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ABSTRACT

Significant eéonomic and technical data on the current

- front junction format;onﬁproéééseS'of Spécﬁrolab's gaseous
diffusion, and of involving‘the Varian-Extrion 200-1000 implanter
were tabulated, and were ﬁsed to jﬁdge the feasibility of
diffusion proposals by Motorola and RCA and ion implantation
proposélé by Lockheed, Motofola, RCA, and-Spire to meet futﬁre
LSA—JPL’guidelines. Cost célculations, consistent with the -
SAMICS methodoiogy, were performed for the junction~fofmation

processes studied.
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INTRODUCTION

The'manufacturing methods for . photovoltaic solar
energy utilization systems consist, in complete generality;
of a,sequence of individual processes: This-process séquence~
has been, for convenience, logically segmented into five
major "work-areas": -Reduction and purification éf the semi-
conductor material, sheet or film .generation, device geneia-..-
tion, module assembly and encapsUlatibh,‘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 ceftain.requiged modifica-.
tions 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 methdds- for each individual ‘pro-
cess are identified as proces "options". -This:systém 6f,pro—
cesses and options forms a- two-dimensional array, -whiéh ié“'i
here called the "process matrix". :

‘In the search to achieve improved process -sequences for:
pfoducing‘silicon solar cell modules, numerous options havé'
been proposed and/or déveloped;.and will still be proposed
and developed in the future. It isha near necessity to-be-
able to evaluate such proposals for .the technical merits .-
relative to other:known approaches, for their economic benefits;
and for other techno-economic attributes such: as energy cons-
sumption, generation and disposal of waste by-products, etc.
Such evaluations have to be .as objective as possible in light -

of the available information, or the lack thereof, and have.
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to be periodically updated as development progresses and

new information becomes amﬁjabke. Since eacn individual
process option has to fit into a process sequence, technical
interfaces between consecutive orocesses must be compatible.'v
This places emphasis on the epecifications for tne-work-in—
process entering into and emanating(from e-particular prooess
option.' . B | |

The objective of this project is to accumulate the necessary
information as input for such evaluations, to develop appropriate
methodologies for the perforﬁenee of such techno-economic
analyses, end to perform such evaluations at various levels.f
The first application of thiékdeveiopiné methodology was
made to tne Czochralski's crystal pulling process._

Previously, the reduction of quartiite to metallurgical
grade silicon was exemined,-end comparative evaluetions:of |
competing Czocnralski techni@ues for growing single crystal,
cylindrical ingots, end of slicing proceSSes to produce
single crystal, silicon wafers were perfromed.. The next "work area"
for producing solar arrays is the fabricetion of the silicon |
‘wafers to solar cells. This process involves.many'steps with
one of them being front junction formation. One of the major
current .junction forming processes, gaseous diffusion, was
examined. In addition, future proposals,whion include modi-
fying gaseous diffueion and using ion'implantation,kto decrease
the cost of junction formation, in order toimeet future
LSA-JPL price. goals, were studied. |

As with onr crystal érowing and slicing studies the

evaluations were started with the current methods of'gaseous'




diffusion, and ion implantation for which a large amount of
the needed‘information is available. Nevertheless, substan-
tial gaps or uncertainties were found in important information

required for both technlcal and economical evaluation of the

currently practlced processes. In proceedlng to the evaluatlon

ot

P

of processes which are still in the developmental or . zven con-

ceptual stage, tne gaps.in’needed infOrmatlon become very
larée; in tnese cases, it is necessary to fill the‘gaps
more extenslvely with estimates based on extrapolations or
‘analogies. Such estimates always leave some‘doubt on the
accuracy of the evaluations, and itAwill be necessary'to also}
make "probable error" estimates to reduce decislon‘mlstakes
based on early evaluations; Nevertheless, collecting the in—v
formation and carrylng our evaluatlons at the earllest possible
time provides not only a planning tool but also aids in
uncoverlng the deciding attributes about whlch 1nformat10n
ought to be obtained at an early stage of the development
process. |

Fof the gaseous diffnsion process, we have tabulated
production experience data from Spectrolab (1) and pro-

Jectlons made by Motorola(z) and RCA. (3) In our studles of

of ion 1mplantat10n of PN junctlons experlmental data from

(4)

Spire using a modlfled Varlan Extrlon machine along with

materlal, labor, and capital pro;ectlons madz by Lockheed (5)

(6) (4)

Motorola, and Spire for their proposed machines were

examined.



A. Principals and Application of Ion Implantation

Ion implaptation is a method for introducing dopant
material below the semiconductor surface to form PN or
high/lowvjupctions. In the'common type of ion implantation
machine{ the sourceﬁ@terial,usually é chemicgl compound
éontaining the dopant, is broken down and ionized under
electron bombardment in the ionization chamber, the ions
are exiracted from this chamberlby an'electric field and -
further accelerated and collimated, purified using a mass
spactrometer, and‘then scanned either electrically,
magnetically,or mechanically_while impinging on the semi-
qonduc?gr wafer to be impianted. The top portion of '
Figure.i shows.a schematic presentation of such an ion -
implanter_with a magnetic analyzer. In simpler machines,
as shown in the bottom part of Figure 1, functions such
as beam éollimation, mass analysis, or scanning may be omitted.

In the machine shown in the tdp part of Figurg 1, the
source material can be ionized in a number of ways,
the principal ones of which are: heating and electron.
bombardment of ;he source material from a high temperature
emitter, called the"hot cathode source”; electron dis-
charge from a low work function emitter, such as barium,
uncder the influepce of a strong electric field, info
the vaéo;ized.sqgrce material'to form a,éiasma (cold
cathode source); or by microwave discharge{ In any of
the mentiéned sources, a magnetic field éan ﬁe applied.

to concentrate the plasma density and increase the
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gfficiéncy of ionization. This will also result,
though, in lower source lifetime and a larger energy
spread of the ions.

Three principal tYpes of hot.cathode ion sources
are used in the.implanters mentioned in this report.
In all, the current density from a metal surface at
temperature T with a work function of @ is principally

described by:

= AT?e-éé/kT‘. (2.1)

Je

‘However, at adequately‘high emission rates, the current
density je is usualiy reduced below the value given by .

Eq. (2.1) because of space-charge effects, in which ﬁhe

rmutual repulsién of the electrons crowding the space near

the fiiamentlinhibitS‘further emission. The e}ectrbn density

then becomes{

2/3 :

J
e 9ma’ (m/2e)1/2

.wheré V is the’'voltage between the cathodé and anode, d is the
thickness of the'éiectfon sheath and m/e is the electron's mass
to charge ratio. vThé-production of positive ions in the source
chamber ténds to neutralize this "electron cloud" and reauce
the space charge effects. The cathode current thus- increases
in the presence of positive ions.

In the "Freeman source", the heated wire cathode has its
terminals on opposite sides of the "eitraction gap" through
which the ions leave. 1In the "Chavet ‘source", the filament wire

is looped so that its electrodes are on the same side of.




the extraction éap. The Chavet filament configuration was
designed to inc;éase the filament's}lifetime by decreasing.’
its exposure to the back-streaming ions and thus reduce the
sputtering caused by them. .Anotherthermipnicsource is the
hollow cathode in whicp the interior of a cylindrical

cavity is coated with a low work function material, such as
bariuh oxide. Upon introduction of the-vaporized source
material, an arc discharge takes place between tﬁe!;athode

and anode so that the source material is ionized. As a result
of applied high voltége, the ions are extracted through

a hole in the_éathode. Vaporized atoms also pass through this
aperture. They arevsubsequently iqnizéd by the accelerated
-electrons. ‘OneACOnfiguration of a cold cathdde'source knowp.
as the "Penning source”; has an anode that is also cylindri-
cal in shabe with the end plates forming the cathode. 1In
éddition, a magnetic field is applied parallel to the cylindri-
cal axi; of the "Penning source" to force electrons from the
cathode to form helical trajectories, thus increasing their’
path length and ehhancing the ionization efficiency. .

After the ion beam is extracted from the source chamber,
it is accelérated through a potential drop. For small
acceleration energies ﬁ<30-keV), a single gap electrode
céuld be used. The accelerated ion beam is then subjected
to a magnétic field for mass separation. A singly chargéd
ion of atomic mass M (AMU's) moving through a magnetic field.

with strength B (in gauss) will be deflected into a circular




path with the radius of curvature equal to

R = 243:93 (yy)1/2 on, | (2.3)

where V is the acceleration voltage. The dispersion between

ions of two different masses is. .

AM B
= i . 2-4
DM ¥ R cm ( )

In order to achieve gaod mass resolution, power oupplies
- to the acceleration and magnet regions must have stabilities

of 1 part in 10,000.

To form the junction, the analyzed beam is then
scanned, with one of the tgchniques mentioned preQiously,_
on the silicon substrate. Overscanning is neceésary be- -
cause of the -tails in the Gaussion distribution of the
ion concentration in the beam.

Junction formation using ion implantation offers
several potential advanfages over the diffusion process. It is
a dry, vécuum précess, thus avoiding poten;ialvcon-
tamination from impurities contained in spin-on or gaseous
vehicles for the dopants used in some varieties of the
diffusion process. Where selective introduction of the
dopant is wanted, this may be accompliéhed without application
of masking and subsequent stripping, and without back-surface
etching because of double-sided impurity penetrations.
Thus, ion implantation can involve fewer handling or
transferring operations than the diffusion process, and

consequently can result in labor savings and increased



yields. However, ion implantation requires an annéaling

step, whicﬁ will be further discussed later on. It has

been suggested(S) té use ion implantation as an integral
part of a total_vacuum process sequence for fabricating
solar-cells after wafer or sheet géneration. Such a sequence,
although high in capital costs, could result in labor savings.
and high yields.

The charge on the dopant ions allows for mass-spectro-
scopic separation using magnetic fields, and for accurate
measurement of tﬁe ion flux entering the dépbsition region,
as long as neutral and doubly charged particles are handled
ﬁorrectly. The ion beam currents can be readily measured
by placing a Faraday cup in the beam's path, but this requires
a preceding calibration £o determine the fraction of uncharged
and doubly charged ions. The mass analysis and ion current
measurement features of the ion.implantation process can pro-
vide better control over the quantity and quality of the
dopant than other processes, and can therefore be applied
to obtain bgtter process un%formity and repeatability. Dose
uniformities of + 5% (20) are achievable(S).

Since ion implantation can pe performed at or near
_room temperature; low energy implantations can result in
original dopant penetration- of léSs than 1002, shallower
than can be achieved in most high temperature source deposition
steps in the diffusion process.

Updn_entering the substfate,‘the‘dominant iﬁteractions

of the ion are with the electrons of the lattice, which

slow the ion down thrpugh kinetic energy transfer. After




this initial slow—down to-sufficiently-lowAenergies, i.e.,
ion velecity Iess than Ziez/ﬁ, collisions of the ion take
place with the nuclei which completely stop the ion. In
most cases, the stopped ion rests interstially in the
cryetal lattice. The largest impurity concentration is
thus found at a penetfation distance, "xp“, from the
surface. As a first approximation in the region where
nuclear collisions dominate,lthe penetration depth is
proportlonal to the square root of the ion beam energy.'

This penetratlon depth is descrlbed by:

2/3.
Si ) MI + MSi

= - . 2.
x | EI(R). (2.5)

0.7 (zIZ/3 + gz

EI is the energy of the ion beam in eV, Z and M refer to
the atomic humber and atomic weight, respectively, while
the subscripts I and si refer to the ion and to Si, re-
spectively. The concentration varies from‘the penetratien
distance approximately according to a Gaussian distfibution

and the impurity distribution can be described by the

empirical relationship;

- el 2 2 (2.06)
C(x) Cp exp (-(x xp) /2 R ).

C_p is the concentration at the penetration distance, and

N is called the standard deviation of the concentration
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function, or the distance from xp at which the concentra-
tion is equal to Cp//e.. The peak concentration depends

upon the ion beam current (i) and the implantation time (t)

or
Cp = —— cm . ; (2.7)

The.unit of i is mA, that of t is seconds, and Oq is
is givén in pm.
The penetration distance can be calculated from

electron and nuclear ionic collisions only if "channeling"
doeé not occur. Chanhelind is the name given to the con-
siderably enhanced penetration distance of ions which are
aligned in low index crystallographic directions; and
therefore.travel parallel to and in between high atomic dénsity
crystallbianes. Since ions travelling this pathaexperience
relatively fewer collisions with gilicon atoms, they can travel
further into the silicon. To avoid channeling, the beam must
be oriented at a slight angle (~7°) from the orientation of
the low index crystallographic axes. This increases the
apparent distribution of atoms in the crystél plane
normal to the ion beam's path, and thus inéreases the.proé
bability of ion—nucleu? coliisions.

The implantation proéess results in the disblacémenf‘of
the silicon atoms from their normal lattice sites by the io;
'collisions; thus creating "vacancies" and "infgrsti%ialé",

i

The implanted impurity atoms, predominately located at intersii-

v
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tial sites, and are not electrically active. Thus few
impurity atoms which téke up substitutional positions,~
£end to compensate the originally present impurity atoms
of opposite dopant type, and thus to shift the Fermi
level of the silicon towards the center of the energy gap.
Annealing of the ion implanted wafers is thus required
both to reduce the mentioned crystal structure damage re-
sulting from the implantation process, some of which is
electrically active (recombination and trapping centers),
and to electrically "activate" the dopant impurity by
‘moving its implanted atoms from interstitial to substitu-
tional sites.

Even though thermal anneéling broadens the impurity
profile as far or more than obtained by use of relatively
low temperature, short time diffusion as used for solar
cell production, it is the only anneaiing process reported
so far that produces ion implanted cells with efficiencies
equivalent to those prepared using diffusion. A thermal
annealing cycle of lh at 450°C and 0.5h at 850°C has been
found to result in perforﬁance—wise competitive silicon
"solar cells.(lO) This, in part, negates the potential
advantage of ion implantation, which exists in being ablev
to control the dopant profile at will by changing the
implantation energy and dosage together. Such "designed
profiles" could lead to higher efficiency solar cells.
Electron and laser beam annealing have therefore been and
are being investigated because Qé'this as well as several other
anticipated advantaées. These have, however, sé far nof

been realized, and cells with efficiencies comparable to

12



those obtained by the oven annealing process have so

far not been reported. If a suitable aﬁhealing pfocess
could be found that would limit the junction mbveméht of
ion implanted cells and simultaneously provide good
impurity activation and healing of implantation-induced
crystal damége, so that ion f%planted solar cells might
attain.higher efficiencies than cells prepared by diffu-
sion processes, then ion implantation would become a most
interésting process option, even at a possibly somewhat
higher process cost‘than diffusion;

With an efficiency advantage of the ion implanted
solar cells not-yet achieved over the diffuéion produced:
cells, the potenﬁial applica£ion of ion implantation, as
part of a LsA solar cell sequence wiil be primarily deter-
mined by thé degree of cost reductions that can ultimately
be attained. Currently, the high capital costs, the low
reliability, and the low throughput rate of ion implanta-
tion machines, make junctién formation with them too costly
to be used for large scale solar cell production.' Large
coSt'reductions are, however, expected to be accomplished
in the future (1986) by several approaches. Approaches
to this end include the intrqduction of large throuéhput
machines with high current, hot cathode ion beam sources
incorporating an aﬁalyzer and more automated operation
through computer control(7), and the development of ion
implanters with unanalyzed or roughly analyzed ion beams(6’ll)

using hollow cathode sources. Some current and future

13




applications of ion .implantation are listed in' Table.I
along with the conditions coﬁﬁihgent'fo the two potential

. advantages of lower cost and higher efficiency.
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EVALUATION OF .IOH IFPLANTATION
FOR LSA .PRODUCTION

o s ~ PRINCIPAL
APPLICATION ~ STATUS. - ALTERNATE PROCESSES

pn JUNCTION FORMATION  PROVEN: PERFORMANCE ~ DIFFUSION
- CEQUAL DIFE'D JCTN.  CVD/ EPI

BSF OR.BACK HI/LO JCTN. CONCEPTUAL THICK FILM/ALLOYING ;
DIFFUSION; cvn/ EPI

FSF OR FRONT HI/LO JCTN EFFECTIVENESS NOT DIFUSSION

| ~ YET PROVEN - Cvb/epr
CONTACT METALLIZATION  CONCEPTUAL THICK FILM
R | ELECTROLESS PLATING
~ VACUUM EVAPOR’N -
SPUTTERING

ION IMPLAKTATION FOR pn-JUNCTION FORMATION

CONCEIVED | | o
ADVANTAGES ~ CONDITIONS - STATUS
LOWER COST * LIKELY ONLY IN SEQUENCE - TECHNOLOGY ADVANCEMENTS
WITH OTHER VACUUM PRO- . REQUIRED, - = .

, CESSES | -
HIGHER CELL PER-  DEPENDS ON SUPERIOR STILL TO BE DEMON-
FORMANCE THAN ~ IMPURITY PROFILE,  STRATED - ’
ACHIEVABLE BY FEWER CRYSTAL DEFECTS -

ALTERNATE PRO-
CESSES




B. " Appraisal of Present-day’ Ion Implanters

Ion implantetion is currently used in semi-conductor
industry production activities for implanting,in solid state,
dev1ces 1mpur1t1es of low dosage ‘and relatively deep penetra—
tion (hlgh energY) ln order to gather 1nformatlon on the cur—
rent state of prodpctlon line ion 1mplantatlon, we visited,
"among‘others,-RCA-Somervillé, where a Varian—Extriqn 200-1000-
ion implanter is used for integrated circuit manufacture, as
well‘as for solar cell(lz)fabrication in pilot oﬁerations.
Implantations are“routinely perferméd at beam currents rang-
'ing from 0.1 pA to 1.5 mA, at voltages up to 100 kV, alternating—
ly with P+, B+ and As+ ions, in a 24 hour-a-day schedule of
5 to 7 days-a-Week; |

' The Varian-Extrion 200-1000 ion implanter is available with
a semi-automatic cassette wafer feeding mechanism that allows
continuous processing, increasing its output rate to 300, 7.62~-cm
round wafers per hour. In order to achieve this output rate,
‘the .ion implanter also has to be modified to operate in a high
current (4 mAL 1owuvoltage (<25 keV) mode. These options are
included in a Varion-Extrion 200-1000 implanter in operation at
Spire}Z) Addirional options provide an off—axis beam tilt
to minimize channeling. To achieve dose uniformity and avoié
shadowing from a tilted beam on a texture-etched surface,
the wafer is rotated about its axis at 1 rev/sec.

| The cost of such a machine is approximately $315,000 and

it requires one full-time operator. To achieve acceptable

16




machine operation,.the RCA personnel have found it neécessary '
to have a skilled technician stationed within ﬁhe immediate vi-
cinity .of their ion implanter at all times, and to make adjust-
ments in the machine opera£ing parameters quasi-continuously.

They believe.that computer controlled functions, similar to

those proposed by Spire‘7?

. in their! ion implanter desiquA
could considerably reduce the need for continuous skilled
attendance. They mentioned, however, that designing adequate
computer controls. might be difficult since, so far, adéquate
sensing of the status of all parts of the machine and of.the y
parameters affecting its operation does nét exist. - Thus,
correctly operatiﬁg_the ion implanter is still more of an art
than a science and requires. the adjustment of many functionally
interrelated controls. Similar statements were variously
heard, summarized by Varian-Extrion personnel in the.remark .that
successful machiﬁe operation_depénds very heavily on thé operator,
and that wide variations are experienced among the various users.
RCA personnel has found that leakage from the high voltage.
machine elements, .in part -due to, condensed source material,
tends to interfere with thessen;itive dose rate measurements‘qqd
the machine control. Other problems resilted from persistent
leakage of cooling fluidehich could be redqcedrby the use.of.;
freon in lieu of the more common'deiqnized water, qlbgitwat
significantly higher costs for the make-up fluid.

One of the major problems mentionedatRCA and. elsewhere, .
is the déposition on many parts of_the‘machine'of.atoms,of the
implanted species as well as of material‘sputte:ed off the

various parts of the source. Arsenic is especially troublesome

17




-

in this respect because of its relatively low vapor pressure
compared to other implanted species. This deposition occasion-
ally results in electrical malfunctions, such as shorting of
‘insuletors and arcing, thch occasionally has led to power
supply or logic board damage. The machine, therefore, reguires
frequent thorough cleaning of the affec;ed regions. Phosphorus
also condenses on -the machine's interior, and we have heard
of short,phosphorous‘fires upon opening the machine.

‘Much of the unscheduled maintenance is performed’ under
service contracts. RCAvpersonnel'mentioned that such a
service contract with Varian-ExtriOn_heS'an annual cost of $13,000.
This confractvprovides the so-far extensive on—location servicing
by Varian-Extrion personnel and replacemen£ of failed parts,
frequently c@rcuit beards. RCA personnel estimates that about
two~thirds of -this money cevers:time and expenses of the serviee
personnel,4anq the remainder replacement parts} RCA has re-
cently introduced regular scheduled maintenance of their Varian-
Extrion 200;1000 "high current" implanter for which 4 hours per:
week are allodated."During these maintenance periode, the
machine interior is cleaned, filaments, if needed, are feplaced,

vacuum pump oils are changed, the machine inspected, and poten-

tially unreliable parts identified and replaced. Since this
institution of preventive maintenance, the previously frequent
machine breakdowns have decreased to a tolerable level. At RCA,
the experienced filament lifetime, as plotted on Figure 2;A

is in the 60 to 120 h range for an eVerage ion beam current of
arcund 0.75 mA, althoﬁgh ﬁucﬁeiﬁpiahtating'is done with a 1 mA -

beam current.(12>
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Because of the relatively frequent machine breakdowns

of ion implanters, RCA's personnel have found it neceésary

to keep an extensive spare parts inventory, so that bad or

suspicious parts can be replaced with minimal machine down ﬁime,

in order to maintain production schedules and to reduce the:

impact on opératiﬁg costs which are heavily\inf;ﬁenced by the .

high cost of the équipment. | |

An ion implanter has been in operqtion at;

Western Eléétric since 1974 in a'production line; high throuéh—
put mode. This implanter, called the PR-30, has~an‘out§ut 

rate of 450, 7.62-cm diameter wafers/h at a dosage of

lxlO15 ions/cmzflj) The machine can accomodate either a. hot
cathode, F;eeman-type soufce,{or a cold cathode (Penning)
source. It operates in a low voltage (30keV) mode. 1In ;he
' case of,the cold ‘cathode source, a phosphorgé'current of
(14)/'£g;\%afers

/ e

(7.62~cm diameter) are placed on a disk, 30 at attimgi/,The

disk is mounted horizontally in the ion imglgg;gr‘ffAfter pump

"5 mA is obtained, with a source lifetime of 40 h.

-~

down to 10 5 torr(bwhich takes‘ébproximately_B minutes, the
disk is rofatea ét 900 rpm while the underside of the wafers is
exposed to the fi#ed ion beam. The total time of ‘each run iﬁ'
approximately 4 min.' :

The PR-30 is physically, a relatively smail machine. The
implantation unit, without controls, occupies . a floor area of
l.8m‘x 2.1lm. Two étandard instrument racks hdﬁse the coﬁtral
units. The PR-30 is used only +in Western Electric factorieszA

and it is not sold on the open marké,t. We k{aVe'beén given anes timated

.
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price for this machine, if it could be marketed, of less than
(15)
$300,000.
A high current (10 mA) and low voltage (10-50 keV) ion
implanter, designated NV-10, .is chrrently{being readied by
Nova Associates for introduction into the marketplace. The

machine uses a Freéman,‘hot cathode source, with an expected

lifetime of 16 h at 10 mA, The machine costs -approximately

L6 , .
$410,000. "% 1ts output rate for a 2 x 10%3

ions/cm2 dosage
of 270 waferé per hour 6f 7.62-cm diameter isylimited by the
wafer feed mechahisml‘ If a'fésﬁer feed mechanism could be in-
s;élled, thé output could be increased to 3-4 times the
present one, to téke better advantage of the machine's high beam
cﬁfrent. The wafers are mounted, 18 at a time, in a disk that
is rotated in a near vertical plane during implantation. ' The
sﬁationéry beam is approximately lcm x 2-3cm. As with the
Westefn-Elecfric implanter,'wafer rotation eliminates the need
for mégnetic or eleétridal beam scannihg. -
@n.add—on process price of $38.96/1f\2 for implanting
phosphorus with a 1-2 x lO15 ions/cm2 dose was calculated for
the‘modified Vérian—Extrion 200-1000 machine. This price
includes the cést of the silicon sheet 1ost—in4prodess. The
sheet price used applies to silicon wafers which have been
texture etched on one side. The slicing cost was taken from our

17 .
(17) of current production slicing costs - (HAMCO

previous study
ID data). The details of the pricg calculation for ion this pro-
cess are shown in a UPPC format attached in the Appendix. The
add-on process price fbr ion—implantatién using the modified

Varion-Extrion 200-1000 is low compared to other prices calculat-

ed for currently used ion implanters. For instance, the calculated
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add-on process price for the Varian-fExtrion 200-20 A machine

is $303.42/m? (4) phis high price is due to the machines's
low throughput rate as it was designed for high voltage,

low current (under 0.2 mA) operation. " Its hourly output rate
therefore is only 10 cells of 12-cm diameter.

It should be noted £h§t the given add—on price calculation
for.the modified Varian-Extrion 200-1000 implanter is based on
experimental, not production line data. Therefore, this value
does not reflect the breakdown or maintenance problems ex-
perienéed by ion implanters in production operations. However,
reliable detail daté are ﬁot yet available fér the cost
éomponents of regular pfoduction ion implantation, since
this process was only rather recently inﬁroauced as a productibn
process. Still, if such data woula be available, they would
not represent the ultimately achie?able costs, after machine
and process maturity have been attaihed. While efforts are
in progress to adapt the ion implanters betfer to production
line operation byvinc;easing their throughput rate, mechanizing
their operation and improving their reliability, i£ will
be some time before the process will be a mature production

operation with similar costs experienced by the various users.

22



C. Ion Implantation and biffusion

The application of ion implantation for PN or high/
,lowfjunction formation.in process sequences for future
large scale.LSA manufacture depends on the fulfillment of
either of twoAconditions: .1.) its costseare equal to
or lower than those for PN junction formation using diffu-
sion or higﬁ/low junction formation using alloying or .
diffusion, possibly in combination with each other or
with other process steps; or 2.) the performance of the
solar cells fabricated by ‘use.of ion implantatioh is ade-s
guately higher than those.prepared by other processes
and is acequately higher to justify a higher price.

As diffusion-is a major competitive' process, we have
examined‘the attributes and costs of present and projected
future diffusion processes. In their current production
operation, Spectrolab uses open-tube diffusion of phosphine
diluted heav1ly in hydrogen to form a PN junction. 'Thanks
to the data supplled generously by R. Oliver and E.L. Ralph

(1)

of Spectrolab, we have been able’ to ‘make a'detailed

analysis of the prese;t'diffusion process as a baseline
case, the resclts of which are contaihed in

a UPPC format attached to the Appendix. The diffusion
process takes approx1mately 35 mlnutes for a'run contalnlng
75 wafers of 7.62—cm diameter. We have observed that the
process as performed by Spectrolab is very labor intensive.

'The reason is that only two diffusion furnaces are needed

to handle the entire production, but one operator is needed
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to attend the'piocess. Thus,ithis overator devotes most

of his/her time to manually loaaing and unloading wafers
onto and from the quartz diffusion boat, which could be
done mechanically. If one assumes automatic‘wafer feeding,
the operator's time could easily be reduced to 10 minutes
per run, and the procéssing add-on price wéuld be re-
duced tonapproximately $_9.50/m2 from the present vélue

of $12.74/m® (SAMICS methodology) .

Another significant cost contributor, and one fhat‘
has been-ignored in most projections{fbr futufe diffu-
sion processes, is 'that for cleaning the qﬁartz;fu;nace

| 1,0

solution, as often as twice a day. Frequent guartzware

tubes and boats, which is usually done with a HF-HNO

cleaning has beeﬂ fouhd instrumental to maintaining high
cell efficiéhcy, but it contributes $2.23/m2 to the
diffusion add-on price in the Spectrolab proceés. This
price contribution was célculated‘assumiqg that the
quartz cleaning operation requirés 1 h/work day of labor, gnd’
a tube cleaning tower which costs $15,000 inclu&ing installé—
tion, and which is shared between the twotfurnaCes. About half of
this cleaning cost contribution is due to equipment costs,
with the remainder, listed in decfeaéingAmagnitude,.shared
betweeéen iabor, faciiity, and material costs;

thure diffusign price projections, éuch as for
Motoro;a's phosphine (PH3)“process,(?)also detailed in & UPPC
format in the Appendix, are about a factor of four lower

than present calculated prices ($3.10/m2 compared to
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_$i2,74/m2). The Motorola process which has apprpximatelyA
the same wafer throughput rate as Spectrolab's curreht
process, is applied to 12-cm diameter wafers, rather than
7.62~cm wafers in the Spectrolab process.

The 12-cm wafers have an area that is nearly 2.5
times larger than that of the 7.62-cm wafer, acéounting
for most of the cost difference between Motoroia's and
Spectroiab's diffusion processes. The rest of the
cost difference can be attributed to the more automated
-nature of the Motorola brocess, requiring half-as-much
labor as Spectrolab requires, and the lack of inclusion,
by Motorola, fo; cleaning of the quartzware. On the
other hand, notable are Motorola's projected use of |
significantly mbre energy and direct material (phosphine)
than Spectrolab . is consuming now.

Currently, the PN junction formation process by
diffusion is hot a large cost-contributing factor in cell
processing. In application of the diffusion process, a
Separate annealing step is not required, at least not beyond
a somewhat slowed cooling rate from diffusion temperature.
A separate post-annealing step is, however, required aftef
the ion implantation process to reduce the crystél damage
resulting from implantation, and to activate the impurity
species. Therefore, the annealing cost must be included in
any cost analysis of ion implantation. Using a. Thermco
eight-tube diffusion furnace, which has an output rate of

1,000 12-cm diameter wafers/h, an add-on price of $l.l8/m2




was calculated for the annealing process step. (For

details, see the UPPC format attached in the .Appendix.)

If ion implantation is to replacé.diffusién, it may be

able to become cost competitive only as part of a more
extended‘éequencé,of vacuum processes, ' Or by'proaucing L o

cells of significantly higher performance than achievable

by the diffusion process.
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D. Technology Development for Future Ion Implantation Machines

- The realization of the 1986 cost projections for ion im-
plantation is chtingeng on several improvements in the tech-
nology of ion implqntation machines. Foerne, thg.ion,béam.
current has tbAbe increased significantly to achievé‘econol
micallyacceptablethroughput rates. Also needed to. be-. in~
creased 1is the lifetimg of the source, in terms of mAhfs}
to avoid excessive costs from changing and rebuilding the
sources, as well as machine downtime. To4reduce skillea labor
requirements, the implantef's controls should-be as automatic
as poséible. In addition,.continuous orbsemicontinuous wafer
feed, alopg with appropriate vacuum pumping mechanisms have
to be employed. Also, care has to be taken in the mass analyses
and the confrol of.large current/small Voltage ion-beams needed
for solar cell fabrication, because space charge effects make
those operations difficult. In some LSA process sequences,
ribbon material is planned to be the substrate. Since rotation
of elongated réctangulaf workpieces about tﬁeir axis is impracti-
‘cal, other procedures to achieve uniform deposition have to
be utilized in the future implanter, e.g., magnetic or mechani-
cal beam scanning. |

As mentioned previpusly, at present, PN juﬁction
formation using open tube diffusion is>a small cost contributor
to the solar cell module cost, constituting approximately 1%,(13)
A replacement process for diffu;ions in future LSA process se-

quences would require lower costs, or yield higher performing
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cells,. or offer a simplified fabrication sequence. Implanta-
tion costs are expected to be lowered dramatically by 1ncrea51ng
the ion implanter [ throughput rate from about 2 m” /h to

nearly 200 m /h. To eccomplish this, the total ion beam

~ current, flux tate of ions impinging on the silicon, is ex-
rected to be increased from 4 mA to 100 mA. If multiple eources
are used, then the ion beam current per source needs to be |
increased by a factor of 4 to 5. Increasing the beam current
will, in general, increase the implanter's output rate in |
the same ratio. Bﬁt, as shewn on Figure 3, the increase in

D, L
the machine's cost per unit beam current decreases with beam

current., In Figure 3, the experienced machine cost per unit
beam current is plotted as a functionAof the beam'current to-
. gether with an extrapolation to the futqre. 4The‘first four
open circles'reflect the costs of ion’implantation machines
that are in operation and the solid circles refleet projected

data from the listed organizations.
In addition to larger ion sources, future implanters

would have to be more reliable than current ones. The high
.capital cost of ion implaﬁters necessitates their utiliza-
tion rate to be as high as possible. Proposed future machines
(Lockheed, RCA, Spire) have been projected to have utiliza- .
tionhrates between 85-95% as opposed to today's 80%. For
Motorola's unanal&zed ion beam implanter, the uptime fraction
is not as significant because of its relatively low coet.

The Metorola machine is expectedito cost $85,000 as opposed
to at least $500,000 for any of the other three proposed

T

machines which eméloy analyzing magnets. One reliability
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improvement is expected frém increaéing the source lifetime
in terms of mAh's with béamlcurrént. ' However, although the
source life expectancy decreases as beaﬁ current 6utput in-
creases, .as shown.in Figure 2, the product of source current
aﬁd lifetime increases with increasing output."nTherefogg
more silicon can be processedwbétweehAfiiament changes. In
cne proposal(7) , multiple and spare sources‘are employed
so that they could bé.replacéd while the machine is operating.
As iisped,on:Téblé II, the'sddrcewlifetiﬁe (mAh) is expected
to increase in the-future by la factor of ten.

Another projected improvement is the reduced dependence
of the ion implanter'é performance on operator skill. At
preéeht a skilled operator needs to monitor the operating -
ion implanter continuously to -achieve optimum.output'rates.
These skilled labor requirements are expected to be decreased,
in future implanters, by simplifying the machine's operation,(s)
by larger batch loads,(3'5) or by using microprocessogs. (4)
It is thus hoped that fﬁtyre implanters could be opefated with

unskilled labor with skiliedlfabor called upon only occasiopally

for mechanical and electrical servicing.

Since .annealing is an integral part of the implantation

prscéss,'étudies are being conducted in the JPL-LSA pro-
gramvon én'éptimum process.(lg) Processes studied include
thermal, electron pulse, and laser annealing with only thermal
annealing yielding solar cells of comparable efficiency

to those produced from diffusion. Thermal annealing costs,

as mentioned previously are significant compared to those
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TECHQOLOCY PROBLEMS TO BE RESOLVED FOR
SUCCESSFUL LOW CObT I0N- IMPLANTATION

5-FOLD INCREASE OF BEAM CURRENT PER -SOURCE (4 mA = 20 )

10-FOLD INCREASE OF SOURCE FILAMENT LIFE (25 mAn —> 280 mAW)

REDUCED RELIANCE. ON OPERATOR INFLUENCE FOR EFFICIENT. HACHINt
PERFORMANCE | ,

REDUCED FREON LOSSES FROM COOLING SYSTEM (HIGH VOLTAGE.)

EASIER CLEANING OF SPURIOUS FMATERIAL DEPOSITED IN SYSTEM.
(DEPOSITION PROBABLY NOT AVOIDABLE.)

UNIFORM-DEPOSITION W/0 WORKPIECE ROTATION o

REDUCED CAPITAL COST (CURRENT SINGLE SOURCE, 2 mA MACHINES
CAPABLE OF 200 WAFERS/H COST ~$0.5 Mici.) o

IMPROVED ANNEALING METHODS (PULSE ANNEALING?):

REDUCED EHERGY CONSUMPTION,

ALTERNATE TECHNOLOGIES:

COLD CATPODE SOLID SOURCES (SIMPLER SYSTEM., BUT: FASTER SOURCE
' EROSION7 MORE SPURIOUS DEPOSITION
IN SYSTEM THAN FROM GASEOUS SOURCES?)

OMISSION OF ANALYZINr MAGNET (CAPITAL COST AND ENERGY SAVINGS,
BUT: IMPURITY PROFILE ACCEPTABLE?
SPURIOUS IMPURITIES CONTROLLABLE?)

~ Table II
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for future ‘ion imélantation proceésés. -Also thermal annealing
decreases theVPOténtial efficiency of ion implanted cells.
The shallow implanted PN junction depth that can be‘obtained
from‘implantinglwith low energy ioﬁs has the potehtial.
of yielding better performing cells than those_from the dif-
fusion pchéss, because of greater'UVfresponse.’ However,
theitﬂermal anneal cycle broadéns the shéllbw implanted B
junctions depth, making it cqmparable to that obtainedv
using gaéeoué diéfusion; | .

For an effecﬁivé use of the ion implantatioh'prOCeés,"
an extended, automated, vacuum; produétién geqﬁeﬁce has begn
proposed by Spire. For_this sequénce ﬁo'be practical; the
annealing‘process has to be’péfforﬁed in a short time iﬁterval.
Since conveyor belt, in the Spire sequénce, moves ét a rate
of 30 cm/sec, a thefmal annealing cycle of ohly S'miﬁutes
would require an effective furnace lengﬁh of 90 ﬁ; Electron
or laser beam annealing wéuld be compatible with a rapid
production line, since they can be performed in fractions

,20) ' '
(19 ) However, solar cells annealed with either of

of seconds.
" these two techniques show a decreased berformance. A summary
of sdmé other technical problems that need to be solved for
the successful implementation of ion'implantétidﬂ for future
4§Qlar cell hanufacturing processes is listed in Table IT.
These problems include uniform deposition of ribbon-shaped
wafers, more effective coolant usage and convenient rémoval
of deposited source material.

The importance of beam current size to implantation output

1s shown by the expression for the unit area ion implantation time:
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. ) r~ . :
19 (a-sec/ioé] . Eon flux (ions/cm{]‘.

ﬁ.soz x 10
. 2
sec/cm

Ion beam (amps)

(2.8)

The proportionalityAqonstant, k, is € 1 and depends on the
deéree of overscan and. the beam utilization. Therefore,
as a fiést_approximation, the thrbughput rate of an ion
implanter is proportionél to its beam current. Because the
implantapion_process is capital intensive, lowering the machine
cost per unit beam_éurrent will lower the implantation,cost:
in about. the same ratio. As can be observed in Figure 3,
the machine costs normalized to their beam current are ex-
peéted to decrease approximately proportionally with increased
beam current. For future ion implanters, a large capital cost
decrease per unit of output is anticipated by increasing the
beam current without proportional increases in machine costs. . .

There are several approaches for increasing the ion
beam current. One apéroach, proposed by Spire, is. to increase,
the size and number of the hot cathode sources to 20 mA. and
7)

10, respectively. The source current lifetime is increased by

changing f;bm a Freeman to a Chavet type filament. Higher
currents are tolerablé in the latter source, because the
Chavet filament is looped and therefore is not as he;Vi1Y»,
degraded by the back ion bombardment. Although source’ -
lifetime does deq;ease with increasing currents, as shown .

in Figure 2, this decrease is less than the increase .in- .

current.-, In another approach, a hollow cathode source, similar

©33




(6) This

to that used in ion beam thrusters, is proposed.
source;is expected to yield évcur:enﬁvof 100 mA, b;t be-

cause of the non-collimated; lérge crossecticn nature of the
beam it cannot beAmass-analyzéd. Inlaﬁ ion impiénter proposed“
by RCA, two 10 mA ion beams are used simultaheously. One

is used to implant the front of the wafer with phdsphorus.

at a 1 x 1015 cm-_.2 dosage while' the other impladts boron with

14 -2 (3)
cm .

a dose of 5 x 10 " The Lockheed proposal has one

10 mA beam that can process about one 7.62-cm diameter4wafer/sec—
ond. (5) " The wafers are loaded and unloaded to and from
4 éide chambers which surround the central implant chamber.

In the proposed Spire machine, 7 of the 10 sources are
operated simulténeously'with six running at a current of
16 mA, and the seventh at 4 mA. The ion beam from each source
passes through a collimator with a slit geometry of 2 x 75 mm
to provide mass analysis. The larger six sources are broken’
into two sets with an analyziﬁg'magnet for each set; Three
. ion beams strike the moving silicon wafers at +15° to the normal"
-and'three at -159. The wafers are transported on 20x20 cm carriers
on a belt moving ét a rate of '30 cm/sec. TheAseventh and
smaller .ion beam is used for a final dose control. The three
remaining sources are used asjspares. As plotted in Figure 2,
" it is expected, by Spire,‘that—fhe average source lifetime
.can.be increased to 24h,.or.approximately 400 mAh. This
would mean, on average, a source replacement every 4 h with
each replacement requiring 10-15 min. labor. A- "dead" source
is expected to be'ready for replacement within 24 h. The'.

implantation energy is designed to be 10 keV, dose uniformity

to be + 10%, and analysis to + 0.5 AMU. 1In order not to

-

34




enhance the space charge effect of the large beams, electric
fields\after the extréction gap are avoided in the Spire machihe
design. The scanning deflector, shown in Fig. l,vis |
operated.magneﬁicaily. h |

The narrow width of the 16 mA ion beams'makes them analy-
able since the radius of qurvature_of the ion beams éaused
by the magnetic field can be made larger than the beam's

width. The radius of curvature is given by:
r= ("e) x V/B | (2.9)

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

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

If a linear.magnetic'field is assumed, then the deflection

angle is sin” 1 K%/m) X (B/v) q,where % is the length of the

magnet. As seen in the top drawing of Figure ;, therefore,

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

the ion path placed ﬁ;eceding the beam selects the desired ion.
A large, transiént temperature increase (~800°C) can

cause considerable stress in the silicon Qafer,uand make sub-

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

sity J, of a 10 keVv ion'béam at a density of 1 x 10'15 iqns/cmz)
is 1.602 j/cmz. ‘'With the proposed output of the Spire implanter
of 180 m2/h, the implantation time is 0.002 sec/cmz. The

temperature rise of implanted wafers is given by,
e 1/2 o , . : :
AT = J/Cpp(2D tp) ¢, (2.10)
R L e s ., 0 2
where Cp is tpg spe§1f1c heat of 51}1con (0.71 ]/gQC)( b at BT{

35




and p ;s the silicon density (2.34 g/cm3),_ D is known asvthe
heap diffusivity which is’equal to k/Cp;L.whe;e k is the thermal
. conductivity Qf silicon (1.47 j/sec-cm °c).r23’ The expression
/55?;— is the thermal diffusion length and cannot exceed
the wafer's thigkness. Equation 2.10 is valid when thg im-
planted junction depth is small compared to /Eﬁfgf or the’
thickness of wafer. This condition. is satisfied for NP
solar cell NP junction formation. The junct;qn depth is normally
approximately 0.2 pym and the implantation time is sufficiently
‘long to make the diffusion length several hundred microns.
For impianting a 200 ym thick wafer, with the porposed Spire
machine, the temperature increase over the environment is ex-
pected to be 48°C.

;n Motorqla's ppoposa;, SQOWD in -the bot;qm dfawing of‘,
Figure 1, a large ion. current beam (100 mA) is obtained from
a hol}ow—cathode~soufce derived from ion thruster ﬁechnologyf_
Ion thrusters, using ionigation of.mercury,.have_very lqrge
beam currents (several amps), and lifetimes of phousaﬁds of
hours. It is thought not to be difficult'to modifylﬁhg
thruster to ionize phosphorus or other suitable dopants,(ll?
However, the ion thruster beam can not be masg—analyzed
‘because of its circular cross-section and large diameter.
‘The dispersion caused by a magnetic field would be less than
the beam's diameter. 1In addition, the energy spread of ions
emitted from a ion thruster'type source hinders good'mégnetiq:
separation, since the curvature radius of jions under the influ-
'énce of a magnetic field is airectly pfdportionai to its

.. velocity. The effect on. solar cell efficiency of implanting
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with an unanalyzed or a "roughly" analyzed beam is not yet

(23) The

known and ipvestigations have just been initiated.
propbsed Motorola ion implanter is fairly simple in design;

the wafers are transported (pastvthe ion beam) by a belt
through differentially pumped vacuum chambers. Dose uniformity
might be a problem, because of the Gaussian distribution of

the beam's intensity and an individual wafer might be exposed
to only a selected portion of the ion beam. It takes less

than 0.75 sec. to implant a 12-cm diameter wafér with é |

2 x 10;5 cm_2 dosage of phospﬁorus.with a 100 mA beam. The

low capital cost of this impiantef, makes the Métorola pro-
posed iQn‘implanted process the lowest cost ohe studied in |
this report. betails of this cost calculaﬁion arelcontained

in a UPPC format attached to the Appendix.

In the RCA and Lo;kheed proposedumaqhines, hot cathodé-
ion sburcesvgre employed. In.the RCA-proposed machine,(3)both
the PN and’PP+ junctions are formed simultaneously by using
two separafe 10 mA beams. -One beam is used for phbsphorus.and the
otﬁer for boron. This machine can précess approximaﬁély
100 cmz/sec, and allowing time for beam scanning énd beaﬁ
loss at edges, the machiné's throughput is 2000, 7.62-cm
diameter wéfers per hour. The wafers are fransferred auto-
matically from 500 wafer cartridges to 50 wéfer Eassettes from
which they are then removed to a holder for implantation.

The high capital cost of the RCA implanter relative to its
output, makes the RCA pfocess the most expensive of the future

implantation process projections.

The Lockheed proposed machine uses a 10 mA beam, and can

implant 3000 Qafers/h (7.62-cm diameter).(s)‘ The wafers,
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-which are batch—loéded, are held in 1200 ring-shaped trays

cr carousels (50 wafers/tray) that are stacked and distributed
among;4 cylindrical 'vacuum chambefs adjacent to the iﬁplanta—
tion chamber. During the implantation process, the trays are
transferred to the central chamber where they are rotated

such tﬁat each wafer ié scanned on its underside -by the ion
beam. - This is repeated 4 timeg for each tray to assure dose
uniformity. The ion beam is kept constant at 7° to the normal
while the wafers are rotated. This eliminates the need for |
electrical or magnetic beam scanning. After ail the wafers

. in the machine have been scanned, ¥acuum in the implantat;on
system is broken and the wafer loading cylindrical chambers
are replaced. .It takes approximately 20 hours for the com-

" pletion of one run: 2 hours for loading, 16 hours for pro-
cessipg, and 2 hours for unloading. The Lockheed process
eﬁploys phosphorous pentaflouride,(PF5) as the“sourée gas,
instead of PH3 or P. Phoéphorous pentaflouride is very
expensive and isfa large cost contributor (about 16%) to

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

to the Appendix.
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E; Junction Formation Cost Structures

The costs of present and future junction formation pro-
cesses, BrOken up'into £heir’material, labor, capital, over-
head, and return-on-equity components, are summarized in
Table III. The cost calculations are based on the SAMICS

(24)andiare detailed in UPPC formats attached in

.methodology
the Appendix. Also listed in Table III is the -throughput
rate, in terms of number of wafers processed per hour ‘and
their diameter. |

The cost of the wafers, which are reflected in the lost-
in-process cost, are taken - from our previous studies of

7)

~slicing processes (1 ,and the 1986 silicon and sheet value
goals listed in JPL-LSA's price allocation guidelines.(zs)ln
addition to slicing, the cost of one-sided texture etching
is included in the current and future wafer prices. The
etching is performed by applying etch stop in the form of
wax on.pne surface, texture etching witﬁ 30% NaOH at 90°C,
and removing the wax with plasma etcﬁing. The etching step
costs have been derived from informatiqh publiéhéd by
Motorola,(26)and add up to approximately $3.09/m2. The cal-
culated prepared Qafer prices are $350.98/m2 and $41.21/m2
for 1978 and 1986, respectively. 'The specific procéss for
the current wafer price is slicing 10.16~cm diameter wafers
with a HAMCO ID saw.

The first two columns of Table III refer to current

implantation and diffusion techniques, while the other columns
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III.

Technical and Economic Comparison of Present and Proposed

Junction Formation Processes

Add-on Cos*: Components (§/m?)

ORGANIZATION Varian-Extrion |Spectrolab {Motoroia |Motorola RCA Lockheed - Motorola Motorola Spire
200-1C00 WwF PH3 dif- PH3 ditf- E-step 2-side ion __—ﬁfg“ ACEtivation | Unanalyzed | High thruput
. (Spire) fusion fusion |diffusion| implanta-| Implantation | annealing]| beam im- ion implan-
e process } tion w/an- planter ter
i - N nealing
(1978) (1978) {1986) -(1986) (1986) (1986) (1986) (1986) (1936)
Throughput/rate {no.h~l/dia. (cm)) 240/7.6-cm 129/7.6-cm | 1000/12- | 1000/12- | 2000/7.6- 3,000/7.62-cm | 2000/12-cm. | 4800/12~cm | 18,000/10-~
cm cm cm cm
1. Direct Materials 0.01 0.02 0.29 2.2¢€ 0.25 0.86 - 0.03 0.07
2. 1Indirect Materials 0.75 0.19 0.20 0.25 0.69 0.68 0.03 0.07 0.02
3. Expendible tooling 2.63 0.28 0.11 0.16 0.27 0.05 0.00 . 0.06
4. Electrical Energy 0.65 0.08 0.22 0.44 0.22 0.02 0.10 0.02 0.08
5. Total Materials 4.26 0.59 0.86 3.27 1.51 1.63 0.19 0.13 0.24
(1.0526* (1.+42.+3.+4.)) : .
6. Direct Labor 4.84 4.65 0.52 1.68 0.42 0.55 0.24 0.12 0.06
7. Maintenance Labor 1.36 - 0.08 0.37 0.14 - 0.02 0.02
8. 1Indirect Labor 1.55 1.17 0.15 0.51 0.14 0.14 0.06 0.03 0.02
(0.25*(6.+ 7.))
9. Total Labor '8.19 6.12 0.78 2.72 0.73 0.73 0.32 0.18 0.1 :
(1.3158 * (6.+ 7.)) A
10. Equipment 7.42 1.15 0.17 0.79 2.45 0.99 0.08 0.05 0.36
11. Facility 0.39 .30 0.05 0.19 0.26 0.23 0.03 0.02 0.01
12, Capital {10.+ 11.) 7.81 1.45 0.22 0.9¢8 2.71 1.22 0.10 0.07 0.37
13. Overhead 0.48 0.10 0.02 0.05 0.17 0.08 0.01 0.005 0.02
14. Return-on-equity 13.27 4.12 0.77 2.96 . 4.68 2.76 0.31 0.21 0.58
15. Add-on price »f process 34.01 12.38 . 2.65 9.98 9.90 6.42 0.95 0.60 1.31
16. Yield (%) 99 M 99.9 99 - - 99.2 99.4 99.8 99.9
17. Yielded add-on process price 34.36 - 12.39 2.68. .9.98 9.90 6.47 0.95 0.60 1.31
18. Cost of silicon. lost-in-
process ‘ 3.51 0.35 0.42 1.78 0.84 0.32 0.25 0.08 0.04
19. Add-on price 37.86 12.74 3.10 11.76 10.74 6.79 1.20 0.68 1.35




detail the’césts of proposed processes. Two multi-step se-
quences . for producing ffont and BSF cells are also shown on
Table III. The 5-step Motorola diffusion‘proces§, which
is detailed-in Table IV, consists of protecting the front
surface by spinning-on~silica, diffusion cf the BSF using
BC13,5; spin—gn silica protection of the back surface,
phosphine diffusioﬁ, and stripping of éilica from both surfaces
with a 4:i'NH4OH;HF solution. The result is a'.n'N*'PP+ wafer
wifh no’siiica coating, ready for.metallization or‘Aﬁ—coating.
The other.multi—step process consists of RCA's double-sided
ioh'implantation fbllowéd‘by thermal annealing. 'The RCA
2—s£ep.process yields wafers equivalent to Motorola;s 5-step
wet chemical'sequence. | |
- The cost components for activation annealing are included

in Table III because it is presently a necessary step after
ion implanfation tolachieve~state—of—the-art'pefforming cells.
Annealing costs are significant compared to those derived using
the ‘high thfoughput iﬁplanters propcsed by Mdtorola and Spire.

The major cost components from Table III are graphically
represented on Figure 4. 1In addition, Figure 4 includes the
cost- of RCA's proéosed gasgous diffusipn usiﬁg POC13.-This
diffusiqn process takes. approximately one hour and has an
output rate of 2,000 7.62-cm diameter wafers per hour. Addi-
‘tional details of the RCA POCl, diffusion:process are con-
 tained in a UPPC format attached to the Appendix.

The prices for the proposed.PH3 and POCl4 diffusion processes
are $3;01/m2'and $3.86/m2, respectively. These two processes
should be availabie for near term production sequences; no major

technical problems need to be solved for'their applicability.
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Table IV

Yielded Add-on Cost Components fer Motorola's 5-Step
Wet Chemical Front Junction and BSF Sequence {$/m?) .

. . 4“~ Step ! Cumulative : . _ ¢ Return-on ; Losz S§i . i
Process Step, @ - Yield {(%)] Yield (%) Materials Laber Capital ; Equity & {1985) » ﬁubtot?l E
1. Spin-on silica 99.0 25.9 - 1.06 0.50 0.28 0.72 0.43 2.99 )
(front surface) ' ' '
. .. 1 N
2. BSF diffusion 99.0 96.8 , 0.33 0.81 0.24 0.69 0.43 2.50
with BCl, =, :
K.
3. Spin-on silica - 99.0 97.8 1.04 0.49 0.28 - 0.71 0.42 2.94
RS (back surface) .
[y .
4. Phosphine ~ || 99.0 98.8 0.79 0.79 0.24 " 0.78 0.42 3.02
diffusion .
for front i
junction , -
5. Stripping of 99.8 - 99.8 0.06 0.15 0.0 | o0.05 | "0.08 ' .35
silica with 4:1 . ' . > )
NH, OH: HF ‘ N
solution
_Totals ~ - ' o 3.28 . | 2.74 1.05 2.95 1.78 11.80
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The cost decreases for the diffusion processes are about a
factor of four lower ffom current ones, and for theﬁﬁost part,
depend upon throughput increases.: - The highe: output rate
for Motorola's diffusion procéss, as compared to Spectrolab's,
is based on processing larger wafers (1l2-cm) at:the‘saﬁe
rate as smailef'ones (7.62-cm) . Th; larger area k2;48x)
_of'the 12-cm diameter wafers accounts for the higher through-
put rates of MOtoroia's process. RCA proposes to automatically
transfer Waferé frdmlcassettesfo furnace boats, ana load/
unload the boats from the furnace, to incréase output rates.
The loading and transferring machines add to the ¢apital cost
cf the RCA process, but increase output sﬁfficiently to
lower unit area costs. |

The RCA 2-sided implantation process, wﬁich is inciuded
on Figure 4 with annealing, ana the Lockheed impléntatipn
" proposal, should be ready for near-term production (1982-
1984). Both these machines have 10 mA ion beams. The RCA
implanfer actually’haé two 10 mA beams but only one is used for
the front junction formation. This beam size is only twice
as large as some machines in operation and a 10 mA machine,
the NV-10, by Nova Associates, should be introduced inﬁo ﬁhe
marketplace shortly. |

The processing costs from émploying the high current (100 ma)
machines by Motorola and Spire are the lowest ones listed
on Table III for junction formation. However, a longer time
than for the other options discussed above will be needed
‘before these machinés are suitable fér prqduction‘use, because
of larger extrapolations of ion currents and throughput |

rates. 1In addition, the Morotola 100 mA proposal has reductions
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in labor, and caéital costs because of.its greatly simpli-

fied operation. It employs an unanalyzed beam from a hollow
cathode souice, thus eliminating the need for arny acceleration,
magnetic, and scanning capabilities. The hollow cathode

source originally designed for space propulsion use in ion
thrusters, should give the high currents and lifetimes necessafy
for a low—cost, high throughput operatidn, needed. in solar cell
manufacturing.  But, the effects on cell performance by
implanting with an unanalyzed‘beam are unknown, although
investigations have recently been initiatedf23) Spire expects
their implanter to have a 100-fold increase in output rate

over current machines. This is to accomplished, for the

most part, by increasing the beam current to 100 mA, by

having a continuouély pumped, belt system, feed mechanism, and
' Sy increases in machine reliability by extensive use

of microprocessors and redundant beam sources.
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3. Conclusions

In order for the front junction formation processes
involving gaseous diffusion and ion implantation to fit into
future (1986) low--cost solar cell fabrfCationzsequences
their costs will have to decrease by factors of approximately
four and ten, respectively. At present, the phosphorqs diffu"
sion process cost is $12.74/m2 while the ion implantation
of phosphorus costs $37,86/m2. It is anticipated thaf the
future cost contribution fof‘front jﬁnction formatioﬁ would
be less than $3.20/m2.

The costs in the 1ong‘term ion implantation projections
by themselves seem significantly lower than those of the diffu-
sion processes, but adding the‘coét of the neceésary activa-
tion annealing, makes the costs comparable. For cbﬁbined front
and BSF sequences, the cost difference between a wet-
chemical process (the 5-step Motorola sequence) and an equi-
valent multi-step process employing ion implantation, is about
$1/m2. The closeness of these two projgétions makes it diffi-
cult to judge which Qould be economically advantageous in
1986. From our calculations, it would appeér that ion im-
plantation and diffusion could be competitive.

Future'junction formation processeé will have tolfit-
well into high volume proceéé sequences. Even though
cufreﬂtly, gaseous diffusion is an inexpensive step in

manufacturing solar cells, its costs havé to be feduced
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even more to fit into the future LSA framework. Cbst
reductions depend upon larger throughput ra£és to be ‘achieved
by processing larger diameter waﬁerS}'and by automafic‘wafef
transfer. Wafer transferring could be accomplished using
spgcifically designed machines, which would increase the
capital cost of gaseous diffusion. :Anothér cost réduction'for
diffusion!is'relaﬁed to quartiware (boats and tube liners)i
cleaning qsing'mild chemical etching. The cleaning is necessary
“to minimize.wafef contamination and is cufrently a significant
cost contributor to the diffusion process. The required cleaning
frequency and alternative cleaning procedﬁres should be investigated.

Ion implantation has recently been introduced into
production activities, and its state-of-the-art performance
is rapidly changing. During the last decade, ion beam current
(and consequently the throughput rate) has increased by a
factor of 1,006 - from a few microamps to, soon té-be intro-
duced 10 mA. For low-cost solar cell junction formation,
the implaﬁter's beam cdrreﬁt would have to increase by an
additional order of magnitude and its cost reduced by
approximately a factoerf 20. The feasibility of achieving
‘these goals cannot{ at this time, be assured. But certainly,
activity in this area should be continued.

If ion implantation's cost réductions could be apcomplished
through larger throughput rates and greater ﬁéliabilityL and
if a compatible annealing process could be perfected, then ion
implantation would be a strong candidate for ﬁunction formation
" in future LSA process‘sequencés.

The cost reductions required for gaseous diffusion to meet
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the‘LSA future price<goals-are ndt.és drama£ic as those

needed for ion implantation, and afeAnot as dependent on
technical development. However, éhuaies_sﬁould be continued.
in automatic wafer handling and in quartzware cleaning methods,
because these are potential add-on price reduction areas for

diffusion. - S S
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NEW TECHNOLOGY

No.newvtechnolbgy deQelopéd'dﬁring»this quarfer.{
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APPENDIX

The University of Pennsylvania Characterization
Formats for Gaseous Diffusion and Ion Implantation

Junction Formation Processes .

Note: The time units used in these formats refer to plant
‘operating hours.
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Process NO'LQLJ.ll ]_[91 11’4 Olll

University of Pennsylvania
PROCESS CHARACTERIZATION

(UPPC)

Process: Device Fabrication

. Subpro’cess} Junction Formation

Option: Ion implantation (n—layer,dhnqphonlq)

using a modified Varian-FExtrion 200-1000F)

Form 1

INDEX
'ggr_m Pages Rev. Date Remarks

1 1.} 4/9/79
2 1 to 1 1 479/79
3 1 to 1 1 .14/9/79
4 1 to 1 1 4/9/79
5 1 to 1 1 4/9/79
6 1 to 1 1 4/9/79
7 1 to 1 1 4/9/79
8 1 1 to 1 1 4/9/79
9-1 'l to 1 0 4/9/79
9-2 |} 1 to o0 - -
9-3 l to o - -
10 1 to 1 o |4/9/79
11 1 to 1 1| 4/9/79
12 1 to. 1 1 4/9/79
13-1 l to O - -
13-2 1 tol 1 4/9/79
14 1l to O - -
15 1 to 1 1 4/9/79
16 l to ¢ - -
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Form 2

) o T : Page 1 of 1
o Revision —] Date 4/9/79

Pr‘ocess No. E] v 0 ]M‘lo [1] | 0.1 Value Adcied’ $/ _ —]

Process Deﬁcriptﬂnv Ion 1mplantat10n of phosphorous, using S%Aphosphlne 1n d2 with a modlfled Varlan-

. Extrion 200-1000 1mplanter w1th cassette loader, operating at an ion beam_current of 2-4 ma, at 10 Key

Using 3" dia. wafers (45.6 cmz), a cassette load (25 wafers) is processed in average, operating time

B

of 5 min:; for a throughput rate of 1.368 m2/h. Machine utilization is 0.8 oper'g hours per calendar

hour, for an effective throughput rate of 240 wafers/calend. hour.
1. Input Specification: : .

t . . .
Name+of Item: Prepared water on sheet material as specified

. Dimensions: " 7.62-cm diameter, 240 wafers/h

Material: Solar grade silicon

Other Specifications:

Y 2
"1.1 Quantity Required: l.qgf m? /! h : Unit Cost: __3§}_m_$/ o
1.2 Input Valce: S/
1.3 Input Cost: 384.13 $/ h

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




P-ro'cess. No. m . rl I . [0 ] l]"l 0111 - : - Form 3

Page 1 of 1

‘2.1 Direct Materials:

§s

. .Revision 1 Date 4/9/79
2.1 1 Type: 5% phosphine in hydrogen - - 3 '
Specification: _ Only used when machine is operating. Consumption'rate is 3.5110"4
ft3/min; cost is $0.82/ft3 (SAMICS No. E1472D).
Quantity Requireg}; " 0.476 & / h .; Unit Cost: 0.029 S/ % sy Cost: 0.0138 $/ h
2.1 Type: 5
Spgcification: ;
Quantity Required: ‘ . ) / ; Unit Cost: $/ : ; Cost: $/
2.1 Type: _ o - 3
Specification:
Quantity Required:'. T - / ; Unit Cost: $/ 3 Cost: $/
9.1 Subtotal Direct Materials: } 0.014 = s/ h




99 .

Process No. R ,I OI l‘]-—IO l ll ' ) Form 4

Page 1 of 1

' Revision 1 Date 4/9/79
2.2 1 Type: Cooling Water .

2.2 Indirect Materials (incl. suppliesand non-energy util:}ties):

Specification: Needed continuously to cool diffusion pumps, (SAMICS No. C1128D

'_Quantit‘v Required: _ 0.48 kW ] ; Unit Cost: 0.566 s/ kWh . Cost:| 0.272 ¢/ h

2.2 2 Type: Liquid N,

Specification: Needed continuously for vacuum traps. Consumption rate is

0.096 ft3/h, Unit cost is $5.66/ft3, (SAMICS No. C1CR0D).

Quantitv Required: 2.69 .. _%/ h : Unit Cost:0.202 $/% i Cost:| 0.543 s/ h
2.2_ Type: N | .
Specification: .
N
" Quantity Required: ' / ~ ; Unit Cost: S/ ; Cost: $/

2.2 Subtotal Indirect Materials: | 0.82 s/ h




'Précess No. [_i] . |1 l. [0 'Il l"‘{o ll j

2.3 Expendable Tooling:

LS

- Revision

Form 5

Page 1 of 1

1 Dated4/9/79

. 2.31 Type: Spare parts ( e.g. tungsten{filaments: vacuum seals, pump oils).,
‘ Quantity Required: 48 min/ h § Unit Cost: 0.C€ $/ mincost:’ ?-88 $/_h
2.3 _ Type: |
Quantity Required: / Unit Cost: ____ $/_ - Cost: $/
2.3 _ Type: A
Quantity Required: / Unit Cost:.____;_sﬁ____ Cost: s/
2.3 _ Type: .
Quantity Required: / Unit Cost: ____;_$/_ Cost: $/
2.3 Subtotal Expendable Tooling: 2.88 ¢/ h
2.4 Energy
2.41 Type: _Electricity, 25 kW, (usage during non-operating time is 12.5 kW)
Quantity Required: 22.5 kW _ / min Unit Cost:.~0.031§/m Cost:[ 0,718 $/ h
2.4 _ Type: ‘
Quantity Required: Unit Cost: __ $/__ Cost: $/
A Subtotal Energy Costs: | 0.718 §/ h
{ 2.5 subtotal 2.1 to 2.4: 4.43 " ¢/ h
, 2.6 Handling Charge:5.26 % of item 2.5] 0.23 $/h
-2.7 Subtotal Materials and Supplies: 4.66 _ $/h

(2.5 + 2.6)
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Process No. |3 J.11].lo]1]-]oj1

3.1 Direct Labor:

. ,
- Revision 1

Form 6 -
Fage L of 1

Date 4/9/79

Machine operation

3.1 1 Cateéory: Semiconductor Assembler Activity:
- (SAMICS No. B3096D) - B :
Amount Required: 1 h/ 1 ; Rate: $§_ 3 gga /h; Load__36.0 %; Cost: £.296 $/ h
. . - 3 e o . . LI
3.1 2 Category:_Electronics Technician Activity: Machine adjustments
o (SAMICS No. B3736D) ‘
Amount Required: 0.1 h/ h ;> Rate: §_5.29 /h; Load_36,0 __%; Cost: .. 0.719 $/_h
3.1_3 Category: Maintenance Mechanic Activity: _Service and repair
(SAMICS No. B3704D) o
Amount Required: 0.1 h/ h- ; Rate: $ 5.67 /h; Load__36.0 %; Cost: ¢.771 S/ n
3.1 Direct Labor Subtotal: €.79 $/_h
3.2 Indirect Labor: 25% of direct ‘ .
3.2 Category: . . Activity:
1 ¥
Amount Required: h/ 3 Rate: § /h; Load %; Cost: $/ h
©3.2_ Category: Activity:
Amount Required: . h/ ; Rate: § /h; Load %; Cost: $/
3.2_" Category: . ' Activity:
Amount Required: h/. ; Rate: § /h; Load . %; Cost: s/
3.2 Indi;eqt Labor Subtotal: 11,70 $/ n

Subtotal 3.1 and 3.2

Overhead.on Labor®.26 ¢

.49 $/ h

0.47 §/ h

' Subtotal Labor
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Process No.

4.1 Equipment

4.1_1

Form 7
1 o [11-Jo 1 Page 1 of 1
) ) 'Revisiondl Date_Z/9/'E—
Type: Varian-Extrion 200-1000F ion implanter
Cost: 315,000 S$; Instéllation Cost: 2,000 $; Throughput: 1.368 m? 7h;
Plant Oper'g Time 8280 h/y; Machine Avail'ty: 80 %; Machine Qper'g Time H/y
Servicing Costs: Labor__ == h/y at_ == S/h;P;rts or Outside Service: -—- S/y
Useful Life: 7 y; Charge Rate: 21.35 7% of Cost/y; Capital Cost: 67,253v S/y 8.12 ¢/ h
.. | :
Type:
Cost: ’ $; Installation Co;t: l $; Throughput: /h;
élant Oper'g Time h/y; Machine Avail'ty:  %; Machine Oper'g Time h}y
Servicing Costéﬁ Labor h/y at $/h;Parts.or Outside Seryice: $ly
Useful Life: y; Charge Rate: ) % of Cost/y; Capital Cost: Sly s/
Type:
Cost: | $; Installat;on 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;P§rts or Outside Servic?: $/y
Useful Life: y; Charge Rate: % of Cgost/y; Capital Cost: $/y sy
4.1 Subtotal Equipment Cost: 8.12 ¢/h
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Process No. . .

4.2 Facilities:

Machine area

4.21 Type:

* 2
179.13 $/(m“-y);

Charge Rate:

Floor Area:

Revision

Form 8
Page 1 of 1
1 pate 4/9/79

9062 me__/y

GEpd GWNF GEr D NS S b TS=Ed guuid GEP Sumy G o>

Maintenance Costs:

19.51 mz; Throughput:

r

ouuy Oumy OGnay a— — ——— [ ] L 4 ly Ea v
- Energy Use: -‘ Labor: h/y at $/h
Heating /y at $/ | . Supplies: $/y
Air Cond'g /y at S/ i Outside Services: Sly
.. . / at -—— —-— — -—— a— S -_— - - a— L}
Lighting y §/ o | Total Cost: 3495 $/y }p 0.42 s/h
-—_1— e
2 .
4,.2_ Type: " Floor Area: m ; Throughput: /y
Charge Rate: S/ (m“-y); Maintenance Costs:
owwp GEb Gy Sy ~~ — o—— b L4 L4 —— -— ﬂ
’ Energy Use: lLabor: h/y at $/h
Heating /y at $/ l Supplies: $/y
“ s 1] ’ .
Air Cond’g /y at S/ L. Outside Services: Sly
L' htin / at S/ — —— e  Geeed G eI el S —— — T o
. ig g8 'y 1 Total Cost: $ly $/
2
4,2_ Type: Floor Area: m ; Throughput: ly
Charge Rate: $/(m -yl Maintenance Costs:
nergy Use 'Labor: h/y at $/h
Heating /y at s/ ‘
. I Supplies: $ly
Air Cond'g /y at S/ :
Qutside Services: Sly .
nghtlng /y at $/ - MRS GEp G GES Gy W CTED  Cwas e vl
e 1 Total Cost: S/y $/
4.2 Subtotal Tacilities: 0.422 s/h
* .
Includes energy use 4.3 Equipment and Facilities Subtotal : 8.54 $/ h
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Formi 9-1 -

Page;l of 1

. Revision 1 Date 4/9/79
Process No. [g . ‘. lii_l—_ 0 _]_~.| ' E R AVAEN
5. Salvaged Material (Work-in-process)
5.1 Quantity of Work-in-Process'l. Contained in Good Output ) ’
. Work-in-Process {per Computation Unit) 1.0835 m2 /h
5.21 Input Work-in-process 1. Not Ccntained in Good Output 9
Work-in-Process ("Amount Required" from 1.1 minus 5.1) 0.0109 m® /h
.22 Net Amount of 5.21 which is sold for Credit As-Is or :
After Applying Re-Process D . D . Ll l—r l ] ’ - /"
5.23 Credit for 5.22 at the Market Value of $/ : - S/~
5.24 Cost of Reprocessing Material of 5.22 . -
at the Average Reprocessing Cost of $/ : ‘ s/
5.25 Net Credit for 5.22 (5.23 minus 5.24): s/
5.26 ‘Material of Type 1. Lost in Process (5.21 minus 5.22) 0.0109 m? / h
5.3 ‘Cost of Work-in-Process Lost (Amount 5.26 Times Unit Cost 1.1) ﬂ 3.84 s/ h
5.4 Cost of Work-in-Process Contained in Good Output Work;-in—Process
{Amount 5.2 Times Unit Cost from 1.1)

380.29 s/ h

Salvaged Materials Summary:

e

5.8

Total Net Credits for All Salvaged Materials (5.25 + 5.67 + 5.765

74




Process No..m. IO I II—I ﬁll I

| 6. Byproducts and Wastes

6.1 Solid ,'Byproducts/Wastés ‘ ‘ -

Revision - -

“"Form‘ 10
Page 1 of 1

‘Date 4/9/79

6.1 Type (Composition): Quantity Produced: A/
' -'Physica—l ."Shape[Size: Energy Content: . kwh/
‘Denslﬁty: g/cm3; Water 'Solut;’iiit)v: _ g/l at _ | 0C: pH:
Toxicity: : Biodegradable: Other Remarks}

" Type of Disposal:_ 3

29

Input Material for: A Cost/(Credit) S/ 3 Cost: $/
6.2 Liquid Byproducts/Wastes (inorganic):
6.21° Type (Composition): From cleaning cassettes Quantity Produced: ? /
A"Density: _g/cm3; Suspended Solids: Amount : mg/1 pH:
. Toxicity: Heavy Metal Content: mg/l  Other Remarks:
- Type of Disposal:

Input Material for: Cost/(Credit) 5/ Cost s §/
Carry: S/




Form 11
Page of 1.

Process No. l3 I.ITJ . D l 1]-L0l l] Revision 1 Date 4/9/79
6.3 Liquid Byproducts/Wastes (organic) . | carry from Form 10 s/
6.3 Type (Composition): : ' Quantity Produced: /
Density: g/cm3; Toxicity: COD: rﬁg/l; BOD: mg/1
Ignition Point: c’C; Explosive Mixture in Air: % to %: Other Remarks:

Type of Disposal:

Input Material for: . Cost(Credit)‘__s/ s Cost: s/

4.4 Fumes, Gaseous Byproducts/Wastes

3 6.4_1 Type (Composition): fumes or exhuast gases Quantity Pro'duced:14004 £t /min
Energy Content (Combustion): k¥h/ ' ; Explosive flixture in Air ___ % to %.
Ignition Point: 0C; VAerosolD Precipitates in __ minutes 4 pH
Toxicity Revquires ScrqbbingD ~ Type of Scrubber:’

(enter scrubber under 4.1, 4.2, scrubber effluent under 6.1 to 6:3)

_Other remarks: Fumes composed of air, N5, H, and PH._
- : — 3

‘ Typé of Disposal: Power of fan taken from Motorola, (0.46 kW/IOOO ft3/min),

Operating Costs: 180 $/ vy : Cost: 0.02 $/h

6. Subtotal: Byproduct/Waste Disposal Cost: 0.02 $/h




. Form 12. .
Page 1 of 1

7. Process Cost Computation Y PO b Ménufactdfiﬁg Add-On Costs (sum of 2.7, 3.5; 4.3, 6.)

v9

Process' No , LOf|—10 1) T : ‘ Revision .1 Dpate 4/9/79

22,18 ¢/ h -
7.22 Other Indirect Costs: % of 7.11 .52 $/ n
(00980 150 Jog 3 iz —
7.21 Total Operating Add-on Costs of Process: 22.70 s/ h
7.22G664 % of 7.21 s/
. o ——
7.31 Total Gross Add-On Cost of Process 22.70 $/ h
7.32 Crédit‘féf_Salvaged Material (5.8) - 8/
7.33 Cost of Work-in-Process Lost (5.3) 3.84 g/ h
7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) | 26.54 ¢/ h
7.35 Cost of Input Work-in-Process Contained in Good
- Qutput Work-in-Process (5.4) 380,29 $/ n
7.36 Loading on Item 7.35 at Rate % $/
7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 406.83 $/ h

7.41 Theoretical Yield (or Conversion Rate, 1f output units of ) -~

work—in—précess do not equal input units) 1.094 m2 /11

7.42 Practical Yield A ' _ 99 %

7.43 Effective Yield (7.41 x 7.42) /

7.44 Number of Units of Good Output Work-in-Process per ) . o
Computation Urit Used up to 7.35 1.083 mz /_h .

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

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

375.65 $/m>

24.51 ¢/ m?




Process No.

.E.L1-CE]

Form 13-2

Page *'lof 1

Revision 1  Dpate 4/9/79
8.2 Alternate 2 (SAMICS Methodology):
8.21 Profit Computation: ‘
0.9274x _8.12 ¢/ h from Subtotal 4.1 = __ 7-33 ¢/ b
1.946*‘ 0.42. $/ h from Subtotal‘lo.z = 0°A82 é/ h
‘ Subtotal = 8.35 4, h
'8.22 Costs of Amortization of the One-Time Cost:
G 0,192 " 4.66 S/ h " from Subtotal 2.7. = 0.89 g/ ‘h
% 0.192x 8.96- §/ h from Subtotal 5.5 = 1.72 g/ h
0.2958x_ 8.12 -4 h from Subtotal 4.1 = .2:40 ¢, B R
2.77*;_ 0.42 S$/_h ' from Subtotal 4.2 = 1.16 s/ h ‘ '
Subtotal = 6.17 S8/ _h ;T
.8.23 'i‘ofal Net Cost of Equity (8.21 + 8.22): 14.52 s/ h
8.24:Profit and ‘Amortization of Start-up Costs per Unit of Good Output
Work-in-Process: S ’ : ‘ -
. (Divide Subtotal 8.23 by 1.083 m2 / h from 7.44)
©13.41 ¢/ m2
8.25 Price of Process (7.52 + 8.24) ) ‘37‘92 -8/ m?
8.26 ‘Price of Work-in-Process (7.51 + 8.24) , '388.06 $/ m2
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ProcessANp.' 3 1 0 f1 =t Ck 1

0.

Output Specification:

Name'ofjiém: Wafers with PN -junctions (phosphorwus

implanted)

Torm 15

Page 1 f 1

Reyision 1 Date 4/

o
%

/79

Dimensions: 7.62-cm diameter

Material: Solar grade silicon

Other Specifications:




Process No. _I_T_]_lol 2"’" Ol 2'

University of Pennsylvania .
PROCESS "CHARACTERIZATION
(UPPC) ‘
Process: Device Fabrication .

i
Subprocess: Formation of Potential Barrier
Option: Open tube n-type diffusion using

phosphine gas ($pec£rolab)

Form 1-

INDEX
Form Pages Rev. | Date Remarks
1
2 1to 1 4/79| _1/79
3 l1to 1 a/79| _1/79
4 1to 1 4779 1/79
5 1 to 1 a/79| 1779
6 1to 1 |asr9] 1779
7 1 to ;L; 4/79| 1/79
8 l1to 1 4/79 1/79 ‘
-1 1 to 1 a/791 1/79 N
9-2 | 1to L |a/79] 1/79 '
9-3 1to 0 - - '
10 1 to 31 = ]Zzg .
11 1to 1 - | “1/79
12 1to 1 |a/79] 1/79
13-1 1 to g - - ;
13-2 1 to 1 47719 | 1779
14 1 to 0 - -
15 1 to 1 4/79 | 1/79
16 1 to 0 - -

67




eocess vo. 5111, GId~ETa)

Form 2

Page 1 of 1

‘ Revision '4/72_Date 1/79

0.1 Value Added:

$/

|

Process Description: Open tube n-type diffusion using 0.05% phosphine in nitrogen.

One run contains

75 wafers, 7.62-cm dia. each. Total cycle time is 35 minutes, phosphine flows for 5-10 minutes.

Two l-tube furnaces are used, handled by 1l operator, 1.5 shift operation.

Most time is spent

manually loading and unloading diffusion boats. Calculation made on 3 shift basis.

1. Input Specification:

Name of Item: Silicon wafers, texture-etched.

89

'Dimensionsr 7.62-cm diameter

Material: - - Cz grown silicon, (100) orientation

Other Specifications:

1,1 Quantity Required:0-34203‘m2 / run’

" Note to Item 1l,3: Use price, if inpuf. prbducéd in oﬁn plaht.

Unit Cost:

351 §$/ m?

1.2 Input Value:

1.3 Input Cost:

120.05%/ run

$/




Process No. m . |'1 I . Io [ zl'l (ﬂ21

2.1 Direct Materials:

Revision 4/79

Form 3 ‘
Page 1 of 1
Date 1/79

2.1 1 Type: Phospine gas in nitrogen

-e

Specificatiori: 500 ppm of PH,

Cost of gas tank is $60 and it contains approximately 1.4 m3

Flow rate is 20 m%/min/furnace tube. 7.5 minutes/run

.
2

Quantity Required: . 150 m2 ) ___/run; Unit Cost: _42.86 §$/ m3__; Cost:
2.1 Type: : . ‘ : H
Specification: . H
%
Qpantit).' Required: ' __/____; Unit Cost: $/ ; Cost:
2.1 Type: ' - . _ 3
Specification;
H
Quantity Required: - ' _/_;_; Unit Cost: $/ __; Cost:

0.006 $/ run

$/

$/

2.1 Subtotal Direct Materials:

0.006 . s/ run




Process No. l_:s_l.rll..[old" 0 121 . ' | ) - V ‘ : '7 

2.2 Indirect Materials (incl. supplAlesand non-energy utilities): Revision 4/79 Date 1779

2.2 1 Type:_ Nitrogen gas : : . H

Specification: From liquid nitrogen (One liter of LN, yields about 500 L of

gas), Gas flow rate is 1 %/min/tube. Cost of liguid LN, is 15.66/ft3

(SAMICS C1080D),

Quantityv Required: 35 % J TN, Unit Cost: 0.0004G, £ : Cost:
2.2. 2Type: Oxygen gas
Specification:
~J g
o
Quantitv Required: Minimal T ; Unit Cost: $/ ; Cost:

2.23 Type: 1:3:5 wt. ratio of HF:HNO,:H,O

Specification: Used for cleaning the quartz ware (tube and boats),

Consumption is 2. %2/day (2 cleanings),

Quantity Required: 0.05 £ / run; Unit Cost: 1.00 §$/ & ; Cost:

[

~Page 1 of 1

Form 4

0.014 g/ run.

0.05 §/ run

2.2 Subtotal Indirect Materials:

0..064 §/ run




Process No. LJ I_J IOﬂ]..[oTﬂ | - o " . Form 5

L . . Page ] of
2.3 Expendable Tooling: - : ) i - 1

Revision 4/79 Date 1779
2.3 .1 Type: Quartz boats - reolacements for each .furnace tube

. Quantity Recuired: 7 boats /Y E Unit Cost: __50_$/boat Cost: 0.025 $/ run
2.3.2 Tybe: Furnace tubes A
Quantity Required: 2 tubes/y : Unit Cost: ido__S/&_eCo'st: 0.07 _$/ run
2.3 _ Type: )
Quantity Required: / : Unit Cost: ____ §/ _ Cost: $/
2.3 _ Type:
Quantity Required: - / : Unit Cost: ____ $/ éosc: s/
= . 2.3 Subtotal Expendable Tooling: 0.095 $/ run
2.4 Ener~gy

2.4 1l Type: Electricity, 8 kw/{:ube, 17.5 % duty cycle‘

Quantity Required: 0.817 kWh/run : Uait Cost:0.031%/kWh_Cost:| 0.026 $/ run

4 _ Type:

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

2.4 Subtotal Energy Costs: | 0.026 $/ run

’

2.5 Subtotal 2.1 to 2.4: ‘ 0.191 $/xun
‘ 2.6 Handling Charge: 5.26 % of item 2.500.01 $/ run

. P . N ' 2.7 Subtotal Materials and Supplies: 0.201 $/run
' . ' L i, - (2.5 + 2.6)




Process No. |3 J.L1J. 101 2]-10]2] : . ' : - Form 6.
. _ ST Page 1 of 1

. Revision 4/79Date 1/79

3.1 Direct Labor:

3.1__1 Category:_Semiconductorx as sembler Activity: Furnace load/unload, control, clean quartz
(SAMICS No. B3096D) '

Amount Required: 0.3 h/ _run ; Rate: § 3,89 /h; Load 36 %; Cost: . 1. .59 $/ +un
3.1 Category: : Activity: j

Amount Required: : h/ ; Rate: § /h; Load ~ %3 Sost: - » $/
3.1_ Category: : Activity:

Amount Required: h/ ; Rate: $ /h; Load %; Zost:. $/

3.1 Direct Labor Subtotal: 1.59 $/ run

3.2 Indirect Labor: Taken as 25% of direct

3.2_ Cat;agory: Activity:
Amount Required: h/ H -Rate‘. $ /h; Load %; Cost: ‘ s/
3.2:_ Category: - Activity: |
Amount Required: h/ : Rate: § /h; i,oad : %; Cost: - $/
32_ Category: Activity:
" Amount Required: h/ ; Rate: $ /h; Load %; Cost: : . $/
3.2 Indirect Labor Stubtotal: 0.40 .$/ run
3.3 Subtotal 3.1 and 3.2 : 1.99 ¢/ run
3.4 Overhead on Labor:5 26 % 0.105 $/ r'un'

‘ 3.5 Subtotal Labor 2.09 §/ _Tun




‘ 14‘. 1 Eduipment

€L

Process No.|3 1 oJ21=] 0] 2

4.1 1Type: 2 Furnaces with 1 tube each, incl. temperature and gas flow controls

Cost:ea. 15,000 §; Installation Cost: included $; Throughput:_ 3.4 runs /h;

Plant Oper'g Time 8280 h/y; Machine Avail'ty:99.8%; Machine Oper'g Time__ 8260 h/y
Servicing Costs: Labor 20 h/y-at 8.12 $/h;Parts or Outside Service: - Sy

Useful Life: 7 y; Charge Rate: 21.35 % of Cost/y; Capital Cost: 6730 $/y

«

4.1 2 Type: Exhaust system for furnace - shared between two furnaces

Cost: 5,000 - $; Installation Cost: included $; Throughput:_ 3.4 runs /h;
Plant- Oper'g Time 8280 ' h/y; Machine Avail'ty:99.87%; Machine Oper'g Time 82¢( h/y
Servicing- Costs: Labor‘ h/y at $/h;Parts or Outside Service: Sly

Form 7‘,-
Page 1 of 1 °

Revision“/.79 Date _1/79

0.240_ $/run_

Useful Life: 7 y; Charge Rate: 21.35 7% of Cost/y; Capital Cost: 1.065 _ $/ly

4.1_3 Type:_Tube cleaning tow -

0.038  $/run

Cost: 10,000 - §; Installation Cost: 5,000 $; Throughput: 3.4 runs /b

Plant Oper'g Time ' i h/y; Machine Avail'ty:99.8 %; Machine Oper;g Time__ 8260 h/y

Servicing Costé: Labor - h/y at == $/h;Parts or Outside Service: - Sly

Useful Life: 1 y;. Charge Rate: 21.357% of Cost/y; Capital Cost:. 3,200 . $/y) 0.114 . S/run

4.1 Subtotal Equipment Cost:

0.392 S$/run




Process No. . .

4.2 Facilities:

Form 8 .
A Page 1 of 1- |
- ) ’ . . Fevision4/79 Date _1/79

A i 2
4.2_1Type: Area for 2 furnaces Floor Area: 13 m; Throughput: 28,000 runs /y
Charge Rate: 179.13* $/(m™-y); r Maintenance Costs: '
- omf Sy o o=y oo G - S e )
Energy Use: ‘1 Labor: h/y at $7h
. ' e L7
Heating /‘Y at _ ___ S/—l Supplies: - $ly
Air Cond'g /y at s/ l Outside Services: $ly
Lighting y a 7 — Total Cost: 2320 S/y 0.083 s/run
L |
2 .
4.22 Type: Cleaning tower area  Floor Area: 3.3 m"; Throughput: _ 28,000 runs /vy
Cha‘fge Rate: 179.13* $/(m“-y); Maintenance Costs:
Gy Gus CEp omy SnE) oD Gmp b b P oumpy emmp
I~ : Energy Use: l Labor: h/y at $/h
Heating ly at S/ l Supplies: $/y
. ' . ’ .
Air Cond’g fyat 8/ Outside Services: $/y
.L' htin . / at» $/ — — a——— ey CEup GEES CEED T — - auv af ]
tenting y N | . Total Cost: 600 $ly 0.021 $/run
> —
4.2_ Type: Floor Area: m ; Throughput: ly
i 2 - e o —. ' em— (— RN DGR Cwm  GEEY ChE e ol
Charge Rate: $/(m”-y); Maifntenance Costs:
- G fuwd Gy GEE G -E- — U—. ave ouwe w=p . L
nergy Use : lLabor: h/y at " §/h :
Heating /y at $/ :
i Supplies: Sly
Air Cond'g /y at $/ :
Outside Services: __  Sfy
, - — g Total Cost: $ly $/.
4.2. Subtotal Facilities: 0.104 g/run
*Includes energy use . ‘
: A 4.3 Equipment and Facilities Subtotal : 0.496 s/ run
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Process No. E. ., IO 2 ]—lo 2I

S.

SalAvaged Material (Work-in-process)

Form 9-1
page 1 of
Revision 4/79 Dpate

1
1/79

{Amount ?E Times Unit Cost from 1.1)

.

5.1 'Quantity of'WOrk-in-érocess 1. Contained in Good Output
Work-in-Process (per Computation Unit) 0.999 run /run
5.21 Input Work-in-process 1. Not Contained in Good Output :
Work-in-Process ("Amount Required" from 1.1 minus 5.1) 0.001 run ,run
5.22 . Net Amount of 5.21 which is sold for Credit As-Is or ’
After Applying Re-Process D ¢ [] . l I—r l /
5.23 Credit for 5.22 at the Market Value of __ $/ : $/
5.24 Cost of Reprocessing Materlal 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) 0.001 run / _run
5.3 Cost of Work-in-Process Lost (Amount 5.26 Times Unit Cost 1.1) | - . : 0.12 S/run
Not contained in- Good Output Work-In-Process (Amount 5.21 Times Unit Cost 1.1) :
5.4 Cost of Work-in-Process Contained in Good Output Work-in-Process

119.88 g/run

Salvaged Materials Summary:

5.8

.

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

s/




Process No.| 3 1 I. 0 2| e OLZ

1 d

~

Form 10
Pagé 1 of 1

6. Byproducts and Wastes REVIS}QH _;___—T__Date_ghizg___
6.1 Solid Byproducts/Wastes )
6.1 Type (Composition): Quantity Produced: /
Physical Shape/Size: Energy Content: . kWh/
‘Density: g/cm3;_watef Solubilityv: ' g/i at ~ %c: ph:
Toxicity: Biodegradabie: Other Remarks:
Type of Disposal:
. )
o Input Material for: Cost/(Credit) S/ D Cost: s/
6.2 Liquid Byproducts/Wastes (inorganic):
6.2 1 Type (Composition): Contaminated acid Quantity Produced: 1 & / 4
Density: __g/cm3; Suspended Solids: Amount : mg/1l pHz:
Toxicity:‘- Heavy Metal Content: mg/1 Other Remarks:
Type of Disposal:
Input Material for: Cost/(Credit) $/ : Cost: s/
Caerry: S/




Form 11
Page 1 of 1

Process No.l 3 I,l 1 I' IO I zl-'lo I 2' | ‘ - S | ‘Revision Date 1/79

. 6.3 Liquid Byproducts/Wastes (organic) o Carry from Form 10 $/
6.3 Type (Composition): . Quantity Produceq: /
Density: _____g/cm3; Toxicity: COD: mg/l; BOD: mg/1
Ignition Point: oC; Explosive Mixture in Air: % to %: Other Remarks:

Type of Disposalf

Input Material for: ‘ Cost(Credit)____;S/ 5 Cost: ‘ s/

6.4 Fumes, Gaseous Byproducts/Wastes

LL

6.4 1 Type (Composition): No with PH,' Quantity Produced: 1 % /min./ furnape
Energy Content (Combustion): ~— kWh/ ; Explosive Mixture in Air ~7%'to T7Z.
Ignition Point: =- oC; Aerosolc:] Precipitates in __  minutes pH
Toxicity ? | | Requires Scrubbing[:] 'Type.of Scrubber:
(enter scrubber underAh.l, 4.2, scr&bber effluent under 6.1 to 6.3)
Other remarks:
Type of Disposél:
| . Operating Costs: $/ H Cost: . S/

6. Subtotal: Byproduct/Waste Disposal Cost:




Form 12
Page 1 of 1

:

R Py : . svi 4/79 Date .1/:
Process No. . . Lo 2 0| 2 . Révision 4/ Date .1/79

2.7817

7. Process Cost Computation -7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) $/run
! e
t N .
‘ 7.22 Other I;ldirect Costs:* I 7Z of 7.11 0.034 ¢s/run
7.21 Total Operating Add-on Costs of Process: 2.822 g/run
7.22G6 A % of 7.21 s/
.
7.31 Total Gross Add-On Cost of Process 2.822 ¢ run
d - 7.32 Credit for Salvaged Material (5.8) $/
7.33 Cost of Work-in-Process Lost (5.3) 0.12 §/
7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) | 2.942 $/run
- _ . ;
> .
7.35 Cost of Input Work-in-Process Contained in Good .
Output Work-in-Process (5.4) -119.888/
7.36 Loading ocn Item 7.35 at Rate i - $/
E
7.37 Cost of Output Work-in-Process (7.34 + 7.35 -+ 7.36) 122,824y

7.41 Theoretical Yield (or Conversibn Rate, 1if output units of 2

work-in-process do not equal input units) 0-34203 m / run
7.42 Practical Yield o ' 99.9 %
7.43 Effective Yield (7.41 x 7.42) - ‘ °~34169m2/ run
7.44 Number of Units of Good Output Work-in-Process per ‘ 2

Computation Unit Used up to 7.35 0.34169 m /._run

. , 7.51 Cost of Unit of Good Output Work-in~
S . Process (7.37 +:7.44)

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

- 2
359.45 g/ M

8.61

2
m

$/




~ i e )
Process .... E'.‘ gzg: i;f o
' Revision 4/79 Date 1/79
8.2 " Alternate 2 (SAMICS Methodology):
- 8.21 Profit Compﬁtation:
0.9274% 0.392" g/ run from Subtotal 4.1 = 0364 g/ run
1.946% 0.104 g/ run from Subtotal 4.2 = 0.202 ¢/ run _
' Subtotal = 0.57 §$/ run
8.22 Costs of Amortization of the One-Time Cost:
0.192% _0.201 é/ run from Subtotal 2.7 = 0.039 ¢/ yrun
> 0.192% 2.09 $/ run from Subtotal 3.5 = 0.401 $/ run
0.2958* 0.392° $/ .run from Subtotal 4.1 = 0.116 ¢/ run
2.77%*__ 0.104 _$/__rua _from Subtotal 4.2 = 0.288 g/ run .
Subtotal = 0.844 S/ run
8.23 Total Net C’ost of Equity (8.21 + 8.22): 1.410 $/ run
8.24 Profit and Amortization of Start-up Costs per Lnit of Good: Output
Work-in-Process: "
(Divide Subtotal 8.23 by 0.3417 ' m” / run from 7,44)
| | 4. S/ m? :
8.25 Price of Process (7.52 + 8.24) .12.74 s/ m2
8.26 Price of Work-in-Process (7.51 + 8.24) - 363.58 s/ m? .




Process No. 3 1 0 l1j-j 0] 2

0. Output Specification:

Name of item: Silicon wafers with PN -junction

Form 15

Pagee 1 of 1

Ravision,4/79 Date 1/79

Dimensions: 7.62~-cm diameter

Material: high pufity silicon

Other Specifications:

08




Process NO-[T;]‘TGT]-lol 1I-[:[:a | . | Form 1

University of Pennsylvania
PROCESS CHARACTERIZATION
. (UPPC)
Process: Device Fabrication

‘Subprocess: Formation of potential barrier

i

Option: 'meihonm © 'diffusion using phoSphiné (§H3)*

in argon (Motorola)

INDEX

.Form- ~ Pages . | Rev. :Qggg 'Remarks'

- , ——

2 1to 1 [a/79 | /79

3 " 1to 1 farreo | 1/79

4 lvto 1 4/79 1/79 .

5 1 to 1 4/79 | = 17791

6 Lo 1 . laro | 1779

2 1 to S 14/79 .|, 1279

8 1to .1 ¢ [a/79 |- 1/79

9-1 1to 1 -— | as/79..

9-2 1 to O — -

9-3 | 1 to 0 ¢ == --

10 | 1t o - —-

11 1to 1l - | 1779

12 1 to _1__ 4/79 | 1/79

13-1 1 to O i

13-2 1to 1 |as19 | 1/79

14 l1to o -= --

15 1 to 1 - 1/79 “

16 l1to 0 |-- —
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Process No. [—31 St I .I OIAJJ-[Q JZ ]'

Form 2

Page 1 of 1

Revision 4/79 Date 1/79

0.1 Value Added: $/ 4_]
Process Description: Open tube n-type diffusion using phosphine in argon. An 8-tube furnace module .

is used, handled by 1 operator_in 3 shift operation, 1 run contains 125 wafers per tphe. reqguiring

1h. process time.

1. Input Specification:

Name of Item: Silicon wafers with boron p* back layer:-

Dimensions: 12-cm diameter

Material: High purity single crjstal silicon with B dopant
AY

Other Specifications:

Wafers have been diffused with BCl3, etch-step applied to back surface, oxide

removed, etched on front surface, centrifuge- rinsed/dried, plasma cleaned, texture-etched, and

centrifuge-rinsed/dried again. 1 run contains 125 wafers of 1.4137 m

2, 8 tube

s operateée

simultaneShsly. At 90% equipment availability, production rate is .10.18 nz/h.

o

1.1 Quantity Required:10.18 m“ /

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

Unit Cost:

41. 21 §/ m?

1.2 Input Value:

1.3 Input Cost:

413.52___§/ h

$/




t

Process No.

2.1 Direct

2.1 1

2.1

€8

2.1

BRAERDRENN

S

Form 3
Page ;L of 1

Materials: . .
Revision _4/79 Date 1/79
Type: Phosphine gas 3
Specification: Cost of the phosphine is 828.07/ft3 kMotorola).
Consumption is 0.1164 ft3/h (for 8 tubes). Flowing only during machine
availability. .
Quantity Required: 3.0 & /_h ; Unit Cost: _0.991 $/_ & ; Cost:| 2.94  $/n
Type: 3
Specification: ;
Quéntity Reqhiréd:' - ) "/ ; Unit Cost: $/ ; Cost: $/
Type:
Specification:
o - ,

Quantity Required: /= - Unit Cost: $/ ; . Cost: -8/

2.1 Subtotal Direct Materials: 2.94 S/ _n




Process No. @ N [ 1] .IO[H‘IO 12]

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

2.2

¥8

Form 4
Page E_.Of 1
Revision 4/79%9 Date '1/79

2.21 Type: Axrgon gas ) . H

Specification: Used as the carrier gas for phosphlne,
Cost is $0.14/ft3 (SAMICS. 311120).

'Consumptlon is 14.8 ft3/h (for 8 tubes) during 0.95 of tlme.

" Quantitv Required: 398 % ___/_h ; Unit Cost: 0.005 $/ & . cost:| _1.99 s/ _h

'Tyﬁe: ’
Specification:
Quantitv Required: N A ; Unit Cost: S/ ;  Cost: s/
Type: _ ‘ e J'
Specification:

~ Quantity REQuired: v / ;  Unit Cost: S/ ; Cost: 7

2.2 Subtotal Indirect Materials: Y 1.99 S/ h




‘P.rocess No. E‘T . Il | ' {0

|1]-0f2]

2.3 Expendable Tooling:

Quartzware (tubes and keats) replaced annuallv.

Form 5

Page 1 of 1

Revision 4/79 Date 1/79

2.31 Type: -
Quantity Required: 1 tube set /5400 h:Unit Cost: _769 $/typeCost: 1.14. g/ h
incl. boatg
2.3 _ Type: ’ i
Quantity Required: / : Unit Cost: $/ Cost: $/
2.3 _ Type:
Quantity Required: / : Unit Cost: $/ Cost: $/
2.3 _ Type:
Quantity Required: / : Unit Cost: $/ Cost: S/
o '
< 2.3 Subtotal Expendable Tooling: 1.14 ¢/ h
2.4 Energy
2.41 Type: Electricity, 140 kW name-plate rating, 50% duty cycle, incl, using
off hours. '
’ Quantity Required: 70 kW Unit Cost: 0.031%/kWh. Cost:] 2.233 S/ h
2.4 _ Type:
Quantity Required: Unit Cost: $/ Cost:| s/
: 2.4 Subtotal Energy Costs: 2.233 g/h
2.5 Subtotal 2.1 to 2.41 8.30 $/n
2.6 Handling Charge: 5.26 % of item 2.5} Q.44 S$/h
' 8.74  §/h

2.7 Subtotal Materials and Supplies:

(2.5 + 2.6) -
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Process No. 3 . 1 . 0J1f-p0j2¢. Form 6. - .
. . . - N Page —l— ?f 1 .

Revisiond /79 Date_ 1/79

" 3.1 Direct Labor:

3.1 1 category:_Semiconductor Assembler Activity: Machine operator

, (SAMICS B3096D)
~ Amount Required: 1 h/_h - ; Rate: $ '3.89 /h; Load_ 35 g - #; Cost: 5.29 $/ n
3.1 2 Category: Maintenance Mechanic . = Activity: Ser vice and repaizx | '
(SAMICS B3736D) : . .
Amount Required: VO.l h/_h ; Rate: $_5.67 /h; Load_ 3.0 %; Cost: a 77 $/
3.1_ Category: Activity: |
Amount Required: ‘h/ 3 Rate: $ /h; Load . %; Cost: S/
) 3.1 Direct Labor Subtotal: 6.06 $/h
3.2 Indirect Labor: Taken as 25% of direct . ) '
3.2 Category: Activity: '
‘ Amount Required: h/ ; Rate: $ ~/h; Load Z; Cost: 8/
3.2 Category; ) :> Activity: | L.
Amount Required: h/ ; Rate: $ /h; Load %; Cost: $/
3.2 Category: _ Activity:
Amount Required:_ h/ " ; Rate: § /h; Load '. 7‘, Cost: . A $/
3.2 Indirect Labor Subtotal: 1.52 $/h
3.3 Subtotal 3.1 and 3.2 . .7.58 $/h
5.& Overhead on Labor:5.26 % 0.40 $/h

| 3.5 subtotal Labor ' 7.98 $/h




L8

. : : . - Form 7
Process No.| 3 1 Ojl}]=-] O} 2 S . Page 1 of 1

. Revision4/79 Date 1/79-

4.1 Equipment

4.11 Type: Thermco eight-tube diffusion furnace, type 4000 572 per spec 19000 '

Cost: 49,271 $; Installation Cost: - $; Throughput: 10.18 m2 /h;

Plant Oper'g Time 8280 h/y; Machine Avail'ty: 90 %; Machine Oper'g Time 7450 ° h/y

Servicing Costs: Labor -= h/v at  --= $/h;Parts or Outside Service: : $/v .

Useful Life: 7 y; .Charge Rate: 21.35 % of Cost/y; Capital Cost: 10,520 Sy 1.27 $/ h

4.12 Type: Eight process controllers for above furnace

Cost: 16,000 . $; Installation Cost: . $; Throughput: 10.18‘m2 /h;

Plant Oper'g Time 8280 h/y; Machine Avail'ty: 90 Z%; Machine Oper'g Time 7450 hly

Servicing Costs: Labor == h/y at -- $/h;Parts or Outside Service: =-—- ,S/)_;N

Useful Life: 7 v Cha;ge Rate: 21,35 % of Clo-st/'y; Capital Cost: 34186 . $/;z 0413 S/ n

4.13 Type: Exhaust system : : ' -

1

Cost: n.as - -3, §; Installation Cost: . -$; Throughpu.t: ~ /h;.
Plant Oper'g Time‘ o h/y; Machine Avail'ty:_—*____%; Ma}chine Oper'g Time_ h/y
Servicing Costs: Léebor e "h/y at - $/h;Parts or -Outside Service: $/y
) L'éefui Life: v; Charge Rate: | % of Cost/_v;' Capital Cost: Sy s/

e 4.1 Subtotal Equipment Cost: - '1.68 g/ _run




Process No. {3 | .

4.2 Facilities:

88

Form 8
Page 1 of 1

Revis:Lon 4/7%ate 1/79

! . ‘ 2
4.21 Type: Machine area Floor Area:_ 25,55 = m Throughput: 84290 m2 /y .
Charge Rate: 179.13 $/(m™-y); - Maintenance Costs:
-» o= ——— - G — — — -— e ey
Energy Use: -“ Labor: __ _h/yat _______ $/n
. Heating 7 /y at $/ l Sl.lppliest included g/y
Air Cond'g ﬁgmcluded /y at ____S/__I ' Outside Services: . Sly
Lighting _j VA — Total Cost: _ 4580 s/y | 0.553 $/h
L " |
. 2
4,2_ Type: Floor Area:__~ m ; Throughput: ly
2 r eouy emv oty GHD v EER SEP o — — -— e ey
‘Charge Rate: $/(m"-y); Maintenance Costs:
Energy Use ILabor: ) hly at $/h
Heating /y at $/ l Suppliés: sy
. ' N
Air Cond’g A2 — L Outside Services: Sy
8 8 4 — 1 Total Cost: $ly $/
2 ' -
4.2_ Type: Floor Area: m ; Throughput: ly
Charge Rate: $/(m”-y): Maintenance Costs:
nergy Use: lLabor: h/y at $/h
Heating /y at $/
' I Supplies: $ly
Air Cond'g /y at $/
' Qutside Services: Sly
Lighting /y at $/ - Gy P G GEE GuY TEES GEN GO S
R B Total Cost: __ $ly $/
4.2 Subtotal Facilities: 0.553  $/h
4.3 Equipment and Facilities Subtotal : 2.24 $/h
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Process No. D -

5.

01 j—1{o | 2]

Salvaged Material (WOrk-ln-process)

Form 9-]
Page

)

Lof 1
Revision 4/79 Dpate 1/79

5.1 Quantity of Work-in-Process 1. Contained in Good Output ’
Work-in-Process (per Computation Unit) 10,08 mé /h
$.21 Input WOrk-iﬁ-process 1. Not Contained in Good Output '2
Work-in-Process ("Amount .Required" from 1.1 minus 5.1) 0.10 m® ,h
5.22 Net Amount of 5.21 which is sold for Credit As-Is or
After Applying Re-Process D ¢ D .l ]_r l ] /
5.23 Credit for 5.22 at the Market Value of s/ s/
5.24 Cost of Reprocessing Material of 5.2Z .
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) 0.10 m2 / h
5.3 Cost of Work-in-Process Lost (Amount 5.26 Times Unit Cost 1.1) 4.20 S/ h
5.4 Cost of Work-in-Process Contained in Good Output Work-in-Process
(Amount 5.2 Times Unit Cost from 1l.1) 415.40 s/ h

Salvaged Materials Summary:

5.8

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

$/




process No. [3.1.0 2], [0 ] 2])=[o]2]

6.3 Liquid Byproducts/Wastes (organic)

F

6.3 -~Type (Composition):

Density:

Ignition Point:

Form 11
Page . 'l of 17

' . Revision 4(79Déte 1/79

3 . .
____glem™; Toxicity:

°C; Explosive Mixture in Air: % to

Type of Disposal:

- Input Material for:

9 6.4 Fum'es. Qaseous ﬁyproduc'ts/Wastes
6.4 1 Type (Composition): PHy, argon, air
Energ? Content (Combustion):
Ignition Point:

Toxicity

0C; Aerosol[:] Precipitates in

(enter scrubber under 4.1, 4.2, scrubber effluent under 6.1 to 6.3)

Other remarks: Fumes from furnace. Exhaust fan operates continuously,

Electrical consumption is 0.46 kW/1000 CFM

Type of Disposal:

Exhausted into atmosphere

Carry from Form 10 s/
Quantity Produced: /
mg/l; BOD: mg/l
%3 Other Remarks:
Cost(Credit) ~ §/ s Coét: S/
Quantity Produced: 125 ftA min
; Explosive Mixture in Air % to %.
minutes . pH
Requires ScrubbingD Type of Scrubber:
Operating Costs: 16.08 $/ Y ; Cost 0.002 ¢/ h
Subtotal: Byproduct/Waste Disposzl Cost: 0.002 $/ h




Form 12
‘Page 1 of 1

3 1 0j1|—(0]| 2 Revision 4/79 pate 1/79
- Process No. . . -
7. Process Cost'Computation 7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) 18.96$/ h
7. M ’D ° .
R GATLAC S ETISUL i Ty 5 mee 0.16$/_h
7.21 Total Operating Add-on Costs of Process: : 19.12 ¢/ h
7.22 G & A % of 7.21 $/
" R NI
7.31 Total Gross Add-On Cost of Process 19.124/ h
3
7.32 Credit for Salvaged Material (5.8) $/
7.33 Cost of Work-in-Process Lost (5.3) 4,208/ h
7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) 2332 ¢/ h
A 7.35 Cost of Input Work-in-Process Contained in Good
- Qutput Work-in-Process (5.4) . 415.40 ¢/ h
7.36 Loading on Item 7.35 at Rate % $/
g -
7.37 Cost of Qutput Work-in-Process (7.34 + 7.35+ 7.36) 438.72 $/n
7.41 Theoretical Yield (or Conversion Rate, 1f output units of 5
work-in-process do not equal input units) 10.18 m /h
. 7.42 Practical Yield 99 %
7.43 Effective Yield (7.41 x 7.42) / _ !
7.44 Number of Units of Good Output Work-in-Process per 08 2
Computation Unit Used up to 7.35 10 _m / h
7.51 Cost of Unit of Good Output Work-in- , ' 2
Process (7.37 + 7.44) N 43.53 3§/ ™M
‘o, i a
7.52 Specific Add-On Cost per Unit of Good 2.32 m2
Output Work-in-Process {(7.34 * 7.44)

$/




]

Page 1 of 1
Revision 4/79 Date 1/79

8.2 Alternate 2 (SAMICS Methodology): -
8.21 Profit Computation:
0.9274* 1.68 s/ h  from Subtotal 4.1 = - 1.56 ¢/ h
1.946* - 0.553 §/ h from Subtotal 4,2 = 1.08 5, b
Subtotal -* = 2.64 $/ h TT
8.22 Costs of Amortization of the One-Time Cost: |
0.192*___8.74 $/_h from Subtotal 2.7 = _ 1.68 g/ h
S 0.192¢«__7.98 "~/ h from Subtotal 3.5 = _ 1:53 ¢/ D
' 0.2958* 1.68 s/ h from Subtotal 4.1 = . 0.50 ¢/ h
2.77% 0.553 s/ h from Subtotal 4,2 = 1.53 gy Lo
Subtotal = 5.24 $/ h
8.23 Total Net Cost of Equity (8.21 + 8,22): : 7.88 $/ b
8.24 Profit and Amortization of Start~-up Costs per Unit of Good Output
Work-in-Process: ' «
(Divide Subtotal 8.23 by 10.08 m? / h from 7.44)
0.78 _$/_m? '
' - ' o : 3.10 g/ m?
8.25 Price of Process (7.52 + 8.24) N $/_m
8.26 Price of Work-in-Process (7.51 + 8.24) ’ . 44.31 s/ m?
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* Process No. 3 11 0 1= 0

0. OQutput Specification:

_ Name of item: Silicon wafers with PN -junctions

Revision

Form 153

Page 1 of 1
Date 1/79

"Dimensions: 12-cm diameter

" Material: ~_high purity silicon

Other Specific@tions:'

€6




Proce

SS\NO.[S_].rjr]-Iol l’-rsrzq'

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

Subprocess; Junction formation

Option: Formation of front-junction by open-

tube diffusion with POCl, (RCA)

Form 1}

INDEX
Form Pages | Rev. | Date Remarks
1 3/79 _ All dates are the same
2 1l .to _J;
3 1 to 1
4 "1 to 1
5 l to 1
6 1l to 1
7 1l to 1 L
8 1 to 1
9-1 1 to 1
9-2 1 to 0
9-3 l to g
10 1 to Q0
11 1l to ¢
12 1l to 1
13-1 1l to 0
13-2 1 to 1 o
14 1 to 0
15 Ito 1
16 1l to 0

94
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et e

Form 2

Page 1 of 1

Revision _ Date _3/79

- Process No. 31.11],(0]1 "‘I 0 ZJ . v , 0.1 Value Added:

$/

Process Description: Dopant is introduced by decomposition of POClj in diffusion furnace. There

.is a 1l0-minute pre-heat cycle in nitrogen, 45-minute cycle for diffusion and

; a 10 minute cool down cycle with a 90:10 Nz:Oz'mixture.
!
i
1. Input Specification:
; i Name of Itan:l Silicon wafers, with bhack-surface junction
Dimensions: 7.62-cm diameter '
Material: High purity silicon
Other Specifications: _Output rate is 2000 waf 2 4 i ai ‘hji’lii-y

is 85% for an effective output rate of 7.75 m2/h

! . is [[100]].

Wafer is p-type with a resistivity of 1-5 ohm-cm and its orientation

Back side of wafer is protected with silica

. » -~ . 1.1 Quantity Required:.. 7.75 m? /h Unit Cost:

-

1.2 Input Value:

1.3 Input Cost:

41.21 §/ m?
sl
._319.49-§/ b

Note to Item 1,3: Use price, if input produced in own plant,
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Brocess No. ..|0|1]-|0[2] . ’ ) | . R Form 3

Page l;'df'l;‘”'
2.1 Direct Materials: .

Revisicn - -Date 3/79 -
- 2.11 Type: _POC1l, (Phosphorus oxychloride) ‘ 3 '
‘Speéification; " 0.21 g per wafer needed
Cost is $9.26/1b, (SAMICS E1504D).
?.
Quantity Required: - 357 g /. h ; Unit Cost: __0.02 $/ g ; Cost: 7.14 $/h
2.1 Type: ;
Specification: . A ’ . s
Quantity Required: : : /___; Unit Cost: s/ . Cost: s/
2.1__,Ty3e: .
Specification:
Quantity Required: e / ; Unit Cost: S/ - ; Cost: $/ :
5.1 Subtotal Direct Materials: 7.14 g/ h




Process No. E .'['l l .[nl ]I'B_LZ_]

2.2 1Indirect Materials (incl. suppliesand non-energy utilitie‘s}:

Revision

2.2 1 Type: Nitrogen ' -
Specification: 1360 em’ required per wafer )
" Obtained from liquid nitrogen (SAMICS C1080D)
Quantity Required: 2312 L/ h; Unit Cost:0.0004 $/ % ; Cost:
2.22 Type: Oxygen
Specification: 33 cm3 required per wafer
(Vo] * .
~ Cost is 0.0052 $/ft3 (SAMICS E1448D).
Quantity Required: 56,1 &/ h ; Unit Cost:0.000184/ g ; Cost:
2.2_ Type: . —— e
Specification:
Quantity Required: _ q / . ; Unit Cost: . S/, - ; Cost:

Form 4

Page 1 of 1
Date 3/79

0.92 $/_h

_0.01 S/ h__

2.2 Subtotal Indirect Materials:
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Process No. l3l,'|l|.l0|1|—|0|2| R 5 . o - . Form 5 |
: . . , : Page 1 of 1
- 2.3 Expendable Tooling: — —_

2.3 1 Type: Silicon boats, 76-cm long Revni-sion____ Date_}ﬁg_.
Quantity Required:- 4 .. boatyy . unit Cost: 1350 g/boatcese: 0.65¢/ h .
2.3 _ Ty[;e:
' Quantity Required: a /___: Unit Cost: ___ $/ _ Cost:. s/
’2.3_ ’Wpe:‘
| Quantity Required: / : Uait Cost: éés/“ Cost.: s/
2.3 __ Type: |
Quantity Required: ' / : Unit Cost: __ $/__ Cost: | s/
| B ‘ 2.3 Subtotal Experdable Tooling: a0 65 S/ n
2.4 Energy
2.4_1’Type: Power requirements are 40 kW and usage fraétion is 85%
| Quantity Req‘uired: : 34 kW ' '+ Unit Cost: 0‘-7'3-31%/kWh Cost: 1.08 s/ h
2.4 " Type: o ’ : ‘
Quantity Required: _ - : Unit Cost: ___.$/__ Cost: $/

Z.4 Subtotal Energy Costs: 1.08 g/ h

[\
W

Subtotal 2.1 to 2.4: 9.81 $/_h
Handling Charge: 5.26 % of item 2.5} 1,12 S/ _h

N
n

~
N

i Subtotal Materials and Supplies: 10.33 ¢/_h
(2.5 + 2.%5)
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Process No. I 3,.'1,. of{1 I=tol 2 ' . Form 6

. - : Page l-of -1

o Revision ‘ Date
3.1 Direct Labor: . .
3.11 Catégory: Semiconductor assembler Activity: Machine operation and attendance
Amount Requgeﬁd:lcsnto&gsg h | ; Rate: $ 3.894 /h; Load 36.0 Z; Cost: 1.85 . $/h
3.12 category: Maintenance mechanic Activity: Service and repair of furnace
' (SAMICS B3736D) )
Amount Required:_ 0.15 h/__h ; Rate: $ 5.67 /h; Load_ 36.0 %;.Cost: 1.16 $/h
3.1_ Category: ' | ) l Activity:
Amount Required: h/ ; Rate: §$ /h; Load %; Cost: $/
, 3.1 Direct Labor Subtotal: 3.01 .S/h
3.2 Indirect Labor: Taken as 25% of direct
3.2 Category: | Activity: : ‘ - srom
Amount Requiréd: o h"/ ~ ;3 Rate: § /h; Load k ‘7, Cost: ‘ $/
3.2_V~Category: . | Activity:
Amount Required: \ | h/ ; Rate: $ - /h; Load %3 Cost: $/
3.2_ Category: Activity: |
Amount Required: ' h/ . ; Rate: $ - /h; Load %; Cost: . $/
) 3.2 Indirect Labor Subtotal: 0.75  $/ n
3.3 Subtotal 3.1 and 3.2 3.76__$/ b
2.4 Overhead on Labor: 5.26"% ‘ .20 $/_n

3.5 Subtotal Labor 3,96 S/ n
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Form 7
Process No.| 3 1 0Ofjlj-jJoj 2 _ ‘ Page 1 of 1

Revision ‘Date 3/79

4,1 Equipment

.

4.11 Type: POCl3 diffusion furnace (Thermco SPARTAN furnace)

Cost: 66,600 $; Installation Cost: $; Throughput: 9.12 m? /h;

Plant Oper'g Time 8280 - h/y; Machine Avail'ty: 85 %; Machine Oper'g Time h/y

Servicing Costs: Labor h/y at : $/h;Parts or Outside Servica: $/y

Useful Life: = 7 y; Charge Rate: 21.35 7 of Cost/y; Capital Cost: 14,200 $ly 1.72 $/h

4.12 Type:_Furnace liners, paddles and heat coil

Cost: 21,600 $; Installation Cost: - $; Throughput: 9.12 m? /h;

Plant Oper'g Time 8280 h/y; Machine Avail'ty: 85 7; Machine Oper'g Time h/y

Servicing Costs: Labor h/y at $/h;Parts or Qutside Service: - §ly’

Useful Life: 7. y; Charge Rate: 21.35 % of Cost/y; Capitai Cost: 4',600 $/y‘ 0.56 $/h

4.13 Type: Clam shell unloader and cassette stacker

Cost: 18,0,00 $;"Installlation Cost: $; ATh.roughput: 9.12 m® - /h;

Plant Oper'g 'i‘ime. v8'280 h/y; Machine Avail'ty:i‘%; Machine Oper‘g ;Time ~__hly

Servicing Costs: Labor . ’ﬁ/y at ‘ $/h;Parts or Outside Ser'vice:‘ ) $/y

Useful Life: ys Chargé Rate: 21.35 9 of Cost/y; Capital Cost: | 3, 800_ $/y] 0.46 s/h

4.1 Subtotal Equipment Cost: 2.74 $/h-




Processx No. 30.11).10 1]=10f2 . : Form 8
) : S Page 1 ofl
Revisic D 7
4.2 Facilities: evision ate 3/79
“4.2_1 Type: Furnace area Floor Area: 25.55 mz; Throughput: 64,200 m2 /y
., - 2 oy G Gy Gy ee Suup U Sumd Gund SN Sunmr GEF ow
Charge Rate: 179.13%* $/(m"-y); Maintenance Costs:
¢ oms OoEy mp a— =" L ] L ] L 4 gy e
Energy Use: -‘ Labor: h/y at $/h
Heating /y at $/ l Supplies: $ly
Air Cond'g /y at $/ l Outside Services: $ly
b——-—i: Total Cost: __4_m__$/y 0.55 $/ h
o — ]
4,2 Type: Floor Area: mz; Throughput: ly
2 o Ce .— L] —— A —— ——— o) L — S— e
Charge Rate: $/(m“-y); Maintenance Costs:
= Energy Use: Labor: h/y at $/h
= l
Heating /y at $/ I Supplies: $/y
. - '
Air Cond’g /y at S Outside Services: $/y
& 1 ‘Total Cost: $ly $/
C R
4.2_ Type: _ Floor Area: m2; Throughput : /y
Charge Rate: $/(m -y); Maintenance Costs:
- GNP eme e GEd Geee T o U.-' -— ouw oo
nergy Use: Labor: h/y at $/h
Heating . /y at $/ ‘
Supplies: $ly
Air Cond'g /y at $/ ‘ .
OQutside Services: Sly
Lighting /y at s/ - oy e G emt Gy Sen ees s e
: Total Cost: $ly $/
—4,* - e
*Includes energy use 4.2 Subtotal Facilities: 0.55 ¢, h
' 4.3 Equipment and Facilities Subtotal : 3.29 $/h
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' Form 9-1
- : : Page _1 of _1
3 0l 1 ol 2 : Revision' Date _ 3/79
Process No. . e - . ‘ -
5. Salvéged Material (WOrk—in-process)
5.1 1 Quantity of Work-in-Process 1. Contained in Good OCutput 2
Work-in-Process (per Computation Unit) ' 7.675 m“ ,h
5.21 Input Work-in-process 1. Not Contained in Good Output 2
Work-in-Process ("Amount Required" from 1.l .minus 5.1) 0.0775 m” /s h
5.22 Net Amount of 5.21 which is sold for Credit As-Is or
After Applying Re-~Process ‘::]¢~ v - /
5.23 Credit for 5.22 at the Market Value of S/ : S/
5.24 Cost of Reprocessing Material of 5.22
at the Average Reprocessing Cost of $/ $/
5.25 Net Credit for 5.22 (5.23 minus 5.24): S/
: 2 | . 0.0775 2 h
5.26 ~Material of Type 1. Lost in Process (5.21 minus 5.22) C Ve m y
5.3 Cost of Work-in-Process Not Contained in Good Output Work-in-Process '3.19 _s/h
(Amount 5.21 Times Unit Cost 1.1) '
5.4 Cost of Work-in-Process Contained in Good Output Work-in-Process .
(Amount 5.1 Times Unit Cost from 1.1) 316.29 s/ h
Salvaged Materials Summary:
L
5.8 - Total Net Credits for All Salvaged Materials (5.25 + 5.67 + 5.76) s/




Form 12
Page 1 ot 1

Process No. . .

3¢ 11 0 |l]|—|0} 2 , . Revision Date 3/79

.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.){ 17.58 $/h

~J

7. Process Cost Computation

7. . V S % . ’ -22 h
7-22 Ohhes JRYEES L1 By oy ——* °f 7-1L , 0.22 3/
—— :
7.21 Total Operating Add-on Costs of Process: 17.80 $/h
7.22 66 A % of 7.21 | s/
7.31 Total Gross Add-On Cost of Process 17.80 s/h
7.32 Credit for Salvaged Material (5.8) $/
7.33 Cost of Work-in-Process Lost (5.3) 3.19 g$/h
7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) | 20.99 $/h
p—
o
w 7.35 Cost of Input Work-in-Process Contained in Good
Output Work-in-Process (5.4) 316.29 $/h
© 7.36 Loading on Item 7.35 at Rate % s/

anite

7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 337.28 s$/h

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

work-in-process do not equal input units) 7.753 m® / h
7.42 Practical Yield L 99.0%
'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 7.675 m® / h

R .
7.51 Cost of Unit of Good Output Work-in- . o
Process (7.37 ¢ 7.44) . 43.94 $/_p?

'7.5“2. Specific Add-On Cost per Unit of Good : ' 5
Output Work-in-Process (7.34 + 7.44) 2.73 §/ M




. > | i
Process No.‘ ..- g:;z iﬁf N
‘ Revision Date
8.2 Alternate 2 (SAMICS Methodology): '
8.21 Profit Combutation:
0.9274% 2,74 $/__ h from Subtotal 4:1 = _2.54  §/
1.946% 0.55 s/ h from SubtotalVA.Z - 1.08 $/ 4
| Subtotal = 3.62 $/_h
8.22 Costs of Amortization of the Oné-Time Cost:
0.192%# 10.33 ¢/ h from Subtotal 2.7 = 1:98 g/ B
=3 0.192¢«  3.96 ¢/ B from Subtotal 3.5 = 0778 ¢ B
0.2958% 2.74 ¢/ h from Subtotal 4.1 = 081 ¢, B
T 2.77% 0.55 ¢/ b from Subtotal 4.2 = L-53 g/ h
Subtotal =_5.08 $/_h %
18.23 Total Net Cost of Equity (8.21 + 8.22): 8.70 $/h
8.24 Profit and Amortization of Start-up Costs per Unit of Good Output
WO¥kTin—Process: ‘ 2
(Divide Subtotal 8.23 by 7.675 m /_h from 7.44)
| 1.13 $/
8.25 Price of Process (7.52 + 8.24) 3.86 $/'m2
8.26.Price of Work-in-Process (7.51 + 8.24) ﬂ 45.07 S/ m?
- —_—




Process No.

0. Output Specification:

d

Revision

Form 15
Page 1l of 1

Date 3/79

" Name of item: ‘Wafer with NP-junction
Dimensions: 7.62-cm diameter d
" Material: High purity silicon -
Other Specifications: Wafers are contained in 500 sheet casseftes. v

50T




Process:

M-

. Process ﬁd. ‘ ﬁ—]
h 3 .1

University of Pennsylvania

-0

1

0o 7

Form 1

(UPPC)

Device Fabrication

PROCESS CHARACTERIZATION

Subprocess: Junction Formation

Option: Projected Ion Implantation (both sides)
(RCA) '
INDEX
form Pages Rev. | Date Remarks
1 9/78 A1l forms have same date unless
2 1 to 1 otherwise specified ’
3 1 to 1
4 l to
5 1 to .1
6 1l to :1
7 1l to 1
8 1 Lo 11
9-1 | 1 to 1 R 4/79
9-2 | 1to 'O
9-3 1 to O
10 1 to O
11 1 to !
12 1 to |
13-1 1 to -
13-2 1 to !
14 "1 %o 0
15 1 to 1
16 1 to 0
106
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Form 2

. ' ' Page 1 __of _1
- Revision Date 9/78
,Pfocess No. [3 |.[] ,[ 01 =041 ] 0.1 Value Added: s/
Process Description: Ion implantation of phosphorous and boron ions to form wafer with a npb+ junction. OQutput of

machine is 2000 3" cells/h (both sides) but machine aQai]abi]ity is 85% for an effective output rate of 1700 cells/h.

Cell output is 0.717 watts. Machine current is 10 mA per ion beam. Front junction dosage‘of phosphorous is 1 x 1015 '

14

.ions/mz and the boron dosage is 5 x 10 ions/cmz.

1. Input Specification:

Name of Item: Wafers that are cleaned by the Z-wafer cleaning process

Dimensions: . (7.62-cm diameter)

Material: SeG-S5i .

Other Specifications: Cleaning process is a hot Caro's acid immersion followed hy three cascade -rinses

in deionized water and spin-drying. OQOutput rate of 1700 wafers/h is equal. to

7.753 m?/h.
i
1.1 Quantity Required:7.753 m? / h Unit Cost: 41.21  §/ m?
— _ " , . . ' - 3.2 Input Valus: $/
1.3 Input Cost: 319.50 s/ h

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




Process No. E-__l.[_l_].loi]!—|ql]l ‘ ' ‘ Fox;m3

Page 1 of 1

2.1 Direct Materials: ..
_ Revision Date__ 9/78

-e

2.1] Type: _lOn source gas

'Specification: Cost is 2.28 $/h and is only needed when machine is operating.

Quantity Required: 0.85 / ; Unit Cost: __2.28 ¢/ h ; Cost: 1.94 s/ h

2.1 Type:

oo

Specification: ‘ ;

801

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

Z.i Type:

13

Specification:

Quantity Required: : _ ; Unit Cost: -8/ ; Cost:} - $/

2.1 Subtotal Direct Materials: } -1.94 s/ h




Process No. ,[1_].[0'11]-—[0L1] o . Form 4

Page 1 of 1

2.2 Indirect Materials (incl. suppliesahd non-energy utilities): L . ,
Revision Date 9/78

2.2 1 Type: Cooling water , . :

Specification: ‘Usage is 2400 £/h machine (used continuously). Cost is $8480/150,000 ft3

(SAMICS Catalog No. C1016B).

Quantity Required: A 2400 L /h ; Uﬁit Cost: O-000”38/ i . Cost: 0.27 s/ _h

2.2 2 Type: Liquid N,

Specification: Quantity required is 10 2/h and usage fraction is 0.925.

Cost is $5.66/ft3 (SAMICS No. €1080D).

601

Quantitv Required: __9_.25 2/ h ; Unit Cost: - 0.20 S/ '3 ; Cost: 1.85 s/ h

2.2 Tvpe:

Specification:

Quantity Required: : / ; Unit Cost: S/ - ; Cost: K

[ 2.2 Subtotal Indirect Materials: | 2.12 s$/h




Process No. 3 J. ! . 0 TI-—[ JIE Form 5

Page 1 of 1.

2.3 Expendéble Tooling: . T ' — o
2,3;J Type: _Spare parts; cost is $8,000/y/machine Revision Pate__
| Quantity ﬁéquired: 0.97 $/h : Unit Cost: $/ ) -Cost::v ._0.97 . 8/_h
2.3 _ Type: o |
Quantity Réciuired: / ¢ Unit Cost: '8/ Cost: $/
2.3 _ TYpe: J i
. Qu{a.ntity Required: /- : Unit Cost: s/ Cost: $/
2.3 Type: | . : .
| Quantit& Req;ired: / : Unit Cost: $/ Cost: |: $/
é 2.3 Subtotal Expendable Tooling: 0.97 3/ . h
(
2.4 Energy K
2.41 T&L;:F ‘Electricity 40 kwh/rﬁachine and usage fraction is 0.925 ’
Quantity Required: 37 kW : Unit Cost: 0.0319 $/kWh Cost:| 1.18 $/h
2.4__ Type: |
Quantity Required: ' o -: Unit Cost: s/ Cost: S/

2.4 Subtotal Energy Costs: 6.20 $/h

‘ 2.5 Subtotal 2.1 to 2.4: 6.20 $/h
S . 2.6 Handling Charge: 2-26 % of item 2.5} (.33 $/h

2.7 Subtotal Materials and Supplies: 6.53 $/h
(2.5 + 2.6) :




Process No. ..[]_I.IOI'I]—-[OUI T ‘ ‘ - .~ Form &4

Page J_:Of 1

2.2‘.Indirgct Materials (incl. suppliesand non-energy utilities): Revision Date 9/78

.21 Type: Cooling water : | ' , :

[§%)

Specification: Usage is 2400 £/h machine (used continuously). -Cost is $8480/150,000 ft3

_ (SAMICS Catalog No. C10168).

Quantity Required: o 24000 % /h . Unit Cost: 0.000113g, & . coep:| 0.27 s/ h

8%

.2 2 Type: Liquid N,
Specification: Quantity required is 10 £/h and usage fraction is 0.925.

Cost is $5.66/ft3 (SAMICS No. C1080D).

111

Quantity Required: _9.25 & h : Unit Cost: 0.20 s/ & . Cost:| 1.85 s/ h
2.2 Type: o
, Specification:
Quantity Required: . / :  Unit Cost: S/ ; Cost: ¢/

[ 2 2 Subtotal Indirect Materials: } 2.12 $/h




Process No. _3___]. 1 . 0]1 -—LO 1 ' . Form 5
' Page 1 of 1

2.3 Expendable Tooling:

¢t

2.3 1 Type: Spare parts; cost-is $8,000/y/machine Revision_ Date
' Quantity Required: 0.97 $/h : Unit Cost: . $/ Cost:| _0.97 $/ h-
2.3 __ Type: o ' .
. B Quantity Required: /. : Unit Cost: _ S/ cost: | S/
2.3 _ Type: |

Quantity Required: . ; / : Unit Cost: S/ Cost: | S/
2.3 _ Type:

" Quantity Required: /v * : Unit Cost: | S/ Cost: | $/

2.3 “Subtotal Expendable Tooling: 0.97 s/ h
2.4 Ener.gy

2.41 Type: Electricity 40 kWh/machine. and usage fraction is 0.925

Quantity Required: 37 kW ¢ Unit Cost:0.0319 $/kWh Cost: 1.18  .'s/h
2.4 _ Type: ‘

Quantity Required: : _: Unit Cost: _ $/ C‘ost: $/_

2.4. Subtotal Energy Costs: | 6.20 $/h

2.5 Subtotal 2.1 to 2.4: 6.20 $/h
2.6 Handling Charge: 35:26 % of item 2.5) 0.33  $/h

2.7 Subtotal Materials and Supplies: 6.53 $/h
(2.5 + 2.6)




€1t

Process No. | 3 J.|! . 0f11- 1 Form 6
Page 1 .of ]
Revision Date 9/78
3.1 Direct Labor:
3.11 Category:_Semiconductor Assembler Activity: Machine operator
{SAMICS No. B3096D) _
Amount Required: 0.4 h/ ; Rate: $ 3.89 /h; Load_ 36,0  %; Cost: 2.12 S/ _n
3.12 Category:_Maintenance Mechanic Activity: Seyvice and repair
< (SAMICS No. B37360 '
Amount Required: (] h/) ; Rate: §_5.67 /h; Lead  36.0 - 7; Cost: 0.77 $/_h
3.1- Category: Activity:
Amount Required: h/ ; Rate: § /h; Load _%; Cost: $/__
3.1 Direct Labor Subtotal: _2.89 s/ h
3.2 Indirect Labor: '
3.2_ Categofyf Activity:
, Amount Required: .h/ ; Rate: § /h; Load %; Cost: s/
3.2_ Category: Activity:
Amount Required: h/ ; Rate: §$ ./h; Load__ %; Cost: S/
-3.2_ Category: Activity:
Amourit Required: h/ ; Rate: § /h; Load %3 Cost: $/___
B . 3.2 Indirect Labor Subtotal: 0.72 _ $/_n
3.3 Subtotal 2.1 and 3.2 3.61  $/ h_
3.4 Overhead on Labor: 5.26 ¢ 0.19 $/_h

3.5

Subtotal Labor

3.80




129¢

Process No.

3 1 [T 1-[o

4.1 Equipment

4.11

Form 7 i
Page 1 _of 1

Date

. .
Revisiop
‘Type: Ton implanter - does both sides and has é current outbu't‘of 1-0 mA :
~Cost: ‘700,000 $:" Installation Cost: === $; Throughput: 9.12 n@ /h;
Plant Oper'g Time BZBQ h/y; Machine Avail'ty: 85 %; Machine Oper'g Time_ 7040 ~ h/y
Servicing Costs: Labor == h/y at -~ ’ $/h;Pafts or Outside Service:-  -- $/y
Useful Life: 7 y; Charge Rate: 21.35 % of Cost/y; Capital Cost:_ 150,000 $/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: - Sy
Useful Life: v Ch;rge Rate: % of Cost/y; Capital Cost: $(y
Type:
Cost: ; $;‘Installation_Cost: : $; Throﬁghput:\ /h;
Plant Oper'g Time’ h/y; Machine Avail'ty:  Z; Machine Oper'g Time ﬁ/y
Sefvicing Costs: Labor - h/y at $/h;Parts or Outside Service: - S8/y
$ly

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

18.12 $/_h

$/

$/

4.1 Subtotal Equipment Cost:

18.12 $/_j££




Page
Revision Date 9/78

Process No. . ! . Ot =0 ’ ) Form 81 .
. ) or 1

4.2 TFacilities:

4.2_] Type: Machine area Floor Area: 79 m2; Throughput: 6.42 X 104, m? /y
2 r oy o= GEEp SEEy GED Cuup GU S=t S Gup Suw GEF oA
_Charge Rate: 179.13* $/(m"-y); Maintenance Costs: )
* omn oy L] L] —— — —— “—— - eee
. Energy Use: -? Labor: h/y at S/h
Heating . /y at $/ | Supplies: ' ‘ Sly
Afr Cond'g /y at S/ I ' Outside Services: Sly
Lighting /y at s/ b e e -
___ﬁg "8 Y 1 Total Cost: _ 14,150 sly 1.7 s/ h
4.2_ Type: ___ ‘ Floor Area: mz; Throughput: /y
Charge Rate: S wdeyy; T~ THTmeomancs (et T ™ T T ]

CEEp CUD U NP Smmp GRS CAY VP GEEP D NP e

ST1

‘ \ Energy Use: - ‘ Labor: . - h/y at $/h
Heating fyav 8/ l Supplies: . . 8y
. f ; /
Alr Cond“g._v - - /y at - S Outside Services: . '__ _Sly . i
. ; e v e e G el cen® enmd  Geme  Gm ey o ;
Lightin - /y at S/ : , T s
8 & d — 1 Total Cost: _Sly $/
: 2
4.2_ Type: ' Floor Area: m ; Throughput: /y
Charge Rate: ) $/(m7-y); Maintenance Costs: ’
o nergy use: Labor: - h/y at ~ $/h
Heating” C /y at S/ l ) ’ R
. | Supplies: , $/y
Air Cond'g . o /y at S/ .
' , . o L. Outside Services: __S$ly
nghtlng L . /y at s/ e e @D GEED G G CE  Gome eomE G )
4 Total Cost: $ly $/
4.2 Subtotal Facilities: “1.71 s/ h

¢ *Includes energy use

4.3 Equipment and Facilities Subtotal : 19.82 S/ h




911

Form 9-1

rage 1 of 1

3] [:] Revision Date 4/79
Process No. " . A
5. Salvaged Material (Work-in-process)
5.1 Quantity of Work-in-Process 1. Contained in Good Output 2
Work-in-Process (per Computation Unit) 7.675 m L
5.21 Input Work-in-process 1. Not Contained in Good Output 2‘
Work-in-Process ("Amount Required" from 1.1 minus 5.1) 0.078 m / h
5.22 Net Amount of 5.21 which is sold for Credit As-Is or
After Applying Re-Process ] v l . - /
5.23 Credit for 5.22 at the Market Value of $/ s/
5.24 Cost of Reprocessing Material -of 5.22
at the Average Reprocessing Cost of S/ s/
5.25 Net Credit for 5.22 (5.23 minus 5.24): s/
~ in Prc 0.78  m?
5.26 Material of Type 1. Lost in Process (5.21 minus 5.22) . /
5.3 Cost of Work-in-Process Not Contained in Good Output Work-in-Process 3.20 s/_h
(Amount 5.21 Times Unit Cost 1.1)
5.4 Cost of Work-in-Process Contained in Good Output Work-in-Process '
(Amount 5.1 Times Unit Cost from 1.1) 316.30 s/ h
Salvaged Materials Summary: :
5.8 Total Net Credits for All Salvaged Materials (5.25 +'5.67 +.5.76) $/




Form 12

Page of ]
Process No. 3 . 1 . 0Of(1]—{0]1 Revision Date 9/78
7. Process Cost Computation 7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.)1 30.16 $/ h
7.22 Qthex Indjrect Cogts: %z of 7.11 1.25 $/
658 21855} $°8 " p—w—rtuory h
7.21 Total Operating Add-on Costs of Process: 31.41 $/ h
7.22 G & A ' % of 7.21 $/
— R RFTREMTE IR TSI ,
7.31 Total Gross Add-On Cost of Process . 31.41 $/ h
7.32 Credit for Salvaged Material (5.8) $/
7.33 Cost of work-in-Process Lost (5.3) 3.20 $/_h
‘ 7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) 34,61 s/ h
— . ’
- 7.35 Cost of Input Work-in-Process Contained in Good
Output -Work-in-Process (5.4) 316.300 ¢/ h
. . t
7.36 Loading on Item 7.35 at Rate % S/
Snuneuinge
7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 350.91 $/ h )
7.41 Theoretical Yield (or Conversion Rate, if output units of 2
' work-in-process do not equal input units) 7.753 m /_n
7.42 Practical Yield Jé 99 7
7.43 Effective Yield (7.41 x 7.42) 7.675 m2 / h
7.44 Number of Units of Good Output Work-in-Process per
Computation Unit Used up to 7.35 /
——
7.51 Cost of Unit of Geod Output Work-in-
Process (7.37 + 7.44) 45.72 S8/ ml °
7.52 Specific Add-On Cost per Unit of Good 4 5]‘ me
Output Work-in-Process (7.34 % 7.44) i $/



Procés's No., .. m. -

L[]

Form 13-2

Page ] of 1
Revision Date 9/78
8.2 Alternate 2 (SAMICS Methodology): 1
8.21. Profit Compﬁtation:
Lo0ws274% 1802 o/ M iron Subtotal 4.1 = 16:80 ¢/ 1
_1.946x 171 s/ b from Subtotal 4.2 = 3.33 ¢/ N
] Subtotal - 20.13 5 h
8.22 Costs of Amortization of the One—}ime Cost:
0.192%  6.53 5, b From Subtotal 2.7 = 1:26 g, b
- 0.192%+ _ 3.80 g/ h from Subtotal 3.5 = ___0.73 g5/ b
i 0.2958% 18.12- ¢/ h from Subtotal 4.1 = °:36 5, N
2.77% 171 s h from Subtotal 4.2 = 4.73 ¢y M
Subtotal = 12.08 s/ h 1
8ﬂ23 Total Net Cost of Equity (8.21-+ 8.22): 23.21 s/ h
. \
8.24 Profit and Amortiz;tion of'Start—up'Costs per Unit.of CGood OQutput
Work-in-Process:
(Divide Subtotal 8.23 by 7.675 m /_p  from 7.44)
4.20 s/ n?
8.25 Price of Process‘(7.52 + 8.24) 8.71 SA_mz
8.26.Price of WPrk—in—Process (7.51 + 8.24) 49.92 S/ m2
_ b - .
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0. Output Specification: ’

frocess No. 3 1 0 (1 I=] 0} 1

Revision

Form 15
Page L of _]__
Date 9/78

. ) +
Name of item: Wafers with NPP " Junction

7.62-cm diameter

Dimensions:
~Material: High purity silicon
Other Specifications:  Output of cell is 0.717 watts (n = 15.7%).

Front dosage of phosphorus 1is 1 x 1015 ions/cmz, and was placed on selected areas

using a mask. The back surface field consists of boron at a concentration of 5 x 1014 10n§/cm2.




Proce

ssvo-[3 ][] foTa]-[o]1]

University of Pennsylvania
PROCESS CHARACTERIZATION
| (UPPC)
Process: Device Fabrication

Subprocess: Formation of Potential Barrier

Option: Ion Implantation of Phosphorus

Form

-

(Lockheed)

Form Pages Rev. | Date Remarks
1 4/79 All forms have same date.
2 1l to 7
3 1 to 3
4 l to 3
5 l to 13
6 1l to 1
7 l to 1
8 1l to 1
9-1 1 to 1
9-2 1 to 0
9-3 l to O

10 1 to O

11 1 to O

12 1 to 1

13-1 1 to O .
13-2 1 to O ~ R

14 1 to . 1

15 1l to 1t

16 1 to 0

120
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Revision

Form 2

Page 1 of '} =
~__ Date 4/79

Process No. [Z;_ .i-I—], lO 1 ]""[0 1 J 0.1 Vélue Added:

$/

Process Description: Ion implantation of phosphoruswith a 2 x 1015 jons/cr? dosage using PFe

The output rate is 50 wafers/minute and each wafer spends an average of 20 hours at the work station.

There is a 2 h load time, 16 h process time, and a 2 h unload time. .Machineusage fraction is 95%; actual

output is 2850 wafers/n. TFilament life is assumed to be 80 mAh and the filament operates with a current

of 10 mA., It takes 20 minutes to dhange the filament.

1. Input Specification:

Name of Item: _Texiire etched.Si wafers
7.62-am diameter .

Dimensions:
Material: High purity silicon

. . . : . 15 . 2
Other Specifications: __Ton dose is 3 x 10~ ions/cm

Ion implantation unit has four side load-unload chambers surrounding the central

implantation chamber. Area output rate is 13 m2/h.

1.1 Quantity Required: 13.0 n? /h . _ Unit Cost: 41,21 $/ 2
. 1.2 Input Value: $/
1.3 Input Cost: 535.73 $/n

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



el

2.1

2.1_

Process No. EI [1_] . lOIl .I—'lO 11—1

Form 3
Page ) of }

2.1 Direct Materials: . L _
. Revision Date_ 4/79
2.11 Type: Phosphorous pentaflouride (PF_), 99.0% ' :
Specific‘ation: Consumption rate of 0.0052725 m¥/min is based on current usage. Actual
~ usage should be (0.005275)- x (2850) x 2.43 x 60. Density is 5.805 g/ % . Cost
is approx. $400/1b. (Matheson). - "
Quantity Required: _ 2192 m¢ /min; Unit Cos.t: 0.0051 St ; Cost:] 11.22 $/h
_Type: ;
Specification: 3
\ 1
Quantity Required: / ; Unit Cost: - $/. ; Cost: $/
. VB .
Type: .
‘Specification:
(5uantity Required: / ; Unit Cost: $/ ; Cost: $/
11.22 $/.h

2.1 Subtotal Direct Materials:




Process No.

2.2 Indirect Materials (dincl. 5uppliesand non-energy uFilities): : Revision ‘Date 4/79
2.21 Type:_ Cooling water ;
specificgtion; Used to cool diffusion pumps which have a power rating of about
7 kW (SAMICS C1128D)..
Quantity Required: 7KW _/___; Unit Cost: 0.566 s/ kWh ; Cost: ) 3.962 $/n
2.2 2 Type: Compressed_air
Specification: Pressure is 50 psi. Used for operation of gate valves and air ;
E§ cushion bearings. Oniy needed when machine is running. Conéumption is 0.0988 |
’ £ /min. (sAMICS C2032D).
. Quantitv Required: - ____m~”"16§J£/_EL_$ Unit Cost: S/ ; Cost: s/
2.2_3 Tyvpe: Liquid nitrdgen | et
Specification:, Used for diffusion pump'tréps and is needed at all‘times; ‘ ;
Cost is $5.66/ft3 (SAMICS' €1080D) - ' - _ |
Quantity Required: . ] 3.75 ‘% /h ;  Unit Cost: 0.20 S/ % ‘. ; Co;t: 0.75 $/h
Lty o |
2.2 Subtotal Indirect Materials: | 4.712 &/ n

G1.0].[o]j-{o]1]

..Form 4

Pagel ‘of 2

- e




Process No. . . [0 L -0 I ]

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

. Revision
2.2} Type: Argon » : .

Specification: Used to flush system. Consumption rate is 0.485 ft3/min and sage

rate is 97%. Cost is 0.14 $/ft3 (SAMICS E1112D) ,

-

" -Quantitv Required: ' 800 2 / h ;5 Unit Cost: 0.005 s/ ¢ . Cost:

2.2  Type:

Specification:

174

Quantity'Required: A : Unit Cost: $/ i Cost:
2.2_ Type: L _

Specification:

Quantit§ Required: / 3 Unit Cost: S/ ; Cost:

Form 4
Page 2 of 2

Daté'4/B

_4.00 s/h

$/

2.2 Subtotal iIndirect Materials:

4.00 s/ B




Process No. DJ . Ll_] . F’ Il—l..LO Tl_J

2.3 Expendable Tooling:

TA

Form S

Page ._]___'_ of 1

Revision Date 4/79
2.3 _ I‘ypg: i -
Quantity Requirea: / : Unit Cost: s/ Cc;st: $/
2.3_ Type: ' | |
Quantity Required: / :’ Unit Cost: $/__ __ Cost: T s/
2.3 _ Type:
Quantity Required: -/ : Unit Cost: $/____ Cost: $/
2.3 _ Type:
Quantity Required: /____: Unit Cost: ' $}/__'C.ost: $/
2.3 Subtotal Expendable Tooling: $/
2.4 Energy . . .
’ 2.4 1 Type: Electricity, used at all times; power rating is 7 kw
___Quantity Required: 7. kW : Unit Cost: 0.0319 $/kWh cosc:[0.223 s/h
2.4 _ Type: .
Quantity 'Réquired: Unit Co.st:. | $/____ Cost: $/
| 2.4 " Subtotal Energy Costs: 0.223 §/ n
2.5 Subcotal 2.1 to 2.4:° ; 20.12  $/ n
2.¢ Handling Charge: _5.26 % of item 2.5] 1,05 S/ p
2.7 Subtotal Materials and SupAplies: 21.17 s/ q

(2.5 + 2.6)




‘Process No. 3.1 . 10]1f-f0]1 , Form 6
Page ] of
Revision Date 4/79
3.1 Direct Labor:
3.1 Category: maectronics Technician Activity: ' Machine operation
- "~ (SAMITS BI704D) e . 2
Amount Required: 1 h/ h ; Rate: $5.29 /h; Load 36.0 %; Cost: ! 290 $/h.
3.1 Category: Activity:
Amount Required: ) hy s Rate: § /n; Load %; Cost: 'S/
3.1_ Category: Activity:
Amount Required: - h/ ; Rate: §__ . /h; Load . %43 Cost: _ $/
_ . - . 3.1 Direct Labor Subtotal: 0 7.20 $/h
_. 3.2 Indirect Labor: Taken as 25% of direct '
N e
(=) .
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: § /h; Load %; Cost: . . s/
3.2 Indirect Labor Subtotal: 1.80 $/h.
3.3 Subtotal 3.1 and 3.2 9-00 ¢m
: . 3.4 Overhead on Labor: °-20% 0.47 $/m
i
3.5 Subtotal Labor 9.47 _$m




Process No.

Form 7 :
Page 1  of 1-

‘Revision _Date 4/79

4,1 Equipment

4.11 Type:_Ion Implantation System

(21

4.13

“Cost: . 3QQ’QQQ- $; Installation Cost: $; Througﬁput: 2850 wafers /h;
.- Plant Oper'g Time 8280 h/y; Machiﬁe Avail;ty:_gé__z; Machine Oper'g Time h/y
Servicing'Cosgéz Labor ; h/y at $/h;Parts or Outside Service: $/y
Useful Life: 7 y; Charge Rate:_pj_35 % of Cost/y; Capital Cost: 64,050 __S/v _];]}___éYQ
Type: Centfal chambér and five side chambers for above
Cost: 140,000. $; Installation Ccst: $; Throughput: . 2850 wafers /p;
Plant Oper'g Time 8280 h/y; Machine Avail'ty: 95 %; Machine.Oper;g Time_____f_f____Jify
Servicing Costs: Labor | h/y at $/h;Parts or Outside Servicé: - $/y
Useful Life: 7 v; Charge Rate:__21.35 % of Cq;t/y; Capital'CoéE: 29.900 Siy 3.60 s/ h
Type: Trays (2,000) @ $30. each ‘
Cost: 60,000 , $; Installation Cost: $; Throughput: 2850 wafers /1;
Plant Oper'g Time' 4239 h/y; Machine Avail'ty: 95 %; Machine Oper'g Time h/y
Serviéing Costs: Labor " h/y at__ $/h;Parts or Oucéide Service: ___S/¥y
Useful Life: 7 v; Charge Rate:_;l;gg__z of Cost/v; Caéital Cost:_ 12,800 §/ 1,57 She
4.1 Subtotal Equipment Cost: 12.30 sh




Process No. 3 . l . 0[ l!- 0 ! . Form 8
. Page 3 of L
) Revision  Date4/79 .
4.2 Facilities: . 4
4.2 Type: _Manuﬁaci;m:;m_sm&e___ Floor Area: _132.355__m ; Throughput:_ 23,600,000 wafer /y
r L - Oy NS Suuwp GuP Cant Sund CuE OumE CGEF o=
Charge Rate: _179, 13 $/(m *y); - Maintenance Costs:
- oumn QUay b GEED CEAF WP D GaEd G e . . )
Energy Use: -‘ Labor: _h/y at _$/n
Heating ly at $/ 1 Supplies: $ly
Air Cond'g /y at $/ | Qutside Services: ) 8§y
Lighting /y at $/ . L
. o | Total Cost: _ 25,000 $ly 3,00 $/n
: 2
4.2__ Type: Floor Area: m ; Throughput: /y
Charge Rate: $/(m"y); Maintenance Costs: B
L ___ N L L d —— S L d L 4 — ——— —
Energy Use: Labor: h/y at $/h
N Heati ly at s/ I | .
> Heating y a: . i . Supplies: ) .Sy .
Air Cond’g /y at s/ L_. Out51de Services: S/y
- 1 Total Cost: Sy $/
4.2_ Type: Floor Area: ; ' Throughput: Ay
Charge Rate: $/(m y); Maintenance Costs:
nergy Use: ’ "Labor: h/y at B $/h
Heating /y at $/ l . ;
. N o Supplies: $ly
Air Cond'g /y at $/ .
L- Qutside Services: Sly
nghting /y at $/ Gy ed Gmp G Gl Guy GEe SE= SN S 4
o : t Total Cost: $ly $/
, ) ' ' 4.2 Subtotal Facilities: 3.00 $h-
* Includes utility use’ -
4.3 Equipment and Facilities Subtotal : 15.90 $Sh




13 . I!I" 0 i —10 |1

Process No.

5; Salvaged Material XWOrk-in—probess)

5.1

Quantity of Work-in-Process 1.

¥

Form 9-1

Page lor 1

Revision

. pate 4/79

Contained in Good Output 5
work-in-Process. (per Computation Unit) 12,90 . _m / h
5.21 Input WOrk;in-prqcess 1. Not Contéined in Good'Output .2
Work-in-Process ("Amount Required" from 1.1 minus 5.1) 0.10 o n -
5.22 Net Amount of 5.21 .which is sold for Credit As-Is or
After Applying Re-Process I, L ,nl "'[7 I /
— R
@  5.23 Credit for 5.22 at the Market Value of $/ s/
5.24 Cost of Reproceséing Material of'5.22 ‘ . .
at the Average Reprocessing Cost of . S/ $/ :
5.25 Net Credit for 5.22 (5.23 minus 5.24): “ S/
. : . 2 . ‘ :
5.26 Material of Type 1. Lost in Process (5.21 minus 5.22) - 0.10 m  /h -
5.3 Cost of Work-in-Process Not Contained in Good Output Work-in-Process 4.12 _sh
(Amount +5.21 Times Unit Cost 1.1)
5.4 Cost of Work-in-Process Contained in Good Output WOrk-ln -Process .. . :
(Amount 5.1 Times Unit Cost from 1.1) s o “ 531.61 $/n
Salvaged Materiels Summary: §
5.8 S/

. Total Net Credips for All Salvaged Matecials (5.25 + 5.67 + 5.76)




Form 12
Page 1 of 1
Process No. L3 . 11}, L% l1j—j 0|1 i ‘ - 'Rgvision Date 4/79
7. Process Cost Computation - . 7.11 Manufacturing Add-On Costs .(sum of 2.7, 3.5. 4.3, 6.)§46.54 $/ h
7.22 Qthay P4liestCegksy 4.0 % of 7.11 1.08 ¢/ h
e — P
7.21 Total Operating Add-on Costs of Process: 47.62 $/ h
~N ) *
7.22 G & A 4 of 7.21 S/
_ — M .
7.31 Total Gross Add-On Cost of Process 47.62 g/ h
7.32 Credit for Salvaged Material (5.8) $/
. 2
7.33 Cost of Work-in-Process Lost (5.3) 4.12 ¢/ h
- — . N—— S
7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) 151,74 $/ n
P N .
8 7.35 Cost of Input Work-in~Process Contained in 3ood .
Output Work-in-Process (5.4) 531, 61 $/h
7.36 Loading on Item 7.35 at Rate % $/
. _ .
-7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 583.35___ $/_h
7.41 Theoretical Yield (or Conversion Rate, if oﬁtput units of 2 "
: work-in-process do not equal input units) ) 13.0 -m~_/_h
7.42 Practical Yield o : ' 99.2 %
7.43 Effective Yield (7.41 x 7.42) 12.9m* / h
7.44 Number of Units of Good Output Work-in-Process per
Computation Unit Used up to 7.35 : /
I . ——
7.51 Cost of Unit of Good Output Work-in- .
Process (7.37 % 7.44) 45.23 $/ m
7.52 Specific Add-On Cost per Unit of Good 4.0l m
Output Work-in-Process (7.34 * 7.44) e $/




Process No. .‘T .-

Form 13-2

Page 1 of 1
Revision Daté 4/79 -
. 8.2 Alterhaté 2 (SAMICS Methodology):
8.21 Profit Computation:
0.9274% 12;90 $/ _h _ from Subtotai 4,1 = 11.96 $/_n
1.946% 3.00 $/ h from Subtotal 4.2 = 5,84 $/ n
Subtotal = 17.82  $/ h
8.22 Custs of Amortization of the One—Time.Cost:
0.192% 21,17 %/ _h __from ASubtotal 2.7 = _4.07 $/_n
,EE 0.192% 9 47 $/ h B from Subtotal 3.5 = 1.82 ‘. $/ h
0.2958% 12.00 S/ h ' from.Subtotsl 4.1 = 3.82  $/ h
2,77% 3.00 $/_n B .fro.m' Subtotal 4.2 = 8.3l $/_h
e
Subtotal = 18.02 $/_n 1
8.23 Total Net Cos£ of Equity (8.21 + 8.22): ‘ 35;84‘ §/- 1
8.24 Profit and Amortization of Starf-up'Costs per ﬁnit of Good Cutput
Wo§kfin—Process: S o o ' i
(Pivide Subtotal 8.23 by _12.9 ‘ m / _h from 7.44)
| | 2.78 8/ |
8.25 Price of Process (7.52 + 8.24) _ 6-79v s/ m
8.26 Price of 'v:ork-in_-'éracess (7.51 + 8.24) ‘ ]ﬂ_ 48.00 s/




Process No: | 3 1 ol1
[ ) [
9.

2T

Process Economic Evaluation:

Process Cost Balance (7.52 - Q0.1)

Revision

Form 14
Page ] of

Date 4/79

4

$/

Relative Process Performance (9.1 + 0.1)"

" Output Cost (7.51)

Output Value (0.2 + 0.1)

Relative Excess Cost {(9.3 - 9.4) + 9.4]

45.23° /M

S/




Process No. 3111 jojly-10}1

€el

Output Specification:

Name of item: Wafers with phosphorus PN junction

Revision

Form 15 4
Page 1 of 1

Date ,/7q

/4

Dimensio‘ns; 7.62-cm diameter

Material: Substrate is high purity silicon

Other Specifications: Process yield is 99.2 %,

Implant dosage is 2 x 1015

ions/cmz,




Process NoO. [}jrl—llo l2 !"‘

University of Pennsylvania
PROCESS CHARACTFRIZATION
(UPPC)

Device fabrication

Form

N

Process:
Subprocess: Formation of potential barrier
Optionj Activat50n anneal after ion implantation
(Motorola)
1NLEX
Form ° Pages Rev. | Date Remarks
1 —-= 10/78
2 1 to 1 3/79] 10/78
3 1 to 0 - —_——
4 l to 1. 3/79| 10/78
5 1 to 1 3/79} 10/78
6 1 to 1 3/79 | 10/78
7 .1 to ;L; 3/79| 10/78
8 1 to 1 3/79| 10/78
9-1 1 to 1 3/791 10/78
9-2 1l to jl_ T T
9-3 1to 0 R
10 1l to 0 —_— ——
11 1to 1 ° |3/79] 10/78
12 1 to 1 3/79| 10/78
13-1 1 to 0 == | ===
13-2 1 to 1 3/79| 14778
14 1 to 0 -=- S
15 1 to 1 -—- | .3/79 . .
16 1 to g I




18

Form 2
Page 1 of 1
. Revision Date 10/78
Process No. { 3 ]| l le l lb ;LJ : , 0.1 Value Added: $/

Process Description: Annealing af mafnr after juncti

junctlon. .Capacity of machine is 2000 wafer/h or 22.62 m /h. Machine

utilization is 96%, for an effective output rate of 21.715 m2/h

Input Specification:

Name of Item: Wafer with implanted junction(s)
Dimensions: " 12-cm diameter
Maferial: silicon

Other Specifications:

1.1 Quantity Required: 21.715 m2 /__J; ) Unit Cost: 41,21 $/

1.2 Input Value:

- W S -} 1.3 Input Cost: 894.88

=

Al ' -

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



Process No. _[_3_1.[1 ].[0 lZ]—thJ o ’Form 4
: ' Page Lof l_

‘Revision_3/79 Date_10/78

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

2.21 Type:_ Nitrogen gas from liquid nitrogen ] : ’ ;
| Specification: Cost of LN%J'.S 5.66 $/ft> B
(SAMrcs No. C1080 D)
Consumption is 3£/min/tube and is used at all times
’Quantity Required: 1440 ~[_/__i__‘; Unit‘ Cost: 0.0004 S/ A ,(, ; Cost: 0.58 $/ h
2.2 ‘Type: ] . ‘
Specification;
w
()]
Quantit;v Required: . o ___/_; Unit Cost: $/ ;  Cost: S/
2.2 Type: -
épecification:
Qu-ant,ity Required: - / Unit Cost: -8/ ; Cost: __ S/
2.2 Subtotal Indi‘rect‘Materials: 0.58 s/ h




Process No. l 3] ,IlJ . l 0 I2 |-—[0 (lJ

2.3 Expendable Tooling:

LET

2.4

. Form 5

.Page ] of 1 -

2.31 Type: Quartz tubes and boats; replaced every 8 months - ‘ Revision_3/79 DateM
| - Quantity Recquired: 12 tubes /.y Unit‘Cost: 769 $/tubeCost:| 1.16 $/ h
2.3 _ Type:
Quantity Required: / : Unit Cost: ___§/_ Cost: $/ _
2.3 _ Type:
Quantity Required: /- © Unit Cost: ___ 8/  Cost: $/
2.3 _ Type: .
Quantity Required: / : Unit Cost: ___ $/_ Cost: $/
2.3 Subtotal Expendable Tooling: 1.16 $/ h
Energy .
2.4 1 Type: Electri_city, 140’ name-plates rating, Dﬁty cycle is 50%
‘ Quantity Required: 70 _kw Unit Cost:0.0319$/m Cost:} 2.23 $/_h
2.4 _ Type: | ' V ‘

Unit Cost: $/ Cost:| $/

Quantity Required:

2.4 Subtotal Energy Costs: 2.23 $/ h

2.5 Subtotal 2.1 to 2.4 3,97 $/ n

2.6 Handling Charge: 5 2g % of item 2.5} 0.21  S/h_

2.7 Subtotal Materials and Supplies: 4.18 $/h
(2.5 + 2.6) .




8¢l

Process No. 3 1 012 (-0 - ' o Form 6

’ * Page 1 o.f 1
o Revisioq;bﬁzg_pgte 10/78
3.1 Direct Labor: ‘ .
3.11 Category:_Semiconductor assembierv Activity: lmachfne qperation
. (SAMICS B3096D) ,
‘Amount Required: 1 n/ h ; Rate: § 3.894 _/ﬁ; Load 36-0 " 7. cost: - 5.30 s/ h
3.;_.'C$teg6ry: - Activity: -
Amount Required: h/ ; Rate: § | /h; Load %; Cost: - . ‘$/
3.1_ Fategory: ' ' Activity:
Amoﬁnt Required: ’h/- ; Rate: § /h; Load %3 Cost: ' ' $/
: ~‘ _ 3.1 Direct Labor Subtotal: 5.30 $/_h
3.2 Indireé¢t Labor: Taken as 25% of direct AR
3.2_ Category: ) : ‘ Activity:
- Amount Required: h/ ; Rate: § /h; Load %Z; Cost: - ' $[
3.2_ Caﬁegory: Activity: ' |
Amount Required: h/ ; Rate: § /h; Load %; Cost: $/
3.2 Category: ‘ Activity: |
Amount Required: _ n/ _; Rate: $ | /h; Load %3 Cost: ’ $/
- 3.2 Indirect Labor Subtotal: . 32 S/ g
3.3 Subtotal 3.1 and 3.2 _6.62 s/ h
3.4 Overhead on Labor: °-26% 0.35 ¢/ h

3.5 Subtotal Labor ' 6.97 _$/n




Form 7
Process No.| 3 1 0f 2110 |1 ' . ‘Page 1 of1l

. Revision3/79Date 10/78

4.1 Equipment

4.1_1 Type: THERMCO eight tube diffusion m’od.ule type 4000572 gpec 1900
| Cost: 64,270 $; Installation Cost: ——=-= ${_Throughput:21.715 /h;
Plant Oper'g Time 8280 h/y; Machine Avail'ty: 96 ¥%; &achine Oper'g Time 7950 h/v
' Serviéing Costs: Lébor == _  h/y at == | $/h;Parts or Outside Service: ——=- S/v
Useful Life: 7 y; Charge Rate: 21.35 % of Cost/y; Capitél Cest: 13,720 S/y| - 1.73_ S/ _h
4.1_ Type: "L
. Cost: ' ‘ $; Installation Cost:. ' $; Throughput: . ’ thy-
C Plant Oper'g Time h/y; Machine Avail'ty: _ 7%; Machine Oper'g Time_ h/v
Servicing Costs: Labor h/y at ’ $/h;Parts or Outside Servﬁce: sy -
Useful Life: | y; Charge Rate: : % of Cost/y; Cépital Cost: S/v S/
4.1 Type;
Cost: ) ' S; Iﬂstallation Cost: T $;»ihfoug;§u£; ) a }?u
Plant Oper'é Time  7 ‘ h/yﬁ M;chine AQail‘ty:_____ﬁ; Maéhiné Oper'g Time ' h/y
Servicing Costé: Labor . ' A/y at S/h;Parts or dutside’Servicg:__ .L_;S/y
Useful Life: “__y; Charge Rate: % of Cost/y; Capital Cost:__ 3 - 7A% S/
SR o SL ) : 4.1 Subtotal Equipment Cest: 1.73 s/ h




Process No. l_il . m . |0]2] “loj1

4.2 Facilities:

4.2)1 Type: floor space

Form 8
Page 1 of1l

Revision 3/79Date 10/78

' ' 2
Floor Area: 25.55 mz; Throughput: 179,800 m- /y

r.--—-—-‘—.—,—.—....—.--

Maintenance Costs:

S/ (m2y);

*
Charge Rate: 179.13

- Cuup oumy b cemmy emmy Gaa Gamn b Gy e 3
' Energy Use: : -T Labor: h/y at $/h
Heating /y at $/ | Supplies: , . sly
Air Cond'g - /y at $/ l Outside Services: : $/y
tenting Iy 1 Total Cost: 4600 Sly $/
[ — SR —————————— :
o 2
4,2_ Type: Floor Area: m ; Throughput: /y
2 o=y S .— —— -——— A— anly . ouEm ——— S — A— ——
Charge Rate: $/(m"-y); Maintenance Costs:
Gy Gumb oEmy =) oump aump oaemp  guub __ — -y =y M i
Energy Use: 'Labor: h/y at $/h
g Heating /y at S/ l Supplies: ‘ $/y
. ] ) .
Air Cond’g /y at 5/ - Outside.Services: S/y
Li htin / at $/ — — am— Gy GEp Gl  ouel D — - aoany ‘of
8 8 Y 1 Total Cost: Sly $/
: 2 . ) )
4.2_ Type: Floor Area: m ; Throughput: /y
2 Pgus WA aGu mp SwRd Sy CEND —- Chwp eume GuED oRS> Susl ~'
Charge Rate: $/(m -y); Maintenance Costs:
. nergy Use: lLabor: hly at $/h
Heating /y at $/ i : )
, . l Supplies: ‘ Sly
Air Cond'g _ /y at $/ ‘ ' .
Qutside Services: : $ly
. Lighting /y at $/ e s @d Gut Gt e e o e oo
1 : - Total Cost: $/Y,-ﬁ $/
. 4.2 Subtotal Facilities: 0.58 g/ h
* includes energy use. .
4.3 Equipment and Facilities Subtotal : 2.318/ h




91

Process No.

5.

Salvaged Material (Work-in-process)

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

[1] ol 2 0111 ' . Revision

Form 9-1"

Page _};pf _}_

Date /79

5.1
Work-in-Process {(per Computation Unit) ' 21.584 /_h
5.21 Input Work-in-process 1. Not Contained in Good Output
Work-in-Process ("Amount Required” from 1.1 minus 5.1} 0.130 / h
5.22 Net Amount of 5.21 which is sold for Credit As-Is or
After Applying Re-Process [ 1. l .l "7r /
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) /
5.3 Cost of Work-in-Process Not Contained in Good Output Work-in-Process 5.37 $/_h
. (Amount 5.21 Times Unit Cost 1.1)
5.4 Cost of Work-in-Process Contained in Good Output Work-in-Process 889.47 h
(Amount 5.1 Times Unit Cost from 1.1) : s/
Salvaged Materials Summary:
5.8 Total Net Credits for All Salvaged Materials (5.25 + 5.67 + 5.76) S/




Process No. w ,u - I&Tﬂ"’LOE ]

Form 1
Page of 1

Revision3 (72 Nate1Q/78
6.3 Liquid Byproducts/Wastes (organic) Carry from Form 10 $/
6.3; *T&pe (Composition): Quantity Produced: /
Density: g/cm3; Toxicity: COD: mg/1l; BOD: mg/1
Ignition Point: oC; Explosive Mixture in Air: % to %; Other Remarks:
Type of Disposal:
Input Material for: Cost(Credit) S/ s Cost: S/
— 6.4 Fumes, Gaseous Byproducts/Wastes
S , 3
6.41 Type (Composition): Fume gases Quantity Produced: 125 ft7 min
Energy Content (Combustion): kWh/ ; Explosive Mixture in Air @ 7% to %
o . ) o . .
Ignition Point: C; Aerosol[:]‘Prec1p1ta;es in minutes pH
Toxicity Requires Scrubbing[:J ‘Type of Scrubber:

(enter scrubber under 4.1, 4.2, scrubber effluent under 6.1 to 6.3)

Other remarks: 0.46kWh/1000 CFM 9 0.0575 kWh/min

Type of Diéposal:

‘Operating Costs: 16.08 s/ Y o Cost:

0.002 ¢, h

6. OJubtotal: Byproduct/Waste Dispceal Cost:

0.002 §/ h




Form 12

Page 1 of 1
Process No. . ) Revision 3/79 Da;e  10/78
7. Process Cost Computation 7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.)1 13.45 $/ Hh-
7.22 Other Indi(roe.césgoggsi 3 % 86 7“11(4.2)) 0.17 $/_h
7.21 Total Operating Add-on Costs of Process: 13.62 $/ h
7.22 G & A o % of 7.21 $/
. .
7..31 Total Gross Add-On Cost of Process 13.62 ¢/ h
7.32 Credit for Salvaged Material (5.8) _$/
"7.33 Cost of Work-in-Process Lost (5.3) 5.37 &/ h
7.34 Specific Add-On Cost of Process (7.21 + 7.33)-(7.32) 18.99 5/ h
H .
& 7.35 Cost of Input Work-in-Process Contairied in Good
Qutput Work-in-Process (5.4) 889.49 $/ h
7.36 Loading on Item 7.35 at Rate | % : S/
S 0 .
7.37 Cost of Output Work-in-Process (7.34 + 7.35-+ 7.36) 908.48 s/ h
7.41 Theoretlcal Yield (or Conversion Rate, if output units of ‘ 2 i
21.715 m h t
work-in-process do not equal input units) /
7.42 Practical Yield 99.4 %
7.43 Effective Yield (7.41 x 7.42) /
) f
- 7.44 Number of Units of Good Output Work-in-Process per 2
Computation Unit Used up to 7.35 21.524 m“ / h
7.51 Cost of Unit of Good Output Work-in- 2
Process (7.37 + 7.44) ) 42.09%/__ M
7.52 Specific Add-On Cost per Unit of Good

Dutput Work-in-Process (7.34°% 7.44)

0.88 §/ m2




Process No. ..- ‘ : . Fo;m 13-2

Page 1 of 1
Revision 3/79 Date 10/78

8.2 Alternate 2 (SAMICS Mgthodologyf: ,
~ 8.21 Profit Computation:
0.9274*% 1 .73 s/ h from Subtotal 4.1 = 1,60 $/ __h
1.946* .58 S/ h - from Subtotal 4.2 = _1.13 $/__h
. m |
Subtotal = 2.73 $/__h
8.22 Costs of Amortization of the One-Time Cost:
0.192*% 4 18 $/ h from Subﬁotal 2.7 = 0.80 $/_h
b
& 0.192% - g7 $/ h _from Subtotal 3.5 = _1.34 _$/ h
0.2958% 7 73 $/ h from Subtotal 4.1 = .51 $/ _h
2.77% o5 $/___n from Subtotal 4.2 = 1,60  $/__h 1
: e
Subtotal = 4.25 $/__h
8.23 Total Net Cost of Equity (8.21 + 8.22): . ' 6.98 $/ _h
8.24 Profit and Amortization of Start-up Costs per Unit of Good OutputA |
Work-in~Process: 2 -
(Divide Subtotal 8.23 by 21.584 m / n .. from 7.44)
0.32 $/ m?
2
8.25 Price of Process (7.52 + 8.24) - - 1.20 $/ _m
2
8.26 Price of Work-in-Process (7.51 + 8.24) 42.41 $/ m

w




3 ) 1 0 21=-10¢11 ' Form 15,
) ) . ' ‘ Page E;~ of 1

3/79

Process No.

Revision Date

0. Output Specification:

Annealed wafer

Name of item:

12-cm diameter

Dimensions:

high purity silicon

Material:

Other Specifications:

Syl




AProcess No. B}r_l]io l 1 l———[ 0‘, 1 l . Form 1

University of Pennsylvania
PROCESS CHARACTERIZATION
(UPPC)

Process: Device Fabrication

Subprocess:_Junction Formation

Option:  Unanalyzed Ton Beam Implantation

Proijection (Motorola)

| INpEX
Form Pages Rev. |‘Date | Remarks
1 : _9/78 All forms have this date
2 1 to 1 unless otherwise ispecified.‘
3 1l to 1
4 l to 1
5 l to 1
6 1l to 1 &
7 1 to 1
8- { 1 to 1
-1 | 1to 1| 4/79
9-2 1 to ©
9-3 1 to ©
10 1 to O -
11 1 to *
12 1 to, 1
13-1 1 to 1
13-2 1 to 1 o
14 1 to O
15 1 to 1 _
16 1 to O
146




Form 2

: . : : , ' Page 1 of 1
' ‘ . . Revision _ Date _9/78
Process No. [3 S 'tO 1=l ol1l ' 0.1 Value Added: $/ '
' Process Description:  Ion inplantation of PN junction: (phosphorus) with a hollow cathode source.
Machine current is 100 mA uses an unanalyzed beam,and its capacity is 4800 wafers/h. Utilization rate is

80%, so effective throughput rate is 3840 12-cm diameter wafers per bour.

1. Input Specification:

Name of Item: Wafers prepared as specified

Dimensions: 12-cm diameter

i

Material: Silicon

Other Specifications: Throughput rate of 4800 wafers/h is eguivalent t0454-2q}n%!h

. : 2 . ' .
1.1 Quantity Required: 43.43 m /A Unit Cost: 41,21  §$/ p2
1,2 Input Value: $/
1.3 Input Cost: 1789.75 ¢/ h

Note to Item 1,3: Use price; if input ptoﬂucéd_ih own plant. .

P ~



Process No. E_l . [_LJ . |0 Il I-lO ll I

2.1 Direct Materials:

2.11 Type: __Ion source (phosphorus)

Revision

.o

Specification: _ Semiconductor. grade.

Assunini 10% implantation eff. and

dose of 2 x 10an 2

,consumption is 0.0001326 g/wafer,

g/ h ; Unit Cost: 2.76

$/ g A ; Cost:

Form 3 '
Page 1 of 1

Date 9/78

Quantity Required: 0.509 1.41 $/h
2.1 Type: 3
Specification: ;
[o
F—3
(0]
Quantity Required: / ; - Unit Cost: $/ ; Cost: $/
2.1  Type: X
Specification:
3
Quantity Required: / ; Unit Cost: $/ ._; Cost: $/
2.1 Subtotal Direct Materials: 1.41 $/ h

|




Process No. E3_l RN ,[011]—]0 Ill . ‘ : : . Form 4

Page ) of 1

2.2 Indirect Materials (incl. suppliesand non-energy utilities): o
natrec (inc PP gy © Revision Date 9/78
2.21 Type:_1iquid Nitorgen ' ' : ;
- Specification: Liquid nitorgen consumption is 5%/shift (shift = 8h), ‘
Unit cost is”$5.66/ft3, (SAMICS No. C1080D),
Qﬁantity Required:_(.625 ‘ _ 2 /h : Unit Cost: 0.20 s/ & : Cost: 0.125 s/h
2.22. Type: De-ionized water
Specification: Is used continuously when operating and flow rate is 10 gallons/min.
'5 Cost is 0.00491 $/gallons. (SAMICS C1144D)
Quantity Required: 2270 A b ynic cost: 0.0013 5, % ;  Cost:| 2.95 s/ h
2.2 Tvpe: |
Specification:
Quantity Required: / ;  Unit Cost: ' S/ ; " Cost: $/

)

ol

2.2 Subtotal Indirect Materials: | 3.07 s/ n




Process No. l 31 A,'Ll I . l 0 l l]—-LO [ﬂ ' ' _ | Fo'rm 5 .
Page 1 of }_

2.3 Expendable Tooling: - v

0T

2.3 1 Type: Vacuum purp oil, changed bimonthly @ $17.42/bottle - Revision _ Date9/18
'Quantity Required: _(,0029 bottles / h : Unit Cost: 17.42 $/bottleost: 0.050 $/ h

2.5:; i&pe: B o o - . '
Quantity Required: _ : / : Unit Cost:‘__;_;_$[;___ Cos£; * ‘ §/i

2.3 _ Tyﬁe:‘ o T ' i

. Quantity .Required: / : Unit Cost: _____$/__ Cost: | $/

2.3 _ Type:

Quantity Required: / ¢ Unit Cost: ____ $/  Cost: $/
2.3 Subtotal Expendable Tooling: | _0,050 $/h
2.4 'Energy

2.4 1l Type: Electrical enerqgy (30 kW/machine when operating). Utilization is 90%

Quantity Required: 27 kW : Uait Cost:0.0319 $/Kvh cose:| 0.86 §/ h

2.4 _ Type:

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

2.4 Subtotal Energy Costs: 0.77 $/h ‘

2.5 Subtotal 2.1 to 2.4: } 5.39 $/h ‘
2.6 Handling Charge: 5.26 ¥ of item 2.5} 0.28 $/h |

2.7 Subtotal Materials and Supplies: 5.67 $/h
, (2.5 + 2.6)

]

i
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Process No. 3 1 OlJ1l [=10}1 ‘ : Form 6

T Page 1 of] -
Revision Date 9/78
3.1 Direct Labor:
'3.11 Category: Semiconductor assembler Activity: machine nonitoring
(saMICS B3096D) .
Amount Required: 1 h/ h ; Rate: $§ 3.89 /h; Load___ 36,0 %; Cost: 5.29 $/ h
3.12 cCategory: Maintenance mechanic _Activity: service and repair
-~ (SAMICS B3736D) - .
'« Amount Required: 0.1 h/- h ; Rate: $ 5.67  /h; Load 36.0  %; Cost: 0.77 $//h
3.1_ Category: , Activity:
Amount Required: h/ ; Rate: § /h; Load _7%; Cost: . $/
3.1 Direct Labor Subtotal: 6.06 $/ h
3.2 Indirect Labor: Taken as 25% of direct
3.2 Category: - Activity:
Amount Required: h/ ; Rate: $ /h; Load %; Cost: T $/
3.2 Category: B Activity:
Amount Required: h/ ; Rate: $ > /h; Load . %; Cost: + ' $/
" 3.2_. Category: _ - ' Activity:
Amount Required: h ; Rate: $ /h; Load __%; Cost:.: T s/
3.2 Indirect Labor Subtotal: 1.52 $/ h
3.3 Subtotal 3.1 and:3.2 " - 7.58_ $/h
- R e ‘ . 3.4 Overhead on Labor: 5.26 % 0.40 $/ h

) L o v 3.5 Subtotal Labor 7.98 s/ h




Process No.

3 1 Ojli=-r0f1

4.1 Equipment

4.11

4.1

esl

4.1

"Form 7
Page 1 of 1

Revision Date 9/78
Type: Advanced ion implanter n-type (phosphrous)
Cost: 85,000 $; Installation Cosf: $; Throughput: 360,0C0 m2‘ /?;
Plant' Oper'g Time 8280 h/y; Machine Avail'ty: 80 ¥%; Machine Oper'g Time. 6620 h/y
Servicing Costs: Labor _h/y at $/h;Parts or Outside Service: Sly
Useful Life: 7 y; Charge Rate:. 21.35 7% of Cost/y; Capital Cost: 18,000 Sly 2.19 $/h
Type:
Cost: . $; Installation Cost: $;'Throughﬁut: /h;
Plant Oper'g Time h/y; Machine Avail'ty: z} Machine Oper'g Time h/y
Servicing Costs: Labor h/y at $/h;Parts or Qutside Service: Sy
Useful Life: y; Charge Rate: % of Cost/y; Capizal Cost: S/y $/
Type:
Cost: S, 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: y; Charge Rate: % of Cost/y; Capital Cost: Sly S/
4.1 Subtotal Zquipment Cost: 2.19 $/h




Process No. . e

4.2 Facilities;
4.2_1 Type: Machine area
179.13*

Charge Rate:

Floor Area:

5/ (m2ey);

Revision

37.2 m2; Throughput : 360,000 m’ /y
GES CENS CENS EEE WS Cuup P S Gemd Oui SuEP GEF e

Maintenance Costs:

r

- CuEh ey G L] L — - L R )
Energy Use: -’ Labor: h/y 4at $/h
Heating /y at $/ [ Supplies: $/y
Air Cond'g /y at s/ l Outside Services: $/y
TEnting Y 1 Total Cost: 6,600 $/v
Crvm— — . e ——————
2
4.2 Type: Floor Area: m ; Throughput: /y

Charge Rate:

Gnip ows smey ey Sump e  cump  gud

s/ (mz-y) H

CEp SeEy Quuiip SR @ SEy Gun SED ouw —— L4 L
Maintenance Costs:

—
o Energy Use: anbor: _ h/y at $/h
Heating /y at $/ l _ Supplies: L s/y
. ~ 1] ) .
Air Cond’g /y at 3/ Outside Services: Sly
Lightin / at $/ e . e -. e amd = Gme G of
8 8 Y 1 Total Cost: $/y
2
4.2_ Type: Floor Area: m; Throughput: ly
Charge Rate: $/(m” -y} Maintenance Costs:
nergy tUse Labor h/yv at $/h
Heating ly at $/ l
. | Supplies: $/y
Air Cond'g /y at $/ _ :
L Outside Services: $ly
Lighting ——-‘!y at $/ G Gun Gup Gu) Sl GEn CEE AEES wmaE  CnP

] Totsl Cost: §/y

*Includes energy use

4.2 Subtotal Facilities:

Form 8
Page - 1 of 1

Date. 9/78
0.80 s/ h
S/
S/
]
0.80 $/h

4.3 Equipment and Facilities Subtotal :

.00 ~ $/h
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Form 9-1

Pagel of 1

Revision Date 4/79
Process No. I3 1.1 .10 { 1j—j0 11 =2/
Salvaged Material (Work-in-process)
5.1 Qqahtity of Work-in-Process 1. Contained in Good Output :
~ Work-in-Process (per Computation Unit) ; 7.675 m /h
5.21 Input Work-in-process 1. Not Contained in Good Output 7.' ng
Work-in-Process ("Amount Required" from 1.1 minus 5:1) Q'O 8 /h
5.22 Net Amount of 5.21 which is sold for Credit As-Is or
After Applying Re-Process s . - /
$.23 - Credit for 5.22 at the Market Value of S/ : S/
5.24 Cost of keprocessing Material of 5.22
at the Average Reprocessinag Cost of $/ S/
5.25 Net .Credit for 5.22 (5.23 minus 5.24): S/
- ’ . 2
5.26 Material of Type 1. Lost in Process (5.21 minus 5.22) 0.078 / h-
5.3 Cost of Work-in-Process Not Contained in Good Output Work-in-Process 3.20 s/h
(Amount’ 5.21 Times Unit Cost.1.1)
5.4 Cost of Work-in-Process Contained in Good OQOutput WOrk—ln—Process .
(Amount 5.1 Times Unit Cost from 1.1) 316.30 s/h
Salvaged Materials Summary:
5.8 Total Net Credits for All Salvaged Materials (5.25 + 5.67 + 5.76) s/




Form 11
Page 1 of 1

l;itog:-;ass No. I3 I.I T I. IE’ l I l-l 0 II I | Revision_ Date 9‘[78

g 6.3 Liquid Byproducts/Wastes (organic) ‘ Carry from Form 10 $/
. ~= 6.3 Type (Composition): . Quantity Produced: /

Density: __g/cm3; Toxicity: ) __COoD: _ . __mg/l; BOD: mg/1

Ignition Point: oC; Explosive Mixture in Air: % to . %3 Other Remarks:

Type of Disposal:

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

6.4 Fumes, GCaseous Byproducts/Wastes

6ST-

6.41 Type (Composition):_Exhaust gases Quantity Produced: 40ft3 min
- Energy Content (Combustion): v kWh/ ; Explosive Mixture in Air % to %
' - o s . .
Ignition Point: C; AerosolE:]I&ec1p1tates in minutes pH
Toxicity - Bequires Scrubbing[:] Type of Scrubber:

(enter scrubber under 4.1, 4.2, scrubber effluent under 6.1 to 6.3) - - - I

-

Other remarks: 40 ft3/min I ' -

Type of Disposal: Removal by fan (0.46kW/1000 CFM)

Operating Costs: > _$/Y ; Cost: | 0 ¢/_h

6. Subtotal: Byproduct/Waste Disposal Cost:




Form 12

Page 1 of 1
3{ 1 of1l{—|o|1 ' Revision Date_ 9/78
Process No. . ' _
7. Process Cost Computation - 7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) 16.64 s/ h
7.22 Other Indirect Costs: %z of 7.11 0.22 ¢/ h
. (0,059% (4 1030 108 (4 21—
7.21 Total Operating Add-on Costs of Process: 16.86 $/ h-
7.22G6& A % of 7.21 $/
—__m.
7.31 Total Gross Add-On Cost of Process _16.86  $/ h
7.32 Credit for Salvaged Material (5.8) 3/
7.33 Cost of Work-in-Process Lost (5.3) 3.58 s/ h
__ .
7.34 Specific Add-On Cost of Process (7.31 +7.33)-(7.32) 20.44 S/ h
= 7.35 Cost of Input Work-in-Process Contained in CGood
o Output Work-in-Process (5.4) 1786.17 $/ h
7.36 Loading on Item 7.35 at Rate % $/
7.37 Cost of Output Work-;n-Process (7.34 + 7.35+ 7.36) 1806.61 $/_h
7.41 Theoretical Yield (or Conversion Rate, if output units of
work-in-process do not equal input units) 43,43 e / h
7.42 Practical Yield 99.8 %
7.43 Effective Yield (7.41 x 7.42) - 43.34 m? / h
7.44 Number of Units of Good Output Work-in-Process per
Computation Unit Used up to 7.35 /
7.51 Cost of Unit of Good Output Wark-in- . o 2
Process (7.37 + 7.44) 41.68 ¢/ m
7.52 Specific Add-On Coat per Unit of Good 0.47 )
Output Work-in-Process (7.34 + 7.44) - $1




LST

Process No. o ll

8.21 Profit Computation;

8.22

0.9274%__ 2.19

JLeli=1

- 8.2 Alternate 2 (SAMICS Methodology):

$/_h

1.946%  0.80

s/ h

Form 13-2

Page 1 of 1

Costs of Amortization of the One-Time Cost:

0.192% 5.67

$/

h

0.192%  7.98

S/

0.2958*% 2.19

$/

2.77% 0.80

$/

Revision pate_9/78 .
|
from Subtotal 4.1 = 2.03 s/ h
from Subtotal 4.2 = 1.56 $/ h 4
Subtotal = 3.5 $/ h .
from Subtotal 2.7 = 109 ¢/ h
from Subtotai 3.5 = 1.53 s/ _h
from Subtotal 4.1 = 0-65 g/ D
from Subtotal 4.2 = 2:23 ¢/ b
= |
Subtotal $/ _h

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

Profit and Amortization of Start-up Costs per

Work-in-Process:
(Divide Subtotal 8.23 by

Price of Process (7.52 + 8.24)

43.34 e

= 5.50

Unit of Good Output

; h from 7.44)

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

0.21 S/ m?

9.09 s/ h
0.58 $/_ 2
41.89 s/




Process No.

' L]
b
[}

0! .Output Specification: '
' ;
. Name of item: Phosphorus implanted wafers
e

Revision

1

Form 15
Page 1 of
Date_9/78

! Dimensions: - 12-cm diameter

Material: -silicon

. : : 15 -
Other Specifications: Ion dose is 2 x 1077 o

i

891




~ Process No. ‘rl_]_rol‘ T’-—[o [ fl

Univers‘ity' of Pennsylvania

Form 1

PROCESS CHARACTERIZATION

(UPPC)
Process: Device Fabrication
Subprocess: Junction Formation
‘ Opti.-on: Projected ion implantation of bhosphoru,s ’
(n-layer) (Spire, NIMP III) using a high
current maChi{lI‘?DEX - '
Form Pages Rev. | Date Remarks
1 ‘fi1/78} 8/78 All forms have same date
2° 1 to 1 unless otherwise specified
3 1to 1
4 1to 3
5 1l to 31
6' 1 to 1 ‘
7 1to 1
8 1 to 1
9-1 l to 1 4/79-
9-2 1l to _0_ ~
9-3 1l to 0O
io l to 0
11 1 to 1
12 1to 1
T 13-1 1 to 1
13-2 1 to _1
14 1 to 0O '
15, 1 to 1
16 1to _gq

159




- 091 |

rorm 2
Page 1 of 1

Revision 11/78 Date 8/78

Process No. 31,117,110 ‘1i'L0 1] ' - 0.1 Value Added: $/ﬁ

Process Description:

High throughput rate phosphorous ion implantation using 5% PH3 in Ho for n+* laver

formation. Two machines needed for each factory since 1.27 machines utilized 100% are required to

achieve the IPEG factory output goals for 1986. Cassettes (200x200 mm) can hold four 10~cm diameter

wafers with a packing factor of 78.5%. Output rate per machine is 18,’000 10-cm diameter wafers/h.

1.

Input Specification:

Name of Item: Texture. or polish-etched circular wafers

10-cm diameter

Dimensions:

Single crystal silicon ‘

Material: -

Other Specifications: _ The output rate per machine is (180 m2/h) x 0.785 or 141.3 m2/h.
= The factory output is 1.27*141.37 or 179.54 m2/h. ‘ '

Belt moves at a speed of 30 cm/sec.

1.1 Quantity Required:_]i7§_54 2 / h Unit Cost: 41,21 $/g2
1.2 Input Value: $/_
1.3 Input Cost: 7398.93 ¢/h

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




Process No.-@.(lj.ldll—[01l‘ . Form 3

Page 1 of 1
2.1 Direct Materials: —_ -

Revision 11/78 Date 8/78

.2.11 Type: 5% phosphine in H, ' ;

Specification: Only used when machine is operating and cohsumption is 0.21

ft3/min/machine. Cost is 0.82 $/ft3_ (SAMICS No. E14720)

Quantity Required: ‘ "~ 453 2/ h ; Unit Cost: 0.029 §/ % ; Cost: 13.21. s/ h

2;1 Type:

L~

Specification: ‘ ; ;

191

Quantity'quuired: - L/ ; Unit Cost: -$/ ) ; Cost: S/

2.1 Type: ' : ‘. 3

Specification:

Quantity Required: : / ; Unit Cost: 8/ _; Cost: $/

. }. ' . 2.1 Subtotal Direct Materiails: 13.21 $/ h




Form 4

Proce.ss-No-.‘ lg_l i L_];I JLoli]-{o] l]‘

Page 1 of 1

2.2 1Indirect Materials (incl. suppliesand non-energy utilities): ;
o Revision 11/78 Date 8/78
2.21 Type:_ Cooling Water ‘ ' . I

Specification: _ Cooling water is needed to cool diffusion pump of both

machines continuously. Consumption is 2.05 x 10-2 kWh/min/machine.

Cost is $5.66/kWh (SAMICS No. C11281D).

Quantity Required: | 2.46 kW / . ynit Cost: 0:566 gy/kWh . o | 1.39 4 h
2.2 2 Type: N, gas at high pressure
Specification: Used for both.machines continﬁously. Consumption is

0.15 ft3/min/machine. Price is 0.10 $/ft3. (SAMICS No. E1780D).

- 291

Quantity Required: . - 510 & /B ; Unit Cost: 0-0035%/ nd Cost: 1-v80 s/h
2.2__ Type: -
Specification:
Quantity Required: ' / ; Unit Cost: . S/ ; Cost: s/ .
‘ ‘ . .
2.2 Subtotal Incirect Materials: 3‘19. $/ h




Process No. |3 ], 14,10 l_l--‘[O il

Expendéble Tooling:

Form 5

Page 1 of 1

2.3 -
2.3 1 Type: Spare parts, includes filaﬁénfs; vacuum components, pump oiis, 3evision_;___ Datef___
etc. Quantity Required: 1.27 machine/  : ' Unit Cost: 8.40 $/h  Cost: 10.67 $/ h
2.3 __ Type:
| Quantity Required: / : Unit Cost: $/ Cost: $/
2.3 _ Type: L
Quantity Required: ' / : Unit Cost: - S/ Cost: $/
2.3 _ Type: )
Quantity Required: / : Unit Cost: A$/ Cost: $/
§ ? ‘ 2.3 Subtotal Expe;nda.ble Tooling: 10.67 ¢/ h
2.4 Energy R A
2.4_;1ype: Eleétriéity,Apowervrating is 200 kWh. Assumes a 95% duty cycie 3
4 | Quantity Required: | 380 kw : Unit Cost:0.0319$/ kWi’l Cost:{ 12.12 $/h
2.4 _ Type: .
QuéntityARequired: ' - : Unit Cost: Y Cost: $/
2.4  -Subtotal Energy Costs: _]2' 12 $/n
2.5 Subtotal 2,1 to 2.4: 39.19 §/h
2.6 Handling Charge: 5.26 % of item 2.5| _2.06 $/h
2.7 Subroval Materials and Supplies: 41.25 sh

(2.5 + 2.9)




Process No. | 3 1 0J]1l}l-10]1 ' : Form 6
: Page 1 of1l

Revisionll/78Date 8/78

3.1 Direct Labor:

3.1_1 Category: Semiconductor Assembler Activity: Machine supervision
(SAMICS No. B3096D) : =
Amount Required: 2 h/ h ; Rate: $§ 3.89 /h; Load 36.0 %; Cost: . - 10.58 $/ h
3.1 . 2 Category Maintenance mechanic Activity: Machine maintenance
" (SAMICS No. B3736D)
Amoynt Required: 0,2 h/ h ; Rate: $ 5.67 /h; Load 36.0 %; Cost: 1,54 $/ h
3. 1 3 category: Electronic Technician Activity: Electronics maintenance and repair
{SAMICS No. B3704D) .
Amount Required: 0.2 h/ ~ h ; Rate: § 5.29 /h; Load 36,0 %Z; Cost: 1.44 . S/ nh
,_, : 3.1 Direct Labor Subtotal: 13.56 $/h
2 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:
g Amount Required: h/ ; Rate: § _ /h; Load %; Cost: ’ $/
3.2 Indirect Labor Subtotal: 3,39 $/h
3.3 Subtotal 3.1 and 3.2 16.35  $/y

3.4 Overhead on Labor: 5.26 % | 0.89 $/h .

3.5 Subtotal Labor ' 17.84 $/h




Process No.| 3 1 oflll-j o] 1

4,1 Equipment

691

4.1 1 Type:_Two ion implanters

4.1

4.1

Form 7
Page 1 of 1

Revisionll/7®ate 8/78

- Cost: 2,500,000 §; Installation Cost: _ 30,000 $; Throughput: 179.45 m?  /h;

" Plant Oper'g Time . 8280 n/y; Machine Avail'ty: % Machine>0per'g Time h/y
Sérvicing Costs: Labor h/y at__- $/h;Parts or Outside Service: | Sly
'Useful Life: 7 y;.Charge kate: 21.35% of Cost/y; Capital Cost: 540,000 $/v
Type:

Cost: .$; Installation Cosﬁ: ' $; Throughput: /h;
Plant Oper'g Time .. h/y; Machine Avail'fy:_____%;‘Machine Oper'g Time h/y
Servicing Costs: Labor h/v at - $/h;Parts or Outside Service: i S/y
Useful Life: y;. Charge Rate: % of Cost)y;:Capital Cost: | $ly
Type:

Cost: ~ $; Installation Cést: $; Throughbut: ~/hy -

‘Plant Opgrfg Time  * . h/y; Machine Avail'ty:_ 7%; Machine Oper'g fime h/y
Servicing Costs: Labor h/y,at $/h;Parts or Outside Service: S/y
Useful Life: : y; Charge Rate: % of Coét/y; Capital Cost: $/y

65.24 $/h

$/

$/

4.1 Subtotal Equipment Cost:

65,24 Sh.__




)

Process No. . .

4.2 _Facilities:

991

' Revision11/78Date 8/78

S

e n

Form 8.

Page 1 ofl

. 5 1_
4.2_lType: Machine area Floor Area:__ 23 m%; Throughput: L-703 x 10 m'/y
* 2 G NS SUES GED NS P SEP =D D Pub Sur G S
Charge Rate: 179.13 $/(m"y); r Maintenance- Costs:
® Gy oy GEF G SuEd GEp D SAP GE e .
Energy Use: -‘ Labor: h/y at $/h
Heating ly at___ S/ | . Supplies: o sty
Air Cond'g /y at $/ | Outside Services: Sly -
L — —— ——— -—— -— . -— =y -—— A— -—mn ey
Lighting [y at —'—S/———J Total Cost: 16,660 $ly 2.01 /b .
S— 3 2 " N — A
4,2_ Type: Floor Area: m ; Throughput: ’ 1y
Charge Rate: $/(m2'y); ™ 7 Twaintemance Costst -7
Energy Use: ‘.Labor: h/y at $/h
Heating /yav S/ l Supplies: $/y
Air Cond'g _/y at s l— Outside Services: $/y
A . . t — ——— —y— — —— L ] - -—— a— —— my &y
Flghtlng fyat S/ 1 Total Cost: _ $ly s/
2 . L.
4.2_ Type: Floor Area: m ; Throughput: ly
Charge Rate: $/(m '.Y); Maintenance Costs:
Energy Use: l Labor: h/y. et " $/h
Heating : /y at $/
| Supplies: $/y
Air Cond'g /y at $/ ; . . —
‘ ’ L. Nutside Sexvices: _S$ry .
Ligktin /y at &/ W erw ew A GES G O Vsl SCS TS
& & 1 Total Cost: $/y. I s/
. 4,2 Subtotal Facilities: 2,01 g
*Includes energy use -
. 4.3 Equipment and Facilities Subtotal : 67.25 $/ h
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" Process No. |3 l.[ 1 J. LO[ llem| O]1 . . A Revisionll/7Bate 8/78
6.3 Liquid Byproduéts/Wastes (organic) ‘ - o ] | Carry from Form 10 S/
6.3 Type,‘ (Composi‘tion): - .Quantit_y Produ.ced‘: /
Density: g/cm3; Toxicity: CoD: mg/1l; BOD: mg/1
Ignition Point::_OC; Explosive Mixture in Air: 7% to ____%; Other Remarks:
Type of Disposal: -
Inpu.t .Material for: ' : Cost(Cred'iAt) s/ . ; Cost: S/
6.4 Fumes, Gaseous Byp;oducts/Wastes ’
6.41 Type (Composition): gas fumes Quantity Produced: 5334 fi}3 min
Energy Content (Combustion): kWh/ s Explosive Mixture in Air % to %
Ignitioxli Point: OC; AerosolD Pre‘cipitaﬁes in rpinutes ‘ pH- A
Toxicity Requires Sc‘rubbing ‘Type of Scrubber: NH3
(enter scrubber under 4.1, 4.23-scrubber effluent under 6.1 to 6.3)
Other remarks:~ Contains phosphine, phosphorous, -
nitrogen and phosphorous pentoxide
Type of Disposal: Scrubbed and vented ivn air .
, Operating Costs: 700 $/ y 5 Cost: { 0.085 $/ h

Form

Page 1 of 1

6. Subtotal: Byproduct/Waste Disposal Cost: 0.0007

=



891

Form 9-1
.Page 1 of 1

3 0 11 01 1 ' Revision Date 4/79 ‘
Process No. . e - _ .
5. Salvaged Material (Work-in-process) . .
5.1 Quantity of Work-in-Process 1. Contained in Good Output 2
Work-in-Process (per Computation .Unit) . 179.36 m /h ~
5.21 Input Work-in-process 1. Not Contained in Good Output 18 2 h
Work-in-Process ("Amount Required"” from 1.1 minus 5.1) > 0. m /
5.22 Net Amount of 5. 21 which is sold for Credit As-Is or .
After Applylng Re-Process ' ] PS v ]- /
5.23 Credit for 5.22 at the Market Value of S/ : . s/
~5.24 Cost of Reprocessing.Material of 5.22 .
at the Average Reprocessing Cost of s/ : $/
5.25 Net Credit for 5.22 (5.23 minus 5.24): ' $/_
5.26 Material of Type 1. Lost in Process (5.21 minus 5.22) 0.18 / h
——
5.3 Cost of Work-in-Process Not Contained in Good Output Work-in—Process 7.40. s/ b
(Amount 5.21 Times Unit Cost 1.1)
S.4 Cost of Work-in-Process Contained in Good Output Work-in-Process
(Amount 5.1 Times Unit Cost from 1.1) 7391.42 s/ h
Salvaged Materials Summary:
5.8 Total Net Credits for All Salvaged Materials (5.25-+ 5.67 + 5.76) $/




Form 12
Page 1 of 1
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Process No. . \ | Revision 11/78pate 8/78
7. Process Cost Computation 7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.). 126,43 $/ h . .
7.22 Qpher Indirpgt Costsy 100 o (% Of /.11 4.07 $/_h
R
7.21 Total Operating Add-on Costs of Process: 130.50 $/_h
7.22 G & A % of 7.21 $/
. _— .
7.31 Total Gross Add-On Cost of Process 130.50 $/_h
7.32 Credit for Salvaged Material (5.8) $/
7.33 Cost of Work-in-Process Lost (5.3) ' 7.40 g/ h
_ R
7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) [137.90 ¢/ h

691

- 7.41 Theoretical Yield (or Conversion Rate, if output units of 2
work-in-process do not equal input units)

7.42 Practical Yield

7.43 Effective Yield (7.41 x 7.42)

Computation Unit Used up to 7.35 - .

A~

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

Output Work-in-Process (5.4) 7391.425/ h
7.36 Loading on Item 7.35 at Rate Z $/
. R
7.37 Cost of Output Work~in-Process (7.34 + 7.35 + 7.36) | 7529.32/ h

e e S SRR
179.54 m / h
- 99.9%
179.36  _ m2/h
7.44 Number of Units of Good Output Work-in-Process per !
. /
R SRR . -

7.51 Cost of Unit of Good Output Work-in- 2

Process (7.37 + 7.44) 41.98 ¢/ m
7.52 Specific Add-On Cost per Unit of Good 2

0.77 m
Output Work-in-Process (7.34 + 7.44) $/
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| Process}- No. ..m- B

'8.2 Alternate 2 (SAMICS Methodclogy):

8,21

8.22

Profit Computation:

Form 13-2
- Page 1 of 1

- - - Revisionll/78 Dpate 8/78

0.9274% 65.24 g, h from Subtotal 4,1 = 60.50 ¢/ h~
-1.946% 2.01 é/ h . from Subtotal 4.2 = 3-91 '»$/ h *ﬁzqm_
. Subtotal - - = 67.41 _ $/ h )

Costs of.Amortization 6f.the One—TimevCOSt:'_ o | ’
0.192x  41.25 4/ h from Subtotal 2.7 = /+92 $/ h
0.192* 17.84 5/ h ' from Subtotal 3.5 = 3.45 .$/ h
0.2958% 65.24 ¢/ h from Subtotal 4.1 = 19.30 §/ h
2.77% 2.01 s/ h , from Subtotal 4.2 = 5.57 g/ h. ~

| Subtotal = 36.22 $/" n 1

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 179.36 m /_h. from 7.44)

0.58

103.63 g/ h

~
P4

m

Price of Process (7.52 + 8,243

Price of Work-1n-Process (7.51 + 8.24)

s/

Y

1.35 ¢/ m?

42.56 ¢/ m?
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'rocess No. 3 . 1 ) 011 7101 1 ,

). Output Specification:

.Name of item: -Phosphorus implanted wafers

Form 1 KR ‘
Page i of.l.

Revision 11/78pate 8/78

:Dimensions: 10-cm diameter

Material: high purity siliocon

-

" Other Specifications: Dopant concentration is 1 x lOLls (xn_2 Implant layer is approximately 0 1l ymdeep——————

[y

"






