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ABSTRACT

The significant economic data for the current prodﬁction multiblade
‘wafering and inner diameter slicing processes were tabulated and compared
to data on the experihenta] and projected Varian multiblade slurry, S%C
ID diamond coated blade, Yasunaga multiwire slurry and Crystal Systems
fixed abrasive multiwire slicing methods. Cost ca}cu]ations were per-
formed for current production processes}and for 1982 and 1986 projected

wafering techniques.



TABLE OF CONTENTS

Page
Abstract , i
List of Figures ‘ v
List of Tables , o _ vi
INTRODUCTION | ‘ o 1
TECHNICAL DISCUSSION ' - ‘ ‘ 4
2.1 Brief Descriptions of the Slicing -4
Techniques
2.1.1  Multiblade Slicing A 4
2.1.2 Inner Diameter Slicing ' 8
2.1.3  The Yasunaga YQ-100 Multiwire n
Saw System :
2.1.4  The Multiwire Fixed Abrasive - 12
S1licing Technique
2.2 'Tabulation of Operation, Labor, Material 13
and Cost Data
2.3 Cost Structures of the Slicing Processes 33
CONCLUSIONS - | | 37

NEW TECHNOLOGY
REFERENCES

iv




Figure 1

Figure
Figure
Figure

Figure

LIST OF FIGURES

Process Attributes

Labor and Indirect Material -Summary

Capital Cost Components

- S1icing Cost Components for 197¢ and 1982

-Cost Components Affected by the

Cutting Rate

Page

17
23
24

38




Table IA
- Table 1B
'Tab1e 1IA
" Table IIB
Table IIIA

Table IIIB

‘Table 1V -

LIST OF TABLES

Slicing Operation Data for Multiblade
STlicing

S]icing Operation Data for Multiwire
and Inner Diameter Wafering

S11c1ng Labor and Material Ana1ys1s
for Multiblade Slicing

Slicing Labor and Material Analysis
for Multiwire and Inner D1amrter
Wafering

Add-On Cost Components for Multiblade
Slicing

Add-On Cost Components for. Multiwire
and Inner Diameter Wafering

Key Slicing Costs

vi

Page

14

15

20
21
28

29

35




1.. INTRODUCTION

The manufacturing methods for photovoltaic solar energy utilization
systemsAconsist, inléoﬁpiété ééneééiity, of a sequence'of individual pro-
cesses. This process sequence..has been, for convenieﬁce, logically seg- .
mented into five major "work afeés": Reduction énd purification of the
semiconductbr material, éhéet or film generation,‘device generafion, ﬁodu]e
assembly and encapsulation, .and system completion, including installation
~ of the array and the othervsubsy§£emé. For si]icdh éo]ar arrays, each
work area has been divided‘ihté-]O»genera]ized-“processes" in which certain
required modifications of the Work—in-process are.pérformed, In general,
more tﬁan‘one method iévknown by which sUch modificétibns can be carried
out. The various methods for each individual process are identified. as
process "options". 'Thfs system of processes and options forms a two-

dimensional array, Which is here called the "process matrix".

In the search to achieve improved process sequences for producing
silicon solar cell modules, numerous'options have been proposed and/or
deve]oped, and will still be proposed and developed in the future. It is
a near necessity to be able to evaluate such proposals for the technical
merits re]atjve to other known approaches, for their economic benefits,
and for other techno-economic attributes such as energy consumption,
generation and disposal of wasfe.by—products, etc. Such evaluations have
to be as objective as possible in light Qf the available information, or
the lack thereof, and have to be periodically updated as development

progresses and new information becomes available. Since each individual



précéss opfipn has to fit into a process ééqucncc; technical interfaces
between consecutive processes must be cbmpatibTe. This places emphasis
" on the épecifications for(the work—in—pkocess‘ehterﬁng into and émahatihg

from a particular process option.

fhe obj9ctive‘of this projéct is folaccumﬁlate tﬁé necessary‘infor-
mation as input for sudh‘evaluétions, to develop appropriate methodo]ogies'
for the performance of such techno—ecbhomic éna]yses, and to perform such
evé]udtions at Various levels. The first application of this deve]oplng

methodo]ogy was made to the Czochralski's crystal pu111ng process.

Previous]y, we had examined the reduction of quartzite to meta]]ﬁr-
gical grade si]icon'and did a cpmparative evaluation of_competing‘tzogﬁ;a]ski.
fechniques for gkoQing siﬁg]e crysté], cy]ihdrica] ingots, The next major
process step in the seqﬁencé for producing single crysta1 silicon wafers,
today and in the near fgture'(up to 1982); {s the slicing technique. . The
“evaluations were started‘with the current methods of mu1tib1ad¢ slurry
slicing, and inner diameter slicing using a diamonﬂwcoated-b]adé for which
a large amount of the needed information is available. Nevertheless,
substantial gaps-or uncertainties were found in important information re-
quired for both technical and econdmica] evaluation of the currently
-praéticed processes. In proceeding to the eva]uation of processes which
are st111 in the developmental or even conceptua] stage, the gaps in needed
1nformat10n become very large. ‘In these cases, it is necessary to fill
the gaps more extensively with estimates based on extrapolations or
anaiogies. 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 decisign mistakes based on early evaluations. Never-
tHe]ess, collecting the information and carrying our evaluations at the
:garliést possible tjme provfdes pot’on]y a planning too1} but also aidé in
unéovgkihg the decidinc attributes about which information ought to be

obtained at an early stage of the development process.

- We have tabulated production experience data obtained from Spectro-

1ab(]) for slicing 2—cm4re¢tangu1ar, 5.4-cm and 7.5-cm diameter waferSJ

using the Varian multi-blade slicjng'system,~and similar data obtained

from HAMCO(Z), for ID slicing of 10.16-cm.diameter ingots using their

(3) (4

equipment. Experimental data from OCLI , Varian ) and TI(S) for

muTtib]ade’wafering,.from,OCLI(G) and STC(7} for 1D é]icing, and from

JPL(8) for the Yasunaga multi-wire slurry slicing system, were also tab-

(9)

ulated. To compiete the analysis, projections.made by Varian for multi-

" blade. slicing, by STC for-ID s]icihg(7) by Ckysté1 Systems(]o) for their

(11)

fixed abrasive multi-wire system, and by'SolaFex for the Yasunaga

multi-wire slurry system were examined.




2, TECHNICAL DISCUSSION

A. BRIEF DESCRIPTIONS OF THE SLICING TECHNIQUES

1.  Multiblade Slicing

The multiblade slurry sawing method is one of the two tech-.
niques used in current production slicing. In'its present configuration
230-250 blades of 38-cm length of hardened 1095 steel are ﬁounted and
evenly spaced on a blade head'that is, for slicing, reéiprocated, at
frequencies below 2 Hz (normally about 1.6 Hz),across the wbrkpiecg using
approximately a 20-cm stroke. The abrasive slurry is pu]ﬁed,sprayed or,
at times, dripped onto the top surface of the workpiece and récircy]ated
by'a pump. The slurry is a SiC abrasive suspended in PC oil. It'is nor-
mally used for one load before it is discarded. There are no practical

ways, at present, to re-use the abrasive slurry for more than one load.

The current multiblade slicing machines can accept blade heads
up to 18.5-cm wide. However, the number of blades in a blade head, and
consequently, the number of slices that could be produced per load, is not
lTimited by the blade head width per se, but rather by the:maximum tension.
force the blade head can exert on the blades. This is about 401,é00 N

(4)

for current production blade heads' "’. An adequate saw force commonly

called "blade 1oad", is necessary to achieve economicatliy acceptab]e cut-
ting rates in the slicing process. A blade load of about 1-2 N/blade(s),
is usually applied. Excessive blade 1oading, and even ﬁorma] loading
after some blade wear, can cause deflection of the b]adeé, often cajled

"buckling", which results in inaccurately sliced wafers or even broken :

)




wafers. To minfmize buckling, the blades need to.be stressed as much as
possible, which, in current practice, is 80% of the yield strepgth of
1095 steel, or 1.37 GPa(S). Thereforé, thé maximum number bf 51adé§%per-
mitted per blade head is‘401.8/1.37*A, where A is the cross-sectional
blade area in mm°. For a 6.35 mm high blade, 0.20 mm thick, a size that

(4)

is normally used in productibn ,‘tﬁe maximum number of blades thus is
230. Reducing the blade thickness to.0.15 mm will increase the maximum
number of 6.35 mm High blades to 307. At'present, the thicker 0.20 mm
blades are used in production because of their better wafer yield, as’
they are less sdsceptib]e to buckang which can be caused By vertical
misalignment at the beginning of the slicing process and by increased
b]adé tension, resulting from feducéd crossection because of blade wear

(5)

near the end of slicing'”/,

There are two types of blade packages available: the dri]]-pin
package and the epoxy package. In fhe former, the alternately arrangéd
blades and spacers which determine the thicknesses of the kerf and wafers are
held tbgether by four threaded Fods. It is the cheaper of the two types of
package ($50‘compared to $175),but often requires additional a]ignmeht A

(3)

before mounting on the slicing machine In the epoxy package, an

adhesive is applied between the spacers and the blade ends to hold the

package together(a)

The production procedure for multi-blade slicing involves first
mounting thé workpiece, or silicon crystal, with wax, epoxy, or other
suitable cement on a graphite or ceramic base plate. The workpiece: is

then clamped by the baseplate to the slicing machine. To help increase the




yield, ceramic bars are often similarly cemen;ed longitudinally onto the
'cylindrica1 crystal near its top and bottom horizontal tangents. The bars
'"smooth-Out" the slicing by decreasing the variation in keff length ¢
and blade Toad as the blades travel downward through the cylindrical
crystal. In addition, ceramic bars near the top tangent minimize the -
effect of vertical misalignment by reducing blade buckling by the time
they enter the silicon crystal. Those bars near the bottom, help to
smooth the'transition of the blades cutting.into the base material by
equalizing the slicing properties above and below the crystal to base
transition. Some of these benefits are also obtained,in some places,with-
out the use of ceramic bars by varying the blade load according tg the
changing kerf length during the slicing process. After the slicing is
finished, the wafers, still attached to the base, are removed from the

slicing machine and the wafers are then detached from the base.

The effective Tinear cutting rate of the multiblade process is

:present1y.about 550 times smaller than the ID diamond saw. The linear
cutting rate cannot be increased signifitantly because of thghljmit on the
blade load and because of the blade head mass which 1im1t§ tﬂé reciprocating
frequency. The blade load cannot be increased much beyond its present |

'vaiue without significantly inﬁreasing blade buckling since the tensile
strength of the blades is fixed. Varian found that a blade load of 2;77 N/
p]gde caused severe enough buckling to separate the crystal‘from its

(4)

mount® "/, In another experiment, a reciprocating frequency increase to

(4)

2 Hz resulted in sufficient vibration to break all wafers' ’. Therefore,
in order to increase the throughput rate, or the wafer area produced in

the multi-blade slicing process per unit time, either the number of slices




in the load, or the area yield per load, has to be increased without -
significant]}{increasing the time of the. run. The area output per load
" can be increased in a combjnation of several ways: by increasing the num-
ber“of blades per unit blade head width, as can be achieved by decreasing
thé blade and/or spacer thickness; by increasing the width of the blade,

head without changing blade and spacer thicknesses; or by increasing the
width of the workpiece.

The blade thickness has a lower bound set by its strehgth. If
the blade is too thin, it will buckle under the blade load, or break?
~ from the blade tension, resulting in broken wafers and low yie]ds;

. Reduction of the spacer thickness is limited by the wafer strength.

Slicing wafers too thin increases their chance.of breakage due to pressure
from thé 1atera1'b1ade movement, blade vibration, blade buckling, etc. As
the blade and spacer thicknesses are decreased, the increased>fkagi1ity
of the b]adegtand the wafers ultimately 1eads to significant1y 1owet1r'.e‘\d';~

- yields. Experimenta11y, Varian(g) has founa}that using 0.15mm thiék.;;
blades with 0.30 mm spacers still fesu]ts in good yielas.. Under these
conditfons'O.ZS mm thick wafers with 0.20»mm kerf are produced; This j
}gives, assuming a wafer yield of 95%;‘which has beeh demonstrated by -
Varian, an area conversion ratio of 0.9 m2/kg—Si‘which i§ a 50% 1hpro§g¥
ménf over Spectrofab's recéhtly expérienced area conversion fatio in -

slicing 5.4-cm and 7.5-cm diameter wafers.




Varian is also currently experimenting with a larger blade head
width that can accept 900 to 1000 blades. This blade head weighs approxi-
mately one ton. Therefore, the workpiece will be reciprocated-against
the stationary blades. The workpiece size is projected to be 12-cm in
diémeter and 40.5-cm long yielding a wafer area of 9.67 m2/16ad using the
900-blade machine with the aforementioned blade and spacer thicknesses. This
area yield is over four times higher than obtained in present commercial
practice. Details on the  Varian 900-blade. head slicing machine,
as well as other slicing processes discussed -in the report,are listed in.
Tables I-II1I, and in the "University of Pennsylvania Process Character-

jzation" formats which are attached as an Appendix.

A third method to potentially increase the area yield per load with-
out increasing the slicing time would be to increase the width of the
workpiece, or the kerf length, by slicing two or more ingots, placed

side-by-side, simultaneously. TI(S)

has found that the machine slicing
time, and, correspondingly, the linear cutting rate, is essentia]]y in-
dependent of the kerf length. TI has therefore proposed slicing two 12-cm
diameter ingots at one time to incr.ase the multi-blade slicing productivity.
The area yield per load,with details of this projection given in Tables

I to III, can thus be doubled without significantly changfng the slicing

time.

2. Inner Diameter Slicing:

In the process of inner diameter, or ID,'slicing, one wafer is
sliced at a time with a rotating, diamond impregnated blade. The rotation

speed depends upon the blade size, and is 2,100 rpm for a blade with a




15.25-cm diameter hole, and 1650 rpm for a 20.32-cm'diameter,‘inner dia-

meter blade. The blade consists of a stainless steel core which is 0.10.
and 0.15 mm thitk for 15.24 and'20.32-cm_b1ades, respectively, with dia-
mond plated edges. The total thickness of the 15.24-cm blade is approxi-
mately 0.30 mm, and the 20.32-cm blade is about 10% thicker. %he blade,

~is mourted around its rim in a vfse-iike ho]der wﬁére hydréu]ic préssure
is applied to tension it radia]]y.zﬁ

)

. ‘The 1ineaf cutting rate, or the rate-that the inner diameter blade
traverses the silicon can be up to 305 cm/h, or almost three: orders of
magnitude higher than for the slurry, multi-blade process. -There are
several reasons for this. First, the inner diameter blade speed is approxi-
mately szQO cm/secsas opposed to less than 80 cm/sec for multiblade
slicing.. Therefore, the contact length per unit time between the blade

and the.silicoh for 1D slicing is twenty times higher than for multiblade
slicing. Also, fixed abrasive slicing removes more kerf in a unit.contact
length because there are two surfaces moving relative to each other instead
of three as in slurry slicing. In slurry slicing, the abrasive is pushed
_into the workpiece and is "rolled out'. Whereas for fixed abrasive slicing,
the abrasive cuts 1nto'the workpiece to remove the kerf, Fina]iy, the
diamond plated Tayer on the ID‘blade increases the blade's rigidity and
thickness and a]]pWs the application of more force, By the blade, on the
,workpiece than in'multiblade slicing. The total thickness of théAID

biade is 300-330 um fhick while the multiblade is 150-200 um thick;, It
should be noted that the effective ID cutting rate is about 10-20% lower
thaniindicated by the blade's 1inear cutting rate because of the 18 to 24

seconds between two consecutive slices, when the blade is returning to its




original vertical position and the silicon crystal is being. indexed.

' In'mounting'thé'ingot, one end is éttached to a graphite base with
epoxy and the ingot is then placed in a box with rubber 5uppdrts'aldﬁg it's
length to keép it rigid. The stiffness of the mount wi]i affect the
vibration level between the blade and workpiece, influencing the wafer

thickness and yie]d(3). At present, ID machines can accommodate ingots

(2,3)

up tb 50-cm long’ The current practice of slicing 10.16-cm diameter
wafers, 0.50 mm thick with a 0.33 mm kerf, yje]ds a area of 4.8iﬁ2/1?ad

or 0.50 m2/kg, at a practical wafer yield of 98%. During slicing, either
water or Qater mixed with a small percent of Rust-Lick is sprayed on the
cutting edge, at a rate of about 2 m%sec, to cool the blade. The blade
must be dressed, every 50 slices for the 15.24-cm blade and every 25 slices
for the 20.32-cm blades. for proper slicing, in order to rémove dirt and
expose'a’fregh cutting surface. The dressing is done with 5 cuts of an
alumina stick. The Tifetime of the blade is deﬁendent on tﬁe rate of
diamond "pull-out" and the degree of metal fatigue and varies quite ex-
ténsive]y from blade-to-blade. The lifetime median is about 3,000 7.52-cm
diameter  slices for the 15.24-cm blade and 5,000 ]Oi]élgh diameter

slices for the 20.32-cm blade.

A method being investigated,,to increase the ID saw's productivity
by a factor'of two, is crystal rotation(7). The cutting speed is doubled
using a rotating crystal since the blade has to traverse only half-way
through the crystal diameter. The half penetration in rotating crystal
slicing permits the use of a cheaper, sma]]er‘diameter; and thinner inner
diameter blade., For s]icing 10-cm diameter_wéfers'with_this“tgchnique the

wafer thickness and kerf aréAexpected to be 225 um and 210 um respéctive]y(7).

10




A UPPC format for S]icing‘rotating 10-cm diameter crystals with the
1D saw is attached to the Appendix. This process is expected to be in

commercial use by 1962.

" 3. The Yasunaga YQ-100 Multiwire Saw System

' The Yasunaga multiwire §aw is a slurry slicing system which
usés a single wire (600 to 30,000 M inlength) routed around a rocker arm
tehsioHing device, a wire guide catridge, and a take—ﬁp kee]., The con-
tiﬁhous wire forms up to 250 multiple loops around the three grooved wfre
. guides, arranged in an equilateral triangle, that are the key parts of
the wire guide catridge. During s]icing; the wire guide catridgé oséi11ates,
" while the workpiece is raised against the wires with a preset force. An |
abrasive §1urry is sprayedAon the cutting‘surface. The procedure for
mounting the silicon crystal for multiblade slicing is similar to that

described for multiblade slicing.

fpe qhiefvpotenf1a1 benefit of the Yasunaga saw is its high
area-mass coﬁve;sth.ratio by employing c]ose]y—spaﬁed, small diamefer
wires. Thé current YQ—iOO model has a.workpiece capacity éf 10X10XI0 ¢cm
and as aemonstrated By experiments,(g) results of Which are listed on a
UPPC format attached in the Appendix, it can slice 215, 212 + 7 um thick
wafers with less than 200 um kérf using 0.4~mm pitch guidés,’0.16 mm
diameter wire and 13bum SiC abrasive. Under those condifions én area to
unit mass fatio’of 1.04 mz/kg is obtained, which is about 50%'higherlthan

what anyother current production or experimental slicing system achieves.

This higher area to mass ratio effectively reduces the consumptfon of

11




single crystal silicon, tp produce a given wafer area, by a third. It

is projected that the Yasunaga saw can achieve an area-mass ratio of 1.42
mz/ké by employing closer spaced pitch guides (0.3 mm), smaller diameter
wire (0.08'mm) and a finer abrasive_( 5 um). This wou]d yield 5 200.um ‘

thick wafer with 100 um kerf(11).

It is believed that the narrow lapping band of the wires of
the Yasunaga saw results in wafers with less subsurface damage than with,

other commercial slicing techniques(]]), and this .is being investigated(g).

-Currently, the Yasunaga saw is not-used for the production of
silicon wafers; at -least not in the USA, although Solarex has recently

obtained a machine for pilot line operation.

4. The Multiwire Fixed Abrasive Slicing Technique ("FAST")

This method is similar to mu1tib]ade slicing, exéept that the
silicon is siiced with diamond-impregnated wires instead of steel blades
and an abrasive slurry. In FAST, the diamond impregnated Wires are
mounted and evenly spaced, at a linear density expected:to be up to
25 cm'l,‘on a light weight frame that is reciprocated across'-a rocking

(]0). The wires are coated with 22 to 45 um diamonds. imbedded

workpiece
in a metal matrix, and can be coated on their bottom halves only

to reduce abrasive costs. Development is still proceeding towards finding
an optimum wire composition, but it has been found that heat-hardened, _
tungsten.core wire, diamond-ihpregnated, and nicke]-plated, has a good
lifetime, which means it could be used for about 10 loads before signifi-

cantly losing its cutting abiTity‘]o).

12




Crystal Systems'has condﬁcted most of their experimentg per-
tain%ng to FAST, on é:modified4Vafjén 686 wafering machine. Conséquent]y,
thé’s1fcing potential of multiwire, fixed abrasive slicing has not beén
- fully demonstrated. For example, workpiece size has been, fortmost of |

_ the expeﬁimenté only 4 x 4 cm, and the reciprocating rate lower than re-

A qured for optimum fixed-abrasive slicing. A slicing machine, built to
vaysta] Systems' specifications, havé Just been delivered to them

énd slicing with this machine has just been initiated. The new siicing
machine has been designed to provide higher cutting rates and lower wafer

and kerf thicknesses'and operate with-a much lighter blade cafriage, at ‘higher
reciprocating frequencies, and reduced vibration than the Varian machine.

It is expgcﬁed‘;hat this multiwire, fixed abrasive slicing technique could
have a cutting rate of 0.6 cm/h (twice the_va]ue previously achieved with

good yields),with an area to mass rat%o of 1.1 m2/kg by producing wafers

200 um thick with a 200 um kerf.

The add-on prices for "FAST", detailed in one of the UPPC
formats attached to the Appendix, have been projected for 1986 since the
_state of development of the system and the comparatively small base of
experimental data available, making it unlikely that this slicing tech- .

nique could be in significant commercial operation by 1982.

| B. . TABULATION OF‘OPERATION, LABOR, MATERIAL 'AND COST DATA

Tables I4to 1] summarize the data provided by various orgahizations

for the slicing techniques that are being used or developed. Included in

these tables are production experience data from Spectro1ab(]) for multi-

13




TABLE IA -

SLICING OPERATION DATA FOR MULTIBLADE WAPERING

Orjanization Spectrolab ocL1 varian ST ® -
{Production Expcrience) (Experimental) & xperiment (900 blade € xperimental)
2cnm " 5.4 cm 7.5 cm 10.16 cm no. P-005) (Projection projection) incl. Projectiord
Rectangular Diameter Diameter Diamoter 10cm Diameter|lOcm Diameter|. 12cm Diameter] 12cm Diameter
1.|workpiece size 8 x 17 cm 16 cm long| -16 cm long 15 cm long 11.7 cm long] 13.5 cm long 40.5 cm long | 2,13 em long
. . : . ingots
2.[No. of workpieces/ not appli- 3 2 .1 1 1 RN 2
load cable .
3.}slices/lcad 1750 (2x2 750 $00 230 e 300 200 460
om)
4.|wafer thickness 0.35/0.4% 0.4 cut 0.4 cut 0.33 + 0.29 + 0.25 ¢
[ 1] cut 0.3 etched] . 0.3 etched 0.03 0.04 0.015 0.25 0.32
‘ 0.2/0.3 . .
i etched ‘ H
5.|xorf thickness .
{mm) 0.275 0.275 0.275 0.33 0.22 ) 0.2 0.2 0.2¢
6.}Practical wafer 0.95 ‘ 0.95 0.9% 0.84 0.83 0.95 0.98 1.00
Yield
7. Fraction 8ilicon 0.583/0.59 0.56. 0.56 0.42 0.47 0.53 0.53 0.97
* Jincoxporated in
[water . . R
8.[Depth of subsuz- 7% s . 75 n.a. 10-15 10-15 n.a. 10 severe
face damage ( um ) 33 slight
rasive TOU grit BOU grit 00 grit J00 grit 00 grit 600 grat 600 grit 600 grit
8iC sic sic sic sic sic sic sic
10.|Vvehicle PC oil PC oil BC ofl »C oil ?C oil PC oil PC oil PC oil
11. Concentration .
(xg/ 0.24 0.24 0.24 0.8 0.36 0.36 - 0.36 0.24
12.|Flow rate (L/h} low low low n.a. n.a. n.a. n.a. 18
13.1Type of Blade 1095 1095 1095 1095 1095 . 1095 1095 1095
4 steel 0.2 steel 0.2 steel 0.2 steel 0.2 steel 0.15 steel 0.15 steel 0.15 steel 0.20
mn thick mm thick o thick mm thick mmn thick mm thick sm thick mm thick
14.fBlade dimensione n.a. n.a. n.a. 6.35 mm 6.35 mo 6.35 mm 6.35 mn 6.35 m
’ high - high high high high
0.46 mn 0.35 mm 0.30 m 0.30 mm 0.36 ma
p s 8 P P s spacers
15. fAmount on 250 blade- 250 blade 250 blade 230 blade 300 blade 300 blade 900 blade 230 blade
machine drill pin drill pin drill pin epoxy’ package package package package
pack pack pack package o
16. |No. of runs be- B B
fore blade “
change 7 2 1 1.5 1 1 2 1
17. |wafer area/load
(o2) 0.69 1.63 2.10 1.57 1.53 2.24 9.67 5.20
18. [Arga yield . )
{m” /kg} 0.65/0.56 0.60 0.60 0.54 0. 0.90 0.90 0.76
19. jJEffective cutting
) rate (cm/h) .0.36 0.25% 0.34 0.5 0.31 0.34 0.41 0.66
70, [STicing time -
segrent/load (h) 5.5 22 22 20.5: 32.0 29.5 29.5 18.2
21. [Load/Unload time ) . L L. .
! (h/load) . - 0.25 0.25 0.25 0.45 0.5(p) 0.5 0.5 0.5
22. [Cutting tool
change, machine .
service (h/load) 0.2 0.5 1.0 0.67 0.5(p) 0.5 0.5 0.6 }
. JMachine scginent g " -
time (h/load) 5.95 22,75 23,25 21.6 33.0 30.5 30.5 20.0
» [Machine product=- -
ivity (m¢/h) 0.115 0.071 0.090 0.07 0.046 0.074 0.317 0.24
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TABLE 1B

SLICING OPERATION DATA FOR MULTIWIRE AND INNER DIAMETER WAFERING

Multiwire Wafering

Inner Diameter Slicing

Crystal Systems Yasunaga ¥Q=100 ocLI HAMEO :
R Fixed Abrasive Experimcntal) ) (Projection) (Experimental) (1ixperimental) (Production exp.
Organization Method 7.6 cm 10 cm 7.6 cm 10.16 cm .10.16 cm
(projection) diameter diameter diameter diameter diameter
1. |Workpiece size 30x10x10 cm 10 cm long 10 cm long S0 cm long 25 mm long 46 cm long
2.|No. of workpieces/
load 1 1 : 1 1 1 1
3. ]5lices/load 250 215 333 125 350 555
4. |wafer thickness
{mm) 0.1 0.21 + 0.01 0.2 0.36 + 0.02 0.36 + 0.02 0.50
S. |Kerf thickness ’ .
(rmun) 0.3 0.2 0.1 0.33 0.35 0.33
6.]Practical Wafer
Yield 1.00 1.00 1.00 0.95 1.00 0.98
7.}Praction Silicon
Incorporated in
Wafer 0.25 0.51 0.67 0.50 0.51 . 0.59
3 s >
8. fpepth of Surface Fissures ex- ’ ’
damage (um) tend 3 um ~15 ~6.5 n.a. n.a. n.a.
9. |Abrasive none GC 1200 5 um SiC none none none
(13 um)
10. Vehicle or 11:1 water: lapping n.a. 80:1 water: 80:1 water: water
coolant ethylene oil rust lick rust lick
glycol
11. IConcentration "
(kg/%) . - ~1.5 n.a. - - -
12. |Flow rate .
(£/M) n.a. 3600 3600 7.2 8.4 n.a.
13. |Type of blade Ni plated, Steel wire Steel wire Model STC-16 Model STC-22, p blade
ox wire tungsten wire, ID blade, ID blade, diamond
kiiamond im- - diamond diamond plated
Ipregnated plated " plated
14. [Blade or wire 0.125 mm 0.16 mm ‘dia- 0.08 mm 42.23 em OD $5.88 cm OD, n.a.
dimensions jcore 0.25 mm meter 0.4 mm diameter, 15.24 cm 1D 20.32 cm 1D,
total diameter pitch 0.3 mm pitch 0.10 mm thick 0.15.mm thick
rs um diamonds guides guides core, core, 0.33-
. . 0.28-0.30 total 0.36 total
, ) thickness thickness
15. JAmount on 250 wire blade ~17,000 m ~35;000 m 1 1 1
machine package s
16. |No. of loads
before blade
change 9 3 3 4.1 .14.3 1
17.|Water area/load -
{n?) 7.50 0.98 2. 62 3.14 2.84 4.41
18. jArea yield . !
(m2/xg) 1.1 1.04 ©1.42 0.59 0.60 . 0.505
19. |Effective cut- .
ting rate (cm/h) 0.6 0.84 0.3 305 305 M . 305
20.}Slicing time - v
segment/load (h) 16.67 9.0 30.0 23.9 14.7 23.12
21. [Load/Unload
time (h/load) 1.33 n.a n.a. 1.23 0.735 0.083
22.|Cutting tool N
change, machine
service (h/load) n.a. n.a n.a. 1.02 0.84 0.33
23.IMachine segment .
N time (h/load) 18.0 “10.0(e) 3.1(e) 26.2 16.3 23.5
24 . piachine product-
ivity (mé/h) 0.42 0.098 0.085 0.126 0.176 0.19
A"




(2)

for ID slicing, and experimental results
5)

blade slicing and from HAMCO

-for multiblade slicing, from OCLI(6), Varian(4) and TI( for multi

(8). 6 ‘
slicing from JPL(8) and ID slicing from OCLI( ). In addition, projections

made by Varian for multiblade s]fcind(gy“, by Crystal Systéms(]o)

for
their "FAST" method, and by So]arex(]]) for the Yasunaga saw are included.
In the Appendix, UPPC formats containing the details of thé infornation
obtaingd, are shown for these principle applications or projections for the

slicing techniques.

‘The operation data for multiblade slicing are listed in Table IA,
while Table IB contains the corresponding data for the fixed abnasive and
slurry multiwire and the inner diameter slicing processes. These tables
contain the process attribute of slicing whfch are summarized on Figure 1.
The first two lines of Table I are thé dimensions of the workpiece -and
the number- of workpieces per load, the product of which is the slicing
machine's capacity. The wafer area produced in a load is related to the
workpiece capacity fhrough the nafer and kerf thicknesseannd practical
wafer yield. This wafer area per load (Table I, 1ine 17) can also be
calculated as the product of the theoretical numbérAOf sfiéés:nnt per
load (Table I, line 3), the "practical wafer yield" (Tab]eAI, line 5),
and the area of'thé single wafers. The "practical wafer yield" fraction
is the number of acceptable wafers divided by the theoretical number
sliced per load. The wafer area per unit.mass (Table I, line ]85 is
ca]cu]ated by dividing the practical wafer yield by the producf'of the
sum of the wafer and kerf thicknesses (Table I, lines 4 and 5) and the

density of silicon, or
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CES U

" VORKPIECE SIZE AND NUMBER/LOAD

NAFER THICKNESS o
KERF THICKNESS

* PRACTICAL YIELD

(DEPTH OF DAMAGE)

EFFECTIVE CUTTING RATE
LOAD/UNLOAD TIME (INCL. TOOL CHANGE)
MACHINE PRODUCTIVITY

MACHINE, AVATLABILITY

Figure 1.
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10 * 1.6 )
1.18 =. . me/kg
(1.4 + 1.5)*2.34

where I.n represents the value from Table I, line n.

The wafer thickness, kerf and practica]_wafer yield are necessary
for finding the division of the input silicon crystal or workpiece into
the silicon incorporated in the work-in—process'wafef (Table I, Tine 7)

and that silicon lost in kerf and broken wafers.

The procedures for determining the subsurface damage depths; Tisted
in Tine 8 of Table I, were not consistent between organizations. The
most accurate method for determining subsurface damage depth is to re-

move wafer surface material unt11 the cell-efficiency becomes independent

(1)

of any further removal. Spectrolab's values reflect this procedure''’.

The other subsurface damage depths were determined by Chemica] etching -

(4)

to remove surface material followed by Wright etching to reveal defects ,'.

by etching and x-ray topography(s)

ing(g).

, and by angle lapping and Sirtl etch-

Indirect matéria] requirements, briefly summarized on ngqre 2, in
terms of the abrasive and vehicle, or coolant type, the slurry cdncentra-
tion and its flow rate or that of the coolant, are listed 1n lines 9-12 of
Table I. Lines 13-16 describe the expendible tooling requirements such
as the type of blade or wire, its dimensions, the size of the-blade pack
and its life expectancy; These data are neceésary for determining the

eXpendibTe tooling and material costs.

-

The effective cutting rate (Table I, 1ine-19) is defined here as

the WOrkpiece diameter divided by the s]iging time segment,which is the

18




time the machine is actually sawing (Table I, lTine 20). The time
periods when the machine is not actually slicing and cannot be used for
slicing because of preparatory or service operations, are listed in lines
- 21 and 22° The sum of these lines and the slicing time segment is the
hachineisegmént time (Table I, .1ine 23), or the average time needed for
slicing a Toad, 1nc1ud1ng loading, unloading and servicing. The machine
segment time is needed for calculating the number of loads processed
annually; and the machine productivity (Tab]é 1, 1ine 24) which is the

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

The requirements per machine load for labor, included that needed
for serviéé and repair, for indirect material needs, including electricity
consumptioh, for'capita1 expenses, which consists of machine and facility
components, are included in Tables IIA and IIB. These data form the basis
for calculating of the manufacturing cost components of labor, expendable
tooling, indirect materials, and capital. Also listed in these tables
are values necessary for calculating direct material or silicon costs:
the proportion“of silicon lost in grinding the cylindrical ‘ingots ‘to a
" uniform diameter, the unit mass of silicon incorporated in the wafer and

that lost in kerf and broken .wafers.

The 1abor.times required for each part of the crystal slicing
operaiion (see Fig. 2), that is crystal mounting, machine ]oading and
machine monitoring are listed in lines 1-3 of Table II, with the%r total
on line 4. The service labor time, which includes changing the blades or

wires, is listed in line 5.
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organjestion

Table.1IA

SLICING_IADCR_AND WATERIAT, MIALYSIS FOR MULTINLAVE SLICIHG

Apnut rolab

’ (Pl;oduutlon Exporience)

2 et
Rectangular

.4 em
Diameter

7.% em
Diameter

Ll
{Experimental)

10.16 c»

Diamecter

{Fxper tment
no. P-005)
locm Dlametei

Varian

{rrojection)
locm Diam:ter

{900 blade
projection)
12cm Diamoter

TI
(Experimental
incl. Projection)
12cm Diametar

. [Crystal Mount

time (h/load)

. Machine load-

unload labor
(h/load)

. pMachine super-

vision during
slicing (h/lcad)

0.5

0.25

0.25

.0.25

0.25 -

0.25

0.25

0.45

0.45

0.27

n.a.

0.67

1.60

0.07

. Jrotal airect labor

time (h/load)
{excluding main-
tenance)

5.6

2.27

Cutting tool
change, machine
service labor
(h/load)

0.67.

0.67

0.6

3 |

10.

Blade or wire:
set cost -(§)

.[vehicle ox

coolant con-
sumption
(8/10ad)

Amount of
abrasive con-
sumed (kg/load)

~50

7.6

5.45

23.50

2.74

39.45

15.0

5.4

6.90

[Power require-
ments
(k Wmachine)

Energy con-
sumption
(x¥h/1load)

5.5

22

22

" 20.5,

32

0.75

22

1.67°

49.3

18.2

11.

12.

Machine avail-
ability (%)

Potential no.
of runs in a
year . -
{8280 h work
year)

90

1250

90

325

", 90

“320

90

345

90

225

90

245

90

90

370

13,

14.

15.

16.

17.

Machine cost
{$)

Annual ma-
chine cost
{$/year)

Allocatable
building
area (nz/
machine)
Allocatable
building
cost ($/
machine)

Annual

building
cost ($/y)

20,000

4,280

11.2

8,400

280

20,000

4,280
11.2

8,400

980

20,000

4,280

11.2

8,400

980

20,000

4,280

11.2

8,400

980

20,000

. 4,280

11.2

8,400

980

20,000

4,280

11.2

8,400

980

30,000

6,420
11.2

8,400

980

" 6,420

30,000

11.2

8,400

980

18.]

19

204

Fraction of
#ilicon lost
in grinding
ingots (%)
(100 x{0. ¢/d))

silicon in-
corporated
into wafer
{xg/m2-water)

Kerf and
broken wafer
loss (kg/m? -
wafer)

0.81/1.05

0.68 /0,73

1.1

s 0.94

0.73

0.9%4

5.9

1.07

0.76

0.59

0.52 -

5.0

0.7%

0.56
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TABLE 1IB

SLICING LABOR AND MATERIAL ANALYSIS FOR MULTIWIRE AND INNER DIAMETER WAFERING

Multiwire Wafering Inner Diameter Slicin

Crystal Systems Yasunaga yQ-100 OCLI HAMCO
Fixed Abrasive {Experimental (Projection) {Experimental) (Experimental)} (Production exp.)

Organization Method 7.6 cm 10 cm 7.6 cm 10.16 cm 10.16 cm
(Projection) diameter diameter diameter diameter dianidter

1. [Crystal Mount .
time (h/load) n.a. " 'n.a, . n.a. ©0.41 0.23 0.25

2. (Machine load-
unload labor . N .
(h/load) n.a. n.a, - . “-n.a. 1.015 0.525 0.083

3. tachine super-
vision during P . . . . R
slicing (h/load) 0.92 0.33(e) 1(e) 0.298 0.23 4.3

4. frotal direct laooj
time (h/load) - ,
{excluding main- .

tence) 1:75(e) 0.83(e) 1.5(e) 172 0.985 4.63

5. Jcutting tool

chinge, machine
se:'vice labor . .
{h/'load) : 0.5(e) 0.5(e) 0.5(e) 1.015 0.875 0.8

6. |Blade or wire
set cost ($) . 82 ~97 143.50 _ - . &0 150 . 55
7. [vehicle or ) i ’ )
coolant con-

sumption 3 kg . .
(2/1oad) n.a. (~3.252) n.a. 5.1 1.75 [¢]

8. Fmount'of :
abrasive con- . . .

- Jsumed (kg/10ad) . 0 | s n.a. 0 0 0"

9. |Power require-
ments
(kw/machine) 1.5 0.6 0.6 2(e) 2(e) 2(e)

10. |Energy con- . - - .

sumption .
(kwh/1oad) 25 5.4 18 47.8 29.4" 46.2

11. Machine avail- .
ability (%) 90 (e) 90 (e) 90 (e) - 95. 95 95

12, |[Fotentaal no. Lo .
of runs in a :

year

(8280 h work
[year) 415 745 240 300 480 325

[13. Machine cost
(S) . 30,0QQ ‘ 30,000 30,000 40,000 : 40,000 40,000

Ik. jJAnnual ma-
chine cost .
(S/y) 6,420 6,420 6,420 8,560 8,560 8,560

15. |Allocatable
[building
area (m2/ ' ) :
machine) 11.2 8 8 18 18 18

16. |Allocatable
building

cost ($/
machine) 8,400 6,000 6,000 13,500 13,500 13,500

17. JAnnual - B
[building ) i .
cost (S/Y) . 980 i 700 700 1.580 1,580 : 1,580

18. {Fraction of
silicon’ lost
Jin grinding '

‘lingots (%) 6.0(e) 8.0 6.0 8.0 6.0 6.0
(100 x(0.6/4))
19 {silicon in-
corporated
into wafer } .
(kg/mZ-wafer) 0.23 0.49 0.46 0.84 0.84 1,17

20, [keef and
broken wafer
losa (kq/mz- ’ s
wafer) . 0.70 0.47 "0.23 0.86 0.82 0.81
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Expendable tooling and indirect material requirements, in terms of
the blade or wire setAcosts_and the quqntities~of vehicle or coolant and
abrasive consumed during a run, are..listed in lfnes 6-8 of Table II. The
electrical consumption for a run (Table II, line 10) is cqnsidered as an
indirect material and is obtained by mu]tip]yfng the slicer's power re-

quirements by the slicing time segment (Table I, line 20).

.In order to calculate the potential number of loads that can be
sliced annually, shown in line 12, the machine segment time (Table I,
line 23) is divided into 8280. This last value, 8280, is taken from

SAMICS(]Z)

and is the nuﬁber of annual hours the wafer slicing plant
. operates. The plant operation schedule is continuous except for one
T-week vacation, two 4-day.W¢ekends, and one 3-day weekend, and was
chosen to maximize annual production by minimizing s]iéer shutdowns

during a run due to plant closings.

.After deé]ing with expenses, the sum of the machine and facility
costs, or the capital cost portion of-the manufacturing costs needs to
be considered. The capital costs are dependent on the factors listed
on Figure 3. The annual machine cost (Table II, 1ine 14) is the product ;

of the initial cost of the slicing machine, including installation, taken
]

from the data sources, and the standardized charge rate of 0.2135 y~

This charge rate was taken from SAMICS(]Z)

,_using a depreciation sched-
ule of 7 years, a state tax of 2% on one-ha]f the capital, a 4% insurance
premium, and a 12% interest-on-debt rate on one-twelfth the initial
capjta] cost. The low ratid of dept to capital, or the low financial

leverage, is due to the postulate that thé'photoyoltaic inddstry would be
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LABOR AND INDIRECI MATERIALS

LABOR TIMES:
ATTACH SUPPORT BLOCK TO- INGOT
MACHINE LOAD/UNLOAD
- MACHINE MONITORING
FOOL CHRANGE/MACHINE SERVICING

INDIRECT MATERIAL COSTS:
SLURRY (COOLANT) TYPE
UNIT COST
( USAGE
- TOOL (BLADE)  TYPE
COST
- LIFE
MACHINE REPLACEMENT PARTS -
PURCHASED MACHINE SERVICING |
MISC. ' (MOUNTING BLOCKS, ADHESIVE)
ENERGY |

Figure 2.
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CAPITAL_COSTS
MACHINE COST
(MACHINE LIFE)

ALLOCATABLE BUILDING AREA-

- (SPECIAL SERVICES)

Figure 3.
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unable to raise large amounts df‘debt capital, without large interest rates,

because it will be a rapidly evolving industry with appreciable risks(]z).

The second capital cost contribution comes from the building. The
allocatible building area, shown'in line 15 of Table II, was taken, accord-

(]2), as twice the machine's operating érea. fhe doubling

ing to SAMICS
accounts for indirect and overhead space needed e.g., for functions such

as maintenance, administration and receiving/inventorying, as well as for
aisles, washrooms, etc. The initial building cost (Table I, line 16) is
taken as $]506.95/m2, according to SAMICS(]Z) , and is.baéed on the machine
operating area only. Thjs cost figureAincludes appropriate cost allocations
for the additional building space needed as outlined above., The facilities
charge rate used to calculate the annual building cost (Table 11, line 17),
from the initial cost, is 0.117 y'1. This value was obtained in the same
fashion as the equipment chafge rate, except that a 40-year ]ffe expectancy
is employed for detefmining the depreciafion rate of the building.  Also

a 31% suréharge on the annual cost of capital isAincTuded, in the 0.117 y']
factor, to account for special services which are the "indirect" utility

consumption, that is for heating, air-conditioning, lighting,etc. for the

building.

To properly calculate the airect material éost, that is the cost of
the cylindrical slicing ingot, the amount of the silicon crystal lost in
grinding is necessary.  The grinding of the cylindrical ingots to a uni-
form outside diameter, previous to slicing, facilitates the slicing oper-
ation, as well as tooling and handling of the sliced wafers in subsequent
device fabrication procedures. In cé]cu]ating the mass fraction of sili-

con lost in grinding, shown in line 18 of Table 11, the average diameter .
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loss is assumed to be 0.6 cm. With this diameter loss, and the consequent
loss of mass, the price per unit mass of silicon entering into the slicing
operation can be determined. Since the grinding diameter loss stays con-
stant with crystal diameter, the fraction of lost silicon is inversely pro-

portiona] to the diameter of the crystal.

The difference between the add;on processing cost and fhe work-in-
pfoceés cost is the cost of the direét material contained in the wafers.
' The latter value for a unit area can be obtained by mu]tip]ying'1ine 19 of
Table II by the unit mass silicon cost. To obtain the amount of silicon
contained in a unit Wafer area, fhe incorporated silicon fraction is di-
vided by the wafer area per unit mass (Table I, line 18). The incorporated
wafer fraction is the product of the yield fraction (taken from Teble i,
line 6) and wafer thickness (Table I, line 4) divided by the sum.of the
wafer and kerf thicknesses. In equation form, the fraction of silicon con-

tained in the wafer is,

II.]g - 1-6*1.'4 . k_g_ ’
(1.4 + 1.5) * 1.18 m :

" with the roman numerials representing'the table numbers and the arabic
numbers, the 1iﬁe numbers for that table. The kerf and brbken wafer loss,
nécessary for differentiating the operating add-on cost from the specific
add-on cost, is calculated in a similar fashion to line 19 of Table II,
except that the kerf loss is fépréséﬁted by the kerf thickness and the
‘broken wafer loss by the broken wafer fraction multiplied by the wéfer

thickness. Therefore

o o (1.5 + (1 - 1.6) * 1.4)° kg
.20 = “rgv 1357 1.78 ;% ;
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{

From the operation data and expénses, listed in the first two tables,

the add-on components of the slicing ménufacturing slicing cost can be
calculated. For fhe nos t par%, the add-on cost components, shown in Tab]e
‘I11,0n a per unit area basis,are derivéd front the data of the proceeding
:téb1es using the keTationships given in thaf table. The exceptions include
the unit costs of the indirect materials which were taken from the sources
footnoted in Table II1. .In addition, the purchased service cost for multi-
blade slicing (Tabie III, line 4), which inc]udés the cost of machine
'maintenancg and overhaul pérformed on the outside or under contract, used
wasA$1529.3 yf] and was obtained from Spectr01ab(1). HAMCO(Z) supplied -the
'purchased service cost for an inner diameter's]icing as $285.7 y']. The
“total material cost which is the sum of the first four lines of Table III
(12) to

was increased by 5.2€%, in accordance to SAMICS charge factors 5

account for handling and other miscellanecus expenses.

The Tabor costs were calculated using the labor times, listed in
Table 11 and the labor rates shown in the Cost Account Cataiog of the SAMICS

(]3). For calculating the direct labor costs which involve

Support Study
crystal mounting, machine loading and supervision the vages paid an elec-
tronics "semiconductor assembler, whose duties are described under SAMICS'
occupation c]pssification no. 726884 and wages under catalog no. B3O960(]3)
were emplcyed. The maintenance labor rate of a maintenance mechanic II
(occupation classification no. 726884, catalog no. B37365) was used to find
the labtor cost of internal machine service and cutting'toolAcha?ges. The
listed labor rates were multiplied by 1.432,to take into conéideratjon fringe

benefits, such ‘as vacations, medical health plans, social security benefits, etc,

and miscellaneous expenses. A surchérge of 25% was added to the direct
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TADLE I1lA

ADD-ON_COST COMPONENTS POR NULTIBIAGE BLICING {($/m?)

Tonas Inatruments, FRDA/JPL-934475-76/2, p. 17,

19/76) .

28

Spectrolab . ocLT Varian . n
(Production Exporience) {Exporimentsl) | (Experiment (Projection) (900 blade (n;rhant.u)
) 2ca - 7.5 cm 10.16 ca no. P-005 ) projection) incl. Projecticn)
Organization Roctangular] Dianoter Diamoter Diarster 10cn Diamoter | 10co Diamoter | l2ca Diameter | 12cn Dianeter
1. |Expondible
tooling
(1IA.6 # IA[36¢
-§1A.17) 10.3% 15.34 23.81 7.1 32.68 10.49 2.04 1.
2. ]Materiols 21.15 (a) 6.95 (a) 6.95 (o) 16.35 (b} 7.%0 {c) 3.40 {c) 3.8% (c) 0.3 (4)
3. |Electrical .

enorgy coot

{$0.032 *11A.10

H 1A.17) 0.2% 0.43 0.33 0.42 0.67 0.32 0.18 o.11
4.1Replacement M

parts & pur~

chascd sorvice 1.8% 3.0 2.37 2.94 4.62 2.90 0.67 0.8
5. JTotal material

coste (1.0526*

(1.42.43.¢4.)) 35.37 29.19 35.22 968.96 47.86 18.01 7.0?7 2.7
6. |virect Labor

($5.58°11A.4 §

1A.17) 10.7% 19.16 15.14 4.08 4.88 Ln Ln 1.18 B
7. [Maintenance

labor ($8.12° .

TIA.4 § IALT) 4.71 6.98 S.42 4.50 3.88 2.4 0.56 0.94
8.]other indirect

labor (25% of

6.+ 7.) 3.86 6.%) 5.14 2.15 2.10 1.44 0.46 0.52
9.{Total labor

(6. ¢« 7. ¢ 8.) 19.32 32.67 25.70 10.73 10.50 7.18 2.13 2.61
10.[tquipment cost

(ITA.1¢ 3 IZIA.12

* 1A.17) 4.96 8.08 6.37 7.%0 12.43 7.80 .n 2.22
11.|racilities cost

(I1A.17 § 1IA.12

*1A.17) 1.14 1.6% 1.46 1.81 2.85 1.79 0.41 0.34
12.FCapital Cost .

(10. + 11.) 6.10 9.93 7.83 0.71 15.28 9.%9 4.50 2.56
13.Joverhead

(0.059 * (10.)

+ 0.108¢01.) 0.42 0.68 0.53 0.66 1.04 0.6% 0.20 0.17
14 . JReturn on equity .

{0.192°(5.) «

0.192¢(9.)+ 1.23 ¢ ¢

(10.) + &4.73°{11.)) 21.94 30.49 36.37 39.28 39.08 22.82 7.08 .34

«[Addvon prlce

{84 price

assunad sore)

5.99.412,413, :

+14.) 03.18 102.70 93,53 159.28 114,29 58.10 21.18 13.34 .

Silicon Ingot Price (Unground) © $139.15/kxg (1978 estication)
16.]:\dd-on cost of

9rinding ($/xg) - 20,97 13.99 9.77 9.96 9.96 . 8.07 8,07
17.]Ccst of ground . .

84 ($/kg} - 160.12 183.14 148.92 149,11 149.11 147.22 147.22
18.]tost Silicon - 116,89 111,79 156.80 113.21 78,08 77,08 82.68
19.[Ad4-on price - 219,59 207,31 318.14 © 227.5%0 136,18 98.20 96.02
20.]Price - 358,50 349,73 431,15 320.68 223.81 104.32 206,93

Silicon Ingot Price (Unground) € $6%.98/kg (1982 projection)
21.|Add-on cost of '

yrinding ($/kg) - 12,04 a.1) 5.4% . 8.5%¢ $.36 4.41 4.4
22.{Cont of ground

s ($/xqg) - 78.82 74.11 .4 71.58% 71.58 70.39 * 70499 - .
2).| tost 64 - $7.%4 84,10 76.43 83.86 .21 36.61 39.4)
24.]Add-on price - 160.24 149.0 238.68 167.93 95.11 $7.76 52,87
25.| price ('/l,) 33303 219.00 290.83 216.50 137.1? 98.94 105.58 -

Silicon Ingyot Price (Unground) @ $24,46/kg (1986 projoction)
26.|Add-on cost of -

grinding ($/%g) - 8.23 4.8 3,00 s.07 3.07 2,34 .04
27.]Coat of ground . . .

84 ($/hg) - 32.69 9.7 27.46 7.3 27,83 26.80 26.80
28.] Lost B8ilicon - 23.86 21.)? 29.39 20,83 4.3 13.94 15.08%

9. Add-on Price - 126,56 116,90 188.6) 134.94 12.}2: ”-‘09 8.3
30.| reice - 187.18 144,30 209.8) 153.62 88,53 30.77 ., 48.48
(a) Calculated using 87/gallon for the slurry mixture and
including 30.60/1lvau for the ceranmic Lase and ‘bars. .
{(b) H.I. Yoo, “"Assegment of Presont State of the Art Sawing Technology,® v
OCLI, DOE/JFL 954830-77/12, p. 34 (12/77). ’ - e ’
(e} 9.C. Noldon and J.R. Fleming, “Slicing of Silicon into Bheet Material® .
B Varian Asnociates, ERDA/IVL 954374-71/2, p. 22 (/1)
{4) Bamucl N. Roa and Paul 8. Glaim, “"Largn Ares Czochralski 8i3icon,® .




TABLE I11B

;. AND_INMER DIAMETER SLICING ($/m?)

1 Inncr Diameter Slicing
9 Yosunays Q-0 oLt HAMEQ
3 {(Ixpecrimental) | (rojection) (Bxperimental) (Lxperimental) (Production exp.)
Method 1.6 «m 10 cm 7.6 ¢m 10.16 cn 10.16 co
Organization {fro)cction) diameter diameter dlameter diameter diameter
1 prel!;(;ible tooling (I1B.6 7 19.16 1.25 33 18.25 4.65 3.70 12.45
1B «
2. {nateriale 0.30 (a) 32.95 (b) 41.05 (d) 2.65 -le) 2.05 fte) 1.85 (D)
3 rectrical ¢ cost ($0.0319* 0.11 0.18 0.22 0.49 0.33 0.33
Feferiepd. gagror <o
4.l keplacement parts and
jurchased service * | n.a. " n.a. n.a. 0.30 (q) 0.21 (g) 0.20 (g)
J.[iotal materials
0526%(1. + 2. + 3. +4.})) 1.74 69.61 62.65 8.52 4.52. 13.51
6. u;’riss labor (55.56%116.4 ¢ 1.30 4.72 3.19 3.05 1.93 5.85

8.

7. Mix‘irl.gﬁnance labor ($8.12*118.5 % 0.54 4.14 1.55 2.63 2.50 1.47

In.

8.fucher indirect labor

(25 of (6. + 7.)) 0.45 2.22 1.19 1.42 1.11 - - 1.83

3.|Total labor

(6. + 7. +8.) 2.30 11.08 5.93 7.10 6.54 9.15
1O, !T\Au’lgr-;\'unl cost (ITB.14 <1ib.12 2.06 5.79 10.21 9.09 6.28 5.97

18. -

PRI Facillities cost (118.17 $1IB.12 0.32 0.96 1.12 1.67 1.15 1.10

12.17

<. |Capital Cnst {10. + 11.) 2.33 9.75 11.33 10.76 7.43 7.07
13. Joverhead 10.059* (10.) +

0.105.'(11,)) 0.16 0.57 0.66 0.72 0.49 0.471
14. JReturn on eqﬁity ’

©.292 : 21.99 15.22 16.64

5.)+0.1024(9.) + 1,22 4.80 30.57 20.92 : : :

(10.) +4.73*(11.)) :
15, fAdd-on price (Si price . . -
assumed zero) (5. +9, +12, - .
+13, +14.) s B
11.38 121.57 111.62 49.06 36.29 47.04
Silicon ingot Price (tnground) € S$139.15/kg (1978 estimation)
16.|Add-on cost of grindi )

(‘S/qu), grinding 9.94 13.77 9.96 13.717 9.7 9.77
17.]Cast of ground silic - .

N (s;kg;m reen 149.09 152.92 149.11 152.92 148.92 148.92
18. |Lost Silticon ($/m2) 104.66 71.57 34.30 131.09 122.17 120.96
19.|Add on price (S/m?)" 116.04 193.14 145.92 180.15 158.46 168.00
0. price ($/m?) 150.9) . 268.45 215.70 309.02 280.48 | 342.21

Silicon Ingot Price (Unground) @ $65.98/kg (1982 projection)
. c indi.
21 ;(usljk:v)\ cost of grinding K . 5,55 7.99 5.56 7.99 5.45 5.45
= T;;:q?r ground ;Si o 71.53 73.97 71.55 73.97 71.43 71.43
23.]Lost Si » LT . 50.21 34.03 16.46 62.87 58.57 57.99
24.]|Aadd-on price ’ 61.59 155.60 128.AOE 111.93 94.86 104.83
2s.]price (3/m2) 78.33 ° 192.03 161.57 174.24 155.03 188.40
Silicon Ingot Price {(Unground) 9 $24.46/kg (1986 projection) ,
2¢..lAdd-on cost of

grinding ($/kq) N 3.06 4.71 3.07 N 3.00 3.00
27.|Cost of ground' . . .

Si ($/%g) i t27.52 29.17 | . 27.53 29.17 27.46 27.46
28.JLost- si 19:32 o182 6.33 24.79 22.52 22.29
29.]ada-on Price 30.70 133.99 117.95, 73.85 s8.80 69.33
30 freice 37.14 . 149.16 130.83 94.65 79.60 101.48

(a)
(b)
(c)

(d)
{v}

(n
(Y]

P .
F. Schmid and C.p, thattack,“lleat Exchangar-Innot Casting/Slicing Procesa™
Crystal Systems, ERDA/JPL 954373-%7/3, pp. 78-79 (10/77).

Calenlated us‘inq Sl:.lo,’kq(:)(or the abrasive .mii 31.25/1“) for the PC oil

and assuming the slurry is vred twice.

A Project Report, "Multiwire Slurry Wafering hemonstrations, " Jot
Fropulmion laboratory, peor/ieL=1010=1417, (/i)

unaqa's

Estimated from materials cost of 7.6 cm diamceter ingot.

ntotate-ofsthe-Art Sawineg Technolnqy, * (X1,
(271,

Bt imatenl Crogn o8 B e mater sal cost et

Asumins ot gurehcied service e OO0 Tar $ e machine e Vifot jme,
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Tabor and maintenance labor costs to account for the cost of supervisory,

management, and other support personnel.

_The unit area equipment and facility costé, which constitute the
capital cost, were obtained by dividing the respecfive annual costs by the
annual area factory output. The overhead, listed in line 13 of Table III,
is defined as the insurance, state taxes, and interest-on-debt paymenté on

the workihg capital. As suggested by SAMICS(]Z)

» the working capital was
taken as 15% of the equipment plus facility cost, or 15% of the capital

cost.

The profit and the amortization of one-time costs is represented by

“the return-on-equity (ROE), shown in line 14 of Table III. This value is

equal to the SAMICS' return-on-equity (EQR), which is 20% of the equity

portion of the book.va1ue(]2)

, plus the amortization of the start-up costs
(AOC), minus the income tax investment credit (ITC) on 10% of the annﬁa]

equipment depreciation divided by the product of one minus the federal in-
come tax credit ( 1. - 1) and one minus the misceilaneous expense fraction,

(1 - x), or

EQR + AOC - ITC )
ROE (I11.14) = $/me.
(1-x) * (1-1)

The add-on cost components described aboye can be used to calculate
a unit area wafer price that ignores the cost of the silicon ingots. This
add-on price shown in line 15 of Table III, is the sum of -the material,
labor, capital, overhead and return-on-equity. To convert this value into

a wafer price, the unit mass.cylindrical crystal price, and the add-on
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grinding cost must be added to it. The unground silicon crystal or ingot ‘

prices shown for 1¢738, 1982 and 1986 are takeﬁ from our previous-eva]uations.(]4)
For 1978, the ingot price is based on pulling 7.8-cm diametef ingots with

" a Leybo1d-Heraeus single charge puller. The si]iconAjngot prices employed

for the years 1982 and 1986 are projections for multi-pulling Cz-gfown

10.2-cm and 15.2-cny diameter ingots, respectiveiy.

| Previous to slicing, the sf]icon ingots must be ground to é uniférm
diameter and this cost has to be included .in the cost of the direct material.
The add-on cost of grinding, listed in line 16 -of Table III, consists of
two parts: a) the cost of the grinding operation which is projected to be
$0.20/cm-crystal lencth, based on industry data(]); and b) the cost df the

silicon lost from ¢rinding, which is equal to (1éé'1811 T8) * - (Si ingot

price ($/kg)), where I11.18 is the percentage of material lost in grindirg.
Summing the add-on ¢rinding cost to the Si ingot price yields the cost of
*ground silicon prices (Table I, lines 17, 22, 27) which are used to cal-

culate silicon wafer prices.

Also of interest in our analysis is the cost of the si]icoﬁ lost in
kerf and broken wafers. These values,shown in line 18, 23, 28 of Table [II,
welthe product of the unit area kerf and wafef Joss mass (Table II, line
~ 20) and the ground silicon prices. The add-on’wafér prices, shown in lines
19, 24.and 29 of Table fII, are defined, here, as the sum of add-on wafer:
~ price, assuming-a zero silicon price (Tab]é II1, Tine 15) and the cost of

the .lost silicon.

To arrive at a unit area wafer price listed in lines 20, ¢5, and 3C

of Table I1II, the add-on price and the cost of silicon incorporated in the
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wafer are summed. The latter value is the cost of the ground silicon
ingot multiplied by unit area silicon mass contained in the wafers (Table

II, line 19).
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C.  COST STRUCTURES OF THE SLICING PROCESSES

The more important unit area manufacturing cost components for
selected current production or experimental slicina capabilities, using
1978 silicon prices, and projected future ﬁapabi]ities, using 1982 and
1986 projected si]fcon proces are summarized in Table IV. These silicon
prices apply to single crystal ingots ‘grounded to a uniform diameter.

Also included in this table are the costs of the lost silicon and that
contained in the wafer. In'Table IV, one can observe the decréases in
expendible tob]ing, indirect materials, labor and capital costs that.are
expected for 1982 in ID, multiblade and slurry multiwire slicina. - I1lus-
trated in Fiqure 4 are the more relevant data of Tables III and IV, in a
bar graph format. In Figure 4, the relative impacts of the material, labor
and capital costs can be readily compared to each other for the current
multiblade and ID slicing processes and for the near future (1982) pro-
jected multiblade, ID, and slurry multiwire processes.

As evidenced in Table IV, the indirect material costs (brimari]y_‘u
slurry) and the costs for expendible tooling (the sfee] blades or wires)
are much higher for the slurry sawing processes (multibiade and Yasunaga
multiwire) than those for the fixed abrasive approaches (ID saw and FAéT
wire saw). This is a consequence of the more effective utilization of the
abrasive in the fixed abrasive system, coupled with longer tool life. Re-
ductions of these expendib1e tooling costs for the multiblade and slurry
multiwire s]icind proéesses are expected in the future through lower cost

(9,11) (9)

tool fabrication techniaues and through improved lifetimes' ‘. The

lower tool cost fabrication techniques are expected to result from larger
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Slicing Costs

"Figure 4

5 Legend
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Costs of silicon wafer production . in tne years 1978 and
1982 by the slicing cost components, including the cost
of the single crystal silicon content.



Type

"TABLE IV

 KEY COSTS . ($/m?)

‘ ID Saw Multiblade Multiwire
Sdurce OCLI STC Spectrolab Varian Yasunaga [ Cryst. Systems*
¥~-tal Dia (cm) 7.6 10 7.5 10 12 7.6 10 10 x 10 rect.
Date Type Exper. Projected Product. -Exper. Projected Exper. Projected Projected
1978 1982 ' 1982 1982 1986
Tooling 4,65 1l.46 23,81 32.68 2.04 33.00 18.25 0.33
Ind. Materials 2.65 - 6.95 7.50 3.85 32.95 41.05 0.35
Dir, Laboyx 3.05 1.48 15.14 4.85 0.77 4,72 3.19 1.67
Maint, Labor 2.53 0.15 5.42 3.55 0.56 4.14 1.55 0.54
Fguip't Cost 9.09 3.66 6.37 12.43 . 2.71 8.79 10.21 - 2,55
o Facil. Cocst. 1,67 0.50 l.46 2,85 0.41 0.96 1.12 0.47
o' - ‘
Add-On Cost 27.07 7.25 69.16 74.44 13.43 91.00 80.70 7.61
Ret. on Euuity 21.99 7.68 28,37 39.85 6.92 30.57 30.92 6.18
Lost Si 131.09 38.97 111.7¢9 113,21 36.61 71.57 16.46 12.88
Aeki=On Frice 180.15 53.90 207.32 227.50 56.96 193.14 128.08 26.67
Si Content 128.87 37.65 142.41 101.18 —41,18 75.14 . 33.49 12.88
Price 309.02 91.55 349.73 328.68 98.14 268.14 161.57 39.55
Si-ground X-tal .
($/kg) 152.92 71.55 153.14 - 149.11 70.39 152.92 71.55 27.52

*Calculated using an effective cutting rate of 0.4 cm/h.




(9)

scale, automated assembly and a.simpiificafion Qf the assembly process
Inyestigétions are currently being conducted into poésibi]ities for the
s]urry costs, for instance by rec]yc]indithe slurry or substitutinq a-
cheaper vehicle (e.g. mineral oil) for the PC 0il. In spite of these
projected reductions, the 1ndirecf méterﬁa] and expendible tooling costs
for the multiblade and the Yasunaga multiwire techniques remain sizable
components of the total add-on costs for those processes. Tn the near- -
: ferm projections, these components are 44% and 73% of the add-on cost- for
the multiblade and slurry multiwire processes, respectively. This compaYés
to 20% and 9% of the 1982 projections for the add-on costs in the ID and
fixed abrasive multiwire saws, respectively.

The current prices are essentially equal for production wafers cut
by either the Varian mu]fib]ade or the ID sawing processes; although the ID
saw has twice the productivity (Table I, line 24) and experiences lower
indirect material and foo]ing costs. The higher productivity directly
results in lower labor, capital, and return-on-equity costs, as shown in
Figufé %, These lower processing .costs -for the ID slicing are counter-'
balanéed, however, by a higher silicon consumption resulting from the
practicg to cut the wafers to greater thickness with higher kerf than
achieved with the slurry saws. At the current silicon prices, this has
.a considerable. cost impact.

" The 1978Awafer prices shown here are somewhat lower than the con-
temporary commeriéa] wafer and the 1978 values of the LSA Interim Price
Allocation Guide]ines(]4).‘ This dijfference results from two facts: a) the

data of this report do not include the cleaning, etchina, or polishing. |

process steps usually included in commercially sold wafers; and b) the

standardized indirect cost model (SAMICS-IPEG) purposely omits several
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indirect charges or partially processed items such as wafers. .Since the
indirect cost structure models a vérfica]]y integrated industry, marketing

costs for wafers, ¢.a. are not incurred.

3. CONCLUSIONS

Thé cost-;na}ysis data,kand}particu1a(1y,the prdjectiqns, which 1n;
‘clude reduced expendible tooling and indirect matgr1a1 cost components, shcw
that the dominant influence on the add-on price of sliced wafers is the
productivity of the slicing machine. The machine productivity (the time

rate of output unit expressed in wafer area) has a direct 1nverse1y propor-
tional impact or tie capital cost a]iocation to fhe wafer area produced of
the cost components for equipment and facility, and on that part of the labor
expenditures which are devoted to machine mcnitoring and maintenance, as
shown in Figure 5. ?igure 5 shows that the effective linear cutting rate

' (thé workpiece diameter divided by the slicing time-segment) is 0.55 + 0.3
cm/h for the multiblade and multiwire processes. The inner diameter diamond-
coated blade process iias an effective linear cutting rate of approximately
300 cm/h, a nearly 556 times larger value than that for the othef processes.
To achieve comparai:ie machine productivities, the low linear cutting rates
have to be compensated Ly simultaneous multiple slicing. The current efforts
of Crystal Systems, Solarex, and Varian are therefore directed at increasing
the number of wafers sliced during a run. Current multibiade packages con-
tain about 250 blades. Varian has built an experimental's1icer incorporating
a blade pack of over 200 blades. Similarly, the wire package proposed‘by

~ Crystal Systems(]n)

(11)

is wrojected to have 750 cutting wires. Solarex hopes to
slice 333 wafers at a time with the Yasunaga YQ-100 slicing machine.
The slicing technology improvements projected for the 1982 produc-

tion lines are based on the results of recent experimental runs and on
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CUTTING RATES:

ID SAW ~300 cM/H
ALL OTHER SAWS  ~0.55 + 0,3 cw/n

N

IMPACTS:
PRODUCTIVITY

'

CAPITAL COST: EQUIPMENT
FACILITY
LABOR (?)

REMEDY : MULTIPLE CUTTING

Figure 5.
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developments in progress (Table IV, Fig. 5). For the multiblade saw,
the primary advancement wi]]lbe a nearly four-fold productivity increase
via‘Vdrian's development of a machine‘using a 900-blade-pack. Simul-
taneously, a 25% blade thickness. reduction in combination with a

37.5% wafer thickness decrease, while maintaining a wafer yield of 95%,
is projected to result in an area yield of 0.9 mz/kg-Si cfysta], a 50%
increase from Spectrolab's mass to area conversiqn ratio in s]icing
round wafers.

Slice and kerf thickness reductions to values similar to those
projected for the multiblade slurry process, are also expected for the
ID-sawing method. Recently acquired data from STC are ref]ected in a
1982 projection for 10-cm diameter crystals using ID slicing with fngot
rotation, as shown in Table IV and in a UPPC format attached to the appendix.
The wafers from this proéess are expected to be 225 ym thick with 210 um
kerf. In addition, crystal rotation is expected to double the effective
cutting rate of the ID process. This essentially doubles the productivity
of the iD saw, and results in comparable projected prdductivities for -the
900-b]ade multiblade and the ID sawing processes. Remaining differences in
the costs of these two processes are, however, overshadowed by fhe cost
of the silicon incorpeorated into the wafer or lost. At the projegted
1982 price for ground single crystal ingots, the coét of this silicon
st{]l amounts to nearly 80% of the wafer price.

One slicing method has been projected to 1986, primarily, because
only a comparatively small base of experimental data is available, so
that this method cannot be expected to be in significant commercial

. operation by 1982. This method is Crystal Systems' fixed abrasive
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multiwire sawing. The current projections are contained in Table IV,
while Table IIIB is based on earlier inputs. The difference results
primarily from a recently communicated reduction in tooling costs based
on wirehead fabrication improvements, and from the use in Table IV of
a more conservative effective cutting rate corresponding to the experi-
mentally found rates averaged over the 1ife of the bladehead. The pro-
cess add-on costs are comparable to those of the two previously discussed
processes. If the silicon price of 1982 would have heen used, an approx-
imately $11/m2 lower wafer price would have resu]tedﬁin~comparison to the
ID process. While the fixed abrasive multiwire process currently projects
the lowest wafer price, it is also the one with the least experience
data. It is therefore of great importance to gain a significant data
base through pilot line operation.

Considering the uncertainties in the projections, the data indij
cate no considerable differences in the competitiveness of the three ap-
proaches, and a reasonable potential for all three to meet the 1986

guideline goal.
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4.

NEW TECHNOLGY

No new technology was developed during this quarter.
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6. APPENDIX

.. The University of Pennsylvania Characterization Formats for

Productioﬁ, Experimental and Projected Slicing Processes
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Process No. E:] . [l_] . l O_I_l—l —‘[m

Uni\zersity of Pennsylvania
PROCESS CHARACTERIZATION
. (UPPC)

Process: _ Sheet Generation

Subprocess: lWafer Generation

Option: Mounting of crystal ingots on

ceramic base with wax (Spectrolab)

Form 1

INDEX
Form Pages Rev. | Date R-emarksA
1 3/78 A1l _forms have same date.
2 1l to 1
3 l to 1.
4 l to 0
5 1l to 1
6 1l to 1
7 1l to 1
8 1l to 1
9-1 1 to 0
9-2 1 to 0 )
9-3 lto 0
10 1l to 0
11 l to 0
12 1 to 1
13-1 1 to 1
13-2 1 to 1 i :
14 1 to 0
15 1l to 1
16 1l to g
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Form 2

Page _ 1 of 1
| ~_ Revision Date 3/782
Process Yo. L2].[4 Jofi)-lof1] | - | 0.1 value Added: s/
Process Déscription: Mounting df two 7.5 cm diameter, 16 - cm long s%ng]e crystal, silicon
ingots on a ceramic base wifh wax. Material and labor requirements supplied by Spectrolah,
1. Input Specification:
Name of Item: Single' crystal. silicon ingots (two); grounded.
;“DimehSiéns: “755 cm-in diameter; 16.875 cm in 1énqtﬁ.‘aﬂd'11744 kg. -
oo Mate\rial: high purjty ,"ij]jm_n
‘ O;hér Specifications:
- : 1.1 Quantity Required: 3.49 kg / load "~ Unit Cost:- 153.14 S/ kg
| 1.2 Input Value: S/ '
1.3 Input Cost: 534.31 ¢/ load

Note to Item l.3§ Use price, if input produced in own plant;‘




Procéss No. lzl .[4].[0[1]-‘011—1

2.1 Direct Materials:

2.11 Type: __Ceramic base

Revision

Specification:

—_—

-Quéntity Required:

2.12 Type: Mounting wax

; Unit Cost: (.60 $/ load ; Cost:

Specification:  Cost is estimated. Can be recycled. , ;

9%

Quantity Required: ;. Unit Cost: 0.10 $/ Toad ;  Cost:
2.1__ Type: %
Specification:
3
Qﬁantity Required: " Unit “Cost: $/ ; Costr

Form 3
Page 1 of
Date_ 3/78

‘o—a

0.60 s/ load

0,10 - §/ load

$/

2.1 Subtotal Direct Materials:

" 0.70 - s/load




Process'No. [2],14 l,[O }1J—{0{11 Form 5 .
2.3 Expendable Tooling: . Fage 1 of 1—
2.3 Type: Revision -~ Date%
Quanfity Réquired: Unit Cést: __;_$/; Co\st: $/
2.3; Type: ' ' e
Quantity Reqdired: Unit Cost: __ $/ __ Cost: 5/ :
2.3 _ Type: -
Quantity Reﬁuifed: Unit Cost: &/ Cost: $/
2.3 __ Type:
Quantity Required: Unit Cost: ____ $/__ . Cost: $/
& 3 Subtotal Expendable Tooling: s/
2.4 Energy 4
2.4 1 Type:  Electricity (2 kW power rating)
_Quantity Réquiréd; 0'.5_0 kWh/ Unit Cost:o 0319 $/kWh cosc:} 0.02 s/_load
2.4~ Type: ' ' ‘
Quantity 'R'equiréd: Unit Cost: _____ $/___ Cost: 37
2.4  Subtotal Energy Costs: $/
2.5 Subtotal 2.1 to 2.4: 0.72 __$/ load
2.6 Handling Charge: 5.26 % of item 2.5 0.03 $/ load
2.7 S(;bgoia% bg?terials and Supplies: 0.75 _$/1oad




8t

Process No. 2 14 d. 1011710 11 Form 6 .
. Page 1 of 1
Revision Date . 3/78
3.1 Direct Labor:
3.11 category: Semiconductor assembler Activity: Workpiece mounting
: (SAMICS B3096D) ) ) L
Amount Required: 0.25 h/ load ; Rate: $ 3.894 /h; Load 36.0 %; Cost: 1.34 $/ load
3.1 Category: _Activity:
Amount Required: h/ : Rate: §$ /h; Load %; Cost: s/
3.1_ Category: Activity:
Amount Required: h/ ; Rate: $ /h; Load %Z; Cost: s/
3.1 Direct Labor Subtotal: S/
3.2 Indirect Labor: - Taken as 25% of direct labor
3.2 Category: Activity: s
Amount Required: h/ ; Rate: § /h; Load %: Cost: s/
3.2 Category: Activity:
Amount Required: h/ ; Rate: $ /h; Load %; Cost: S/
3.2 Category: _Activity:
Amount Required: h/ { Rate: $ /h; Loéd:' %3 Cost: .. S/
3.2 Indirect Labor Subtotal: 0.33 $/ load
’ 3.3 Subtotal 3.1 and 3.2 1.67 $/ load
3.4 Overhead on Labor: 5.26 %

13.5

Subtotal Labor

. 0,09 $/_laad
1.76 $/ load
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Process No.l 2 l, aj..oli1j-lol

4.1 Equipment

.~

- .

Revision

Form 7 .
Page 1- of 1

Date 3/78"

- 4.1 1 Type: Hot plate (25 x 40 cm) with bench,

Cost: 2,000 S; Installation Cost: $; Throughput: 2 1oads /h;

Plant Oper'g Time 8280 h/v; Machine Avail'ty: 99 7%, Machiﬁe Oper'g Time 8200 /vy

Servicing Costs: Labor__ h/y at__ $/h;Parts or Outside Service: Sty

Useful Life: v; Charge Rate: % of Cost/y; Capital Cost: 430 S/y 0.03 $/ load

Type: .

Cost: $; Installation Cost: $; Throughput: /h;

Plant Oper'g Time .. h/y; Machine Avail'ty: ___ %; Machine Oper'g Time ____hly

Servicing Costs: Labor. h/vy at $/h;Parts'ér Outside Service: $/y_

Useful Life:__________y; Charge Rate: _Z'of Cost/y; Capital Cost: Sly S/

Tvper

Cost: $; Installation Cost: ' $; Throughput: /h;

Plant Oper'g Time - h/y; Machine Avail'ty:___;_z; Machine Oper'g.Timg h/y

Servicing Costs: iabor h/y at »S/h;Parts or Outside Service: Sly

Useful Life: } 4 v ChargeARate:' % of Cost/v; Capital Cost: $/y S/

4.1 Subtotal Equipmeht Cost:

0.03 s/ load




0S

Form 8

Process No. 21.141.10]1 ol
Page 1 of 1
Revision Date 3/78
4.2 Facilities: _ —_—
2 .
4.21 Type: Bench area Floor Area: 2.0 m~; Throughput: 16,400 loads /vy
Charge Rate: 179.13 $/(m”ry)s Maintenance Costs:
- o —— Compgly L ] - L C— a—— a—  Geaa . )
Energy Use: -1 Labor: h/y at $/h
Heating /y at $/ | Supplies: s/y
Air Cond'g /y at $/ l Outside Services: Sly
,ht, /at s/ Gy Armmd S gt GEEe AEED AN R NG St Gy e
Lighting y 1 Total Cost: 360 $/y 0.02 $/1oad
Geerae o
2
4.2_ Type: Floor Area: m ; Throughput: ly
LA 4 e —— -— —— —— — o— —— L R A
Charge Rate: $/(m2°y); r Maintenance Costs:
Gy P cmEy Ny SuED o Gemp  Gewd —— — oy Gumpy . .
Energy Use: . ILnbor: h/v at S[h
Heating /y at s/ l Supplies: $/y
. ] -
Air Cond’g /y at 8/ L. Outside Services: Sly
. . t —— ——— — E— a—ty ey N - — — oy
Lighting /y a 5 1 Total Cost: $ly $/
2
4.2_ Type: Floor Area: m ; Throughput: ly
Charge Rate: $/(m -y): Maintenance Costs:
-y T b o a—— —— L — U-' S —— L J . .
Energy Use: ‘Labor: " h/y at $/h
Heating /y at $/
. I - Supplies: $ly
Air Cond'g ‘ ‘ /y at $/
: L. Qutside Services: Sly .
Li htin /\, at S/ —-—— - -——— Gmud) G Ey s CEERS GRS e
8 & i 1 Total Cost: $/ly $/
4.2 Subtotal Facilities: 0.02 $/ load
* . ,
INCLUDES ENERGY USE 4.3 Equipment and Facilities Subtotal : 0.09 $/1oad




16

7.

Form 12

Page 1l of 1
peocess xo. 12 . L] . Lolul=[als Revision Date_ 3/78
Process Cost Computation 7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) 2.56 $/ load
7.22 Q¢ Indi t C H % of 7.11 .
R AT 0.00_#/_Toad
7.2]1 Total Operating Add-on Costs ot Process: 2.56 s/ load
7.22G6 A % of 7.21 $/
7.31 Total Gross Add-On Cost of Process 2.56 S/ load
7.32 Credit for Salvaged Material (5.8) s/
7.33 Cost of Work-in-Process Ldst (5.3) S/
7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) 2.56 S/ load
7.35 Cost of Input Work-in-Process Contained in Good
Output Work-in-Process (5.4) 534.31 S/ load
7.36 Loading on Item 7.35 at Rate % s/
7.37 Cost of OQutput Work-in-Process (7.34 + 7.35 + 7.36) 536.87 S/ load
7.41 Theoretical Yield (or Conversion Rate, if output units of
work-in-process do not equal input units) 3.49 kg / load
7.42 Practical Yield 100 %
7.43 Effective Yield (7.41 x 7.42) /
7.44 Number of Units of Good Output Work-in-Process per
Computation Unit Used up to 7.35 3.49 kg / Tload
7.51 Cost of Unit of Good Cutput Work-in-
Process (7.37 % 7.44) 153.84 S8/ kg
7.52 Specific Add-On Cost per Unit of Good
Output Work-in-Process {7.34 + 7.44) 0.78 _$/__kg




" Process No. Y « ] 4 10 1 011

25 -

8.

1

8. Price Computation

Alternate 1

8.11'Profit at Expected Rate of 20 %: _ 0.15

$/

(Profit before income taxes; applied to 7.52)

8.12 ?rice of Process (7.52 + 8.11)
8.13 Price of Work-in-Process (7.51 + 8.11)

kg

Form 13-1
Page 1 of 1

Revision

Date 3/78

0.89 . s/ kg

153.99 s, kg
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Process No,: 2 o L4 .- Form 13-2

Page cf 1

Revision Date 3/78___
8.2 Alternate 2 (SAMICS Methodology):
8.21 Profit Computation:
0.9274% __0.026 $/ load from Subtotal 411 = 0.024 $/__load
1.946% 0.022 s/ load from Subtotal 4.2 = 0.043 $/ load !
Subtotal = 0.067 s/ Tload 1
8.22 Costs of Amortization of the One-Time Cost:
0.192«__.0.75 s/ Toad from Subtotal 2.7 = 0.145 s/ load =
0.192«  1.76 5/ load from Subtotal 3.5 = 0.338 s/ 1load
0.2958% 0.026 s/ load from Subtotal 4.1 = 0.008 s/ load
2,77% 0.022 s/ load from Subcotalba.Z = 0.061 - $/ 1load
. - el
, Subtotal = 0.551 - $/ load
§.23 Total -Net Cost of Equity (8.21 + 8.22): 0.62 s/ load
8.24 Profit ana Amortization of Start-;p Co;ts per Unit of Good Output
Work-in-Process:
(Divide Subtotal 8.23 by 3.49 . kg / load from 7.44)
0.18 s/ kg
-8.25 Price’of Process t?isz + 8.24) 0.92 $/_kg
8.26 Price of Work-in-Process (7.51 + 8.24) 154.02 $/_kq




process o. |2 | L4 ) Lo da]-lo]] o | Form 15

(%2
E-3

* ‘ Page 1 of 1
Revision Date 3/79
Output Specification:
Name of item: Mounted silicon ingots.
Dimensions:___ 15.2 - cm in diameter, 7.62 - cm high and 16.875 - cm long
Material: Silicon on ceramic mounting block
Other Speéifications: The capital cost for mounting an ingot for MBS is proportional to & * r .__Therefore

‘_the unit mass capital cost for mounting is inversely proportional to r. Since the capital cost is a small

. cost is $3.18/10ad.

_part of the total cost, the mounting cost is essentially independent of ingot size. For MBS, the mounting




Prgcess No.[2 I.]4]_[b[va*L9[§1

University .of Pennsylvania
PROCESS CHARI\CTERIZAT ION
- (UPPC)

Process: Sheet Generation

Subprocess: Wafer Generation

Option: Mounting of ingot oﬁ graphite block

with epoxy for use on ID-blade machines.
Data supplied by OCLI.

Form 1

INDEX
EQEEA Pages Rev. bDate Be@arks
1 _ 3/78 Dates.on all forms are the same.
2 1 to: 1
3 l to 1
4 1 to 1
5 1 to 1
6. l to 1
7 1 to 1
8 1 to 1
9-1 1l to O
9-2 | I'to 0O
9-3 1 to
iO 1 1to O
il 4 i to o
i2 . 1 to 1- _
131 | 1to 1 B
13-2 1 to _l; )
14. 11 to‘_l* I
15 1 1 to 1 e L
16 i to . _

55



(———

Reyisidn

Form 2

Page 1 of 1

9s

Note to Item 1,3: Use price, if input produced in own plant.

1.3 Input Cost:!

?roéeés Né. LJ;_ .! 41,1011 -'JO 3J 10.1 Value Added: -8/
Process Description: Mounting of ingot on jts end with epoxy on a graphite hlock, for ID- blade
slicing. Data supplied by OCLI.

i. Inpui épecification:

Name of Item: Single crystal, silicon ingot

Dimensions: 10.16.- cm _in diameter, 25 - cm fn length. and mass is 4.74 kg

Material: High purity silicon ‘

Ocher'Specifications:‘ ‘ h

3 _ ‘l.ngpangity Required; 4.74 lkq "/ 1oad - | Unit Cost: 71.43 $/ kg
- 1.2 Input Value: s/

338.58 ¢/ _load




Process No. LZE.[4]{|OJ1]-lOl§1

2.1 Direct Materials:

[S

2.11

2.

.1

1

Form 3
Page 1 of 1 .

' Date  3/78 _

Revision
Type:. Ingot mounting material 3
Specification: Includes epoxy and graphite,
| Data taken from OCLI.

Quantity Required: / ; Unit Cost: i 36 S/ Joad ; Cost: 1.36 s/1oad
-Type: | 4
Séecif;cation: 3
Quantity Required: / ; Unit Cost: - $/ ; Cost: $/'
Type: }
Specificétion:

3
Quantity Required: / 5 Unit Cost: _ s/ ; Cost: 8/

7.1 Subtotal Diréct Materials: 1.36 " $/__load




Process No. {_Zj. m. {0 il J—S ;3 ]

2.3 Expendable

Form 5

Page 1 of 1

Tooling:
2.3 _ Type: Revision Date3/78
Quantity Required: / + Unit Cost: __§/ _ Cost: S/
2.3 _ Type: '
Quantity Required: /___: Unit Cost: 8/ Cost: 5/
2.3 _ Type: |
Quantity Required: / : Unit Cost: ___ §/__ Cost: 3/
2.3 _ Type: |
Quantity Required: /' : Unit Cost: _____$/___ _ Cost: s/
2.3 Subtotal Expendab-l:e-;’roo-ling.:,. . $/
o ;
o .
2.4 Energy'
2.4 1 Type: Power rating of hot plate is estimated to be 2 kW
Quantity Required: _ 0.23 kWh / _load : Unit Cost:0.0319 5/@&_ éost: 0.007 - $/_load
2.4 lypé:-
Quantity Required: Unit Cost: ____ 8/ Cost: $/
2.4 Subtotal Energy Costs: | 0.007  $/ load
2.5 Subtotal 2.1 to 2.4: } 1.37 s/ load
! 2.6 Handling Charge: _5_~_2§__’/. of item 2.5} 0.07 $/_load
2.7 S(\szgoia% tgz)aterl}als and Supplies: 1.44 $/ 1oad




Process No. .| 2}, 14 0]l |-10 |3 | " Form 6 .
: ‘ " Page 1 _of

A Revisibn Date 3/78—__-
3.1 Direct Labor:
3.1 1 Category:_Semiconductor Assembler -~ - Activity:  Ingot mOU"tingA
~(SAMICS B3096D) '
Amount Required: 0.23 h/ load ; Rate: $_ 3,895 /h; Lead_ 3.0  %; Cost: 1.22 $/ - load
3.1 Category: Activity:
Amount Required: h/ ; Rate: $ /h; Loaa 2; Cost: - S/
3.1 Category: Activity:
Amoun; Required: “ﬁ/ ) ; Rate: $ J /h; Load %; Cost: s/
. : N 3.1 Direct Labor Subtotal: 1.22 s/ load
@ 3.2 Indirect Labor: Taken as 25% of direct
3.2 Category: , Activity:
Amount Required: h/ ; Rate: $ /h; Load %; Cost: s/
3.2 Category: ) Activity:
Amount Required: h/ ; Rate: § /h; Load %3 Cost; ' $/
3.2 C;tegory: - | Activigy} .
Armount Required: h/ ; Rate: § /h; Load %; Cost: $/
3.2 Indirect Labor Subtotal: 0.30 $/_load
3.3 Subtotal 3.1 and 3.2 1.52 $/ load

3.4 Overhead on Labor: 5,26 % 0,08 $/ 1oad

3.5 Subtotal Labor 1.60 $/ load
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Process No.| 2 4 011i=1013

Form 7
Page 1 of 1

. ivseful Life: v: Charge Rate:

Equipment Revision  Date 3/78
4.1 1 Typé:a Hot.p1ate4L20 x 20 cm) with work bench
Cost: 1,000 $; Installation Cost: $; Throughput: 2 loads /h;‘
Plant Oper'g Time 8280 h/y: Machine Avail'ty: 95 %; Machine Oper'g Time 7866 h/y
Servicing Costs: Labor h/y at $/h;Parts or Outside Service: ' $/v
Useful Life: _v; Charge Rate:_21.35 % of Cost/y; Capital Cost: ?]3'50 S/v 0.01 s/ load
4.1 Type:,
Cost: $; Installation Cost: $; Throughput: /h;
Plant Uper'g Time ____h/y;AMachine Avail'ty: _ Z; Machine Oper'g Time h/y
Sérvicing Costs: Laﬁé% . 4 h/y at $/h;Parts or Outside Service: S/y
fsééuliLife:_;__“___;_g; Charge Rate: ’ 7 of Cost/v; Capital Cost: $ly S/
v e ) . .. :
“.1_ Type:
Cost:‘. $; Installation Cost: $; Throughput: /h;
'?1;nt Oéer'g Time h/v; Machine Avail'ty:  7; Machine Oper'g Time h/y
SérviéingeCosiéz Labor ___h/y at S/h;Parts or Outside Service: Sly
% of Cost/w; Capicai Cost: S/v S/

’

4.1 Subtotal Equipment Cost:

0.01 s/ load




Process No. 2 . 4 . 011 ~1 013
4,2 Facilities:
4.2]1 Type: Bench area
Charge Rate: 179.13*

Floor Area: 1

2
S/ (m"-y):

mz; Throughput: 15,732

Revision

1oads /v

GEy G T CUED S Gy S b Gugd P uEy WIS e

Maintenance Costs:

Form 8
Page 1 of 1
Date

3/78

e — — C——
. Energy Use: —1 lLabor: h/y at S/h ~
Heating {y at S/ | Supplies: s/v
Air Cond'g ./y at 5/ l Outside Services: S/v
- ENtINg ' 1 Total Cost: 179 §/v 0.01 s/ load
. ' )
4.2 Type: Floor Area: m~; Throughput: oy
bcﬁarge Rate: _ __;S/(mz‘y):. T TMaintenance Costs: - T
—— —— —»-1 soucn o o—— o gy S— L 4 — ﬂ
= ‘ ' Energy Use: ’ Labor: . h/y at S/h
. , , |
Heatimg /[y at - 3 l Suppliés: S/v
: 1, g/ N I . .
Air Cond'g /y at v Outside Services: o _S/v
——— —— e @ GmG P amed ey  CemE G G
Lightin /y at $/
s 8 - 1 Total Cost: S/y S/
2
4.2_ Tvpe: Flocr Area: m ; Throughput: ly
- G CEN ERw e CHND e GomP GEm GEES euEr Su®  ow
Charge Rate: $/(m”-v) Maintenance Costs:
. . Energy Lée lLabor: h/v at - '$/h
Heating /y at S/
- ‘ Supplies: Sly
Air Cond'g ‘ /y at s/ '
: l- Qutside Services: S/y
nghtlng /V at S/ «ne e Emd Sow eme Gmy GEe GmO  CE= e
\ ] Total Cost: S/y S/
4.2 ‘Subtotal Facilities: 0.01 = s/ load
* Includes energy use
4.3 Equipment and Facilities Subtotal : 0.02 s/ load




Process No.

7.

29

Process Cost Computation

2}

2

7.11

7.22

(0,089*%4, 140, 10R*4 23

Form 12

Page 1

Revision Date

of 1
3/78

Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.)

Other Indirect Costs: % of 7.11

3.06 ¢, 1oad

0 ¢$/load

7

7

7

7.

W41

.42

.43

44

7.21 Total Operating Add-on Costs of Process: 3.06 g/load
7.22 G & A % of 7.21 S/
7.31 Total Gross Add-On Cost of Process 3.06 $/1%oad
7.32 Credit for Salvaged Material (5.8) s/
7.33 Cost of Work-in-Process Lost (5.3) S/
7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) 3.06 ¢/ load
7.35 Cost of Input Work-in-Process Contained in Good
Output Work-in-Process (5.4) 338.58 s/]Oad

7.36 Loading on Item 7.35 at Rate 7% $/
SR
7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 347.64 $/Tbad

Theoretical Yield (or Conversion Rate, if output units of

work-in-process do not equal input units) 4,74 kg / load

Practical Yield 100 %

Effective Yield (7.41 x 7.42)

“umber of Units of Good Output Work-in-Process per
Computation Unit Used up to 7.35

4.74 kg ; Toad

7.51

7.52 Specific Add-On Cost per Unit of Good

Cost of Unit of Good Output Work-in-

72.08 s/ kg

Process (7.37 * 7.44)

Output Work-in-Process {(7.34 + 7.44)

0.65 ¢, kg




€9

Process No. | 2 4 0 I of 3

8.

Price Computation

5.1 Alternate 1

8.11 Profit at Expected Rate of 20 %: 0,13 $/ kq

(Profit heferc income taxes; applied to 7.52)
&.1Z2 Price of Process (7.52 + 8.11)

8.13 Price of Work-in-Process (7.51 + 8.11)

Revision

Form 13-1
Page 1 of 1

Date_ 3/78

0.78 s/ kg

72.2] $/kg
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Process No. 2 4

Form 13-2

Page 1 of 1]

Date 3/78

Revision
8.2 Alternate 2 (SAMICS Methodology):
8.21 Profit Computation:
0.9274* 0.01 s/ load from Subtotal 4.1 = 0.01 $/__load
1.946%* 0.01 s/ load from Subtotal 4.2 = 0.02 ¢, load
Subtotal = 0.3 s/ Tload —
8.22 Costs of Amortization of the One-Time Cost: |
0.192x__ 1.44 ¢, load from Subtoral 2.7 =  0.28 $/ load
0.192«_ 1.0 s, load from Subtotal 3.5 = 0.31 s/ Tload
0.2958%_ 0.01 o/, 10ad from Subtotal 4.1 = _ 0.00 g/ 10ad
2,77% 0.01 5, 1oad from Subtotal 4.2 = _ 0.03  $/ load
Subtotal = 0.62 g/ Toad —

8.23 Total Net Cost of Equity (8.21 + 8.22):

8.24 Profit and Amortization of Start-up Costs per Unit of Good Output
Work-in-Process:
(Divide Subtotal 8.23 by 4.74 kg /_load from 7.44)

0.14

$/

kg

. 8.25 Price of Process (7.52 + 8.24)

8.26 Price of Work-in-Process (7.51 + 8.24)

0.65 s/ load
0.79 $/kg
72.22 s/ kg

, - e rerc———



Process No.

Process Economic Evaluation:

Form 14
Page 1 of 1

Date 3/78

Process Cost Balance (7.52 - 0.1)

s/

Relative Process Performance (9.1 +

72.08 . s/ kg

Output Cost (7.51)

Output Value (0.2 + 0.1)

s/

"Relative Excess éost 1(9.3'— 9.4)

59




Process No. 2 4 ot1]=J0}] 3 . Form 13
' : Page 1 of 1

Revision Date 3/78
0. Output Specification:
Name of item: Mounted silicon ingot
bimensions:  10.16-cm in diameter, 25-cm in length
Material: Silicon with graphite base
_ Other Specifications: The capital cost of mounting an ingot forAID-slicinq is proportioned to_ r¢, therefore

this unit mass cost for mounting is inversely proportioned to the length of the crystal. Since the capital cost

is small compared to material and labor costs, the absolute mounting cost is essentia]]y independent of crystal

+

size. For ID-slicing, it is $3.71/1oad.

99




Proce

s No'lJLJ.LA_J-[Qljij“ﬂ ol 1]

University of Pennsylvania
PROCESS CHARACTERIZATION
(UPPC)

Process: Sheet generation

Subprocess: Ihgot slicing

Option: ~ Multiblade slurry slicing of

5.4-cm diameter ingots (Spectrolab)

Form 1

INDEX
Form Pages Rev. | Date ~ Remarks

1 3/78 A1l forms have same date
2 1 to |1

3 l1to O

4 1 to |

5 1'té_ !

j6 1 to !

7 1l to 1

8 1 to !

9-1 | 1 to 1

9-2 1 to 0

9-3 1 to O

10 1 to 1

11 1l toj 1 -
12 1 to

13-1 1 to | _

13-2 1 to | _
14 1 to |

15 1 to | L
16 1 to 0

67



Revision

Form 2

Page 1 of |

_ Date 3/78

‘ . .
Process No. |2 !. 4 i, LO 21710 11 . 0.1 Value Added:

K,

Process Description: Multiblade slurry slicing.

Data listed in this format were derived from Spectrolab's production line experience

in slicing 5.4-cm diameter ingots. Three ingots are sliced per load with a 250 blade-pack.

1. Input Specification:
Name of Item:' Prepared!machine load from 2.4-01-0]
Dimensions: Each ingot is 5.4-cm in diameter and 16.875-cm long. Three ingots per load
o vaterial: Silicon (high purity)
? Other Specifications: See 2.4-02-01 , three ingots are mounted on a ceramic hlock.

~ Mass of ingot is 0.903 kg
Mass of load is 2.71 kg

el

161.30 $/ _Kg

1.1 Quantity Required: 2 71 kg ! 10ad Unit Cost:
| | 1.2 Input Value:

1.3 Input Cost:

$/

437,11 $/ load

Note to Item 1,3: Use price, if input produced in own plant.




" Process No. m . [i_l..[OTZ ,I"LO | ]

- 2.2 Indirect Materials (incl. suppliesand nor-energy utilities):

Revision
2.2 1 Tvpe:_Abrasive slurry ;
Specificatien: PC 0il with 600 gr]t SiC abrasive
Concentration is 0.24 kg/4% » slurry cost given by Spectrolab.
- Puantity Required: 7.6 9 /load Unit Cost: 1.85 S/ % : Cost: |
2.2 Type: —_
o Specification: _
O R -
Quangity Reqﬁired: __h.;__v__,__- L ! : Unit Cost: o/ : Cost:
2.2 Type: L . N
Specification: L
Quantity Required: ‘ / ;  Unit Cost: _ s/ __;  Cost:

Form 4
Page 1 of 1
Date 3/78

_14.06 $/Joad.

o

2.2 Subtotal Indirect Materials:

14.06 S/ load




Process No. li_l, 14_1, 1'0 1|2 l-—{O ‘i'l I

2.3 Expendable Tooling:

0L

2.3) Type: 250 blade drill-pin pack, consisting of 0.2 mm thick 1095 steel blades.

Form 5

Page ] of 1

0.5

2.3 _ Type:
2.3 _ Type:
2.3 _ Type:
Energy

2.41 Type:

Revision Date_3/78 |

2.4 _ Type:

Quantity Required: Pack /load : " ynit Cost: 50 $/ PackCost: 25 $/Joad
Quantity Required: / Unit Cost: s/ Cost: $/
Quantity Required: / Unit Cost: $/ Cost: $/
Quantity Required: / Unit Cost: s/ Cost: S/
2.3 Subtotal Expendable Tooling: 25_$/ load
Electrical, 1kW main and auxiliary motors
Quantity Required: 22 kWh/ Joad : Unit Cost: (0319 $/_|gmj_ Cost: 0.70 $/_1load
Quantity Required: Unit Cost: S/ Cost: $/

2.4 Subtotal Energy Costs:

0,70 $/_load

(2.5 + 2.6)

2.5 Subtotal 2.1 to 2.4; 39.78 ¢/ load
2.6 Handling Charge: 5,26 % of item 2.5| _2.09 _ S/ 1pad
2.7 Subtotal Materials and Suppiies: 41.87 ¢/ load
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Process No. |2 4 0 J2 j=] o}

-Revision

"Page 1 of 1

Form .6

Date 3/78

3.1 Direct Labor:

3.1] Category: Semico Activity: mounting/demounting_
(SAMICS B3096D) ' '

Amount Required: 0.25 n/ load ; Rate: $_ 3.89 /h; Load___36.0 %; Cost:

3.L} Category: Semiconductor Assembler Activity: machine supervision
(SAMICS B3096D)
Amount Required: 5.1 h/ load ; Rate: $__ 3,89 /h; Load 3 g %; Cost:
3.L§ Category: Maintenance Mechanic II Activity: blade head changing/adjusting

- (SAMICS B3736D)
Amount Required: 1.4 h/ laad ; Rate: $_ g g7 /h; Load__36 q %; Cost:

1.32 $/1pad

2706 _$/1pad __

10.80 _ $/1pad

3.1 Direct Labor Subtotal:
3.2 Indirect Labor: Taken as 25% of direct

3.2 Category: ' Activity:

Amount Required: h/ ; Rate: $ - '/h;.Loéd \Z; Cost{ 
3.2_ Category: Activity:

Amount Required: h/ . ; Rate: $ /h; Load %; Cost:
3.2_ Category: ' o Activity:

Amount Required: © h/ ; Rate: § /h; Load %; Cost:

39.18  $/1oad

$/

$/

$/

3.2 Indirect Labor Subtotal:

9.80 s/ load

3.3 Subtotal 3.1 and 3.2

3.4 Overhead on Labor: 5.26 %

18.98 s/ 10ad

2.57 $/ load

3.5 Subtotal Labor

51.55  $/_load




Form 7

el

Process No.| 2 | {4 J [0 1 2f=-l0}f1] " . , ‘ Page 1 of 1
4.1 Equipment _ Revision Date 3/78
4.1 1 Type: Multiblade slicing machine
cost: 20,000 S; Installation Cost: : $; Throughput: 327 loads sy
Plant Oper'g Time 8280 h/y; Machine Avail'ty: 90 %; Machine Oper'g Time 7452 h/y
Servicing Costs: Labor h/v at $/h;Parts or Outside Service: 1592 s/v
Useful Life:_ 7 y; Charge Rate: 21.35 % of Cost/y; Capital cOs£: 4270 ' S/y 17.92 s/ load
4.1 Type:
Cost: $; Installatior "ost: $; Throughput: /h;
Plant Oper'g Time h/y; Machine Avail'ty:  %; Machine Oper'g Time h/v
SerQi;ing Costs: Labor h/y at $/h;Parts or Outside Service: Sly
Useful Life: v; Charge Rate:_______;z of Cost/y; Capital Ceost: Sly s/
4.1 Type:
Cost: $; Installation Cost: $; Throughput: | . /h;
Plant Oper'g Time h/y; Machine Avail't?;_____zg Machine Oper'g Time ' h/y
Servicing,Costé: Labor h/y. at $/h;Parts or Outéidg Service: Sly
Useful Life: ) v; Charge Rate: A of'Cost/y; Capital Cost: / Sy s/
4.1 Subtotal Equipment Cost: 17.92 $/ load




Process No. . [Z] L1012 171011 Form 8 .
Page 1. of 1 _
Revision Dat
4.2 Facilities: e
e s . 2 . o
4.21 Tvpe: Slicing machine area Floor Area: 5.6 m~; Throughput: 327 loads ly
Charge Rate: 179.13* S/(m"ev): r Maintenance Costs:
o Oumh SR —— L ] e L _— ——— a—  G— . .
Energy Use: -' l.abor: h/y at $/h
) i c
Heating /y at s/ | Supplies: S/
Air Cond'g /v at s/ | Outside Services: S/v
- i £ : 1 Total Cost: 1003.13 _ S/v 3.07 s/ load
- !
4.2 Tvpe: __ Floor Area:_ _ m ; Throughput: L _______-/y
Charge Rate: 3/("‘:.\,): T~ T Taintenance Costs: - - T = 7
« Energy Use: Labor: h/y at __§/h
tieating o ._/yvat v l Supplies: o A
Ad ', v a q
Alr Cond’ge /v at ' l__ Dutside Services: 8y
Li”htin‘ /\' at q: — —-— amew e @ AN G D S RS Samy O
“ & ) 1 Total Cost: S/v s/
2
4,2_ Tvpe: Floor Area: m ; Throughput: /v
Charge Rate: §/(m -v): Maintenance Costs:
o b Sumb cEp—» — an— ~F S— L‘” — —— —
oV . )
-nergy Lse aLabor: h/v at S/h
Heating _ /v at S/
) & Supplies: Sly
Air Cond'g /y at S/ .
L’ Qutside Services: _ S/y
Lighting /v at S/ w e CmD G GwG mn G  awme S - aved
§ Total Cost: S/y s/
*Includes energy use 4.2 Subtetal Facilities: 3.07 s/ load
4.3 Equipment and Facilities Subtotal : 20.49 s/ load




)

174

5.

Form ¢-1

Page ] of |

Process No. E . E . 0j2}—{0}] Revision - pate’_3/78
Salvaged Material (Work-in-process)
5.1 Quantity of Work-in-Process 1. Contained in Good Output
Work-in-Process {per Computation Unit) 1.52 k g / load
5.21 Input Work-in-process 1. Not Contained in Good Output
Work-in-Process ("Amount Required" from 1.1 minus 5.1) 1.19 ,kq / load
5.22 Net Amount of S5.21 which is sold for Credit As-Is or
After Applying Re-Process r_] .l . A 'l'- /
5.23 Credit for 5.22 at the Market Value of s/ s/
5.24 Cost of Reprocessing Material of 5.22 |
at the Average Reprocessing Cost of $/ s/
5.25 Net Credit for 5.22 (5.23 minus 5.24): S/
5.26 Material éf Type 1. Lost in Process (5.21 minus 5.22) 1.19 kg/.]oad
5.3 Cost of Work-in-Process Losﬁ (Amount . 5.26 Times Unit Cost 1.1) i:rm JEEJEEL_S/JJEML
5.4 Cost of Work-in-Process Contained in Gocd Output WOrk;in-Process
~ (Amount 5.2 Times Unit Cost from 1.1) 245.18 g, load
Salvaged Materials Summary:
5.8 Téﬁal Net C?edits for All Salvaged Materials (5.25 + 5.67 + 5.76) 5/‘




T - “Form 10

Process No.rz_]' m . DLZW—[O U-l ' , ' . Page ] of -1

6. Byproducts and Wastes S ’ Revision __ Date_ 3/78 .

6.1 Solid Byproducts/Wastes

6.11 Type (Composition): Silicon chips‘ ' Qua'ntit_\' Produced: 0.14 kg/ load
Physical Shape/Sizé: '_ . _ __ Energy Content: kWh/
Density:__z.__:M_____.g/rmB; Vater Solubility: 0 ¢/1 at ______“0(;; pH:
Toxicity: Biodegradanle: Other Remarks:

Tvpe of Disposal:

- —_ ——— . _—
Ny “ Input Material for: _ _ Cost/(Credit) S/ ; Cost s
5 :
h.2 Liquid Byproducts/Wastes (in(;rg:mi(‘):
6.2_j Type (Composition): PC 01l with abrasive Quantity Produced: 7.6 £/ load
De‘nsity:_-v_o_,g_fgv/cmB;l Suspended éélids: SiC abrasive Am0unt:___-_mg/l pH:
Toxicicy: ) Heavy Metal Content:  mg/l Other Remarks: -
Slurry oil also contains Si kerf at a concentration of 145 g/¢
Tvpe of Disposal: .
In;put Material fqr.: . ' . Cost/(Credit) S/ Co_sﬁ:' s/

L)

Carryv: S/




Process No.

9/

Form 12

Page 1 of 1
2 @ ' 0 Ol 1 Revision Date 3/78
7. Process Cost Computation 7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.){ 113.91 ¢/ load
7.22 t : % . 1.39 '
QFheF SISt LB * arpy—~° oF 711 §/_load
7.21 Total Operating Add-on Costs of Process: 115.30 $/ load
7.22G 6 A % of 7.21 s/
7.31 Total Gross Add-On Cost of Process 115.30 g/ load
7.32 Credit for Salvaged Material (5.8) s/
7.33 Cost of Work-in-Process Lost-(5;3) 191.95 $/ load
7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) 307.25 ¢y load
7.35 Cost of Input Work-in-Process Contained in Good ‘
Output Work-in-Process (5.4) 245.18 g/ 1load
7.36 Loading on Item 7.35 at Rate % S/
7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 552.42 s/ 7oad
7.41 Theoretical Yield (or Conversion Rate, if output units of -
work-in-process do not equal input units) 0.63 mé  / kg
7.42 Practical Yield 9% %
7.43 Effective Yield (7.41 x 7.42) 0.6 m? / kg
7.44 Number of Units of Good_butput Work-in-Process per 1.63 2 Toad
Computation Unit Used up to 7.35 : m / ‘o
" 7.51 Cost of Unit of Good Output Work-in- 9
Process (7.37 * 7.44) 33891 $/m
7.52 Specific Add-On Cost per Unit of Good 188.50 n2
Output Work-in-Process {7.34 * 7,44) : s/




Process No. 2 4 | ‘0~ 2 |l O 1

8. Price Computation

8.1 Alternate 1

. 8.11 Profit at Expected Rate of 20 %: 37.70 . s/ m2

(Profit heforc - income taxes;-applied to 7.52)
8.12 Price of Process (7.52 + 8.11)

8.13 Yrice of Work-in-Process (7.51 + §.11)

7

Revision

Form 13-1
Page' 1 of 1

Date 3/78

227.20 s, Wl

376.61 sy m?




ROREA MO0

Process No. §2 4 Form 13-2
Page 1 of 1
Revisicn Date 3/78
8.2 Alternate 2 (SAMICS Methodology):
8.21 Profit Computation:
0.9274% 17.90 s/ Tload from Subtotal 4.1 = 16.60 g, load
1.946% 3.07 g/ load from Subtotal 4.2 =  5.97 ¢, load
- Subtotal = 22,57 s/ load
8.22 Costs of Amortization of the One-Time Cost:
0.192% __ 41.87 ¢/ load from Subtotal 2.7'=  S.04 g, load
5 1
. 0.192%__ 51.55 ¢/ 1oad...  from Subrotal 3.5 = _ 9.90 ; load
0.2958%  17.90 s/ ! load from Subtotal 4.1 = _ 5:29 s/ load ’
2,77% 3.07 s/_load from Subtotal 4.2 = __ 8.50 s/ load
T . —
Subtotal = 31.73 ¢/ load
8.23 Total Net Cost of Eduity.(8,21 +'8122): 54.30  ¢/7oad
8.24 Profit and Amortization of Start-up Césfs'ber Unit of Goéd Output |
Work-in-Process: . 2
(Divide Subtotal 8.23 by 1.63 m® ; load from 7,44)
: 33.31 gy m2
. [ E ‘ 2
8.25 Price of Process (7.52 + 8.24) 221.81 ¢/ M
A , : 2
8.26 Price of Work-in-Process (7.51 + 8.24) 372.22 $/_ M




Process No. {2 - 4 1101} 2

9.

6L

Process Economic Evaluation:

Process Cost Balance (7.52 - 0.1)

Revision

Torm 145

Page 1. of _1
Date__3/78

s/

Relativé Process Performance (9.1 > 0.1)
Output Cost (7.51)
Output Value (0.2 + 0.1)

T9.3 - 9.4) ¢ 9.4]

Relative Excess Cost

338.91 ¢, mé

S/

I I3
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Process No. 2 4

0. Output Specification:

Name of item: Silicon wafer, as~cut

rorm 15
Page 1 of 1

Revision Date 3/78

Dimensions:

5.4-cm in diameter, 0.4 mm thick

Material:

Other Specifications:

Depth of subsurface damage is 75

08




ll’rocess NOjLZ_J.LQ._]-!QlZ I“'IQ l 1'

University of Pennsylvania

Process:

Form 1 -

PROCESS CHARACTERIZATION
(UPPC)

Sheet Generation

Subprocess:

Option:

Ingot Slicing

Multiblade S]uffy s]ﬁcing of 7.5-cm diametér

ingots (Spe&tro]ab)
INDEX -
| rorm Pages Rev. | Date Remarks
‘1 3/78 Dates are the same for all forms
2 1 to 1 o ___;“"_
3 1 to _g_.
4 1 to 1
5 l to 1 {____ | ..
6 1 to 1
7 l to 1
8 1 to 1 N
9-1 1 to 1 -
9-2 1 to "9_ —
9-3 1 to 0 o L o
10 1 to 1 NS I I
11 Leo 0} N
12 1 to 1 o o e e D e
13-1 1 to 1 - e e e e e
132 1 to 1 i » S S
14 1 to __iﬁ ______ ~ ; e e
1y 1 qu} _ _ X e
16 1 to O
i I - -- T
81
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Process No. l 21.141,1012)1710 11 : '

Process Description: Multiblade slurry slicing

Revision

Form 2

Page 1 of 1

—————

Date 3/78

0.1 Value Added:

$/

Data listed here were obtained from Spectrolab's production experiences

Blade head has 250 blades and two ingots are sliced per load,

1. Input Specification:

Name of Item: Prepared machine load from 2.4 . 01 - 01
Dimensions: 7.5 cm diameter 17 cm long, 3.57 kg/load
Material: . High purity silicon .

Other Specifications:

Two single crystal silicon ingots mounted cn a ceramic block.

see 2.4 .01 - 01

1.1 Quantity Required: 3 49 kg /load

Note to Item 1l.3: Use price, if input produced in own plant,

Unit Cost: 154.04 $/ X9

1.2 Input Value:

1.3 Input Cost:!

S/

$/1oad

237.57




1 1

-\

Process No. (E—W ,!};~T. { 0;2

2.3 Expendable Tooling:

Form-5

?age 1 of1l

2.3 1 Type: 250 blade drill pin pack consisting of 0,2 mm thick 1095 steel b]adeseViSion*—'D-ate-éﬂ-a—-
Quantity Required: 1 pack /1load: Unit Cost: §g__;;$[95§k'Cosci 50 $/ load
2.3 _ Type: _
Quantity Required: / : Unit Cost: 8/ cost: 5/
2.3 _ Type:
Quantity Required: / ¢ Unit Cost: ___ §/ __ Cost: $/
2.3 _ Type:
® Quantity Required: ) : Unit Cost: __ 3/ Cost: $/
2.3 Subtotal Expendablé Téoling: 5b o0 $/1oad
2.4 Energy
2.41 Type: Electrical, 1 kW main and auxiliary motors
Quantity Required: 22 kWh/load : Unit Cost:0.0319 $/kWh Cost:§ _0.70 $/load
2.4 _ Type:
Quantity Required: Unit Cost: ___$/__ Cost: s/
2.4 Subtotal Energy Costs: 0.70 ~ S/load
2.5 Subtotal 2,1 to 2.4: 64.76 _ $/load
2.6 Handling Chérge: 5.26 % of item 2.5 5.41 $/1load

2.7 Subtotal Materials and Supplies:
(2.5 + 2.6)

68.17 $/ load
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Process No.

2.4.02—_]‘0

3.1 Direqt Labor:

3.11

3.1

Amount Required: 0.25

- Amount Required: 5.2

3.1

-Amount Required: 1.4

3.2 Indirect Labor: 25% of direct

3.2
3.2

3.2

'Category:

Amount Required:

Category:

Amount Required:

Category:

Amount Required:

1 Form 6
o ngg _l;_of 1
Revision Date 3/78
Category: Semiconductor Assemhler Activity:__Loading/unloading
(SAMICS B3096D) . '
h/1gad ; Rate: § 3.90 /h; Load__36.0 %; Cost: 1.32 $/ 1oad
Category: Semiconductor Assembler Activity: machine supervision
(SAMITS B3096D) '
h/1oad : Rate: $ 3,90 /h; Load 36.0 %; Cost: 27.59 $/ load
Category:Maintenance Mechanic I Activity: hlade head changing/adjusting
(SAMICS B3736D)
h/ ; Rate: $ 5,67 /h; Load 36.0 %; Cost: - 10.80 $/ 1oad
3.1 Direct Labor Subtotal: 39.71 $/1oad
Activity:
b/ : Rate: § /h; Load %; Cost: S/
Activity:
h/ : Rate: § /h; Load %; Cost: $/
Activity:
h/ i Rate: § /h; Load %; Cost: $/
3.2 Indirect Labor Subtotal: - 9.93 $/10ad

3.3

3.4

Subtotal 3.1 and 3.2

Overhead on Labor:5.26 %

49.64

2.61

$/10ad

$/10ad

3.5

Subtotal Labor

52.25

$/10ad




Process No.

2 4 0 {2(=10 |1

4.1 Equipment

4.11

68

Form 7

Page 1 of ]

’ ’ Revision Date 3/78
Type: Multib]ahde slicing machine -
Cost: 20,000 $; Installation Cost: $;’Thr9ughput: 320 ‘loads ly;
Plant Oper'g Time 8280 h/y; Machine Avail'ty: 90 7%; Machine Oper'g Time 7452 h/y
Servicing Costs: Labor_ _ h/y at_____ $/hjParts or Outside Service:1592.30  S/y |
Useful Life: 7 y; Charge Rate: 21.35 7% of Cost/y; Capital Cost: 4270 Sly 18.31 $/load
Type: )
Cost: S$; Inscéllation Cost: $; Throughput: /h;
Plant Oper'g Time - h/y; Machine Avail'ty:  %; Machine Oper'g Time h/y
Servicing Costs: Labor :h/y -at $/h;Parts or Outside Service: S/y
Useful Life: ‘y; Charge Rate: 7 of Cost/y; Capital Cost: Sly S/
fype:
Cost: $; Installation Cost: $; Throughput:. /h;
Plant Oper'g Time : h/y; Machine Avail'ty:_;;__%; Machine Oper'g Time h/y
Servicing Costs: Labor h/y at $/h;Parts or Outside Service: S/y
Useful Life: : v; Charge Rate: 7% of Cost/y; Capital Cost: Sy S/

4.1 Subtotal Equipment Cost:

18.31  $/1oad




Process No. 141,10 f2 171011 . Form 8
L A Page 1 of 1
. _ Revisi - Dat
4.2 Facilities: evision ' - Date _3/78
| .. . 2 .
4.2_1 Type:Slicing machines area Floor Arez: 5.6 m"; Throughput: 320 loads /¥
Charge Rate: _179.13* $/(m™+y); Maintenance Costs:
- emy oy S oum— o= ome e - Gy e
Energy Use: -' Labor: h/y at $/h
Heating /y at $/ | Supplies: s/y
Air Cond'g /y at $/ l Outside Services: $/y
: 1 Total Cost: _1003.13 $ly 313 $/_10ad
2
4.2_ Type: Floor Area: m ; Throughput: /y
2 ' e Gu—y .- — L4 —— A -y = o)y S — L a——y
Charge Rate: ) $/(m":y): Maintenance Costs:
Sy o o SNy vy — — — L — —— —-— .
Energy Use: ‘ Labor: h/y at $/h
g ‘aeatlng A A — l Supplies: $v/y
. ' . .
A1r‘Cond g /yac S/ L. Outside Services: Sly
8 & VA — 1 Total Cost: $ly $/
> A
4.2_ Tvpe: Floor Area: m ; Throughput: ly
Charge Rate: $/(m ev): Maintenance Costs:
' nergy “se lLabor: h/y at $/h
Heating /y at s/ } : 4
. , | Supplies: - Sly
Air Cond'g /y at $/ ,
‘ T L -Outside Services: $ly
Lightin /y at S/' o - @ Gm @S ey e = St Cu
& B . - [ Total Cost: $ly $/
4.2 Subtotal Facilities: 3.13 syload
*Includes energy use .
) 4.3 Equipment and Facilities Subtotal : 21.45 s/load
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5.

’,Férm 9-1

_lof 1

. rage
ProcesvsANo.. E . O A 0j1 Revision . Datel 3/78
Salvagea Material (Work—iqurocess) .
5.1 Quantity of @ork—in;érocess.l. Coﬁ£ained in Good Output
Work-in-Process (per Computation Unit) ° 1.97 kg /_load
5.21 Input Work-in-process l.,ggé_éontalnea in Good_Ouﬁput
Work-in-Process ("Amount Required” from 1.1 minus 5.1) 1.53 _kg /_ load
5.22  Net Amount of 5.21 which is sold for Cfedit.As—Is.oé‘
After Applying Re-Process rf] ¢‘~ J .[ l_-[ : /
5.23 Credit for 5.22 at'the Market Value ofA -8/ : S/
5.24 Cost 6f Reprocessing Mégeriai of 5.22 . .
at the Average Reprocessing Cost of : $/ $/
5.25 Net Credit for 5.22 (5.23 minus.5.24): . $/
5.26  Material of Type 1. Lost in Procass (5.21 min;s 5.22) .1.53 kg / load »
5.3 Cost of Work-in-Process Lost (Amount 5.26 Times Unit Cost 1.1) ;W 235.67 S/ la:
5.4 Cost of Work-in-Process Contained in Good Output Work-in-Process
-(Amount 5.2 Times Unit Cost from 1.1) 303.44 $/10a
$alvage§ Materials Summary: ‘ L= ' N
5.8 s/

Tctal Net Credits for All Salvaged Materials (5.25 + 5.67 + 5.76)




Process No.[ii] ’144 ]. LQLé]‘;[O ’14]

6.-

88

Form 10

- Page 1 of _1
Byproducts and Wastes Revision __ Date _3/78
6.1 Solid Byproducts/wastes
6.11 Type (Composition): Silicon chips and dust Quantity Produced: 0.175 kg/ load
Physical Shape/Size: Energy Content: kWh/
Densitv:__2. 34 g/rmB; Water Solubilitv: ___gl/tat _ °e. pH:
. Toxicity: Biodegréd§b1e: ’ . lOther Remarks:
Tvpe of Disposal:
Input Material for: Q . Cost/(Cfeditj ‘ S/ s Cost: S/-
6.2 Liquid Byproducts/Wastes (inorganic):
6.2 1 Type (Composition): pC 0il slurry Quanfity Produced: 7.6 2 / load
Density:_Q;Qgg/cm?; Suspended Solids:: Sic'abrasive Amount :(0. 24 ig/l pH: _N.A.
Toxicity: | H¢a§y Metél Content:;;___mgll ~ Other Remarks:
Kerf; 1.425 kg/load, concentration 187.6 g/%
Type of Disposal: can be stored in drqms
Input Material for: | Cost/kCredit) 0 s/ Q Cost: S/
Carry: S/




Form 12
Page 1 of 1

srocess No. L2l . [::]. ol2i—1o ]1 : Revision Date 3/78
7. Process Cost Computation 7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.){ 141.87 $/load
7.22 Other Indirect Costs: % of 7.11 1.418 s/1oad
(0,009 x (4. 1) + J0ox(4 24—
< : 7.21 Total Operating Add-on Costs of Process: 143.29 $/10ad
7.22 G & A . % of 7.21 S/
7.31 Total Gross Add-On Cost of Process 143.29 s/ load
7.32 Credit for Salvaged Material (5.8) - S/ -
7.33 Cost of Work-in-Process Lost (5.3) 235.67 .$/ joad
| 7.34 Specific Add-On' Cost of Process {7.31 + 7.33)-(7.32) ) 378.96 $/ load
@
o 7.35 Cost of Input Work-in-Process Contained in Good
Output Work-in-Process (5.4) 303.44 $/_load
7.36 Loading on Item 7.35 at Rate % - s/ -
7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 682.40 $/ 1oad
7.41 Theoretical Yield (or Conversion Rate, if ourput units of 2
werk=-in-process do not equal input uvaits) 0.63 m ! ka
7.42 Przetical Yieid . : . 95 %
' 2
7.63 Effective Yield (7.41 x 7.42) . .60 m_/ kq
7044 Nuember of Units of Cood Output Work-in-Process per 2
Compucation Unit Used up te 7.35 2.10 m /_1oad
7.51 Cost of Unit of Good dutput Work-in- : 2
Pracess (7.37 + 7.44) 324.95 S8/ m
7.52 3pecific Add-On Cost per Unit of Good T 2
Jutoput Work-in-Process {7.34 % 7.44) 180.46_$/_m



Process No. {2

Form 13-1
Page 1 of 1

. . " Revision Date 3/78
8. Price Computation

8.1 Alternate 1

. 8.11 Profit at Expected Rate of 20 %: 36.09 $/

m
(Profit before income taxes; applied to 7.52)

. 2
8.12 Price of Process (7.52 + 8.11) 216.55 s/ m

8.13 Price of Work-in-Process (7.51 + 8.11) 361.04 s/ m2“

06



Process No. 2

16

ABRaay

ofi

Form 153-C
Page-;l_cf 1
Revision Date 3/78
.8.2 Alternate 2 (SAMICS Methodology): “ -
8.21 Profit Computaiion:
0.9274%  18.31 s/l0ad from Subtotal 4.1 = 16.98 -$/_load
1.946% 3.13 g/ load from Subtotal 4.2 =- 6.10 s/ load
‘ —
Subtotal = 23,08 $/ load
8.22 Costs of Amoftization of the One-Time Cost:
0.192*%_68.17 s/__load from Subtotal 2.7 =- 13.99 s/ load . -
0.192% 52.25 s/ load from Subtotal 3.5 = 10.93 s/ Joad
0.2958+%18.31 $/__1oad from Subtotal 4.1 = 5.42 $/_load
2.77%__3.13 s/ _load ____ from Subtotal 4.2 = 8.68 3/ load
——
Subtotal = 37.22 $/ load
B.23 Total Net Cost of Equity (8.21 + 8,22): 60.30 s/10ad
8.24 Profit and Amortizaticn of Start~up Costs per Unit -of Good Output
Work-in-Process: B 2
. (Divide Subtotal 8.23 bv 2.1 m /load _ from 7.44)
28.71 S/ ,m2
. 2
8.25 Price of Process (7.52 + 8.24) 209.17 S/ m
_ . 2.
8.26 Price of Work-in-Process (7.51 #+ 8.24) 353.66 $/ m




Process No. | 2 4 0 2

9.

26

Process Economic Evaluation:

Process Cost Balance (7.52 - 0.1)

Revision

Form 14%
Page 1 of

Date 3/78

1

$/

Relative Process Performanée (9.1 + 0.1)
Output Cost (7.51)
Output Value (0.2 + 0.1)

Relative Excess Cost (9.3 - 9.4)

0.1]

324.95 $/ ml.

s/




Process’No. | » 4 0121~

- €6

Output Specification:

Form 15
Page 1 of 1

Revision Date 3/78

Name of item: Silicon wafer, as-cut
Dimensions: 7.5-cm in diameter and 0.4 mm thick S
Material: high purity silicon

Other Specifications:

subsurface damage depth is 75 um




process vo. [Z]. [ | OTZ1-[0T5]

. University of Pennsylvania
PROCESS CHARACTERIZATION
(UPPC)
Process: Sheet generation

Subprocess: Ingot slicing

Option: ID fixed - abrasive slicing,

10.16 cm diameter ingots (HAMCO)

Form 1

INDEX
Form EEQSE Rev. | Date Remarks

1 4/78 A1l forms have same date
2 1l to 1

3 1 to 0

4 1 to 1

5 1 to 1

6 ' 1l to 1

7 1 to 1

8 : 1l to 1

9-1 l to 1

9-2 1 to o

9-3 l to 0
10 | 1 to 1

11 1 to 1

12 l to 1

13-1 1 to 1
13-2 .l to 1 )
14 1 to 1
15 1 to 1 I N
16 1 to O _

94



. Process No. |2 |, |4 . .IAQ 2 "lvO 3J

. G6

pfocéss Descriptién; Inner diameter slicing of 10.16 cm diameter ingots.

Revision

Form 2

Page | of 1

_ Date 4/78

0.1 Value Added:

$/

Analysis derived from data supplied by HAMCO.

555 slices made per load,

1. Input Specification:

Name of Item: Prepared machine load from 2.4 : 01 : 03

10.16-cm in diameter, 46-cm long, 8.72 kg/load

Dimensions:

Material: High purity silicon

Other Specifications: See 2.4-01-03

1.1 Quantity Required{ 8.726 ky- / load

" Note to Item ;.3:' Use §rice, if input produced in own plant,

Unit Cost: 149.31 $/ kar-s

1.2 Input Value:

1.3 Input Cost:

1302.90__$/_1load
$/




Process No. [2_],LA_|‘,[0|2]-[013] . Form 4
‘ ' Page .1 of 1

——

2.2 Indirect Materials (incl. supplies and non-energy utilities):

96

Revision Date 4/78
2.2 1 Type:_ Coolant ' ' ‘ . ;
Specification: Filtered domestic wafer with Rust-Lick
80:1 water to Rust-Lick ratio
Quantity Required: | 1 gallon ___/1oad; Unit Cost: 3.65 5; gallons cosc: 3.65 g, load
2.2 2 Type: _Blade dréssing
Specification:  Alumina stick
Quantitv Required: _giﬁl_m?__, __/load: Unit Cost: 0.71 $/ m? ;  Cost: 3.15 s, load
2.2_ Type: - e o
Specification:
Quantityv Required: ) / ; Unit Cost: . s/ ; Cost: $/ -
2.2 Subtotal Indirect Materials: 6.80 s/ load




I ™
Process No. [ 2|,!4 l,{OJZ J---|r Oiﬂ Form 5
~ Page 1 of 1
2.3 Expendable Tooling: . — T
. o Revision Date 4/78
2.3 1 Type: ID b]ade,d1amond—_p1ated s -
Quantity Required: | blade s10ad  ynit cost: 55 g/bladecost: 55 $/ load
"2.3_ Type:
Quantity Required: '/ : Unit Cost: -8/ Cost: 5/
2.3 _ Type:
Quantity Required: "/ _ : Unit Cost: s/ Cost: $/
. 2.3 _ Type:
Quantity Réquired: ' / : Unit Cost: ‘ s/ Cost: S/
< 2.3  Subtotal Expendable Tooling: 55_$/ load
2.4 ! Energy
2.4 1 Type: Electrical, 2kWmain and auxiliary motors ) )
Quantity Required: 46.2 kWh/load : Unit Cost: .032 3/ kWh cost: 1.48 $/ load -
' 2.4 Type:
Quantity Required: Unit Cost: S/ Cost: S/
2.4 Subtotal Energy Costs: 1.48 $/ load
2.5 Subtotal 2.2 to 2.4: 63.28 $/_load
2.6 Handling Charge: _5.26 % of item 2.5§ _ 3.32 S/ 3gad.
2.7 Subtotal Materials and Supplies: 66.30 $/_load
- (2.5 + 2.6) -
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Process No. [ 2 J. 14 ). 10]2 |-lo |3 Form 6
' Page 1 of ]
Revision Date 4/78
3.1 Direct Labor: :
3.1_1 Category: Semiconductor Assembler Activity: Loading/untoading
_%‘SFMILb B3096D) '
Amount Required: - 0.083 h/7pad ; Rate: $_ 3,89 /h; Load_ 36,0 %; Cost: 0.439 $/ load
3.1 2 Category:_ Semiconductor Assemhler Activity: Machine supérvision
(SAMICS B3096D)
Amount Required: 4.3 " h/ Joad ; Rate:.$ 3.89 /h; Load_ 35 g %3 Cost: 22.81 $/ load
3.1% Category: Maintenance Mechanic Activity: Blade head changing
- {SAMITS B3736D) o ,
Amount Required: 0.80 n/ load ; Rate: $__ 5.67 /h; Load__ 36,0 %; Cost: 6 17 $/ load
_ 3.1 Direct Labor Subtotal: 29.42 s/ load
3.2 Indirect Labor: Taken as 25% of direct
3.2 Category: . Activity:
Amount Required: h/ s Rate: § /h; Load % Costf s/
3.2 Category: Activity:
Amount Required: h/ : Rate: $ - /h; Load %: Cost: $/
3.2_ Category: ActiQity:
Anount Required: h/ ; Réte: $ /h; Lead %; Cost: $/
3.2 Indirect Labor Subtotal: 7.35 s/ load
3.3 Subtotal 3.1 and 3.2 36.77 __$/ load-
3.4 Overhead on Labor: 5.26 % 1.93  $/ _load
3.5 Subtotal Labor 38.70.© $/_load




66

‘Process No.|.2 | 4] .10 ] 2)-]10]3 | v
4.1 Equipment ~ Revision
| 4.1 1 Type: ID saw slicing machine
Cost: 40,000 $; Installation Cost: $; Throughput: 3252 /hsy
Plant Oper'g Time 8280 h/y; Machine AQail't&:__gg_Z; Machine Oper'g Time 7866 h/y
Servicing Costs: Labor_ h/y at ‘ S/h;Pargs or Outside Serviée: _285-71 S/y
Useful Life: 7 v Charge.Rate: 21.4 % 6f Cost/y; Capital Cost: 8560 . 7Y
4.1 - Type:
© Cost: - ’ $; Installation Cost: . $; Throughput: : /h;
Plant Oper'g Time ) h/y; Machine Avail'ty: _ %; Machine Oper'giTimé 4 h/y
Servicing Costs: Labor | h/y at $/h;Parts or Outside Service: , }" Sly
Useful.Life: | ' v; Charge Rate: % of Cogt/y; Capital Cost:. - S/y
4.1 Type:
Cost: ' : $; Installation Cost: ) S;'Throughput:“ /h;
Plant Oper'g Time ) h/y; Machine Avail'ty:  %; Machine Oper}g Tiﬁe v h/y
Servicing Costs; Labof“l 'h/y.at . $/h;Parts or Outside Service: ) $ly
Qseful Life: y; Charge Rate: - % of Cost/y; Capital Cost: Sly

Forh}? S
Page 1 of 1
Date 4/78 .

27.21 $/load

s/

s/

4.1 Subtotal Equipment Cost:

27.21 _$/load




Process No. 21 .14 1.1012 710 |3 , Form 8
: ' Page 1 of 1

e Revision Date 4/78
4.2 Facilities: —_ -
‘ 2
- 4.2 Type: Machine area Floor Area: 2.0 m"; Throughput: 325 loads ly
Charge Rate: 179.13 ‘ $/(m”*y);3 Maintenance Costs:
o e L J S — L4 — L ] o= o ——
Energy Use: - ) .f? Labor: h/y at $/h
Heating /y at _ $/ ! Supplies: $/y
Air Cond'g /vy at S/ I Outside Services: S/y
.ht. /at S/ ey GEEmd GmEd e I GNED WA SR GEND e  CTy =P
— ng 1ng y _1 Total Cost‘: ]6]2 S/-V 4096 $/ ]OBd
N .
4.2__ Type: . Floor Area: m ; Throughput: A
Charge Rate: S/(mz'y): ' T Tmaintenance Cosest T T T T
Energy Use: Labor: h/y at S/h ’
funey — —_—_—
5 . , |
S Heating /vy at .S/ l Supplies: S/y
Air Cond'g _ -y at _ S/ . Outside Services: ' S/v
Lighting /y at s/ T e e S0 eSS e e e e e o
1 Total Cost: S/y s/
.2
4,2_ Tvpe: . ‘Floor Area: . m ; Throughput: ly

Charge Rate: §/(m”-v): Maintenance Costs:

-umi——~—~——--

Energy Use: !Labor: h/y at S/h
Heating /y at s/
‘ : I Supplies: sty
Air Cond'g * -/y at s/ .
' , L_ Qutside Services: _ S/y
Lighti ’ /v at S/ @ eme GNP m @t e Omet et om— el
ighting : 1 Total Cost: $ly S/
“t
4.2 Subtotal Facilities: 4.96 5y load
4.3 Equipment and Facilities Subtotal : 32,17 $/ 1oad

*Includes energy use
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Form 9-1

Page 1o 1

process No. El ' @ [oT2]-[0]3 Revision Date _ 4/78
5. Salvaged Material (Work-in-process)
5.1 Quantity of Work-in-Process 1. Conﬁéined in Goéd Output
Work-in-Process (per Computation Unit) 5.15 kg / load
5.21 Input WOrk-in-proqess 1. Not Contained in Good Output 3;57 kg load
Work-in-Process ("Amount- Required" from 1.1 minus 5.1) /
5.22 Net Amount of 5.21 which is sold for Credit As-Is or
After Applying Re—Process r-w..lé' .[ I-‘L,‘l /
5.23  Credit for 5.22 at the Market Value of $/ : s/
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): S/
5.26 Material of Type 1. Lost in Pfocess (5.21 minus 5.22) /
5.3 Cost of Work-in-Process Lost (Amount 5.26 Times Unit Cost 1.1) ?i_ﬂ 533.04 s/ loa
5.4 Cost of Work-in-Process Contained in Sood Output Work-in-Process .
(Amount 5.2 Times Unit Cost from 1.1) 768.95 ¢, 10a
Salvaged Materials Summary:
5.8 Total Met Credits.for All Salvaged Materials (5.25 + 5.67 + 5.76) ) s/




Process No.[iz ]’14]? [97[2 ]-[0 13]

6.

401

Form 10

Page ] _of _}
Byproducts and Wastes Bevision Date _4/78
6.1 Solid Byproducts/Wastes
6.1 1 Type (Composition): Silicon chips and dust Quantity Produced: 0.105 kg/ load
Physical Shape/Size: Energy Content: kWh/
Densitv: 2.34 g/cm3; Water Solubility: 0 g/1 at °c:  pH:
Toxicity: Biodegradable: Other Remarks:
Type of Disposal:
'Input Material for: _ Cost/(Credit) S/ H Cost: S/
6.2 Liquid Byproducts/Wastes (inorganic):
6.2 1 Type (Composition): water and silicon kerf Quantity Produced:_300 %/_load
Density: __g/cm3; Suspended Solids: 3.47 kg/load Amount:_11,6 8/1  pH:
Toxicity:i Heavy Metal Content: mg/1 Other Remarks:
Type of Disposal: -
Input ‘Material for: : ‘ . Cost/(Credit) S/ ) Cost: s/
Carry: S/




"

Form 12

- - Page 1 of 1
Process No. . @ L1042 I— 013 Revision Date 4/78.
7. Process Cost Computation 7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.)] 137.17 s/ load
7.22 Other Indirect Costs: % of 7.11 .15 s/ load
0,059+ (4 1V+0 108+ (4 21—
7.21 Total Operating Add-on Costs of Process: 139.32 g/ load
7.22 G & A %z of 7.21 S/
7.31 Total Gross Add-On Cost of Process 141.36 $/ load
7.32 Credit for Salvaged Material (5.8) 8/
7.33 Cost of Work-in-Process Lost (5.3) 533.04 $/1oad
7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) | 674.40 ¢/ load
=S 7.35 Cost of Input Work-in-Process Contained in Good .
w Qutput Work-in-Process (5.4) 768.95 ¢/ Joad
7.36 Loading on Item 7.35 at Rate % $/
7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) §1443.35 ¢/ load
7.41 Theoretical Yield (or Conversion Rate, if output units of
work-in-process do not equal input units) 0.515 m2 /__kg
7.42 Practical Yield 98 7
7.43 Effective Yield (7.41 x 7.42) 0.505 mé/ kg
7.44 Xumber of Units of Good Output Work-in~Process per 2
Computation Unit Used up to 7.35 4.41 m /_load
7.51 Cost of Unit of Good Output Work-in- 2
Process (7.37 + 7.44) 327.29 §/ m
7.52 Specific Add-On Cost per Unit of Good - 152.92 ml
Output Work-in-Process {7.34 + 7,44) . $/




A

v01

Process No. | 2 4 02

8.

Price Computation

8.1 Altorgigg_l

8.11 Profit at Expected Rate of 20 . 30.58

$/

m

2

(Profit before income taxes; applied tc 7.52)

8.12 Price of Process (7.52 + 8.11)
8.13 Price of Work-in-Process (7.51 + 8.11)

Revision

Form 13-1
Page 1 of 1
Date 4/78

183.50  $/ m°

357.86 s, ml




G0T

Process No, 2

. CL) -]

8.21

8.22

Form 13-2
Page 1 o:f 1

Revision Date 4/78
8.2 Alternate 2 (SAMICS Methodology):
Profit Computation:
0.9274_ 27.21 g, Toad from Subtotal 4.1 = ¢9.23 4, load
1.946%  4.96 5, Tload from Subtotal 4.2 .65 ¢, load
Subtotal = 34.89 s/ load )

Costs of Amortization of the One-Time Cost: -
0.192%__66.30 5/ 1oad from Subtotal 2.7 = _12.73 _$/ load
0.192%__38.70 s/ _load from Subtotal 3.5 = _ 7.43 s/ load
0.2958% _27.21 ¢, load from Subtotal 4.1 = _ 8:08 g, load
2.77% -4-96__§/ toad _from Subtotal 4.2 = 13.74 s/ Toad

| subtotal - 41.95 s/ load 1

Total Net Cost of Equity (8.21 + 8,22):

Profit and Amortization of Start-up Costs per
Work-in-Process:

(Divide Subtotal 8.23 bv 4.41 me

Unit of Good Odtput

/ ]Oéd from 7.44)

Price of Process (7:52 + 8.24)

Price of Work-in-Process (7.51 + 8.24)

17.42 3/ me

76.84 s/ Tload.

170.34 5, 2

344,71 S/_m?
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Process No. 2 4 0] 2}1—]0 3

9. Process Economic Evaluation:

Process -Cost Balance (7.52 - 0.1)

Revision

Form 14
Page 1 of |
Date 4/78

Relative Process Performance (9.1 = 0.1)
Output Cost (7.51)
OQutput Value (0.2 + 0.1)

Relative Excess Cost :(9.3 - 9.4) ¢ 9.4]

327.29 s/ me.

s/

90T



Processnxb.l 2 4 0 21-] 013

0. Output Specification:

Name of item: =~ Silicon wafers, as cut

Form 15
Page - 1.
Revision Date

of )

4/78

‘Dimensions: 10.16 cm in diameter, 0.50 mm thick

Material: ~ Silicon

Other Specifications:

0T
i
|




Process No.[?r].rz_]_IOIZ ]—[o[ 3[

University of Pennsylvania
PROCESS CHARACTERIZATION

(UPPC)
Process: Sheet generation

Subprocess: Wafer generation

STC Current Production

Form 1

Option:
ID Slicing (]0-cm.diameter wafers)
Form Pages Rev. | Date Remarks

1 8/78 A1l forms have same date
2 1 to O

3 1 to |

4 1 to !

5 1 to |

6 1 to |

7 1 to- 1

8 1l to

9-1 1l to 1

9-2 1 to 1

9-3 1 to 1
10 1 to 0

11 1 to O .
12 1 to 1
13-1 1 to 1
13-2- 1 to ! _
14 l to 0
15 1 to 3
16 1 to _ﬂ_’
108




Form 2

Page 1 of 1

601

. Revision: - Date 8/78

Process No. 2 l Ja i, lo]e "!_0___3,| ‘ ' 0.1 Value Added: S/
Process Descripticen: Inner ‘diameter slicing as performed commercially by STC's ID sﬁicing machine
1. Input Specificétion:

Name of Item: _Single crystal silicon inqot, prepared as specified in 2.4-01-17

Dimensious} 10-cm diameter, 60 cm long, 11.027 kg

) Vaterial: high pUritx silicon - )
Other Speci?ications:
1.1 Quantity Required:  11.027 kd load Unit Cost: 149.45 $/ kg
1.2 Input Value: S/

1.3 Input Cost:

'1647.45 ¢/ load

Note to Item 1,3: Use price, if input produced in own plant,




' | S : | A . '
Process No. 121-[4].[(”_2_]'[0 lﬂ ) : -
2.2 Indirect Materials (incl. supplies and non-energy utilities): L .
A . : . Revision -
2.2 1 Type:__Misc. materials __ ;
Specification: Includes: alumina sticks, mounting epoxy, graphite mounting bar, etc.
Ouantity Required: ] ; Unit Cost: 4.00 s/ load : Cost:

2.2

011

negligible. Flow rate is 7 &/h e 5
Quantitv Required: hegTigib]e_ ./ % Unit Cost: 57 ;  Cost:
'Z'Type: o
.Specificationf
Quantity Required: -/ ; Unit Cost: s/ ; Cost:

2 Type:  Coolant

80:1 water to Rustlick

Specification:

Coolant is recycled and filtered so that consumption/load -is

Form 4

Page ] of 1

Daﬁéﬂ_
2.50 s/ load
$/

2.2

Subtotal Indirect Materials:

2.50 g/]pad




Proces: No. l___] |_l.L()12""r0 31

2.3 Expendable Tooling:

2.3 1 Type: STC-22 ID diamond coated blade

e

- Page

.Revision

. Form 5
L

of 1

Date 8/78

(2.5 + 2.6)

Quantity Requifed: 0.1667 blade /load:. Unit Cost: 110 $/bladeCost: 18.33 _$/1oad
2.3 _ Type: ~ . ' B
Quantity Required: ' / Unit Cost: ______f/__;__Cost: $/
2.3 _ Type: o
‘Quantity Required: / Unit Cost: ___ $/ Cost: $/
'2.}__ Typg; | E
. ‘Quanticy Required: /_ Unit'¢§st: ______é[____ Cost: $/
= ;- o 2.3 Subcééal Expendable Tooling: 18.33 ¢/ 1bad
2.4 Energy
2.4 1 Type: _Power consumption is 2 kW, running f‘imé is 35.7 h, ﬁ o
Quantity Required:  ___71.4 kih/load ‘Unit Cost: 0.0319$/kWh _ Cost:| _2.28 s/ 1o.ad B
.4 Type: - C
Quantity Required: Unit Cost: ;_____;$[____ Cost: $/
| | 2.4~ -Sub;étal Enéégy Costs: 2'28 $/ load
2.5 Subtotal 2.2 to 2.4; \ | 23.11 _ ¢/ 1oad
2.6 Handling Charge: 9.26 7 of item 2.5 1.22 8/ Toad
‘ 2.7 Subtotal Materials and Supplies: jEL;Ei_;ﬁllnad__




Process No. 2 4 of 21-0]3

3.1 Direct Labor:

3.1_1 cCategory:_ Semiconductor Assembler Act1v1ty

(SAMICS B3Q9
Amount Required: % %D h/ load

"~ Revision

Machine mounting/demounting

Form 6

Page' 1 of 1
Date 8/78

3.12 Category: Semiconductor Assembler

(SAMICS B3096D)
Amount Required: 2.5 h/_load

3.1 3 category: Maintenance Mechanic

$ 3,82 /h; Load 36.0 %; Cost:

Activity: Machine supervision
: $_3.89 /h; Load 36.0 %; Cost:

Cutting tool change

(SAMICS B3736D)

Amount Required: 0.5 h/ 1oad

3.2 Indirect Labor: Taken as 25% of direct

AR}

3.2 Category:

:$_5 g7 /h; Load  36.0 %; Cost:

2.65  s/7cad 1
13.23 $/ 1oad

2 86 S/ 1nad

3.1 Direct Labor Subtotal:

Amount Required: h/

3.2 Category:

/h; Load %; Cost:

Amount Required: h/ -

3.2 Category:

/h; Load %; Cost:

Amount Required: h/

/h; Load ) %; Cost:

1¢.74  $/oad

$/

s/

7

3.2 Indirect Labor Subtotal:

4.93 s/ load

3.3 Subtotal 3.1 and 3.2

3.4 Overhead on Labor: 5.26 %

24 .87 $/ load

1.30 . $/.70ad

3.5 Subtotal Labor

25.97 _$/ load




CETT

Process No.

4.1 Equipment

4.1 1

fl"
—

: ‘ Revision

Type:__STC ID slicing machine : : _ .

Cost: 40,000 | $; Installation Cost: _$;‘Thfoughﬁdt:. 224 }bads 7k;y ’

?lant Oper'g Time 8280;. h/yf Maéhine Avaii'ty:__gg_i;.Mach;né’Oper'g Ti;e ‘8]97|2‘ h/y
'Servicing Costs: Labor 92 ' "h/y at 8.12 $/h;Parts or Outside Service: 300 S/y

Useful Life: . /. yg.Charge Rate: 21f35 % of Cost[y;'Capitél Cost: 9262.25 - Sly
Type:

Cost: ' 3 $;v1hstallation Cost: $; Throughput: ~ ‘ /h;

_ Plani Oper'g Time 1 h/y; Machine Avail'ty:  %; Machine Opér'g Time | H/y
Servicidg.Costs: Labor h/y at $/h;Parts of Outéiae Serviée; » Sly
Useful Life: vi. Charge Rate: _ % of Cost/y; Capital Cost: ‘ B $ly
.Typé:

Cost: ' $: Installation Cost: - Sy Thrdughp@t: . - /h;
1Plant-0per'é Time h/y; Machine Avail'ty: _  7%; Machine Oper'g Time ‘ h/y
- Servicing Costs: Labdr h/y at S/h;ﬁarts or‘OutsiQe.Seryice;;'f $/y

Useful Life: v; Charge Rate: % of Cost/y; Capital Cost: Sly

-2 4 041 2]=-t013

UJForﬁ 7
- Page 1 of 1

Date 8/78 .

41.34 $/ load

$/

$/

4.1 Subtotal Equipment Cost:

41.34 s/ load




Process No. (2 .4 |.10]2 |T{9}]3

4.2 Facilities:

4.21 Type: ID machine area

Floor Area: 7.5 m2; Throughput: 224 loads ly

Form 8
Page 1 of 1

Revision Date 8/78

6.00 $/1oad

Charge Rate: 179.13~* $/(m™ry): Maintenance Costs:
. - GE—" ——v — —— L d L — -——y ——— —
Energy Use: a-? Labor: h/y at - $/h
Heating /y at $/ | Supplies: $/y
Air Cond'g : /y at s/ | Outside Services: S/y
BhEINE y - | Total Cost:  1343.48  §/y
- e e S ———
) :
4.2_ Type: Floor Area: m ; Throughput: /v
Charge Rate: S/(mz'y): T Twaintemance Costs: T |

= Energy Use: I Labor: h/v at $/h
= .
Heating ly at 3/ | Supplies: $/y
3 \J
Air Cond’g /y at s/ t__ OQutside Services: $/y
8 & Y 1 Total Cost: $ly $/
2
4.2 Type: Floor Area: m ; Throughput: /y
Charge Rate: $/(m -y): Maintenance Costs:
oy D == —— — n— —E R ] U—. anay ——— -—
nergy Use: lLabor: h/y ‘at $/h
Heating /y at $/
o l Supplies: sy
Air Cond'g ‘ /y at $/
~ Qutside Services: Sly
Lighting /y at S/' G e Gnp GRud GG a0 Seee Gvm  cwms G oul s/

* Includes energy use

1 : Total Cost: $/y _+:7

4.2 Subtotal Facilities:

6.00 g, load

4.3 Equipment and Facilities Subtotal :

47.35 s/ load




611

ProcessNo.'LT_],E, 012 |—|0 |3

Form 9-1

Page 1 of 1

Revision Date 8/78
5. Salvaged Material (WOrk-in-précegs)
5.1 Quantity of Work-in-Process 1. Contained in Good Output '
Work-in-Process {(per Computation Unit) 5.453 kg , load
5.21 Inpuﬁl Work~-in-process 1. ggE:Contained in Gbgd Output’ 5.574 kg load
Work-in-Process ("Amount Required" from 1.1 minus 5.1) / ;
5.22  Net Amount of 5.21 which is sold for Credit As-Is or
After Applying Re-Process D ¢ |— . l— / .
5.23 Credit for 5.22 at the Market Value of S/ S/
5.24 Cost of Reprocessing Material of 5.22
at the Average Reprocéssing Cost of S/ s/
5.25 Net Credit fof 5.22 (5.23 minus 5.24): s/
5.26 Mzterial of Type 1. Lost in Process (5.21 minus 5.22) 5.574 kg / load
5.3 Cost of Work-in-Process Lost {Amount 5.26 Times Unit Cost 1.1) ;] 833.03 $/_Tload
5.4 Cost of wOrk-%n—Procgss Contained in Good Output Work-in-Process 814.95 load
(hmount 5.2 Times Unit Cost from 1.1) $/
Salvaged Materials Summary:
5.8 Tctal Net Credits for All Salvaged Materials (5.25 + 5.67 + 5.76) $/




Form 12

Page 1 of 1
Process No. . @ . 0 Revision pate_ 8/78
7. Process Cost Computation 7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) 97.65- $/ load
’ . < 2.98 load
722 PRGSO ORI PR, 840 2y ¥ of 711 s/
7.21 Total Operating Add-on Costs of Process: 100.63 ¢/ load
7.22 G & A, % of 7.21 s/
- 7.31 Total Gross Add-On Cost of Process 100.63 5, Toad
7.32 Credit for Salvaged Material. (5.8) S/
7.33 Cost of Work-in-Process Lost (5.3) 833.03 $/ load
7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) 933.66 s/ 1oad
— ,
o 7.35 Cost of Input Work-in-Process Contained in Good
Qutput Work-in-Process (5.4) 814.95 ¢/ 1o0ad
7.36 Loading on Item 7.35 at Rate % $/
7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) T748.61. 3/ load
7.41 Theéoretical ?ield (or Conversion Rate, if output units of 2
work-in-process do not equal input units) 0.585 mc 7/ kg
7.42 Practical Yield 95 %
7.43 Effective Yield (7.41 x 7.42) 0.556 m2 / kq
7.44 Number of Units of Good Output Work-in-Process per é
Computation Unit Used up to 7.35 6.133 m /_load
7.51 Cost of Unit of Good Output Work-in- ‘ 2
Process (7.37 + 7.44) 285.]15/ m
7.52 Specific Add-On Cost per Unit of Good 152.24 mZ
Output Work-in-Process (7.34 % 7.44) -7
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Form 13-1

Process No. 2. R 4 .] 0 2 .0 3
: ' A Page _1 of 1
. . - Revision Date 8/78
8. Price Computation _ ‘
8.1 Al:ernate 1
8.11 Profit at Expected Rate of 20 7%: 30.44 s/ 1load
(Profit hefore income taxes; applied to 7.52) ) 5
8.12 Price of Process (7.52 + 8.11) . » . ]84'69 $/_Mm
8.13 Price of Work-in-Process (7.51 + 8.11) ‘ ' - ) SR L ) ___3]5'56 S/ m2




Process No. B. 4 .-; 0 '. ' " ' TForm 13-2

Page 1 of 1

Revision Date 8/78

8.2 Alternate 2 (SAMICS Methodology): .

8.21 Profit Computation:

0.9274* 41.34 ¢; load: from Subtotal 4.1 = 38.34 ¢ load
1.946% __ 6.00 g load from Subtotal 4.2 =  11.68 5, load |
Subtotal =

50.02 s/ load

8.22 Costs of Amortization of the One-Time Cost:

0.192% 24.33 5/ 1load from Subtotal 2.7 = 4.67 s/ load
o 0.192%_ 25.47 s/ ‘load frem Subtotal 3.5 = _- 4,98 §/_10ad
. 0.2958% 41.34 g, load from Subtotal 4.1 = _ 12.23 s/ load .»
2.77%___ 6.00 g/ load  from subtotal 4.2 = 16.62 S/ load B E
Subtotal = 33580 S/ Toad ﬂ
| 8.25 Total Net Cost of Equity (8.2l + 8:22): ' 1 o 88.52 s/ load

8.24 Profit and Amortization of Start-up Costs per Unit of Good Output
Work-in-Process:

(Divide Subtotal 8.23 by  6.133 m2 7 load_ from 7.44)
| 14.43 5/ m2
"8.25 Price of Process (7.52 + 8.24) | IR | o - 166.67 s/ _m?
|8.26 Price of Work-in-Process (7.51 + 8.24) - -  299.58 g/ mP




Process No. | 2 4 { ol 2«0} 3 ]

611

Output Sbecification:

Name of item: JSilicon wafers

 Form 15
© Page, 10 oi 1

Revision . Date 8/78

Dimensions: - 10 cm diameter, 380 um thick,

Material:

Other Specificationé:~n350 um kerf, 822 wafers/load _ o e -




Process NO'I_;J;LA_}_[OJZ ]”IOI3 '\

University of Pennsylvania
PROCESS . CHARACTERIZATION

(upPpPC)
Sheet generation

Process:

Subprdcess: Ingot Slicing

ID fixed abrasive slicing-of 10.16 cm

Form 1

Option:
diameter ingots as performed by OCLI and
projected for 1982
Form . ggggg Rev. | Date Remarks

1 | 3/78 _A1 forms have same date.
2 l to 1 ‘

3 l to ¢

4 1 to 1

5 1 to 1

6 1 to ] [

‘7 1l to 1

8 1l to 1

9-1 .1 to 1

9-2 1to |

9-3 1 to ¢
10 1l to j

11 1 to g

12 1 to 1 .
13-1 1 to ]

13-2 -1 to .] _
14 1 to 1 e

15 1 to 1 _ -
16 1 to 0

120




"‘Pr.qéc':s's‘NoA.‘ fz— 4 ';[0 2]=[o 3]

'-P:ocess Description:

1¢1

“.Inner diameter s]1c1ng

Form- 2
Pagéh 1 of 1°
Revision Date _3/78
0.1 Value Added: -8/ '

-as demonstrated by OCLI using a STC 22 d1amond 1mpregnated blade

'-(55 88-cm 0D, 20.32-cm 1D, 0.15 mm th1ck core with aO 33-.36 mm total th]ckness)

1. Inpuc Speciflcation

Name of Item:

Prepared mach1ne load from 2.4 : 01 tv03

Dimensions:

10.16 cm in d1ameter, 25 cm 1ong, 4, 74 kg 'silicon crysta] 1ngots

Material:

High purity silicon.

Other Specifications:

Single crystal ingot

Note to Ztem 1,3:

Use price, if input produced in own plant,

1.1 Quantity Required: 4.74 kg / load

72.22 §/

~ka

Unit Cost: g
1.2 Input Value: $/
1.3 Input Cost: 342.32 ¢/ 1oad




el

Process No. . [_4__l . [_.Q_LZJ,-B_L:‘LI

Form 4

Page 1_of ]

2.2 Indirect Materials (incl., suppliesand non-energy utilities): .
. PP ~ & Revision Date 3/78

2.2 1 Tvpe: _Blade dressing materials. .

Specification: Alumina stick.

Quantity Required:_ ! ; Unit Cost': 2.02 s/ load . cost: 2.02 s/ load
2.2_9 Type: _Coolant

Specification: Rust lick

: 80:1 water to Rust-lick ratio

Quantityv Required: ____.0.66_gallon.. _/load: Unit Cost: 3,65 s$/gallon i Cost: 2.414 s/ load
2.2_ Type: o — e

Specification:

Quantity Required: . / Unit Cost: . S/ 5 “Cost: S/

2.2 Subtotal Indirect Materials: 4 44 - S/ load




Process No. ‘2 i.‘L4_ | . {O"TZ- ?(0‘{31

2.3 Expendable Tooling:

Form 5

age 1 ‘6f‘ 1

2.31 Type: Mode] ASTC-2'2, ID diamond-plated blade Re"iSiO“——— Date_l/l&_
} Quantity Required: 0107 _ blade/ load Unit Cost: _lgg__ﬁ/glggébos£; -10.49 S/ ioad
2.3 _ Type: |
. . Quantity Required: /. : Unit Cost: ___ §/ Cosﬁ: - 5/ . -
2.3 _ Type: . A '
Quantity Required: / : Unit Cost: ___ §/  Cost: : $/
2.3_ Type:
s Quantity Required: / : Unit Cost: ____ $/__ _ Cost: $/»
N 2.3 Subtotal Expendable Tooling: _10.49 $/1ocad _
2.4 Energy
2.41 Type: _Electrical, 2kW main and aﬁxih’arv motors |
| Quantity Required: 29.4 kWh/1oad Unit Cost: Q‘££1U1$/_kﬂh_ Cost: 0.94 s/ 1oad
4 _ Type: .
Quantity Required: Unit Cost: ____ _ $/__  Cost: : $/_
| 2.4 Subtotal Ehergy Costs: | _0.94 $/1oad
2.5 Subtotal 2.2 to 2.4: 15.87  $/load
2.6 Handling Charge ._5.26_/ of item 2.5 _'0:84 $/1oad
2.7 Subtotal Materials and Supplles | ‘lS;Zl;,_S/lQad__

(2.5 + 2.6)
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Process No.

- Form 6.
D Page. 1l of .1

----- Revision | Date 3/78
3.1 Direct Labor:
3.1 1 Category:_Semiconductor Assembler Activity:_ Mounting and loading
o (SAMICS B3096D) ; '
~ Amount Required: 0.525 h/ Tload ; Rate: §_ 3,90 /h; Load  3g.[0 %; Cost: 2.78 $/ load
3.12 Category: .§emiconductor Assembler Activity: Machine supervision
{SANMICS B3096D) i '
. Amount Required: 0.23 h/ load ; Rate: $ 3.90 /h; Load_ 36,0 %; Cost: T 1.22 $/ 1oad
3.1.3 Category:_Maintenance Mechanic Activity: Rlade head changing
) (SAMICS B3736D) . . ) ' , -
Amount Required: 0.875 h/ load ; Rate: § 5,67 /h; Load_ 36,0 %; Cost: 6.75 $/ 10ad
3.1 Direct Labor Subtotal: 10.75 s/ load
3.2 Indirect Labor: Taken as 25% of direct
3.2_ Category: Activity:
~ Amount Required: h/ ; Rate: $ /h; Load %: Cost: S/
3.2 Category: Activity:
" Amount Required: h/ ; Rate: §$ /h; Load %3 Cost: s/
3.2; Cateédry: Activity:
Amount Requifed: h/ ; Rate: § /h; Load - %3 Cost: $/
3.2 Indirect Labor Subtotal: 2.59 $/ 1oad
3.3 Subtotal 3.1 and 3.2 13.44 $/1oad
3.4 Overhead on Labor: 5.26 % 0.71 $/1oad
. 3.5 Subtotal Labor $/ 1oad

14.15




Form 7

Process No.| 2 J {4 ] 1042 {-1o}3 | ' ‘ _ Page' 1 of 1
-.4.1 Equipment- .I ' | o Revision__Date 3/78
. 4.1 ] Type: ID saw slicing machine |
Cost: 40,000 $; Installation Cost: $s Throhghput: : '480 /h;y
Plant Oper'é Time ,8286 h/y; Machine Avail'ty: 95 %; Machine Oper'g Time ' 7866 h/y
Servicing Cpsts:.L;bo;k h/y at $/h;Parts or Outside Service: 285.71 §/v
Useful Life:. ‘ v; Chargé Rate: 21.4 % of Cost/y; Capital Cést: 8560 S/y T8.43 $/ load
4.1  Type:
. Cost: . $;~Insta11a£ion Cost: S; Throughput: /h;
E§ Plant Oper'g Time . .. V .___h/y; Machine Avail'ty:  %; Machine .Oper'g Time h/y
Servicing Costs: Labor hl/y at $/h;Parts or Outside Service: . - S/y
AUseful Life: , v; Charge Rate: % of Cost/y; Capital Cost: ' $ly S/
4.1 Type:
Cost: . .8 ;nStallation~Cost: $; Throughput: _ » /h;
Plant Qper'g Time h/y; Machine Avail'tf;_____%; Machine Oper'g.Timew _ h/y
Servicing Costs: Labor' ' _h/y at_ $/h:Parts'or Outside Service: 5/9
Useful‘Life: y; Charge Rate: % of Cost/y; Capital Cést: . $ly s/
4.1 Subtotal Equipment Cost: [ 18.43 . s/load




Form 8

Process No. (2 | .1 4).]0}2]7[0}] 3
. Page of _l
4.2 Facilities: Revision Date
. 2 R
4.21 Type: Machine area Floor Area: 9.0 m ; Throughput: 480 loads ly
Charge Rate: 179.13* $/(m™-y): r Maintenance Costs:
- oy S L4 L4 S — — ey e .
Energy Use: -? Labor: h/y at $/h
Heating /y at S/ | Supplies: $/y
Air Cond'g /y at s/ I Outside Services: S/y
Lightin /at S/ L————-————.————-
- ; 8 Y 1 Total Cost: 1612 S/y 3.36 s/load
4.2_ Type: Floor Area: mz; Throughput: ly
Charge Rate: .S/(mz'y): ™ = Twaintenance Costs: T 7
— o e o Ay — —— o —— ey — a— -.
N Energy Use: ILnbor: h/y at $/h
Heating ‘ /ly at ___$/ l Supplies: S/y
. '
Air Cond’g v fyav S/ L_ Outside Services: Sly
Lightin / at $/ — emn s G Gt NP cmed P e  Gnmee  wway o
& g 4 - 1 Total Cost: Sly $/
2
4,2_ Type: Floor Area: m ; Throughput: /y
. . - G o —— o C——— -— Gy G Gy em> Sesd =l
Charge Rate: $/(m -y)s Maintenance Costs:
nergy bse ‘Labor: h/y at $/h
Heating /y at s/
1 Supplies: $ly
Air Cond'g /ly at S/
Qutside Services: Sy
Lighting /y at s/ v oy  ad e  ne a— e Gwe o=y O o
1 Total Cost: $/y $/
* Includes energy use 4.2 Subtotal Facilities: 3.36 S$/1oad
4.3 Equipment and Facilities Subtotal : 21.79  s/load




L1

Form 9-1

Pagé 1 of 1,

process No. L2] . E[] ' 1= 15 Revision Date 3/78
5. Salvaged Material (wOrRQin-process)
5.1 Quantity of Work-in-Process 1. Containéd'in Good Output :
' Work-in-Process (per Computation Unit) : 2.40 kg ./ load
5.21 Input ‘Work-in-process-1l.. Not Contained in Good Output v
work-in-Frocess ("Amount Required" from 1.1 minus 5.1) 2.34 kg / load.
5.22  Net Amount of 5.21 which is sold for Credit As-Is or |
After Applying Re-Pfocess ‘[:] ¢ l . L ]f'l_ l /-
5.23  Credit for 5.22 at the Market value of s/ : s/
5.24 Cost of Repréce;sing Material of 5.22 |
At the Average Reprocessing Cost of s/ : S/
5.25 Net Credit for 5.22 (5.23 minus 5.24): s/
5.26- Material of Type 1. Lost in Process (5.21 minus 5.22) 2.34 kg /. load
5.3 Cost of Work-in-Process Lost (Amount 5.26 Times Unit Cost 1.1) ﬁ;ﬂ 168.99 s/1o0ad
5.4 .Cést of wOrk;in—Process‘Contained in Good Output Work-in-Process

{amount 5.2 Times Unit Cost from 1.1)°

173.33 5 l0ad

Salvaged Materials Summary:

5.8

Tctal Net Credits for All Salvaged Materials (5.25 + 5.67 + 5.76)

s/
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Process No..m. LO[Z]-—(O,3,

6.

Form 10
Page ] of ]

Byproducts and Wastes Revision _ . Date 3/78
6.1 Solid Byproducts/Wastes
6.1 1 Type (Composition): Silicon chips and dust Quantity Produced:0. . kq / load
Physical Shape/Size: Energy Content: kWh/
Density:__2.34 g/cm3; Water Solubility: _g/l at 0C; pH:
Toxicity: ' Biodegradable: L Other Remarks:
Type of Disposal:
Input Material for: : } Cost/(Credit) S/ : Cost: S/
6.2 Liquid Byproducts/Wastes (inorganic): _ »
6.2 1 Type (Composition): 80:1 water: rust lick Quantity Produced:.. 123 ¢/ load
Density: __g/cm3; Suspended Solids: silicon kerf Amount : 19 g/1 pH:
Toxicity: Heavy Metal Content: mg/1 Other Remarks:
Type of Disposal: (Can be stored in drums
Input Material for: 4 Cost/(Credit) $/ Cost: $/
_ Carry: S/




Form 12

Page ] of 1
Process No. 121 . 147 . Loj2 {—|o I3 Revision Date  3/78
7. Process Cost Computation 7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) 52.64 $/load

621

7.22 Other Indirect Costs: % of 7.11
* + *

S (YN G LYE RS BE L7 WS et

1.45 ¢/ 1oad

7.21 Total Operating Add-on Costs of Process:

7.22G & A % of 7.21

54.09 $/1oad

$/

7.31 Total Gross Add-On Cost of Process
7.32 Credit for Salvaged Material (5.8)

7.33 Cost of Work-in-Frocess Lost (5.3)

- Y
54.09 s/ 1oad

$/_

168.99 s/ load

7.34'Specific Add-On Cost of Process (7.31 + 7.33)-(7.32)

7.35 Cost of Input WOrk;in-Process Contained in Good
Output Work-in-Process (5.4)

7.36 Loading on Item 7.35 at Rate %

wakie

203 0g $/ 10ad

"173.33 s/ load

$/

7.44

- Computation Unit Used up to 7.35 2.84 md_load

7.37 Cost of Output Work-in-Process (7.34 + 7.35-+ 7.36) 396.40 3/ 10ad
R e
7.41 Theoretical Yield (or Conversion Rate, if output units of
work-in-process do not equal input units) 0.6 me_/ kg
‘7.42 Practical Yield 100 7%
7.43 Effective Yield (7.41 x 7.42) 5 0.6 m2/_kg
Number of Unité of Good Output WOfk—in-Process per

7.51 Cost of Unit of Good Output Work-in-
Process (7.37 + 7.44)

7.52 Specific Add-On Cost per Unit of Good
Output Work-in-Process {7.34 + 7,44)

139.58 ¢/ p2

78.55 * md
8.5, m
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Process No. 2 1.1 4

8.

Price Computation

8.

.

Alternate 1

8.11 Profit at Expected Rate of _ 20 %: 15,71

$/

m

2

(Profit before income taxes; applied to 7.52)

8.12 Price.of Process (7.52 + 8.11)

8.13 Price of Work-in-Process (7.51 + 8.11)

Revision

Form 13-1

Page 1 of 1

Date__3/78

94.76

s/ mé

155. 29

$/_m

2




Process No. 2

0. CI-LI

8.2 Alternate 2 (SAMICS Methodology):

8.21

8.22
—
w
—
8.23
8.24

8.25

8.26

Form 13-2 ,‘
Page 1 of 1

Revision - Date 3/78

|

Profit Computation:
0.9274* _ 18.43 s/ load from Subtotal 4.1 = 17.09 s/ load
1.946% 3.36 5, load from Subtotal 4.2 6.54 4, load

| Subtotal = 23.63 $/ Tload
Costs of Amortization of the One-Time Cost: |
0.192% _ 16.7¢ s/ load from Subtotal 2.7 = _3.21 s/ load
0.192«__ 14.15 s/ 1load from Subtotal 3.5 = _ 2,72 s/ load
0;2'958‘* 18.43 s/ .1oad ‘ fro:m Subtotal A.l. - 5.45 $/ load
2.77% 3.36 5/ load ’from Subtotal 4.2 =  9.31 | $/ load ,

Subtotal = 20.88 $/_load. »
Total Net Cost of Equity (8.21 + 8,22): 44.32 s/ load
Profit and Amortization of Start-up Costs per Unit of Good Output
Work-in—Process:_ ) 2
(Divide Subtotal 8,23 by 2.84 m® /_load from 7.44)
o 15.60 s/ load
Price of Process (7.52 + 8.24) 94.15 ¢/ m2f
Price of Work-in-Process (7.51 + 8.24)' | 155.18 $/fm2 : ‘
_ _ R




Process No. I 2 I. 4 §.L0]l 211013 ‘ o B _ o Form 14
Page _1 of _1

9. Process Economic Evaluatioﬁ: ' ' ‘ “Revision Date_3/78
9.1 Process Cost Balance (7.52 - 0.1) ' ‘ $/
9.2 Relative Process Performance (9.1 + 0.1)
) 9.3 Output Cost (7.51) | ' 139.58 5/ n?
9.4 Output Value (0.2 + 0.1) ’ 8/ |
9.5 Relative Excess Cost 3:(9.3 - 9.4) ¢ 9.4\] )

2el



Process No. | 2 4 ol 2f-]lo1l 3

€€l

‘Material:

Output Specification:

Name of item: Silicon wafers, 95 cut

Form-15
' Page 1 of
Revision Date 3/78

4

Dimensions:

10.16 cm in diameter, 0.36 + 0.02 mm thick.

High purity silicon

Other Specificactions: Kerf thickness is 0.35 mm




process No. [ 2] [ ]_‘Fo 2 |—[o 4]

University of Pennsylvania
PROCESS CHARACTERIZATION

Form 1

(UPPC)
Process: Sheet Generation
Subprocess: Ingot Slicing
Option: Multiblade Slurry Slicing of 10-cm diaheter
ingots with 234 blades per pack as'demonstrated
experimentally by Varian in Exp. P-005.
| INDEX
Form Pages Rev. | Date Remarks
1 5/78 A1l _forms have same_dates
2 1 to 1
3 1l to O
4 1 to L
5 1 to 1
6 1l to 1
7 l to 1
8 l to 1
9-1 1l to 1
9-2 1 to O
9-3 1 to O
10 1 to 1
11 1 to O
12 1l to 1
13-1 1 to 1
13-2 1l to 1 3
14 1 to 1
15 1 to 1 L
16 1 to O

134
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Form 2

Page 1 of 1

1.3 Input Cost:

©329.73 g/ load

‘ L ‘ Revision Date 5/78
Process No. [72, et 41, [0 2171014 ] ' ‘ 0.1 Value Added: S/
Process Description: Multiblade slurry slicing as performed experimentally by Varian
using a blade-head with 234 blades |

1. Input Specification:

Name of Item: __ Silicon ;ngot, prepafed,as snecified,in 2.4-01-01

Dimensions: __10-cm {n diameter, 11.9 cm long. mass is 2.19 kg _

Material: high purity silicon_

Other‘Specifications: ‘ Si]icoqgsing1e crystal ingotnbunted.on.ceramic block

1.1 Quantity Required: 2.19 kg / Tload ~ Unit Cost: 150.56 $/ kd
| 1.2 Input Value: s/ !

© e

Note to Item 1,3: Use price, if input produced in own plant,
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Process No. .u_‘ .[OIZJ]’[OIA']

2.2 Indirect Materials (incl. suppliesand non-energy utilities):

2.21
2.22
2.2

Form 4

‘Page 1 of 1

Revision Date_5/78
Tvpe: PC o0il H :
Specification: PC 01 for abrasive vehicle
Ouantity Required: 7.6 _g /load; Unit Cost: 0.66 S/ % Cost: 5.02  $/1oad
Tvpe: Abrasive
Specification: 600 grit SiC abrasive;
_ __concentration in PC oil is 0.36 kg/&;
mass consumed per load is 2.736 kg.

Quantitv Pequired: 2.736 kg ~_/load: Unit Cost:  4.29 $/kg ;  Cost:y 7.03 s/load
Type: —— - -
Specification:
Quantity Required: / ; Unit Cost: .S/ 3 Cost: S/

.2.2 Subtotal Indirect Materials: | 12.05 $/1oad




Process No. l_Z__I, ||4 l, { 0}12 |-ir0 ;4 B Form 5

S Page 1 of:-]1
2.3 Expendable Tooling: ' - -

2.3 1 Type: Blade pack with 300 blades cf 1095 steel, 0.15 mm thick, 6.35 mm high _Revision_ Date 5/78
‘ Quanvtity Required: ' 1 pack / load- Unit Cost: 50 - _$hack Cost: 50 $/ 1oad
© 2.3 _ Type: . | o .
Quantity Required: / : Unit Cost: ______$/ - Cost: . .8/
2.3 __ Type:
Quantity Required:. - / : Unit Cost: 8/ cost: | $)
2.3 - Type:.
Q;xanticy',ReqL‘lired: i / : Unit Cost: ___b/_ Cost: S/
= 2.3 Subtotal Expendable Tooling: 50 $/1oad
<
2.4 Energy

2.4 1 Type: E]ectriéity for 1 kW main and auxiliary motors

Quantity Required: 32 _KWh / load ' : Unit Cost: (), (0319 $/kuh Cost:{ _1.02 $/ load
2.4 - Typé: ' ) '

Quantity Required: _ : Unit Cost: s/ Cost: $/

2.4 Subtotal Energy Costs:- 1.02 ¢/ load

'2.5 Subtotal 2.1 to 2.4: C 5 63.07 s/ load
2.6 Handfing Charge: 5.26 % of item 2.5) _3.32 - s/ load

2.7 S(ubtotal Materials and Supplies: 66.39 $/load
2.5 + 2.6)
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Process No.

Form 6

Page ] of ]

Revision Date 5/78
3.1 Direct Labor:
3.11 Category: Semiconductor assembler ‘Activity:» Machine loading
(SAMICS B3096D) :
Amount Required: 0.5 h/ load ; Rate: $3.90 /h; Load 36.0 %; Cost: . 2.65 $/ load
3.12 Category: Semiconductor assembler Activity: machine supervision
' (SAMICS B3096D)
Amount Required: 0.67 - .h/ load ; Rate: $.3.90 /h; Load 36.0 Z; Cost: 3.55 $/ load
3.13 category:_Maintenance mechanic Activity: Adjustments, blade head changing
(SAMICS B3736D) ) : -
Amount Required: 0.67 h/_load ; Rate:-$ 5,67 - /h; Load_3.60 %; Cost: 5.17  $/1oad
3.1 Direct Labor Subtotal: 11.37 s/ load
3.2 Indirect Labor: 25% of direct
3.2_ Category: Activity:
Amount Required: h/ ; Rate: §$ /h; Load " % Cost: s/
3.2_ Category: Activity:
Amount Required: h/ ; Rate: §$ /h; Load %3 Cost: s/
3.2_ Category: Activity:
Amount Required: ' h/ ; Rate: § /h; Load %; Cost: S/
3.2 Indirect Labor Subtotal: 2.84 $/1oad
3.3 Subtotal 3.1 and 3.2. 14.21  $/1oad
3.4 0.75 g/10ad

Overhead on Labor: 5.26 %2 .

3.5

Subtotal Labor

14.96

$/1load
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Process No.

4.11

4.1

£~
—

2 4 012]-]0] 4

4,1 Equipment

Type:_Multiblade slicing machine

- $; Thrggghpu;: 225 loads /Wy

Cost: 20,000 $; Installation Cost:

Plant Oper'g Time 8280 - ) h/&; Machine Avail't&:_gg__ﬂ; Machiné Oper'g Time 7452 h/y
Servicing Costs: Labo% ‘ h/y af;__;_____é/h;Parts or Outside Service:1592.3 S/y
Useful Life:A‘ | 7 ;; Charge Rate: 21.35 % of Cost/y; Capital Cost: 4270 $/y
Type:

Cost: ’ $; Installation Cost: $; .Throughput: /h;
Plan; Oper'g Time h/y; Machine Avail'ty: %; Machine Oper'g Time h/y
Servicing Costs: Labor h/y at S/h;Parts or Outside Service: S/y
Useful Life: v; Charge Rate: -Z of Cost/y; Capital Cost: Sly
Typé:A

Cost: | - $; Installation Cost: S Throughput;' /h;
Flant Oper'g Time h/y; Machine Ayail;ty: %; Machine Oper'g Time h/y
Servicing Costs: Laborz h/y at . - $/h;Parts or Outside Sgrvice:’ S/y
Useful Life: _ v; Charge Rate: %Z of Cost/y; Capital Cost: S/y

| Form 7
_ Page 1 "of 1

" Revision “‘Date 5[78 -

20,05 $/_load

s/

S/

4,

1

Subtotal Equipment Cost:

- 20.05 $/1oad




Process No. I Zl L4l 0l2i7to1 4 Form 8 .
o Page } of 1
4.2 Facilities: Revisicn Date 5/78
. N 2
4.21 - Type:Slicing machine area Floor Area: 5.6 m~; Throughput: 225 _Joad /¥
Charge Rate: _179,13* $/(m"-y); Maintenance Costs:
® Come eIy G5 2 CEEKD P Gaap  Yen -y S e
Energy Use: Y Labor: h/y at $/h
Heating ly. at $/__ ! Supplies: $ly
Air Cond'g /y at S/ l Outside Services: Sly
| BhEINE Y 1 Total Cost: _1003.13 /vy § 4.46  $/load
2
4.2_ Type: Floor Area: m ; Throughput: /y
Charge Rate: $/(m2'y); T TMaintenance Costs: . T T
L ] e " NN S —— c— r - o — L]
~ Energy Use: l Labor: h/y at $/h
s . .
o Heating /y at s/ ! Supplies: sy
3 ! ) ‘
’All' Cond'g /y at $/ = Outside Services: $/y J
Lightin /y at S/ — = emr ee o S0 e WD Gew  mee o
8 ‘g Y 1 o Total Cost: $ly $/
. 2
4.2_ Tvpe: Floor Area: m ; Throughput: /y
.. Charge Rate: $/(m”-v): Maintenance Costs:
- GNP Cuup EmEp G Cesmp -? Sum— U—° o ewse v
nergy Use: Labor: h/y at S/h
Heating /y at $/ l
- l Supplies: S/ly
Air Cond'g /y at S/
: i Outside Services: S$ly e
nghtlng /y at S/ - - - Gmep @ED T G GEED ShEs  Sup O .
4 Total Cost: Sly s/
4.2 Subtotal Facilities: 4.46 s/ load
* Includes energy use e .
. 4.3 Equipment and Facilities Subtotal : 24.51 $/1oad




91

Form 9-1

”--Page' ]l of 1

- Revision - ™~ Date 5/78
ProcessNo.@.E,02—04 ) :
p
5. Salvaged Material (Work-in-process)
. A
5.1 Cuantity-of Work-in-Process 1. Contained in Good Output ) |
Work-in-Process (per Computation Unit) 1.035 kg / load ’
5.21 Input Work-in-process 1. Not Contained in Good Output
Work-in-Process ("Amount Required”" from 1.1 minus 5.1) . 1.158 kg / load
5.22 Net Amount-of 5.21 which is sold for Credit As-Is or
After Applying Re-Process lc L . ]- /
5.23 Credit for 5.22 at the Market Value of $/ : $/
5.24 Cost of Reprocessing Material of 5.22
at the Average Reprocessing Cost of S/ : $/
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) 1.158 kg / load
- | ~ y — 117435
5.3 Cost of Work-in-Process Lost (Amount 5.26 Times Unit Cost 1.1) . $/ load
5.4 Cost of Work-in-Process Contained in Good Output Work-in-Process _
(Amount 5.2 Times Unit Cost from 1.1) ’ 155.83 s/ load
Salvaged Materials Summary:
5.8 Total Net Credits for All Salvaged Materials (5.25 + 5.67 + 5.76) s/




el

Form 10

Process No.’m.lolzl—lolz;l . . ‘ Page 1 of 1

6. Byproducts and Wastes Revision Dat?___§11§___

6.1 Solid Byp;oducts/Wastes 4 R
6.11 Type (COmpnsicion):'Si1icoh chips with dust Quantity Produced% 0.21 kg/ load
Physical Shape/Size: Energy Content: kWh/
Density:_2.34 S/éma; Water Solubility: 0 g/l at _ ' °c: pH:
Toxicity: . . Biodegradable:> Other Remarks:

Type of Disposal:

Input Material for: , Cost/(Credit) S/ H Cost: s/

6.2 Liquid Byproducts/Wastes (inorganic):

6.21 Type (Composition): Abrasive 0il slurry with kerf Quantity Produced: 7.6 &/ Joad

Density:~0.g§g/cm3; Suspended Solids: Sjc abrasive Amount :(, 36 5%#1 pH:

Toxicity: Heavy Metal Content: mg/1 Other Remarks:

contains 0.95 kg of kerf (0.12 kg/% - slurry)

Type of Disposal:

Input Material for: . Cost/(Credit) $/ Cost: $/

7 Capry:‘ $/




Form 12

Page 1 of 1
Process No. . B . lolz I—lola ’ | Revision “Date5/78
7. Process Cost Computation 7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) 105,86 $/1oad
7.22 Other Ipdirect Costs % of 7;11 1.66 $/1oad
050 (NS g R (e
7.21 Total Operating Add-on Costs of Process: 107.52 $/]1oad
7.22.G & A - % of 7.21 s/
7.31 Total .Gross Add-On Cost of Process 107.52 $/1load
7.32 Credit for Salvaged Material (5.8) | $/
7.33 Cost of Work-in-Process Lost (5.3) 174.35 §$/1oad
7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) | _281.87 $/load
E% 7.35 Cost of Input Work-in-Process Contained in Good ' :
' Output Work-in-Process (5.4) . 155.83 $/load
7.36 Loading on Item 7.35 at Rate i $/
7.37 Cost of Qutput Work-in-Process (7.34 + 7.35 .+ 7.36) 437.70 $/load
Theorétical Yield (or Conversion Rate, if output units of 2
work-in-process do not equal input units) 0.838 m_/
Practical Yield
' ' : ‘ . 2
Effective Yield (7.41 x 7.42) 0.695 m / kg
Number of Units of Good OQutput Work-in-Process per. 2
Computation Unit ‘Used up to 7.35 , 1.525 m /1oad
7.51 Cost of Unit of Good Output Work-in- . ' 2
: Process (7.37 %+ 7.44) &67.0c 8
7.52 Specifié Add-On Cost per Unit of Good 483 2
Output Work-in-Process (7.34 *+ 7.44) 184.83 5/ m




Process No. 2 114 |10 12 (o] O}4

8.

12740

Price Computation

'8.1 Alternate 1

8.11 Profit at Expected Rate of _20  7%: 36.97

$/

2

m

(P;éfit before income taxes; applied to 7.52)

8.12 Price of Process (7.52 + 8.11)
8.13 Price of Work-in-Process (7.51 + 8.11)

Revision

" " Form 13—1"
- Page 1 of 1

Date 5/78

323.98 8/ ml
221.80 s/ nf




Form 13-2
~Page ] of 1
Revision Date 5/78
8.2 Alternate 2 (SAMICS Methodology)E
8.21 Profit Computation:
0.9274* 20.05 $/ load from Subtotal 4.1 = 18.59 $/1oad
1.946* 4.46 s/ Toad from Subtotal 4.2 = 8.68 $/load
"~ Subtotal = 27.27 $/1oad
8.22 Costs of Amortization of the One-Time Cost:
0.192%__66.39 s/ load _from Subtotal 2.7 = 12.75  s/load
= 0.192% 14.96 s/ load from Subtotal 3.5 = 2.87 $/1oad
0.2958* 20.05__ $/_load from Subtotal 4.1 = 5.93 $/load
: 2-77* 4.46 $/ _load from Subtotal A.2'= 12.35 $/1oad
Subtotal = 33.9G $/1oad :T
8.23 Total Net Cost of Equity (8.21 + 8.22): 61.17  $/1oad
8.24 Profit and Amorfizétioﬁ of Starﬁ-up Costs per Unit of Good Output i
Work-in~Process: - = , 2 :
(Divide Subtotal 8.23 by 1.525 m /load from 7.44)
4011 s/’
A_ 8.25 Price of Process (7.52 + 8.24) ?224.94 S/ m2
8.26 Price of.Work—in—Process~(7;51 + 8.24) 327.13- '$/ mz
' i . — : f—:-;----

Process No. ‘mo 4 .-




Process No. I 2 I. 4 ; 0 2171 Q0 4

9v1

Output Specification:

Revision

Form 15
Page 1 of 1
Date 5/78

Name of item: Wafer, as-cut n
Dimensions: 10-cm diameter, 0.294 * 0.04 mm thick
Material: high purity silicon

Depth of subsurface damage 10-15

um

Other Specifications:




| Procéss nvo. 2] [ 4 ]_rolggy*[0[11

University of Pennsylvania

Process:

PROCESS CHARACTERIZATION

(UPPC)
Sheet generation

Subprocess: Ingot slicing

Form 1

Option: Multiblade slurry slicing using the
900 blade-head machine as proposed by -Varian
for use in 1986.
INDEX
Form Pages  |Rev. | Date Remarks

1 5/78 _All forms have same date
2 1 to 1 |

3 1 to O

4 1 to 1

5 1 to 1

6 1l to 1

7 1l to 1

8 1 to |

9-1 1 to 1

9-2 1 to O

9-3 1l to O
10 1 to 1
11 1l to O
12 1l to 1 B _

13-1 1 to 1 _

13-2 1 to 1
14 1l to 1

15 1 to 1 L
16 1l to 0'

147




' Page of 1
: * Revision _‘Date 5/78 '
Process vo. (2 |, 4 |, [0]2]—[0 4] g 0.1 Value Added: ] .
Process Descriﬁtion: Muitiblade slurry slicing

Form 2

Projection for Varian's slicing machine with 900 blades bgf head,

Blades are 0.15 mm thick with 0.30 mm spacers

891

Input Specification:

‘Name of Item: Prepared machine Toad from 2,4 : 01 : 04
Dimensions: 12-cm in diameter, 40-5 cm long, 10-72 kg single crystal ingots
Materiali: - High purity silicon B , o '1

Other Specifications:. One silicon crystal mounted on ceramic block

1.1 Quantity Required: 10-72 kg / load Unit Cost: _70.98 $/ kg Si -
| 1.2 Input Value: ‘ s/
1.3 Inphc Cost: 760.94 $/ load

Note to Item 1l,3: Use price, if'input produced in own plant.




Process No. (21.[4],[0l2i—r014l -, Form 4] 4 ]
' ‘ Page ;_o€~

2.2 1Indirect Materials (incl. suppliesand non—energy utilities): o
PP . Revision Date 5/78

2.2 1 Type:__Abrasive slurry . ‘ ;

Specification: PCoil with 600 grit abrasive
~ Concentration 0.24 kg/%

Quahtity Required: 15 _% /]oad; Unit Cost: _ 1,85 S/ % . Cost: 27.75 $/ load

(£
ro
N

Type: Misc. materials

Specification: Not given; estimated

6v1

Quantity Required: T ¢ Unit Cost: $/ ;  Cost: 9.48 s/load
2.2_ Type: o ~

Specification:

Quantitv Required: . / ; ~ Unit Cost: S/ ~_; Cost: $/

2.2 Subtotal Indirect Materials: | 37.23 $/load




Process No. l>2],l4J,{OE —‘roi” . S “Form 5
| ' ' ' page 1 of 1

2.3 Expendable Tooling:

2.3 _] Type: _900-blade drill pin pack consisting of 0.15 mm thickf]095 steel blades Revision____ Date
Quantity Required: 0.5 - Pack /load: Unit Cost: 39,45 $/Pack Cost: 19.73 S/ 10ad_
2.3 _ Type: | | ‘
Quantity Required: / : Unit Cost: ______S/_;_ Cost: $/
2.3 _ Type:
Quantity Required: / : Unit Cost: ___ §/  Cost: $/
2.3 _ Type:
Qu;’mtit:'y Required: /___: Unit Cost: I T Cost: $/
g 2.3 . Subtotal Expendable Tooling: 19.73 $/pack
2.4 Energy

2.4 1 Type: _Electrical, 1.67 kW in main and auxiliary motors

Quantity Required: . 49,3 kWh/load : Uait Cost: () 032 $/yyp Cost: 1.57  $/1oad

2.4 _ Type:

Quantity Required: _. . : Unit Cost: $/ Cost: $/

2.4 Subtotal Energy Costs: 1.57 $/1oad ,

2.5 Subtotal 2.1 to 2.4: 58,53 $/load
2.6 Handling Charge: 5.26 % of item 2.5} 3,07 $/10ad

2.7 Subtotal Materials and Supplies: 61.60 _s/load
(2.5 + 2.6)




161

Process. No. 2 4 0] 21<]0 |4 ‘ o Form 6
: : ‘ . Page 1 of 1

ARevision Date 5/78 °
. 3.1 Direct Labhor: :
3.11 Category:_sSemiconductor Assembler Activity:  1oading/unloading
~ {SAMICS B3096D) : , . L
Amount Required: - 0,67 h/ lgad ; Rate: $__ 3 qp /h; Load 36.0 %; Cost: 3.55  $/_1oad
.3.1; Category: Semiconductor Assembler Activity: Machine supervision
(SAMICS B3096D) ‘ »
Amount Required: 0.67 b/__load ; Rate: $_ 3,90 /h; Load_136.0 ~ %; Cost: 3.55 - -$/_load
3.1_ Category:_Maintenance Mechanic Activity: plade head changing and adjusting
' (SAMICS B3704D) _ '
Amount Required: - 0.67 . h/__load ; Rate: $_ 5 47 /h; Load_3g g %; Cost: 5 17 $/_1o0ad
‘ - 3.1 Direct Labor Subtotal: - 12.27 $/ load
3.2 Indirect Labor: 25% of direct ) o o :
3.2 Category: ‘ ) , , Activity:
Amount Required: - h/ 5 Rate: $ /h; Load %; Cost: o s/
3.2 Category: . Activity:
Amount Required: h/ ’ 3 Rate:.$ /h; Load - %3 Cost: : $/
3.2_ Category: . ‘ Activity:
AmounﬁzRequired: ‘ h/ ; Rate: $ /h; Load %; Cost: $/
3.2 Indirect Labor Subtotal: 3.07 $/_load
3.3 Subtotal 3.1 and 3.2 15.34 g/ load
3.4 Overhead on Labor: 5.26 % 0.81 $/_load

3.5 Subtotal Labor . 16.15 S/ 1oad




R41!

Proces;s No'.l_ZJ. 4 _& 2_]‘& ]

. Revision
4.1 Equipment
. 4.1 1 Type: Multiblade slicing machine
cost: 30,000 $; Installation Cost: : $; Throughput: 245 [ Y

Plant Oper'g Time 8280 h/y; Machine Avail'ty: 90 %; Machine Oper'g Time 7452 ' h/y

Servicing Costs: Labor " h/y at $/h;Parts or Outside Service: 1592,3 S/y'
Aﬁseful Life: 7 y; Charge Rgte: 21.35 % of Cost/y; Capital Cost: 6420 \ $ly
4.1 .Type:
Cost: $; Installation Cost: $; Throughput: . /h;
Plant Oper'g Time : h/y; Machine Avail'ty: _ 7%; Machine Oper'g Time h/y
Servicing Costs: Labor h/y at $/h;Parts.or Outside Service: Sly
Useful Life: y; Charge Rate: % of Cost/y; Capital Cost: Sy
4.1 Type:
Cost: $; Installation Cost: $; Throughput: | /h;
Plant Oper'g Time | h/y; Machine Avail'ty:  %; Machine Oper'g Time h/y
vServicing bosts:iLébor h/y at S/h;Parts or Outside Service: s/y
Useful Life: v; Charge.Rate: % of Cost/v;.Capital Cost: - $ly

" Form 7

Page 1. of 1

Date 5/78

32.70 _$/1oad

-8/

$/

4.1 Subtotal Equipment Cost:

32.70 $/1oad




Process No. 2.4.02—04

. Revision
4.2 Facilities:

., ‘
4.2_1 Type: Slicing machine area .Floor Area:__ 5,6 m~; Throughput: 245 loads ly

2 - oua Lo b iy G SwoP S o Suur CEY
Charge Rate: 179.13* $/(m™y): r Maintenance Costs:
- ooy L4 —— — — — o L. 4 — L 4
Energy Use: -' Labor: h/y at $/h
Heating /y at S/ | Supplies: $/y
Air Cond'g . /y at s/ ‘ Outside Services: Sly
JEnEing YA ey Total Cost: _ 1003.13 /v
e i e =
2 .
4,2_ Tvpe: Floor Area: m ; Throughput: /v

—— G S — —— —— e cmul Lnd o d S—
s/(mz.}.): r Maintenance Costs: -

Charge Rate:

CEEp ovan e eRsy SeED CGEEp Geves  guud  Gewy PS> Gacp G

Form 8
Page ] of ]
Date 5/78

4.09. S/ load

s Energy Use: Labor: __~  hfyat __ §$/h
w s , l
Heating /v at S/ l Supplies: s/y
. ' q
Air Cond’g [y av S/ Outside Services: . S/y
Llh:ln / at S/ — ——-—-'—oc--—.——.—.-q
& g y — T} Total Cost: S/y $/
' 2
4,2_ Tvpe: Floor Area: ___ m"; Throughput: ly
Charge Rate: §/(m”-v): Maintenance Costs:
nergy Lse: lLabor: h/y at $/h
Heating /y at s/ ‘
: I Supplies: $/y
Air Cond'g /y at S/ , .
Cutside Services: Sy
Lightin /V at s/ - cnms - Gmsl GEO Gy R Ny et G Gl
& 8 : B 4 Total Cost: $ly $/

*Includes energy use 4.2 Subtotal Facilities:

4.09 4, load

4.3 Equipment and Facilities Subtotal :

35.79 3/ load
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Form 9-1

) . . . Page 1 of ]
Process No. L2_ . E . 02 |~[0 |4 ‘ B . | - . Revision Date 5/78 -

5. Salvaged Matecrial (Work-in-process)

5.1 Quantity'of Work-in-Process 1. Contained in Good Output
Work-in-Process (per Computation Unit)

5.66 kg , load

.21  Input Work-in-process l. Not Contained in Good Output
Work-in-Process ("Amount Required" from 1.1 minus 5.1) A 5.06 kg / load

w

5.22 Net Amount of 5.21 which is sold for Credit As-Is or

After Applying Re-Process [:] . | . ']- : ' /
5.23  Credit for 5.22 at tﬁe Market Value of - ;¥‘$/ P . . $/
5.24 Cost of Reprocessing Material of 5.22
at the Average Reprocessing Cost of 74 : $/
5.25  Net credit for 5.22 (5.23 minus 5.24): - $/
5.26. &a;erial,of Type 1. Lost in Process (5.21 minus 5.22) ' | 5.06 kg' / load
5.3 . Cost of Work-in-Process Lost {Amount 5.26 Times Unit Cost 1.1) - ﬁ—ﬁ.ﬁ 359,[8‘5/;UE31
5.4 CQ;t of wOrk-%n-Précgss Contained‘in Good 6utpu§ Work-in-Process _ _— 40];76 load -
(Amount 5.2 Times Unit Cost from 1.1) : - $/

Salvaged Materials Summary:

5.8 Tetal Net Credits for All Salvaged Materials (5.25 + 5.67 + 5.76) $/
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Form 10 ,
Process No. . m mZ] - Page 1 of 1
6. Byproducts and Wastes Revision I?ate 5/78 _
6.1 Slolid:‘ Byproduc::tsv/Wastes' ‘ ) _
.6.>l_] ”-I‘ypef (Composition‘)v: Sﬂ.icon chips -ahd dust Qdanti't';l Produﬁ-ed ;'A0.53'6 kg/ - load
Physical Shape/syize'-‘ A ' EnerAgy‘FContent: | o kWh/
‘. 'Densltv 2 34 g/cm ‘Water Solubility: g/l at _ _-0 pH:
ATOXIth) Biodegradahle: Other Remarks:
|__, Type c\‘f D.ispo';qai.:
un . N
o Inpu’t' Material for: Cost/(Credit) S/ T Cost: S/\’ :
(‘7.'2 Liquid B'yproducté‘/‘\‘slastes (in(;rganic')-:
6.2 1 T'ybe A(Com‘po'sition): PC 0il slurry ‘Quantity Produced: ]“5 2 / Tload
Density:_();95_g/cm3; Suspended Solids: SiC abrasive - Amount: 0,24 kz/1  pH:
Toxicity: | ﬁéavy'Metal Content:_ mg/l  Other Remarks:
071 a'l‘so contains 4.76 kg of kerf/load j concentration is 0.32 kg/4.
Type of Disposal: |
Input Material fo.r: Cost/(Credit) S/ Cost: $/
Carry: S/




96T

Form 12

Page

]of]

Process No . E. 0} 2{—] 0] 4 Revision " Date

5/78

7. Process Cost Computation 7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.)

7.22 O(tdx'esrg *ﬁrhd.j]r)ec+t C]cb% : % of 7.11

114.46 $/1oad

2.37 s/1oad

7.21 Total Operating Add-on Costs of Process:

7.22 G & A % of 7.21

_116.83 $/1oad
$/

7.31 Total Gross Add-On Cost of Process
7.32 Credit for Salvaged Material (5.8)

7.33 Cost of Work-in-Process Lost (5.3)

116.83 s/1oad

$/
359.18 ¢/ 1oad

7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32)

7.35 Cost of Input Work-in-~Process Contained in Good
Output Work-in-Process (5.4)

7.36 Loading on Item 7.35 at Rate %

476.01 ¢/1oad

398.40 $/10ad
$/

7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36)

874.41 g/ 'oad

7.41 Theoretical Yield (or Conversion Rate, if output units of

work-in-process do not equal input units) L 0.947 m? / kg
7.42 Practical Yield ' 95 ¢
7.43 Effective Yield (7.41 x 7.42) 0.9 m / kq

7.44 Number of Units of Good Output Work-in-Process per

2
Computation Unit Used up to 7.35 9.67 m / load

7.51 Cost of Unit of Good Output Work~in-
Process (7.37 %+ 7.44)

7.52 Specific Add-On Cost per Unit of Good
Output Work-in-Process {(7.34 + 7.44)

90.42¢; m

2
m
49.22$/




ST

Process No.

8. 'Price“COmputatioﬁ

8.1 Altorngg_l

8.

.......

rice of Work-in-Process (7.51 + 8.11)

11 Profit at Expected Rate of - 20 %: 9:85 . ¢/ ml
(Proflt Hefore ‘income taxes, applled to 7. 52)

.12 Price of Process (7.52 + 8. ll)

.13 P

Revision

. Form 13-1
Page-_1 of

Date 5/78

1

59.06 .5, m?

100.28° s/ 2




Process No. 2

[J.GE]-CI]

Form 13-2
Page 1 of 1

Revision Date 5/78
8.2 Alternate 2 (SAMICS Methodology):
8.21 Profit Computation:
0.9274%x 32.70 ¢; load from Subtotal 4.1 = 30.33 ¢,/ load
1.4 .09 ¢, Toad from Subtotal 4.2 = 986 ¢, load
Subtotal = 38.29 s/ load 1

8.22 Costs of Amortization of the One-Time Cost:
0.192*_61.60 s/ 1load from Subtotal 2.7 = 11.82 s/ load
o 0.192% 16.075 s, load from Subtotal 3.5 = 309 s/‘1oad
> 0.2958% 32:70 :Ipad from ‘Subtotal 4.1 = 9.87. gy Toad
2,77+ 4.09 5, load Erom Subtotal 4.2 = 1134 ¢, Tload
= 35.92 s/ Tload

Subtotal

8.23 Total Net Cosg of Equity (8.21 + 8.22):

8.24 Profit and Amortization of Start-up Costs per
Work-in-Process:

9.67 m

Unit of Good Output

!/ 1oad from 7.44)

(Divide Subtotal 8.23 by
8.25 Price of Process (7.52 + 8.24)

8.26 Price of Work-in-Process (7.51 + 8.24)

7.67

S/ m

2

74.21 s/ load

56.89 s/ ml

98.10 $/__Mm




9.

Process No. 2 a4l 1042 |Tlol4 Form 14
: Page 1 of 1
Process Economic Evaluation: . Revision Date_ 5/78

9..1 Process Cost Balance (7.52 - 0.1) $/
9.2 Relative Process Performance (9.1 + 0.1)
.9.3 Qutput Cost (7.51) 90.42 s/ m2
9.4 OQutput Value (0.2 + 0.1) S/
9.5 Relative Excess Cost :(9.3.‘— 9.4) 9.4]

65T




;Pr0cess No. 2 4 0 )2 -1 0 4

091 -

Output Specification:

Form 15

Page ] of 1 |

Date

5/78

Revision

Name of it;m: ' Silicon wafer, as cut
Dimensions: 12 ¢m in dia., 0.25 mm thickness
Materiél: : High purity silicon

Other Specifications: Kerf thickness 0.2 mm




Process No. . m . '.

University of Pennsylvania
PROCESS CHARACTERIZATION

(UPPC)

Process: Sheet gene'r‘ation .

Subprocess: Wafer ,generation

Optioﬁ; Crystal Systems' Fixed

Form 1

Abrasfve Multiwire Slicing
INDEX

Form Pages Rev. | Date Remarks

1 /78 _ A11 forms ‘have same date

2 1l to 1

3 1 to 0

4 1 to 1

‘S 1 to 1

6 1 to |

7 l to 1.

8 1 to

9-1 .l to ]

9-2 1 to 0

9~3 l1 to 0

10 1 to 1 - |

11 l to -0 |

12 1 to _1 N _

13-1 1 to 1

13-2 1 to 1 .
14 1 to 1 R o
15 1l to 1 L

16 1 to 0O .

161



Form 2

Pa_ge 1 of 1

Note tc Item 1,3: Use price, if input produced in own plant,

l.3 Input Coét:

- o , Revision Date _ 7/78
_Process No. Lg_.. 4 ,LO 2 "[ 0 5} 0.1 Value Added: s/
Process Description: Mu]fiwire fixed abrasive slicing . ' < - ' :

1. Input Specification: _
Nanme of Item: Sectioned from a 30 x 30 x 30 cm boule anwn_hx;heat_exﬁhange;ingaiacastiag

- Dimensions: Two 30 x 10 x 10 cm ingots, each weiqhing 7.02 kg ;
= .
~ Material: Silicon crystal (high purity)

\
Other Specifications: IﬂQ:D]adE carriages are used for each lpad
1.1 Quantity Required: 14.04 - kg -/ load - Unit Cost: 27.75 $/ ka
1.2'Input:Value: s/

| _389.56 ¢/ 1load




Procesé No. . {4 J . [0 l ZJ‘WIQ

2.2

€91

Indirect Materials (incl. - supplies and non-energy utilities):

2.21°

~
.

o

Iro

. Revision

b

Tvpe: Coolant water -

Specificaticn: ‘Filtered domestic water flowing at a rate of about 20 2/h

(SAMICS C10168)

Cuantity Required: | 333 g /]oad;

Unit Cost: 0.113 /1000 2 ; cCost:-

Type: Misc. materials: eg. slicer parts, .etc.
7 .

Specification:

Quantity Required: ‘ R & ‘Unit Cost: 0.30 sy77load . cost:
Type: e .

Specification:

Quantitv Required: / Unit Cost: s/ " ; Cost:’

Fd}m 4

Page 1 of |

Date //78

. 0.04 s/ load

0.30 ¢, Tload

$/

2.2 Subtotal Indirect Materials:

0.34 s/ load




Process No. l 2 | .

L

4]

|
v |

| 1

0/2|-10{6]

2.3 Expendable Tooling:

Form 5

Page [_l_ of. 1

2.3 Type: _2, 750 wire-blade package sets - Revision, Pate_1/78
Quantity Required: 0.2 sets/load: ‘Unit Cost: __ 25 $/_set Cost: 5 $/1oad
2.3 _ Type: ) ' | B N
Quantity Required: / : Unit Cost: __ 8/ . Cost; s/
2.3 _ Type:-:
Quantity Rquired: /. : Unit Cost: ____ $/ _ Cost: $/
2.3 __ Type:
Quantity Required: / : Unit Cost: ____$/ _ Cost: $/
E 2.3 Subtotal Expendable Tooling: . 5 $/_load
2.4 Energy ;
2.4 1.Type: 2 kW motors_
| Quantify Required: 33.3 kWh/load : uUnit Cost: 0.0319$/_kWh Cost: i.06 $/ load
A2.4__‘Type:
Unit Cost: ___ $/__ Cost: s/

Quantity Required:

2.4 Subtotal Energy Costs:

1.06 $/ load

2.5 Subtotal 2.d to 2.4:
2.6 Handling Charge: 5.26% of item 2.5

_ 6,40  $/ 1oad
0.34 sl_ load

2.7 Subtotal Materials and Supplies:
(2.5 + 2.6) ‘

6.74 _$/load




691

Process No. |2 J | 4 A0 21-jo | 6 Form 6
' Page 1 of 1 _
. Revision Date 7/78
3.1 Direct Labor: )
3.1 1 category:_ Semiconductor Assembler Activity: machine ioading and unloadipg
. (SAMICS B3096D)
Amount Required: 0.50  h/load ; Rate: $_ 3,90 /h; Load__34.0 %3 Cost: 2.65 $/ load
3.1 2 category: Semiconductor Assembler Activity: Machine supervision
(SAMICS B3096D) 9
Amount Required: 1.1 h/ load ; Rate: $_ 3,90 /h; Load_ 36,0 %; Cost: & Q2 $/ 1nad
3,1_3 Category: Maintenance Mechanic II Activity: Service and repair, cutting toql change
(SAMICS B,?704D) A
Amount Required: .0 h/ Tload ; Rate: $ 5.67 /h; Load 36.0 %4; Cost: 7. .71 $/ 10ad
3.1 Direct Labor Subtotal: 16.19 s/ 10ad
3.2 Indirect Labor: 25% of direct : :
3.2_ Category: Activity:
Amount Required: h/ ; Rate: §$ /h; Load %; Cost: . s/
3.2 Category: Activity:
Amount Required: h/ ; Rate: §$ - /h; Load %Z; Cost: -8/
3.2_ Category: Activity:
Amount Required: h/ ; Rate: §$ /h; Load %; Cost: S/ -
3.2 Indirect Labor Subtotal: 4.05 s/ load
3.3 Subtotal 3.1 and 3.2 - 20.24  s/3oad
3.4 Overhead on Labor: 5.26 % 1.06 $/load
3.5 Subtotal Labor 21.30 ¢/ Toad




, Form 7
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Process No.|2 } |4 }.10]2 J-L0]6 . I Page 1 __of _1_
4.1 Equipﬁ;nt ' .' ' Revision Date 7/78
4.1_1 Type:_FAM slicing machine with two blade heads
Cost: 35,000 $; Installation Cost: $; Throughput: 385 loads /k;y
Plant Oper'g Time 8280 h/y; Machine Availfty:__gﬁ_%; Machiﬁe Oper'g Time 7038 h/y
‘Servicing Costs: Labor h/y at $/h;Parts or Outside Service: 1592.3 $/y
Useful Life: 7 y; Charge Rate: 21.35 9 of Cost/y;'Capital.Cost: - 7472.50 - $/y 23.54 s/ load
4.1  Type:
éost: ) $; ‘Installation Cost: $;'Throughput: ] /h;
Plant Operfg Time h/y; Machine Avail'ty:_____%; Maéhine Oper'g Time___ . hty
_ServicingﬁCosts: Labor h/y at $/h;Parts or Outside Service: Sly
Useful Life: y; Charge Rate: ' % of Cost/y; CapiEaI'Cosfz- ' $/ly S/
4.1 Type:
Cost: o $3 Installatioﬁ Cost: S; Tﬁroughput: : /h;
Plant Oper'g Time | h/y; Machine Avail'ty: _ %; Machine Oper'g Time __h/y
‘Servicing Costs: Labor h/y a£ ) "$/h;Parts or Outside Service: Sly
Useful Life: " v; Charge Rate: | % of Cost/v; Capital Cost: . ", $ly s/
4.1 Subtotal Equipment Cost: 23.54 s/ load




Process No. 2 . 4 ' 042

6 : ‘ ’ """ 7 Form 8

4.2 Facilities:

Page ] of 1

o .. Revision Date _7/78 .

4.21 Type: Slicing machine area "Floor Area: _7.43 mz; Throughput:  .385 loads /y
* 2 . r GEP GNP GrEP EED GNP G SEP Cund S QU Suns U Cuw
Charge Rate: 179.13 $/(m”-y); Maintenance Costs:
® oun owmy oy coee s opes GEp P GEP  Geee ’
" Energy Use: _ —' Labor: h/y at $/h
Heating fyat 8/ { Supplies: $/y
Air Cond'g /y at S/ I Outside Services: S/y
—EE i | Total Cost: ___ 1330.94 _$/v 3.46 _$/1oad
A
4.2_ Type: Floor Area: m2; Throughput : 1y
. . 2 —  — ‘— ——p —uay Ge= '~ '—- —— — -— ames —
Chargé Rate: $/(m - y): Maintenance Costs:'.
Ny SR ST ey r —— e L —— S— L —— .
“ Energy Use: Labor: . h/y at - S/h
— —_—
= | 1
3 Heating . /y at $/ l Supplies: s/y
: 1
Air Cond’g /y at s/ Outside Services: Sly
& & Y 1 Total Cost: $/y $/
" - » 2 .
4.2_ Tvpe: Floor Area: m ; Throughput: /y
- » 2 7— oy oumg e = S — Ry oD A SuEF e S d
Charge Rate: S/ (m -y): Maintenance Costs:
nergy Use: Labor: h/y at $/h
Heating /y at $/ ' g
' : l A Supplies: $/y
Air Cond'g /y at s/ '
Qutside Services: $ly
Li htin / at s/ oy emm SRS n® eme dmv wes G e W
8 8 Y 1 : Total Cost: $/y : s/
* Includes 'energy' use 4.2 Subtotal Facilities: 3.46 s/ load
‘ 4.3 Equipinen_t and Facilities Subtotal : ~ 27.00 $/ load
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Form 9-1

Page 1 of 1

Revision

Process No. Z] . E . lo]2|—[o]6] o Date: _7/78
5. Salvaged Material (Work-in-process)
5.1 Quantity of Work-in-Process 1. Contained in Good Output .
. Work-in-Process (per Computation Unit) ' 7.02 kg / load
5.21 Input Work~in-process 1. Nof Contained in Good Output
Work-in-Process ("Amount Rgaaired“ from 1.1 minus 5.1) 7.02 kg , load
5.22 Net Amount of 5.21 which is sold for Credit As-Is or
After Applying Re-Process r—q c[_ E .I ‘_-{7 1 ) /
5.23 Credit for 5.22 atAthe Market Value of $/ $/
5.24 Cost of Reprocessing Material of 5.22
at the Average Reprocessing Cost of S/ 7.02 kg s/ load
5.25 Net Credit for 5.2? (5.23 minus 5.24): . $/
5.26 Material of Type 1. Lost in Process (5.21 minus 5.22) /
5.3 Cost of Work-in-Process Lost (Amount 5.26 Times Unit Cost 1.1) :::1 194.78 s/ load
5.4 Cost of Work-in-Process -Contained in Good Output Work-in-Process .
(Amount 5.2 Times Unit Cost from 1.1) 194.78 s/ load
Salvaged Materials Summary:
5.8 Total Net Credits for All Salvaged Materizls (5.25 + 5.67 + 3.76) S/




- ' Form 10

' Pl’o~cess No.m' 'm . Lorﬂ- 0 ] 61_ | . : ' ) - Page 1 of _1

6. Byproducts and Wastes * Revision __ Date
6.1 Solid Byproducts/Wastes
6.1 1 Type (Composition): Silicon-broken wafers : "Quantity Produced: 0 / load
Physical Shape/Size{ o : . Energy Content: kWh/
Density: ) g/cm3; Water Solubility: ' &/l at _ OC; . pH:
Toxicity: : Biodggradable: Other Remarks:
Type of Disposal:
e . . B Lo . .
2 Input Material for: '_ Cost/(Credit)v S/ i Cost: | - S/
6.2 Liquid Byproducts/Wastes (inorganic):
6.2 1 Type (Composition): water and silicon kerf Quantity Produced: 333 g/ Joad .
| bensity:_;L__g/cmB; Suspén&ed Solids: silicon  Amount: 2] 08 g/l pH:_>7
Toxiéitj:l ' “‘ - Heavy ﬁetal Content:21.08 z/1  Other Remarks:
Possible to separate the silicon from water and recycle it.
Type of Disposal:_ Silicon filtered out and water recycled thru cooling tower
‘ Inpu£ M;tefial for:' T Cost/(Credit) $/ Cost: . -
) Carry: s/




Form 12
Page 1 of 1

Process No. ) B ; 0|2 |—{0 |6 Revision Date 7/78
7. Process Cost Computation 7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.){ 55.04 §/load
‘ 7‘.22}63@9}&1{:&} Costs: % of 7.11 1.76 8§/
7.21 Total Operating Add-on Costs of Process: . 56.80 $/'06d-» )
7.22 G & A % of 7.21 S/
7.31 Total Gross Add~On Cost of Process BR.80  S/1aad
7.32 Credit for Salvaged Material (5.8) $/
7.33 Cost of WOrL-in—Process Lost (5.3) 194.78.: $/1oad
. 7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) §251.58" ¢/load
S 7.35 Cost of Input Work-in-Process Contained in Good .
Output Work-in-Process (5.4) 194.78 s$/1load
7.36 Loading on Item 7.35 at Rate ’ % $/
7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 446.36 s/ load
7.41 Theoretical Yield (or Conversion Rate, if dutput units of
work-in-process do not equal input units) 1.06 m’_/ kg
7.42 Practical Yield _log % .
7.43 Effective Yield (7.41 x 7.42) 106 m8 /g
o 7.44 Number of Units of Good Output Work-in-Process per

Computation Unit Used up to 7.35

15 m2 / load

7.51

7.52

Cost of Unit of Good Output Work-in-
Process (7.37 + 7.44)

Specific Add-On Cost per Unit of Cood
Output Work-in-Process {(7.34 + 7.44)

29.77_$/_m?
-2
16.79 g,

-



Process No. |2 <14 |4 012 0] 6

" Form'13-1

» ' ~ Page 1 of 1
: . Lo o T . L * Revision __ ‘Ddte 7-78
8.  Price Computation : ’ R . , - )
8.1 Alternate 1
- 8.11 Profit at Expected Rate of _ 20 7%: _  3.36 $/ m2
(Profit before income taxes; applied to 7.52) ,
8.12 Price of Process (7.52 + 8.11) " ' 20.15 g, m
8.13 Price 6fiwork—in-Pro¢ess (7.51 + 8:11) ' ~ : 33.13 S/ m2

TL1



Process No.

el

8.2

Form 13-2

Sl o bl Page 1 of 1
Revision Date 7/78
Alternate 2\(SAMICS Methodology): !
8.21 Profit'Computation:
10.9274% 23,54 s/ load " from Subtotal 4.1 =  21.83 $/ load
1.946% __ 3.46 ¢/ Toad from Subtotal 4.2 =  0:73 ¢, Toad
| Subtotal = __ 28,56 $/_ load 1
 8.22 Costs of Amortization of the One—fime Cost:
0.192¢__ 6.74 5/ 10ad  from subrotal 2.7 = _ 1:31 g/ 10ad
0,192« 21.30 g/ load from Subtotal 3.5 =  4.08 g/ load
0.2958% 23.54 5, load from Subtotal 4.1 = 6.96 s/ load
2.77% - 3.46 4, Toad from Subtotal 4.2 =  9.58 g/ Toad
: _—
Subtotal = 21.94 §/

4

D

load

8.23 Total Net Cost of Equity (8.21 + 8.22):

8.24 Profit and Amortization of Start~up Costs per Unit of Good Output

Work-in-Process: - . 2

(Divide Subtotal 8,23 by 15 m / 10ad  from 7.44)

3.37

s/ Toad

.50.50 $/ 1load

8.25 Price of Process (7.52 + 8.24)

8.26 Price of Work-in-Process (7.51 + 8.24)

- 2

33.14- gy m2
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-_’Procéés No. | 2 . 4 ) 0]12}-101}6
0. Output Specification:

Name of item: Wafer

Form 15
Page ] of ]

Revision . Date //78

Dimensions: 10 x 30 cm-
Material: Solar grade silicon-’
Other Specifications: 200 um thick, 3 um deep fissures




Process NO'LZ_].I_A__J.lQlZ I-—~ Form 1
| University of Pennsylvania
PROCESS CHARACTERIZATION
(UPPC)
Process: Sheet generation
Subprocess: Ingot slicing
Option_: Multiwire slicing
Yasunagé YQ-]AOO (Expe:rimenta] 1978)
| INDEX
Form Pages Rev. :I_)a_ﬁt_e_ | Remarks
1 4/78 Dates for all forms are the same.
2 1 to | ‘
3 1 to O
4 1 to !
5 1 to !
6 1 to |
7 1 to !
8 1to !
9-1 1 to ]
9-2 l to O
9~3 1to 0
10 1 to 1 L
11 1 to 1 !
‘. 12 l to 1
"13-1 | 1 to 1
13-2 1 to 1
14 1 to |
15 1 to 1
16 1 to O
174




. Form 2

Page 1 of 1

Revision _ Date 4/78

Process No. l 2 .l 4 ,_{O 2 "'l] 6 J i 0.1 Value Added: S/

Process Description: Multiwire slurry wafering

‘Data obtained from a JPL conducted demonstration run. -

, 215 slices were made per Toad and 0.4 mm pitch guides were used

1. Input Specification:

Name of Item: Prepared machine load from 2.4:01: 16 .
. Dimensions: 7.6 cm-diameter, 8.8cm loqg, 0.94 kg/load i
& Material: High purity silicon . 2
Otﬁer Spezifications: Ingots are mounted on ceramic block.
1.1 Quantity Required: 1.061 kg / load Unit Cost: _155.98 $/ kg
| | 1.2 Input Value: | $/
1.3 inpuc'Cost: 165.50 g/ load

Note to Item 1l.3: Use price, if input produced in own plant,




Process No. [2 l . l4 I . fO l 2]—[] [(ﬂ , . 5 Form 4

, . . ) - Page 1 of

2.2 1Indirect Materials (incl. supplies and non-energy utilities): L T T
_ ! Revision : Date_4/78

2.21 Type: Abrasive _ .

Specification: 13 umGC'1200 abrasive, concentration 1.5 kg/g:

Is used twice. 5kg. needed per load or 2.5 kg consumed per load

Quantity Required: ' 2.5 Jﬁl/]OﬁQ Unit Cost: 12.10 $/ kg . Cost: 30.25 s/ 2 loads

N
N
Irs

Type: Lapping 0il vehicle for abrasive

Specification: Is used for two loads:

3.25 % used in each load and 1.625

il
’

9.1

2 consumed in each load

Quantityv Required: 1,625 _ & /load: Unit Cost: 1.25 $/ 8 . Cost:] 2.031 . s/ 2 loads
2.2__ Type: . .

Specification:

Quantity Required: : / ; Unit Cost: S/ = ; Cost: $/

2.2 Subtotal Indirect Materials: | 32.28 s/ load

o



_ Process No. {ZJ 4 l,! 0; 2]-—{14! 6] | Form 5

' x , Page 1 of 1
2. 3 Expendable Toollng - — T -

, Revision Date 4/78
2.3_1 Type: Steel wire. O 16 mm dia. Can be used three times - T
_Quantity Required: 5667 m_ /load Unit Cost: 5_@(_1_(-)_3$/_l_ Cost: 32.30 _$/ load
2.’3_ Type: '
Quantity Required: : / ¢ Unit Cost: __;_$/;_ Cost; . 5/
: 2.3 __ Type:
“ Quantity Required: , , / : Unit Cost: 8/ Cost: 5/
2.3 _ Type:
E;: Quantit:y Required: . / : Unit Cost: ___;__$/_.___ Cost: | $/ ‘
2.3 - Subtotal Expendable Tooling:; .32.30 | $/iQ_a_d; o
2.4 Enérgy

2.4_1 Type: _Electrical, 0.6 kw total power for main and’ aux1harv motors

Quantlty Required: 5.4 kWh/]oad : U'llt ‘Cost: 0,0319 03]9 $/ kih Cost: 0 ‘|'22 '$/'AIQAad 1
4 _ Type: '

Quantity Required: . ' - ¢ Unit Cost: S/ Cost: 8
| | 0.172 4, load

2.4 Subtotal Energy Costs:

2.5 Subtotal 2.1 to 2.4: S 64.75 $/1oad
2.6 Handling Charge: 9.26 % of item 2.5) _ 3.40 s/load

2.7 Subtotal Materials and Supplies 68.15  $/load
(2.5 + 2.6) )y




8.1

Process No. 2 4 0] 2=t 116

Revision

Form 6
Page 1 of 1
Date 4/78 _

3.1 Direct Labor:

3.1]1 CcCategory:_Semiconductor Assemble Activity: - Machine 1oad1ng/un]0ad1ng )

-(SAMICS B3096D) )
Amount Required: 0.25 " n/ 10ad ; Rate: $ 3.89 /h; Load 36,0 %; Cost:

.32 $/ 1oad

3.12 Category: Semiconductor Assembler Activity: machine supervision
(SAMICS B3096D)
Amount Required: 0.33 _h/ 1load ; Rate: $_ 3.8 /h; Load 36.0__%; Cost: 1,763 $/10ad
3.13 .Category: Maintenance Mechanic Activity: wiye changing/adjusting ’
~{SAMICS B3736D) '
Amount Required: 0.5 h/ load ; Rate: $§ 5,67 /h; Load 36.0 % Cost: 3855 $/10ad
' -3.1 Direct Labor Subtotal: 6.40  $/load
3.2 Indirect Labor: 25% of direct '
3.2 Category: ' ' Activity: -
Amount Requ@red: ’ h/ ; Rate: $ /h; Load %: Cost: s/
3.2_ Category: Activity:
Amount Required: : h/ ; Rate: § __/h; Load %; Cost: S/
3.2_ Category: Activity:
Amount Required: h/ ; Rate: §$ /h; Load %; Cost: . $/

3.2 Indirect Labor Subtotal:

1.73  $/ load

3.3 Subtotal 3.1 and 3.2

3.4 Overhead on Labor: 5.26 %

_ 813§/ load
0.43 S/ load

‘3.5 Subtotal Labor

_ 8.5 %/ load




Process No.l_ZJ_. 4 ,LL -‘] jJ

6L1

4.1 Equipment Revision __ Date 4/78
4.1 1 Type:_Yasunaga YQ-100 Slicing machine
Cost: 30,000 $; Installation Cost: n.a. $; Throﬁghput_: 745 loads /sy
Plant Oper'g Time 8280 hly; Machine Avail'ty:_;gg_z; Machine Oper'g Time__ 7452 h/y
Servicingnéost;: Labor 4 h/y at | $/h;Parts or Outsidé Service: n.a. $ly
Useful Life: 7 y; Charge Rate: 21.4 7% of Cost/y; Capital Cost: 6420 Sly 8.61 $/_load
.1 Type:
Cost: - . : $; Installation Cost: $; Throughput: "/h;
Plant Oper'g Time h/y; Machine Avail'ty:  %; Machine Oper}g-Time : ‘ B - hly
Servicidg Costs: Labor | h/y at $/h;Parts or Outside Service: | $/j
Useful Life: y; Charge Rate: % of Cost/y; Capital Cost: $ly S/
4.1 Type:
Cost: $; Installation Cost: $; Throughput: /h;
" Plant Oper'g Timé h/y; Machine Avail'tf:_____z; Machine Oper'g Time - u h/y
Servicing Costs: Labor h/y at $/h;éarts or Outside Service: Sly
Useful Life: - y; Charge Rate: % of Cast/y; Capital Cost: ‘ .Sy $/

4

Form 7
Page 1 of 1

4.1 Subtotal Equipment Cost:

8,61 s/ load




2 4 0j2]71116 Form 8
Process No. . . . | Page 1 of 1
. Revision Date 4/78
4.2 Facilities: _——
- . 2
4.2_1 Type: Slicing machine area Floor Area: 4.0 m"; Throughput: 745 loads /v
Charge Rate: 179.13* $/(m™-y); r Maintenance Costs:
. b oy L] e — S e — —— Gy
Energy Use: —' Labor: h/fyat __ $/h
Heating lyar s/ | Supplies: $ly
Air Cond'g /y at s/ I Outside Services: Sty
X . . / s/ - L emp GEud EEd eI GEep WS EEO R TS St G ehmp
Lighting - y at — _ Total Cost: 716.52 $/y 0.96  $/_ load
2
4.2_ Tvpe: Floor Area:_ m ; Throughput: ly
: ’ . . -y Gy Gy — L —— - L] — namp - —— —
Charge Rate: $/(m2-y); Maintenance Costs:
-y S —— o= — —— S - —— — —— ——
— Energy Use ' I-Labor: h/y at . $/h -
®
1) Heating /y at S/ l Supplies: - Sly -
Air Cond'g /y at __S/___ ‘__ Outside Services: Sy
—— — G ey Gy QU  Sped S L
} , . ¢
Lighting : /y a 5 1 Total Cost: $ly $/
2
4.2_ Tvpe: Floor Area: m ; Throughput: ly
. ) - s aum s G S = G Gwe G cns) =" ol
Charge Rate: $/(m -y): Maintenance Costs:
-' - coumd — L} —— A D U—. ;annn o —
Engrgy se: lLabor: - hl/y at $/h
Heating /y at $/
_ o i Supplies: - sy
Air Cond'g } ly at $/ :
‘ L Qutside Services: S/y
Liehti at s/ oy e aoup Gmf CEd U CPa GEES R =S
1ehting /y — [ Total Cost: Sy $/
* Includes energy use 4.2 Subtotal Facilities: 0.96 s/ load
4.3 Equipment and Facilities Subtotal : 9.57 $/ load




18t

‘Form 9-1

Page | of 1

Process No. 2 . E:] . 0j2}—-{1]6 ReV?Sion pate 4478
5._ Salvaged Material (Work—in-process) o _ .,‘»
5.1 Quantity\of\Work-in-Process 1. Contained in Good Output - o . :
Work-in-Process (per Computation Unit). ' ' 0f479 _ kg / load
.21  Iaput WOrk-iﬁjprocess 1. Not Contained in Good Output ‘ ) S
Work-in-Process ("Amount Required" from 1.1 minus 5.1) 0.456 . __ kg /_ load
5.22 ‘Net AmbuhtAqf 5.21 whiéh is sold for Credit As-Is or - |
After Appl;ing Re-Process rﬁj ; L d. [ l-; /
'5.23  Credit for 5.22 at the Market value of S/ S/
5.24 Cost of Reprocessing Material of 5;22 o
at the Average Reprocessing Cost of - $/ - S/
5.25 Awgc Credit for 5.22 (5.23 minus 5.24): $/_
5.26 Material of Type 1. Lost in:Proces§‘(5.2lxminus 5.22) | 0;456 _kq / load
5.3 Costbof'wOrk;in-Process Lost (Amount 5.26. Times Unit Cost l.i) - 71.13 s/ load
5.4 Cogﬁ of WOrkéin-ProcessAContained in Good Output Work-iﬁ;Process

{Amount 5.2 Times Unit Cost from 1.1)

74.72 s/ 10ad

Salvaged Materials Summary:

5.

8

Total Net Credits for All Salvaged Materials (5.25 + 5.67 + 5.76)

s/




Form 10

Process No.[E_] .|4V I. L?I 2]-—[] 16] : S _ L Page 1 of 1

6. Byproducts and Wastes Revision Date _ 4/78
6.1 Solid Byproducts/Wastes
6:1_ Type (Composition): ‘ ‘ Quantity Produced: /
Physical Shape/Size: . Energy Content: kWh/
Density: g/cm3; Water Solubility: 0____g/1 at _ OC: pH:
Toxicity: Biodegradable: , IOther Remarks;
Type of Disppsal;v
% Input Material for: Cost/(Credit) S/ 3 Cost: ‘ S/
6.2 Liquid Bypfodutts/Wastes (inorganic):
6.2 1 Type (Composition):_GC 0il slurry Quantity Produced:1.63 %/ load

Density:~0.3§g/cm3; Suspended Solids:_GC abrasive Amount:_].§ hg/l pH:

Toxicity: Heavy Metal Content: . mg/l Other Remarks:

Slurry also contains silicon kerf at a concentration of -0.48 kg/ﬁL' (‘790 g/]oad)'

Type of Disposal:

Input Material for: ' : Cost/(Credit) s/ Cost: s/

Carry: $/




Form 12
Page of 1

Process No. . B . Oj2|—[1]6 ) Revision Date 4/78

7. Process Cost Computation 7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) 86.28 3/ 1oad
7.22 6§TU§§*RWQHS§FE1%%§iii2}}' ‘ % of 7.11 T 0.61 s/ load
7.21 Total Operating'Add-on Costs of Process: 86,89 $/ load
7.22G6 A % of 7.21 : ' $/
7.31 Total Gross Add-On Cost of Process 86.89 g, load
-7.32 Credit for Salvaged Material (5.8) s/
7.33 Cost of Work-in-Process Lost (5.3) 71.13 ¢/ load

7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) . 158.01 ¢/ load

*® 7.35 Cost of Input Work-in-Process Contained in Good
Output Work-in-Process (5.4) 74.72 8/ 1oad

7.36 Loading on Item 7.35 at Rate z . s/
7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 232.74 ¢/ load

7.41 Theoretical Yield (or Conversion Rate, if output units of 2

work—-in-process do not equal input units) 1.04 m- / kg
7.42 Practical Yield . 100 %
7.43 Effective Yield (7.41 x 7.42) 0.936 kg/___ load

7.44 Number of Units of Good Output Work-in-Process per
Computation Unit Used. up to 7.35 ' 0.975 m2 /_load

7.51 Cost of Unit of Good Qutput Work-in-

Process (7.37 + 7.44) 235.69 §; m2

7.52 Specific Add-On Cost per Unit of Good 163.07 .., m

Output Work-in-Process {7.34 * 7.44) : 5/



v81

Process No. | & |} 4 [.]0 | 2 {6

8. Price Computation
8.1 Alternate 1

8.11 Profit at Expected Rate of 20 %: 32.61

$/_m2

(Profit before income taxes; applied to 7.52)
8.12 Price of Process (7.52 + 8.11)
8.13 Price of Work-in-Process (7.51 + 8.11)

Revision

Form 13-1

Page | of 1

Date 4/78

195.68 S/ mé

271.30 _$/_m?




Process No, 2 4 Form 13-2 -
* Page 1 of _1
Revision Date_ 4/78
8.2 Alternate 2 (SAMICS Methodology):
8.21 Profit Computation:
0.9274* 8.6 ° S/ load from Subtotal 4.1 = 7.98 $/ load
1.946%x  0.96 s/ load from Subtotal 4,2 = 1.8/ $/__load
Subtotal =  9.85 $/ Tload
8.22 Costs of Amortization of the One-Time Cost:
0.192* §8.15 $/  load from Subtotal 2.7 = _13.08 _$/ _load -
§ 0.192%__8.56 s/ 7load from Subtotal 3.5 = _ 1-64 s/ load
0.2958« 8.61 ~ s/ load from Subtotal 4.1 = 2.55 s/ load
2.77* 0,96 S/ load __from Subtotal 4.2 = _ 2.66 _$/_ load
| - | Subtotal = 19,93 s/ load —1
8.23 Total Net Cost of Equity (8.21 + 8.22): 29.78 $/ 1oad
8.?;4 Profit and Amortization of Start-up Costs per Unit of Good Output
. Work-in-Process: 2
(Divide Subtotal 8,23 by __ 0.975 m____/_1oad from 7.44)
o -30.55 s/ load o
8.25 Price of "p;’oce‘ss' (7.52 + 8.24) 193.62 s/ il
8.26 1;r~ice yo"f vwork;in—Process (7.51 + 8.24) 269.24 S/ m2
| S—




‘Process No. | 2 4 cf 21—111}eo ' 4 . ' ' Form 14

. [ ]

. Page 1 of 1

9. Process Economic ﬁvaluatioﬁ: : _ ' : _ ReYisioﬁ Date “4/78
| ‘9.1 Process Cost Balance (7.52 - 0.1) ’ . | _'$/~
9.2 Relative Process Performance (9.1 + 0.1)
9.3 \Oﬁpput Cost (7.51) : 238.695/ m2
9.4 Output Value (0.2 + 0.1) : 7/
9.5 Relative Excess Cost N :(9.3 - 9.4) ¢ 9.4]

98l




Process No.

0. Output Specification:

Revision

Form 15
Page 1 of

a1

Date 4/78

Name of item: Silicon wafer, as cut

Dimensions: 7.6 cm in dia., 0.21 + 0.01 mm thickness ~
Material: High purity silicon’

Other Specificat;oﬂs: Ferf thickneés, 0.2mm

Subsurface damage depth is approximately 15 um

L8l
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Process No. ’m:!O I Zl”ll |5 l . Form 1

University of Pennsylvania
PROCESS CHARACTERIZATION

, (upPpPC)
Process: Sheet Generation
. 'Subprocess: Ingot Slicing
" Option: Multiwire Slicing - 1982 projection using

the Yasunaga YQ-100 Slicing System

INDEX
El)_r__ri\_ Pages Rev. | bate . Remarks

1 | 4/78 | A1l forms have this date
2 l to 1 ‘ f !

3 1l to O

4 1 to 1 :
5 1 to. 1

6 . 1 to 1 |

7 | to 1

8 - . 1Zto. 1

9-1- | 1 to ]

9—2{ 1 to 0

9-3 1‘ to” 0
10 1 toj 1

11 lvto- 1

12 : 1 to. 1

13-1 1 to 1

13-2 1 to 1 _

14 _ l to: 1

15 1 to 1 _

16 l to, 0 ___

188




Form 2

Page 1 of ]

| Revision _ Date _4/78
Process No. l 2, !4 ,[0 2 "'[1 {SJ 0.1 Value Addud+ 128. $/ me
. Process Description: Mu1t1w1re,s]urrygwafer1no as performed hy the Yasunaga sl1c1nn,svstem
: data projected from using a 0.3 mm;p1tch roller,
(333 slices per lqad).
1. Input Specification:
Name of Item: ~Pregared-machine'1oad:from 2:4:01:0
§§ " Dimensions: 10 -cm diameter. 10-cm long, 1.837 ka/load.
' Material: 1 s1]1con crystal mounted on_ceramic b]ock
Other épecifications: _ _
: See 2-4:01:0°
1.1 Quantity Required: 1.837 kg / load Unit Cost: .73.31 $/ kg
: 1.2 Input Value: $/
1.3 Input Cost: 134.07 $/1bad

Note to Item 1l.3: Use price, if input produced in own plant,




Process No.

2.2

06l

_ j . Page .1 of 1
i M i i . i - tilities): L N
2.2 Indirect Materials (incl. suppliesand non-energy utilities) Revision Date 4/78
2.21 Type: Abrasive slurry i ‘
Specification:__5 pm SiC abrasive, concentration is not available
Estimated from materials cost given for slicing a 7.6 cm diameter ingot with .
T, A
the Yasunaga saw by JPL and using the re]atwnshw Co= C L—Z—-—l)
(T = slicing time, ‘A = water area), T A .
©Quantity Required: 1/ ; Unit Co;;: . $/ : Cost: |107.55 $/load
AType:
Specification:
Quantity Required: e ] ;. Unit Cost: $/ 3 Cost: s/
Type: e e
Specification:
Quantity Required: / ; Unit Cost: ___ S/ ; Coszt: $/
2.2 Subtotal Indirect Materials: | 107.55 S/load

(2]. (], [oT2]-[1]s1

Form. 4




Process No. [2_| . lL4 I. '&}2 -:1 :61 : : Form 5
' Page 1 of 1

2.3 Expendable Tooling:

2.31 Type: Steel wire; 0.08 mm diameter, . ReVi'Sionf'— Tate_ 478
Quantity Required: 12,000 m__/load : Unit Cost: MS/_L Cost: 47.83 $/ load
2.3 _ Type:
Quantity Required: . / : Unit Cost: __ §/_ Cost: 5/
2.3 __ Type: |
Quantity Required: / : Unit Cost: ____ §/ _ Cost: $/
2.3 __ Type:
. Quantity Required: ) / : Unit Cost: _____ $/___ Cost: $/
= 2.3 Subtotal Expendable Tooling: 47.83 _ $/ load
2.4 Energy _
2.41 Typ.e.: ‘E1ectrica1, 0.6 kW total power for main and am;i«'liar¥ mators
| - anc%ty Required: 1& kWh /_load . : Unit Cost:0.0319 $/kWh Cost:| 0.57 $/1oad
2.4 lype:‘ - R
' ‘Qu.anti._ty Reégire_d: , . : Unit, Cost: 8/ _cCost:} 0.57  $/1oad
,> . | _ | A | . : 2.4 . .Subtotal Energy Costs: | 0,57 ~ $/lcad
| 2.5 Subtotal 2.1 to 2.4; i 155.44 _ $/load .
2.6 Handling Charge: 5-26 % of item 2.5| _8.18 $/load
2.7 Subtotal Materials and Supplies: M_.S/lﬂﬂ-d——
(2.5 + 2.6)
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Process No. [_2 . 4 0f 2 |-j1 |6 Form 6 .
' ) 1 . Page 1 of 1
A _ Revision ' Date 4/78
"3.1 Direct Labor: (Estimated) ‘
3.11 Category: Semiconductor Assembler __Activity: Machme.lloadlng/unloadmg
(SAMICS B3096D) : A . o
Amount Required: 0.25 h/load | ; Rate: $ 3.90 /h; Load 36.0 %; Cost: 1.32 ¢/ load
3.12 Category: Semiconductor Assembler __Activity: machine supervision
(SAMICS B3096D) ’
Amount Required: 1.00 h/ load ; Rate: $ 3.90 /h; Load_ 36,0 %#; Cost: 5.30 $/1oad
3.1 3 Category:Maintenance MSCh i Activity:
- (SAMICS B37 4D§
Amount Required: 0.5 - h/ load ; Rate: $.5.67° /h; Load 36.0 %; Cost: 3.86 _ $/1oad
] 3.1 Direct Labor Subtotal: 10.48 $/ 1oad
3.2 Indirect Labor: 25% of direct
3.2_ Category: . ~ Activity:
| Amount Required: h/ . . ;. Rate: § /h; Lload .__%; Cost: $/
3.2_ 'Category: Activity:
Amount Required: h/ ' ; Rate: $ /h; Load %; Cost: $/
3.2_ Category: ‘ Activity: '
. Amount Required: h/ '+ Rate: § /h; Load %Z; Cost: $/
3.2 Indirect Labor Subtotal: 2.62__ $/1oad
3.3 Subtotal 3.1 and 3.2 13.10° $/71oad
3.4 Overhead on Labor: §5.26 % 0.69 _$/1load
3.5 Subtotal Labor 13.79  "s/10ad
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Process No.

4.1

2 afl tof2jf-f1]e

Form 7

. . Page 1 of 1
Equipment Revision _ 'Date _4/78
4.11 Type:_ Yasunaga YQ-100 Slicing Méchine
Cost: 30,000 ' S; Ihstallatibn Cost: n.a. $; Throughput: 240 loads /%y
Plant Oper'g Time 8280 h/y; Maéhine Avail'ty: 90 7%; Machire Oper'g Time 7452 h/y
Servicing Costs: LQbor h/y at '$/h;Pafts or Outside Service: _Sly
- Useful Life: 7 y; Charge Raté: 21.4 % of Cost/y; Capital Cost: .6420 Sly 26.75 | $/ load
4.1_ Type:
Cost: $;A1nsta11ation Cost: $; Throughput: ‘ | /h;
‘Pl;nt Oper'g Time h/y; Machine Avéil';y:_____z; Machine Oper'g Time . h/y
Servicing Costs: Labor h/y at $/h;Parts or Outside Service: $ly
Useful Life: y; Charge Rate: % of Cost/y; Capital Cost: ." Sly $/
4.1_ Type:
,Cosf: . §; Installation Cost: H Throughput:‘ _ /h;
PlanF‘Oper'g Timé h/y; Machine Avail{ty:_____Z;FMachine Oper'g Time h/y
.Servicing Costs:'iabdr h/y ac | $/h;Parts or Outside Service: ' §ly
| Useful Liée:'-- | f; Charge Rate: % of Cost/y; Capital Costf . "$/y $/
4.1 Subtotal Equipment Cost: é6.75 $/1oad




Pfocess-No.m.m.OZ-lﬁ : Form 8 .
N ',. . o

Page 1 1
‘ o ‘ Revision Date __4/78
4.2 Facilities: ‘ } .
_ ‘ 2
4.2_1 Type: Slicing machine area Floor Area:_4.0  m"; Throughput: 240 _ loads /¥
. . . 2 oy oums Sy euED GwE SvmP SED CmS b Gy eumD G =
Charge Rate: 179.13* $/(m”-y): r Maintenance Costs:
- oy onmy Ss e eams GE» Yoaw aEnd SNy G _
s Energy Use: -' Labor h/y at . §/n
Heating lyat ___ S/ | . Supplies: $ly
Air Cond'g /y at $/ l Outside Services: 7).
ghting g | Total Cost: _716.52 S/y 2.985  $/_Joad
A
" > z
4.2__ Type: Floor Area: = m Throughput: /y
T -y s CGeeigy GuR ety == — e ———y L ——
Charge Rate: $/(m2'y); r Maintenance Costs: -
Gy SCEs ocmmy D Sump Cumy Gemy SEP Gy PSS ey W .
Energy Use: Labor: h/y at S/h
3 . I
° Heating ly at $/‘ l . Supplies: sly
N ]
Air Cond g‘ fyat S/ l,_ Outside Services: Sly .
Lihtj_n ) / at S/ — — e e ) Grmp e WD GEAe e v
8 8 : a7 1 Total Cost: $ly $/
2
4.2 Tvpe: , Floor Area: __ m ; Throughput: - /y
Charge Rate: $/(m7-y); Maintenance Costs:
omr GD Sunp = ome ey -? — U—. — o —-— Y
nergy Use: , lLabor: h/y at $/h
Heating /y at 5/_ . —_— .
| Supplies: $ly
Air Cond'g ' /y at $/ '
Cutside Services: - Sly
Lightin /y at s/ ooy —— Gmp Gmp IO Goy N ISP  Sep G
& — - Total Cost: - Sly ' $/
, _ 4.2 Subtotal Facilities: ':'2.985 $/ load
*Includes energy use . :
. 4.3 Equipment and Facilities Subtotal : 29_.735 $/ load
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Form 9-1.

Page 1 of 1
o ~ "Revision Date  4/78
Process No. L2 .m,‘oz -1 16 , : :
5. Salvaged Material (Work-in-process)

5.1 Quantity of Work-in-Process 1. Contained in Good Output :

Work-in-Process (per Computation Unit) ) - 1.227 ka_ /_logad
5.21 Input Work-in-process 1. Not Contained in Good Output

Work-in-Process ("Amount Required" from 1.1 minus 5.1) 0.613 kg / load
5.22° Net ‘Amount of 5.21 which is sold for Credit As-Is or -

After Applying Re-Process I I. . ]-' -/ i

_ , . A i

5.23 Credit for 5.22 at the Market Value of $/ : 74 ;
5.24 Cost of Reprocessing Material of 5.22 . :

at the Average Reprocessing Cost of S/ : $/
5.25 Net Credit for 5.22 (5.23 minus 5.24): S/
5.26  Material of Type 1. Lost in Process (5.21 minus 5.22) 0.613 kg / load : '
5.3 Cost of Work-in-Process Lost (Amount 5.26 Times Unit Cost 1.1) 44.94 s/load
5.4 Cost of Work-in-Process Contained in Good Output Work-in-Process . -

(Amount 5.2 Times Unit Cost from 1.1) 89.95 $/1oad
Salvaged Materials Summary: :

- N N —

5.8 Total Net Credits for All Salvaged Materials (5.25 + 5.67 + 5.76) .. - $/-




Process No.[Z].Lﬂ. Ol 2]—- 1l61

961

FormilO )
Page ] of ]

6. Byproducts and Wastes Revision Date 4/78
6.1 So}id Byp;pducts/Wastes'. ‘ :
6.11" Eypé (Compbsition)} Silicon chips and dust Quantity Produced: 0. kg /]Qad'
Physical Shape/Size: ' Energy Content: - kwh/
Density: 2'34 ‘g/cm3;‘Water Solubility: 9__mg/l at - °c:  pH: -
sticity: o ‘ Biodegradable: ,' no Other Remarks:
Type of Disposal:
Input Material -for: : ' . Coét/(Credit) S/ Ly Cost: s/
6.2 LiqUid Byproducts/Wastes (inorganic)f
6.21 Type (Composition): Abrasive suspénded in PC 011 Quantity Produced: 5.4 £/ jgad
Density:_____g/cm3; Suspended Solids:abrasive and kerfAmount: mg/l  pH:
Toxicity: HeaVy Metal Content:  mg/l  Other Remarks:
abrasive concentration is apprdximate]_y 1.5 kg/ £ |
Type of Disposal: |
Input Material for: ) . Cost/(Credit). Y ' Cost: -7
Carry: $/




Form 12

Page ] of 1

Process No. . E Clode|—[1ls Revision Date 4/78
7. Process Cost Computation X 7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) }207.135 $/load
| 7.22 ?é?ﬁﬁgfgd%iﬁcfngfifff % of 7.11 1.90 s/ load
7.21 Total Operating Add-on Costs of Process: . 209.03 $/ ]dad

7.22 G & A % of 7.21 s/
7.31 Total Gross Add-On Cost of Process . . 209.03 s/ 10ad

7.32 Credit for Salvaged Material (5.8)° s/
7.33 Cost of Work-in-Process Lost (5.3) E _49.94 s/ 1oad

7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) | 253.97 $/ load

3 7.35 Cost of Input Work-in-Process Contained in Good '§9.95
Output Work-in-Process (5.4) ' . $/ load
7.36 Loading on Item 7.35 at Rate % o $/

7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) | 343.92 ¢, load

7.41 Theoretical Yield (or Conversion Rate, if output units of 2
’ "work-in-process do not equal input units) » 1.42 m / kg
7.42 Practical Yield 100 ¢
2
7.43 Effective Yield (7.41 x 7.42) . . 1.42m / kg
7.44 Yumber of Units of Good Output Work-in-Process per 2
Computation Unit Used up to 7.35 . 2.62 m / load
7.51 Cost of Unit of Good Output Work-in- S 131,27 2
Process (7.37 + 7.44) (13127 ¢/ m
7.52 Specific Add-On Cost per Unit of Good 96.93 2
A VL

Output Work-in-Process {7.34 + 7.44)




86l

Process No. -2

8. Price Computation

8.1 Alternate-l

8.11 ﬁrofit at Expected Rate of 20 7%: _ 19.39 $/ 2

A0
(Profit before income taxes; applied to 7.52)
8.12 Price of Process (7.52 + 8.11)
8.13 Price of Work-in-Process (7.51 + 8.11)

Revision

Form 13-1"
Page 1 of

Date

4/78

1

116.32

2
s/ M

150.66

A
§/_m




“661

Process No. 2 o L4 .-

Revision 6/78

8.2 Alternate 2 (SAMICS Methodology):

8.21 Profit Computation:

Form 13-2
Page l_o £ 1__

Date 4/78

0.9274*%26.75 $/ load from sﬁb;otal 4.1 = 24.81 $/1oad
1.946% 2,985 $/ load from Subtotal 4.2 = __ 5.81 $/ 1oad
| subtotal = 30.62 _$/load 1
8.22 Costs of Amortization of the One-Time Cost:
0.192* 163.61 $/ load from Subtotal 2.7 = 21.41 $/ load
0.192_13.79 5/ 10ad from Subtotal 3.5 = __2.69 5/ 1load
0.2958* 26.75 S/ ioad' from Subtotal 4.1 = 7.91 $/ load
2.77%__ 2.985__$/_load from Subtotal 4.2 = _8.27 s/ _load |
| - o ’ Subtotal = 50.57 _ $/ load 1

8.23.Total Net Cost.of Equity (8.21 + 8.22):

8.24 Profit and-Amortization of Start-~up Costs.perkUﬁit of Good Output
) " Work-in-Process: 2 '
(Divide Subtotal 8.23 by 2.62 m /load from 7.44)

30.86 gy

2
m

. 8,25 Price of Process (7.52 + 8.24)

8.26 Price of Work-in-Process (7.51 + 8.24)

80.86 $/ load

12779 $/ m.

162.13 s/ i
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9. Process Economic Evaluation:

Process No. 2

- 00

Form I4
Page 1 of 1
Revision Date 4/78
Process Cost éalance (7.52 - 0.1) $/
Relative Process Performance (9.1 + 0.1)
Outp@t Cost (7.51) 131.27 8/ m2
$/

Output Value (0.2 + 0.1)

Relative Excess Cost (9.3 - 9.4) ¢ 9.4}
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Process No. 2 4 0j121]-111}6

0.

Qutput Specification:

Name of item: Silicon wafers, as-cut '

Form 15
Page 1 of
Revision Date 4/78

1

Dimensions: 10 cm in dia., 0.2mm Thickness

Mapérial: high purity silicon

Other Specifications:

0.1 mm kerf Thickness

333 wafers sliced per load
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Process no.t2 | [al. [o]2]-[ 1y ] . i Form 1

University of Pennsylvania
PROCESS CHARACTERIZATION

(UPPC)
Sheet generation

Process: y
‘iSubprocess:' Wafer geﬁeration | o
Option: Inner-diameter slicing of a rotating N
| crystal-as proposed by STC for 1982.
INDEX
Form Pages Rev. | Date Remarks
1 ___t 8/18 | Date same for all forms
2 1l to 1
3 1 to O
4 "1 to 1
5 1 to j
6 1 to 1
7 1l to ]
8 ' 1 to ' 1
9-1 1 to '
9-2 1 to 0
9-3 1 to O
10 1l to O
11 1 to O
12 1 to |
13-1 1 to |
13-2 1 to |
14 1 1t 0
15 1 to |1
16 1 to 0

202
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. Process No. |2 |, 4 ,[,0 2= 117

Process .Description:

€02

~

Revision

Fofm 2

Page . | of 1

Date 8/78

0.1 Value Added:

8/

Inner-diameter slicing of a rotating crystal as projected by STC'fdr 1982,

1. Input Specification:

° > ' ’ 3 3 - .
Name of Item: Single, crystal, grounded silicon jngot

Dimensions: 10-cm diameter, 100.cm long and mass is 18.378 kg

Material: High purity silicon

 Other Specifications: _ Grounded ingot, see 2,4-01-0]

1.1 Quantity Required: 18.378 kg / Toad

‘Note to Item 1,3: Use price, if input produced in own plant,

Unit Cost: 71.75 $/ kg

1.2 Input Value:

1.3 Input Cost:

$/_

1318.66  $/1oad

. 24

RO
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Process No. .[ﬂ__],[O!ZJ'—['Il7l A I Form 4

. Page 1 of 1
2.2 Indirect Materials (incl. suppliesand non-energy utilities): T -

Revision' . Date 8/78
2.2 1 Type: Alumina dress stick, etc. . .o
‘Specification:
Ouantity Required: / ; Unit Cost: $/ : Cost: n.a. s/ load
2.2 Type:
Specification:
Y
~ —— _
o
Quantity Required: T A : Unit Cost: $/ i Cost: -8/
2.2__ Type: L
- Specification:
Quantitv Required: ) ; Unit Cost: S/ ; Cost: $/
2.2 Subtotal Indirect Materials: 0 s/ load




Process No. E . [4—__‘ \ {0 12 ]__if] llﬂ ' Form' 5

2.3 Expendable Tooling: ' T LT — _

2.31 Type: _STC-16 ID diamond-coated blade | - Revision ___Date 8/78
Quantity Required: 0.5 bladed load Unit Cost: - 50 $/hladeCost: {' $/
2.3 _ Type:
Quantity Required: _ R / : Unit-Cost:-_ - §/ Cost: 5/
2.3 _ Type: . .- . : : o : .o - .
‘Quantity Required: ’ / ;- Unit Cost: :_~__$/__ Cost: $/
2.3 _ Type:
"Quantity Réquired: B / :* Unit Cost: %/ - Cost: ' $/
§ . 2.3 ,‘Subtotal  Expendable- Tooling: .25 s/ load
2.4 Energy
2.4 1 Type: _Power .requirement is 2 kW ,
Quantity Required: 102 kWh/load =~ " Unit Cost: 0.0319$/ kWh Cost:| 3,25 $/Joad
2.4 _ Type: «
Quantity Required: . : Unit Cost: ______$/__~ Cost: . $/
2.4 Subtotal Energy Costs: |} 3.25 $/ load
2.5 Subtotal 2.1 to 2.4 ' o WA28-25 $/1oad
2.6 Handling Charge: 5,26 % of item 2.5) _1.49 _$/1oad
2.7 Subtotal Materials and Supplies: 29.74 _$/load

(2.5 + 2.8
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Process No. |2 4 o]l 2i=j11 7

3.1 Direct Labor:

3.1 1 Category:__Semiconductor as§emb]er

Activity:

Form 6

Page _1 of _1

Revision  Date 8/78

Machine loading/unloading

(SAMICS B3096D)

Amount Required: ~ 0.50 h/__ h ; Rate: $  3.9n0  /h; Load 36 %; Cost: " 2.65 $/1pad___
3.12 Category: Semiconductggnassemb]er Activity: machine supervision
Amount Required: 2.81 h/ h ; Rate: §$ /h; Load 36 %; Cost: 14.90 %/ 1nad
3.13 Catégory: Maintenance Mechanic Activity: Cutting tool change
) ~{SAMICS B3736D) o .
Amount Required: 0.5 h/ h 3 Rate: $ 5.67 /h; Load 36 Z; Cost: 286 5/ 1pad
1 o 3.1 Direct>Labor Subtotal: 21.41 s/ load
3.2 Indirect:Labor: Taken as 25% of direct - R - W
3.2 . Category: © Activity:
Amount Required: h/ ; Rate: § /h; Load %; Cost: s/
3.2 Category: Activity:
AmOunt Requirea: h/ _ Rate: § T | /h; Load ° %; Cost: S/
3.2_ C;fegory: | _ Acgivity: | |
Amount Required: h/ ; Rate: $ /h; Load | | %; Cost: $/
| 3.2 Indirect Labor Subf;tal; _ 5.35 $/ load
3.3 Subtotal 3.1 and 3.2 ' 26.76__$/ load
3.4 Overhead on Labor: 5.26 % 1.41 s/ load

3.5

Subtotal Labor 28,17 $/_load




Process No.

4.1 Equipment

4.1 1

I~
.
=

2]

2 4 042 j=L 117

.. Form..7 s
Page 1 of 1

Date 8/78

Revision
Type:_STC ID slicing machine with capacity to rotate ingot -
Cost: 45,000 $; Installation Cost: - $s fhroughput: 158 loads /k;y
Plant Oper'g Time 8280 h/y; Machine Avail'ty:_ 99 %; Machine Oper'g Time 8197.2 h/y

Servicing Costs: Labor 52 nh/y at__8.12 $/h;Parts or Outside Service: 1300 $ly

Useful Life: 7 y; Charge Rate: 21.35 % pf'Costly; Capitél Cost:_10,329.74 $/y
Type;

Cost: ) $; Installation Cost: $; Throughput: /h;
Plant Oper'g Time : h/y; Machine Avail'ty:  %; Machine Oper'g Time h/y
Servicing Costs: Labor h/y az $/h;Parts or Outside Service: $ly
Useful Life: y; Charge Rate: ‘ % of Cost/y; Capital tost: S/y
Type:

Cost: : . $; Installation Cost: $; Throughput: /h;
Plant Oper'g Time , | h/y; Machine Avail'ty:  7%; Machine Oper'g Time | h/y
Servicing Costs: Labor h/y at ' $/h;Parts or Outside Service: ' S/y
Useful Life: . v3 CHarge Rate: . % of Cosp/y; Capital Cost: _ ' ‘$/y

65.38  $/_load

$/

$/

4.1 Subtotal Equipment Cost:

"65.38 g, load




Process No. . 41.10

4.2 Facilities:

4.21 Type:

Slicing machine area

-Revision

. ) ‘
Floor Area: 7.5 m”; Throughput: 158 lgads /¥

Charge Rate: 179.13*

oErF e aEr GEEs St oy SEP St Sup OuP fuEr CEF G

Maintenance Costs:

$/(m2'y)'; r

Form 8

Page 1 of ]

- Date 8/78 -

- Yumh SRy L] e —— — — m— e G .
Energy Use: —? Labor: h/y at - $/h
Heating /y at $/ | Supplies: $/y
Air Cond'g /y at S/ l ' Outside Services: Sly
Lighting /y at _ $/ —_J Total Cost: 1343.48 S/v 8.50 s/ Tload
. 2
4,2_ Type: Floor Area: m ; Throughput: /v
Charge Rate: $/(m2'Y); ™ 7 Twaintenance Costst T T 7
~ Energy Use: Labor: h/y at S/h
3 » | | / i
© Heating . ly at ____ S/ __ l Supplies: Sly
Air Cond'g. Jy at S/ - L outside Services: $/y
L. ht. ; t $/ — . — — ——. e Amp D o= — - as o
1enting /y a — 1 Total Cost: $ly s/
> =
4.2 Tvpe: Floor Area: m ; Throughput: ly
Charge Rate: S/(m”-v): Maintenance Costs:
nergy Use lLabor: h/y at $/h
Heating /y at $/
i Supplies: Sly
Air Cond'g /y at $/
Qutside Services: $ly
Li htin / at s/ - o - G R Cuwy G ERng o o Guil 3
g & Y B Total Cost: Sly $/
4.2 Subtotal Facilities: 8.50 s/ load

*Includes energy use

4.3 Equipment and Facilities Subtotal :

73.87 s/ 1oad
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Process No. 2 . [:] . 0f2|—|1{7

5.

Salvaged Material (Work-in-process)

5.1 Quantity of Work-in-Process.l. Contained in Good Output
Work=in-Process (per Computation Unit)

(6,

.21 Input Work-in-process l. Not Contained in Good Output ;
" Work-in-Process {"Amount Required” from 1.1 minus 5.1)

5.22° Net Amount of 5.21 which is sold for Credit As-Is or

After Applyipg:ReQProcéss, ”f]"l . ]-

'5.23  Credit for 5.22 at the Market Value of s/

5.24 Cost of Reprocessing Material of 5.22 .
“at the Average Reprocessing Cost of s/ :

5.25 Net Credit for 5.22 (5.23 minus 5.24):

5.26 Material of Type l. Lost in Process (5.21 minus 5.22) .

Form 9-1

Page 1 of 1]

Date _8/78

'Revision
9.030 ka __/_load
9.347 kg / load
/
$/
$/
9.347 kg , load

S/

5.3  Cost of Work-in-Process Lost (Amount 5.26 Times Unit Cost 1.1)

5.4 . Cost of Work-in-Process Céntained in Good Gutput Work-in-Process
{Amount 5.2 Times Unit Cost from 1.1) '

670,66 S/1oad

647.92 $/10ad

Salvaged Materials Summary:

5.8 Total Net Credits for All Salvaged Materials (5.25 + 5.67 + 5{76)

$/
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Process No. . . oj2|—-{1]1”7 Revision Date_8/78
7. Process Cost Computation 7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.)§ 131.69 s/ load
7.22 1 : % of 7.11 ' . d
§6°850H0A 1356, £088 P ey of 713 .62 9/ los
7.21 Total Operating Add-on Costs of Process: 136.11 S/ load
7.22 G & A . % of 7.21 $/
.
7.31 Total Gross Add-On Cost of Process 136.31 s/ load
7.32 Credit for Salvaged Material (5.8) $/
7.33 Cost of Work-in-Process Lost (5.3) 670.66 $/ 1oad
. 7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) § 806.97 $/ load
e 7.35 Cost of Input Work-in—Process Contained in Good -
Output Work-in-Process (5.4) 547.92 $/ load
7.36 Loading on Item 7.35 at Rate % -7
7.37 Cost of Output Work-in-Process (7.34 + 7.35+ 7.36) 1454.89 $/ load
7.41 Theoretical Yield (or Conversion Rate, if output units of .
work-in-process do not equal input units) 0.982 me / kg
7.42 Practical Yield 95 %
7.43 Effective Yield (7.41 x 7.42) 0.933 mf kg
7.44 - Number of Units of Good Output Work-in-Process per 2
Computation Unit Used up to 7.35 . 17.161 m / Toad .
7.51 Cost of Unit of Good Output Work-in- 2
Process (7.37 + 7.44) 84.77 ¢/ m
7.52 Specific Add-On Cost per Unit of Good 47.02 m2
Qutput Work-in-Process {7.34 + 7.44) 4 s/

Form 12
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Process No. 2114 102 (17 _— ‘ ' B Form l%-l :
: ' Page of 1

L Revision Date 8/78
8. Price Computation .
8.1 Alternate 1
8.11 Profit at Expected Rate of 20 %:- 9.40  $/ load
(Profit before income taxes;“applied to 7.52) '
8.12 Price of Process (7.52 — 8.11) ' 56.42 5/. m
'8.13 Price of Work-in-Process (7.51 + 8.11) : oo ' 94,17 = S/ mz'
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Process No. Form 13-2
. Page ] of 1
Revision ‘Date___8/78 '
8.2 Alternate 2 A(smucs Methodology) :
8.21 Profit Computation:
0.9274* 65,38 s/ load from Subtotal 4.1 = _60.63 s/ load
1.946% 8.50 g, load | frém Suﬁtotﬁl 4.2 - _l16.54 o, load
Subtotal = 77.17 _$/_load
8.22 Costs of Amortization of the Oﬁé—Time Cost:
0.192%__ 29.74 4, Toad from Subtotal 2.7 = _ 9+71 g/ load
0.192«_ 28.17 s/ 1oad ___ from Subtotal 3.5 = _ 5.40 §/ Tload
0.2958* _ 65.38 $/___ load from Subtotal 4.1 = _19.33 ¢/ Toad
2.77% ‘8;50 s/ load  from Subtotal 4.2 = 23.55 s/_load
‘ Subtota1 ' =_s5400 S/ load_ :]T
+ 8.23 Total Net Cost of Equity (8.21 + 8.22): .. " o | 131.17 . s/ load
8.24 Profit and Amortization of Start-up Costs per Unit of éood Output ‘
Work-in-Process: s
(Divide Subtotal 8.23 by __17,161 - m2 /_load from 7.44)
-~ 7.64_s/_nl
8.25 Price of Process (7.52 + 8,24) - ) | - ) 54.66 S/ m2
n8;26 Price of Work-in-Process (7.51 + 8.24) 1 ‘ 8 92.41 s/ m2
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Process No. 2 4 Op21=41})7

.0, Output Specification:

Name of item: Silicon wafers as cut

Revision Da

5
e 1 of 1

te 8/78

Dimensions:

High purity silicon

Material:

10-cm diameter, 225 ym-thick, 210 uym kerf, 350 wafers/load

Other Specifications:
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