip l e -wi re  b ladepack is s t re tc : ied  i n  a  frame 
and r e c i p r o c a t e d  on ra i l s .  Diamond is f i x e d  o n t a  t h e  wires and used a s  a n  
a b r a s i v e  f o r  s l i c i n g  s i l i c o n .  Diamond h a s  been demonst ra ted  t o  be  a n  e f f e c -  
t i v e  a b r a s i v e  f o r  s i l i c o n  v i a  t h e  I D  p r o c e s s  and ,  t h e r e f o r c ,  t h e  expendable  
mat e r i a l s  c o s t s  a r e  kept  low. The s i m p l i f i e d  equipment concept  of  r e r i p r o -  
c a t i n g  b ladehead keeps  t h e  FAST s l i c e r  c o s t s  low and t h i s  has been proven by 
t h e  MBS. The b e s t  m a t e r i a l  u t i l i z a t i ~ u ~  of w i r e  s l i c i n g  ( 2 )  is a l s o  inco rpor -  
a t e d  i n  FAST. T h i s  f e a t u r e  is pcrssiblc w i t h  wire because  once t h c  w i r e  c u t s  
through i t  no longe r  c o n t a c t s  t h e  workpiece ,  hence  less c l e a r a n c e  is necessr \ rv .  
T h i s  r educes  k e r f  and a l s o  make i t  p o s s i b l e  t o  s l i c e  t h i n n e r  wafc r s .  I n  t h e  
MWS t h e  s i l i c o n  be ing  s l i c e d  i s  comple te ly  l o s t  when a wire b reaks .  For t l ie  
FAST approach,  a  broken w i r e  r e s i ~ l t s  i n  l o s s  of  two wafe r s  i t  is c o n t a c t i n g .  
In  a d d i t i o n  t o  t h e  above advantages  t o  FAST t h e  s u r f a c e  damage of t h e  s l i c e d  
wafc r s  is  lower (3) t han  t h a t  r e p o r t e d  f o r  o t h e r  s l i c i n g  t e c h n o l o g i e s  (4) .  

FAST is a new s l i c i n g  t echn ique  t h a t  h a s  bzen developed t o  s l i c e  i n g o t s  
more e f f e c t i v e l y .  Work has  been c a r r i e d  o u t  I n  t h r e e  a r e a s ,  v i z . ,  machine 
development, b l ade  development and t e s t i n g .  
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Machine Development 

I n i t i a l l y  a  MBS s l i c e r  was used f a r  e v a l u a t i o n  of FAST s l i c i n g .  P r i o r  
work r e p o r t e d  i n  l i t e r a t u r e  showed ve ry  l i m i t e d  ~ t ~ c c e s s  w i t h  s l i c i n g  u s i n g  d i a -  
mond p l a t e d  f l a t  b l a d e s  and w i r e s .  I n  t he  develcyxnent of FAST i t  w a s  found 
t h a t  t h e  s l i c i n g  is  hea \ ? i l y  dependent  on prc.ssu:e a t  t h e  diamond t i p s  d u r i n g  
s l i c i n g .  E f f e c t i v e  s l i c i n g  was not  ach i eved  w i t h  diamond p l a t e d  w i r e s  used i n  
a  c o n v e n t i o n a l  MBS s e t u p  becauce of  i n s u f f i c i e n t  p r e s s u r e  a t  t h e  c u t t i n g  edge.  
S i g n i f i c a n t  improvement was achieve t i  when t'le c r y s t a l  was rocked .  Llnder t h i s  
c o n d i t i o n  t h e  ke r f  l e n g t h  o r  cclntrict between t h c  w i r e  and t h e  workpiece w a s  
minimized the reby  maximizing t h e  p r e s s u r e  a'; t h e  diamond t i p s  used i n  s l i c i n g .  
The MBS s l i c e r  was f u r t h e r  modi f ied  by changing  t h e  f e e d  sys tem;  t h e  f eed  f o r -  
c e s  r e q u i r e d  f o r  w i r e  s l i c i n g  were c c n s i d e r a b l y  lower t h a n  used i n  MBS s l i c i n g ,  
hence a  more s e n s i t i v e  and rel~rocluc l b l e  f eed  mechanism was i n c o r p o r a t e d .  
Grooved gu ide  r o l l e r s  were a l s o  i n s t z l l e d  on e i t h e r  s i d e  of t h e  workpiece  s o  
t h a t  t h e  feed  f o r c e  c o u l d  be i n c r e a s e d  a s  w e l l  a s  t ~ l  improve t h e  s l i c i n g  ac- 
cu racy .  With a l l  t h e  m o d i f i c a t i o n s  t o  FlBS equipment t h e  workpiece  s i z e  was 
l i m i t e d  t o  4 cm s 4 cm c r o s s - s e c t i o n .  'The concep t  of FAST was proven by dem- 
o n s t r a t i n g  ( i )  s l i c i n g  25 wafers/cm a t  h igh  y i e l d s ,  ( i i )  s l i c i n g  w a f e r s  t o  a 
t h i c k n e s s  a s  low a s  100 ::m, ( i i i )  r e d u c i n g  k e r f  w i d t h  t o  as low as 160 um, ( i v )  
absence  o f  any edge  c h i p p i n g  i n  s l i c e d  w a f e r s  and (v )  s u r f a c e  damage d e p t h  of 
3-5 pm ( 3 ) .  

Exper ience  w i t h  t h e  modi f ied  ?lBS s l i c e r  showed some e s s e n t i a l  11i:rameters 
which cou ld  n o t  be i n c o r p o r a t e d .  ;\ new h igh  speed s l i c e r  ;Jas des igned  and 
f a b r i c a t e d .  The essent ic . :  i e a t u r e s  of t h i s  mclchine were l i g h t w e i g h t  b l adehead ,  
l onge r  s t r o k e ,  s e n s i t i v e  f eed  mechanism, c r y s t a l  r o c k i n g  assembly ,  v a r i a b l e  
guide  r o l l e r  p o s i t i o n  and v i b r a t i o n  i s o l a t i o n  of t h e  d r i v e  u n i t .  A schema t i c  
of t h e  bladefiead is  shown i n  Figul-c 1. T h i s  u n i t  is  des igned  t o  accommodate 
up t o  30 cm long  and 15  cm d iame te r  workpiece .  The l i g h t e r  b ladehead  and 
longe r  s t r o k e  al loweti  f a s t e r  re ( - iprc?c3t ion  and ,  consequen t ly  h i g h e r  s u r f a c e  
speeds ;  130 meter/min h a s  been ach ieved  w i t h  t h i s  u n i t  a s  cowpared t o  30 m e t e r s /  
min w i t h  t h e  modi f ied  MUS u n i t .  X more r i g i d  s u p p o r t  sys tem minimized v i b r a -  
t i o n s  a t  t h e s e  h igh  s p e e d s .  

\ / F i g .  1. Schemat ic  of FASTSlicer 



The prototype s l i c e r  designed is a two-bladehead u n i t  l inked  t o  a s i n g l e  
d r i v e  u n i t .  The two blildcheads w i l l  Se rec ip roca ted  180' o u t  of phase s o  t h a t  
t h e  a c c e l e r a t i o n  f o r c e s  w i l l  be  counterbalanced equa l  and o p p o s i t e ,  thereby 
c a n c e l l i n g  each o t h e r .  Th i s  w i L l  a l low even h igher  speeds ,  less v i b r a t i o n  and 
more e f f e c t i v e  s l i c i n g .  

Blade Develoument 

I n  o r d e r  t o  s l i c e  e f f e c t i v e l y  i t  is imperat ive  t o  have i t  good b lade ;  f o r  
FAST s l i c i n g  i t  is important  t o  develop e f f e c t i v e  wire  b lades .  More d e t a i l e d  
informat ion on t h i s  a spec t  is d i scussed  i n  ano the r  paper of t h i s  conference  
(5 ) .  I n  t h e  i n i t i a l  s t a g e s  of FAST development t h e  only  f ixed  a b r a s i v e  wires 
a v a i l a b l e  were diamond impregnated w i r e s  (6). T e s t i n g  w i t h  t h e s e  w i r e s  showed 
t h a t  they s u f f e r e d  diamond pul l -out .  Nickel  p l a t i n g  of commercially a v a i l a b l e  
wi res  prolonged t h e i r  1 i f e .  

A wire-blade development program w a s ,  t h e r e f o r e ,  i n i t i a t e d  t o  produce 
f ixed-abras ive  wires f a r  FAST s l i c i n g .  Two types  of approaches were pursued, 
v i z . ,  impregnated b lades  and e l e c t r o p l a t e d  blades .  I n  t h e  former c a s e  diamonds 
were pushed i n t o  a s o f t  copper s h e a t h  on a high s t r e n g t h  core ;  t h i s  w i r e  was 
then n icke l -p la ted  t o  prevent diamond pul l -out .  Techniques were developed t o  
impregnate diamonds i n  the  c u t t i n g  edge only--the bottom half -c i rcumference of 
the  wire .  S i g n i f i c ~ n t  advances were made but  t h i s  approach needs much more 
development . 

P r i o r  t o  t h i s  program t h e r e  was no source  of e l e c t r o p l a t e d  wi res .  Even 
though p l a t i n g  of I D  b lades  is c a r r i e d  o u t  i n  t h e  i n d u s t r y  t h e  l a r g e  s u r f a c e  
area-to-volume r a t i o  i n  t h e  c a s e  o f  w i r e s  presented problems. E l e c t r o p l a t e d  
wire-blade development has  involved op t imiza t ion  of type  and s i z e  of wi re  
c o r e ;  c o a t i n g s  on t h e  wire  s u b s t r a t e ;  n a t u r e ,  type  and s i z e  of diamonds; 
p l a t i n g  barhs ,  e t c .  (5).  Techniques have a l s o  been developed t o  e l e c t r o f o r m  
the  diamond p l a t i n g  t o  reduce ke r f  and ach ieve  long l i f e  of t h e  wirepacks (5 ) .  

Tes t ing  

The p resen t  work is a r e p o r t  on s l i c i n g  of 10 cm d iamete r ,  10  cm x 1 0  cm 
c ross - sec t ion  and 15 cm diameter s i l i c o n  workpieces a t  19 waferslcm. With 10  
cm diameter  even 25 waferslcm have been demonstrated.  

One of t h e  f i r s t  v a r i a b l e s  s t u d i e d  by FAST was t h e  s u r f a c e  speed. Fig- 
u r e  2 shows s l i c i n g  t e s t s  of 1 0  cm diameter  a s  a func t ion  of s u r f a c e  speed.  
A comparison of d a t a  from T e s t s  A and C shows t h a t  by doubl ing t h e  s u r f a c e  
speed t h e  average s l i c i n g  r a t e  inc reased  from 59 um/min t o  145 iim/min, a f a c t o r  
of 2.45. Tes t  B was c a r r i e d  o u t  us ing  t h e  same wirepack a s  T e s t  A f o r  a second 
s l i c i n g  l i f e  t e s t .  The average s l i c i n g  r a t e  f o r  Tes t  B was 1 2 2  $m/min, a 
s l i g h t  dec rease  showing d e t e r i o r a t i o n  of c u t t i n g  e f f e c t i v e n e s s .  The d a t a  i n  
Figure  3 is  f o r  s l i c i n g  t e s t s  us ing  a mixture  of 1 5 ,  30 and 45 u m  diamond s i z e  
e l e c t r o p l a t e d  wirepack spaced a t  19 wires/cm and shows a l i f e  of t h r e e  10  cm 
diameter  i n g o t s  a t  an average c u t t i n g  r a t e  of 127, 82 and 75 pmlmin. The su r -  
f a c e  speed dur ing  t h i s  experiment was 120 meters  pe r  minute. 

Figure  4 shows t h e  s l i c i n g  t e s t  c a r r i e d  o u t  us ing  t h e  same e l e c t r c  ad 
wirepack. The diamrixd s i z e  used w a s  30 v m  and t h e  s u r f a c e  speed of ti: S'I 
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' FAST Slicing ot 10 cm a, IQIC~ - Surface Speed = 120 rnlm~n 0 - 
Test Av Slicing Rate 

CUTTING TIME (HOURS) 
Fig.  2. S l i c i n g  performance showing 

t h e  e f f e c t  of s u r f a c e  speed F i f .  3. Slicing of t h r e e  10 cm 0 
ngots  us ing  same e l e c t r o p l a t e d  

wirepack 
s l i c e r  was 104 meters  per  minute. 

10 - - 3 --- - The average s l i c i n g  r a t e  f o r  t e s t s  
Surldcp Srlred . 104 m'nlbn 1, 2 and 3 were 120, 105 and 95um/ 
Tesl No Av sltc~ng Rate 

urn~rnm min r e s p e c t i v e l y .  
120 

'05 *. 95 . A s i m i l a r  t e s t  wi th  w i r e s  i m -  
pregnated wi th  45 pm diamonds show- 

.* . 
ed an average s l i c i n g  r a t e  of 72pm/ 

3 .. min on a 10  cm diameter  workpiece. 
0 . . . .- These w i r e s  could not  be used f o r  

i .- - 0 -  
a second s l i c i n g  t e s t ;  i n  f a c t  tow- .- 0 a r d  t h e  end of the  f i r s t  t e s t  wafer 

..* 0 .* breakage was observed which was at- 
..o - D t r i b u t e d  t o  l o s s  of c u t t i n g  e f f e c -  

.*. t i v e n e s s  . 
I n  o r d e r  t o  reduce t h e  ke r f  

width f o r  s l i c i n g  25 wafers/cm a 
Fig.  4. S l i c i n g  performance from t h e  30 pm diamond e l e c t r o p l a t e d  wire-  

same wirepack us ing 30 pm diamonds pack was used. During t h e  f i r s t  
t e s t  a 99.1% y i e l d  (222 o u t  of 224, 
10 cm diameter  wafers)  was achieved 

wi th  an average s l i c i n g  r a t e  of 77 ym/min. In  t h i s  t e s t  lcw feed f o r c e s  of 
only  24.4 gms/wire were used. Very good s u r f a c e  q u a l i t y  of wafers  was achieved 
and t h e  average wafer thickrress of 0.195 mm wi th  a kerf  of 0 ,205 mm. During 
t h e  second s l i c i n g  t c s t  t h e  average s l i c i n g  r a t e  dropped t o  45 pm/min and t h e  
y i e l d  was only  36.2%. The average wafer  th ickness  inc reased  t o  0.249 mm with  
ke r f  of 0.151 mm. The d a t a  shows t h a t  dur ing  t h e  f i r s t  s l i c i n g  t e s t  cons ide r -  
a b l e  diamonds from t h e  s i d e s  of t h e  wires were pu l l ed  o u t ,  thereby reducing 
k e r f ,  i n c r e a s i n g  wafer th ickness  and dec reas ing  t h e  average s l i c i n g  r a t e .  The 
p l o t  of t h e  dep th  of c u t  wi th  t ime is shown i n  Figrrrz 3 .  

S l i c i n g  tests w i t h  15 cm diameter  s i l i c o i l  workpiece were a l s o  c a r r i e d  o u t .  
For t h e  l a r g e r  kerf  l eng th  60 pm n a t u r a l  diamonds were e lec t roformed i n t o  a 



V-shape s o  t h a t  t h e  diamonds were f ixed  only i n  t h e  c u t t i n g  edge of t h e  wi res .  
The average s l i c i n g  r a t e  was 74 pmlmin. T h i s  is considerably  h igher  wafer ing 
rate e s p e c i a l l y  i n  view of t h e  l a r g e r  kerf  length .  During t h e  test some wire 
wander was observed because t h e  diamonds on t h e  top  s u r f a c e  of t h e  wi res  could 
not  be completely e l iminated.  The non-uniform n a t u r e  of t h e  top  s u r f a c e  caused 
p e r t u r b a t i o n  and, t h e r e f o r e ,  t h e  wires d i d  no t  s e a t  w e l l  i n  t h e  s u i d e  r o l l e r s .  
The d a t a  f o r  t h i s  run is shown i n  Figure 6. 
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Fig. 5. S l i c i n g  r e s u l t s  of Fig. 6. S l i c i n g  performance 
10 cm 0 i n g o t s  a t  25 wafersjcm of 15 cm 0 ingot  

ECONOMIC ANALYSIS 

The economic a n a l y s i s  has  been c a r r i e d  out  t o  e s t i m a t e  t h e  p ro jec ted  add- 
on p r i c e  of FAST s l i c i n g  us ing  IPLG methodology ( 7 ) .  I t  is intended t o  use a 
FAST s l i c e r  wi th  two bladeheads r e c i p r o c a t i n g  180' out  of phase. Each blade- 
head w i l l  : ; l ice a 10 cm x 10 cm x 30 cm bar  t o  produce wafers  of 1 0  cm x 10 cm 
c r o s s s e c t i o n .  Two types  of s c e n a r i o s  were developed, a conserva t ive  and an  
o p t i m i s t i c  case ,  t o  e s t i m a t e  t h e  p ro jec ted  p r i c e .  The assunp t ions  ?d t h e  
f i n a l  add-on p r i c e  a r e  shown i n  Table 11. Even i n  t h e  conser-a t ive  c a s e  t h e  
f i n a l  value  is  less than h a l f  of the  p r i c e  a l l o c a t i o n  (8) fo r  ingot  technol-  
o g i e s  t o  meet WE p r i c e  goal of $0.70/peak wat t  i n  1986. 

CONCLUSION 

The Fixed Abrasive S l i c i n g  Technique (FAST) combines t h e  low expendable 
m a t e r i a l s  advantage of I D ,  low equipment and l a b o r  c o s t s  of MBS and high 
m a t e r i a l  u t i l i z a t i o n  of MWS. Besides FAST produces a wafer which shows no 
edge chipping and wi th  a s u r f a c e  damage of only  3-5 urn. Th i s  new s l i c i n g  
technique was i n i t i a l l y  developed by modifying a MBS s l i c e r .  A f t e r  e s t a b l i s h -  
i n g  t h e  proof of concept a high speed s l i c e r  w a s  designed and f a b r i c a t e d .  



Techniques were developed to produce wirepack with equal spacing and tension. 
The wire-blade development program has involved impregnation and electroplating 
techniques. It has been shown that diamonds can be fixed only in cutting edges 
of wires. With electroforming it has been possible to control the shape 
and size of the plating. 

Slicing effectiveness has been demonstrated on 10 cm and 15 cm diameter 
illgots. It has been possible to slice 25 wafers/cm on 1.0 cm diameter ingots 
and 19 wafers/cm on 15 cm diameter ingots. blade life of slicing three 
10 cm diameter ingots has been demonstrated. 

Projected economic analysis has shown that the FAST technique will be 
able to slice silicon ingots effectively to meet the DOE price allocation for 
1986 goal of $0.70 per peak watt. 

TABLE 11. IPEG ANALYSIS FOR VALUE ADDED COSTS OF 
FAST SLICING USING CONSERVATIVE AND 
OPTIMISTIC PROJECTIONS OF TECHNOLOGY 

Estimate 

Conservative I Optimistic 

Equipment cost, $ 

Floor space, sq.ft. 

Labor, unitsloperator 

Duty cycle, % 

Set-up time, hrs 

Slicing rate, mm/min 

Sliceslcm 

Yield 

Expendableslrun, $ 

Motor power, h.p. 

Conversion ratio, mLlkg 

Add-on Price, $/m 
2 1 3 . 1 3  5.9 

* 
Supported in part by the LSA Project, JPL, sponsored by DOE through agreement 

with NASA. 
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DISCUSSION: 

JACKSEN: Could you g i v e  us  some t a p e r  and wafer-to-wafer dimensional  v a r i a -  
t i o n s ,  e s p e c i a l l y  when you were c u t t i n g  4-mil wafers? 

SCHMID: I n  t h e  i n i t i a l  work wi th  t h e  686, t o  c u t  25 p e r  c e n t i m e t e r  you have t o  
be s l i c i n g  wi th  reasonably good accuracy.  Those t e s t s  were performed wi th  
much l a r g e r  k e r f .  B a s i c a l l y  we were looking a t  10  m i l s .  So we a c t u a l l y  
were s l i c i n g  wafers  around 5 m i l s  t h i c k  and were see ing  t a p e r  of maybe a  
thousandth of an inch.  On t h e  new machine we a r e  see ing  l e s s  than t h a t  a t  
t h e  h igher  speed. A s  your c u t t i n g  r a t e s  go up your accuracy t ends  t o  g e t  
b e t t e r .  

JACKSEN: You mentioned t h i s  r e c i p r o c a t i n g  machine. Has t h a t  machine been 
b u i l t  o r  do you a n t i c i p a t e  it being b u i l t ?  

SCHMID: The machine t h a t  we have is an R&D pro to type  and we f e e l  t h a t  t h a t  
machine is very s i m i l a r  t o  t h e  p ro to type  machine t h a t  would be used a s  t h e  
product ion prototype.  There i s n ' t  t h a t  much change. 

JACKSEN: The main reason I am ask ing  is  t o  understand what i n c r e a s e  you can 
expect  from your p r o d u c t i v i t y  f i g u r e s  from t h a t  r e c i p r o c a t i n g  machine. 
Obviously you a r e  running a t  a  h igher  r a t e  of meters  pe r  minute and I was 
wondering what you p ro jec ted  your meters  pe r  minute of s l i c i n g  r a t e  woul~! he 
wi th  a  r e c i p r o c a t i n g  machine. 

SCHMID: We now a r e  running between 350 and 400 f e e t  pe r  minute f o r  most of these  
t e s t s .  We have gone through a l l  of t h e  c a l c u l a t i o n s  and we th ink  by 
balancing i t  out  you spve horsepower, you t a k e  out  v i b r a t i o n  and you can go 
t o  h igher  speeds which does h e l p  you i n  your s l i c i n g  performance. That i s  
why we would expect  t o  be a b l e  t o  exceed t h e  a c t u a l  c u t t i n g  r a t e  t h a t  we 
have s e t  he re  a s  a  goal .  

DYER: You were mentioning t h a t  you had f a c i l i t i e s  f o r  a c c u r a t e  a l ignment .  I f  
you a r e  going t o  put something i n t o  product ion f o r  an  i n d u s t r y  t h a t  t ss  t o  
produce s l i c e s  cheaply then i t  has  t o  be s o m c ~ h i n g  t h a t  an o p e r a t o r  can do 
e a s i l y  and without a  g r e a t  d e a l  of t r a i n i n g .  What I e n v i s i o n  i n  t h a t  is 
p2rhaps something where you have t h e  al ignment f i x t u r e  on a  c a r t  and push 
i t  up a g a i n s t  t h e  machine and clamp, p u l l  something towards them and lock 
I t  i n .  You shou ldn ' t  have t o  expect  them t o  read a  d i a l  i n d i c a t o r  o r  
anything l i k e  t h a t .  

SCHblID: This  i s  t h e  R6D machine i n  which w e  had t o  make s u r e  t h a t  we d id  have 
t h e  accuracy.  Once t h e  machine i s  set up t h e r e  is no reason t o  have t o  
r e a l i g n  i t .  It is n i c e  t o  be a b l e  t o  have a serviceman come i n  and check 
t o  be s u r e  t h a t  i t  i s  l i n e d  up p roper ly ,  and t h a t  r e a l l y  is  t h e  goal .  A s  - f o r  t h e  t ens ion ing ,  t h e  way we t e n s i o n  t h e s e  wi res  is  by e l o n g a t i o n  and 

NI t h a t  i s  where you do have t o  read a  micrometer. 
Z 
.- DYER: Coesn' t  t h e  saw blade have t o  be l i n e d  up every  time you put a  new pack 

on? 

SCHMID: With t h i s  technique i t  is p o s s i b l e  t o  circumvent t h a t .  We now a r e  
checking i t  o p t i c a l l y  t o  s e e  t h a t  t h e  wi res  a r e  running t r u e .  




