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ABSTRACT

The significant economic data for the current production multiblade
wafering and inner diameter slicing processes were tabulated and compared
to data on the experimental and projected Varian multiblade slurry, STC
ID diamond coated blade, Yasunaga multiwire slurry and Crystal Systems
fixed abrasive multiwire slicing methods. Cost calculations were per-

formed for current production processes and for 1982 and 1986 projected

wafering techniques,
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1. INTRODUCTION

The manufacturing methods for photovoltaic solar energy utilization
systems consist, in complete generality, of a sequence of individual pro-
cesses. This process sequence has been, for convenience, logically seg-
mented into five major "work areas": Reduction aﬁd purification of the
semiconductor material, sheet or film generation, device generation, module
assembly and encapsulation, and system completion, including installation
of the array and the other subsystems. For silicon solar arrays, each
work area has been divided into 10 generalized "processes" in which certain
required modifications of the work-in-process are performed. In general,
more than one method is known by which such modifications can be carried
out, The various methods for each individual process are identified as
process “ogtions". This 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
developed, and will still be proposed and developed in the future. 1t is
a near necessity to be able to evaluate guch proposals for the technical
merits relative to other known approaches, for their economic benefits,
and for other techno-economic attributes such as energy .consumption,
generation and disposal of waste by-products, etc. Such evaluations have
to be as objective as possible in Tight of the available information, or

the lack thereof, and have to be periodically updated as development

progresses and new information becomes available. Since each individual



process option has to fit into a process sequence, technical interfaces
between consecutive processes must be compatible. This places emphasis
on the specifications for the work-in-process entering into and emanating

from a particular process option.

The objective of this project is to accumulate the necessary infor-
mation as input for such evaluations, to develop appropriate methodologies
for the performance of such techno-economic analyses, and to perform such
evaluations at various Jevels. The first application of this developing

methodology was made to the Czochralski's crystal pulling process.

Previously, we had examined the reduction of quartzite to metallur-
gical grade silicon and did a comparative evaluation of competing Czochralski
techniques for growing single crystal, cylindrical ingots. The next major
process step in the sequence for producing single crystal silicon wafers,
today and in the near future {up to 1982), is the slicing technique. The
evaluations were started with the current methods of muitiblade slurry
slicing, and inner diameter slicing using a diamond coated blade for which
a large amount of the needed information is available. Nevertheless,
substantial gaps or uncertainties were found in important information re-
guired for both technical and economical evaluation of the currently
practiced processes. In proceeding to the evaluation of processes which
are still in the developmental or even conceptual stage, the gaps in needed
information become very large. In these cases, it is necessary to fill
the gaps more extensively with estimates based on extrapolations or
analogies. Such estimates always leave some doubt on the accuracy of

the evaluations, and it will be necessary to also make "probablie error"



estimates to reduce decision mistakes based on early evaluations. Never-
theless, collecting the information and carrying our evaluations at the
earliest possible time provides not only a planning toocl, but also aids in
uncovering the decidin¢ 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-cm rectanguiar, 5.4-cm and 7.5-cm diameter wafers
using the Varian multi-blade slicing system, and similar data obtained
from HAMCO(Z), for ID sTicing of 10.16~cm diameter ingcts using their
equipment. Experimental data from OCLI(3), Varian(a) and TI(S) for
multiblade wafering, from OCLI(G) and STC(7) for ID slicing, and from
JPL(S) for the Yasupaga multi-wire slurry slicing system, were also tab-
ulated. To compiete the analysis, projections made by Varian(g) for multi-
blade slicing, by STC for 1D s]icing(7) by Crystal Systems(10) for their
(11)

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

multi-wire slurry system were examined,



2. TECHNICAL DISCUSSION

A. BRIEF DESCRIPTIONS OF THE SLICING TECHNIQUES

1. Multiblade Sticing

The multiblade slurry sawing method is one of the two tech-
nigues used in current production slicing. In its present configuration
230-250 blades of 38-cm length of hardened 1095 steel are mounted and
evenly spaced on a blade head that is, for slicing, reciprocated, at
frequencies below 2 Hz (normally about 1.6 Hz),across the workpiece using
approximately a 20-cm stroke. The abrasive slurry is pulsed sprayed or,
at times, dripped onto the top surface of the workpiece and recirculated
by a pump. The slurry is a SiC abrasive suspended in PC o0il. 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 Toad.

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
limited 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 401,800 N
for current production blade heads(q). An adequate saw force commonly
called "blade load", is necessary to achieve economically acceptable cut-
ting rates in the slicing process. A blade load of about 1-2 N/b]ade(5),
is usually applied, Excessive blade Joading, and even normal loading

after some blade wear, can cause deflection of the blades, often called

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



wafers. To minimize buckling, the blades need to be stressed as much as
possible, which, in current practice, is 80% of the yield strength of
1095 steel, or 1.37 GPa(S). Therefore, the maximum number of blades pet-
mitted per blade head is 401.8/1.37«A, where A is the cross-sectional
blade area in mmz. For a 6.35 mm high blade, 0.20 mm thick, a size that

(4)

is normally used 1in production'’’/, the 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 susceptible to buckling which can be caused by vertical
misalignment at the beginning of the slicing process and by increased
biade tension, resulting from reduced crossection because of blade wear

(5).

near the end of slicing

There are two types of blade packages available: the drill-pin
package and the epoxy package. In the former, the alternately arranged
blades and spacers which determine the thicknesses of the kerf and wafers are
held together by four threaded rods. It is the cheaper of the two types of
package ($50 compared to $175),but often requires additional alignment
(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

(4)

o

package together

The production procedure for muliti-blade slicing involves first
mounting the 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 cemented Tongitudinally onto the
cylindrical crystal near its top and bottom horizontal tangents. The bars
"smooth-out" the slicing by decreasing the variation in kerf Tength

and blade load as the blades travel downward through the cylindrical
crystal. 1In 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 va?ying the blade Toad according to the
changing kerf Tength 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 1inear cutting rate of the multiblade process is
presently about 550 times smaller than the ID diamond saw. The Tinear
cutting rate cannot be increased significantly because of the Timit on the
blade load and because of the blade head mass which Timits the reciprocating
frequency. The blade load cannot be increased much beyond its present
value without significantly increasing blade buckling since the tensile
strength of the blades is fixed. Varian found that a blade load of 2.77 N/
blade caused severe enough buckling to separate the crystal from its

%)

moun . In another experiment, a reciprocating frequency increase to

2 Hz resuited in sufficient vibration to break all wafers(4). Therefore,
in order to increase the throughput rate, or the wafer area produced 1in

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



in the Toad, or the area yield per load, has to be increased without
significantly increasing the time of the run. The area output per load
can be increased in a combination of several ways: by increasing the num-
ber of blades per unit blade head width, as can be achieved by decreasing
the 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 strength. 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 yields.

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

Slicing wafers too thin increases their chance of breakage due to pressure
from the lateral blade movement, blade vibration, blade buckling etc. As
the blade and spacer thicknesses are decreased, the increased fragility
of the blades and the wafers ultimately leads to significantly lowered
yields. Experimentally, Varian(g) has found that using 0.15mm thick
blades with 0.30 mm spacers stili results in good yields. Under these
conditions 0.25 mm thick wafers with 0.20 mm kerf are produced. This
gives, assuming a wafer yield of 95%, which has been demonstrated by
Varian, an area conversion ratio of 0.9 mzlkg-Si which is a 50% improve-
ment over Spectrolab's recently experienced area conversion ratio in

slicing 5.4-cm and 7.5-cm diameter wafers.



Varian is also currently experimenting with a Targer blade head
width that can accept 900 to 1000 blades. This blade head weighs approxi-
mate]y one ton. Therefore, the workpiece-will be reciprocated against
the stationary b]adés. The workpiece size is projected to be 12-cm in
diameter and 40.5-cm Tong yielding a wafer area 6f 9.67 m2/1oad 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 Tisted in
Tabies I-III, and in the "University of Pennsylvania Process Character-

ization" 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 siicing two or more ingots, placed
side-by-side, simultaneously. TI(S) has found that the machine slicing
time, and, correspondingly, the Tinear cutting rate, is essentially in-
dependent of the kerf length. TI has therefore proposed slicing two 12-cm
diameter ingots at one time to increase the multi-blade slicing productivity.
The area yicld per Toad,with details of this projection given in Tables
I to III, can thus be doubled without significantly changing 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 thick for 15.24 and 20.32-cm blades, 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. The blade

is mounted around its rim in a vise-l1ike holder where hydraulic pressure

is applied to tension it radially.

The linear 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 1,600 cm/sec as opposed to Tess than 80 cm/sec for multiblade
slicing. Therefore, the contact length per unit time between the blade
and the silicon for ID slicing is twenty times higher than for multiblade
slicing. Also, fixed abrasive slicing removes more kerf in a unit contact
Tength because there are two surfaces moving relative to each other instead
of three as in slurry slicing. In sturry slicing, the abrasive is pushed
into the workpiece and is "rolled out". Whereas for fixed abrasive slicing,
the abrasive cuts into the workpiece to remove the kerf. Finally, the
diamond plated layer on the ID blade increases the blade's rigidity and
thickness and allows the application of more force, by the blade, on the
workpiece than in multiblade slicing. The total thickness of the ID
blade is 300~330 um thick while the muitiblade is 150-200 pum thick. It
should be noted that the effective ID cutting rate is about 10-20% lower
than indicated by the blade's linear 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 the ingot, one end is attached to a graphite base with
epoxy and.the ingot is then placed in a box-with rubber supports along it's
length to keep it rigid. The stiffness of the mount will affect the
" vibration level between the blade and workpiece, influencing the wafer
thickness and y1e1d(3). At present, ID machines can accommodate ingots

(2’3). The current practice of slicing 10.16-cm diameter

up to 50-cm long
wafers, 0.50 mm thick with a 0.33 mm kerf, yields a area of 4.8 m’/load

or 0.50 m2/kg, at a practical wafer yield of 98%. During slicing, either
water or water 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 20.3Z2-cm blades for proper slicing, in order to remove dirt and
expose a fresh cutting surface. The dressing is done with 5 cuts of an
alumina stick, The lifetime of the blade is dependent on the rate of
diamond "pull-out" and the degree of metal fatigue and varies quite ex-
tensively from bilade-to-blade, The lifetime median is about 3,000 7.52-cm
diameter slices for the 15.24-cm blade and 5,000 10.16-cm 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, smaller diameter, and thinner inner
diameter blade. For slicing 10-cm diameter wafers with this technique the

(7).

wafer thickness and kerf are expected to be 225 um and 210 um respectively

10



A UPPC format for slicing rotating 10-cm diameter crystals with the

ID saw 1is attached to the Appendix. This process is expected to be in

commercial use by 1982.

3. The Yasunaga YQ-100 Multiwire Saw Sysfem

The Yasunaga multiwire saw is a slurry slicing system which
uses a single wire {600 to 30,000 M inlength) routed around a rocker arm
tensioning device, a wire quide catridge, and a take-up reel. The con-
tinuous wire forms up to 250 multiple loops around the three grooved wire
guides, arranged in an equilateral triangle, that are the key parts of
the wire guide catridge. During slicing, the wire guide catridge oscillates,
while the workpiece is raised against the wires with a preset force. An
~abrasive slurry is sprayed on the cutting surface. The procedure for
mounting the silicon crystal for multiblade slicing is similar to that

described for multiblade slicing.

The ch%ef potential benefit of the Yasunaga saw is its high
area-mass conversion ratio by employing closely-spaced, small diameter
wires. The current YQ-100 model has a workpiece capacity of 10X10xI0 cm
and as demonstrated by experiments,(g) results of which are Tisted on a
UPPC format attached in the Appendix, it can slice 215, 212 + 7 pym thick
wafers with less than 200 ym kerf using 0.4 mm pitch guides, 0.16 mm
diameter wire and 13 uym SiC abrasive. Under those conditions an area to
unit mass ratio of 1.04 m2/kg is obtained, which is about 50% higher than
what anyother current production or experimental slicing system achieves.

This higher area to mass ratio effectively reduces the consumption of

1



single crystal silicon, to 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/kg by employing closer spaced pitch guides (0.3 mm), smalTer diameter
wire (0.08 mm) and a finer abrasive { 5 um). This would yield a 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

(11) )

gther commercial slicing techniques , and this is being 1nvestigated(8 .

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

obtained a machine for pilot 1line operation.

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

This method is similar to multiblade slicing, except that the
silicon is sliced 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 1inear density expected to be up to
25 cm'T, on a light weight frame that is reciprocated across a rocking

(10). 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-impregnated, and nickel-plated, has a good
1ifetime, which means it could be used for about 10 Toads before signifi-

cantly Tosing its cutting abi1ity(]0).

12



Crystal Systems has conducted most of their experiments per-
taining to FAST, on a modified Varian 686 wafering machine. Consequently,
the slicing potential of multiwire, fixed abrasive slicing has not been
fully demonstratad. For example, workpiece size has been, for most of
the experiments only 4 x 4 cm, and the reciprocating rate Tower than re-
quired for optimum fixed-abrasive slicing. A slicing machine,.built to
Crystal Systems' specifications, have just been delivered to them
and slicing with this machine has just been initiated. The new slicing
machine has been designed to provide higher cutting rates and Tower wafer
and kerf thicknesses and operate with a much Tighter blade carriage, at higher
reciprocating freguencies, and reduced vibration than the Varian machine.
It is expected that this multiwire, fixed abrasive slicing technique could
have a cutting rate of 0.6 cm/h (twice the value previously achieved with
good yields),with an area to mass ratio of 1.1 mz/kg by prodycing wafers

200 pm thick with a 200 ym 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, LABCR, MATERIAL AND COST DATA

Tables 1 to IIT summarize the data provided by various organizations

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

these tables are production experience data from Spectro]ab(}) for multi~
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TABLYE IA

SLICING GPERATION DATA FOR MULTIBLADE WAFSRING

Organization Spectrolab OCLI Vartan I
{Production Experience) (Experimental }| £ xperiment { 900 blade £ xperirental
Zeon 5.4 cm 7.5 ¢t 10.16 cm ne  P-005) (Projection) projection) | 1inel. Prejection
Rectangular Diameter Diameter Diamcter 10cm Darametery Y0cr Diameter| l2em Diameter] l2cm Diameter
1, |workpiece size 8x 17 cm 16 cm long 16 cm long 15 cm long 11.7 em long| 13.5 cm long 4C.5 cm long | 2,13 cm long
ingots
2.{No. of workpieces/ not appli- 3 2 1 1 1 1 2
1oad cable
3.|slices/lcad 1750 (2x2 750 Soo 230 234 300 S00 480
o}
4.}wafer thickness 0.35/0.45 0.4 cut 0.4 cut 0.33 0.29 + 0,25 +
{m=) cut 0.3 etched| 0.3 etched 0.03 0.04 0.015 Q.25 0.32
0.2/0.3
etched
S.|Xarf thickness
) o 275 0.275 0.275 6.33 0.22 0.2 02 0.24
6. ]Practical Hafer 0.95 0.95 0.95 Q84 .83 0.95 0.95 1.00
yield
?.{Praction 51licon 0.53/0.59 0.56 0.56 Q.42 0.47 0.53 0.53 0.57
incorporated in
wafer
8 |pepth of Subsur- 7% 15 75 n.a. 10-15 10-~15 N.a. 10 severe
face damage ( Mz ) 33 slight
- |Abrasiva 600 grit 00 grit &80 grit 400 grit 600 grit o0l grit 600 grat 600 grit
sic =314 sic s1c 51 Sac sic sic
10.|vehicle BC 0il PC oil PC o2l PC oal PC 01l BC 01l BC oil PC ol
11. |Concentration
(kg/ B 0.24 024 0.24 0.8 0.36 0 38 0.36 0.24
12.}Flow rate {£/h) low low low n.a, n.a. n.a. f1.a. 18
13.]Type of Blade 1085 * 1095 1095 1095 1095 1095 1095 10695
steel 0.2 steel 0 2 steel 0.2 steel 0.2 steel 0.15 steel 0.15 steel 0.15 steel 0.20
mm thack mm thick o thick mm thack mm thiek mm thrck r thick mm thack
14.{Blade dimensions n.a. N.a. n.a. 6.35 mm 6.35 o 6.35 m 6.35 T 6.35 mm
high - hagh hagh hagh high
0.46 mm 0.35 mm 0.30 mm 0 20 0.36 mm
spacers Spacers spacers spacers spacers
15, [amount on 250 blade 250 hlade 250 blade 230 blade 300 blade 300 blade 900 blade 230 blade
machine drill pan drill pin dz1ll pin epoxy package package package package
pack pack pack package
16 [Wo. of runs be~
£ore blade -
change 7 2 1 1.5 1 1 2 1
17. {Wafer area/load
(m2) 0.69 1.63 2.10 .57 1.53 2.24 9.67 5.20
18. [area yaeld
(12 kg) 0 65/0 56 0 60 0 60 0 54 0.71 0.90 0.90_ Q.76
19, leffective cutting
rate (em/h) 0.35 025 0.34 0.5 g 3l 0.34 0.41 .66
2O {STacing Cime
segment/lcad (h} 5.5 22 22 20.5 32.0 29.5 29,5 8.2
21. Jload/Unload tame
{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/lcad) 0.2 05 10 0 67 0.5(p) 0.5 0.5 [
23 [Machine seginent
time (h/load) 5 95 22 7% 23.25 21.6 30 30.5 30.5 20.0
Machine product-
wvaty {m*/h) 0.115 0 071 0 090 0 o7 0 046 0.074 0 317 0.24
CR
aQn
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TABLE IB

SLICING QPERATION DATA FOR HULTIWIRE AND IMNER DIAMETER WAFERING

Multiwire Wafering

Inner Diameter Slicing

Crystal Systems Yasunaga ¥0~100 ocLI HAMEC
Fixed Abrasive experimental) § (Projectionl) (Experimental) {Laxperimental) (Production exp.)
Organization HMethod 7.6 cm 10 cm 7.6 cm 10.16 cm 10,16 cm
{projection} dianmeter diameter drameter drameter diameter
1. jWorkpiece size 30x10x10 cm 10 cm long 10 cm long 50 cm long 25 mm long 46 cm long
2. {8o. of workpieces/
10ad 1 Y 1 1 1 1
3 Jsllces/].cad 250 215 333 725 350 555
4. JWafer thickness
{mmm} 0.1 0.21 + 0.01 0.2 0 36 + 0.02 0.36 + 0.02 0.50
S. §Kerf thickness
{zmm) 0,3 02 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. {Fraction Silacon
Incorporated in
wafer 0.25 0.5 0.67 0.50 0.51 0.59
8. [Depth of Surface Flssures ex-—
damage {(Um) tend 3 um ~15 ~6 5 T.a. n.a. n.a.
9. |Abrasaive none GC 1200 5 pm SiC none none none
{13 umj
10. [vehicle or 1:1 water: lapping n.a. 80.1 water: 80:1 water: water
ceolant ethylene ol rust lack rust lick
glycol .
11 . |Concentration
(xa/%) - ~E.5 n.a. - - -
12. |[Flow rate
{£/h) n a. 3600 3600 7.2 8.4 N.a.
13 {Type of blade J1 plated, Steel wire Steel wire Hodel STC-16 Model STC-22, I blade
or ware tungsten wire, 1ID blade, ID blade, d’i.amomd
Hiamond 1m— diamond d1amond plated
pregnated plated plated
14. |Blade or wire [0 125 m 0 16 mm dra~ f0.08Bmm — 142 23 cm OD 55.88 <m 0D, n.a.
damensions jcore  0.25 mm meter 0.4 mm [diamcter, 15.24 em ID 20.32 em ID,
lcotal d:ameter prtch 0.3 mm pitch 0.10 mm thaick 0.15 mm thick
45 pm diamonds guades guides core, core, 0.33-
0.28-0.30 total 0.36 total
thickness thackness
15 jamount on 250 ware blade ~17,000 m ~35,000 m 1 1 kN
- machine package
16. No- of loads
before blade
change 9 3 3 .4 14.3 1
17 fuarer area/load
(m<} 7.50 0.98 2,62 3.14 2.84 4.41
18. jarea yield
{(m? /kq) 1.1 1.04 1.42 0.59 0.60 0,505
19 |Effective cuk=-
ting rate {cm/h) 0.6 0.84 0.3 305 305 ns
20. [Slicang taime
segment/load (h) 16.67 9.0 30.0 23.9 14.7 23.32
21.{Load/Unload
time (h/load} 1.33 n.a. n.a. 1.23 0.735 0.083
22 |Cutting tool
change, machine
service (h/load) n a. na na 1.02 0.84 0.33
23 fMachaine segment
time (h/load} 18.0 10.0(e) 3 1{e) 26.2 16.3 235
24 [Mavhaine product—
ivity (m2/h) 0 42 0 098 0.085 0.126 0.176 0.19
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(2)

blade slicing and from HAMCO for ID slicing, and experimental results

for multiblade sijcing, from OCLI(E), Varian(4) and TI(S) for multi

slicing from JPL(S) and ID slicing from OCLI(S). In addition, projections

made by Varian for multiblade s1icing(9) , by Crystal Systems(}o)
(1) ¢

for
their "FAST" method, and by Solarex or the Yasunaga saw are included.
In the Appendix, UPPC formats containing the details of the information

obtained, are shown for these principle applications or projections for the

slicing techniques.

The operation data for multiblade slicing are Tisted in Table IA,
while Table IB contains the corresponding data for the fixed abrasive and
slurry multiwire and the inner diameter sTicing processes. These tables
contain the process attribute of slicing which are summarized on Figure 1.
The first two Tines of Table I are the dimensions of the workpiece and
the number of workpieces per Toad, the product of which is the slicing
machine's capacity. The wafer area produced in a load is related to the
workpiece capacity through the wafer and kerf thicknesses and practical
wafer yield. This wafer area per load (Table I, Tine 17) can also be
caiculated as the product of the theoretical number of slices cut per
load (Table I, line 3), the "practical wafer yield" (Table I, line 5),
and the area of the single wafers. The "practical wafer yield" fraction
is the number of acceptable wafers divided by the theoretical number
sliced per 1oad. The wafer area per unit mass {Table I, Tine 18) is
calculated by dividing the practical wafer yield by the product of the
sum of the wafer and kerf thicknesses (Table I, lines 4 and 5} and the

density of silicon, or

16



ROCES U

WORKPIECE SIZE AND NUMBER/LOAD
WAFER THICKNESS

KERF THICKNESS

PRACTICAL YIELD

(DEPTH OF DAMAGE)

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

MACHINE AVAILABILITY

Figure 1.
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10 * 1.6 5
1.18 = m°/kg ,
(1.4 + 1.5)*2.34

where I.n represents the value from Table I, 1ine n.

The wafer thickness, kerf and practical wafer yield are necessary
for finding the division of the input silicon crystal or workpiece into
the silicon incorporated in the work-in-process wafer (Table I, line 7)

and that silicon lost in kerf and broken wafers.

The procedures for determining the subsurface damage depths, listed
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 until the cell efficiency becomes independent
of any further removal. Spectrolab’s values refiect this procedure(]).
The other subsurface damage depths were determined by chemical etching

(4,

to remove surface material followed by Wright etching to reveal defects

(5)

by etching and x-ray topography'™’, and by angle lapping and Sirtl etch~

ing(s).

Indirect material requirements, briefly summarized on Figure 2, in
terms of the abrasive andhvehic1e, or coolant type, the slurry concentra-
tion and its flow rate or that of the coolant, are Tisted in Tines 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 patk

and its Tife expectancy. These data are necessary for determining the

expendible tooling and material costs.

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

the workpiece diameter divided by the slicing time segment,which is the

18
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time the machine is actually sawing (Table I, line 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
machine segment time (Table I, line 23), or the average time needed for
slicing a load, including loading, unloading and servicing. The machine
segment time 1s needed for calculating the numper of loads processed
annually, and the machine productivity (Table 1, line 24) which is the

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

The requirements per machine load for Tabor, included that needed
for service and repair, for indirect material needs, including electricity
consumption, for capital expenses, which consists of machine and facility
components, are included in Tables IIA and IIB. These data form the basis
for calcuiating 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 labor times required for each part of the crystal slicing
operation (see Fig. 2), that is crystal mounting, machine loading and
machine monitoring are listed in lines 1-3 of Table I1, with their total
on line 4. The service labor time, which includes changing the blades or

wires, is listed in Tine 5.
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Orgapieation

SLICING LARNR AND HATERIAL AUALYSIS FOR MULTINLAVUE SLICING

Table IIA

Hpeet rolab

{Produc tioh Experience)

2 cm
Rectangular

5.4 cm
bPiameter

7.5 ¢m
Diameter

octt

{Experimsntal)
10 16 em
biameter

L

{Fxperiment
ho. P-005}
Ocm Dlameter

varian

{Projection}
10cm biamcter

{900 blade
projection)
12¢m Diameter

T
(Exporimantal
ingl, Projection
12cm plameter

Crystal Mount
time {h/load)

Machine load-
unload labor
{h/load)

Machine super-
vislon during
slzcing {h/lcad)

0.5

0.25

0.25

0.25

51

0.25

0 25

52

0.25

0.45

0.45

0.27

0.4

0.67

n.a.

0.67

0.67

1.60

0.07

Total adirect labor
time (h/load)
{excluding main-
tenance}

1.15

1.33

1.33

2.27

1.07

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

.87

0 67

0.67

0.67

0.6

Blade or wire
set copt {$)

Vehicle or
cotlant con-~
sumption
(2/1oad)

Amount of
abrasive con-
sumed (kg/load)

175

7.6

2.74

23.50

7.6

39.45

15.0

6.90

10

Power reguire-
nents
{k Wmachine}

Energy con-
sumption
{kWh/load)

22

22

20.5

3z

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

%0

325

90

32p

20

345

20

225

30

20

245

g0

370

13

14

15,

17

Machine cost
(5}

Annual ma=-
chine cost
{$/year)

Allocatable
building
area (mz/
machine}

Allocatable
building
cost (§/
machine}

Annual
building
cost (§/Y)

20,000

4,280

11.2

8,400

280

20,000

4,240

1.2

8,400

280

20,000

4,280

11.2

8,400

280

20,000

4,280

1.2

8,400

980

20,000

4,280

11.2

8,400

880

20,000

4,280

i1.2

8,400

980

30,000

6,420

11.2

8,400

98B0

30,000

" 6,420

8,400

980

s

18

20

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

silicon in-
corporated
into wafer
tkg/m3-water)

¥Xexf and
broken wafer
loss {kg/m? -
wafer}

0.81/1 05

0.68 /0 73

0.94

0.73

5.9

0.77

1.07

0.58

0.76

0.59

0 52

0.56
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Organization

TABLE IIB

- ORIGINAL PAGE g
POOR QUALITY

SLICING LABOR AND MATERIAL ANALYSIS FOR MULTIWIRE AND INNER DIAMETER WAFERING

Hultiwire Wafering

Crystal Systems
Faxed hbrasive

Method
{Prcjection)

Yasunaga

{Experimental
7.6 cm
diameter

i
{Projection}
10 cm
diameter

(Experzmentali__

7.6 cm
diameter

Inner Diameter Slicing

LCLY

3 {Experimental)

10.16 cm
diametexr

HAMCO
{(Production exp.)
10.16 cm
didMeter

[ 8]
H

[Crystal Mount
time (h/load)

unload labor
(h/load)

lachine super-
rision during
slicang (h/load}

Fachzne load-

n.&.

n.a,

n.a.

0.33(e})

1{e)

1015

0.298

0.23

0.525

0.23

0.25

0.083

4.3

Total dilrect 1abor
tame (h/load)
{excludang m&in—
tence}

1.75(e)

0 83(e)

1.5(e)

0.985

4.63

Cutzang teool
ichange, machane
sevice labor
(b; Load}

0.5{e}

0.5{e)

0.5{e)

1.015

0.875

.8

Blade or wire
set cost (5)

[Vehicle or
coolant con-
sumption
{£/10ad)

famount oF
abrasive con-
sumed (kg/load)

82

~97

3 kg
{~3.25R)

143.50

60

150

1.75

55

IRUN

Power require-
ments
{xi/machine)

Energy con-
Jsumption
{kWh/load)

25

18

Z (e}

47.8

2{g)

29.4

2{e)

46.2

L.

12 .

Machine avaal-
ability (%)

fotential no.
of runs in a
year
(8280 h work
[year)

90 (e)

415

20 (e)

745

90 (=)

240

95

300

85

480

95

325

13,

14 .

15.

16.

17

[Machine cost

(5

jArmual ma-
chine cost

(s/7)

Allocatable
jbualdang
area {m2/
nachaine)

Allocatable
burlding
cost (5/
machine)

Annual
jbuilding
cost (5/y)

30,000

6,420

1l.2

8,400

980

30,000

6,420

6,000

700

30,000

5,420

6,000

700

40,000

8,560

18

13,500

1,580

40,000

8,560

18

13,500

1,580

40,000

8,560

18

13,500

1,580

18.

19

Fraction of
silicon lost
1n grinding
ingoets (%)
(Lot xiQ.6/d))
S1licon an-
corperated
into wafer
(kg/m2-wafer)

Kerf and
broken wafer
loss ({kg/mZ-
wafer)

6.0{e)

0.70

0.46

0.94

.86

0.82

6.0

1.17

6.81
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Expendable tooling and indirect material requirements, in terms of
the blade or wire set costs and the quantities of vehicle or ceoolant and
abrasive consumed during a run, are listed in lines 6=8 of Table II. The
electrical consumption for a run {Table II, Tine 10) 4is considered as an
indirect material and is obtained by multiplying the slicer's power re-

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

In order to calculate the potential number of Toads that can be
sliced annually, shown in 1ine 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 number of annual hours the wafer siicing plant
operates. The plant operation schedule is continuous except for one
1-week vacation, two 4-day weekends, and one 3-day weekend, and was
chosen to maximize annual production by minimizing slicer shutdowns

during a run due to plant closings.

After dealing 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, line 14) is the product
of the initial cost of the slicing machine, including instalilation, taken

from the data sources, and the ;ﬁandardized charge rate of 0.2135 y'].

'Thiﬁ-;harge rate was taken from SAMICS(]Z), using a depreciation sched-
ule of 7 years, a state tax of 2% on one-half the capital, a 4% insurance
premium, and a 12% interest-on-debt rate on one-twelfth the initial
capital cost. The low ratio of dept to capital, or the Tow financial

leverage, is due to the postulate that the photovoltaic industry would be
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| ABOR_AND INDIRECT MATERIALS

LABOR TIMES:
ATTACH SUPPORT BLOCK TO INGOT
MACHINE LOAD/UNLOAD
MACHINE MONITORING
TOOL CHANGE/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.

23



MACHINE COST
(MACHINE LIFE)
ALLOCATABLE BUILDING AREA

(SPECIAL SERVICES)

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

because it will be a rapidly evolving industry with appreciable risks(12).

The second capital cost contribution comes from the building. The
allocatible building area, shown in line 15 of Table 11, was taken, accord-

ing to samcs(té)

. as twice the machine's operating area. The doubling
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 buiiding cost (Table II, line 16} is
taken as $1506.95/m2, according to SAMICS(]Z) , and is based on the machine
operating area only, This cost figure includes appropriate cost allocations
for the additional building space needed as outlined above.. The facilities
charge rate used to calculate the annual building cost (Table II, line 17},
from the initial cost, is 0.117 y"]. This value was obtained in the same
fashion as the equipment charge rale, except that a 40-year 1ife expectancy
is employed for determining the depreciation rate of the building. Also

a 31% surcharge on the annual cost of capital is included, 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 direct material cost, 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 calculating the mass fraction of sili-

con lost in grinding, shown in 1ine 18 of Table II, the average diameter
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Toss is assumed to be 0.6 cm. With this diameter loss, and the consequent
Toss 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-

portional to the diameter of the crystal.

The difference between the add-on processing cost and the work-in-
process cost is the cost of the direct material contained in the wafers.
The latter value for a unit area can be obtained by multiplying line 19 of
Table 11 by the unit mass silicon cost. To obtain the amount of silicon
contained in a unit wafer area, the incorporated silicon fraction is di-
vided by the wafer area per unit mass (Table I, Tine 18). The incorporated.
wafer fraction is the product of the yield fraction (taken from Tabie I,
1ine 6) and wafer thickness (Table I, line 4) divided by the sum of the
wafer and kerf thicknesses. 1In equation form, the fraction of silicon con-
tained in the wafer is,

11.19 = L:6*1.4 =,
(1.4 + 1.5) * .18 m

with the roman numerials representing the table numbers and the arabic
numbers, the line numbers for that table. The kerf and broken wafer loss,
necessary 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 represented by the kerf thickness and the
broken wafer loss by the broken wafer fraction muitiplied by the wafer-

thickness. Therefore

(I.5+ (1 -1.6)*1.4) ke

{i.4+1.5)*1.18 mZ >

I1.20 =
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From the operation data and expenses,ﬁ11éfed’in-the first two tables,
the add-on caﬁponents of the slicing manufacturing slicing cost can be
calculated. For the most part, the add-on cost components, shown in Table
IIl,on a per unit area basis,are derived from the data of the proceeding
tables using the relationships given in that table. The exceptions include
the unit costs of the indirect materials whirh were taken from the sources
footnoted 1n Table 1I1. In addition, the purchased service cost for multi-
biade sltcing (Table III, line 4), which includes the cost of machine
maintenance and overhaul performed on the outside or under contract, used

1 2)

was $1529.3 y ' and was obtained from Spectro]ab(q). HAMCO( supptied the

purchased service cost for an inner diameter slicing as $285.7 y_]. The
total material cost which i1s the sum of the first four lines of Table III
was increased by 5.2€%, 1n accordance to SAMICS charge factors(]z), to

account for handling and other miscellaneous expenses.

The labor costs were calculated using the labor times, 1isted in
Table Il and the labor rates shown in the Cost Account Catalog of the SAMICS
Support Study(]B). For calculating the direct labor costs which involve
crystal mounting, machine loading and supervision the wages paid an elec~
tronics semiconductor assembler, whose duties are described under SAMICS'
occupation classification no. 726884 and wages under catalog no, 830960(]3)
were employed. The maintenance Tabor rate of a maintenance mechanic II
{occupation classification no. 726884, catalog no. B3736D) was used to find
the tabor cost of internal machine service and cutting tcol charges. The
Tisted labor rates were multipiied by 1.432 to take into consideration fringe

benef1ts, such as vacations, medical health plans, social security benefits, etc,

and miscellaneous expenses. A surcharge of 25% was added to the direct
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ABLE ITIN

ADD-OM COST COMPOUENTS TOR NULTIBLADE BLICING (9/wd)

Spectroleh jesin g Varfan n
{Production Exporience} {Exporimcntal) § LExperiment {Projection) (500 blads (Expwrimental)
2em 4 o 75 ¢em 10 16 ca no P-005 ) projection) incl Projection)
Organization Ractangular Diameter Diapater plamater 10cm Diamster | 10ca Diameter | L2cm Dis=mater ] l2ca Diamgter
1 {Expondible
tooling
{116 6 § IAT1E*
IA 17 10,35 15 34 23 81 74 31 32 &8 10 49 2 04 1.73
2 [Haterials 21.15 {a) 8 95 (a} £.95 {a) 16 35 ) 1.5¢ () 1 40 (c} 3.85 {e) o 30 &)
3.1Electrical
energy cost
(30 032 rIIA.10
T 1A 17} o 25 0.43 4 n 0.42 o &7 Q32 .16 e
4 jRoplicenent
parts & pur-
chased gervice 16 igl 2.37 2.94 4.62 290 0 &7 o83
% [iotal matirial
costs (1.0526%
{1 +2 43 +4 }) 35 37 29 19 35 22 98 96 47.86 18 01 ne? 270
6 {irrrect Labor
(35 SBeITA 4
T 10.75 19.16 15.14 4.08 4 BS i 1.21 11%
7 jMaintenanca
labor ($ 8.}2%
TIA 4 § IA.LT) 471 6,98 5 42 4 50 1.5 243 056 0.94
8 [other indirect *
labor i(25% of
& +7) 385 6§ 51 5 14 215 210 148 o 46 0 52
9 |Tota: labor
6 +7 +8) 19 32 3z 67 25 70 107 10.50 718 .33 2 6L
10 [Lquipment €OST
(IIA 14 - IIA.12
* IA.17} 4.96 808 6.37 79 12,43 7.80 2N 2.2
11 Jfachlities cost
(1Ia 17 3 TIN 12
*IA 17) 114 1.85 1.46 181 288 179 0.41 oM
17 |Capital Cost
{10 + 111} 610 $.93 7.83 0.71 15.28 9.5% 4 50 2.56
13} [Overhead
{0 059 * (10.%
0B 01 D o4 0 &8 o 53 0 66 1.04 0 65 020 0.37
14 . IRnrurn on ecquity
0 192°{%.) *+
0 192¢(9.)+ 1.22 »
{10 ) + 4 TI*131.3) |21 94 30.4% 25,27 35.2¢ 19.85 21.82 705 5.4
15 JAdd=on price
{54 price
aesured rera)
5 49 412 413,
+14 ) 03.15% 102.70 95.53 159,35 114,29 58,10 21.15 1%
£ilicon Ingot Price (Unground) € $139 15/kg {1978 astimation)
16 | «dd-on cost of
geinding {3/xg) - 0.97 12,99 9.77 .96 9.96 8,07 8 oY
17 [cont of ground
51 {$/%9) - 160,12 153.14 148.92 149,11 149.11 147.22 47,22
18 [Lost silicon - 116.89 111.79 158.80 1131.21 78,08 77.05 82,63
1% |Add-on prioe - 319,59 207.31 318,14 227,50 135 18 98,20 56.02
10 [eries - 368,50 3497y 433,18 328,68 2 61 184,32 206.93
silicon Inyot Price (Unqround) @ 565 99/kg (1392 projrcticon)
21 |Add-on cost of
grinding (3/%q) - 12.094 8,13 5,45 .56 5 56 4.41 4.41
22 |Cost of ground
51 15/%g) - 76.82 74.31 1,43 71.55 71,58 70.39 70,3y
23 jrose 51 - 57.54 54,10 76,43 366 37.21 36,61 39.43
24 [add-on price - 160 24 149,42 238,68 167.95 55.31 57.76 52.87
25 frrice ($/I1l 2332.83 219,00 290 8} 216.%0 137 17 98 94 105 58
silicon Ingot Price {Unground) & 524 46/kg {1986 projecticn)
26, | hdit-on cost of
qeinding ($/kq) - 8,23 4.81 3,00 3.07 3,07 2,34 2.34
17 |Cost of ground
&l (3/kg) - 12 & 29.27 27.46 27,.%1 7,53 26.50 25.80
28 | Lot Bilicon - 23.86 1.3t 29,38 20.6% 14,32 13.94 15.0%
29 [Add-on Price - 116,56 116,90 188,63 134,94 72,42 35.09 28,39
30 |rrice - 157,16 1430 209,83 153,62 80,53 20.77 43,48
fal  Calculated using $7/gallon for ths slurry mixture and
ipcluding 30.60/Jond for the cerasic baps and bara.
(b} 11 Yoo, “Asmesment of Presont State of the Art Gawing Technology,*
OCL1, DOE/IPL 954830-77/12, p M {12/37
{c) # C loldon and I R Floming, "8licing of Silfcon intn hest Matarial®
Varian Assoclates, ERDASIEL 954374-77/2, p 22 (311
{d] Bamucl N Hoa apd Pasl S Glolm, “Larqe Ares Czochralski 8ilicon,*

Toxss Inwtrumentw, ERDA/JIL-054475-7672 p 17, {9/76)
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TABLE IIIB

AND-OR COST COMPONENTS FOR MUIRIWIKE AND INHER DIMMETER SLICING ($/m?)

Hultiwire Wafering

Inner Diameter Si

ing

Crystal Systems ¥asunaga yg-1Q0 oL HAMLD
' Fixed Abrasive (Exporimental) § {Projection) (Bxtprerimental) {(txperimental) {Production exp.)
Method 7.6 cin 10 ¢cm 7.6 em 10 16 cm 10 16 cm
Organization {projection) diameter diameter diamoter diameter diameter
1 E".x%c}e-t_}c;ibla tooling (IIB.6 v IB.16 1.25 33 18 25 4.65 3.70 12.45
I
2,|materials 0.30 {a) 32.95 (b} 41,05 {Q) 2.65 (e} 2.05 (e} 1 g5 (£}
. 0.0319* .1 0.18 0.22 0.49 0.33 -
3 ﬁfigricla}%_i%rgy cost {§ 0.1 0.33
4.§Replacement barts and
purchased service n.a. n.a, n.a. 0 30 (g) 0 2% lg) .20 (g}
5 jTotal materials
L.0526%(1 + 2. + 3. +4.}) 174 69.61 62.65 8 52 4 52 13,51
6. Dﬁrsﬁg labor ($5.58%11B 4 < 1.30 4.72 .19 3.05 1.93 5.85
7. P;aélrlﬂ.:ﬁnance labor ($8,12*IIB.5 0.54 4.14 1.55 2.63 2.50 1.47
8 Unt;er irdirect labor
{25% of (6 + 7.)) 0.45 2.22 1.19 1.42 1.11 1 83
9 jTotal labor
(6. + 7.+ 8} 2.30 11 08 5 93 7.10 6.54 2.15
BLI Elguiiﬂ'lent cost (IIB.I4d TllB.12 2.06 8,79 10 21 9.09 6.28 5.97
11. Pl‘gci.}’l).b;es cost {11k, 17 $EIB.12 0.32 0.96 112 1.67 115 1.10
1. Cag;:l.l;a'l Cast (10 + 1i.} 2.38 9.75 11.33 10 75 7 43 7.07
B
13.joverhead (0.059* (10,) +
0.108 *{11.)) 0.16 0.57 0.66 0.72 0.4%9 0.471
14 JReturn on equity
.192*
(g_‘}.g.o,lgzntg.) + 1,22¢% 4.80 30.57 3o0.92 21.99 15.22 16,84
{10.) # 4.73*(11.))
15.|Add-on price ([Si price
assumed zere} (5. +9, +12. .
+13, +14,}
11.38 121.57 111.62 49.06 36.29 47.04
Silicon Ingot Price (Unground) @ $139 15/kg (1978 estimation)
18- 1(\:?;;;‘ 0% of granding 9.94 13.77 9.96 13.77 9.77 9.77
17. | Cost of 3 s1l
(S?)f;:n saiacen 149.09 152.92 149.11 152.82 148.92 148,92
15, JLost Silicon (5/m2) 104.66 71.57 34.30 131.08 122.17 120.96
19.]add on price (§/m?} 116.04 193.14 145 92 180.15 158.46 168,00
20. fPrice (5/m2) 150.93 268 45 215.70 309.02 2B0.48 342.31
Silicen Ingot Price {Unground) @ $65.98/kg (1982 projection)
21, J:csic/!k;;t cost of granding 5.55 7.99 5 56 7.9 5.45 5.45
22. t of 5
gy Tround 51 71.53 73.57 71 55 73.97 71.43 71 43
23.{Lost s1 50.21 34,03 16.46 62.87 58.57 57.99
24.jAdd-on price €1.59 155.60 128.08 111.93 $4.86 104.83
25.[Price ($/m?) 78.33 192.03 161.57 174 24 155.03 188.40
Silicon Ingot Prace (Unground} @ $24.46/kg (1986 projection)
26.1Add-on cost of
grindang ($/kg) 3.06 4.71 3.07 4,71 3.00 .00
27.jcost of ground
54 ($/kq) 27.52 29 17 27.53 29.17 27.46 27.46
28.)Lost 51 19.32 13.42 6.33 24.79 22.52 22.29
29.1Add-on Price 20 70 134.909 117.95 73.85 58.80 69.33
30 | Price 37.14 149.16 136.83 94,65 79.60 101.48
(2) F. Schmid and C.Pi Xhattick,"Heat Exchanger-Ingot Castaing/Slicing Process”

Crystal Systems, ERDA/JPL 954373~77/3, pp 78-79 (10/77}).

(b) Caleulared using $12.10/kg

(c)

and assuming the slurry is used twice.

(e}

{d)
{8}

Estimated from materials cost of Yasumaga's
H.I. Yoo, "hsgesment of Present State-of-the-Art Sawang Technology,™ oCLI, -

DOE/JIPL 954830-77/12, p. 38 (12/77)

[£3]
{g)

Estimated from OCLI's material cost data

7.6 cm diameter ingot

for the abrasive and 31.25/2,(::) for the PC oil

LSSA Project Report, "Multiwire Slurry Wafering Demonstrations,™ Jet
Propulsion Lahoratory, DUE/JPL-1012-7817, {2/78},

Aesuming total purchased service is $2,000 for the machine's lifetime.
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labor and maintenance labor costs to account for the cost of supervisory,

management, ana other support personnel.

The unit area equipment and facility costs, which constitute the
capital cost, were obtained by dividing the respective annual costs by the
annuai area factory output., The overhead, 1isted in Tine 13 of Table III,
is defined as the insurance, state taxes, and interest-on-debt payments on
the working capital. As suggested by SAMICS(12), 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 1ine 14 of Table II1. This value is
equal to the SAMICS' return-on-equity (EQR), which is 20% of the equity

(12), plus the amortization of the start-up costs

portion of the book value
(AOC}, minus the income tax investment credit (ITC) on 10% of the annual

equipment depreciation divided by the product of one minus the federal in-
come tax credit ( T - t) and one minus the miscellaneous expense fraction,

{1 - x), or

EQR + AOC - ITC
ROE (II1.14) = $/m°.
(1-x} * (1-1)

The add-on cost components described above can be used to calculate
a unit area wafer price that ignores the cost of the silicon ingots. This
aad-on price shown 1n 1ine 15 of Table I1I, 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 1978, 1982 and 1986 are taken from our previous eva]uationso(14)
For 1978, the ingoc price is based on puiling 7.8-cm diameter ingots with

a Leybold-Heraeus single charge puller. The silicon ingot prices employed

for the years 1982 and 1986 are projections for muiti-pulling Cz-grown

10.2-cm and 15.2-cm diameter ingots, respectively.

Previous to slicing, the silicon ingots must be ground to a uniform
diameter and this cost has to be inciuded in the cost of the direct material.
The add-on cost of grinding, listed in Tine 16 of Table III, consists of
two parts: a) the cost of the grinding operation which is projected to be
$0.20/cm-crystal Tength, based on industry data(]), and b) the cost of the

silicon lost from grinding, which is equal to -(1éé‘3811 13) * {Si ingot

price ($/kg)), where I1.18 is the percentage of material Jost in grindirg.
Summing the add-on grinding cost to the Si ingot price yields the cost of
ground silicon prices (Table II, lines 17, 22, 27) which are used to cal-

culate silicon wafer prices.

Also of interest in our analysis is the cost of the silicon Tost in
kerf and broken wafers. These values,shown in 1ine 18, 23, 28 of Table III,
are the product of the unit area kerf and wafer loss mass (Table II, Tine
20) and the ground silicon prices. The add-on wafer prices, shown in lines
19, 24 and 29 of Table III, are defined, here, as the sum of add-on wafer

jE@nd the cost of

-

price, assuming a zero silicon price (Table III, line 15

g~

the lost silicon. A "
¥
To arrive at a unit area wafer price ]isﬁ?ﬁ in lines 20, 25, and 30
L2

of Table III, the adu-on price and the cost of>Silicon incorporated in the

ol
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wafer are summed. The Tatter value is the cost of the ground silicon
ingot multiplied by unit area silicon mass contained in the wafers {Table

11, Tine 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 slicing capabilities, using
1978 silicon prices, and projected future capabilities, using 1982 and
1986 projected silicon 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 iost silicon and that
contained in the wafer. In Table IV, one can observe the decreases 1in
expendible tooling, indirect materials, Tabor and capital costs that are
expected for 1982 in IP, multiblade and siurry multiwire slicing. I1Tus-
trated in Figure 4 are the more relevant data of Tables III and IV, in a
bar qraph format. In Figure 4, the relative impacts of the material, Tabor
and capital costs can be readily compared to each other for the current
multiblade and ID sTicino processss and for the near future (1982) pro-
jected multiblade, ID, and slurry muitiwire processes.

As evidenced in Table IV, the indirect material costs (primarily
slurry) and the costs for expendible tooling {(the steel blades or wires)
are much higher for the slurry sawing processes (multiblade and Yasunaga
multiwire) than those for the fixed abrasive approaches (ID saw and FAST
wire saw). This is a conseguence of the more effective utilization of the
abrasive in the fixed abrasive system, coupled with longer ool 1ife. Re-
ductions of these expendible tooling costs for the multiblade and slurry
multiwire sTicing processes are expected in the future through lower cost

(9,11)

tooi fabrication technioues and through improved 1ifet1mes(9). The

Tower tool cost fabrication techniques are expected to result from Targer
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Figure 4

Costs of silicon wafer production in tne years 1978 and
1932 by the slicing cost components, including the cost
of the single crystal silicon content.
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TABLE IV

KEY COSTS ($/m2)

Typo ID Saw Multiblade Multiwire
Source OCLI SEC Spectrolab Varian Yasunaga Cryst.liysteis*
“w-tal pDra {cm) 7.6 10 7.5 10 12 7.6 'lO 10 X_ rgc .
Datze Type Exper. Projected| Product. Beper, Projected Exper. Projected Projecte

1978 1982 1982 1982 1286
Tooling 4.65 1.46 - 23.81 32.68 2.04 33.00 18.25 0.33
ind. Materials 2,65 - 6.95 7.50 3.85 32.985 41.05 0.35
Dir. Labor 3.05 N 1.48 \ 15,14 4,95 0.77 4.72 3.19 1.67
Maink, Laboy 2.53 0.15 5.42 3.55 0.56 4,14 1.55 0.54
Pguip't Cost 9.09 3.66 6.37 12.43 2.71 8.79 10.21 2.55
Facil. Cost 1.67 0.50 1.46 2.85 0.41 0.96¢ 1.12 0.47
Add-0On Cost 27.07 7.25 62.16 74.44 13.43 91.00 80.70 7.61
Ret, on Louw by 21.99 7.68 28.37 39,85 6.92 30.57 30.92 6.18
Lost S1 131.09 38.97 111,79 113,21 36,61 71..57 16.46 12,88
Ad-On Frice 180.15 53.90 207.32 227.50 56.96 193.14 128.08 26.67
51 Content 128.87 37.65 142,41 101,18 41,18 75.14 33.49 12.88
I'rice 309.02 91.55 349,73 328.068 98.14 268.14 161.57 39,55
81 ground X-tal
(5/%kg) 152.92 71.55 153.14 149,11 70.39 152,92 71.55 27.52

P
*Caleulated using an effective cutting xate of 0,4 em/h, $00§'§b°
463 )
(0
35 W oA




cale, automated assembly(g) and a simptification of the assembly process(ll).
Investigations are currently being conducted into possibilities for the
~sTurry—costs, for instance by rec1yé11nu the s1urry or substituting a
cheaper vehicle (e.g. mineral 0il) for the PC oil. In spite of these
projeeéed reductions, the indirect material and expendible tooling costs
for the multiblade and the Yasunaga multiwire techniques remain sizable
components of the total add-on costs for those processes. 1In the neapr-
term projections, these components are 44% anﬁ 73% of the add-on cost for
the multiblade and slurry multiwire processes, respectively. This compares
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 egual for production wafers cut

by either the Varian multibiade or the ID sawing processes, although the ID
saw has twice the productivity (Table I, line 24) and experiences lower
indirect material and tooling costs. The higher productivity directly
results in lTower labor, capital, and return-on-eguity costs, as shown in
Figure 4., These lower processing costs for the ID slicing are counter-
balanced, however, by a higher silicon consumption resulting from the
practice 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 1978 wafer prices shown here are somewhat lower than the con-

temporary commerical wafer and the 1978 values of the LSA Interim Price

(14)

AlTocation Guidelines This difference results from two facts: a) the
data of this report do not include the cleaning, etching, 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 on pariially processed items such as wafers. Since the
indirect cost structure models a vertically integrated industry, marketing
costs for wafers, ¢.¢. are not incurred.

]

3. CONCLUSIONS

The cost-analysis data, and particularly the projections, which in-
clude reduced expenaible tooling and indirect material cost components, show
that the dominant infiuence on the add-on price of sliced wafers is the
productivity of the slicing wmachine. The machine productivity (the time
rate of output unil cexpressed in wafer area) has a direct inversely propor-
tional impact on ihe capital cost allocation to the wafer area produced of
the cost comporents for eguipment and facility, and on that part of the Tabor
expenditures which are cevoted to machine monitoring and maintenance, as
shown in Figure 5. Fioure 5 shows that the effective linear cutting rate
{the workpiece dianeter divided by the slicing time-segment) is 0.55 + 0.3
cm/h for the multillade and multiwire processes. The inner diameter diamond-
coated blade process has an effective Tinear cutting rate of approximately
300 cm/h, a nearly LU5G times larger value than that for the other processes.
To achieve comparalle wmachine productivities, the low linear cutting rates
have to be compensated Ly simultaneous multipie slicing. The current efforts
of Crystal Systems, Solarex, and Varian are therefore directed at increasing
the number of wafers sliced during a run. Current multiblade packages con-
tain about 250 Llades. Varian has built an experimental slicer incorporating
a blade pack of over 200 blades. Similarly, the wire package proposed by

Crystal Systems(w)

is projected to have 750 cutting wires. Solarex hopes to
s1ice(1]) 333 wafers at a time with the Yasunaga Y(-100 slicing machine.
The slicing technology improvements projected for the 1982 produc-

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

[D SAW ~300 cM/H
ALL OTHER SAWS  ~0.55 + 0.3 cm/H

v

IMPACTS:
PRODUCTIVITY

v

CAPITAL COST: EQUIPMENT
FACILITY
LABOR (?)

REMEDY: MULTIPLE CUTTING

Figure b5.
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developments in progress (Table IY, Fig. 5). For the multiblade saw,
the primary advancement will be a nearly four-fold productivity increase
via Varian's development of a machine using & 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 crystal, a 50%
increase from Spectrolab's mass to area conversion ratio in slicing
round wafers.

STice 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 reflected 1n a
1982 projection for 10-cm diameter crystals using ID slicing with ingot
rotation, as shown in Table IV and in a UPPC format attached to the appendix.
The wafers from this process 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 productivities for the
900-blade multiblade and the ID sawing processes. Remaining differences in
the costs of these two processes are, however, overshadowed by the cost
of the silicon incorporated into the wafer or lost. At the projected
1982 price for ground single crystal ingots, the cost of this silicon
still amounts to nearly 80% of the wafer price.

One sticing method has been projected to 1986, primarily, because
only a comparatively small base of experimental data 1s available, so
that this method cannot be expected to be 1n 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 1V,
while Table IIIB is based on earlier 1nputs The difference results
primarily from a recent]y commun1cated reduct10n 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-
mentaliy found rates averaged over the life 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 been used, an approx-
imate1y.‘$ﬂ/m2 Tower wafer price would have resulted in comparison to the
ID process. While the fixed abrasive multiwire process currently projects
the lowest wafer price, it is also the one with the Jeast experience
data. It is therefore of great importance to gain a significant data
base through pilot Tine operation.

Considering the uncertainties in the projections, the data indi-
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

Production, Experimental and Projected STicing Processes
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/i’rocess No. .rﬂr—‘_‘Oll I“IO ll l

University of Pennsylvania
PROCESS CHARACTERIZATION
(UpPC)
process:  Sheet Generation

subprocess:_Wafer Generation

Option: Mounting of crystal ingots on

ceramic base with wax (Spectrolab)

Form 1

INDEX
Form Pages Rev. | Date Remarks

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

3 1 to 1

4 1 to O

5 1 to 1

6 1 to 1

7 1 to 1

8 1 to 1

9-1 1 to @

9-2 1 to 0

9-3 1 to O

10 1l to O

11 1l to

12 1 to 1

13-1 1 to 1
13-2 1 to 1
14 1 to O

15 1 to 1

16 1 to g




Form 2

Page 1 of 1

Revision _ Date ___3/78
Process No. | 2[,.|4),[0]]1 0|1 0.1 Value Added: Y,
Process Description:  Mounting of two 7.5 cm diameter, 16~ cm long single crystal. silicon
ingots on a ceramic base wiéh wax. Material and labor requirements supplied by Spectrolah,
1. Input Specification:
Name of Item: Sing1e'crysta1 silicon ingots {two): grounded.
Dimensions: 7.5 cm in diameter, 16.875 cm_in_length. and 1.744 kqg.
Material: high purity silicon
Other Specifications:
1.1 Quantity Required: kg / load Unit Cost: 153.14 $/ kg
1.2 Input Value: §/ g
1.3 Input Cost: 534.31 g/ load

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




Process HNo. I 2 l. 14 ll '0 Il;]"lo Ill

2.1 Direct Materials:

Form 3

Page 1 of 1

Revision Date 3/78
2,11 Type: Ceramic base 3
Specification:
)
Quantity Required: / 3 Unit Cost: 0.60 $/ load ; Cost: i0.60 $/ load
2.12 Type: Mounting wax 3
Specification: Cost is estimated. Can be recycled. 3
Quantity Required: / ; Unit Cost: 0.10 $/ load ; Cost: ag.10 $/ Toad
2.1  Type: :
Specification:
H
Quantity Required: / ; Unit Cost: $f ; Cost: 3/
2.1 Subtotal Direct Materials: 0:70 $/1o0ad




4[.[0;11-‘{0i1 Form 5

, Page 1 of 1
2.3 Expendable Tooling: -

Revision Date_ 3/78

Process No. |2 l,

2.3 _ Type:
Quantity Required: / : Unat Cost: $/ Cost: §/
2.3 _ Type:
Quantity Required: / : Unit Cost: s/ Cost: 5/
2.3 _ Type:
Quantity Required: / : Unit Cost: s/ Cost: 5/
2.3 _ Type:
Quantity Required: / : Unit Cost: 5/ Cost. $/
2.3 Subtotal Expendable Tooling: $/
2.4 Energy
2.4 1 Type: Electricity (2 kW power rating)
Quantity Required: 0.50 kWh/ Toad : Unit Cost:(.0319 $/kWh Cost: 0.02 $/ load
2.4 _ Type:
Quantity Required: : Unit Cost: $/ Cost: $/
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 $/ Joad _
2.7 Subtotal Materials and Supplies: 0.75 $/ load .
(2.5 + 2.6)




Process No. 2

.4.0;_]'01

Form 6
Page 1 of 1

Revision Date 3/78
3.1 Direct Labor:
3.11 Category: Semiconductor assembler Activity: Workpiece mounting
(SAMICS B3096D)
Amount Required: 0.25 ~ h/ Joad . Rate: $ 3.894 /h; Load_36.0 %; Cost: 1.34 $/_load
3.1_ Category: Activity:
Amount Required: h/ : Rate: § /h; Load %; Cost: $/
3.1 Category: Activity:
Amount Required: h/ : Rate: $ /h; Load %3 Cost: 5/
3,1 Direct Labor Subtotal: $/
3.2 Indirect Labor: Taken as 25% of direct labor
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 Categorxy: Activity:
Amount Required: h/ : Rate: $ /h; Load %; Cost! ‘ $/
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 % 0.09 $/_1nad
3.5 Subtotal Labor 1.76 $/ load




Form 7
Page 1 of 1

Process No.LZ_l. 41.L0 l_i" 011 -
4.1 Equipment Revision _ Date 3/78
4.1 1 Type: Hot plate (25 x 40 cm) with bench.
Cost: 2,000 $; Installation Cost: $; Throughput: 2 Joads /h;
Plant Oper'g Time 8280 h/y; Machine Avail'ty: 99 %; Machine Oper'g Time 8200 n/y
Servicing Costs: Labor h/y at $/hi;Parts or OQutside Service: $/v
Useful Life: y; Charge Rate. % of Cost/y; Capital Cost: 430 S/ly 0.03 3/ load
4.1 Type:
Cost: $; Installation Cost: 5, Throughput: /b
Plant Oper'g Time h/y; Machine Avail'ty: _ %; Machine Oper'g Tame h/vy
Servicing Costs: Labor h/y at $/h;Parts or Qutside Service: 57y
Useful Life: v; Charge Rate: % of Cost/y; Capital Cost: 8/y $/
4.1 Type:
50 Cost: $; Installation Cost: $; Throughput: /h;
é‘g Plant Oper'g Time h/y; Machine Avail'ty:  %; Machine Oper'g Time h/y
%?2’-' Servicing Costs* Labor h/y at $/hiParts or Outside Service: 5/y
L R ¢
iE %:)- Useful Life: y; Charge Rate: % of Cost/y; Capital Cost: $/y s/
=~ m
qﬁ 4.1 Subtotal Equipment Cost: g 0.03 8/ 1oad




Process No. [ Z2].14{.(101l1 gl
4.2 Facilities: Revision
4,21 Type: Bench area Floor Area: 2.0 m2; Throughput: 16,400 loads /v
179.13% Sf(mz'y): r FEET T SR R A e e e e e e

Charge Rate:

Maintenance Costs:

Form 8
Page 1 of 1
Date 3/78

B Oeanly Al SR Gy $ SEsC SEoTE P Sae SGaEr e
Energy Use: ‘-? Labor: h/y at $/h
Heating /y at $/ | Supplies: $/y
Air Cond'g /v at s/ I Outside Services: S/y
Lightlng /Y atc $/ L s B Y R R S
- 1 Total Cost: 360 $/v 0.02 $/1cad
2
4.2_ Type: Floor Area: m ; Throughput: ly |
WP dwey Semidh  JEN ANy SEEE S e L d A S heew s
Charge Rate: S/(mz'y); Maintenance Costs:
Energy Use: I Labor: h/y at 5/h
Heating /y at 5/ l Supplies: 8/y
. ¥
4ir Cond’g /y at $/ Outside Services: S/y
Lightin / at $/ e e I e A e R T
& 8 Y 1 Total Cost: 8y $/
L
4,2_ Type: Floor Area: mZ; Throughput: /y
2 'uuv-.-w“-—r-.-—---_”ud
Charge Rate: $/{m ry); Maintenance Costs:
nergy Use |Labor: hiy at 5/h
Heating /y at s/
| Supplies: $ly
Air Cond’g /y at s/
Qutside Services: $/v
Lightlﬂg /y at S[ e GEA Skt el G daey Sums et e e ot
[ Total Cost: $/y $/
4.2 Subtotal Facilities: 0.07 $/ Joad

*INCLUDES ENERGY USE

4.3 Equipment and Facilities Subtotal :

0,08 $/1oad -




Process No. 24.04), L0

Form 12
Page 1l of 1

Revision Date

3/78

7. Process Cost Computation 7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) 2.56 §/ load
7.22 Indi : % of 7.11 . oad
B BTt IR e © 00 S
7.21 Total Operating Add-on Costs ot Process: 2.56 s/ load
7.22 G & A % of 7.21 5/
T8 RTINS NN
7.31 Total Gross Add-On Cost of Process 2.56 §/ load
7.32 Credit for Salvaged Material (5.8) $/
7.33 Cost of Work-in-Process Lost (5.3) §/
7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) 2,56 $/ load
7.35 Cost of Input Work-in-Process Contained in Good
Output Work-in-Process (5.4) 534.31 &/ load
7.36 Loading on Item 7.35 at Rate % $/
7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 536.87 $/ load
7.41 Theoretical Yield (or Comversion Rate, 1f 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 Output Work-in-
Process (7.37 %+ 7.44) 153.84 $/ kg
7.52 Specifie Add-On Cost per Unit of Good
Output Work-in-Process (7.34 + 7.44) 0.74 $/ kg



http:7.33)-(7.32

Process No, 2

8.

Price Computation

8.

1

Alternate 1

8.11 Profit at Expected Rate of 20 Z: 0.15

$/

ka

(Profit before income taxes; applied to 7.52)
2.12 Praice 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

0.89 s/ kg

153.99 $; kg




Process No, ! 2 i. 4

8,21

8.22

8.23

8.24

8.25

8.26

Form 13-2
Page 1 of 1
Revision Date 3/78
8.2 Alternate 2 (SAMICS Methodology):

Profit Computation:
0.9274% 0.026 8/ Toad from Subtotal 4.1 = 0,024 $/__load
1.926* 0.022 s/ load from Subtotal 4,2 = 0,043 s/ load

Subtotal = 0.067 $/ load
Costs of Amortization of the One-Time Cost:
0.192%  0.75 $/ load from Subtotal 2.7 = 0.145 $/ load
0.,192%__ 1.76 ¢/ Toad from Subtotal 3.5 = 0.338 s/ 1load
0.2958+_0.026 s/ Tload from Subtotal 4.1 = 0.008 s/ 7oad
2.77% 0.022 s/ Tload from Subtotal 4.2 = 0.061 $/ load

Subtotal = (.55] $/ load =1
Total Net Cost of Equity (8.21 + 8.,22): 0.62 s/ Toad
Profit and Amortization of Start-up Costs per Unit of Good Output
Work-zn~Process:
(Divide Subtotal 8.23 by 3.49 Kg / load from 7.44)

0.18 8/ kg

Price of Process (7.52 + 8.24) 0.92 $/__kg
Price of Work-in-Process (7.5l + 8.24) 154.02 $/__kg




Process No. 2 4 0 1

=10 l—J Form 15
. . Page 1 of 1

! Revision Date 3/79
0. Output Specification:
Name of i1tem: Mounted silicon ingots.
Dimensions: 16.2 - cm in diameter, 7.62 - cm high and 16.875 - cm long
Material: Silicon on ceramic mounting block
Other Specifications: The capital cost for mounting an_ingot for MBS is proportional to & * r . Therefore

the untt mass capital cost for mounting is inversely proportional to r. Since the capital cost is a smalil

part of the total cost, the mounting cost is essentially independent of_ingot size. For MBS, the mounting
cost is  $3.18/70ad.




Process No.|“§1‘17f]_[0| 1]“*[0

Form

University of Pennsylvania
PROCESS CHARACTERIZATION

{UPPC)
Process: Sheet Generation

Subprocess: Wafer Generation

Option: Mounting of ingot on graphite block

with epoxy for use on ID-blade machines.

Data supplied by OCLI.

o

IMDEX
Form Pages Rev. | Date Remarks

1 3/78 Dates on all forms are the same.
2 1 to 1

3 1 to 1

4 1to !

5 1 to 1

6 1 to 1

7 1 to 1

8 1 to 1

8-1 1 to O

9-2 1 to O

9-3 1to O
10 1 to O

11 1 to
12 1l to 1
i3-1 1 to 1
13-2 1 to 1
14 1 to 1
15 1 to 1
16 1 to g




Form 2

Page 1 of 1

- Revision ____ Date3/78
Process No. (2|l 41,0 0]1 17103 0.1 Value Added: $/
Process Description: Mounting of ingot on its end with__epoxy on a graphite black, for ID- blade
slicing. Data supplied by OCLIL,
1. Input Specification:
Name of Ltem: Single c;ysta1, silicon ingot
Dimensions: 10,16 - cm in_diameter. 25 - cm in length, and mass is 4.74 kg
Material: High purity silicen
Other Specifications:
1.1 Quantity Required: 4.74 kg /load Unit Cost: _71.43 $/ _kg
1.2 Input Value: $/
1.3 Input Cost! 338.58  $/ load

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



Process No. !2 !. l4 |. o |1 }-'10 |3 I Form 3
Page E, of E_

2.1 Direct Materials:

Revision Date 3/78
2,11 Type: Ingot mounting material 5
Specification: Includes epoxy and graphite,
Data taken from OCLI.
: )
Quantity Required: / , Unit Cost: _1.36 $/ Joad ; Cost: 1.36 5/1oad
2.1 Type: ;
Specification: 7
Quantity Required: / ;  Unit Cost: $/ ; Cost: $/
2.l~_ Type:
Specification:
H
Quantity Required: / ; Unit Cost: 8/ s Cost: $/
.1 Subtotal Direct Materials: 1.36 $/ _load




Process Ne. Fl.lTl ol ]-To 2] Form 5

page 1 of 1

2.3 Expendable Tooling:

2.1 Type: - Revision___ Date3/78
Quantity Required: _ _f ¢ Umt Cost: ___ $/__ Costi] _ 8/
2.3 _ Type:
Quantity Required: i Unit Cosk: 8/  Cost: 3/
2.3 _ Type: _
Quantity Requared: / t Unat Cost: 8/  Cost: s/
2.3 __ Type:
Quantity Required: / : Unit Cosk: 5/ Cost: 5/
2.9 Subtotal Expendable Tecoling: 5/
2.4 Energy
2.4 1 Type: _Power rating of hot piate is estimated fo he 2 kW
_— Quantity Required: _ 0.23 kWh / load . _: Unit Cost:0.0319 $/kih cost:| £.007  $/_Joad
1.4 _ Type:
Quantity Required: ; Unat Cost: __ &/ Gost: $/

2.4 Subtotal Energy Costs: | 0.007  $/ load.

2.5 Subrotal 2.1 to 2.45 1.37 $/ load
2.6 Handling Charge: 2:26 % of item 2.5f 0.07 ¢/ load

2.7 Subtotal Materials and Supplies: 1.44 $/ load
(2.5 + 2.6}




Process No. 2 4 011 =10

Form 6
Page | of I

Revision Date 3/78—_
3.1 Dairect Labor:
3.1 1 Category: Semiconductor Assembler Activity:_ Ingot mounting
- (SAMICS B3096D)
Amount Required: 0.23 h/ load ; Rate: $ 3,895 /h; Load__ 3.0 %; Cost: 1.22 _$/_load
3.1 Category: Activity:
Amount Required: h/ : Rate: $ /h; Load %; Cost: s/
3.1 Category: Activity:
Amount Required: h/ ; Rate: § /h; Load %; Cost: s/
3.1 Direct Labor Subtotal: 1.22 $/ Toad
3.2 Indirect Labor: Taken as 25% of direct
3.2_ Category: Activ‘ity:
Amount Required: h/ : Rate: § /h; Load %; Cost: S/
3.2 Category: Activity:
Amount Required: h/ : Rate: $ /h; Load %3 Cost: $/
3.2_ Category: Activity:
Amount Required: h/ ; Rate: §$ /h3 Load %; Cost: s/
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




Process No.

4.1 Equipment

4

2 4 0Of1]=-t01}]3 Page 1 of 1
] . Revision_ _ Date 3/78
4.1 1 Type:_ Hot plate (20 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 hi/y
Servicing Costs: Labor h/y at $/h;Parts or Outside Service: $/y
Useful Life: y; Charge Rate: 21.35 % of Cost/y; Capital Cost: 213.50 $/y 0.01 5/ load
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 at $/h;Parts or Outside Service: $ly
Useful Life: y; Charge Rate: % of Cost/y; Capatal Cost: $/y s/
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 at $/h;Parts or Outside Service: $/y
Useful Life: v, Charge Rate: % of Cost/y; Capital Cost: s$/vl| s/

.

Form 7

4,1 Subtotal Equipment Cost:

0.01 s/ load




Revision

1 m2; Throughput: 15,732 loads /vy

Process No. (2 |, ] 4!.{ 0]} |~/ 0} 3
4.2 Facilities:
4.2 Type: Bench area Floor Area:
2
Charge Rate: 179.13* $/(m"+y); f'

W GeEak Gy Sy gy O SEap ey P Sy Sl el

e gunnk Suile deary ol G Sl Sl el Gt el Gl O

Maintenance Costs:

Form 8
Page 1 of 1
Date 3/78

Energy Use: '-? Labor: h/y at $/h
Heating /y at $/ ! Supplies: $/y
Air Cond'g /vy at s/ l Dutside Services: S/y
1 Total Cost: 179 $/v 0.01 $/ load
4.2_ Type: Floor Area: m2; Throughput: /vy
Charge Rate: S/(mz-y); Lo Maintenance Costs:
My IS Sy Y SuEp s el gt ey e ——
Energy Use: l Labor: h/y at 5/h
Heating [y at 8/ l Supplies: $/y
: !
Air Cond'g /y at §/ Lm. Qutside Services: S/y
! Total Cost: $/y 8/
4.2__ Type: Floor Area: mz; Throughput: [y
U CENGE AN XY SRR D SURF SRAOF S Cawp g
Charge Rate: $/(m™+v) Maintenance Costs:
Map GO PTATY A Gy Bl Skl fmeel SN Jhis ey S
Energy Use Labor: h/y at $/h
Heating /y at 5/ l
i Supplies: $ly
Air Cond'g /vy at s/
l_' Qutside Services: $/y
Lighting /'y at S/ whasy - il Gl G AP GEok e AR WD
1 Total Cost: $/y $/
4.2 Subtotal Facilities: 0.01 $/ load
* Includes energy use
4.3 Equipment and Facilities Subtotal : 0.02 s/ toad




Form 12

Page of 1
— iei 3/78
Process No. 2 , 4 Lo 1 0} 3 Revision Date 3/
7. Process Cost Computation 7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) 3.06 $/1°ad
7.22 Other Indirect Costs: % of 7.11 0 ¢/load
(O.ORQ*QIE¢“||“3*4I2] —_
7.21 Total Operating Add-on Costs of Process: 3.06 5/1cad
7.22 G & A % of 7.21 | s/
7.3l Total Gross Add-On Cost of Process 3.06 $/load
7.32 Credit for Salvaged Material (5.8) S/
7.33 Cost of Work-in-Process Lost (5.3) 5/
7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) 3.06 ¢/ 7oad
7.35 Cost of Input Work-in-Process Contained in Good
Qutput Work—-in-Process (5.4) 338.58 ¢y 1oad
7.36 Loading on Item 7.35 at Rate % . $/
e i,
7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 341.64 ¢, load
I I T : At
7.41 Theoretical Yield (or Conversion Rate, if output units of
work~in-process do not equal input units) 4,74 kg / Tload
7.42 Practical Yaield 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 4.74 kg s Toad
i A -
7.51 Cost of Unit of Good Output Work-in-
Process (7.37 £ 7.44) 72.08 $/ kg
7.52 Specific Add-On Cost per Unit of Good 0.65 k
Qutput Work-in-Process {7.34 + 7.44) * $/ g



http:7.33)-(7.32

Process No. 2 1, 41,10 11 0f 3

Form 13-1
Page 1 of 1

Revision Date 3/78
8. Prace Computation
8.1 Alternate 1

8.11 Profit at Expected Rate of 20 %: (.13 $/ kg
(Profit before aincome taxes; applired to 7.52)

8.12 Price of Process (7.52 + 8.11) 0.78  s/kg

8.13 Praice of Work-in-Process (7.51 + 8.11) 72.21 $/kyg




Process Wo, T;fi‘ 4

Form 13-2
Page 1 _of 1 _
Revision Date 3/78
8.2 Alternate 2 (SAMICS Methodology): !
8.21 Profit Computation:
0.9274% 0,01 g/ load from Subtotal 4.1 = _ 0.01 s/ 1oad
O
1.946% 0,01 s/ load from Subtotal 4.2 = 0.02 s, load | %g
g @
Subtotal = 0.03 s/ load gg
gre
8.22 Costs of Amortization of the One-Time Cost: ;agg
> G
0.192%« 1.44 g/ load from Subtotal 2,7 = 0,28 s/ Tload = )
0.192¢_ 1.60 s, Toad from Subtotal 3,5 = 0.31 s/ Tload Ra
0.2958x 0-01 ¢, y5aq from Subtotal 4.1 = _ 0.00 §; !oad
2,77~ 0.0 o/ 1454 from Subtotal 4.2 = _ 0.03  $/ load
Subtotal = 0.62 5, load IT
8.23 Total Net Cost of Equity (8.2l + 8.22): 0.65 $/ 1oad
8.24 Profit and Amortization of Start-up Costs per Unit of Good Qutput
Work—1n-Process:
(Divide Subtotal 8,23 by 4,74 kg / load from 7.44)
0.14 $/___ka
8.25 Price of Process (7.52 + 8.24) 0.79 $/ kg
8.26 Price of Work-in-Process (7.5l + 8.24) 72.22 s/ kg

w




Process No, | 2 4 0 1]=1013 Form 14
Page 1 of 1

9. Process Economic Evaluation: Revision Date_3/78
9.1 Process Cost Balance (7.52 - 0.1) S/
9.2 Relative Process Performance (9.1 - 0.1)
9.3 Qutput Cost (7.51) 72.08 s/ kg
9.4 Output Value (0.2 + 0.1) s/
9.5 Relative Excess Cost :(9.3 - 9.4) 3 9.4]
3




11=1 0 3 Form 15

Process No. | 2 4 0
) ' Page | of 1
Revisian Date 3/78
0. OQutput Specification:
Name of irem: Mounted silicon ingot
Dimensions: 10.16-~cm in diameter, 25-cm in length
Material: Silicon with graphite base
Other Specifications: The_capital cost of mounting an ingot for ID-slicing is proportioned to_ 2, therefore

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

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

size. For ID-slicing, 1t is $3.71/7cad. _— —




Process No-{ o 1 14 ] ol2 1= o] 1

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

Subprocess: Ingot slicing

Option: Multiblade slurry slicing of

5.4-cm diameter ingots (Spectrolab)

Form 1

INDEX
Form Pages Rev. | Date Remarks
1 3/78 AlT forms have same date
2 1l to |1
3 1 to O
4 1 to |1
5 1to |
6 1to |
7 1 to !
8 1 to 1
9-1 1 to 1
9-2 1 to 0
9-3 1 to O
10 1 to 1
11 1 to 1
12 l to 1
13-1 1 to 1
13-2 1 to |
14 1 to |
15 1 to |
16 1 to U




Form 2

Page 1 of 1

Revision __Date 3/78

Process No, (2 |14 |1 02 (71011 J 0.1 Value Added: 5/

Process Description: Multiblade slurry slicing.

Data listed 1n 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 hlade-pack,

1. Input Specification:
Name of Item: Prepared‘machine Toad from 2.4-01-01
Dimensions: Each ingot 1s 5.4-cm 1n diameter and 16.875-cm _long. Three ingots per load
Material: Silicon (high purity)}
Other Specifications: See 2.4-02-01 | three ingots are mounted on a_ceramic block.

Mass of tngot is 0.903 kg

Mass of Toad is 2.71 kg

1.1 Quantity Required: 2 7] ka /! load Unit Cost: _161.30 $/ _kg
1.2 Input Value! $/
1.3 Input Cost: 437.71 $/ load

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



Process No. ..lO'Z]"[OhI

Form 4
Page 1 of 1

2.2 TIndirect Materials (aincl. supplies and non-~energy utilities): Revision Date 3/78

2.2 1 Type: Abrasive slurry ;

Specification:  PC 011 with 600 grit SiC abrasive

Concentration is 0.24 kg/% . slurry cost given by Spectroiab.

(uartits Required: 7.6 % /load Unit Cost: 1.85 &/ & . Cost: 14,06 $/ 1oad
2.2 Type: _

Specification:

Quantitv Required: . N : Unxt Cost: 7 i Cost: 8/
2.2_ Type: L o

Specification:

Quantary Required: / ; Unit Cost: s/ ; Cost: 8/

2,2 Subtotal Indirect Materials:

14.06 3/ Toad




Process No. 12 I. |4_{ . IO |2 ‘-—"O L1 l Form 5

Page ] of 1

2.3 Expendable Tooling:

2.31 Type: 250 blade drill-pin pack, consisting of 0.2 mm thick 1095 steel blades. Revisxon____ Date 3/78

Quantity Required: 0.5 Pack Moad: uUnit Cost: 50 $/ Pack Cost: 25__$/ load
2.3 _ Type:

Quantity Required: / i Unit Cost: §/ Cost: $/
2.3 _ Type:

Quantity Required: / ¢ Unit Cost: s/ Cost: $/
2.3 __ Type:

Quantity Required: / { Unit Cost: 3/ Cost: $/

2.3 Subtotal Expendable Tooling: 25_$/ load
2.4 Energy

2.41 Type: Electrical, TkW main and auxiiiary motors

Quantity Required: 22 kWh/ 1oad : Unit Cost:(, (319 $/kiWh_ Cost:| _0.70 5/ _1lnad
2.4 _ Type:

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

2.4 Subtotal Energy Costs: 0.70 _$/ load

2.5 Subtotal 2.1 to 2.4, 39.78 8/ load
2.6 Handling Charge: _5.26 % of item 2.5] 2.09 &/ 1gad

2.7 Subtotal Materials and Supplies: E'LLWM
(2.5 + 2.6)




Process No. |2 ], 14 {10 ]2 [-] O] 1 Form 6
"Page 1 _of 1
Revision Date 3/78
3.1 Direct Labor:
3.11 Category:_Semiconductor Assembler Activity: mounting/demounting
(SAMICS B3096D) ,
Amount Required: 0.25 t/ Toad ; Rate: $§_ 3,89 /h; Load__ 36,0 %3 Cost: 1.32  $/71nad
3.12 Category:_semiconductor Assembler Activity:_machine supervision
(SAMICS B3096D) '
Amount Required: 5.1 h/ load ; Rate: $_ 3,89 /hy Load 34 0 %3 Cost: 27 06 S/ 1oad
3.13 category:_ Maintenance Mechanic II Activity: blade head changing/adjusting
(SAMICS B3736D)
Amount Required: 1.4 h/ 1o0ad ; Rate: $_ g g7 /h; Load 35 g %; Cost: 10.80 %/ 1oad
3.1 Direct Labor Subtotal 39.18  $/1oad
3.2 Indarect Labor: Taken as 25% of direct
3.2 Category: Activity:
Amount Required: h/ ; Rate: § _/h; Load %; Cost: $/
3.2 Category: Activity:
Amount Required: h/ : Rate: § /h; Load %3 Cost: s/
3.2 (Category: Activity:
Amount Required: h/ ; Rate: § /hiy- Load %3 Cost: s/
3.2 Indirect Labor Subtotal; 9.80 s/ load
3.3 Subtotal 3.1 and 3.2 48.98 g/ load
3.4 Overhead on Labor: 5.26 % 2.57 s/ 10ad
3.5 Subtotal Labor 51.55  $/ load




Form 7

Process No.[ 2 | |4 | [0 12]-)10 }1 Page 1 of 1 _
4.1 Equipment Revision __ Date _3/78
4.1 1 Type: Multiblade slicing machine
cost: 20,000 $; Installation Cost: $; Throughput: 327 loads ﬁb;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 $/hiParts or Outside Service: 15692 $/v
Useful Life: 7 y; Charge Rate: 21.35 7% of Cost/y; Capital Cost: 4270 Sly 17.92 ¢/ load
4.1 Type:
Cost: $; Installation Cost: $; Throughput: ! /s
Plant Oper'g Time h/y; Machine Avail'ty: _ %; Machine Oper'g Time h/y
Servicing Costs: Labor h/y at $/h;Parts or Qutside Service: 8/ly |
Useful Life: y; Charge Rate: | % of Cost/y; Capital Cost: $/y $/
|
4.1 Type:
Cost: $; Installation Cost: $; Throughput: /h;
Plant Oper'g Time h/y; Machine Avail'ty:  %; Machane Oper'g Time h/y
Servicing Costs: Labor h/y at $/h;Parts or OQutside Service: §/y
Useful Life: y; Charge Rate: % of Cost/y; Capital Cost: $/y s/
4.1 Subtotal Equipment Cost: 17.92 ¢/ load




Form 8

Process No. 2{. 147,10 12 {T{0}1
Page 1 of 1 _
. . Revision Date
4.2 Tacilaities: .
. . 2
4,21 Type: Slicing machine area Floor Area: 5.6 M ; Throughput: 327 Toads /y
* 2 e apems e wmpm  flmS famdd Ay el Suexs PP LGRSOV g
Charge Rate: 179.13 $/(m"ryl: r’ Maintenance Costs:
L - ey iy S sl L A R PR
Energy Use: ’.‘ Labor: h/y at $/h
Heating [y at $/ I Supplies: s/y
drr Cond'g /y at s/ l Qutside Services: $/y
Lihtln / at s/ L“m—-‘——mm—omm“—"
ghtine y ! Total Cost: 1003.13 $/v 3.07$/_load
DAY s
2
4,2__ Type: Floor Area- m ; Throughput. [y
e ey ety G [ A ey a—— S Tl —
Charge Rate: S/(mz'y); L Maintenance Costs:
e Y I e ] Lo
Energy Use: I Labor: h/y at $/h
Heating /v at s/ I Supplies: $/y
1
Alr Cond’g /y at 3/ (lutside Services: S/y
B . Y ] Total Cost: $/y §/
2
4.2_ Type: Floor Area: m ; Throughput: /y
- AR G [ Ny D M ) ewe R G T iy
Charge Rate: S/ (m”-y); Maintenance Costs:
alp  Papnb el — Oy — L - 4 am—— —" S Doy —
Energy Use Labor: h/y at $/h
Heating /y at $/ l
! Supplies: $/y
Air Cond’'g /vy at s/
Outside Services: $/y
nghtlng / at S/ W OIS et meh emd e W Owme  waeed O e
7 } Total Cost; $/y 8/
*Includes energy use 4.2 Subtotal Facilitries: 3.07 g, load
4.3 Equipment and Facilities Subtotal : 20.49 s/ load




Form 9-1

Page [ of 1
Revision pate 3/78
Process No. 2 ’ 4!, 012 ¢—{0}]
¢
5. Salvaged Material {Work—in-process)

5.1 Duantity of Work-im-Process 1. Contained in Good Qutput

Work-in-Process (per Computation Unit) 1.52 kg / load
5,21 Input Work-in-process 1. Hgot Contained in Good Output

Work-in-Process ("Amount Reguired" from 1.1 minus 5.1) 1.19 kg / load
.22 HWet Bmount of 5.21 which is sold for Credit As-Is or

After Applying Re-FProcess I l . I . L ,I"_[ L / .
5.23  Credak for 5.22 at the Market Value of $/ : s/ o
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} 1,13 kg/ load wL
5.3 Cost of Work-in-Process Lost (Amount 5.26 Times Unit Cost 1.1) | 191.35_ s/ 1034
5.4 Cost of Work-an-Preocess Contained in Goed Output Work-in-Pracess o

(amount 5.2 Tames Unit Cost from 1.1) 245,18 g, 108
Salvaged Materials Summary: '

. - :

5.8 Total Net Credats for All Salvaged Materials (5.25 + 5.87 + 5.76) f 5/




Process WNo, 2 4 0 2

8.

Price Computation

8.

1

Alternate 1

8.11 Profit at Expected Rate of 20 %: 37.70 8/ m2

(Profait hefore i1ncome 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 3/78

227.20 5/ me

376.61 3/ me




Process No. 52 Ia 4

8.21

.22

Form 13-2
Page _1 of _1_
Revision Date 3/78
8.2 Alternate 2 (SAMICS Methodology): I
Profit Computation:
0.9274% 17.90 s; Tload from Subtotal 4.1 = 16.60 g, load
1.946% 3.07 g; Toad from Subtotal 4,2 = 5.97 $/ Toad
Subtotal = 22.57 5/ Toad
Costs of Amortization of the One-Time Cost:
0.192% 41.87 3, load from Subtotal 2.7 = S.04 ¢ 10ad
0.192+  51.55 &, 144 from Subtotal 3.5 =  9.90 g/ load
0.2958% 17.90 s/ load from Subtotal 4.1 = 5.29 g/ load
2.77% 3.07 5/ Tload from Subtotal 4.2 =  8.50 g7 Toad
|
Subtotal = 31.73 ¢/ load

8.23-

8.24

8.25

8.26

Total Net Cost of Equity (8.21 + 8.22):

Profit and Amortization of Start-up Costs per Unit of Good Output

Work-in~Process: 9
(Divide Subtotal 8.23 by 1.63 m

/ Toad from 7.44)

Price of Process (7,52 + 8.24)

Price of Work-in-Process (7.5l + 8.24)

33. 31

§/__M

2

54.36  g/7oad

2
221.81 gy M
372.22 gy m?




Process No. |2 4 o]21=]0 1|1 Form L4
Page ] of ]

9. Process Economic Evaluation: Revision Date__3/78

9.1 Process Cost Balance (7.52 - 0.1) s/

9,2 Relative Process Performance (9.1 % 0.1)

9.3 Output Cost (7.51) 338.91 $/ m2

9.4 OQutput Value (0.2 + 0.1) s/

-~

9.5 Relative Excess Cost (9.3 - 9.4) ¢ 9.%]

[




Process No. 2 4 0 2 1-10 1 Form 15
) ) Page 1 of 1

Revision Date 3/78

0. Output Specification:

Name of item: Silicon wafer, as~-cut

Dimensions: 5.4-cm in diameter, 0.4 mm thick

Material:

Other Specifications: Depth of subsurface damage is 75 um




Process No‘lJLJ.llLJ.IQ IZ L—hL 1 Form 1
University of Pennsylvania
PROCESS CHARACTERIZATICON
(urPPC)
Process: _ Sheet Generation
Subprocess:__Ingot STicing
Option: Multiblade Slurry slicing of 7.5-cm diameter
ingots (Spectrolab) )
INDEX
Form Pages Rev. | Date Remarks
1 3/78 Dates are the same for all forms
2 1 to 1
3 1L to 0
4 1 to 1
5 l to 1
6 1 to 1
7 1to 1
8 1 to 1
9-1 1 to 1
9-2 1tto O
9-3 1 to O
10 1 to 1
11 1 to O
12 l to 1
13-1 1 to 1
13-2 1 to 1
14 I to 1
15 1 to 1
16 1 to O




Form 2

Page 1 of 1

Revision _ Date _ 3/78
Process No. 2lel 41,1012 17101[1 0.1 Value Added: $/

Process Description: Multiblade slurryv slicing

Data 1isted 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 on a ceramic block.

see 2.4 .01 - 01

1.1 Quantity Required: 3,49 kg /load Unit Cost: 154.04 $/ kg
1.2 Input Value: s/
1,3 Input Cost: b37.57 $/1o0ad

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



Process No. IZ l,

g |, 102 {={0l1]

2.3 Expendable Tooling:

Form 5

Page 1 of 1

2.3 1 Type: 250 blade drill pin_pack consisting of 0,2 mm thick 1095 steel b]ade?emsmn“*‘_ bate 3/18
Quantity Required: 1 pack /load: Unit Cost: 5O  $/ pack Cost: 50 s/ 1load
2.3 __ Type:
Quantity Required: / Unit Cost: 5/ Cost: 5/
2.3 __ Type:
Quantity Requared: / Unit Cost: 5/ Cost: $/
2.3 _ Type:
Quanticy Required: / Unit Cost: $/ Cost: $/
2.3 Subtotal Expendable Tooling: §50.00  $/1nad
2.4 Energy
2.4 1 Type: Electrical, 1 kW main and auxiliary motors
Quantity Required: 22 kiWh/load : Unit Cost:0.0319 $/kWh Cost:] _0.70 $/lcad _
2.4 Type:
Quantity Required: Unit Cost: $/ . Cost: $/
2.4 Subtotal Energy Costs: 0.70  $/load
2.5 Subtotal 2.1 to 2.4: 64.76 _ $/load
2.6 Handling Charge: 5.26 % of item 2.5} _3.41 __ S$/load

2.7 Subtotal Materials and Supplies:
(2.5 + 2.8)

68.17

$/ load -




Process No. 2 J.1.4.1.L0 g_l"o 1 Form 6
Page 1 of 1

Revision Date 3/78
3.1 Direct Labor:
3.1 1 Category:Semiconductor Assembler Activity: Loading/unloading
(SAMICS B3096D)
Amount Required: 0.25 h/ 1nad ; Rate: $ 3.90 /h; Load 3.0  %; Cost: 1.32  $/%cad
3.1 Category: Semiconductor Assembler Activity: machine supervision
TSARITS B3096D)
Amount Required: 5.2 h/ Toad ; Rate: $ 3,90 /h; Load 36.0 %; Cost: 27.59 $/ load
3.1 Category:Maintenance Mechanic 11 Activity: hlade head changing/adjusting
(SAMICS B3736D)
Amount Required: 1.4 h/ load ; Rate: $ 5,67 /hy Load 36.0 %; Cost: 10.80 $/ Toad
3.1 Direct Labor Subtotal: ?9-71 $/ load
3.2 Indairect Labor: 25% of direct
3.2 Category: Activity:l
Amount Required: h/ i 3 Rate: $ /h; Load %; Cost: 8/
3.2 Category: | Actdvity:
Avount Required: h/ : Rate: $ /h; Load %; Cost: $/
3.2 Category: Activity:
Amount Required: h/ ' ; Rate: $ /hy Load %; Cost: . $/
3.2 Indirect Labor Subtotal: 9.93 $/10ad
3.3 Subtotal 3.1 and 3.2 49.64 $/10ad
3.4 Overhead on Labor:5.26 % 2.61 $/1oad

3.5 Subtotal Labor 5é.25 $/10ad



http:Labor:5.26

Process No.

2 4 0 l2[-t{o 11

4.1 Equipment

4,

4,

1

1

| | Revision
4.1 1 Type:_Multiblade slicing machine

Cost: 20,000 $; Installation Cost: $; Throughput: 320 loads /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 $/hiParts or OQutside Service:]1592.30 §/y
Useful Life: 7 y, Charge Rate: 21,35 % of Cost/y; Capital Cost. 4270 S$ly
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 at $/h;Parts or Outside Service: $/y
Useful Life: v; Charge Rate: % of Cost/y; Capital Cost. §/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 at $/h;Parts or Outside Service: Sty
Useful Life: y; Charge Rate: % of Cost/y; Capital Cost: $/y

Form 7

Page 1 of ]

Date 3/78

18.31 s/1oad

s/

$/

4.1 Subtotal Equipment Cost:

18.31  s/load




Process No. 21.141.1012 1710141

Form 8
Page 1 of 1

Revision Dat
4.2 Facilities: evis e _3/i8 _
. . . 2
4,21 Type:Slicing machines area Floor Area:__ 5.§ m; Throughput:  32q loads /¥
Charge Rate: _179.13* $/(m"ey)s Maintenance Costs:
L R A e o S ™ U S —
Energy Use: .-? Labor: h/y at $/h
Heataing !y at s/ } Supplies: $/y
Air Cond'j /y at 5/ l Cutside Services: LAY
L—Hmﬂﬁﬂm QEpy AEweh Gk E—
Lighting /y at s/ -
e 1{ Total Cost: _1003.13 Sly 3.13 . %/ _1oad
2
4.2_ Type- Floor Area: m ; Throughput: /y
Charge Rate: Saley: T = TuaThemens GmelT <~ — < =
Energy Use: ' Labor: h/y at $/h
Heating /y at $/ : Supplies: 8/y
] 1
Air Cond'g /y at 3/ Outside Services: Sly
Ll htin / at $/ g -~ A—— Lo R R ol e —— L
8 8 Y 1 Total Cost: $ly s/
a—
2
4,2_ Type: Floor Area: m ; Throughput: /y
Charge Rate: $/m7ry)s Maintenance Costs:
nergy Used Labor: h/y at $/h
Heating /v at $/ l
Supplies: $/y
Air Cond'g /y at $/ |
L—. Qutside Services: $/y
Lighting /y at s/ Wy Amm Mep  Sumb O Swey Sl ey St O
$ Total Cost: $/y $/
i
4.2 Subtotal Facilities: 3.13  g/load

*Includes energy use

4.3 Equipment and Facilities Subtotal :

21.45 s/load




5.

Form 9-1

Page _] of _]
Process No. L 21, 4] |0 [2|— 0! Revision pate /18

Salvaged Material (Work-in-process)
5.1 Quantity of Work-in-Process 1. Contained in Good Output

Work-in-Process (per Computation Unit) 1.97 kg _/ 1load
5.21 Input Work-in-process l. Not Contained in Good Output

Work-in-Process ("Amount Required" from 1.1 minus 5.1) 1.53 kg / load
5.22  Net Amount of 5.21 which 15 sold for Credit As-Is or

After Applying Re-Process “"1 . . - /
5.23 Credit for 5.22 at the Market Value of 5/ : 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 of Type 1. Lost in Process (5.21 manus 5.22) 1.53 kg / load
5.3 Cost of Work-in-Process Lost (Amount 5.26 Times Unit Cost 1.1) 235.67 S/ 10z
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 3/ 1pa
Salvaged Materials Summary:
5.8 Total Net Credits for All Salvaged Materials (5.25 + 5.67 + 5.76) s/




Process No.l 2

6. Byproducts and Wastes

6.1 Solid

6.11

6.2 1

Jlal od2]-lo]1 - Page 1 _of 1
Revision . Date 3/78
Byproducts/Wastes
Type (Composition): Silicon chips and dust Quantity Produced: 0.175 kg/ Toad
Physical Shape/Size: : Energy Content: kWh/
Density: 2. .34 g/cm3; Water Solubility: g/l at _ °c;  pH:
Toxricity: Biodegradable: Other Remarks:
Type of Disposal:
Input Material for: Cost/(Credit) s/ ’ Cost: s/
6.2 Liquid Byproducts/Wastes (inorganic):
Type (Composition): PC 0il slurry Quantity Produced:7.6% / load
k
Dens.ity: 0.Q§g/cm3; Suspended Solids: SiC abrasive Amount:0,24 g/l  pH:_ N.A. :
Toxzcity: Heavy Metal Content: mg/1l Other Remarks:
Kerf; 1.425 kg/load, concentration 187.6 g/2
Type of Disposal: can be stored in drums
Input Material for: Cost/(Cred1t) O 4/ O Costg $/
Carry: $/

Form 10



http:Amount:0.24
http:Produced:7.6Z

Form 12
Page 1 of 1

141.87 $/load

1.418 ¢/load

Process No. 120 . L4J ., lodz (—Llol1 Revision Date  3/78
7. Process Cost Computation ' 7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.)
7.22 Other Iﬁdir%ct Costs: % of 7.11
(0,059 x (4,1} + 108X(4 21—

7.21 Total Operating Add-on Costs of Process:

7.22 G & A % of 7.21

143.29 $/1oad
$/

AR I IO e

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)

143.29 $/ load
A
235.67 8/ Joad

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
Qutput Work-in-Process (5.4)

378.96 $/_load

303.44 $/ load

7.36 Loading on Item 7.35 at Rate % - §/ -
TN T e s
7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 682.40 $/ Joad
it T ES IO GO
7.41 Theoretical Yield (or Conversion Rate, 1if output units of 2
waork-in-process do not equal input units) . 0.63 m~ /_ kg
7.42 Practical Yield 95 %
2
7.43 Effective Yield (7.41 x 7.42) 0.60 m / kg
7.44 Rumber of Units of Good Output Work-in~Process per 2
Computation Unit Used up to 7.35 2.10 m /_load

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

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

' 2
324.95_%/ m

180.46 8/ m2




Process No. 2 |« 4 o]0 | 2 {==Q 1 I

Form 13-1

Page _1 of 1
Revision Date 3/78

8., Price Computation

8.1 Alternate 1

2
8.11 Profit at Expected Rate of 20 2. 36.09 §/ m
(Profit before income taxes; applied to 7.52)

8,12 Price of Process (7.52 + 8.11)

216.55 g/ m°
361,04 S8/ nP

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




Process No. E 2 | o 4

8.21

8.22

Form 13-2
Page 1 of 1
Revision Date 3/78
.8.2 Alternate 2 (SAMICS Methodology):
Profit Computation:
0.9274%  18.31 s/7oad from Subtotal 4.1 = 16.98 $/ load
1.946% 3.13 ¢, load from Subtotal 4,2 = 6.10 s/ load ‘
: ] 3
Subtotal = 23.08 $/ load ;5
Costs of Amortization of the One-Tame Cost: x‘éi
0.192% 68.17 $/__load from Subtotal 2.7 = _13.09 s/ load ‘;Sg
5&
0.192% 52.25 $/_ load from Subtotal 3.5 = 10 03 $/ load %ES
0.2958%18.31 $/_ load from Subtotal 4,1 = 5.42 $/ load
2.77%  3.13 $/  load from Subtotal 4,2 = 8.68 $/ load
Subtotal = 37.22 $/ load AJT

8.23

8.24

8.25

8.26

Total Net Cost of Equity (8.21 + 8.22):

Profit and Amortization of Start-up Costs per Unit of Good Output
Work-in-Process: 2
(Divide Subtotal 8.23 by 2.1 m /load from 7.44)

28.71 3/

2

.m

Price of Process (7.52 + 8.24)

Price of Work~in-Process (7.51 + 8,24)

-

60.30 $/Toad



http:0.2958*18.31

Process No. 2 4 0 217|011 corm %ﬁ £ 1
Page 1 o

. { 3/78
9, Process Economic Evaluation: Revision Date_ 3/

9.1 Process Cost Balance (7.52 - 0.1) $/

9.2 Relative Process Performance (9.1 + 0.1)

9.3 Output Cost (7.51) 324.95 &/ m2

9.4 Output Value (0.2 + 0.1) 8/

9.5 Relative Excess Cost E(9.3 - 9.4) 4-9.4]




-V

Process ¥No. Vi 4 Dl 21l 0 1 ‘ Form 15
. Y Page 1 of _1

Revision Date 3/78

0. Output Specification:

Name of 1tem: Silicon wafer, as-cut

Dimensions; 7.5-cm in diameter and 0.4 mm thick

Material: high purity silicon

Other Specifications:

subsurface damage depth 1s 75 ym




Process No. ‘_|O|2 _

University of Pennsylvania
PROCESS CHARACTERIZATION

(UPPC)
Process: Sheet generation

Subprocess: lngot slicing

Option: ID fixed - abrasive slicing,
7

10.16 cm diameter, ingots (HAMCO)

v

[

Form

-—

Form ‘Pages Rev. | Date Remarks
1 4778 A1l forms have same date
2 1 to
3 1 to O
4 1 to |1
5 1 to 1
6 1 to
7 1 to ;4
8 1 to j
9-1 1to 1
5-2 1 to
9-3 1l to

10 1 to 1
11 1 to ]
12 1 to 1
13-1 1 to 1
13-2 1 to 1
14 1 to 1
15 1 to _1
16 1 to 0




Process No. |2 | 4 },10]l271013

Process Description: Inner diameter slicing of 10.16 cm diameter ingots,

Form 2

Page T of |
Revision __ Date_ 4/78
0.1 Value Added: 8/ y

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

Dimensions: 10.16~cm 1n dirameter, 46-cm long, 8.72 kg/Toad

Materawal: High purity silicon

Other Specifications: See 2.4-01-03

1.1 Quantity Required: 8.726 kg / Toad

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

Unit Cost: 149.31 §/ kgr=-s
1.2 Input Value: 1302.90 ¢/ Toad
1.3 Input Cost! §/

KT 7




Process No. ,m,lolzl—alglgl Form 4

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

Revision Date 4/78

2.2 1 Type:_ Coolant ;

Specification: Filtersd domestic wafer with Rust-lick

80:1 water to Rust~Lick ratioc

Quantitv Required: 1 gallon  /load; uynit Cost: 3.65 47 gallons cost: 3.65 ¢; load
2,2_2 Type- _Blade dressing

Specification: Alumina stick

Quantity Required- 4.41m2 . ___/loads Unit Cost: _ Q.71 §/_m® _; cost:} _ 3.18 sy 1oad
2.2__ Type: - _

Specification:

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

2.2 Subtotal Indirect Materials: 6.80 ¢/ load




Process No. E . E, ]IO I!2 "LQE_QJ Form 5

2.3 Expendable Tooling:

Revisi 4/78
2.3 1 Type: 1D blade,diamond- glated evision Date____/_m

Quantity Required: | blade /Joad  ynie cost: 55 s¢/bladecost: 55 _ $/ Joad
2.3_ Type:

Quantity Required: / : Unit Cost: s/ Cost: 51
2.3 _ Type:

Quantity Required: / : Unit Cost: $/ Cost; 3/
2.3 __ ZType:

Quantity Required: / i Unit Cost: s/ Cost: §/

2.3 Subtotal Expendable Tooling: 55§/ Toad

2.4 Energy

2.41 Type: Electrical, 2kWmain and auxiliary motors

Quantity Required: 46.2 kWh/10ad : Unit Cost: .032 3/ kWh cost: 1.48 $/ load

2.4 _ TIype:

Quantity Required: i Unit Cosct: s/ Cost: §/
1.48 5, load

2.4 Subtotal Energy Costs:

2.5 Subtotal 2.2 to 2.4: 63.28 ¢/ load
2.6 Handling Charge: 5.26 % of item 2.5 3.32 S/ load

2.7 Subtotal Materials and Supplies: 66.30_ $/_ load
(2.5 + 2.6)




Process No. §2 |, 14 1.10]2 =10 |3 Form 6
Page 1 of 1 _
Revision Date %/78
"3.1 Direct Labor:
x
. 3.11 category:_Semiconductor Assembler Activaty: lLoading/unloading
{SAWICS B3U96D)
Amount Required: 0.083 h/lcad ; Rate: $  3.89 /h; Load  36.0 %; Cost: 0.439 $/ load
3.1 2 Category:_Semiconductor Assemhler Activity: Machine supervision
(SAMICS B3096D) p
Amount Required: 4.3 " h/ load . Rate: § 3.89 /hj Load 34 g %43 Cost: 22.81 $/ load
3.13 Category: Maintenance Mechanic Activity: Blade head changing
—{SAMITS B37360)
Amount Required: 0.80 n/ -load s Rate:s §  5.67 /hy Load 36,0 %: Cost: & 17 5/ Toad
31,1 Direct Labor Subtotal: 29.42 $/ load
3.2 Indirect labor: Taken as 26% of direct
3.2 Category: Activity:
Amount Required: h/ : Rate: § /h; Load %Z: Cost: $/
3.2_ Category: Activity: "
Améunt 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: 7 .35 ¢/ 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




Form 7
Process No.[ 2 4 01 21-10]3 Page 1 _of 1

Revision Date 4/78

4.1 Equipment

4.1 7 Type: 1D saw slicing machine
Cost: 40,000 $; Installation Cost: $; Throughput: 325 /sy
Plant Oper'g Time 8280 h/y; Machine Avail'ty: 95 %; Machine Oper'g Time__ 7866 h/y
Servicing Costs: Labor_ hiy at $/h;Parts or Outside Service: 285.71 s/y
Useful Life: 7 y; Charge Rate: 21,4 7% of Cost/y; Capital Cost: 8560 $/y 27.21 $/load
4.1  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 at $/h;Parts or Outside Service: $/y
Useful Life: v; Charge Rate: % of Cost/y; Capital Cost: $/y s/
4.1_ Type:
Cost: $; Installation Cost: $; Throughput: /hy
Wg Plant Oper'g Time h/y; Machine Avail'ty:___ %; Machine Oper'g Time h/y
g?é? Servicing Costs: Labor i h/y at $/h;Parts or Outside Service: $/y
gg Useful Life: v; Charge Rate: % of Cost/y; Capital Cost: $/y s/
I oy
5?@; 4.1 Subtotal Equipment Cost: 27.21 $/1oad



http:ProessNOE.El

Process No. 2,14 1.]012 —10 |3 Form 8
Page 1 of T
i 4/78
4,2 Facilities: Revision _  Date _le____
- 4,21 Type:_ Machine area Floor Area: 9.0 mz; Throughput: 325 loads /y
* 2 L N Sy deemiiy e Seey GPER EEad SaeD GEEp Neaglt WY G
Charge Rate: - 179,13 $/(m”-y); Maintenance Costs:
A W O pvme mamy fEs SR S G YW L SR
Energy Use: -’ Labor: h/y at $/h
Heating /y at $/ { Supplies: s/y
Air Cond'g /y at s/ L Outside Services: 8/y
—— f Total Cost: 1612  §/y 4.96 $/ load
4.2_ Type: Floor Area: m2; Throughput: Iy
2 r S ey Geeniig At —— A— L. A —— d—p — L S
Charge Rate: S/ (m y); Maintenance Costs:
A— A—— —— L ] F —— — L ] L p— Aoy ——
Energy Use: ‘ Labor: h/y at $/h
Heating /y at $/ l Supplies: $/y
1
Axr Cond'g fy at 8/ J OQutside Services: §ly
I_,ihting / at $/ r—— A Emerrm ey iy Spedl aesl)  wweesy PEeey ey gy
8 Y 1 Total Cost: §/y $/
a——
4,2 Type: Floor Area: m2; Throughput: /'y
2 -  Smany IS iy PENGE  Wmtdn G gt el gumme vl e
Charge Rate: $/(m"y)s Maintenance Costs:
ik WD Sminle R L L] “E ) U“. A —— L ]
nergy Use: Labor: h/v at $5/h
Heating /y at s/ l
i Supplies: $/y
Air Cond'g /y at $/
1- Qutside Services: §ly
nghtlng /y at s/ e aeel e G el ety Sl deame e e el
1 Total Cost: $/y $/
__“*-
4.2 Subtotal Facilities: 4.96 $/10ad
4.3 Equipment and Facilities Subtotal : L 32.17 %/ load

*Includes energy use




5.

Form 9-1

Page 1o 1

Revision Date 4/78
Process HNo. 2 R 4 . 0j2|—j0j43
Salvaged Material (Work-in-process)
5.1 Quantity of Work-in-Process 1. Contained an Good Output
Work-in-Process (per Computation Unit) 5.15 kg / Toad
5.21 Input Work-in-process 1. Not Contained in Good Output 3.57 kg 1oad
Work-in-Process ("Amount Required" from 1.1 minus 5.1) /
5.22 Met Amount of 5.21 which is sold for Credit As-Is ox
After Applying Re-Process l ¢ . - /
5.23 Credat for 5.22 at the Market Value of 5/ $/
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 Process (5.21 minus 5.22) /
5.3 Cost of Work-in-Process Lost {(Amount 5.26 Times Unit Cost 1.1) 533.04 s/ loa
5.4 Cost of Work-in-Process Contained in Good Output Work-in=-Process 768.95 Toa
, {Amount 5.2 Times Unit Cost from 1.1) - $/
‘TaFalvaged Materials Summary:
5.8 s/

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




Form 10

Process No.| 2 4‘ 0]2 -i01]3

N Page _] of _]
6. Byproducts and Wastes Revision 5____ﬂ__.Date__££Z§____
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/
Density:_ 2.34 g/cm3; Water Solubality: 0 g/l at _ OC; pH:
Toxicity: Biodegradable: Other Remarks:
Type of Disposal:
Input Material for: Cost/(Credit) s/ H Cost: $/
6.2 Liquid Byproducts/Wastes (1inorganic):
6.2 1 Type (Composition): water and- silicon kerf Quantity Produced:_300 £/_1load
Density: __g/cm3; Suspended Solids: 3.47 kg/load Amount: 11.6 g/l  pH:
Toxicity: Heavy Metal Content: mg/l  Other Remarks:
Type of Disposal:
Input Material for: Cost/{Credit) s/ Cost: §/
Carry: ! $/




Form 12
Page T of |

e e

Process No. L&) . 141, |02 }—]0 3 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 ¢/ load
7.22 %§P5§ggﬂf?ffff,cﬁgguﬁuﬂwmwuw,qu of 7.11 2.15 s/ 1oad
7.21 Total Operating Add-on Costs of Process: 139.32 ¢/ load
7.22 G & A % of 7.21 s/
7.31 Total Gross Add-On Cost of Process ‘wm%mwwmiij-éémmg7¥ggg"“Mh
7.32 Credit for Salvaged Material (5.8) $/
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 $/10ad

7.35 Cost of Input Work-in-Process Contained in Good

OQutput Work-in-Process (5.4) 768.95 ¢/ 1oad
7.36 Loading on Item 7.35 at Rate /A $/
L o o
7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) -§1443.35 ¢/ Joad
it wan PR o x
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 %
7.43 Effective Yield (7.41 x 7.42) 0.505 me, kg
7.44 Number 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- ’
Process (7.37 + 7.44) 327.29 &/ m
7.52 Specific Add-On Cost per Unit of Good 152.92 me
Ontput Work-in-Process (7.34 + 7.44) e s/



http:7.33)-(7.32

Process No. 2 4 01}°2

8.

Price Computation

8.1 Alternate 1

8.11 Profit at Expected Rate of 20 %: 30.58 s/ m2

(Profat hefore 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 4/78

183.50  $/ mP

357.86 4§/ m°




Process No, 2 Form 13-2
e Page 1 of 1
Revision Date 4/78
8.2 Alternate 2 (SAMICS Methodology): E
8.21 Profit Computation:
0.9274% 27.21 g, load from Subtotal 4.1 = 25.23 4, Toad
1.946%  4.96 ¢, Tload from Subtotal 4.2 = 265 ¢, Toad
Subtotal = 34,89 $/ Toad 1
8.22 Costs of Amortization of the One-Time Cost:
0.192%  66.30 s/ qoad from Subtotal 2,7 = 12.73 §/ load o
0.192%_ 38.70 s/ load from Subtotal 3.5 =  7.43 s, load
0.2958% 27.21 ¢, Toad from Subtotal 4,1 = ©:05 5, load
2.77% .96 ¢, load from Subtotal 4.2 = 13.74 s/ load ,
Subtotal = 41.95 ¢,/ Toad -1
8.23 Total Net Cost of Equity (8.21 + 8,22): 76.84 s/ Tload
8.24 Profit and Amortization of Start-up Costs per Unit of Good Output
Work-in-Process:
(Divide Subtotal 8.23 by 4.47 m? / _load from 7.44)
17.42 5/ m?
8.25 Price of Process (7.52 + 8.24) 170.34 o/ 2
8.26_Price of Work-in-Process (7.51 + 8.24) 344.71 $/_m?




Process No, 2 4 0l 2f—=1013 Form 14
Page Jﬁd of |

9, Process Economic Evaluation: Revision Date__ 4/78

9.1 Process Cost Balance (7.52 - 0.1) s/

9.2 Relative Process Performance (9.1 + 0.1)

9.3 Output Cost (7.51) 327.29 $/ m°

9.4 Output Value (0.2 + 0.1} 5/

9.5 Relative Excess Cost £(9.3 - 9.4) + 9.{]




Process MNo. 2 4 0 21«1 0} 3 Form 15
' * Page 1 of 1

Revision Date 4/78

0. OQutput Specification:

Mame of 1tem: Si1licon wafers, as cut
Dimensions: 10.16 cm in diameter, 0.50 mm thick
Material: Silicon

Other Specifications:




Proce

ss No.t 2] [4a] foj2|~lof3

Unaiversity of Pennsylvania
PROCESS CHARACTERIZATION

Form

-

(UpPPC)
Process: Sheet generation
Subprocess: dafer generation
Option: STC Current Production
1D STicing (10-cm diameter wafers)
IMDEX
Form Pages Rev. | Date Remarks
1 8/78 A11 forms have same date
2 1 to O
3 1 to |
4 1 to |
5 1 to |
6 1to !
7 1 to 1
8 1 to ]
9-1 1 to 1
9-2 i1 to 1
9-3 1 to 1
10 1 to O
11 1 to O
12 1 to 1
13-1 1 to |
13-2 1 to |
14 1 to O
15 1 to 3
16 1 to g




Form 2

Page 1 of 1

Revision _ Date _ 8/78

Process No. |2 | .14 |, 0121710 3J 0.1 Value Added: $/
Process Description: Inner diameter slicing as performed commercially by STC's ID slicing machine
1. Input Specifacation:

Name of Item: Single crystal silicon ingot, prepared as specified in 2,4-01-17-

Dimensions: 10~-cm drameter, 60 cm Jong, 11.027 kg

Material: high purity silicon

Other Specifications:

1.1 Quantity Required: 11.027 kg 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.



Process No. m . m ‘I 0] 2]""

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

Revision

Form 4
Page 1 of 1
Date 8/78

2.2 7] Type:__Misc. materials ;

Specification: Includes: alumina sticks, mounting epoxy, graphite mounting bar, etc.

Quantity Regquired: !/ ; Unmit Cost: _4.00 ¢/ load ; Cost:

2.2 2 Type _Coolant

Specification: 80:1 water to Rustlick

Coolant is recycled and Tilterec so that consumption/load is

negligible. Flow rate is 7 &/h

2.50 5/ load

Quantitv Required: negligible ... __._/ ; Upit Cost: 5/ . Cost: -~ 5/ ==
2.2 Type: _ .
Specificataion:
Quantity Required: . / ; Unit Cost: $/ ; Cost: 5/
2.2 Subtotal Indirect Materials: 2.50 s/ %oad




4!. 0{2 L—{Oi3 Form 5
Page 1 of 1

Process No. [ 2

2.3 Expendable Tooling:

L

Revision Date 8/78
2.3 1 Type: STC-22 ID diamond coated blade ""—"_ T
Quantity Required: 0.1667 blade /load: Unit Cost: 110 $/bladeCost: 18.33 $/locad
2.3 _ Type:
Quantity Required: / : Unit Cost: s/ Cost: 5/
2.3 __ Type:
Quantity Required: / : Unit Cost: s/ Cost: s/
2.3 _ Type:
Quantity Required: / : Unit Cost: $/ Cost: $/
2.3 Subtotal Expendable Tooling: 18.33 g/ load
2.4 Erergy
2.4 1 Type: Power consumption is 2 kW, running time is 35.7 h.
Quantity Required: 71.4 kWh/Toad : Unit Cost: 0.0319%/kWh_ Cost: 2.28 ¢/ load
. :%,‘ 2.4 _ Type
i Quantity Required: ¢ Unit Cost: $/ Cost: s/
2.4- Subtotal Energy Costs: 2.28 ¢/ load
2.5 Subtotal 2.2 to 2.4: 23.11 &/ load
2.6 Handling Charge: 5.26 % of item 2.5f _1.22 $/ load
2.7 Subtotal Materials and Supplies: 24.33 _$/Joad
(2.5 + 2.6)




Process No. | 2 . 4 . 0] 2f-191}3 Form 6
Page | of 1
Revision pate 8/78
3.1 Direct Labor:
3.1] Category:_Semiconductor Assemhler Activity: Machine mounting/demounting
(SAMICS BB%P%P) .
Amount Requlred' h/ Toad Rate: $ 3.89 /hy Load 36.0  %; Cost: 2.65 &/ 1pad
3.1 2 Category:__Semiconductor Assembler Activity: Machine supervision
(SAMICS B3096D)
Amount Required: 2.5 h/ load Rate: $__ 3,89 /h; Load 35 o %3 Cost: 13,23 $/ jad
3.1_3 Category: Maintenance Mechanic Activity: Cutting ool change
{SAMICS B3736D)
Amount Required: 0.5 t/ 1oad ; Rate: § 5§ g7 /h; Load_ 36.0 %3 Cost: 3.86. $/ 1oad
3,1 Direct Labor Subtotal: 1¢.74 $/ 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 %; Cost: $/
3.2_ Category: Activity:
Amount Required: h/ : Rate: § /by Load %; Cost: §/ T 7
3.2 Indirect Labor Subtotal: 4.93  $/ load
3.3 Subtotal 3.1 and 3.2 24.87  $/ load
3.4 Overhead ofi Labor: 5.26 % 1.30 $/ load
& 3.5 Subtotal Labor 25.97 5/ load




Form 7

Process No.|_2 4 0 g]— 03 Page 1 of _1
Revision_ _ Date 8/78

4.1 Equipment

4.1 1 Type:_ STC ID slicing machine

cost: 40,000 $: Installation Cost: $; Throughput:__ 224 loads TRy

Plant Oper'g Time 8280 h/y; Machine Avail'ty:_ 99 %; Machine Oper'g Time 8197.2 hly

Servicing Costs: Labor 52 h/y at 8.12  $/h;Parte or Outside Service: 300 $/y

Useful Life: 7 y; Charge Rate: 21.35 % of Cost/y; Capital Cost: 9262.25 $/y 41.34 $/eﬂ0ad
4.1 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 at $/h;Parts or Outside Service: Sy

Useful Lafe: y; Charge Rate: % of Cost/y; Capital Cost: S/y §/
&4.1_ 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 at $/nhiParts or Outside Service: $/v

Useful Life: v; Charge Rate: % of Cost/y; Caprtal Cost: $/y s/

4.1 Subtotal Equipment Cost: | 41.34 $/ load




Process No. |2 | .4 |].]| O Form 8
Page 1 of _1
4.2 Tacilities: Revigion Date 8/78
2
4.21 Type: ID machine area Floor Area: 7.5 m~; Throughput: 224 loads /y
2 rﬁ--lln S SeEEE  (OEE ey SRR Temmk el fpaxd  Beesl  YRAF S
Charge Rate: 179.13* $/(m"ry); Maintenance Costs:
W iy apemy ey Ny K L ] T Ay By Puesul
Energy Use: .-1 Labor: h/y at $/h
Heating /vy at $/ | Supplies: sy
Air Cond'g /y at 8/ l Outside Services: S/y
Lighting /y at 8/ TS e e e e s e e e - o
— i Total Cost: 1343.48 S/v 6.00 $/1load
2
4,2_ Type: Floor Area: m ; Throughput: /y
Charge Rate: Simleyy; T~ THTmedmanes GaesT T T T T T ™
L I I I R e R T S R e T
Energy Use: l Labor: h/y at $/h
Heating /y at 5/ l Supplies: sty
. 1
Adr Cond’g /y at 5 l_. Outside Services: Sly
Llhtil‘l / at $/ _— T emn ame ORS S aue® ey e ““1
8 & 4 1 Total Cost: $/y $/
2
4.2__ Type: Floor Area: m ; Throughput: /y
Charge Rate: S$/(m -y)s Maintenance Costs:
hergy Use Labor: h/y ‘at $/h
Heating /vy at 5/ ‘
1 Supplies: $/y
Air Cond'g /y at §/
Qutside Services: $/y
Lighting /y at 5/ e  aee  m— TI-‘-Q lo-—o P " --n$7-o-d $/
otal Cost: v
1 .l -
* Includes energy use 4.2 Subtotal Facilities: 6.00 g, load
4.3 Equipment and Facilities Subtotal : 47.35 s/ load




5.

Form 9-1

Page 1 of _1 ]
brocess No. 12 ' 4 , 01210 13 ) Revision Date 8/78

Salvaged Material (Work-in-process)
5.1 Quantity of Work-in-Process 1. Contained in Good Qutput

Work-in-Process (per Computation Unit} 5.453 kg s load
5.21 Input Work~in-process 1. Not Contained in Good 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 scld for Credit As-Is or

After Applying Re-Process * v - /
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 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) 1nmm 833.03 $/_load
5.4 Cost of Work-in-Process Contained in Good Output Work-in-Process

(Amount 5.2 Times Unit Cost from 1.1) v

814.95 s/ Toad

Salvaged Materials Summary:

5.8

Total Net Credits for All Salvaged Materials (5.25 + 5,67 + 5.76)

$/




Form 12
Page 1 of 1

Process No. fZ ) ?4 J. 0) 2[—{ 0|3 Revision Date 8/78

7. Process Cost Computation 7.11 Manufacturing Add~On Costs (sum of 2.7, 3.5, 4.3, 6.) 07.65. 8/ load
. 9 2.98 load

722 OGS RS, fogs o 711 !
7.21 Total Operating Add-on Costs of Process: 100.63 s/ Toad

7.22 G & A Zz of 7.21 s/
L KO A 3 Y Yo A v Y MM Y T T
7.31 Total Gross Add-On Cost of Process 100.63 g/ Toad

7.32 Credit for Salvaged Material (5.8) §/
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/ load

7.35 Cost of Input Work-in-Process Contained in Good
Qutput Work-in-Process (5.4) 814.95 5/ load

7.36 Loadang on Item 7.35 at Rate % . 8/

W S R T,

7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) T748.61 3/ 1load

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

2

work-in-process do not equal input units) 0.585 m"_/ kg
7.42 Practical Yield 95 %
7.43 Effective Yield (7.41 x 7.42) 0.556 m2 /_ kg
7,44 Jumber of Units of Good Output Work-in-Process per

Computation Unxt 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) 285.11 ¢/ m

7.52 Specific Add-On Cost per Unit of Good 152.24 mz
Output Work-in~Process {7.34 + 7.44) $/



http:7.33)-(7.32

Process No. 2 414 1,102 leaj0 3 Form 13-1
Page 1| of 1
. Revision Date 8/78
8. Price Computation

8.1 Alternate 1

8.11 Profit at Expected Rate of 20 Z: 30.44 $/ load
(Profit before income taxes; applied to 7.52)

. P
8.12 Price of Process {7.52 + 8.11) 182.69 5, p
8.13 Price of Work-in-Process (7.31 + 8.11) 315.56 S/ m2




Procéss No,

8,21

8.22

Form 13-2
Page | of 1
Revision Date 8/78
8.2 Alternate 2 (SAMICS Methodology): I
Profit Computation:
0.9274% 41.34 g, Toad from Subtotal 4.1 = 38.34 4, Toad i
1.946x _ 6.00 g/ load from Subtotal 4.2 = 11.68 &, Tload
Subtotal = 50.02 ¢/ Toad 1
Costs of Amortization of the One~Time Cost:
0.192% 24.33 g/ Tload from Subtotal 2,7 = 4.67 s/ load
0.192% 25.47 g/ Tload from Subtotal 3.5 = 4,98 g/ Tload
0.2958% _ 41.34 5, Tload from Subtotal 4.1 = _ 12.23 s/ load
2.77% 6.00 g/ Tload from Subtotal 4.2 =  16.62 $/ load
Subtotal = 28 60§/ load l+

8.23

8.24

8.25

8.26

Total Net Cost of Equity (8.21 + 8.22):

Profit and Amortization of Start-up Costs per Unit of Good Output
Work-in~Process: 0
(Divide Subtotal 8,23 by 6.133 m / 1oad  from 7.44)

14.43 5/ ml

Prace of Process (7.52 + 8,24)

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

88.52 8/ 1oad

166.67 g/ me

299.54 &/ n




Process NO'-,m. 0[2 - 0]1 l

6.

Revision

Byproducts and Wastes

6.1 Solid Byproducts/Wastes

h.

?

i

6.1 1 Type (Composition): Silicon chips

Physical Shape/Size. __ Energy Content: kWh/ L
Density'_ 2,34 g/(m3; Water Solubility 0 g/l ar L “c. pH:
Tesierty Birodegradable: Octher Remarks:

Quantaity Produced: (.14 kg/ 1oad

Type of Disposal:

Form 10
Page 1 of ]
Date 3/78 |

[nput Material for _ Cost/(Cred1t) s/ ; s
Liguad Byproducts/Wastes (anorganic):
6.21 Type (Composition): PL 011 with abrasive Quantity Produced: 7.6 £/ Toad

Denszty: ~( Egg/cmj; Suspended Solids: SiC abrasive Amount ; mg/l  pH:

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

Slurry 0i1 also contains Si kerf at a concentration of 145 g/8
Type of Disposal:
Input Material for: Cost/{(Cred1t) s/ S/
Carry: $/




Form 12

Page 1 of 1
Process No. 2 - 4 v 0j2[—(9]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 thﬁf*aaiﬁﬁe%ptﬁq%ﬁfkii.gii % of 7.11 1.39 $/ load
7.21 Total Operating Add-on Costs of Process: 115.30 5/ load
7.22 G & A 4 of 7.21 $/
A, RO
7.31 Total Gross Add-On Cost of Process 115.30 g7 Toad
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 + 7.33Y-(7.32) 307.25 gy load
7.35 Cost of Input Work-in-Process Contained in Good
Qutput Work-in-Process (5.4) 245.18 s/ Toad
7.36 Loading on Item 7.35 at Rate VA 8/
I, - e
7.37 Cost of Qutput Work-in-Process (7.34 + 7.35 + 7.36) 552.42 $/ 7oad
N L e A,
7.41 Theoretical Yield (or Conversion Rate, 1If output units of
work-in-process do not equal input units) 0.63 m2 / kg
7.42 Practical Yield 95 4
7.43 Effective Yield (7.41 x 7.42) 0.6 m® / kg
7.44 Number of Units of Good Qutput Work-in-Process per 1.63 ml load
Computation Unit Used up to 7.35 : m /%8
7.51 Cost of Unit of Good Output Work-in- 9
Process (7.37 + 7.44) 33891 S/ m
7.52 Specific Add-On Cost per Unit of Good 188.50 m2
Qutput Work-in-Process {7.34 + 7.44) 8/
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Process No. 2 4 0 2=

0. Output Specification:

Name of item: Silicon wafers

Form 15
Page 1 of |

Revision Date 8/78

Dimensions: 10 ¢m diameter, 380 um thick,

Material:

350 ym kerf, 822 wafers/load

Other Specifiecations:




Proce

5S No..__OlZ I—'MQ__]

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

Subprocess: Ingot Slicing

Option: ID fixed abrasive slicing of 10.16 cm

diameter ingots as performed by QCl I and
projected for 1982

Form

-

INDEX
Form Pages Rev. | Date Remarks
1 3/78 A1l forms have same date.
2 1to 1
3 1l to 0
4 1 to 1
5 1l to 1 _ v
6 1l to 1
7 1 to 1 _
8 1l to 1
9-1 1 to 1
9-2 1 to 1
9-3 1 to g
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11 1 to
12 1 to 1
13-1 1 to 1
13-2 1l to 1
14 1L to 1
15 1 to 1
16 1l to 0
!




Form 2

Page 1 of 1

Revision _ Date _ 3/78
Process No. | 2|,14},10]2])710i3 0.1 Value Added: s/

Process Description: Inner diameter slicing

as demonstrated by OCLI using a STC-22 diamond impregnated blade

{55.88-cm 0D, 20.32-cm ID, 0.15 mm thick core with a0.33-.36 mn total thickness),

1. Input Specification:

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

Dimensions: 10.16 cm in diameter, 25 c¢m long, 4.74 kg silicon crystal ingots

Material: High purity silicon.

Other Specifications; Single crystal ingot

1.1 Quantity Required: 4,74 kg [/ load Unit Cost: 72.22 &/ kg
1.2 Input Value: s/
1.3 Input Cost! 342.32 g/ load

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


http:aO.33-.36

Process HNo. a El * L_Q_Ll:l""[_ﬂ_l_ﬂ

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

Form 4

Page ] of 1

Revision bate 3/78
2,2 7 Tvpe: Blade dressing materials, ;
Specificationt Aluymina stick,
Mrantity Requived: __{ . Unit Cost: _ 2.02 load . cCost: .02 3¢ toad
2.2 2 Type: _Coolant . - .
Specification: Ryst Tick
L 80:1 water to Rust-lick ratio
Quantitvy Fequired: 0,66_gallon. . flead: Unit Cost: _ 3,65 $/ galion ;  coct:| 2.474 s/7cad
2,2_ Type: .
Specification:
Quantiry Required: - : / Unit Cost: .8/ ; Cost: $/
2.2 Subtotal Indirect Materialss 448 S/ lcad




4‘-{Oll2|-'1r0]3] Form 5
Page 1 of 1

Process No. !2 l,

2.3 Expendable Tooling:

2.31 Type: _Model STC-22, 1D diamond=plated blade Revision _ Date 3/78
Quantity Required: 0.07 bladef load Unit Cost: 150 _ $/bladeCost: 10.49 _ $/_load.
2.3_ Type:
Quantity Required: / i Unit Cost: s/ Cost: 5/
2.3 _ Type:
Quantity Required: / : Unwt Cost: $/ Cost: s/
2.3 __ Type:
Quantity Required: / : Unit Cost: 8/ Cost: $/
3.3 Subtotal Expendable Tooling: 10,49 $/ Joad

2.4 Energy

2.4 1 Type: _Electrical, 2kW main and auxiliary motors

e
i

Quantity Required: 29.4 kith/load : Unit Cost: (,0319 $/ kwh_ Cost: 0.94 $/ load

2.4 Type:

Quantity Required: : Unit Cost: 8/ Cost: s/

2.4 Subtotal Energy Costs: 0.94  $/1cad

2.5 Subtotal 2.2 to 2.4, 15.87  $/1oad
2.6 Handling Charge: &, 26 % of item 2.5 _0.84 $/1qad
2.7 Subtotal Materials and Supplies: t6.71 $/1load

(2.5 + 2.6)




Process No. 2 4 012 [-{0 |3 Yorm 6
Page 1 of ]

Revisian Date 3778
3.1 Direct Labor:
3.1 1 category: Semiconductor Assembler Activity:  Mounting and loading
(SAMICS B3096D)
Amount Required: 0.525  h/ load ; Rate: $_ 3,90  /h; Load__3p.0  %; Cost: 2.78 $/ load
3.12 Category: Jemiconductor Assembler Activity: Machine supervision
UAMITS BE30D96D)
Amount Required: 0.23 h{ Toad ; Rate: §_ 3.90 /hy Lead 36,0 %; Cost: 1,27 $/ 10ad
3.13 Category: Majntenance Mechanic Activity: Rilade head changing
(SAMICS B3736D)
Amount Required: 0.275 h{ load 1 Rate: 3 5,67 /hi Lead 36,0 %: Cost: 675 $/ 10ad
3.1 Direct Labor Subtotal: 10.75 s/ Toad
3.2 Indirvect Labot: Taken as 25% of direct
3.2 Category: Activity:
Amount Required: h/ ; Rate: § /by Load %3 Cost: 5/
3.2 Category: Activity:
Amount Required: h/ : Rate: § /h: Load %; Cost: $/
3.2 Category: Accivity:
Amount Required: h/ ; Rate: § /h; Load % Cast: s/
3.2 Indirect Labor Subtotal: 2.59 $/ 1oad
3.3 Subtotal 3.1 and 3.2 13.44 $/Joad
3.4 Overhead on Labor: b.26 % 0.71 $/1oad

3.5 Subtetal Labor id.15 4/ 1oad




Process No.

2 4 02 =103

4.1 Equipment

4

I~

.1

Form 7
Page 1 of ]

Date 3/73___

Revision
4.1 7 Type:__ ID saw slicing machine

Cost: 40,000 $; Installation Cost: $3 Throughput: 480 /h;y
Plant Oper'g Tame 8280 h/y; Machine Avail'ty: 95 %; Machine Oper'g Tame 7866 hiy
Servicing Costs: Labor h/y at $/h;Parts or Outside Service: 285.71 $/y
Useful Life: vy, Charge Rate: 21.4 % of Cost/y; Capital Cost: 8560 Sy
Type:
Cost: $; Imstallataon Cost: $3; Throughput: /hs
Plant Oper'g Time h/y; Machine Avail'ty: _ %; Machine Oper'g Time h/vy
Servicing Costs: Labor h/y at $/h;Parts or Qutside Service: sly
Useful Life: v; Charge Rate: % of Cost/y; Capital Cost: §/y
Type:
Cost: 3; 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: $/y
Useful Life: Vs Chargé Rate: % of Cost/y; Capital Cost: $/y

18.43 _$/ load

$/

$/

4.1 Subtotal Equipment Cost:

- 18.43  s/load




Process No. {2 |. [ 4}.10[ 27103 Form 8
Page | of _1
v Revigion Date
4.2 Facilities:
. 2
4.21 Type: Machine area Floor Area: 3.0 m; Throughput: 480 loads /y
2 —— e AT Guegy MNP Semdy Sweths ek e fpwgh  WUemg Y S
Charge Rate: 179.13* $/(m™+y); r. Maintenance Costs:
W ey Ay L [ —— L ] — — L
Energy Use: .-? Labor: h/y at $/h
Heating /vy at $/ { Supplies: s/y
Air Cond'g /y at s/ I Outside Services: $/y
Lightin /at S/ L——ﬂmq—--—'—lm—.ﬂ—-l—-———
B & Y | Total Cost: 1612 Siv 3.36 s/load
2
4.2_ Type: Floor Area: m ; Throughput: !y
Ay Ay Qe g L Lo —— A _— e —
Charge Rate: S/(mz-y), Maintenance Costs:
gy -y L R " ] e — Sty — m—— P L L
Energy Use l Labor: hiy at 5/h
Heating /vy at s/ l Supplies: sy
1
Air Cond’g /y at $/ Outside Services: $ly
Lighting / at s/ M — S AP AR et amee  mmees  Smae  ay o
y 1 Total Cost: $ly $/
2
4,2_ Type: Floor Area: m ; Throughput: /y
2 L4 A— L ——— L ] L I -4 L . L
Charge Rate: $/(m”-y): Maintenance Costs:
nergy Use lLabor: h/y at $/h
Heating /vy at §/
| Supplies: §ly
Air Cond'g /y at s/
Qutside Services: $/y
{ Total Cost: §ly $/
]
* Includes energy use 4.2 Subtotal Facilities: 3,36 S/load
4.3 Equipment and Facilities Subtotal : 21.79 g/ load




Process No. L2 .Iﬂ___[, glzy\—Lais

5.

Salvaged Material ({(Work-in-precess)

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

5.21 Input Work-in-process 1. HNot Contained i1n Good OQutput
Work-in~Process ("Amount Reguired" from 1.1 minuns 5.1)

5.22 Wet Amcunt of 5.21 whaich i1s scld for Credit As-1Is ox

After Applying Re-~Process } ) . -

5.23 Credit for 5.22 at the Market Value of s/

-

5.24 Cost of Reprocessing Materaal of 5.232
at the Average Reprocessing Cost of 5/ :

5.25 Het Credit for 5.22 (5.23 minus 5.24};:

.26 Material of Type 1. Lost in Process (5.21 minus 5.22)

Form 9-1

Page ] of ]

Revision

2,40 kg / load

Pate _3/78

2,34 kg / load

$/

§/

2,34 kg / Toad

$/

5.3 Cost of Work—~in-Preocess Lost (Amount 5.26 Times Unit Cost 1.1)

5.4 Cost of Work-in-FProcess Contained in Good Cutput Work-in-Process
(Arovint 5,2 Times Unit Cost from 1.1

168,99 s/0ad

173.33 ¢/0ad

Salwvaged Materials Summary:

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

§/




Form 10
Process NO.IZ 'J 4 l. 0i2]=|0]3 Page 1 of 1
6. Byproducts and Wastes Revision ____ _ Date 3/78

6.1 Solid Byproducts/Wastes

6.1 1 Type (Composition): _Silicon chips and dust Quantity Produced:0, kg / load
Physical Shape/Size: Energy Content: kWh/
Density: 2,34 g/cmB; Water Solubility: g/l at OC; pH:
Toxicity: Biodegradable: Other Remarks:

Type of Disposal:

Input Material for: Cost/{(Credit) S/ : Cost: 5/
6.2 Liquid Byproducts/Wastes (inorganic):
6.2 1 Type (Composition):__ 80:1 water: rust Tick Quantity Produced. 1234/ load
Density: __g/cm3; Suspended Solids: silicon kerf Amount:: 19 &/1  pH:
Toxacity: Heavy Metal Content: mg/l  Other Remarks:
Type of Disposal: Can be stored in drums
Input Material for: Cost/(Credat) $/ Cost: | s/

Carry: S/




Form 12

Page 1 of 7

Process No. |2 . 141, Lol2 |—]ol3 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
7.22 Other Endirgft Cog;s: % of 7.11 1.45 ¢/ load
7.21 Total Operating Add-on Costs of Process: 54.09 $/ Joad
7.22 G & A % of 7.21 $/
7.31 Total Gross Add-On Cost of Process Vm“éé!aémg}?aaHMWMﬂ
7.32 Credit for Salvaged Material (5.8) 5/
7.33 Cost of Work-in-Frocess Lost (5.3) 168.99 5/ Toad

7.34 Specific Add~On Cost of Process (7.31 + 7.33)-(7.32) 003 g §/ 10ad

7.35 Cost of Input Work-in-Preocess Contained in Good

OQutput Work-in-Process (5.4) 173.33 &/ load
7.36 Loading on Item 7.35 at Rate 5. §/
I TR S iy
7.37 Cost of Qutput Work-in-Process (7.34 + 7.35 + 7.36) 396.40 $/]Oad
AT LA R
7.41 Theoretical Yield (or Conversion Rate, if output units of
work-in-process do not equal input units) 0.6 e/ kg
7.42 Practical Yield 100 #
7.43 Effective Yield (7.41 x 7.42) 0.6 m2/_ kg

7.44 Number of Units of Good Output Work-in-Process per
Computation Unit Used up to 7.35 2.84 m9_1oad

7.51 Cost of Unit of Good Output Work-in-

Process (7.37 + 7.44) 139.58 $/ m2

7.52 Specific Add-On Cost per Unit of Caod 78.55 m2
OQutput Work-in-Process {7.34 + 7.44) s/



http:7.33)-(7.32
http:0.059*(4.1L+0.18

" 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 #%: 15,71 $/ m2
{Profit before income taxes; applied to 7.5Z)

94.76 s/ ml
8.12 Price of Process (7.52 + 8.11) oS/
8.13 Price of Work-in-Process (7.51 + 8.11) 155.29  §/ m2




Process No., a.E; gg;z -11_3;5 :
Revision Date  3/78 -
8.2 Alternate 2 (SAMICS Methodology):
8.21 Frofit Computation:
0.9274%___ 18,43 $/ load from Subtotal 4.1 = 17.09 7 Tload
1.946%  3.36 4 Tload from Subtotal 4.2 = 0:5% ¢ Tload 1
Subtotal = 23.63 $/. load
8.22 Costs of Amortization of the Une-Time Cost:
0,192+ 16.70 s/ 1oad from Subtotal 2.7 =  3.21 s/ Tload
0.192%«  14.15 s/ Toad from Subtotal 3.5 = _ 2,72 ¢/ load
0.2958*  18.43 s/ load from Subtotal 4.1 = 5,45 $/ Tload
2.77% 3.36 5, load from Subtotal 4.2 = _ 9.31 3/ Toad
Subtotal = 20,88 $/ Toad -1

8.23 Total Net Ccst 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 2.84 m~ / load from 7.44)

15.60

5/ Toad

8.25 -Price of Process (7.52 + 8,24)

B.26 Price of Work-in-Process (7.5l + 8.24)

44,32 $/ load

94.15 5, WP

155.18 3/ m?




Process No. I pA I‘ 4 {,lol2}=]ol3 Form 14
Page 1 of _1_

] 3/78
9. Process Economic Evaluation: Revision Date_3/

9.1 Process Cost Balance (7.52 - 0.1) 5/

9.2 Relactive Process Performance (9.1 = 0.1)

9.3 Output Cost (7.51) 139.58 s/ p°

9.4 Output Value (0.2 + 0.1) $/

9.5 Relative Excess Cost E(9.3 - 9.4) = 9.4]




Process No, | 2 4 01210} 3 Form 15
. < Page __.i___ of ]

Revision Date 3/78

0. Output Specification:

Silicon wafers, 95 cut

10.16 cm in diameter, 0.36 + 0.02 maw thick

Name of i1tem:

Dimensions:

High purity silicon

Materaal:

Other Specifications: Kerf thickness is 0.35 mm




Process No. _m_{g [2

University of Pennsylvania
PROCESS CHARACTERIZATION

Process:

(UPPC)

Sheet Generation

Subprocess:

Ingot Slicing

Option: Multiblade Siurry Slicing of 10-cm diameter

ingots with 234 blades per pack as demonstrated

experimentally by Varian in Exp. P-005.

Form

-

INDEX
Form Pages Rev. | Date Remarks
1 5/78 All_forms have same dates
2 1l to 1
3 1 to O
4 1 to 1
5 1 to 1
6 1 to 1
7 1 to 1
8 1 to 1
9-1 1 to 1
g9-2 1 to O
9-3 1 to O
10 1 to 1
11 1 to O
12 1 to 1
13-1 1L to 1
13-2 1 to 1
14 1 to 1
15 1 to 1
16 1 to O




Form 2

Page 1 of 1

Revision _ Date 5/78

Process No. | 2].[ 4], 02 “loti4 0.1 Value Added: 8/

Process Description: Multiblade slurry siicing as performed experimentally by Varian

using a blade-head with_234 blades.

L. Input Specification:

Name of Item: Silicon ingot. prepared as specified in 2.4-01-01

Dimensions: 10-cm in diameter, 11.9 cm long. wass.is 2.19 kg

Material: high purity silicon

Other Specifications: S1licon,single crystal ingot mounted op ceramic block
A

1,1 Quantity Required: 2.19 Rg / load Unit Cost: _150.56 §/ kg
1.2 Input Value: $/
1.3 Input Cost: 329.73 ¢/ load

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



ProcessNo.[—Z—l.m.lolzi—l(ﬂﬂr] Form 4

Page 1 of 1

Revision Date_5/78

2.21 Type: PC 0il H

2,2 1Indirect Materials (incl. supplies and non-energy utilities):

Specification: PC 0il for abrasive vehicle

Quantitv Reguired: 7.6 _% /load; unit Cost: 0.66 5/ 3% ; Cost: | 5.02 $/1oad

2.22 Type: Abrasive

Specification® 600 grit SiC abrasive;

concentration in PC 011 is 0.36 kg/4; B

mass consumed per load is 2.736 kg,

Quantitv Required: 2.736 kg . ___/load: Unit Cost: 4.29 $/kg 3 Cost:} 7.03 s/load
2.2 Type: — e

Specification:

Quantaty Required: . ! ;  Unit Cost: $/ ; Cost: $/

2.2 Subtotal Indirect Materials: ) 12.05 $/7oad




Process No. ?1 ,IT‘. 032 l-—EO 4—‘

2.3 Expendable Tooling:

Form &

Page 1 of 1l

Revision Date 5/78
2.3_1 Type: Blade pack with 300 blades of 1095 steel, 0,15 mm thick, 6.35 mm_hiah 7 -
Quantity Required: 1 pack /load Unit Cost: 50  $/hack Cost: 50 $/ 10ad.
2.3_ Type:
Quantity Required: / : Unit Cost: $/ Cost: 5/
2.3 _ Type:
Quantity Required: / : Unit Cost: §/ Cost: $/
2.3 __ Type:
Quantity Required: / : Unit Cost: 5/ Cost: s/ i
2.3 Subtotal Expendable Tooling: | __ 50 _ $/load
2.4 Energy
2.4 1 Type: Electricity for 1 kW main and _ auxiliary motors
Quantity Required: 32 _KWh / load : Unit Cost:( (319 $/kwh Cost: 1.02  $/_load
2.4  Type:
Quantity Required: : Unit Cost: $/ Cost: $/

2.4 Subtotal Energy Costs:

1.02 $/ load

2.5 Subtotal 2.1 to 2.4}
2.6 Handling Charge: 5.26 % of item 2.5

63.07 $/ load
3.32 &/ load

2.7 Subtotal Materials and Supplies:
(2.5 + 2.6)

66.39 8/ locad _

-



Process No, 2 f.iad.tnlo g™ 4 Form b ;
Page 1 of 1

Revigion, Date b/78
3.1 Direct Labor:
3.11 Category: Semiconductor assembler Activity: Machine loading .
{SAMICS B3098D)
Amount Required: _[.5 h/ Jaad : Rate: $3.90 fh; Load 36,0 %3 Cost: 2.65 s/ load
3.12 Category! Semiconductor assemhbler Activity: machine supervision
(SAMICS B3096D)
Amount Required: 0.67  h/ Toad ; Rate: $ 3.90 /h; Load 36.0 %; Cost: 3.85 _¢/lead
3.13 cCategory: Maintenance mechanic Activity: Adjustments, blade head changing
(SAMICS B3736D)
Amount Required: 0.67 bt/ load ; Rate: $ 5 67 fh: Load 3.60 %s Cost: 5.17 $/ 1nad
3.1 Direct Labor Subtotal: 17.37 $/Toad
3.2 Indivect Labor: 25% of direct
3.2_ Category: Activity:
Amount Required: h/ ; Rate: § /h; Load %; Cost: 8/
3.2 (Category: Activity:
Amount Required: h/ ; Rate: § /h; Load %3 Cost: s/
3.2_ Category: ) Activity:
Amount Required: h/ 7 Rate: $ /h; Load %1 Cost: ‘ 8/
3.2 Iadirect Labor Subtotal: 2,84 $/1oad
3,3 Subtotal 3.1 and 3.2 14.21  ¢/Toad
3.4 Overhead on Labor: 5.26 % 0.75 $/1oad

3.5 Subtotal Labor 14,96 $/1gad




Process No.{ 2 | |4 { 101 2]-{0 |4
4.1 Equipment Revision
4,11 Type: Multiblade slicing machine
Cost: 20,000 $; Installation Cost: - $: Throughput: 225 Toads /W;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 OQutside Service:1592.3 $/y
Useful Life:- 7 y; Charge Rate: 21.35 % of Cest/y; Capital Cost: 4270 $/y
4.1  Type:
Cost: $; Installation Cost: $; Throughput: /h,
Plant Opar'g Time h/y; Machine Avail'ty: %;'Machlne Oper'g Time h/y
Servicing Costs: Labor h/y at $/h;Parts or Outside Service: S/y
Useful Life: y; Charge Rate: % of Cost/y; Capirtal Cost: $/y
4.1 Type:
Cost: 3; Installation Cost: $; Throughput: /h;
Plant Oper'g Taime h/y; Machine Avail'ty: %; Machine Oper'g Time h/y
Servicing Costs: Labor h/y at $/h;Parts or Outside Service: $/y
Useful Life: y; Charge Rate: % of Cost/y; Capital Cost: $/y

Form 7

Page 1 of 1

Date 5/78

20.05 $/ load

$/

8/

4.1 Subtotal Equipment Cost:

20.05 $/1oad.




Form 8

Process No. 2l.14].4 082 o1 4
Page 1 of 1
4.2 Facilities: Revision Date 5/78
. . 2
4,21 Type:Slicing machine area Floor Area: 5.6 m ; Throughput: 225 _load /vy
2 — S Nemly el sy Geelk Eene gk SWER SN YRS  dasee
Charge Rate: _179,73* $/(m™+y)s Maintenance Costs:
B e  —
Energy Use: .-? Labor: hfy at $/h
Heating /y at §/ i Supplies: 87y
Air Cond'g /y at s/ l Qutside Services: $/y
Lighting /y at $/ e e e e e e e - o
- ] Total Cost: 1003,13 $/y 4.46 $/1o0ad
4,2 Type: Floor Area: mz; Throughput: !y
- 2 e v GeTam xS e deem Sei ey el el gmeh Gmem
Charge Rate: $/(m y); Maintenance Costs:
WA JYEE Suehr  gway rF ] —— A— S ] — dpman i
Energy Use: l Labor: h/y at $/h
Heating /v at s/ l Supplies: - $/y
2 1
Adr Cond’g fy ac §/ Outside Services: S$ly
Lihting / at $/ Al MRSE e Sy Gy GSRE aNGll AAES Siealy  wew iy
& Y 1 Total Cost: Sly s/
—
4.2__ Type: Floor Area: mz; Throughput : /y
2 [ dgng  duahiby —— ey iy  TemmlV e S L el g
Charge Rate: S$/(m™y): Maintenance Costs:
e ek Somp segey S SeEd -E. g Uﬂ--. —— b —
nergy Use: Labor: h/y at $/h
Heating /y at s/ '
l Supplies: $/y
Air Cond'g /y at $/
1-‘ Qutside Services: Sty
Lightlng /y at S/ —y oRm  Suup el Yl sy smpel  eem et e
1 Total Cost: $/y $/
- r—
4.2 Subtotal Facilities: 4.46 s/ 1oad
* Includes energy use -
4.3 Equipment and Facilities Subtotal : 24,51 $/1oad




5.

Form 9-1

Page ] of ]

Revision Date 5/78
Process No. | 24, 141 .1012 |0 i4 —

Salvaged Material (Work-in-process)
5.1 Quantity of Work-in-Process 1. Contained in Good Output

Work-in-Process (per Computation Unit) 1.035 ka / load
5.21 Input Work-in-process 1. Not Contained in Good Output

Work-in-Process ("Amount Reguired" from 1.1 minus 5.1) 1,158 kg / load
5.22 Net Amcunt of 5.21 which is sold for Credit As-Is or

After Applying Re-Process . . - /
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): $/
5.26 Material of Type 1. Lost in Process (5.21 minus 5.22) 1.158 kg / Toad —+
5.3 Cost of Work-in-Process Lost {(Amount 5.26 Times Unit Cost 1.1) 174.35 s/1oad
5.4 Cost 0of Work-in-Process Contained in Good Output Work-in-Process

(Amount 5.2' Times Unit Cost from 1.1) 156.83 $/load

P -
Salvaged Materials Summary:
o

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




Form 10

Process No.l_‘q_l’]i_l“g 2 .- Page 1 _of 1
6. Byproducts and Wastes Revision Date 5/78
6.1 Splid Byproducts/Wastes
6.11 Type (Composition): Silicon chips with dust Quantity Produced: (.21 kg/ load
Physical Shape/Size: ___ Energy Content: kWh/
Denscity: 2,34 gFCmB; Water Solubility: 0 = g/l ac I:'C:, phH: .
Toxieaty: Bicdegradable: Other Remarks:
Tyvpe uf Disposal:
Inpue Material for: Cost/{(Cradir)} s/ : Cost: &/
6.2 Liquid Byproducts/Wastes {incrganic):
6,21 Type (Composition): Abrasive oil slurry with kerf Quantity Produced: 7.6 ¢/ load
Density::Qngg/cmE; Suspended Solids: Si¢ abrasive Amount:QLgﬁ__g%Hl pH:
Toxdcaty: Heavy Metal Content: _ mg/l  Other Remarks:
contains 0.95 kg of kerf {0.312 ka/8 - sTurry)
Type of Disposal:
Input Material for: Cost/ (Credit) S Cost: &/
Carry: $/




Form 12
Page 1 of 1

Process No. L2l . la ], Lol2 i—iola Revision Dateb/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 Indirect Costs: % of 7.11 1.66 $%/1oad
Ol (LS o A ;
7.21 Total Operating Add-on Costs of Process: 107.52 §/%load
7.22 G & A % of 7.21 s/
- SACISIOE™ AR Y I NS RECI
7.31 Total Gross Add-On Cost of Process 107.52 §$/1oad
7.32 Credit for Salvaged Material (5.8) 5/
7.33 Cost of Work-in~Process Lost (5.3) 174,35 s/%oad
7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) 281.87 $/Toad
7.35 Cost of Input Work-in-Process Contained in Good
Output Work-in-Process {(5.4) 155.83 $/7oad
7.36 Loading on Item 7.35 at Rate i . $/
S G N, TR R CEFRAL LY
7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 437.70 $/1ocad
-, Lo i TR L o
7.41 Theoretical Yield (or Conversion Rate, if output units of 9
work-in-process do not equal input units) 0.838 m-_/_kg
7.42 Practical Yield 83 3
2
7.43 Effective Yield (7.41 x 7.42) 0.695 m~ / kg
7.44 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 OQutput Work-in- e 2
Process (7.37 + 7.44) 287.0z s/
7.52 Specific Add-On Cost per Unit of Good L83 2
Dutput Work-in-Process (7.34 + 7.44) 184.83 ¢/



http:7.33)-(7.32

4 Form 13-1
Page 1 of 1 _

Revision Date 5/78

Process No. 2 et 4 o300 }2 0

8. Price Computation

8.1 Alterpate 1

2
8.11 Profit at Expected Rate of 20  %: 36.97 $/ m

(Profit before income taxes; applied to 7.52)

323.98 s/ n?

8.12 Price of Process (7.52 + 8.11)

8.13 Price of Work-in-Process (7.51 + 8.11) 221.80 $/ m2




Process No,

8.21

8.22

Form 13-2
Page 1 of 1

Revision Date 5/78
8.2 Altermate 2 (SAMICS Methodology):

Profit Computation:
0.9274% _20.05 $/_load from Subtotal 4.1 = 18.59 $/1oad
1.946% 4,46 $/ load from Subtotal 4.2 = 8.68 $/load

Subtotal = 27.27 $/1oad
Costs of Amortization of the One-Time Cost:
0.192%  66.39 $/ load from Subtotal 2.7 = 12.75 $/10ad
0.192% 14.96 $/ Toad from Subtotal 3.5 = 2.87 $/1oad
0.2958* 20.05 $/ load from Subtotal 4.1 = 5.93 $/load
2,77% 4.46 $/_1oad from Subtotal 4.2 = 12.35 $/1oad

Subtotal = 33.90 $/load 1

8.23

8.24 Profit and Amortization of Start-up Costs per Unit of Good Output
Work-1in-Process: 2
(Divide Subtotal 8.23 by 1.525 m /load  from 7.44)
2
40.11 _$/m
8.25 Price of Process (7.52 + 8.24)
8.26 Price of Work-in-Process (7.5l + 8,24)
LIRS

Total Net Cost of Equity (8.21 + 8.22):

61.17  $/1oad

228.94 3§/ m

327.13 8/ m2




Process WNo. I ? I. 4 : ol217101] 4 gorm li -
age 1 of 1

Revision Date 5/78

0. OQutput Specification:

Name of 1tem: Wafer, as-cut
Dimengions: 10-cm diameter, 0.294 X 0.04 mm thick
Material: high purity silicon

Other Specifications: Depth of subsurface damage  10-15 um




Process No.r??]_rz*]_[OIZ '"LQ 4

University of Pennsylvania
PROCESS CHARACTERIZATION

(uPPC)
Process: Sheet generation

Subprocess: Ingot slicing

Option: Multiblade sturry sTicing using the

800 blade-head machine as proposed by Varian
for use in 1986.

Form

—

INDEX
Form Pages Rev. | Date Remarks

1 t 5/78 A1l forms have same date
2 1 to 1

3 1 to O

4 1 to |

5 1 to 1

"6 1 to 1

7 1l to 1.

8 1 to |

9-1 1 to 1

9-2 1to 0

9-3 1 to O

10 1 to |1
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Form 2

Page | of ]
Revision Date 5/78

Process No. (2 |14 |, Lp 2 1=10 14 0.1 Value Added: s/

Process Description: Multiblade slurry siicing

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

Blades are 0.15 mm thick with 0.30 mm spacers

1. Input Specification:
i

Name of Item! Prepared machine load from 2.4 : Q] 2 04

Dimensions: 12-cm in diameter, 40.5 cm Tong, 10:72 kg single crystal ingots

Material: High purity silicon

Other Specifications: One silicon crystal mounted on ceramic block

1.1 Quantity Required: 70-72 kg / load Unit Cost: 70.98 $/ kq Si
1.2 Input Value: $/
1.3 Input Cost: 760,94 $/ load __

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



Process No. . |_4_| ’iOIZ I"‘

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

2.2 1 Type:__Abrasive sluryy

Revisicn

Specification: PCoil with 600 grit abrasive

Concentration 0.24 xg/l

Puantitv Required: 15 L /|0ad; Unit Cost:

2,2 2 Type: Misc. materials

Specification: Not given; estimated

Quanciev Required:

——— — = = -

o Unit Cost:

2.2 Type:

Form 4
Page 1 of 1
Date 5/78

27.75 %/ load

9,48 ¢/lvad

Specification:

Quantitcy Required: / ; Unit Cost:

$/

2.2 Subtotal Indirect Materials:

37.23 §5/1pad




'‘rocess No. . Iﬂ .

!«3 Expendable Tooling:

0 jz |~{ o] 4]

Form 5

page 1 of |

2.3 ype: _900-biade drill pin pack consisting of 0.15 mm thick 1095 steel blades Revision bate

Quantity Required: 0.5 Pack /load: Unit Cost: 39,45 $/Pack Cost: 19.73 $/1oad
2.3__ Type:

Quantity Required: / : Unit Cost: ___ 3/ Cost: 5/
2.3 _ Type:

Quantity Required: / : Unit Cost: s/ Cost: s/
2.3 __ Type:

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

2.3 Subtotal Expendable Tooling: 19,73 $/pack
-4 Energy

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

Quantity Required: 49,3  kWh/lpad : Uait Cost: 32 $/kyy  Cost:| _1,57 $/lcad
2.4 Type:

Quantity Required: Unit Cost: $/ Cost: 5/

2.4 Subtotal Energy Costs:

1.57  $/load

2.5 Subtoral 2.1 to 2.4:
2.6 Handling Charge: b.26 % of item 2.5

58.53 _ $/10ad
3.07.. S/oad _

2.7 Subtotal Materials and Supplies:
(2.5 + 2.6)

61.60 s/fload




Process No.

3.1 Darect Labor:

3.11

3.1

3.1

Form 6
Page | of 1

Revision Date 5/78
Category: Semiconductor Assembler Activity:  Joading/unloading
(SAMICS B3096D) .
Amount Required: 0.67 h/ Joad ; Rate: $__ 3 qq /hy Load 36,0 %3 Cost: 3.55 $/ 1oad

Category: Sémiconductor Assembler

Activity: Machine supervision

. (SAMICS B3096D)

Amount Required: 0.67 b/ load

Category: Maintenance Mechanig

: Rate: § 3,90 /hy Load 36.0 %; Cost:

Activity: hlade head changing.and adjusting

(SAMICS B3704D)

3.55 $/_Joad

Amount Required: 0.67 h/ Joad ; Rate: §_ 5. 67 /h; Load 35 q %; Cost: 517 $/ 1pad
3.1 Direct Labor Subtotal: 12,27 $/ load
3.2 Indarect Labor: 25% of direct
3.2 Category: Activity: -
Amount Required: h/ : Rate: $ /h; Load %; Cost: $/
3.2_ Category: Activity:
Amount Required: h/ : Rate: § /h; Load %3 Cost: S/
3.2 Category: Activity:
Amount Required: h/ : Rate: § /hy Load %; Cost: $/
3.2 Indirect Labor Subtotal: 3.07 $/ load
: 3.3 Subtotal 3.1 and 3.2 15.34 . 3/ load
3.4 Overhead on Labor: 5.26 % 0.81 $/_load
3.5 Subtotal Labor 16,15 $/_1load




Process No.}] 7

Form 7
Page 1 of 1

Date 5/78

4.1 Equipment Revision
4.1 1 Type: Multiblade slicing machine
Cost: 38,000 é; Installation Cost: $; Throughput: 245 My
Plant Oper'g Time 8280 h/y; Machine Avail'ty:__90Q_ %; Machine Oper'g Time _ 7452 hivy
Servicing Costs: Labor h/y at $/h;Parts or Outside Service: 1592,3 $/y
Useful Life: 7 y; Charge Rate: 27.35 % of Cost/y; Capaital Cost: 6420 $/y
4.1_ Type:
Cost: $; Installation Cost: $; Throughput: fhs
Plant Oper'g Taime h/y; Machine Avail'ty:  %; Machine Oper'g Time h/vy
Servicing Costs: Labor h/y at $/h;Parts or Outside Service: $/y
Useful Life: y; Charge Rate: % of Cost/y; Capital Cost: S/y
4.1  Type:
Cost: $; Installation Cost: $; Throughput: /h;
Plant Oper'g Time h/y; Machine Avail'ty:  %; Machine Oper'g Time h/y
Setvicing Costs: Labor h/y at $/h;Parts or Outside Service: $/y
Useful Life: v; Charge Rate: % of Cost/y; Capital Cost: $/v]

32,70 $/1oad

$/

$/

4,1 Subtotal Equipment Cost:

32.70 s/ load




Process No. 2y, 4].[0f2]—{054 Form 8
Page 1 of
4.2 TFacilities: Revision Date 5/78
4.2_1 Type: Slicing machine area Floor Area: 5.6 m’; Throughput: 245 loads /y
2 — Cmbmind Lo -] — L [ ] aadk Smopy  WEOF e
Charge Rate: 179.13* $/(@"-y); r- Maintenance Costs:
W ey ey  Saay — d— A—— w— — endl  —
Energy Use: .-? Labor: h/y at $/h
Heataing [y at s/ | Supplies: s/y
41y Cond'g [y at 5/ l . Dutside Services: 5/y
Lightin /y at $/ L---...-..................,_................,
BREINE d { Total Cost: _ 100313 §/y 4,09 $/ load
4.2_ Type: Floor Area: mz; Throughput : /y
Charge Rate- $/(m"y); Maintenance Costs:
Al e amumly  Jwemd MRl vl Gy gt L d —y Ny
Energy Use: l Labor: h/y at $/h
Heating /vy at $/ ! Supplies: 5/y
)
Aar Cond'g [y at 8/ Outside Services: Sy
Lihtln / at $/ e — S Gl WP dpmel ame) wmSmE S L
& 8 Y 1 Total Cost: $/y $/
L
2
4,2_ Type: Floor Area: m~; Throughput: /y
2 g twer St SmAmy o Tm—— amse SECEE  jenm  faiacsl; SEESF SRy e Ol —
Charge Rate: S/ (m"-y), Maintenance Costs:
nergy Use: Labor: h/y at $/h
Heating [y at $/ ‘
‘ Supplies: $/ly
Air Cond'g /vy at $/
Qutside Services: $/y
nghtlng /Y at S/ L e B B T v ma ——c
y Total Cost: $/y s/
I
*Includes energy use 4.2 Subtotal Facilities: 4.09 S/ Toad
4.3 Equipment and Facilities Subtotal : 35.79 s/ load




Form 9-1

Page | of 1

brocecs No. |2 ' i) [oTz]~[o]s - Revision Date 5/78
5. Salwvaged Haterial {Work-in-process) [
5.1 Quantity of Work-in-Process l: Con?ained in Good Output 5.66 kg load
Work-in~-Process (per Computabion Unit) /
5.21 Input Work-in=-process 1. Mot Contained in Good Output
Work-in-Precess ("Amount Required" from 1.1 minus 5.1) 5.06 kg / load
5.22 Net amount of 5.21 which is sold for Credit As-Is or
After RApplying Re-Prucess ——1 r . 1—_ /
5.23  Credat for 5.22 at the Market value of _ $/ : $/
5.24 Cost of Reprocessing Material of 5,22
at the Average Reprocessing Cost of g/ t s/
5.2% Net Credit for §.22 (5.23 minus 5.24): __s/
$.26  Material 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) _Jmuj 359.18 $/ Joad
5.4 Cost of Work-in-Process Contained in Good Qutput Work-in-Process 401.76 load
{Amount 5.2 Times Unit Cost from 1.1) 5/
Salwvaged Materials Summary: .
5.8 Total Met Credits for All Salvaged Materlals (5.25 + 5.67 + 5.76} $/




Process No." OLZ - 0I4

6.

Byproducts and Wastes
6.1 Solid Byproducts/Wastes

6.1 1 Type (Composition): Silicon chips and dust

Physical Shape/Size:

Den51ty:___?-34 g/cmB; Water Solubilaity:

Toxicity: Biodegradable:

Energy Content: kWh/

g/l at _ C. pH:

Other Remarks:

Type ¢f Disposal:

Input Material for:

6.2 Liquid Byproducts/Wastes (inorganic):

6.2 1 Type (Composition): PCoil slurry

Density:oogig/cm3; Suspended Solids: SiC abrasive

Toxlclty: Heavy Metal Content: mg/l  Other Remarks:

Quantity Produced: 15 & / Tload

Amount: 0,24 kg/l  pH:

01 aiso contains 4.76 kg of kerf/load 3y concentration 1s 0.32 kg/4.

Type of Disposal:

Input Material for:

Form 10

Page 1 of 1

Revision Date 5/78
Quantity Produced: 0.536 kg/ load
o
Cost/ (Credit) s/ ; Cost: s/
Cost/{(Credit) $/ Cost: $/
Carry: $/




Process No.

7. Process Cost Computation

Form 12

Page

Revision Date

of 1
5/78

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

7.22 O(tdm.eg:g *I(Ihd.j]r)eﬁ.t CI%SSE% . % of 7.11

114.46 $/10ad

2.37 ¢/10ad

7.21 Total Operating Add-on Costs of Process:

7.22 G & A % of 7,21

7.31 Total Gross Add-On Cost of Process
7.32 Credit for Salvaged Material (5.8)
7.33 Cost of Work-in-Process Lest (5.3)

A

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
Qutput Work-in-Process (5.4)

__._F-

116,83 $/1oad
5/

. Mmﬁié.éEMékfagEWMMw.

$/
359.18 §/load

476.01 g/ 1oad

398.40 $/1oad

7.36 Loading on Item 7.35 at Rate % $/
IR b, L AT
7.37 Cost of Output Work—in-Process (7.34 + 7.35 + 7.36) 874.41 $/ioad
- - e — ]
7.41 Theoretical Yield (or Conversion Rate, if output units of 9
work-in-process do not equal input units) 0.947 me  / kg
7.42 Practical Yield 95 ¢
7.43 Effective Yield (7.41 x 7.42) 0.9 m2 / kg
7.44 Number of Units of Good Output Work-in-Process per 2
Computation Unit Used up to 7.35 9.67 m / load
AN A
7.51 Cost of Unit of Geod Cutput Work-in- 2
Process (7.37 % 7.44) 90.42 ¢/ m
7.52 Specific Add-On Cost per Unit of Good 49.92 ml
Output Work-in-Process (7.34 + 7.44) 8/



http:7.33)-(7.32

Process No. 2 1, 41,10 12 014 Form 13-1
Page _1_ of 1 _
Revision Date 5/78
8. Price Computation

8.1 Alternate 1

8.11 Profit at Expected Rate of 20 %: 9.865 $/__m?
(Profait before income taxes; applied to 7.52)

2
8.12 Prace of Process (7.52 + 8.11) 59.06 5, m

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

100.28 s/ pé




Process No, ..

Form 13-2
Page I of 1
Revision Date 5/78
8,2 Alternate 2 (SAMICS Methodology): l
8.21 Profit Computation:
0.9274% 32.70 &7 Toad from Subtotal 4.1 = 30.33 ¢, load
1.946% 4.08 s/ load from Subtotal 4.2 = /96 s/ load
Subtotal = 38.29 s/ load
8.22 Costs of Amortization of the One-Time Cost:
0.192* 61,60 s/ Toad from Subtotal 2.7 = 11.82 s/ load
0.192% 10.075 s/ load from Subtotal 3.5 = 3.09 s/ load
0.2058% 32:70 4, Toad from Subtotal 4.1 = _ o'0/ gy 108d
2.77% _ 4.09 4, Toad from Subtotal 4.2 = 11-3% 4, load
Subtotal = 35,92 &/ load -1

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

8.24 Profit and Amortization of Start-up Costs per Unit of Good Qutput
Work-1n~Process:

(Divide Subtotal 8.23 b 9.67 m2 / load from 7,44)
y

7.67

$/ m

2

8.25 Price of Process (7.52 + 8.24)

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

74.21 $/ load

56.89 $/ mé

98.10 $/__m




Process No. 2 4 G2 I=™lo14 Form 14

Page 1  of 1

9. Process Economic Evaluation: “‘ReV1Sl°“ Date 5/78
9.1 Process Cost Balance (7.52 - 0.1) s/
9.2 Relative Process Performance (9.1 = 0.1)
9.3 OQutput Cost (7.51) 90.42 s/ m2
9.4 Output Value (0.2 + 0.1) s/
9.5 Relative Excess Cost :(9.3 - 9.4} - 9.4]




Process No. 2 4 012 -1 0 4 Form 15
Page ] _of 1

Revision Date 5b/78

0. Output Specification:

Name of item: Silicon wafer, as cut
Dimensions: 12 ¢m in dia., 0.25 mm thickness
Material: High purity silicon

Other Specifications: Kerf thickness 0.2 mm




Proce

ss No. | 2] [ 4] [o]2]~[o]6]

University of Pennsylvania
PROCESS CHARACTERIZATION

{(UPPC)
Process: Sheet generation

Subprocess: Wafer generation

Crystal Systems' Fixed

Form 1

Option:
Abrasive Multiwire Slicing
INDEX
Form Pages Rev. | Date Remarks
1 7/78 A1l forms have same date
2 1 to 1
3 1 to O
4 1 to |
5 1 to 1
6 1 to |
7 1 to 1
8 1 to ]
9-1 1 to ]
9-2 1 to 0
9-3 1 to O
10 1 to 1
11 1 to O
12 1 to 1
13-1 1 to |1
13-2 1 to 1
14 1 to 1
15 1 to 1
16 1l to 0




Form 2

Page 1 of 1
Revision _ Date __7/78

Process No. |2 [+ |4}, 10 12]71 010 0.1 Value Added: 57
Process Description: Multiwire fixed a i ici : e

1. Input Specification:

[
Name of Item: Sectioned from_a 30 x 30 x 30 cm boule..grown by heat exchange.ingot=casting
Dimensions: Two 30 x 10 x 10 cm ingots, each weighing 7,02 kg
Material: Silicon crystal {(high purity)

Other Specifications: _ Two blade carriages are used for each load

1.1 Quantity Required: 14.04 kg / load Unit Cost: 27.75 $/ kg
1.2 Input Value: s/
1.3 Input Cost: 389.56 s/ load

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



Process No. . [_4_[ . M"M

2.2 Indirect Materials (ancl.

2.2}_ Type: Loolant water

supplies and noncenergy vtilities):

.
e

Specification:

Filtered domestic water flowing at a rate of about 20

a/h

{SAMICS CT016B) _

Tuantityv Required: 333 ___g,_/TOad; unat Cost: 0.113 471000 2 . cost:
2,22 Type: Misc. materials: eg. slicer parts; .ete.

Specification:

Quantitv Requared- . A . Upit Cost: 0,30 g/load Cost:
2.1 Type: o o L

Specifiecations _ -

Quantity Required: / :  Unit Cost: 8/ ; Cast:

Revision

Form 4
Page 1 of 1

Date_ 7/78

0.04 ¢/ Toad

0.30 ¢y load

2.2 Subteotal Indirect tMaterials:

0.34 s/ load




Process No. @"' E . M "'[O__LQJ

2.3 Expendable Tooling:

2.4

Form 5
Page ] of 1

] Revision pate 7/78
2, 750 wire-blade package sets —_-*___

Quantity Required: 0.2 sets/}oad: Unit Cost: __ 25 §/_set Cost: 5 5/ Joad

Quantity Required: / : Unit Cost: $f Cost* s/

Quantity Requared: / :  Unit Cost: §/ Cost? s/

Quantity Required: / : Unit Cost: $/ Cost: | $/

2.3 Subtotal Expendable Tooling: 5 $/ load

2 kW motors

Quantity Required: 33.3 1.06 $/_load

2.3_1 Type:
2.3__ Type:
2,3_ Type:
2.3_ Type:
Energy

2.4 1 Type:
2.4 Type:

kWh/load : Ugit Cost: 0.0319%/_kih Cost:

Quantity Required:

Unit Cost: 8/ Cost:

$/

2.4 Subtotal Energy Costs:

1,06 $/ load

2.5 Subtotal 2.4 to 2.4:
2.6 Handling Charge: _ 9.20% of item 2.5

__6.40__$/ load

0.34

5/ load

2.7 Subtotal Materials and Supplies:

(2.5 + 2.6)

6.74

$/ load -




Process No. | 2 J 141,104 2{-f0 ] 6 Form 6
Page 1 of 1
Revision Date 7/78
3.1 Direct Labor:
3.1 1 category:_Semiconductor Assembler Activity:_machine Joading and unloading
(SAMICS B3096D)
Amount Required: 0.50 n/load ; Rate: $_ 3,90 /h; Load__36.0 %: Cost: 2.064 $/ Toad
3.1 2 Category:_Semiconductor Assembler Activity: Machine supervision
{SAMICS B3096D) 9
Amount Requared: 1.1 h/  Jload ; Rate: $__3.90 /h; Load 36,0 %4; Cost: 5.233 $/ 15ad
3.1 3 Category: Maintenance Mechanic II Activity: Seprvice and repair, cutting tool change
(SAMICS B3704D)
Amount Required: 1.0 h/ Tload : Rate: $ 5.67 /h; Load 36.0 %; Cost: 7 71 $/ 1nad-
3,1 Direct Labor Subtotal: 16.19 $/ load
3.2 Indirect Labor: 25% of direct
3.2 Category: Activity:
Amount Reguired: h/ ; Rate: $ /h; Load %; Cost: $/
3.2 Category: Activity:
Amount Required: h/ ; Rate: $ /h; Load %3 Cost: $/
3.2_ Category: Activity:
Amount Required: h/ ; Rate: § /hy Load %3 Cost: s/
3.2 Indirect Labor Subtotal: 4.05 ¢/ Toad
3.3 Subtotal 3.1 and 3.2 20.24 $/ 1oad
3.4 Overhead on Labor: 5.26 % 1.06 $/1oad
3.5 Subtotal Labor 21.30 $/1°ad




Process No.

2 4 012 I-{0{6

4.1 Equipment

4.1 1

4

4

.1

.1

Revision

Form 7
Page 1 of 1
Date 7/78

$; Throughput: 385 loads /k;y

Type: FAM slicing machine with two blade heads
Cost: 35,000 $; Installation Cost:
Plant Oper'g Time 8280 h/y; Machine Avai

Servicing Cests: Labor h/y at

1'ty:_ 85 %; Machine Oper'g Time 7038 h/y

$/h;Parts or Outside Service: 1592.3 §/y

Useful Life: 7 y; Charge Rate: &1:3% % of Cost/y; Capital Cost: 7472.50 Sy 23.54 s/ load
Type:

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

Plant Oper'g Time h/y; Machine Avail'ty: __  %; Machine Oper'g Time h/y

Servicing Costs: Labor hly at $/hi;Parts or Outside Service: Sy

Useful Life: y; Charge Rate: % of Cost/y; Capital Cost: Sly : §/_ -
Type:

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

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

Servicing Costs: Labor h/y at $/h:Parts or Outside Service: S$/ly

Useful Life: v3; Charge Rate: % of Cost/y; Capital Cost: $/y $/

4,1 Subtotal Equipment Cost:

23.54 s/ 1oad




Process No. . '
R Revision
4.2 TFacilities:
4,21 Type: Slicing machine area Floor Area: 7,43 mz; Throughput: 385 loads /[y
2 fack it M Ay PO Smp SO SRS el e Oeensd S e
Charge Rate: 179.13% $/(m" y)s Maintenance Costs:
W ek Ay Al Cecr AEEr A TR A Sl eowa
Energy Use: ‘_} Labor: h/y at $/h
Heating /y at $/ l Supplies: $/y
Air Cond'g /y at s/ | Qutside Services: 5/y
- 1 Total Cost: 1330.94  $/¥ .
4.2_ Type: Floor Area: mz; Throughput: /y
2 Grur duey Gy fuikk  Sesky deewm Sy GeEy sl A e bhmas o
Charge Rate: $/(m"y); Maintenance Costs:

GRCEp SISy S AN smens  Semhy  peed  Aaumgl WY DR ey

Form 8
Page ] of 1
Date _7/78

3.46 S/ 1oad

Energy Use: l Labor: h/y at $/h
Heating /y at s/ l Supplies: $/y
s 1
Alx Cond'g /y at 3/ Qutside Services: $/y
& 8 Y 1 Total Cost: $/y $/
2
4.2_ Tvpe: Floor Area: m ; Throughput: ly
2 [~ =3 — L P—— ey el el e - - 4 A el L
Charge Rate: $/(m”y); Maintenance Costs:
o ) PRy A L e ? L U“. SO ——— _——
nergy Use: ‘Labor: h/y at $/h
Heating /vy at §/
| Supplies: $ly
Air Cond'g /y at $/
Qutside Services: §/y
Lighting /v at §/ I T R e . |
Total Cost: $/y $/
i
e

* Includes energy use 4.2 Subtotal Facilities: [

3.46 gy load

4.3 Equipment and Facilities Subtotal :

27.00_$/ load




5.

Form 8-1

Page 1 of |1

Revision bate _7/78
Process No. 2 . 4 « 0j2f—j0l6
Salvaged Material (Work-in-process)
5.1 Quantity of Work-in-Process 1. Contained in Good Output
Work-1in-Process {per Computation Unit) 7.02 kg s load
5.21 Input Work-in-process 1. Not Contained in Good Output
Work-in-Process ("Amount Required" from 1.1 minus 5.1) 7.02 kg / load
h.22 Net Amount of 5.21 whach is scld for Credit As-Is or
After Applying Re-Process 1 . . - /
5.23  Credat for 5.22 at the Market Value of S/ : $/
5.24 Cost of Reprocessing Material of 5.22
at the Average Reprocessing Cost of 8/ : 7.02 kg 3/ Toad
5.25 Net Credit for 5.22 (5.23 minus 5.24)i 5/
I
5.26 Mater:ial of Type l. Lost in Process (5.2) minus 5.22) /
e
5.3 Cost of Work-in-Process Lost {Amount 5.26 Times Unit Cost 1.1) '194.T8 $/ Joad
5.4 Cost of Work-in-Process Contained in Good Output Work~in-Process

(Amount 5.2 Times Unit Cest f£rom 1.1}

Salvaged Materials Summary:

5.8

Total Net Credats for All Salvaged Materials (5.25 + 5.67 + 5.76}

194.78 s load

S/




Form 10

ProcessNo.F‘ 0[2 -0]6_I Page 1 of _1_

Revision Date

6. Byproducts and Wastes

6.1 Solid Byproducts/Wastes

6.1 1 Type (Composition): Silicon-broken wafers Quantity Produced: 0 /_load
Physical Shape/Size: Energy Content: kWh/
Density: g/cm3, Water Solubility: g/l at _ 0C: pH:
Toxicity: Biodegradable: Other Remarks:

Type of Disposal:

Input Materiral for: Cost/{Credit) s/ R Cost: s/

6.2 Liquid Byproducts/Wastes (inorganic):

6.2 1 Type (Composition): water and silicon kerf Quantity Produced: 333 2/ load
Density: 1__g/cm3; Suspended Solids: s1licon Amount: 271,08 g/1  pH: >7
Toxicity: Heavy Metal Content:21.08 g/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

Input Material for: Cost/{Credit) g/ Cost: $/

Carry: $/




Form 12
Page of 1

Process No. 2 ] 4 L1042 |—|0 j6 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 ¢&/%oad
7.22 QOther Indirect Costs: % of 7.11 1.76  §/
fO,QSg*&.]) 3 0,108% 4o
7.21 Total Operating Add-on Costs of Process: 56.80 $/Toad
7.22 G & A Zof 7.21 §/
N e lm P A I R o M N e
7.31 Total Gross Add-On Cost of Process 56.80  $/10ad
7.32 Credit for Salvaged Material (5.8) $/
7.33 Cost of Work-in~Process Lost (5.3) 194.78; $/load

L

7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) }2b1.58" ¢/1load

7.35 Cost of Input Work-in-Process Contained in Good

Output Work-in-Process (5.4) §194.78  $/7oad
7.36 Loading on Item 7.35 at Rate . $/
ST S S AR A
7.37 Cost of Output Work-in-Process (7.34 + 7.35 4+ 7.36) 446.36 g/ 1oad
= I T T -
7.41 Theoretical Yield (or Conversion Rate, 1if output units of
work-in-process do not equal input units) 1.06 m2 /_kg
7.42 Practical Yield 100 %
7.43 Effective Yield (7.41 x 7.42) 1,06 m& 7/ En
7.44 Number of Units of Good Output Work-in-Process per 2
Computation Unit Used up to 7.35 15 m“~  / load
- ]
7.51 Cost of Unit of Good Output Work-in-
Process (7.37 + 7.44) 29.77_8/_m?

2
7.52 Specific Add-On Cost per Unit of Good

] m
Qutput Work-in-Process {(7.34 + 7.44) 16.79 $/



http:7.33)-(7.32

Process No. | 2 4 11 012 jlef O 6 Form 13-1
Page _1 of 1

Revision Date 7-78

8. Price Computatien
8.1 Alternate 1

8.11 Profit at Expected Rate of 20 %: 3.36 _$/ m?
(Profit bhefore income taxes; applied to 7.52)

8.12 Price of Process (7.52 + 8.11) 20.15 ¢, W

8.13 Price of Work-in-Process (7.51 + 8.11) 33.13 S/ m2




Process No. . '-'

Form 13-2
Page | of 1
Revision Date -;;;8 -
8.2 Alternate 2 (SAMICS Methodology): I
8.21 Profit Computation:
0.9274% 23,54 s/ load from Subtotal 4,1 = 21.83 ;7 load
1.946% _ 3.46 g, Toad from Subtotal 4.2 =  6-73 4, Tload
Subtotal = __28.56_ $/_ load
8.22 Costs of Amortization of the One~Time Cost:
0.192%+  6.74 4, Toad from Subtotal 2.7 =  1+31 ¢, Tload
0.192%__ 21.30 ¢, Tload from Subtotal 3,5 =  4.08 g, load
0.2958% 23.54 ¢, Toad from Subtotal 4.1 = __ 6.96 ¢/ Toad
2.77% 3.46 4, load from Subtotal 4.2 =  9.58 g/ load
Subtotal = 27.94 &/ Tload _lﬁ

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

8.24 Profit and Amortization of Start-up Costs per Unit of Good Cutput
Work-in-Process: 2

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

3.37

s/ Toad

8.25 Price of Process (7.52 + 8.24)

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

.50.50 $/ 1load

yA
20.16 s/ m

| 33.14 ¢/ ml




Process No. 2 4 0 2 {~10 6 Form 15
Page ] of 1

Revisicn Date 7/78

0. Output Specification:

Name of item: MWafer
10 x 30 cm

Dimensions:

Material: Solar grade silicon

Other Specifications: 200 ym thick, 3 pm deep fissures




Process NO'[JLJ.I4 l_ 0‘2 “4 11 6

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

Subprocess: Ingot slicing

Option: Multiwire slicing

Yasunaga Y(Q-100 (Experimental 1978)

Form 1
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Form 2

Page T of 1
Revision _ Date 4/78

Process No. 21 1 4},1002 (™1 GAJ 0.1 Value Added: s/

Process Description: Multiwire slurry wafering

Data obtained from a JPL conducted demonstration run.

215 slices were made per load and 0.4 wm pitch guides were used

1. Input Specification:

Name of Item: Prepared machine Toad from 2.4:01: 16
Dimensions : 7.6 cm-diameter, 8.8cm long, (.94 kg/load
Materaral: High purity silicon

Other Specifications: Ingots are mounted on ceramic block,

1.1 Quantity Required: 1.061 kg / Toad Unit Cost: 155.98 &/ kg
1.2 Input Value: $/
1,3 Input Cost! 165.50 g7 load

Note to Item 1.3: Use price, if input produced in own plant,



Process No. 12 .14 |, Iﬂj 2]—-1] ]5 I Form 4

Page 1 of
2,2 Indirvect Materials (incl. suppliesand non—energy utilities): Revision Da{?e_ i
2.21 tType:_Abrasive - ;
Specificatien: 13 pmGC 1200 abrasive, concentration 1.5 kg/ﬂ‘g;
Is used twice. 5kg needed per load or 2.5 kg consumed per load
Nuentitv Required: 2.5 kg 7 loady Unit Cost: 12.10 3§/ Kg ; Cost: 30.25 s/ 2 Joads
2.2 2 Type: Lapping oil vehicle for abrasive
Specification: _I5 used for two loads: .
3.25 4 used in each load and 1.625
% consumed in each load .
fuantaty Requared: _  1,62h _ _& /load: Unat Cost: 1.25 5/ 3 s  Cost:| 2.031 $/ 2 loads
2.2_ Type: L
Specification:
Quantity Required: " - / ; Unit Cost: s/ ; Cost: $/
2.2 Subtotal Indirect Materials; | 32.28 ¢/ load




Process No. _'2——‘ , IT‘ . OJ 2]--!1 I 6l Form 5
Page 1 of 1_

2.3 Expendable Tooling:

2.3_1 Type: _ Steel wire 0.16 mm dia. Can be used three times Revision____ Date /78
Quantity Required: 5667 m / load Unit Cost: 5.7x15%/ m Cost: 32,30 8/ load
2.3_ Type:
Quantity Required: / ¢ Unit Cost: s/ Cost: 5/
2.3 _ Type:
Quantity Required: / : Hnit Cost: s/ Cost: s/
2.3 _ Type:
Quantity Required: / : Unit Cost: $/ Cost: s/
2.3 Subtotal Expendable Tooling: 32.30_ %/ load _
2.4 Energy
2.4 1 Type: _Electrical, 0.6 kW total power for main and auxiliary motors
Quantity Required: 5.4 kWh/load : Unit Cost: 0.0319 $/ kwWh Cost:| _0.172 $/load
2.4 _ Type:
Quantity Required: : Unit Cost: s/ Cost: $/

2.4 Subtotal Energy Costs: 0.172 $/10ad

2.5 Subtotal 2.1 to 2.4 64.75 $/1oad
2.6 Handling Charge: 0.26 % of item 2.5 3.40 $/1oad

2.7 Subtotal Materials and Supplies: 68.15 $/load
(2.5 + 2,6)




Process No,

Form 6

Page ! of 1 _
Revision Date 4/78
3.1 Direct Labor:
3.1] Category:_Semiconductor Assemhler Activity: _ Machine loading/unloading
(SAMICS B3096D)
Amount Required: 0.25 ~ h/ 145ad . Rate: $ 3.89 /h; Load 36,0 #; Cost: .32 $/10ad
3.12 Category:_Semiconductor Assembier Activity: machine supervision
. (SAMICS B3D96D)
Amount Required:  0.33  h/_load ; Rater $ 3,89 /h; Load__ 35 0 %; Cost: 1.763. — %/ 15ad
3.13 Category Maintenance Mechanic Activity: yire changing/adjusting
{SAMICS B3736D)
Amount Required: 0.5 h/ Joad : Rate: $§ 5.7 /h; Load 3F.0 %3 Cost: 3,856 sllgad
3,1 Direct Labor Subtotal: 6.40 $/ load
3.2 Indirect Labor: 25% of direct
3.2_ Category: Activity:
Amount Required: h/ : Rate: $ /h; Load %; Cost: $/
3.2_ Category: Activity:
Amount Required: h/ : Rate: $ /h; Load %; Cost: $/
3.2_ Category: Activity:
Amount Required: h/ ; Rate: § /hy Load %3 Cost: $/
3.2 Indirect Labor Subtotal: 1.73 $/ load
3.3 Subtotal 3.1 and 3.2 8.13 $/ 1opad
3.4 Overhead on Labor: 5,26 % 0.43 $/_load
3.5 Subtotal Labor 8.56 $/_load




Process NO.L_Q_J. 4 .LQ ZJ" L1.6

4.1 Equipment

4.1 1

b.

4.

1

1

Type:_Yasunaga YQ-100_Slicing machine

Revision

Form 7
Page 1 of 1

pate 4/78

cost: 30,000 $; Installation Cost: N.a. $; Throughput: 745 Joads Ty
Plant Oper'g Time 8280 h/y; Machine Avail'ty: 90 %; Machaine Oper'g Time__ 7452 h/y
Servicing Costs: Labor h/y at $/h;Parts or Outside Service: n.a. S$/y
Useful Life: 7 y; Charge Rate: 21.4 7% of Cost/y; Capital Cost: 6420 $/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 at $/h;Parts or Outside Service: sly
Useful Life: y; Charge Rate: % of Cost/y; Capital Cost: Sty
Type: '

Cost: $; Installation Cost: 5; Throughput: /hsy
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: $ly
Useful Life: y; Charge Rate: % of Cost/y; Capital Cost: $/y

8.61 $/ load

$/

$/

4.1 Subtotal Equaipment Cost:

8.61 8/ Toad




Process No. l 2 I.

41,1012171116 Form 8
Page 1 of 1_
Revisi 4/78
4.2 TFacilities: evision Date _Z_~__
4.2_1 Type: Slicing machine area Floor Area: 4.0 m2; Throughput:_ 745 loads /vy
Charge Rate: 179.13* $/(m" y); Maintenance Costs:
[ ) R L L —— — L A ey  Seewhi
Energy Use: ‘-‘ Labor: h/y at $/h
Heating /y at $/ | Supplies: §/y
Air Cond'g /y at $/ l Qutside Services: $/y
Lighting /Yat $/ T e e mve cam mad s wem ama aues e
— — 1 Total Cost: 716.52 $/% 0.96 S/ load
4.2_ Type: Floor Area: mz; Throughput: /y
AU G AR ——  deewy sy e —y oy L ) ——
Charge Rate: $/(m2'y}; Maintenance Costs:
L Sy ey duanip R e Sty [ —— — - L J
Energy Use: l Labor: h/y at $/h
Heating /vy at $/ l Supplies: sy
. t
Air Cond’g /y at 8/ Outside Services: Sy
Lihtiﬂg / at S/ S—— A . ey dyedy Gpenl el shup Sy s g oy
N 8 v B Total Cost: $/y $/
2
4.2_ Type: Floor Area: m ; Throughput: ly
Rl T e R S U S S —
Charge Rate: $/(m -y); Maintenance Costs:
nergy Use lLabor: h/y at $/h
Heating /y at s/
l Supplies: Sly
Air Cond'g /y at 8/
Qutsaide Services: §/y
Lightlng /}r at $/ o et B Seed G dmw T Yeemy wnamm v S
[ Total Cost: $ly $/
—pe ——
* Includes energy use 4.2 Subtotal Facilities: 0.96  , load
4.3 Equipment and Facilities Subtotal : 9.57 $/ load




Process No.

5.

[ ] T

salvaged Material (Work-in-process)

Form 9-1

page | of |

Ravision pate 4/78

5.1 Quantity of Work-in-Process l. Contained in Good Output

Work-in~Process (per Computation Unit) 0.479 kg / Toad
5.21 Input Work-in-process l. Not Contained 1in Good Output

Work-in-Process ("Amount Required" from 1.1 minus 5.1) 0.456 ka / load
5.22 Net aAmount of 5.21 which is sold for Credit As-Is or

After Applying Re-Process P . - /
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): $/
5.26 Material of Type 1. Lost in Process (5.21 minus 5.22) 0.456 ka / load
5.3 Cost of Work-in-Process Lost {(Amount 5.26 Times Unit Cost 1.1) 71.13 s/ 1oad
5.4 Cost of Work-in-Process Contained in Good Output Work=-in-Process

(Amount 5.2 Times Unit Cost from 1.1) 74.72 ¢/ oad
Salvaged Materials Summary:

~

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




Process No.[z_l. 4 01 Z2l=f 116

6.

Form 10
Page 1 of 1

Byproducts and Wastes Revision Date_ﬂjﬂggi_ﬁ_
6.1 Solid Byproducts/Wastes
6.1 Type {Composition): Quantity Produced: /
Physical Shape/Size: Energy Content: kWh/
Density: g/cm3; Water Solubility: O“H_mgll at Oc; pH:
Toxicity: Biodegradable: Other Remarks:
Type of Disposal:
Input Material for: Cost/(Credit) 5/ : Cost: $/
6.2 Liquid Byproducts/Wastes (1norganic):
6.2_1 Type (Composition): GC 0il slurry Quantity Produced:1.63 & load
Den51ty::gég§g/cm3; Suspended Solids: GC_abrasive Amount: 1§ %g/l pH:
Toxicity: Heavy Metal Content:__  mwg/l  Other Remarks;:
Slurry also contains silicon kerf at a concentration of 0.48 kg/% (790 g/Tload)
Type of Dasposal:
Input Material for: Cost/ (Credat) $/ Cost: s/
Carry: $/




Process No. - "

7. Process Cost Computation

Form 12
Page 1 of 1

Revision Date 4/78

7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) 86.28 s/ load

7.22 65?U§§*%%ﬂﬁ5ﬁpE1%@ﬁ&ﬂig}: % of 7.11 0.61 ¢/ load

7.21 Total Operating Add-on Costs of Process: 86.89 §/ load
7.22 G & A % of 7.21 s/

LAacme IR 5T
7.31 Total Gross Add-On Cost of Process 86.89 g/ load
7.32 Credit for Salvaged Material (5.8) 5/
7.33 Cost of Work-in-Process Lost (5.3) 71.13 ¢/ load

FENFEEK

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

7.35 Cost of Input Work-in-Process Contained in Good

Output Work—in-Process (5.4) 74.72 $/ Toad
7.36 Loading on Item 7,35 at Rate yA . 8/
k. o i < s
7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 232.74 g7 1load
T P T s e
7.41 Theoretical Yield (or Conversion Rate, if output units of 2
work—in-process do not equal input units) 1.04 m= 7 kg

7.42 Practical Yield

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

0.936 kg load

0.975 m2 / load

FT

7.51 Cost of Unit of Good Output Work-in-

Process (7.37 + 7.44) 238.69 ¢/ me

7.52 Specific Add-On Cost per Unit of Good 163.07 n?
Qutput Work-in-Process (7.34 * 7.44) . s/



http:7.33)-(7.32

Process No. 2 1,14 |.]0 2]es] 141 6 Form 13-1
Page 1 of l“

Revision Date 4/78

8. Price Computation

8.1 Alternate 1

8.11 Profit at Expected Rate of 20 Z%: 32.6] $/_m2
(Profit before income taxes; applied to 7.52)

8.12 Price of Process (7.52 + 8.11) 195.68 _$/ m?

8.13 Praice of Work-in-Process (7.51 + 8.11) 271.30  $/ m2




Process No. E E Form 13-2
® ' Page _1 of _1
Revision Date 4/78
8.2 Alternate 2 (SAMICS Methodology):
8,21 Profit Computation:
0.9274*% 8,61 $/__load from Subtotal 4.1 = 7.98  $/ load
1.946% 0.96 g/ load from Subtotal 4,2 = 1.87 g, Toad
Subtotal = 9,85 $/__load
8.22 Costs of Amortization of the One-Time Cost:
0.192* 68,15 $/  load from Subtotal 2.7 = 13.08  $/ load
0.192%  8.56" ¢/ 19ad _  from Subtotal 3.5 = 1-64 5/ Toad
0.2958* 8.61 s/ load from Subtotal 4,1 = 2.55 $/ Toad
2,77% 0.96 _ $/_ load from Subtotal 4,2 = 2,66  $/ Toad i
Subtotal = 19.93 s/ load

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

8.24 Profit and Amortizatien of Start-up Costs per Unit of Good Qutput

Work-in-Process: 2
(Divide Subtotal 8.23 by 0.975 m

/ load from 7.44)

8.25 Price of Process (7.52 + 8,24)

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

. 30.55. s/ load

29.78 s/ 10ad

193.62 g/ m2

269.24¢ g/ m




Process No. 2 4 g 2{—-if1 46 Form 14
Page 1 of 1

9, Process Economic Evaluation: Revision Date 4/78

9.1 TProcess Cost Balance (7.52 - 0.1) $/

9.2 Relative Process Performance (9.1 = 0.1)

2
9.3 Output Cost (7.51) 238.698/ m

9.4 Output Value (0.2 + 0.1) $/

9.5 Relative Excess Cost E(9.3 - 9.4) = 9.4]




2 4 012 -] 6 Form 15
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Process No.

. Revision Date 4/78

0. Output Specification:

Name of item; SiTicon wafer, as cut

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

Other Specifications: Kerf thickness, 0.2mm

Subsurface damage depth is approximately 15 um




Process NO-[ 2|_]4 l.

o] 2]—{1]s

(-5

University of Pennsylvania
PROCESS CHARACTERIZATION

Form 1

(UPPC)
Process: Sheet Generation
Subprocess: Ingot Slicing
Option: Multiwire Slicing - 1982 projection using
the Yasunaga YQ-100 STicing System
INDEX
Form Pages Rev. | Date Remarks
1 4/78 All _forms have this date
2 1 to 1
3 1 to 0
4 1 to 1
5 1 to 1
6 1 to 1
7 1 to 1
8 1to 1
9-1 1 to
9-2 1to O '
9-3 1 to 0 L
10 1 to 1
11 1 to 1
12 1 to 1
13-1 1to 1
13-2 1 to 1
14 1 to !
15 1 to L
16 1 to 0O




Form 2

Page 1 of 1
Revision _ Dbate _4/78

4 o0l2|—l11l6 0.1 Value XddxH+ 128 §/ me

L] *

Process No,. 2

Process Description: Multiwire slurry wafering as performed by the Yasunaga s]icing system

data projected from using a 0.3 mm pitch roller,

(333 slices per load),

1. Input Specification:

{
Name of Item: Prepared machine load from 2:4:01:0

Dimensions: 10 -cm diameter, 10-cm long,. 1.837 ka/load.

1 sil1con crystal mounted on ceramic block

Material:

Other Specifications:

See 2:4:01:0
1.1 Quantity Required:; 1.837 kg / load Unit Cost: ,73.31 8/ kg
1.2 Input Value: $/
1.3 Input Cost! 134.07  $/l1oad

Note to Item l1,3: Use price, if input produced in own plant,



Process No. ljij ] ngj .I 0 iZ i"l 1] 6 l

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

Revision

Form 4
Page 1 of 1
Date 4/78

‘.
H

2,2] Type: Abrasive slurry

2.2

Specification: 5 ym SiC_abrasive, concentration is not availabie

Estimated from materials cost given for slicing a 7.6 cm diameter inaot with

T, A

the Yasunaga saw by JPL and_using the relationship o= C (-314-—1)

(T = slicing time, A = water area)s T A
uantitv Required: / ;3 Unit CoLt: 5/ Cost:
Type:
Specificatrion:
Quantity Required: I ; Unit Cost: $/ ; Cost:
Type: . e e
Specification:
Quantity Required: / ; Unit Cost: s/ ; Cost:

107.55 _ $/1oad

s/

$/

2.2 Subtotal Indirect Materzials:

107.55  $/1cad




4 I- 10 EZ I-'{l i6 l Form 5
Page 1 of 1

Process No. 12 l.

2.3 Expendable Tooling:

2.31 Type: _Steel wire; 0.08 mm diameter, . nevision____ Date 4/78
Quantity Required: 12,000 m_/oad: Unit Cost: (.0048/_m Cost: 47.83 _$/ 1oad
2.3 _ Type:
Quantity Required: | / : Unit Cost: $/ Cost: 5/
2.3 _ Type:
Quantity Required: / : Unit Cost: s/ Cost: s/
2.3 __ Type:
Quantity Required: / : Unit Cost: $/ Cost: $/
2.3 Subtotal Expendable Tooling: 47.83  $/1oad
2.4 Energy
2.41 Type: Electrical, 0.6 kW total power for main and auxiliary motors
Quantity Required: 18 kWh / _load : Unit Cost:0.0319 $/kWh Cost:§ 0.57 $/ 1oad
2.4 Type:
Quantity Required: : Unit Cost: s/ Cost:f 0.57 $/ load

2.4+ Subtotal Energy Costs: | 0,57 $/ 1oad

2.5 Subtotal 2.1 to 2.4 155.44  $/1oad
2.6 Handling Charge: 9:206 7 of item 2.5] _8.18 $/locad

2.7 Subtotal Materials and Supplies: 163.61  $/load
(2.5 + 2.6)




Process No.

Form 6

Page 1 of 1]

e

Subtotal Labor

Revision Date 4/78
3.1 Direct Labor: (Estimated)
3.1] Category:Semiconductor Assembler Activity: _Machine.loading/unioading
{SAMICS B3096D) .
Amount Required: 0.2%5 h/load ; Rate: $ 3.90 /hi Load 36.0 %; Cost: 1.32  $/7oad
3.12 Category:Semiconductor Assembler Activity: machine supervision
{SAMICS B3096D)
Amount Required: 1.00 b/ load : Rate: $ 3.90 /h; Load 36.0 %; Cost: 5.30  $/1oad
3.1 3 Category:Maintenance Mechanic Activity:
(SAMITS B3704D)
Amount Required: 0.5 h/ load { Rate: $ 5.67 /h; Load 36.0 %3 Cost: 3.86  $/load
3,1 Direct Labor Subtotal: 10.48 S/ load
3.2 Indarect Labor: 25% of direct )
3.2_ Category: Activity:
Amount Required: h/ s Rate: § /h: Load %3 Cost: s/
3.2 Category: Activity:
Amount Required: h/ : Rate: $ /h; Load %: Cost: $/
3.2 Category: Activity:
Amount Required: h/ ; Rate: § /b3 Load %3 Cost: $/
3.2 Indirect Labor Subtotal: 2.62  $/1oad
3,3 Subtotal 3.1 and 3.2 13.10 _$/1oad
3.4 Overhead on Labor: 5.26 % 0.69 §$/1oad
3.5 13.79

$/1oad




Process No.

4.1 Equipment

4,

4.

1

1

Form 7
Page 1 of 1

Date _4/78

26.75 s/load

$/

2 |, 14,1002 -11]6
Revision
4.11 Type: Yasunaga YQ-100 Slicing Machine

Cost: 30,000 $; Installation Cost: n.a. $; Throughput: 240 Toads /By
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: §/y
Useful Life: 7 y; Charge Rate: 21.4 % of Cost/y; Capatal Cost: ,6420 S/y
Type:
Cost: $:; Installation Cost: 3; 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: $/y
Type:

Cost: 8; Installation Cost: $; Throughput: /hy
Plant Oper'g Time h/y; Machine Avail'ty:  %; Machine Oper'g Time h/y
Servicing Costs: Labor h/y at $/hi;Parts or Qutside Service: S/y
Useful Life: v; Charge Rate: % of Cost/y; Capital Cost: $/y

$/

4,1 Subtotal Equipment Cost:

26.75 $/1oad




Process Wo. {2 i,.i41.1012 i 1116 Form 8
Page 1 of 1
L Revision Date 4/78
4.2 Facilities: LA
.. 2
4.2_1 Type: Slicing machine area Floor Area:_4.0 m”: Throughput:_ 240 loads /v
2 - A — L] ol — L I il Seegr NS S
Charge Rate: 179.13* $/(m”-y); r-. Maintrenance Costs:
o G Oue L L] A L] L L el oy
Energy Use: .-} Labor: h/y at $/h
Heating /y at s/ l Supplies: $/y
Air Cond'g /vy at s/ l Qutside Services: $ly
n a
! Total Cost: 716.52 $/y 2.985 $/ load
2
4.2_ Type: Floor Area: m"~; Throughput: Iy
2 owmy  duisy S — A—— —— A—— — S—— Ay A Ay ey
Charge Rate: §/(m”-y); Maintenance Costs:
Al e  deser Wy uny, L A — —— — — — -
Energy Use: ‘ Labor: h/y at $/h
Heating ly at $/ l Supplies: $/ly
1
b1t Cond'g /y at 8/ Qutside Services: Sly
Lihtin /8t / —— A e e Gplr N wmerid Sy GEr  Gnmes iy Sy
& 8 y v 1 " Total Cost: Sly §/
2
4,2_ Type: Floor Area: m ; Throughput: ly
2 Ny s Sy — R o T
Charge Rate: 5/(m" y)s Maintenance Costs:
D VMR gENE AR ealy — “E. it A—— A T W
nergy Use lLabor: h/y at $/h
Heating /v at s/
Supplies: $/y
Air Cond'g /v at s/ '
Qutside Services: $/y
Lightiﬂg /y at $/ — oy —— S AR gimay SOpan Olmmay e ma
1 Total Cost: $/y $/
4.2 Subtotal Facilities: 2.985 %/ Tload
*Includes energy use
4.3 Equipment and Facilities Subtotal : L 29.735  $/ load




Form 9-1

Page ] of 1

Revision Date 4/78
process No. L2 JAd L 1012 |[—l1ts6
5. 8alvaged 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 _/_ load
5.21 Input Work-in-process 1. Not Contained in Good Output

Work-in-Process {"Amount Reguired" from 1.1 minus 5.1) 0.613 ka / load
5.22 Net Amount of 5.21 which is so0ld for Credit As-Is or

After Applying Re-Process . v - /
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 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/1oad
5.4 Cost of Work-in-Process Contained in Good Qutput Work-in-Process

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

5

5.8 Total Net Credits for All Salvaged Materials (5.25 + 5.87 + 5.76) 5/ .




Form 10
Process No.*E. 0 2= l]6l Page 1 of 1

6. Byproducts and Wastes Revision Date____fizg_

6.1 Solid Byproducts/Wastes

6.11 Type (Composition): Silicon chips and dust Quantaty Produced: _0 kg /]oad
_ Physical Shape/Size: Energy Content: - kWh/
Density: 2.34 g/cmB; Water Solubilaty: 9___g/1 at - oC; pH: -
Toxicity: Biodegradable: no Other Remarks:

Type of Disposal:

Input Material for: Cost/(Credit) S/ : Cost: ¥

6.2 Lihuid Byproducts/Wastes (1inorganic):

6.21 Type (Composition): Abrasive suspended in PC oi] Quantity Produced:5.4 &/ 1pad '

Density: "_g/cmB; Suspended Solids:abrasive and kerfAmount: mg/l  pH:

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

abrasive concentration is approximately 1.5 kg/ &

Type of Disposal:

Input Material for: Cost/(Credit) s/ Cost: 5/

Carry: 8/




Form 12

Page 1 of 1
Process No. L2 .14, 10 12i=—l1l6 Revision Date 4/78
7. Process Cost Computation 7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) §207.135 $/1oad
7.22 Other Indirect Costs: %z of 7.11 1.90 s/ %oad
(0, 059*4 140, 108%* —_—
7.21 Total Operating Add-on Costs of Process: 209.03  $/ load
7.22 G & A % of 7.21 $/
TR ORI TR, e T M T
7.31 Total Gross Add-On Cost of Process 209.03 3/ 10ad
7.32 Credit for Salvaged Material (5.8) $/
7.33 Cost of Work-in-Process Lost (5.3) 49.94 3/ Joad
7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) }253.97 $/ load
7.35 Cost of Input Work-in-Process Contained in Good 89.95
Output Work-in-Process (5.4) -9 $/ Toad
7.36 Loading on Item 7.35 at Rate % . $/
TSR .
7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.38) 343.92 ¢, load
e BT A I BT W R A
7.41 Theoretical Yield (or Conversion Rate, if output units of 2
work—in-process do not equal input units) 1.42 m- 7 kg
7.42 Practical Yield 100 #
2
7.43 Effective Yield (7.41 x 7.42) 1.42m s kg
7.44 Number of Units of Good Output Work~in-Process per 2
Computation Unit Used up to 7.35 2.62 m / load
KL R
7.51 Cost of Unit of Good Output Work-in- 2
Process (7.37 % 7.44) 13127 6/ m
7.52 Specific Add-On Cost per Unit of Good 96.93 2
Output Work-in-Process {(7.34 ¥ 7.44) - $/ m




Process No. 2

Form 13-1
Page 1 of 1
Revisi Date 4/78
8. Price Computation vision /

8.1 Alternate 1

[N

8.11 Profit at Expected Rate of 20 Z%: 19.39 $/m
(Profit before income taxes; applied to 7.52)

8,12 Price of Process (7.52 + 8.11) 116.32
8.13 Price of Work-in-Process (7.51 + 8.11)

2
s/ M
150.66 S, m°




Process No,

8.2 Alternate 2 (SAMICS Methodology):

8.21

8.22

8.23

8.24

8.25

8.26

Profit Computation:

Revision 5/78

Form 13-2
Page j;“pf E;_

Date 4/78

0.,9274% 26,75 5/ load from Subtotal 4.1 = 24.81 5/ load
1.946% 2,985 s/ load from Subtotal 4.2 = 5,81  $/%oad
Subtotal = _30.62  $/load )
Costs of Amortization of the One~Time Cost:
0.192*% 163,61 $/ 1load from Subtotal 2.7 = 321.41 $/ load
0.192% _ 13.79 $/ load from Subtotal 3.5 = _ 2.65 $/ Toad
0.2958%_26.75 $/ load from Subtotal 4,1 = _ 7.91 $/_load
2,77% 2.985 3/ load from Subtotal 4.2 = _ 8.27 $/ load
Subtotal = 50.57 s/ load
Total Net Cost of Equity (8.21 + 8.22):
Profit and Amortization of Start-up Costs per Unit of Good Output
Work—-i1n-Process: 2
(Divide Subtotal 8.23 by 2.62 m /load  from 7.44)
30.86 g/ p°

Price of Process (7.52 + 8.24)

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

80.86 &/ Joad




Process No. 2§, L4 -IQ Iz I" 1 Q.J Form 14

Page 1 of 1

9, Process Economic Evaluation: Revision Date_ 4/78

9.1 Process Cost Balance (7.52 - 0.1) . 5/

9.7 Relative Process Performance (9.1 - 0.1)

9.3 Output Cost (7.51) 131.27 8/ m2

9.4 Output Value (0.2 + 0.1) $/

9.5 Relative Excess Cost 5(9.3 - 9.4) + 9.4]




Process No. 2 4 02111l e Form L3
Page 1 of 1

Revision Date 4/78

0. OQutput Specification:

Name of item: Silicon wafers, as-cut

Dimensions: 10 em 1in dia., 0.2mm Thickness
Material: high purity silicon
Other Specifications: 0.1 mm kerf Thickness

333 wafers sliced per Toad
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University of Pennsylvania
PROCESS CHARACTERIZATION

(UPPC)
Sheet generation

Form 1

Process:
Subprocess: Wafer generation
Option: Inner-diameter slicing of a rotating
crystal as proposed by STC for 1982.
INDEX
Form Pages Rev. | Date Remarks
i 8/18 Date same for all forms
2 l to 1
3 1 to O
4 1 to 1
5 i to 1
6 1 to ]
7 1to ] o
8 1to 1
9-1 1 to
9-2 1 to O
9-3 1to O
10 1 to 0
11 1 to 0
12 1to 1
13-1 1 to 1
13-2 1 to 1
14 1to 0
15 1 to 1
16 1 to 0




Form 2

Page | of |

Revision __ __ Date_8/78
Process No. |2 |1 4],10(2|={1]7 0.1 Value Added: s/
Process Description: Inner-diameter slicing of a rotating crystal as projected by STC for 1982,
1. Input Specification:
Yame of Item: __Single, c}ysta], grounded silicon_ingot
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 / load _ Unit Cost: 71.75 $/ kg
1.2 Input Value! $/
1,3 Input Cost: 1318.66 $/10ad

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



Process No. l 2] ,[4 ‘ ,l 01 gj-| 1‘ 7]

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

Form 4
Page 1 of 1
Date 8/78

Revision

2.2 1 type:__ Alumina _dress stick, etc., n ;

Specifaication:

Quantity Required: / ; Unit Cost: §/ : Cost: n.a. $/_ load
2.2 _ Type.

Specification:

Quantity Required: R : Unit Cost: $/ ;  Cost: 8/
2.2_ Type: L

Specification:

Quantity Required: / : Unit Cost: s/ ; Cost: s/

2.2 Subtotal Indiresct Materials: 0 $/ Tload




Process No. E.@. 0112"'1'7 ;77

2.3 Expendable Tooling:

2.3 Type:

STC-16 ID diamond-coated blade

Revision Date 8/78

Power requirement 1s 2 kW

Form §

Page 1 of]

Quantity Required: 0.5 bladed load Unit Cost: _ 50 $/phladeCost: $/
Quantity Required: / Unit Cost: 5/ Cost: 5/
Quantity Required: / Unit Cost: s/ Cost: s/
Quantity Required: / Unit Cost: $/ Cost: $/

9.3 Subtotal Expendable Tooling: 25 s/ load

Quantity Required: 102 kWh/Toad

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

2.4 1 Type:
2.4 _ Type:

Unit Cost: 0.0319%/ kith cost:

Quantity Required:

Unit Cost: s/ Cost:

3.25 __$/1gad

$/

2.4 Subtotal Energy Costs:

3.25 $/ Toad

2.5 Subtotal 2.1 to 2.4
2.6 Handling Charge: 5,26 % of item 2.5

28.25  3/7oad
_1.49  $/10ad __

2.7 Subtotal Materials and Supplies:
(2.5 + 2,6)

29.74  $/load _




Process No.

Form 6

-

Page 1 of _1

Revigion Date 8/78
3.1 Darect Labor:
3,1 ] Category:_ Semiconductor assembler Activity:_ Machine loading/unloading
(SAMICS B3096D)
Amount Required: 0.50 h/ h : Rate: $§ 3,90 _ /h; Load 34 %3 Cost: 2.65 $/1pad
3.1 2 Category:_Semiconductor assembler Activity: machine supervision
(SAMICS B3096D) '
Amount Required: 2.81 n/. h : Rate: $ /h; Load 26 %; Cost: 14.90 _ $/ 1aad
3'li§ Category: Maintenance Mechanic Activity: Cutting tool change
—{SAMICS B3736D)
Amount Required: 0.5 h/ h ; Rate: §__ 5.67 /h; Load 36 %; Cost: 2. 86 5/ 10ad
3.1 Direct Labor Subtotal: ARt 21,41 $/ 1oad
3.2 Indirect Labor: Taken as 25% of direct
3.2 Category: Activity:
Amount Required: h/ ; Rate: $ /h; Load %3 Cost: 8/
3.2 Category: Activity:
Amount Required: h/ 1 Rate: § /h; Load %3 Cost: 8/
3.2 Category: Activity:
Amount Required: . h/ ; Rate: § /hy Load %3 Cost: 5/
3.2 Indirect Labor Subtotal: 5.35 _$/ load
3.3 Subtotal 3.1 and 3.2 26.76 $/ load
3.4 Overhead on Labor: 5.26 % 1.4 s/ load

3,5 Subtotal Labor 28.17

$/ 1oad




Process No.| 2 4 g1z I=-§ 11 7

Form 7
Page 1 of 1

Revision Date 8/78
4.1 Equipment —_ Eme—
4.1 1 Type: STC ID sticing machine with capacity to rotate ingot
Cost: 45,000 $; Installation Cost: $:; Throughput: 158 loads /k:y
Plant Oper'g Time 5280 h/y; Machine Avail'ty: 99 %; Machine Oper'g Tame 8197.2 h/y
Servicing Costs: Labor 52 h/y at 8.12 $/h;Parts or Outside Service:__ 300 $ly
Useful Life: 7 y; Charge Rate: 21.35 % of Cost/y, Capital Cost: 10,329.,74 $/yt 65.38 $/ load
4.1 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 at $/hiParts or Qutside Service: S/y
Useful Life: y; Charge Rate: % of Cost/y; Capital Cost: §/y s/
4.1  Type:
Cost: $; Installation Cost: $; Throughput: /h;
Plant Oper'g Time h/y; Machine Avail'ty:  7%; Machine Oper'g Time . hly
Servaicing Costs: Labor h/y at $/h;Parts or OQutside Service: $/v
Useful Life: y; Charge Rate: % of Cost/y; Capital Cost:_ $/y s/
4.1 Subtotal Equipment Cost: 65.38 g/ load



http:10,329.74

Process No. (2 {. |4 ).{012 |71l }7 Form 8
Page | of ]
4.2 TFacilities: Revision Date 8/78
. . i 2
4,21 Type: Slicing machine area Floor Area: 7.5 m°; Throughput: 158 Toads /y
Charge Rate: 179.13 $/(m”+y); Maintenance Costs:
- L ] —— Sl — —— A—— e L 4 —— ——
Energy Use: .-? Labor: h/y at $/h
Heating /y at 5/ | Supplies: s/y
Air Cond'g /y at $/ ! Outside Services: $/y
{ Total Cost: 1343.48 $/y 8.50 ¢/ load
4.2_ Type: Floor Area: mz; Throughput: /y
2 SR "'- — — —— L — — dnpmp b A—— L
Charge Rate: $/(m y); Maintenance Costs:
AR e sl Sumid A deew iy L S— P A— ——
Energy Use: l Labor: h/y at S8/h
Heating /vy at 8/ l Supplies: $/y
: t
4ir Cond'g [y at §/ Qutside Services: Sly
Lihtin / at $/ ——— MR S— Sy APy AWER wmevil ememah gy wweney  whmpey sy
g g 4 l Total Cost: $ly $/
4,2_ Type: Floor Area: m2; Throughput : /y
2 gt T SN SN el G AR S T —
Charge Rate: §/(m"ry); Maintenance Costs:
nergy Use Labor: h/y at $/h
Heating /y at s/ ‘
j Supplies: $ly
Air Cond'g /vy at $/
l- OQutside Services: $ly
nghting /y at $/ L I R T B e —
8 Total Cost: $/y 5/
#‘ R
*Includes energy use 4.2 Subtotal Facilities: 8.50 s; load
4.3 Equipment and Facilities Subtotal : 73.87 5, lcad




Process No. . c

5.

Salvaged Material (Work-in-process)

3.

5

5.

5

5

.23 Credit for 5.22 at the Market Value of 5/

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

21 Input Work-in-process l. Not Contained in Good Output

Work-in-Process ("Amount Required” from 1.1 minus 5.1)

.22 Net Amount of 5.21 which 1s sold for Credit As-Is or

After Applying Re-Process c .

24 Cost of Reprocessing Material of 5.22
at the Average Reprocessing Cost of s/ :

.25 Net Credit for 5.22 (5.23 minus 5.24):

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

Form 9-1

Page 1 of ]

Date _8/78

Revision
9.030 kg _/_ load
9,347 kg , load
R /
$/
$/
9.347 kg load

v/

5.

5.

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

4 Cost of Work-in-Procegs Contained in Good Output Work-in-Process
(Amount 5.2 Times Unit Cost from 1.1)

mﬂ 670.66 $/1oad

s

647.92 $/10ad

Salvaged Materials Summary:

5.

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

s/




Form 12

Page 1 of 1
p 2 4 012 [~1}7 Revision Date 8/78
raocess No. . )
7. Process Cost Computation 7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.){ 131.69 $/ load
.22 Oth 1 : % of 7.11 ' 4,62 §/ Toad
R (XS5 N £ (1 (S i 623/
7.21 Total Operating Add-on Costs of Process: _136.31 §/ load
7.22 G & A % of 7.21 $/
R i M Y R TR A Sy YR
7.31 Total Gross Add-On Cost of Process 136,37 s/ Toad
7.32 Credit for Salvaged Material {(5.8) 5/
7.33 Cost of Work-in~Process Lost (5.3) 670.66 5/ Joad
7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) 806.97 $/ load
7.35 Cost of Input Work-in-Process Contained in Good
Output Work-in-Process (5.4) 647.92 $/ load
7.36 Loading on Item 7.35 at Rate % $/
7.37 Cost of Qutput Work-in-Process (7.34 + 7.35 + 7.36) 1454.89 $/ load
A S m I LA Y
7.41 Theoretacal Yield (or Conversion Rate, if output units of
work-in—process do not equal input units) 0.982 m2 / kg
7.42 Practical Yield 95 %
7.43 Effective Yield (7.41 x 7.42) 0.933 m# kg
7.44 Number of Units of Good Qutput 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- )
Process (7.37 + 7.44) 84.77 ¢y m
7.52 Specific Add-On Cost per Unit of Good 47.02 m2
Output Work-in-Process {7.34 + 7.44) T8/
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Process WNo, 2 ‘ 4 N U A P 7 Form 13-1
Page | of_l*_
) . Revision Date 8/78
8. Price Computation

8.1 Alternate 1

8.11 Profit at Expected Rate of 20 %: 9.40 $/ Toad
(Profit before income taxes; applied to 7.52)

8.12 Price of Process (7.52‘+ 8.11) 56.42
8.13 Prace of Work-in-Process (7.5L + 8.11)

s/ me
3

94.17 s/ m




Process No. 2 4
::jjq'!:::

Form 13-2
Page ] of 1
Revision Date  8/78
8.2 Alternmate 2 (SAMICS Methodology): F
8.21 Profit Computation:
D.9274%__ §5.38 $/ _ Joad from Subtotal 4.1 = 60.63 &/ load .
1,946% 8.50 4, load from Subtotal 4.2 = _/0-54 4, load }
Subtotal = 77,37 %/ load 1
8.22 Costs of Amortization of the One-Time Cost:
0.192¢ _ 29.74 4, oad from Subtotay 2,7 = 971 o, load
0,192% 28.17 4y 1oad from Subtotal 3.5 =  5.40 s/ Toad
0.2958% 65,38 $/__ joad _from Subtotal 4,1 = 19,33 8/ Toad
2.77%___ 8.50 ¢/ _oad from Subtotal 4.2 = _23.85 5 foad
Subtotal = g4 pn 8/ load 1

8.23 Total Wet Cost of Bquity (8,21 + §,22%:

B.24 Profit and Ameortization of Start-up Costs per Unit of Good Output

Work-in-Process;
(Divide Subtotal 8.23 by 17,151 mz

[ load from 7.44)

8.25 Price of Process (7.52 + 8,24)

8.26 Price of Work-in—Process (7.31 + 8.24)

7.64 s/

me

131.17 8/ Toad

2
54.66 _§/_T

9é.41 5/ m2
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Process No. 2

Revisicn Date 8/78

0. Output Specification:

Name of item: Silicon wafers as cut

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

Dimensions:

Material: High purity silicon

Other Specifications:




