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1 . INTRODUCTION 

. The manufactur ing methods f o r  p h o t o v o l t a i c  s o l a r  energy u t i l i z a t i o n  
. . .  

systems cons i s t ,  i n  'compl e t e  general  i ty, o f  a sequence o f  i n d i v i d u a l  p ro -  

cesses: Th i s  process sequence.:has been, f o r  convenience, 1og ica l l . y  seg- 

mented i n t o  f i v e  major  "work areas":  ~ e d u c t ' i o n  and p u r i f i c a t i o n  o f  t h e  
. .. 

semiconductor m a t e r i a l ,  sheet o r  f i l m  generat ion,  dev ice  generat ion,  module 

assembly and encapsula t ion,  and system complet ion,  i n c l u d i n g  i n s t a l l a t i o n  

o f  t h e  a r r a y  and the  o t h e r  subsystems. For s i l i c o n  s o l a r  a r rays ,  each 

work area has been d i v i d e d  i n t o - 1 0 - g e n e r a l i z e d  "processes" i n  which c e r t a i n  

r e q u i r e d  m o d i f i c a t i o n s  o f  t h e  work- in-process a re  performed. I n  general ,  

more than one method i s  known by which such m o d i f i c a t i o n s  can be c a r r i e d  

out.  The va r i ous  methods f o r  each i n d i v i d u a l  process a re  i d e n t i f i e d  as 

process "op t ions" .  Th i s  system o f  processes and op t i ons  forms a two- 

dimensional  a r ray ,  which i s  here c a l l e d  the  "process m a t r i x " .  

I n  t he  search t o  achieve improved process sequences f o r  produc ing 

s i l i c o n  s o l a r  c e l l  modules, numerous op t i ons  have been proposed and/or 

developed, and w i l l  s t i l l  be proposed and developed i n  t he  f u tu re .  I t  i s  

a near  necess i t y  t o  be a b l e  t o  eva lua te  such proposals  f o r  the  t echn i ca l  

m e r i t s  r e l a t . i v e  t o  o t h e r  known approaches, f o r  t h e i r  economic bene f i t s ,  

and f o r  o t h e r  techno-economic a t t r i b u t e s  such as energy consumption, 

genera t ion  and d isposa l  o f  waste by-products,  e t c .  Such eva lua t i ons  have 

t o  be as o b j e c t i v e  as p o s s i b l e  i n  l i g h t  o f  t he  a v a i l a b l e  i n f o rma t i on ,  o r  

t he  l a c k  the reo f ,  and have t o  be p e r i o d i c a l l y  updated as development 

progresses and new i n f o r m a t i o n  becomes a;ail able.  S ince each i n d i v i d u a l  



pr6&ss o p t i o n  has t o  f l t i n t o  a  process '*kqucnce, techn ica l  i r l t e r f ~ c c s  

betweir i  consecut ive processes must '  be cornpa t i  b le .  ' Th is  places emphasis 
I I 

on t h e  s p e c i f i c a t i o n s  f o r  the  work-in-process e n t e r i n g  i n t o  and emanating 
. - 

f rom a: p a r t i c u l a r  process option'. 
. . . % 

The o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  accumulate the  necessary i n f o r -  

mat ion  as i n p u t  f o r  such eva lua t ions ,  t o  develop app rop r i a te  methodologies 

f o r  t he  performance o f  such techno-economic analyses, and t o  per form such 

eva lua t i ons  a t  va r ious  l e v e l s .   he f i r s t  a p p l i c a t i o n  o f  t h i s  develop ing 

methodology was made t o  t he  ~ r o c h r a i  s k i  I s  c r y s t a l  p u l l  i ng  process. 

Prev ious ly ,  we had examined the  reduc t i on  o f  q u a r t z i t e  t o  m e t a l l u r -  
. . 

g i c a l  grade s i l i c o n  and d i d  a  comparative eva lua t i on  o f  competing .Czochralski  . 
. . 

techniq.ues f o r  growing s i n g l e  c r y s t a l ,  e y l  i n d r i c a l  ingo ts .  The n e x t  major  

process s tep  i n  t he  sequence f o r  produc ing s i n g l e  c r y s t a l  s i l i c o n  wafers, 
. , 

today and i n  the  near f u t u r e '  (up t o  1982), i s  t he  s l i c i n g  technique. The 

eva lua t i ons  were s t a r t e d  w i t h  t he  c u r r e n t  methods o f  m u l t i b l a d e  s l u r r y  
. - 

s l i c i n g ,  and i n n e r  d iameter  s l i c i n g  us ing  a  diamond coated b lade f o r  which 

a  l a r g e  amount o f  t he  needed i n f o r m a t i o n  i s  ava i l ab le .  Nevertheless, 

s u b s t a n t i a l  gaps .o r  u n c e r t a i n t i e s  were found i n  impor tan t  i n f o r m a t i o n  r e -  

qu i r ed  f o r  both t echn i ca l  and economical eva lua t i on  o f  t he  c u r r e n t l y  

- p r a c t i c e d  processes. I n ,  proceeding t o  the  eva lua t i on  o f  processes which 

a r e  s t i l l  i n  t he  developmental o r  even conceptual  stage, t he  gaps i n  needed 

i n fo rma t i on  become ve ry  la rge .  I n  these cases, i t  i s  necessary t o  f i l l  

t h e  gaps more' e x t e n s i v e l y  w i t h  est imates based. on ex t rapo la t i ons  o r  

analog ies.  Such est imates always leave  some doubt on . the  accuracy o f  

t h e  evaluat ions,  and i t  w i l l ,  be necessary t o  a l s o  make "probable e r r o r "  



est iha t ,es  t o  reduce d e c l  s i o n  mi s takes based on e a r l y  e v a l u a t i o n s .  Never- 
I 

, . . . 

t h e l e s s ,  c o l l e c t i n g  i;he i n f o r m a t i o n  and c a r r y i n g  o u r  e v a l u a t i o n s  a t  t h e  
, . 

. e a r l i e s t  p o s s i b l e  i i o i e  . . n o t  o n l i  a  p l a n n i n g  t o o l ,  b u t  a l s o  a i d s  i n  

uncover ing  t h e  d e c i d i n r  a t t r i b u t e s  about  wh ich  i n fo rma  t i o n  ough t  t o  be 

o b t a i n e d  a t  an e a r l y  s tage o f  t h e  development process.  

We have t a b u l a t e d  p r o d u c t i o n  exper ience  d a t a  o b t a i n e d  f r o m  Spec t ro -  

l a b "  ) f o r  s l  i c i n g  2-crn r e c t a n g u l a r ,  5.4-cm and 7.5-cm d i a m e t e r  wa fe rs  

u s i n g  t h e  V a r i a n  n :u l t i - u lade  s l i c i n g  system, and s i m i l a r  d a t a  o b t a i n e d  . . i  

f r om HAMCO"), f o r  10 s l i c i n g  o f  10.16-cm d iamete r  i n g o t s  u s i n g  t h e i r  . .. 

equipment. ~ x p e k i m e n t a l  da ta  f r o m  OCLI'~), ~ a r i a n ' ~ )  and T I  (5) f o r  
. . 
mu'l t i ' b l a d e w a f e r i r i 2 ,  . ~ ! - ~ ~ . o c L I ( ~ )  and S T C ' ~ '  f o r  I D  s l i c i n g ,  and f r o m  

J P L ' ~ )  f o r  t h e  Yasunaga mu1 t i - w i r e  s l u r r y  s l  i c i ' n g  system, were a l s o  tab -  

u l a t e d .  To comyie te  t h e  a n a l y s i s ,  p r o j e c t i o n s  made by ~ a r i a n ' ~ )  f o r  mu1 ti- 

b l a d e  il i c i n g ,  by S i c  f o r  I D  s l  i c i n g ' 7 )  by ~ k i s t a l  Systems "') f o r  t h e i r  

f i x e d  a b r a s i v e  nlul t i - w i r e  system, and by '  s o l a r e x  ) f o r  t h e  ~ a s u n a g a  

mu1 t i -w i . re .  s l u r r y  system were examined. 



TECHNICAL DISCUSSION. 

A. BRIEF DESCRIPTIONS - OF THE SLICING TECHNIQUES 

1. Mu1 ti blade S l  i c i n g  

The m u l t i b l a d e  s l u r r y  sawing method i s  one o f  the  two tech-.  

n iques used i n  c u r r e n t  p roduc t ion  s l i c i n g .  I n  i t s  p resen t  c o n f i g u r a t i o n  

230-250 blades o f  38-cm l e n g t h  o f  hardened 1095 s t e e l  a re  mounted and 

evenly  spaced on a b lade head t h a t  i s ,  f o r  s ' l i c ing ,  rec ip roca ted ,  a t  

f requencies below 2 Hz (norma l l y  about 1.6 Hz),across t he  workpiece us ing  

approx imate ly  a  20-cm st roke.  The abras ive  s l u r r y  i s  pu lsed,sprayed o r ,  

a t  times, d r ipped  onto t he  top  sur face o f  the  workpiece and r e c i r c u l a t e d '  

by a pump. The s l u r r y  i s  a  S i c  abras ive  suspended i n  PC o i l .  It i s  nor-  

m a l l y  used f o r  one l oad  be fo re  i t  i s  discarded. There a re  no p r a c t i c a l  

ways, a t  present,  t o  re-use the  abras ive  s l u r r y  f o r  more than one load. 

The c u r r e n t  m u l t i b l a d e  s l i c i n g  machines can accept  b lade heads 

up t o  18.5-cm wide. However, the  number o f ' b l a d e s  i n  a  b lade head, and 

consequently, t h e  number o f  s l i c e s  t h a t  cou ld  be produced per  load,  i s  n o t  

l i m i t e d  by the b lade head w i d t h  per  se, b u t  r a t h e r  by the  maximum tens ion  

f o r c e  the  blade .head can e x e r t  on the blades. Th is  i s  about 401,800 N 

( 4  f o r  c u r r e n t  p roduc t ion  b lade heads . An adequate saw f o r c e  commonly 

c a l l  ed "blade 1 oad" , i s  necessary t o  ach'ieue e-cCo'n=omi-ca-Fly acceptable c u t -  

( 5 )  t i n g  r a t e s  i n  t he  s l i c i n g  process. A blade l oad  o f  about 1-2 N/blade , 
i s  u s u a l l y  appl ied.  Excessive blade loading,  and even normal l oad ing  

a f t e r  some blade wear, can cause d e f l e c t i o n  o f  the blade;, o f t e n  c a l l e d  

"buck1 ing" ,  which r e s u l t s  i n  i naccu ra te l y  s l i c e d  wafers o r  even  broke^ 



wafers. To min imize buck l ing ,  t he  blades need t o  be s t ressed  as much as 

- poss ib le ,  which, i n  c u r r e n t  p r a c t i c e ,  i s  80% o f  t he  y i e l d  s t r e n g t h  o f  
1 

1095 s t e e l  , o r  1.37 G P ~ ' ~ ) .   heref fore', t he  maximum number of b lades ' 'per -  

m i t t e d  per b lade head i s  401.8/1.37+A, where A i s  the  c ross - sec t i ona l  

' 2. b lade area i n  mm . For a  6.35, mn h i j h  blade', 0.20 mm t h i c k ,  a  s i z e  t h a t  

i s  norma l l y  used i n  p r o d ~ c t i o n ' ~ ) ,  the  maximum number o f  b lades thus  i s  

230. Reducing t he  b lade th ickness  t o  0.15 mm w i l l  i nc rease  t he  maximum 

number of 6.35 mm h i g h  blades t o  307. A t  present,  the  t h i c k e r  0.20 m 

blades a re  used i n  p roduc t ion  because o f  t h e i r  b e t t e r  wafer  y i e l d ,  as 

they  a re  l e s s  suscep t i b l e  t o  buckl ' ing which can be caused by v e r t i c a l  

misa l ignment  a t  t he  beginn ing o f  t he  s l i c i n g  process and by increased 

b lade tens ion,  r e s u l  t i n g  f rom reduc'ed c rossec t i on  because o f  b lade wear 

( 5 )  near the  end o f  s l  i c ' i ng  . 

There a r e  two types o f  b lade packages a v a i l a b l e :  the  d r i l l - p i n  

package and the  epoxy package. I n  t he  former,  t he  a l ternate1.y  arranged 

b lades  and spacers which determine t he  th icknesses  o f  t he  k e r f  and wafers  a r e  

he ld  toge ther  by f o u r  threaded rods. I t  i s  the  cheaper of t h e  two types o f  

package ($50 compared t o  $175),but o f t e n  r e q u i r e s  a d d i t i o n a l  a l ignment  

be fo re  mounting on the s l i c i n g  n ~ a c h i n e ' ~ ) .  I n  the  epoxy package, an 

adhesive i s  a p p l i e d  between the  spacers and the  b lade ends t o  ho ld  t he  

( 4 )  package toge ther  

The p roduc t i on  procedure f o r  mu l t i - b l ade  s l i c i n g  i nvo l ves  f i r s t  

mognting t he  workpiece, o r  s i l  i c o n  c r y s t a l ,  w i t h  wax, epoxy, o r  o t h e r  
. . 

s u i t a b l e  cement on a  g raph i t e  o r  ceramic base p l a t e .  The workp iece  i s  

then clamped by t he  basepla te  t o  the  s l i c i n g  machi.ne. To he lp  inc rease  t h e  



y i e l d ,  ceramic bars  a re  o f t e n  s i m i l a r l y  cemented l o n g i t u d i n a l l y  on to  t he  

c y l i n d r i c a l  c r y s t a l  near i t s  top  and bottom h o r i z o n t a l  tangents. The bars 

"smooth-out" the  s l i c i n g  by decreas ing the' v a r i a t i o n  i n  k e r f  l e n g t h  

and b lade  load  as the  blades t r a v e l  downward through the  c y l i n d r i c a l  

c r y s t a l .  I n  a d d i t i o n ,  ceramic bars near the  t op  tangent min imize t h e  . '  

e f f e c t  o f  v e r t i c a l  misal ignment by reduc ing  b lade buck l i ng  by the  t ime 

they  en te r  the s i l  i con  c r y s t a l .  Those bars near t he  bottom, he lp  t o  

smooth t he  t r a n s i t i o n  o f  the  blades c u t t i n g  i n t o  t he  base m a t e r i a l  by 

e q u a l i z i n g  the s l i c i n g  p r o p e r t i e s  above and below t h e  c r y s t a l  t o  base 

t r a n s i t i o n .  Some o f  these b e n e f i t s  a re  a1 so obtained, i n  some places, w i  t h -  

o u t  the  use o f  ceramic bars  by va r y i ng  t he  b lade l oad  accord ing t o  the  

changing k e r f  l e n g t h  d u ~ i n g  t he  s l i c i n g  process. A f t e r  the s l i c i n g  i s  

f i n i s h e d ,  the wafers, s t i l l  a t tached t o  t he  base, a re  removed f rom the  

s l i c i n g  machine and t h e  wafers a r e  then detached f rom the  base. 

The e f f e c t i v e  l i n e a r  c u t t i n g  r a t e  o f  t he  m u l t i b l a d e  process i s  

. p r e s e n t l y  .about 550 t imes 'smal ' le r  than t he  I D  diamond saw. The 1  i n e a r  

c u t t i n g  r a t e  cannot be increased s i g n i f i c a n t l y  because o f  t he  l i m i t  on t he  * ;. . . ..a 

blade l oad  and because o f  t h e  blade head mass which l i m i t s  t he  r e c i p r o c a t i n g  

frequency. The b lade l oad  cannot be increased much beyond i t s  p resen t  

' va lue  w i t h o u t  s i g n i f i c a n t l y  i nc reas ing  b lade buck1 i n g  s ince  t h e  t e n s i l e  

s t r e n g t h  o f  t he  blades i s  f i x e d .  Var ian found t h a t  a  b lade l oad  o f  2.77 N/ 

blade caused severe enough buck l i ng  t o  separate  t he  c r y s t a l  f rom i t s  

mount(4). In another  experiment, a  r e c i p r o c a t i n g  f requency inc rease  t o  

2 Hz r e s u l t e d  i n  s u f f i c i e n t  v i b r a t i o n  t o  break a l l  wafers(4) .  Therefore,  

i n  o rde r  t o  inc rease  t h e  throughput  r a te ,  o r  the  wafer area produced i n  

t h e  mu1 t i - b l a d e  s l i c i n g  process per  u n i t  t ime, e i t h e r  t he  number o f  s l i c e s  



i n  $he load, o r  t h e  area y i e l d  per  .load, has t o  be increased w i t h o u t  . . 

s i g n i f i c a n t l y  i nc reas ing  t h e  t ime o f  the . run .  The area ou tpu t  per  l o a d  

can be increased i n  a  combinat ion o f  several  ways: by i nc reas ing  t he  num- 

ber . .o f  blades per  u n i t  b lade head width ,  as can be achieved by decreas ing 

t he  b lade and/or spacer th ickness;  by i nc reas ing  t h e  d i d t h  o f  t h e  blade, 

head w i t hou t  changing b lade and spacer thicknesses;, o r  by i nc reas ing  .the 

w i d t h  o f  t he  workpiece. . . 

The b l a d e  th ickness  has a  . lower  bound s e t  by i t s  s t reng th .  1 f  

t he  blade i s  too  t h i n ,  i t  w i l l  ' buck le  under t he  'blade load, o r  break 

f rom t h e  blade tens ion,  r e s u l t i n g  i n  broken wafers a i d  low y i e l d s .  

Reduction o f  t he  spacer th i ckness  i s  l i m i t e d  by t he  wafer s t reng th .  

S l i c i n g  wafers too  t h i n  increases t h e i r  chance of  breakage due t o  pressure 

f rom t h e  l a t e r a l  b lade movement, b lade v i b r a t i o n ,  b lade buck1 ing, e tc .  As 

t h e  b lade and spa.cer th icknesses a r e  decreased, t he  i nc reased  f i a g i l  i ty 
, . 

o f  t he  blades and t h e  wafers u l t i m a t e l y  leads  t o  s i g n i f i c a n t l y  lowered' 
. 0 . .. 

y i e l d s .  ~ x ~ e r i m e n t a l l ~ ,  ~ a r i a n ' ~ )  has found' t h a t  us i ng  0.15 mm t h i i k .  

b lades w i t h  0.30 mm spacers s t i l l  r e s u l t s  i n  good y i e l d s .  . Under these'  

cond ' i t ions '0.25 mm t h i c k  wafers  w i t h  0.20 mm k e r f  a re  produced. Th is  " 

.. - - '. 
gives,  assuming a  wafer y i e l d  of 95%, which has been demonstrated by 

f ,  

2 . . 
Varian, an area convers ion r a t i o  o f  0.9 m /kg-Si  which i s  a  50% improve- 

* ,' 

merit over  Spec t ro lab 's  r e c e n t l y  exper ienced area convers ion r a t i o  i n  
. . 

s l i c i n g  5.4-cm and 7.5-cm d iameter  wafers. 



Varian i s  a l s o  c r i r r e n t l y  cxperinicntin!] w i  t.h a l d r q e r  blade head 

w id th  that; car1 accept. 900 t o .  1000 b l i ~dcs .  l l i i s  blade head weighs ~ p p r o x i -  

mately- one ton. Therefore, the workpiece w i l l  be rec ipr 'ocated.against  

t he  s t a t i o n a r y  blades. The workpiece s i z e  i s  p ro jec ted  t o  be 12-cm i n  

diameter and 40.5-cm long y i e l d i n g  a wafer area o f  9.67 m2/load us ing the  

900-blade machine w i t h  the aforementioned blade and spacer thicknesses.  h his 

area y i e l d  i s  over f o u r  t imes h igher  than obtained i n  present commercial 

p rac t i ce .  D e t a i l s  on the, Varian 900-blade head s l  i c i n g  machine, 

as we l l  as o ther  s l i c i n g  processes discussed i n  the report ,are l i s t e d  i n  

Tables 1-111, and i n  the "Un ive rs i t y  o f  Pennsylvania Process Character- 

i z a t i o n "  formats which are  attached as an Appendix. 

A t h i r d  method t o  p o t e n t i a l l y  increase the  area y i e l d  per load  w i th -  

o u t  inc reas ing  the  s l i c i n g  t ime would be t o  increase the  w id th  o f  the 

workpiece, o r  the k e r f  length; by s l i c i n g  two o r  more ingots,  placed 

side-by-side, s imultaneously.  ~ 1 ' ~ )  has found t h a t  the machine s l  i c i n g  

time, and, correspondin'gly,' the l i n e a r  c u t t i n g  ra te ,  i s  e s s e n t i a l l y  i n -  

dependent o f  the  k e r f '  length. T I  has the re fo re  proposed s l i c i n g  two 12-cm 

diameter ingo ts  a t o n e  t ime t o  incrcdse the, mu l t i -b lade s l i c i h g  produc t iv i ' t y .  

The area y i e l d  per load, w i t h  d e t a i l s  o f  t h i s  p r o j e c t i o n  'given i n  Tables 

I t o  111, can thus be doubled w i thout  s i g n i f i c a n t l y  changing t h e  s l i c i n g  . 

time. 

2. Inner  Diameter S l i c i n g ,  

I n  the process of inner  diameter, o r  I D ,  s l i c i n g ,  one wafer i s  

s l i c e d  a t  a t ime w i t h  a r o t a t i n g ,  diamond impregnated blade. The r o t a t i o n  
1 '  . . 

speed depends upon the blade size, and i s  2,100 rpm f o r .  a blade w i t h  a 



15.25-cm diameter ho le ,  and 1650 rpm f o r  a  20.32-cm d iameter , ' i nner  d i a -  

meter ,b lade.  The b lade cons i s t s  o f  a  . -s ta in less  s tee l  co re  which . i s  0.10. 

and 0.15 mm t h i c k  f o r  15.24 and8 20.32-cm blades, r espec t i ve l y ,  w i t h  d i a -  
. . 

mond p l a t e d  edges. The t o t a l  th ickness . . o f  t he  15.24-cm b lade i s  approx i -  

mate ly  0.30 mm, and the  20.32-cm b lade i s  about 10% t h i c k e r .  The blade. 

i s  moufited around i t s  r i m  i n  a  v i s e - l i k e  ho lde r  where h y d r a u l i c  pressure 

i s  app l i ed  t o  tens ion  i t  r a d i a l l y . ;  

L 

The l i n e a r  c u t t i n g  ra te ,  o r  the r a t e , t h a t  t he  i n n e r  diameter b lade 

t raverses  t he  s i l i c o n  can be up t o  305 cm/h, o r  a lmost  t h r e e ' o r d e r s  o f  . ' 

'magni tude h igher  than f o r  the  s l  u r ry ;  mu1 ti -b l  ade process. There a re  

severa l  reasons f o r  t h i s .  F i r s t ,  t he  i n n e r  d iameter  b lade speed i s  approx i -  

m a t e l y  1,600 cm/sec as opposed t o  l e s s  than 80 cm/sec f o r  m u l t i b l a d e  
, a .  

s l i c i n g .   heref fore, t he  con tac t  l e n g t h  per  u n i t  t ime between, the  b1ad.e 

and t he  s i l i c o n  f o r  ID  s l i c i n g  i s  twenty t imes h igher  than f o r  m u l t i b l a d e  

s l i c i n g .  Also, f i x e d  abras ive  s l i c i n g  removes more k e r f  i n  a  u n i t  con tac t  

l e n g t h  because t he re  a r e  two sur faces moving r e l a t i v e  t o  each o t h e r  i ns tead  

o f  t h ree  as ,in s l u r r y  s l i c i n g .  I n  s l u r r y  s l i c i n g ,  the. abras ive  i s  pushed 

i n t o  the  workpdece and i s  "rol1e.d out:'. Whereas . f o r  f i x e d  .abrasive s l  i c i n g ,  

the  abras ive  cu t s  i n t o  the  workpiece t o  remove t he  k e r f .  F i n a l l y ,  the  

diamond p l a t e d  l ? y e r  on the  ID  .blade increases t he  b l ade ' s  r i g i d i t y  and 

th ickness and a l l ows  t he  a p p l i c a t i o n  o f  more force,  by t he  blade, on t he  

workpiece than i n  mu l t i b l ade  s l i c i n g .  The t o t a l  th ickness  o f  t h e . I D  

blade i s  300-330 pm t h i c k  w h i l e  the mu1 t i b l a d e  i s  150-200 pm th i ck . ,  I t  

should be noted t h a t  the  e g f e c t i v e  ID c u t t i n g  r a t e  i s  about 10-20% lower  

than i n d i c a t e d  by the  b l ade ' s  l i n e a r  c u t t i n g  r a t e  because o f . t h e  18 t o  24 
. . 

seconds between two consecut ive s l i c e s ,  when the  b lade i s  r e t u r n i n g  t o  i t s  



o r i g i n a l .  v e r t i c a l  p o s i t i o n  and the  . s i l i c o n  c r y s t a l  i s  be ing.  indexed. 

I n  mounting' t h e '  i ngo t ,  one end i's a t tached t o  a  g.raphi'te base w i t h  

epoxy and the i n g o t  i s  then placed i n  a  box w i t h  rubber suppor'ts 'a lohg i t ' s  

l e n g t h  t o  keep i t  r i g i d .  The s t i f f ness  of t he  mount w i l l  a f f e c t  the  

v i b r a t i o n  l e v e l  between t h e  b lade and workpjece, i n f l u e n c i n g  the  wafer 

th ickness  and y i e l d ( 3 ) .  A t  present,  I D  machines can accon~modate i n g o t s  

(2 '3) .  The c u r r e n t  p r a c t i c e  o f  s l  ic i .ng 10.16-cm diameter up t o  50-cm l o n g ,  
. . 

wafers, 0.50 mm t h i c k  w i t h  a  0.33 mm ke r f ,  y i e l d s  a area o f  4.8 mL/load 
. - 1 1 '  : 

2 
o r  0.50 m /kg, a t  a  p r a c t i c a l  wafer y i e l d  o f  98%. Dur ing s l i c i n g ,  e i t h e r  

water  o r  water mixed w i t h  a  small percent  o f  Rust -L ick  i s  sprayed on the  

c u t t i n g  edge, a t  a  r a t e  o f  about 2  m nlsec, t o  coo l  the blade. The blade 

must be dressed, every  50 s l i c e s  f o r  the  15.24-cm blade and every 25 s l i c e s  

f o r  t he  20.32-cm b l a d e s . f o r  proper  s l i c i n g ,  i n  o rder  t o  remove d i r t  and 

expose a f r e s h  c u t t i n g  sur face.  The d ress ing  i s  done wi,th 5  cu t s  o f  an 

alumina s t i c k .  The l i f e t i m e  o f  the blade i s  dependent on the r a t e  o f  

diamond " p u l l - o u t "  an3 the  degree of metal  f a t i g u e  and v a r i e s  q u i t e  ex -  

t e n s i v e l y  f rom blade-to-blade. The l i f e t i m e  median i s  about.3,000 7.52-cm 
P' r< ' 

d iameter  s l i c e s  f o r  the  15.24-cm blade and 5,000 10I16-cm diameter 

s l i c e s  f o r  t he  20.32-cm blade. 

A method being i nves t i ga ted ,  t o  increase the ID  saw's p r o d u c t i v i t y  

by a f a c t o r o f  two, i s  c r y s t a l  r ~ t a t i o n ' ~ ) .  The c u t t i n g  speed i s  doubled 

us ing  a r o t a t i n g  c r y s t a l  s ince  the blade has t o  t r ave rse  o n l y  hal f -way 

through the c r y s t a l  diameter. The h a l f  pene t ra t i on  i n  r o t a t i n g  c r y s t a l  

s l i c i n g  permi ts  the  use o f ~ a  cheaper, sma l le r  diameter, and t h i n n e r  i n n e r  

d iameter  blade, For s l i c i n g  10-cm diameter wafers w i t h  t h i s  technique the  

( 7 )  wafer  th ickness  and k e r f  a r e  expected t o  be 225 pm and 210 um r e s p e c t i v e l y  . 



A UPPC h r n i a t  f o r  s l i c i n g  r o t a t i n g  10-cm d iameter  c r y s t a l s  w i t h  t he  

I:D saw i s  at tached, t o  the Appendix. Th is  process i s  expected t o  be i n  

commercial use. by 1982. 
: ' .  

3. ---.- The .YasunasYQ-100 ------ Mu1 t i w i r e  Saw System ----. 

. .  . 
The Yasunaga m u l t i w i r e  saw i s  a  s l u r r y  s l i c i n g  system which 

uses a s i n g l e  w i r e  (600 t o  30,000 m i n  l e n g t h )  rou ted  around a r o c k e i  arm 

. I  
tens ion ing  dev ice,  a  w i r e  gu ide ca t r i dge ,  and a take-up r e e l  ., The con- 

t inuous w i r e  fo'rms up t o  250 mu1 t i p l e  loops around t he  t h ree  grooved w i r e  

guides, arranged i n  an e q u i l a t e r a l  t r i a n g l e ,  t h a t  a re  the key p a r t s  o f  
. . 

t he  w i r e  gu ide c a t r i d g e .  Dur ing s l i c i n g ,  the  w i r e  gu ide c a t r i d g e  o s c i l l a t e s ,  
3 

w h i l e  the  workpiece i s  r a i s k d  aga ins t  the  w i res  w i t h  a  p rese t  f o r c e .  An 

abras ive  s l u r r j l  i s  sprayed on t he  c u t t i n g  surface. The. procedure f o r  

mounting the s i l i c o n '  c r y s t a l  f o r  nu1 t i b l a d e  s l i c i n g  i s '  s i m i l a r  t o  t h a t  

descr ibed f o r  niul t i  b lade s l i c i n g .  

The c h i e f  p o t e n t i a l  b e n e f i t  o f  t h e  Yasunaga saw i s  i t s  h i g h  
! t '  

area-mass convers ion , .  , .  r a t i o  by employing closely-spaced, smal l  d iameter  

wi res.  The c u r r e n t  YQ-100 model has a workpiece capac i t y  o f  lOxlOXlO cm 

and as demonstrated by experiments,(') r e s u l t s  o f  which a re  l i s t e d  on a 

UPPC format a t tached  i n  the  Appendix, i t  can ' s l i c e  215, 212 - + 7 pm t h i c k  

wafers w i t h  l e s s  than 200 Dm k e r f  us i ng  0.4 mm p i t c h  guides, 0.16 mm 

diameter w i r e  and 13 pm S i c  abras ive.  Under those cond i t i ons  an area t o  

2  u n i t  mass r a t i o  o f  1.04 m /kg i s  obtained, which i s  about 50% 'h igher  than  

what anyother t u r r e n t  p roduc t i on  o r  exper imenta l  s l i c i n g  system achieves. 

Th is  h i ghe r  area t o  mass r a t i o  e f f e c t i v e l y  reduces the  consumpti'on o f  



s i n g l e  c r y s t a l  s i l i c o n ,  t o  produce a g iven  wafer area, by a t h i r d .  . I t  

i s  p ro j ec ted  t h a t  the  Yasunaga saw can achieve an area-mass r a t i o  of 1.42 

2 m /kg by employing c l o s e r  spaced p i t c h  guides (0.3 mm), smal le r  diameter 

w i r e  (0.08 mm) and a f i n e r  abras ive  ( 5 pm). Th is  would y i e l d  a  200 pm 

(1'1') t h i c k  wafer  w i t h  100 um k e r f  . 
It i s  be l i eved  t h a t  t he  narrow l app ing  band o f  t he  w i res  o f  

t h e  ,Yasunaga saw r e s u l t s  i n  wafers. w i t h  l e s s  subsurface damage. than ;ri t h .  
. . . . 

(8) o t h e r  commercial s l i c i n g  techniques( ' ' ) ,  and t h i s  i s  be ing inves t iga ted ,  . 
Cur ren t l y ,  t he  Yasunaga saw i s  not .used f o r  the  produ'ct ion o f  

s i l i c o n  wafers, a t  l e a s t  n o t  i n  t he  USA, a l though Solarex has r e c e n t l y  

ob ta ined  a machine f o r  p i  l o t  1 i n e  operat ion.  , .  

' - 4.. The Mu.1 t i w i r e  F ixed Abras ive S l  i c i n g  Technique ("FAST'") 

Th is  method i s  s i m i l a r  t o  mu1 t i b l a d e  s l i c i n g ,  except t h a t  the  

s i l  i c o n  i s  s l  i c e d  w i t h  diamond-impregnated w i res  i ns tead  o f  s t e e l  blades 

and an abras ive  s l u r r y .  I n  FAST, the.diamond impregnated w i res  a r e  

mounted and evenly  spaced, a t  a? 1 inea'r d e n s i t y  expected : t o  be up t o  

25 cm-' , o n  a 1 i g h t  weight  f r ame  t h a t  i s  r ec i p roca ted  acro:6sFa r o c k i n g  

workp iece( lO) .  The w i res  a re  coa ted  w i t h  22 t o  '45 pm diamonds imbedded 

i n  a  metal  m a t r i x ,  and can be c'oated on t h e i r  bottom halves' o n l y  

t o  reduce abras ive  costs.  Development' i s .  s t i l l  proceeding towards f i n d i n g  

an optimum w i r e  composit ion, b u t  i t  has been found t h a t  heat-hardened, 

tungsten.  co re  wi re ,  diamond-impregnated, and n i c k e l  -p la ted,  has a good 

l i f e t i m e ,  which means i t  cou ld  be used f o r  about 10 loads before s i g n i f i -  

(1  0 )  c a n t l y  l o s i n g  i t s  c u t t i n g  a b i l i t y  . 



Crys ta l  Systems has conducted most o f  t h e i r  exper iments  per-  
. . 

t a i n i n g  t o  FAST, on a  m o d i f i e d  Var ian 686 wafe r ing  machine. Consequently, 

t he  s l i c i n g  p o t e n t i a l  o f  m u l t i w i r e ,  f i x e d  abras ive  s l i c i n g  has n o t  been 

fu1, ly  demonstrated. For example, workpiece s i z e  has been, f o r  most of 

t he  experiments o n l y  4 x  4 cm, and t he  r e c i p r o c a t i n g  r a t e  lower  than  r e -  

qu i r ed  f o r  o.ptimum f i xed -ab ras i ve  s l i c i n g .  A s l i c i n g  machine, b u i l t  t o  

C rys ta l  Systems ' s p e c i f  i .ca t ions,  have j u s t  been de l  i v e r e d  t o  them' 

and slici,ng. w i t h  t h i s  machine has j u s t  been i n i t i a t e d ,  The new s l i c i n g  

machine has been designed t o  p rov i de  h igher  c u t t i n g  r a t e s  and lower  wafer 

and k e r f  th icknesses and operate  wi.$h.a much 1  i g h t e r  b lade  car r iage ,  a t  .h igher  

r e c i p r o c a t i n g  f requenc ies,  and reduced v i b r a t i o n  than t h e  Var ian machine. 

I t  i s  expected t h a t  t h i s  m u l t i w i r e ,  f i x e d  abras ive  s l i c i n g  technique cou ld  ' 

, .. . . 

have a  c u t t i n g  r a t e  o f  0.6 cni/h ( t w i c e  t he  va lue p r e v i o u s l y  achieved w i t h  

2  good y i e l ds ) ,  w i t h  an area t o  mass r a t i o  o f  1.1 m /kg by produc ing wafers 

200 Dm t h i c k  w i t h  a  200 Dm k e r f .  

. The add-on p r i c e s  f o r  ."FAST:, . d e t a i l e d  i n  one o f  t he  UPPC .. 

fo rmats  a t tached  < :. t o  t he  Appendix, have..been p ro j ec ted  f o r  1986 -s ince t he  

s t a t e  o f  development o f  the  system and the  comparat ive ly  small '  base o f  

exper imental  data a v a i l a b l e ,  making i t  u n l i k e l y  t h a t  t h i s  s l i c i n g  t e c h - .  

n ique ,could be i n  s i g n i f i c a n t  commerci.al ope ra t i on  by 1982. 

. - 

Tables I t o  I11  sunlnlarize t he  da ta  prov ided by va r ious  o rgan i za t i ons  

f o r  the  s l i c i n g  t e c h n i q u e s t h a t  a re  being used 'o r  developed. Inc luded  i n  

these t ab les  a re  p roduc t ion  exper ience data f rom s p e c t r o l a b ( l  ) f o r  mu1 ti- 



SLICING OPEPATION DATA FOR M U L T I B W E  IMERING 



. TABLE I 0  

SLICING OPERATION DATA FOR MULTIWIRE AND INNER DIAMETER WAFERING 

Hultiwire Wafering - Innel: Diameter 

. 9 s t a l  Systems Yasuna aY 100 CXSLI 
Fixed Abrasive Exper~mcnta?) *?Projection) ( ~ ~ e r i m e n t a l r  (I:xperimntal\ 

organizat ion , ~ e t h o d  7.6 cm 10 cm 7.6 cm 10.16 cm 
(project ion)  diameter diameter diameter diameter 

1. Workpiece s i z e  30x10~10 cm 10 cm long . 10 cm long 50 cm long 25 mm long 

2. NO. of  workpieces/ 
load 1 1 1 1 1 

3. Slices/load 250 215 333 , i 2 5  350 

4. Wafer thickness 
(m) 0.1 0.21 + 0.01 0.2 0.36 + 0.02 0.36 + 0.02 

5. Kerf thickness 
(nun) 0.3 0.2 0.1 0.33 . 0.35 

6. P rac t i ca l  Wafer 
Yield 1.00 1.00 1.00 0.95 1.00 

7. Fract ion S i l i c a  
Incorporated in 
Wafer 0.25 0.51 0.67 0.50 0.51' 

* i 
8 .  Depth of Surface Fissures  ex- 

damage (PI) tend 3 um -15 '6.5 n.a. n.a. 

9. Abrasive none GC 1200 5 pn S i c  none none 
(13 pm) 

10. Vehicle o r  , - , 1 : 1 w a t e r :  , lapping n.a. BO:1 water: 80:l water: 
coolant  ethylene o i l  r u s t  l i c k  N S t  l i c k  

glycol  

11. Concentration 
(kg/ll) . . - 71.5 n.a. - - 

12. Flow r a t e  
(th) n.a. 3600 3600 7.2 8.4 

13. lype of blade N i  .p lated,  S t e e l  wire S t e e l  wire Model ST-16  Model STC-22, 
o r  wire tungsten wire, VD blade,  ID blade,  

di+nd im- diamond diamond 
pregna ted plated ' plated 

14. Blade or  wire 0.125 ~ u n  0.16 nun Ldia- 0.08 mm 42.23 cm,OD 55.88 cm OD, 
dimensions core 0.25 nun meter 0.4 nun diameter, 15.24 cm ID 20.32 cm ID, 

t o t a l  diameter p i t c h  0.3 m pitch 0.10 nun th ick  0.15%mm thick 
45 urn diamonds guides guides core,  core,  0.33- 

0.28-0.30 t o t a l  0.36 t o t a l  
thickness th l  rknese 

15. Amount on 250 wire blade -17,000 m -3.5; 000 m 1 1 
machine package 

16. NO. of loads 
before blade 
change 9 3 3 4.1 .14.3 : 

n. Wafer area/load 
(m2 ) 7.50 0.98 2.62 3.14 2.84 ' 

18. Area y ie ld  
(m2/kg) 1.1 ' , 1.04 1.42 . 0.59 0.60 

19. Effect ive cut-  
t ing  r a t e  (cm/h) 0.6 0.84 0.3 305 , 305 

20. S l i c ing  time 
segment/load (h) . 16.67 9.0 30.0 23.9 14.7 

21. Load/Unload 
time (h/load) 1.33 n.a. n.a. 1.23 0.735 

22. Cuttinq too l  
change, machine 
s r r v i c e  (h/load) n.a. n.a. n.a: 1.02 0.84 

2 : )  .- ~larhin'e'scymcnt 
. time (Ii/lond) 18.0 - l O . O ( a )  3 . l ( e )  26.2 16.3 

24 . I.:.,.-hint? j~roduct- 
( v i t y  (m2/h) 0.42 0.038 0.085 0.126 0.176 ; 

& 

S l i c i n q  

?!!Eiz 
(Production exp.) 

.10.16 cm' 
diemeter 

46 cm long 

1 

555 

0.50 

0.33 

0.98 

0.59 

n.a. 

none 

watsr  

5 :  - 
n.a. 

I? blade 
diam~nd 
plated 

n.a. 

1 

1 

. . 

4.41 

. 0.505 

, 305 
, 

23.12 

0.083 

0.33.  

23.5 

0.19 



. . 

b lade  s l i c i n g  and from HAMCO ( *  ) f o r  ID s l i c i n g ,  and exper imental  r e s u l t s  

f o r  mu1 t ib la 'de s l i c i n g ,  from OCLI('), V a r i a r ~ ' ~ )  and  TI(^) f o r '  mu1 ti 

s l i c i n g  f rom J P L ( ~ ) '  and ID  s l i c i n g  from O C L I ' ~ ) .  I n  add i t i on ,  p r o j e c t i o n s  

made by Varlan f o r  n ~ u l t i b l a d e  s l i c ing(g ) .  , by C rys ta l  Systems ( f o r  

t h e i  r ."FASTu method , and by Sol arex ( I 1 )  f o r  the  Yasunaga . saw . a re  inc luded.  

I n  t h e  Appendix, UPPC formats con ta in i ng  the  d e t a i l s  o f  the  i n fo rma t i on  

obta ined,  a re  shown f o r  these p r i n c i p l e  appl i c a t i o n s  o r  p r o j e c t i o n s  f o r  t he  

s l  i c i n g  techniques. 
: I 

The opera t ion  data f o r  m u l t i b l a d e  s l i c i n g  a r e  l i s t e d  i n  Table I A ,  

w h i l e  Table I B  con ta ins  the  corresponding da ta  f o r  t he  f i x e d  abras ive  and 

s l u r r y  ,mu1 t i w i r e  and' t h e  i n n e r  diameter s l  i c i n g  processes. These t ab les  

c o n t a i n  t h e  process a t t r i b u t e  o f  s l i c i n g  which a r e  summarized on F igure  1. 

The f i r s t  two l i n e s  o f  Table I a r e  t he  dimensions o f  t he  workpiece.and 

t h e  number.of workpieces pe r  lpad,  t he  product  o f  which i s  t h e  s l i c i n g  

machine's capaci ty .  , The wafer a r e a  produced i n  a l oad  i s  r e l a t e d  t o  t he  

workpiece capac i t y  through the  wafer and k e r f  thicknesses..and p r a c t i c a l  

wafer y i e l d .  Th i s  wafer area pe r  l oad  (Table I, l i n e  17) can a l s o  be 
r r  :: 

c a l c u l a t e d  as the  p roduc t  o f  t he  t h e o r e t i c a l  number o f  s l i c e s  c u t  per  

l oad  (Table I, l i n e  3) ,  the  " p r a c t i c a l  wafer y i e l d "  (Table I, l i n e  5),  

and t he  area o f - t h e  s i n g l e w a f e r s .  The " p r a c t i c a l  wafer y i e l d "  f r a c t i o n  

i s  t he  number o f  acceptable wafers d i v i d e d  by the  t h e o r e t i c a l  number 

s l i c e d  per  load. The wafer area per  u n i t  mass  able I ,  . l i n e  . 18) i s  
. . 

c a l c u l a t e d  by d i v i d i n g  t he  p r a c t i c a l  wafer y i e l d  by t he  prod'uct o f  the  

sum o f  the  wafer and k e r f  th icknesses (Table I, 1 ines  4 and '5)  and t he  
. . 

d e n s i t y  o f  s i l i c o n ,  o r  



PROCESS A T T R J B U S  

WORKPIECE SIZE AND NUMBER/LOAD 

KERF THICKNESS 

PRACT ICAL Y I ELD 

(DEPTH , . OF DAMAGE) 
. . 

EFFECTIVE CUTTING RATE 

LOAD/UNLOAD .T IME ( I NCL . TOOL CHANGE) 

MACHfINE PRODUCTIVITY 
. . - 3 . . .  t ' .  : 

MACHINE, . AVAILABILITY . 

F i g u r e  1 . 
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where I a n  represen ts  the  va lue from Table I, l i n e  n. 

The wafer th ickness, k e r f  and p r a c t i c a l  wafer. y i e l d  a re  necessary 

f o r  f i n d i n g  the  d i v i s i o n  o f  the  i n p u t  s i l i c o n  c r y s t a l  o r  workpiece i n t o  

t h e  s i  1  i c o n  incorporat 'ed i n  t h e  work-in-process wafer (Table I ,  1 i n e  7 )  

and t h a t  s i l i c o n  l o s t  i n  k e r f  and broken wafers. 

The procedures f o r  determin ing the  subsurface damage depths, l i s t e d  

i n  l i n e  8 o f  Table I, were n o t  cons i s ten t  between o rgan iza t ions .  The 

most accurate method f o r  determin ing subsurface damage depth i s  t o  r e -  

move wafer su r face  m a t e r i a l  u n t i l  the  c e l l  e f f i c i e n c y  becomes independent 

( 1 )  o f ,  any f u r t h e r  removal. Spect ro lab '  s  values r e f l e c t  t h i s  procedure . 
The o the r  subsurface damage depths were determined by chemical e t ch ing  

( 4  t o  remove sur face  m a t e r i a l  f o l l owed  by Wr ight  e t ch ing  t o  revea l  de fec ts  , 

by e t ch ing  and x - ray  t ~ ~ o ~ r a ' ~ h ~ ( ~ ) ,  and by angle l app ing  and S i r t l  e tch-  

('8 ) i n g  . 
I n d i r e c t  m a t e r i a l  requirements,  b r i e f l y  summarized on F igure  2, i n  

terms o f  t h e  abras ive  and veh ic le ,  o r  coo lan t  type, the  s l u r r y  concentra- 

t i o n  and i t s  f l o w  r a t e  o r  t h a t  o f  the  coolant ,  a re  l i s t e d  i n  l i n e s  9-12 o f  

Table I. Lines  13-16 descr ibe  t he  expendible t o o l i n g  requirements such 

as t h e  type  o f  b lade o r  wi re ,  i t s  dimensions, the  s i z e  o f  t he  b lade pack 

! 
and i t s  l i f e  expectancy. These da ta  a r e  necessary f o r  determin ing the 

expendible t o o l i n g  and m a t e r i a l  costs .  . . 

The e f f e c t i v e  c u t t i n g  r a t e  (Table I, 1- ine.19)  i s  de f i ned  here- as 

t he  workpiece d iameter  d i v i d e d  by the  sl ic, ing t ime segrnent,which i s  t he  



time the machine i s  ac.Lually sawing (Table I ,  1 ine 20). The tine 

periods when the machine i s  n o t  actually slicing and  cannot be' used for 

sl  icing because of preparatory or service operations, are 1 isted in. 1  ines 

21 and 22. The sum of these 1 ines and the sl icing time segment i s  the 

iachine.segmint time (Table 1, 1 i n e 2 3 ) ,  or t h e  average time needed for 

sl icing a  load, including loading, unloading and servicing. The machine 

segment time i s  needed for calculating the number of loads processed 

annual 1 jl, and the machine productivity  a able 1, 1 ine 24) which i s  the 

wafer area sliced in a  load divided by the machine segment time. 

The requirements per machine load for labor, included that needed 

for service and repair, for indirect material 'needs, including e lec t r ic i ty  

consumption, for '  capi tal  expenses, which consists of machine and facil  i  ty 

components, are included in Tables I IA and IIB. These data form the basis 

for calculating of the manufacturing cost components of labor, expendable 

tooling, indirect'matei-ials, and capital .  Also l is ted in these tables 

are values necessary for calculating direct  material or silicon costs:  

the proportion:'o-f s i  1  icon 1 os't in gri.nding the cyl indrical 'ingots . t o  a  

uniform diameter, the uni,t mass of  silicon incorporated in the wafer and 

that l o s t  in kerf a n d  broken .wafers. 

The labor times required for each part of the crystal sl icing 

operation (see Fig. Z ) ,  that  i s  crystal mounting, machine loading a n d  

machine monitoring are l is ted in l ines 1-3 of Table 11, with their  total 

on l ine 4. The service labor time, which includes changing the blades or 

wires, i s  l is ted in l ine 5. 
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TABLE I I B  

SLICING LABOR AN0 RATERIAL ANALYSIS FOR MULTIWIRE AND INNER DIAMETER WFERIffi 
1 

M u l t i w i r e  w a f e r i n q  I n n e r  Diameter  S l i c i n  

C r y s t a l  Systelns - -  
I F ixed  Abras ive  (Exper imenta l )  (Exper imenta l )  ( P r o d u c t i o n  e x ~ . )  

O r g a n i z a t i o n  Method 7 . 6  cm 
( P r o j e c t i o n )  d i a m e t e r  d i a m e t e r  d i a m e t e r  

7 d i a m e t e r  1 O . l b c m  TR- d i n m e t e r  

1. r y s t a l  Mount 
t ime ( h / l o a d )  

12. a c h i n e  load-  I I 0 . 2 3  1 0 . 2 5  

unload l a b o r  ' 

c h l n g e ,  machine 
se: .vice l a b o r  
Ihl ' load) 

e h i c l e  o r  

sumption.  3  kg IB k::'lF I - 
n.a.  I I-3-25'.' I n.1 .  I 5 . 1  I 1 . 7 5  I 0 I 

- 
9 .  

a b r a s i v e  con- 
sumed ( k g / l o a d )  1 0 . 

)'over r e q u i r e -  1 
5 n.a.  0  0  o---- 



Expendable t o o l  i n g  and . ind i rcc  t 11lit t c ? r i a l  requ i ren~cn ts ,  i n  terms o f  

t he  b lade o r  w i r e  s e t  ,costs  and the q u a n t i t i e s  . o f  v e h i c l e  o r  coo lan t  and 

abras ive  consumed d u r i n g  a run, are. . l i s t e d  i n  1  i nes  6-8 o f  Table 11. The 

e l e c t r i c a l  consur.iption f o r  a  r un  (Table  11, l i n e  10) i s  considered as an 

i n d i r e c t -  m a t e r i a l  and i s  obta ined by mu1 t i p l y i n g  the  s l  i ce r l . s  power r e -  

quirements by t he  s l i c i n g '  t ime  segment (Table  I, l i n e  20). 

I n  o rde r  t o  c a l c u l a t e  t h e  p o t e n t i a l  nurilber o f  loads t h a t  can be 

s l i c e d  annual ly ,  shown i n  l i m e  12, the  machine segment t ime (Table  I., 

l i n e  23) i s  d i v i d e d  i n t o  8280. Th is  l a s t  value, 8280, i s  taken f rom 

SAMICS('~) and i s  t h e  number o f  annual hours t he  wafer s l i c i n g  p l a n t ,  

. operates.  The p l a n t  ope ra t i on  schedule i s  cont inuous except f o r  one 

1-week vacat ion,  two 4-day weekends, and one 3-day weekend, and was 
... 

, . chosen t o  maximize annual p roduc t i on  by min imi  z i ng  s l  i c e r  shutdowns 

d u r i n g  a r u n  due t o  p l a n t  c los ings .  

A f t e r  d e a l i n g  w i t h  expenses, the  sum o f  the  machine and f a c i l  i t y  

cos ts ,  o r  t h e  c a p i t a l  c o s t  p o r t i o n  o f  t h e  manufactur ing cos ts  needs t o  

be considered. The c a p i t a l  cos ts  a re  dependent on t he  f a c t o r s  '1 i s t e d  

on F igure  3. The annual machine c o s t  (Table  11, 1  i n e  14) i s  t he  p roduc t  ' 
. 

o f  t he  i n i t i a l  c o s t  o f  t he  s l i c i n g  machine, i n c l u d i n g  i n s t a l l a t i o n ,  taken 

-1 . 
f rom the da ta  sources, and the  s tandard ized charge r a t e  o f  0.2135 y  . 
Th i s  charge r a t e  was taken from SAMICS"~), us i ng  a d e p r e c i a t i o n  sched- 

u l e  o f  7 years,  a  s t a t e  t ax  o f  2%0n one-ha1 f the  c a p i t a l  ,, a. 4% insurance 

premium, and a 12% in te res t -on-deb t  r a t e  on o n e - t w e l f t h  the  i n i t i a l  

c a p i t a l  cos t .  The low r a t i o  o f  dep t  t o , - c a p i t a l ,  o r  t he  low f i n a n c i a l  

leverage, i s  due t o  t he  p o s t u l a t e  t h a t  the  p h o t o v o l  t a i c  i ndus t r y  would be 



LABOR T.IMES: 

AT'TACCI SUPPORT BLOCK T O .  INGOT 

- RACHI I IE LOAD/UMLOAD . " 

MACHIi IE MONITORING 

TOOL CHAliGE/MACH I NE SERVICING . .  

PND I RECT MATERIAL  COSTS: 
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F i g u r e  2. 
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MACHINE COST 

(MACHINE L I F E )  

ALLOCATABLE : B U I L D I N G  AREA 

( S P E C I A L  SERVICES)  

Figure 3 .  



unable t o  r a i s e  l a r g e  amounts o f ,  debt  c a p i t a l  , w i t h o u t  l a r g e  , i n t e res t  r a tes ,  

(12 )  because i t  w i l l  be a  r a p i d l y  evo l v i ng  i n d u s t r y  w i t h  apprec iab le  r i s k s  . 
The second c a p i t a l  c o s t  c o n t r i b u t i o n  comes from the  b u i l d i n g .  The 

a l l o c a t i b l e  b u i l d i n g  area, shown i n  l i n e  15 o f  Table 11, was taken, accord- 

i n g  t o  SAMICS(~~),  as tw i ce  the  machine's ope ra t i ng  area. The doub l ing  

accounts f o r  i n d i r e c t  and overhead space needed e .g . , ' f o r  f u n c t i o n s  such 

as maintenance, a d m i n i s t r a t i o n  and rece i v i ng / i nven to r y i ng ,  as w e l l  as f o r  

a i s l e s ,  washrooms, e t c .  The i n i t i a l  b u i l d i n g  c o s t  (Table  11, l i n e  16) i s  

taken as $1506.95/rn2, accord ing t o  SA !~ ICS(~~ )  , and i s  based on t h e  machine 

ope ra t i ng  area on ly .  Th is  c o s t  f i g u r e  i nc l udes  app rop r i a t e  c o s t  a l l o c a t i o n s  

f o r  t he  a d d i t i o n a l  b u i l d i n g  space needed as o u t l i n e d  above. The f a c i l i t i e s  

charge r a t e  used t o  c a l c u l a t e  t h e  annual b u i l d i n g  c o s t  ( ~ a ' b l e  11, l i n e  17),  

f rom the ,  i n i t i a l  cost ,  i s  0.117 y'l. Th is  v i l u e  was ob ta ined  i n  t h e  same 

fash ion  as t he  equipment charge r a t e ,  except t h a t  a  40-year l i f e  expectancy 

i s  employed f o r  de te rmin ing  t h e  d e p r e c i a t i o n  r a t e  o f  t h e  b u i l d i n g .  , A lso  

a  31% suriharge on the  annual c o s t  o f  c a p i t a l  i s  inclluded, i n  t he  0.117 y-l 

f a c t o r ,  t o  account f n r  spec ia l  se r v i ces  which a re  t he  " i n d i r e c t "  u t i l i t y  

consumption, t h a t  i s  f o r  heat ing,  a i r - c o n d i t i o n i n g ,  l i g h t i n g , e t c .  f o r  t h e  

b u i l d i n g .  

To p r o p e r l y  c a l c u l a t e  t h e  d i r e c t  m a t e r i a l  cos t ,  t h a t  i s  t he  c o s t  o f  

t he  c y l i n d r i c a l  s l i c i n g  i n g o t ,  t he  amount o f  t he  s i l i c o n  c r y s t a l  l o s t  i n  

g r i n d i n g  i s  necessary. The g r i n d i n g  o f  t he  c y l i n d r i c a l  i n g o t s  t o  a  u n i -  

form o u t s i d e  diameter,  p rev ious  , to s l i c i n g ,  f a c i l i t a t e s  t he  s l i c i n g  oper-  

a t i o n ,  as w e l l  as t o o l i n g  and hand l ing  o f  the  s l i c e d  wafers i n  subsequent 

dev i ce  f a b r i c a t i o n  procedures. I n  c a l c u l a t i n g  t he  mass f r a c t i o n  n f  s i l i -  

con l o s t  i n  g r i n d i n g ,  shown i n  l i n e  18 o f  Table 11, t h e  average d iameter  



l o i s  i s  assurned t o  he 0.6 cm. With t h i s  d ia i l~e ter  loss,  and the consequent 

l o s s  o f  mass, the p r i c e  per u n i t  mass o f  s i l i c o n  enter ing  i n t o  the s l i c i n g  

operat ion can be determined. Since the g r i nd ing  diameter l oss  stays con- 

s t a n t  w i t h  c r y s t a l  diameter, the f r a c t i o n  o f  l o s t  s i l i c o n  i s  i nve rse l y  pro- 

p o r t i o n a l  t o  the diameter o f  the c r y s t a l .  

The d i f f e rence  between the add-on processing cos t  and the work-in- 

process cos t  i s  the cos t  o f -  the  d i r e c t  mater ia l  contained i n  the wafers. 

The l a t t e r  value f o r  a u n i t  area tan  be obtained by r n u l t i p l y i n g ' l i n e  19 o f  

Table I 1  by the u n i t  mass s i l i c o n  cost.  To ob ta in  the amount o f  s i l i c o n  

contained i n  a u n i t  wafer area, the incorporated s i l i c o n  f r a c t i o n  i s  d i -  

v ided by the wafer area per u n i t  mass (Table I, l i n e  113). The incorporated 

wafer f r a c t i o n  i s  the product o f  the y i e l d  f r a c t i o n  (taken from Table I, 

l i n e  6) and wafer thickness (Table I, 1 i n e  4 )  d iv ided by the sum.of. the 

wafer and k e r f  thicknesses. I n  equation form, the f r a c t i o n .  o f  s i l i c o n  con- 

ta ined i n  the  wafer i s ,  

. . 

' w i t h '  the roman numerials represent ing the t a b l e  numbers and the arab ic  

numbers, the l i n e  numbers f o r  t h a t  table.  The k e r f  and broken wafer loss,  

necessary f o r  d i f f e r e n t i a t i n g  the opera t ing  add-on cos t  from the s p e c i f i c  

add-on cost, i s  ca lcu la ted  i n  a s i m i l a r  fashion t o  l i n e  19 o f  Table 11, 

except t h a t  the k e r f  l oss  i s  represented by the k e r f  thickness and the 

'broken wafer l oss  by the broken wafer f r a c t i o n  m u l t i p l i e d  by the wafer 

thickness. Therefore 



/ 

Froiri the' o p e r a t i o n  data  and cxpCnses, 1  i s t e d  i n  t h e  f i r s t  two ' t a b l e s ,  

t h e  add-on cornponents o f  t h e  s l . i c i n g  ~ i ~ a n u f a c t u r i n ~  s l i c i n g  c o s t  can be . 

c a l c u l a t e d .  For t t l ~  1110s t P a r t ,  t h e  ~ d d - o r l  c o s t  ~Olnporlents, shown i n  Tab le  

' I I 1 , o n  a  p e r  u n i t  'area t?asis,are d e r i v e d  .fronl t h e  data  o f  t h e  proceeding 

. tab1 es u s i n g  the re1,a t ionsh ips  g i v e n  i r l  t h a t  t a b l e .  The excep t ions  i n c l u d e  

t h e  u n i t  c o s t s  o f  the i n d i r e c t  m a t e r i a l s  whit-h were taken f rom t h e  sources 

f o o t n o t e d  i n  Tab le  111. I n  a d d i t i o n ,  t h e  purchased s e r v i c e  . cos t  f o r  m u l t i -  

b lade  s l i c i n g  ( ~ a b i e  111, l i n e  4 ) ,  which i n c l u d e s  t h e  c o s t  o f  machine 

'maintenance and overhau l  performed on t h e  o u t s i d e  o r  under c o n t r a c t ,  used 

was $1529.3 y-l and was ob ta ined  f rom ~ p e c t r r i l a b ( ' ) .  H A M C O ' ~ )  s u p p l i e d  t h e  

'purchdsed s e r v i c e  c o s t  f o r  an i n n e r  d iamete r  s l i c i n g  as $285.7 y-l. The 

t o t a l  n l a t e r i a l  c o s t  w h i c h  i s  t h e  sum o f  theL f i r s t  f o u r  l i n e s  o f  Tab le  I 1 1  

was increased hy 5.2EX, i n  accordance t o  S A M I C S  charge f a c t o r s ( 1 2 ) ,  t o  

account  f o r  h a n d l i n g  and o t h e r  m isce l l aneous  expenses. 

The l a b o r  c o s t s  were c a l c u l a t e d  u s i n g  t h e  l a b o r  t imes,  l i s t e d  i n  

Tab le  I 1  and t h e  l a b o r  r a t e s  shown i n  t h e  Cost  Account Ca ta log  of  t h e  SAMICS 

Support  ~ t u d y ' l ~ ) .  For c a l c u l a t i n g  t h e  d i r e c t  l a b o r  c o s t s  which i n v o l v e  

c r y s t a l  mounting, machine l o a d i n g  a n d , s u p e r v i s i o n  t h e  wages p a i d  an e l e c -  

t r o n i c s   semiconductor assembler, whose .du t ies  a r e  desc r ibed  under SAf. l ICS1 

occupa t ion  c l a s s i f i c a t i o n  no. 726884 and wages under c a t a l o g '  no. B3096D (1 3  

were emplcyed. The maintenance l a b o r  r a t e  o f  a  maintenance mechanic I 1  ' . 

( occupa t ion  c l a s s i f i c a t i o n  no. 726884, c a t a l o g  no. B3736D) was used t o  f i n d  

t h e  l a t o r  c o s t  o f  i n t e r n a l  machine s e r v i c e  and c u t t i n g  t o o l  charges. The ': 

1  i s  ted l a b o r  r a t e s  were mu1 t i p 1  i e d  by 1.432. t o  take i n t o  c o n s i d e r a t i o n  f r i n g e  

b e n e f i t s ,  such.as  vaca t ions ,  medical  h e a l t h  p lans,  s o c i a l  s e c u r i t y  b e n e f i t s ,  e t c ,  

and n i isce l laneous expenses. A  surcharge c f  2 5 h w a s  added t o  t h e  d i r e c t  
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Return  o n  e & i t y  ' 

(0.192. 
5 . )  *0.13?*(9.) + 1.22.. 
(10.1 + '4.73.(11.)) 

Add-on p r i c e  ( S i  p r i c e  
assumcd z e r o )  (5. r 9 .  +12. . 
t l 3 .  t14 . )  

, . 

Add-on c o s t  of  g r i n d i n g  
($/kg) 

Cost o f  ground s i l i c o n  
($/kg) 

L o s t  S i l i c q n  ($/m2) 

on p r i c e  ($/m2)' 

I s r i c e  ($/m2) 

Add un c o s t  of  g r i n d i n g  
IS/kq) 

2 : . C o s t o f g r o u n d S i  ' ' 

($/kg) ; *  

LDst S i  r . 
Add-on p r i c e  

p r i c e  (i/m2) 

Add-on c o s t  o f  . . g r i n d i n g  ($/kg) 

C o s t  of  ground' ' 
S i  ($/k$) ' ' . , . . , , 

L o s t .  SL 

~ d d - o n  ~ i i i d  ' " ' ' ' . ' ' 

r r i c e  . ' 

. . 
. + 

0.66 0.72 0.49 0 .471 

4.80 

11.38 

: 30:57 

121.57 

. S i l i c o n  i n q o t  P r i c e  (tinground) @ 5139.15/kg (1978 e s t i m a t i o n )  

30.92 

111.62 

9.77 

148.92 . 
120.96 

168.00 

342.31 

> 

9.94 

149.09 

104.66 

. 116.04 . 
, 150.93 . 

21.99 

49.06 

13.77 

152.92 

71.57 

193.14 

268.45 

S i l i c o n  I n g o t  P r i c e  (Ungroundl @ $65.9B/kg (1982 p r o j e c t i o n 1  

15.22 

36.29 

16. 84  

47:Ol . 

9.96 

149.11 

34.30 
. 

145.92 

215.70 

. 
5.45 

. 71.43 

57.99 

104.83 

1 ~ 8 . 4 0  

5,55 

. , 

71.,53 

5 0 . 2 1  

61.59 

78.33 . 

13.77 . 

152.92 
. 

131.09 

180.15 

309.02 

. 5.56 

71.55 

16.46 

128.08 

161.57 

7.99 

73.97 

34.03 

155.60 , 

192.03 

S i l i c o n  I n g o t  P r i c e  (Unground) 9 $24.46/kg (1986 p r o j e c t i o n )  , 

9.77 

148.92 

122.17 

158.46 

280.48 . 

3.06 

. . ' 27.52 % 

19:32 ' 

10.70 

37.14 . , 

7.99 

73.97 

62.87 

111.93 

170.24 

5.45 

71.43 

58.57 

94.86 

155.03 

. . 
4.71 

29.17 

11.42 

134.99 

149.16 

3:07 

. .  27.53 

6 .33 

117.9St 

130.83 

4.71 

29.17 

24.79 

73.85 

94.65 

3.00 

27.46 

' 22.52 

5 8 . 8 0 ' '  , 

79.60 

3.00 

27.46 

22.29 

. 69.33 

l o i . 4 ~  



labor and maintenance labor cos ts  to  account for  the cost  of supervisory, 

management, ana otli6r support personnel. 

. The un i t  area equipment .and faci  1  i  ty  cos ts ,  which cons t i tu te '  the 

capi ta l  cos t ,  were obtained by dividing the respective annual costs  by the 

annual area factory output. The overhead, l i s t e d  in l i ne  13 of Table 111, 

i s  defined a s  the insurance, s t a t e  taxes, and interest-on-debt payments on 

the working cap i ta l .  As suggested by S A M I C S ( ~ ~ ) ,  the working capi ta l  was 

taken a s  15% of the equipment plus f a c i l i t y  cos t ,  or  15% of the capi ta l  

cost .  

The p ro f i t  and the amortization of one-time, cos ts  i s  represented by 

the return-on-equity ( R O E ) ,  shown in l i n e  14 of Table 111. This value is .  

equal t o  the SAMICS' return-on-equity ( E Q R ) ,  which i s  202 of the equity 

portion of the book value( '*) ,  plus the amortization of the s tar t -up costs  

( A O C )  , minus the income tax investment c r ed i t  (ITC) on 10% of the annual 

equipment depreciation divided by the product of one niinus the federal in- 

come tax c r ed i t  ( 1 - T )  and one minus the miscellaneous expense f rac t ion ,  

(1 - x ) ,  o r  

EQR + AOC - ITC 
ROE (111.14) = $/m2. 

(1-X)  * (1-T) 
. . . ,  

The add-on cos t  components described above can be used t o  ca lcula te  

a un i t  area wafer price t ha t  ignores the cost  of the s i l i con .  ingots. This 

add-on price shown in l i n e  15 of Table 111, i s  the sum of .the material ,  

labor,  c ap i t a l ,  overhead and return-on-equity, To convert t h i s  value into 

a  wafer p r i c e , , t he  uni t  mass.cylindrica1 crystal  price,  and the add-on 



g r i n d i n g  c o s t  must 'be added t o  it. The ungro"nd s i l i c o n  c r y s t a l  o r  i n g o t  

p r i c e s  shown f o r  1572, 1982 and 1986 a r e  taken  f rom o u r  p r e v i o u s ~ e v a l u a t i o n s ,  ( 1 4 )  

For 1978, t h e  i n g o t  p r i c e  i s  based on p u l l i n g  7.8-cm d iamete r  i n g o t s  w i t h  

a  Leybold-Heraeus s i n g l e  charge p u l l e r .  The s i l i c o n  i n g o t  p r i c e s  employed 

f o r  t h e  y e a r s  1982 and 1986 a r e  p r o j e c t i o n s  f o r  m u l t i - p u l l i n g  Cz-grown 

10.2-cm and 15.2-cr.1' r l ianleter  i n g o t s ,  respec t i ve ' i y .  

P rev ious  .to s l  i c i n g ,  t h e  s i l i c o n  i n g o t s  must be ground t o  a  u n i f o r m  

d ian le ter  and t h i s  c o s t  has t o  be i n c l u d e d  . i n  t h e  c o s t  o f  t h e  d i r e c t  m a t e r i a l .  

The add-on c o s t  of  g r i n d i n g ,  l i s t e d  i n  l i n e  A6 o f  Tab le  111, c o n s i s t s  o f  

two p a r t s :  a )  t h e  c o s t  o f  t h e  g r i n d i n g  o p e r a t i o n  which i s .  p r o j e c t e d  t o  be 

$0.2O/cm-crystal l e n g t h ,  based on i n d l r s t r y  da ta "  ) ; and b )  t h e  c o s t  o f  t h e  

s i l i c o n  l o s t  f rom ~ r i n d i n g ,  wh ich i s  equal t o  11.18 * ( S i  i n g o t  

p r i c e  ( $ / k g ) ) ,  whzre 11.18 i s  t h e  percentage o f  m a t e r i a l  l o s t  i n  g r i n d i r g .  

Summing t h e  add-on g r i n d i n g  c o s t  t o  t h e  , S i  i n g o t  p r i c e  y i e l d s  t h e  c o s t  o f '  

' ground s i l i c o n  (Tab le  11, 1  i n e s  17, 22, 27). wh ich a r e  used t o  c a l -  

c u l a t e  s i l i c o n  wafer  pr ' ices'.  

A l so  o f  i n t e r e s t  i n  ou r  a n a l y s i s  i s  t h e  c o s t  o f  the  s i l i c o n  l u s t  i n  

k e r f  and broken wafers .  These values,shown i n  l i n e  18, 23, 28 o f  T i lb le  I I I ,  

are t h e  p r o d u c t  o f  the u n i t  area k e r f  and wa fe r  l o s s  mass (Tab le  11, l i n e  

20) and t h e  grour~ci s i l  i c o n  p r i c e s .  T I I~  add-on wa fe r  p r i c e s ,  shown i n  1  i n e s  

. . 19, 24-and 29 o f '  Tab le  111, a r e  de f ined ,  here, as t h e  sum o f  add-on w a f e r .  

p r i c e ,  .assuming.a zero  s i l i c o n  p r i c e  ( T a b l e  111, l i n e  15) and t h e  c o s t  o f  

t h e . l o s t  s i l i c o n ,  

'. To a r r i v e  a t  a  u n i t  area wafer  p r i c e  l i s t e d  i n  1 i n e s  20, 25, and 3C 

o f  Tab'1.e 111, .<lie add-on p r i c e  and t h e  c o s t  o f  s - i l  i c o n  i n c o r p o r a t e d  i n  t h e  

3 1  



wafer a re  summed. The l a t t e r  value i s  the cos t  o f  the  ground s i l i c o n  

i n g o t  m u l t i p l i e d  by u n i t  area s i l i c o n  mass contained i n  the wafers (Table 

11, l i n e  19) .  



The more impor tan t  u n i t  area rnanufactur inq c o s t  components f o r  

se lec ted  c u r r e n t  p roduc t i on  o r  exper imenta l  s l ic ing c a p a b i l i t i e s ,  u s i n g  

1978 s i l i c o n  p r i c e s ,  and p r o j e c t e d  f u t u r e  c a p a b i l i t i e s ,  u s i n g  1982 and 

1986 p r o j e c t e d  s i l i c o n  proces a re  summarized i n  Table 1V.- These s i l i c o n  

p r i c e s  app ly  t o  s i n g l e  c r y s t a l  i n g o t s  'grounded t o  a  un i form d iameter .  

A l so  i nc l uded  i n  t h i s  t a b l e  a r e  the  cos t s  o f  t h e  l o s t  s i l i c o n  and t h a t  

con ta ined  i n  t h e  wafer .  1n .Tab le  I V ,  one can observe t h e  decreases i n  

expend ib le  t o o l  ing ,  i n d i r e c t .  m a t e r i a l s ,  l a b o r  and c a p i t a l  cos t s  t h a t .  a r e  

expected f o r  1982 i n  ID, m u l t i b l a d e  and s l u r r y  m u l t i w i r e  s l i c i n q .  . I l l u s -  

t r a t e d  i n  F iqu re  4 a r e  t h e  more r e l e v a n t  da ta  o f  Tables 111 and I V ,  i n  a  

b a r  graph format. I n  F igu re  4, t he  r e l a t i v e  impacts o f  t h e  ma te r i a1 ; ' l abo r  

and c a p i t a l  cos t s  can be r e a d i l y  compared t o  each o t h e r  f o r  t h e  c u r r e n t  

m u l t i b l a d e  and I 9  s l i c i n s  processes and f o r  t h e  near  f u t u r e  (1982) p ro -  

j e c t e d  mu l t i b l ade ,  ID, and s l u r r y  m u l t i w i r e  processes. 

As evi'denced i n  Table I V ,  t h e  i n d i r e c t  m a t e r i a l  cos t s  ( p r i m a r i l y  . .. 

s l u r r y )  and t h e  cos t s  f o r  expendib l  e  t o o l  i n q  ( t h e  s t e e l  b lades o r  , w i r e s )  

a r e  much h ighe r  f o r  t he  s l u r r y  sawing processes ( m u l t i b l a d e  and Yasunaga 

mu1 t i w i r e )  than those f o r  t h e  f i x e d  ab ras i ve  approaches ( I D  saw and FAST 

w i r e  saw). Th is  i s  a  consequence o f  t he  more e f f e c t i v e  u t i l i z a t i o n  of  t h e  

ab ras i ve  i n  t he  f i x e d  abras ive  system, coupled w i t h  l onge r  t o o l  l i f e .  Re- 

duc t i ons  of  these expendib le  t o o l i n g  cos t s  f o r  t h e  m u l t i b l a d e  and s l u r r y  

m u l t i w i r e  s l i c i n a  processes a re  expected i n '  t h e  f u t u r e  through l owe r  c o s t  

t o o l  f a b r i c a t i o n  t e c h n i o ~ e s ( ~ ' ~  ) a n d  through improved 1  i f e t i m e ~ ' ~ ) .  The 

lower  t o o l  c o s t  f a b r i c a t i o n  techniques a re  expected t o  r e s u l t  f r om l a r g e r  
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TABLE IV 

KEY COSTS . ($/m2)- 

*Ca lcu la t ed  u s i n g  an  e f f e c t i v e  c u t t i n g  r a t e  o f  0.4 cm/h. 

I D  Saw 
So'urcc STC S p e c t r o l a b  
X-taal Dia (cm) 7.6 10  7.5 

Exper. P r o j e c t e d  ,P roduc t .  
L978 1982 

Taol  i n q  4.65 1.46 23.81 

2.65 - 6.95 

31r. Labor 3.05 1.48 15.14 

I bidln t. Lclhol 2.53 0.15 5.42 

r:c:uip ' t Cos t  9.09 3.66 6.37 

F a c ~ l .  Cos t  1.67 0.50 1.46 

27.07 7.25 69.16 

Xct.. on E ~ U J  t y  21.99 7.68 28.37 

131.09 38.97 111.79 

:(Li-Qn r-rlce 180.15 53.90 207.32 

Si Conten t  128.87 37.65 142.41 
-- 
rr ice 309.02 91.55 349.73 

S 1  ground X-tal  
($/kg 152.92 71.55 153.14 

Crys t .  Systems* 
10  x 1 0  rect. 

P r o j e c t e d  
1986 

0.33 

0.35 

1.67 

0.54 

2.55 

0.47 

7.61 

6.18 

12.88 

26.67 

12.88 

39.55 - 
27.52 

Mul t iwi re  Mul t ib l ade  
Yasunaga 

7.6 
Exper. 

33.00 

32.95 

4.7 2 

4.14 

8.79 

0.96 

91.00 

30.57 

71.57 

193.14 

75.14 

268.14 
- - - -- - 

152.92 

1 0  
Exper. 

32.68 

7.50 

4.85 

3.55 

12.43 

2.85 

74.44 

39.85 

113.21 

227.50 

101.18 

328.68 

149.11 

- 
1 0  

P r o j e c t e d  
1982 

18.25 

41.05 

3.19 

1.55 

10.21 

1.12 

80.70 

30.92 

16.46 

128.08 

33.49 

161.57 

71.55 

Var ian  
12 

P r o j e c t e d  
1982 

2.04 

3.85 

0.77 

0.56 

2.71 

0.41 

13.43 

6.92 

36.61 

56.96 

---41.18 

98.14 

70.39 



(11 scale,  automated assembly(9) and a  s impl - i  f i c a t i o n  of t h e  assembly process . 
I n v e s t i g a t i o n s  a r e  c u r r e n t l y  be ing  conducted i n t o  p o s s i b i l i t i e s  f o r  t he  

s l u r r y  cos ts ,  f o r  i ns tance  by r e c l y c l i n a  t he  s l u r r y  o r  s u b s t i t u t i n g  a  

cheaper v e h i c l e  (e.g. m inera l  o i l  ) f o r  t he  PC o i l .  I n  s p i t e  o f  these 

p r o j e c t e d  reduc t ions ,  t he  i n d i r e c t  m a t e r i a l  and expendi b l e  t o o l  i n g  cos ts  
' t '  

f o r  t h e  mu1 t i b l a d e  and t h e  Yasunaga mu1 t i w i r e  techniques remain s i z a b l e  

components o f  t h e  t o t a l  add-on cos t s  f o r  those processes. '1.n t he  near-  

term p r o j e c t i o n s ,  these components a re  .44% and 73% o f  t he  add-on cos t ,  f o r  

t h e  .mu1 t i  blade and s l u r r y  mu1 t i w i r e  processes, r e s p e c t i v e l y .  Th is  compa'res 

t o  20% and 9% o f  t h e  1982 p r o j e c t i o n s  f o r  t he  add-on cos t s  i n  t he  I D  and 

f i x e d  abras ive  mu1 t i w i r e  saws, r e s p e c t i v e l y .  

The c u r r e n t  p r i c e s  a re  e s s e n t i a l l y  equal f o r  p roduc t i on  wafers  c u t  

by e i t h e r  t he  Var ian  m u l t i b l a d e  o r  t h e  I D  sawing processes, a1 though t h e  I D  

saw has tw i ce  t h e  p r o d u c t i v i t y  (Table  I, l i n e  24) and exper iences lower  

i n d i r e c t  m a t e r i a l  and t o o l i n g  cos ts .  The h i ghe r  p r o d u c t i v i t y  d i r e c t l y  

r e s u l t s  i n  lower  l abo r ,  c a p i t a l ,  and re tu rn -on -equ i t y  cos ts ,  as shown i n  

F i gu re  rl.. These lower  process ina .costs  - f o r  t he  I D  s l  i c i n g  a re  coun te r -  

balanced, however, by a  h i ghe r  s i l i c o n  consumption r e s u l t i n q  f rom the  

p r a c t i c e  t o  c u t  t h e  wafers t o  g r e a t e r  ' t h i ckness  w i t h  h i ghe r  ke r f  than 

ach ieved w i t h  t h e  s l u r r y  saws. A t  t h e  c u r r e n t  s i l i c o n  p r i ces ,  t h i s  has 

a  cons iderab le .  c o s t  impact. 

The 1978 wafer  p r i c e s  shown here a re  somewhat lower  than t h e  con- 

temporary commerical wafer  and the  1978 va1ue.s o f  t he  LSA I n t e r i m  P r i c e .  

A1 l o c a t i o n  6 u i d e l  i nes (14 ) .  Th is  d i f f e r e n c e  r e s u l t s  f rom two f a c t s :  a )  t h e  

da ta  o f  t h i s  r e p o r t  do n o t  i n c l u d e  t he  c lean ing ,  e tch ina ,  o r  p o l i s h i n g  

process steps u s u a l l y  inc luded  i n  commerc ia l ly  s o l d  wafers; and b )  t he  

s tandard ized i n d i r e c t  c o s t  model (SMIICS-IPEG) purposely  omi t s  severa l  



i n d i r e c t  charges on p r t i a l l y  processed i tems such as wafers. .S ince  t h e  

i n d i r e c t  c o s t  s t r u c t u r e  model s  a  v e r t i c a l  l y  i n t e g r a t e d  i ndus t r y ,  market ing 
. . 

cos t s  f o r  wafers, ~ . q .  i i r e  n o t  incur red .  
. b 

The cos t - zza l ys i s  data, and p a r t i c u l a r l y ,  t he  p ro jec t i ons ,  which i n -  I 

c l  ude reduced experidi l?l e t o o l  i ng and i n d i r e c t  ma te r i a l  c o s t  components, s h ~ w  

t h a t  t h e  dominarlt inf:uence on the  add-on p r i c e  o f  s l i c e d  wafers i s  the  

p r o d u c t i v i t y  o f  t l :e s l i c i n g  machine. The machine p r o d u c t i y i t y  ( t h e  t ime 

r a t e  o f  ou tpu t  u n i t  expressed i n  wafer area)  has a  d i r e c t  i n v e r s e l y  propor-  

t i o n a l  impact or? t i , e  c a p i t a l  c o s t  a1 l o c a t i o n  t o  t he  wafer area produced o f  

the  c o s t  components f o r  equipment and f a c i l i t y ,  and on t h a t  p a r t  o f  t he  l a b o r  

expendi t u res  which are  devoted t o  mach,i ne nicni t o r i n g  and maintenance, as 

shown i n  F igure  5. F i yu re  5 shows t h a t  t he  e f f e c t i v e  l i n e a r  c u t t i n g  r a t e  

( t h e  workpiece cliacie-tcr d i v i d e d  by the  s l i c i n g  time-segment) i s  0.55 - + 0.3 

cm/h f o r ,  the  mu1 til:,latie and mu1 t i w i r e  processes. The i nne r  diameter diamond- 

coated b lade procc_.ss i ~ a s  an e f f e c t i v e  1  i near c u t t i n g  r a t e  of approx imate ly  

300 cm/h, a  near l?  559 t imes l a r g e r  va lue than t h a t  f o r  t he  o the r  processes. 

To achieve comparai:.le i:iachine p r o d u c t i v i t i e s ,  the  low l i n e a r  c u t t i n g  r a t e s  

have t o  be compens.3tcd !:.y simultaneous m u l t i p l e  s l i c i n g .  The c u r r e n t  e f f o r t s  

o f  C rys ta l  Systems, Solarex, and Var ian a re  the re fo re  d i r e c t e d  a t  i nc reas ing  

the  number o f  b i ~ f e r s  s l i c e d  du r i ng  a  run. Current  mu1 t i b l a d e  packages con- 

t a i n  about 250' b ladc!~.  Varian has bu i  1  t an experimental  s l i c e r  incorporat in! !  

a  blade pack o f  over  \?CJ!l blades. S i m i l a r l y ,  the  w i r e  package proposed by 

Crys ta l  Sys tems (1p) i s  p ro jec ted  ' t o  have 750 c u t t i n g  wi res.  Solarex hopes t o  

s l i c e " '  ' 3 3 3  wafers a t  a  t ime w i t h  t he  Yasunaga YQ-100 s l i c i n g  machine. 

The s l i c i n ~  tcc l i r~o logy  improvements p ro jec ted  f o r  t he  1,982 produc- 

t i o n  1  i nes  are  based on the  r e s u l t s  o f  r ecen t  experimental  runs and on 



CUTTING RATES : 

I D  SAW -300  CM/H 

OTHER SANS 4 0 . 5 5  t 0.3 CM/H 

IMPACTS : 

PRODUCTIVITY 

CAPITAL COST : EQU I PEENT 

FACILITY 

LABOR (?) 

REMEDY : MULTIPLE CUTTING 

F i g u r e  5. 
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developments i n  progress (Table  I V ,  F i g .  5 ) .  For  t he  m u l t i b l a d e  saw, 

t h e  p r imary  advancement w i l l  be a  nea r l y  f o u r - f o l d  p r o d u c t i v i t y  i nc rease  

v i a ' v a r i a n ' s  development o f  a  machine us ing  a  900-blade-pack. Simul-  

taneous ly ,  a  25% b lade thickness. r e d u c t i o n  i n  combinat ion w i t h  a  

37.5% wafer th ickness decrease, w h i l e  ma in ta i n i ng  a  wafer y i e l d  of 95%,  

2  i s  p r o j e c t e d  t o  r e s u l t  i n  an area y i e l d  o f  0.9 m /kg-Si  c r y s t a l ,  a  50% 

inc rease  f rom Spec t ro l ab ' s  mass t o  area convers ion r a t i o  i n  s l i c i n g  

round wafers .  

S l i c e  and k e r f  th i ckness  reduc t i ons  t o  va lues s i m i l a r  t o  those 

p r o j e c t e d  f o r  t he  m u l t i b l a d e  s l u r r y  process, a re  a l s o  expected f o r  t h e  

ID-sawing method. Recent ly acqu i red  data from STC a r e  r e f l e c t e d  i n  a  

1982 p r o j e c t i o n  f o r  10-cm diameter c r y s t a l s  us ing  I D  s l i c i n g  w i t h  i n g o t  

r o t a t i o n ,  as shown i n  Table I V  and i n  a  UPPC fo rmat  a t tached  t o  the  appendix. 

The wafers  f rom t h i s  process a r e  expected t o  be 225 pm t h i c k  w i t h  210 pm 

k e r f .  I n  a d d i t i o n ,  c r y s t a l  r o t a t i o n  i s  expected t o  double t he  e f f e c t i v e  

c u t t i n g  r a t e  o f  t he  I D  process. Th i s  e s s e n t i a l l y  doubles t h e  p r o d u c t i v i t y  

o f  t h e  ID  saw;and r e s u l t s  i n  comparable p r o j e c t e d  p r o d u c t i v i  t i e s  f o r . t h e  

900-blade m u l t i b l a d e  and the  I D  'sawing processes. Remaining d i f f e r e n c e s  i n  

t he  cos t s  o f  these two processes a re ,  however, overshadowed by t h e  cos t  

o f  t he  s i l i c o n  incorpora ted  i n t o  the  wafer o r  l o s t .  A t  t he  p r o j e c t e d  

1982 p r i c e  f o r  ground s i n g l e  c r y s t a l  i n g o t s ,  t he  c o s t  o f  t h i s  s i l i c o n  

s t i l l  amounts t o  nea r l y  80% of t he  wafer  p r i c e .  

One s l i c i n g  method has been' p r o j e c t e d  t o  1986, p r i m a r i  l y ,  because 

o n l y  a  comparat ive ly  smal l  base o f  exper imental  da ta  i s  a v a i l a b l e ,  so. 

t h a t  t h i s  method cannot be expected t o  be i n  s i g n i f i c a n t  commercial 

ope ra t i on  by 1982. Th is  method i s  C rys ta l  Systems' f i x e d  abras ive  



m u l t i w i r e  sawing. The cu r ren t  p ro jec t i ons  are  contained i n  Table I V ,  

whi le.  Table I I I B  i s  based on e a r l i e r  inputs .  The d i f fe rence r e s u l t s  

p r i m a r i l y  from a  recen t l y  communicated reduct ion  i n  t oo l  i ng costs based 

on wirehead f a b r i c a t i o n  improvements, and from the  use i n  Table I V  o f  

a  more conservat ive e f f e c t i v e  c u t t i n g  r a t e  corresponding t o  the  experi  - 

menta l l y  found ra tes  averaged over the l i f e  of the bladehead. The pro-  

cess add-on costs a re  comparable t o  those o f  the  two prev ious ly  discussed 

processes. I f  the s i l i c o n  p r i c e  o f  1902 would have been used, an approx- 

2 imate ly  $11/m lower wafer p r i c e  would have resu l ted- in  comparison t o  the  

I D  process. While the f i x e d  abrasive m u l t i w i r e  process c u r r e n t l y  p r o j e c t s  

t h e  .lowest wafer p r i ce ,  i t  i s  a l so  the one w i t h  t h e  l e a s t  experience 

data. I t  i s  there fore  o f  great  importance t o  ga in  a  s i g n i f i c a n t  data 

base through p i  1  o t  1  i ne opera t i  on. 

Considering the  unce r ta in t i es  i n  the  p ro jec t i ons ,  the  data i nd i -  

ca te  no considerable d i f fe rences i n  t he  competit iveness of the  three ap- 

proaches, and a  reasonabl e  potent 'a l  f o r  a l l  th ree  t o  meet the 1986 

guide1 i n e  goal.  



NEW TECHNOLGY 

No new t e c h n o l o g y  was  d e v e l o p e d  d u r i n g  t h i s  q u a r t e r .  
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University of Pennsylvania 

PROCESS CHARACTERIZATION 

. (UPPC) 

process: Sheet Generation 

Subprocess : Wafer Generation 

Option: Mounting o f  c r y s t a l  i n ~ o t s  on 

ceramic base w i t h  wax ( S ~ e c t r o l a b )  

I N D E X  



Process  No. 

Form 2 

Page - 1 of - 1 

Revision -- Date 3/78 

0.1 Value Added: 1 $ / 1 
Process  Desc r ip t ion :  Mounting of two, 7.5 cm diameter ,  16 - cm lonq s i n q l e  c r v s t a l  . s ~ l  . icon . 

I ,  

ingo t s  on a ceramic base with wax. Material  and labor  r e a u j r ~ w t q  suP'olied bv w t r n l a h .  

1. Inpu t  S p e c i f i c a t i o n :  

s i n g l e !  c r y s t a l .  s i  1 icon ingo ts  (two); grounded. Same of Item: 
. . 

- ' D i r n e n s i & n s :  7'5 cm i n  diameter; 16.875 -cm'in l ena th .  and 1:744 ka. - - 6 '  

L n .  

K a t e r i a l :  hiah ~ u r i t v  s l l u n  . . 
. . . . 

o t h e r  S p e c i f i a a t i o n s  : 

. - 1.1 Quant i ty  Required:  3.49 kg / load - Unit Cost: - 153.14 $1 kq  

.- 

Note t o  Item 1.3': Use pr ice ,  i f  i n p u t  produced i n  own p l a n t ;  



Form 3 

2 . 1  Direct Materials : 

2.11 ~ y p e :  Ceramic base - '  I 

P a g e  1 o f  1 - - 
R e v i s i o n  Date 3/78 

Spec i f i ca t ion:  

Guantity Required: - / -* - U n i t c o s t :  0 . 6 0  $ / l o a d ;  Cost: 

2.12 Type: Mountinq wax - i 

s p e c i f i c a t i o n :  ' Cost i s  estimated. Can be recycled.  1 

Quantity Required: - u n i t c o s t :  O.1° $/ 
-1-3 

load ;. Cost: 

2 . 1  Type: - 

Spec i f i ca t ion:  I 

0 . 6 0  $1 load 

. . . -  , - ~ .  
' 

Oil0 - $1 load 

- -. - .  
Qiian t i ty  Required: ' - ' / -* ' . Unit .'Cosi: $/ ; Cost:' I $1 

. . 

2 . 1  Subtotal Direct  ater rials : 
' ' 

0 .70  ' . $11 oad 



P r o c e s s  No. 

2.3 Expendable Tool ing:  

Form 5 

,Page - 1 of, I-" ' 

Q u a n t i t y  Required:  1 : U n i t c o s t :  -- $1.. Cost :  

2.3- Type: 
L ' 

Q u a n t i t y  Required:  -- / : U n i t c o s t :  $/ Cost : 
- 

2.3-  Type: . . I 
. . 

Q u a n t i t y  Required:  -- / : U n i t c o s t :  $1 Cost  : I $I-- 
2.3-  Type: 

. -. . . 

2.4 Energy 

Q u a n t i t y  kequ i r ed :  / : U n i t c o s t :  -- $ Cost.: 

P 
v r 2.3 ~ u b t i t a l ~ x f i e n d a b l e  Tooling:  

2.4 1 Type:. E lec t r i c i ty  (2 .kW power ra t ing)  . 

$1- 

$1- 

' ' Quan t i t y '  Required:  0 .50  kwh/ load : h i t  c o s t :  0 ~ 0 3 1 9  $ 1 ~ '  cost:l 0.02 $1 - load. 
. . 

, .. 2.4 - ' Type: 

Q u a n t i t y  ~ e ~ u i r e d :  : U n i t C o s t :  $1 . Cost  

2.4 ' S u b t o t a l  Ener'gy Cos t s :  

2.5 S u b t o t a l  2 .1  t o  2.4: 

2 .6 Handling Charge: 5.26 % of  i t e m  2. 

2.7 S u b t o t a l  Materials and S u p p l i e s  : 
(2.5 + 2 . 6 )  

0.75 $1 load 



P r o c e s s  No. e 

3 . 1  D i r e c t  Labor: 

Form 6 
Page 1_ Bf 1 

Date  3/78 Rev i s ion  

A c t i v i t y :  Workpiece mountina 3 . 1 1  Category :  Semiconductor assembler 
(SAMICS ~ 3 0 9 6 D )  

Amount Required:  0 .25  h/  1 oad ; Rate :  $ 3.894 i h ;  Load 36.0 %; Cost:  1 .34  $1 .load 

3.1- Category :  - ' A c t i v i t y :  

Amount Required:  h  / ; Rate :  $ / h ;  Load %; Cost :  

3.1- Category:  A c t i v i t y :  

; Rate :  $ /h; Load %; Cost :  Amount Required : h  / $1 

3.1  D i r e c t  Labor . s u b t o t a l :  $1 
3.2 I n d i r e c t  Labor:  . Taken as 25% of direct labor . w 

3.2 Category:  A c t i v i t y :  .. . 1 - 

/ h ;  Load. %; Cost :  Amount Required : h /  ; Rate :  $ $1 

3.2 - Category :  A c t i v i t y :  

/ h ;  Load %; Cost:  . $1 A Arnoun t Required : h /  ; Rate: $ 

3.2- Category:  A c t i v i t y :  - 
. , 

h  / ;. Rate :  $ ' /h ;  Loii:r %; c o s t :  ... Amount Required:  $1 

3 . 2  ~ n d i r e c t  Labor S u b t o t a l :  0 .33  $1 load . . 
. ,  < 

I 3 . 3  S u b t o t a l  3 .1  and 3.2 1 .-67 $1 load 

. 

3 . 4  Overhead on Labor: 5.26 % 09 .  $ l l n a d  

3.5 S u b t o t a l  Labor 1.76 $ 1 ~ .  
i 



P r o c e s s  H0.m . 
4 . 1  Equipment 

Form 7 

., . . Page  1'. of  'j- - 
R e v i s i o n    at: 3/78. 

I 
4 . 1  1 Type: Hot plate ( 2 5  x 40  crn) w i t h  bench. 

C o s t :  2 , 0 0 0  $; I n s t a l l a t i o n  C o s t :  $; T h r o u g h p u t :  2 loads / h ;  . 5 

P l a n t  O p r r  ' g  Time 8280 h / y ;  Machine ~ v a i l ' t ~ :  99 2;  ? lach ine  O p e r ' g  Time 8 2 0 0  h / y  

S e r v i c i n g  C o s t s :  Labor  -- h / y  a t  $ / h ; P a r t s  o r  O u t s i d e  S e r v i c e :  $ / y 

U s e f u l  L i f e :  y;  Charge  R a t e :  % of  C o s t l y ;  C a p i t a l  Cost:- 430 s l y  

Cos t  : $; I n s t a l l a t i o n  C o s t :  $; T h r o u g h p u t :  / h ;  

P l a n t  O p e r ' g  Time . . h / y ;  Flachine A v a i l ' t y :  %; ~ a c h i n e  O p e r ' g  Time -- ~ I Y  

S e r v i c i n g  C o s t s :  Labor  h / y  a t  $ / h ; P a r t s  o r  O u t s i d e  S e r v i c e :  $ 1 ~  

C s e f u l  L i f e :  -- ;:; Charge  R a t e :  % o f  C o s t l y ;  C a p i t a l  C o s t :  $ 1 ~  

Type : 

C o s t :  $; I n s t a l l a t i o n  C o s t :  $ ; Throughpu t  : / h ;  

P l a n t  O p e r ' g  Time - h / y ;  X a c h i n e  A v a i l ' t y :  %; ? lach ine  O p e r ' g  Time ~ I Y  

S e r v i c i n g  Cos t s ' :  Labor  . h / y  a t  $ / i l ; ~ a r t s  o r  O u t s i d e  S e r v i c e :  $/Y 

C s s f u i  L i f e :  y; C h a r g e .  R a t e :  % o f  C o s t / ? ;  C a p i t a l  C o s t :  $ / Y  

0.03 $ 1  load -- - 

I 
b 

4 . 1  S u b t o t a l  ~ ~ u i ~ m e n t  C o s t :  0.03 Sl load 



Process  No. El* 
4 . 2  F a c i l i t i e s :  

Form 8 
Page 1 of 1 - - 

Revision Date 3/78 

2 
4 . 2 1  Type: Bench area Floor Area: 2.0 m ; Throughput : 16,400 

2 r L - - . - - - o  

Charge Rate: 179.13* $/(m .y>: Maintenance Costs : 
. ) - m - P D - - -  

Energy Use: 

/y a t  $ /  

/ y  a t  $1 Outside Serv ices :  

L - - - - - -  
Iy  a t  $1 

0.02 $ / l o a d  

4.2-  Tvpe:- - - -  Maintenance Costs:  

Energy Use: 

I y a t  $1 

/y a t  $1 Outside Services :  - - - - - - - - - - -  

- - P I - -  

Energy Use: 

I y a t  $1 L Outside Services :  



P r o c e s s  No. 

7. P r o c e s s  Cost  Computation 

Form 1 2  
PageJof 1 - 

R e v i s i o n  Date  3/78 

7.11 Manufac tu r ing  Add-On C o s t s  (sum of 2 .7 ,  3 .5 ,  4 . 3 ,  6 . )  1 2.56 $1 l o a d  

7 .21 T o t a l  O p e r a t i n g  Add-on C o s t s  o r  P r o c e s s :  

%: of  7.11 

1 2.56 $1 load  

0.00 $1 load  

- 

7.31 T o t a l  Gross  Add-on Cost of P r o c e s s  2.56 $1 l o a d  

7 .32 C r e d i t  f o r  Salvaged M a t e r i a l  (5 .8 )  I $ 1 

7.33 Cos t  o f  Work-in-Process L o s t  (5 .3 )  I $1 

7.34 S p e c i f i c  Add-on Cost  of P r o c e s s  ( 7 . 3 1  + 7.33)-(7 .32)  1 2.56 $1 load  

7 .35 Cos t  of I n p u t  Work-in-Proc,ess Contained i n  Good 
Output  Work-in-Process (5 .4 )  534.31 $1 load 

7.36 Loading on I t em 7.35 a t  R a t e  

7.42 P r a c t i c a l  Y i e l d  

7 .43 E f f e c t i v e  Yie ld  ( 7 . 4 1  x 7.42).  1 

7.44 :<umber o f  U n i t s  o f  Good Output  Work-in-Process p e r  
Computation Uni t  Used up t o  7 .35 3.49 kq I l o a d  

7 .51  Cos t  of Uni t  o f  Good C u t p u t  Work-in- 
P r o c e s s  (7 .37 + 7 . 4 4 )  

7.52 S p e c i f i c  Add-On Cost  p e r  U n i t  o f  Good 
o u t p u t  Work-in-Process (? .  34 + 7.44) 



. . .  
Process 90. 

8. Price Computation 

8.1 Alternate 1 --- 

8.11'~;ofit at Expected Rate of 20 %: 0.15 $1 ka 
(Profit before incone taxes; applied to 7.52) 

3.12 Price of Process (7.52 + 8.11) 

Form 13-1 
1 o f  1 Page - - 

Date 3/78 Revis ion 



Process  Xo.\ For? 13-2  
Page - 1 f - 1 

Revis i on  Date 3/78 

8.2 A l t e r n a t e  2 (SAMICS Methodology): 

8.21 P r o f i t  Computation: 

0.9274* 0.026 $1 load 

1.946* 0.022 $ / l o a d  

3.22 Cos t s  of Amort iza t ion  of t he  One-Time Cost :  

0.192" . 0 .75  $1 load --- ----- f r o m S u b t o t a l 2 . 7 =  0.145 $1 load 
0 .  
w 0.192* 1.76 $1 load 

- -- from S u b t o t a l  3.5 = 0.338 $1 load -- 

0.2958* 0.026 $ / ' l o a d  -- 

Work-in-Process: 
(Divide S u b t o t a l  8.23 by  / load from 7.44) 

. . 
0 .18  $1 kg . ' 



Process No. Form 1 5  
Page 1 o f  1 

Date 3/79 Revision 

0. Output Specification: 

Name of item: Mounted s i l i c o n  inqots .  
. . 

Dimensions: 15.'2 - cm i n  diameter, 7.62 - cm h iqh  and 16.875 - cm long 

. Material: S i l i c o n  on ceramic mounting b lock : 

. . Other Specifications: The c a p i t a l  cos t  f o r  mountinq an i n q o t  f o r  MBS i s  Dropor -1 t o  J? * r . 'Therefore 

' t he  u n i t  mass c a p i t a l  cos t  f o r  mountinq i s  i n ~ s e l y  p ropor t iona l  t o  r. Since the  c a p i t a l  cos t  i s  a  m a l l  

p a r t  o f  t h e  t o t a l  cost ,  the  mounting co3t i s  e s s e n t i a l l y  independent of i nqo t  s i z e .  For MBS. the  m o ~ n t i n q  



process NO. (2 - vj -m] 
University .of Pennsylvania 

PROCESS CHARACTERIZATION 

(UPPC) 

Process : Sheet Generat ion 

. Subprocess : Wafer Genera t ion  

Option : Mount ing o f  i n q o t  on q r a p h i t e  b l o c k  



Form 2 

Page 1 of 1 - - 
Revision ~ a t e 3 / 7 8  

, . 

s; .  12 . 0.1  Value Added : 1 '. $/ . 

Mountins o f  i n q Q t o n  i t 5  end w i t h  on a  w i f p  h1nr.k- Process  Description: f o r  ID-  b lade 

sl  i c i n s .  Data s u ~ ~ l i e d  bv O C I  I .  

. . . . 

1. Inpu t  S p e c i f i c a t i o n :  

Sane of  Item: S i n g l e  c r y s t a l ,  s i l i c o n  i n a o t  

Dimensions: 10.16 - cm i n  d iameter .  25 - cm i n  l~not_b.andmacz i s  4.74 kg 
ul 
rn 

X3ter.ial: High p u r i t y  s i l i c o n  I 
Other S p e c i f i c a t i o n s  : I 

. . >  

. . 
, -  - - .  . 1.1 - .  Q u a n t i t y  Required:  4 . 7 4  kq  ' 1  l o a d  ; Unit Cost: 71.43 $/  ka 

. . . . . . . . . .  . . . _  
- 

1.2 Inpu t  Value: 

1.3 I n p u t  C o s t :  338.58 $ /  l o a d  
. . " .  

S o t e  to ~ t e m  1,'3t: Use price, i f  i n p u t  produced in own p l a n t .  



Proces s  NO. B.rTJ.m'-m. I 
2 . 1  D i r e c t  t w t e r i a l s :  

' Form 3 , . 
..  ,.. . ,  

Page 1 of 1 . .  - - 
Revision Dafe 3/78 

2 . 1 1  5 p e :  Ingot mounting m a t e r i a l  

Inc ludes epoxy and graphi te,  S p e c i f i c a t i o n :  

Data taken f rom OCLI. 

I 1 

d u a n t i t y  dequ i r ed :  - -- / ; U n i t c o s t :  1 - 3 6  $ 1 ~ ;  c o s t :  1 .36 $/ load 
I 

2.1  - Type: + 

S p e c i f i c a t i o n :  

. .yl - 
. . 

1 Quan t i t y  Xequired: / ; U n i t c o s t :  -- $1 ; Cost :  

I I $1- 

2 .1  - Type: 3 

S p e c i f i c a t i o n :  . . 

Q u a n t i t y  Required:  -- 1 ; U n i t c o s t :  $I-- ; Cost :  I $1' 

I 

7 . 1  S u b t o t a l  D i r e c t  ! f a t e r i a l s :  1 .36  ' S /  l o a d  



p r o c e s s  Xo. 'a, mJ-[X] 
Paqe - 1 of - 1 

2 . 3  Expendable Tool ing:  
Revision Bate 3/78 

2 . 3 -  Type: I 
Q u a n t i t y  Requi red :  / s U n i t c o s t :  $1 -- Cost :  

2 . 3 -  Type: 

Q u a n t i t y  Required:  / : Uni t  Cos t :  $1 -- Cost:  

2 .3-  Type: 

Q u a n t i t y  Required : -- / : Uni t  Cost :  $1 Cost  : I $1 

2.4 Energy 

Q u a n t i t y  Required:  -- / : U n i t c o s t :  $1- Cost : 

2 . 3  Sub t o t a l  Expendab-le-Too-ling.:.. 

2.4 2 Type: Power r a t i n q  o f  h o t  p l a t e  i s  e s t i m g t ~ d  t o  be 7 kW 

Q u a n t i t y  Requi red : '  0 .23  kWh / A d  : h i t  c o s t :  0.0319 s/% Cost :  

$1- 

- s!- 
J 

Q u a n t i t y  Required:  : Uni t  Cos t :  $1 Cost:  
I 

I 2 . 4  S u b t o t a l  Energy Cos t s :  
I 

1 2 . 5  S u b t o t a l  2 . 1  t o  2.4; 

1 2.6 Handling Charge: 5 - 2 6  2 of  i t e m  2.: 

2.7 S u b t o t a l  Materials and Supp l i e s :  1 ( 2 . 5  + 2 . 6 )  ' 

1.37-  $1 l o a d  

1.44 $1 l o a d  



P r o c e s s  ,So .  Form 6 
1 . o f  1 Page - - 

Rev i s ion  Date 3/78 
3 . 1  D i r e c t  Labor:  

3.1-1 Category  : Semiconductor Assembler . ' A c t i v i t y : .  Ingot mounting 
( S A m  B3096D 

Amount Requi red :  0.23 ) h /  load ; Rate :  $ 3.895 i h ;  Lcad 33-n %; Cos t :  
. . 1 :22 $1 . .1 oad 

3.1- Ca tego ry :  A c t i v i t y :  

hmoun t Rcquircd:  h  / ; Rate :  $ /h ;  Load %; Cost :  $1 

3 .1  - Category :  A c t i v i t y :  

t l m n t ~ n  t Required : h /  ; Rate :  $ ' / h ;  Load %; Cos t :  $1 

. . . . 3 . 1  D i r e c t  Labor S u b t o t a l :  1.22 $ / l o a d  
3.2 I n d i r e c t  Labor:  Taken a s  257.!, of d i r e c t  

L o  

3.2 - Category :  A c t i v i t y :  

,\mount Required : h  / ; Rate :  $ / h ;  Load %; Cost :  $1 

3.2 - Category :  A c t i v i t y :  

$1 houri t Required : h/  ; Rate :  $ / h ;  Load %; Cost :  

3 .2 - Category :  A c t i v i t y :  

3 . 4  Overhead on Labor:  5.26 % 0.08$/load 

3.5 S u b t o t a l  Labor 1.60 $ / l o a d  

-aunt Requi red :  h /  ; Rate :  $ /h ;  Load %; Cost :  $1  

3 . 2  I n d i r e c t  Labor S u b t o t a l :  0.30 $ / l o a d  . 
- ,  3 . 3  S u b t o t a l  3.1 and 3 . 2  1.52 $ / l o a d  



P r o c e s s  No. 

4 . 1  Equipment 

Form 7 
. . 1 o f  1 Page  - -- 

D a t e  3/78 R e v i s i o 2  

1 
4 . 1  - 1 Type:  Hot p l a t e  (20 x 20 cm) w i t h  work bench 

. . 

C o s t :  1,000 S;  I n s t a l l a t i o n  C o s t :  $; T h r o u g h p u t :  2 loads  / h ;  

P l a n t  0 p e r ' g  Time 8280 h / y ; ? l a c h i n e ~ v a i l ' t v :  9 5 % ;  M a c h i n e O p e r ' g T i m e  7866 h / y  

S e r v i c i n g  C o s t s :  Labor  h / y  a t  S / h ; P a r t s  o r  O u t s i d e  S e r v i c e :  $ 1 ~  

L s e f u l  L i f e :  --- v ;  Charge  R a t e :  21.35 1 of  C o s t l y ;  C a p i t a l  C o s t :  213.50 $ i y  

4 . 1  - Type:. 

Cos t  : S ;  I n s t a l l a t i o n  Cost : -  $; T h r o u g h p u t :  / h ;  

P l a n t  O p e r ' g  Time h / y ;  % c h i n e  A v a i l ' t y :  X ;  Machine O p e r ' g  Time h / y  
. . 

S e r v i c i n g  C o s t s :  Labor  Il/y a t  $ / h ; P a r t s  o r  O u t s i d e  S e r v i c e :  $ 1 ~  

l ' s e f u l  L i f e :  v ;  Charge  R a t e :  ' - % o f  C a p i t a l  C o s t :  $ /Y --.. 

'. . i Type:  - - 

Cos t  : S; I n s t a l l a t i o n  C o s t :  $ ; Throughpu t  : / h ;  

P l a n t  O p e r ' g  Time h / y ;  > lach ine  ~ v a i l '  t y :  X ;  ?!achine Oper  ' g  Time h / y  

. - 
S e r l l i c i n g  C o s t s  : ~ a b o r  - I > / ?  a t  S / I i ; P a r t s  o r  O u t s i d e  S e r v i c e :  $ / y  

i ' s e f u l  L i f e :  . . _ .  v :  Chsrge  Xace: 7: of C o s t / ? ;  C a p i t a l  C o s t :  -- 

0.01 1 oad 
$ / -  

1 S u b t o t a l  Equipment C o s t :  0.01 S/ load 



Form 8 
Page 1  of 1  - - 

Proces s  So. . 
4 . 2  F a c i l i t i e s :  

Revis ion  Date 3/78 

F loo r  Area: 1  
2 

4 . 2 1  Tvpe: Bench area m ; Throughput: 15,732 

3 - 0  - - - o r .  

Charge Kate :  179.13* $ / ( m - . y ) :  f- Yain t enance  Cos t s :  
---u------- 

. Energy Use: 

/ y  a t  $ 1  

O u t s i d e  S e r v i c e s :  

T o t a l  Cos t :  0.01 $ / l o a d  --- 

b . 2 - -  T v p e :  
. . . - - C L - - - - - o - -  

cha rge  Rate :  ' 
?Ia in tenance  Cos ts : '  

-a- .-,m-CICL - - o r -  
' Energy C s e :  

Heat ing  . ---- 

Outs ide  ' s e r v i c e s :  - - - . . - .- - L - - - - - - - -  
/ y  a t  Si . 

--- 

m ; Throughput:  
- c - o -  

>lnintenanc? Cos t s :  
- L - Q I m - C .  

.Energy Cse : 

L Outsid. S ~ r v i c e s :  
- - - - u - - - -  

T o t a l  C O S K :  

* Includes energy use 



Forn 1 2  
Page 1 o f  1 -- 

P r o c e s s  30. , ,  O r j )  
7. P r o c e s s  Cost  Computation 

Revis ion  Date 3/78 

7 .11  Manvfac tur ing  Add-On Cos t s  (sum of 2 .7 ,  3 .5,  4 .3 ,  6 . )  3006 $ / l o a d  I 
7.22 Other  I n d i r e c t  2 s t s :  ;b of  7 .11  I 0 $ / l o a d  

n .n~*4 -1+n - i n8  4-7) 

7.21  T o t a l  O p e r a t i n g  Add-on Cos t s  o f  P roces s :  

- - 

7.31  T o t a l  Gross  Add-On Cost  of P r o c e s s  

7.32 C r e d i t  f o r  Salvaged M a t e r i a l  (5.8) I $1 

7.35 Cos t  of  I n p u t  Work-in-Process Contained i n  Good 
Output  Work-in-Process (5 .4 )  

7 .33  Cos t  of Work-in-Process L o s t  ( 5 . 3 )  

7.34 S p e c i f i c  Add-on Cost  of P r o c e s s  (7 .31  + 7.33)- (7 .32)  

338.58 load  I $/-- 

$1 

3'.06 $ / l o a d  

7.36 Loading on I t em 7.35 a t  Rate  % .  I $ / 

7.37 Cos t  of Output  Work-in-Process (7.34 + 7.35 + 7.36) 1 341 -64  $1 load 
I 

7.41  T h e o r e t i c a l  Y ie ld  ( o r  Conversion R a t e ,  i f  o u t p u t  u n i t s  of  
work-in-process d o  n o t  equa l  i n p u t  u n i t s )  4.74 kg / load  

7 .42  P r a c t i c a l  Y ie ld  

7 .43  E f f e c t i v e  Yie ld  (7 .41  x 7.42)  1 

7.44 :<umber of U n i t s  of  Good Output Work-in-Process pe r  

7.52 S p e c i f i c  Add-On Cost  p e r  Un i t  o f  Good 
Output  Work-in-Process (7.34 + 7.44) 



8.1: P r o f i t  a t  Expected Rate  of  20 % :  0.13 $ /  k~ 
( P r o f i t  h e f c r c  incone  t a x e s ;  a p p l i e d  t o  7 . 5 2 )  

? r i c e  o f  P rocess  ( 7 . 5 2  + 8.11) 
8.13 ?rice o f  (dork-in-Process ( 7 . 5 1  + 8.11) 



P r o c e s s  No. Daa.lxj- Form 13-2 
Page  L o f  1 

R e v i s i o n  D a t e  3/78 

8.2  A l t e r n a t e  2 (SAMICS Methodo logy) :  

8 .21  P r o f i t  Computa t ion :  

0.9274* 0.01 $1 load f r o m S u b t o t a l 4 . 1 =  0.01 $1 load 

1.946" 0.01 $1 load 

8.22 C o s t s  o f  A m o r t i z a t i o n  o f  t h e  One-Time C o s t :  

0.192* 1 - 4 4  $1 from S u b t o t a l  2.7 = 0.28 $1 load - 
0.192* 1.60 $1 load from S u b t o t a l  3.5 = 0.31 $1 load 

0.2958" O o o l  $I-- 1 oad from S u b t o t a l  4.1 = 0.00 $1 load 

2.77* 0.01 1 oad $1 ---- from S u b t o t a l  4 .2  = 0.03 $I load 

8.23 T o t a l  Net C o s t  o f  E q u i t y  (8 .21  + 8 . 2 2 ) :  

8.24 P r o f i t  and A m o r t i z a t i o n  o f  S t a r t - u p  C o s t s  p e r  u n i t  o f  Good O u t p u t  
Work-in-Process:  
( D i v i d e  S u b t o t a l  8 . 2 3  by 4.74 kg I load f rom 7.44) 

0.14 $1 kg 

8.26 P r i c e ' o f  Work-in-Process (7 .51  + 8.24)  



Process So. 

9 .  Process Economic Evaluation: 

Form 15 
P a g e 1  -- o f 1  - 

Revision -- Date 3/78 

9.1 Process Cost Balance (7.52 - 0.1) 
w 

9  . 2  Relative ~ r o c e s s  Performance ( 9 . 1  -1 0 . 1 )  

9 . 3  Output ~os't ( 7 . 5 1 )  

I 9 . 4  0utp"t Value ( 0 . 2  + 0 . 1 )  

* 1 9 .5  elat at ive Excess dost  L ( 9 . 3  ,- 9 . 4 )  1 9.4) 



Process 90.  

Revision Date 3/78 
0 .  Output Spec i f i ca t ion :  

Name o f  item: Mounted si l icon ingot. 

Dimensions : 10.16-cm in diameter, 25-cm in length 

s a t e r i a l :  Silicon with graphite base 

O t h e r ~ p ' e c i f i c a t i o n s :  Thecapital  c o s t o f m o u n t i n q a n i n q o t f o r I D - s l i c i n q i s ~ r o p o r t i o n e d t o  

t h i s  unit  mass cost for  mounting i s  inversely proportioned to the length of the crys ta l .  Since the capital cost 

i s  small, compared t o  material and labor costs ,  the absolute mounting cost i s  essential ly independent of crystal -- -- 

size. For ID-slicing, i t  i s  $3.71/load. t 
m .  -- -. ---- ---. -- 

- m 
. , 
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10.1 Value ~ d d e d :  1 $1.- -J 
. . 

Process  D e s c r i p t i o n :  Mu1 t i  blade s l u r r y  s l  i c i  nq. 

Data 1 i  s t e d  in  t h i s  format were deiived from Spec t ro lab ' s  production 1  i ne e x ~ e r i e n c e  . . 

i n  s l i c i n g  5.4-cm diameter ingots .  Three inqo ts  a r e  s l i c e d  per load w i t h  a  250 b l a d p - ~ a c k .  

1. I n p u t  S p e c i f i c a t i o n :  

sazc o f  It-.: prepared! machi ne load from 2.4-01 -01 

Dinensions:  Each ingo t  i s  5.4-cm i n  diameter and 16.875-cm lons.  Three i v -  

m Faterial: S i l i c o n  (high p u r i t y )  
Co 

See 2.4-02-01 , t h r e e  ingo t s  a r e  mounted on a  c e r a m i c -  Other S p e c i f i c a t i o n s :  

Mass of ingo t  i s  0.903 kg 

Mass of load i s  2.71 kg 
. . 

1.1 Q u a n t i t y  Required: 2-71 &- Unit Cost: 161 .30$ /  k q  

- -- - 

x o t e  to Item 1.3: Use price, if input produced in own plant. 



. . 

p r o c 6 s s  No. 0 . a . - 1x1 
2..2 I n d i r e c t  ? l a t e r i a l s  ( i n c l .  s u p p l i e s  and nor:-energy u t i l i t i e s )  : 

Form 4 

R e v i s i o n  D a t e  3/78 
2 . 2  1 T y p e :  Abrasive s l u r r y  , - 

S p e c i f i c a t i o n :  ' P C  o i l  with 600 g r i t  S ic  abras ive  

Concentration i s  0.24 kg/&,  - s l u r r y  c o s t  given by -- Spectrolab.  

!'!uar?t I t y  RCqu i rlld : 7.6 - R / l o ad ,  - U n i t c o s t :  1.85 $1 L -- ; C o s t :  

Type: - -- -- - - .- -- 

S p e c  i f i c a t  i o n  : ---- 

-. ---- - - - - .- . . 
. . e .  = .  

Q u a n t l  r y  Requi red  : - -  - - . .  / ; U n i t c o s t :  :. ! .- .- ---- - ; c o s t  
, . - .  

2 . 2 -  Tspe :  - - - . - - - . - - . - - - . - . - - 

S p e c i f i c a t i o n :  .- -- 

Q u a n t i t y  Require .3:  - . . -- 1 ; U;i; C ; s t :  , :  , S I  ; C:st: 1 $1 
. . 

2 . 2  S u b t o t a l  I n d i r e c t  t i a t e r i a l s :  14.06 $1 load -- - 
. . 

, .. . 
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Revision Date 3/78 
2 - 3 1  Type: 250 blade d r i l l - p i n  pack, c o n s i s t i n g  of 0.2mm t h i c k  1095 s t e e l  blades.  

I I 
Quan t i t y  Required:  0.5 Pack -- /load : u n i t  c o s t :  50 $1 Pack c o s t :  1 25 $I load 

2 . 3 -  Type: I 
Q u a n t i t y  Required:  / : U n i t c o s t :  $1 -- Cost :  I - 

2.3- Type: I 
Q u a n t i t y  Required:  -- / : Uni t  Cost :  $1 Cost :  

2 . 3 -  Type: 

2.4 Energy 

$1- 

Q u a n t i t y  Required:  -- / : U n i t c o s t :  $1- Cost :  

u 2 . 3  S u b t o t a l  Expendable Tool ing:  
0 

2.4 1 Type: E l e c t r i c a l ,  1 kW main and a u x i l i a r y  motors 
I 

$1- 

25 $1 load 

Q u a n t i t y  Requi red :  22 kwh/ JQ&d : Unit  Cost :  L n 3 1 9  $/& Cost :  0-7n $1 In& I 
2 . 4 -  Type: I 

I 

2.5 S u b t o t a l  2 .1  t o  2.4: 1 3 9 . 7 8  $ / ' l o a d  

Q u a n t i t y  Required:  : Uni t  Cost :  $1- Cost:  

I 2 . 4  S u b t o t a l  Energy Cos t s :  

1 2.6 Handling Charge: 5-26 Z of  i t e m  2.51 2.09 $1 1~ 

$1- 

0.70 $1 l o a d  

J 
2.7 S u b t o t a l  M a t e r i a l s  and S u p p l i e s :  

(2.5 + 2.6) 
.. 41.87 $1 1 oad . . 
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3 .  D i r e c t  Labor :  

3 . 1  - 1 Category :  Semiconductor As*l pr A c t i v i t y :  mountinq/demountina 
(SAMICS B3096D) w 

Amount Required:  0.25 h /  load  ; Rate :  $ 3 - 8 9  i h ;  Load 36.0 %; Cost:  1.32 $/la;ld 

3 . 1 2  Category : Semiconductor Assembler A c t i v i t y :  machine s u p e r v i s i o n  
- 

(SAMICS B3096D) 
Amount Required: 5.1 h /  1 oad ; Rate :  $ 3 - 0 9  / h ;  Load 36 n 2;  Cost :  2 7 . 0 6 s  h a d - -  

3 . 1 2  Category :  Maintenance Mechanic I1  A c t i v i t y :  b lade  head c h a n a i n a / a d . i m i n g  
(SAMICS B3736D) , 

,\moc!nt Requi red :  1 .4  h j  load  ; Rate :  .$ 4 - 6 7  / h ;  Load 7h-n %; Cost :  --.lLm-$/- 
* 

u * 3.2  I n d i r e c t  Labor:  Taken a s  25$ o f  d i r e c t  
3 . 1  D i r e c t  Labor S u b t o t a l :  39.18 $ / l a_d  

3.2 - Category :  Ac ' t i v i t y  :- 

Amount Required : h / ; Rate :  $ / h ;  Load % ;  Cost.:. $1 

3.2- Category :  A c t i v i t y :  

thoun t Required : h /  ; Rate :  $ / h ;  Load %; Cost:  $1 

3 . 2  - Category :  A c t i v i t y :  

~ v o u n t  Requi red :  h /  ; Rate :  $ / h ;  Load %; Cost :  $1 

3.2 I n d i r e c t  Labor S u b t o t a l :  9 - 8 0  $1 l oad  
* 

3 . 3  S u b t o t a l  3 . 1  and . 3.2 . .  48.98 $ / l o a d  

1 3.4 Overhead on Labor: 5.26 x . 2*57  $ / l o a d  

3.5 S u b t o t a l  Labor 51.55 $1 load  
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4 . 1  Equipnen t 

Form 7 
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P 

G.1-1 Type: M u l t i b l a d e  s l i c i n q  machine 

C o s t :  20,000 $ ;  I n s t a l l a t i o n  C o s t :  $; T h r o u g h p u t :  327 loads  

P l a n t  O p r r 1 g  T i m e  8280 h l y ;  Machine X v a i l ' t y :  90 %; Machine O p e r ' g  Time 7452 h I y  

S e r v i c i n g  C o s t s :  Labor  h / y  a t  $ / h ; P a r t s  o r  O u t s i d e  S e r v i c e :  1592 .- $ / y  

U s e f u l  L i f e :  7 y ;  Charge  R a t e :  21.35 % o f  C o s t l y ;  C a p i t a l  C o s t :  4270 S / ) .  

4 . 1  - Type: 

Cos t  : $ ;  I n s t a l l a t i o r  $; T h r o u g h p u t :  / h ;  

P l a n t  O p e r ' g  Time h / y ;  Elachine ~ v a i l ' t y :  % ;  Machine O p e r ' g  Time h/;: 

S e r v i c i n g  C o s t s :  Labor  I l l y  a , t  $ / h ; P a r t s  o r  O u t s i d e  S e r v i c e :  $ 1 ~  

L:seful  L i f e :  y;  Charge  R a t e :  % of  C o s t l y ;  C a p i t a l  C e s t :  $ 1 ~  

1 - Type:- 

Cos t  : $ ;  I n s t a l l a t i o n  C o s t :  $ ; Throughpu t  : / h ;  

P l a n t  O p e r ' g  T i m e  h / y ;  Xach ine  A v a i l ' t y :  4 ;  ? lach ine  Oper ' g  Time h / y  

S e r v i c i n g  . C o s t s  : Labor  h / y  a t  $ / h ; P a r t s  o r  O u t s i d e  S e r v i c e :  
. . 

S l y  

~ s e ' f u l  L i f e :  y;  Charge  R a t e :  2 of  ' c o s t / ? ;  c a p i t a l  C o s t :  $r'y 

17.92 $1 load 

4 . 1  S u b t o t a l  Equipment C o s t :  17.92 $1 load 
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4 . 2  F a c i l i t i e s :  

. . 
2 

A .  2 1  T"pe:-~l ic inq machine area . F l o o r  Area: 5.6 m ; Throughput:  327 loads I y 

1 f- 
C L I - . I . - - - P . ' - . o -  

Charge Ra te :  - 179.13* S! (n' .~) : Xain tenance  C a s t s :  
- w  --- 

Energv Vse: 7 i .abor :  ' h / y  a t  S/h 

Hea t ing  -- Iy  a t  5 1 Sly II S u p p l i e s :  
I -- I 

~ i r  Cond'g . - . / y  a t  
1 O u t s i d e  S e r v i c e s :  S  / y -- s: -- - - I B 

-- - 
L i g l i t i n g  . S! I?. a t  . - T o t a l  Cos t :  1003.13 Sly  3.07 sl-h&d. .- - 

3 
!4 .:- m ; I 'hrot l~hl)ut  : T?lPt' : .  F l o o r  Area: 

7 

C/(m'.y) : r 0 - - - - - - - - - - -  ?laintenclnce c o s t s :  Charge Rate :  
4 C I - L . C I L I 9  -4 W 

Energy I ' se :  , I .  : ) I / ) .  a t  - S/h 

t i  ---- i?. a t  S !  I ' S I I P F I  i e s :  
I ----- 5 1 y  

: l i r  C o n J  ' g -- / y  2t s; 1 
 hits side S e r v i c e s :  , S / v 

t I 
L i g h t i n g  ;I?. a t  --.- S; -- - 

T o t a l  Cos t :  S/V ---. S / 
P 

0 

h .  2- Type: -- Floor  Area: m L ;  Throughput : 
7 p - - - I I . C - m - L -  

Charge Ra te :  S/ (m- : 4 ?Iaintenance C o s t s :  
0 , Q I B B L I P - - - - 4  

Energy Cse: 

I iabor:  
h / y  a t  - $ / h  

Heat ing I?. a t  S! 

I S u p p l i e s :  S  / ). 
/ v  a t  $ /  L O u t s i d a  ~ L r v i c e s :  - 
/ y  a t  S i  P I - a D - - = a - - .  

T o t a l  Cos t ;  

*Includes energy use 

20.49 s /  load 
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5. Salvaged Material (Work-in-process) I 
5.1 Quantity of Work-in-Process 1. Contained in Good Output 

Work-in-Process (per Computation Unit) 

5.21 Input Work-in-process 1. Not Contained in Good Output 
Work-in-Process ("Amount Required" from 1.1 minus 5.1) 

, 5.22 Net Amount of 5.2i which is sold for Credit As-Is or . 
I 
I 

i m e n .  - 
After Applying Re-Process 

I P 
5.23 Credit for 5.22 at the Market Value of $I-: 

1.52 - k q /  load I 

5.24 Cost of Reprocessing Material of 5.22 
at the Average Reprocessing Cost of 

I 
$I-: $ / I 

5.25 Net Credit for 5.22 (5.23 minus 5.24): 

1 5.26 Material of Type 1. Lost in Process (5.21 minus 5.22) 1.19 kg/ load 
1 .  

5.3 Cost of work-in-process Lost (Amount 5.26 Times Unit Cost 1.1) 191.95 $/- 

5.4 Cost of Work-in-Process Contained in Good Output Work-in-Process 
(Amount 5.2 Times Unit Cost from 1.1) 

Salvaged Materials Summary: 

5.8 Total Net Credits for All Salvaged Materials (5.25 + 5-67 + 5.76) S/- 

t 
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6 .  B y p r o d u c t s  a n d  W a s t e s  

P a g e  1 o f  1 
R e v i s i o n  D a t e . .  31.7.8 . 

I 

6 .1  S o l i d  B y p r o d u c t s f W a s t e s  

6 . 1  - 1 T y p e  ( C o m p o s i t i o n )  : S i l i c o n  c h i p s  - Q u a n t i t y  P r o d u c e d :  0.14 kg/ -- load  

P h y s i c a l  S h a p e J S i z e :  E n e r g y  C o n t e n t :  kL%/ 

0 D e n s i t y :  2.34 , ~ / t , n ~ ;  \:etr.r  i i ? l u ! l i l i t y :  0 s / l  a t  C:  pH: - I 

T y v .  c ) i  1 ) i ~ r c ~ s n  1 : 

I S! C n s t / ( C r e d i t )  ; I n p u t  ? i a t ~ . r  i a l  f o r :  - c o s t  : - -. .- ,- -.s . - 

h .  2 L i q u i d  R y p r o t l u c . t s / V n s t ~ * s  ( i n c i r l : ; ~ n i c , ) :  

6 . 2  - 1 ~ y p c  ( c o m p o s i t i o n ) :  PC o i l  w i t h  a b r a s i v e  Q u a n t i t y  P r o d u c e d :  7.6  %I load  
. . 

3 m g f l  pH: D e n s i t y :  - - O , g ~ / c m  ; S u s p e n d e d  S o l i d s :  S i c  a b r a s i v e  L h @ u n t  : 

Tc1si:icy: t i e a v y  ? l e t a l  C o n t e n t  : mg/l O t h c r  R e m a r k s :  - 

S l u r r y  o i l  a l s o  c o n t a i n s  Si ke r f  a t  a  c o n c e n t r a t i o n  of  145 g/R 

T y p e  o f  D i s p o s a l :  I .. 
" - - .  

I n p u t  \ l a t e r i . a l  f o r :  Cos t !  ( C r e d i t )  S f C?S;: ( . S /  

C a r r y :  S  i 
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7. P r o c e s s  Cost Conpu:ation 7 .11  h lsnufac tur ing  Add-on C o s t s  (sum of  2 .7 ,  3 .5 ,  4 . 3 ,  6 . )  113.91 $1 load I 

7.32 C r e d i t  f o r  Sa lvaged  M a t e r i a l  (5.8)  I s I-- 
7.33  Cost  of Work-in-Process L o s t - ( 5 . 3 )  1 191.95 $1 load 

I 
- --- -- - -- 

7.34 S p e c i f i c  Add-on Cost  of P r o c e s s  (7 .31  + 7.33)- (7 .32)  307.25 $1- 

7.35 Cost  of  I n p u t  Work-in-Process Contained i n  Good 
Output  Work-in-Process (5 .4 )  I 245.18 $1 load 

d i n g  on I t em 7.35 a t  Rate  

0.63 rn2 / k g  

7.42 P r a c t i c a l  Y ie ld  - .  95 % I 
7.43 E f f e c t i v e  Yie ld  (7 .41  x 7.42) 0.6 m2 ! kg 

E 7.44 :<umber of  U n i t s  of  Good Output  Nark-.in-process pe r  1.63 rn2 load 
Coyputa t ion  Unit  Used up t o  7.35 

--- -- 

7.51  Cost  of Kni t  of Good Output  Work-in- 
P r o c e s s  (7.37 + 7.44) 

7.52 S p e c i f i c  Add-On. Cost  p e r  Un i t  of Good 
Output  Vork-in-Process ( ? . 3 4  + 7.44) 
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8. Price (:omputation 

. . . . 
% .. 

Form 13-1 
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D a t e  3/78 Revis ion 

. . 

8.1: profit at Expected Rate of 20 % :  37s70 
(prof i t  hefcrc ,incone taxes; - a p p l i e d  to 7 - 5 2 ) ,  . . 

5 . 1 2  T r i c e  of Process (7.52 + 8.11) 
8 . 1 3  ? r i c e  of Kork-in-Process (7.51 + 8.11) 
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8.2  A l t e r n a t e  2 (SAMICS Methodo logy) :  

8 .21  P r o f i t  Computa t ion :  

,0.9274* 17.90 $ /  load f rom S u b t o t a l  4 . 1  = 16-60 $ /  load 

1.946* 3.07 $1 load f rom S u b t o t a l  4.2 = 5*97 .$/ load 
1 - S u b t o t a l  = 22.57 , $ /  load 

8.22 C o s t s  o f  ~ m o r t i z a t i o n  o f  t h e  One-Time C o s t :  

0.192n 41.87 $1 load from S u b t o t a l  2 . 7 . =  - - - $ i - - - - .  3.04 1 oad -- --- 
0.192* 51*55 $1 , . . load .,,.; f rom S u b t o t a l . 3 . 5  = 9-90 $I' load 

-.- - . . 

( .  
0.2958* 17.90 $1 i load --. from ~ u b t o i a l  4.1 = 5.29 $ /  load 

2.77* 3.07 $1 .  load -- from S u b t o t a l  4 . 2  = 8 - 5 0  $1 load 
J 

s u b  t o t a l  = .31.73 $ /  load -- 
8 .23  T o t a l  Net C o s t  o f  ~ ~ u i t ~ ,  (8,.21 +' 8.,2?):  

' 

. . . .. , . 
. . 

8.24 P r o f i t  and A m o r t i z a t i o n  o f  S t a r t - u p  C o s t s  ' p e r  U n i t  o f  Good O u t p u t  
Work-in-Process:  

. ( ~ i v i d e  S u b t o t a l  8 . 2 3  by 1.63 
2 

m . / load from 7.46)  

* - i .  . . 
+ 33.31 $ /  m2 

- .  ' . . -  . 
8.25 P r i c e  o f  P r o c e s s  (7 .52  + 8.24.) 

8.26 P r i c e  o f  Work- in-Process  (7 .51  + 8.24)  

" . . _ ,, - . - . , . . .  
? 

54.3C $ / l o a d  

2 
221 ;81 $1 

372.22 $1 m 2 

i 
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Economic Evaluation: 

Fct-2 1: 
Page 1. O F  1 ' . .  . 
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I . - m 

9.1 P ~ O C ~ S S  ~ , o s t  Balance ( .7.52 - 0.1) SIP-- 

. Relative ~ r o c e s s  Performance (9.1 :- 0.1) 

9 . 3  Output Cost (7.51) 

9 . 4  Output Value (0 .2  + 0.1) 
C 

9 . 5  Relative Escess Cost L19.1 - 9.6) : 9 - 4 1  - - - 
&: 
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Name of item: S i l i c o n  wafer, as-cut 

Dimensions: 5.4-cm i n  diameter, 0.4 rnn~ t h i c k  

Material: 
I 

Other Specifications: Depth o f  subsurface.darnage i s  75 pm .- 



Form 1 

U n i v e r s i t y  of P e n n s y l v a n i a  

PROCESS CIIARACTEF I Z A T I O N  

(UPPC) 

P r o c e s s :  -&inn 

S u b p r o c e s s  : I n g o t  S1 i c i n g  - 

op t ion :  #u1 t i b lade -. . S l u r r y  . . . . - s l i i c i n g  o f  7.5-cm d iameter  - 
i n g o t s  (Spec t ro lab )  ' 
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Mu1 t i b l a d e  s l u r r v  s l ~  c i  na . . process Description: 

Data l i s t e d  here were obta ined f rom Spec t ro lab ' s  p roduc t i on  experience. 

Blade head has 250 blades and two i n g o t s  a r e  s l i c e d  pe r  load, 

Revision -- Date 3/78 

1. Input Specification: 

Name of Item: P r e ~ a r e d  m i n e  l o a d  f rom 2.4 . 0 1  - 01  

0.1 Value Added: 

Dizensions: 7.5 cm diameter 17 cm lang. 3 - 5 7  kg&d 

$1 

' .  * 
Co 
N Katerial: High p u r i t y  s i l i c o n  

I 

Other Specifications: ., T~~ s i n g l e  c rys ta l ,  s i l i c o n  i ngo ts  mounted ~n a  ceramic b lock .  

see 2.4 . 0 1  - 0 1  

1.1 Quantity Required: 3.49 kg / / load - .  Unit cos t :  154.04 $1 kg 
t I i 

1.2 Input Value: I $ ! 

1.3 I n p u t  c o s t :  537.57 $11 oad I 
Note to Item 1.3: Use price, if input produced in own plant. 
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2 . 3  Expendable  T o o l i n g  : 

Revision ,Date 3/78 
f f m i c k  1095 steel blades 2.3 1 Type:- 250 blade drill pin ~ack consistina of 0.7 

. . , , - I  
Q u a n t i t y  R e q u i r e d :  . 1 pack -- / load: U n i t  c o s t :  50 $I& c o s t :  I 50 $1 load 

2 . 3 -  Type: I 
Q u a n t i t y  R e q u i r e d :  / : U n i t  C o s t :  $/  -- C o s t  : I -$/ - 

2 . 3 -  Type: I 
Q u a n t i t y  R e q u i r e d :  / : U n i t  C o s t :  $1 -- C o s t  : 

. . . . I $ / 

2 . 3 -  Type: - I 

2 .4  Energy 

03 Q u a n t i t y  R e q u i r e d :  -- 1 : U n i t  C o s t :  $1- C o s t :  
W d * . . I 2 . 3  S u b t o t a l  Expendab le  T o o l i n g :  

2.4 1 Type: Electrical, 1 kW main and auxiliary motors 
B 

S 1 

$ 1 ~ -  

q u a n t i t y  R e q u i r e d :  22 kWhlload : U n i t  C o s t :  0.0319 $I& cost : \  0.70 $/load 
1 

Q u a n t i t y  R e q u i r e d :  : U n i t c o s t :  $1 C o s t :  $1- 

2 . 4  S u b t o t a l  Energy C o s t s :  0.70 $/load 
1 

2.5 S u b t o t a l  2 . 1  t o  2 . 4 ;  ) 64 .75  $/bad 

2 . 6  H a n d l i n g  c h a r g e :  5 .26  % o f  i t e m  2.51 s .41 S~~ 

2.7 S u b t o t a l  Materials and  S u p p l i e s :  
(2.5 + 2 . 6 )  



P r o c e s s  So .  @ 

3 . 1  D i r e c t  Labor:  

Form 6 

. . Page . .  1 . o f  1 
Date  3/78 Rev i s ion  

3 . 1  1 Category :  Semi conductor  A S S P ~ P ~  A c t i v i t y :  Loadi ng/unloadinq - 
( SAM1 cs B3096D) 

Amount Requi red :  0.25 h/laad_--- ; liate: $ 3.90  / h ; L o a d  3 6 - 0  % ; C o s t :  1 .32  $ ~ J M L  

3.1- Ca tegc ry :  Semiconductor Assembler A c t i v i t y :  machine s u p e r v i s i o n  
0 

Amount Requi red :  5.2 h /  1  oad ; Rate :  $ 3.90  / h ;  Load35.0  7;; ' C o s t :  27.59 $ /  l o a d  

Activity:- h ~ ~ d  chan-qtinn 3.1- C a t e g o r y : M a i n t e n a n ~ e  Mechani .~ I 1  
(SAMICS B 3 7 3 6 ~ )  

d 

Rate :  $ 5.67  / h ;  Load 36.0 41 ..\mount Requi red :  1.4 h /  l oad  ; ,.; Cos t :  10.80 $1 1 oad 

3 . 1  D i r e c t  Labor S u b t o t a l :  39 .71  $ /  l oad  
m 3.2 I n d i r e c t  Labor:  25% o f  d i r e c t  
P 

3 . 2  - Category :  A c t i v i t y :  

,knount Requ i r ed ;  h/ ; Rate :  $ / h ;  Load %; Cos t :  $ /- 

A c t i v i t y :  3.2- Category :  . . 

. . 

Amount Requi red :  h /  ; Rate: $ / h  ; ' ~ o a d  %; Cost:  $1 

3.2- Category :  A c t i v i t y :  

-4nount Requi red  : h /  .; Rate :  $ / h ;  Load %; Cost:  $ / 
~ - 

3 . 2  I n d i r e c t  Labor Sub to t a l : .  9.93 $ f JMd- 

3 . 3  S u b t o t a l  3 . 1  and  3 . 2  49.64 $ /m 
3 . 4  Overhead on ~ a b o r : 5 . 2 6  % 2 . 6 1  $11 oad 

3 . 5  S u b t o t a l  Labor 52.25 $ fload 
i 



P r o c e s s  N0.m. 
Form 7 
Page _L o f  1 

R e v i s i o n  
4 . 1  Equipment D a t e  3/78 

. ... -. 

4.1-1 Type: Mu1 t i  b l a d e  sl i c i n q  machine 

C o s t :  2 0 , 0 0 0  $; ~ n s t a l l a t i o n  C o s t :  $ ; Throughpu t  : 320 '1 o a d s  /y ; 

P l a n t  O p e r ' g  Time 8280  h / y ;  Machine A v a i l ' t y :  90 %; Machine O p e r ' g  T ime7452  h /  y  

S e r v i c i n g  C o s t s :  Labor  h / y  a t  $ / h ; P a r t s  o r  O u t s i d e  Se rv ice :1592 .30  S l y  

U s e f u l  L i f e :  7 y ;  Charge  R a t e :  2 1 - 3 5  % o f  C o s t l y ;  C a p i t a l  C o s t :  4270 S l y  18.31 $ / l o a d  

- 
4 . 1  - Type:  

Cos t  : $ ;  I n s t a l l a t i o n  C o s t :  - $; T h r o u g h p u t :  
0 3 .  

/ h ;  
VI 

Pla .nt  O p e r ' g  Time - h / y ;  H ~ c h i n e A v a i l ' t y :  %; Machine 0 p e r ' g  Time ' h / y  

S e r v i c i n g  C o s t s :  Labor  :I l /y . a t  $ / h ; P a r t s  o r  o u t s i d e  S e r v i c e :  $ 1 Y 

C s e f u l  L i f e :  y;  Charge  Rate.: Z o f  C o s t l y ;  C a p i t a l  C o s t :  $ 1 ~  

.i .l- Type:- 

S e r v i c i n g  C o s t s :  Labor  h / y  a t  $ / h ; ~ a r t s  o r  O u t s i d e  S ' e r v i c e :  

s 1- 

C o s t :  $; I n s t a l l a t i o n  Cos t  : $ ; Throughpu t  : / h ;  

P l a n t  O p e r ' g  Time h / y ;  > l . l a c h i n e A v a i l ' t y : -  X ;  M a c h i n e O p e r ' g T i m e  h / y  

I ' s e f u l  L i f e :  y ;  Charge  R a t e :  % of  C o s t l y ;  C a p i t a l  C o s t :  SIP 

. 

18.31 $ / l o a d  .- 

. . 

- 

. 
4 . 1  S u b t o t a l  Equipment C o s t :  



P r o c e s s  No. 
. . 

4 . 2  F a c i l i t i e s :  
R e v i s i o n  ' . D a t e  3/78 

2 
4 . 2 2  Type: S l i c i n g  machines area . F l o o r  Are i :  5.6 m ; Throughput:  37n Iwdq / y  

2 r LCI - L I w - - - C ) - o -  

Charge Ra te  : 179.13* $1 (m ' v )  : Plaintenance Cos t s :  
m - L - - -  

Energy Use: 7 Labor: h / y  a t  S/h 

Heat ing  / y  a t  $1 S u p p l i e s :  1 
S l y  * 

A i r  Cond'g 
1 O u t s i d e  S e r v i c e s :  

-- /y a t  $1 S l y  
. . L - - - - - - - - -  

L i g h t i n g  / y  a t  $1 
T o t a l  Cost :  1 0 0 3 - 1 3  $/Y 

, . - 
Z 

.4.2- Tvpe:- F l o o r  Area: m ; Throughput:  1 Y 

2 
. -  - - - ' -  CI 0 -  

S/(m .y) :  Maintenance C o s t s :  Charge Ra te :  -. 

e , - . o - a - -  

Energy Use: 
4. 

I h / y  a t  $ /h  

1 Heat i n g  / Y  a t  $ / - -  S u p p l i e s :  . . S / Y  
I . . 

Form 8 
Page 1 of 1 

1 .  A i r  Cond'g 
, . 

/ y a t  $1 O u t s i d e  S e r v i c e s :  $ / v  
L - - - - - - - - - -  

L i g h t i n g  / Y  a t  $ 1 -  
T o t a l  Cos t :  $ /Y  

.. 
. Z 

4 .  2- Type: F l o o r  Area: m ; Throughput:  1 Y 
C - - - - L - o - " - -  2 

Charge Rate :  S/(m - y ) :  , PIaintenance Cos t s :  
.. .. . . - - - - c - - - - ' i '  
. . Energy Use: h / y  a t  S/h 

/ Labor : Heat ing  IY a t  $I--- . . 

I S u p p l i e s :  S / Y  

$1- 

3.13 $ / l o a d  

21.45 $ / l o a d  

i A i r  Cond'g .- IY  a t  $1 L O u t s i d e  S e i v i c e s :  $ 1 ~  
/ y  a t  SSi 

- , - - - . l l  
L i g h t i n g  

t T o t a l  Cost :  $ 1 ~  

. . * I n c l u d e s  ene rgy  use 
4 . 2  S u b t o t a l  F a c i l i t i e s :  

4 . 3  Equipment and ~ i c i l i t i e s  S u b t o t a l  : 
t 



. . 

Process No. 

Salvaged Fiater ial (Work-in-process) 
. . . . 

5.1 Quantity of Work-in-Process 1. Contained in Good Output 
Work-in-Process (per Computation Unit) ? . 

-5.21 Input Work-in-process 1. Not Contalned in Good Output 
Work-in-Frocess ("Amount Required" from 1.1 minus 5.1) 

5.22 N.et Amount of 5.2i which is .sold for credit As-Is .or. . 

0.U. - . . . Af ter Applying Re-Process 

Revision Date 3/78 
. . 

1.97 - ks  / l o a d  

1.53 . kq / ' l o a d  
. . 

. .  / ! 

$/ 5.23 Credit for 5.22 at'the Market Value of ' . $/ : 
- . . .. . . I 

5.24 Cost of Reprocessing Material of'5.22 , . 

at the Average Reprocessing Cost of $I-: . $/ . I 
5.3 Cost of Kork-in-Process Lost (Amount 5.26 Times un'it Cost 1.1) 1 235.67 $Ih 

. ,  . 

5.25 Net Credit for 5;22 (5.23 m'inbs 5.24) : ' ' 

. . 

5.2G Material of Type 1. Lost in Procsss (5.21 minus 5.22) .1.53 kg / l o a d  

5.4 Cost of Xork-in-Process Contained in Good output Work-in-Process 
,(Anount 5.2 Times Unit Cost from 1.1) 1 303.44 $/- 

.. $ /- 

Salvaged Saterials ~amary.:. ' 

b.8 TzL.1 Net Credits for A11 Salvaged Ksterials (5.25 r 5.67 -+ 5.76) 



P r o c e s s  KO. a , I;il 1x12 I-- 1x1 
6 . .  Byproduc t s  and Was tes  

Form 1 0  
Page  1 o f  1 .- -. 

R e v i s i o n  D a t e  3 / 7 8  

6 . 1  S o l i d  B y p r o d u c t s / W a s t e s  

6.1  1 Type ( C o m p o s i t i o n ) :  Silicon chips and dus t  - Q u a n t i t y  P roduced  : 0.175 kq / l oad  

P h y s i c a l  S h a p e I S i z e :  Energy C o n t e n t :  kwh / 

3 
D e n s i t y :  7 . 3 4  g/cm ; Water  , S o l u b i l i t y :  c7 

--. 
g / 1  a t  - C: pH: 

T o x i c i t y :  B i o d e g r a d a b l e :  O t h e r  Remarks: 

Type o f  D i s p o s a l :  --- -- -. 

03 S / c o s t l ( ~ r e d i t j  ; 03 I n p u t  ? l a t t ? r i a l  f o r :  -- - - Cos t  : 
. . . , 

. . 

6 . 2  L i q u i d  ~ ~ p r o d u c t s / W a s t r s  ( i n o r g a n i c )  : 

6 . 2  - 1 Type ( C o m p o s i t i o n ) :  p~ o i l  s l u r r v  ~ u a n t i t ~  P roduced :  -- 7.611 / l o a d  

3 
k  

D e n s i t y :  0 .95g /cm ; Suspended S o l i d s : .  S i c  ab ras i ve  h o u n t : b . 2 4  1 pH: N.A. 

T o x i c i t y :  ~ e a v ~  !eta1 C o n t e n t : '  mg/ l  O t h e r  Remarks:  

Ker f ;  1 . 4 2 5  k g l l o a d ,  concen t ra t i on  187 .6  g/11 

Type o f  D i s p o s a l :  Can be s to red  i n  drums 

I n p u t  E l a t e r i a l  f o r :  C o s t / ( C r e d i t )  0 $1 0 C o s t :  

- .. 
C a r r y :  

. , 

$ / -  

$I-. 



Form 1 2  
Page 1  o f  1 

p r o c e s s  S o .  D.D* Rev i s ion  Date 3/78 

7 .  P r o c e s s  Co.st Computation 7 .11  Manufac tur ing  Add-on C o s t s  (sum of 2 . 7 ,  3 . 5 ,  4 . 3 ,  6 . )  1 141.87 $ / load  

7 . 2 1  Total.  O p e r a t i n g  Add-on C o s t s  o f  P roces s :  143.29 $/1 oad 

7 . 3 1  T o t a l  Gross  Add-On Cost  o f  P r o c e s s  1 143.29 $1  load  

I 7 . 3 2  C r e d i t  f o r  S a l v a g e d . M a t e r i a 1  ( 5 . 6 )  

7 . 3 3  Cost  of Work-in-Process L o s t  ( 5 . 3 )  ( 235.67 ' $ /  load 

7- .34  S p e c i f i c  Add-on' Cost  of P r o c e s s  (7 .31  + 7 . 3 3 ) - ( 7 . 3 2 )  f 3 7 8 . 9 1 - $ 1  load  -- 

7 . 3 5  Cost  of I n p u t  Work-in-Process Contained i n  Good 
Output  Work-in-Process ( 5 . 4 )  

7 . 3 6  Loading  on I tem 7 . 3 5  a t  Ra t e  % .  
. . 

F 

7 . 3 7  Cost  of Output  Work-in-Process ( 7 . 3 4  + 7 . 3 5  + 7 . 3 6 )  
--- . 

7 . L 1  T b c c r c t l c a l  Yie ld  ( o r  Convers ion  R a t e ,  i f  oucput  u n i t s  of 
~ o r i - % : I - ; ) r o c c s s  d u  riot equa l  i n p u t  c . , i t s j  0 .63  rn2 ! -lie 

7 . L 3  ::ffec.:<yre Yie ld  ( 7 . 4 1  x 7 . 4 2 )  

44 $1 load  - ---- 

7 . : ;  : ; c ~ b e r  cf - n i t s  o f  Cood Oxtput  \;ark-in-Process pe r  
CY::,.: t~ :i.o:; L n i c  

.- 

7 . 5 1  Cost  of Un i t  o f  Good Ou tpa t  Gork-in- 
Prc:cess ( .7.37 + 7 . 4 4 )  

7 . 5 2  3;)ccif:c >.dd-On Cost  p e r  Un i t  o f  Good 
, 2 ~ c ? u t  Work-:I:-Trocess ( 7 . 3 4  t 7 . 4 4 )  



Process No. q 

8. P r i c ~  Computation 

8.11 Profit at Expected Rate of 20 %:  36.09 $1 mL 
(Profit hefore incone taxes; applied to 7.52) 

3.12 P r i c e  of Process (7.52 + 8.11) 
8.13 Trice of Work-in-Process (7.51 + 8.11) ' 

Form 13 -1 
'Page L ' o f  1 
Date 3/78 . Revision 



Process  SO. ~ ~ - ~ ~ [ ~ j - [ ~ j  

.8.2 A l t e r n a t e  2 (SAMICS Plethodology) : 

0.9274* 18.31 $ / l o a d  from S u b t o t a l  4 . 1 , =  16.98 - $ /  load  

1.946"' 3 .13  $ /  l oad  

0.192* 68.17 . -- from s u b t o t a l  2 . 7  = .  13.99 $ I  load. . 
10 
I-' 

. . from S u b t o t a l  3.5 = 10.93  $1 l o a d .  . . 

0.2958* 18.31 5 .42  $1 l oad  . -  

2.77* ---- 3 ;13  $1 l oad  

Work-in-Process: 
, (Divide s u b t o t a l  8.23 by . 2 . 1  / l o a d  from 7.+4) ' 

8.26 P r i c e  of  Work-in-Process (7.51 + 8.24) 

For- :3 -2  
. Page - - - ,  1 sf 1 

Revision Date 3/78 
4 .  %. . . - . . .  

. . 



Process No: 

9. Process Economic Evaluation: 

Form lA 
Page 1 of - I 

Revision Date 3/78 

9.3 Output Cost (7.51) 

9.4 Output Value (0.2 + 0.1) 



Process' So. Forn 1 5  
Page 1 of -. 1 

Revision Date 3/78 . 

0.  Output Specification: 

Name of item: S i l i c o n  wafer, as -cu t  

Dimensions: 7.5-cm i n  d iameter  and 0.4 mm t h i c k  
> 

>lateriai: h i g h  p u r i t y  s i l i c o n  . . - - - 

Other SpeciEications: - - --------pppp----p- - 

-- subsurface damaqe d e ~ t h  i s  75 um - -- 



University of ~ennsylvania 

PROCESS CHARACTERIZATION 

(UPPC) 

Process: Sheet generation 

Subprocess: 

Option: 

Ingot s l i c ing ,  

ID f ixed - abras ive  s l i c i n g ,  
8 

10.16 cm diameter ingots  (HAMCO)  

Form 1 

I M C E X  



Form 2 

R e v i s i o n  -- D a t e  4/78 
P ~ ? C C S S  NO. . . - 

0.1  Value Added: I $1 J 

p;ocess D e s c r i p t i o n :  Inner diameter slicing of 10.1'6 cm diameter ingots. 

Analysis derived from data supplied by HAMCO. 

555 sl ices made. per load, 

1. I n p u t  S p e c i f i c a t i o n :  

Name of  I tem:  Prepared machine load from 2.4 : 01 : 03 

a Dizens ions :  10.16~crn in diameter, 46-cm long, 8.72 kgbload 
wl 

r a t e r i a l :  High purity silicon 

Othe r  S p e c i f i c a t i o n s :  See 2.4-01-03 

" 1 . 1 Q u a n t i t y R e q u i r e d :  8.726 kg. /load -- Uni t  Cos t :  149.31 $1 kqr-s 

: .2 I n p u t  Value:  1302.90 $1 load 

Note to Item 1 . 3 :  use price, if input produced in own plant. 



Process KO. a , m, -m] Form 4 

P a g e .  1 of 1 
2 . 2  I n d i r e c t  ? l a t e r i a l s  ( i n c l .  s u p p l i e s a n d  non-energy u t i l i t i e s ) :  

Revision Date 4/78 
2 . 2  1 Type: Coolant  - ; I 

S p e c i f i c a t i o n :  F i l t e r e d  domestic wafer  w i t h  Rust -L ick  

80:l  water  t o  Rust -L ick  r a t i o  

Q u a n t i t y  Required :- 1 g a l l o n  - / l o a d .  -* u n i t  c o s t :  3-65  $1 g a l l o n ?  c o s t :  1 3.65 $1- l o a d  

2 . 2  - 2 Type: Blade d ress ing  

~ p e c i . f i c a t , i o n :  Alumina s t i c k  - 

4.41 m2 Quan t i t y  ~ . equ ' i r ed :  " . .- .- . - . - . . - . . . - .. . . - / load :  - - Uni t  Cos t :  0.71 $1 m2 ; ' Cos t :  1 3.15 ~1 -- l o a d  

. . 
2 .2 -  Type: ---.--. . -  - -- I 

S p e c i f i c a t i o n :  I 
Q u a n t i t y  ~ e ~ u i r e d :  -- / ; Uni t  Cost :  $ / ; Cost :  I $ / 

2 . 2  s u b t o t a l '  I n d i r e c t  H a t e r i a l s :  6.80 $ /  l o a d  



p r o c e s s  NO.  , a , mj,--i-&-] 
2.3 Expendable Tooling:  

Form 5 

Page - 1  o f  - 1  

. .  . . - Revision 2 . 3  1 Type: ID blade,diamon& p l a t e d  .. . - 
Date 4/78 

- I 
. . Quan t i t y  Required:  b lade . - / l o a d  -. u n i t  c o s t :  55 ~ l b l a d e c o ~ t :  1 55 $1' load '  

I 2 . 3 -  Type: I 
Q u a n t i t y  '"Required: / : Unit  Cos t :  $1 .* . -- Cost  : -91 - 

. 2.. 3 - Type: 

. Q u a n t i t y  Required:  ' 1 . : u n i t  c o s t :  $1  -- Cost :  $1 . 

. 2 . 3 -  Type: - .  

Q u a n t i t y  Required:  , ' 1 : U n i t c o s t :  ' $1- Cost:  I S 1 

2.4 : Energy 

S u b t o t a l  Expendable Tool ing:  55 $1 l o a d  

I1 2 . 4 -  Type: 

2 .4  1 Type: E l e c t r i c a l ,  2 kwmain  and a u x i l i a r y  motors 

Q u a n t i t y  Required : 46.2 kWh/l oad : u ~ i t  c o s t :  -032 $./.kwh c o s t :  1.48 $1 -- l o a d  



P r o c e s s  So.  Form 6 
1 of 1 .Page - - 

Date  4/78 . Rev i s ion  
I 3 . 1  ~ i r e c t  Labor:  

3 . 1 1  Category :  $emiconductor Assembler A c t i v i t y :  .Loading/wnToading 
\ 3H-83096D 1 

Amount Required : . 0.083 h/ 1 oad ; Rate :  $ 2-89  lh; Load 36.0 %; Cost :  0.439 $/load 

A c t i v i t y : m j n p  . . .  3 . 1 2  Category :  Semi co&tor As-1 ~r 

(SAMICS B3096D) 
Amount Requi red :  4.3 h/ load ; Rate : .  $ 3 - 8 9  /h; L o a d a n  %; Cost :  22.81 $1 load 

3 - 1 2  Category: Maintenance Mechanic A C ~  i v i t y  : Blade head chanqinq - 
( 3 H m  f33/36D) 

Amount Requi red :  0.80 hl .load ; Rate :  $ 5.67 Ih; Load 36.0 %; Cost :  6 - 1 7  $1 load 

3 . 1  D i r e c t  Labor S u b t o t a l :  29.42 $/'load . 

3 .2  I n d i r e c t  Labor:  Taken as 25% of direct 
cb - 
w 

3.2 Category :  A c t i v i t y :  - 

,\mount Requi red :  h/ ; Rate :  $ / h ;  Load %; Cost :  $1 

3.2- Category :  A c t i v i t y :  

Amount Requi red :  h/ ; Rate :  $ - /h; Load %; Cost :  $ / 

3.2- Category :  A c t i v i t y :  
. . 

Anount Requi red  : h/ ; Rate :  $ /h ;  Load %; Cost:  $1 

3 . 2  I n d i r e c t  Labor S u b t o t a l :  L.35 $/load . 
. 3 . 3  S u b t o t a l  3 .1  and 3.2 36.77 $1 load. 

. . 

3 . 4  Overhead on Labor: 5.26 % 1 ..93 $1 load 
r 

3.5 S u b t o t a l  Labor 38 ..70. ' $1 1 oad 
I 



p r o c e s s  N0.m. 

4 . 1  Equipment 

Form 7 
1 1 of - Page - 

R e v i s i o n  Date  4/78 

1 
4.1-1 Type: ID saw s l i c i n q m a c h i n e  . . I 

c o s t :  40,000 $; I n s t a l l a t i o n  c o s t :  $ ; Throughput : 325' 

P l a n t  Oper 'g  Time 8280 Illy; Machine A v a i l ' t y :  95 %;  Machine Oper 'g  Time 7866 h /y  I . . 
S e r v i c i n g  Cos t s :  Labor- h /y  a t  $ / h ; P a r t s  o r  Ou t s ide  S e r v i c e :  .285.71 $ /y  , I 
Usefu l  L i f e :  7 y ;  Charge Rate:  21.4 % of C o s t l y ;  C a p i t a l  Cos t :  8560 $I,.( 27.21 $ / l o a d  

6 . 1  - Type: I 

4 .1  - T y p e :  
w - 
w 

Cost :  . $ ; ' ~ n s t a l l a t i o n  Cos t :  . $; Throughput:  1.11 ; 

P l a n t  Oper 'g  Tlme h/y.; Elachine A v a i l '  t y :  %; Machine Oper 'g  ~ i m e  h / y  

S e r v i c i n g  Cos t s :  Labor h / y  a t  $ / h ; P a r t s  o r  Ou t s ide  S e r v i c e :  $ / Y  

L s e f u l  L i f e :  y ;  Charge Rate :  % of  C o s t l y ;  C a p i t a l  Cos t :  . - $ / Y  

Cos t :  $; I n s t a l l a t i o n  Cos t :  $ ; ' ~ h r o u ~ h ~ u  t :. 

$1- 

P l a n t . O p e r l g  Time h /y ;  Machine Ava i l  ' f y :  %;  Machine Oper!g Time 

S e r v i c i n g  Cos t s :  Labor'. h /y  a t  $ / h ; ~ a r t s  o r  Ou t s ide  S e r v i c e :  

Use fu l  L i f e :  y ;  Charge Rate :  % of C o s t l y ;  Capi ta l '  Cos t :  S'Y $1 

4 . 1  S u b t o t a l  Equipment Cos t :  27.21 . $/load 



P r o c e s s  So. 

4 .2  F a c i l i t i e s :  

Form 8 
1 of 1 Page - 

Rev i s ion  Da te  -- 4178- 

2 
. S.iJ Type: Machine a r e a  F l o o r  Area: 9.0 m ; Throughput:  325 l o a d s  / Y  

2 r L r r r r r r . I . L I W ' C . 0  

Charge Ra t e :  179g13* S/(m . y > :  ? i a in t enance  Cos t s :  
- - L . - - - - -  

Energy Use: 1 Labor: h / y  a t  S /h  

ilea t i n g  / y  a t  $1- I S u p p l i e s :  

A i r  Cond'g -- / y  a t  $1- O u t s i d e  S e r v i c e s :  1 
1 

I L i g h t i n g  / y a t  $1 
T o t a l  Cost.: 1612 $1, 4.96 $1 load  -. 

1 - 
I 

4 . 2 -  Type:- F l o o r  Area:  m L ;  Throughput : 

3 .roo-- - - - - - - -': \ 
S/ (m'-y> ; ?In in tenance  C o s t s :  Charge Ra t e :  -. 

r r r - m - L I L - R  - -  a. 
h j y  a t  S/h ~ n i r ~ y  Use : + 

0 o Hea t ing  -- / y  a t  . $1 S u p p l i e s :  S ly  
I 

A i r  Cond ' g  - / y a t  $1 I 
.- L Q ~ t s i d r  S e r v i c e s :  S l y  

/ V  a t  SSi B. - L ) - u - - - - 4  
L i g h t i n g  

I T o t a l  Cos t :  S ly  s / 
r 

~ i r  Cond'g : / y  a t  $1- O u t s i d e  S e r v i c e s :  - S / V  0 

L . I r - - - - - r  
L i g h t i n g  1). a t  $1- T o t a l  Cos t :  $ / y  

c J 

2 
4.2- Tvpe : F l o o r  Area: m ; Throughput:  / Y  - -  - - 0 0 ~ -  2 

Charge Ra t e :  S/(m ~y):, r l a in t enance  Cos t s :  
--a'- ar - - - - 0 - 0 

Energy Use: 

I Labor : 
h / y  a t  S /h  

Heat ing  / Y  a t  $/-- 
I S u p p l i e s :  S / y 

*Includes  energy  use  

$1- 

I 4 . 2  S u b t o t a l  F a c i l i t i e s :  1 4.96 1 oad 
$1- 



Process No. EI.0. 

Form 9-1 
... . 

Page L o i  1 - 
Revision Date 4/78 

Salvaged Material (Work-in-process) 

5 :1 Quantity. of Kork-in-Process 1. Cont&ined in Good Output 
Work-in-Process (per Computation Unit) 

5.21 Input Work-in-process 1. =Contained in Good Output 
Work-in-Proc,ess ("Amount. Required" from 1.1 minus 5.1) 

. . 

5.22 Net Amount of 5.21 which is sold for Credit As-Is or 

After Applying Re-Process , ~I~O.IZU-.UI 
5 . 2 3  Credit for 5.22 at the Market Value of 

5.24 Cost of Reprocessing Material of 5.22 
at. the Average Reprocessing Cost of $/-: 

5.25 Ner Credit for 5.22 (5.23 minus 5.24) : 

5.4  Cost of Work-in-Process Contained in Sood Output work-in-Process 



P r o c e s s  NO. . 17TTI I- [ T j  

I 6. Byproducts  and Wastes 

6 . 1  S o l i d  ~ y p r o d u c t s / W a s t e s  

Form 1 0  
Page _L of _L 

Rev i s ion  Da te  4 /78  

6 . 1  - 1 Type (Compos i t ion) :  S i l i c o n  c h i p s  and d u s t  Q u a n t i t y  Produced:  - 0.105 kg/  l o a d  I 
P h y s i c a l  Shape /S ize :  Energy Con ten t :  kwh / I 
Dens i ty :  2.34 g/cm3; Water s o l u b i l i t y :  0  0 

g / l  a t  - C: p ~ :  I 
T o x i c i t y :  Biodegradable :  O the r  Remarks: 

6 .2 -. 1 Type (Composi t ion):  w a t e r  and. s i l i c o n  k e r f  Q u a n t i t y  Produced:  300 !?/ l o a d  

Dens i t y :  
3 

-- g/cm ; Suspended S o l i d s :  3.47 kg / load  Amount: 11.6 g / l  pH: 

T o x i c i t y  : Heavy Pletal Con ten t :  mg/l Other  Remarks: 

Type of D i s p o s a l :  -- 
C o s t / ( C r e d i t )  $1 ; Cost :  Input  >lat i . r ia l .  f o r :  - - - 

6 . 2  Liquid Ryproduct ~ / W a s t e s  ( i n o r g a n i c )  : 

\ .. 
Type of D i s p o s a l :  

$ / -  

I n p u t  h a t e r i a l  f o r :  Cos t /  ( C r e d i t )  $1 Cost:  

. "  

Carry :  ' 

$ 1 -  

. $ / -  



a 
P r o c e s s  No. . , [-dq-m] 
7. P r o c e s s  Cost Computation 

Form 1 2  
. . Page 1 o f  1 

R e v i s i o n  Da te  4/78 

7 .11 Manufac tu r ing  Add-On C o s t s  (sum of 2 .7 ,  3 .5 ,  4 .3 ,  6 . )  1 137.17 $1 load ' 

7.31 T o t a l  Gross  Add-On Cost  o f  P r o c e s s  1 1 4 1 . 3 6  s l l o a d  

I of  7.11 

7 .21 T o t a l  O p e r a t i n g  Add-on C o s t s  o f  P r o c e s s :  

7.32 C r e d i t  f o r  Salvaged M a t e r i a l  (5 .8)  I $1 

2.15 $ / l o a d  

139.32 $ / l o a d  

7.33 Cos t  of Work-in-Process L o s t  (5 .3 )  1 533.04 $1 load 

7.34 S p e c i f i c  Add-On Cost  o f  P r o c e s s  (7 .31  + 7.33)-(7 .32)  674.40 $1 load I 
7.35 Cos t  o f  I n p u t  Work-in-Process Contained i n  Good 

Output  Work-in-Process (5.4) I 768'. 95 $1 1 oad 

7 .41  T h e o r e t i c a l  Y i e l d  ( o r  Convers ion R a t e ,  i f  o u t p u t  u n i t s  o f  
work- in -p rocess 'do  n o t  e q u a l  i n p u t  u n i t s )  0.515 m2 / kq 

7.36 Loading on I t e m  7.35 a t  R a t e  % .  
I 

7.37 Cos t  of Output  Work-in-Process (7.34 + 7.35 + 7.36)  

7 .42 P r a c t i c a l  Y i e l d  98 % 

$ / 

1443.35 $1 load 

7 .43  E f f e c t i v e  Yie ld  (7 .41  x 7.4'2) 

7.44 :<umber of U n i t s  of Good Output  Work-in-Process p e r  
C o ~ p u t a t i o n  Uni t  Used up t o  7 .35 4.41 m2 / ioad 

7 .51 CoBt of Uni t  .of Good Outpu t  Work-in- 
P r o c e s s  (7.37 + 7.44) 

7.52 S p e c i f i c  Add-On Cos t  p e r  U n i t  o f  Good 
Output  work-in-process <?  .34 + 7.44) 



Process So.  

8. Price Computation 

8.1 Altcrnnte 1 --- 

Form 13-1 
Page 1 of 1 
Date 4/78 Revision 

8.11 'profit at Expected Rate of 20 2 :  30-58 $1 m2 
(Profit before incone taxes; applied to 7.52) 

3.12 Price of Process (7.52 + 8.11) 
8.13 Trice of Work-in-process (7;51 + 8.11) 



Proces s  So. lzLO.tXlwfa For? 13-2 
Page 1  of  1  - - 

Rev i s ion  Date 4/78 

8.2 A l t e r n a t e  2  (SAMICS ?lethodology) : 

8.21 P r o f i t  Computation: 

o.g274* 27.21 $1 l oad  

8.22 C o s t s  of Amor t i za t i on  of t h e  One-Time Cos t :  

0.192* - _  6 6 - 3 0  S ~ _ ~ o a d . - -  from S u b t o t a l  2.7 = 12.73  $1 '  l oad  

f r o m s u b t o t a l  3.5 = 7 .43  

0.295~n 27-21 1  oad --$I--. from S u b t o t a l  4 .1 = 

7_.77* 4.96 $ /  l oad  
- - . - - -- - - - - . - -- -. - .- 

8.23 T o t a l  S e t  Cost  of Equi ty  (8.21 + 8.22'): 76.84 $1 l o a d .  -- 

8.24 Prof  i t  and Amor t i za t i on  of S t a r t - u p  C o s t s  pe r  Un i t  of Good Output  
Work-in-Process: 
(D iv ide  S u b t o t a l  8 .23 bv 4.41 m I l oad  from 7.44) 

8.25 P r i c e  o f  P roces s  (7.52 + 8.24)  

8.26 P r i c e  of Work-in-Process (7.51 + 8,.24) 



Process No. 

9 .  Process Economic Evaluation: 

I 9 . 3  Output Cost (7.51) 

Ccrx 1 4  
Page 1 of 1 

Date 4/78 F.evision 

1 9 . 4  output Value (0.2 + 0.1) I s 1 

9.1 Process Cost Balance (7.52 - 0.1) 

9  . 2  Relative Process Performance ( 9 . 1  + 0.1) 

P 

9  .5 Relative Excess Cost L ( 9 . 3  - 9 . 4 )  + 9.4) 

$1 



Date 4/78 Revision 

0,. Output Specification: 

Name 0.f. icein: . S i l i c o n  wafers, as c u t  

Dimensions: 10.16 cm i n  diameter, 0.50 mm t h i c k  

' Yaterfal: S i l i c o n  -----.- ----- 

I Other Specifications: - - - --A. 



Process KO. 121 )41 r5Tii-j - IT] Form 2 

University of Pennsylvania 

PROCESS CHARACTERIZATION 

(UPPC) 

Proc~ss: Sheet generation . . 

SuLprocess : Wafer generation 

Option : STC Current Production 

ID Sl icing (10-cm .diameter wafers) 



Form 2 

Page 1 of' 1 . - - 

p 17 [-J+FJ Proccss So. 2 ; , , 
Revision. -- Date 8/78 

0 . 1  Value Added.: I $;I i 

J 
Process Description: Inner .diameter slicing as performed commercially by S T C ' s  ID s'l icing machine 

. . 

. . 
1. Input Specification: . 

sacc of Item: Single crystal silicon inqot, pre~ared as s~ecified in 7.4 - 01 - 17 
10-cm diameter, 6 0  cm long, 11.027 kg Dizensions: 

Y . a  

0 .- . : "_ . I  

w , '  
high purity sil'icon Xaterial: J 

Other Specifications : 

1.1 Quantity Required: 1 1  . 0 2 7  k g  1 o a d --- Unit Cost: :149.45 '$1 kq "1 
1.3 Input C o s t :  '1647 - 45 .  $1 .l.oad 

xo te  to Item 1 . 3 :  Use price, if input produced in own plant, 



. . 

Proces s  No. .a , , lm - l q F ]  Form 4 
=, 

2.2  I n d i r e c t  M a t e r i a l s  ( i n c l .  s u p p l i e s a n d  non-energy u t i l i t i e s ) :  
Pase 1 of  1 . - 

R e v i s i o n   ate ,8/78 
.... . , 2 .2  1 Type: Misc. 'mater ials  - - 

S o e c i f i c a t i o n :  Includes: alumina s t i ' cks ,  mounting epoxy, graphi te  riounti'ng bar, ktd. 

n u a n t i t ?  Required:  - -1-3 u n i t  c o s t :  4.00 $1 load ; c o s t :  ( 2.50 $1 --- load 

2 . 2  - 2 Type: '  Coolant 

S p e c i f i c a t i o n :  - 80:l water t o  Rust1 ick 
+ 
C.L 
o Coolant i s  recycled and f i l t e r e d  ----- so t h a t  consumption/load~~is - ---------- . . 

. ., . . . . . . .  negligible .  Flow r a t e  i s  7 C/h - .  
. . . .  -- . . -- .., . . 

. . . . 
/ : Unit  Cost :  Q u a n t i t y  ~ . e q " i r e d :  n e g l i g i b l e -  - .  ., , - -- $ ?  ; Cost :  

2.!2_1. Type: ---- ......-... -- 
, .,. 

S p e c i f i c a t i o n :  

Q u a n t i t y  Requi red :  / ; U n i t c o s t :  $ / ; Cost:  -- 
. 

2.50 $ /  load 
. . 

. . . .  . . . .  

... . -  . - > 
r : .  . . -. ., . . 

. . 
. . 

. 
2 . 2  S u b t o t a l  L n d i r e r t  P l a t e r i a l s :  



2.3 Expendable Tool ing:  

Forn 5 

Page 1 of 1 - - 
. . .--- R e v i s i o n  D a t e  '8178 

2 . 3  1 Type: STC-22 ID diamon'd coated blade I :  . . 

Quan t i t y  Required:  0.1667' blade -- / load:  Un i t  Cos t :  110 $ / b l a d & ~ o s t :  1 18..33 $/load - 

. Q u a n t i t y  Required : / : U n i t c o s t :  $1 Cost :  I $1 -- 

' . . ,  
2.3- Type: 

Q u a n t i t y  Required:  -- / : U n i t c o s t :  $1 Cost  : 
- .  . .  . . 

. . 
2 . 3 -  Type: 

. . 

2.3-  Type: - 
. I 

-$I - 

I-' 
I-' 
I-' 

Q u a n t i t y  Kequired: -- / : U n i t c o s t :  $1 . . c o s t :  I $1- 
I 

2 . 3  S u b t o t a l  Expendable Tooling:  18.33 $1 load 

*! 

2 . 4  Energy 

2.4 J Type: Power consumption i s  2 kW, runninq time i s  35.7. h. 
. . I " - .  

q u a n t i t y  Required:.  . 71.4 kWh/load : U ~ i t  Cost :  0 . 0 3 1 9 $ / ~  ~ o ' d t : l  2.28 $1 load , 
. . 

I 

I " .  
2 . 4 -  Type: 

" .  I E 

' 2 . 5  S u b t o t a l  2.2 t o  2 . 4 ;  1 23.11 $ / l o a d  

Q u a n t i t y  Required:  : Uni t  .Cost:  $1 Cost:  

I i 

2 . 4  - S u b t o t a l  Energy Cos ts :  

1 2 . 6  Handling Charge: 5.26 2 of  i t e m  2.51 1 .  S / l o a d  

$1- 

2.28 $ / ' load  

2 .7  S u b t o t a l  Materials and S u p p l i e s  : 1 (2.5 + 2.6) 



P r o c e s s  Xo. e 

3.1  D i r e c t  Labor: 

. . ' Form 6 
- 1 Page .  1 ' of - --. Date 8 /78  Rev i s ion  

3.1-1 Category :  Semic&_tnr A ~ ~ ~ r n b l o r  Flachine mounting/demounting -- 
- 

Amount Requi red :  ; Rate :  $ 3.89 jh ;  Load 36.0 %; Cost :  
, . 

3.1-2 Category :  Semiconductor Assembler A c t i v i t y  :- . . 
(SAMICS B3096D) 

Amount Requi red :  2.5 h /  l o a d  ; R a t e :  $ 3-89 1 h ; L o a d  26-n % ; C o s t :  

3 . 1 2  Category :  Maintenance Mechanic A c t i v i t y :  C u t t i n a  t o o l  c w  
SAMICS B3736D) 

AmountRequ(ired: 0.5 h / l o a d  ; R a t e : $  5-67  / h ; ~ o a d  36.0 % ; C o s t :  . . 1-86. t i  . 
* 
3 . 1  D i r e c t  Labor S u b t o t a l :  1C.74 $1 l o a d  

3.2 I n d i r e c t  Labor: Taken as 25% o f  d i r e c t  
C-' 
F 
IU 3.2 Category:  - A c t i v i t y :  

Amount Requi red :  h / ; Rate :  $ / h ;  Load %; Cost :  $1 

A c t i v i t y :  3.2- Category :  

$ / Amount Requi red :  h / ; Rate :  $ / h ;  Load %; Cost:  

3 .2  - Category :  A c t i v i t y :  
. .  . 

Amount Requi red  : h / ; Rate :  $ I h ;  Load %; Cost:  $1 

. . 3 . 2  I n d i r e c t  Labor S u b t o t a l :  4..93 $1 l o a d  . 
3 . 3  S u b t o t a l  3 . 1  and 3.2 24.67 $ / l o a d  

3.4 Overhead on Labor:  5.26 % 1.30  , $1. l o a d  
I 

3.5 S u b t o t a l  Labor 25.97 $/  l o a d  
/ 



Form 7 

P r o c e s s  No. . 1 0 f ' l '  . 
. . 

. . . Page - .:. , - 
Rev i s ion  . Dat'e 8/78 ' . 

. . 4 . 1  Equipment . . 

4.1-1 Type: STC ID sl icina machine 
. . .  

, . .  

c o s t :  40,000 $; I n s t a l l a t i o n  c o s t  . . : $; Th;oughput: 224 - .  l.oads / A  ;y 
. . 

P l a n t  Oper 'g Time 8280. . t ~ / ~ ; ~ a c h i n , e ~ v a i l ' t y :  9 9 % ;  M a c h i n e O p e r ' g ~ i m e  . . 8197.2 h / ~  

.Se rv i c ing  Cos t s :  Labor 52 ' h/y  a t  8.12 $ / h ; P a r t s  o r  0 ~ t s i d e  S e r v i c e :  300 $/y 

C s e f u l  L i f e :  , 7 , 
y;  Chqrge, Rate:  21-35  % of'  Cost/,)'; c a p i t a l  Cost :  9262.25 ' ' $ 1 ~  

. . 
. . 4 . 1  - Type: I 

. \. 

$; I n s t a l l a t i o n  Cost : $; Throughput : . 
*. 

I-' Cost : - i h ;  . I  
P l a n t  Op'er'g Time h / y ;  Machine A v a i l '  t y :  %; Machine Oper 'g  Time 

1 41.34 $1 l oad  

s e r v i c i n g  , c o s t s :  Labor h /y  a t  $ / h ; ~ a r t s  o r  o u t s i d e  S e r v i c e :  

Useful  L i f e :  y ; .  Charge Rate:  .... % of C o s t l y ;  C a p i t a l  Cos t :  $1- 

1 Type: 

$; ~ n s t a l l a t i o n  Cost :  S ;' Throughput : Cost:  / h ;  

. P l a n t . O p e r l g  Time h / y ;  Machine A v a i l ' t y :  . X ; Machine 0per  ' g'  Time h / y  

S e r v i c i n g  'Costs  : ~ a b s r  h /y  a t  $ / h ; ~ . a r t s  o r .  Ou t s ide  . s e rv i ce : . .  
' 

. . 

u s e f u l  L i f e :  y ;  Charge Rate :  % of  C o s t / y ;  C a p i t a l  Cos t :  $./ 

. . 
4 . 1  S u b t o t a l  Equipment Cost  41*34 



Process No. El 
4 . 2  F a c i l i t i e s :  

Form 8 
Page 1 of 1 

Revision ~ a t e / 7 8  - 

4 . 2 1  Type: ID machine area Floor Area: 

2 r L - O I L I - - L I o  

Charge Rate: 179.13* $1 (n: .Y) : Naintenance Costs :  
. ~ ' - e P P s o - - -  

Energy Use: 7 Labor: h/y a t  

/y a t  $1 

Outside Serv ices :  / y  a t  $1 

/y a t  $1 6.00 $/load 

- - -  Maintenance Costs :  

Energy Use: 

/y a t  - $1 . 

/Y a t  $ / -  Outside Services :  

Floor Area: 

Maintenance Costs:  
O I L L - - ~ -  

Energy Use: 

/y a t  $1 

/ Y  a t  $ 1 -  L Outside Services :  
- . I ) - - - - - -  



Form 9-1 

Process No. 
Revision Date 8/78 

Salvaged Material (Work-in-process) 

5.1 Quantity of Work-in-Process 1. Contained in Good Output 
Work-in-Process (per Computation Unit) 

5.21 Input Work-in-process 1. Not Contained in   bod output' 
Work-in-Process ("Amount Required" from 1.1 minus 5.1) 

5.22 Net Amount of 5.2i which is sold for Credit As-Is or 

After Applying Re-Process ~,u.I-~-u_I 
5.23 . Credit for 5.22 at the Market Value of $/-: 

5.24 Cost of Reprocessing Material of 5.22 
a t  the -T4verage Re'processing Cost, of 

5.25 Net Credit for 5.22 (5.23 minus 5.24): 

5.26 Mzterial of Type 1. Lost in Process (5.21 minus 5.22) 

5.3 Cost of Work-in-Process Lost ( 

5.8 Tctal Net Credits for All Salvaged Materials (5.25 + 5.67 + 5.76) 
x 

! $1- 



Form 1 2  

P r o c e s s  No. B . O . a - E l  
1 : 7. P r o c e s s  Cost  Computation 

Page 1 o f  1 -- 
R e v i s i o n  Da te  8/78 

7.11 Manufac tu r ing  Add-on C o s t s  (sum of  2.7,  3.5,  4:3, 6 . )  1 97-65. $1 l oad '  

. 22 PdBgJ~4?ffcd .  wfd. 2 >) z o f  7.11 I 2.98 $/ load 

7 .21 T o t a l  O p e r a t i n g  Add-on C o s t s  o f  P r o c e s s :  1 100.63 $1 load 

7 .31  T o t a l  Gross  Add-On Cost  o f  P r o c e s s  1 i . 6 -63  s t  load 

7.32 C r e d i t  f o r  Sa lvaged  M a t e r i a l - ( 5 . 8 )  $ / 

7 .33  Cos t  of Work-in-Process L o s t  (5 .3 )  833.03 $1 load 

7.34 S p e c i f i c  Add-On Cos t  o f  P r o c e s s  (7.31. + 7.33)-(7 .32)  1 93.3-66- $1 load 

7 .35 Cos t  o f  I n p u t  Work-in-Process Contained i n  Good 
Output  work- in-process  (5 .4)  1 814.95: $1 load 

7.41 T h e o r e t i c a l  y i e l d  ( o r  Convers ion  Ra te ,  i f  o u t p u t  u n i t s  o f  
m2 / kg work- in-process  do n o t '  e q u a l  i n p u t  u n i t s )  0.585 -- I I .  

7.36 Loading on I t e m  7.35 a t  R a t e  % . 

7.37 Cos t  of Output  Work-in-Process (7.34 + 7.35 + 7.36) 

7 .42 P r a c t i c a l  Y i e l d  

$1 . 

F748-61. $1 ' load 

7.43 E f f e c t i v e  Y i e l d  (7 .41 x 7 .42)  

7 .51 Cos t  o f '  U n i t  o f  Good O u t p a t  .Work-in- 
P r o c e s s  .(7.37 + 7.44)  .- 

7.44 !?umber of  U n i t s  o f  Good Output  Work-in-Process p e r  
Conpu ta t ion  Unit. 'Used . .. up t o  7 .35 . .  . , 6.133m2 / l o a d  I .  

7.52 S p e c i f i c  Add-on Cos t  p e r  U n i t  o f  Good 
Output  Work-in-Process ( ? .34  + 7.44) 

, . 



Process  No. q 

. . . . 

8.11 P r o f i t  at Expected Rate of 20 %: 30.44 $ /  load 
( P r o f i t  before  income taxes ;  app l i ed  t o  7.52) 

3.12 P r i c e  of Process  (7.52 + 8.11) 

8 .13 Tr.ice of Work-in--Process (7'.51 + 8.11) 

Form 13-1 
Page 1 of 1 - - 

Date 8/78 Revision 



P r o c e s s  No. Dm JTi-[Tj For- 13-1 
Page  1 o i  1. 

~ e v i s i o n  D a t e  8/78 

8.2  ' A l t e r n a t e  2 (SAMICS Methodology)  : , . . 

8 .21  P r o f i t  Computa t ion :  

0 ,9274n 41.34 $1 l o a d .  f rom S u b t o t a l  4 ; 1  = 38.34 load 

1.946* ' 6.00 $1 load f rom S u b t o t a l  4 .2  = 11*68 $ /  load 
J 

. . 
s u b  t o t a l  = 50.02 $ / . l o a d  . . 

8.22 C o s t s  o f  A m o r t i z a t i o n  o f  t h e  One-Time C o s t :  

0.192" 24.33 $1 load --- ---- f r c m S u b t o t a 1  2.7 = 4-67 $1 load --- 

. .  . 0.192" -- 25.47 $1 'load -- f r c m  S u b t o t a l  3.5 = 4.98 $I load 

0.2958" --$ 41 -34 I--. 1 oad from S u b t o t a l .  4.1 = 12-23 $1 load 

6.00 1 oad 2.77* f r ~ . m S u b t o t a l 4 . 2 =  16.62 $1 load $1 ---- 
I 

S u b t o t a l  - .  - 50 $1 load 

8 .23  T o t a l  S e t  C o s t  o f  ~ ~ u ' i t ?  (8 .21 + 8 ; 2 2 ) :  

8.24 P r o f  i t  and  A m o r t i z a t i o n  o f  S t a r t - u p  C o s t s  p e r  U n i t  o f  Good O u t p u t  
Work- in-Process :  
( D i v i d e  S u b t o t a l  8 .23 by  6.133 m2 / load from 7.44) 

. . 

14.43 $1 m2 
. . . . 

' 8.25 P r i c e  o f  P r o c e s s  (7 .52 + 8.24)  
. . 

8.26 P r i c e  o f  Work- in-Process  (7 .51 + 8.24)  

. . 

88.52 $ / l o a d  '. 

. . . . 

166.67 $1 m2 . 

299.54 ' $1 m2 



Process So. El. 1x1, l ~ ~ ~ [ ~ , l  
0 .  Output specification: 

Name of item: S i l i c o n  wafers 

. .  . - , S ' . , . '  - 
t o r n  1 5  
Page. - 1.: o f .  -. 1 

Re\iision .. Date 8/78 
. . .  

. . 

~imensions: 10 cm diameter, 380 pm thick, -- .- - - . . . ..-- --- 

Material: - - -  ----.--- 

' 350 urn ke r f ,  822 wafers/load Other Specifications: -. ---- - -- ---- ----- 



. U n i v e r s i t y  of ~ e n n s ~ l v a n i a  

. PROCESS.  CHARACTERIZATION 

(UPPC)  

process : Sheet genera t i on  

Subprocess : I n g o t  S l  i c i n g  

. . O p t i o n :  ID f i x e d  ab ras i ve  s l i c i n g  o f  10.16 cm 

F o r m  1 



Page 1 of 1 '  . - 
. . . . 

. . 

' Process  Wo. 

Revis ion --  ate . 3/78 

0.1 Value Added: I .. $/ 

Proce'ss ~ e s c r i . ~ ~ i o n :  - ' . I n n e r  d iameter s l  ic ing,  
. - 

. . .as demonstrated by OCLI us ing  a STC-22 diamond impregnated blade 
. .  . 

. .  - .  . .  . 

' .  , . . ' (55.88-cm OD, 20.32-cin I D ,  0.15 nun t h i c k  co re  w i t h  a 0.33-.36 mm t o t a l  th ickness).  ' ,  . . . . . . . .  . . 
. . 

. . 
. . . .  . . . - 

. . 

, . 

1. Inpu t  S p e c i f i c a t i o n :  

~ r e p a r e b  machine' load f r o m  2.4 : 01 : 03 . . Name of Item: 
. . . . w 

'IU 1 0 . 1 6 c m  i n  diameter, 25 cm long, 4.74 kg s i l i c o n  c r y s t a l  i n g o t s  w Diaensions:  

. . H igh p u r i t y  s i l i c o n .  . ' .  
k i t e r i a l :  

S i n g l e  c r y s t a l  i n g o t  . . 
Other S p e c i f i c a t i o n s  : 

1 . 1 Q u a n t i t y R e q u i r e d :  4.74 kg / l o a d  - - u n i t  c o s t :  72-22 $/  kn 
u 

X o t e  to :tern 1.3: Use price, if input produced in own plant. 



PrOCeSS* KO.  a . . ~ni 
2 . 2  I n d i r e c t  ? l a t e r i a l s  ( i n c l .  s u p p l i e s a n d  non-energy u t i l i t i e s ) :  

Form 4 

Revision D a t e  3/78 

2 . 2  1. Type: Blade d r e s s i n 3  m a t e r i a l s .  . . 
9 - -- ,...- .. . .. - - - :I 

S p e c i f i c a t i o n :  Al-umi na s t i c k ,  

. . ..-. 

( ? u a n t i t y  R e q u i r e d :  - . - / -9  ~ n i t ~ o s t ' :  2.02 $ / l o a d  ; c o s t :  2.02 $ /  l o a d  I ' 
2.2-2 Type: Coolant  -- -- I 

S p e c i f i c a t i o n :  Rust 1 i c k  

.--- 
80:1 water  t o  Rust-1 i c k  r a t i o  - - - - - - - - - - - . -A - - - .- - - - -. - . - - - . - I 

, . 
2 . 2 -  Type : - .. 

--.-- . 

. . 
. . .  S p e c i f i c a t i o n :  --. - .. . . . . . 

. . .Quant it!. Require.;l: - -- / Uni t  c o s t :  . $1 $I-, 

C I 

2 . 2  S u b t o t a l  I n d i r e c t  N a t e r i a l s :  4-44 . .  $ /  l o a d  



Form 5 P roces s  No. 
. . . . _ . .  1 . _  

~ i g e  1. 'of 1 . - -. 2 . 3  Expendable Tool ing:  

Revision . Date. 3/7g:' < '  ' . . . . 
2 . 3  1 Type: Model STC-2'2, ID diamond-plated blade I . . 

Quan t i t y  Required : 0.07 -- blade, load Uni t  Cos t :  150 $/!&&CosC: 1 10.49 $1 load 

2 . 3 -  Type: I 
Q u a n t i t y  Required:  -- / . : Unit  Cos t :  $1 Cost : .$/" - t dr.- 

2 . 3 -  Type: I 
Q u a n t i t y  Kequired:  / : U n i t c o s t :  $/ -- c o s t :  I s / 

2 . 4 1  Type: Electrical, 2kW main and auxiliary motors 

. . c-' Q u a n t i t y  Kequired:  / : U n i t c o s t :  -- $1- Cost  : 
N 
W 

2 . 3  S u b t o t a l  Expendable Tooling:  

Q u a n t i t y  Required:  29.4 kWh/load : Unit  Cos t :  0.0319 $I& c o s t :  

$1 

10.49 '$/& 
. . 

2 . 4 -  Type: 

. ,. 

2.4 Energy 

Q u a n t i t y  Required:  : U n i t c o s t :  $1 Cost 
I 
I 2 . 4  S u b t o t a l  Energy Cos ts :  
I 
1 2 . 5  S u b t o t a l  2 . 2  t o  2 . 4 :  

2 . 6   andl ling Charge: 3 - 7 %  of  i t e m  2. 

. . - .  
2.7 S u b t o t a l  Materials and Supp l i e s :  1 (2.5 + 2 . 6 )  

0.94 $1 load 



P r o c e s s  So .  - .  . - . . . . . ..- - .  . . . .  * .Form 6 . , 

- .  . . .  . - .  : Pa.ge .L of ,L . . . . : . . . . . . . .. . Rev i s ion  . : .Date' 3/78 

3 . 1  D i r e c t  Labor:  . . 

3.11 .  Category :  Semi conduc to r  Assembler  A c t i v i t y :  Mountinq and l o a d i n a  
(SAMICS B3096D) 

Amount Requi red :  0.525 h /  l o a d  ; Rate :  $ 3.90 / h ;  Load 36-0  %;. Cost :  2.78 $1 l o a d  

3.1-2 ca tegory :  Semiconduc tor  Assembler  A c t i v i t y :  Machine s u ~ e r v i s i o n  
( b m L s  B3096D) 

Amount Required:  0.23 h /  l oad  ; Rate :  $ 3.90 / h ;  Load 36.0 %; Cost :  : -.LZ--$/lnarl 

3 . 1 2  Category :  Maintenance M e w i c  A c t i v i t y :  ~ l d  hP- 
(SAMICS B3736D) . 

 mount 'Requi red :  0.875 h /  l o a d  ; Rate :  $ 5.67 / h ;  Load 36.0 %; Cost :  .-lLEL-$ ha i l -  

3 . 1  D i r e c t  Labor S u b t o t a l :  10.75 $1 l o a d  

CL 
3.2 I n d i r e c t  Labor:Taken a s  25% of d i r e c t  

IU 
P 

3.2 - Category:  Act iv i ty : -  

h o u n t  Required : h  / ; Rate :  $ / h ;  Load %; Cost :  $1 

3.2- Category :  A c t i v i t y :  

%; Cost:  Amount Required:  h /  ; Rate :  $ / h ;  Load $1 
- .  

3 . 2  - Category :  A c t i v i t y :  

Amount Required : h  / ; Rate :  $ / h ;  Load %; Cost:  $1 . 
3 . 2  I n d i r e c t  Labor S u b t o t a l :  2.59 $ b ' 3 . L  

0 . . 
3 .3  S u b t o t a l  3 . 1  and  3.2 13.44 $1 l o a d  

3.4 Overhead on Labor:  5.26 % 0.71 $1 l o a d  



Form 7 
P r o c e s s  No. P a g e '  1 of 1 

Revis ion  ' D a t e  3/78 
4 . 1  Equipment 

1 
. 4.1-1 .Ty.pe: ID saw s l ic ina  machine 

Cost :  40,000 $; I n s t a l l a t i o n  Cos t :  $; Throughput : 480 / h ; y  

Plan t  o p e r l g  Time 8280 h / y ;  M a c h i n e A v a i l l t y :  9 5 % ;  M a c h i n e O p e r l g T i m e  7866 h ly  
, . -  

S e r v i c i n g  Cos ts :  Labor h / y  a t  $ / h ; P a r t s  o r  Ou t s ide  S e r v i c e :  285.71 $ / v  

' . Cost : $; I n s t a l l a t i o n  Cost :  $; Throughput:  / h ;  

C1 
N 
cn P l a n t  Oper 'g  Time .. .. %; ~ a c h i n e . O p e r ' g  Time . h /y ;  Clachine Ava i l '  t y :  h/y 

. . 
Useful  L i f e :  y; chargk Rate :  21.4 % of C o s t l y ;  C a p i t a l  Cos t :  8560 S/y 

- - 

4 . 1  - Type: 

S e r v i c i n g  Cos ts :  Labor h /y  a t  $ / h ; P a r t s  o r  Ou t s ide  S e r v i c e :  $ / Y I 

18.43 $1 load  

Vseful  L i f e :  v ;  Charge Rate :  % of  C o s t l y ;  C a p i t a l  Cost :  - $1 
- .  

4 1 - Type: I 
Cost:  . $; I n s t a l l a t i o n  .Cost :  $ ; Throughput : /h ; 

P l a n t  Oper 'g  Time h/ y;  Machine Ava i l  ' t y  : % ; Machine Oper ' g  .Time ~ I Y  

S e r v i c i n g  Cos t s :  , . Labor h / y  a t  $ / h ; ~ a r t s  o r  Ou t s ide  S e r v i c e :  
. . . . 

Csefu l  L i f e :  y ;  Charge Rate :  % of C o s t l y ;  C a p i t a l  Cost :  $1 

1 4 .1  S u b t o t a l  Equipment c o s t :  1, 1'8.43. . $/load 



- 
P r o c e s s  No. . 
4 .2  F a c i l i t i e s :  

Form 8 
1 Page 1 of - 

R e v i s i o n  Date  

3.36 $ / l o a d .  

$1- 

$1- 

3.36 $ / l o a d  

21.79 $ / l o a d  

2 
4 . 5 j  Type: Machine area F l o o r A r e a :  q - n  r n ; ~ h r o u g h p u t : ' ~ ~  I y  

L - C I C I - - L ) - - o  

Charge Ra te :  179.13* $/(m2.y) :  r Nain tenance  Cos t s :  
- L I - r r - - -  7 Labor: Energy Use: ' h / y  a t  $ /h  

Hea t ing  / Y  a t  $1 1 S u p p l i e s  : $/y  

A i r  Cond'g - 1  Y a t  $1 O u t s i d e  S e r v i c e s :  $ / Y  1 
I - - - - - - - - - - - - -  

L i g h t i n g  / y  a t  $ /  
T o t a l  Cos t :  1612 S l y  

I 

Fl.oor Area: 
2 

m ; Throughput:  4.2- Type:- 1 Y - ~ - - -  
2 

Charge Rate:  .$/(m . y ) ;  Maintenance Cos t s :  
-. 

m C I C I - - -  

Energy Use: 
-1 

1 
h l y  a t  $ /h  

Heat ing / Y  a t  $1- S u p p l i e s :  $ 1 ~  

A i r  Cond'g I / Y  a t  $ 1 -  1 O u t s i d e  S e r v i c e s :  
S ly  L - - - -  - - - - -  -- 

L i g h t i n g  IY a t  $1 
T o t a l  Cost :  S l y  

F l o o r  Area: 
2 

4.2-  Tvpe : m ; Throughput:  / Y  

2 ~ - - - C L - w - ~ d  

Charge Rate  : ( m  .Y):, Maintenance COS t ~ :  
- - - a  

Energy Use: h i y  a t  $ /h  
Heat ing / Y  a t  $1 1 

I S u p p l i e s :  S / Y  
A i r  Cond'g f y a ' t  $1 L C u t s i d e  S e r v i c e s :  $ 1 ~  

L i g h t i n g  / y a t  $1 - . I ) - - - -  

t T o t a l  Cost:  $ / Y  

* I n c l u d e s  energy use 4 .2  S u b t o t a l  F a c i l i t i e s :  
r 

4 . 3  Equipment and . ~ & i l i t i e s  S u b t o t a l  : 
+ 



Process NO. ~ . D ~ I - & I  Revision Date 3/78 

5. Salvaged Material (work-in-process) 

5.1 Quantity of Work-in-Process 1. contained in Good Output 
Work-in-Process (per Computation Unit) 2.40 - k t /  load 

5.21 Input Work-in-process-,l.. Not Contained in Good Output - 
Work-in-Frocess ("Amount Required" from 1.1 minus 5.1) 2 -34  kg / l o a d .  I 

5.22 Net Amount of 5.21 which is sold for Credit As-Is or 

0 , '0- . - After Applying Re-Process . /  . ' 

+ . . 
IU 
v 5.23 <:redit. for 5.22 at the Market Value of 

$/-: $ / I 

5.2Gn Material of Type 1. Lost in,Process (5.21. minus.5.22) 2.34 kg /. load. I 

. . 5.24 Cost of Reprocessing Material of 5.22 
$ / '  .?t the Average Reprocessing Cost of $/-:. 

5.25 Net Credit for 5:22 (5.23 minus 5.24): 

5.3 Cost of Xork-in-Process Lost (Amount 5.26 Times Unit Cost 1.1) . 

$1- 

5.4 .Cost of Nork-in-~rocess'~ontained in Good Output Work-in-Process 

Salvased laterials S1mary: 

Tjtal Net Credits for All Salvaged Yaterials (5.25 + 5.67 + 5 . 7 6 )  



Form 1 0  

P r o c e s s  N O .  , , ImJ - 
6 .  ~ y ~ r o d u c t s  and Wastes - 

6 . 1  s o i i d  ~ ~ p r o d u c t s / W a s t e s  . , 

R e v i s i o n  - 

6 . 1  1 Type ( c o m p o s i t i o n ) :  Si l icon chips and dust  Q u a n t i t y  Produced:O.  . kg / load - 

P h y s i c a l  S h a p e / S i z e :  Energy C o n t e n t :  kWh/ 

D e n s i t y :  7-34  g/cm3; Water  S o l u b i l i t y :  
0 

--. g / l  a t  C: pH: 

Page 1 o f  1 

- D a t e  3/78 

T o x i c i t y :  B i o d e g r a d a b l e :  O t h e r  Renarks :  

-- -- 

1 Type of D i s p o s a l :  -- 
I ~ n s t / I ( ~ r e d i t )  $1 ; C o s t :  I n p u t  ? l a t e r i a l  f o r :  -- 

6 . 2  L i q u i d  B y p r o d u c t s / W a s t r s  ( i n o r g a n i c )  : . " 

6 . 2  - 1 Type ( C o m p o s i t i o n ) :  80:l water: r u s t  l i c k  Q u a n t i t y  Produced ; . ,123 R/ 1 oad 

D e n s i t y :  
3  

g/cm ; Suspended S o l i d s :  s i l i con  kerf Amount: 19 g / l  pH: 

T o x i c i t y :  Heavy M e t a l  C o n t e n t :  mg/ l  O t h e r  Remarks: 

Type of D i s p o s a l :  Can be stored in drums I 
C o s t /  ( C r e d i t )  $ / C o s t :  I n p u t  E l a t e r i a l  f o r :  

, C a r r y :  I - $ / -  



I 
- 

Process No. 

7. Process Cost Computation 

Revision Date 3/78 

7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) 1 52.64 $ / l o a d  

7.31 Total Gross Add-On Cost of Process ) 54.09 S/ load 

7.32 Credit for Salvaged Material (5.8) I $I--- 
I 

I 

7.33 Cost of Work-in-Process Lost (5.31 1 168.99 s j l o a d  I 

7.34-specific Add-On Cost of Process (7.31 + 7.33)-(7.32) I 773 np, $1 load 

7.35 Cost of Input Work-in-Process Contained in Good 
Output Work-in-Process (5.4) 173:33 $1 load 

'7.42 Practical Yield 

7.43 Effective Yield (7.41 x 7.42) . . 0.6 m2/ kq 

7.44 !?umber of Units of Good Output Work-in-Process per 
. Computation Unit ' Used up to 7.35 2.84 t d  load 

- - 

7.51 Cost of Unit of ~ o o d  Output Work-in- 
Process (7.37 + 7.44) 

7.52 Specific Add-On Cost per Unit of Good 
Output work-in-process (7.34 + 7.44) 



Process  90.  

8 .  P r i c e  Computation 

8.1 Al te rna te  1 

8.11 P r o f i t  a t  Expected Rate of 20 %:  15.71 $1. m2 
(Pro,f i t  before  incone taxes ;  appl ied to  7 . 5 2 )  

3.12 P r i c e . o f  Process ( 7 . 5 2  + 8.11) 

8 .13  Tr ice  of Work-in-Process (7 .51  + 8.11) 
. . 

. ' 

Form 13-1 
Page 1 of 1 - 

Date 3/78 Revision 

I 



Proces s  so .  lzJ.a*ml-[m ForE 13 -7  
Page 1 .  a f  1 - - 

Rev i s ion  Date 3/78 

8.2 A l t e r n a t e  2 (SAMICS Methodology) : 

8.21 P r o f i t  Computation: 

0.9274* 18.43 $1 load 

8.22 C o s t s  o f  Amor t i za t i on  of  t h e  One-Time Cos t :  

I-' 
. a  0.192* 1C.7G $1 --- load from Subto. ta1 2.7 = 3.21 $1 load 

w - -- - - -- - -. 

0.192* 14..15 $1 load -- 
0.2958k 18.43 $I load ' 

2.77* 3.36 $1 load ------ 
. . 

. Work-in-Process: 
(Div ide  S u b t o t a l .  8.23 by 

15.60 $1 load -- 
8.25 P r i c e  of P r o c e s s  (7.52 + 8.24) 

8.26 P r i c e  of  Work-in-Process (7.51 + 8.24) 



Process No. D.lT1- 
9. Process Economic Evaluation: 

. . . - Form 14 
Page 1 of - 1 

Date 3/78 . Revision 

9 . 3  Output Cost (7.51) 

9.4 Output Value (0.2 + 0.1) 



Process So. 
4 

Form - 1 5  
Page 1 of - 1 

Revision Date 3/78 
0 .  Output SpeciEication: . 

~ a m e  .of item.: Silicon wafers, 95 c u t  

10.16 cm in diameter, 0.36 + 0.02 mm thick 
. Dimensions: - - - 

.?ia.terial: -- High p u r i t y  silicon --- -- -- 

other specifications: Kerf thickness is 0.35 mm - 



University of ~ennsylvania 

PROCESS CHARACTERIZATION 

(UPPC) 

Process : Sheet Generati on 

Subprocess: Ingot Sl icing 

Form f 

option: Mu1 t ib lade  Slurry Sl icinq of 10-cm diameter 



Form 2 . , 

Page L o £  1 

Process So. a . Revision -- Date 5/78 

0.1 Value Added: I $1 
I 

Mu1 t i  blade s l u r r y  s l i c i n a  a s  ~ e r f o r m ~ d  e-11~ Process Description: by Vari an 

usi  nq a bl ade-head with 734 b1 a d ~ z  - 

1. Input Specification: 

. . 
Same of Item: -inaot.m a< s ~ e c l f l e d  i n  7 4 - 01 - 01 

Dinensions: 10-cm i n  di'ameter, 11.9 cm lona.  n l g ~ ~  i s  7- 19 ka 

Ifaterial: high p u r i t y  s.i 1 icon 

Other. S?ecif ications : S i 1 i con,si nqle c r y s t a l  inqo t  niounted .on cergmic h l n r k  - 
/ 

1.1 Quantity Required: 2.19 kg / load - Unit Cost: 1 5 0 . 5 6 $ /  kq  

k I 't 

1 1.3 lnpuc C o s t :  1 329.73 $ / l o a d  

X o t e  to Item 1;3: Use price, if input produced in own plant, 



P r o c e s s  Eo. 

2.2 I n d i r e c t  E l a t e r i a l s  ( i n c l .  s u p p l i e s a n d  non-energy u t i l i t i e s ) :  

Form 4 

Revision Date 5/78 

PC oil 2.2 1 Type:  9 - - 

Specificat ion: PC oil for abrasive vehicle 

I-' 
W ' 

m .  

( :uan t i ty  R e q u i r e d :  - 7.6 - ~ I l o a d .  -9 U n i t  C o s t :  0 .66 $1 !L ; c o s t : )  5.02 $/load 

2.22 Type: Abrasive - I 
S p e c i f i c a t i o n :  600 grit Sic abrasive; --a I 

concentration in PC oil is 0.36AIR; . . - - - - - -- -- - - - - - --- -----.- --.- 

----- mass consumed per 1 oad i s  2.736 kg. - ----.- 

S p e c i f i c a t i o n :  -- 

. ..I _ 

Q u a n t i t y  R e q u i r e d :  2.736 kg- . - .  . . _ .  - /load; -- Llnit c o s t : .  4.29 $/kg ; c o s t :  

, 
2 . 3 -  Type:  -..-- ..- .- - --.- 

- - 
Q u a n t i t y  Required: / ; U n i t  C o s t :  - $1 .; C o s t :  -- $1. 

-- 7.03 s/load -- 

. 

r . . 

, 2 . 2  S u b t o t a l  I n d i r e c t  P l a t e r i a l s :  12.05 $1 load 



process  Xo. . . mj -/XI 
, . 

2.3 Expendable Tooling:. 
. Page 1 of.-1 - - 

. . 
Revision - "- . - Date 5/78 2 . 3 ~  Type: Blade pack w i t h  300 blades c-f 1095 s tee l ,  0.15 'mm t h i c k ,  6.35 m hiah  I 

Quant i ty  Required : 1 pack / l o a d .  Unit  Cost: 50 - $@ Cost: 

2;3-  Type: 

Q u a n t i t y  Required: / : U n i t c o s t :  -- $1. c o s t :  

2 . 3 -  Type: I 
Q u a n t i t y  Required: -- / : Unit Cost: $1 Cost:  

. . 2 . 3 -  Type:. 

Q u a n t i t y  .Required: -- / : U n i t c o s t :  $1- Cost : 

I 2 . 3  S u b t o t a l  Expendable Tooling: 

2 . 4  Energy 

2 . 4  1 Type: ~ l e c t r i b i t y  f o r  1 kW m i i n  and a u x i l i a r y  motors 

Q u a n t i t y  Required: 32 kWh f 19ad : h i t  Cost: ~ $ 1 -  Cost: 

. Q u a n t i t y  Required: : u n i t  Cost: $1 Cost: 
h 

, . I 2 . 4  s u b t o t a l  Energy Costs  :. 

, 1 2.6 Handfing charge : 5.26 X of i t e m  2. : 
2.7 S u b t o t a l  Materials and Supp l i e s  : ) ( 2 . 5  + 2 . 6 )  

1.02 $1 l oad  

63.07. $1 l oad  

3.32 - $1 l oad  



P r o c e s s  So. lJ8 

1 3.1  D i r e c t  Labor:  

Form 6 
Page 1 of  1 

Rev i s ion  Date 5/78 

3 . 1  - 1 Category :  Semiconductor assembler  ~ ~ t i ~ i t y : .  Kachine load jng  . - 
SAMICS B3096C) 

Amount Req(uired: 0.5 h /  load ; Rate :  @ - g o  l h ;  Load 36.0 %;  Cost :  . 2.65 $ / l o a d  

A c t i v i t y :  machine suDerv1slon . . 3.1: Category :  S ~ m i c o n d u c t n r  assembler  
(SAM1 CS B3096D) 

Amount Required:  0.67 .h/  load ; Rate :  $ 3.90 / h ;  Load 36.0 ;6; Cos t :  

3 . 1 2  c a t e g o r y :  Maintenance mechanic A c t i v i t y :  Adjustments ,  b lade  head chanqinq 
(SAMICS B3736D) 

Amount Required:  0.67 h /  load  ; Rate :  $ 5.67 / h ;  Load 3.60 %; Cost :  5.17 $ /load 

F 
3 . 1  D i r e c t  Labor S u b t o t a l :  11.37 $ / l o a d  

g 3 . 2  I n d i r e c t  Labor : .  25% of d i r e c t  

3 . 2  - Category:  A c t i v i t y :  

h / Amount Required : ; Rate :  $ / h ;  Load : %; Cost :  . $1 

3 . 2  - Category :  A c t i v i t y :  

Amount Required : h/ ; Rate :  $ / h ;  Load %; Cost :  $ / 

3 .2 -  Category:  A c t i v i t y :  
. . 

Amount Required : h 1 ; Rate :  $ / h ;  Load %; Cost:  $1 
en 

3 . 2  I n d i r e c t  Labor S u b t o t a l :  '2.84 $ / load  

3 . 3  S u b t o t a l  3 . 1  and 3 . 2 .  14.21 $ / l o a d  

1 3.4 overhead  on Labor: 5.26 % . ; 0.75 $ / l o a d  

1 3 . 5  S u b t o t a l  Labor 14.96 $11 oad 



P r o c e s s  No. 

4 . 1  Equipment 

Fo,rm 7 

., . Page  ~ " b f  1 
L . .  , - .. . . . 

' R e v i s i o n  - D a t e  5/78 ' 

1 

4 . 1 1  - .  Type: M u l t i b l a d e  s l i c i n g  ma.chine 
. . . .  

C o s t :  20,000 $; I n s t a l l a t i o n  C o s t :  - $; T h r o u g h p u t :  225 loads '  /h;y . . .  I 
Plan t .  Oper ' g  Time 8280 .' h / y ;  Machine ~ v a i l ' t y :  90  2;  Machine O p e r ' g  ~ i m e  7452 h / y  

. . . . 
S e r v i c i n g  C o s t s :  Labor  h / y  a t  S / h ; ~ a r t s  o r  O u t s i d e  S e r v i c e : 1 5 9 2 . 3  S / y  

U s e f u l  L i f e :  ' 7 y ; C h a r g e R a t e : 2 1 . 3 5  % o f C o s t / y ; ~ a p i t s i C o s t :  4 7 7 0  $1). 2 0 . 0 5  S / i o a d  I 
4 . 1  - Type:, I 

w C o s t :  ' $; I n s t a l l a t i o n  Cos t  :- $ ; . T h r o u g h p u t :  / h ;  
W 
U3 

P l a n t  O p e r ' g  Time h / y ;  Hach ine  A v a i l ' t y :  2.; Machine O p e r ' g  Time h / y  

S e r v i c i n s  C o s t s :  Labor  a t  $ / h ; P a r t s  o r  O u t s i d e  S e r v i c e :  

U s e f u l  L i f e :  y;  Charge  R a t e :  Z o f  c o s t l y ;  C a p i t a l  C o s t :  $1- 

1 - Type: -I 
C o s t :  $; I n s t a l l a t i o n  C o s t :  $ ; Throughpu t  : / h ;  

P l a n t  O p e r ' g  Time h / y ;  'Plachine A~! : l i l  ' t y :  X ;  Machine Oper ' g  Time h / y  

S e r v i c i n g  C o s t s :  Labor  h / y  a t  $ / h ; P a r t s  o r  O u t s i d e  S e r v i c e :  
. . 

C s e f u l  L i f e :  y ;  Charge  R a t e :  2 of  C o s t / y ; , C a p i t a l  Cost:- 1- 

I 

4 . 1  S u b t o t a i  Equipment C o s t :  20.05 S/  1 oad 



Form 8 
Page 1 of  1 

R e v i s i c n  Date 5/78 

2 
4.21.. Type: Sl icinq machine area F l o o r  Area: 5 .6  m ; Throughput:  225 1 p a d  / y  

P L P  - a . I p C 1 - . C b  

Charge Rate:  179.13* $/(m2.y); Maintenance Cos t s :  
. ) - - - - L D B I - - e r r  

Energy Use: % Labor: h / y  a t  S/h 

Hea t ing   at $1 1 S u p p l i e s  : 

F l o o r  Area: 
2 

4.2- Type:- m ; Throughput:  

2 
Charge Rate:  .$/(m ' Y ) ;  Maintenance Cos t s :  . 

- - - - - P I P - - - -  

Energy Use: h /y  a t  
+' S/h 
P 
.o Heat ing /Y a t  $1 S u p p l i e s :  

A i r  ~ o n d ' g  / Y  a t  $1 O u t s i d e  S e r v i c e s :  $ / Y  
- I I !I 
~ - - - . . . I . -  

L i g h t i n g  . / Y  a t  $1 
t T o t a l  Cost :  $ 1 ~  1 $/- 

F l o o r  Area: 
2 

4.2- Type: m ; Throughput:  1 Y 
7 w o - ' L - e ~ - - - m  

.. Charge Rate:  S./(rnc-y): , hlaintenance Cos t s :  
- 

Energy Use: I Labor: h / y  a t  S /h  
Heat ing 1 ~ a . t  $1 4 

I .  S u p p l i e s  : S / Y  
A i r  Cond'g / Y  a t  $1 i L Outs ide  S e r v i c e s :  $ / y ---- 

L i g h t i n g  /y  a t  $1 - a - -  

T o t a l  Cost:  $ 1 ~  

* Includes energy use 



. . 
Form 9-1 

Page L o f  1 

Process No. i3.D. Revision . *-- Datc 5/78 

Salvaged Material (Work-in-process) 

5.1 cuantity. of Work-in-Process 1. contained in Good Output 
1.035 - kq / load Work-in-Process (per Computation Unit) 

5.21 Input Work-in-process 1. Not Contained in Good Output 
Work:in-Process ("Amount Required" from 1.1 minus 5.1) . 1.158 kq / load 

5.22 Net Amount.of 5.2i which is sold for Credit As-Is or 

After Applying Re-Process lIKl.a-ffl 
5.23 Credit for 5.22 at the Market Value of $I-: . , 
5.24 Cost of Reprocessing Material of- 5.22 

. $ / .  : at the Average Reprocessing Cost of 

5.25 Net Credit for 5.22 (5.23 minus 5.24): 
Y .  

5.26 Material of Type 1. Lost in Process (5.21 minus 5.22) 1.158 

5.3 Cost of Work-in-Process ~o'st (Amount 5.26 Times Unit Cost 1.1) 

5.4  Cost of 'dork-in-Process Contained in Good Output Work-in-Process 
(mount 5.2 Times Unit Cost. from 1.1) 155.83 $ / l o a d  

Salvaged >;aterials Summary: 
L 

5.8 Total Net Credits for All Salvaged Materials (5.25 + 5.67 + 5.76) $ / 
- .  



6. Byproducts and Wastes 

Form 10 
Page 2 of 1 

Revision Date 5/78 
- - 

6.1 Solid Byproducts/Wastes 

6.1 - 1 Type (Composition) : S i l i c o n  ch ips  w i t h  dust  Quantity Produced"i 0.21 kg/ l o a d  

Physical Shape/Size: Energy Content: kwh / 
. . 

Density: 2.34 g/crn3; Warer Solubility: 0 g/l at 0 
--- - C: pH: 

Toxicity: Biodegradable : Other kemarks: 

Type of Disposal: I 

6 . 2 1  - Type (Composition) : Abrasive oil slurry w i t h  kerf Quantity Produced: 7.6 
. . 

3 
Density: -- -0.95gIcm ; Suspended Solids : a c  abrasive Amount ~0.36 !&/1 pH: 

Input Elaterial for: Cost/(Credit) $1 ; Cos t : -- 
w 
P : .  . , N 

6.2  Liquid Byproducts/Wastrs (inorganic): 

Toxicity: Heavy Netal Content : mg/l Other Remarks: 

$1 

contains 0.95 ks of kerf (0.12 kq/R - slurr~l I 

Carry: I -$I- 

Type of Disposal: 

Input Fiaterial for: . Cost/(Credit) $1 Cost: 
. . 

& ;  

$ 1 -  



P r o c e s s  No. B.Q. R e v i s i o n  Date  5/78 

7. P r o c e s s  Cost  Computation 7 .11 Manufac tu r ing  Add-on C o s t s  (sum of 2.7,  3.5, 4.3,  .6.) 105.86 $ / l o a d  

% o f  7.11 1.66 $ / load  

7.21 T o t a l  O p e r a t i n g  Add-on C o s t s  o f  P rocess :  107.52 $ / load  

7 .31 T o t a l  .Gross  Add-On Cost  of P r o c e s s  . 1 107.52 $ / l o a d  

7.32 C r e d i t  f o r  Salvaged M a t e r i a l  (5.8) 

7 .33  Cost  o f  Work-in-Process L o s t  (5.3) 

7.34 S p e c i f i c  Add-On Cos t  o f  P r o c e s s  (7.31 + 7.33)-(7.32) 1 281.87 $1 load 

7.35 Cos t  o f  I n p u t  Work-in-Process Contained i n  Goo& 
Output  Work-in-Process (5.4) 155.83 $1 load 

I 

xork- in -p rocess  do  n o t  e q u a l  i n p u t  u n i t s )  

7 .42 P r a c t i c a l  Y i e l d  83 % I 
7 .43  E f f e c t i v e  Yie ld  (7 .41  x 7.42)  

2 
0.'695 m 1 kg r 

7.44 :?umber of U n i t s  o f  Good Output  Work-in-Process p e r .  
C o ~ p u t a t i o n  Uni t  "Used up t o  7 .35 

7 .52 s p e c i f i c  Add-On Cos t  p e r  U n i t  o f  Good 
Output  Work-in-Process (7 .34 t 7.44) 



Process  SO. 

8.  Price Computation 

8 . 1  Altc rnn te  1 

. . . , .  Form 13-1 

Page 1 of -I..- 
' Date 5/78 Revision 

8.11 P r o f i t  at Expected Rate of 20 %: 36.97 $1 mL 
( P r o f i t  before  incone t axes ;  app l i ed  t o  7.52) 

3.12 .P r i ce  of Process  (7.52 + 8.11) 



Proces s  No. me am[x]-[7qj Forn 13-2 
Page 1 o l  1 - - 

Rev i s ion  Date 5/78 

8.21 P r o f i t  Computation: 

0.9274* 20.05 $1 load  from S u b t o t a l  4 .1  = 18.59 

1.946" 4 . 4 6 '  $ / ' l o a d  from S u b t o t a l  4.2 = 8 .68  

8 . 2 2 ' C o s t s  of Amor t i za t i on  of  t h e  One-Time Cost: ,  

0.192* 14.96 $ /  load  from' S u b t o t a l  3.5  = ,  2.87 

61.17 $ / l o a d  - 
. . .  

8.2A P r o f i t  and Amor t i za t i on  of s t a r t - u p  C o s t s  p e r  .Unit  of Good Output  
Work-in-Process: - .  

( ' ~ i v i d e  s u b t o t a l  8:23"bv. 1.525 m 
2 / l o a d  f rom'7 .44)  

. . 

. . 



Process 90. Form 15 
?age 2 o f  - 1 

Revision Date 5/78 

0. Output Specification: 

Name of item: Wafer, as-cut  - ----.-.-..-- -. . -. . - . - - 

Dimensions: 10-cm diameter,  0.294 + 0.04 mm t h i c k  

Material: h i g h  p u r i t y  s i l i c o n  -- -- 

Other Specifications: Depth of subsurface damage 10-15 urn 



Process No. Form I 

University of Pennsylvania 

PROCESS CHARACTERIZATION 

(UPPC) 

Process : Sheet genera t ion  

Subprocess Ingot s l i c i n g  

Option: Mu1 t i b l a d e  s l u r r y  s l i c i n q  usinq t he  

900 blade-head machine a s  proposed by  .Varian 

f o r  use i n  1986. 
IMCEX 



Form 2 

Page' 1 of 1 - - 
Revision. -- 'Date 5/78 

[ o .I value '~daea : I $1 1 
Process Description: Mu1 t i  blade s lur ry  s l  icing 

Projection fo r  Variants s l i c ing  machine w i t h  900 blades b~ head, 

, Blades are  0.1 5 mm thick with 0.30 mm spacers 

1. Input  Spec i f ica t ion :  

Name of Item: Prepared machine load f r u 7  4 : 01 : n4 

Dinensions : 12-crn in diameter, 40-5 crn long, 10.72 kg s ingle  crystal  ingots 
I-' 
P High purity s i l i con  . . 

Xsterial: . .  
I 

; r 

Other Spec i f ica t ions  :: One. s i  1 icon crys ta l  mounted on ceramic block 
. . 

. . 1.1 Quantity Required: 10.72 kq  / load - u n i t  Cost: 70.98 $1 'kq s i  .. 

. .  . 

Note t o  I t e m  1 , 3 :  Use p r i c e ,  i f  i n p u t  produced i n  own p l an t .  



P r o c e s s  N O .  a , , [TI 
. . 

2 .2  I n d i r e c t  ? l a t e r i a l s  ' ( i n c l .  s u p p l i e s  and  non-,energy u t i l i t i e s )  : 

Form 4 

Paqe '1 of 1 - * -  

Revis ion Date 5/78 . . 

2 . 2  - 1 Tvpe:  A b r a s i v e  slurrv -- 
; I 

S p e c i f i c a t i o n :  P C o i l  w i t h  600 a r i t  a b r a s i v e  

---- C o n c e n t r a t i o n  0.24 kg/% - 

( ? u a n t i t y  R e q u i r e d :  !I /M; U n i t  C o s t :  1.85 $1 !L ; C o s t :  1 27.75 $ i  l o a d  15 - - 
2 . 3  2 Type:  Rise. m a t e r i a l s  - - . . - - --- . . 

S p e c i f i c a . t i o n :  Not  g i ven ;  e s t i m a t e d  -- -- I 

Q u a n t i t y  R e q u i r e d :  / : U n i t c o s t :  $1 ; cost:! 9.48 $ / l o a d  -- -- - -- - - - - . . - . - - - 
2 . 3 -  Type:  . - - - . . . - - - - - - . . - . - - -- I 

S p e c i f i c a t i o n :  -- I 

Quant  i t v  R e q ~ i r e . d :  / ; . U n i t  C o s t :  s / ; C o s t :  1 -- 
' )  ' $1- 

37.23 $1 1,oad 

r 

. . 2 . 2  S u b t o t a l  l n d i r e c t  + l a t e r i a l ' s :  



p r o c e s s  No. . . ml -I*] 

2 . 3  Expendable Tool ing  : 
Revi 's ion Date 

2 . 3  _1 Type: 900-blade drill pin pack consisting of 0.15 mn thick.1095 steel blades 
I 

Q u a n t i t y  Required:  0.5 -- Pack / load: U n i t  c o s t :  39.45 $/m c o s t :  79-73 $/m I I 

I 2 . 3 -  Type: 

Q u a n t i t y  Required:  -- / : U n i t c o s t :  $1 Cost  : I - 
2 . 3 -  Type: I 

Quan t i t y  Required:  -- / : Uni t  Cost :  $1 Cost  : 

2 . 3 -  Type: 

2.4 Energy 

2 . 4  _1 Type: Electrical, 1.67 kW in main and auxil iarv motors I 

$1- 

Q u a n t i t y  Required:  49.3 w i l d  : Uni t  c o s t :  -$/- COS t :  I 1-57 $ / b d  

, $1- 

19.73 $/jack 

. . 

Quan t i t y  Required:  -- / : U n i t c o s t :  $1- Cost :  

+ 
LJl 2 . 3  . Sub t o t a l  Expendable Tool ing:  
0 .  

Q u a n t i t y  Required:  : Uni t  Cost :  $1 Cost :  
. . 

2 . 4  S u b t o t a l  Energy Cos t s  : 

i 

$1- 

.I. 57 $11 oad 
. . 

. . 

2 . 6  Handling Charge: 5.26 % of  i t e m  2.5 

2 - 7  S u b t o t a l  M a t e r i a l s  and Supp l i e s :  

2.5 S u b t o t a l  2 . 1  t o  2.4; 

3.07,Sl& 

61.60 $/load - 
58.53 $/load 



P r o c e s s .  90.  

3.1 D i r e c t  Labor:  . , . . 

Form 6 

Date 5/78. ' Rev i s ion  

3 . 1 1  Category :  Semiconductor Assembl e r  A c t i v i t y :  
(SAMICS B3096D) 

Amount Requi red :  0.67 h /  lnad ; Rate :  $ 3-qr-1 I h ;  Load 36.0 %; Cost:  3:s 
' 3.1- ' c a t ego ry :  Semiconductor Assembler A c t i v i t y :  Machine superv i s ion  

(SAMICS B3096D) 
Amount ~ e ~ d i r e d :  0-67 '  h /  l a a d  ; l ate:.' $ 3.90 / h ;  L o a d 3 - 0  , %; Cost :  3.55 l oad  

3 . 1  - Category :  Kaintenance Mechanic ' A c t i v i t y :  hladp hpa- 
(SAMICS ~ 3 7 0 4 ~ )  

Amount Requi red :  . 0.6.7.. h /  l oad  ' ;, Rate :  $ 5-67 / h ;  Load3-n %; Cost :  .~~~~ 

3 . 1  D i r e c t  Labor S u b t o t a l :  
, . . . . d  . . . ,  

12.27 $ / l o a d  
3 . 2  I n d i r e ' c t  Labor:  25% o f  d i r e c t  

A c t i v i t y :  3 . 2  - Category :  

h  / / h ;  Load %; Cost :  Amount Rcqui.red : ;, Rate :  $ $1 
. . 

3 . 2  - Category :  A c t i v i t y :  

Amount Requi red  : h /  . ; Rate :  $ / h ;  Load %; Cost :  $1 

3 . 2  - Cat.egory : A c t i v i t y :  
. . 

Amount ' .Required:  h  / ; Rate :  $ / h ;  ~ o a d  %; Cost:  $ / 

3 . 2  I n d i r e c t  Labor S u b t o t a l :  , 3.07 $1 l o a d  

1 3 . 3  subtot.1, 3 . 1  and 3 . 2  15.34 $1 l o a d  

3 . 4  Overhead on Labor:  5.26 % 0.81 $1 l o a d  
t 1 3.5 S u b t o t a l  Labor -$ ~Llnad- 



. Proces s  No. 

- . " > . ,  

Form 7 
Page 1.. of - 1 

" .  Rev i s ion  Date  5/78 
4 .1  Equipment I 

, 4.1J Type: Multiblade s l i c i n q  machine 

c o s t :  30,000 $; I n s t a l l a t i o n  Cos t :  $ ; Throughput : 245 /h; y 

P l a n t  Oper 'g  Time 8280 h /y ;  Machine ~ v a i l ' t y :  90 %; ~ a c h i n e  0 p e r ' g  Time .7457 h l y  

S e r v i c i n g  Cos ts :  Labor h/y a t  $ / h ; P a r t s  o r  Outside. S e r v i c e :  1597.3 $ /y  

Usefu l  L i f e :  7 y;  Charge Rate :  21 -35 % of C o s t l y ;  C a p i t a l  Cost :  6420 S ly  

4 .1 -  Type: I 

32.70 $/load 

4.1- Type: 

c--' Cost:  $; I n s t a l l a t i o n  Cost:- $; Throughput: / h ;  
cn 
PO 

P l a n t  Oper 'g  Time h / y ;  Machine A v a i l ' t y :  %; Machine Oper 'g  Time h /y  

S e r v i c i n g  Cos t s :  Labor h/y a t  $ / h ; P a r t s  o r  Ou t s ide  S e r v i c e :  $ 1 ~  

Usefu l  L i f e :  y;  Charge Rate:  % of C o s t l y ;  C a p i t a l  Cos t :  $ 1 ~  

Cost :  $; I n s t a l l a t i o n  Cost :  $ ; Throughput : / h ;  I 

$1- 

P l a n t  Oper ' g Time h / y ;  Machine A v a i l ' t y :  %; Machine Oper 'g  Time 

-. . 

S e r v i c i n g  Costs: .  Labor h / y  a t  $ / h ; ~ a r t s  o r  Ou t s ide  S e r v i c e :  

. U,seful L i f e :  y;  Charge .Rate :  % of ~ o s t / y ; . C a p i t a I  Cos t :  $/.-l- 

I 

4 . 1  S u b t o t a l  Equipment Cost :  1 32.70 $1 load 



P r o c e s s  So. m. /ge  Form 8 
Page 1 o f  1 

R e v i s i o n  
4 . 2  F a c i l i t i e s :  

Da te  5/78- 

4.5-1 Type: S l ic inq machine area . F l o o r  Area: 5.6 245 loads / y  

2 r e- - - a - r r - - L , a r r  

Charge .Ra te :  179.13* $/(m . y ) :  Na in tenance  Cos t s :  
- P I - L I . 1 0 - -  

Energy Use: 

/ Y  a t  $1 O u t s i d e  S e r v i c e s :  

4.09- $1 load - .- - - -. 

4.2-  Tvpe:- F l o o r  Area: 

Charge Rate :  r - - - - - - - - - - - - -  Naintenance c o s t s :  
a D I .  

Energy Use: 

/ y  a t  $1 

Outs ide  S e r v i c e s :  -- 
I - - - - - - - - - - - -  

/Y a t  $1 

Plaintenance Cos t s :  
- - 1 1 0 -  - - - -  

Energy Use: 

Hea t ing  / y  a t  $1 

A i r  Cond'g /Y a t  $1 

L i g h t i n g  

*Includes energy use 
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Page 1 of 1 - - 
Process No. a. D. I-i-Tq- 
5. ~alvz~ed. Material (Work-in-process) 

5.1 Quantity of Work-in-Process 1. contained in Good Output 
work-in-process (per Computation Unit) 

5.21 Input Work-in-process 1. Not Contained in Good Output 
Work-in-Process ("Amount Required" from 1.1 minus 5.1) 

5.22 Net Amount.of 5.2i which is sold for Credit As-Is or 
n 17 - 

After Applying Re-Process U , U . 
I-' - 
cn 5.23 Credit for 5.22 at the Market Value of . - - $/-: P * - -. 

5.24 Cost of Reprocessing Material of 5.22 
at the Average Reprocessing Cost of $/ 

5.25 Net 'redit for 5.22 (5.23 minus 5.24): 

Revision Date 5/78 ' 

5.06 kg / load 

. . *  

5.06 kg / load 5.2G Material.of Type 1. Lost in Process (5.21 minus 5.22) 

5.'3 . Cost of Work-in-Process Lost (Amount 5.26 Times Unit Cost 1.1) 
. .. 

5.4 Cost of .Work-in-Process Contained in Good Output Work-in-Process . . 

(Amount 5.2 Times Unit Cost from 1-11 

359.18 $/load 

401.76 load '  
$1- 

Salvaged,Naterials Summary: 
L 

5.8 Tctal Net Credits for All Salvaged Materials (5.25 + 5.67 + 5.76! $1- 



F o r m l o .  , ' .  
. . Proces s  NO. a I - 

. , 

Page 1. .of 1 
6.  'Byproducts and Wastes ' I 

Revis ion  Date 5/78 
. . 

. . 
' 6 . 1  Sol id"  Byproducts/Wastes . . 

. . 

. - 
. . 

6 .1  1 ~ y p e .  (Composi t ion):  S i l i c o n  c h i p s  and d u s t  , ~ u a n t  i t y  Produced : 0.536 kg / . . l oad  . . 

Phys i ca l  ShapeISize:.  
. . Energy 'Content :  

. . . . 
kwh/ 

. .  . 

3  ensit it^:.^.^*^^'^ f/cm ; w a t e r  S o l Y b i l i t y :  ' o -- g / l  a t  --- C:  pH: 
. . . . . .  . . :. . 
. . T o x i c i t y :  Biodegradab, le:  . Other  Remarks: 

. . -- - - -  - -. 

, . 
.+,. . Type df Disposa.1.: - -  
m 
m . . 

. Input  ~ a t e . r i a l .  f o r :  -- C o s t / ( C r e d i t )  S / ; -- Cost : . $ 1  : -- 

. . 6 . 2  Liquid ~ ~ ~ r o d u c t s l ~ a s t e s  ( i n o r g a n i c ) :  

0 . 2  1 ~ y p e  , (Composit i o n )  : P C  o i l  s l u r r y  - ' Q u a n t i t y  Produced: 1'5 !2 / load  

3 
D e n ~ i t y : 0 * 9 5 ~ / c m  -- ; suspended S o 1 i d s : S i C a b r a s i v e  Amoun t :0 .24  IP.g/l pH: 

T o x i c i t y :  Heavy Metal  Content :  mg/l Other  ~ e m a ' r k s :  

Oil also contains  4.76 kg of k e r f / l o a d ;  concentration i s  0.32 kg / l .  

Type of D i sposa l :  

. . '. 

$ / Inpu t  ? l a t e r i a l  f o r :  ~ o s t / ( ~ r e d i t )  Cost :  

Car ry :  < 



Form "12 
Page. 1  of  1 -- 

Process No. B.D. 
7. Process  Cost Computation 

Revision Date 5/78 

7.11 Manufacturing Add-On Cos ts  (sum of 2.7, 3.5, 4.3, 6.) 114.46 $ / load  I 
7.21 Tota l  Operat ing Add-on Cos ts  of Process: (=$/1pnb_ 

- 

7.31 Tota l  Cross Add-On Cost of Process 

I 7.32 Cred i t  f o r  Salvaged Mater ia l  (5.8)' $1 

7.33 Cost of Work-in-Process Lost  (5.3) 
- - -- - - -- 

7 . 3 4 S p e c i f i c A d d - O n C o s t o f  Process  

7.35 Cost of Input  Work-in-Process Contained i n  Good 
Output Work-in-Process (5.4) 

7.36 Loading on Item 7.35 a t  Rate % .  

7.37 Cost of Output Work-in-Process (7.34 + 7.35 .+ 7.36) 

398.40 $1 1 oad 

7.41 Theore t i ca l  Yield (or  Conversion Rate, i f  ou tpu t  u n i t s  of 
work-in-process do no t  equal  i npu t  u n i t s )  0.947 -- m2 / kg 

7.42 P r a c t i c a l  Yield 95 % 

7.43 E f f e c t i v e  Yield (7.41 x 7.42) 0.9 m2 / kq 

7.44 !{umber of Uni t s  of Good Output Work-in-Process per  
Compwtation Unit'Used up t o  7.35 

9.67 m2 / 1 oad 

7.51 Cost of Unit o f  Good Output Work-in- 
Process (7.37 + 7.44) 

7.52 Specific Add-On Cost pe r  Unit  o f  Good 
Output Work-in-Process < ? . 3 4  + 7.44) 



P r o c e s s  KO. 

. . , . . . 
8. P r i c e .  Computation 

8 . 1  A l t ~ r n n t e  1 
. . .  

8.11 P r o f i t  a t  Expected,  Rate  bf - 20 2 :  9'.65 - $ /  rn2 
(Tr0f.i t - h e f c r e  . incone t a x e s ;  a p p l i e d  t o  7 .,52), 

. . 
. . 

~.li ? r i c e  'df . Proces s '  . ( 7 . j 2  '+ 8..11), . . 
8 . 1 3  T r i c e  o f  Work-in-Process (7 .51  + 8.11) 

- 

Form 1 3  -1 
Page .  - 1 o f  1 - 

Rev i s ion  . '  Date 5/78. 



Proces s  ?jo. EJ.amlX1-lXj Form 13-2  
Page 1 

Rev i s ion  Date 5 / 7 8  

8.2 A l t e r n a t e  2 (SAMICS Methodology): 

8.21 P r o f i t  Computation: 

o.g274* 3 2 . 7 0  $1 l o a d  from S u b t o t a l  4 .1 = 3 0 . 3 3  $1 l o a d  

1.946* 4 . 0 9  $/  l o a d  7 . 9 6  1  oad  from S u b t o t a l  4.2 = 
I 

S u b t o t a l  = 3 8 . 2 9  $1 l o a d  

8.22 C o s t s  'of Amor t i za t i on  of  t h e  One-Time Cos t :  

0.192* 61 . 6 0  $1 l o a d  --- from S u b t o t a l  2.7 = 11  . 8 2  $1 l o a d  --- ----. 

0.192" 1 6 . 0 7 5  l o a d  from S u b t o t a l  3.5 = 3.09 $1 1  o a d  

0.2958* 3 2 . 7 0  9 . 6 7 . .  l o a d  
$1 l p a d  - f rom 'Sub to t a l  4 .1 = $I-- 

2.77* 4 - 0 9  $ /  : l o a d  from S u b t o t a l  4.2 = 1 1 . 3 4  l o a d  ' ------ -- 
. . 

Sub t o t a l  = '  3 5 . 9 2  $1 l o a d  

8.23 T o t a l  Net Cost  o f  (8.21 + 8 .22 ) :  
\ . . 

. 8.24 P r o f i t  and ~ m o r t i z a t i ' b n  of S t a r t - u p  C o s t s  per .  Un i t  of Good Output  
Work-in-Process: 
(D iv ide  S u b t o t a l  8.23 by 9  67 m 2  / l o a d  from 7.44) 

. . 

7 . 6 7  $;I m 2  

8 . 2 5 . p r i c e  of p r o c e s s  (7'.52 + 8.24) 
- .  . I 

8.26 P r i c e  of  Work-in-Process (7.51 + 8.24) 

. 74 .21  $1 l o a d  

. . . 

56.89 $ 1 . 2  

98.10 $1 m 2  



Process No. Form 15 
Page 1 of 1 

9. Process Economic Evaluation: 

I 9 . 3  Output Cost (7.51) 

Revision' Date 5/78 
a 

9 .1 Process Cost Balance (7.52 - 0.1) $1 

9 . 2  Relative Process Performance (9.1 :. 0.1) 

1 9.4 output value ( a .2  + 0.1) I $1 
L 

9 . 5  Relative Excess Cost L(9.3:- 9 .4 )  i 9.41 I -- 



f 

'Process NO. Eorm 15 
?age _L of P I  1 

Revision Date 5/78 . 

0. Output Specification: 
. . 

~ a m e  of item: Silicon wafer, as cut 

Dimensions : 12 c..m in'dia., 0.25. mm thickness 

High purity silicon Material: . 

O r h e r  Specifications: Kerf thickness 0.2 m 



Form 1 

University of Pennsylvania 

PROCESS CHARACTERIZATION 

(UPPC) 

process : Sheet generation 

Subprocess : Wafer .generation 

Crystal Systems ' Fixed Option: 

~brasi 've Mu1 tiwire S l  icing 



1 1 Page of 

Revision' -- Date 7/78 

0.1 Value  Added: I $1 I . . process  Descr ip t ion :  Multiwire fixed abrasive s l ~ c ~ ~  a s  -1 c r v c t ; l l , , ~ p m z  n . . 
., 

1. Input  S p e c i f i c a t i o n :  

bo-, hea t pwr- Name of Item: Sectioned from a 30 x 30 x 30 r m  '*stiu.+ 

Disensions:  Two 30 x 10 x 10 cm ingots, each weiqhinq 7.02 ka + 
m 
TU 

~ 3 t e r i a l :  S i l icon  crys ta l  ( h i g h  pur i ty)  
\ 

Other S p e c i f i c a t i o n s :  Two bl-c a r e  ~ r c ~ r l  f n r  ~ a r h  Inarl 

1.1 Quant i ty  Requi red:  14.04 " kg / .load . 
P C - -  

Unit Cost: 27.75 $/ ka 
r 

Rote to Item 1.3: Use price, if input'produced in own plant, 



2 . 2  I n d i r e c t  ? l a t e r i a l s  ( i n c l .  - s u p p l i e s a n d  non-energy u t i l i t i e s ) :  
. _ :  

Revision 
- . -,-< 

Date 7/78 

2.2 1 ,  Type: Coolant water -- 9 - I 

S p e c i f i . c a t i o n :  F i l t e r e d  domestic water flowing a t  a r a t e '  of a'bout 20 R/h 

+an t  i t !  f?c.quiri.ci: -.- '333 -- 1,/10ad; - [ ini t  c o s t :  0.113 $ / l o 0 0  R : c o s t :  

2 . 2 2  Tspe:  Misc. mate r ia l s :  ' eq. s l i c e r .  p a r t s , .  . e t c .  

. . S p e c i f i c a t i o n :  ' ------ 

, . 0.04 $1 --. load 

Q u a n t i t y  ?.equired : I : ~ ! n i t ~ o s t :  0.30 $ / l o a d  cost: -0 .30 ~1 load -.- - - - . . . - -- I -- 

2.2- Type: - - - . . - - - - - . . . - . - - - -.- I 
S p e c i f i c a t i o n :  -- 

Q u a n t i t y  Requi red :  -- / ; Uni t  Cos t :  $1 ; Cos t :  

I 

2 . 2  S u b t o t a l  I n d i r e c t  N a t e r i a l s :  

b 

0.34 $1 load 

. . 



Process  NO. a, ml-m, . Form 5 .-. 
Paqe 1 o f .  1 

:- - 2.3 Expendable Tooling: 

- .  Revis.ion' 
, . 

  ate 7/78 
2.3 1 Type: 2, 750 wire-blade ~ a c k a a e  sets I 

0.2 sets/ load: u n i t  c o s t :  25 $1 set  c o s t :  Quan t i ty  Required: - 5 $ / l o a d  

2.3- Type: -- I 
' - Quant i ty  Required: -- / : U n i t c o s t :  $1 .- Cost: -$I- 

2.3- Type:. I 
Q u a n t i t y  Required: -- I '  : u n i t  c o s t :  $1 Cost : I $1- 

2.3- Type: I 

. . 
. . 2.4 Energy . . ... 

Quanti ty Required: -- . 1 : U n i t c o s t :  $1- Cost : 
. . 

I-' 
m I 2 . 3  ' S u b t o t a l  Expendable Tooling: 
&. 

2 . 4 1 . T y p e :  2 kW motors 
I 

$1- 

5 $1- 1 oad 

Quanti ty Required: 33.3 kWh/load : u n i t  Cost: 0 . 0 3 1 9 $ 1 k W h ~ o s t : l  1.06 $1 load 

* .  

~ u a n t i t y '  ~ e & i r e d :  : Unit Cost:  $1 Cost: 

I 2 . 4  S u b t o t a l  ~ n e r g ~  Costs: 

2.7  S u b t o t a l  M a t e r i a l s  and Suppl ies :  ( (2.5 + 2 . 6 )  

$1- 

1.06 $ 1  load 

2.5 S u b t o t a l  2.a t o  2.4: 

2.6 Handling Charge: 5.26 % of i t e m  2.5 

6 . 4 0 ~ U . . o . a ~  
0.34 S/ load 



P r o c e s s  K O .  

3 .1  D i r e c t  Labor:  

Form 6 . . 

1 of 1 Page - - 
Rekis ion  Date 7/78 

. A c t i v i t y :  machine ioailinqandurlloauirla 3 . 1  1 Category :  Semiconductor Assembler - 
( SAMICS B3096D) 

Arnoun t Required : 0 50 h /  1 oad -- ; Rate :  $ 3.90 i h ; . L o a d  36.0 % ;  Cost:  2.65 $ /  load --- 
3.1-2 Category :  Semiconductor Assembl er A c t i v i t y :  Machine su~ervjsion 

(SAMICS B3096D) 
AmountRequi rcd :  1.1 h /  load ; R a t e :  $ 3 -90 /h; Load 36.0 %; Cost :  -AJ3L-$1& 

3 . 1  3 Category :  Maintenance Mechanic I1 A c t i v i t y :  Service and rpnair. rtlt- - change 
(SAMICS B 704D) 

Amount Required:  ?.o hi load ; Rate :  $ 5.67 I h ;  Load 36.0 %; Cost :  ~ $ L l n & l -  

2 I n d i r e c t  Labor:  25% of direct 
3 . 1  D i r e c t  Labor S u b t o t a l :  1.6.13 $1 load 

3.2  - Category :  A c t i v i t y :  
- - 

~'unount Required : h/  ; Rate :  $ / h ;  Load %; Cost :  $ / 

I 3.2 - Category : '  A c t i v i t y :  

I -4mount Required:  h/ ; Rate :  $ /h; Load %; Cost:  ' $1 

3.2  - Category :  ~ c t i v i t ~ :  

Amount Requi red :  h / . ; Rate :  $ / h ;  Load %; Cost:  $ / 

3.2 I n d i r e c t  Labor s u b t o t a l :  4.05 $/load 
. . 

3 . 3  S u b t o t a l  3 . 1  and 3 . i  . 20.24 $1 load 

3.4 Overhead on Labor: 5.26 % 1.06 $/lO.a.d -- 
3.5 S u b t o t a l  Labor .21 .30 $1 1 ~ a d  

4 



P r o c e s s  No. 

4 .1  Equipment 

I Form 7 
1 Page 1 of - 

Rev i s ion  Date 7/78 

1 
4 . 1  - 1 Type: FAM s l i c i n q  machine w i t h  two blade heads 

$; Throughput : c o s t :  35,000 $; I n s t a l l a t i o n  c o s t :  385 loafis 1k;y 

4.1 - Type: I 

P l a n t  Oper'g Time 8280 h/y ;  Machine A v a i l ' t y :  85 %; Machine Oper 'g  Time 7038 h l y  
. . 

S e r v i c i n g  Cos t s :  Labor h /y  a t  $ / h ; ~ a r t s  o r  Ou t s ide  S e r v i c e :  1592.3 Sly  

Usefu l  L i f e :  .7 y;  Charge Rate:  21 -35 % of  c o s t l y ;  ' C a p i t a l  C o s t :  7472.50 $/y 

. .  , 

Cost :  $ ;  . I n s t a l l a t i o n  Cost :. $; Throughput: 

\ 

23.54 $1 load' 

P l a n t  Oper 'g  Time h /y ;  Machine A v a i l ' t y :  %; Machine Oper 'g  Time 

S e r v i c i n g '  Cos t s :  Labor h/y a t  $ / h ; P a r t s  o r  Ou t s ide  S e r v i c e :  

Usefu l  L i f e :  y; Charge Rate: % of  c o s t l y ;  C a p i t a l  Cost :  $/ 

6.1- Type: 

Cqs t : . . $; I n s t a l l a t i o n  Cost :  $ ; Throughput: / h ;  

P l a n t  0 p e r ' g  Time ' h / y ;  Machine ~ v a i l ' t y :  %; Machine Oper 'g  Time 

' S e r v i c i n g  Cos t s :  Labor h l y  a t  . $ / h ; ~ a r t s  o r  o u t s i d e  S e r v i c e :  

C s e f u l  L i f e :  y ;  Charge Rate :  % of Cos t /y ;  C a p i t a l  Cos t :  

4 . 1  S u b t o t a l  Equipment Cost :  



P r o c e s s  No. B,a.lT]- 
. .  . 

4.2 F a c i l i t i e s :  

. . .  Form 8 

Page 1 of 1 
Revis ion  Date  7/78 . 

4.zJ Type: S l i c i n g  machine a r ea  F l o o r  Area: 7.43 m ; Throughput: 385 loads / y  
2 

2 L . - - L I -  

Charge Rate:  179.13* $/(m . y ) ;  r Elaintenance Costs :  - -  
. Energy Use: 7 Labor: h l y  a t  S/h 

Hea t ing  / Y  a t  $1 1 S u p p l i e s :  S / Y  

A i r  Cond'g IY a t  $1 O u t s i d e  S e r v i c e s :  $ 1 ~  1 
L - - - - - - - - - - - -  

L i g h t i n g  IY a t  $1 
T o t a l  Cost :  r 1330.94 $ 1 ~  L 3.46 $1- 

4.2- Type:- Floor  Area: m ; Throughput:  1 Y 2 

2 r------ a,- - - 0 - -  

Charge Rate:  - $/(m . y ) :  Maintenance Costs : ,  
- L I w - - - w  

Energy Use: 
-I 

1 
Labor: h l y  a t  S/h 

Hea t ing  . / y a t  $1 
Suppl ies :  $ 1 ~  

A i r  Cond'g / Y  a t  $1 1 
Outs ide  S e r v i c e s :  $ 1 ~  

L - , .  
L i g h t i n g  IY a t  $1 

T o t a l  Cost:  $ 1 ~  $1- 
- 

4.2- Type: F l o o r  Area: m ; Throughput: ' IY 2 

2 - . I . c - . I . - - L v d  

Charge Rate:  
$Icrn J Maintenance Costs :  

- - - - a  
Energy Use: 

h l y  a t  $ /h  
Hea t ing  IY a t  $1 I 

S u p p l i e s :  S ly  
A i r  Cond'g / Y  a t  $1 1 L Outs ide  S e r v i c e s :  $ 1 ~  

L i g h t i n g  / y a t  $1 0 - v - u r l l  

t T o t a l  Cost:  $ 1 ~  $1- 

3.46 $1 load 

27.00 $1 load 

1 

* Includes energy use 4.2 S u b t o t a l  F a c i l i t i e s :  

4 .3  Equipment and F a c i l i t i e s  S u b t o t a l  : 
b 



Page - 1 of 1 

Process No. 
- Revision Date. 7/78 

. . 
Salvaged Material (Work-in-process) 

Work-in-Process (per Computation Unit) 

5.21 Input Work-in-process 1. Not Contained in Good Output 
Work-in-Process ("Amount Required? from 1.1 minus 5.1) 

5.22 Net Amount of 5.2i which is sold for Credit AS-IS or 

After Applying Re-Process O , L . L U - ~  , 

5.23 Credit for 5.22 at the Market Value of 

5.24 Cost of Reprocessing Material of 5.22 
at the Average Reprocessing Cost of 7.02, kg $1 load 

.5.25 Net credit for 5.22 (5.23 minus 5.24): 

5.4 Cost of Work-in-Process,Contained in Good Output work-in-process 

Salvaged Materials Summary: 

5.8 Total Net Credits for All salvaged Materials (5.25 + 5.67 + 5.76) 
i 

L $1- 



P r o c e s s  N o .  a. ..ma 1-m-j-[qq 
6. Byproducts  and Wastes 

Form 1 0  
Page 1 of 1 - 

Rev i s ion  Date  

6.-1 S o l i d  ~ y p r o d u c t s / W a s t e s  

6 . 1  - 1 Type ( compos i t i on ) :  S i l i c o n - b r o k e n  wafers . q ; a n t i t r  Produced:  0 / l oad  

P h y s i c a l  Shape /S i ze :  . - Energy Conten t :  kwh / . P. 

Densi ty :  g/cm3; Water S o l o h i l i t y :  ' . K /  1 a t  o - C:  . pH: 

T o x i c i t y  :- Biodegradable :  Other  Remarks: 

. ?  .- . 

h .  2 Liquid Ryproducts/Wnstrs  ( inorgan ' ic ) ' :  

Type u f ' D i s p o s a 1 :  ---- 
. . .  . . - 

. . .  
C o s t / ( C r e d i t )  $1 ; Input  ? l a t e r i a l  f o r :  -- - - Cost :  

. . 

6.2-1 Type (Composi t ion)  : water and .silicon kerf Q u a n t i t y  Produced.: 333 k/ l oad  , I 

. $1 : 

3  Dens i t y :  -- 1 glcm ; susp'ended S o l i d s :  s i l icon Amount: 21.08 g / 1  pH: >7 

T o x i c i t y :  Heavy Metal  ~ o n t e n t : 2 1 . 0 8  g/1 Other  Remarks: 

P o s s i b l e  t o  s e p a r a t e  the s i l i con  from water and recycle it. 

Type of D i s p o s a l :  S i l i c o n  f i l t e r e d  o u t  and water r e c y c l e d  t h r u  c o o l i n g  tower 
. . 

. a. i n p u t  M a t e r i a l  f o r :  C o s t / ( C r e d i t )  $1 Cos t :  $ / - -  



Process No. B.a.m- Revision Date 7/78 

7. Process Cost Computation 7.11 Manufacturing Add-on Costs (sum of 2.7, 3.5, 4.3, 6.) 55.04 $ / l o a d  I 
irect Cost? - X of 7.11 
-1 )  + 0.108 4 .~ ;  

1.76 $1 
. - .- 

I 
. - 

7.21 Total Operating Add-on Costs of Process: S l i ~ d c i  

7.31 Total Gross Add-On Cost of Process 

. 7.32 Credit for Salvaged Material (5.8) 

7.33 Cost of Work-in-Process Lost (5.3) 11 94.78-: $1 1 oad 

7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.3;)7251 - 58  ' $1 load 

7.35 Cost of Input Work-in-Process Contained in Good 
Output Work-in-Process (5.4) 194.78 $ / l o a d  

7.42 Practical Yield 1 0 0 %  

7.43 Effective Yield (7.41 x 7.42) 196  fit / 
a I 

7.51 Cost of Unit of Good Output Work-in- 
Process (7.37 + 7.44) 

7.44 !{umber of Units of Good Output Work-in-Process per 
. Computation Unit 'Used up to 7.35 15 m2 / load 

7.52 Specific Add-On Cost per Unit of Cood 
Output work-in-process (? -34 t 7.44) 

E 

, 

I 



Process So. 

. ,  . . 
. , . ,. 

8. Price Computation 

8.1 Altcrnnte --- 
8-11 Profit .at Expected Rate of 20 %: 3.36 $ /  m2 

(prof it hefdre incone taxes; applied to 7.52) 

3.12 Pr-ice of Process (7.52 + 8.11) 
8.13 Trice of'~ork-in-process (7.51 + 8.11) 

. . , ' . For'm '13-1 
Pa'ge' of 1 

.Ddte - 7-78 Revision 



Proces s  No. Form 13-2 
Page 1 o f  1 - - 

R e v i s i o n  .Date 7/78 

0.9274* 23.54 $1 load f r o m S u b t o t a l 4 . 1 =  21-83 $1 load 

from S u b t o t a l  4.2 = 

0,1g2* 21.30 $1 load 

from S u b t o t a l  4.1 = 6.96 $1 load 

50.50 $1 load 

Work-in-Process: - . 

(D iv ide  S u b t o t a l  8.23 by 15 

3.37 '$1 load 

8.25 P r i c e  of  P r o c e s s  (7.52 + 8.24) 



'Process No. 

0 .  Output specification: 

Form 15 -.- 
Page 1 of 1 

Revision Date 7/78 

Name of item: Wafer 

Naterial: Solar grade silicon- . .  ---- -- 

other SpeciEications: -- 200 'vm thick, 3 pm deep fissures 
. . 

- ---- a -- 

- - - - - --..------ 

I-' 
.4 . . 
W . .  - ---.- - - .  ----- 

. . ... - . . , . . - .  -. -- . . . . 
p- -- I . . . - -  - - 

. - -  
-- ----.-- ---. 

--- - 



Process NO. Q - mi - IT ]  
University of ~ennsylvania 

PROCESS CHARACTERIZATION 

(UPPC) 

Process : Sheet genera tion 

Subprocess: Ingot slicing 

Option: Mu1 tiwire sl icinq 

, ' 

Yasunaga YQ-100 (Experimental 1978) 



Form 2 

Page 1 of 1 - - 

P r o c e s s  No. 

Rev i s ion  -- Date  4/78 1 
0.1  Value Added: I $/ : - , I  

P r o c e s s  D e s c r i p t i o n :  Mu1 ti wi r e  s l  u r r y  wa fe r i  nq 
. . 

Data obta ined from a JPL conducted' demonstrat ion run. - 

215 s l i c e s  were made per l oad  and 0.4 mm p i t c h  guides were used 
. . 

1. I n p u t  S p e c i f i c a t i o n :  

same of  I t e m :  Prepared machine l o a d  f rom 2.4:01: 16 
i 

7.6 cm-diameter, 8.8cm long, o.g4kg/load Dinens ions  : 
Ln 

i . 
i: 

K a t e r i a l :  High p u r i t y  s i l i c o n  

* 
Other  S p e z i f i c a t i o n s  : Inqo ts  a r e  mounted on ceramic W- 

. . -. 1.1 Q u a n t i t y  -Required:  1.06'1 kg / l o a d  -- Unit  c o s t :  . 155.98 .$/ kg 

I L .2  I n p u t  Value: I $1 I 

Note to Item 1.3: Use price, if input produced in own plant. 



I 

Proces s  NO. a . a . -161 
2.2 I n d i r e c t  E l a t e r i a l s  ( i n c l .  s u p p l i e s a n d  non-energy u t i l i t i e b s ) :  

Form 4 ' 

Paqe 1 of 
. - - 

Revision . Date 4/78 
2 .2  1 Type: Abrasive . 9 . - 

S p e c i f i c a t i o n :  13 GC'1200 abras ive ,  concentra t ion 1.5 kg/R; 

I s  used twice. 5'ka. needed. Per load o r  2.5 kq corisumed per load 

2 . 2 2  Type:, Lapping o i l  veh ic le  f o r  abras ive  I 
S p e c i f i c a t i o n :  I S  used f o r  two loads :  - > 

-- 3.25 R used i n  each load and 1.625 ---- r -  

. ... -- R consumed i n  each load -- 
Q u a n t i t y  Required:  --.- 1 *625...- . % .- /load -- : Unit  Cost : 1.25 $1 R ; c o s t  : I  2.631 . s /  2 loads  

2.2- Type: - - - - . . . - - - - 

S p e c i f i c a t i o n :  I 
Q u a n t i t y  Required:  -- / ; Uni t  Cost:. $ /  .- ; Cost :  I $1- 

2 . 2  S u b t o t a l  I n d i r e c t  P i a t e r i a l s :  32.28 $1 load 



,*o;J-[-] . Pr'ocess No. 

2 . 3  Expendable Tool ing:  

Form 5 

Page 1 of 1 - . -  - 
R e v i s i o n  Date 4/78 

2 . 3 A  Type: S tee l  w i r e ,  0.16 mm d i a .  Can be used t h r e e  times - .  
I 

5667 - 3 
Quan t i t y  Required:  -- m / load  Un i t  c o s t :  5.7xlO$l m Cos t :  32.30 $1 load I 

2 . 3 -  Type: I 
Q u a n t i t y  ~ e q u i r e d :  -- 1 : Unit  Cos t :  $1 c o s t :  I - 

2.3-  Type: 
- I . ' . '  

2 . 3 -  Type: . 

~ u a e t i t y  ~ e ~ u i r e d :  .-- / : Unit  Cost :  $1 Cos t  :. 

. . 

$1 

. . * . '  

Q u a n t i t y  Required:  5.4 kWh/load . . : . ~ 3 i t ' c o s t :  0.0319$/& c o s t :  0.'177 $/load . . . . . . . '  . .  

:- 
4 '  Q u a n t i t y  Kequired:  -- 1 : U n i t c o s t :  $ 1  Cost :  
4 

2 .3  S u b t o t a l  Expendable Tooling:  
- .  

2.4-  Type: I 

$1.. ., % 

3 2 . 3 0  $1 load: , . . . . 

> P .  . . 

2.'4 Energy . . 

. .  . 

2.4 _1 Type: Electrical . ' ,  '0.6 kW t o t a l  power f o r  main and a u x i l i a r v  motors . . . . 

Q u a n t i t y  ~ e . ~ u i r e d :  . : Unit  Cos t :  .$I' Cost  : 
. . 

2 . 4  , ' S u b t o t a l  Energy Cos ts :  

$ 1  

0 . 1 7 2 . .  load $1- 
B 

2.5 S u b t o t a l  2 .1  t o  2 .4 ;  

2 . 6  Handling Charge: 5.26 2 of i t em 2 . 5  

2 . 7  S u b t o t a 1 , M a t e r i a l s  and Supp l i e s :  
(2 .5  + 7.6) 

64.75 $/ load 

3.40 $1 load 

68.15' .  $/ load 



Process  So. Form 6 
1 of 1 Page - - 

Date 4/78 Revision 

3.1 D i r e c t  Labor: 

3.1J Category: Semiconductnr Azz~mhlPr A c t i v i t y :  . Machine load ing/un load ing , 

,(SAMICS B3096D) 
Amount Required: 0.25 h/- ; Rate:  $ 3.89 i h ;  Load 36.0 %; Cost: A$/% 

3 .12  Category: Semico.nductor Assembler A c t i v i t y :  machine superv is ion  
(SAMICS B3096D) 

Amount Required: 0.33 h /  l oad  ; Rate: $ 3-89  / h ;  Load -46 .n %; Cost: --La@-$/- 

3 . 1 2  Category: Maintenance Mechanic A c t i v i t y :  wire r- 

Amount Required: 0.5 h /  load ; Rate:  $ 5.67 /h ;  Load 36.n %; Cost: ?$/- 
1 .  

. 3 . 1  D i r e c t  Labor Sub to ta l  : 
I-' 6.40. $ / l o a d  - 3.2 I n d i r e c t  Labor: 25% o f  d i r e c t  
(X, 

3.2  - Category: A c t i v i t y :  

Amount Required : h  / ; Rate:  $ / h ;  Load %; Cost: $1 

3.2 - Category: A c t i v i t y :  

Amount Required: h /  ; Rate:  $ / h ;  Load %; Cost: $1 
. . 

3.2-  Category: A c t i v i t y :  

Amount Required: h / ; Rate:  $ /h ;  Load %; Cost: $1 

3.2 I n d i r e c t  Labor Sub to ta l :  1 ..7.3. $1 1 oad 

3.3  S u b t o t a l  3 .1  and 3.2 8.13 $/*d 

3.4 Overhead on Labor: 5.26 % 0.43- $1 load 

-3.5 S u b t o t a l  Labor " 8.56 $ UQd- 



P r o c e s s  No. 

4 . 1  Equipment . . 

Form 7 
Page 1 of  - 1 

Rev i s ion  Da t e  4/78 

4.1-l  Type: Yasunaqa YO - 10f1 S l ~ r ~ n n  . . 

c o s t :  30,000 $; I n s t a l l a t i o n  Cos t :  n.a. $; Throughput :  745 loads /h;y , 

. . 

P l a n t  Oper 'g  Time 8280 h I y ;  Machine ~ v a i l ' t y :  90 %; Machine Oper 'g  Time 7452 h l y  

S e r v i c i n g  Cos t s :  Labor  h l y  a t  $ / h ; P a r t s  o r  O u t s i d e  S e r v i c e :  n.a. S l y  

Us e fu l  L i f e :  7 y;  Charge Rate:  21.4 % of  C o s t l y ;  C a p i t a l  Cos t :  6420 $ 1 ~  

4.1. - Type: 

Cos t :  . $; I n s t a l l a t i o n  Cos t :  $; Throughput :  ' l h ;  

P l a n t  Oper 'g  Time %; Machine Oper 'g  Time h Iy ;  Machine ~ v a i l '  t y :  ~ I Y  

S e r v i c i n g  C o s t s :  Labor  h l y  a t  $ / h ; P a r t s  o r  O u t s i d e  S e r v i c e :  $ 1 ~  

8.61 $1 load 

Us e fu l  L i f e :  y ;  Charge Rate :  2 of  Cost /y , ;  C a p i t a l  Cos t :  $1  

4 . 1  - Type: 

Cos t :  $; ~ n s t a l l a f i o n  Cos t :  $ ; Throughput : 

P l a n t  Oper 'g  Time h l y ;  Machine A v a i l ' t y :  %; Machine 0 p e r ' g  Time . 

S e r v i c i n g  Cos t s :  Labor h /y  a t  $ / h ; P a r t s  o r  O u t s i d e  S e r v i c e :  

Use fu l  ~ i f e :  . . y;  Charge 'Ra t e :  % of  C o s t l y ;  C a p i t a l  Cos t :  $ 1  

4 .1  Subto. ta1 Equipment Cos t :  8.61 $.I load 
. . 



P r o c e s s  N o .  n.m.[z-l- 
4 . 2  F a c i l i t i e s :  

- 

Form 8 
Page 1 of 1 

R e v i s i o n  Da te  4178- 

2 
4.2-1 Type: S l i c i n g  machine area F l o o r  Area: 4.0 m ; ~ h r o u ~ h ~ u t :  745 l o a d s  / Y  

. . 2 r - 0  - C I - - L L I C I C . -  

Charge Rate:  179.13* $/(m . Y ) :  Elaintenance Cos t s :  - - - - - - - -  
Energy Use: 7 Labor: h l y  a t  S l h  

Hea t ing  IY a t  - $/- 1 S u p p l i e s  : $ 1 ~  
a 

Air  Cond'g 
1 O u t s i d e  S e r v i c e s :  

-- /y  a t  $1 S IY 
. L ' - - - -  

L i g h t i n g .  / y  a t  $1 
T o t a l  Cost :  716.52 $/y 

v 
. 2  

4.2- Tvpe:- F l o o r  Area: m ; Throughput:  1 v 

roo-- L - - -  
2 

$1 (m . y )  ; Maintenance Cos t s :  Charge Rate:  -. 
- - - - - e r r , - - - -  

Energy Use: 
-1 , .Labor: h /y  a t  S/h - 

Heat ing /y  a t  $1 1 S u p p l i e s :  . Sly  - 
I 

A i r  ~ o n d ' g  / Y  a t  $ 1 -  Outs ide  S e r v i c e s :  $ / Y  i 

L i g h t i n g  / Y  a t  $ 1 -  
T o t a l  Cost:  $ 1 ~  

v 

0.96 $1 l o a d  

$1- 

Z 
4.2- Tvpe : F l o o r  Area: m ; Throughput: 

2 
. Charge Rate:  S/(m . y > :  -1 ~ l a i t i t e n a n c e  Cos t s :  
- , - - . I . - - -  

. Energy Use: h /y  a t  $ /h  

Heat ing /Y a t  $1 
1. S u p p l i e s :  

I 

. 3  Equipment and ; F a c i l i t i e s  S u b t o t a l  : 1 9 . 5 7  $ / l o a d  

~ i r  Cond'g I 
, , / Y  a t .  $ 1 -  L C u t s i d e  S e r v i c e s :  $ /Y 

L i g h t i n g  / Y  a t  - - . -  - 4  $1- Total: Cost:  $ 1 ~  

I 4 . 2  S u b t o t a l  F a c i l i t i e s :  * I n c l u d e s  enerqy  use 

$1- 

0.96 1 oad 
$1- 



Process No. Zl.D. Revision Date 4/.78 

4 .  5. Salvaged Material (Work-in-process) I 
5.1 Quantity--of,Work-.in-Process 1. Contained in Good Output . 

Work-in-Process (per Computation Unit) . , .  . 0.479 kg L load - '--- 
' I .  

5.21 Inpyt Work-in-process 1. Not Contained in Good .output - 
work-in-process ("Amount Required" from 1.1. minus 5 11) . 0.456 . .kd. / load 

. . 

5.22 ' ~ e t  Amount of 5.2i which is sold for Credit AS-IS or 

0.n. --I After Applying Re-Process 
2 

/ 

5.23 Credit for 5.22 at the Market Value .of $ / .  . :  $ / 

5.24 Cost of Reprocessing Material of 5:22 
at the Average Reprocessing Cost of $I-: .. $1 

5:25 Net Credit for 5.22 (5.23 minus 5.24.) : . . 
C 

$ /  .. 

5.2G Material of Type 1. ~ o s t  in Process (5.21 .minus 5.22) 0.456 ' ks / .  load 
. . 

5.3 Cost of .~ork-in-process Lost (Amount 5.26. Times Unit Cost 1.1) 71.13 $ / l o a d  

5.4 Coyt of Work-.in-Process Contained in Good Output Work-in-Process 
(Amount 5.2 Tjmes Unit Cost from 1.1') 
. . 

74.72 $1 load 

5.8 TotalNet Credits forAll SalvagedMaterials 15.25 i 5.67 + 5.76! 
L 

. . 
, . 

Salvaged. >;aterials Summary: 

$1- 



Process NO. . 1 0 1 1  - [ T I  
6. Byproducts and Wastes 

Form 10 
Page 1 of 1 

Revision Date 4/78 

I 
6.1 Solid ~yproducts/Wastes 

64 1 Type (Composition) : Quantity Produced: - I 

Energy Content: Physical ShapeISize: kWh / 

g/rm3;  Yarer Solubility: -- 0 g/1 at - 
0 Density: C: pH: 

Toxicity: Biodegradable: Other Remarks: 

Type of Disposal,: -- . . 

Cost/(Credit) $1 .; Input ?laterial for: Cost : --- 

6.2 Liquid Byproducts/Wastrs (inorganic) : 

6.2 - 1 Type (Composition): GC o i l  s l u r r y  Quantity Produced : -- 1.63 R 1  load 

3 
Density:-o.g!jg/cm ; Suspended 'Solids: GC a b r a s i v e  Amount: 1 - 5  hg/l pH: 

. .  . . . 

, Toxicity: Heavy Metal Content : mg/l Other Remarks: 

S l u r r y  a l s o  con ta ins  s i l i c o n  kerf  a t  a concentra t ion o f  0.48 kg12 (790 gl load)  

Type of Disposal: 

Input Material for: Cost/ (Credit) $1 Cost: 

Carry: 



P r o c e s s  No. El. a. .-LEI3 
7. P r o c e s s  Cos t  Computat ion 

Form 1 2  
Page 1  o f  1  

Rev i s ion  Da te  4/78 

7 . 1 1 M a n u f a c t u r i n g A d d . - O n c o s t s  ( s u m p f  2.7,  3 .5 ,  4 .3 ,  6 . )  8 6 . 2 8 $ /  load I 
7 . 2 1  T o t a l  O p e r a t i n g  Add-on C o s t s  o f  P r o c e s s :  ( 86.89 $1 load  ---. - 

7.31 T o t a l  Gross  Add-on Cost of P r o c e s s  786.89 $1 load 

7.32 C r e d i t  f o r  Salvaged M a t e r i a l  (5 .8 )  I $1 

7.35 Cos t  o f  I n p u t  Work-in-Process Contained i n  Good 
Outpu t  Work-in-Process (5 .4)  

7 . 3 3  Cost  o f  Work-in-Process L o s t  (5 .3 )  

7.34 S p e c i f i c  Add-On Cost  o f  P r o c e s s  (7 .31 + 7.33)-(7.32) 

74.72 $1 load .- 

71.13 $1 load 

. 158.01 $1 load. 

7 . 4 1  T h e o r e t i c a l  Yie ld  ( o r  Convers ion R a t e ,  i f  o u t p u t  u n i t s  o f  
work- in-process  do n o t  e q u a l  i n p u t  u n i t s )  1.04 m2 / kg -- 

7.36 Loading on I t em 7.35 a t  R a t e  % .  

7.37 Cos t  o f  Output  Work-in-Process (7.34 + 7.35 + 7.36) 

7 .42 P r a c t i c a l  Y i e l d  100 % 

$1 

232.74 $1 load 

7 .43  E f f e c t i v e  Yield  (7 .41 x 7 .42)  0.936 kd 1 oad 

7.44 Xumber o f  U n i t s  o f  Good Output  Work-in-Process p e r  
Cornputation Unit  Used. up t o  7 .35 0.975 rn2 / load  

- - -- -- - 

7 .51  Cost  of U n i t  o f  Good Outpu t  Work-in- 
P r o c e s s  (7.37 + 7.44) 

7.52 S p e c i f i c  Add-On Cost  p e r ' U n i t  o f  Good : 

Output  work- in-process  (7 .34 + 7.44) 



Process  90. 

8. P r i c e  Computation . , 

. . 
8.1 A l t e r n a t e  1 

8 . 1 1 ~ r o f i r  a t  Expected Rate of 20 %: 32.61 $1 m2 
. (Prof i t .  be fo re  income taxes.; app l i ed  t o  7.52) 

. 8.12 P r i c e  of Process  (7.52 + 8.11) 

, 8:13 T r i c e  of i~ork- in-process  (7 .51 + 8.11) . . . 

Form 1 3  -1 
Page 1 of 1 

Date 4/78 Revis ion 



P r o c e s s  No. El. l z l m t X i -  Forx 1 3 - 1  
Page 1 of  1 - - 

R e v i s i o n  Date  4/78 

8.2 A l t e r n a t e  2 (SAMICS Methodology): 

8.21 P r o f i t  Computat ion:  

0.9274" 8.61 ' $1 load from S u b t o t a l  4 .1  = 7.98 $1 load 

1.946* 0.96 $/  load from S u b t o t a l  4.2 = 

8.22 C o s t s  of  A m o r t i z a t i o n  o f  t h e  One-Time Cos t :  

0.192* 68.15 $1 load from S u b t o t a l  2.7 = 13.08 $ /  load . ----- -----. 

0.192* 'b.Sb $ /  load from S u b t o t a l  3.5 = $1 load . -- -- 
0.2958" 8.61 -$I--. 1 oad from S u b t o t a l  4.1 = 2.55 $I load 

8.23 T o t a l  Net Cos t  o f  Equ i t y  (8.21 1 8 . 2 2 ) :  

8.24 P r o f i t  and A m o r t i z a t i o n  o f  S t a r t - u p  C o s t s  p e r  U n i t  o f  Good Output  
Work-in-Process: 
(D iv ide  S u b t o t a l  8 .23 by 0.975 

30.55 $1 load 
. . .  . 

8.26 P r i c e  o f  Work-in-Process (7.51 + 8.24)  



'Process No. 

9. Process ~conomic ~valuatios: 

Form I& 
Page 1 of 1 

- \ - 
%ate -.4/78 . Revision 

t - 

I 9.3 -output Cost (7.51) 
. . 9.1 Process Cost Balance (7.52 - 0.1) 

. . , .  . . 

1 9 .2 Relative Process Performance (9.1 i ' 0.1) 

1 9.4 output value (0.2 + 0.1) I $1 

I---- 

9 .5 Relative Excess Cost . .. 9 . 3  - 9.4) 5 9.43 



Process No. 17:.17,1-TTqI-I=i-Tq 

0. Output Specification: 

Fo-rm 15 
Page 1 of  1 

Revision Date 4/78 

Name of item: S i l i c o n  wafer, as c u t  

Dimensions: 7.6 cm i n  d i a . ,  0.21 ; 0.01 mm thickness . 

i Material: High p u r i t y  s i l i c o n '  

Kerf th ickne is ,  0.2m Other Specifications: - .- 

subsurface damage depth i s  approximately 15 um -- - 



University of Pennsylvania 

PROCESS CHARACTERIZATION 

(UPPC) 

Process : Sheet Generation 
. . 

. . . 'Subprocess : Ingot Sl icing 

, .  - Option: Mu1 tiwire Slicing - 1982 .projection usina 

Form 1 



Process  No. ~ , ~ , ~ ~ - ~ j  

Form 2 

Revision Date 4 /78  

. Process  Desc r ip t ion :  M u l t i w i r e  s l u r r v  w a f u a  a% n ~ r f p y ~ d  hv t h p  Yasunaaa s l l c l n a  . . q v ~ t p m  . 

da ta  p r o j e c t e d  f rom u s i n g  a 0.3  h n . p i t c h  r o l l e r ,  

(333 s l i c e s  per  lqad).  

- 
1. Inpu t  S 2 e c i f i c a t i o n :  

Name of Item: - Prepared machine load.  f rom 7-4:01:0 

4 - 
03 Dirnensions: 10 -cm d i  aineter. 10 -cm 1 ona, 1.837 kq/l oad. 
'9, 

1 s i  1 i c o n  c r y s t a l  mounted on ceramic b lock  F a t e r i a l :  
, . . . a - . . . . . .  . . 

Other S p e c i f i c a t i o n s :  

See 2-4:Ol:O' . . 

1.1 Quant i ty  Required: 1.837 kg / load  -- 
1 1.2 Input Value : I $/ ' 

Note to Item 1.3: Use price, if input produced in own plant, 



.. Form. 4 
Proces s  NO.  a . . lml-ml 
2 . 2  I n d i r e c t  M a t e r i a l s  ( i n c l .  s u p p l i e s  and non-energy u t i l i t i e s )  : . 

. . . . . . . , . .  

. . . . 
Paqe 1 of 1 - - 

Revision , ' Date 4/78 

2 .2  1 Type: Abrasive s l u r r y  . I  

- 
, 1 I 

S p e c i f i c a t i o n :  5 um Sic. abras ive .  concen t ra t i on  i s  n o t  ava i  labTe 
. . 

Est imated f rom m a t e r j a l s  c o s t  q i ven  f o r  s l i - ~ i n q  a  7.6 cm d iameter  i n g o t  w i t h  
T- A- - I 

2 . 2  - Type: 
. . -  . , . .  . I 

, t h e  Yasunaqa saw by JPL and u s i n g  t h e  relations hi^ C2= ~~(z.2) - .  
. . ( T  = s l i c i n g .  time,"A = water  area)  T A2, 

. (!uantity Requi red :  -1- - u n i t  . CO& : . , $1 ; , c o s t :  . , , '  . . 

S p e c i f i c a t i o n :  I 

107.55 $ / l o a d  

Q u a n t i t y  Requi red :  _ _ &_ _ _ . ._. _ _ _ / _ . ,  . U n i t c o s t :  $1 ; Cos t :  : I 
2 . 2 -  Type: 

. . .  . -- - - .- . . . . - - - . ,- -- 
. . . . 

S p e c i f i c a t i o n :  I 
- 

Q u a n t i t y  ~ e ~ u i r e d :  -- / ; Uni t  Cos t :  $ / ; Cosr:  . . 
. . $1- 

* 
2 . 2  S u b t o t a l  ~ n d i r e c t  Platerial>:.  

. .  . 107.55 $1- 



Form 5 P roces s  NO. no m, mJ-iT] 
2.3 Expendable Tooling:  

Page  - 1 of - 1 
- 

Rev i s ion  Date 4/78 
2 . 3 1  Type: S tee l  wire ;  0.08 mm d i a m e k r .  ; I 

1 

Quan t i t y  Required:  12,000 rn /lo&: U n i t c o s t :  0.004$/ m Cost :  47.83 $ / l o a d  I 
2.3- Type: I 

Q u a n t i t y  Required:  -- / : U n i t C p s t :  $1 Cost  : - 
2.3-  Type: 

Q u a n t i t y  Required:  - . - -  . - - .  / : U n i t c o s t :  $1 Cost  : $1 

2.3-  Type: I 
Quan t i t y  Kequired:  -- / : U n i t c o s t :  $1- Cost  : $1- 

d 

2 I 
2 .3  S u b t o t a l  Expendable Tool ing:  47.83 $1 1 oad 

Z > 

= .  

2.4 Energy 

2 - 4 1  Q P ~ :  E l e c t r i c a l ,  0 .6  kW t o t a l  oower f o r  main ~ a l r x l l ~ a r g ~ r  
. . 

Q u a n t i t y  Required:  18 kwh / load : U ~ l i t  Cost :  0.0319 $/m Cost :  0.57 $1 load 
. . 

2 . 4 -  Type: 

Q u a n t i t y  Required:  : Unit .  Cost :  $1 0.57 S / b d  
. .  . I 

. . I .  2 . 4  . . Sub to t a l  Energy C o s t s :  1 0.57 $ 1 ~  



P r o c e s s  KO. El* Form 6 , 

Page 1 of  1 
. . R e v i s i o n '  . Date  4/78 

' 3 . 1  ~ i r e c t  Labor: (Estimated) 

Machine.loading/unloading 3 . 1  1 Category :  Semiconductor Ass~uLler . A c t i v i t y :  - . . (SAMICS B3096D) , . 

Amount Required:  O.?5 hlloac! ;  ate:' $ 3.90 j h ; L o a d  36.0 X ;  Cost :  1.32 $/load . , . . 

. . 
3.12 - Category :  semiconductor Assembler A c t i v i t y :  machine su~ervision - (SAMICS B3096D) 

/ h ;  Load 36.0 %; Cost:  Amount Required:  , 1.00 h /  load ; Rate :  $ 3.90 5.30 $/load 

3.1 - 3 Category:  Maintenance Mechanic A c t i v i t y :  
('5-APTTCS B3704D) 

Amount Required:  0.5 ' h /  load / h ; L o a d  36.0 % ; C o s t :  3.86 $/load - 
3 . 1  D i r e c t  Labor S u b t o t a l :  10.48 $/load 

3.2 I n d i r e c t  Labor:  25% of direct 

a 
N 3.2 Category:  - A c t i v i t y :  

Amount Required : h /  . ; .Ra t e :  $ / h ;  Load %; Cost:  $1 

3.2- 'Ca t ego ry :  A c ' t i v i t y  : 

Amount Required:  h 1 ; Rate :  $ / h ;  Load %; Cost:  

3.2- Category:  ~ c ' t i v i t ~ :  

Amount Requi red :  h 1 ; Rate :  $ /h;  Load X ;  Cos t :  $1 

3 .2  I n d i r e c t  Labor S u b t o t a l :  2.62 $/load 
e 

3 . 3  S u b t o t a l  3 .1  and 3.2 13.10 $/load 

3.4 Overhead on Labor: 5.26 %. O..69 $/load 
I 

3.5  S u b t o t a l  Labor 13.79. '$/load 
i 



Form 7 
P r o c e s s  No. . Page 1 of  1 - - 

~ e v i s  i0.n ' D a t e .  4/78 
4.1 Equipment 

il 
4 .12  Type: Yasunaga YQ-100 Sl i c i n q  Machine I 

c o s t :  30,000 $; I n s t a l l a t i o n  Cost :  n.a. $; Throughput: 240 l o a d s  / iX ;  y' 

P l a n t  Oper'g Time 8280 h l y ;  Machine ~ v a i l ' t y :  90 %; Machirie Oper 'g  Time 7457 h I y  

~ e r v ' i c i n ~  Cos ts :  Labor h l y  a t  $ / h ; ~ a r t s  o r  Ou t s ide  S e r v i c e :  $/y 

Usefu l  L i f e :  7 y;  Charge Rate: 21.4 % of Cos t ly ;  C a p i t a l  Cost :  .6420 $ 1 ~  

4..1- Type: I 
Cost:  $; I n s t a l l a t i o n  Cost :  .. $; Throughput: / h ;  

. - 
P l a n t  Oper 'g  Time h /y ;  Machine A v a i l ' t y :  %; Machine Oper 'g  Time . h/y  

S e r v i c i n g  Cos ts :  Labor h/y a t  $ / h ; P a r t s  o r  Ou t s ide  S e r v i c e :  
. . 

Lse fu l  L i f e :  y ;  Charge Rate:  % of  C o s t l y ;  C a p i t a l  Cost :  $ / y  

4 . 1  - Type: I 
Cost :  $; I n s t a l l a t i o n  Cost :  $ ; Throughput : / h ;  I 
P l a n t  Ope r lg  Time . h /y ;  Machine ~ v a i l ' t y :  %; Machine ~ ~ e r ' . ~  Time 

. .  . 

. S e r v i c i n g  Cos ts :  Labor h /y  a! $ / l ~ ; P a r t s  o r  Ou t s ide  Service ' :  
.. , . . . . 

.. . 

Usefu l  L i f e :  y ;  Charge Rate:  % of  C o s t l y ;  C a p i t a l  Cost :  $ 1' 

1 4 . 1  S u b t o t a l  Equipment Cost :  1 26.75 $ / l o a d  



4 . 2  F a c i l i t i e s :  

Form 8 
P a g e L o f  1 

R e v i s i o n  Date  4 / 7 8  

m2; Throughput:  240 1 ~ a d ~  / Y  4.2-1 ~ ~ ~ e ' :  Slicinq machine a r a  F'loor Area: 4.0 
2 r - L  - , C ) - - -  

qharge Ra te :  179'. 13" $/(m .Y): Elaintenance Cos t s :  . ' 
L C - - -  . - .  Energy Use: 7 Labor: h / y a t  . $./ h 

Hea t ing  / y  a t  $1 .I . . S u p p l i e s :  

A i r  Cond'g O u t s i d e  S e r v i c e s :  -- /y  a t  $1 
1 

. rn 

/y  a t  $1 L i g h t i n g  T o t a l  Cost :  716.52 $1,. 
2.985 $1 load 

1 ,. 
L 

4.2-  Tvpe:- F l o o r  Area: m ; Throughput : 
. . 

2  r---- 
. S / ( m  - y > ;  Etain t enance  Cos t s :  Charge Rate:  

C I ~ C ) L I - - -  

Energy Use: 
4 , Lnbor: h/y a t  $ /h  

Heat ing / Y  a t  $ I - , ,  1 S u p p l i e s :  
I 

L 
4.2-  Tvpe : Floor  Area: m ; Throughput:  

9 , - 0 -  

A i r  Cond'g / y  a t  $1 O u t s i d e  S e r v i c e s :  $ 1 . ~  1 

- - - ' - - - - -  - --- 
L i g h t i n g  / ~ a t  $1 

T o t a l  Cost:  $/Y 
.. J 

charge  Rate:  s/(m-.y): , Maintenance Cos t s :  I 

$1- 

I . - - -  ----4 
Energy Use: I Labor: h / y  a-t $ / h  . I ' 

- ~ 

Heat ing / Y  a t  $ / -  1 
I S u p p l i e s :  

$1 . 

. . 
2.985 $1 load 

29.735 $1 load 

I A i r  Cond'g / Y  a t  $ 1 -  L O u t s i d e  S e r v i c e s :  - $! Y 
/y  a t  $1 -----a----- L i g h t i n g  

i T o t a l  Cost:  $ /Y 

*Includes energy use 
4 . 2  S u b t o t a l  F a c i l i t i e s :  

4 . 3  Equipment and . ~ a c i l i t i e s  S u b t o t a l  : 
. . t 



Page 1 of _L 
. .-- f- 

' ~evision Date 4/78 
Process No. 

. I 
/ 

5. Salvaged  ater rial (Work-in-process) 

5.1 Quantity of Work-in-Process 1. Contained in ~ o o d  Output 
work-in-process (per Computation Unit) 1.227 ka / l o a d  I 

5.21 Input Work-in-process 1. Not contained in Good Output 
Work-in-Process ("Amount Required" from 1.1 minus 5.1) 0.613 kq / load I 

5.22. Net.Amount of 5.2i which is sold for Credit As-Is or -, . 

0. -m After Applying Re-Process : . /  ' r 

1 
A 5.23 Credit for 5.22 at the Market Value of $/ i $I-: ..a 
.VI 

5.24 Cost of Reprocessing Material of, 5.22 
at the Average Reprocessing Cost of $/ 

I 5.25 Net Credit for 5.22 (5.23 minus 5.24) : $1- 

' . 
5.26 Material of Type 1. Lost in Process (5.21 minus 5.22) 0.613 kg / 1oa.d 

5.3 Cost of Work-in-Process Lost (Amount 5.26 Times Unit Cost 1.1) 

I . . 
5.8 Total Net .Credits for All Salvaged Materials (5.25 + 5.67 + 5.76) . . $/. . 

. : . . .  

44.94 $/load 

5.4 Cost o£ Work-in-Process Contained in Good Output Work-in-Process 
(Amount 5.2 Times Unit Cost from 1.1) ' . 

* 
89.95 $/load - 

salvaged Materials Suinmary: 4 



P r o c e s s  NO. , I-GlT-1- 1-1 Form 1 0  
Page 1 of  1 

. . 
Rev i s ion  : - 

6. ~ ~ ~ f o d u c t s  and Wastes Dgte 4/78 
. .  . . . , . 

I 6 .1  S o l i d  Byproducts/Wastes '  
r 

6.1  1 . Type ( ~ o m ~ b s i t i o n )  : S i l i c o n  c h i p s  and d u s t  - >. 
Q u a n t i t y P r o d u c e d :  0. k q / l o a d  1 

P h y s i c a l  Shape/Size :  Energy Con ten t :  - kb7l/ ; 

. . 

2 - 3 4  g/cm3; Ka te r  S o l u b i l  i c y :  0 g/l a t  0 Densi ty :  - C: pH: - 
T o x i c i t y :  Biodegradable :  no Other  Remarks: 

- I 
Type of  Disposa l :  

. . 

Input  Ma te r i a l  . f o r :  . Cos t / (Cred i t !  S/- . ;. -- Cost :  

6 .  2 Liquid  Byproducts/Wastes ( i n o r g a n i c ) :  

6.21 - Type (composi t ion) :  Abras ive  suspended i n  PC o i l  Q u a n t i t y  ~ r o d u c e d : , 5 * ?  2 1 lo& 

Dens i ty :  
3 

glcm ; Suspended S o l i d s :  a b r a s i v e  and kerfAmount: mgl l  pH: 

c .  

T o x i c i t y  :-- Heavy Metal Content :  mg/l Other  Remarks: 

. a b r a s i v e  concentration i s  approximate ly  1.5 kg/ R 

Type of D i sposa l :  

I npu t  M a t e r i a l  f o r :  Cos t /  ( C r e d i t )  $ / Cost :  



- 
P r o c e s s  KO.  

Rev i s ion  Date  4/  78 

7. P r o c e s s  Cost  Computation 7 .11 Manufac tu r ing  Add-on C o s t s  (sum o f  2 .7 ,  3 .5 ,  4 .3 ,  6 . )  

7.22 Other  I n d i r e c t  Cos t s :  X of  7.11 
1 n8*4 7 )  

7.21 T o t a l  O p e r a t i n g  Add-on C o s t s  o f  P r o c e s s :  

1 . 9 0  ' $ 1  l o a d  

7.32 C r e d i t  f o r  Salvaged M a t e r i a l  ( 5 . 8 ) '  I $1 

7.33 Cost  of Work-in-Process L o s t  (5.3) 

7.34 S p e c i f i c  Add-On Cos t  o f  P r o c e s s  (7 .31  + 7.33)-(7 .32)  

7.35 Cost  of I n p u t  Work-in-Process Contained i n  Good 
Output  Work-in-Process (5 .4)  

49.94 $1 1 oad -.- 

253.97 $1 l oad  

' i9-95 $1 l o a d  

7 .36 Loading on I t e m  7.35 a t  R a t e  % 1 . '  $ /  

7.37 Cos t  of Output  Work-in-Process (7.34 + 7.35 + 7.36) 1 343.92 $1 l o a d  

7 .41 T h e o r e t i c a l  Y i e l d  ( o r  Convers ion Ra te ,  i f  o u t p u t  u n i t s  o f  
1 .42  

2 
work- in-process  do n o t  e q u a l  i n p u t  u n i t s )  -- rn / kg 

7.42 P r a c t i c a l  Y i e l d  100 % 
2 

7 . 4 3  E f f e c t i v e  Y i e l d  (7 .41  x 7 .42)  1.42111 1 kg 

7.44 Xumber o f  U n i t s  o f  Good Output  Work-in-Process p e r  
c o y p u t a t i o n  Uni t  'Used up t o  7.35 <. 

2.62 rn l oad  

7 .51  Cost  of Uni t  o f  Good Outpu t  Work-in- 
P r o c e s s  (7 .37 + 7.44) 

7 .52 S p e c i f i c  Add-On Cos t  p e r  Uni t  o f  Good 
Output  Work-in-Process (7.34 + 7.44) 



Process So.  

8 .  Pri'ce Computation . . . 

8 . 1  Altcrnnteb 1 
.r , 2 

8.11 P r o f i t  at Expected Rate of  20 : . 19.39 $1 
( P r o f i t  before income taxes;  applied to 7 . 5 2 )  

8 .12  Pr ice  o f  Process ( 7 . 5 2 , +  8.11)  

8 .13  Trice  of  Work-in-Process ( 7 . 5 1  + 8.11)  

. Form13-1.  . 
Page 1 of 1 

Date 4/78 " ~ e v i s  ion 



Process  NO. 0.14 *[ri-[Tf Form 13-2 
Page L o f  - 1 

Revis ion  6/78 Date 4/78 

8.21 P r o f i t  Computation: 

0.9274* 26 .75  

1.946* 2.985 $1 load 

8 .22  Costs  o f  Amortization o f  the  On2-Time Cost:  

from Subtota l  2.7 = 31 .41  $1 load --- ---- 
d 
a 
.a 

= _  f r o m S u b t o t a l 3 . 5 =  ?-65 $1 load 

0.2958* 26'. 75 $/>ad from Subtota l  4 . 1  = 7 . 9 1  $1 load 

Work-in-Process: 
/ l o a d  from 7.44)  

. . . . 

. . 



Process No. 

9. Process Economic Evaluation: 

Form 15 
Page 1 of 1 

Date 4/78 Revision 

9.1 process Cost Balance (7.52 - 0.1) 
s 

'9 .2 Relative Process Performance (9.1 + 0.1) 

9.3 output Cost (7.51) 

9 .4 Output Value (0.2 + 0.1) 
C 

9 .5 Relative Excess Cost 9 - 9.4) 4 9.4) 
t 

$1 

. 131.27 $1 m 2 

$1 



Process No. 

0. Output Specification: 

Form 15 
Page - 1 o f 1  

. Revision Date 4/78 

Name of item: S i l i c o n  wafers, as-cut 

Dimensions: 10 cm i n  d i a . ,  0.2m Thickness - 
high p u r i t y  s i l i c o n  Material: - 

c. -- 
Other SpeciEications: - 0.1 mm krf Thickness - 

333 wafers s l i c e d  per load 



U n i v e r s i t y  o f  P e n n s y l v a n i a  

PROCESS CHARACTERIZATION 

(UPPC) 

P r o c e s s :  - Sheet generation 
. - 

S u b p r o c e s s  : Wafer 

O p t i o n :  ' Inner-diameter .slicing of a rotating 

crystal.as proposed by STC for -1982. 

Form 1 



Form 2 

Page . 1 of 1 - - 
Revision Date 8/78. 

0 . . Process No. e 0 .1  Value Added: I $1 1 
Process . ~ e s c r i p t i o n :  Inner-diameter slicing of a rotating crystal as projected by STC' for 1982; 

1. Input Specif icat ion:  
! 

Hame of Stem: -m . . 

. . . . 
IU Di-nens Lo ns : 10-cm diameter, 100.cm l o n a  imasz 11P-178 kc _ . .  .... .. -4: 

- -<.. 0 re-.. . . 
W 

i' 
Ifaterial: High purity silicon ... ..,..< - .& ., 

5 

Other Specif icat ions : Grounded i nqot, see 2.4-01 -01 1 . . 
. . $ 

1.1 Quantity Required: 18.378 ' kg / l'oad --- Unit Cost: '.71..75 $1 ka - - 

P> 

1318.66 $/load 

Note to Item 1.3: Use price,  if input pzoduced in own plant. 



Form 4 
Proces s  NO.  a . a , [TI - m] 
2 . 2  I n d i r e c t  ? l a t e r i a l s  ( i n c l .  s u p p l i e s  and non-energy u t i l i t i e s )  : 

P a q e  1 of 1 - - 
Revision' .  ate 8/78 

2 .2  - 1 Type: Alumina dress  - s t i c k ,  --- e tc .  
; ' I 

. . 
S p e c i f i c a t i o n :  

( ? u a n t i t y  Required : -I.-* Uni t  Cos t :  $1 ; Cost :  I n.a. $; load - 
2 . 2 -  Type: I 

S p e c i f i c a t i o n :  

.- - - -. - -- - - - -- - - - - -- - -- - - . .-- - - 

Q u a n t i t y  Requi red :  .-, . - - . - . . . - . . - / - - : U n i t c o s t :  $ / ; Cos t :  I - / 

2 .2 -  Type: --.- - ..- .- - -- I 

Q u a n t i t y  Requi red :  -- / ; Uni t  Cos t :  $ / . Cos t :  
. . I $1- 

i 

2 . 2  S u b t o t a l  I n d i r e c t  M a t e r i a l s :  0 $ / l o a d  



l , ]  Forn 5 P roces s  No. 

- . page' 1 o f 1  . . . - - 2 . 3  Expendable Tool ing:  
Revision ";Date 81.78 

2 . 3 1  Type: STC-16 ID diamond-coated blade . . I .: 
. , , .  . .  . 

Q u a n t i t y  Required : 0: 5 -- bladed load Uni t  Cos t : .  . 50 $ / h - c o s t :  I $1- 

2 . 3 -  Type: . . . . 

Q u a n t i t y  Required: . . . ... . . / : Unit  -Cost :  - $1 - -- c o s t :  

. . 2 . 3 -  Type: I 

-$/ 

. . - . . .  . . . . . .  2 . 3 -  Type: . 

.Quant i ty  Required:  -- f :. L'nit Cost:  . . $1 Cost :  $1 

2.4 Energy . 

. ... - . . . 
' Quan t i t y  Kgquired: / : -  U n i t c o s t :  -- $1- Cost: 

. . . . ".. .. ... . S u b t o t a l .  Expendable.. Tool ing:  2 .3  

2 . 4 1  Type: Power requirement is 2 k~ 

Quan t i t y  Required': 102 kWh/load : h i t  Cost :  0.0319 $ / m  Cost :  1 3.25 $1 load 

$1- 

.. 25 $ 1  load 
I .- 

* 

. .  . 
2 . 4  - Type: I 

' . . . .  . . 

., 
Q u a n t i t y  Required:  ' : U n i t c o s t :  $1 Cos t :  

I 2.4 S u b t o t a l  Energy Cos t s :  

$1- 

3.25 $ /  load 

. . 
2 .5  S u b t o t a l  2 . 1  t o  2 . 4 ;  1 2 8 . 2 5  $/load 

3 

2 .6  Handling Charge: 5.26 % of i t e m  2.5 

2.7 S u b t o t a l  M a t e r i a l s  and Supp l i e s :  

&S/JJX~- 

29.74 $/,load. 
(2.5 + 2 - 6 1  



P r o c e s s  s o .  12. IZ I . l~+FJ 
3.1  D i r e c t  Labor:  

Form 6 
1 of  1 Page - - 

Rev i s ion  Date 8/78 

3.1-1 Category:  Semiconductor assembler A c t i v i t y :  Machine 1oadinqJunloadinq 
(SAMICS B3096D) 

Amount Required : 0 . 5 ( h /  h ; Rate :  $ 3 9 0  j h ;  Load 36 % ; ' C o s t :  --- 2-65 $ / h i d - -  

3 . 1 2  Category :  Semiconductor assembler A c t i v i t y  :- . . 
CS B3096D) 

Amount Required:  2.81 ' h/  h ; Rate :  $ / h ;  Load 2f; %; Cost :  14,91)$lln;ld 

3 . 1 2  Category :  Maintenance Mechanic A c t i v i t y :  Cuttinq tool chanae 
(SAMICS B3736Dl 

~mo;nt  Required:  0.5 h /  h ; Rate :  $ 5.67 I h ;  Load 36 %; Cost:  A$/= 

i: 
* 
3.1 D i r e c t  Labor S u b t o t a l :  21.41 $1 load 

. . ". . . . g, 3.2 1 n d i r e c t : L a b o r :  Taken as 25:; of direct . . . 
m 

3.2 - Category :  A c t i v i t y :  

Amount Required : h/  ; Rate :  $ / h ;  Load %; Cost :  

3.2 - Category :  A c t i v i t y :  

Amount Required : h /  ; Rate: $ / h ;  Load %; Cost:  

3.2 - Category :  A c t i v i t y :  / .  
Amount Requi red :  h /  ; Rate :  $ /h;  Load %; Cost:  $/ 

< 

3 . 2  I n d i r e c t  Labor S u b t o t a l :  5.35 $1 load 
C . 

, . 1 3 . 4  Overhead on Labor: 5.26 % 1.41 $1 load 

1 3.5 S u b t o t a l  Labor 28.17 $I- 



P r o c e s s  N0.m 
. . .Form. .7  

1 1 of  - ' Page - 
Date 8178 '": ' Rev i s ion  

1 

I 4.1- Type: 

4..1-1 Type: STC ID sl i c i n q  machine w i t h  c a ~ a c i t v  t o  rotate ingPt - 

c o s t :  45,000 $; I n s t a l l a t i o n  Cost :  $ ; Throughput : 158 l o a d s  /B;y 

P l a n t  Oper 'g  Time 8280 h i y ;  Machine A v a i l ' t y :  99 %; Machine Oper 'g  Time 8197.2 ~ I Y  

S e r v i c i n g  Cos ts :  ~ a b o r  52 . h/y at 8.12 S1h;Par t s  o r  ' o u t s i d e  S e r v i c e :  300 $/y  
- . .  

Useful  L i f e :  7 y;  Charge Rate:  21 035 % of  C o s t l y ;  C a p i t a l  Cost :  10,329.74 $ 1 ~  

Cost :  $; I n s t a l l a t i o n  Cost :  $; Throughput: 
N 

/h ;  
0 - .  P l a n t  Oper 'g  Time h i y ;  Machine ~ v a i l ' t y :  %; Machine Oper'g Time h1Y 

65.38 S l l o a d  

. . S e r v i c i n g  Cos ts :  Labor h l y  a t  $ / h ; P a r t s  o r  Ou t s ide  Se rv i ce :  

Useful  L i f e :  y ;  Charge Rate:  2 of  C o s t l y ;  C a p i t a l  Cost :  $1- 

h .1  - Type: I 
Cost:  $; I n s t a l l a t i o n  Cost :  $ ; Throughput : 

P l a n t  Oper 'g  Time h l y ;  Machine ~ v a i l ' t y  : %; Machine Oper 'g  Time 

S e r v i c i n g  Cos t s :  Labor h l y  a t  $ / h ; P a r t s  o r  Ou t s ide  Service. :  

Useful L i f e :  . y ;  Charge Rate:  % of C o s t l y ;  C a p i t a l  Cost :  , 

. . 

. . . . 

. . 
. .  . 

r 

4.1  S u b t o t a l  Equipment " 65-38 $1 load  

I 



P r o c e s s  No. H.D. 
4 . 2  F a c i l i t i e s :  

Form 8 
Page 1 of  1 

- R e v i s i o n  Date  8/78 . 

2 r - o C I C ) - w .  

Charge Rate :  179.13* $/(m .y).; Na in tenance  Cos t s :  
- s . L I - - -  

Energy Use: 7 Labor: 

/Y a t  $1 

a t  $1 O u t s i d e  S e r v i c e s :  

8.50 $ / l o a d  

4.2- Type:- 

a - - - - a . I c v L  Maintenance Cos t s :  

Energy Use: 

l y  a t  $1 

A i r  Cond'g. */y a t  $1 Ou'tside S e r v i c e s :  

L - - - - - - - - - - -  
I y a t  $1 

Charge Rate :  Plaintenance Cos t s :  
,,- - - - - - - - -'"J 

Energy Use: 

IY a t  $1 

IY a t  $1 



Process No. EI.D. 

Form 9-1 

Page l o £  1 . 
Revision .. : Date 8/78 

9.030 - kq / load 

5.21 Input Work-in-process 1. Not Contained in Good Output 
' Work-in-Process ("Amount Required" from 1.1 minus 5.1) 

5.23 Credit for 5.22 at the Market Value of 

9.347 kg 

Salvaged Xaterials Summary: - * I  

1 5 . 8  'Total Net Credits for ~ 1 1  Salvaged Materials (5.25 + 5.67 + 5.761 



P r o c e s s  No. D , H , D -  
7. P r o c e s s  Cost  Computation 

R e v i s i o n  

Forn 1 2  
Page 1 o f  1 

Da te  8/78 

I 7 .11  Manufac tu r ing  Add-On C o s t s  (sum of  2.7,  3 .5 ,  4 .3 ,  6 . )  131.69 $1 load 

7 .22 ?6h659X~$tT7f&.f88Jt4.f;; % o f  7.11 I 4.62 $1 load 

7 .21 T o t a l  O p e r a t i n g  Add-on C o s t s  o f  P r o c e s s :  1 -71' $ /  load 

- -- -- - - 

7.31 T o t a l  Gross  Add-On Cost of P r o c e s s  ( 1 3 6 . 3 1  $1 load 

7.32 C r e d i t  f o r  Salvaged M a t e r i a l  (5 .8)  I $ 1  

7 .33  Cos t  o f  Work-in-Process L o s t  (5.3) 1 670.66 $1 load 

7.34 S p e c i f i c  Add-On Cost o f  P r o c e s s  (7.31 + 7.33)-(7.32) 806.97 $1 load i' 
7.35 Cos t  o f  I n p u t  Work-in-Process Contained i n  Good 

Outpu t  Work-in-Process (5 .4)  I 647.9? $1 load 

7.36 Loading on I t e m  7.35 a t  R a t e  % I $1 

7.42 P r a c t i c a l  Y i e l d  95 % 

7.37 Cos t  o f  Output  Work-in-Process (7.34 + 7.35 .+ 7.36) 

7 .41  T h e o r e t i c a l  Y i e l d  ( o r  Convers ion Ra te ,  i f  o u t p u t  u n i t s  o f  . 
work- in-process  do n o t  e q u a l  i n p u t  u n i t s )  0.982 m 2 / k q  

7 .43  E f f e c t i v e  Yie ld  (7 .41  x 7.42) 0.933 m? kq I 

1454.89 $/  load - 

7.44.Yumber o f  U n i t s  o f  Good Output  Work-in-Process p e r  
Computation Uni t 'Used  up t o  7 .35 17.161 m2 I load 

7 .52 S p e c i f i c  Add-On Cos t  p e r  U n i t  o f  Good 
Output  work-in-process (7.34 + 7.44) 

7 .51  Cos t  of Uni t  o f  Good Outpu t  Work-in- 
P r o c e s s  (7.37 + 7.44) 84.77 $1 m2 



Process No. 

8. Price Computation ' 

8. . .I1 Profit at Expected Rate of 20 %:  . 9.40 $1 l o a d  . 

, . . (Profit hefore incone taxes ;\. applied to 7 ; 52) 

3.12 Price of Process (7.52 T 8.11) 

8.13 Trice of 'Work-in-Process (7.51 + 8.11-) 

Form 13-1 
1 of 1 Page - - 

Revis ion Date 8/78 
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. . 

8.21 P r o f i t  Computation: 

0.9274* 65.38 $1 load fromSubtota1 4 .1  = 60.63 $ / l o a d  

from Subtotal 2.7 = . --- 
0.192* .28*17 $1 load 

from Subtotal 4 .2  = 

131.17 . $1 load -- 

-8 .25 Price  o f  Process (7.52 + 8.24) 



Process So. 

O 1  Output Specification: 

- 
k3r:. 1 5  

. ? n ~ e  1 of 1 - - 
Revision Date 8/78 

Dimensions : - 10-cm diameter, 225 pm th ick ,  210 um kerf,  350wafers/load - 
?laterial: , . ~ i g h  puri ty s i l i con  

Other Specifications: - -- 




