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Significant economic and technical data on the current 

front junction formation. processes of Spectrolab ' s gaseous 

diffusion, and of involving the ~arian-~xtrion 200-1000 implanter 

were tabulated, and were used to judge the feasibility of 

diffusion proposals by Motorola and RCA and ion implantation 

proposals by Lockheed, Motorola, RCA, and Spire to meet future 

LSA-JPL guidelines. Cost calculations, consistent with the * 

SAMICS methodology, were performed for the junction~formation ~ 

processes studied. 
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INTRODUCTION 

~he'manufacturing methods for.photovoltaic solar 

energy utilization systems consist ,. in complete ger1era1j:t.y.~ . 

of a,,sequence of individual. processes; This- process seqilerice. : 

has been, for convenience, logically segmented into five . 

major "work. areas": Reduction and purification of the selllj:-- 

conductor material, sheet or film ...g eneration, device yenej:a.-:.: . 

ti.on, module assembly and encapsulation,, and system compl.etion .;. ' -  

including installation of the array ..and the' other ;subsystems. . : 

For silicon solar arrays, each work'area has been'divided into : 

10 generalized "processes" in which certain required modif ica- . 

tions of.tbe work-in-process are performed. .In general, mbre 

than one method is known by which such .modifications: cani.be3' . 

carried out. The .various methods. for each individual :,pro.- . . 

cess are identified as proces "options". .This,system of.pro- 

,cesses and options forms a. two-dimensional.. array, .which is.. . :. 

liere called the ffpruces-s iriatrix" :: . ' .  . . .  . .  . -. . 
In. the.. search to. achieve improved process ..sequences for: . 

producing'silicon solar cell modules, numerous options have 

been proposed and/or developed, and will still be proposed 

and developed in the future. It is a near necessity toabe 

able to evaluate such proposals for the te~hnical~merits ' 

relative to other .known approaches, for their economic benef:its, 

and for other techno-economic attributes such as energy  con^ 

sumption, generation and disposal of waste by-products, etc. 

Such evaluations have to be &as objective as possible in light 

of the available information, or the lack thereof, and have 

1 



to be periodically updated as development progresses and 

new information becomes available. Since each individual 
. , 

process option has to 'fit intoa process sequence, technical 

interfaces between consecutive processes must.be compatible.. 
- .  

This places emphasis on the specifications for the-work-in- 

process entering into and emanating from a -particular process 
~. 

opt i.on . . . 

The objective of this proj.ect is to accbulate the necessary 

information as input for such evaluations, to develop appropriate . 

methodologies for Bhe perfo&an.ce of such techno-economic 

analyses, and to perform such evaluations at various levels. 

The first application of this developing methodology was 

made to the Czochralski's crystal pulling process. 

Previously, the reduction of to nietallurgical 

grade silicon was examined, .and comparative evaluations of 

competing Czochralski techniques for growing single cGystal, . 

cylindrical ingots, and of slicing processes to produce 

single crystal, silicon wafers were perfromed. The next "work area" 

for producing solar arrays is the fabrication of the silicon 
. , 

wafers to solar cells. This process involves many' steps with 

one of them being front junction formation. One of the major 

current.junction forming processes, gaseous diffusion, was 

examined. In addition, future proposals,which include modi- 

fying gaseous diffusi0.n and,using ion'implantation, to decrease 

the cost of junction' formation,' in order to meet future 

L'SA-JPL price goals, were studied. 

As with our crystal growing and slicing studies the 

evaluations were started with the current methods o f  gaseous 



diffusion, and ion implantation Por which a large amount of 

the needed information is available. Nevertheless, substan-. 

tial gaps or uncertainties were found in important information 

required for both technical and economical evaluation of the 

currently practiced processes. In proceeding to the evaluatiur 
- . : I  . .L1 

of processes which are still in the developmental or,:ven con- 

ceptual stage, the gaps in needed information become very 

large. In these cases, it is necessary to fill the gaps 

more extensively with estimates based on extrapolations or 
C 

analogies. Such estimates always leave some doubt on the 

accuracy of the evaluations, and it will be necessary to also 

make "probable error" estimates to reduce decision mistakes 

based on early evaluations. Nevertheless, collecting the in- 

formation and carrying our evaluations at the earliest possible 

time provides not only a planning tool, but also aids in 

uncovering the deciding attributes about which information 

'ought to be obtained at an early stage of the development 
. , 

process. 

For the gaseous diffusion process, we have tabulated 

production experience data from Spectrolab 
. . 

(l) and pro- 

jections made by Motarola ( * )  and RCA. (3) In bur studies of 
. - .  

of ion implantation of PN junctions,experimental data from 

Spire ( 4 )  using a modified Varian-Extrion machine along with 

material, labor, and ca~ital projections mado by Lockheed (5 )  , 

~otorola',' 6, and Spire(4) for their proposed machines were 

examined. 



A. P r i n c i p a l s  and App l i ca t ion  of Ion  Imp lan ta t ion  

I o n  imp lan ta t ion  i s  a  mechod f o r  i n t r o d u c i n g  dopant 

m a t e r i a l  below t h e  semiconductor s u r f a c e  t o  form P N  o r  

high/low junc t ions .  I n  the'common type  of i o n  i m p l a n t a t i o n  

machine, t h e  source  m a t e r i a 1 , u s u a l l y  a  cnemical  compound . i 

c o n t a i n i n g  t h e  d o p a n t , i s  broken down and i o n i z e d  under 

e l e c t r o n  bombardment i n  t h e  i o n i z a t i o n  chamber, t h e  i o n s  

a r e  ex t ra .c ted  from t h i s  chamber by a n  e l e c t r i c  f i e l d  and . -  

f u r t h e r  a c c e l e r a t e d  and c o l l i m a t e d ,  p u r i f i e d  us ing  a  mass . .. 
t 

spsc t rome te r ,  and then  scanned e i t h e r  e l e c  t r , i c a l l y  , 

m a g n e t i c a l l y , o r  mechanical ly  wh i l e  impinging on t h e  semi- 

conductor  wafer  t o  be implanted.  The t o p  p o r t i o n  of  . . . 
Figure  1 shows a  schemat ic  p r e s e n t a t i o n  of  such an  i o n -  

imp lan te r  w i th  a  magnetic ana lyze r .  In s imp le r  machines, 

a s  shown i n  t h e  bottom p a r t  of F igu re  1, f u n c t i o n s  such 

a s  beam c o l l i m a t i o n ,  m a s s  a n a l y s i s ,  o r  scanning  may be omi t ted .  

I n  t he  machine shown i n  t h e  t o p  p a r t  of F igu re  1, t h e  

source  m a t e r i a l  can be  ion i zed  i n  a  number of ways, 

t h e  p r i n c i p a l  ones of which are:,  h e a t i n g  and e l e c t r o n . .  . 

bombardment of t h e  sou rce  m a t e r i a l  from a h igh  tempera ture  . 

e m i t t e r ,  c a l l e d  t h e w h o t  cathode s o u r c e "  ; e l e c t r o n  d i s -  

charge  from a low work f u n c t i o n  . e m i t t e r ,  such a s  barium, 

under t h e  i n f l u e n c e  of a s t r o n g  e l e c t r i c  f i e l d ,  i n t o  

t h e  vapor ized  s o u r c e  m a t e r i a l  ' t o  form a  plasma ( c o l d  ' ' 

" 

ca thode  s o u r c e ) ;  o r  . . by microwave d i scha rge .  I n  any of  

t h e  mentioned sou rces ,  a  magnetic f i e l d  can  be a p p l i e d .  

t o  c o n c e n t r a t e  t h e  plasma d e n s i t y  and i n c r e a s e  t h e  
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e f f i c i e n c y  o f '  i o n i z a t i o n .  T h i s  w i l l  a l s o  r e s u l t ,  

t.hough, i n  lower  sour.ce l i f e t i m e  and a  l a r g e r  ene rgy  , 

s p r e a d  o f  t h e  i o n s .  

Three  p r i n c i p a l  t y p e s  o f  h o t  c a t h o d e  i o n  s o u r c e s  

a r e  used  i n  t h e  i m p l a n t e r s  mentioned i n  t h i s  r e p o r t .  

I n  a l l ,  t h e  c u r r e n t  d e n s i t y  from a . m e t a l  s u r f a c e  a t  

t e m p e r a t u r e  T w i t h  a  work f u n c t i o n  o f  @ i.s p r i n c i p a l l y  

d e s c r i b e d  by: 

However, a t  a d e q u d t e l y  h i g h  e m i s s i o n  r a t e s ,  t h e  c u r r e n t  

d e n s i t y  je i s  u s u a l l y  r educcd  below t h e  v a l u e  g i v e n  by 

Eq. (2 .1 )  because  o f  space -charge  e f f e c t s ,  i n  which t h e  

rnutual r e p u l s i o n  o f  t h e  e l e c t r o n s  crowding t h e  s p a c e  n e a r  
. . 

t h e  f i l a m e n t  i n h i b i t s  f u r t h e r  e m i s s i o n .  The e l e c t r o n  d e n s i t y  

th.en becomes : 

where V i s  t h e ' v o l t a g e  between t h e  c a t h o d e  and anode,  d i s  t h e  

t h i c k n e s s  of t h e  e - l e c t r o n  s h e a t h  and m / e  i s  t h e  e l e c t r o n ' s  m a s s  

t o  c h a r g e  ra , t io .  The p r o d u c t i o n  o f  p o s i t i v e  i o n s  i n  t h e  s o u r c e  

chamber t e n d s  t o  n e u t r a l i z e  t h i s  " e l e c t r o n  c l o u d "  and r e d u c e  

t h e  s p a c e  c h a r g e  e f f e c t s .  The c a t h o d e  c u r r e n t  t h u s - i n c r e a s e s  

i n  t h e  p r e s e n c e  o f  p o s i t i v e  i o n s .  

I n  t h e  "Freeman s o u r c e " ,  t h e  h e a t e d  w i r e  c a t h o d e  h a s  i t s  

t e r m i n a l s  on o p p o s i t e  s i d e s  o f  t h e  " e x t r a c t i o n  gap"  t h r o u g h  

which t h e  i o n s  l e a v e .  I n  t h e  "Chavet  s o u r c e " ,  t h e  f i l a m e n t  ' w i r e  

i s  looped  s o  t h a t  i t s  e l e c t r o d e s  are on t h e  same s i d e  o f .  



t h e  \ e x t r a c t i o n  gap.  The Chavi2.t f i l a m e n t  c o n f i g u r a t . i o n  was 

de.s igned t o  i n c r e a s e  t h e  f i l a m e n t ' s  l i f e t i m e  by d e c r e a s i n g "  . 

i t s  exposure  t o  t h e . b a c k - s t r e a m i n g  i o n s  and t h u s  r e d u c e  t h e  

s p u t t e r i n g  caused  by . them. . ~ n o t h e r t h e r m i o n i c s o u r c e  i s  t h e  

hol low c a t h o d e  i n  which t h e  i n t e r i o r  o f  a  c y l i n d r i c a l  

c a v i t y  i s  c o a t e d  w i t h  a  low work f u n c t i o n  m a t e r i a l ,  such  a s .  

ba r ium o x i d e .  Upon i n t r o d u c t i o n  o f  t h e  v a p o r i z e d  s o u r c e  

m a t e r i a l ,  a n  a r c  d i s c h a r g e  t a k e s  p l a c e  between t h e  c a t h o d e  

and anode s o  t h a t  t h e  s o u r c e  m a t e r i a l  i s  , i o n i z e d .  A s  a  ' res ,u . l t  , 

o f  a p p l i e d  h i g h  v o l t a g e ,  t h e  i o n s  a r e . e x t r a c t e d  t h r o u g h  
. . 

a  h o l e  i n  t h e  ca thode .  Vapor ized  atoms a l s o  p a s s  t h r o u g h  t h i s  

a p e r t u r e .  They a r e  s u b s e q u e n t l y  i o n i z e d  by t h e  a c c e l e r a t e d  

. e l e c t r o n s .  0 n e . c o n f i g u r a t i o n  o f  a  c o l d  c a t h o d e  s o u r c e  known 

a s  t h e  "Penning s o u r c e " ,  h a s  a n  anode t h a t  i s  a l s o  c y l i n d r i -  

c a l  i n  shape  w i t h  t h e  end p l a t e s  forming t h e  ca thode .  I n  

a d d i t i o n ,  a  magne t i c  f i e l d  is a p p l i e d  p a r a l l e l  t o  t h e  c y l i n d r i -  

ca l  a x i s  o f  t h e  V e n n i n g  s o u r c e "  t o  f o r c e  e l e c t r o n s  f rom t h e  

c a t h o d e  t o  form h e l i c a l ' t r a j e c t o r i e s ,  t h u s  i n c r e a s i n g  t h e i r '  

p a t h  l e n g t h .  and enhanc ing  t h e  i o n i z a t i o n  e f f i c i e n c y .  

A f t e r  t h e  i o n  beam i s  e x t r a c t e d ' f r o m  t h e  s o u r c e  chamber, 

it i s  a c c e l e r a t e d  th rough  a  p o t e n t i a l  d rop .  For s m a l l  

a c c e l e r a t i o n  e n e r g i e s  (< 30 k e ~ )  , a s i n g l e  gap e l e c t r o d e  

c o u l d  b e  used .  The a c c e l e r a t e d  i o n  beam i s  t h e n  s u b j e c . t e d  

t o  a  magne t i c  f i e l d  f o r  m a s s  s e p a r a t i o n .  A s i n g l y  c h a r g e d  

i o n  *of a t o m i c  mass M. (AMU I s )  moving ' t .hrough a  magne t i c  f i e l d .  

w i t h  s t r e n g t h  B ( i n  g a u s s )  w i l l  b e  d e f l e c t e d  i n t o  a c i r c h l a r  



pa.th w i t h  t h e  r a d i u s  .of c u r v a t u r e  e q u a l  t o  

R = 
143.95 

B 
(MV) l" a - n ,  

where V i s  t h e  a c c e l e r a t i o n  v o l t a g e .  The d i s p e r s i o n  between 

i o n s  of  two d i f . f e r e n t  masses is. - .  . . 

I n  o r d e r  t o  ach i eve  good mass r e s o l u t i o n ,  p o w ~ p  o u p p l i e s  

t o  t h e  a c c e l e r a t i o n  and magnet r e g i o n s  must have , s t a b i l i t i e s  

of  1 p a r t  i n  10,000.  

To form t h e  j u n c t i o n ,  t h e  ana lyzed  beam i s  t h e n  

scanne'd, w i t h  one of t h e  t e chn iques  mentioned p r e v i o u s l y , .  

on t h e  s i l i c o n  s u b s t r a t e .  Overscanning i s  neces sa ry  be- . .  :.I 

cause  o f  t h e  - t a i l s  i n  t h e  Gauss ion d i s t r i b u t i o n  o f  t h e  

i o n  c o n c e n t r a t i o n  i n  t h e  beam. . . 

J u n c t i o n  fo rma t ion  u s ing  i o n  i m p l a n t a t i o n  o f f e r s  

s e v e r a l  p o t e n t i a l  advan tages  o v e r  t h e  d i f f u s i o n  p roces s .  I t  i s  

a  d r y ,  vacuum p r o c e s s ,  t h u s  avo id ing  p o t e n t i a l  con- 

t amina t i on  from i m p u r i t i e s  con t a ined  i n  spin-on o r  gaseous  

v e h i c l e s  f o r  t h e  dopan ts  used i n  some v a r i e t i e s  of  t h e  

d i f f u s i o n  p roces s .  Where s ' e l e c t i v e  i n t r o d u c t i o n  o f  t h e  

dopan t  i s  wanted, t h i s  may be  accompli&hed w i t h o u t  a p p l i c a t i o n  

o f  masking and subsequen t  s t r i p p i n g ,  and w i t h o u t  back-sur face  

e t c h i n g  because  of double -s ided  impur i t y  p e n e t r a t i o n s .  

Thus, i o n  i m p l a n t a t i o n  can i n v o l v e  fewer hand l ing  o r  

t r a n s f e r r i n g  o p e r a t i o n s  t h a n  t h e  d i f f u s i o n  p r o c e s s ,  and 

~ o n s e q u e n t l y  can  r e s u l t  i n  l a b o r  s a v i n g s  and i n c r e a s e d  - 



y i e l d s .  However, i on  imp lan ta t ion  r e q u i r e s  an annea l ing  

s t e p ,  which w i l l  be  f u r t h e r  d i s c u s s e d  l a t e r  on. I t  has  
( 8 )  - 

been suggested t o  use i on  imp lan ta t ion  a s  an i n t e g r a l  

p a r t  o f  a  t o t a l  vacuum p roces s  sequence f o r  f a b r i c a t i n g  

s o l a r . c e l l s  a f t e r  wafer  o r  s h e e t  gene ra t ion .  Such a  sequence,  

a l though  high i n  c a p i t a l  c o s t s ,  cou ld  r e s u l t  i n  l a b o r  s av ings .  

and h igh  y i e l d s .  

The charge on t h e  dopant  i o n s  a l lows  f o r  mass-spectro- 

s c o p i c  s e p a r a t i o n  us ing  magnetic f i e l d s ,  and f o r  a c c u r a t e  

measurement o f  t h e  i o n  f l u x  e n t e r i n g  t h e  d e p o s i t i o n  r eg ion ,  

a s  long as n e u t r a l  and doubly charged p a r t i c l e s  a r e  handled 

c o r r e c t l y .  The i o n  beam c u r r e n t s  can be  r e a d i l y  measured 

by p l a c i n g  a  Faraday cup i n  t h e  beam's p a t h ,  b u t  t h i s  r e q u i r e s  

a  p reced ing  c a l i b r a t i o n  t o  determine t h e  f r a c t i o n  of  uncharged 

and doubly charged i o n s .  The m a s s  a n a l y s i s  and i o n  c u r r e n t  

measurement f e a t u r e s  of  t h e  i o n  imp lan ta t ion  p roces s  can pro- 

v ide  b e t t e r  c o n t r o l  o v e r ' t h e  q u a n t i t y  and q u a l i t y  of  t h e  

dopant than  o t h e r  p roces ses ,  and can t h e r e f o r e  be  a p p l i e d  

t o  o b t a i n  b . e t t e r  p roces s  un i fo rmi ty  and r e p e a t a b i l i t y .  Dose 

( 8 )  
u n i f o r m i t i e s  of - + 5% (20 )  a r e  ach ievab le  . 

Since  ion  imp lan ta t ion  can be performed a t  o r  nea r  

room tempera ture ,  low energy i m p l a n t a t i o n s  can r e s u l t  i n  

0 
o r i g i n a l  dopant p e n e t r a t i o n  of  less than  1 0 0 A ,  sha l lower  

than  can be achieved i n  most h igh  tempera ture  source  d e p o s i t i o n  

s t e p s  i n  t h e  d i f f u s i o n  p roces s .  

Upon e n t e r i n g  t h e  s u b s t r a t e ,  t h e  dominant i n t e r a c t i o n s  

of  t h e  i o n  a r e  w i th  t h e  e l e c t r o n s  of  t h e  l a t t i c e ,  which 

slow t h e  i o n  down through k i n e t i c  energy t r a n s f e r .  A f t e r  



t h i s  i n i t i a l  slow-down t o  s u f f i c i e n t l y  low e n e r g i e s ,  i . e . ,  

2 i o n  v e l o c i t y  less t h a n  Z i e  /fit c o l l i s i o n s  o f  t h e  i o n  t a k e  

p l a c e  w i t h  t h e  n u c l e i  which comple te ly  s t o p  t h e  i o n .  I n  

most c a s e s , ' t h e  s t o p p e d  i o n  rests i n t e r s t i a l l y  i n  t h e  

c r y s t a l  l a t t i c e .  The l a r g e s t  i m p u r i t y  c o n c e n t r a t i o n  is 

t h u s  found a t  a  p e n e t r a t i o n  d i s t a n c e ,  "x ", f rom t h e  
P  

s u r f a c e .  A s  a f i r s t  approx imat ion  i n  t h e  r e g i o n  where 

n u c l e a r  c o l l i s i o n s  domina te ,  t h e  p e n e t r a t . i o n  d e p t h  i s  

p r o p o r t i o n a l  t o  t h e  s q u a r e  r o o t  o f  t h e  i o n  beam energy .  

~ T h i s  p e n e t r a t i o n  d e p t h  i s  d e s c r i b e d  by: 

E i s  t h e  energy  o f  t h e  i o n  beam i n  e V ,  Z and M r e f e r  t o  
I 

t h e  a t o m i c  number and a t o m i c  w e i g h t ,  r e s p e c t i v e l y ,  w h i l e  

t h e  s u b s c r i p t s  I and S i  refer t o  t h e  i o n  and  t o  S i ,  re- 

s p e c t i v e l y .  The c o n c e n t r a t i o n  v a r i e s  from t h e  p e n e t r a t i o n  

d i s t a n c e  a p p r o x i m a t e l y  a c c o r d i n g  t o  a  Gauss ian  d i s t r i b u t i o n  

and t h e  i m p u r i t y  d i s t r i b u t i o n  can  b e  d e s c r i b e d  by t h e  

e m p i r i c a l  r e l a t i o n s h i p ,  

2 c ( x )  = cp e x p  ( -  (x-x ) / 2  O R 2 ) .  
P 

. . 
C. is  t h e  c o n c e n t r a t i o n  a t  t h e  p e n e t r a t i o n  d i s t a n c e ,  and 
P 

' crR i s  c a l l e d  t h e  s t a n d a r d  d e v i a t i o n  06 t h e  c o n c e n t r a t i o n  



f u n c t i o n ,  o r  t h e  d i s t a n c e  from x a t  which t h e  c o n c e n t r a -  P  

t i o n  i s  e q u a l  t o  cp/& The peak c o n c e n t r a t i o n  depends . 

upon t h e  i o n  beam c u r r e n t  (i) and t h e  implantation t i m e  (t) 

o r  

The u n i t  of  i i s  mA, t h a t  of  t i s  s e c o n d s ,  and u i s  R 

i s  g i v e n  i n  pm. 

The p e n e t r a t i o n  d i s t a n c e  c a n  be  c a l c u l a t e d  from 

e l e c t r o n  and n u c l e a r  i o n i c  c o l l i s . i o n s  o n l y  i f  ":chann.e.I:j.n~" 

does  n o t  o c c u r .  ~ h a n n e l i n q  i s  t h e ' n a m e  g iven  t o  t .he con-- 

s i d e r a b l y  enhanced p e n e t r a t i o n  d i s t a n c e  o f  i o n s  which a r e  

a l i g n e d  i n  low i n d e x  c r y s t a l l o g r a p h i c  d i r e c t i o n s ,  and 

t h e r e f o r e  t r a v e l  p a r a l l e l  t o  and i n  between h i g h  a t o m i c  density 

c r y s t a l  p l a n e s .  S i n c e  i o n s  t r a v e l l i n g  t h i s  p a t h  e x p e r i e n c e  , 

r e l a t i v e l y  fewer c o l l i s i o n s  w i t h  s i l i c o n  a toms,  t h e y  can  %rave!. 

f u r t h e r  i n t o '  t h e  s i l i c o n .  To a v o i d  c h a n n e l i n g ,  t h e  beam must 

b e  o r i e n t e d  a t  a  s l i g h t  a n g l e  (-7O) "from t h e  o r i e n t a t i o n  o f  

t h e  low i n d e x  c r y s t a l l o g r a p h i c  a x e s .  T h i s  i n c r e a s e s  t h e  

a p p a r e n t  d i s t r i b u t i o n  o f  atoms . i n  t h e  c r y s t a l  p l a n e  

normal  t o  t h e  i o n  beam's  p a t h ,  and t h u s  i n c r e a s e s  t h e  p r o -  

b a b i l i t y  of  i o n - n u c l e u r  c o l l i s i o n s .  

The i m p l a n t a t i o n  p r o c e s s  r e s u l t s  i n  t h e  d i s p l a c e m e n t  of 

t h e  s i l i c o n  atoms from t h e i r  normal  l a t t i c e  s i t es  by t h ~  i o n  

. c o l l i s ~ o n s ,  t h u s  c r e a t i n g  " v a c a n c i e s  " and " i n t e r s . t i t i . a l s W  . 
3 

The imp.lanted i m p u r i t y  atoms,  p r e d o m i n a t e l y  l o c a t e d  a t  :'ir:~:ize:rs.ti- 



t i a l  s i t e s ,  and a r e  n o t  e l e c t r i c a l . 1 ~  a c t i v e .  Thus few 

i m p u r i t y  atoms which t a k e  up s u b s t i t u t i o n a l  p o s i t i o n s ,  

t e n d  t o  compensate t h e  o r i g i n a l l y  p r e s e n t  i m p u r i t y  atoms 

o f  o p p o s i t e  dopan t  t y p e ,  and t h u s  t o  s h i f t  t h e  Fermi 

l e v e l  o f  t h e  s i l i c o n  towards  t h e  c e n t e r  o f  t h e  e n e r g y  gap. 

Annea l ing  o f  t h e  i o n  i m p l a n t e d  w a f e r s  i s  t h u s  r e q u i r e d  

b o t h  t o  reduce  t h e  mentioned c r y s t a l  s t r u c t u r e  damage re- 

s u l t i n g  from t h e  i m p l a n t a t i o n  p r o c e s s ,  some o f  which i s  

e l e c t r i c a l l y  a c t i v e  ( recombina t ion  and t r a p p i n g  c e n t e r s ) ,  

and t o  e l e c t r i c a l l y  " a c t i v a t e "  t h e  dopan t  i n p u r i t y  by  

moving i t s  i m p l a n t e d  atoms from i n t e r s t i t i a l  t o  s u b s t i t u -  

t i o n a l  s i tes.  . . 

Even though t h e r m a l  a n n e a l i n g  b r o a d e n s  t h e  i m p u r i t y  

p r o f i l e  a s  f a r  o r  more t h a n  o b t a i n e d  by u s e  o f  r e l a t i v e l y  

low t e m p e r a t u r e ,  s h o r t  t i m e  d i f f u s i o n  a s  used  f o r  s o l a r  

c e l l  p r o d u c t i o n ,  i t  i s  t h e  o n l y  a n n e a l i n g  p r o c e s s  r e p o r t e d  

so f a r  t h a t  p roduces  i o n  i m p l a n t e d  ce l ls  w i t h ' e f f i c i e n c i e s  

e q u i v a l e n t  t o  t h o s e  p r e p a r e d  u s i n g  d i f f u s i o n .  A t h e r m a l  

a n n e a l i n g  c y c l e , o f  l h  a t  4500C and 0.5h a t  8 5 0 ~ ~  h a s  been 

found t o  r e s u l t  i n  performance-wise c o m p e t i t i v e  s i l i c o n  

solar cells. (lo) T h i s ,  i n  p a r t ,  n e g a t e s  t h e  p o t e n t i a l  

a d v a n t a g e  o f  i o n  i m p l a n t a t i o n ,  which e x i s t s  i n  b e i n g  a b l e  

t o  c o n t r o l  t h e  dopan t  p r o f i l e  a t  w i l l  by chang ing  t h e  

i m p l a n t a t i o n  e n e r g y  and dosage  t o g e t h e r .  Such " d e s i g n e d  

p r o f i l e s "  c o u l d  l e a d  t o  h i g h e r  e f f i c i e n c y  s o l a r  ce l ls .  

E l e c t r o n  and l a s e r  beam a n n e a l i n g  have  t h e r e f a r e  been  and 
. . 

a r e  b e i n g  i n v e s t i g a t e d  because  o f  t h i s  a s  w e l l  as s e v e r a l  o t h e r  

a n t i c i p a t e d  a d v a n t a g e s .  These have ,  however,  s o  f a r  n o t  

been  r e a l i z e d ,  and ce l l s  w i t h  e f f i c i e n c i e s  comparable t o  



t hose  ob ta ined  by . the  oven annea l ing  pro.cess have so '  

f a r  n o t  been r epo r t ed .  I f  a  s u i t a b l e  annea l ing  p roces s  

could be  found t h a t  would l i m i t  t h e  j unc t ion  movement o f  

i o n  implanted c e l l s  and s imul taneous ly  p rov ide  good 
I 

impur i ty  a c t i v a t i o n  and h e a l i n g  of  implanta t ion- induced '  

rf c r y s t a l  damage, s o  t h a t  i o n  finplanted s o l a r  cel ls  might 

a t t a i n  h i g h e r  e f f i c i e n c i e s  t han  c e l l s  p repared  b y  d i I f u - -  

s i o n  p roces ses ,  t hen  i o n  i m p l a n t a t i o n  would become a most 

i n t e r e s t i n g  p roces s  o p t i o n ,  even a t  a  p o s s i b l y  somewhat. 

h i g h e r  p roces s  c o s t  t han  d i f f u s i o n .  

With an e f f i c i e n c y  advantage of  t h e  i o n  implanted 

s o l a r  c e l l s  n o t  y e t  ach ieved  ove r  t h e  d i f f u s i o n  produced. 

c e l l s ,  t h e  p o t e n t i a l  a p p l i c a t i o n  o f  i o n  i m p l a n t a t i o n ,  a s  

p a r t  of a  LSA s o l a r  c e l l  sequence w i l l  be  p r i m a r i l y  d e t e r -  

mined by t h e  degree  o f  c o s t  r e d u c t i o n s  t h a t  can u l t i m a t e l y  

be  a t t a i n e d .  C u r r e n t l y ,  t h e  h igh  c a p i t a l  c o s t s ,  t h e  low 

r e l i a b i l i t y ,  and t h e  low throughput  rate o f  i o n  implanta-  

t i o n  machines, make junc t ion  format ion  w i t h  them t o o  c o s t l y  

t o  be  used f o r  l a r g e  s c a l e  s o l a r  c e l l  p roduc t ion .  Large 

c o s t  r e d u c t i o n s  a r e ,  however, expec ted  t o  be  accomplished 

i n  t h e  f u t u r e  (1986) by s e v e r a l  approaches .  Approaches 

t o  t h i s  end i n c l u d e  t h e  i n t r o d u c t i o n  o f  l a r g e  th roughput  

machines w i t h  h igh  c u r r e n t ,  h o t  ca thode  i o n  beam s o u r c e s  

i n c o r p o r a t i n g  an a n a l y z e r  and more automated o p e r a t i o n  

(7) 
through computer c o n t r o l  , and t h e  development of  i o n  

i m p l a n t e r s  w i t h  unanalyzed o r  roughly analyzed i o n  beams (6,111 

u s i n g  hollow cathode sou rces .  Some c u r r e n t  and f u t u r e  



a p p l ~ c a t i o n s  of  i o n  imp:lantakion a r e  l i s t e d  i n  Table .  I 

a long  w i t h  t h e  c o n d i t i o n s  con t ingen t  f o  t h e  two p o t e n t i a l  

advantages  of  lower c o s t  and h ighe r  e f f i c i e n c y .  
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. .. 
B .  A p p r a i s a l  of p r e s e n t - d a y  I o n  ' Imp lan t e r s  

'Ion i m p l a n t a t i o n  i s  c u r r e n t l y  used i n  semi-conductor  

i n d u s t r y  p roduc t i on  a c t i v i t i e s  f o r  imp lan t i ng ,  i n  s o l i d  s t a t e ,  

devices, i m p u r i t i e s  of low dosage and r e l a t i v e l y  deep p e n e t r a -  

t i o n  ( h i g h  e n e r g y ) .  I n  o r d e r  t o  g a t h e r  i n f o r m a t i o n  on t h e  cu r -  

r e n t  s t a t e  o f  p r o d u c t i o n  l i n e  i o n  i m p l a n t a t i o n ,  w e  v i s i t e d ,  

' . a m o n g , o t h e r s ,  RCA-Somerville, where a  Var ian-Ext r ion  200-1000 

i o n  i m p l a n t e r  i s  used f o r  i n t e g r a t e d  c i r c u i t  manufac tu re ,  a s  

(12)  
w e l l  a s  f o r  s o l a r  c e l l  f a b r i c a t i o n  i n  p i l o t  o p e r a t i o n s .  

' I , - 
I m p l a n t a t i o n s  a r e  r o u t i n e l y  performed a t  beam c u r r e n t s  rang-  

i n g  from 0 . 1  PA t o  1 . 5  mA, a t  v o l t a g e s  up t o  100 kV, a l t e r n a t i n g -  

+ + 
l y  w i t h  P', B and A s  i o n s ,  i n  a  24 hour-a-day s chedu l e  o f  

5  t o  7  days-a-week. 

The Var ian-Ext r ion  200-1000 i o n  i m p l a n t e r  i s  a v a i l a b l e  w i t h  

a  semi-automat ic  c a s s e t t e  wa fe r  f e e d i n g  mechanism t h a t  a l l ows  

con t i nuous  p roce s s ing ,  i n c r e a s i n g  i t s  o u t p u t  ra te  t o  300, 7.62-cm 

round wa fe r s  p e r  hour .  I n  o r d e r  t o  a c h i e v e  t h i s  o u t p u t  r a t e ,  

t h e  i o n  i m p l a n t e r  a l s o  ha s  t o  be  modi f i ed  t o  o p e r a t e  i n  a  h i g h  

c u r r e n t  ( 4  mA)t low v o l t a g e  (<25  keV) mode. These o p t i o n s  are 

i n c l u d e d  i n  a Var ion-Ext r ion  200-1000 i m p l a n t e r  i n  o p e r a t i o n  a t  

( 2 )  
S p i r e .  A d d i t i o n a l  o p t i o n s  p rov ide  a n  o f f - a x i s  beam tilt 

t o  minimize channe l i ng .  To a c h i e v e  dose  u n i f o r m i t y  and a v o i d  

shadowing from a  t i l t e d  beam on a  t e x t u r e - e t c h e d  s u r f a c e ,  

t h e  wa fe r  is  r o t a t e d  a b o u t  i t s  a x i s  a t  1 r e v / s e c .  

The c o s t  o f  such  a machine i s  approx imate ly  $315,000 and 

i t  r e q u i r e s  one  f u l l - t i m e  o p e r a t o r .  To a c h i e v e  a c c e p t a b l e  



machine o p e r a t i o n , . t h e  RCA personne l  have found i t  necessary  

t o  ,have a  s k i l l e d  t e c h n i c i a n  s t a t i o n e d  w i t h i n  t h e  immediate v i -  

c i n i t y  . o f  t h e i r  i o n  implan te r  a t  a l l  t imes ,  and t o  make a d j u s t -  

ments i n  t he  machine o p e r a t i n g  parameters .  qua,si-continuously..  

They b e l i e v e  t h a t  computer c o n t r o l l e d  f u n c t i o n s ,  s i m i l a r  t o  , 

( 7 )  t hose  proposed by S p i r e -  . , .  . i n  t h e i r :  i o n ,  implan te r  des ign , . ,  . . . 

could cons iderab ly .  reduce t h e  need . f o r  cont inuous s k i l l - e d  , 

a t t endance .   hey. mentioned, however, th .a t  designi .ng ,adequate  

computer c o n t r o l s .  might be d i f f i c u l t  . s i n c e ,  s o  f a r ,  adequate . 

sens ing  of t h e  s t a t u s  of a l l  p a r t s  of  t he  machine and of  t h e  

parameters  a f f e c t i n g  i t s  o p e r a t i o n  does  n o t  e x i s t .  Thus, 

c o r r e c t l y  o p e r a t i n g  t h e  i o n  imp lan te r  i s  s t i l l  more o f  an  a r t  

t han  a  s c i e n c e  and r e q u i r e s  t he  ad jus tment  of many f u n c t i o n a l l y  

i n t e r . r e l a t e d  c o n t r o l s .  S i m i l a r  s t a t e m e n t s  were v a r i o u s l y  

heard ,  summarized by Varian-Extr ion pe r sonne l  i n  t h e  remark t h a t  

s u c c e s s f u l  machine o p e r a t i o n  depends very h e a v i l y  oq t h e  o p e r a t o r ,  

and t h a t  wide v a r i a t i o n s  a r e .  exper ienced  among t h e  v a r i o u s  u s e r s .  

RCA pe r sonne l  has  found t h a t  leakage from t h e  high v o l t a g e  

machine e lements ,  , i n  p a r t  :due .to, condensed source  m a t e r i a l ,  . . 

t ends  t o  - i n t e r £  e r e  .w i th  the:  s e n s i t i v e  dose , r a t e  meas.ure.ments and - .. . 

t h e  machine c o n t r o l .  Other problems r e s u l t e d  from p e r s i s t e n t  

l eakage  of coo l ing  f l u i d  which could be  reduced by t h e  use  o f , ;  . 

f r e o n  i n  l i e u  of  , the  more common de ion ized  w a t e r ,  a l b e i t  a . t  . . 
.. . 

s i g n i f i c a n t l y  h ighe r  c o s t s  fo r .  t h e  make-up f l u i d .  . . 

One of  . . t h e  major problems mentioned a t  RCA and., elsewhere. ,  , o . .  

. . 

i s  t h e  depos i  t l o n  on many p a r t s  o f .  t h e  .machine of .atoms .of t h e  ... 

implanted s p e c i e s  a s  w e l l  a s  of m a t e r i a l  s p u t t e r e d  o f f  t h e  

v a r i o u s  p a r t s  of t h e  source .  Arsen ic  i s  e s p e c i a l l y  troublesome 



i n  t h i s  r e s p e c t . b e c a u s e  of  i t s '  re la t - . ively  low vapor p r e s s u r e  

compared t o  o t h $ r  implanted s p e c i e s .  This  d e p o s i t i o n  occasion-  

a l l y -  r e s u l t s .  i n  e l e c t r i c a l .  ma,lfunctions , such a s  s h o r t i n g  of 

. i n s u l a t o r s  and a r c i n g ,  which o c c a s i o n a l l y  has l e d  ' t o  power 

supply  o r  l o g i c  board darnage. The machine, t h e r e f o r e ,  r e q u i r e s  

f r e q u e n t  thorough c l ean ing  of  t h e  a f f e c t e d  r eg ions  .' Phosphorus 

a l s o  condenses on . t he  machine 's  i n t e r i o r , .  and we have heard  

of s h o r t .  phosphorous f i r e s  upon opening the  machine. . 

Much of t h e  unscheduled maintenance i s  performed.' under 

s e r v i c e  cont rac t ' s .  RCA personne l  mentioned t h a t  such a  ' . 

s e r v i c e  c o n t r a c t  w i t h  Varian-Extrion has  -an annua l  c o s t  of  $13,000. 

This  c o n t r a c t  p rov ides  t h e  so - f a r  e x t e n s i v e  on - loca t ion  s e r v i c i n g  

by Varian-Extr ion personne l  and replacement o'f f a i l e d  p a r t s ,  

f r e q u e n t l y  c i r c u i t  boards .  RCA personne l  estimates t h a t  about  

two-thi rds '  of - t h i s  money covers  .-time and expenses .of t h e  s e r v i c e  

pe r sonne l ,  .and t h e  remainder replacement  p a r t s .  RCA has r e -  

c e n t l y  in t roduced  r e g u l a r  scheduled maintenance of t h e i r  ~ a r i a n - '  

E x t r i o n  200-1000 "h igh  c u r r e n t "  imp lan te r  f o r  which 4 hours  p e r  

week a r e  a l l o c a t e d .  During t h e s e  maintenance p e r i o d s ,  t h e  

machine i n t e r i o r  i s  c l eaned ,  f i l a m e n t s ,  i f  needed, a r e  r e p l a c e d ,  

vacuum pump o i l s  a r e  changed, t h e  machine i n s p e c t e d ,  and poten- 

t i a l l y  u n r e l i a b l e  p a r t s  i d e n t i f i e d  and r ep l aced .  S ince  t h i s  

i n s t i t u t i o n  of p revent ive '  maintenance,  t h e  p r e v i o u s l y  f r e q u e n t  

machine breakdowns have decreased  t o  a  t o l e r a b l e  l e v e l .  A t  RCA, 

t h e  exper ienced  f i l a m e n t  l i f e t i m e ,  a s  p l o t t e d  on F igu re  2', 

i s  i n  t h e  6 0 ' t o  120 h  range  f o r  an  average i o n '  beam c u r r e n t  of  

around 0.75  mA, a l though  much. implanta t ing i s  done with a 1 mA - 
( 1 2 )  . . beam c u r r e n t .  
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Because of t h e  r e l a t j . v e l y  f r e q u e n t  machine breakdowns 

of  i o n  i m p l a n t e r s ,  R C A ' s  p e r sonne l  have found i t  n e c e s s a r y  . 

t o  keep an e x t e n s i v e ,  s p a r e  pa r . t s  i n v e n t o r y ,  . . . . s o  t h a t  bad o r  

s u s p i c i o u s  p a r t s  can  be  r e p l a c e d  w i t h  minimal machine down t i m e ,  

i n  o r d e r . t o  m a i n t a i n  p roduc t i on  s c h e d u l e s  and t o  reduce  t h e  - 
impac t  on o p e r a t i n g  c o s t s  which ore h e a v i l y ,  i n £  l u e n c e d  by t h e  

h i g h  c o s t  o f  t h e  equipment.  

An i o n  imp lan t e r  has  been i n  ope ra , t i on  a t '  

Western Electr ic  s i n c e  1974 i n  a  p roduc t i on  l i n e ,  h i g h  through-  

p u t  mode. Th i s  i m p l a n t e r ,  c a l l e d  t h e  PR-30, h a s  a n  o u t p u t  

~ r a t e  of  450, 7.62-cm d i ame te r  wafe r s /h  a t  a dosage o f  
2 (13) 1 x 1 0 ~ ~  ions/cm . The machine can accomodate e i t h e r  a . h o t  

c a t h o d e ,  Freeman- t ype  s o u r c e ,  o r  a  c o l d  ca thode  (Penning)  

s o u r c e .  I t  o p e r a t e s  i n  a  low v o l t a g e  (30keV) mode. I n  t h e  

c a s e  of  t h e  c o l d  c a t h o d e ' s o u r c e ,  a  phosphorus  c u r r e n t  o f  
. . 

. . 
. .  5 mA i s  o b t a i n e d ,  w i t h  a  s o u r c e  l i f e t i m e  of 40 h .  

(14) . --' / $he \wa£ers 
/ ' .  

(7.62-cm d i a m e t e r )  a r e  p l a c e d  on a d i s k ,  30 a t  a . t i m e .  The 
. ,/ 
<, 

d i s k  i s  mounted h o r i z o n t a l l y  i n  t h e  i o n  i m p l a n t s r .  A f t e r  pump 

-5 , 
down t o  10 t o r r ,  which t a k e s  - ~ p p r o x i m a t e l y  3 minu te s ,  t h e  - 

d i s k  i s  r o t a t e d  a t  900 rpm w h i l e  t h e  u n d e r s i d e  of  t h e . w a f e r s  i s  

exposed t o  t h e  f i x e d  i o n  beam. The t o t a l  t i m e  o f  'each r u n  . . i s  

approx imate ly  4 mi.n. 

The PR-30 i s  p h y s i c a l l y ,  a  r e l a t i v e l y  s m a l l  machine. The 

i m p l a n t a t i o n  u n i t ,  w i t h o u t  c o n t r o l s ,  o c c u p i e s  a  f l o o r  a r e a  0.f 

1.8m x  2.lm. Two s t a n d a r d  i n s t r u m e n t  r a c k s  house t h e  c o n t r o l  

u n i t s .  The PR-30 i s  used on ly  . i n  Western Elec t r ic  f a c t o r i e s ,  

and it i s  n o t  s o l d  on t h e  open marke.t. W e  ha\ie.been g i v e n  a n  e s t i m a t e d  
L 



p r i c e  f o r  t h i s  machine, i f  i t  cou ld  be  marketed ,  o f  less than  
' ( 15 )  

$300,000. 

A h igh  c u r r e n t  (10 mil) and low v o l t a g e  (10-50 keV) i o n  

i m p l a n t e r ,  d e s i g n a t e d  NV-10, . i s  c u r r e n t l y  b e i n g  r e a d i e d  by 

Nova A s s o c i a t e s  f o r  i n t r o d u c t i o n  i n t o  t h e  marke tp lace .  The 

machine uses  a  Freeman, h o t  c a thode  s o u r c e ,  w i t h  a n  expec t ed  

l i f e t i m e  of 16 h  a t  10 rnA. The machine c o s t s  .approximate ly  

( 1 6 )  
$410,000. I t s " o u t p u t  ' r a t e  f o r  a  2  x  1015 ions/cm2 dosage 

1 

of  270 wa fe r s  p e r  hour of 7.62-cm d i a m e t e r  i s  l i m i t e d  by the.  
. . 

wafer  f e e d  mechanism. I f  a .  f a s t e r  f e e d  mechanism cou ld  b e  i n -  

s t a l l e d ,  t h e  o u t p u t  cou ld  be  i nc r ea sed .  t o  3-4 t i m e s  t h e  

p r e s e n t  one ,  t o  t a k e  b e t t e r  advan tage  of t h e  mach ine ' s  h i g h  beam . 
. . 

c u r r e n t .  The w a f e r s  a r e  mounted, 18 a t ' a  t i m e ,  i n  a  d i s k  t h a t  
... 

i s  r o t a t e d  i n  a  nea r  v e r t i c a l  p l a n e  d u r i n g  i m p l a n t a t i o n .  ' The 

s t a t i o i a r y  beam i s  approx imate ly   dm x 2-3cm. AS w i t h  t h e  
. . 

Western Elec t r ic  i m p l a n t e r ,  wafe r  r o t a t i o n  e l i m i n a t e s  t h e  need 

f o r  magnet ic  o r  e l e c t r i c a l ,  beam scann ing .  

An add-on p r o c e s s  p r i c e  of  $38. 96/m2 f o r  i m p l a n t i n g  

phosphorus w i t h  a  1-2 x 1015 ions/cm2 dose  was c a l c u l a t e d , f o r  

t h e  modif ied  Var ian-Ext r ion  200-1000 machine. Th i s  p r i c e  

i n c l u d e s  t h e  c o s t  of t h e  s i l i c o n  s h e e t  l o s t - i n - p r o c e s s .  The 

s h e e t  p r i c e  used a p p l i e s  t o  s i l i c o n ~ w a f e r s  which have been 

t e x t u r e e t c h e d o n  one s i d e .  Tne s l i c i n g  c o s t  was t a k e n  from o u r  

('17) p r e v i o u s  s t u d y  of  c u r r e n t  p r o d u c t i o n  s l i c i n g  c0st.s - (HAMCO 

I D  d a t a ) .  The d e t a i l s  o f  t h e  p r i c e  c a l c u l a t i o n  f o r  i o n  t h i s  pro- 

cess a r e  shown i n  a  UPPC fo rma t  a t t a c h e d  i n t h e  ~ p p e n d i x . T h e  

add-on p r o c e s s  p r i c e  f o r  i o n - i m p l a n t a t i o n  u s i n g  t h e  mod i f i ed  

, V a r i o n - ~ x t r i o n  200-1000 i s  low compared t o  o t h e r  p r i c e s  c a l c u l a t -  

e d  f o r  c u r r e n t l y  used i o n  i m p l a n t e r s .  For  i n s t a n c e ,  t h e  c a l c u l a t e d  



add-on p r o c e s s  p r i c e  f o r  t h e  Var ian-Excr ion 200-20 A machine . 

i s  $303. 42/m2 ' 4 )  T h i s  h igh  p r i c e  i s  due  t o  t h e  mach ine s ' s  

low th roughput  r a t e  a s  it was des igned  f o r  h igh  v o l t a g e ,  

low c u r r e n t  (under 0.2 rnA) o p e r a t i o n .  ' I t s  h o u r l y  o u t p u t  r a t e  

t h e r e f o r e  i s  on ly  10  ce l l s  of  1 2 - c m  d i ame te r .  

I t  shou ld  b e . n o t e d  t h a t  t h e  g iven  add-on p r i c e  c a l c u l a t i o n  

f o r  t h e  modi f i ed  Var ian-Ext r ion  200-1000 i m p l a n t e r  i s  based  on  

e x p e r i m e n t a l ,  n o t  production l i n e  d a t a .  The re fo r e ,  t h i s  v a l u e  

does  n o t  r e f l e c t  t h e  breakdown o r  maintenance problems ex- 

p e r i e n c e d  by i o n  i m p l a n t e r s  i n  p r o d u c t i o n  o p e r a t i o n s .  However, 

r e l i a b l e  d e t a i l  d a t a  a r e  n o t  y e t  a v a i l a b l e  f o r  t h e  c o s t  

components of  r e g u l a r  p r o d u c t i o n  i o n  i m p l a n t a t i o n ,  s i n c e  

t h i s  p r o c e s s  wasm.only r a t h e r  r e c e n t l y  i n t r o d u c e d  a s  a p r o d u c t i o n  

p r o c e s s .  S t i l l ,  i f  such  d a t a  would be a v a i l a b l e ,  t h e y  would 

n o t  r e p r e s e n t  t h e  u l t i m a t e l y  a c h i e v a b l e  c o s t s ,  a f t e r  machine 

and p r o c e s s  m a t u r i t y  have been a t t a i n e d .  While e f f o r t s  a r e  

i n  p r o g r e s s  t o  a d a p t  t h e  i o n  i m p l a n t e r s  b e t t e r  t o  p r o d u c t i o n  

l i n e  o p e r a t i o n  by i n c r e a s i n g  t h e i r  th roughput  r a t e ,  mechanizing 

t h e i r  o p e r a t i o n  and improving t h e i r  ' r e l i a b i l i t y  , i t  w i l l  

b e  some t ime  b e f o r e  t h e  p r o c e s s  w i l l  b e  a  mature  p r o d u c t i o n  

o p e r a t i o n  w i t h  s i m i l a r  c o s t s  expe r i enced  by t h e  v a r i o u s  u s e r s .  



C .  I o n  I m p l a n t a t i o n  and U i f f u s i o n  

Tne a p p l i c a t i o n  of i o n  i m p l a n t a t i o n  f o r  P N  o r  h igh /  

, l o w : j u n c t i o n  fo rma t ion  i n  p r o c e s s  sequences  f o r  f u t u r e  

l a r g e  s c a l e  LSA manufacture  depends on t h e  f u l f i l l m e n t  o f  

e i t h e r  o f  two c o n d i t i o n s :  1 ) i t s  c o s t s  a r e  e q u a l  t o  

o r  lower t h a n  t h o s e  f o r  P N  j u n c t i o n  fo rma t ion  u s i n g  d i f f u -  

s i o n  o r  high/low j u n c t i o n  fo rma t ion  u s ing  a l l o y i n g  o r  

I d i f f u s i o n ,  p o s s i b l y  i n  combinat ion  w i t h  each  o t h e r  o r  . 

w i t h  o t h e r  p r o c e s s  s t e p s ;  o r  2 .  ) t h e  performance o f  the' . - 

s o l a r  ce l l s  f a b r i c a t e d  b y . u s e - o f  i o n  i m p l a n t a t i o n  i s  ade- 
.. . 

q u a t e l y  h i g h e r  t h a n  t h o s e  p r epa red  by o t h e r  p r o c e s s e s  . . . . 

and i s  adequa t e ly  h i g h e r  t o  j u s t i f y  a h i g h e r  p r i c e .  

A s  d i f f u s i o n  i s  a  major  c o m p e t i t i v e ~ p r o c e s s ,  w e  have 

examined t h e  a t t r i b u t e s  and c o s t s  o f  p r e s e n t  and p r o j e c t e d  

f u t u r e  d i f f u s i o n  p r o c e s s e s .  I n  t h e i r  c u r r e n t  p r o d u c t i o n  

o p e r a t i o n ,  Spec tko l ab  u s e s  open-tube d i f f u s i o n  of  phosphine  

d i l u t e d  h e a v i l y  i n  hydrogen t o  form a P N  j u n c t i o n .  Thanks 

1 . .  t o  t h e  d a t a  s u p p l i e d  gene rous ly  by R. O l i v e r  and E .L .  . Ralph 

o f  S p e c t r o l a b ,  (') w e  h a v e ' b e e n  a b l e ,  tbS:make a  d e t a i l e d  
P 

a n a l y s i s  of  t h e  p r e s e n t . d i f f u s i o n  p r o c e s s  a s  a b a s e l i n e  

c a s e ,  t h e  r e s u l t s  o f  which a r e  c o n t a i n e d  i n  

a  UPPC f o rma t  a t t a c h e d  t o  the' Appendix. The d i . f f u s i o n  
. . .  

p r o c e s s  t a k e s  approx imate ly  35 minu tes  f o r  a  r u n  c o n t a i n i n g  

75 w a f e r s  of 7.62-cm d i ame te r .  W e  have obse rved '  t h a t  t h e  

p r o c e s s  a s  performed by S p e c t r o l a b  i s  ve ry  l a b o r  i n t e n s i v e .  

 he r e a s o n  i s  t h a t  o n l y  two d i f f u s i o n  f u r n a c e s  a r e  needed 
I 

t o  hand l e  t h e  e n t i r e  p r o d u c t i o n ,  b u t  one  o p e r a t o r  i s  needed 



t o  a t t e n d  t h e  p r o c e s s .  Thus, this o p e r a t o r  d e v o t e s  most 

of  h i s / h e r  time t o  manually l o a d i n g  and u n l o a d i n g ' w a f e r s  

o n t o  and from t h e  qua . r t z  d i f f u s i o n  b o a t ,  which c o u l d  b e  

dane  mechan ica l ly .  I f  one assumes a u t o m a t i c  w a f e r  f e e d i n g ,  

t h e  o p e r a t o r ' s  t i m e  c o u l d  e a s i l y  be  reduced t o  10 m i n u t e s  

p e r  r u n ,  and t h e  p r o c e s s i n g  add-on p r i c e  would be  re- 

duced t o  a p p r o x i m a t e l y  $ 9 .  50/m2 from t h e  p r e s e n t  v a l u e  

of  $12. 74/m2 (SAMICS methodology) . 
Another  s i g n i f i c a n t  c o s t  c o n t r i b u t o r ,  and one t h a t  

h a s  b e e n . i g n o r e d  i n  most  p r o j e c t i o n s  f o r  f u t u r e  d i f f u -  

s i o n  p r o c e s s e s ,  i s  ' t h a t  f o r  c l e a n i n g  t h e  q u a r t z  f u r n a c e  

t u b e s  a n d , b o a t s ,  which i s  u s u a l l y  done w i t h  a  HF-HN03-H20 

so lu t ion . ,  a s  o f t e n  a s  t w i c e  a  day .  F r e q u e n t  q u a r t z w a r e  

c l e a n i n g  h a s  been found i n s t r u m e n t a l  t o  m a i n t a i n i n g  h i g h  

c e l l  e f f i c i e n c y ,  b u t  i t  c o n t r i b u t e s  $2. 23/m2 t o  t h e  

d i f f u s i o n  add-on p r i c e  i n  t h e  S p e c t r o l a b  p r o c e s s .  T h i s  

p r i c e  c o n t r i b u t i o n  was c a l c u l a t e d '  assuming t h a t  t h e  

q u a r t z  c l e a n i n g  o p e r a t i o n  r e q u i r e s  1 h/work day o f  l a b o r ,  and 
' . 

a  t u b e  c l e a n i n g  tpwer which c o s t s  $15,000 i n c l u d i n g  i n s t a l l a -  

t i o n ,  and which i s  s h a r e d  between t h e  two f u r n a c e s .  About h a l f  o f  

t h i s  c l e a n i n g  c o s t  c o n t r i b u t i o n  i s  due t o  equipment  c o s t s ,  

w i t h  t h e  remainder ,  l i s t e d  i n  d e c r e a s i n g  magni tude  , s h a r e d  

between l a b o r ,  f a c i l i t y ,  and m a t e r i a l  c o s t s .  

F u t u r e  d i f f u s i o n  p r i c e  p r o j e c t i o n s ,  s u c h  a s  f o r  

\ Motoro la '  s phosph ine  (pH3) p r o c e s s ,  ( 2 )  a l s o  d e t a i l e d  i n  a UPPC 

f o r m a t ' i n  t h e  Appendix, a r e  a b o u t  a  f a c t o r  o f  f a u r  lower  
. . 

2  t h a n  p r e s e n t  c a l c u l a t e d  p r i c e s  ($3.10/m compared t o  



$12. 74/m2) . The Motorola  p r o c e s s  which h a s  approx imate ly  

t h e  same wafe r  th roughpu t  r a t e  a s  S p e c t r o l a b ' s  c u r r e n t  

p r o c e s s ,  i s  a p p l i e d  t o  12-cm d i a m e t e r  w a f e r s ,  r a t h e r  t h a n  

7.62-cm w a f e r s  i n  t h e  S p e c t r o l a b  p r o c e s s .  

The 12-cm w a f e r s  have a n  a r e a  t h a t  i s  n e a r l y  2.5 

t i m e s  l a r g e r  t h a n  t h a t  o f  t h e  7.62-cm w a f e r ,  a c c o u n t i n g  

f o r  most  o f  t h e  c o s t  d i f f e r e n c e  between M o t o r o l a ' s  and 

S p e c t r o l a b ' s  d i f f u s i o n  p r o c e s s e s .  The rest  o f  t h e  

c o s t  d i f f e r e n c e  c a n  b e  a t t r i b u t e d  t o  t h e  more automated  

. n a t u r e  o f  t h e  Motorola  p r o c e s s ,  r e q u i r i n g  half-as-much 

l a b o r  a s  S p e c t r o l a b  r e q u i r e s ,  and t h e  l a c k  of i n c l u s i o n ,  

by Motorola ,  f o r  c l e a n i n g  o f  t h e  q u a r t z w a r e .  On t h e  

o t h e r  hand, n o t a b l e  are M o t o r o l a ' s  p r o j e c t e d  u s e  of 

s i g n i f i c a n t l y  more energy  and d i r e c t  m a t e r i a l  (phosph ine )  

t h a n  S p e c t r o l a b  . i s  consuming now. 

C u r r e n t l y ,  t h e  P N  j u n c t i o n  f o r m a t i o n  p r o c e s s  by 

d i f f u s i o n  i s  h o t  a  l a r g e  c o s t - c o n t r i b u t i n g  f a c t o r  i n  ce l l  

p r o c e s s i n g .  I n  a p p l i c a t i o n  o f  t h e  d i f f u s i o n  p r o c e s s ,  a  

s e p a r a t e  a n n e a l i n g  s t e p  is n o t  r e q u i r e d ,  a t  least  n o t  beyond 

a  somewhat s lowed c o o l i n g  r a t e  from d i f f u s i o n  t e m p e r a t u r e .  

A s e p a r a t e  p o s t - a n n e a l i n g  s t e p  i s ,  however, r e q u i r e d  a f t e r  

t h e  i o n  i m p l a n t a t i o n  p r o c e s s  t o  r e d u c e  t h e  c r y s t a l  damage 

r e s u l t i n g  from i m p l a n t a t i o n ,  and t o  a c t i v a t e  t h e  i m p u r i t y  

s p e c i e s .  T h e r e f o r e ,  t h e  a n n e a l i n g  c o s t  must b e  i n c l u d e d  i n  

any c o s t  a n a l y s i s  o f  i o n  i m p l a n t a t i o n .  Using a Thermco 

e i g h t - t u b e  d i f f u s i o n  f u r n a c e ,  which h a s  a n  o u t p u t  r a t e  o f  

1 ,000  12-cm d i a m e t e r  w a f e r s / h ,  an  add-on pr'ice o f  $1.18/m 2 



was c a l c u l a t e d  f o r  t h e  a n n e a l i n g  p r o c e s s  s t e p .  (For  

d e t a i l s ,  s e e  t h e  UPPC f o r m a t  a t t a c h e d  i n  t h e  Appendix.)  

I f  i o n  i m p l a n t a t i o n  i s  t o  r e p l a c e  d i f f u s i o n ,  i t  may b e  

a b l e  t o  become c o s t  c o m p e t i t i v e  o n l y  a s  p a r t  o f  a more 

extended'  sequence  o f  vacuum p r o c e s s e s ,  o r  by p r o d u c i n g  

cel ls  o f  s i g n i f i c a n t l y  h i g h e r  performance  t h a n  a c h i e v a b l e  

by t h e  d i f f u s i o n  p r o c e s s .  



D. Technology Development f o r  F u t u r e  Ion  I m p l a n t a t i o n  Machines '  

The r e a l i z a t i o n  of  t h e  1986 c o s t  p r o j e c t i o n s  f o r  i o n  i m -  

p l a n t a t i o n  i s  c o n t i n g e n t  on s e v e r a l  improvements i n  t h e  t ech-  . 

nology o f  i o n  i m p l a n t a t i o n  mpchines. Fo r  one ,  t h e  i o n  beam 

c u r r e n t  ha s  t o . b e  i n c r e a s e d  s i g n i f i c a n t l y  t o  a c h i e v e  econo- 

m i c a l l y  a c c e p t a b l e  th roughput  rates.. A l s o  needed t o .  be?. i n -  

c r e a s e d  i s  t h e  l i f e t i m e  o f . t n e  s o u r c e ,  i n  terms of  mAh"s, 

t o  avo id  e x c e s s i v e  c o s t s  from changing and r e b u i l d i n g  t h e  

s o u r c e s ,  a s  w e l l  a s  machine downtime. To reduce  s k i l l e d  l a b o r  

r equ i r emen t s ,  t h e  i m p l a n t e r 1  s c o n t r o l s  shou ld . .  b e  a s  a u t o m a t i c  

a s  p o s s i b l e .  I n  a d d i t i o n ,  con t i nuous  o r  semicon t inuous  wafe r  

f e e d ,  a l o n g  w i t h  a p p r o p r i a t e  vacuum pumping mechanisms have 

. t o  be employed. ~ l s o ,  c a r e ' h a s  t o  be  t a k e n  i n  t h e  m a s s  a n a l y s e s  

and t h e  c o n t r o l  of  l a r g e  c u r r e n t / s m a l l  v o l t a g e  ion-beams needed 

f o r  s o l a r  c e l l  f a b r i c a t i o n ,  because  space  cha rge  e f f e c t s  make 

t h o s e  o p e r a t i o n s  d i f f i c u l t .  I n  some LSA p r o c e s s  sequences ,  

r i b b o n  m a t e r i a l  i s  p lanned  t o  be t h e  s u b s t r a t e .  S i n c e  r o t a t i o n  

o f  e l o n g a t e d  r e c t a n g u l a r  workpieces  a b o u t  t h e i r  a x i s  i s  i m p r a c t i -  

. , c a l l  o t h e r  p rocedu re s  . t o  a c h i e v e  uni form depos i ' t i on  have t o  

be  u t i l i . z e d  i n  t h e  f u t u r e  i m p l a n t e r ,  e . g . ,  magne t ic  o r  mechani- 

ca l  beam scann ing .  

As .ment ioned p r e v i o u s l y ,  a t  p r e s e n t ,  P N  j u n c t i o n  

fo rma t ion  u s ing  open t u b e  d i f f u s i o n  i s  a s m a l l  c o s t  c o n t r i b u t o r  

t o  t h e  s o l a r  c e l l  module' c o s t ,  c o n s t i t u t i n g  app rox ima te ly  1%- (18)  
. . 

A rep lacement  p r o c e s s  f o r  d i f f u s i o n s  i n  f u t u r e  LSA p r o c e s s  se- 

quences  would r e q u i r e  lower c o s t s ,  o r  y i e l d  h i g h e r  pe r fo rming  



c e l l s , . o r  o f f e r  a  s i m p l i f i e d  f a b r i c a t i o n  sequence .  Implanta-  

t i o n  c o s t s  a r e  e x p e c t e d  t o  be  lowered d r a m a t i c a l l y  b y i n c r e a s i n g  

2  t h e  i o n  i m p l a n t e r ' s  t h r o u g h p u t  r a t e  from a b o u t  2  m /h  t o  

2 n e a r l y  200 m /h. To accompl i sh  t h i s ,  t h e  t o t a l  i o n  beam 

c u r r e n t ,  f l u x  r a t e  of i o n s  impinging on t h e  s i l i c o n ,  i s  ex- 

2 e c t e d  t o  be  i n c r e a s e d  from 4 mA t o  100 mA. I f  m u l t i p l e  s o u r c e s  

a r e  used ,  t h e n  t h e  i o n  beam c u r r e n t  p e r  s o u r c e  needs  t o  be 

i n c r e a s e d  by a  f a c t o r  of 4 t o  5. I n c r e a s i n g  t h e  beam c u r r e n t  

w i l l ,  i n  g e n e r a l ,  i n c r e a s e  t h e  implanter's o u ~ p u t  r a t e  i n  

. t i l e  same r a t i o .  But ,  a s  shown on F i g u r e  3 ,  t h e  i n c r e a s e  i n  

t h e  m a c h i n e ' s  c o s t  p e r  u n i t  beam c u r r e n t  d e c r e a s e s  w i t h  beam 

c u r r e n t .  . I n  F i g u r e  3 ,  t h e  e x p e r i e n c e d  machine c o s t  p e r  u n i t  

beam c u r r e n t  i s  p l o t t e d  a s  a  f u n c t i o n  o f  t h e  beam c u r r e n t  t o -  

- g e t h e r  w i t h  a n  e x t r a p o l a t i o n  t o  t h e  f u t u r e .  The f i r s t  f o u r  

open c i r c l e s  r e f l e c t  t h e  c o s t s  of  i o n  i m p l a n t a t i o n  machines 

t h a t  a r e  i n  o p e r a t i o n  and t h e  s o l i d  c i r c l e s  r e f l e c t  p r o j e c t e d  

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

I n  a d d i t i o n  t o  l a r g e r  i o n  s o u r c e s ,  f u t u r e  i m p l a n t e r s  

would have t o  be more r e l i a b l e  t h a n  c u r r e n t  ones .  The h i g h  

c a p i t a l  c o s t  of i o n  i m p l a n ' t e r s  n e c e s s i t a t e s  t h e i r  u t i l i z a -  

t i o n  r a t e  t o  be a s  h i g h  a s  p o s s i b l e .  Proposed f u t u r e  machines 

(Lockheed,  RCA, S p i r e )  have  been p r o j e c t e d  t o  have u t i l i z a -  

t i o n  r a t e s  between 85-95% a s  opposed t o  t o d a y ' s  80%.  For  

M o t o r o l a ' s  unanalyzed i o n  beam i m p l a n t e r ,  t h e  upt ime f r a c t i o n  

i s  n o t  as s i g n i f i c a n t  because  o f  i t s  r e l a t i v e l y  l o w  c o s t .  

The Motorola machine i s  expec ted .  t o  c o s t  $85,000 a s  opposed 

t o  a t  l e a s t  $500,0'00 f o r  a n y ' o f  t h e  o t h e r  t h r e e  proposed 
. 

machines  which employ a n a l y z i n g  magnets .  One r e l i a b i l i t y  



a FIGURE 3 . . 



- .  

improvement i s  expected from increas ' ing  t h e  source  l i f e t i m e  

i n  terms of mAh's w i t h  beam c u r r e n t .  ' However, a l though  t h e  

sou rce  l i f e  expectancy dkc reases  a s  beam c u r r e n t  ou tpu t  i n -  

c r e a s e s , . a s  shown. in  F igu re  2,; t h e  product  of source  c u r r e n t  

and l i f e t i m e  i n c r e a s e s  w i t h  i n c r e a s i n g  outp,ut. . : .Therefore 
I I 

. - 
more ' s i l i c o n  can  be processed -between f i l amen t  changes. I n  

(7) c n e  proposa l  , m u l t i p l e  and s p a r e  sou rces  a r e  employed - "  

s o  t h a t  t hey  could be r ep l aced  wh i l e  t h e  machine i s  o p e r a t i n g .  

A s  l i s t e d  on, Table  11, t h e  ' sodrce  . l i f e t i m e  (rnAh) i s  expected . 

t o  i n c r e a s e  i n  t h e f u t u r e  'by la f a c t o r  of  t e n .  

Another p r o j e c t e d  improvement i s  t h e  reduced dependence 

of  t h e  i o n  i m p l a n t e r ' s  performance on o p e r a t o r  s k i l l .  A t  

p r e s e n t  a s k i l l e d  o p e r a t o r  needs t o  monitor t h e  o p e r a t i n g  - 
i o n  implan te r  con t inuous ly  t o+ .ach ieve  optimum ou tpu t '  r a t e s .  

: . , 

These s k i l l e d  l a b o r  requi rements  a r e  expected t o  be  dec reased ,  

i n '  f u t u r e  imp lan te r s ,  by s i m p l i f y i n g  t h e  machine 's  o p e r a t i o n ,  (6) 

by l a r g e r  ' b a t c h  l o a d s ,  ( 3  5, o r  by us ing  ~ i c r o p r o c e s s o y s .  ( 4  

I t  .is t h u s  hoped t h h t  f u t y r e  imp lan te r s  could be ope ra t ed  wi th  

i n s k i l l e d  l a b o r  wi th  s k i l i e d  i a b o r  d a l l e d  upon on ly  o c c a s i ~ p a l l y  . 
, < ,  

f o r  mechanical  and e l e c t r i c a l  , s e rv i c ing .  

S ince  .anneal ing i s  an i n t e g r a l  p a r t  of t h e  imp lan ta t ion  

p roces s ,  s t u d i e s  a r e  being conducted i n  t h e  JPL-LSA pro- 
- .  (19) 

gr.am on an  optimum p roces s .  . Processes  s t u d i e d  i n c l u d e  

thermal ,  e l e c t r o n  p u l s e ,  and l a s e r  annea l ing  w i t h  on ly  thermal  

annea l ing  y i e l d i n g  s o l a r  c e l l s  of comparable e f f i c i e n c y  
, . 

t o  t h o s e  produced from d i f f u s i o n .  ' Thermal annea l ing  c o s t s ,  

a s  mentioned previous1.y a r e  s i g n i f , i c a n t  compared t o  t h o s e  



TECHNOLOGY PROELEP5 TO BE RESOLVED FOR 

SUCCESSFUL LON COST ~ C i q -  INPLANTAT.ION 
- .  7 5 1 ' 

5-FOLD IliCREASE OF BEAI'I'CURRCMT PER -SOURCE ( 4  MA -+ 2 0  'MA) 
" 

10-FOLD INCREASE OF SOURCE F I L A I Z N T  L I F E  (25 KAH -+ 2 8 0  n A t d  
REDUCED RELI !,!ICE OW OPERATOR INFLUENCE FOR EFF-ICIENT NACHINE . 

PERFORKArlCE 4 

REDUCED FREON LOSSES FROF COOLING SYSTEPI (HIGH VOLTAGE, ) 

EASIER CLEANING OF SPURIOUS T."IATERI.AL DEPOSITEI> 114 SYSTEN,' 

(DEPOS I T  I.ON PROBABLY NOT AVO I.DARL€ , 

UM FORM -DEPOSITIO~$ W/O bIORKPIECE ROTATION 

REDUCED CAPITAL COST (CURRENT SINGLE SOURCE, 2 MA MACHINES 

CAPABLE OF 2 0 0  NHFERS/H COST - $ 0 , 5  KILL..) . 

' 

IIIPROVED AWNEALING PiE-rHODS (PULSE ANNEALING?) - 

REDUCED ENERGY CONSUNPTION , 

. . 

ALTERNATE TECHNOLOG I ES : . .  . 
--- 

COLD CATHODE, SOLID SOURCES (SIMPLER SYSTEM, BUT: FASTER SOURCE 

EROSION?. MORE SPURIOUS DEPOSITION 

IN SYSTEM THAN FROM GASEOUS SOURCES?) 

ORISSION OF AtdALYZING NAGNET (CAPITAL COST AND ENERGY SAVINGS, 

B U T :  I MPUR 1 T Y  PROF I L E  ACCEPTABLE? 
* I ' 

SPURIOUS IMPURITIES CONTROLLABLE?) . . 

Table I1 
- 7 . . 



f o r  f u t u r e  . i o n  irnplantat. i 'on p r o c e s s e s .  ' . ~ l s o  t h e r m a l  a n n e a l i n g  

d e c r e a s e s  t h e  e f f i c i e n c y .  of i o n  implan ted  c e l l s .  

The s h a l l o w  implan ted  P N  j u n c t i o n  d e p t h  t h a t  c a n  b e  o b t a i n e d  

from i m p l a n t i n g  w i t h  low energy  i o n s  h a s  t h e  p o t e n t i a l  

u f  y i e l d i n g  b e t t e r  per forming ce l l s  t h a n  t h o s e  .from t h e  d i f -  

f u s i o n  p r o c e s s ,  because  o f  g r e a t e r  W - r e s p o n s e .  However, 
. .  d . . 

t h e t h e r m a l  a n n e a l  c y c l e  b roadens  t h e  s h a l l o w  implan ted  

j u n c t i o n s  d e p t h ,  making it comparable t o  t h a t  o b t a i n e d  
. . 

u s i n g  gaseous  d i f f u s i o n .  

For  an e f f e c t i v e  u s e  o f  t h e  i o n  i m p l a n t a t i o n  p r o c e s s ,  

a n  e x t e n d e d ,  automated ,  vacuum, p r o d u c t i o n  sequence  h a s  been 

p roposed  by S p i r e .  For  t h i s  sequence  t o  b e  p r a c t i c a l ,  t h e  

a n n e a l i n g  proces ' s  h a s  t o  b e  performed i n  a  s h o r t  t i m e  i n t e r v a l .  

S i n c e  conveyor b e l t ,  i n  t h e  S p i r e  sequence ,  moves a t  a  r a t e  

o f  30 cm/sec, a  t h e r m a l  a n n e a l i n g  c y c l e  o f  o n l y  5. minutes  

would r e q u i r e  a n  e f f e c t i v e    furnace l e n g t h  o f  90 m .  E l e c t r o n  

o r  l a s e r  beam a n n e a l i n g  would be  c o m p a t i b l e  w i t h  a  r a p i d  

p r o d u c t i o n  l i n e ,  s i n c e  t h e y  c a n  be  performed i n  f r a c t i o n s  
. . 

( 1 9 , 2 0 j  
o f  seconds .  However, s o l a r  c e l l s  a n n e a l e d  w i t h  e i t h e r  of 

t h e s e ' t w o  ' t e c h n i q u e s  show a  d e c r e a s e d  performance .  A summary 

of  some o t h e r  t e c h n i c a l  problems t h a t  need t o  be  s o l v e d  f o r  
. . 

t h e  s u c c e s s f u l  implementa t ion  o f  i o n  i m p l a n t a t i o n  f o r  f u t u r e  

s o l a r  c e l l  manufac tu r ing  p r o c e s s e s  i s  l i s t e d  i n  T a b l e  11. 

These  problems i n c l u d e  uni form d e p o s i t i o n  o f  r ibbon-shaped 

w a f e r s ,  more e f f e c t i v e  c o o l a n t  usage  and c o n v e n i e n t  removal  

of d e p o s i t e d  s o u r c e  m a t e r i a l .  

The impor tance  o f  b e a m . c u r r e n t  s i z e  t o  i m p l a n t a t i o n  o u t p u t  

i s  shown by t h e  e x p r e s s i o n  f o r  t h e  u n i t  a r e a  i o n  i m p l a n t a t i o n , t i m e :  



r- 
k .602  x 10 -19 (.a. sec/ iod t o n  f l u x  ( i o n s / c m g .  

tp = k -  sec/cm 2 , 
Ion  beam (amps) 

(2.8) ' .  . . 

The p r o p o r t i o n a l i t y  c o n s t a n t ,  k ,  i s  < 1 and depends o n . , t h e  . - 
d e g r e e  o f  o v e r s c a n  a n d : t h e  beam u t j l i z a t i o n .  T h e r e f o r e ,  . . 

, a s  a  f i r s t . a p p r o x i m a t i o n ,  t h e  t h r o u g h p u t  r a t e . o f  a n  i o n  

i m p l a n t e r  i s  t o  i t s  beam c u r r e n t .  .Be.cause t h e  

i m p l a n t a t i o n  . . p r o c e s s  i s  c a p i t a l  i n t e n s i v e ,  lower ing  t h e  machine ,.: 

c o s t  p e r  u n i t  beam c u r r e n t  w i l l  lower  t h e  i m p l a n t a t i o n  c o s t  

i n  a b o u t .  t h e  same . r a t i o .  . A s  can  b e  obse rved  i n  . F i g u r e .  3 ,  . . 

t h e  machine c o s t s  ,,no~maJ.ized- t o  t h e i r  beam c u r r e n t  a r e  ex- . ; 
p e c t e d  t o  d e c r e a s e  approx imate ly  p r o p o r t i o n a l l y  w i t h  i n c r e a s e d  

beam c u r r e n t .  For  f u t u r e  i o n  i m p l a n t e r s ,  a  l a r g e  c a p i t a l  c o s t  

d e c r e a s e  p e r  u n i t  of  o u t p u t  .is a n t i c i . p a t e d  b'y i n c r e a s i n g  t h e  

beam c u r r e n t  without- p r o p o r t i o n a l  i n c r e a s e s  in. .machin.e c0st.s. 

There  a r e  s e v e r a l  approaches  f o r  i n c r e a s i n g  t h e  i o n  - :, 

beam c u r r e n t .  One approach ,  proposed by S p i r e ,  i s  t o  i n c r e a s e ,  

t h e  s i z e  and number of t h e  h o t  c a t h o d e  s q u r c e s  t o  20 rnA, and' 

1 0 ,  r e s p e c t i v e l y .  
(7) The s o u r c e  c u r r e n t  l i f e t i m e  i s  i n c r e a s e d  by 

\ 
changing from a  Freeman t o  a  Chavet  t y p e  f i l a m e n t .  Higher , . .  

c u r r e n t s  a r e  t o l e r a b l e  i n  t h e  l a t t e r  s o u r c e ,  b e c a u s e  t h e  

Chavet  f i l a m e n t  i s  looped and  t h e r e f o r e  i s  n o t  as h e a v i l y  

degraded  by t h e  back ionbombardment .  Although s o u r c e .  ' 

l i f e t i m e  d o e s  d e c r e a s e  w i t h  i n c r e a s i n g  c u r r e n t s . ,  . a s  ,shown ;- , ,.. 

i n  F i g u r e  2 , t h i s  d e c r e a s e  . . is  less  . .  . t h a n  t h e  i n c r e a s e . . i y  . ,, , 

c u r r e n t . - . $  I n  a n o t h e r  a p p r o a c h ,  a  ho l low c a t h o d e  s o u r c e ,  s i m i l a r  



t o  t h a t  used  i n  i o n  beam t h r u s t e : r s ,  i s  proposed.  ( 6 )  T h i s  

s o u r c e .  i s  expec ted  t o  y i e l d  a ' c u r r e n t  o f  100 mA, b u t  be- 

c a u s e  o f  t h e  non-co l l ima ted ;  l a r g e  c r o s s e c t i c n  n a t u r e  of  t h e  

beam it canno t  be '  mass-analyzed.  I n  a n  i o n  i m p l a n t e r  proposed* 

by RCA, two 10 mA i o n  beams a r e  used s i m u l t a n e o u s l y .  One 

i s  used  eo  i m p l a n t  t h e  f r o n t  of t h e  wafe r  w i t h  pho'spho:cus 

15  -2 a t  a  1 x 10 c m  dosage  w h i f e ' t h e  o t h e r  i m p l a n t s  boron w i t h  

a d o s e o f 5 x 1 0  l4 cm -2 . ' ( 3 )  - The Lockheed p r o p o s a l  h a s  'one 

10  mA beam t h a t  c a n  p r o c e s s  a b o u t  one  7.62-cm d i a m e t e r  wafe r / sec -  

ond . ( 5 )  
. T h e  wa'fers  a r e  loaded  and unloaded t o  and from 

4 s i d e  chambers which s u r r o u n d  t h e  c e n t r a l  i m p l a n t  chainber. 

I n  t h e  proposed S p i r e , m a c h i n e ,  7 of  t h e  10 s o u r c e s  are 

o p e r a t e d  s i m u l t a n e o u s l y  w i t h  s i x  runn ing  a t  a  c u r r e n t  of  

16 mA, and t h e  s e v e n t h  a t  4 mA. The i o n  beam from e a c h  s o u r c e  

p a s s e s  t h r o u g h  a c o l l i m a t ~ r ~ w i t h  a  s l i t  g & o m e t r y , o f  2 x 75 mm 

t o  p r o v i d e  mass ana1ysi . s .  The l a r g e r  s i x  s o u r c e s  a r e  b r o k e n '  

i n t o  two ' se t s  w i t h  a n  a n a l y z i n g  magnet f o r  e a c h  se t .  T h r e e  

i o n .  beams s t r i k e  t h e  moving s i l i c o n  w a f e r s  a t  +15O t o  t h e  n o r m a l .  

a n d ' t h r e e  a t  -150. The w a f e r s  are t r a n s p o r t e d  on 20x20 c m  c a r r i e r s  

Dn a b e l t  moving a t  a  r a t e  o f ' 3 0  cm/sec. The s e v e n t h  and 

s m a l l e r i o n  beam i s  used  f o r  a f i n a l  d o s e  c o n t r o l .  The t h r e e  

re ina in ing s o u r c e s  a r e  used  a s . s p a r e s .  A s  p l o t t e d  i n  F i g u r e  21 

it i s  e x p e c t e d ,  by S p i r e ,  t h a t '  t h e  a v e r a g e  s o u r c e  l i f e t i m e  

c a n , b e  i n c r e a s e d  t o  24h, . . o r  a p p r o x i m a t e l y  400 mAh.  his 

would mean, on a v e r a g e ,  a  s o u r c e  r e p l a c e m e n t  e v e r y  4 h w i t h  

e a c h  r e p l a c e m e n t  - r e q u i r i n g  1 0 ~ 1 5  min. l a b o r .  A "dead"  s o u r c e  

i s  e x p e c t e d  .to be  r e a d y  f o r  r e p l a c e m e n t  w i t h i n  24 h .  ' The 

i m p l a n t a t i o n  e n e r g y  i s  d e s i g n e d  t o  b e  10  keV, d o s e  u n i f o r m i t y  

t o  be - + l o % ,  and a n a l y s i s  t o  - + 0 .5  AMU. I n  o r d e r  n o t  t o  



enhance the space charge effect of the large beams, electric 

fields after the extraction gap are avoided in the Spire machine 

desiygn. The scanning deflector, shown in Fig. 1, is 
. . .  

operated magnetically. . . 

The narrow.width of the 16 mA ion beams makes them analy- 

able since the radius of curvature of the ion beams caused 

by the magnetic field can be made larger than the beam's 

width. The radius'of curvature is given by: 

where (m/e) is the ion's mass to charge ratio, v is the ion. 

velocity, and B is the magnetic field strength (in gauss). 

If a linear magnetic field is assumed, then the deflection 

angle is sin-' [elm) x (B/v) q, where E is the length of the 
magnet. As seen in the top drawi'ng of Figure 1, therefore, 

the angle of deflection depends on the (e/m) ratio. A slit in 

the ion path placed preceding the beam selects the desired ion. 

A large, transient temperature increase ( c ~ 8 0 0 ~ ~ )  can 

cause considerable stress in the silicon wafer, and make sub- 

.strate movement and handling difficult. The energy flux den- 

. sity J, of a 10 keV ion.beam at a density of 1 x 10 2 -15 ions/cm , 
2 is 1.602 j/cm . With the proposed output of the Spire implanter 

of 180 m2/h, the implantation time is 0.002 sec/cm2. The 

temperature rise of implanted wafers is given by, 

where C ' is the specific heat o f  silicon ( 0.71 . j/gO~) (21) 
P . . 

at RT, 



and p i s  . .. t h e  s i l i c o n  d e n s i t y  (2 .34  f l / c r d 3 ) .  . . D i.s known a s  t h e  

h e a t  d i f f u s i v i t y  which i s  e q u a l  t o  k/C p, where k i s  t h e ,  t h e r m a l  
. . .  P 

L 

0 c o n d u c t i v i t y  o £  s i l i c o n  (1 .47  j / s e c a c m  C ) .  ( 2 2 )  . .  The expre .ss ion  

&m-- i s  t h e  t h e r m a l  d i f f u s i o n  l e n g t h  and .cannot  exceed 
P 

t h e  w a f e r ' s  t h i c k n e s s .  Equa t ion  2 . 1 0 . i ~  v a l i d  when t h e  i m -  
. . 

p l a n t e d  j u n c t i o g  depth ,  i s  s m a l l  compared t o  5 o r  t h e '  
P 

t h i c k n e s s  of wafe r .  T h i s  c o n d i t i 0 n . i ~  s a t i s f i e d  f o r  N P  

s o l a r  c e l l  N P  j u n c t i o n  f o r m a t i o n .  The j u n c t i o n  d e p t h  i s  normal ly  
. . 

a p p r o x i m a t e l y  0.2 pm and t h e  i m p l a n t . a t i o n  t i m e  i s  s u f f i c i e n t l y  

- l o n g  t o  make t h e  d i f f u s i o n  l e n g t h  s e v e r a l  hundred mic rons .  

For  i m p l a n t i n g  a 200 pm t h i c k  wafe?, . w i t h  t h e  porposed S p i r e  

machine,  t h e  t e m p e r a t u r e  i n c r e a s e  o v e r  t h e  e n v i r o n m e n t , i s  ex- 

p e c t e d  t o  b e  4 8 O ~ .  

I n  M o t o r o l a ' s  p r o p o s a l ,  shown i n  . th ,e  bot tom drawing o f .  
. . . ' .  

F i g u r e  1, a l a r g e  i o n .  c u r r e n t  .beam (100 mA) i s  o b t a i n e d  from . . 

a hol low-cathode,  s o u r c e  . d e r i v e d  . from i o n  t h r . u s t e r  . , t echno logy . .  

I o n  t h r u s t e r s ,  u s i n g  ioni . rcat ion o f , m e r c u r y ,  have v e r y  l a r g e  

beam c u r r e n t s  ( s e v e r a l .  amps,), and l i f e t i m e s  o f  t h o u s a n d s  of  

hours .  I t  i s  t h o u g h t  n o t  t o  be d i f f i c u l t  t o  modify . t h e  . 
. . 

(11) t h r u s t . e r  t o  i o n i z e  phosphorus o r  o t h e r  s u i t a b l e  dopants , .  , . . 

However, t h e  i o n  t h r u s t e r  beam c a n  n o t  be mass-analyzed 

b e c a u s e  of  i t s  c i r c u l a r  c r o s s - s e c t i o n  and l a r g e  d i a m e t e r .  

The d i s p e r s i o n  c a u s e d  by a magne t i c  f i e l d  would b e  less . t h a n .  , 

t h e  beam's  d i a m e t e r .  I n  a d d i t i o n ,  t h e  e n e r g y  s p r e a d  of i o n s  .: . 

e m i t t e d  from a i o n  t h r u s t e r  t y p e  source h i n d e r s  good magnetic ,  

s e p a r a t i o n ,  s i n c e  t h e  c u r v a t u r e  r a d i u s  o f  i o n s  under  t h e  i n f l u -  
. . 

e n c e  of a  magne t i c  f i e l d  i s  d i r e c t l y  p ' r o p o r t i o n a l  t o  i t s  

.... ve1oc'i t .y.  The e f f e c t  'on- s o l a r  c e l l  e f f i c i e n c y  of i m p l a n t i n g  



with  an unanalyzed o r  a"'roughlyW analyzed beam i s  no t  y e t  

known and i n v e s t i g a t i o n s  have j u s t  been i n i t i a t e d .  ( 2 3 )  The 

proposed Motorola i o n  implan te r  i s  f a i r l y  s imple  i n  des ign ;  

t h e  wafers  a r e  t r a n s p o r t e d  ( p a s t  t h e  i o n  beam) by a  B e l t  . . . . 

through d i f f e r e n t i a l l y  pumped vacuum chambers. Dose un i fo rmi ty  

might be a  problem, because of t h e  Gaussian d i s t r i b u t i o n  of 

t h e  beam's i n t e n s i t y  and an  i n d i v i d u a l  wafer  might be exposed 

t o  on ly  a  s e l e c t e d  p o r t i o n  of t h e  i o n  beam. I t  t a k e s  less 

t h a n  0.75 sec .  t o  implant  a  12-cm d iameter  wafer  w i t h  a  

15 -2 
2 x  1 0  . cm dosage of phosphorus w i th  a  100 mA beam. The 

low c a p i t a l .  c-os t  of t h i s  i m p l a n t e r ,  makes t h e  Motorola pr.0- 

posed i o n  implanted p roces s  t h e  lowest  c o s t  one s t u d i e d  i n  
. . 

t h i s  r e p o r t .  D e t a i l s  of  t h i s  c o s t  c a l c u l a t i o n  a r e  conta ined  

i n  a  UPPC format a t t a c h e d  t o  t h e  Appendix. 

I n  the '  RCA and Lockheed proposed machines,  h o t  ca thode  

( 3 )  i o n  sou rces  a r e  employed. I n  t h e  RCA-proposed machine, bo th  

t h e  P N  and PP+ j u n c t i o n s  a r e  formed s imul taneous ly  by us ing  

two s e p a r a t e  1 0  mA beams. One beam i s  used f o r  phosphorus and t h e  

o t h e r  f o r ' b o r o n .  T h i s  machine can p r o c e s s  approximately  

2 
1 0 0  cm /sec, and a l lowing  t ime f o r  beam scanning and beam 

l o s s  a t  edges ,  t h e  machine 's  th roughput  i s  2000, 7.62-cm 

d iameter  wafers  p e r  hour. The wafers  a r e  t r a n s f e r r e d  au to-  

m a t i c a l l y  from 500 wafer c a r t r i d g e s  t o  50 wafer  c a s s e t t e s  from 

which t h e y  a r e  then  removed t o  a  ho lde r  f o r  imp lan ta t ion .  

The h i g h  c a p i t a l  c o s t  of t h e  RCA imp lan te r  r e l a t i v e  t o  i t s  

o u t p u t ,  makes t h e  RCA p r o c e s s  t h e  most expens ive  of  t h e  f u t u r e  

imp lan ta t ion  p roces s  p r o j e c t i o n s .  

The Lockheed proposed machine uses  a  1 0  mA beam, and can 

implant  3000 wafers/h (7.62-cm d i a m e t e r ) .  (5) The wafe r s ,  



which are batch-loaded, are held in 1200 ring-shaped trays 

cr carousels (50 wafers/tray) that are stacked and distributed 

among 4 cylindrical 'vacuum chambers adjacent to the implanta- 

tion chamber. During,the implantation process, the trays are 

transferred to the central chamber where they are rotated 

such that each wafer is scanned on its underside by the ion 

heam. This is repeated 4 times for each tray to assure dose 

uniformity. The ion .beam is kept constant at 7O to the normal 

while the wafers are rotated. This eliminates the need for 

electrical or magnetic beam scanning. After all the wafers 

in the machine have been scanned, vacuum in the implantation 

system is broken and the wafer loading cylindrical chambers 

are replaced. It takes approximately 20 hours for the com- 

pletion of one run: 2 hours for loading, 16 hours for pro- 

cessing, and 2 hours for unloading. The Lockheed process 

employs phosphorous pentaf louride , (PF5) as the* source gas, 

instead of pH3 or P. Phosphorous pentaflouride is very 

expensive and is a large cost contributor ('about 16%) to , 

the add-on process price as shown in the UPPC format attached 
5 

to the Appendix. 



E. Junction Formation Cost Structures 

The costs of present and future junction formation pro- 

cesses, broken up into their material, labor, capital, over- 

head, and return-on-equity components, are summarized in 

Table 111. . The cost calculations are based on the SAMICS 

. methodology ( 2 4 )  and' are detailed. in UPPC formats attached in . 
, 

I the Appendix. Also listed in' Table I11 is the throughput a 

rate, in terms of number of wafers processed per hour and 

their diameter. 

The cost of the wafers, which are reflected in the lost- 

in-process cost, are takewfrom our.previous studies of 

( 1 7 )  
slicing processes ,and the 1986 silicon and sheet value . 

goals listed in JPL-LSA's price allocation guidelines. (25) In 

addition to slicing, the cost of one-sided texture etching 

is included in the current and future wafer prices. The 

I 
I etching is performed by applying etch stop in the £orm of - .  

I wax on one surface, texture etching wit,h 30% NaOH at 90°c, . 

and removing the wax with plasma etching. The etching step 

costs have been derived from information published by 

Motorola, ( 2 6 )  and add up to approximately $3. 09/m2. The cal- 

culated prepared wafer prices are $350.98/m2 and $41. 21/m2 

; for 1978 and 1986, respectively. The specific process for 

the current wafer price is slicing 10.16-cm diameter wafers 

with a HAMCO ID saw. 

The first two columns of Table I11 refer to current 

implantation and diffusion techniques, while the other columns 



111. T e c h n i c a l  a n d  Economic  C o n p a r i s o n  o f  P r e s e n t a n d  P r o p o s e d  

J u n c t i o n  F o r m a t i o n  P r o c e s s e s  . 
Add-oh C o s t  C o m p o n e n t s  ($/m2) 

ORGANIZATION V a r i a n - E x t r i o n  
200-1000 hT 

( S p i r e )  

( 1 9 7 8 )  

I T h r o u g h p u t / r a t e  ( n o .  h - l / d i a .  (cm) II 240/7.6-cm 

I 5 .  T o t a l  M a t e r i a l s  11 '4.26 

(1 .0526 .  ( 1 . + 2 . + 3 . + 4 . ) )  , 

1. D i r e c t  M a t e r i a l s  

2 .  I n d i r e c t  M a t e r i a l s  

3. E x p e n d i b l e  t o o l i n g  

4. E l e c t r i c a l  E n e r g y  

0 . 0 1  

0 . 7 5  

2 . 6 3  

0 . 6 5  

A 
0 

9 .  T o t a l '  L a b o r  

( 1 . 3 1 5 8  ( 6 . +  7 . )  

1 0 .  E q u i p m e n t  

11. F a c i l i t y  

6 .  D i r e c t  L a b o r  

7 .  M a i n t e n a n c e  L a b o r  

8 .  I n d i r e c t  L a b o r  

( 0 . 2 5 ' ( 6 . +  7 . ) )  

8 .19  

7 . 4 2  
0 .39  

- 
1 2 .  C a p i t a l  ( 1 0 .  + 1 1 . )  

1 3 .  O v e r h e a d  

1 1 7 .  Y i e l d e d  add-on  p r o c e s s  p r i c e  I I 3 4 - 3 6  

4.84 

1 . 3 6  
1 . 5 5  . 

7 . 8 1  

0 . 4 8  

1 4 .  ' R e t u r n - o n - e q u i t y  

15 .  Add-on p r i c e  .f p r o c e s s  

1 6 .  Y i e l d  ( $ 1  

1 1 8 .  C o s t  o f  s i l i c o n .  l o s t - i n -  11  

1 3 . 2 7  

3 4 . 0 1  
9 9  - 

I 

S e c t r o l a b  M o t o r o i a  ih P H j  d i f -  
1 f u s i o n  f u s i o n  

.. /--- -1~ 

. p r o c e s s  

1 9 .  Add-on p r i c e  

M o t o r o l a  L o c k h e e d .  

n e e l i . n g  
( 1 9 8 6 )  (19861 

3 . 5 1  

3 7 . 8 6  

M o t o r o l a  
Activation 

a n n e a l i n g  

M o t o r o l a  Spice 
U n a n a l y z e d  H i g h  t h r u p u t  

b e a m  in- i o n  i n p l a n -  
p l a n t e r  t e r  



detail the costs of proposed processes. Two multi-step se- 

quences..for producing front and BSF cells are also shown on 

Table 111. The 5-step Motorola diffusion'process, which 

is detailed in Table IV, consists of protecting the front 

surface by spinning-on-silica, diffusion cf the BSE' using 

I 
BC13, a spin-on silica protection of the back surface, 

phosphine diffusion, and stripping of silica from both surfaces 

with a 4:l NH40H;HF solution. The result an N+PP+ wafer 
. . 

with no' silica coating, ready for metallization or AR-coating. 

The other multi-step process consists of RCA's double-sided 

ion implantation followed by thermal annealing. The RCA 

2-step process yields wafers equivalent to Motorola's 5-step 

wet chemical sequence. 

The cost components for activat'ion annealing are included 

in Table I11 because it is presently a necessary step after 
P 

ion implantation to achieve state-of-the-art performing cells. 

Annealing costs are significant compared to those derived using 

the high throughput implanters propcsed by MOtorola and Spire. 

The major cost components from Table I11 are graphically 

represented on Figure 4. In addition, Figure 4 includes the 

C O S ~  of RCA's proposed gaseous diffusion using POCl3: This 

diffusion process takes approximately one hour and has an 

output rate of 2,000 7.62-cm diameter wafers per hour. Addi- 

tional details of the RCA POC13 diffusion process are con- 

tained in a UPPC format attached to the Appendix. 

The for the proposedPH3 and POC13 diffusion processes 

2 are $3 :01/m2 and $3.86/m , respectively. These two. processes 

should.be available . . for near term production sequences; no major 

technical problems need to be solved for their applicability. 



Table 1t' 

Yieldcd Add-on Cost Cociponents for Motorola's 5-Step 
, 

Wet Chemical Fro-:: Junction and BSF Sequence < $ j m Z )  
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The cost decreases for the diffvlsior~ processes are about a 
. . 

factor of four lower from current ones, and for the most part, 

depend upon throughput increases. The higher output rate 

for Motorola's diffusion process, as compared to Spectrolab's, 

is based on processing larger wafers (12-cm) at :the same 

rate as smaller oces (7.62-cm) . The larger area (2; 48x) 

of the 12-cm diameter wafers accounts for the higher throuqh- 

put rates of Motorola's process. RCA proposes to automatically 

transfer wafers fromcassettesto furnace boats, and load/ 

unload the boats from the furnace, to increase output rates. 

The loading and transferring machines add to the capital cost. 

cf the RCA process, but increase output sufficiently to 

lower unit area costs. 

The RCA 2-sided implantation process, which is included 

on Figure 4 with annealing, and th6 Lockheed implantation 

proposal, should be.ready for near-term production (1982- 

1984) . Both these machines have 10 mA ion beams. The KCA 

implanter actuallyhastwo10~ beams but only one is used for 

the front junction formation. This beam size is onlytwice 

as large as some machines in operation and a 10 mA machine; 

the NV-10, by Nova Associates, should be introduced into the 

marketplace shortly. 

The processing costs from kmploying the high current (,lo0 mA) 

machines by Motorola and Spire are the lowest ones listed 

on Table I11 for junction formation. However, a longer time 

than for the other options discussed above will be needed 

.before these machines are suitable for production use, because 

of .Larger extrapolations of ion currents and throughput 

rates. In.addition, the Morotola 100 mA proposal has reductions 

4 4  



in labor, and capital costs because of its greatly simpli- 

fied operation. ~t employs an unanalyzed beam from a hollow 

cathode source, thus eliminating the need for ariy acceleration, 

magnetic, and scanning capabilities. The hollow cathode 

source originally designed for space propulsion use in ion 

thrusters, should give the high currents and lifetimes necessary 

for a low-cost, high throughput operation, needed in solar cell 

manufacturing. But, the effects on cell performance by 

implanting with an unanalyzed beam are unknown, although 
( 2 3 )  

investigations have recently been initiated. Spire expects 

their implanter to have a 100-fold increase in output rate 

over current machines. This is to accomplished, for the 

most part, by increasing the beam current to 100 nA, by 

having a continuously pumped., belt system, feed mechanism, and 

by increases in machine reliability by extensive use 

of microprocessors and redundant beam sources. 



3. Conclus'ions 

In order for the front junction for'mation processes 

involving gaseous 'diffusion and ion implantation to fit into 

future ( 1 9 8 6 )  low--cost solar cell fabrication 'sequences 

their costs will have to decrease by factors of approximately 

four and ten, respectively. At present, the phosphorus dj-ffu-- 

sion process cost is $12.74/m2 while the ion implantation . 

of phosphorus costs $37..86/mL. It is anticipated that the 

future co'st contribution for front junction formation would 

be less than $3.20/m2. 

The costs in the long term ion implantation projections 

by themselves seem significantly lower than those of the diffu- 

sion processes, but adding the-cost of the necessary activa- 

tion annealing, makes the'costs comparable. For combined front 

and BSF sequences, the cost difference between a wet- 

chemical process (the 5-step Motorola sequence) and an equi- 

valent multi-step process employing ion implantation, is about 

$l/m2. The closeness o f  these two projections makes it diffi- 

cult to .judge which would be economically advantageeus in 

1966. From our calculations, it would appear that ion im- 

plantation and diffusion could be competitive. 

Future junction formation processes will have to fit 

well into high volume process sequences. Even though 

currently, gaseous diffusion is an inexpensive step in 

manufacturing solar cells, its costs have to be reduced 



even more to fit into the future LSA framework. Cost 

reductions depend upon larger .throughput rates to be achieved 

by processing larger diameter wafers,'and by automatic.wafer 

transfer. Wafer transferring could be accomplished using 

specifically designed machines; which would increase the 

capital cost of gaseous 'diffusion.   not her cost reduction.for 

diffusion. is related to quartzware (boats and tube liners) 

cleaning using mild chemical etching. The cleaning is necessary 

to minimize wafer contamination and is currently a significant 

cost contributor to the diffusion process. The required cleaning 

frequency and alternative cleaning procedures should be investigated. 

Ion implantation has recently been introduced into 

production activities, and its state-of-the-art performance 

is rapidly changing. During the last decade, ion beam current 

(and consequently the throughput rate) has increased by a 

factor of 1,000 - from a few microamps to, soon to be intro- 

duced 10 rnA. For low-cost solar cell junction formation, 

the implanter's beam current would have to increase by an 

additional order of magnitude .and its cost reduced by 

approximately a factor of 20. The feasibility of achieving 

these goals cannot, at this time, be assured. But certainly, 

activity in this area Should be continued. 

If ion implantation's cost reductions could be accomplished 

through larger throughput rates and greater reliability,, and 

if a compatible annealing process could be perfected, then ion 

implantation would be a strong candidate for junction formation 

in future LSA process sequences. 
' 

The cost reductions required for gaseous,diffusion to meet 



the LSA future price goais-are not as dramatic as those 

needed for ion implantation, and are not as dependent on 

technical development. However, studies should be continued 

in automatic wafer handling and in quartzware cleaning methods, 

because these are potential add-on price reduction areas for 

diffusion. 



4 .  NEW TECHNOLOGY 

, . . . .  

No new t e c h n o l o g y  deve loped  d u r i n g  this q u a r t e r .  
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APPENDIX 

The University of.Pennsylvania Characterization 

Formats for Gaseous Diffusion and Ion Implantation 

Junction Formation Processes . . 
3 .  

. . 

Note: The time units used in these formats refer, to plant 
operating hours. 



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 CHARACTERIZATION 

(UPPC) 

p r o c e s s :  D e v i c e  F a b r i c a t i o n  

J u n c t i o n  F o r m a t i o n  

1 (jption: I o n  i m p l a n t a t i o n  i n - l a y e r ,  ohmnhnTlu; 

u s i n q a m o d i f i e d ~ i n n  - 708 - 1 0 0 0 ~ )  ' 



Form 2 
- ' 

. Page &of, - 1 

Revision -1 Date 4/9/79 -- 
1 0 . 1  Value Added: 1 S / 1 

Process Desc r ip t i on :  Ion  i m p l a n t a t i o n  of  ~ h o s p h o r o u s ,  u s i n q  5% phosphine i n  37 w i t h  a  modif ied  ~ a r i a i -  

~ x t r i o n  200-1000 i m p l a n t e r  w i t h  c a s s e t t e  l o a d e r ,  o p e r a e n s  a t  an  i o n  be-t v o f a -  - . 10 KeU a t  

Using 3" d i a .  wafe r s  (45.6 cm2) , a  c a s s e t t e  load  (25 w a f e r s )  i s  p rocessed  i h  average .  o p e r a t i n g  t ime 

of 5 min;; f o r  a  throughput  r a t e  o f  1.368-m2/h. Machine u t i l i z a t i o n  is 0 .8 'oper1g  hours  p e r  c a l e n d a r .  

hour ,  f o r  an  e f f e c t i v e  th roughpu t  r a t e .  of  240 wafe r s / ca lend .  hour .  

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

Name4 of  item: p r e p a r e d '  w a t e r  on s h e e t  m a t e r i a l '  a s  s p e c i f  i k d  

ui 
P . ~ i rnens ions  : - 7.62-cm d i a m e t e r ,  240 wafers /h  

Karerial: S o l a r  grade  s i l i c o n  

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

.1.1 Quant i ty  Required: 1.094 m2 / h 2 
_D- - - Unit Cost: 351 $1 2-. 

1 . 2  Input Valce: 

. . 
, . 

Note t o  Item 1.3: Use price, if input produced in own plant. 



Process  NO. a. 8.iq-il-pTq Form 3 

2 . 1  D i r e c t  Mater ia l s :  
Page 1 of 1 - - 

Revision 1 Date 4/9/79 

-2.1-1 Type: 5% phosphine in hvdroqen ' I 
spec i f i cat ion:  Only used when machine is operating. Consumption rate is 3.5 10-4 4 
ft3/rnin: cost is $0,82/ft3 (SANICS No. E1472D) . I. 

4 u a n t i t y  Required: ' 0.476 -- 1 h ; Unit Cost:  0.029 $1 !2 ; C O S ~ : ~  0.0138 $1 h 

. - 
2.1-  Type: 

S p e c i f i c a t i o n :  I 

Quantity Required: / ; U n i t c o s t : .  $1 ; Cost:l  $1- 

2 . 1  Type: ' , % - I 
S p e c i f i c a t i o n :  I 

1 2 . 1  Subtotal  Direct  Materials:  0 014 . $1 h I 

- .  
Quantity Required: - / -3 U n i t c o s t :  $1 ; Cost: 

- 1 

- - 

$1 



Process No. 0 . 0 . [Tii-[Xl 
2.2 Indirect Naterials (incl. suppliesand non-energy utilities): 

Form 4 

R e v i s i o n  1 Date  4/9/79 

2.2 1 Type: C o o l i n q  Water - ; I 
Specification: Needed c o n t i n u o u s l y  t o  cool d i f f u s i o n  pumps, (SAMICS No. C1128D I 

-- - .- -- 
quantity Required:- 0 4 8  kW - 1 -9  Unit cost: 0.566 $ /  kwh ; cost: I 

2.2 .- 2 Type: L i q u i d  N, - - I 
Specification: ~ e e d e d  c o n t i n u o u s l y  f o r  vacuum traps. Consumption r a t e  is' 

0 .096 ft3/h,  U n i t  c o s t  i s  $ 5 . 6 6 / f t 3 ,  (SANICS No. C ? P P f i D ) .  

Quantitv Required: .- 2.69 - .- . - . .- - - . . . . - . .. - / - - h : Unit Cost:0.202 $ / &  ; Cost: I 
2.2- Type: - -. - - - . - . -. - - - -- I 

Specification: . % I 

Quant it?. Required : -- / ; Unit Cost: s / ; Cost:-[ $/- . . 

* 

2.2 Subtotal Indirect Platerials: 0.82 $ /  h 



process  No. ml -I=] ' 

Form 5 

. Page 1 of 1 - - 
2.3 Expendable Tooling: 

R e v i s i o n  1   ate 4/9/79 
, 2.3 1 Type: S p a r e  p a r t s  ( e.g. t u n q s t e n  f i l a m e n t s .  vacuum seals , ~urnr,  o i l s )  . 

I I I 
Quan t i t y  Required : 4 8  -- min/ l-i g : Unit  Cost:  O.C6 $1 r n i n ~ ~ ~ ~ : '  2.88 $1 h I 

2.3- Type: I . . 

.Quan t i t y  Required: / : Unit Cost: $1 . cos t :  -- 
- I -$I- 

. 2.3- Type: I 
Quan t i t y  Required : -- /  ' : Unit Cost: $1 Cost : I $1- 

2.3- Type: - 

2.4 Energy 

Quan t i t y  Required: -- / : U n i t c o s t :  $1- Cost : 

2 . 3  Sub to t a l  Expendable Tooling: 

2.41 Type: E l e c t r i c i t y ,  25 kW, (u sage  d u r i n g  non-ope ra t ing  t i m e  i s  12.5 kW) 

$1- 

88 $1. h  

Quan t i t y  Required: 22.5 kW / min : Unit Cost: .,0.031$/= c o s t :  

Quanti ty ~ e ~ u i r e d :  

I B 

1 2.5 Sub to t a l  2 .1 t o  -2.4:. 1 4.43 $1 h  

: Unit c o s t :  $1 cos t :  

I 2 . 4  Sub to t a l  Energy Costs: 

. $1- 

0.718 $1 h  

, 
2.6 Handling Charge: 5.26 % of i t em 2.5 

. 2 .7  S u b t o t a l  Materials and Supplies:  
(2.5 + 2 . 6 )  

0 .2 3  $1 h 

4.66 $ / h  



, m . l ' - m ]  Process  No. 

Revision 1 Date 4/9/79 
3 .1  D i r e c t  Labor: 

. I 

3.1-1 Category: Semiconductor  Assembler  A c t i v i t y :  Machine o ~ e r a t b  
(SAMICS N o .  B3096D) 

, Amount Required: l h l ;  Rate: $ 3 - 8 9 4  / h ;  Load 3 6 . 0  X; C ~ s t :  5 . 2 9 6  $1 h 
. 4 .  - i 

3.1-2 ca tegory :  ~ l e c t r o n i c s  Te- . . A c t i v i t y :  Machine a d j u s t m e n t s  
(SAMICS N o .  B3736D) 

Amount Required: 0 . 1  h l  h . s . Rate: Load 3 6 . 0  %; Cost: 

3.1-3 C a t e g o r y : c  ~ = t i v i t ~ :  S e r v i c e  and r e p a i r  . 
(SAMICS N o .  B37.04D) 

Amount Required: 0 . 1  h l  h ' ; R . 3 t e :  $ 5 . 6 7  /h;-Load 36.0 % ; C o s t :  0 . 7 7 1  $1' h 

' V 1  
3.2 I n d i r e c t  Labor: 2 5 %  of d i r e c t  

3 .1  D i r ec t  Labor Sub to t a l :  6 . 7 9  $1 h 

1. 

3.2 - Category: A c t i v i t y :  
I '  

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

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

Amount Required: h / ; Rste:  $ I h ;  Load %; Cost: $1 ' .  
I 

3.2-' Category: A c t i v i t y :  
, 3 

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

3.2 I n d i r e c t  Labor Subto ta l :  
, . -  

3 - 7 0  $/L 

3.3 SubtoEal 3.1 and 3.2 . 8 . 4.9 . .. 
$ j  h - ---- 

1 3 . 5  ~ L b t o t a l  Labor 



~ r o ~ e s i  NO. . 
4 .1  Equipment 

Form 7 
1 Page - 1 - 

~ e v i s i o n ;  1 Date  4/9/79 

1 

P l a n t  O p e r t g  Time 8280 h l y ;  Machine ~ v a i l ' t y :  80 %;.Machine O p e r f g  ~ i m e  ~ I Y  1 

4.1-1 Type: V a r i a n - E x t r i o n  200-1000F i o n  i m p l a n t e r  

, 

Cost :  3151000 $; ~ n s t a l l a t i o n  c o s t :  5 1 0 0 0  $; Throughput:  1 . 3 6 8  m2 / h ;  

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 ~  I 

. 

. Usefu l  L i f e :  y ; C h a r g e R a t e : 2 1 - 3 5 % o f C o s t / y ; C a p i t a l C o s t :  67 .253  $ 1 ~ 1  8 .12 $1 h  
. . .  I 

4 . 1  - Type: 

Cost : $; I n s t a l l a t i o n  Cos t :  $ ; Throughput : / h ;  

P l a n t  0 p e r ' g  Time h l y ;  Machine A v a i l ' t y :  %; Machine Oper 'g  Time ~ I Y  
. . 

S e r v i c i n g  C o s 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 :  . $ 1 ~  

Usefu l  L i f e :  y;  Charge Ra te :  % of C o s t l y ;  C a p i t a l  Cos t :  $ 1 ~  - $1 

4.1- Type: 

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 ~ 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  O u t s i d e  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 ~ ~  

4 . 1  S u b t o t a l  Equipment Cos t :  - 

$1 

8.12 $ / h  



Form 8 
Page 1 of  1 

R e v i s i o n  ~ a t P / ~ / -  

2 t) 

4.22 Type: Machine area F l o o r  Area: 19 .5  1 m ; Throughput : 9 06  2 m2 / Y  

r C L - P - - I , - w - o -  

Charge Rate:  1 7 9  13*  s / (m2.y>;  Maintenance Cos t s :  
- - L I - - -  

Enecgy Use: 7 Labor: h /y  a t  Slh  

~ i a t  i n g  I y  a t  $1 I . S u p p l i e s :  
t 

A 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  1 

I - , - - - - - - - - - - -  
L i g h t i n g  /y  a t  $ /  I Total Cost: 3495 S / V  I 

F l o o r  Area: 
2 

4.2- Type:- m ; Throughput:  

2 
Charge Rate:  $/(m . Y ) ;  

roo-- Maintenance Cos t s :  

- - - - m o C I L L I  LI- 

Energy Use: 
-1 , Labor: h /y  a t  $/h 

Hea t ing  I y a t  $1 1 
• S u p p l i e s :  . .- $ 1 ~  I 

I y  a t  . $1 4 A i r  Cond'g 
I O u t s i d e  S e r v i c e s :  $ /y  I 

F l o o r  Area: 
2 

6.2- Type: m ; Throughput:  

2 ~ - . ~ t - - - ~  

Charge Ra te :  S/(m . y ) :  , Maintenance Cos t s :  

C I - - - , ,  
L i g h t i n g  IY a t  $ 1 -  

T o t a l  Cost': $ 1 ~  
F -4 

$1- 

4.2 S u b t o t a l  T a c i l i t i e s :  1 0 . 4 2  $1 h 

. . , - - - - - - - - - - - I  
Energy Use: 

h /y  a t  $ /h  
Hea t ing  IY a t  $1 1 Labor : 

S u p p l i e s :  $ 1 ~  
A i r  Cond'g IY 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 O S 4 - - P 1 4  -- 

1 T o t a l  Cost:  $ 1 ~  , 

* .Includes energy use 

$1- 

4 .3  Equi.pment and F a c i l i t i e s  S u b t o t a l  : 8.54 $1 h 



Page: l o £  1 

Process No. ,El. D,* lzLl-&l 
5. 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 Ccntained in Good Output 
Work-ln-Process ("Amount Requiredl'.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 0.0.m-5 

Revision 1 Date 4/9/79 

5.23 Credit for 5.22 at the Market Value of $/-: 
Q, 
+! 

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): I $1- 

5.26 .Material of Type 1. Lost in Process (5.21 minus 5.22) o.0109 m2 / h '  

5.3 Cost of Work-in-Process Lost (Amount 5.26 Times Unit Cost 1.1) 

for All Salvaged Materials (5.25 + 5,67 + 5.76) I . . $1 

3.84 $/ h 

I 5.4 Cost of Work-in-Process Contained in Good Output Work-in-Process 
(Amount 5.2 Times Unit Cost from 1.1) 380.29 $1 h 

., . 
- 

Salvaged Materials Summary: *- 



Process NO. , lf) . / T I -  Iq 
6. Byproducts and Wastes 

, , 
' Form 10 

. . . ~ 

page - -1 of '1 - 
Revision 1 Date 4/9/79 

6.1 Solid '~~~roducts/~astes 

6.1- Type (Composition): Quantity Produced: ./ . 
Physical ShapelSize: Energy Content: kWh/ 

Density: g / ~ m ~ ;  Water ~olubilit~: -- g/l at o - C: pH: 

Toxicity: Biodegradable: Other Remarks: 

6.2 Liquid Byproducts/Wastes (inorganic): I 

m 
'N . Input Material for: Cost/(dredit) $1 ; Cost: 

. . 

6.2:: ~~~e (Composition) : From . c l e a n i n g  c a s s e t t e s  ~ u a n t i t ~  Produced: ? / 

$1 . . 

Density: 3 g/cm ; Suspended Solids: Amount : mgyl pH: 

Toxicity : Heavy ~etai Content: m,g/l. Other Remarks: 

Type of Disposal: 

Input Material for: ---- Cost/ (Credit j 
I $1 Cost: I , $1 

. . 



Form 11 
Page L o f  1. 

P r o c e s s  NO. 13 . mj-mj 
6 . 3  L i q u i d  ~ ~ ~ r o d u c t s / ~ a s t e s  ' (organic ')  

6.3- Type (Composi t ion)  : Q u a n t i t y  Produced:  / I 

R e v i s i o n  1 , D a t e  4 /9 /79  

I D e n s i t y :  g/cm3; T o x i c i t y :  COD :- mg/l; BOD: 

Car ry  from Form 10 

0 I g n i t i o n  P o i n t :  C; Exp los ive  Mix tu re  i n  A i r : %  t o  - %; Other  Remarks: 

$ 

I Type of D i s p o s a l :  - I 
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 ; - -.Cost.: $ / 

6 . 4  Fumes, Gaseous B ) p r o d u c t s / ~ a s t e s  

6.4 -1  Type ( ~ o m ~ o s i t i b n )  : fUme.s o r  e x h u a s t  gases Q u a n t i t y  prdduced: 1 4 0 0  f$ /min  I 
.Energy Content  (Combustion):  kllh / ; E x p l o s i v e  Mix tu re  i n  A i r  -% t o  -%. I 

0 
I g n i t i o n  P o i n t :  C; ~ e r o s o l n  p r e c i p i t a t e s  i n  ' ' minutes  pH I 
T o x i c i t y  ~ e . ~ u i r e s  s c r u b b i n g  0 Type  of ~ c r ~ b b e r :  I 
( e n t e r  s c r u b b e r  under  4 . 1 ,  4 . 2 ,  s c r u b b e r  e f 5 l u e n t  under  6 . 1  t o  6 ~ 3 )  

. Other  remarks:  Fumes  c o m p o s e d  of a i r ,  N7, Hg a n d  PH,  
.J a 

Type o f  D i s p o s a l :  P o w e r  of f a n  t a k e n  f r o m  Motorola, ( 0 . 4 6  k ~ / 1 0 0 0  f t 3 / m i n ) ,  I 
a p e r a t i n g  C o s t s :  1 8 0  $1 Y ; c o s t : )  0 .02  $ / h  

6 .  S u b t c t a l :  ~ ~ ~ r o d u c t / V a s t e  D i s p o s a l  Cos t :  0 . 0 2  $ / h  



Process NO.  a lTTT]-~la 
7. Process  Cost Computation 

. . Form 1 2 .  
Page 1 of i 

. - ,- 
Revision .1 Date 4/19/79 

% of 7.11 6 . 5 2  $1 h 

7.21 To ta l  ope ra t ing  Add-on Cos ts  of Process:  2 2 . 7 0  $1 h 

7.31 To ta l  Gross Add-On Cost of Process  

7.32 c r e d i t .  £6;. Salvaged Mate r i a l  (5.8) I -- $1 

7.33 'cost of work-in-Prdcess Lost  (5.3) 

7.34 S p e c i f i c  Add-On c o s t  'of p r o c e s s  (7.31 + 7.33)-(7.32) 26 .54  $1 h I 

7.42 P r a c t i c a l  Yield 

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 9: 
* 
7.37 Cost of  Output Work-in-Process (7.34 + 7.35 + 7.36) 

7.41 T h e o r e t i c a l  Yield (or  Conversion Rate, i f  ou tpu t  u n i t s  of C 

work-in-process do not  equal  i npu t  u n i t s )  1 . 0 9 4  m2 / h  ' 

7.43 E f f e c t i v e  Yield (7.41 x 7.42) 

380 .29  $1 h 

$/ 

4 0 6 . 8 3  $1 h - 

7.44 !{umber of Uni t s  of Good Output Work-in-Process per  
Computation Ucit Used up t o  7.35 1.083 m2 / . 

.- - - -  

7.51 Cost of u n i t  of Good Output Work-in- 
Process (7.37 + 7.44) 

7.52 S p e c i f i c  Add-On Cost pe r  Unit  of Good 
Output Work-in-Process (?.34 + 7.44) 



Form 13-2 
.Page L o f  1 

R e v i s i o n  1 D a t e  4 / 9 / 7 9  

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* 8 - 1 2  $1  h from S u b t o t a l  4 .1  = 7 - 5 3  $1  
. . 

Sub t o t a l  - - 8 . 3 5  $1 h ,  I 
-8.22 C o s t s  of Amor t i za t ion  of t h e  o n e - ~ i m e  Cost :  I 

0.192" 8 . 9 6 -  $1 h from S u b t o t a l  3.5 = . 1 - 7 2  $1 h 

2 . 4 0  , h from S u b t o t a l  4.1 = - -  . . . I  
2.77* 0 . 4 2  $ 1  h -- from S u b t o t a l  4.2 = ' 1 - 1 6  $1  h . 

Sub t o t a l  = 6 . 1 7  $1 h 

8.23 T o t a l  Net Cos t  o f  Equ i ty  (8.21 + 8.22):  
. . .  . . 

8.24:.-Prof i t  and - ~ i n o r t i z a t i o n  of S t a r t - u p  C o s t s  p e r  Uni t  of Good Output  
.Work-in-Process: . . 

., (Div ide  ' S u b t o t a l  8.23 by 1 . 0 8 3  m2 / h from 7.44) 

. . 
8.25 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  o f '  work-in-Process (7.51 +' 8.24) I 



Process  No. ' 
. ^ .  . : :, Form 15  

Page 1 of I - - 
Revision 1 Date 4 /9 /79  

0.. Output ' spec i f i ca t ion :  

Name o f  item: Wafers w i t h  F'N - . junc t ions  ( p h ~ s p h o r ~ u s  i m p l a n t e d )  

Dimensions: 7 . 6  2-cm d i a m e t e r  

SoBar' g r a d e  s i l i c o n  ? l a t e r i a l :  

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



Univers i ty  o f  Pennsylvania + 

PROCESS .'CHARACTERIZATION 

process:  Device Fabr icat ion  , 
I 

Subprocess: Formation o f  P o t e n t i a l  Barrier  ' . 

Option: Open tube n - t v ~ e  d i f  f w q  

phosphine g a s  ( spec  t r o l a b )  

INDEX 

Form 1 



Process No. 0 . . [TI -jFTJ 

Form 2 

, Page L o f  1 

' Revision 4/79 Date 1/79 -- 
0 . 1  Value Added: I $1 I 

process Description: Open t u b e  n- type  d i f f u s i o n ,  u s i n g  0.05% phosph ine  i n  n i t r o g e n .  One r u n  c o n t a i n s  

75 w a f e r s ,  7.62-cm d i a .  e a c h .  T o t a l  c y c l e  t i m e  i s  35 minu te s ,  phosph ine  f lows  f o r  5-10 minu te s .  

Two 1 - t u b e  f u r n a c e s  are u s e d ,  hand led  by 1 o p e r a t o r ,  1 . 5  s h i f t  o p e r a t i o n .  Most t i m e  i s  s p e n t  

manual ly  l o a d i n g  and  u n l o a d i n g  d i f f u s i o n  b o a t s .  C a l c u l a t i o n  made on 3  s h i f t  b a s i s .  - 
1. Input Specificat$on: 

Name of Item: S i l i c o n .  w a f e r s ,  t e x t u r e - e t c h e d .  

0 , .  w Dimensions :' 7.62-cm d i a m e t e r  

Ifaterial: - Cz grown s i l i c o n ,  (100)  o r i e n t a t i o n  

. Other Specifications : 

- 1.1 Quantity Required: 0.34203 m 2  / r u n  - -- - Unit cost:  - '351 $1 m2 - 

120.05 $/ r u n  

. . 
Note t o  Item 1.3: Use price, if i n p u t  &oduced in own p l a n t .  



Process No. 0 . . iTF'1-1Tl . 
Form 3 

. 2 . 1  Direct  Materials: 
. . 

Page 1_ of 1 - 
R e v i s i o n  4/79 Date 1/79 . . 

2.1-1 Type': P h o s p i n e  gas i n  n i t r o g e n  

Spec i f i ca t ion :  500 ppm of PH? 

C o s t  of gas tank i s  $60  and i t  c o n t a i n s  a p p r o x i m a t e l y  1 . 4  m3 

Flow rate i s  20 m!L/min/furnace tube .  7 . 5  minutes /run  
? 

4uantity Required: 150  ma - / r u n ;  Unit Cost: 4 2 . 8 6  $1 m3 ; Cost: 

2 . 1  - Type: ? 

Spec i f i ca t ion :  2 

Quantity Required: -1-9 Unit Cost: $1 ; Cost: 

2 . 1  Typ'e: 3 - 
Spec i f i ca t ion :  

I Quantity Required: / ; U n i t c o s t :  $1 ; Cost: $1 , j .  ' -  

* . I  Subtotal Direct Materials: 0 . 0 0 6  . $1 run 



Process NO. a . . [TI - [n2( . 
2.2 Indirect Materials (incl. suppliesand non-energy utilities): 

Form 4 

R e v i s i o n  4/79 Da te  1/79 

2.2 1 Type: Nit roqer i  q a s  9 - 

, specification: From l i q u i d  n i t r o g e n  (One l i t e r  o f  LN? y i e l d s  a b o u t  500 k o f  

g a s ) .  G a s  f l o w  ra te  i s  1 R/min/tube. C o s t  o f  l i q u i d  LN3 i s  1 5 . 6 6 / f t  
3  

-- 

Ouantitv ~equired: - 35 R -01.- r u n .  9 unit cost: 0.0004C$/ R ; Cost: 

Specification: 

Quantity Required: M i n i m a l  . - . . - - - . - . . - / ; Unit Cost: -- $ / ; Cost: 

2.73 Type: 1 : 3 : 5  w t .  r a t i o  o f  HF:HN03:H20 -- 

Specification: Used f o r  c l e a n i n g  t h e  q u a r t z  ware ' ( t u b e  and b o a t s ) ,  

Consumption i s  2. &/day (2  c l e a n i n g s ) ,  - 

0.014 $; r u n .  

Quantity Required: 0.05 -- R l r u n ;  Unit cost: 1.00  $ /  .k ; Cost: 0.05 $1 r u n  

P 

2.2 Subtotal Indirect Plsterials: 0.. 0 6 4  $1 r u n  



process  No. m, m. m]--\-] Form -5 
. . 

2 . 3  Expendable Tooling: . . 
P a g e  1 o f  1 - 

R e v i s i o n  4/79 Date 1779  
I 
- 2 . 3  1 Type: Q u a r t z  b o a t s  - r e ~ l a c e m e n t s .  fo r  e a c h  f u r n a c e  t u b e  

. . 
Quantity Required : 7  b o a t s  - 

2 . 3  -2 Type: F u r n a c e  tubes 

~ u a n t i  ty Required: 2  t u b e s / y  : U n i t c o s t :  500 $ / t u b e c o s t :  0 . 0 7  - $ / r u n  

' I 2 . 3 -  Type: 

Quant i ty  Required: / : Unit Cost: $/  -- Cost : $1- 

2 . 3 -  Type: 

2 . 4  Energy 

Quantity Req.1ired: / : Unit Cost: $/ -- 
V 

Cost : 
w I 2 . 3  Subtota l  Expendable Tooling: 

I 

2 .4-1 Type: E l e c t r i c i t y .  8  kw/ tube ,  1 7 . 5  % d u t y  c y c l e  
I 

$/- 

0 .095  $/ r u n  , 

Q k n t i t y  Required: 0.817 kWh/run : 

2 . 4 -  Type: 
, - I .  

~ u a n i i t ~  Required: : Unit Cost: $ 1 -  Cost: $1- 

. . 

. . 6 ,  
, - 

I .  
1 1 -  

I. 
. . . -  I 

I 
2 . 4  s u b t o t a i  Energy Costs:  

2 . 5  Subtota l  2.1 t o  2.4:  

2 . 6  Handling Charge: 5 .,26 % of i t e m  2 . 5  

2 .7  Subtota l  Materials  and Supplies  : 
( 2 . 5  + 2.6) 

0.026 $1 r u n  
I 

, 0 . 1 9 1  $ / r u n  

0..01 $ / r u n  

0 . 2 0 1  $ / r u n  



Process  No. Form 6 
Page 1 of 1 . . 

Revision 4 1 7 9 ~ a t e  1 / 7 9  

3.1 D i r e c t  Labor: 

3.1-1 Category: Semiconductor a m t a r  Act iv i ty :  Furnace  load/unload.  c o n t r o l ,  c l e a n  q u a r t z  
(SAMICS N o .  B3096D) 

Amount Required: 0 . 3  h /  run  ; Rate: $ 3-89 Ih ;  Load 36  %; Cost: . 1-59 $1 r11n 

3.1- Category: 
+ - .  

A c t i v i t y :  ' . .. 

h/  /h;  Load 
. e  

Amount Required: ; Rate: $ A ;  Cost: . . $1 

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

h /  /h;  Load Amount Required: ; Rate: $ %; zest: $1 
* 
3.1 D i r e c t  Labor S u b t ~ t a l :  1 . 5 9  $1 run  .'- 3.2 I n d i r e c t  Labor: Taken a s  2 5 %  of d i r e c t  

N 

3.2- Category: Ac t iv i t y :  

Amount Required: h /  ; Rate: $ /h ;  Load 2; Cost:  $1 

3.2- Category: Ac t iv i t y :  

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

. 3;  2- Category: Ac t iv i t y :  

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

3.2 I n d i r e c t  Labor St ibtotal :  0 .40  . $ /  r u n  

1 3 . 3  Sub to t a l  3 .1  and 3.2 ---- 1 . 9 9  $ j  run  

3.5 Sub to t a l  Labor 2 .09  $ / r u n  



P r o c e s s  NO. , . 
4.1 Equipment 

Form 7. 
1 of - Page - l . ,  

~ e v i s i o n ~ / ~ '    ate 1 / 7 9  

1 . . 

, c o s t :  ea. 1 5 , 0 0 0  $; I n s t a l l a t i o n  Cos t :  i n c l u d e d  $; Throughput:  3 . 4  -/h; 

p l a n t  operqg Time  8 2 8 0  h / y ;  Machine ~ v a i l ' t ~ : 9 9 . 8 % ;  Machine Oper 'g  Time 8 2 6 0  h / ~  

S e r v i c i n g  C o s t s :  Labor 2 0  h / y  . a t  8 . 1 2  $ / 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 :  7  y ;  Charge Rate :  2 1 - 3 5  % of c o s t l y ;  C a p i t a l  Cos t :  6 7 3 0  $ 1  

4.1-2 Type: E x h a u s t  s y s t e m  for  fu rnace  - shared b e t w e e n  t w o  fu rnaces  

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 :  

0 . 2 4 0  $ / r u n  

Cost :  5 , 0 0 0  . $; I n s t a l l a t i o n  Cos t :  i nc luded .  $; Throughput : 3 , 4 / h ;  
V 
W P l a n t  O p e r ' g T i m e  8 2 8 0  h / y ;  M a c h i n e A v a i 1 1 t y : 9 9 . 8 % ;  M a c h i n e O p e r l g T i m e  8 2 6 0  h / y  

I U s e f u l  L i f e :  7 y; Charge Ra te :  2 1 . 3 5  % of C o s t / y ;  C a p i t a l  Cos t :  1.065 $ / y  0 . 0 3 8  $ / r u n  

. 

4.1-3 Type: Tube c l e a n i n s  t o w e r  - _shared b e t w e e n  t w n  fnr-pc I 
Cost :  1 O r O O O  ' $; I n s t a l l a t i o n  Cos t :  5 , 0 0 0  $; Throughput:  3 .4  runs/h'; I 
P l a n t  Oper 'g Time ' h / y ;  Machine ~ v a i l ' t y : 9 9 . 8  %; Machine Oper 'g  Time 8 2 6 0  

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 :  -- 
Usefu l  L i f e :  7  y;. Charge Ra te :  2 1 . 3 5 %  of .  C o s t l y ;  C a p i t a l  Cos t :  3 , 2 0 0  . $ /Y - 0 . 1 1 4  , I 

4 . 1  S u b t o t a l  Equipment Cost :  0 . 3 9 2  $ / r u n  



Process No. 
. . 

4 . 2  F a c i l i t i e s :  

Foxm 8 
Page 1 of 

~ . e v i s i o n 4 / 7 9  Date 1 /79  ' 

& , ~ - l ~ y ~ e :  A r e a  for 2 furnaces Floor Area: - 1 3  

Charge Rate: ~laintenance Costs: 

Energy Use: 

- ,Supplie.s: 

- - - - -  
0 . 0 8 3  $ /run -. 

h 

Charge Rate: 1 7 9 . 1 3 *  r0----- - - - - - -  Maintenance Costs: 

Energy Use: 

/ Y  a t  $1 

Outside Services:  

- - v - . w  ----.--- 
Charge ~ a t e :  ~ a i h t e n a n c e  Costs: 

- d m -  0 - - - - 
Energy Use: 

J Y  a t  $1 

, IY a t  $1 L Outside Services:  - 



Process No. EI.D.*m-m 
Page L o f  1 

Revision 4/79 Date 1/79 

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. Nof 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 AsyIs or 

After Applying Re-Process 0,0.m-177 
5.23 Credit for 5.22 at the Market Value of $I-: 

5.24 Cost of Reprocessing Material of 5.22 
at the .Average ~eprocessing cost of $I-: 

5.25 .Net Credit for 5.22 (5.23 minus 5.24): 

5.26 Material of Type 1. Lost in Process (5.21 minus 5.22) 

0.999 run /run 

0.001 run /run 

0.001 run / run . 

5.3 Cost of Work-in-Process Lost (Amount 5.26 Times Unit Cost 1.1) , 

. - 
Not contained in- Good 'output work-1n-process (Amount- 5.21 Times unit Cost 1.1) 

5.4 Cost of Work-in-Process Contained in Good Output Work-in-Process 
(AmountpT Times Unit Cost from 1.1) 

Salvaged Materials Summary: 

5.8 TotalNet C r e d i t s f o r A l l S a l v a g e d M a t e r i a l s  (5.25+ 5.67+5.76). $1- 



I Form 10 
Process NO. . . - Page 1 of J. 

. Revision 
6. ~ ~ ~ r o d u c t s  and Wastes 

Date 1/79 

6.1 Solid Byproducts/Wastes 

6.1 - Type (Composition): Quantity Produced: / 

Physical Shape/Size: Energy Content : . kwh/ 

3 0 
. .Density: g/cm ;, Water SoluSilitv: p i ;  at -- - C: pH: 

Toxicity: Biodegradabie: Other Remarks: I 

Type o f  Disposal: ------ 

Input Material for: - cost/ (credit) $ / ; . C o s t :  -- I 
6.2 Liquid Byproducts/Wastes (inor'ganic) 

6.2 - 1 Type (Composition) : C o n t a m i n a t e d  acid Quantity Produced : 1 J?. / ' d  I 
3  ensi it^: -- g/cm : Suspended Solids: Amount : mg/l pH:: 

Toxicity: . Heavy Metal Content: . mg/l Other 'Remarks: 

Type of Disposal: 

Input Material for: Costl(Credit1 $1 . Cost: 



~ o r m  11 
Page L o f  1 . 

P r o c e s s  NO. l.l . [ ~ j - l ~ j  
. 6 .3  L iqu id  ~ y p r o d u c t s / W a s t e s  ( o r g a n i c )  

R e v i s i o n  Da t e  1 /79  

1 C a r r y  from Form 1 0  1 $1 

6.3- Type ( c o m p o s i t i o n ) :  Quant - i ty  Produced:  1 I 
D e n s i t y :  

3  
glcm ; T o x i c i t y :  --- m g l l ;  BOD: COD : --.- 

0 
I g n i t i o n  P o i n t :  C ;  Exp lo s ive  Mix tu r e  i n  ~ i r : %  t o  7:; Othe r  Remarks: I 

Type of  D i s p o s a l :  

6 .4  Fumes, Gaseous Byproduc ts /Was tes  
4 .  
4 

6.4 .- 1 Type (Compos i t ion) :  N2 w i t h  pH?' Q u a n t i t y  Produced:  1 R 

Energy Conten t  (combus t ion)  : -- kwh/ ; Exp los ive  El ix ture  i n  A i r  

I 0 
C ;  ~ e r o s o l o  P r e c i p i t a t e s  i n  PH I g n i t i o n  P o i n t :  -- m i n u t e s  

T o x i c i t y  ? R e q u i r e s  Scrubbing  0 T y p e  of  Sc rubbe r :  

( e n t e r  s c r u b b e r  under  4 . 1 ,  4 . 2 ,  s c r u b b e r  e f f l u e n t  unde r  6 . 1  t o  6 . 3 )  

O the r  remarks :  I . .  - , 

I Type o f  D i s p o s a l :  

$1 > Cos t :  , I $1 O p e r a t i n g  Cos t s :  

6 .  S u b t o t a l :  ~ ~ ~ r o d u c t / b ? a s t e  Disposa l ,  Cos t :  



Form 1 2  
Page 1 of 1 -- 

. 1' 
Process  No. . 
7. Process  Cost Computation , 

Rivis ion  4/79 Date . 1/-79 

I '7.11 Manufacttiring Add-On Cos ts  (sum of 2.7, 3.5, 4 .5 ,  6 . )  2.787 '$/run 
-L 

7.32 Cred i t  f o r  Salvaged Mater ia l  (5.8) 

7.33 Cost of Work-in-Process Lost  (5.3) . . 10.12 $1 . 

7.34 S p e c i f i c  Add-On Cost of Process  (7.31 + 7.33)-0:32) 1.2.942 $/run 

7..35 Cost of 1nput.Work-in-Process Contained i n  Good 
Output Work-in-Process (5.4) 

7.41 T h e o r e t i c a 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 )  0.34203 -- m2 run 

% ' 7.36 Loading. on Item 7.35 a t  Rate -- 
a 7.37 Cost of Output Work-in-Process (7.34 + 7.35 .+ 7.36) 

7.42 P r a c t i c a l  Yield 99.9 % 
m2. 

7.43 E f f e c t i v e  Yield (7.41 x 7.42) 0.34169 /run I 

- - $/ 

122-82$/ - 

7.51 Cost of Unit o f  Good Output ?ark-in- . . 
. P r ~ c e s s  (7.37 t .7.44) 

7.44 Xumber of Uni t s  of Good Output w o r k - i n ~ ~ t o c e s s  per  
Computation Unit Used up' t o  7.35 0.34169 - m2 - 1 .  run 

7.52 Specific Add-On Cost per  Unit  of Good 
Output Work-in-Process (?.34 7.44) 

I 

1 
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8.2  ternat ate 2 (SAMICS Methodology): 

' 8.21 P r o f i t  Computation: 

0.9274* 0 . 3 9 2  ' -  $ /  r u n  from S u b t o t a l  4 . 1  = 0 2 3 6 4  $1 r u n  

1.946* 0 . 1 0 4  $1 r u n  from S u b t o t a l  4.2 = 0 a 2 0 2  $ /  r u n  - 
I .  

Sub t o t a l  = 0 . 5 7  $1 r u n  , 

8 . 2 2  C o s t s  of Amor t i za t ion  of  t h e  One-Time c o s t :  1 
0.192* 0 . 2 0 1  $ I - - - -  r u n  from. S u b t o t a l  2.7 = -.----- 0 . 0 3 9  $1 r u n  

V 
a 0.192* 2 - 0 9  $1 from S u b t o t a l  3.5 = 0 . 4 0 1  - $1 .run run - 

0.2958* 0 . 3 9 2 '  - $1 . r u n  from S u b t o t a l  4 . 1  = - 0 . 1 1 6  $ / ' r u n  

2 . 7 7 *  0 . 1 0 4  $1 r u n  ---- 

8.23 T o t a l  Net Cost  of Equi ty  (8.21 + 8. 

8.24 P r o f i t  and Amor t i za t ion  of 
Work-in-Process: 
(Div ide  S u b t o t a l  8 .23 by 0 . 3 4  1 7  / r u n  from 7 . $ h )  

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 -~roces ' s  (7.51 + 8.24) 

. ' 

;. . . 



Process No. . Form 15 
P a g e 1  o f 1  . . .. 

Rzvision 4/79 Date 1/79 

0. Output Specification: 

Name of item: Silicon w a f e r s  w i t h  PN - j u n c t i o n  

7.62-cm d i a m e t e r  Dimensions: 

Material: high purity silicon 

Other Specifications: 



Form 1 

U n i v e r s i t y  o f  ~ e n n s y l v a n i a  

PROCESS CHARACTERIZATION 

(UPPC) 

process:  ~ e v i c e  F a b r i c a t i o n  

.Subprocess: Formation o f  p o t e n t i a l  b a r r i e r  i 

., . . Option: .ph&pho- d i f f u s i o n  u s i n g  p h o ~ p h i n e '  ( P H ~ )  

i n  a rgon  ( ~ o t o r o i a )  , . 

. .. 
I N D E X  



Process No. a . . ['I-m] 
Revision -- 4/79 Date 1/79 

0.1 Value .ld.ded: I $ / 1 
Process Description: Open t u b e  n-type d i f f u s i o n  u s i n q  phosphine i n  a r s o n .  An 8-tube f u r n a c e  module . 
is used,  handled  by 1 o p e r a t o r  i n  3 s h i f t  o ~ e r a w  1 -crs w;lfrrrnr ttl~he. re- . . 
1 h . p r o c e s s  t i m e .  

1. Input Speci f icat ion:  

Name of S i l i c o n  w a f e r s  w i t h  boron p+ back l a y e r -  

~imens ions  : 12-cm d i a m e t e r  

~ ~ t ~ r i ~ l :  High p u r i t y  s i n g l e  c r y s t a l  s i l i c o n  w i t h  B dopant  
\ 

Wafers have been d i f f u s e d  w i t h  BCl3, e t c h - s t e p  a p p l i e d  t o  back s u r f a c e ,  o x i d e  
Other Speci f icat ions:  

removed, e t c h e d  on f r o n t  s u r f a c e ,  c e n t r i f u g e -  r i n s e d / d r i e d ,  p l a s m a , c l e a n e d ,  t e x t u r e - e t c h e d ,  and 

2 c e n t r i f u g e - r i n s e d / d r i e d  a g a i n .  1 r u n  c o n t a i n s  125 w a f e r s  o f  1.4137 m . 8 ' t u b e s  o p e r a t e  

2 
~ i m u l t a n e k u s l ~ .  A t  90% equiPment a v a i l a b i l i t y ,  p r o d u c t i o n  r a t e  i s  . l o .  18 n /h. 

1.1 Quantity ~ e ~ t ~ i r e d :  10.18 m2 / h 
--_I' 

Unit *st:  41. 21  $/ m2 
I I m I 1.2 Input Value: 413.52 $/ h I I 

1 . 3  Input Cost: $1 

Note to Item 1.3: Use p r i c e ,  i f  input produced i n  own plant .  



. . 

P r o c e s s  No. Form 3 ' 

2.1  Direct Materials: 
Page 1 of 1 - - 

Revision 4/79 Date 1/79 

2.1-1 v p e :  Phosphine gas t 

S p e c i f i c a t i o n :  Cost of the phosphine is 828.07/f t' (Motorola) . 
3 Consum~tion is 0.1164 ft /h (for 8 tubes) . Flowing only during machine 

availability. 

G u a n t i t p  Kequired: 3.0 -- R / h ; Unit Cost :  0.991 $1 R ; Cost :  . . 

2.1 Type: - i 

S p e c i f i c a t i o n :  > 

A . -  
I I - - 

. ,  . A  

...- . - - . - , - -  . . . - . . , , 
- - + - .  a- - - - -  . . .* . ... - -. 

Q u a n t i t y  ~ e ~ b i r e d :  -- / ; Unit  Cost :  $1 ; Cost :  $1- 

2.1 Type: - 

S p e c i f i c a t i o n :  

Q u a n t i t y  Required: ' 1 -  ; Uni t  Cost :  $1 ;. Cost :  

2 Sub t o t a l '  Di.rect X a t e r i a l s  : 



Process No. 

2 . 2  I n d i r e c t  Elaterials  ( 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 - - 
Revision 4/'79 Date '1/79 

2 . 2 1  Type: Arqon qas - 

S p e c i f i c a t i o n :  Used as the carrier gas for phosphine, 

Cost is $0.14/ft3 (SAMICS. E1112D). 

' Consumption is 14.8 ft3/h (for' 8 tubes) during 0.95 of time . 
q u a n t i t v  Required:- 398 !L I h Unit  c o s t :  0-005 $1 R ; c o s t :  - -* 

2 . 2  - Type: 

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

- - 
I : Unit Cost:  Q u a n t i t v  p-equired: -.- -- $1 ; c o s t :  I . . 

2.2- Type: . -- - - . - . - , -. - - - - 

Sfeci f  i c a t i o n :  

. . .  . . 

Quanti ty  ~ e q u i r e d  : -- / ; Unit  Cost:  $1 ; Cost: - 
2 . 2  Subtota l  I n d i r e c t  P la ter ia l s :  1.99 $1 h 



P.rocess NO. ~ , ~ , ~ l - p p ]  F o r m  5 
-- 

Page 1 o f  1 - - 2.3 Expendable Tool ing:  
R e v i s i o n  4 / 7 9  D a t e  1 / 7 9  

2 . 3  1 Type: I 
/ 5 4 0 0 h : U n i t C o s t :  7 6 9  $/-Cost: . Q u a n t i t y  Required:  1 t u b e  se t  $1- h 

i n c l .  boat 
2 . 3 -  Type: 

Q u a n t i t y  Required:  -- / : Unit Cost:  $1 Cost : 

- I $1- 

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 

- $1 . 

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

2 . 4  Energy 

2 . 3  S u b t o t a l  ~ x ~ e n d a b l e  Tool ing:  

2 . 4 L  Type: E l e c t r i c i t y ,  1 4 0  kW name-plate r a t i n q ,  5 0 %  d u t y  cvcle .  i n c l .  u a  
o f f  hours. 

Q u a n t i t y  Required: '  7 0  kW : Unit  Cost :  0 .031%/& Cost :  2 . 2 3 3  $1 h 1 

* 
1 . 1 4  $1 h 

2 . 4 -  Type: I 
Q u a n t i t y  ~ e ~ u i r e d :  : Unit  Cost :  $1 Cos t : l  $1- 

2 . 4  S u b t o t a l  Energy Cos t s :  

2 . 5  S u b t o t a l  2 . 1  t o  2 . 4 1  

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) - . 



Proces s  No. 

A ,  

Form 6 * 

Page 1 of 1- 

. Revision4179 Date 1 / 7 9  

3 . 1  D i r e c t ,  Labor: 

3.1-1 Category: Semiconductor  AssemblP_r A c t i v i t y :  Machine 0 ~ a C - j ~ -  

(SAMICS B3096D) 
Amount Required: 1 h/  ' h  ; Rate:  $ ' 3 -  8 9  jh ;  Load . 2 ;  Cost: 5 . 2 9  $ / h  

3 . 1  - 2 Category: Maintenance Mechanic . , A ~ t i ~ i t y : ~ ~ ~ ~ ~ i  pp t 

(SAMICS B3736D) 
Amount Required: 0 -1 h/ h ; Rate: $ '  5 . 6 7  ' /h; Load 3 6 - 0  %; Cost: n77$!h~ 

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

Amount Required: h / ; Rate:  $ /h; Load %; Cost: $1 
* 
3 . 1  D i r e c t  Labor Sub to t a l :  6 . 0 6  $ / h  

3 . 2  I n d i r e c t  Labor: Taken as 2 5 %  of d i r e c t  

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 :  

Amoun t Required : h / ; Rate:  $ /h ;  Load %; Cost: $1 

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

Amount ' ~ e ~ u i r e d  : h/ ; Rate: $ /h;' Load ' X ;  c o s t :  $1 

3.2 I n d i r e c t  Labor Sub to t a l :  1 . 5 2  $ / h  

3 . 3  Sub to t a l  3 . 1  and 3 . 2  . . 7 . 5 8  $/h 

3.4 Overhead on Labor: 5 . 2 6  % . - 0 .40  $/h 

3.5 Sub to t a l  Labor 7 - 9 8  $/h 
> 



, P r o c e s s  No. 

Form 7 
. , Page 1 of - 1 

. Rev i s ion4 /79  Da te  1 / 7 9 .  
. . 4 . 1  Equipment 

1 
I 4 . 1 2  Type: T h e r m c o  e iqh t - tube  d i f f u s i o n  f m c e ,  t v ~ e  4nnn 577 I 
1 cos t , :  4 9 , 2 7 1  $ ;  I n s t a l l a t i o n  Cos t :  -- $; ~ h r o u ~ h ~ u t :  10 a m2 / h ;  I 

p a n  o p e  i m  8 2 8 0  h i y ;  i lachine, A v a i l ' t ~ :  9 0  2 ;  Machine 0 p e r ' g  Time 7 4 5 0  ' h l y  1 
I s e r v i c i n g  C o s t s :  Labor -- h/y  a t  -- S1h ;Pa r t s  o r  Ou t s ide  s e r v i c e :  $/y . I 

Usefu l  L i f e :  7  y; ' ,Charge Race: '21. 3 5  % of C o s t l y ;  C a p i t a l  Cos t :  1 0 , 5 2 0  .$ l y  I 
I 4 .12  - Type: E i q h t  process cont ro l le rs  f o r  above furnace 

Cos t :  1 6 , 0 0 0  . $ ;  I n s t a l l a t i o n  Cos t :  $;  Throughput:  1 0 . 1 8  m2 / h ;  
a .  
V 

P l a n t  O p e r V g  Time 8 2 8 0  h / y ;  Machine A v a i l ' t y :  9 0  X ;  Machine O p e r V g  Time 7 4 5 0  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  0u t . s ide  S e r v i c e :  -- $ / Y  I 
.. , . 

- I Usefu l  L i f e :  7  y ;  Charge Rate :  2 1 . 3 5  % of c o s t / y ;  C a p i t a l  Cost:-6 $ / Y  ~ - 4 1 2  $1 h 

4.13  - Type: E x h a u s t  svstem 
- I 

Cost  : n.a ;  --;, $; I n s t a l l a t i o n  Cos t :  - .$; Throughput:  - I h ;  I 
P l a n t  Oper ' g  Time 

' h I y ;  Fach ine  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 ; ~ 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 Ra t e :  % of C o s t l y ;  C a p i t a l  Cos t :  

f t'. . 4 . 1  S u b t o t a l  Equipment Cos t :  

. - , f 



P r o c e s s  No. 

4.2 F a c i l i t i e s :  

F l o o r  Area: 2 5 . 5 5  
2 

4,2J Type: Machine ' area m ; Throughput:  843.91) m2 1 Y 

2 r o w  - a e , r r o  

Charge Rate:  179 l3 $ / ( m  . Y ) ;  Elaintenance Cos t s :  
. - - - m . - o - - - - -  

Energy Use: 7 Labor: h / y  a t  S/h 

Hea t ing  / y  a t  $ 1  I S u p p l i e s  : included s ly  

O u t s i d e  S e r v i c e s :  $ / Y  

Form 8 

I- L , - - - - - - . - - - - -  
L i g h t i n g  / y  a t  $1 T o t a l  Cost :  4580 S'/ y 

F l o o r  Area: 
2 

4.2- Type:- m ; Throughput:  1 Y 

.Charge Rate:  
T $ / ( r n L - y ) ;  - Maintenance Cos t s :  

; Labor: Energy Use: . h / y  a t  S/h  

Hea t ing  / Y  a t  $1 1 
S u p p l i e s :  

I $ 1 ~  

A i r  Cond'g IY a t  $1 I 
I O u t s i d e  S e r v i c e s :  $ 1 ~  
~ - - - - - - , 4  

~ i g h t i n ~  / Y  a t  $1- 
T o t a l '  Cost : $ / Y  

C .-. 
4.2- Type: F loor  Area: mL ; Throughput : 1 Y 

2 - w c - . I . r r - r  

Charge Rate:  S / ( m  . y > :  I Maintenance Cos t s :  -------- ~ . - m - - d  
Energy Use. 

I Labor: 'h /y  a t  $ / h  
Hea t ing  . I Y  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 o u t s i d e  S e r v i c e s :  $ / Y  
L i g h t i n g  - a v - b D - g d  - / Y  a t  - - $ / -  

T o t a l  Cast :  - $ 1 ~  

4 . 2  S u b t o t a l  F a c i l i t i e s :  1 0 . 5 5 3  $ l h p  

4 .3  Equipment and F a c i l i t i e s  S u b t o t a l , :  
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process No. a, .. El . 
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Revision 4/79 Date 1/79 

5. Salvaged Material (Work-in-process) 

5.1 Quantity of Work-in-Process 1. Contained in Good Output 
Work-in-Process (per Computation Unit) 10-08 m2 / h  I 

5.21. Input Work-in-process 1. Not Contained in Good Output 
Work-in-Process ("Amount .RequiredM 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 ~,o.m-UI] 
Q) 5.23 Credit for 5.22 at the Market Value of $ /  : a 

5.24 Cost of Reprocessing Material of 5.22 
at the Average Reprocessing Cost of $1 - : 

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 
(Amount 5.2 Times Unit Cost from 1.1) 

5.26 Material of Type 1. Lost in Process (5.21 minus 5.22) ' 0.10 m2 / h' 

5.3 Cost of Work-in-Process Lost (Amount 5.26 Times Unit Cost 1.1) 

- - -- 

Salvaged Materials Summary: 

4.20 $/h 

- 

5.8 Total Net Credits for All Salvaged Materials (5.25 + 5.67 + 5.76) . . 



P r o c e s s  NO. )3 1x1-1-j 

Form 11 
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I 4 ,  
I . .Rev i s io r~  4/79 Da te  1/79 

6.3- ' -  Type (Composi t ion)  : Q u a n t i t y  produced:  -- / I 
6 . 3  Liqu id  Byproducts/Wastes  ( o r g a n i c )  - 

- '  i 

D e n s i t y :  . -- 
3 '  + 

g/cm ; T o x i c i t y :  --- COD :- mg/Y; BOD: 
. . 

0 
I g n i t i o n  P o i n t :  .- C; Exp los ive  Mixture  i n '  A i r : %  t b  - %; Othe r  Remarks: 

Type of ~ i s ~ o s a l :  -- 

Carry  from Form 1 0  

Inpu t  M a t e r i a l  f o r :  - C o s t ( C r e d i t 1  ' $1 ; ' + .Cost:  $ / 

$1 

a 6 . 4  Fumes, Gaseous Byproduc'ts/Wastes 
0 

0 
I g n i t i o n  P o i n t :  C ;  ~ e r o s 0 1 0  P r e c i p i t a t e s  i n  minu t e s  PH 

,Requires  Scrubbing  0 Type of Sc rubbe r :  T o x i c i t y  

. . 

6 . 4  1 Type (Composi t ion)  : pH7, - a x o n ,  a i r  Quan t i t y ,  Produced:  125 f? mid 

Energy Conten t  (Combust ion):  ' kGJh / ; Exp los ive  Mixture  i n  A i r  Z t o  % .  

( e n t e r  s c r u b b e r  under  4 .1 ,  4 . 2 ,  s c r u b b e r  e f f l u e n t  unde r  6 . 1  t o  6 . 3 )  I 

' , 

Other  remarks :  Fumes from furnace. Exhaust fan operates 'continuously, - I  
Electrical consumption is 0.46 kW/1000 CFM I 

of ~ i ~ ~ ~ ~ ~ l :  Exhausted into atmosphere ' I 
. t  b Opera t i ng  c o s t s :  26 08 $ 1 2  .--: Cost  : 1 0*002 $9 

6 .  S u b t o t a l :  ~ y p r o d u c r l W a r t e  ~ i s p o s s l  Cos t :  ' 1  0.002 $ /  h 



Process  No. 

7. Process  Cost .computation 

Form 12 
, Page 1 of 1 -- 

Revision 4/79 Date 1/79 

7.11 Manufacturing Add-On Costs  (sum of 2.7, 3.5, 4.3, 6.)  18.96 $ /  h I 
7.21 Tota l  Operating Add-on Costs of Process:  

b 

7.31 Tota l  Gross Add-On Cost of Process  I 19-m$1 
7.32 Cred i t  f o r  Salvaged Mate r ia l  (5.8) I $ / 

7.33 Cost of Work-in-Process Lost  (5.3) [Lul$/ h 

7.34 S p e c i f i c  Add-On Cost of Process  (7.31 + z.33)-(7.32) 1 23.32 $1 h 
rC) 
w '7.35 Cost of Inpu t  Work-in-Process Contained i n  Good 
... Output Work-in-Process (5.4) 415.40 $/  h 

7.41 T h e o r e t i c a l  Yield (o r  Conversion Rate,  i f  output  u n i t s  of 
work-in-process do no t  equal  inpu t  u n i t s )  10.18 -- m2 ' / h  . 

7.36 Loading on Item 7.35 a t  Rate % 
t 

7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 

. 7.42 P r a c t i c a l  Yield 99 % - I 

$1 

438.72 $/h -- - 

7.43 E f f e c t i v e  Yield (7.41 x 7.42) 1 - 
' I 

I 

7.44 !<umber of Uni ts  of Good Output Work-in-Process per 
. 10.08 m2 1 h - - Computation Unit 'Used up t o  7.35 , 

7.51 Cost of Unit of 'Good Output Work-in- 
Process (7.37 + 7.44) 

+ ,' . . 
. . i 

7.52 S p e c i f i c  Add-on Cost per  Unit  of Good 
Octput work-in-process :? -34 + 7.44) 

2 . 3 2  m 2 

$ / 



P r o c e s s  No. El.m.El-fn Form 13-2 
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Rev i s ion  4 /79 Date 1/79 

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* 1 - 6 8  $1 h from S u b t o t a l  4.1 = ' $1 

1.946" . 0.553 $1 h f r o m S u b t o t a l 4 . 2 =  $1 
a 

S u b t o t a l . '  = 2.64 $1 h 

8.22 C o s t s  o f  Amor t i za t i on  of  t h e  One-Time Cos t :  

0.192* 8.74 $ 1 2  f r o m S u b t o t a l 2 . 7 =  --- $1 ----. 

w 0.192* 7 - 9 8  ' $1 h from S u b t o t a l  3.3 = 
1.53 h 

N $I-- 
0.2958" 1.68 $1 h from S u b t o t a l  4 .1 = . O w 5 O  $1 

0.553 $1 h f r o m S u b t o t a l 4 . 2 =  .laS3 $1 0.7 ' *----- - 
I 

Sub t o t a l  = 5.24 S/ h 
. . 

8.23 T o t a l  Net Cos t  o f  Equ i ty  (8.21 + 8.22) :  
. . 

8.24 prof  i t  and Amor t i za t i on  of S t a r t -up  C o s t s  p e r  Un i t  o f  Good Output  
Work-in-Process: 
(D iv ide  S u b t o t a l  8.23 by 10.08 m * / h  from 7.44) 

. . 0.78 $1 m 2 

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) 

7.88 $ / h  

3.10 m 2 -- $'---__ 

-44.31 . $1. m2 
2 



Process No. Form 15 
P a g e  -- i of  - 1 

Revision Date 1/79 

0. Output Specification: 

Name o,f item: Silicon wafers with -- Pi1 -junctions 

'Dimensions: 12-cm diameter 
. , 

Material: high purity silicon 

Other Specifications: 



U n i v e r s i t . ~  o f  P e n n s y l v a n i a  

PROCESS CIIARACTERIZATION 

(UPPC 1 
p r o c e s s :  " D e v i c e  g e n e r a t i o n  - 

t ' S u b p r o c e s s :  J u r i c t i o n  f o r m a t i o n  

Opt ion :  F o r m a t i o n  o f  f r o n t - j u n c t i o n  by open- 

t u b e  d i f f u s i o n '  w i t h  P O C l ?  (RCA) 

I N D E X  

Form 1 



Form 2 

Page o f  1 - 1 
t 

k 

Process No. 
i 

Revision -- Date 3/79 

0.1 Value Added: I $1 

Process Description: Dopant is  i n t r o d u c e d  by decomposi t ion of  POC13 i n  d i f f u s i o n  fu rnace .  There  

, i s  a 10-minute p re -hea t  c y c l e  i n  n i t r o g e n ,  45-minute c y c l e  f o r  d i f f u s i o n  and 

+ a 10 minute  c o o l  down.cycle  w i t h  a 90:lO N 2 : 0 2  mix ture .  

I . 
! 

1. Input Specification: 

Name of Item: 4 .  WI fh 
I '  

Dimensions: 7.62-cm d iame te r  

~ i g h  p u r i t y  s i l i c o n  Ksterial: 

2 . . Other Specifications : f2-2000 wafexs_/h ore a x ~ a i  1 ah1 1 ,+y  

i s  85% f o r  an  e f f e c t i v e  o u t ~ u t  r a t e  o f  7.75.m2/h 

- . . 
. Wafer i s  p-type w i t h  a r e s i s t i v i t v  o f  1-5 ohm andts o o r i ~ n t a t i n n  

I 

1 i s  [ [ l o o ] ] .  

Back s i d e  o f  wafe r  is  p r o t e c t e d  w i t h  s i l i c a  

.. - . . . . 1.1 Quantity Required:.. 7.75 - m2 / I- h Unit Cost: 41.21 $1 m2 

. . 
. . 1.3 Input Cost: . 319.49. $/ h 

Note to Item 1,3: Use p r i c e ,  i f  input produced i n  own plant. 



Process No. a . I T 1  - 1-1 
- 

2.1 Direct Materials: 

. . . . Page  of 'i. ' 

Revisicn . Date 3/79 . . . 

2 . 1  v p e :  POC1, - (Phosphorus oxychloride). 
. . 

Specification: ' 0.2 1 g per wafer needed 

Cost is $9.26/lb, (SMICS E1504D). . 

quantity Required: 3 5 7  g / h  . U n i t c o s t :  0.02 $ / g  . cost: - 9 r -9 , 

2 .1  - Type:. 

Specification: 2 
. .. 1 ' '  

Quantity Required: -- 1  . U n i t c o s t :  $1 ; C O S L : ~  

Specification: 

I 

Subtotal Direct '%terials:  7'.14 . $1 - h 



P r o c e s s  NO. a .a , [T]-[x] Form 4 

P a g e 1  - o f 1  - 
2 . 2  I n d i r e c t  X 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 ) :  

R e v i s i o n  . Date 3/79 
2 . 2  1 Tvpe: N i t r o g e n  - , ¶  I 

3  
S p e c i f i c a t i o n :  1360  cm r e q u i r e d  p e r  w a f e r  

O b t a i n e d  f r o m  l i q u i d  n i t r o ' g e n  (SAMICS C1080D) 

Q u a n t i t y  Required : - 2312 R / h . Uni t  Cost:  0 -  0004 $ /  f, - .-3 
; Cost :  

2 . 2 2  - Type: Oxygen 

3 
S p e c i f i c a t i o n :  3 3  cm r e q u i r e d  p e r  w a f e r  

. . 
C o s t  i s  0.0052 $ / f t 3  (SAMICS E1448D).  

. . 

Q u a n t i t y  Required:  -.- . - - 5 6 . 1  . - - - R / h ; Uni t  C0s.t: 0 . 0 0 0 i 8 4 /  g, ; Cost :  

2 . 2 -  Type: .-- - - 

Q u a n t i t y  Required:  / . ; Unit  Cos t :  -- 

. . . , 



1 2.3 Expendable Tool ing:  

. Form 5 

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

I Revi .s ion  
2.3 -1 e p e :  S i l i c o n  b o a t s ,  76-cm l o n g  

Date 3 / 7 9 .  

Quan t i t y  Required:  . 4 . . b o a t y  -- y : u n i t  cost :  1350  --  boat^,,^: 0 . 6 5  $1 h . 

2.3- Type: 
. . 

Q u a n t i t y  ' ~ e ~ u i r e d :  -- 1 . :  U n i t C o s t :  $1 . Cos t : .  -$I - 

2.3-  Type: 

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

2 . 3 -  Type: 

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

I * 
2 . 4  S u b t o t a l  Energy Cos ts :  

rD 
m 

2.5 S u b t o t a l  2 . 1  t o  2 .4 :  

1 2.6 Handl ing  Charge:  5 .26 % of  i t e m  2'. 

2.4 Energy 

2 . 4 - l ~ y p e :  Power r e q u i r e m e n t s  are 4 0  kW and .u sage  f r a c t i o n  i s  85% 

Q u a n t i t y  Required:  34 kW .:  it c o s t :  0 - '331%/kWh - c o s t :  1 - 0 8  $1 h I 

r 
2 . ,3  S u b t o t a l  Expendable Tooling:  

2 .  T 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  : 1 ( 2 . 5  + 2.5) 

5 $1 



Process  No. a ma 
3.1  Di rec t  Labor: 

Form 6 
Page 1- of - 1 - 

Revision Date 

3 .1  - 1 Category: Semiconduc to r  a s s e m b l e r  ~ c t i v i t y :  Machine o p e r a t i o n '  and  a t t e n d a n c e  

(SAMICS B3096D I Amount Required: n.  7 5  h +, ; Rate: $ 3.894 /h;  Load 36.0 %; Cost: 1 .85  . $ / h  

3 . 1 2  Category: Main tenance  mechanic  A c t i v i t y :  S e r v i c e  and  r e p a i r  of f u r n a c e  
(SAMICS B3736DI 

Amount Required: 0.15 h/  h ; Rate: $ 5.67 /h;  Load 36.0 %; Cost: 1 .16 $ / h  

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

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

3.1 D i r e c t  Labor Sub to ta l :  3 .01 . S / h  
3.2 I n d i r e c t  Labor: Taken as 25% o f  d i r e c t  

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 / ; R a t e :  $ - /h;  Load X ;  Cost: $1 

3.2 I n d i r e c t  Labor Sub to ta l :  /h 

3.3 Sub to ta l  3.1 and 3 . 2  3.76 -$/ h . 

2 .  4 Overhead oc Labor : 5.26 % C.20 $1 h 

3.5 S u b t o t a l  Labor 3.96 $1 h 



Process  NO.(* a ~ I - ~ I  
4 .1  Equipment 

Form 7 
Page - 1 of 1 

Date 3 / 7 9  Revision 

1 
4. lf Type: POCl3 d i f f u s i o n  f u r n a c e  (Thermco SPARTAN f u r n a c e )  

Cost: 6 6 , 6 0 0  $; I n s t a l l a t i o n  Cost: $ ;Throughpu t :  9 . 1 2  m2 /fi;  

P l a n t  Oper'g Time 8280 . h/y;  Machine Ava i l ' t y :  85 %; Machine Oper'g 'Rime h /y  

Se rv ic ing  Costs:  Labor h l y  a t  $ / h ; P a r t s  o r  Outs ide  Se rv icz :  ' $ 1 ~  

Useful  L i fe :  7 y ; C h a r g e R a t e :  21.35%of Cos t ly ;  C a p i t a l c o s t :  1 4 , 2 0 0  S / Y  

4 .12 Type: F-F;. ~-1 - 
c o s t :  2 1 , 6 0 0  $; I n s t a l l a t i o n  Cost:  $ ; Throughput : 9  - 12 m 2  

/ h ;  I 
P l a n t  Oper tg  Time 8280 h/y;  Machine A v a i l ' t y :  85 %; Machine Oper'g Time h/Y 1 
Serv ic ing  Costs :  Labor h l y  a t  $ / h ; P a r t s  o r  Outs ide  Service:  - $/Y ' I 
Useful  L i f e :  7, y;  Charge Rate: 2 1 - 3 5  % of Cos t ly ;  C a p i t a l  Cost:  4  , 600 Sly 

4 . 1 2  Type: Clam s h e l l  u n l o a d e r  and cassette s t a c k e r  I 
Cost: 1 8 , 0 0 0  $; I n s t a l l a t i o n  Cost:  $; Throughput:  9 . 1 2  m2' !h; 

. . 

P l a n t  Oper'g =ime 8280 h i y ;  Machine ~ v a i l '  ty: 85 %; Machine d p e r q g  Time h/Y 1 
s e r v i c i n g  Costs  : Labor h /y  a t  $ / h ; ~ a r t s  o r  o u t s i d e  Service :  

Useful  ~ i f e : y ;  Charge  ate: 2 1 - 3 5  % of Cos t ly ;  c a p i t a l  Cbst: 3 , 8 0 0  . 

- -- -- - 

4.1  Sub to th l  Equipment Cost : 2 . 7 4  $/h 
_I 



Process No. 

4.2 Facilities: 

Form 8 
Page 1 of 1 

~evisibn Date 3/79- 

2 
'4.2-1 Type: Furnace area Floor Area: 2 5  55 . m ; ~hmughput: . 64,200 m2 /; 

L a - - I )  

charge Rate: 179 13* Maintenance Costs: 
- - - - - L I  

, . 

Iy at $1 Outside Services: 

- a -  
/y at $/ 

r ) - - - - - - . I r L -  Maintenance Costs: 

Energy Use : 

Iy at $1 

/Y at Outside Services: 
L - - - - -  

Maintenance Costs: 
-----------a 

Energy Use: 

IY at $1 

IY at $1 L Outside Services.: 
/Y at. $1 

Total Cost: 



Form 9-1 

Process No. .[-qq- 
Page. A o f  1 , ' 

Revision Date 3/79 

salvaged Material (work-in-proces~) 

5.1 Quantity of Work-in-Process 1. Contained in Good Output 
Work-in-Process (per Computation Unit) ' 7.675 m2 / h 

. 

5.21 Input Work-in-process 1. Not Contained in Good Output 2 
Work-in-Process ("Amount Required" f m m  1.l.minus 5.1) 0.0775 m / h  

5.22 Net Amount of 5.21. which is sold for Credit As-Is or 

After Applying Re-Process c ~ , D , 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-: $/ 

5.25 Net Credit for 5.22 (5.23 minus 5.24): $1- 

5.26  ater rial of Type 1. Lost in Process (5.21 minus 5.22) 020775 m2 h 

5.3 Cost of Work-in-Process Contained in ~ o o d  Output Work-in-Process '3.19 $/h 
(Amount 5 ..21 Times Unit Cost 1.1) 

5.4 Cost of Work-in-Process,Contained in Good Output Work-in-Process 
(Amount 5.1 Times Unit Cost from 1.1) 316.29 $/h 

Salvaged Materials Summary: 

5.8 . Total Net Credits for All Salvaged Materials (5.25 + 5.67 + 5.76) $/- 



Form 1 2  
Page 1 o r  1 -- 

Process  No. Revis ion Date 3 /79  

7. Process  Cost Computation ? .11  Manufacturing Add-On Costs  (sum of 2.7,  3.5,  4.3, 6 . )  1 7 - 5 0  $ / h  I 
7 .21 To ta l  Operat ing Add-on Costs  of Process:  1 1 7 . 8 0  $ / h  

7.31 To ta l .Gros s  Add-On Cost of Process  

7.32 C r e d i t  f o r  Salvaged Ma te r i a l  (5.8) I $1 

7.35 Cost of Input  Work-in-Process Contained i n  Good 
Output Work-in-Process (5.4) 

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 P r o c e s s  ( 7 . 3 1 + 7 . 3 3 ) - ( 7 . 3 2 )  

7.36 Loadinn on Item 7.35 a t  Rate 

3 . 1 9  $ / h  

2 0 . 9 9  $ l h  

7.42 P r a c t i c a l  Yie ld  
* ' -  

'7.43 E f f e c t i v e  Yield i 7 . 4 i  x 7.42) 

7 . 4 4  Number of Un i t s  of Good Output Work-in-Process per  
Computation Unit Used up . to  7.35 7. '675 rn2 / h 

7.51 Cost o f  Unit  of G ~ o d  Ou+pu& Work-in- 
Process  (7.37 + 7.44) 

7.52 S p e c i f i c  Add-on Cost per  Unit  of Good 
Output Work-in-Process (7.34 t 7.44) 



Process  No. El. l3~E]-[Ej Form 13-2 
Page L o f  - 1 

Revision - Date 

8.2 A l t e r n a t e  2 (SAMICS ~ e t h o d o l o g y ) :  

8.21 P r o f i t  Computation: 

0.9274* 2 .74  $1 h from S u b t o t a l  4 .1  = 2 - 5 4  $1 

8.22 Cos ts  of Amortization of t h e  One-Time Cost: 

0.192" $1 from S u b t o t a l  2.7 = 

3.96 $1 h from Sub to t a l  3.5 = 0.192* 

0.2958" 2 - 7 4  $1 'from Sub to t a l  4.1 = 

2.77* 0 . 5 5  $1 h from Sub to t a l  4.2 = 

8.23 T o t a l  Net Cost of Equity (8.21 + 8.22): 8 . 7 0  $/h 

8.24 P r o f i t  and Amortization of S ta r t -up  Costs  per Unit  of Good Output 
Work-in-Process: 
(Divide Sub to t a l  8.23 by 7 . 6 7 5  m / h  from 7.44) 

1.13 $1 rn 

8.25 P r i c e  of Process  (7.52 + 8.24) 

8.26 P r i c e  of Work-in-Process (7.51 + 8.24) 



Process NO. • lor;9-1~1 Form 15 
. , P a g e . l  of 1 

I 

Revision Date 3/79 - 

0. Output Specification: 

Name of item: Wafer  with'^^-junction 

Dimensions : 7.62-cm d i a m e t e r  d 
- - 

Material: High p u r i t y  s i l i c o n  

Other Specifications: w a f e r s  a r e  c o n t a i n e d  i n  500  s h e e t  cassettes. v - .--- 



U n i v e r s i t y  of P e n n s y l v a n i a  

PROCESS CHARACTERIZATION 

( U P P C )  

P r o c e s s  : Device Fabrication - 
Subprocess : Junction Formation , 

Projected Ion Implantation (both s ides)  O p t i o n :  , 

Form f 



Process No. 

Form 2 

I 
Page 1 of 1 

Revision ' Date 9/78 -- 
$1 0.1 ~ a i u e  Added: I 

process ~ ~ ~ ~ ~ ~ i ~ r i ~ ~ :  I o n  imp lan ta t ion  o f  phosphorous and boron ions '  t o  form wafer w i t h  a npp+ j u n c t i o n .  Output of 

machine ' i s  2000 3" c e l l s l h  (bo th  s ides)  b u t  machine a i a i l a b i l  i t y  i s  85% f o r  an e f f e c t i v e  o u t p u t  r a t e  o f  1700 c e l l s / h .  

C e l l  o u t p u t  i s  0.717 wat ts .  Machine c u r r e n t  i s  10 mA per  i o n  beam. F ron t  j u n c t i o n  dosage o f  phosphorous i s  1 x 10 15 . 

2 2 
, ions lm and t h e  boron dosage i s  5 x 1014 ionslcm . 

1. Input Specification: , 

Wafers t h a t  a re  cleaned by the Z-wafer c lean ing  process Name of Item: 

3" (7.62-cm diameter)  w 
o Dimensions: 
w 

. . 
Other Specifications: Cleaninq process i s  a h o t  Caro's a c ~ d  m n n  f n l l n w d  f h r ~ p  -- 

I i n  de ion ized water and sp in-dry ing.  Output r a t e  o f  1700 wa fe rs lh  i s  equal t o  

7.753 m2/h. 

1.1 Quantity Required:7.753 rn2 / h --- Unit Cost: -- 41.21 $1 ' 

I 1.3 Input Cost: 1 319.50 $1 

Note to Item 1.3: Use price, if input produced in own plant* 



Process No. 67 . Q . - I T 1  F o r m  3 

P a g e  1 of 1 
2 . 1  ~ i r e c t  Materials: 

- - 
R e v i s i o n  Date 9/78 

2 . 1 1  5 p e :  Ion source gas 9 
I .  

Spec i f i ca t ion:  Cost .is 2.28 $ / h  and i s  only needed when machine i s  operating. 

Quantity Required: 0.85 - / -9 u n i t c o s t :  2.28 $1 h ; c o s t :  I 1.94 $1 h 

2 . 1  - Type: .) I 
Spec i f i ca t ion:  t I 
Quantity Required: - / -9 Unit .Cost: $1 ; Cost:l $1- 

2 . 1  Type: - I 
Spec i f i ca t ion:  

1 

2 . 1  Subtotal Direct Materials : 1.94 $/ h 

Quantity Required: -- / ; u n i t c o s t :  $1 ; Cost: $1 



P r o c e s s  So .  a , . [mi -[XI Form 4 .. 

Paqe 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  and nox-energy u t i l i t i e s ) :  

Revision ' Date 9/78 

% 2 . 2  - 1 Type: Coo1 ing water 7 I 
S p e c i f i c a t i o n :  .Usage i s  2400 R/h machine (used cont inuous ly) .  Cost i s  $8480/150,000 f t 3  I 
- .- (SAMICS Catalog No. C1016B). -. I 
Q u a n t i t y  Requ i r ed  :-- 2400 - R / -9 h u n i t  c o s t :  0 . 0 0 0 1 1 3 ~ /  !L ; c o s t :  

7 . 2  - 2 Type: Liquid N 7  

S p e c i f i c a t i o n :  Q u a n t i t y  requi red  i s  10  R/h and usage f r a c t i o n  i s  0.925. --- 

c o s t  i s  $5 -66 / f t3  (SAMICS No. C1080D). - 

, - 
Q u a n t  i t v  R e q u i r e d  : -. - -. - - - 9.25 - - R/ h ; u n i t c o s t :  . 0.20 $1 2 ; c o s t :  -- 1 1.85  $1 h 

2 . 2  - Tvpe:  --- .. --- - . 

S p e c i f i c a t i o n :  - 

q u a n t i t y  R e q u i r e d :  -- / ; Uni t  C o s t :  s 1 - ; C o s t :  

[ 2 . 2  S u b t ; ~ t a l  I n d i r a c t  ? I n t e r i a l s :  / 2.1 2 S! k! -- -- 



I 

Process  No. 

2 . 3  Expendable Tool ing:  

Form 5 

Page 1 .of 1 . 
7 .  - 

Revision Date 
2 . 3  -1 5 p e :  Spare  parts; cost is $8,00O/y/machine 

. . ,  

I' . , 2 . 3 -  Type: 

~ u k n t i t y  Required : 0.97 $ / h  : U n i t c o s t :  $1- Cost: 

2 . 3 -  Type: 

Quant i ty  Required: -- / $1- Cost : : Unit Cost: 

* ' '  
2 . 3 -  Type: 

Quant i ty  Required: -- 1 : Unit Cost: $1- Cost: 

- 

0.97 $1 h 

,$I - 

$1- 

t !  7 ,  , 

2 . 4  1 Type: ~ l e c t r i c i t ~  40 kWh/machine and usage f r a c t i o n  i s  0.925 
. 

I 
Quanti ty  Required : 37 kW : u n i t  ~os t :O.O319$/kWh c o s t :  I 

: $1 

0.97 $1 h 

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

I 2 . 4  - Type: 

- . * r  , ;  i a 

6 .  

w 
I - ' .  
0 

Quanti ty .  Required: 

F 

2 . 3  S u b t o t a l  Expendable Tool.ing: 



, , ' [ I  . . Form 4 
Process 90. 

Pase - .  1 of 1 
2:2 ~ndirect Xaterials (incl. supplies and non-energy utilities)': ~ e v i s i o n  Date 9/78 

2.2 1 Type: Cooling water - 

Specification: Usage i s  2400 L/h machine (used cont inuous ly) .  C o s t  i s  $8480/150,000 f t 3  

-. (SAMICS Catalog No. C.1016B). -. . 

quait ity ~ e ~ u i r e d  :-- 2400. - R / -' h Unit cost: 0.000113$/ R 

2 . 2  - 2 Type: Liquid N3 . 

Specification: q u a n t i t y  - required i s  10 i / h  and usage f r a c t i o n  i s  0.925. 
F 

Cost i s  $5.66/f t3 (SAMICS No. C1080D). . '  F 
. F - 

~ u a n t i t v  Required : -. - - .- . - 9.25 - R l  .-, h ; 

. 2.2- Type: - - - - . 

, Specification: , -- 

Ouant ity Required : -- / ; Unit Cost: 

2 Subtotal Indirc 



I 2 . 3  Expendable Tooling: 
Page 1 of 1 ' -. .- 

I Q u a n t i t y  Required: -- 1. $1- Cost:  : Unit  c o s t :  I ' - 

Revision 
2 . 3  Type: Spare parts; cos t  . i s  $8,00O/y/machine 

Date - 

I 2 . 3 -  Type: : I 

. . 
Quanti ty  Required i 0.97 $ / h  - : U n i t c o s t :  , $1 Cost: 

Quant i ty  Required : -- / : U n i t c o s t :  $1- Cost: I $ /- 

0.97 $1 .h 

2 . 3 -  Type: 

. , - Quanti ty  Required: 1 .  -- : Unit Cost:  $7 cost : s i 
0.97 $1 h 

w 
c.. 
N 

Q u a n t i t y  Required: 37 kW : Unit Cost: 0.031'9 $1 kwh c o s t :  

2 . 4  - e p e :  

j D 

2 . 4  Energy 

2 . 4  1 Type: E l e c t r i c i t y  40 kWh/machine and usage f r a c t i o n  i s  0.925 , 

. .  . 

I 

P .  
2 . 3  "SubtotalEapendab1eTool . ing:  

1.18 . .$/ h 

~. . 
Quanti ty  Required: : Unit Cost: $1- Cost : 

2 . 4 .  S u b t o t a l  Energy Costs:  

$1 

6.20 $1 h 



P r o c e s s  No. 

3 . 1  ~ i r e c t  Labor:  

Form 6 
Page l. of' - 1 

Rev i s ion   ate 9/78 

3.11 Category :  Semiconductor Assembler - A c t i v i t y :  Machine operator 
(SAMICS No. B3096D) 

Amount Requi red :  0 .4  h /  h ; Rate :  $ 3.89 / h ;  Load 36.0 % ;  Cost :  
. . 2 . 1 3 S j h  

A c t i v i t y :  ( p r ~ i y p  & rppa.ir 3 . 1 2  Category :  .Maintenance Mechanic 
(SAMICS No. B3736D) 

Anoun tRequ i r ed :  0-1  h /  h ; R a t e : $  5 - 6 7  / h ; L o a d  36.0 . % ; C o s t :  - 

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

tlrnoun t Required : h / ; Rate :  $ - / h ;  Load - %; Cost.: $1- 

3 . 1  D i r e c t  Labor S u b t o t a l :  2.89 $/h 
3.2 I n d i r e c t  Labor:  

w 
W 

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

, Amount Requi red :  h /  ; Rate :  $ / h ;  Load % ;  Cos t :  S ! - 

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

Amount Requi red  : . .h/ ; Rate :  $ . .  /h; Load %; &st: $1- 

. 3 . 2  - Category :  A c t i v i t y :  

Amount, Requi red  : ,:. h /  ; Rate :  ,$ . . / h ;  Load " . %; Cos t :  - $ /- 
. . 

: 3.2 I n d i r e c t  Labor S u b t o t a l :  0.72 $ /h - 
I 

3.5 Overhead on Labor:  5 - 2 6  % 0.19 $ /h 
3 .5  S u b t o t a l  Labor 3.80 $/h. 



I-' 
I-' 
P 

Pro,eess  No. , 

4 . 1  Equipment 

Form 7 
Page 1 of - '1 

D a t e  R e v i s i o n  
I . . .  

4 . 1 1  Type: Ion implanter - does both sides and has a current output of 10 mA I 
c o s t :  700,000 $;' I n s t a l l a t i o n  Cost :  --- $; Throughput :  9.121 m2 l h ;  I 
P l a n t  Oper ' g  Time 8280 h l y ;  Machine l i v a i l '  t y :  85 %; Machine Oper 'g  Time 7040 . ? /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  O u t s i d e  S e r v i c e : .  - -  $ 1 ~  I 
Usefu l  L i f e :  1 

4.1- Type: I 

y ;  Charge Rate :  21.35 % of C o s t l y ;  C a p i t a l  Cos t :  150,000 $ 1 ~  

Cost :  $; I n s t a l l a t i o n  Cost :  $; Throughput :  /h ;  , 

P l a n t  Oper 'g  Time 2;  Machine Oper 'g  Time h I y ;  Machine A v a i l ' t y :  ~ I Y  

18 .12  $ / A  

S e r v i c i n g  Cos t s :  Labor h / y  a t  $ / h ; P a r t s  d r  O u t s i d e  S e r v i c e :  - $ 1 , ~  I 
Usefu l  L i f e :  y ;  Charge Rate :  % of C o s t l y ;  C a p i t a l  C o s t :  $1- 

4.1- Type: 

Cos t :  $; 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 ;  Machir-e A v a i l ' t y :  %; Machine Oper 'g  Time h/:r 

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 ~  I 
Usefv l  L i f e :  y ;  Charge Rate :  % of C o s t / y ;  C a p i t a l  Cos t :  

$ I y  l $1- 

. 
4 

4 . 1  s u b t o t a l  Equipment Cost :  18.12 $I> 



P r o c e s s  No. . 0 . 
4 . 2  F a c i l i t i e s :  

For3 P 
Page 1 of - 1 

Revis ion  Date 9/78 
. . .  

- .  . 

-- 1.71 $ / h  

t 

t .  
$1 

$1- 

1.71 $ /  h . 

19.82 $1 h 
1 

79 2  
rn ; Throughput: 6.42 x 104m2 

l y  , 
4 . 2  J Type: Machine area  F l o o r  Area: 

2  LLI - - L I o  

Charge R a t e :  179.13* $/(m .y); r Mairrtenance Cos t s :  
. ) L I - - - - - w - - -  

Energy Use: 7 Labor:  h l y  a t  S/h  

S I 1 Heat ing  / Y  a t  . S u p p l i e s :  $ / Y 

Air Cond'g /y  a t  $1 I o u t s i d e  S e r v i c e s :  .S ly  

$ 1 '  
- . I I . L . . - - . - - L I  

L i g h t i n g  / Y  a t  
v T o t a l  Cos t :  14.150 $ 1 ~  

2 
l Y 4.2- Type:-- F l o o r  Area:  m ; Throughput:  - 

2  r - - - - - - - - - - - - -  
Charge Ra te :  $/(m. . y ) ;  Xaintenance Cos t s :  . 

- a - ~ 4 - . . D C ~ -  -I 
$ / h  Energy Use : 

\ 
h/y at .  

H e a t i n g  / Y  a t  $1 1 Lab'0r: . 
S u p p l i e s :  - SIY . 

A i r  Cond'g . 
. % .  / Y  a t  . , 

$I' 1 
Outs ide ,  S e r v i c e s :  . s / y  , .  

L - - - - - - - - . - - - - -  
L i g h t i n g  /y  a t  st' 

T o t a l  Cos t :  -9'~ . 
4.2- Type: F l o o r  Area: 

2 
m ; Throughput:  -- IY 

2 L - C I R - - C .  

Charge Ra te :  $ / ( m r . y ) ;  Maintenance Cos t s :  , - - - - - - - - - - - - &  
Energy Use: 

h / y  a t  $ / h  iLnhor :  . - . . Heat ing"  / Y  a t  $ ! 

1 S u p p l i e s  : S l y  . . 
A i r  Cond'g .- I y  a t  $1 

. . L O u t s i d e ~ e ~ v i c e s :  -$ 1 Y 
L i g h t i n g  ' IY a t  $1 a - - c s u - - - -  

t T o t a l  Cost :  $ 1 ~  

. . 
I .  *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 g c i l i t i e s  s u b t o t a l  : 



Process Nb. 

Page 1 of 1 - 
Revision Date 4/79 

Salvaged Materials Summary: 

. 
Salvaged Material (work-in-process) 

5.1 Quantity of Work-in-Process 1. Contained in Good Output 
Work-in-Process (per Computation Unit) 7.675 

5.21 Input Work-in-process 1. Not Contained in Good Output 
Work-in-Process ("Amount Required" from 1.1 minus 5.1) 0.078 m2 / h 

5.22 Net Amount of 5.21 which is sold for Credit As-Is or 

After Applying Re-Process 0 *El .m-m / 

5.23 Credit for 5.22 at the Market Value of $/-: $ / 

' 5.24 Cost of Reprocessing Materia1,of 5.22 
at the Average Reprocessing Cost of $/-: .' $/ 

5.25 Net Credit for 5.22 (5.23 minus 5.24): 

2 
5.26 Material of Type 1. Lost in Process (5.21 minus 5.22) 0.78 / h  

5.3 Cost of Work-in-Process Not 'contained in .Good Output Work-in-Procsss 
(Amount 5.21 Times Unit Cost 1.1) 

5.4 Cost of Work-in-Process Contained. in Good Output Work-in-process 
(Amount 5.1 Times Unit Cost from 1.1) 

I 5.8 Total Net Credits for All Salvaged Materials (5.25 + '  5.67 + .5.76) I - $1- 

$I-- 

3.20 $ /  h 

316.30 $; h 



- 
Process  No. 

7 .  Process  Cost Computation 

Revision Date 9/78 

7.11 Manufacturing Add-On Costs (sum of 2.7, 3 .5 ,  4.3, 6.)  30.16 $1 h I 
7.21 'Total  Operating Add-on Costs of Process:  

7.32 Cred i t  f o r  Salvaged Mate r ia l  (5.8) I $1 

7;22 G & A % of 7.21 

7.31 Tota l  Gross Add-on Cost of Process 

. . 

7.33.Cost of Work-in-Process Lost  (5.3) 1 3.20 $, h 

$1 
/ 

31.41 $1 h 

7.34 S p e c i f i c  Add-On Cost of Process (7.31 + 7.33)-(7.32) 34-61 $1 h I 
7.35 Cost of Input  Work-in-Process Contained i n  Good 

Output -Work-in-Process (5.4) , 1316.30 , $1 h - 

7.36 Loading on 1 t e i  7.35 a t  Rate % 
-- 

7.31 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 1350.91 $1-h 

7 .41 T h e o r e t i c a l  Yield ( o r  C o n v e r s i ~ n  Rate ,  i f  ou tpu t  u n i t s  of 
work-in-process do n o t  equal  inpu t  u n i t s )  7.753 m 

2 
h 

7.42 P r a c t i c a l  Yield 99 % 
I 

7.43 E f f e c t i v e  Yield (7.41 x 7.42) 7.675 m2 / h 

7.44 ::umber of Uni ts  of Good Output Work-in-Process per 
Computation Unit Used up t o  7.35 / 

-- - - -- -- - - 

7.51 Cost of Unit of Good Output Woxk-in- 
Porocess (7.37 t 7.44) 

7.52 S p e c i f i c  Add-On Cost pe r  Unit of Good 
Output Work-in-Process (7.34 + 7.44) 



Procesvs No:. m'. mawla Form 13-2 

Page l o f  .l 
Revis ion  Date 9/78 

- 

. - - ,  from S u b t o t a l  4.1 = 16.80 $1 n - ,  

A 8.22 C o s t s  of Amort izat ion o f  t h e  One-Time Cost :  

.0.192*. 6.53 $1 h from Subto ta l .  2..7 = 

t-L 
w from S u b t o t a l  3.5 = 
03 

from S u b t o t a l  4 . 1  = : 

from S u b t o t a l  4.2 = 

23.21 $1, h 
\ 

Work-in-Process: 
(Div ide  S u b t o t a l  8.23 by 7.675 m2 1 h from 7.44) 

8 . f5  P r i c e  of Process  (7.52 + 8.24) 8.71 $1 m 2 
- 

49.92 s l  m 2 8 . 2 6 - P r i c e  o f  Work-in-Process (7 .51 + 8.24) 



Process  No. 

0. Output Spec i f i ca t ion :  ' 

Form 1 5  
Page 1 of .L- 

Date 9778 ' Revision 

Name i f  item: Wafers w i t h  mpC -- . - - Junction . - - - - 

Dimensions: 7.62-12111 d iameter  

High p u r i t y  s i l i c o n  
,Mater ial :  -- 

Other S p e c i f i c a t i o n s :  O u t p u t o f  c e l l  i s 0 . 7 1 7 w a t t s  ( T I  = 1 5 . 7 % ) .  

- 
F r o n t  dosage o f  phosphorus i s  1  x 10' ions/cm2, and was p laced on .- se lec ted  - areas 

-- -. . . 
2 

u s i n g  a  mask. The back su r f ace  f i e l d  c o n s i s t s  o f  boron at a concen t ra t i on  o f  5 x 1014 ions/cm . 
-- -- - - . . . . . . . - 



U n i v e r s i t y  o f  ~ e n n s y l v a n i a  

PROCESS CHARACTERIZATION 

P r o c e  s s : Device ~ a b r i c a t i o n  

S u b p r o c e s s  : Formtion of Fotmtial Barrier 

O p t i o n  : Ion  Implantation of P h o s p h o r u s  

Form 1 



Form 2 

Process No. 

Revision -- Date 4/79 
b 1 0.1 Value Added: I $1 

P;ocess Description: Ion m l a n t a t i o n  of ~ h o s ~ h o r u s  with a 2 x 1015 ions/& dosage using PF5- 

The outpuk rate is 50 wafers/minute and each wafer spends an average of 20 hours a t  the work stat ion.  
- - - - - - - - - - - - - - 

There is a 2 n load time, 16 h process time, and a 2 h unload time. ~Jlachineusaqe f r a c t i o n  i s  95%; a c t u a l  

output is 2850 wafers/n. Filarrwt l i f e  is assumed to be 80 mAh and the filament operates w i t h  a current 

of 10 mA. It takes 20 minutes t o  change the filament. 

1. Input Specification: 

Name of Item: P+pw si era 

Dinensions : 7.62-an 

2 Other Specifications: Ion dose is 3 x 10 
I - 

implantation chamber. Area output r a t e  is  13 rnL/h. 

1.1 Quantity Required: 13.0 rn2 / h unit cost: 41.21 $!' m 2 -- - 
. . 1 I I : . 2  Input Value: I $/ 

I 1.3 Input Coat: 1 535.73 ~ / n  

Note to Itez 1.3: Use pr ice ,  i f  inpxt produced i n  own p l a n t .  



2 . 1  Direct Materials : 

Form 3 

Revis ion  Date 4/79 

2 . 1 2  Type: Phosphorous pentafldde (PF,), 99.0% 
4 

. I 
Spec i f i ca t ion:  Consqtion rate of 0.0052725 rnR/min is based on current usage. Actua l  

I usage should be (0.005275). x (2850) x 2 . 4 3  x 60. Density is 5.805 g/ Q . Cost I 
Quantity Required: 2192 rnt lmin;  U n i t C o s t : 0 . 0 0 5 1  $hJ? ; cost:I 

2 . 1  - Type: I 
Spec i f i ca t ion:  - 
. , 

Quantity Required: - /  -9 - u n i t c o s t : '  $1. ; Cost: I $1- 
J l ,  . 

2 . 1  Type: - 
41,: 4 

Y I 
I 
, Spec i f i ca t ion:  I 

Subtotal Direct Phter ia l s :  11-22 $1 h - 



P r o c e s s  NO.  , , - 5 - T T l  ..Form 4 

P a a e l  'of 2 
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 4/79. 

2 . 2 1  Type:  Cooling water - I 
S p e c i f i c a t i o n :  Used to cool diffusion pumps which have a p e r  rating of about 

Q u a n t i t y  Required:  . -. 7 kW -/.-Y u n i t  ~ o s t : 0 . 5 6 6  $/kwh ; c o s t :  3.962 $ In  I 
2 . 2  - 2 Type: Compressed air 

S p e c i f i c a t i o n :  Pressure is 50 psi.  Used for operation of gate valves and air - ,  
w 

. N  
W .  

cushion bearings. only needed when machine is running. Consumption is 0.0988 --- 
3 

ft /min. (SAMICS C2032D) . . . - . . - . 
/ # 

. Q u a n t i t y  Requ i red :  - . - - .- . - - 168 - !?,/I - h ; Unit  Cost :  - $ / ; C o s t :  

I 3.  2 3  Type: Liquid nitrogen . - - . . - . -. . - - - 

traps and i s  needed a t  a l l  times'. S p e c i f i c a t i o n : ,  Used for diffusion pump 

3 
1 

. Cost is $5.66/f t  . (SAMICS' C1080D). 
. . 

-- P - 

.- 

Q u a n t i t y  Required:  ' . 3.75 ' R l h  ; U n i t c o s t :  0.20 $12  ; C o s t :  -- 

L .  , T  . ' 
r 

7 . 2  S u b t o t a l  Ir tdirect:  P l a t e ~ i a l s :  

,. 8 -. . . .  1 . - 
' I 



I P r o c e s s  NO. a , , [xl-m] Form 4 

pase 2 of  2 
2.2  I n d i r e c t  t i 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 '4/79 

2 . 2  - Type: Argon 9 I 

S p e c i f i c a t i o n :  U ~ e d  to flush system. Consqtion rate is 0.485 f t 3 / h  and sage 

rate is 97%. Cost is 0.14 $/f t3  (SAMICS ~1112D) . 

I . q u a n t i t y  Required:  - 800 R - / -' h . u n i t  c o s t :  0.005 $1 $ : Cos t :  - 4.00 $;h 

I 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  'Requ i red :  - . . - - - - . . . . - . . . - / - - : U n i t c o s t :  $1 ; C o s t :  s / 
. . 2 .2 -  Type: --- - . -. - - - - I 

S p e c i f i c a t i o n :  I 
~ u a n t  it;. Required : -- / ; Unit  C o s t :  



p r o c e s s  No. , , I T 1  - I T ]  
2 . 3  Expendable Tool ing:  

Form 5 

Revision 
2 . 3 -  Type: 

Date 4;/79 

. . 

Quan t i t y  Required : / : U n i t , C o s t :  -- $1 . Cost:  $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: - 

Quan t i t y  Required : 1 : Unit  Cost :  $1 -- c o s t  : I $I-. 

2 . 3 -  Type: 

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

2 . 3  S u b t o t a l  Expendable Tool ing:  
; 

2 . 4  Energy 

2 . 4 -  1 a p e :  Electricity, used a t  a l l  times; PckJer rating i s  7 kw 

- Q u a n t i t y . ' ~ e ~ u i r e d :  7 kw : u n i t  c o s t :  0.0319 $1 k h  c o s r : P . 2 2 3  $ /h  
.-- - 

2 . 4 -  Type: 
. . 

Quan 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 t s :  

I 2 . 6  Handling Charge: 5 .26  2 of  i t e m  2 .  

2 . 7  S u b t o t a l  ? la te r ia l s  and S u p p l i e s :  1 ( 2 . 5  + 2 . 6 )  



Process  No. 

3.1 D i r e c t  ~ a b o r :  

Form 6 
. . .Page 1 of J- 

3ev is ion  Date 4/79 

3 .1  1 . ca tegory  : Electronics lkchnician - A c t i v i t y  : 
Bj 104U) 

'Ambunt Required: 1 h / h  ' ; Rate: $ 5.29 /h;  Load36.0'  . %; Cost: 

I ' 3 . 1  Category: A c t i v i t y :  I 
I 

' Amount Required: h /  ; Rate: $ i n ;  Load X ;  Cost:  ' $ 1  
I 

I 3.1- Category: . A c t i v i t y :  I 
Amount Required : h/  ; Rate: $ . /h ;  Load . X ;  Cost: $ / 1 

I . 3 . 1  D i r e c t  Labor.Subtota1: ' 7.20 $ /h 
3.2 I n d i r e c t  ~ a b b r :  Taken as 25% of direct . 

rU 
Q, 

3.2' - * Category: A c t i v i t y :  

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

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

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

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

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

3.2 I n d i r e c t  Labor Sub to ta l :  1.80 $/h , 

1 3.4 Overhead on Labor : 5.26% ' 0.47 $p 
L 

3.5 S u b t o t a l  Labor -9.47 $11 -- 



P r o c e s s  No. 

4 . 1  Equipment 

. Form'7 
Page 1 of 1 - 

. 'Revis ion  Da te  4/79 

- cos t :  3 ~ 0 , ~ ~ ~  $; I n s t a l l a t i o n  Cos t :  $ ; Throughput : 2850 wafers / h ;  

. P l a n t  Oper 'g  Time 8280 h / y ;  Machine A v a i l ' t y :  95  7;; 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  O u t s i d e  S e r v i c e :  

Cos t :  140,000 $; I n s t a l l a t i o n  Ccs t :  $; Throughput:  . 2850 wafers / h ;  
. I 

Usefu l  L i f e :  7  y ;  Charge Rate :  31-25 % of Cost ly ' ;  C a p i t a l  Cost:-641050 - . - - - - .. 

4  TY pe : Central chamber and five s w r s  f nr ~ V P  

P l a n t  Oper 'g  Time 8280 h / y ;  Plachine A v a i l ' t y :  95 %;  Machine O P E K ' ~  ;rime . . I I / ~  1 

7.73 S!h-- 

c o s t :  6O,OOO -- S; I n s t a l l a t i o n  c o s t  : S ;  ~ h t o u ~ h ~ u t :  2850 wafers 11 1 - - * ,  

... , 

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 :  $ /y  

. . 
r 1 

Gsefu l  L i f e :  7  Y; Charge Rate :  2 1 - 3 5  % of C o s t i y ;  C a p i t a l  C o s ? : m ( l f l  - -- --- S ' Y  

. . * .  

t 1 3  - Type: Trays (2,000)  @ $30. each .- , - 

F l a n t  Oper 'g  'lime d2i33 h / y ;  Machine A v a i l ' t y :  9 5  2 ;  Hachine Oper 'g  Time- h / ~  I 

." ,. 

3.60 $ / h  --- 

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  Outside.  S e r v i c e :  -- -- s f ? .  I 
Cse fu l  L i f e :  7  y; Charge Rate :  21.35 % of C q s t / y ;  C a ~ i t a l  C o s t  : - ~ ~ ~ ~ o o  $1.: I $ /. -L57 L 

5 1 S u b t o t a l  Equipment C o s t :  12.90 SF- 



L 
4.2- Type:- F loor  Area: m ; Throughput: / Y  

2 
Charge Rate: $/(m . y ) ;  r - - - - - - - - - - - -  Maintenance Costs :  

C I r , a  r r -  

Energy Use: 
4 , Labor: h ly  a t  $ /h  

- _ .  .._ . . . _ .  :. 
Proces s  No. • . . . Form 8 .,. . 

Page 1 of . - 
Revision 

,Heating IY a t  $1 C 
Supplies:  - 1 - Sly 

.... . . . .s.. 

. . 
A i r  Cond'g I y a t  $1 I 

I .Outside Serv ices :  S l y  

. 

~ - - . - - . e r - r  
Ligh t ing  IY a t  $1- T o t a l  Cost :  

Sly 
* 

. . Z 
m ; . Throughput : 4.2- Type: F loor  Area: 1 Y 

2 ~ I r - - . I r e r L v  

Charge Rate:  $/(m . Y ) ;  i ~ a i n t e n a n c e  Costs: 

Date4/79 . 
4.2 F a c i l i t i e s :  .. , . 

- . L  - 0  - 4, Energy Use:  labor : h/y ' a t  1 '  $/h 

2 
4.21 Type:- : Floor  A r e a : B . m  m ; Throughput: 23,600;0~1~,-/y 

2 L L I - ' . L I C I - - - C ) - o o  ' *  
. Charge Rate%: ' 1 7 9 . 1 3  $l(m ' Y ) ;  r Maintenance Costs: 
. . L I - - o - - - - -  

, 7 Labor: S./h . Energy ,Use: , h/y  . a t  
1 Heating / y a t  $1 Suppl ies  : Sly 
1 

A i r  Cond'g . / Y  a t  $1 Outs ide  Serv ices :  $ / Y  

L , - - - - - - - - - - -  
I y  a t  $1 L igh t ing  

To ta l  Cost:  25,009 $/y 
a - I 

Heating / Y  a t  $1 1 ,, . Supplies:  - $)y 

. . 

~.c)o$ In 

A i r  Cond'g / y a t  $1 i 
L Outside Serv ices :  

L igh t ing  IY a t  $1 o - - - u - - - -  

t Tota l  Cost: $1- 

* . Includes ' u t i l i t y  use I 4 . 2  Sub to 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  Sub to t a l  : I . I -$a_ 



* 

Form 9-1 

Page L o f  - 1 

. . fg.iJ - 
process NO. 

. . ' " 

5. Salvaged  ater rial '(work-in-process) 

Quantity of Work-in-Process 1. Contained in Good output 
Work-in-Process (per Computation Unit) 

Input work-in-prqcess 1 .. - Ngt contained in ~ood. Output 
Work-in-Process ("Amount Required" from 1.. 1 minus 5.1) . . 

. , . ~ , .  - 
Ne.t ~rnount of 5.21 .which is sold for ,Credit As-Is dr 

0.0,. - After Applying Re-Process . 
: . 

Credit for 5.22 at the Market Value of $/-: 
. . . . 

Cost of ~e~rocessin~ Material of' 5.22 . 

at the Average Reprocessing Cost of . ,  . $/ : 

Net Credit for 5.22 (5.23 minus 5.24) : 

Revision Date 4/79 

5.26 Materlal of Type 1. Lost in Process (5.21 minus 5.22) 0.10 In2 / h -- - - 
5 .3  Cost of Work-in-Process Not contained in Good Output work-in-Process 

(Amount .S .  21 Times Unit cost 1.1) 
5.4 Cost of Work-in-Process Contained in Good'Output Work-in-Process .. ,. 

. ,. . (Amount 5.1 Times Unit Cost from 1.1) , . <.. . .. /. . .- 5.31.61 $/ n . . 

b 
. . 

Salvaged Materials Summary: f 

5.8 . Total Net Cred-its for A.11 Salvaged Materials (5.25 + 5.67 + 5 . 7 6 )  
m 

. . $1- 



Process  No. 

Form 1 2  
Page 1 of 1 -- 

7. Process  Cost computation . 

. . Revision Date 4/79 . , 

. 7.11 Manufacturing Add-on Costs  (sum of 2.7, 3.5,  4.3, 6.) 146.54 $1 h 

7.21 T o t a l  Operat ing Add-on Costs  of Process:  

7.31 T o t a l  Gross Add-On Cost of Process 

7.32 C r e d i t  f o r  Salvaged Mate r ia l  (5.8) 

7.33 Cost of Work-in-Process Lost  (5.3) 

7.34 S p e c i f i c  Add-On Cost of Process  (7.31 + 
w 
W 
o 7.35 Cost of Inpu t  work-in-process Contained i n  Zood 

Output Work-in-Process (5.4) 

7.36 Loading-on Item 7.35 a t  Rate % I $1 

.7.37 Cost of Output Work-in-Process (7.34 + 7.35 + '7 .36)  )j838335 $1 n 
. -. -- - - - 

7.41 T h e o r e t i c a l  Yield (o r  Conversion Rate,  i f  o u t p u t  u n i t s  of 
r 

work-in-process do n o t  equal inpu t  u n i t s )  13.0 
2 

m l ~  

7 .'42 P r a c t i c a l  Yield 

7.43 E f f e c t i v e  Yield (7.41 x 7.42) 

7.44 Number of Uni ts  of Good Output Work-in-Process per  
Computation Unit 'Used up t o  7.35 

7.51.  Cost of Unit  of Gobd Output Work-in- 
Process  (7.37 t 7.44) 

7.52 S p e c i f i c  Add-On Cost pe r  Uni t  of Good 
Output Work-in-Process (7.34 + 7.4.4) . 



P r o c e s s  No. 

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

., . - .  8.21 P r o f i t  Computation: 

Form 13-2 
Page 1 o'f 1 

R e v i s i o n  Date  4/79 . 

0.9274" 12.90 $1 h from S u b t o t a l  4 . 1  = i1 .96  $1 h 

1.946* 3.00 $1 h from S u b t o t a l  h.2 = 5.84 $1 n - I 
Sub t o t a l  = 17.82 $ /  h' I 

8.22 C c s t s  of A n o r t i z a t i o n  of t h e  One-Time C c s t :  

0*192* 21.17 $1 h from S u b t o t a l  2 . 7  = 4.07 $1 n 

0.192* 9.47 $1 h from S u b t o t a l  3.5 = 1 . 8 2  $1 h 

0.2958* 12.90 $1 h from S u b t o t a l  4 .1  = 3.82 $1 h I 
2 . 7 7 *  3 - 0 0  $1 h from S u b t o t a l  4.2 = 8 . 3 1  $1 h I 

Sub t o  ta, l  = 18.02 -- $1 i~ 

8.23 ~ o t a l  Net Cost  o f  Equ i ty  (8 .21 + 8 . 2 2 ) :  1 35.84.  $ 1  * 
8.24 P r o f i t  and Amor t i za t ion  of S t a r t - u p ' c o s t s  p e r  Uni t  of Good Output 

Work-in-Process: 
(Div ide  S u b t o t a l  8.23 by 1 2 . 9  

.- I h from 7.44) m 

8.25 P r i c e  o f  P r o c e s s  (7;52 + 8.24) 



Process No: 

9. Process Economic Evaluation: 

Form 14 
Page 1 of 1 

Revision Date 4/79 

1 9.4 output Value (0.2 + 0.1) I .$I 

9 .1 Process Cost Balance (7.52 - 0.1) 

1 9 .5  ~elgtive Excess Cost 

$1 

9 .2 ~elative Process Performance (9.1 "0.1) 

9.3. Output Cost (7.51) ' 

2 
45.23'$/m. , 



P r o c e s s  No. 

0 .  Output S p e c i f i c a t i o n :  

Form 15 
Page 1 of 1 

Revis ion  Date  /r,/?9 

Name of i t em:  Wafers with phosphorus PM junction 

7.6 2-an dian-eter Dimensions:  -- 

F l a t e r i a l :  Substrate is high pu r i t y  s i l i c o n  - - - - - - . 

. Other  S p e c i f i c a t i o n s :  Process y i e l d  is -99.2 % . 
2 

Inp lan t  dosage is 2 x lo1' ions/an . 



p r o c e s s  N O .  r ?  - 1x1 -[3TT] 

U n i v e r s i t y  of P e n n s y l v a n i a  

PROCESS CI i : ' \ I lAC' r I~RI  Z A T I O N  

Form 1 

process: Devlce  f a b r i c a t i o n  

subprocess:  Fo rma t ion  o f  p o t e n t i a l  b a r r i e r  
1 i 

- O p t i o n :  A c t i v a t i o n  a n n e a l  a f t e r  i o n  i m p l a n t a t i o n  

( M o t o r o l a )  



Process No. 

Form 2 

Page 1 of  1 - 
Revision  ate 10/78 

0 . 1  Value Added: 1 $ f 

Process Descr ip t ion :  

I 
u t i l i z a t i o n  i s  96%, f o r  a n  e f f e c t i v e  o u t p u t  rate o f  21.715 m2/h , 

I 

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

Wafer w i t h  i m p l a n t e d  i-l Same of Item: 

Dinensions:  - 12-cm' d i a m e t e r  

K a t e r i a l :  s i l i c o n  I 
Other S p e c i f i c a t i o n s :  I 

m 2 
1.1 Q u a n t i t y  Required: 2-S m 2  /-A- Unit Cost: 41-21  $1 

-. 

-. r-, . - 1.3 Input  Cost: 8 9 4  .'88 m 
, ' .  

to Iten 1 . 3 :  Use p r i c e ,  i f  i npu t  produced i n  own p lan t .  ' 
- ~ 

. . ,  . . -- 
* - 



Process NO. 0 . . [12l--Wl 
2.2 Indirect Materials (in'cl. si~ppliesand non-energy utilities): 

Form 4 

Paqe 1 of 1 

R e v i s i o n  3/79 Date 10 /78  

2.2 - 1 Type: N i t r o q e n  qas f rom l i q u i d '  n i t r o q e n  I 
sp;cification: cos t  of LN, 1s 5.66 $ / f t 3  

L. - I 
(SAMICS N o .  '21080 D )  

Consumpt ion  i s  3e /min / tube  and  i s  u s e d  a t  a l l  tines 

Quantity Required:' - 1440  J-/ h *  ; Unit Cost: 0.0004 $ /  ,(. ; cost: 

2.2 - Type: 

- Specification: 

I-' 
W .  
m 

Quantity Required: - 1 - ; Unit Cost: $ / ; Cost: I - 
2.2-" Type: - - . - - - - 

Specification: , . 

Quantity Required: / ' ; Unit Cost: $ /  ; C O S C : ~  $ /- -- 

1 2.2 Subtotal indirect Materials: 



Proces s  No. lJe~mFl~[7il - F o r m  5 ' 

2.3 Expendable Tool ing:  

1 R e v i s l o n  3 / 7 9  D a t e  1 0 / 7 8  2 . 3 -  Type: Q u a r t z  t u b e s  and boats;  replaced every 8 months I 
Quan t i t y  Required : 1 2  t ubes  -- / Y  : Uni t  c o s t :  7 6 9  $ / t u b e c o s t :  

I 2 . 3 -  Type: 

2 . 3 -  Type: 

Q u a n t i t y  Required:  -- / : Uni t  Cost :  $1 Cost  : 

2 . 3 -  Type: . 

I 2 . 4  Energy 

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

I 2.4 1 Type: E l e c t r i c i t y ,  1 4 0 '  name-plates ra t ing,  D u t y  c y c l e  i s  5 0 %  

+ 
W 
v 

Q u a n t i t y  Required:  7 C k W  :. u n i t  ~ o s t : 0 . 0 3 1 9 $ / _ k W h  c o s t  

E 

2 . 3  S u b t o t a l  Expendable Tooling:  

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

2 . 5  S u b t o t a l  2.1 t o  2 . 4 :  

2 .6  Handl ing  Charge: a ' ; b  of itern 2. 

Z 



Process  No. 

r 
Form 6 . 
Page 1 of  1' 

C 
.- Revision 3/79 Date-17~ 

3 .1  D i r e c t  ~ a b o ; :  

3.12 Category : Semiconductor assembler A c t i v i t y : ~  , 

(SAMICS 83096D) . 

Amount Required: 1 h/  h  ; Rate: $ 3*894 /h;  Load 3600 . %; Cost:  5.30 $1 h 

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

Amount Required: h/  ; Rate:  $ / h ;  Load 2; Cost: 

3.1- Category: ~ c t i v i t ~ :  

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

r 3.2 I n d i r e c t  Labori  Taken as 25% of direct 
W 
a3 

3 . 1  D i r e c t  Labor S u b t o t a l :  

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: $1 

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

Amount Required : h / ; ~ a t e :  $ /h; Load ' , X ;  Cost: $ / 

3.2 I n d i r e c t  Labor s u b t o t a l :  -la-$~-h--- 
* 

1 3 . 3  S u b t o t a l  3.1 and 3.2 6.62 $ / h  

3.4 Overhead on Labor : - 26 % 0.35 $ / h  

3.5 S u b t o t a l  Labor 6.97 $1 h 
> 



P r o c e s s  No. 

Form 7 
. Page 1 of 1 - 

~ e v i s i o n 3 / 7 9 ~ a t e  16 /78  
4 . 1 '  Equipment 1 

4 . 1  - Type: 'I'HEmiCO e i g h t  t ube  d i f f u s i o n  module t y p e  4 0 0 0 8 7 2  Spec 1 9 0 0  I 
c o s t :  6 4 , 2 7 0  $; I n s t a l l a t i o n  Cos t :  ---- $;' Throughput:  2 1 . 7 1 5  / h ;  

P l a n t  Oper 'g  T i m e  8 2 8 0  h I y ;  Machine A v a i l '  t y :  -- 9 6  % ;  izlachine Oper 'g  Time 7 9 5 0   hi^ 1 
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 / y  

4 . 1  Type: . , 

- I 

Usefu l  L i f e :  7  y ;  Charge Kate: 2 1 . 3 5  % of C o s t l y ;  C a p i t a l  C c s t :  1 3 , 7 2 0  .S!Y 

; f 

Cost :  $; I n s t a l l a t i o n  Cos t :  $ ; Throughput : ,/ti;. 
: '  + I 

. 1 . 7 3  $!.-A 

P l a n t  Oper 'g  Time - h / y ;  Machine A v a i l ' t y :  % ;  Machine Opcr ' g  Time 
* - 

h / y  I 
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  Outsi.de S e r v i c e :  . . 

t i se fu l  L i f e :  y ;  Charge Rate :  Z of C o s t l y ;  C a p i t a l  Cos t :  S!y 

- I s I-- 
I 

4 . 1  - Type! I - .- - . - 
$; I n s t a l l a t i o n  Cos t :  : ,  Cost :  $ ; .Throughput : i h ;  

. . I 
p l a n t  Oper ' g Time hly,; Machine A v a i l ' t y :  2;  ~ a c h i n e  Oper 'g  Time h /  y 

. a 

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 :  , a '  Sly  

1 L'sefu; L i f e :  - y ;  Charge Kate :  % of C o s t l y ;  C a p i t a l  Coat :  - - - - - -. - - 

I 
I 4 . 1  S u b t o t a l  Equipment C c s c :  -- 1 . 7 3  - S !  -. - h  - 



Process  No. W . M. I OI;1 -ml 
4.2 F a c i l i t i e s :  

Form 8 
Page 1 of  1_ 

Revis ion 3 / 7 9 ~ a t e  1 0 / 7  8 

' 0 . 5 8  h 
$1- 

s 1 

$1- 

0 . 5 8  c 1  'h 'I- 
2 . 3 1  $/ h 

2  2  
4 . 2 1  Type: f loor space Floor  Area: 2 5 . 5 5  m ;  Throughput: 1 7 9 , 8 0 0  m /y 

* 2 ~ r  C - r r ' v ~ - - o  

Charge Rat?: 1 7 9 . 1 3  $/  (m .Y) ; Maintenance Costs:  -----------  
Energy Use: 7 Labor: h /y  a t  'S'lh 

I Heating /y  a t  $1 Suppl ies  : . Sly 

A i r  Cond'g . / Y  a t  $1 I Outs ide  Services :  $  / Y 

L - - - - - -  
Ligh t ing  IY a t  $1 1 4 6 0 0  Sly T o t a l  Cost: 

Floor  Area: 
2  

4 . 2 -  Type: m ; Throughput: IY 
2 rc. -CI - . I I . - *o - & - - -  

Charge Rate: $/(m * Y ) ;  Maintenance Costs:  
. . 

- L I a L ) - r , - -  - -  4 .  
Energy Use: h /y  a t  Slh , 

 eat i n g  IY a t  $1 I Labor: Suppl ies :  . 

1 
Sly 

A i r  Cond'g /y  a t  $1 0 u t s i d e . S e r v i c e s :  S / Y  
L - - , - - - - - - . -  

Ligh t ing  IY a t  $1- 
T o t a l  Cost: $ 1 ~  

3 

. Floor  Area: 
2 

4 . 2 -  Type: m ; ~ h r o u g h p u t :  /)I 

2  - - - - L - e  

Charge Rate: S /  (m .Y)  ; -1 Maintenance Costs: 
- C ~ . I r - - r r r r  

Energy Use: . 

I Labor : 
h l y  a t  Slh 

Heating / Y  a t  $1 

t Suppl ies  : * Sly 
. ' A i r  ~ o n d  ' .- Iy  a t  $1 L ' Outside s e r v i c e s :  $ 1 ~  

. Light ing /y  a t  0 - v - - u - - - - m  
$ 1 -  

T o t a l  Cost: $ 1 ~ .  

8 .  

* inc ludes  energy use.  

w 

4 .2  Sub to ta l  F a c i l i t i e s :  
I 

4 . 3  E q u i p ~ e n t  and F a c i l i t i e s  S u b t o t a l  : 
4 



Process 'NO. 

Form 9-1 ' 

Page L o f  1 
Revision Date 3/79 

Salvaged Materials Summary: 

Salvaged Mater.ial (Work-in-process) 

5.1 ~uantity of Work-in-Process 1. Contained in Good Output 
Work-in-Process (per Computation Unit) -~L~%AL/L' 

5.21 Input work-in-process 1. Not Contained in Good Output 2 
Work-in-Process ("Amount Required" from 1.1 minus 5.1) 0 .130  m h 

5.22 Net Amount of 5.21 which is .sold for Credit As-Is or 

oeuvm-a .. After Applying Re-Process / 

5.23 Credit for 5.22 at the Market Value of $I-: * $/ 

5.24 Cost of Reprocessing Material. of 5.2'2' 
at the Average Reprocessing Cost of $I-: $/  

5.25 ~ e t  Credit ior 5.22 (5.23 minus 5.24): 

5 - 2 6  Material of Type 1. ~ o s t  in Process (5.21 minus.5.22) / 

5.3 Cost of Work-in-Process - Not Contained in Good Output Work-in-Process 
, (Amount 5.21 Times Unit Cost 1.1) 

5.4 ' Cost of Work-in-Process Contained in Good Output Work-in-Process 
(Amount 5.1 Times Unit Cost from 1.1) 

$1- 

- 5.37 S/ h 

889.4'7 s/ h 

5.8 Total Net Credits for All Salvaged Mziterials (5.25 + 5.67 + 5.761, $/- 



1 Page o f  - 
Process  NO. 31. )11. rn1-iTTi-j 

6.3  Liquid .  Byproducts/Wastes (organic)  . 

R e v i s i o n s 7 9  -)ate l Q / 7 8  

Carry from Form 10  I $1 

6.3- Type (Composition) : Q u a n t i t y  Produced: I' -- I 
3 Densi ty :  g/cm .; Toxic i ty :  COD : mg/l; BOD: 

0 
I g n i t i o n  Po in t :  C ;  Explosive Mixture i n  A i r : %  t o  %; Other Remarks: I 

I Type of Disposal:  I 
Input  Mater ia l  f o r :  Cost ( C r e d i t )  

I ' $ / - ;  
Cost: I $ I. 

- 6 .4  Fumes, Gaseous Byproducts/Wastes 

6.4 1 Type ' (Composition) : Fume gases 
3 

- Quant i ty  Produced: 1 2 5  ft / mln 

Energy Content (Combustion): kwh / ; Explosive Mixture i n  A i r  2 t o  . I 
' 0 I g n i t i o n  Point :  C;  ~ e r o s o l o  P r e c i p i t a t e s  i n  minutes PH 

Tox ic i ty  Requires  scrubbing 0 Type of Scrubber:  

( e n t e r  scrubber  under 4 . 1 ,  4 . 2 ,  scrubber  e f f l u e n t  under 6 .1  t o  6.3) 

Other remarks: 0 .46  kWh/1000 CFM + 0 . 0 5 7 5  kwh/& 

Type of ~ i s ~ o s a l :  

Operating c o s t s :  16 08 . $1 Y c o s t :  0.002 $ 1  ll 

I 6. Subtota l  :. ~yproduc t /Was te  n i b p c s d  Cost : 0.002 $/ h 



process  No. 

P r o c e s s  Cost  Computation 

Form 1 2  
Page -- 1 of 1 

~ e v i s i o n  3 /79  Da te .  1 0 / 7 8  . . 

7.11 Manufac tur ing  Add-On Costs  (sum of 2.7,  3 .5 ,  4 .3 ,  6 . )  1 1 3 . 4 5  $1 hp 

7.22 Other  . Ind t b . 6 5 P Y s i e d 1 8 b  e c  G l t 4 . 2 )  ) 0 . 1 7  $1 h 

7:21 T o t a l  Opera t ing  Add-on Costs  of  P rocess :  

7..31 T o t a l  Gross Add-On Cost  of  P rocess  

7.32 Cred i t .  f o r  Salvaged M a t e r i a l  (5.8)  I - $ / 

' 7 . 33  Cost  of  Work-in-Process Los t  (5 .3)  1 5 . 3 7  $1 h 

7.34 S p e c i f i c  Add-On Cost  of P rocess  (7 .31  + 7.33)-(7.32) 1 8  9 9  $1 h I -- 

7.35 Cost  o f  I n p u t  Work-in-Process Contairied i n  Good I 
Output  Work-in-Process (5.4)  . ( 8 8 9 . 4 9  $! h 

7.36 Loading on I tem 7.35 a t  Rate  

-- 
7.42 P r a c t i c a l  Y ie ld  9 9 . 4  % 

. . . -  I 
7.43 E f f e c t i v e  Yie ld  (7 .41  x 7.42) . 1 

7.44  Xumber o f  U n i t s  o f  Good Output  Work-in-Process pe r  

7.51 Cogt of Uni: ef Good Output  work-in- 
P rocess  (7.37 + 7.'44) 

.. . 7.52 S p e c i f i c  Add-on Cost  per Uni t  of  Good 
Output  work-in-?recess (7.34 ' + 7.44) I 0 . 8 8  $1 m 2  



Form 13-2 
Page L o f  1 

0.192* 4-18 $1 h -  from S u b t o t a l  2.7 = 0 . 8 0  $ 1  h 

w 
P 
P 

0.192* 6 - 9 7  $1 h from S u b t o t a l  3.5 = 1 . 3 4  $1 h 

0.2958* 1 - 7 3  $1 h from S u b t o t a l  4.1 = 0 . 5 1  $1 h 

Revision 3 /79  Date 1 0 / 7 8  

. . 
2.77* n - 5 8  $1 h from Sub to t a l  4.2 = ' 1 .60 '  ' $ /  ' h 

8.2 A l t e r n a t e  2  (SAMICS ~ e t h o d o l o ~ ~ ) ' :  

8.21 P r o f i t  Computation: 

0.9274*. 1-73 $1 h ' f r o m S u b t o t a l 4 . 1 =  1 . 6 0  $1 h 

1.946* 0 . 5 8  $1 h f r o m S u b t o t a l 4 . 2 =  1 . 1 3  $1 h 
1 

Sub t o t a l  = 2 . 7 3  $1 h 

8.22 Cos ts  of Amortization of t h e  One-T.ime Cost: 

S u b t o t a l  = 4 . 2 5 '  $1 h 

I K 

8.23 ~ o t > l  Net Cost of Equity (8.21 + 8.22):  
. . 

8.24 P r o f i t  and Amort izat ion of Star t -up Cos ts  per Uni t  of Good Output 
Work-in-Process: 
(Divide Sub to t a l  8.23 by 2 1 . 5 8 4  m I h .  f rom7 .44 )  

8.25 P r i c e  of Process  (7.52 + 8.24) . . 

8.26 P r i c e  of Work-in-Process (7.51 + 8.24) 



P r o c e s s  No; Form 1 5 ,  
Page 1 of  1 - - 

Revis ion  Date  3/79 

0 .  Output S p e c i f i c a t i o n :  

Name of  i t em:  Annealed wafer 
.- - - 

Dimensions : 12-cm diamter --- - 

I P l a t e r i a l :  -- high purity silicon -- -- - . - . . . - . -. - - -- 

Other  S p e c i f i c a t i o n s :  ---- 



P r o c e s s  NO. L - . I _ r _ l - [ q q - [ - / .  . For ril 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 C l l A i ? A C T E R I Z A T I O N  - 
'(UPPC) 

P r o c e s s  : Device F a b r i c a t i o n  

S u b p r o c e s s  : - Junct ion Formation 
, 

O p  ti o n  : Unanaly zed ~ m & e - m m o n  . . 

P r o i e c t i o n  (Ivlotorola) 

i F o r m  
!. - 

I 

2 

3 

4 

5 

6 

7 

8 .  

9 - 1  

9 -2  

1 9 - 3  I 

1 .  :: 
1 2  

1 3 -  1 

1 3 -  2 

1 4  

15 

1 G  ' 

A 

R e v .  - 

___ 

- 

-- 

- 

- 

-- 

-- 

-- 
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Form 2 

Process SO. i 
! 

Revision -- Date 9/78 
0.1 Value Added: 1 $1 

: Process ~~~~~i~ ion: Ion inp lan ta t ion  of PN junction (@osphorus) wi th  a h o l l a r  =tho& source. 
LNachine current is 100 mA,uses an unanalyzed beam,& its capaci ty  is 4800 w a f e r s h .  U t i l i z a t i o n  rate is 

80%, so effective throughput rate is 3840 12-an diameter -r- 

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

~ a m c  of Item: Wafers Prepared as spec i f ied  - 
Dimensions : 12-an diameter 

I f a t e r i a l :  S i l i con  

8 2 
Other S p e c i f i c a t i o n s :  - ~ h p u t r a * o f  4 8 0 0 w a f e r s / h i s  w u i v a l q t  to 5 4 . 7 9 ~ t - 1 , ~ .  

L 
1.1 Quant i ty  Feq9ired: 43.43 m / h 

r - .  

2 * Unit cost': 41.21. $1 a - 
1 1.2 Input  Value: I $1 

I 1.3 Inpu t  C o s t :  I 1789.75 $1 h 

Note to Item 1.3:- u s e  price, if 'input produced i n  own plant.. .. 
. . 



Procem NO. . . 10111 - lK1 . . 

Form 3 

2.1 Direct Materials : 
Page - 1 of 1 . 

C 

Revision D a t e a 7 ~  

2 . 1 1  Type: Ionsource @hos~horus). * 
9 

Specification: SePniconducw grade. Ass& 10% implantation eFf. and 

&se of 2 x ~ O ~ ~ U K I - ~ .  ansumpticor is 0.0001326 crhafer. 

Quantity Required: 0.509 g / h '; Unit Cost: 2 . 7 6 '  $ / s  ; Cost: 

2 .1  -. Type: 

Specification: 

2 .1  Type: I - 

Specification: 

1.41 $/h 

Quantity Required: . - 1 -9 UnitCost:  $1 ; Cost: 

Quantdty Required: - / -9 U n i t c o s t :  $! $1 , 

$1- 

. . 

2.1 Subtotal Direct iXate'rials : 1.41 $1 h 



P r o c e s s  NO. a . . [lli-l-[TlTl 
2.2 I n d i r e c t  P 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 

Page _L of 1 

Revision Date 9/78 

Type :-maen - 3 

S p e c i f i c a t  i o n :  Liquid n i m r g e n  consumption is 5R/skif t (s i l i f  t = ah) ,  

3 
U n i t  cost is $5.66/f t  , (SAMICS No. ClOaOD), - 

Q u a n t i t y  Required:--0,625 - R / h  -' . Unit  Cos t :  0.20 $1 % ; Cost :  

2 .2  '2 . T~ e  : De-ioni zed wa te r  
- 

S p e c i f i c a t i o n  : IS used C O ~ ~ ~ U O U S ~ '  when o p e r a t i n g  and f lw rate is 10 gallons/min. -- 
Cost is 0.00491 $/gal lons.  (SAMICS C114 4 D) -- p- 

'QU ant  i t y  Required:  2270 R / h  ; u n i t  c o s t :  0.0013 R 
--- $/--. ; ; o s t : l  2.95 -- i h 

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  Required : -- / ; U n i t c o s t :  $ I ; ' Cost :  $/- 



process  NO. ', , m] - I n 1  
11 2.3 Expendable Tooling: 

Form 5 

- 0  

Revision 
2.3 -1 Type : Vacuum pmp oil, changed binanthly @ $17.42/bott le Date 9/78 

I 
' Q u a n t i t y  Required: 0.0029 kt-/ h : Unit  Cost: 17.42 $ l b o t t U ~ s t :  0.050 $1 h 

. . I - 
. - .  . . . .. . 

2.3- Type: 
- 

Q u a n t i t y  Required: / : U n i t c o s t :  $1 Cost : -- I "  . $1' - - - 
2.3- Type:. I 

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

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

2.4 Energy 

+ 
vl 
a 2.3 Subto ta l  Expendable Tooling: 

2.4 -1 5 p e  : Electrical energy (30 kW/mchine when operating) . Utilization is 90% 

0.050 $ / h  

Quant i ty  Required: 

Quan t i ty  Required: 27 kW : Unit Cost: 0.0319 $I* Cost: 

2.4- Type: 

: U n i t c o s t :  $1 c o s t  : $1- 
I 

0.86 $1 h 

2.4 Subto ta l  Energy Costs: 1 0.77 $ / h  

2.5 S u b t o t a l  2 . 1  t o  2.4: I 5.39 $/h 

2.6 Handling Charge: 5.26 % of i t em 2.5 0.28 S lh  

2.7 S u b t o t a l  ,Materials and Suppl ies  : 
(2.5 + 2.6) , 

- 

' 5-67  SF____ 

I 



P r o c e s s  No. 

3 . 1  D i r e c t  Labor: 

Form 6 
Page 1 of - 

Revis ion  Da te  9/78 

' 3 . 1 1  - Category: .  Semi-ductor assenkler Ac t i v  i t y : mchine mnitorinq 
(SAMICS B3096D) 

Amount Requi red :  1 h  / h ; Rate :  $ 3.89 l h ;  Load 36.0 %; Cost :  

3 .12  Category :  Maintenance mchanic A c t i v i t y :  service and repair 
(SAMICS B3736D) . Amount Requi red :  0 . 1  h / .  h ; Rate :  $ 5 - 6 7  / h ;  Load 36.0 %; Cost': 

3 .1  - Category :  A c t i v i t y :  

Amount Requi red :  h  / ; Rate :  $ / h ;  Load - %; Cost :  $ !-- 

3 . 1  D i r e c t  Labor S u b t o t a l :  6.06 $1 h 
g 3.2 I n d i r e c t  Labor:  Taken as 25% of direct 
w 

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

~Zmount Requi red :  h /  ; Rate :  $ / h ;  Load % ;  Cost :  $1 

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

h /  ' Amount Requi red  : ; Rate :  $ ' / h ;  L o a d .  %; Cost :  t ' $1 

I . .  

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

- - -  . 
~ m o ~ r i t  Requi red :  h /  '4 ' ; Rate :  $ / h ;  Load %; Cost : . ;  $ /‘ 

- .  

3.2 I n d i r e c t  Labor s u b t o t a l :  1 .52  S! h 

I ] 3 .3  ~ u b c o t a l  3 .1  a n d l j . 2  . 7.58 $1 h 
e 1 3.4 Overhead on ~ i b o r :  5.25 % 0.40 $1 h 

- -  - 

13.5 S u b t o t a l  Labor 



P r o c e s s  No. 
Form 7 
Page 1 of  2 

4 . 1  Equipment 
R e v i s i o n  D a t e  9/78 

1 
4 . 1  - 1 Type : Advanced ion inplanter n-type (*-us) I 

Cos t :  85,000 $; I n s t a l l a t i o n  Cos t :  $; Throughput :  3 6 0 t 0 c 0 d -  / Y; 
P l a n t .  Oper 'g  Time 8280 h / y ;  Machine A v a i l ' t y :  80 %; Machine Oper 'g  T i m .  6620 

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 :  . $ / Y  
hly 1 

U s e f u l  L i f e :  7 y ;  Charge  R a t e : .  21.35 % of C o s t l y ;  C a p i t a l  Cost :  18,000 S l y  1 2.19 h $1- 

4 . 1  - Type: 

Cos t :  $; I n s t a l l a t i o n  Cost :  $ ; 'Throughpu t :  
Y 

/ h ;  I 
in 
IU P l a n t  Oper ' g  ~ i m e  h / y ;  Machine A v a i l ' t y :  %; Machine Oper ' g  T i x e  ~ 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 ~  

U s e f u l  L i f e :  y.; Charge Rate :  % of  C o s t l y ;  C a p i c a l  Cos t :  $1- 

4 . 1  - Type: 

Cos t :  $; I n s t a l l a t i o n  Cost  : $;  Throughput:  / t i ;  

P l a n t  Oper 'g  Time h l y ;  Machine A v a i l ' t y :  %; Machine Oper 'g  T i n e  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 :  $ t ' ~  . I 
U s e f u l  L i f e :  y ;  Charge Rate: % of C o s t l y ;  Ca.pita1 Cos t :  $1- 

4 . 1  S u b t o t a l  Xquipment Cos t :  2.19 $ / h  



P r o c e s s  No. 

4 . 2  F a c i l i t i e s :  

For9 8 
Page lL- of 1 

Revis ion  Date .  9/78 

0.80 h $1- 

-s I-- 

- 

. $1- 

0.80 $ /  h 

3 . 0 0 s  /h 

4 . 2 2  Type: ~achine area F l o o r  Area: 37-2  
2 

m ; Throughput : 360.000 ' / y  

2 L v - - L I C I - v L I C , -  

Charge  at e : 179 13* $ / ( m . ~ ) ;  r Maintenance Cos t s :  
- u - - - - - - - - -  

Energy Use: 7 Labor: h /y  a t  S/h  

Hea t ing  / y  a t  $1 I S u p p l i e s :  
I 

$ 1 y 

Air  Cond ' g  - / Y  a t  $1 Outside. S e r v i c e s :  $ 1 ~  

L i g h t i n g  / y  a t  $1 
L - - - - - . - . - - - - - -  

T o t a l  Cos t :  6,600 $ 1 ~  
I 

2 
.4.2- Type:- F l o o r  Area: m ; Throughput: IY 

Charge Ra te :  
2  

S/(m . y > ;  C I - - - - - L v - -  y a i n t e n a n c e  c o s t s :  
- a - a m - n L I - 1 . 1 . -  4 .  

Energy Use: --- h/y a t  $ / h  

Hea t ing  IY a t  $1 1 S u p p l i e s :  $ /  Y 

A i r  ~ o n d ' g  / Y  a t  $1 1 
Outs ide  S e r v i c e s :  $ 1 ~  - - CI - . -  - - - - Q. '  L i g h t i n g  / Y  a t  $1  

I- - 
~ o t ~ l  Cost :  e * Sly  

2 
- 

4.2- Type: F l o o r  Area: m ; Throughput: / Y  
2  - v . v - - ~ v m .  

Charge Rate:  $/(m . y l ;  Maintenance Cos t s :  
- - - - - - - - - - - - J  

Energy Use: 
h l y  a t  $ / h  

Hea t ing  / Y  a t  $1 1 
S u ~ p 1 . i ~ ~ :  . $./y 

Air  Cond'g 
--.- IY a t  $1 ' 1  L i lutsi .de S e r v i c e s :  $ 1 ~  

L i g h t i n g  -- -- !Y a t  $1. v 0 r r r r r r r - r l  

t T o t s 1  Cost:  S ly  

*Includes energy use 
5 . 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  : 



Page 1 of 1 - - 

Process No. 

5. Salvaged Material (Work-in-process) 

5'.1 Quantity of Work-in-Process 1. Contained in Good Output 
work-in-process (per Computation Unit) 7 o 

5.21 Input Work-in-process 1. Not Contained in Good Output - 
Work-in-Process ("Amount Required" from 1.1 minus 5.1) 

Revision Date 4/79 

5.22 Ne't Amount of 5.21 which is sold for Credit As-Is or I 
After Applying Re-Process c 

I-' 
m 5:23 Credit for 5.22 at the Market Value of $ / 
P 

5.24 Cost of keprocessing Material of 5.22 
at the Average Reprocessing Cost of $ / $ / 

5.25 Net ,Credit for 5.22 (5.23 minus 5.24) : I $/- 

5.26 ~atekial of Type 1. Lost in Process (5.21 minus 5.22) 0.078 r2 / h 

5.3 Cost of Work-in-Process Not Contained in Good Output Work-in-Process - 
(Amount'5.21 Times Unit Cost.l.1) 

5.4 Cost of Work-in-Process Contained in Good Output work-in-process ., 

(Amount 5.1 Times Unit Cost from 1.1) 
* 
Salvaged Materials Summary: 

als (5.25 + 5.67 + 5.76) 



Rev i s ion  D a t e  9/78 - 
. . 

D e n s i t y :  3  
- g/cm ; T o x i c i t y :  m g l l :  BOD: COD: . 

' 6 . 3  l i q u i d  Byproduc ts lWas tes  ( o r g a n i c )  Car ry  from Form 1 0  

.. 
--. 6.3- Type (Cdmpos i t ion) :  Q u a n t i t y  Produced:  I 

0 
%; Other  Remarks: I g n i t i o n  P o i n t :  C ;  Exp lo s ive  Mix tu r e  i n  A i r : %  t o  - 

$1 

Type o f  D i s p o s a l :  ------- I 

6 . 4  Fumes, Gaseous Byproduc ts /Was tes  
w 
cn 
u1 6.4  1 Type (Composit  i o n )  : Ex?IauSt gase s Q u a n t i t y  Produced:  *Oft3 / - 

Cos t :  I npu t  Mat .er ia1 f o r :  Cos t  ( C r e d i t  1 $1 ; , 
7 

Energy Con ten t  (Combust ion):  k1.h / ; E x p l o s i v e  Mix tu r e  i n '  A i r  % t o  . I 

$ / .  

0 
I g n i t i o n  P o i n t :  C ;  ~ e r o s o l O  P r e c i p i t a t e s  i n  minu'tes P H 

T o x i c i t y  P e q u i r e s  Sc rubb ing  0 Type of  Sc rubbe r :  

( e n t e r  s c r u b b e r  under  4 . 1 ,  4 . 2 ,  s c r u b b e r  e f f l u e n t  unde r  6 . 1  t o  6 .3)  . 
. - . ' .  

Othe r  remarks :  40 f t 3 / ~  - I 
Type o f  D i s p o s a l :  by fan (0.46kW/1000 m) 

. I 
I O 

O p e r a t i n g  Ccsts: /<--; Cost  : $1 h 

I 

6 .  S u b t o t a l :  ByproductIWaste  D i s p o s a l  C o s t :  , 



Process  No. 8, 
7. P rocess  Cost  Computation 

Form 1 2  . 
Page 1 of 1 

~ e v i s i d n  Date 9/78 

7.11 Manufacturing Add-On Costs  (sum of 2.7, 3.5,  4.3, 6.) 16-64 $1 h I 
% of  7.11 7.22 Other  * I n d i r e c t  Co:ts: 0.22 $1 h 

Kn59 (4-llM-ln8 14-71  1 

7.21 T o t a l  Opera t ing  Add-on Costs  of  P rocess :  

7.31 T o t a l  Gross Add-On Cost of Process  

7.32 C r e d i t  f o r  Salvaged Mater ia l .  (5.8) 

7.33 Cost  of  Work-in-Process Los t  (5.3) 

7.34 S p e c i f i c  Add-On Cost of  P rocess  (7 .3 i  +.7.33)-(7.32) 20.44 $1 h I 
7.35 Cost  o f  Inpu t  Work-in-Process Contained i n  Good I Output Work-in-Process (5.4) 1786.17 $1 h 

7.36 Loading on Item 7.35 a t  Rate  % 

7.37 c o s t  o f  o u t p u t  work-in-process (7.34 + 7.35 +"7.36) f mm61 $/  h 
3 

7.41 T h e o r e t i c a l  Yie ld  (or  Conversion Rate, i f  o u t p u t  u n i t s  of  
work-in-process do n o t  equa l  i n p u t  u n i t s )  43.43 d l h k  . 

7.42 P r a c t i c a l  Yie ld  

43.34 1.2 / h 7.43 E f f e c t i v e  Yie ld  (7.41 x 7.42) 

7.44 Number o f  U n i t s  o f  Good Output Work-in-Process p e r  
Computation Unit  Used up t o  7.35 / 

- 

7.51 Cost  of  Unit of Good Output  Wark-in- . 
Process  (7.37 t 7.44) 

7.52 S p e c i f i c  Add-Orb Coat p e r  Unit of Good 
Output Work-in-Procees (7.34 + 7.44) 



P r o c e s s  No. B.aa[BIa Form 13-2 
page - 1 of - 1 

Revis ion  Date  9/78 . . 

8.2 A l t e r n a t e  2 (SAMICS ~ e t h o d o l o g y ) :  

8.21 P r o f i t  Computation: 

0.9274" 2.19 $1  h from S u b t o t a l  4 . 1  = 2*03  $1 

1.946* O-'*O $1 

0.192* 5.67 $ 1  h -- f r o r n S u b t o t a l 2 . 7 =  lao9 $1 

from S u b t o t a l  3 . 5  = 1 .53  

0.2958" 2.19 $1  h 

Work-in-Process: 



p r o c e s s  N O .  

1 

O !  . Output  S p e c i f i c a t i o n :  
I 

Form 15 
Page - 1 o f  - 1 

. Revis ion  ~ a t ' e  9/78 

I - 
, ~ a m e  of i t em:  Pho.sphoras.implanted wafers I 

I 

. 12-cm diamter ' Dimensions:  

silicon ~ a t i r i a l :  
# .  

Ion dose is 2 x 10 15 ,-2 
i O t h e r  ~ i e c i f  i ca t ion ; :  47 



P r o c e s s  N O .  a a - [-I --IT] Form 1 

U n i v e r s i t y  of  Pennsy lvan i a  

P roces s  : Device  F a b r i c a t i o n  ' 

Subprocess : J u n c t i o n  Fo rma t ion  

Opt ion :  P r o j e c t e d  i o n  i m p l a n t a t i o n  o f  phosphorUS 

( n - l a y e r ) .  ( S p i r e ,  NIMP 111) u s i n g  a h i g h  

c u r r e n t  machine 
I N D E X  

J 

Remarks 

All forms have  s a m e  date 

u n l e s s  o t h e r w i s e  s p e c i f i e d  

. . 

- 
, 

4 

D a t e  ' -- 

8/78 

4/79. 

, . 

-- 

P 1 

I 
R e v .  

11/78 

- 

(L 

Form 

1 

2 * 

3 

4  

5 

6 

7 

8  

9 -1  

9-2 

9-3 . 

1 0  

11 

1 2  . 

' 1 3 - 1  

13-2 

1 4  

1 5 ,  

16 . 

1 pages  . 

1 t o  - 1 

1 t o  1 

1 . t o  _h 

1 t o  _L 

1 t o  2 

1 t o  1 - 
1 t o  1 - 
1 t o  1 

1 t o  0 - 
1 t o  0 - 
1. t o  0 - 
1 t o  1 - 
1 t o  1 - 
1 to 1 .- 

, .1 t o  1 

1 t o  0 

1 t o  1 

1 t o  2 



Form 2 

Page 

Process No. 

Revision 11/78 Date 8/78 - 
0 . 1  Value Added: 1 $1 

Process Description: High t h r o u q h p u t  ra te  phosphorous  i o n  i m p l a n t a t i o n  u s i n q  5% PH2 i n  HI, for n+ l a v e r  

f o r m a t i o n .  Two machines  needed  f o r  e a c h  f a c t o r y  s i n c e  1 .27  machines  u t i l i z e d  100% are r e q u i r e d  t o  

a c h i e v e  t h e  IPEG f a c t o r y  o u t p u t  g o a l s  f o r  1986. C a s s e t t e s  (200x200 rnm) c a n  h o l d  f o u r  10-cm d i a m e t e r  

wafers w i t h  a p a c k i n g  f a c t o r  o f  78.5%.  O u t p u t  ra te  p e r  machine  i s  18 ,000  10-cm d i a m e t e r  w a f e r s / h .  

1. Input Specif icat ion:  
. . .  

Name of Item: T e x t u r e ,  o r  p o l i s h - e t c h e d  c i r c u l a r  w a f e r s  ' 

Dimensions : 1.0-cm d i a m e t e r  

. S i n g l e  c r y s t a l  s i l i c o n  . . 

Other Specifications: The o u t p u t  rate p e r  machine  i s  (180 m*/h) x 0.785 o r  141 .3  m2/h. 

The f a c t o r y  o u t p u t  i s  1.27*141.37 o r  179.54 m2/h. 

B e l t  moves a t  a s p e e d  of. 30 cm/se%. 

1.1  Quantity Required: 179.54 n12 / h Unit Cost: 41.21 $ / J $  

' . 1 .2  Input. Value: 
, . 

7398.93 $ / h  1.3 Input Cost: 

N o t e  t o  Item 1.3: U s e  p r i c e ,  i f  i n p u t  p r o d u c e d  i n  own plant .  



Proces s  NO. . iTJ . . [TITI -1-1 
2.1  Direct ~Materials: 

Form 3 

Page '1 - of - 1 

2.1-1 Type: 5% phosphine in H, 
1 

S p e c i f i c a t i o n :  Only used when machine is operating and consumption is 0.21 I 
ft3/min/machine. cost is 0 . 8 2  $/ft3. (SAMICS No. El47201 

Q u a n t i t y  Required:  453 2 1 h  ; U n i t C o s t : 0 . 0 2 9  $ 1 2  ; cost:l 13.21. $1 h 

2.1 - Type: -) I '  
S p e c i f i c a t i o n :  t I 
Quan t i t y  Required:  -- '.I ; Uni t  Cost :  . $ /  . ; Cost:  1 .: 

$1- 

2.1 Type: ., . . 9 - . . 
S p e c i f i c a t i o n :  

Quan t i t y  Required:  - / - 9  U n i t c o s t :  $1 ; Cost:  I 

I 2 . 1  S u h t u t a l  D i r e c t  ~ateri-1- $1 h 



a . . I T ]  -[XI , Form 4 
Process No. 

Page - 1 of - 1 
2.2 Indirect Materials (incl. suppliesand non-energy utilities): 

Revision 11/78 Date 8/78 
2.2 1 Type: ' Cooling Water t - I 

Specification: Coolinq water is needed to cool diffusion pump of both '. 

machines continuously. Consumption 'is 2.05 x 10-2 k~h/min/machine. 

Cost is $5.66/k~h (SAMICS No. C11281D). 

Quantity Required: 2 0 ~ 6  k / ; unit cost:. 0 0 5 6 ~  $ /  kwh . ; cost: h 

2.2 - 2 Type: N:, qas at high pressure 

Specification: Used for both machines continuously. Consumption is 
6 

0.15 ft3/min/machine. Price is 0.10 $/ft3. ( SAMICS No. ~ 1 7 8 0 ~ )  . 

Quantity Required: 510 E, 
3 

/h ; Unit cost: 0-0035$/ .m ; Cost: 1.80 $1 h - -- - . - - - -. I 
2.2- Type: ' I 

Specification:, 

Quantity Required: -- / ; Unit Cost: $ / ; Cost:I $ /  . 

r I 
2.2 Subtotal Indirect Materials: 3.19 $1- h 



Process  No. . 
. . 

2.3 Expendable Too'ling: 

Form 5 

Page 1 .of 1 - - 
Revision * 

2 . 3  2 w p e :  spare parts, includes filaments, vacuum components, pump oils, 
Date - 

I 
etc. Quanti ty  Required: 1-21 machine1 : Unit  Cost:  8.40 $1 h Cost: 1 10 .-67 $1 h -- - 

2 . 3 -  Type: I 

Q u a n t i t y  Required : -- 1 : Unit Cost: . $1- Cost: I $1- 

Q u a n t i t y  Required: 1 $1- Cost : -- : Unit Cost: 

2 . 3 -  Type: 

2 . 3 -  Type: I 

,$/- 

, . ., . , 
2 . 4  Energy 

. * 

2 . 4 1  Type: ~ l e c t r i c i t ~ ,  power rating is 200 kwh. Assumes a 95% duty cycle ' 

Quanti ty  Required : 380 kW : Unit Cost :  0.0319$/ kwh Cost: 12.12 $/h I 

$1 

$1 

. Quanti ty  Required: 1 : Unit Cost:  $I-, Cost : -- 

2 . 4  - Type: I 

: > 

t-' 

1 
C- 

2 . 3  S u b t o t a l  Expendable Tooling: 

( 2.5 S u b t o t a l  2 . 1  t o  2 . 4 :  

. . 

Quanti ty  Required: .- : Unit Cost:  $1- Cost: 

2 . 4  . S u b t o t a l  Energy Costs :  

1 2 . 6  Handling Charge: 5 . 2 6  % o f  i t em 2.5) 2.06 S/h 

$1 

-12,12$/h , 



Process  No. Fonn 6 
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~ e v i s i o n l 1 / 7 8   ate 8/78 
3 . 1  Di rec t  Labor: 

3.1-1 Category : Semiconductor Assembler A c t i v i t y :  ~ a c h i n e  supervision 

(SAMICS No. B3096D) 
Amount Required: 2 h /  h ; Rate: $ 3.89 /h ;  Load 3 6 . 0  %; Cost: . ~ L $ / L  

3.1-2 Category: Maintenance mechanic A c t i v i t y :  Machine maintenance 
(SAMICS No. B3736D) 

Amoynt Required: 0 .2  h /  h ; Rate: $ 5 . 6 7  /h ;  Load 36 .0  X ;  Cost: 1 . 5 4  $ / h  

3.1-3 Category: Electronic Technician A c t i v i t y :  Electronics maintenance and repair 
(,SAMICS No. B3704D) 

Amount Required : 0 . 2  h / ' h  ; Rate: $ '  5 . 2 9  / h ;  Load 36 .0  %; Cost: 1 - 4 4  $/L- 

w 3 . 1  D i r e c t  Labor Sub to ta l :  1 3 - 5 6  $ /  
3.2 I n d i r e c t  Labor: Taken as 25% of direct 

3.2 - Category: I 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: $1 

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

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

3.2 I n d i r e c t  Labor Sub to ta l :  3 . 3 9  S / h  

3 .3  S u b t o t a l  3 .1  and 3 . 2  16.35 $ / h  

3 . 4  Overhead on Labor: 5 .26 % 0-89 $1 h 

315 S u b t o t a l  Labor 1 7 . 8 4  $1 h 
d 
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. .  . Fprm 7 

Page 1 of  1 - 
~ e v i s i o n l l / 7 @ a t e  8 / 7 8  

4 . 1  Equipment 

' 1 
4.1-1 Type: Two ion i m p l a n t e r s  

C Q S ~ :  2 , 5 0 0 , 0 0 0  $; I n s t a l l a t i o n  c o s t :  3 0 , 0 0 0  $; T h r o u ~ h p u t :  1 7 9 . 4 5  m2 / h ;  

%; Machine Oper 'g  Time P l a n t  Oper lg  Time 8 2 8 0  h I y ;  Machine ~ v a i l ' t y :  

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

4.1- Type: I 

u s e f u l  L i f e :  7 y ;  Charge Rate :  2 1 . 3 5 %  of  C o s t l y ;  C a p i t a l  Cost :  5 4 0 , 0 0 0  $1, 

t-' 
OI 
U1 

6 5 . 2 4 $ / h  - 

Cost : $; I n s t a l l a t i o n  Cos t :  $; ~ h r o u g h p u t :  I h ;  1 .  . 
P l a n t  Oper 'g  Time . . h / y  ; Machine Ava i l  ' ty: %; Machine Oper 'g  Time 

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 :  

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- 
. .  . I .  

4.1- Type: I 
Cost :  ' $; I n s t a l l a t i o n  Cost :  $ ; Throughput : I h ;  . 

P l a n t  Oper 'g  Time ' h I y ;  Machine A v a i l ' t y :  %; Machine Oper 'g Time ~ I Y  

S e r v i c i n g  C o s t s : . L a b o r  h l y  a t  $ / h ; P a r t s  o r  O u t s i d e  se rv ice ' :  

U 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  Cost :  

6 5 . 2 4  $hL- 

t 



P r o c e s s  No., 

6 .2  F a c i l i t i e s :  

#." 

Form 8 .  

. . I . - Page L f  '1 
~ e v i s i o n l l / 7 8 ~ a t e  8 / 7 8 -  

- - -  

4 . 2 -  1 Type : Machine area F l o o r  Area: 9 3  
2 

m ; Throughput:  1 . 7 0 3  x l o 6  m21y 

V L I L I ~ D - C . - - ~  

Charge Ra te :  179 13* $ / ( 0 2 . Y j ;  f Maintenance Cos t s :  
- - o - o v - -  

Energy Use: 7 Labor:  h / y  a t  S!h 

H e a t i n g  - IY a t  $1 . . I S u p p l i e s :  * S! y 

A i r  Cond'g IY a t  $1 1 O u t s i d e  S e r v i c e s :  S f  y 
r 
L - a -  

L i g h t i n g  T o t a l  C o s t :  .161660 
S l y  

2  
m ; Throughput :  4.2- Type:- F l o o r  Area:  / Y  - 

2 r---. a - - - C I L I v - . I  

Charge Ra te :  $/(m . y > ;  Maintenance C o s t s :  
- - - - . 3 . - c I e , I r r , -  

Energy Use: 
-I , ~Lnbor:  h /y  a t  $ / h  

H e a t i n g  /y  a t  . . $1 1 S u p p l i e s  : 
I S l y  

A . A i r  Cond'g / y  a t  $1 1 
OutsZde S e r v i c e s :  

I S l y  
b-L - - - - - - - - , - -  

, L i g h t i n g  IY a t  $1- 
T o t a l  Cos t :  $ 1 ~  

F l o o r  Area: 
2  

4.2- Type: rn ; ~ h r o u ~ h ~ u t :  / i 
F - - . I . - . r r - L - L  

Charge Ra te :  $1 (m2.*Y) ; 
. - I  Maintenance Cos t s :  ---------. 

Energy Use: 

I h l y .  z t  $ / h  
H e a t i n g  / Y  a t  $1 

1 S u p p l i e s  : S / Y  
A i r  Cond'g .- IY a t  $1 L O ~ ~ t s i d o  S e r v i c e s :  - S i  Y 

L i g h t i n g  / Y  3 t  $1  OYD a - - . o , a r a r - p s - -  

T o t a l  Cost :  $/Y. 

I 

I 4 . 2  S u b t o t a l  F a c i l i t i e = :  
* Inc ludes  ene rgy  use 

4 .3  Equipment and F a c i l i t i e s  s u b t o t a l  : 
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R e v i s i o n l l / 7 B a t e  8 /78 

3 Densi ty:  g/cm ; Tox ic i t y :  COD : mgl l ;  BOD: mg 1.1 
0 

C;  Explosive Mixture i n  A i r :  % t o  I g n i t i o n  Po in t :  - %; Other Remarks: 

6 .3  Liquid Byproducts/Wastes (organic)  Carry from Form 10  

6.3- Type (Composition): Q u a n t i t y  Produced: / 

$1 

I Input  Ma te r i a l  f o r :  Cos t (Cred i t )  $1 . ; Cost:  
. - I $1 

Type of Disposal :  - 

+ 6.4 Fumes, ~ a s e o ' u s  ~ ~ ~ r o d u c t s / ~ a s t e s  
OI 
V 

6.4 1 Type (Composition) : gas fumes 3 
- 

. 
Quant i ty  Produced: 5334 £9 min 

* 

Energy Content (Combustion): kl.h / ; Explosive Mixture i n  Air  - % t o  - " L .  

0 - ' 

C; ~ e r o s 0 1 0  P r e c i p i t a t e s  i n  PH I g n i t i o n  Poin t :  minutes 

Tox ic i t y  Requires  sc,rubbing a 'Type of sc rubber :  NH3 
- I 

( e n t e r  sc rubber  under 4.1, 4 . 2 , -  sc rubber  e f f l u e n t  under 6 .1  t o  6 .3)  I 
--  

Other remarks :-- Contains phosphine, phosphorous, I 
nitrogen and phosphorous pentoxide I 

Type of ~ i ~ ~ o ' ~ ~ l :  Scrubbed and vented. in air I 
7 0 0  Operat ing Costs :  $1 Y y Cost:  , I 0 . 0 8 5  $1 h 

Sub to t a l  : ByproductlWaste d i s p o s a l  c o s t  : ' 0 .0007  . . 
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Process No. E l v , D p ~ - E l  
5. Salvaged ~atsrial (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) i 

/ 

5.22 Net Amount of 5.21 which is sold for Credit As-Is or 

n. - 
After Applying Re-Process ' C 

e 
01 5.23 Credit for 5.22 at the Market Value of 
Q) $/-: 

',.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): - 
5.26 Material of Type 1. Lost in Process (5.21 minus 5.22) 

Revis ion Date 4/79 

5.3 Cost of Work-in-Process Not Contained in Good Output Work-in-Process - 
(Amount 5.21 Times Unit Cost 1.1) 

5.4 Cost of Work-in-Process Contained in Good Output work-in-process 
(Amount 5 -1 Times Unit Cost from 1. I ) 

Salvaged Materiais Summary : 

k 
5 . 8  Total ~ e t  Credits for All Salvaged Materials (5.25-+ 5.67 + 5.76) $1- 
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Form 12 
Page 1 of 1 -- 

Revision 1 1 / 7 8 ~ a t e  8/78 

7. Process Cost Computation 7.11 Manufacturing Add-on costs (sum of 2.7, 3.5, 4.3, 6.), 1 2 6 . 4 3  
. I $1 h  * 

7.21 Total Operating Add-on Costs of process: 

7.31 Total Gross Add-On Cost of Process ~ ~ $ /  ll 

7.32 Credit for Salvaged Material (5.8) $1 

7.33 Cost of Work-in-Process Lost (5.3) 1 7 . 4 0  $1 h  
- - -- - -- 

7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.321 i 1 3 7 . 9 0  S /  h  

7.35 Cost of Input Work-in-Process Contained in Good 
Output Work-in-Process (5.4) I 7391.42$/  h  

7.41 Theoretical Yield (or Conversion Rate, if output units of 2  
work-in-process do not equal input units) 179 .54  - rn / h  

7.42 Practical Yield - 9 9 . 9 %  A I 
7.36 Loading on Item 7.35 at Rate % 

7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 

7.43 Effective Yield (7.41 x 7.42) 1 7 9 . 3 6  rn2/h 
. I 

$/ 

7529.32$/ h  

7.52 Specific Add-On Cost per Unit of Good 
Butput Work-in-Process (7.34 f. 7.44) . 

7.44 Number of Units of Good Output Work-in-Process per I 

Computation Unit Used. up to 7.35 - - / 
- .  

7.51 Cost of Unit of Good Output Work-in- 
Process (7.37 4 7.44) 4 1 . 9 8  $1 m2 - .-,- R - 
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. . -  . - 
, . - A R e v i s i o n  1 1 / 7 8  Date - 8 / 7 8  . . 

- 

8.2 A l t e r n a t e  2  (SAMICS' Methodology) : 

8,. 21 Prof  i t  Computation: 
. . - .  . - -  . . 

0 . 9 2 7 4 *  6 5 - 2 4  $1 h from S u b t o t a l  4 . 1  = 6 0 . 5 0  $ /  h 

-1 .946" .  * - o 1  $1 from S u b t o t a l  4.2 = 3 . 9 1 '  $I h I -- 
& I 

Sub t o t a l  = 6 7 . 4 1  $1 'h 

8.22 C o s t s  o f  k n o r t i z a t i o n  o f  t h e  One-Time Cos t :  

h a  0.192* 41*25 $1 from S u b t o t a l  2.7 = 7 . 9 2  $1 
t.L 
q' ' - 
o 0.192* 1 7 . 8 4  $1 h , from S u b t o t a l  3 .5  = 3 - 4 3  $1 h 

. .  . 
0.2958* 6 5 - . 2 4  $1 from s u b t o t a l  4.1 = 1 9 . 3 0  $1 h I 
2.77* 2 . 0 1  $1 h from S u b t o t a l  4.2 = 5 0 5 ~  $1 

J 

Sub t o t a l  = 3 6 . 2 2  $/h 

8.23 T o t a l  Net c o s t  o f  E q u i t y  (8 .21 ,+ 8 .22) :  

- 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: 

.2 
1 7 9 . 3 6  m . ( D i v i d e . S u b t o t a 1  8.23 by / h. from 7.44) 

. . 

8.25 P r i c e  o f  P r o c e s s  (7.52 + 1 . 2 4 )  
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z ). Output Specification: 
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- 
Z 

0 Name of item: *Phosphorus implanted wafers 
% 
n - 
or Dimensions : 10-a diamter 
r? 
A 

(9 
.J Material: high purity si l icon 
w - 
6-l 
P C .s Other Specifications: W a n t  concentration is 1 x M 15 an -2 . w a n t  1-r is -u*bP. 
Cn 
00 

I-' 
V 

-- 
I-' 

.--.- -- --- 
a , ,  :, % ' .  , . 

a. -. I ' ' rl 

, . .  - .  --- 




