@ https://ntrs.nasa.gov/search.jsp?R=19790016298 2020-03-21T22:06:00+00:00Z

PHASE 2 OF THE ARRAY AUTOMATED ASSEMBLY TASK ﬂﬁﬂ “5 (S/
FOR THE LOW COST SOLAR ARRAY PROJECT DRL

DOE/JPL 954873-78/01

R. B. Campbell, et.al. Distribution Category UC-63

First Annual Report
October 1, 1977 - October 30, 1978

November 16, 1978
Contract No. 954873

This work was performed for the Jet Propulsion Laboratory,
California Institute of Technology, under NASA Contract
NAS7-100 for the U. S. Department of Energy, Division of
Solar Energy.

The JPL Low Cost Solar Array Project is funded by

DOE and forms part of the DOE Photovoltaic Conversion
Program to initiate a major effort towards the development
of low cost solar arrays.

- {NASA<CB~158538) THE ARRAY AUTOMATED N?S—QQQEQ
" ASSEMBLY TASK FCR THE LOW COST SOLAR AREAY

" PROJECT, PHASE 2 Annual: Report, 1 Oct. 1977

=30 Oct. 1978 (Westinghouse .Research and) Unclas
. -185 p HC AQ3/MF AQ1 CSC1L 10A G3/44 25159

e Westinghouse R&D Center
& 1310 Beulah Road
 Pittshurgh, Pennsylvania 15235




PHASE 2 OF THE ARRAY AUTOMATED ASSEMBLY TASK
FOR THE LOW COST SOLAR ARRAY PROJECT DRL

DOE/JPL 954873-78/01

R. B. Campbell, et al.- Distribution Category UC-63

First Annual Report
Qctober 1, 1977 -~ October 30, 1978

November 16, 1978
Contract No. 954873

This work was performed for the Jet Propulsion Laboratory,
California Institute of Techmology, under NASA Céntract
NAS7-100 for the U. S. Department of Energy, Division of
Solar Energy.

The JPL Low Cost Solar Array Project is funded by

DOE; and forms part of the DOE Photovoltaic Conversion
Program to initiate a major effort towards the development
of low cost solar arrays.

Westinghouse R&D Center
g 1310 Beulah Road
" Pittsburgh, Pennsylvania 15235




TECHNICAL CONTENT STATEMENT.

This report was prepared as an account of work sponsored by
the United Siafes vae;qmeﬁt. Neither the United States por the United
States Department of Energy, nor any of .their employes, nor any of their
contractors, sub-contractors, or their employes, makes.any warranties,
express or implied, or assumes any legal liability ox responsibility
for the acéuracy, campleteness or usefulness of any information,
apparatus, prqduct or process disclosed, -or represents that its use

would not infringe privately owned rights.



TABLE OF CONTENTS

List of Figures

List of Tables
FOREWORD
1. SUMMARY
2, INTRODUCTION
3. PROCESéES SELECTED FOR DEVELOPMENT
3.1 Dendritic Web Silicon - Preliminary Material
Specifications

3.2 Junction Formaticn

3.2.1 Front Junction Preparation Using Reagent
Grade POClgz

3.2.2 Optimum Time/Temperature Conditions for
Front Junction Diffusion

3.2,3 Back Surface Field Development
3.2.3,1 Doped Oxide Study

"3,2.3.2 Single .Crystal Wafer Cells with
and without BSF Regions

3.2.3.3 Web Silicon Cells with and
without BSF Regions
3.3 Antireflection Coatings
3.3.1 Introduction

3.3.2 AR Coatings by Dip Processing of Dendritie
" Web Silicon

3.3.3 Heat Treatment of the Coating
3.3.4 Chemical Resigfance of the Films
3.3.5 Reflectivity

3.4 Metallization Systems
3.4.1 Systems Studied

3.4.2 BSolar Cell Fabrication and Characterization

12

13
13
14

20

21
21
23

27
27
30

35
35
36



TABLE OF CONTENTS (cont'd)

3.4.3 Results and Discussion

3.4.4 Conclusions
3.5 Cell Separation by Laser Scribing

3.6 Intercommections

3.6.1 Intercomnection Requirements

3.6.2 Intercomnection Methods
3.6.2.1 Conductive Adhesive Bonding
3.6.2,2 Parallel Gap Welding
3.6.2.3 Taser Welding
3.6.2.4 Thermocompression Bonding
3.6.2.5 Soldering
3.6.2.6 Solder Reflow
3,6.2.7 .Ultrasonic Bonding

3.6.3 Demoustration of Ultrasonic Bonding for
Cell Intercommnection

3.6.4 Conclusions

3.6.5 Conceptual Ultrasonic Bonded Interconnect
Proceass (Automated System)

3.7 Encapsulation
4, PROCESS SEQUENCE FOR DENDRITIC WEB SILICON SOLAR CELLS
4.1 ARRAY Process
4.2 Mask, Design
4.3 Results - Cells

4.4 Results — Modules
4,4,1 Test Modules

4.4,2 Demonstration Module
5., "PROCESS AND SEQUENCE VERIFICATION

5.1 Diffusidn

ii

Page
40
46

46
52
52
53
53
53
54
54
54
54
54

56
58
62
62
67
‘67
74
76

31
81

85
93

93



10.

TABLE OF CONTENTS kcont'd)

5.,1.1 Non-BSF Cells
.5.1.2 BSF Cells

5.2 AR Coating by Dip Processing

"'5.2.1 Web Width Conkiderations
5.2.2 Variation of Optimum Film Thickness

5.3 Laser écribing

5.4 Metallization and Sintering
5.4.1 Sintering vs Junction Depth
5.4.2 Sintering of Other Metal Systems on Web

COSf ANALYéIS OF PROCESS SEQUENCE

§.l Continucus Processing of Dendritic Web
6.2 ﬁarailel.érocessing of finite Lengths of‘Web
6.3 Pilot Line

6.4 Conclusions

CONCLUSIONS

RECOMMENDATIONS

NEW TECHNBLOGY

REFERENGES

itd

Page
93
94

98
98
io:

182

104
104
110

113
113
114
166
169
170
171 -
172

173



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

10

11

127

13

14

15

LIST OF FIGURES

Predicted open circuilt voltage enhancement in p~base silicon

" cells as a functiom of thickness normalized to minority

carrier diffusion length. (After Ref. 3).

Coating thickness as a function of .solution concentration
and withdrawal rate in dipping application.

Change in index of refraction and coating thickness durlng
heat treatment.

Spectral reflectivities of coatings heat treated at various
temperatures.

Minimum reflection and wavelength as a. function of heat
treatment of undoped titania coating.

Spectral reflectivity of a AR coating on a web silicon
solar cell (composition 88% T10 - 12% SiOz, heat treated
at 450°C). .

Schematic diagram of the procedure for transforming the
measured I-V data to separate the bulk (I } and junction

(I ) components.

Transformed I-V plots for Ti-Ag and Ti-Pd-Cu.

Scanning electron micrograph of web silicon solar cell laser
scribed from the back under conditions guaranteeing no
penetration of the laser to the front surface.

Effects of controlled depth, back surface laser scribing omn
conversion efficiency of a group of web silicon solar cells.

None were AR coated,

Changes in web cell efficiency values due to limited
penetration, back surface laser scribing. No AR coating.

Cells interconnected using ultrasonic bonding.
Processing Log

Twelve solar cells fabricated on strips of dendritic web
gilicon. Dendrites are still in place.

Solar cells of 1.6 cm % 7.0 cm dimensions which have been
laser scribed from 'dendritic web silicon.

iv -

Page

19

26

28

31

32

34

39

44

48

50

61

70

71°

72



Fig.
Fig.
Fig.

¥ig.

Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

Fig.
Fig.

Fig.
Fig.
Fig,
Fig.
Fig,

Fig.
Fig.

Fig.

16

17

18

19

20
21

22

.23

24

25

26
27

28

29

30

31

32

33
34

35

Comparison of undercutting for (a) fired and (b) unfired.

TiO2 coatings prepared from a liquid organometallic precursor.

Contact print of the grid electrode mask for a 2.0 em x 7.0
cm dendritic web silicon cell.

Processing Log.

Comparison of efficiency of 1.6 x 7.0 cm cells produced by
Array process with 1.0 x 1.0 ¢m cells produced by standard
process. .

Cells fabricated by Array process AR coated.

Test Module #1 - Cell Temperature vs. Time at AM-1.

Test Module #2 - Cell Temperature vs. Time at AM-1.

Cell demonstration module.

Efficiency vs. estimated junction depth diffusions at
825°C; 850°C; 900°C.

Change in I-V performance of web cells with junction depth
(diffusion time).

Front junction depth vs. efficiency (WEB W-41).
Antireflection film thickness vs. enhancement factor.

2009-6LS Laser scribed from back -~ Note total penetration
after laser scribe dwell. ZLength of scale bar: 100 pm.

Iransformed Dark I-V curves for the sample SOLEP 133-8:
@ Before Sintering, e After Sintering at 425°C.

Measured dark I-V curves for the sample 70714W~13:
¢ Before Sintering, e After Sintering at 425°C.

Transformed dark I-V curves for the sample SOLEP 134-80A:
e Before, @ After sintering at 550°C.

Tranformed dark I-V curves for the sample SOLEP 134-480F:

® Before, e After sintering at 550°C.

Web growth furnpaces.
Junction formation processes in seguence.

Application of the anti-reflection coating and the
photoresist.,

Page
73

75

77

79
80
83
84

920
96

97
100

103
103

107

108
111

112

117

118

119



Fig.

Fig.

Fig.

Fig.

36

37

38

Metallization process for the web solar cell.
Laser scribing process.
The final processing step.

Breakdown of array costs.

vi

Page
120

121
122

167



Table
Table

Table
Table
Table
Table
Table

Table

Table
Taﬁle
Table
Table
Table
Table

Tabie
Table

Table

10

11

12

13

14

15
16

17

LIST OF TABLES

Material specificiation for dendritic web silicon.

Outline of n+/p cell processing steps.

Cell performance comparison, electronic vs. reagent grade
POCl3 diffusant sources.

Metallic impurity content (ppm) of J. T. Baker P0013
reagent vs. electronic grade.

Comparative characteristics of uncoated n+p cells fabricated

with POCl3 sources of several Ti concentrations.

+ . o
Characteristics of n pp base-line cells fabricated with

AMS-1000 reactor produced back surface field (no AR coating).

Performance characteristics for ohmic back contact cells
using single crystal float zone silicon.

Performance characteristics for single crystal, float zone
cells having back surface field regions prepared by BBr3
diffusion (no AR coatings).

10

i1

11

16

18

Initial results for web cells (not AR coated) with and without

BSF regions.

Estimated diffusion lengths and electron lifetimes in web
silicon cells with BSF regions.

Effectiveness of AR coatlngs prepared from,organometalllc
precursors.‘

The stability of air-baked Ti0, films in 1% concentrated
solutions of various acids and ammonia.

The stability of vacuum-baked T10 fllms in 1/ solution of

various acids and ammon:La

Effect of metal-organic derived AR coatings on the
performance of solar cells.

(Evaporated Ti-Pd-Ag) Vs. (Evaporated Ti-Pd-Plated AG)

Evaporated or¥ Plated Cu.

(Evaporated Ti-Pd-Ag) Vs. (Evazporated Pd-Plated Cu),

vii

21
21
24
29
2

33
41

41

43



Page
Table 18 (Evaporated Ti-Pd-Ag) Vs, (Evaporated Ti-Pd-Plated Cu) 43

Table 19  Evaporated (Ti-Pd-Ag), (CT-Pd-Ag) and (Ta-Pd-Ag) Contact Systems. 45
Table 20 Material combinations Produéing good (G) and poor (P)-
ultrasonic bonds under a-limited number of bonding

conditions. 57

Table 21  45° pull strength tests of ultfasonically bonded interconnects

[strength in grams (force)]. 59
Table 22 Cell parameters before bonding aﬁd as series—comnected

strings cells AR coated. 60
Table 25 Représentative data — ARRAY process vs. standard process. 78
Table 24 Dendritic web silicon test modules at AML illuminafion. 82
Table 25 Module #1 - parameters at 27°C and 75°C. 85
Table 26 Cells used. in demonstration_panél. _ 86

Table 27 Diffusion-junction depth/time/temperature study
[no BSF; no AR coating]. . 95

Table 28 Diffusion—-junction depth/time/temperature study
[cells have  BSF and AR coating]. g9

3

Table 29 Withdrawal rate as a function of web width
[2% solution]. 101

Table 30 Results from sintering experiment (425°C i‘.n'H2 for 15 min). 108

Table 31  Effect of sintering parametéfs on solér cell performance
[diffusion temperature = 825°C]. 109

Table 32 Cost analysis for continuous processing of weh. 115

Table 33 Design for a solar photovoltaic factory having an annual
production capacity of 200 MW of solar arrays produced from

dendritie silicon web material. 125
Table 34 SAMICS printout for 25 MW processing line. ;3;:
Table 35 Total process sequence — cost factors - 25 mw/yr. iﬁé
Table 36 Cost analysis of pilot line - 2 mw/yr. ;;;;

viii



FOREWORD

The work reported here was carried out in the Semiconductor
Research Department under the management of Dr. D. J. Page. The Tech-
nical Director was Dr. P. Rai-Choudhury and the Principal Investigator
was Dr. J. R. Szedon from October 1, 1977 to September 1, 1978. However,
after September 1, 1978 Dr. R. B. Campbell was Principal Investigator.

The following people contributed to the program and the re-
port in the following areas: R. B, Campbell (cell separation and pro-
cessing sequence); D. J. Page, M. W. Cresswell, J. R. Szedon and J. R.
Davis (SAMICS costing); R. N. Ghoshtagore, H. Diﬁkey and T. Temofonte
(diffusion); M. H. Hanes (Interconmmection); T. W. O'Keeffe (spectral
response); P. ﬁairChoudhury (technical director); J. Ostroski (electro-
plating); A. Rohatgi (metallization); L. C. Scala (encapsulation); E. J.
Seman (ARRAY process sequence and cell fabrication); and B. E. Yoldas
{antireflective coatings). Silicon dendritic web used in thie program
was supplied by the Crystal Science and Technology Department; R. Mazelsky,
Manager. This report was prepared and edited by R. B. Campbell
and S. Farukhi. Typing was done by the following: M. M. Thomas,

E. S. McCarty, D. J. Labor, M. ¢. Santoro, J. Selchan, M. B. Warren, and
K. B. Haun.

ix.



1. SUMMARY

During the program a process sequenée has been proposed and
tested for the fabrication of dendritic web silicon into solar modules.
This sequence has been analyzed as to yield and cost and these data
suggest that the price goals of 1986 are attainable. A number of the
processes that make up this sequence have been further developed and
studied as to cost reduction. Specifically, it has been shown that a
low cost POCly is a suiteble ;gplacement for the semiconductor grade,
and that a suitable CVD oxide (either doped or undoped) can be deposited
from a silane/air mixture using a "Silox" reactor. A dip coating method
has been developed for depositing an antireflection coating from a metal-
organic precursor. Application of photoresist to define contact grids
has been made cost effective through use of a-dip coating technique.
Electroplating of both Ag and Cu has been shown feasible and cost effective
for producing the conductive metal grids on the solar cells. Laser scxibing
has been used to separate the cells from the dendrites without degradation.’
Ultrasonic welding methods have been shown to be feasible for intercomnect-
ing the cells. A study of suitable low cost materials for encapsulation

suggest that soda lime glass and phenolic filled board are preferred.



2. INTRODUCTION

The objective of this program is to specify a process se-
quence and to develop key process steps fér the low cost manufacturing
of solar arrays from single crystal dendritic web silicon. Specifically,
all costs, including silicon web at $0.17/peak watt (1975 $) are to be con-
sidered with the aim of producing encapsulated modules with 10% efficien-

cy for a selling price of $0.50/peak watt in 1975 dollars.-

The processes studied for development were junction for-
mation, antlreflectlon coatlng applled by a dip process, metallization
systems, 1aser scrlblng for Separatlon of ‘the celils, cell intérconnect

technlques and encapsulation methods.

Early in the program, it was decided to concentrate on
diffusion techniques for both front and back surface juntions. Although
this decision did not prohibit investigations. of other methodz, it re-
cognized that, diffused junctions at the present state of the art were
supefior to other methods. Thus,.the major. effort in designing a pro-
cesg sequence dAnvolved utilizing diffused junctions. Advances have been
made in both phosphorus and.boron diffusion methods. Materials and
techniques have:been developed which make the -diffused junction solar
cell cost- effective. This work has now progressed where other forms of
junction formation should be considered. Aluminum allayed back surface

fields and ion implanted front junctions appear to be the most feasible.

In the junction formation studies it was shown that reagent
grade {(as opposed to semiconductor grade) POCly could be used as a dif-
fusant source. This leads to a distinct cost advantage. The testing
and utilization of equipment for rapid deposition of doped and masking
oxides has been completed. Cell performance indicates that this method

can be used in an automated process.

Antireflective coatings on the sun side of a solar cell can
increase the photocurrent response up to 50%. These coatings (mainly
8i0,, TiOp or Tas05) are normally applied by an evaporation or sputtering

procedure. These processes require a large expenditure of capital funds



and are generally slow. Previous work at Westinghouse has shown that .
metal-organic compounds in an alcohol solvent can be applied by a dip-
ring or spraying method. During this contract we have emphasized the
deposition of Ti0, and mixed TiOp and 530, oxides:using this metal-
organic and have shown the feasibility of applying thé proper thick—
ness of Ti0, to the web cells by dipping and withdrawing tﬁé web from
the solution at a given rate. Soluticd viscosities, concentratipns, and
withdrawal rates have been optimized to provide the proper coating.

-

As ﬁifh tﬁe'junction formation processes, we chose a relative-
1y conmservative, proven metallization procedure as a basis for contact
grid delineations. The procedure involves photoresist and evaporation
techniques. These methods have been simplified and changed to meet the
special demands of solar -cell processing. Specifically, by using a pos-
itive photoresist, acontact metal rejection process was devised so that .
a second mask’ °and-expensive alignment techniques are not required.

Also, elgctroplatgdsilver as a conductive layer has been shown feasible,

and. a less expensive metal, Cu, has been tested as a substitute for Ag.

. In the processing sequence, described later, the processes
of junction’ formation, AR coating and contact grid delineation are per-
formed iwith the dendrites-still attached to the web. The technigue se-
lected for development for removing the dendrites and separating the cells
was scribing by laser followed by a breaking out process. This tech-
nique is amenable to automation, and present. day lasers have the required
high traverse speed and power. We have shown that by scribing the web

from:the back, the resultant -cells show no degradation.

Laser scribing ¢ompletes the cell fabrication procedure. The

interconnect and encapsulation processes produce the final inodule.

Interconnection proéeséés generally‘use soldering techniques
which are difficult to automate. In this program, we ha;e showm that
ultrasonic welding methods can bé used for the interconnect ﬁrocess with
minimum breakage and with high strenéth bonds. In addition, this method

can be automated to permit rapid interconnects.



The encapsulation‘process imposes a great restraint on
available materials., The conflicting requirement$ of high strength, high
transmission, and reliability versus low cost make material selection-a
difficult problem.. We have shown that the proprietary silicone adhesives
are most satisfactory for bonding the cells to the glass and the backing
plate to the cells. A phenolic filled fibe? board as a substrate has
been chosen as having the highest strength at the least cost. Soda-lime.
glass, although not the best for transmission, was . .chosen mainly due to
cost facFors. We are presently holding prellmlnary discussion with glass

manufacturers in an effort to cobtain a more sultable glass at an accept-

able price.

Progress has been made in all these processes which were .
selected for development. In the Process Sequence, described next, it
will be shown that these processes are compatible, that is, the individu-

al processes can be carried out in sequence-without interaction. -

The establishment of a processing sequence, amenable to
automated, low cost manufacturing was a further objective of -the program.
A process sequence must be considered to be more than the sum of a num
ber of process steps.  The sequence must consider the throughput .of the
given steps so that a balanced manufacturing line can be maintained.
The.expenditufe of a large amount of capital for a given step is not
justified:if that machine sits idle much of the time while the preceding
operation tries to match its production. The process steps must alsc be
matched so that the manufacturing can proceed from one step to another
without an excessive: amount of special treatment such .as cleaning, mount—
ing in special racks, etc, Compatibility is another attribute required
of a process sequence in that a following step cannot negate fhe effect
of a preceding step. A simple example of this is a high teﬁperature
treatmént after'éﬁé application of photoresist. Finally, the sequence

must be cost effectlve so that the price goals can be met.

During’ th;s program‘we have proposed a Process sequence that

is suitable for both long lengths of web (greater than 10 me&ers) and


http:process.es

parallel lengths of web (about 3 meters) that are processed simultaneous-—
ly. This sequence incorporates several well tested techniques, such as
vacuum evaporation of grid contact metals, in such a way as to make them
cost effective. It also incorporates-several new ideas such as dip
coating of an AR film and ultrasonic welding of intercomnects. This se-
quence has not been tested in a large scale manﬁfacturing situation, but
we have processed numerous short lengths of web (& 30 cm) through the
sequence with considerable.success. Although further work needs to be
done, the selected process sfeps and the entire process sequence have been veri-
fied. In most cases we have been able to assign limits to the process-
ing variables of témperafure, time, length, etc. These limits have been
set at the largest amount possible so that a given process can be used

in a sequence with a minimum amount of control.

. The IPEG and SAMICS methodology form the basis for determin-

ing the price of the solar arrays produced by a given process sequence.

We have taken advantage of both of these methodologles to
study the process sequence we have selescted. From these techniques it
is also possible to identify cost drivers in a given pfocess or sequence
and thus determine where the greatest amount of cost reduction effort
should take place. By using these programs, we have been able to show that
the process sequence we Selected, using: either the long continuous
lengths of web or the parallel processing of long lengths of web, is cost
effective and should produce solar modules very near the 1986 price goals.
Our model takes a conceptual factory producing 25 MW of solar modules
per year per line, at a cocst of $0.56/peak watt in 1975 dollars.



3. TPROCESSES SELECTED FOR DEVELOPMENT

This Westinghouse program in the Low Cost Solar Array Project
is concerned with the processing of single crystal dendritic web silicon
into solar modules. Thus in the first part of this section we give some
preliminary specifications for the web silicon that we believe are ne-

cessary to produce a high efficiency solar module.

The remaining sections discuss jn some detail the various

process steps on which development effort was spent.

3.1 Dendritic Web Silicon - Preliminary Material Specification

During the course of the program, we have developed 2z material
specification for dendritic web silicon. This specification was derived
from analyzing the data of cells prepared from various runs, and correl-
ating this data with structural and electrical properties of the web

crystal-as defined in the Westinghouse Task 2 program (Contract 954654).

At this point, these specifications as given in Table 1
-cannot be claimed to be either complete or all.encompassing. They are
a compilation of experience gained during the program, and are given

as guidelines for web solar cell production.

3.2 Junction Formation

The devélépment areas studied for junction formation included:
(1) use of reagent (as opposed to semiconductor) grade POCly, (2) opti-
mum time/temperature conditions for front junction diffusion, and (3)
parameters involved in deposition' and annealing of boron doped oxide films

for the back surface field region.

3.2.1 Front Junction Preparation Using Reagent Grade POClg

A significant contribution to the cost of materials for cell
fabrication is made by the electronic grade phosphorus oxychloride used

in gaseous diffusion of the front junction. The cost of POCL3 could be
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TABLE 1

Material Specification
for

Dendritic Web Silicon

Single crystal - (111) orientation

The etch pit density, as determined after a 5 min Sirtl etch
to be equal to or less than 3 x 10%/ecm?. The etch pits should
be of the small, shallow variety with a minimum of the large,

deep pits.

For 'mechanical stability, the web should have a residual stress

of less than 1.5 x 108 dynes/cm?.

The web should be flat with no twist or bow.
The surface striations across the web should be no more than

0.5 ym in height.

The width, excluding dendrites, should be 19 mm or greater.
(For a 1.6 x 7.0 cm cell.)

The thickness of the web at the center should be 120 um + 20 um.
The web should be p-type.
The resistivity should be 12-18 Q-cm.

The lifetime (0OCD after boron and phosphorus diffusion) should be

greater than 10 usec.
The material should be supplied as grown.

The minimum preferred length per crystal is eight meters.

This is required so that a statistically significant number

of cells can be made from one crystal.



reduced to about 0.03 that of the electronic grade if the reagent

grade could be used. However, the reagent grade has 200 times the speci-
fied heavy metal content of the electronic grade which could effect cell
performance. (e.g. 0.21 ppm for electronic grade versus 40 ppm for the
reagent grade). Therefore experiments were made to determine if the

cell parameters are affected by the purity of the .POCL3 diffusant source.

One base line group of cells was processed using Baker elec-
tronic grade POC%3 for formation of the front junction. For a test
group of cells, Baker Reagent grade POCL3 was used in a parallel furnace
arrangement. 3Both groups were -made using 1 to 3 @ cm p—type Czochralski
silicon from the same wafer supply lot. Except for the POCL; diffusion
step, the wafers were merged into a single group for the other cell pro-
cessing steps. Theée cells were processed by a standard cell processing

schedule(l). An outline of this sequence is shown in Table 2,

TABLE 2

Outline of nt/p Cell Processing Steps

Surface cleaning

?0823 diffusion

Front and back oxﬁde removal

Top surface metal evaporation (1700 A Ti, 500 A Pd, 23 kA Ag)*
Lapping to remove back N+ layer

Photo%ithographic delineation of top metal

Back metallizatioﬂ (as front)' ' '

Contact sinering (550°C, Hy, 15 min.)

Mesa delineation using photolithography and HF:HNOs;, HAC 'etch

The finished cells were evaluated using a quartz halide source
(91.6 W/ cm?). fn addition to ISc and Voc data for each cell, four
sets of current-voltage values were taken for computerized curve fit-
ting to determine values of fill factor. A summary of the results
of this curve fitting and of the comparisoﬁs between the baseline

N .
non-optimized metal system



and test lots is given in Table 3. An overview of the comparisons be-
tween lots is afforded by the line marked "A'giving the test lot (i.e.
reagent grade POCLs) parameters as a percentage of the base line }ot (i.
e., electronic grade POC%3) values. No significant differences exist in
terms of-VOC and Isc' Values of fill factor and efficiency for the test
lot are approximately 3% higher than in the base line case. From the
point of view of the experiment, thiz is not a significant change indi-
cating that there is no distinction between the tweo grades of POCR3 used

as the diffusant source.

Table 4 gives the metallic element analyses, as supplied by
J. T. Baker, for the particular lots of POCL3 used in the experiment.
Of particular interest are the Ti, Cr, Mn and Fe levels. Introduction
of these species at levels of about 0.1 ppm in Czochralski silicon dur-—
ing growth result in minority carrier base lifetime reduqtion or
recombination center density enhancement leading to severe reductions in
solar cell efficiency (see Fig. 13 of Ref. 2). Of this set of elements,
introduction of all but.Ti at levels below 0.005 ppm have no measurable effect.
In the case of titanium, as little as v 0.001 ppm in the grown silicen
crystal reduces cell efficiency by about 20% below that of an undoped
control. Thus, the relatively high titanium content (v 20 ppm)} of the
reagent grade POC%3 does not produce any detectable efficiency reduction
which occurs with as little as five parts per billion of Ti deliberately

incorporated in silicon crystals during growth.

Deliberate use of much higher concentrations of metallic im-
purities in the ?0023 source was next studlied to determine if a thresh-

old concentration exists.

Reagent grade POCL3 (20ppma Ti concentration) was contami-
nated with Ti to 100 and 500 ppma levels by liquid phase dilution with
99.99997% TiCy. Gells of the ntp type were fabricated using the three
POCLy diffusion sources. Float-zone silicon wafers (2 to 4 ohm-cm, p-
type, (1ll)-orientation) were used as substrates. Table 5 shows a sum-
mary comparison of these characteristics ‘data for those cells. The §.4%

higher efficiency for cells from the 500 ppma Ti source is not significant.



71121 Test of Reagent (1 + 5P) vs. Electronic Grade (R1L - R4) POCE

iD

2p
3r
4P
5P
R1
R2
R3
R4

TABLE 3

Cell Performance Comparison,’AMI

Electronic vs. Reagent Grade POCRg -Diffusant Sources

ISC

22.10

©22.60

22.60
22.60
22.10
22.40
22.50
22.40
22.30

AML (91.6 MH/cm)

VoG

.573
.575
.575
.572

.571

.575
.576
.569
571

Averages 71121 Baseline

STD

71121 Test of Reagent vs. elect.

STD

Percent of Baseline
100.0
1.4

4
STD %

22.40 -

.24

22.40
.07

.573

.002

.573

.003

99.9

.8

FF

.732
.733
.750
.707
.745
.767
762
728
.760

.733
.015

grade POCLj

.754 .
.015

102.8
4.2

10

EFF

9.80
10.07
10.30

9.67

10.44
10.44

10.23

.22

10.23
25

102.7

4.9

3

EFF (AR coated)

13.6
14.0
14.3
13.4
13.8
14.5
14.5
13.6
14.2



TABLE 4

Metallic Impurity Content-(ppm) of J. T. Baker POC%j,

Reagent vs. Electronic Grade

Metallic Elements

TT

Ti
Cr
Mn
Fe
Mg
in

Reagent Grade

< 20 ppm
50
30
300
70
< 20

TABLE 5

Ele

ctronic Grade

< 0.02 ppm

Not detectable

Comparative Characteristics of Uncoated ntp Cells Fabricated

Ti Concentration in

POCLg Source

v 20 ppma
~ 100 ppma

v~ 500 ppma

with POC&g Sources of Several Ti Concentrations - AMI
{(No AR Coating)

Tocp
(us)

5.21
5.06

5.02

JSC

(mA/cm?)
22.18
22.36

22.56

v

0oC Fill

(mV) Factor
544 0.698
530 0.711
540 0.721

Efficiency
3

8.9
8.9

9.3

0.002

< 0,02
< 0.1
.02

No. of 1 cm?
Cells

48
48

42



The lack of effect on cell performance of high concentra-
tions of Ti in the POCL3 source as compared with deliberate Ti doping of
the growing crystal may reflect the fact that stable oxide glasses are
formed during the nt diffusion, making this particular cell degrading
impurity unavailable for diffusion into silicon. To verify this conten-—
tion, the.oxide glagses formed during these diffusions (all less than
5003 thickness were analyzed by secondary ion mass spectroscopy (SIMS).
The relative ratios of the integrated intensities for the mass_ﬁumbers
47 (PO) and 48 (Ti) were computed for each type of glass and were found to
give relative Ti concentrations ratios of 1:156:2.65; these ratios are to
be compared with the starting ratios of Ti concentrations of the glass
of 1:5:2.5. Taken with the results of Table 2, this supports the idea
that the increased Ti concentrations in the formed glasses are not avail-

able for performance degradation of the cells.

Most 6f the difference between the experimental Ti ratios of
1:1.56:2.65 and the source Ti ratios of 1:5:25 can be accounted by the
relative difference of vapor pressures of the two components (PPOC£3 @
20°C = 35 mm Hg and PTiCRq @ 20°C = 10 mm of Hg). Furthermore, the
mechanisms of oxidation of these two components would also make the solid
glass poorer in Ti content. - Pogza oxidizes in the gas phase to ons(g).
The homogenecusly produced gaseous P205 is available to react with the
gilicon and form the glass diffusion source. On the other hand, TiC2y
oxidizes go_TiOz(s). The homogéneously formed solid TiO2 particles
should be exhausted. Those produced on the silicon surface are not incor—

porated into the glass, and are also probably exhausted.

3.2.2 Optimum Time/Temperature Conditions for Front

Junction Diffusion

) Several tests were carried out in a time-temperature matrix
to determine the optimum time and temperature and .thusg acceptable limits
for front surface diffusion. These data are more applicable to the
process verification poftion of the program and will be reported in Sec-

tion 5.1.1
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3.2.3 Back Surface Field Development

3.2.3.1 Doped Oxide Study

~ During the program, the main effort in forming the back ptp
junction was by using a boron doped oxide prepared by a chemical vapor
'deposition. Good control of the uniformity and reproducibility of such
a diffusant source is expected. For an effective back surface field reg-
ion, good con£r01 of the doping profile is important. The CVD approach
is particularly attractive since low temperatures are used to prepare

the doped oxide.

The deposition of both the boron doped oxide film and the
undoped capping oxide was carried out in an AMS-1000 "Silox" reactor.
This reactor is an efficient, low-cost vapor phase oxidation system for
depositing doped and undoped SiOp films at 350° to 450°C. It has a typ-
ical hourly throughput of 120 2-inch wafers with an overall film thick-
ness uniformity of + 5%. The AMS-1000 reactor system consists of a re-
sistance heated wafer carrier and gas dispersion head about 100 mils
above the carrier. Deposition is accomplished by placing wafers on the
carrier mechanism which passes below the dispersion head at a pre-pro-

grammed rate of travel. The dispersion head injects an approximately

laminar flow of oxygen or air, silane with or without the dopant hydride
(PH3 of BZHG) in a nitrogen carrier into the reaction zone where the
reactants combine to deposit SiOz. Between deposition cycles the disper-
sion head is automatically purged to ensure compositional purity, and it

is water cooled to minimize gas phase reaction.

After initial studies were made to determine optimum oper-
ating conditions, a number of ntppt cell runs were made. These ntppt
cells were processed by the standard boron doped o%ide technique with
the BSF source film being deposited under the following conditions:

(1 Noﬁinal deposition temperature = 420° +4°C.
(2) 15% SiH, flow = 160 cc/m, 5% ByHg flow = 370 cc/m, total Np flow
= 5,7 &/m, and 0, flow = 250 cc/m.

-]
(3) Doped-film thickness ~ 4600 A (two passes), and undoped capping

13



film thickness v 2000 2 {two passes) with the front surface masking
undoped 8102 thickness ~ 1000 4. These thicknesses are.in excess

of what is needed and are not optiﬁized:

The BSF fllm was annealed for 4 hrs. at 1000°C in 2.5 %/min each of N2 and
0y with 2"/5 min. pull—rate to generate a boron—diffused layer with
Xj ~ 1. 9u and R = 35 + 0 5 Q per square. The active ntp junction was formed
by ?0013 dlffu31on with a R = 35 + 0.5 @ per square. Evaporated
Ti-Pd-Ag front and AR back metallizations were used w1th no AR coating.

Cell characteristics data is shown in Table 6. Results for

an earlier run using the same process, but with a horizontal cold-wall

®)

reactor are also given. The results using the Silox .” reactor are slightly

(R}

better, indicating that thg_Sllox reactor approach has no performance

disadvantages in this application.
3.2.3.2 Single Crystal WaferCells With and Without BSF
Regions

Four sets of cells were fabricated from both 2-4 §-cm
float zone (FZ) and 20-30 G-cm Czochralski (CZ) wafers. Three of the
ruds were made on wafers thinned to about 100 pm by-etching and then
‘provided with back surface field (BSF) regions of several depths. The
most shzllow back boron concentration profile (0.3 um) was formed with
a 20 min, 960°C BBry diffusion. BSF regions having depths of 0.9 um and-
2.0 ym were prepared by diffusion from doped oxides at 1000°C for 1 hr. .
and 4 hrs. respectively. The fourth run, using 2 to 4 Q-cm FZ material
of ~ 230 yum thickness. was not provided with  any BSF region. The front
junction in all cases was formed by a POCLg diffusion of 50 min. at 825°C.
The phosphorus diffusion conditions had been previously determined to
produce optimum results on single crystal wafer material. A mask design was
used to give twelve cells of 1 cm? -active area for each wafer. In this
way the.statistical variations in cell characteristics could be assessed

readily.

Table 7 gives performance data.on ntp cells forméci in the
2 to 4 9-cm float zone material. Part (a) of the table gives results

on individual cells for a single wafer having the best average efficiency

14
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TABLE 6

CHARACTERISTICS OF ntppt+ BASE-LINE CELLS FABRICATED WITH AMS- 1000
REACTOR PRODUCED BACK SURFACE FIELD (Simulated AM1)
(NO AR COATING)

Cell Groups ToaD JSc VOC inilr Effi;iency ?o. gf i
' (us)  (ma/cm?) (m¥) ° ° o cens
. 2-40~cm p (111) FZ Wafer 10.45 22,46 569 0.772 10.43 36

(9 mils) _,

without’ 8i0, front mask

2-48-cm p (111) FZ Wafer 12.83 23.12 .564 0,768 10.60 35

{9 mils)

with- SiDp front mask

2-40-cm p (111) FZ Wafer — 22,2 .548 .72 ‘ 9.3 4

(10, mils)
with $i0Os front mask

(oxide layers by cold wall

reactor)
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TABLE 7

Performance Characteristics for Ohmic Back Contact Cells
Using Single Crystal Float Zone' Silicon®

Individual Cells

Best Wafer
Jsc Voe Fill 1
Cell Na. (mA/cm ) (mV) Factor (%,Not AR Coated)
1 20.5 549 0.71 8.5
2 20.8 549 0.70 8.4
3 20.7 545 0.69 8.2
4 20.5 547 0.73 8.7
5 22.1 550 0.73 9.4
6 22,2 550 0.71 9.2
7 22.6 548 0.72 9.4
'8 22.5 549 0.73 9.6
9 o 22,7 551 0.74 9.7
10 22.8 550 0.73 9.6
11 22.7 . 545 0.69 9.1
12 22,7 549 0.73 9.7
Average Values
for Each Wafer
1 22.2 548 0.72 8.3
2 22.3 541 0.67 8.6
3 22.0 - 545 0.72 9.1
4 22.3 540 0.68 8.7

P-type, 2 to 4 Q-cm; 2 in. diameter, thickness 230 um. ' Simulated AM1l illumination, no AR coating.



(not AR coated) for the group comsidered. Data for the other wafers are
similar in distribution. Part (b) of Table 7 gives mean values of the
performance parameters for four wafers as determined on 10 to 12 cells

of each wafer.

Table 8 gives individual and averaged performance parameters
for BSF cells (0.3 um diffusion from BBrz). These were prepared using a
float zone single ‘crystal wafer of 2 to 4 Q-cm resistivity. The wafer
had been etched to a thickness of about 100 um prior to fabrication in
order to enhance the expected effect of the back surface field region. Ag an
additional experiment 20 to 30 Q-cm wafers of Czochralski silicon of the
same thickness and the same BSF conditions yielded the following mean
gc» 23.3 ma/cm? ; Vog» 568 mV; £ill factor,
0.72; efficiency, 10.1%. Thus the back surface field processing produced

parameter values for 9 .cells: J

similar results in the two types of material

For the 2 to 4 Q-cm float-zone material giving the results
of Tables 7 and 8, the difference in average value of open circuit.volt-
age for the 100 um thick BSF cells and the 230.um ohmic contact cells is
about 34 mV. This value can be examined in terms of predicted differ-
ences for such cells as influenced by minority carrier diffusion length
and cell base thickness.

3

Hovel calculates, using a simplified approach, the open
circuit voltage as a function of thickness in p-base cells with and
without BSF regions for electron diffusion length wvalues of 52 and 232
ym.%* If the difference in VOC values with and without the BSF region is
considered as a function of sample thickness normalized with respect to
the electron diffusion length, a single curve is produced, as shown in

Figure 1.

In order to use Figure 1 in evaluating the results given in
Tables 7 and 8, it is first necessary to resolve the effeet of the great-
er base region thickness.for the ohmic contact cells., If the base mater-
ial were of high lifetime C; 15 ysec) and long diffusion length (v 232
um) then VOC for a 100 pym thick cell (comparable to the BSF types of Table

#Ref. 3 Figures 55 and 57
#Na. AR Coating 17
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TABLE 8 ~

Performance Characteristics for Single Crystal, Float Zone Cells Having
Back Surface Field Regions Prepared by BBrg Diffusion (No AR Coatings)

AM1

Isc Voc . o n
(mA/cm?) () Fill Factor o)
22,5 575 0.72 9.8
22.8 583 0.76 10.7
22.6 574 0.77 10.5
- 23.0 - 576 0.77 10.8
22.9 375 0.76 10.6
22,7 585 0.78 10.9
22.8 583 0.78 11.0
23.1 584 .79 11.0
22.8 1 583 0.77 <10.9
22,6 577 0.77 10.6
22.3 567 0.73 9.8
22.4 575 0.76 10.3
22,7 578 0.76 10.6
-23.1 580 0.75 10.6
©22.9 . - 580 0.77 10.8
23.5 581 0.77 11.1
21.2 577 0.68 9.0
Mean Values 22.7 578 0.76 10,5
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Fig. 1 Predicted open circuit voltage enhancement in p-base silicon
cells ags-a function of thicKness.normalized to minority -
carrier diffusion length. (After Ref. 3).
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8) would be about 10 mV lower than for 230 ym thick cells. Thus, the

34 mV difference in V., for the experimental cells would correspond to

a 44 oV difference ifoghe comparison were made for 100 pum thick cells.
On- the other hand, if the base material were of short diffusion length
(* 50 um or less), reduction of the base thickness from 230 to 100 pm
would not be gufficient to cause a change in VOC for the ohmic contact
cell. Thus, we can use Figure 1 to estimate the values of (base

thickness)/(electron diffusion length) for AVbC = 44 wV and for AVOC =
34 oV, This gives values of 0.47 and 0.61, respectively. The corres-—
ponding estimates for L are 220 um diffusion length value corresponds

to an electron lifetlme of about 14 usec in the base- reglon.

3.2.3.3 Web Silicon Celis With and Without BSF Regions

Results have been obtained on the operation of

back surface field regions in dendritic web silicon material. The
samples reported on below were given the normal EBr3 (20 min at 960°C)

3
and POCL3 (35 min at 850°C) diffusions. Table 9 gives the data on .-

these cells.

The data given is an average of several cells within the
game run. The data show strong evidence of back surface field operation
with a voltage differenqe of 57 mV in the high resistivity web materials
and a somewhat smaller difference of 40 mV for the lower resistivity case.
From Figure 1, the diffusion length values are estimated to be 288 um .
and 470um for the 4.5 and the 15 Q-cm material regpectively, These val-
ues and, the corresponding ones for electron lifétime in the base region
are given in Table 10. For comparison, values of open cirecuit decay time
constant are given in the last column of Table 10. It is interesting
that these values are in'aﬁproximately the same ratio as the minority
carrier lifetime values inferréd from the open circuit voltage enhance-

ment for the two samples.

ThlS diffusion. condltlon was determined to be optimum for dendritic
web silicon — see Seection 5.
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-Table 9

Initial Results for Web Cells (Not AR Coated)
With and Without BSF Regions (AML)

Sample BSF p (R—cm) Thicknesg (um) Vbc(V)
WEB R225 No 4-5 150 .520
- WEB R225 Yes 4-5 150 .560
WEB J21 No 15 165 .493
WER J21 Yes i5 165 .550
Table 10
Estimated Diffusion Lengths and Electron Lifetimes in
Web Silicon Cells with BSF Regions (AM1)
1. (usec) T _{psec) Tocd(usec)
Sample Thickness (pm) s n —
WEB R225 150 288 23 6
WEB J21 165 470 60 19

The long diffusion lengths indicated in TablelQ are obtained
from web crystals that have not received any prediffusion gettering
treatments. . These diffusion lengths are comparsable to state—of-the-art
float zone and Czochralski crystals, thus indicating the suitability of
web BSF cells.

The above process was used throughout the program in the

preparation of web cells up to 1.6 cmX 7.0 cm.

3.3 Antireflection Coatings (AR)

3.3.1 Introduction

The reflection losses from a surface are related to the difference

21



in index of refraction between the enviromment and the material For a
high index material such as silicon, the surface reflection is about
35% of the incident.light in an air environment. .If the silicon solar
cell is to be efficient and viable, this loss must be eliminated by

antireflective ‘coatings.

Minimum reflection from the coated surface is given by
Fresnel's equation:

2

n_“-njny (1)

R.m = "
(nc +nins

whera n., 0, and ny are the refractive indices of coating, medium, and

substrate, respectively. In order for the reflectivity, Rm, to be zero

in equation (1), the index of coating must satisfy the condition:

a = Yamy’ (2)

-C

The thickness of the coating, then, is determined by the equation:
o (3)

Ao is the wavelength where zero reflectivity is desired.

The antireflective coating on silicon solar cells in an air
‘environment must have an .index of 2 and a thickness of about 0.07 um, as
calculated .from equations (2) and (3);.where ny; = 1, ny, = 4, and ko is
0.06 ym. Such AR coatings must alse be highly transparent -in the solar
spectrum stable and resilient to the .environment. Titanium and tantalum
oxides have been found to be suitable for this purpose. Quarter wave- -
length AR cpatings are generally applied by vacuum deposition or vacuum
sputtering. Ti0, oxide coatiﬂgs have also been deposited by spraying
of a titanium alkoxidg, e.g., Ti(0C3Hy)y, and water after they are mixed

. . k=g -
in a non—oxidizing carrier gas . . -

In studies made before this contract effort, workers at
Westinghouse have demonstrated that films prepared from liquid metal-

d¥ganicprecursors can be used as very effective AR coatings on solar cells

22



prodﬁced using Czochralski silicon wafers. The composition of the pfé—'
cursors can be formulated to yield simple oxides such as 8i0y, TiOp or
Tas0g or mixtures of oxides with tailored optical properties. In the
case of TiOs, clear films have been produced with index of refraction of
about 2.4, The technique has been used to produce multi-layer ceoatings
as well. TFor the work to date, the thickness of the films has been
controlled by adjusting viscosity of the piecursor and by spinning the
substrates, analogous to vphotoresist practice in the IC industry.
Processing of lengths of dendritic web silicon required development of

dip or spray application methods.

~

In initial work on this program, cells were spin-coated
using 1iquid metal-organie precursors of Ti0, and Si0. Ranges of
values for coating viscosity and for spin—speed were used in these pre-
liminary experiments. After coating, the samples were baked at 400°C
in vacuum. The primary .aim of this work was to determine the practical
limits to short circuit current enhancement in state-of-the-art web sili-

conn cells coated in this manner.

Table 11 gives values for 1 £i1l factor and efficiency of

sc?
these cells before and after coating. The ratio is given to show improve-
ment after coating. The first three cells in the table were fabricated
on Czochralski crystals while the last seven were on dendritic web sili-

con. All but one of the samples were from the same d4iffusion rum.

The data for sample 1 show the efféct of a gingle layer of
‘TiO, (n = 2.4); sampie 2 a double layer of 8i0; (n = 1.4) over Ti0y. The
remainder of the samples were dou?le coated (using TiO2 and SiO2) under
wvarious experimental conditions. For the web cells a maximum improvement

of 437 in efficiency was noted.

2

3.3.2 .AR Coatings by.Dip Processing of Dendritic Web Silicon

After these initial experiments which showed that precursor solu-
tions obtained from metal-organic compounds could be used as very effec-
tive AR coatings, the emphasis was shifted to examining techniques for

applying the precursor in a reproducible, cost effective manner. It was
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SAMPLE

1
2
3
4
5
6
7
8
9

10

(singla)
(double)
1
"
"
"

TABLE_lI.

Effectiveness of AR Coatings Prepared from Metal-Organics Precursors

Tgg (ma)

'FF EFFICIENCY (%)
. POST . POST . POST STILICON
PRE ~ _POST PRE PRE POST PRE  PRE POST  Prb _TYPE -
22.8" 205  1.29 .77 .73 1.00 10.4 ‘13.9 1.34 CZ
22.0 30.5  1.39 .73 .77  1.05 .9.4 14.0 1.49 "
20.8+  28.9 . 1,39 .73 .77 1.05 8.7 12.8 1.47 "
20.1 27.9 1.39 .74 .76 1.03 8.5 11.8 1.39 Web

19.2. - 24,9 1,30 .71 .70 .99 7.6 9.5  1.25 "
21,1, 29,4  1.39 .71 .72 1.01 8.6 12.2 .1.42 "
21.6 31,0 . L.44 .75 .73 .97 9.4 13,3 1.41 "

T 21.4 30.5 . 1.43 .74 .74 1.00 9.0 .12.9 -"1.43 "

21.9 29.6 1.35 .76 .73 .96 9.5 "12.4 1.31 "

21,1, 295 140 .75 .73 .97 9.0 12.4 - 1.38 "



decided that due to cost considerations, further work would focus on
single coatings. Double coatings would require vacuum baking and double
handling of the web. A single coating can be air baked. Thus, the advan-
tage of the small increase in efficiency that could be obtained from a
double coat would be lost due to the extra cost. These dipping tech-
niques were developed for processing either finite lengths of web in
parallel or processing continuous lengths of web(s). The processing
varigbles and the cost calculated from these tests are applicable to
either type of processing. Experiments were carried out using 100 cm
long X 1.3 cm wide stainless steel ribbons since initial studies had
shown that these steel strips behaved the same as dendritic web silicon
in so far as coating thickness etc. was concerned. These ribbons were
immersed in AR coating solution with concentrations of 0.5, 1.0, 2.0 and
3.7 weight percent equivalent oxide. The ribbons were then withdrawn
from the solution at various speeds up to 10M/min.. After baking the
coating at 400°C, the thicknesses were measured and ;elated‘to the rate

of withdrawal.

. The findings of this study showed that the thickness of
coating applied to the ribbon was dependent on thé‘nature of the sélu—
tion and wmechanical factors. The solution parameters are concentra-
tion of the oxides in the solvent, viscosity of the solution which is
controlled by the type of solvent used and the degree of polymerization
of the constituents. Thé mechanical factors were rate of withdrawal of

the web from the solution and the width of the web.

Figure 2 shows the coating thickness on the ribbon as a
function of various withdrawal rates at four solution concentrations.
The solvent used was ethyl alecchol. (Ethyl alcohol was used in all
tests sdince it can readily be obtained in pure form, which was necessary
to invéstigate the basic parameters effecting the viscosity of the solu~
tion and polymerization of the comstituents). The quarter wave thickness
required for an effective AR coating is about 750 A. Thus the horizon-
tal line at 750 A shows the withdrawal rates required to obtain this

thickness at a given solution concentration.
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Curve 696678-A

“Coating Thickness { microm)

i » Concentration of Solutions™
" in Equivalent Oxide

| l l
0 30 120 - 430 1080

Withdrawal Rate: (cm/min)

Fig., 2 Coating thickness as a function of solution concentration
' and withdrawal rate in dipping application..
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Of especial interest is the behavior of the 0.5% solutionm,
where the coating thickness becomes nearly independent of withdrawal
rate. Although we have not made the test, it would appear that if a
0.3 to 0.47% solution were used, the proper thickness could be obtained
at high withdrawal rates and would be insensitive to the withdrawal

rate.

The %iscosity of the solution is dependent only on the
solvent if the oxide concentration is low (< 5%Z). It has been shown that
the coating thickness-withdrawal rate curves can be moved up and down
vertically by changing the solvent. This provides another control on

the coating thickness.

3.3.3 Heat Treatment of the Coating

Reduction of the coating to an essentially organic~free oxide

coating requires a heat treatment slightly in excess of 300°C.°

During baking, the index and thickness of the film change
as organics are liberated. The index of refraction of the unheated
film is around 2.4 in vacuum firing and 2.2 in air firing. The film
thickness decreases to approximately 50% of the original thickness.
Again, almost all the changes in thickness and index are completed by
300°C (see Figure 5). It is also of interest to note that the ~20%
weight loss cccurring by the removal of hydrogen organic groups is asso-
ciated with 50% densification in the film as indicated by the thickness

change.

3.3.4 Chemical Resistance of the Films

To check the chemical stability of the film, 1-1/4" diameter
silicon wafers were coated with quarter—wave thick TiO; films. Half of
the samples were fired in air and half in vacuum at 500°C. These samples
were then immersed ip 1% solutions of HC1l, HNO3, HyS50;, HgPOy, and NHAOH

as well as water. Conditions of the coatings were observed at various

intervals. Tables 12and 13summarize the results.

It is cobvious that both high temperature air- and vacuum-

baked films have excellent resistance to acids. Against ammonia and,
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3 Change in index of refraction and coating thickness during
heat treatment.

28

Coating Thickness (&)



TABLE 12

The Stability of Air-Baked TiOz Films in 1%
Copcentrated Solutions of Various Acids and Ammonia

‘Bample Solution™ Condition of the Film in 75 Days
1l HCL No observable deterigration
2 HNO3s No observ@ble deterioration
3 H280y4 No observable deteriocration
& H3 PO No observable deterioration
“f
5 NH,0H Completely deteriorated (deterioration
starts to become obvious- after 7 days
and is complete within 10-20 days)
TABLE 13
The Stability of Vacuum—Baked Ti0Oz Films in 1%
Solution of Various Acids and Ammonia -
Saﬁple " Solution® Condition of the Film in 75 Days
‘14 HCl No observable deterioration
2A HNO3 No observable deterioration
3A Hs 504 No observable deterioration
4A H3POy . No observable deterfioration
5A NH,0H Mo observable.deterioration

*
1 weight % in H,0
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presumably, other basic solutions, the air-baked film does not seem to

have good resistance, but the vacuum-baked film does.

We have also studied tﬁe resistance of the films as a func—
tion of their heat treatﬁent temperature. In general, the films showed
increasing resistance with increasing heat treatment temperature up to
.400°C. An apparent anomaly was that ghe samples heat treated between
50 and 100°C showed better resistance to ammonia than the samples baked
at higher temperatures. A possible explanation for this is the presence

of organic groups retained at these temperatures.

It has also been noticed that once the filwms are coated,

‘even without baking they are extremely difficult to remove., TFor exam
ple, alcohols or water, even with rubbing, were ineffective in removing

the unbaked films.

3.3.5 Reflectivity

Specular reflection, as a function- of wavelength, was mea-
sured for silicon wafers with quarter-wave thick coatings. TFigure &
shows the percent specular reflectivity of the TiOp-coated silicon wafers
baked at various temperatures. As shown, the sample baked at 80°C ap-
proaches ideal reflectance with less than 0.5% reflectivity at around
0.06 ym The calculations indicate that a bake temperature of around 110°C
is required to obtain essentially zero reflectivity around this wave-
length. This is consistent with the refractive index-bake temperature
relation-indicated in Fiéure 3. The index requirements of n = 2 for sil-
icon can only be met at these low temperatures. Figure 5 shows which
wavelength correspondé with minimum reflection and the percent reflecti-
vity at these minimums as a function of bake temperature.

Thus, although optically satisfactory quarter-wavelength AR films on
silicon wafers can be obtained from t1tan1um alkoxides w1thout doping,

this must be done at 10W bake temperatures, e.g., at around 100-150°¢" 8,

As shown above, films prepared at bake temperatures below
400°C are more susceptible to attack by acids; therefore, a higher bake

temperature is preferred.
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Fig. 4 Spectral reflectivities of coatings heat treated at various
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To accomplish both the higher bake temperature required for
chemical stability and still maintain the proper film thickness, the
composition of the coating was adjusted by adding Si0O; to the Ti0, to a
composition of 88% TiOs and 12% Si0s. The thickness and refractive
index of this mixed oxide solution will vary in the same way as shown
for the TiO, solution in Figure 4, but the final thickness after baking
at 400°C will be near 0.07 um.

Figure 6 shows the reflectivity of dendritic web silicon
coated with this 88% Ti0, - 12% 8i0, solution and fired in air at 450°C,
The curve shows a zero refleection at 6000&; the film was about 7504
thick with an index of refraction of 2.0. This film gives nearly 48%

improvement in solar cell efficiency over the uncoated state.

This oxide composition and bake temperature were used for
all further antireflection coatings prepared during the program. Examples
of cell performance with these coatings are given in Table 14.

TABLE 14
Effect of Metal-Organic Derived AR Coatings
on the Performance of Solar Cells

I . (mA) Efficiency (%) *

Solar Cell Uncoated Coated Uncoated Coated Improvement
1012 R-4 21.10 29.40 8.56 12.24 43%

1012 R-5 21.60 31.00 9.37 13.34 42%

1012 R-6 21.40 30.50 9.03 12.91 43%
R1009 B-3#% 21.20 28.60 8.95 12.70 427

1012 3-3 20.80 28.90 8.65 12.82 487%

1012 B-4F+% 22.00 30.50 9.43 14.04 49%

# Caleculation of efficiency takes into account changes in open circuit
voltage and fill factor (as well as the short circuit current, Ig.).
However, these factors are relatively insensitive to AR coatings
and therefore not given here separately.

o Ta0, coating

#%% Double coating
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3.4 Metallization Systems for Solar Cells
3.4,1 Systems Studies

Cost effectiveness is a key issue in the photovoltaics.program.
In meeting the objectives of this program, a well-developed, less expensive
reliable confact-system became a necessity. The experiments conducted, -
necessitates such contact systems so that cost-effectiveness could be main-
tained.

Among these systems, evaporated Ti-Pd-Ag is the most widely
used.. Tt performs well, but is not cost-effective becduse of the use of
expensive gilver, vacuum deposition technique,(3) and the waste of material
during the evaporation. Also, at -times a slight decrease in the cell per—
formance. resulting from high temperature sintering was observed. Detailed
analyses have indicated that this loss is primarily due .to the increased
junction excess current which can result from the presence of defects or
impurities in the depleticn region of the solar cell. Some junction depth
studies have indicated that deeper, junctions are less susceptible to
sintering-induced degradation. This supports the conjecture that impuri-
ties or defects difguse frcm‘ﬁhe top surface to the junction region to
degrade the cell perfo?mance somewhat. Since Ti is a2 possible candidate
for causing the degradation we have also investigated some other elements
“which  can replace Ti, if neéésséry, without any loss in cell performance.
Thus, the bbjectives of this study were: (1) to find a less expensive
process than the vacuumldeposition of metals, (2) to find a replacement
for exﬁéﬁsive Ag, (3) to reduce the waste of contact metals, and.(4) to

look for a good substitute for Ti.
' The folloﬁing contact systems have been studied:

lc ey - — - tea Ti_Pd-Ag
. Evaporated Ti-Pd pilus Electroplated Ag
3., Evaporated Ti-Pd plus Electroplated Cu

. Evaporated or Plated Cu

2
3
4. Evaporated Pd plus Electroplated Cu
5
6. Evaporafed Cr-Pd-Ag

7

. Evaporated Ta-Pd-Ag
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The conventional evaporated Ti—Pd-Ag contact was used as a base line to
evaluate the other contact systems. The evaporated Ti-Pd electroplated
system is much more cost effective than the first one because electro-
plating can bé done over a well defined area which considerably reduces’
the waste of evaporated Ag. The evaporated Ti-Pd-electroplated Cu system
was studied to see if Ag could be replaced. Because it is highly
conductive, less expensive and easy to electroplate Cu was selected.
Another advantage of Cu is that it has a potential to simplify the inter-
connects since Cu foils can be used for bonding which results in a more
. reliable one metal interconnect system. On the other hand, if Ag is the
‘top metal then A1l or Cu foils -will be used to ’
form the interconnects, which may give rise to a somewhat less reliabile
multimetal system. The Pd-Cu system was investigated to determine if Ti
is necessary in-the.Ti-Pd-Cu system. The fifth system studied was .the
evaporated or electroplated Cu, while sixth and seventh systems that were
investigated in an attempt to find a substitute for Ti were evaporated

Pd-Ag and Ta-Pd.

1.

3.4.2  Solar Cell fabrication and Characterizatioh

In 21l cases 1 cm x 1 em N+? solar celis were fabricated by
‘phosphorous diffﬁsion at 850°C. The diffusion time was 35 minutes which gives
an estimated junction depth of approximately 0.4 to 0.5 microns. The
substrate material was p-base, 10-15 Q-cm boron doped either onrhralski
or dendritic web. The contact metal systems were applied in the form of
a five finger érid with épproximately 5.4% area coverage. Most of the

devices had back surface fields but no antireflection coating.

The solar cells were characterized by determining the cell
efficiency (n) open circuit voltage (Vbc)’ short circuit current (Isc)’ fil1l
factor ﬂFF), series resistance (RS),'shhnt resistance, (RSH), bulk (IB)
and the junction (¥j)-current of the solar cell. n, Voc, ISc and FF
were determined for the AM1 condition by the computer fit of the lighted

I-V data to the following single exponential model.
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The peak power point (Vp, Ip) was then determined by solving the following

equation with the help of a computer program

==V+I—=0 {5)

Cell efficiency was determined by

_ Vf ; IE (Test lamp had output 6)
"~ 91,6 of 91.6 mw/cm?) .

and fill facpor was obtained from

V. - .
R @
s5C

The series resistance, a combination of contact resistance and
the resistances from the bulk and the diffused layer, was determined from
a combination of dark and lighted I-V data. The I-V relationship of a solar

cell in dark and under illumination aregiven by the following expressions:

q(Vel - IdRS)/nkT

1d = Itl = l0 {e: -1} "in dark
. Lot g q(Vt2 + [ISc - Id]Rs)/nkT,_l} under
a= Tge " L2 T L te 111umination

Where'vt‘and It are terminal wvoltage and current.
Equating these two expressions, the following expression for Rs is obtained:

V., -V
R = fL _ 't2

s I
sc
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for ISc flowing through the diode; Vt2 = voc

then

R = s¢ (8)

Shunt resistance was determined by the reverse dark I-V measurement. where.

A

Rh A1 (9)

In order to see the effect of contact system on the bulk and the junction re-
sponse, the measured dark I-V data was transformed. A schematic of this
transformation is shown in Fig. 7 where the curve with solid circles
represénts the measured I~V data. Curvatufés resulf when the con-
tribution of the RSh and the RS are significant. If the effect of RSh and

RS is very small then the curvatures are not seen. The effect of Rs and

Rsh can be removed from the dark I-V data by the following transformation:

Vl =V - 1IR
s
v - IR
1 - 5°
1 =I‘_"R_"“" (10)
. sh -

The transformation results in a double exponential (I_., IX2) which is a
combination of the bulk and the junction response. IB or the bulk response

is obtained by extrapolating I,. and subtracting it from IXZ'

X1

s = Ixn ~ Ixo (11)

[ 4
IB has an n factor of unity which ig¢ the true representation of the bulk

response. % or the junction response is determined by

IL =I, -1
3 (12)
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(I3) components.
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If IB moves up and to the left it igdicates an increase in reverse
saturation current or a decrease in bulk lifetime. The increase in the
Jjunction excess ‘current (Ij) represents the loss of photocurrent in the
junction which can also result in loss of cell performance. This is a
very powerful tecﬁnique which enables the detection of the response of
the bulk and the junction regions separately. The transformed I-V curves
will be used to quantitatively describe the effects of various contact

systems on the bulk and the junction regions.

3.4,3 Results and Discussion

Table 15 shows a comparison of the evaporated Ti-Pd-Ag system
with the Ti-Pd electroplated Ag. First, the Ag was removed from the
evaporated Ti-Pd-Ag and then the same samplé was electroplated with Ag
usiné an AgCN solution of pH 13. Ag dis electroplated only on the Ti-Pd
grid which makes this system much more cost effective than the evaporated
Ti-Pd-Ag system where most of the evaporated Ag is not utilized. The
data demonétratehthat plated Ag in all respects is capable of giving as
good results as the evaporated Ag. Sintering characteristics of both
systeﬁs were found to be very similar. The data shown on Table 16 were
taken from CZ cel{s, although similar results were obtained on dendritic

web material.

Table 16 summarizes the results of Cu contact directly applied
on 5i. This system gives a poor yield and the detailed analysis indicate
that the degraded samples possess very low shpnt resistance of the order
of 10-100 ©. This suggests diffusion of Cu into the Si. Cu is a fast
diffuser and since the samples go through a 160°C photoresist bake, such

a low yield is not very surprising.

Results of evaporated Pd—electroplated Cu are summarized in
Table 17, First Pd was evaporateﬁ and grid pattern was etched and then
4-6 microns Cu was eléctroplated on Pd grid using an acidic CuSO4
solution. Prior to the plating the samples goes through a cleaning and
a striking solﬁtion:' Results indicate that unsintered Pd-Cu contact

system looks as good as the evaporated Ti-Pd-Ag. However like Cu, this
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TABLE 15

(Evaporated Ti-Pd-Ag) Vs (Evaporated Ti-Pd - Plated Ag)

Evaporated Ag Plated Ag

n{%) 10,19 10.11
L (ma) 22.5 22.8
sc

A 4'p) .572 ) .578
oc

FF- . 749 . .73
Ry {Q) .5 o7
RSh (k) 300 300
Ij/.3V (mA) ~ .04 .05
Toed (usec)y 21 22

CZ cells with no AR coating

TABLE 16

Evaporated or Plated Cu

Yield . — 30 — 40%
Reason — R, =10 - 100
- sh
Survived Samples — n — 8-9%
R —.50
s
R ,— 2-5K

sh
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system cannot stand high temperature sintering. 300°C sintering in N2
for 10 min. drastically lowers the cell performance and the effect is
observed on the junction excess current which increases by three orders

of magnitude. Thus unsintered Pd does not serve as a good barrier for Cu

diffusion.

' Table 18 compares the performance of evaporated Ti-Pd-Ag system -
to the evaporated Ti-Pd electroplated Cu system. Ag was removed from
the Ti-Pd-Ag contact and then the same sample was electroplated with
4—6 um thick Cu. Unsintered Ti-Pd-Cu system looks as good as Ti-Pd-Ag
system in all respects. Unlike Cu or unsintered Pdecﬁ system, Ti-Pd-Cu
can stand much higher sintering temperatures. The data shows up to 300°C
sintering in N, for 15 min. no degradation is observed. At 400°C, a
slight deéregse in cell performance is detected and at 500°C cell efficiency
decreases from 10.1% to 7.5%. Thus Ti-Pd acts as a good barrier for Cu
diffusion. Since Pd by itself was not very effective, it appears that
titanium silicide at the Ti/Si interface could be responsible for the
barrier. Figure 8 shows the transformed I-V piots for the Ti-Pd-Ag and the
Ti-Pd-Cu systems. The upper segment represents the bulk response and the
lower segment the junction response. It is quite clear that above 300°C
sintering of the Ti-Pd-Cu contact, the cell performance degrades primarily
due to the increased junction excess current. The junction excess currént
at the operating point represents the loss of the photocurrent in the
space charge region. The increasé in the junction excess current can
result from the presence of impurities or defects, such as Cu precipitates,
in the depletion region of the solar cell. Thus Ti-Pd-Cu system looks
very promising from the point of view of cost effectiveness and per-

formance. However, its léng term reliability needs to be investigated.

Table 19 ‘shows a cémparison of evéporated Ti;fd—Ag, Cr-Pd-Ag
and Ta-Pd-Ag systems. " Prior to sintering Cr-Pd-Ag system looks as good
as Ti-Pd-Ag but Ta-Pd-Ag gives only 6.8% cell. Ta seems to form a barrier
which reduces the open circuit voltage. However, sintering at 400°C
removes that barrxier and Ta-Pd-Ag gives equally good results as Ti-Pd-Ag

or Cr-~Pd-Ag. Cr is fast diffuser in 5i so Cr-Pd-Ag system is unable to
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TABLE 17

(Evaporated Ti-Pd-Ag) Vs (Evaporated Pd—Plated Cu)

Pd-Cu Pd-Cu

Ti-Pd-Ag Ag—Cu 150°C Sinter 300°C Sinter
n (%) 10.19 10.3 9.91 1
Isc (mA) 22.5 22,7 22.3 146
Voc () .572 574 .568 13.1
¥F 749 . 751 740 +49
R_ (2) .45 .35 .35 .3
R, (ko) 300 2 2 2
Ij/.BV (mA) 04 .29 .31 51.5
21 19.5 19.5 -

Toed {usec)

CZ cells with no AR coating

(Evaporated Ti-Pd-Ag)

n (%)
sC (IDA)

(V)

Qc

FF

(2)

R, (ko)
Ij/.BV (mA)

Toed {(usec)

TABLE 18

Vs

(Evaporated Ti-Pd - Plated Cu)

Ti~-Pd-Cu

Ti-Pd-Ag Ti-Pd-Cu 300°C Sinter

Ti~Pd-Cu
400°C Sinter

Ti-Pd-Cu
500°C Sinter

9.92
21.8
.572
.74
.3
2.5
044
11

9.98
21.6
. 580
.754

.6

2.5°

044
11.5

10.1
21.7
.580
.76
.45
2,5
.040
11,5

9.36
21.9
574
.731
.5

2
W27
10

Web cells with no AR coating
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.5
1.1
1.4
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Fig. 8 Transformed I-V Plots for Ti-Ag and Ti-Pd-Cu
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TABLE 19

EVAPORATED (Ti-Pd-Ag), (Cr-Pd-Ag) and (Ta~Pd—Ag) CONTACT SYSTEMS

BEFCORE SINTERING

Ti-Pd-Ag Cr-Pd~Ag Ta-Pd-Ag
n (%) 9.01 8.93 6.8
v " .537 .539 437
oc
Isc(mA) 22.4 22.1 ) 21.67
'FF .707 .71 .633
-.Tocd(usec) 5 5 - 3.7
AFTER SINTERING AT 400°C
Ti-Pd-Ag Cr-Pd—Ag Ta-Pd-Ag
n (%) 9.54 9.46 9.7
v (" .55 .551 ) .55
oc
Isc(mA) 21.9 21.37 22.5
FF . .750 .76 .76
Tocd(usec) 4.3 4,57 4.0

CZ CELL, NO BSF, NO AR COATING
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stand higher sintering temperatures than 400°C. Ta-Pd-Ag system can
stand sintering temperatures up to 550°C. Thus Ta can be used as aa

effective substitute for Ti.
3.4.4 Conc;usions

Electroplated Ag can be used instead of evaporated Ag to
effectively reduce the waste. Ti~Pd-Cu seems to be a promising contact
for solar cells from the point of view of cost-effectiveness and cell
performance. However, its long term reliability neéds to be investigated.

Ta can be used as an effective substitute for Ti in the Ti-Pd-Ag system.

3:5 Cell Separation by Laser Scribing

The process development plan for this program defines a pro-
cessing sequence for dendritic web silicon in which the material is hand-
led in a continuous ‘or in a large number of shorter strips. The process

of cell separation must be suitable to either sequence.

In the cell separation step, the dendrites must be removed
from the web strip and the strip must be scribed transversely to separ—
ate the individual cells. The process, which seems most attractive for
cell separation, is laser scribing because it is rapid and does not

require mechanical support of the web and should have a high yield.

Work reported in the first quarterly repoxrt on this program
showed that laser scribing could be used to remove the dendrites and-to
make transverse cuts across the web with high accuracy. This scribiné
and breaking can be accomplished with minimal loss. However, in the
first several exPeriments the cell performance pafameters were degraded
by the laser scribing operation. In particular, laser scribing lowzred
fill factor and conversion efficiency values. It was also shown that
cells scribed from the back degraded less than those scribed ffom the
front. This degradation was identified as due to increased
junction leakage current -on the periphery of the cell. Chemical etching
or meghanical lapping of the cell edges restored the initial cell para-

meter wvalues.
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A number of the back scribed cells were examined optically and
with scanning electron microscopy. It was noted that, although on the
average the laser spikes penetrated about 407 of the thickness of the
silicon, certain areas were completely penetrated. These were areas
where the scribe path had been retraced or spots at which the laser had
been inadvertently permitted to dwell. This penetration of the melt
region would be expected to cause significant damage to the junction and

thus decrease fill factor and conversion efficiency of the cell.

Further experiments were carried out with.the aim of elimi-
nating this problem. The cells were scribed at the Westinghouse Advanced
Technology Laboratory in Baltimore. A XKORAD KRT laser (Nd doped YAG ~ A =
1.06 um) with 5000W peak power, a repetition rate of 1000 Hz and a spot

of 15 um was used. The scribing speed was about 4 cm/sec.

To assure that there would be no penetration of the melt region
to the front illuminated junction, the cells were scribed to a maximum
penetration of 50-75 pm which required a power setting of 3500-4000 Wp.
In addition, care was taken that there was no retrace of laser dwell at
any point on the scribe line. Figure 9 shows a scanning electron micro-
graph of a cell scribed in this way. As can be seen, the maximum pene-

tration never exceeded 40% of the thickness of the cell.

Thirty cell structures were scribed in this test. All had
been previously prepared with back and front contacts. None had an AR
coating. Seven of the samples had the dendrites attached to the edge
of the cell and six samples were not mesa etched. The celis with a mesa
etch were scribed within the mesa. Of the 30 cells, 8 were lost during
laser set—up and calibratlion and four were lost due to breakage, mainly

because of improper handling.

All cells were measuréd after scribing and breaking of the

web with-no further cleaning or etching processes.

The measurements made after scribing could be correlated
directly with those before scribing; however, in some cases minor cor-

rections or assumptions were required. First, when the cells were scribed
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Fig. 9 Scanning electron micrograph of web silicon solar cell laser
scribed from the back under conditions guaranteeing no
penetration of the laser to the front surface.
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within the mesa, the resultant cell area was less then 1 cm?, and when
the cells without mesas were scribed the cell size was often greater
than 1 cm?. In these cases, an area correction was uéed. Also, on the
cells scribed with‘no nesa, data on mesa-etched cells in the same dif-
fusion run of the same web crystal were used as the pre-scribing refer;
ence,

Figure 10 shows the efficiency values of the cells before and
after scribing. In this plot, data points to the right of the 45° line
indicate cells which improved on scribing, while points to the left
indicate cells which degraded on scribing. The solid dots indicate
cellﬁ scribed within an existing mesa, the open circles indicate cells
with no mesa. The dotted lines on either side of the 45° line indicate
changes of ¥ 5%, which is about the .gccuracy of the area corrections and.
of the measurement. Changes of ~15% to +407% are also indicated on the
figure. The data obviously clusters ‘around the 45° line. Comsidering
only those cells for which there was individual pre-scribe data, i.e.
the solid dots, 11 of the 15 cells fall within about T 7% of the 45°
line indicating no significant change in the cell parameters. The re—
maining four cells in this category showed improvement from +14% to 40Z%.
The two éells.witﬁ chaﬁges of +34 and +407% were initially very poor with

low I v ; and fill factor. After scribing, all parameters improved

sc? "o
with the largest effects being seen on the f£ill factor. This probably -

indicates the removal of a shunting resistance by scribing.

In cells with no previous etching, (circles in Figure 10) the
initial efficiency values were taken from mesa etched cells in the same
diffusion run. The spread of efficiency values is zbout the same as for
the mesa samples., A decrease in efficiency by about 15% is indicated
for one of these cells, but the initial referernce value is based on a

lot average and is not data for the cell in questiom.

The data of Figure 10 are shown in Figure ll in a more graphic
form.
From this data we conclude that dendritic web solar cells can

be laser scribed from the back and broken out of the web substrate without
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significant degradation of cell parameters. Care must be taken during
the laser scribing process however, to assure that the molten zone pro-

duced by the laser does not penetrate to the front junction and cause

damage there.

The experiments described thus far in this section were
carried out in the first six months of the program. Since that time,
more than 400 cells, either 1.6x4.0 cm or 1.6x7.0 cm were laser scribed
in the manner described. OFf these cells about 8 were broken during re—
moval of the dendrites and these losses were due to strainm in the initlal

crystal rather than problems with laser scribing.

There is no question that laser scribing is a feasible, cost

effective technique for cell separatiomn.

3.6. Interconnections

3.6.1 Interconmection Requirements

Completed solar cells were to be interconnected in series.
and/or paréllel arrangements within each module in order to furnish

useful qﬁantities of power.

) The method of interconnections had to be one which was com—
patible with preceding and subsequent steps in the fabrication process,
That is, the interconnection material had to be capable of successful
attachment to the solar cell metallization and the process of attach-

ment could not degrade Fhe cell performance in any way.

The criteria for successful attachment are low contact
resistance apd high inter—cell conductance, These criteria .are not” diffi-
cult to meet with metal systems. The criteria for the attachment process
are low temperature, .cleanliness, and low physical forces. These

eriteria are not easily met.

Interconnect reliability is of major concern. Those phenomena

which could limit reliability include corrosion, formation of undesirable
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intermetallic compounds, mechanical stresses due to module flexing and to
thermal cycling, and metal fatigue, creep, and work hardening due to
repeated or prolonged stresses. The prevention of these phenomena may be
accompiished by a proper choice of metal systems, careful design of inter-
connect shape, and development of encapsulation, handling, and mounting

techniques that minimize on the system strain solar cell modules.

In addition to meetiné the techmical requirements of perfor-
mance and feliability, any interconnection scheme for the Automated Arfay
Assembly Task 4 is required to meet rigid requirements of low cosé and high
throughput. These requirements imply the use of low cost materials in a
system that is amenable to automation. In addition, reasonable capital
cost, low input energy, minimum production of by-products and waste, and
the ability to make a large number of attachments in a short period of
time had to be considered. A very high yield of successful attachments

i8 an absolute necessity in meeting the low cost criterion.

3.6.2 Intercomnection Methods -

Several methods of interconnecting solar cells had been
proposed or considered. The following is a brief discussion of some of

these methods.

. 3.6.2.1 Conductive Adhesive Bonding

Conductive, metal-bonded adhesives are widely used in in-
tegrateé circuit technélbgy, usuélly as a bottom contact between a
silicon chip and a metal header. In a solar cell application, it has
been proposed that conductive adhesive bonds be made between the solar
cell metallization and a printed metal pattern on an insulating or on
an insulating polymeric film. The chief d%sadvantages of conductive
adhesives have been in high contact resistance and in high material
cost: .Unlegs and until these probiems are solved, further development

toward increased reliability is not justified.

3.6.2.2 Pafallel Gap Welding

In parallel gap welding, the heat generated by the passage

of current between. closely spaced electrodes fuses two metzl parts
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together. Factors which limit its application in solar cell inter-
connection are poor reproducibility in bonds and the need for frequent
dressing of the eléctrodes. Parallel gap welding is’ applicable to
-one=at-a-time bonding; automation of a high throughput machine dapébfé

. of simultaneous multiple bonds will be difficult.

3.6.2.3 Laser Welding

Pulsed high energy lasers deliver sufficient energy to
fuse metals. If pulse widths are.kept short, the heating of an under-
lylng solar cell would be w1th1n acceptable limits. The appllcablllty
of laser weldlng to solar cell 1nterconnect10ns has not been demonstrated

as yet.

3.6.2.4, - Thermocompression Bonding

In thefmocompreéssion bonding, soft metals are ‘swaged together’
under the influence of slightly elevatsd temperature dnd high pressure.

"This process has achieved excellent reliability in integrated circuit
" manufacture. It is doubtful that the process can be scaled up to high

throughput. Additionally, material cost is high since gold is being

universally used as the bonding metal.

3.6.2.5 - Soldering -

.Tin-lead solder is widely used as a bonding medium in pfésent
solar cell modules. 1In general, soldering must be consgidered a.good
method of makiog,interconnecps; however, pfoblsms'may ariss‘io long
term rs;iability and-ths design of an avtomated high throuéhput system
might prove to be _difff_ieul_t. '

3:6.2.6 Solder Reflow

Solder feflow is the process‘in which previoﬁsly apéiied
solder is remelted. This ﬁrocess mist be seriously considered as a
contendsr for é‘finai; optimum iﬁterconnepting méthod. Throughput rate
can be very high in an automated system, although the amount of energy
consumed would be considerablé. Further development might be required

to assure long terin reliability.

3.6.2.7 Ultrasonic “Bonding

“Because Westinghouse has chosen to iﬁvestigate'the applica-
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bility of ultrasonic bonding to solar cell interconnection, this process

is discussed in some detail.

Bonding between two materials can be made to take placé when.
the material surfaces are scrubbed against each other at ultrasonic
frequencies; The detailed method by which the bonding takes place is
not known in all'cases. When thermo-plastic materials are bonded, the
scrubbing action appears to generate sufficient heat that local melting
of the surfaces occurs. When metals are joined, it is less likely that
melting occurs; instead, it is hypothesized that either (1) surface
oxides and contamlnants are abrasively removed and atomic contact between
clean metals is achieved, which in turn leads to chemical bondlng or {2)
the sgrubblng action causes microfractures in the surfaces of the metals

and these fractures interlock forming a strong metal-to-metal bond,.

‘Whatever the exact mechanism of ultrasonic bonding between
metals, the process is successful in applications ranging from joining
large copper busbars onto electric motor alternators to attaching fine

wires to thin films on integrated circuits,

Because the exact nature of the bonding process is not known,
the achievement of acceptable ultrasonic bonds is largely an empirical
process. A large number of parameters determine the quality of amn
ultrasonic bond., In so far as the materials are concerned, the thickness,
temper, surface condition and the materials themselves are important.
Among the bonding parameters are the ultrasonic frequency, the vibrational
amplitude the size and shape of the tool, the tool material, the vibra-
tional power input, the clamping force between the tool and the work
pig;e, apd the length of the ﬁime interval during which power is applied.
It has also been shown that the properties of all the materials beneath
the work piece have an effect. The large number of variables makes it
very likely, once the materials to be joined have been chosen, that

some combination of thesge wvariables will result in good ultraonic

bonds.

Ultrasonic bonding machines are of two basic types. The
simplest type-—the spot bonder, is one in which the ultrasonically

driven tool contacts the materials to be joined in a -single area. After
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a bond is made, the tool is lifted and repositioned in preparation fox
the next bond. An analysis of this operation shows that the throughput
rate of bonds is limited by the time required to réposition the tool
between bonding operations. In the second type of machine, commonly
called a seam bonder, the ultrasonically driven tool is in the shape” of
a wheel which is made to roll across the workpiece, making a continuous
linear bond. This type of machine is wid;ly used to splice the ends of
metal foils and plastic sheeté. The advantages of applying this type of
machine to éélar cell interconnection are obvious if the interconnect
material is in the form of a continuous tape or web to be bonded along
one'edge of a solar cell. Evén if the interconnect is in the form of

discrete tabs bonded at points one centimeter apart, the use of a seam

welder type of machine will result in increased bonding speed: a spot
bonder can bond and position itself for another bond at a rate of about
one bond per second; a seam welder can roll along a solar cell edge

(o; along a long line of solar cells) at a rate of 15 cm/sec, making

15 bonds per second.

For the reasons given above, Westinghouse has proposed that
for the Automated Array Assembly Task, solar cell interconnection .should
be accomplished with thin metal foils (e.g._aluminum or copper) ultra-

sonically bonded to solar cell metallizationm.

3.6.3 Demonstration of Ultrasonic Bonding for Cell Interconnection

An exﬁerimentél survey of materials and bonding parameters
was undertaken. The purposes of this investigation were to (1) demon-—
strat the applicability of ultrasonic bonding to thin dendritic web
solar cells and (é)'to‘gain practical information on possible materials,

process parameters, and bond characteristics.

The machine used in this investigation was a Soncbond
(West Chester, PA) ML-6010 (W-1060D) spot bonder with a .062" diam tool
having a two inch tip radius. This machine operates at a frequency of

60 kHz and has a maximum power ocutput of 10W.

Interconnect materials were aluminum (.002", .001", 0.0005",

and .0003" thickness), brass (.002" and .001" thickness), and copper
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(.002" and .0015" thickness). Solar cell metallizations used were 4 1m
thick silver (electroplated and vacuum evaporated), 4 um thick electro-

plated copper, and 0:5 pm thick vacuum evaporated aluminum.

For the purposes of this survey, the.bonding parameters were
(a) tool force: 30, 150, 500, 700, and 1100 gm; dwell time: .028 and
044 sec; (c) power input: 0.36, 3.7, and 10.2W. No special cleaning or
surface preparation of the bonding materials was used. Those material
combinations which produced good and poor bonds under the above bonding
conditions aré summarized in Table 20. It must be emphasized that those

combinations which made poor bonds under these conditions might ‘be expected
to produce good bonds under different conditions.
TABLE 20

Material Combinations Producing Good (G) and Poor (P)
Ultrasonic Bonds under a Limited Number of Bonding Conditions
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.002" aluminum G G G G

.001 aluminum G G G G

.0005 aluminum G G G G

.0003 aluminum G- G G o]

.002" brass r P P P

001 Tbrass- G G ? G

.002 copper P P P P

.0015 ccopper P P G G
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It is eggential that intercommect bonds have low electrical
resistance. The contact fesistances of those bonds labelled as good
(G) in Table 20 were measured. All of these bonds exhibited contact
resistance of less than one milliohm, 8ince the bonded area was quite-
small (about .010" diam) because of the shape of the bonding tool, this

figure must be regarded as very acceptable. -

A limited number of pull-tests were performed to demonstrate
the mechanical strength of ultrasonic bonds. Even for the small bonded
areas achieved in this investigation, the bond strengths were adequate
for cell handling prior to encapsulation. Bond strengths are shown in

Table ~21 for several interconnect-metallization combinations.

Finally, solar cells fabricated on thin silicon dendritic
web were connected in series as shown in Figure 12, Table 22 shows -
cell parameters as measured on individual cells before interconnects
were apﬁached and as measured on the series—connected cells in the case
of four connected cells and two connected cells. The data show no

damage to the cells as a result of the bonding.

3.6.4 Conclusions

Tltrasonic bonding of thin foil interconnects has been shown
to be a technically successful method of interconnecting solar cells.
When the proper processing parameters are used, strong, low resistance
bonds can be made between a variety of metal foils and solar celi

metallizations. The bonding process has no adverse effect upon cell

characteristics.

Ultrasonic bonding is'a clean, reliable process producing no
waste products and consuming only small amounts of energy. With auto-
mation, ultrasomic bonding can be a fast process, especially if ultrasonic

seam welding is used.
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TABLE 21

45° Pull Strength Tests of Ultrasonically Bonded Interconnects

[Strength in grams (force)]

4 pm 4 pm 0.5 ym
Silver Copper Aluminum
.002"  aluminum 72~ 90 — 60 - 100
.001"  aluminum 30-70 - -
.0005" aluminum | 5-30 - ’ —
.0003" aluminum | 9-30 . — —
.002" brass — 25-50 —
.001" - brass - 90- 140 9-20 -
.002"  copper Weak 14-50 - —
.00L5" copper 54 - 150 60 - 95 32-40
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Table 22

Cell Parameters Before Bonding and as Series-Connected
Strings Cells AR Coated

Cell LD. V_(wits) JSC(mAImzl' FF  Efficiency (1%)

RE 2% 3.3 0.56 28,0 .76 13.1
J 53 3.2 0.4 280 .12 10.6°
J 57 L3 0.56 28.6. - .75 131
RE 24 ° 0.5 2.5 .16 12,0

4 Cellsin 218 7.2 104 12.0
Series-

155 2.6 .50 %7 .16 12.0

RE 11 564 7.2 76 12,9

2 Cells in Series  1.09 2.3 .76 11.9
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Fig. 12 Four solar cells interconnected using ultrasonic bonding
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Additional development work is required to define reliability
limits, especially as related to corrosion and cyclic mechanical stress.
Ultrasonic bonding to more difficult metallization such as fired-on
conductive inks or pastes and aluminum-silicon alloys is believed to be
possible, but must be demonstrated. Proper tooling to permit seam
welding of experimental samples must be developed. The exact material
and form of the interconnects has yet to be determined; these will

depend upon the results of reliability testing.

3.6.5 Conceptual Ultrasonic Bonded Interconnect Process (Automated
System)

One system which utilizes ultrasonically bonded interconnects

is described below.

Metallized dendritic web solar cells are placed sun side up
upon a moving vacuum chuck and transferred to an ultrasonic seam welder.
Interconnect material, in the form of a foil ribbon, ishdispensed from
a reel and aligned upon the solar cells. The interconnect foil is bonded
to the cells at a linear rate of 15 cm/sec. The foil is cut, separating

the cells, as they emerge from the bonder.

In the encapsulation process, the cells, with interconnect
foil attached to the sun side, are adhesively bonded, sun side down, to
a glass superstrate. When the adhesive has cured, the entire modular array
passes beneath another seam welder which traverses the width of the
module, bonding the interconnect foil to the dark sides of the cells.
This completes the cell interconnection process and the encapsulation

process continues from this point.

3.7 Encapsulation

Encapsulation of cell arrays between a sheet of glass and a
substrate using appropriate adhesives was considered to require proof-of-
operation within the current deﬁelopment program. That is, an encapsu-
lation procedure must be defined and executed to provide adequate protection
to the arrays of dendritic web silicon solar cells fabricated and inter-

connected by the methods developed on this program.
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- Proof«of-operation ‘of the encapsulation method -selection
involves .the choice and testing of solar cell materials from the points
of view of both the projected performance of the module and.the applica-
bility of the -encapsulation method to a low cost, automated solar array
fabrication process. s The encapsulation step, as envisioned at present,
would involve the use of protecting organic materials which do not .
require the application of heat to be set up in their final, geometrically
fixed form. In this manner the use of expensive ovens and of energy,

would be avoided or minimized.

The encapsulation appreach. taken involves use of RIV (room
temperature vulcanizing) organic resin materials which will cure at room.
.temperature within a length of time and under conditions compatible with.
a chosen-automated solar cell manufacturing process. Although the curing
times of .most - RTV resins are relatively long (0.5 to 12 hours), flnal
curing. of the encapsulant does not have to take place during the actual
encapsulation process. The envisioned form of the encapsulated module
is a sandwich of -the solar cell array hetween a glass plate and g sub-~
strate. The cells would effectively be embedded in the-encapsuladting
medium. - Adhesion to the glass substrate and to the cell, retention of
optical. clarity- under a variety of environmental conditions, negligible
shrinkage on.curing and aging, ease of application, absence of degassing,
are some of the ‘factors considered in choosing an acceptable RTV-type

encapsulant.

A variety of solvent-free adhesives; obtained commercially
and formulated at Westinghouse, have been screened. A type of RIV, two-
paft epdxy system, made by the AMICOﬁ'Cdmpany, Lexington, MA, ‘was
advertised as being optically clear when set up. Catalyzed samples of
AMICON KI-11 (gel time 3 hrs, set-up in 24 hrs at RT) and KT-41 (gel
time 6-7 mins, set-up 'in 1 hr at RT) were sandwiched between square
microscope slides and allowed to.cure at RT. The adhesion to the glass
was excellent, but optical clarity was poor, the interposed adhesive
layers exhibited a yellow cast which became darker with time. Exposure
of such material to UV in a Fadeometer hastened the yellowing process

greatly: after 502 hrs these materials had yellowed unacceptably
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An epoxy formulation made at Westinghouse consisting of a
clear diglycidyl ether-bisphenol A matrix cured with triethylene
tetramine (TETA) gave relatively clear layers (2-3 mils) whose optical
clarity persisted after aging at 80°C and after exposure to UV at RT
for several -days. Shrinkage .on curing appeared to be small for both
types of epoxies as measured by the change of the position before and
after cure of 5 mil thick 0.5" x 1" aluminum foil tabs encapsulated in

the epoxies between two microscope slides.

It is well-known that epoxies in general do not possess the
kind of optical properties required for optimum solar cell performance.
Because of their adhesive properties, these materials have, however, °
been used here to obtain some experience of ‘the conditions and parameters
involving the production of encapsulated solar cell arrays as described
above, For example, a problem was encountered on placing silicon chips
on a 2-4 mil thick layer of catalyzed but non—cured encapsulant spredd
on a-piece of glass. Under some conditions the silicon would "float™.:.
over the surface of the liquid encapsulant before the latter sets up.

This would be aggravated when the top piece of glass, with its layer:of
catalyzed but non-cured encapsulant, was pressed upon the silicon pieces.
When this happens,- the geometry of the cell array is distorted appreciably.
This problem was circumvented by applying to.the bottom of the chips a
drop of catalyzéd,.fast curing .epoxy. The chips were then: picked up

and pressed through the encapsulant layer on the lower glass cover .until
contact was made between the bottom part of the cbip and the glass
surface. Adhesion between the chips and the glass was almost immediate.
When this process was used with glass substrates marked with a éeomet;ic
grid of lines, no discerniblé displacement of the chips from their .
original locations on the grids was noted even after several days at 80°C.
For this placement function, epoxies are indicated, since the requirements
are ﬁor'fast curing, strong adhesive characteristics and not for optical

properties.
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A commercial RTV.polyurethane (Uralane X87718; from Furane
Chemicals), claimed by its manufacturer to.-be "solar cell”, grade, tended
to set up in thin layers -while air bubbles were still present . throughout
the film. .If this material requires a vacuum treatment step to obtain .
a bubble-free encapsulation layer,- this requirement would. complicate the

continuous array'menufacturing process beyond acceptable limits.

Sevetal silicones were cbtained from GE and Dow Corning.
They are all of the solventless RIV type, and the GE and Dow Corning
silicone resins of similar description have'veiy similar properties and -
2ost. ’ﬁe ;imited our work to three types of GE RTV silicones; RIV 602
(fast cure, volatile evolution); 'REV 615 (firm set, very viscous)-and °
IV 619 (deseribed as a less vistous gel)"? Both latter materials set
completely in 24 hrs at RT, while the’ former silicone will set up in -

0.5-1.0 hr at RT depending on concentration of catalyst.

Slllcone 602 was used for the initial cementation of the
sillcon ChlpS to the s;pportlng glass substrate, and RTV 615 was used
as the encapsulant. The sandw1ches were made uslng rectangular micro-
scope glass slides as the supporting substrate, and Sunadex glass with
the textured surface placed cutward, as the top layer. A small vatuum
pick up device was used for this work. This design could be the fore-
runner of an industrial size lifting and turning module manufacturing
component. Tt consisted of a copper plenum and rubber-sheeting suction
surface which had holes bored in positions corresponding to the predicted
positions of actual silicon cells in arrays. Simulated cell arrays were
made, each consisting of six rectangular silicon chips arranged in two
parallel rows of 3 each. The chips were interconnected by means of
narrow aluminum strips glued to the proper silicon chip faces. To make
simulated silicon cellmodules, the vacuum pick up device was
activated and placed on one of the simulated modules, which was then lifted
and turned over. A drop of catelyzed RTV 602 was placed on the exposed
face of each of the six chips forming the .simulated modules. The modules
ses then turned back to its original flat position and laid with the

treated chip faces in contact with the substrate glass. On release of
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the vacuum, the simulated module settled on and stuck to the lower glass
substrate. The Sunadex-smooth surface, already covered with 3-5 mils

of catalyzed RTV615, was placed gently-on top of the simulated silicon-
chip array. The weight-of the top glass was sufficient -to spread out the-
encapsulant and to make it f£low evenly over the chips to give a
homogeneocus conformal coating. A fully cured, completely transparent,
bubble-free encapsulated sandwich was thus obtained. Heating pf the
same sandwich at 150°C for 24 hrs showed no change in the position of
the chips on the glass and no change in the optical clarity of the
gilicone encapsulant. The operation, as described'apove, was straight--
forward and easy to perform. Although as- described here, the p+ (dark
side) of the. cell was placed on the substrate first, the process is
ameanable to the reverse situation (Section 3.6.5) where the sun side of
the cell is glued down first. It appears to be amenable to continuous
coating procedures. The silicones tested as encapsulants show the best
compromise properties of all materials inveétigated thus fér; their main

drawbacks may be high price and prolonged time for curing.
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4, PROCESS SEQUENCE FOR DENDRITIC WEB SILICON SOLAR CELLS

4.1 Process Sequence Selected (AKKAY FKrocess)

During the :past. year, a process sequence has been developed
for fabricating solar cells. from dendritic web silicon. The process
as defined below is for long strips of web (up to 3 meters), but is
equally adaptable to continuous lengths of web. All of our process
verification has been carried out on these lengths of webs of about 30 cm
since suitable 'processing equipment is not available (or desiéned) for

the continuous processing.

- The- process described assumes. an input of clean ‘dendritic
web in lengths up to 30 cm. 1In the followiﬁg steps, any processing
times and temperatures given are optimum values which have been derived
from our, development studies., A more complete deseription of the pro-
cess step 1s found in the development sections. The process is as,
follows

(1) The web is placed on a heated platen (420 C4-4°C) of a
AMS 1000 Sllox( ) and boron-doped oxide is deposited on the bottom
surface of the web. A doped ‘oxide of 4600& thickness is deposited dur-
ing this step. The gases used in this step were 160 cc/min of 15%
silane, 370 ce/min of 5% BpHg, 5700 cc/min of N, and 250 cc/min of 0.
A capping oxide on back (20008) and front surface mask oxide of 10004

finish this process.

(In this process, -we have not optimized the oxide thickness.
Since silane is a major cost driver im the overall cost of the solar
module, the minimum thickness of oxide that will still. protect the top
surface must be determined.) The web is heated at 960°C for 20 min to

drive in the borom, and then silowly cooled,

‘67



(2) The web with diffused back surface is next
given a front surface diffusion in POCly. In another section the tech-
niques are described and the optimum temperature/time relationship is

given as 850°C and 35 minutes.

(3) The diffused web strip is dip coated in a liquid precursor

of Ti02 + 8402 and then baked.

* The speed of withdrawal (25 em/min) and the vis—
cosity of the solution (4 centipoise) must he

- controlled to give the proper final thickness of
the AR -coating. The coating thickness is also .a
function of the width of the web being withdrawn.
At present, a bake temperature of 4009C % 10°C is

used.

(4) The strip is dip coated in a positive photoresist (PR)
solution (AZ-1350J) and prebaked only (90°C =% 5°C).

® The comments regarding speed and viscosity control, *

made above, apply here. Withdrawal speed = 34 cm/min.

1

(5) The grid pattern of the cell is exposed in the photo—
resist coating the front surface of the web. The back of the strip

should also be exposed to light at this time.,

(6) The grid pattern is developed in the front photoresist
layer. '

® AZ developer-is used. The PR layer on the

back of the cell is removed at this time with

the developer.

(7) The grid structure is etched through the AR coating
with an HC1/NH,F etch.

. This etch will also remove the AR on the back

s

surface of the cell.
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(8) Thin layers of titanium and palladium are evaporated

onto the top surface.

®¢ Tor development work 15004 Ti and 5008 Pd are
applied by evaporation. The thicknesses of these
films have been reduced to about 2004 each, and

these thicknesses are suitable for production.

(9) The excess metal beyond the electrode grid pattern is

rejected by removing the patterned PR layer.
® Acetone is used for PR removal,

(10) The grid electrode pattern is reinforced by plating
4-5 um of Ag.

® The electroplating of Ag can be carried out with—
out protecting either surface of the web strip.
The silver will plate only on the metallized grid

lines.
(11) The back surface of the strip is metallized.

® Both Ti/Pd/Ag and Al back metallization have
been used. It is anticipated that Al or a less
expensive substitute for Ag in the trimetal system

will be used in the final process.
{12). The contacts are sintered, if this is required.

(13) The cell is delineated by laser scribing from the back

and subsequent controlled fracturing.

This process is shown in Processing Log form in Figure 13.
Figure 14 shows four strips prepared in the mamner just described in
steps 1 through 13. The individual cells are 1.6 cmx7.0 cm in size.

Figure 15 shows two 1.6 cmx 7.0 cm cells laser scribed from these strips.

During the development of this process, an experiment was
run using an unfired AR coating. Figure 16 shows results of using the

HCL/NH4F etch on fired and unfired films of TiOp. In the unfired
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Page

Run or Sample

Start Date:
Array Module
PROCESSING N
Material: LOG Samples -
Quantity: Engr. R . * § F50 ARRAY -
Date R M . . - [ Disp.
Tech. Process Spec1a1‘;nstructloqs, Measureqents, ete. o £
CLEAN (1) | ‘Remove oxide coating by swabing with cotton
| soaked with HF, rinse in.D.I. H,0; 4 min.rH2804-- 160°C
IDENTI- (2) Scribe serial numbers on either side of web
FICATION - near one end to identify P+ side of structure
CLEAN (3) HF:H20 (1 to 10 ratio) dip 15 sec.
H20 = NH4, H202 - HC1,
SILOX {4) | Side not numbered
420°C; 50008 TK; Speed.= 100 - :
BORON (5) Boron Deposition, BBr, @ 960°C 2-20-2 min. Numbered side up.
DIFF. Very slow pull (5 min?Z inches)
REMOVE (6) | 3:1 (HZO:HF) until all oxide is removed
OXIDE R, = @/ (Target value = 60 Q/0 ) ;
SILOX (7} | Numbered side
420°C; 5000& TK; Speed = 100
CLEAN  (8) HF:H20 (1 to 10 Ratio} dip 5 sec.
_ | Hy0,%~ NH,, H,0, - HC1 o _
POC1 (9) | Diffusion Temp. 850°C Time 35 min. source temp, = 0° Flow Rates
DIFFOSION 200 cc/min "~ N, Source; 1560 cc/min - N, Carrier 62.5 cc/min 02 :
Slow cool by plilling 3 inches/5S min. ) !
REMOVE (10) .| Strip deposition oxide 3:1 (H,0:HF)
OXIDE Measure, R_ = @/ (Target value = 60 Q/) |
AR (11) | Apply AR coating by dip process pull rate ]
COAT, _CM/Min (spin speed RPM
BAKE (12) Bake out AR coating by placing in oven at room temperature,
. - | heat oven to 400°C hold 5 min. turn off oven, let samples cool in oven
PHOTQ (13) | Apply photo resist by dip process. Pull rate, CM/min
RESIST ; Photo-resist AZBthinned - (spin-speed RPM). Bake at 90°C 15 min.
MASK  (14) | Expose as many cells as possible/piece
Y 16 mm X 76 mm mask -
ETCH (15} | Etch out AR coating from masked area by dipping in Ti etch
AR COAT s .until.AR coat is removed in masked area, Approx 15-20 sec. '
X Etch 150 HZO 60 HC1 30 ammonium fluoride
METAL (16) | Top side not numbered i . :
Ti A Pd A ) .
REJECT (17) Reject excess material and PR coat by
METAL gentle agitation in acetone
AG (18) Apply 4 ‘microns AG by electro
PLATE plating process 3 .
METAL  (18) | m: acrnf 2 o
BACK | Ti 1500& Pd 5008 Ag 20 KA
SCRIBE (20) ; " ;
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Fig. 14 Twelve solar cells fabricated on strips of dendritic web
silicon. Dendrites are still in place.
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Solar cells of 1.6 ecm x 7.0 cm dimensions which have been

Fig. 15
laser scribed from dendritic web silicon
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Fig. 16 Comparison of undercutting for (a) fired and (b) unfired TiO,

coatings prepared from a liquid organometallic precursor.




condition (Figure 16b), the AR coating is etched back under the photo-
resist during the grid opening process, leaving bare silicon exposed
under the PR coating. After metallization and rejection, there would
be a small band of base silicon between the metallic contact and the
AR coating. In the fired condition (Figure 16a), the coating is not

significantly undercut.

The undercutting of the unfired AR coating may be acceptable
for process simplification at some later date. Firing of the coating
might be combined with contact sintering to reduce costs. The effec-
tiveness of such a change would have to be considered in terms of the
slight loss in cell performance due to reduced transmission into the
gsilicon in the uncoated region. For the present, firing of the coating

will be done prior to photolithography.

No specific problems have arisen during this processing
sequence. Techniques have been developed for handling the long strips

without breaking during the various steps.

We have prepared 1.6x4.0 cm, 2.0x4.0 cm and 1.6x7.0 cm

cells by this process, and the data on various test runs is given in the

appropriate section.

In general, we have found that cells prepared by this process,
with one exception, track quite well with cells prepared on the same web
crystal by a more standard but less cost-effective process. The one
exception is that ARRAY process cells generally have a fill factor about
5% higher than the standard processed cells, e.g., .74 to .78. This
gives a slightly higher efficiency. In the next section, the mask used

will be discussed.

4.2 Mask Design

A mask was designed specifically for use in the processing
of these web strips. Figure 17 is a contact print of the electrode mask
for a 2.0x 7.0 cm cell.
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The vertical bus bars, nominally 1 cm apart, are perpen-
dicular to a series of collecting grid lines with a nominal 0.20 cm
spacing. The total arsa covered by metal is 8% and the specific

resistance of the cell is 0.4 §i-cmZ2.

One feature of this mask is that the cell can be scribed
halfway between any two bus bars without disturbing the basic cell

design, thus cells of various areas can be obtained.

Various mask sizes from 1.6x4.0 cm to 2.0x 7.0 cn were
fabricated. These masks are of the same basic design with the bus bar
dimensions varied to maintain a constant specific resistance. In addi-
tion, a long mask, 1.6 cmx 30.0 cm, was procured so that the entire strip

could be masked in one operation. This has not been tested.

_Ag mentioned in the last section, cells with grid patterns of
this mask have showed higher f£ill factors. The improvement in cell
parameters, specifically the efficiency, is lessened by the greater metal

coverage.

Fig. 17 Contact print of the grid electrode mask for z 2.0 cm x 7.0 cm
dendritic web silicon cell,
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4.3 Results - Cells

A total of 30 runs grouped into 7 experiments were .carried,
out using this process. A total of 75 - 1.6x4.0 cm cells and 130 -
1.6x7.0 cm cells were fabricated and tested. Insofar as possible,
small portions of the lengths of web used in these experiments had pre-
viously been run in a standard solar cell processing technique. This
standard techniqué is shown in Processing Log‘form in Figure 18. The ‘
major difference between the two sequences are: (i) more extensive
cleaning procedures in the standard process, (2) no AR coating applied

in the standard process, and (3) no mesa etching in the ARRAY process.

;Table 23 shows representative data for the first 150 cells
f;ﬁgicaﬁéé by tﬁis process. Where more than one cell was fabricated
from a given crystal of dendritic web; an averaée value of all the eellé
is given., (In several cases, data is given on all cells fabricated from
one crystal to indicate crystal and processing uniformity.) The data'

for-a-1.0 x 1.0 cm cell from the same crystal is given when available.

Comparing column 8 with column 15 (efficiency of the prodﬁéedw
cell and the 1 cm? cell [n for the 1 em? cell corrected for AR coating])
it is seen that the two processing methods track fairly well. Figure 19
shows this in graphical form. The figures scatter around the 45° line,
and nearly all fall within the +10% line.

Figure 20 shows the results for all cells fabricated using
this ARRAY process. (We have eliminated those with obvious faults, such
as missing metallization, very high series resistance, etc. This amounts
to about 10% of the total number of cells.) The data peak between 12-13%
with 83% of the cells having efficiencies greater than 11.5%.
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Page Run or Sample
Start Date: Web Qual
T ] " PROCESSING Run No.
Material: LOG
Quantity: Engr. 9 F50 ARRAY
Date, Process Special Instructions, Measurements etc. Disp.
Tech. ’ C
IDENTI- Scribe serial numbers on either side of web near
FICATION one end to identify P+ side of structure -/Swab HF rimse D.I. H,0
B CLEAN &3] HF:H20 (1 to 10 ratio) dip 15 sec, L4 min. H2504 - 160°C™ 1
Hy0 = NH,, H)0, - HC1
SILOX  (2) | Silox side not numbered
420°C: 5000% TK: Speed = 100
BORON (3) Boron Deposition, BBr, @ $60°C 2-20-2 min. Numbered side up.
' DIFE. Very slow pull (5 min?Z inches)
REMOVE (4} 3:1 [HZD:HF) until all oxide is removed
OXIDE Rs = Q/ (Target value = 60 @/
SILOX (5) Silox numbered side '
420°C; 50004 TK; Speed = 100
CLEAN = (6) HF:H20 (1 to 10 Ratie) dip 5 sec.
i H202 - NH4, H202 - HC1
1 POC1 7) Diffusion Temp. 850°C Time 35 min. Source Temp. = 0° Flow Rates i
DIFFUSION 200 c¢/min - N2 Source; 1560 cc/min - N2 Carrier 62.5 cc/min 02 :
Slow coel by pulling 3 inches/5 min.
REMOVE (8) Strip deposition oxide 3:1 (H.,0:HF) .
OXIDE Measure, R_ = Q/° (Target value = 60 @/ f1) ;
j CLEAN  (9) H2804:H202 87°C, 5 min. Strip all oxides in darkness with buffered HQ.
) : 10/1 H,0/HF - Dip 10 sec ) :
METAL (10) ; Top Side (side not numbered) only Ti 1500 & 20 A/sec ;
Pd 500 & 10 &/sec :
Ag 20000 & 40 R/sec :
PHOTO (11) | Mask #1 (contact grid) Waycoat IC, 4000 rpm, h = 1,7 pm :
RESIST Exposure time = 3 sec (Id = 0.2 ua) :
ETCH. (12) | Ag-20-60 H202 & Ammonium Hydrox.-10-15 sec. Pd i
. METAL + 30 cc HCL + 10 cc HNOg-5 sec. Ti-150 cc H,0 + 60cc'HC1 + 30ce
Ammonium Fl. 5 sec
- | CLEAN (13) | H,S0, at 75°C - 3 min HF Dip
s o Rinse in D.I. H,0 '
CMETAL {14) | Ti 1500A - Pd 5008 Back side is numbered
BACK Ag 20 KA
o SINTER (15) | Temperature _550_°C Time 15 Min.
Atmosphere = Hy, 500ce/min.
| PHOTO- (16)  Mask #2 (Mesa) Waycoat SC, 7000 rpm, h - 4.0 pm
RESIST Exposure time = 15 sec (I2 = 0.6 ua), Apiezon wax back side
ETCH (17 44 cc HF + 36 cc HNO, + 29 oc Acetic 5°C, Etch time = 5-10 sec
SILICON Etch silicon between 5 to 8 um deep, Talystep um.
TEST  (18)

Rev.

Fig. 18

77

#2 - EJS




- TABLE-23 .

AAVG L GO A e e de VI WO @ ARRAY Process Vs’ Standard‘ProceSS

i 5 3 A 5 . 6 7 8. 9 10 1L 12 13 1 15

14

[ - . ‘
No. Cell Voi Jgc (mA) . Toed  EBEf. () Cell Voo Jge (mA) Toed Eff. (%) Cale, Eff,
Cells Web No. Size (cm?) () AR " FF  (usec) AR CID Size(cmz). (V) no AR FF . (usec) no AR w/ AR
ARRAY. PROCESS : ) K STANDARD PROCESS
J21-5.2 11.2 .565 27.7 .75 5 12.6 1 . 544 21.0 .70 6.0 8.7 12.2
J14-2.3 11.2 .563 28,0 .75 8 13.0 - 1 .558 21.7 .72 14 9.5 13.3
RE10-2.6  6.98%  ,566 31,2 .75 10 . 15.5 1 554 22,9 74 30 9.9 13.9
RE9-3.4 7.45%  ,588 29,5 .76 26 14.5 1 .543 22.4 .74 10 9,6 13.4
6.20%  ,58%L  30.0 .76 26 ' 15.6
2 RE23-3.5  11.2 .540  26.7 .74 25 1.8 1 512 21,1 .72 7.0 8.2 11.5
‘2 RE11-4.3  11.2 564 27,2 .76 10 12.9 1 .530 21,5 .68 7 8.3 11.6
RE12-3.6  11.2 .564  27.8 .77 5 13.1 1 .56 22.7 .75 40 10.1 14.2
RE10-2.8  11.2 .530  26.4 .77 4 11.8 1 .554 22.9 .74 3.0 9.9 13.9
2 -RE24-1.4  11.2 .53 27,5 .76 9 13.3 1 .560 23.3 .73 24, 10.0 14.0
2  RE25-3.2  11.2 .570 30,1 .75 12 13.9 1 -.550  23.5 .75 24 10.3 14.4
RE26-3.3  11.2 .560 28,0 .76 18 13.7 1 .565 22.7 .73 30 10.0 14.0
RE27-1.4  11.2 .556  27.8 74 11 12.5
RE30-2.3  11.2 .520 26,2 .77 4 12.1 1 540 21,3 .74 18 9.2 12.9
RE31-3 11:2 .555 27,5 .76 5 12.7 <
REL4-2.3  11.2 .577  27.9 .76 8 13.3 .. 1 520 21.5 .66 6 7.6 10.6
W4l-1.11 11,2 .590  28.4 .78 16 14.2 1 .562 - 9.7 13.6
W41-1.11  11.2 .583 28,3 77 13 14.0 :
J57-3.4 11.2 .581 28,2 .75 12 13.3 1 .549 9.1 12.7
J57-3.4 11.2 .577  28.3 L7611 13.3
W4l-1.10  11.2 .554  27.7 .71 5 11.9 1 .560 9.3 13.0
.560 28,1 74 5 12.7
.562 27.1 .76 5 12.6
J55-2.5 .541  26.8 .75 6 11.8 1. .535 8.9 12.5
- .533 26,7 .74 4 11.6
.525  26.4 .75 4. 11.3 T ,
W41l-1.9 .566 26,1 .77 3 13.3 1. .549 - . 9.8 13.8
.543  ,25,3 .75 8 12.1 ) ~
.527  25.0 71 4k 11.8

The cells marked: were nominal 1.6x4.0 cm celds. -The cells were laser; scribed and in most cdses the cell area was not
6.4 cm®, After initial measurements, using & nominal cell drea of 6.8 cm?® (derived from measuring 5-6.cells) the cells
were used in building several small panels. Only, the three ‘cells marked (%) were not used and after measured. The

areas noted were determined. All other cellq were cut more exactly (A,=11.2 cm? + 0,05 cmz)'due'to'imprpved jigging i
on the laser scribe apparatus. '


http:W41-1.10
http:W41-1.11
http:W41-1.11
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Fig. 19 Comparison of efficiency of 1.6 x 7.0 cm cells

produced by Array process with 1.0 x 1.0 cm cells

produced by standard process.
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4.4 Results — Modules

4,4,1 Test Modules

Two small test modules, each’ containing 15 series connected
cells, were built to test certain encapsulation techniques. The cells
were a nominal 1.6 cm x 4,0 em, although as mentioned earlier, the area
varied from 6.2 cm? to 7.5 em? due to problems in jigging the laser

scribing apparatus.

The cells were interconnected with 0.002" copper foil strips,
each about 0.100" wide. A 2% lead-tin solder was used. Although the
ultragsonic bonding technique was shown to be feasible due to the lack of
suitable prbdﬁction equipment on 5ite these modules and other modules
discussed in this report were .interconnected using solder. Since_each
4.0 cm cell has'four contact points, the four Cu strips provide suffi-
cient redundancy so that continuity is not lost if one or two become dis-
connected. The cells were completely interconnected and tested before

mounting in the panel.

The first'module was built by applying a thin layer of
RTV~615*'to a Sunadex** glass front plate and placing the célls on the
RTV-615. The silicone had been degassed before it was plaéed on the-glass. -
After curing, this assembly was mounted on a oné-fourth inch thick

anodized Al plate using further silicone.

In an attempt to improve the heat rejection capability of
the structure, in the second module, the cells were first mouﬁﬁed on the

Al platetwith a thin layer of RIV. After 'curing, Sunadex glass Was'égain

used as a fromt plate.

The measured data on these modules are given in Table 24,
This panel data is quite comsistent with the data of the individual
cells used in the construction. The overall series resistance of the

module was 6 - 8 ohms.

RTV-615 is a proprietary silicone manufactured by General Electric Co}

* . .
"Sunadex" is the registered tradename of a textured glass manufactured
by ASG Industries.
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TARLE 24

Dendritic Web Silicom Test Modules
AM1 Illumination

Panel

Module #1 = Ig, (mA) Voo (V) Ip (ma) FF Ef£. ()
1 190.6 8.168 181.5 .783 13
2. . 212,0 . 8.430 199.8  .759 14

_NOTES: (1) 15 cells; series connected
(2) Each cell - nomlnal 1.6 em x 4.0 cm - AR coated

(3) Area factor used in efficiency calculation was
area occupied by cells including interconnect
spacing plus 0.2 cm margin on sides (110 cm?).

(4) Packing factor = 0.95.
(5) 1@ = current at peak-power
(6) Measured at 25°C

The open circuit voltage of each panel was measured as a
function, of time under constant AM1 illumination. The decrease of Voh
is a measure of the temperature increase in the module. Figures 21 and 22
show this data for the two modules. Both modules continue to, show a
temperature increase for over one hour before they stabilize. This
stagnatlon temperature for bothnmdules, was between 75°C - 80°C as
determlned by the decrease in V et Thus it appears thet the silicone is
such a good insulator that even when the cells are mounted next to the

Al plate, the thermal impedance of the system is quite high.

‘The output ‘of module #1 was measured at the stagnation tem-
perature. These results, compared with the 27 C data, are shown in’
Table 25. The efficiency of the panel has decreased due to the decreased

Voc and £ill factor.

The work on the 1. 6 % 4.0 em cells and the. small module studies was
funded miainly by an internal Westinghouse development j program.
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Curve 713532-A

Cell Temperature, °C

Fig. 21 Test Module #1 — Cell Temperature vs. Time at AM-1

83

a0 80 70 60 50 40 30 20 10
lom B _] 1 | 1 I | _I ] E 1 l ] l t l I I
100 —
§ |
s |
E -
S
E
j— _
10 |—
1 L : | ) |
1.0 8.0
V
oc




- Time/minutes

Curve 713533-A

].O'm [ . l

100 —

10 |—

1 1

1.0 8.0

Voc (V)

Fig. 22 Test Module #2 - Cell Temperature vs. Time at AM-1
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These data, although only on one module, indicates that the
temperature rise problem must be carefully studied and .efforts made to

reduce the thermal impedance of the modules.

TABLE 25

Module #1 - Parameters at 27°C .and 75°C

Temp.  Igc (mA) Voo (V) I, (mA)  Log I,”  FF Eff. (%)
27°C 190.6 8.26 181.5 - 12 .783  13.
75°C 194.8 6.72 178.2 -7 714 10

%
Log Io is a measure of the excess junction current.

4.4.2 Demonstration Module

Several demonstration modules were fabricated using 1.6 cm x
7.0 cm cells of the type discussed. Seventy two cells were used with a
total area.of 806.4 cmz. The substrate was a 1/4" aluminum plate which
had been milled out to form a recess with a 0.030 lip around the edge.
The Al plate was 28.45 cm x 29.34 cm or a total area of 834.6 cmz. This

gave a packing factor of cell area/substrate area of 97%.

The cells were interconnected with silver-plated copper foil
straps soldered to the éilver—plated contacts 6n the front surface and
the evaporated silver on the back of the cellsl All 72 cells were
series connected. Table 26 lists 81 cells initially chosen for fabri-
cating into the module. These cells had efficiencies from 12.0 to 14.2%
and were selected from a number of different cell processing runs.

During the fabrication nine cells were broken.

To fabricate the first module, four strips of interconnected cells
(18 cells per strip) were made up. To fit into the Al plate, the spacing
between the cells was held to 0.025 cm or less. A shallow layer of

%
silicone encapsulant was then poured into the milled-out Al plate and

*
General Electric Company RTIV-615.
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TABLE 26

. Cells Used in Demonstration Panel

Cell#  Igo (mA) Voo (V) I, (mA).. FF Eff. (}) 7404 (usec)
1 294 .556 275 765 12,2 3.9
2 301 .543 281 .768  12.2 5.2
3 308 .555 287 764 12,7 5.2
4 312 .580 287 .752  13.3 16.9
5 296 .557 277 759  12.2 5.2

6 301 .565 281 765 12.7 10.7
7 309 .548 288 768  12.7 7.8
8 305 563" 283 .759- 12,7 3.9
9 302 .554 282 .764  12.5 5.9

10 304 .550 283 .765 12.5 8.5
11 " 311 .556 286 750 12,5 10.8
12 311 - . 564 291 .767 13.1 5.5
13 " 295 538 276 .775  12.0 3.6
14 312 .538 291 759 12.4° 6.5
15 310 .558 1293 .792  13.4 5.2 °
16 314 .578 292 .763  13.5  15.6
17 320 .560 296 748  13.1 10.4
18 314 .549 290 .757  12.7 9.1
19 315 .566 296 734 12.8 11.7
20 300 544 280 .765 12.2 4.9
21 305 .540 280 .767  12.1 5.5
22 320 .577 297 761 13.7 14.3
23 312 577 289 .760  13.3 7.8
24 - 311 .559 288 L7322 12.4 18.2
25 298 .554 279 .768  12.1 3.9
26 337 . .570 309 .743  13.9 11.7
27 313 ° 296 .775  14.17 15.6

.590
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TABLE 26 (cont'd) -

Cell#  Tge MA) Voo (V) I, (ma) FF Eff. ()  Toeq (usec)
28 317 .583 296 774 14.0 14.0
29 316 .581 292 745 13.3 11.7
30 317 .577 294 J74G 13.3 11.1
31 297 .534 280 - .789 12.2 3.9
32 302 .532 284" .788 12.3 3.3
33 301 . 542 285 795 12.6 1.3
34 300 .551 277 746 12.0 5.2
35 315 .560 290 738 .12.7 5.3
36 304 562 ° 281 .758  12.6 4.6
37 301 .573 278 760  12.8 17.5
38 300 .558 277 750 12.3 6.5
39 306 .541 287 - .779 12.6 3.3
40 302 .541 284 .785  12.5 3.9
41 314 .566 293 768  13.3 2.6
42 306 542 284 749 12.1 7.8
43 293 .561 273 765  12.3 2.4
b4 303 .575 282 .768  13.0 22.1
45 309 .575 287 761 13.2 21.0
46 300 .530 280 775 12.0 2.6
47 £ 307 .578 282 743 12.9 10.4
48 311 JShh 289 731 12.1 .52
49 306 .583 284 770 13.4 18.2
50 313 .574 289 759  13.3 18.2
51 308 .548 286 753 12.4 9.1
52 314 .550 292 . .753 12.7 9.1
53 317 .571 - 295 756  13.3 13.0
54 318 .535 296 764 12.7 6.5
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TABLE 26 (cont'd).

Cell#  Tge (mA) Voo (V) I, (@A) FF Eff. (2)  7oeq (Msec) .
55 320 .565 294 - .763 13.4 23.4
56 317 537 204 .740 12.3 6.5
57 323 .577 300 .759 13.8 13.0
58 317 .583 292 .758 13.7 19.5
59 322 .586 299 .770 14.2 23.0
60 309 .572 285 748 12.9 11.0
61 300 562. 279 .758  12.0 2.0
62 313 .532 295  .771  12.5 4.6
63 313 537 . 293 .758 12.4 3.9
64 313 .537 294  .758 12.4 3.6
65 - 302 . .546 278 .749 12.0 6.5
66 315 .550 201 .749  12.7 7.8
67 318 .551 202 .737  12.6 9.8
68 313 .534 289  .746 12.2 7.5
69 318 .552 294  .737  12.6 9.1
70 315 .550 202 .745 12.6 9.8
71 312 .562 201 .754 12.9 7.8
72 309 .551 290  .768 12.8 7.8
73 321 .556 300 .759 13.2 11.1
74 322 .550 298  .743 12.8 12.8
75 327 561 299 .733  13.1 13.1
76 318 .538 294  .753 12.55 6.5
77 335 .560 305 .73l 13.4 14.3
78 330 .552 303 L7401 13.2 10.4
79 327 .540 303 .746 12.8 5.2
80 316 .531 289 739 12.1 2.6
81 320 552 299 13.1 4.6

88
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the strips of cells placed (sun side up) into the recess. The spacing
between the strips of cells was held to 0.03 cm or less. The plan was
to partially cure the silicone and then reposition the cells to assure
no shorting occurred and make the final interconnects between the strips
of cells. To effect this partial cure, the panel was placed in a warm
oven (90°C) and evacuated to remove any remaining bubbles from the out-
gassed silicone. However, this combination of wvacuum and temperature
enhanced the polymerization rate and after 10 minutes the silicone was
fully cured. Thus, no repositioning of the cells was possible. In this
condition there were no cells shorting out; however, one or two of the
cells were "shingled" so that a small portion was above the lip of the
Al plate.

Since the next step was to place the glass plate* on top of
the Al plate with more silicone, care was taken to use an excess amount
so that the weight of the glass would not crack the cells partially
above the Al plate. This was not completely successful and during the
final curing stage (glass + Al) three of the cells were fractured. Since
all cells were series connected, this reduced the total current from
the module and therefore the module efficiency. The measured parameters

(AM-1) of the module were:

-5 (ma) -— 250
Yoo (V) — 40.6
FF - - 407
n o Z) — 8.8

The area used in the calculation was the area of the Al plate;
i.e., 834.6 cm?. The panel is shown in Figure 23.

It should be noted that the multiple interconnections scheme

on our mask was of benefit on this module. One of the cells was fractured

in such a way that if only a single contact was made, the cell fracture would

cause an open circuit and completely disable the module. The fact that

*
ASG Industries - '"Sunadex'" type.
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Fig. 23 (a) Demonstration module.
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Fig. 23 (b) Photocurrent Trace of Module using Laser Scanning. Module
Il1luminated with Low Lev2l White Light. Arrow shows broken
celils
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the efficiency only dropped by about 257% indicates that redundancy in the

interconnections was a good design feature.

(9)

The model was examined by laser scanning. Figure 23B shows
a photocurrent trace of the module under laser scanning with the module
illuminated with a low level white flood light. Although there were three
broken cells in the module, only one shows in this figure (see arrow).
This cell shows up generally brighter due to a higher current density.
This indicates that this cell is probably the main current limiting
factor in this panel. The other broken or cracked cells, not obvious

in this photograph, do not seem to be limiting the current.

The module was also examined with a Barnes-Bofors IR camera.
With a 3 watt output the broken cell was only slightly hotter (0.05°C).
This is near the limit of temperature resolution for this equipment, but
it appears that overheating would not be a problem. (Data on the second

demonstration module will be added to the final text).
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5. PROCESS AND SEQUENCE VERIFICATION

5.1 Diffusion

5.1.1 Non-BSF Cells”

In general, high efficiency solar cells require shallow
junctions. This is a consequence of two physical mechanisms: (1) A
significant amount of incident solar energy consists of high energy
photons with small absorption lengths, and are therefore absorbed near
the cell surface; (2) the high dopant concentrations in the diffused
region, required to. obtain ﬁigh voltage, results in a short carrier
diffusion length. Thus as the junction depth is reduced, a greater
proportlon of incident photons reach the base region, where the diffu-
sion length is long and carrier collection is efficient. Further,
carriers generated in the diffused region, by the highest energy photons
are more efficientlf collected since the junction is closer to the point

of genergtion,

These shallow junction requirements are most critical for
an AMO spectra Wlth its high ultraviolet content, but of lesser importance
for terrestrial cells because of the reduced ultraviolet content. On
the other hand, deeper junctions may have potential advantages such as
lower sheet resistance and relatively less susceptibility to the process
and surface-induced junction degradation. For example, sintering of
contacts sometimes degrades the performance of very shallow junction

cells and shows up as an increased junction excess current.

It is necessary, then, to study various diffusion times and
temperatures to determine: (1) The optimum junction depth, (2) the optimum

time and temperature to cbtain this junction depth, and (3) time and

This work was carried out in conjunction with JPL Contract NAS-954654.
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temperature limits that will still result in high-quality cells, Three
diffusion temperatures, namely 825°C, 850°C, and 900°C were investi-
gated. Diffusion times were estimated from diffusivity data to give
similar junction depths at each temperature. The averaged results of

a number of these experiments are shown in Table 27. Figure 24 illustrates
the same results in graphical format. It is quiteAclear‘from the .data.
that somewhat deeper junctions do give higher efficiency for silicon

web cells. This was true, in particular, for the webs which had some-
what lower initial lifetime (n = 7.8%, mno AR coating no BSF). The data
seem to suggest that the optimum estimated ﬁunctfbn for web is approxi-
mately 0.5 um which’can be achieved by 35 min diffusion at 850°C. The
detailed ‘transformed I-V ﬁldts (Figure 25) indicate that increasing the
phosphorus diffusion time to get deepér ﬁunctions also results.in lower
reverse saturation current and'increased:bulk lifetime. Thus within

our experience, optimum junction depth for the web comes about from the
tradeoff between the loss of carriers 'in the upper layer and the improve;

ment in the bulk lifetime.

These,initi31=expériments defiﬁed a junctioﬁ depth of about
0.5 ym but also indicated tﬁat this junction depfh should be obtained
by diffusion at a specific temperature. The reason for the importance
of the temperature is not known at this time, but it could be due to a
comibination of gettering effects and lifetime killing mechanisms. At
the lower temperature (825°C), gettering by the POCls would not be as
effectivé as at—850°C or 900°b, while at 900°C some lifetime kiiliné

mechanism that is not dperéble at 850°C or 825°C may exist.

To further define diffusion parameters, the experiment was
repeated at temperatures 835° C, 850°C, and 860°C, with the cells having

a boron-dlffused BSF. These results are given in the next section.
5 1 2 BSF Cells,

The experiment described in Section 5.1.1 was repeated at
835°C, 850°C, and 860°C with diffusion times caleculated from diffusivity
data to yield junction depths of 0.25 ym, 0.5 ym, and 1 um. All runs
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Diffusion Temperature

825°C

850°C

900°¢C

BASE

‘BASE

Diffusion~Junction Depth/Time/Temperature Study

TABLE 27

[No BSF; No AR Coating]

WEB

BASE

_ WEB

WEB_

95

X, " 0.3 um X, n 0.5 um X, %.1.0 um X, v 1.5 ym
.530 . 540 .540
[s] 0] .
21.9 22.8 22.7
sC
FF - .725 .730 .728
1 9.20 9.64 9.59
.525 .515 .520
oc
3 19.4 20.9 21.5
SC
FF .735 .712 .720
n 7.85 8.27 8.69
Pg 58 40 23
i 552 547 7550
oc
g 23.0 22.9 21.3
8sc
FF .753 .763 .751
n 10.08 10.13 9.32
v .535 .537 .535
(a1 -
20.6 21.5 19.1
sC
TR 726 .733 734
n 8.47 8.94 7.83
o 58 40 23°
538 7530 7496
oc
J 22.3 22.0 ‘16.5
sC
FF .720 .680 .680
M 9.13 8.52 6.04
v .515 .520 442
oc .
J 21.0 19.8 17.3
s¢C
FF .696 L671 .603
n 8.10 7.31 4.88
5 40 23 16
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were made on a single web crystal (W4l-1l). The tests were made using
the ARRAY process (see Section 4), and other than the different fromt
junction diffusions, the samples were fabricated throughout the process
as a single experiment. The data presented here are for cells with AR
coating and with back surface fields. The averaged results are shown

in Table 28. The pell size in this case was 1 cm?.

These data again show that a diffusion temperature of 850°C
yields optimum cells. What is surprising in the result is that those
cells which diffused at 860°C are uniformly poorer than the lower tem-
perature diffusions. The 0.25 pm junction depth at 835°C seems to show
some processing connected problems due to a low Voc and £il11 factor.

These data are also shown in Figure 26,

Based on the data of 5.l1.1 and 5.1.2 we define optimum
+0°C
; -10°C
# 20 min. This gives a very wide range of operating conditions for a

diffusion times/temperatures for web solar cells as 850°C for 35min

semiconductor device process; however, the data indicates such latitude
is possible, with the resulting cells still having a very acceptable

efficiency.

5.2 AR Coating by Dip Processing

The data given in Section 3.3 discusses the preparation and
thickness control mechanisms of the TiO, (or mixed oxides) film as a
function of solution concentration, withdrawal rate and baking tempera-
ture. In this section we will discuss the effect of different web
widths and show the effect on solar cell parameters due to a variation

of film thickness.

5.2.1 Web Width Considerations

Previously, we have shown data based on a nominal web

width of 1.25 em (::0.5‘in.). The use of wider web effects the production

costs in that the wider strip removes more precursor solution .per

unit width.
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TABLE 28

Diffusion - Junction Depth/Time/Temperature Study

[Cells have BSF and AR Coating]

I(’EI(I!IE. gggggl?ﬁm) Isc (mA) Voc: ) ¥ n (%) Tocd (usec)
0.25 30.2 .517 .53 9.0 | 2
(14 min)
= 0.5 31.8 .563 .76 14.5 _—
N (50 min) e
[+ 8]
1.0 30.9 .566 .76 14.1 14
(114 min) .
0.25 32.3 .573 .74 14.4 18
{10 min)
5 0.5 31.5 .578 76 | 14.7 23
S’, (35 min)
[+0] - ,
1.0 31.0 .577 .75 14.2 24
(80 min)
0.25 31.1 .525 .72 12.4 4
{7 min)
]
° 0.5 30.1 .525 .72 11.9 4
) (25 min)
s8]
1.0 29.7 .533 .75 12.5 4
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lit can be shown that if the widéh increases from 1.25 to
2.5 cm the withdrawal rate will increase by 267 to maintain a constant
film thickness. An indirect benefit of the wider web is that edge
effects due to the dendrites will be smaller in relation to the total

web area.

Table 29 below shows the-withdrawal rate required from a
2% solution for three widths of web.

TABLE 29

Withdrawal Rate as a Function of Web Width
[2% Solution]

Web Width (cm) Withdrawal Rate {(cm/min)

0.63 : 20
'1.25 28
2.5 36

5.2.2 Variation of Optimum Film Thickness

The techniques for the control of the AR coating thickness
have been discussed. It is of prime interest to determine the effect

.on cell parameters due to a variation of the AR coating thickness.

From Figure 3 we can obtain a measure of the change in
reflectivity due to a change in baking temperature. This data can then
be used in conjunction with Figure 4 to determine the thickness varia-

tion.

This data is plotted in Figure 27. This curve was derived
by assuming that the optimum coating thickness gives an enhancement

*
factor of 1l.42. Any variation from this thickness will then lead to an

The enhancement factor is’ the increase in short circuit current due
to an antireflection coating on the cell.
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increased reflec@ance off the surface of the cell and a decreased

enhancement factor.

From the curve it is seen that a change in thickness of
+50A from the optimum will change the enhancement factor from 1.42 to

1.38, while a variation of *100& changes it from 1.42 to 1.34.

If a 3% variation in Tec due to the AR coating is accepted
as a production standard (i.e., a + 504 variation in film thickness),
the allowable variation in the withdrawal rate can be determined. For
a 3.7% solution, the withdrawal rate of 30 cm/min * 3 cm/min would be
acceptable. Thus relatively simple and inexpensive controls could be

used for this process.

5.3 Laser Scribing

In Section 3.5 of this report, work was described on the
separation of cells by laser scribing. Figures 9 and 10 show that web
solar cells can be separated from the web/dendrite matrix by laser

scribing from the back followed by breaking.

During this initial testingkif was noted that whenever there
was any decrease in cell parameters, the cell showed a low shunt resistance
(<1008) and that the edge of the cell always showed an effect such as
shown in Figure 28. This figure shows a region on the edge of the cell
where "the molten zone haé‘completely penétrated the cell. This
penetration will short cut the junction in that reéion andlcause a low

shunt resistance.

All of the larger cells (1.6x4.0 cm and 1.6x 7.0 cm) which
are diécussed in this report were separated from the crystal by laser
scribing. Since it was not possible to test them before scribing (no
mesa etch) there is no one-to-one comparison of cell parameters before
and after laser scribing. However, by measuring the shunt resistance
and examining the edge of trhe cell we can infer whether any damage

occurred.
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Curve 713534-F
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Fig. 27— Antireflection film thickness vs enhancement factor

Fig. 28 2009 - 6LS Laser Scribed from back. Note total penetration
after laser scribe dwell. Length of scale bar: 100 um.
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This examination was carried out on fifty cells of the
larger size. The shunt resistance varied from 3,000 ohms to more than

(1)

3K ohms. It has been shown that shunt resistances less than 3000
are required before there is any real effect on cell parameters. Also,
in none of these crystals was an effect such as shown in Figure 28

noted. 1In all cases the molten zone penetration was less than 507% of the
total thickness of the crystal. Since we assume that the laser must
penetrate to the front junction before any degradation occurs, this 50%

penetration is acceptable.

To assure that the penetration would not exceed this amount,
all cells were scribed with the KORAD laser operating at 70%Z power.
With this power and a repetition rate of 1000 Hz and a spot diameter of
15 ym, the laser penetrated no more than 75 uym. Since nearly all of

our cells are 150 um or thicker, less than 507% penetration is assured.

5.4 Metallization and Sintering

5.4.1 Sintering vs Junction Depth®

Sintering is usually carried out to improve the contact
resistance and the reliability of the metallurgical bond between the
silicon and the contact. Our experience has been that sintering usually
results in some loss of efficiency; therefore sintered devices were
studied to determine the cause of this effect.

Completed solar cells, fabricated by a standard process (see
Figure 18) were subjected to a 425°C sintering in H, for 15 minutes. This
was to determine the mechanism of cell parameter degradation that is
occasionally noted with sintering. The contact system was evaporated

Ti/Pd/Ag with metal thicknesses of 15008, 500& and 20,0008, respectively.

The work reported in this section was carried out in an internally
funded Westinghouse program in 1977 (SOLEP). The data were obtained
on Czochralski crystals with a resistivity of 4-8 Q-cm. The results,
however, are immediately applicable to web and thus are reported here.
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In these studies, both the solar cell parameters as well as

the detailed I-V curves of the cellcl) were studied.

Table 30 shows the performance c¢f 10 solar cells before and
after sintering at 425°C for 15 min in Hp. Figure29. shows that.sinter-
ing primarily increases the junction excess current, hence reducing the

cell efficiency. This was found true for all the samples whose per-

formance deteriorated after sintering. Sintering did not affect Rys T,

o]
or T appreciably. The only systematic and significant variation was

found in Ij. RSh decreased at times but was found to be greater than
30K in all cases after sintering. However, if the tontact resistance
is initially high (RSS’SQ) then sintering lowered the series resistance

and improved the cell efficiency (Figure 30).

With the preliminary data a number of cells were prepared
with varying junction depths from 0.2 pm to 1.0 um to examine the effect
of sintering as a function of junction depth. The parameters of these
cells is shown 'in Table 31. TIn the column "Sample ID" the numbers refer
to thé diffusion time at 825°C and these are proportional‘to the junc-~
tion depth. Thé letters (A,D,F) are simply cell designatioms to

delineate diffgrent cells in the same run.

Contrary to what might be expected, there was no systematic
variaéion in the cell efficiency with the junction depth. Instead,
average efficiency was about 9.9% in all the cases. This suggests that .
somehéw the increase in sheet resistance is balanced by the decrease in
dead layer in shallow junctions and vice versa fér the deeper junctioms.
Our light source is somewhat rich in infrared which could be partially
responsible for the lack of significant performance variation. Also,
the Syton peolished surfaces we used may have mitigated the adverse surface

" effects on shallow junctions.

The samples with different junction depths were sintered
first at 425°C and then at 550°C. Sintering at 425°C slightly degraded
the cell efficiency in most cases. However, 550°C sintering affected

the shallow junctions severely, while deeper junctions were hardly affected.
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TARLE 30
Results from Sintering Experiment (425°C in Hs for 15 min)

RUN ID SOLEP 133 DIFFUSION TIME AT 825°C= 50 MIN (Xj==0.3u)

Sample Lo Yoe . .
Number Sample State (mA) (Volts) Eff1c1en?y
1 Not sintered 21.3 .570 ) 9.49
1 Sintered 20.9 .563 ) 8.85
2 Not sintered 21.7 . 565 8.81
2 Sintered 21.3 .569 9.55
3 Not sintered 21.7 574 9.83
3 . Sintered ) 21.2 .571 9.65
4 Not sintered | 22.4 .573 9.67.
4 Sintered 21.6 .571 9.62
5 Not sintered 21.1 .572 9,27
5 Sintered 1 21,2 . 564 8.95
6 Not sintered 21.5 . 574 9,91
6 Sintered 21.3 .§70 9.63
7 Not sintered 21.7 .572 9.37
7 Sintered 21.5 . 567 9.59
8 Not sintered 21.7 .576 10.13
8 Sintered 21.5 .567 9.26
.9 Not sintered 21,9 .275 9.82
9 Sintered 21.5 . 570 9.78
10 Not sintered 21.7 | .576° 10.09
10 Sintered 21.4& . 566 9.56

CZ cells; no BSF or AR coating
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Transformed Dark I-V curves for the sample SOLEP 133-8:
e Before Sintering, e After Sintering at 425°C.
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Fig. 30 Measured dark I-V curves for the sample 70714W-13:
® Before Sintering, e After Sintering at 425°C.
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Effect of Sintering Parameters on Solar Cell Performance

TABLE 31

[Diffusion Temperature = '825°C]
Sample | X4 Sintering Isc | Voe | Tocg | Efficiency| nunsint.
ID (pm) Condition (mA) ¢ {usec) n 7 sint.
20A | Unsintered 22.3 | .577 { 3.25 10.22r 967
20& } | 0.1 425°C, 15min, Hy | 22.1 |.570 | 3.25 9.89) - .
204 | 550°C, 15 min, Hy | 22.4 |.562 | 1.56 8.70]
40A ) Unsintered 21.9 |{.578 3.9 10.20{ .979
40A y [0.25] 425°C, 15wmin, Hy | 21.6 |.571 3.9 9.99]
40A 550°C, 15min, Hy | 21.4 |.551 | .26 6.67)
80A | Unsintered 22.0 |.576 | 3.25 9,92 .962
80A | 0.35| 425°C, 15min, Hy | 21.6 |.566 | 3.90 9.62
80A | 550°C, 15min, Hp | 21.6 |.563 | 1.17 7.81]
1004 ] Unsintered 21.5|.575 | 3.9 10.06} | .999
100A 0.5| 425°C, 15min, Hy | 21.4 | .572 | 4.29 10.01;
1004 f 550°C, 15 min, H, [ 21.2 | .562 | 1.04 7.60]
320D | Unsintered 21.51{.577 | 3.25 9.97¢ .962
320D } | 0.7 | 425°C, 15min, Hy | 21.2 | .572 3.9 9.59]
320D | 550°C, 15min, Hy | 21.2 | .574 | 2.60 9.32
480F ) | Unsintered 22.2 | .577 | 3.64 10.20 -
480F V| 1.0| 425°C, 15min, Hy | 21.7 | .575 | 4.55 10.21
480F | 550°C, 15min, Hy | 21.7 | .575 | 2.99 9.78

Ccz cells; no BSF or AR coating
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Figures 31 and 32 show a considerable increase in the junction excess
current for the shallow junction compared to the deeﬁ junction devices.
Thus deeper junctions, as expected, are found to be less sensitive to
the sintering-induced degradation. The reason for this degradation is
quite clear. — increased Ij' The physical mechanism by which_@egrada-
tion occurs. though not fully understood, probably involves titanium
diffusion or migration into the junction region. This data, when taken
into conjunction with the data in Section 5.1, indicates that junction
depths of 0.5 pm are preferable in web, and that these junctions can be

sintered up to 425°C for 15 min in H; without adverse effects.

The effect .of sintering on the shallower junctioms, for
example, 0.1 um and 0.25 um, at 425°C is minimal. A decrease in the
efficiency of 3% is noted with a 0.1 um junction and 425°C sintering.

Thus, for practical purposes, even the shallowest junction can be sintered

at 425°C without undue effect or solar cell efficiency.

5.4.2 Sintering of Other Metal Systems on Web

quing the period of this contract, several alternative
contact systems were studied as replacement for the evaporated TiPdAg.

Data on these systems were given in Section 3.3.

" The cells discussed in that section were diffused at 850°C
}or 35 minutes (the optiﬁum time/temperature and junctibn depth as
determined earlier). The data given in Section 3.3 for the evapofated
TiPdAg system, the evaporated TiPd plated Ag, and the evaporated TiPd
plated Cu systems follow the same pattern seen in Section 5.5.1. That
is, with junction depths of 0.5y, sintering temperatures up to 400°C

for 15 minutes in H, are permissible.
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6. COST ANALYSIS OF PROCESS SEQUENCE

A cost analysis of the process sequence wasg carried on
throughout the contract. Initially, the IPEG methodology was used on the
processing of continuous lengths of dendritic web. Later in the program
a parallel processing of long lengths (% 3 meters) of web was considered,
using both the IPEG and SAMICS models.

The fesults of these studies will be discussed in the follow-

ing sections.

6.1 Continuous Processing of Dendritic Web

The first process sequence studied was the continuous process-
ing of the web through the sequence discussed in Section 4. The equipment
was designed to process 200 MW/yr (1.82 x 10% M2 of web per year) and pro-

duce 11%7 modules.

The equipment descriptions used in.the Format A's were gene-
rally a scaled up version of conventional existing processing machines.
However, in several proéesses such an antireflection coating and photore-
sist dipping and encapsulation a conceptual design was used. Input from
various équipment manufactﬁférs was obtained to supplement these descrip-
tions as well as provide information on required floor space. The mate—
rials and supplies usage was determined by extrapolating the usage in the
laboratory processes. Labor and utilities were estimated, based on semi-

conductor industry experience.

These various Format A inputs were transferred to the company
work sheet using the cost factors and inflation rates of the SAMICS Cost

Accounting catalog.
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The results of this analysis are given in Table 32. Section 1
(Input) is a compilation of data frem the company work sheet for a

200 MW/yr production.

The yield factor is shown in the last column and gives a

total process yield of 93%.

Section 11 (Output) shows the contribution to the selling
price (in 1986 $ per watt) of the various processes and of the costs
within the process. The total selling price given ($0.66/watt peak) is
inﬂlgé6:dollars and does not include the cost of the silicon web.  The
wég‘ié.tgrgeted to be $0.17/watt (1975 $) in 1986. Thus the total cost
inﬁlgrﬁ‘ﬁ;ﬁ{in 1975 $8) is about $0.50/watt peak.

Several points of information can be gained from these data in
that certain cost drivers can be identified. The largest single cost in
the process is the materials for the junction formatioﬁ step. This Eost
is = 25% of the éotal cost and is due almost éntirely to the cost of
silane éf $183.40/1b (1975 $§). Other cost driversare materials for en-
capéulation (mainly glass and Backing board) and equipment for the metal-
lization process. These data indicate where effort must be put to reduce
the overall cost.

At this point in the program, We.decided to investigate an
alternate process, where a number iengths of webs were processed in
parallel: A deécriﬁtion of this process and the cost analysis are given

in the next section.

6.2 Parallel Processing of Web Lengths

In a production situation, it may be advantageous to process
lengths of web. Therefore, we have designed a process sequence that has

an inpﬁt of 50 three meter lengths of web which are processed in parallel.

The factor using this process sequence consists of eight parallel .
lines, each capable of producing 25 MW per year, with a total factory

producing 200 MW per year.
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An artist's rendefing of one 25 MW processing line in the 200 MW
factory is shown in Figs. 33-38. Each line in the factory is considered
as balanced, with a throughput of 5000~cm2 of dendritic -web per minute.
For simplicity in costing, a jigid'figure is considered in the iasp

Processing step during final testing.

Figure 33 shows a aumber of web growth furnaces; each producing
25 cmzlmin of webf: The web being 5 cm wide between dendrites. Therefore,
200 furnaces are required to provide the necessary input to.the processing
line. The as grown web is wound on rgels. Fifty such reels are‘ganged
gnihlé%%ﬂrel as the web fed through a laser cutter. Pieces of web, each
3M*i6ng are loaded into specially designed, light weight frames and held
in a buffer station before @oving to junction formgtion steps. Each frame
holds 75,000 cmz-of web, énd thus to meet the throughput requirement,

each frame must be processed in 15 minutes.

Figure 34 shows the Jjunction formation processes in the sequence.
The web enters the process and is washed in an organic solvent and -dried.
Tt then moves to a deposition apparatus where a protective oxide is formed
on the front surface of the web and a boron doped oxide on the back. 1In
the ‘sequential steps the boron is driven in and the material passes B
through a phosphorous diffusion furnace and finally into an etching bath
where all the oxides are removed. It should be noted that in this process
step (as in all others) it is quiﬁe feasible to remove one sub-process
and insert another. For example, the boron oxide deposition and dr;ve

sub-processes may be replaced by an aluminum deposition and firing step.

This makes iterations in the costing studies fairly simple.

Figure 35 shows the application of the antireflection coating
and the photoresist, both by dipping. The equipment is designed to )
handle the 37 x 37 framesl In station 7 of this process, the web lengths
are passed (one at a time') into an exposure system where a suitable grid
pattern is put onto the photoresist layer. The final stages etch the
grid patterﬁ into the photoresist and antireflective coatings and the

webs are again loaded into frames for metallizationm.
“This work is being carried on under Task 2 Contract 954654 and is included
here only for the sake of completeness.
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Fig. 33 Web growth furnaces.
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Fig. 34 Junction formation processes.




Fig. 35 Application of the antireflection coating and photoresist.
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Figure 36 shows the metallization process for the web solar
cells. The web strips, with the grid pattern opened pass into a metal-
lization chamber where both front and back metals are applied. Our
costing studies are for an evaporated metal system but sputtering is a
viable alternative. After the photoresist is rejected (rejecting the
excess metal) the contacts are sintered and move to a plating station
where Ag is plated to the proper thickness. Plating is used in this
build-up since the only silver used is that deposited on the cells, and
the step is cost effective. After a final cleaning the webs are stacked

in a buffer station before moving to a scribing process.

It should be noted that if an Al back surface field is sub-
stituted for a boron back surface field, no metallization would be
required on the back of the cell, and the process would become somewhat

simpler.

Figure 37 shows a laser scribing process where the dendrites
are removed and the cells are cut to their final 5 cm x 20 cm size. The
webs are unloaded one at a time where they first pass under a longitudinal
laser scribe unit where two laser heads, 5 cm apart, scribe inside the
dendrites. The webs move to a transverse laser scriber where the webs
are scribed at 20 cm intervals. In station 5, the webs are run over
rollers where the dendrites are broken off and the cell is fractured
into 20 cm lengths. The final two stations perform an electrical test
on the cells and pack the cells that pass the test into cassettes. About

5000 of the cells can be packed into one 5 em x 20 cm x 125 cm cassettes.

It should be noted that the laser scribing must be done from

the back of the cell to prevent any junction damage.

Figure 38 shows the final processing step. The cells are
unloaded from the cassettes and pass under an ultrasonic welder where
Al foil (cut from a roll) is bonded to the front of the cells. The
foil is then bent up so that interconnections can be made. A glass
plate (1M x 3M), previously coated with an adhesive is brought into the

line and the cells are placed (face down) on the glass. The glass
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Fig. 36 Metallization process for the web solar cells.




Fig. 37 Laser scribing process.
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Fig. 38 The final processing step.
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moves under another ultrasonic welder where the back of each cell is
contacted with the Al foil. This would form a series string of cells
along the length of the glass. The cells are coated with another layer
of adhesive and a backing board (with appropriate external connections)
is placed on the cells and removed to a curing area, and finally to a

crating and shipping department.

In Table 33, we show a further outline of the sequence for
this conceptual factory with the processes discussed in more detail.
The sequence is divided into 44 sub-steps and for costing purposes, we

do not include the dendritic web silicon growth station.

To the right of each process description is a listing of the
various components required by the SAMICS Format A's. These figures are
for a 25 MW/yr production rate. The commodities are given in usage per
minute, and any costs given in 1978 $§. Several features should be noted
regarding the commodities. First we have assumed a cost of silicon web
input at $0.17/watt (1975 $); this price is one of the goals of the LSA
project. Second, we have assumed a cost of $50/1b for silane (1986 $).
We feel that this price is justifiable (compared to the SAMICS cost
account catalog price of = $370/1b) since the manufacturers of polycry-
stalline silicon will be on stream in 1986 and silane should be in copi-
ous supply. Other cost inputs not in the cost account catalog are shown

in our input to the program.

The data given in Table 33 wereused as input into the SAMICS
*
program to determine costs and final selling price per watt. Subpro-
cess 5.09 was inserted into the program as a no-cost yield buffer to

enter a yield factor. 1In this case the yield was taken at 90%.

In the following pages (Table 34) we have produced pertinent

parts of the SAMICS printout, as well as our input into the program.

(text continues on p. 166)

*
We wish to acknowledge the assistance of R. Chamberlain, P. Firnett and

R. Aster of JPL for their assistance in getting this program running at
our facility.
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TABLE 33

DESIGN FOR A SOLAR PHOTOVGLTAIC FACTORY
HAVING AN ANNUAL PRODUCTION CAPACITY OF
200 MW ,OF SOLAR ARRAYS PRODUCED FROM
DENDRITIC SILICON WEB MATERIAT

The factory has an input of more than
40,000 cm” of dendritic web silicon per
minute which goes through eight parallel
production lines of 25 MW each. The pro-
duction line will be divided into five
sequential categories and each category
will now be discussed in detail.

JUNCTION FORMATION

Each of the eight identical production
lipes running in parallel handle 5000
cm of sheet silicon a minute.

l.Oi- Load Buffer

Silicon in the form of dendritic web
material 5 cm wide (not including
dendritic web) is cut to three
meter lengths and are loaded into a
frame 50 strips of web wide., This
frame will then be approximately

3m x 3m. The frame is then fed to
the nexf station. At the rate of
5000 cm™ 2 minute the speed of the
frames would be one every 15 minutes
through each station.

1.02 Sdilicon Clean

The whole frame- containing the
gilicon is then lowered into a
bath of solvent withdrawn and
blown dry.

1.03 Oxide Deposition

Silane gas is blown at the junction
side to form a deposited oxide.
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Cost data are given for a 25 MW/yr
production into 1978 dollars. Labor
figure indicates number of operators
in place during running time.

Labor 0.33 PY Capital $ 10,000
Ploor Space 97 sq.ft. Utilities .5 KW
Labor 0.33 pY Capital $ 10,000
Floor Space 97 sq.ft. TUtilities § .5 KW
Commodities:

Acetone 0.063 £/min
Labor 0.17 PY Capital  $300,000
Floor Space 97 sq.ft. Utilities 1 KW

Commodities:
Silane 0.900 gm/min



1.04

1.05

1.06

1.07

1.08

1.09

1.10

Chemical Vapor Deposited Boron

Silicon is heated to 400°C and silane

_gas. mixed. with diborane is blown oh

the silicon surface to form a boron
glass deposit.

Boron Drive

The rack containing the silicon
is now fed through a furnace to
heat the silicon to 960°C for
twenty minutes.

Buffer

At this stage the hot silicon
sheet is allowed to coel to
approximately room temperature

for 15 minutes.

Etch

A dip etch is used to etch off the
oxide depositions from the front
and back of the silicom.

Phosphorus Diffusion

The rack is fed into a furnace and
heated up to 850°C in POCL., ambient
for 35 minutes to produce an n layer
on the front side of the silicon.
{Back side also diffused but not com-
pensated.) ) B

Cooling Buffer

The silicon is allowed to cool to
approximately room temperature
in 15 minutes.

Etch

The silicon is dip etched to
remove the oxides.
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Labor 0.17 PY

Floor Space 97 sq.ft.

Commodities: '
Nitrogen
Silane

- Gapit514

Utilities

.105 2/min
2.724 gm/min

5% Diborane ..255 R/min.

“in H

2

Labor 0.5 ?Y
Floor Space 97 sq.ft.

Floor Space 97 sqg.ft.

Labor 0;5
Floox-Space 97 sq.ft.
Commodities:

HF 5.721 gm/min
Di H20 0.06 %£/min

Labor 1.0 PY
Flooxr Space 194.sq.ft.
Commodities:

POC1, 1.362 gm/min

Floor Space 97 sq.ft.

Labor 0.5 PY
Floor Space 97 sq.ft.
Commodities:

HF 5.721 gm/min

Di H20 0.6 2/min

Capital
Utilities

Capitai
Utilities

Capital
Utilities

Capital

Utilities -

Capital
Ttilities

Capital
Utilities

$300,000
1 XW .

$380,000
8 KW

$340,000
13 KW

$ 10,000
.5 KW

$ 20,000
1 KW

$ 3,340/w1


http:194.sq.ft

1.11 Buffer to Process 2

The silicon material has now finished
the junction formation process and
moves to the second process in the
production line, "anti-reflection
coating, photoresist coating and
patterning."”

TOTALS FOR PROCESS
(Per Year in 1978%)
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Labor 0.5 pY Capital $ 10,000
Floor Space 97 sq.ft. Utilities $ 2,624
Labor 4 per shift
Floor Space (met) 1,160sqft
Capital $1,410,000
Utilities 28 XKW



2.

ANTIREFLECTION AND PHOTORESIST COATING
AND PATTERNING

2,01

2.02

2.03

2.04

2.05

2.06

2.07

Buffer

Antireflection Dip and Drain

The cassette containing the diffused
web silicon is lowered vertically

_into a bath of antireflection coating
material having a controlled viscosity.

It is then withdrawn at a constant rate
and allowed to drain and dry for five
minutes.

Bake and Cool

The silicon contained in the rack is
moved to a baking oven at 400°C held
there for five minutes and allowed
to cool for a further 10 minutes.

Photoresist. and Drain

The rack containing the silicon is
lowered into a bath of photoresist
and withdrawn at a controlled rate
and allowed to drain.

Bake
The rack of silicon passes into
an oven held at 95°C and is baked

for 15 minutes.

Unload Cassette

Each of the S50 pieces of web material
is fed one at a time into the next
station.

Expose Photoresist

Three meter lengths of web are fed
in at the rate of one every 18
seconds and exposed with a pattern
both on the front side and the back
of the silicon. After exposure the
strips of silicon are fed ome at a
time to the next station.

Labor 0.1 PY  Capital $ 10,000
Floor Space 97 sq.ft. Utilities 1 xy

Labor 0.25 PY  Capital $ 60,000
Floor, Space 17 sq.ft. Utilities .5 KW
Commodities:

AR Dip  1.33 x 1073 &/min
Iso. Prop. 6.3 % 10 = g/min
Alcohol ’
Laboxr 0.25 PY Capital $ 20,000

Floor Space 48 sq.ft. Utilities 4.5 KW~

Labor 0.25 PY Capital $ 60,000
Floor Space 175sq.ft. Utilities .5KW
"Commodities:

Photoresist .021 &/min

AZ-111

Labor 0.25 PY  Capital $ 20,000
Floor Space 48 sq.ft. Utilities t] KW

Labor .25 PY Capital $ 30,000
Floor Space 48 sq.ft. Utilities .5 KW

Labor .25 PY Capital $ 50,000
Flbor Space 65 sq.ft. Utilities 2 KW
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2.08

2.09

2.10

2.11

2.12

Load Cassette

As each piece of silicon is fed
from the photoresist station it
is taken and loaded flat into
a cassette,

Dip Develop

The cassette containing 50 pieces
of silicon is dipped into a bath
of developer and withdrawn.

Photoresist Clean Up

The cassette of silicon is now
lowered into a bath of butyl
acetate and withdrawn.

Antireflection Coating Etch

The cassetteé containing the silicon
is lowered into a bath containing
an etch to selectively remove the
antireflection coating.

Wash and Dry

The cassette is lowered into a bath

‘of deionized water 'withdrawn and

blown dzy.

TOTAL FOR PROCESS
(Per Year 1978 Dollars)
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Labor 0.5 PY Capital $ 30,000
Floor Space 48 sq.ft., Utilities .5 KW
Labor 0.2 PY Capital $ 20,000
Fioor Space 15 sq.ft. Utilities |, 5 KW
Commodities: 4
PR Developer 9 x 10 gal/min
Labor 0.2 PY Capital $ 20,000
Floor Space 15 sqg.ft. Utilities .5 xw
Commodities: A
Butyl Acetate 6.3 x 10 &/min

Labor 0.2 PY Capital $ 20,000
Floor Space 17 sq.ft. Utilities § 328
Commedities: -7

HC1 2 x 10 g/min

NH,F 1.3 x 1077 4/nin
Labor 0.2 PY Capital. $ 20,000
Floor Space 17 sq.ft. Utilities 5 gw
Commodities:

D1 H,0 0.6 2/mm
Labor 3 per shift
Floor Space {net)
Capital $390,000
Utilities 7 KW
Commodities $195,982

355sqgft



3. METALLIZATION

3.01

3.02

3.03

3.04

3.05

Metal Deposition

The cassette containing the silicon
is loaded into a vacuum system and
pumped down in 15 minutes. A gate
opens and the rack is then fed to a
holding station for a further 15
minutes and then cdntinuously fed
through a deposition station where
metal is deposited on both sides”of
the silicon. "It is then fed through
a second holding station where the
whole rack is brought up to atmo-
spheric pressure.

Buffer

Ty

Strip Photoresist

The rack containing the silicon
strips is lowered into,a bath of
acetone and raised and blow dry.

This rejects excess metal on silicon
strip, leaving metal only in the grid
area. ' ) ’

Sinter

The rack is placed in a belt
furnace having a nitrogen gas
curtain and sintered for five,
minutes at 400°C and allowed to
¢ool down to recom temperature.
Plating

The metal pattern on the silicon

. 45 thickened (on the front and back -

sides of the wafer) by electroplating.
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Labor 1.0 PY Capital

$500,000

Floor Space 300sq.ft. Utilities 6 XW

Commodities:
Ti 0.045 gm/min
Pd 0.121 gm/min
Al 4 gm/min
Ni 0.027 gm/min

- Capital
Floor Space 97 sq.ft. :

Labor .5 PY | Capital
Floor Space 129 sq.ft. .Utilities
Commeodities:

Acetone 2 cc/min

Labor . .5 PY Capital
Floor Space 226 sq.ft. Utilities
Commodities:

N.132 2/min (gas)

(Eurchased as liquid)

Labor .8.PY Capital
Floor Space 97 sq.ft. Utilities
Commodities:

Ag Bath 3.57 gm/min

. $ 10,000

$100,000
5 KW

$ 30,000
24 KW



3.06 Wash and Dry

The rack containing the silicon is
lowered into a bath of water with-
drawn and blown dry.

This ends the metallization step
and the rack of silicon is now
fed to the laser scribe operation.

TOTALS FOR PROCESS
(Per year in 1978%)
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Labor .2 PY

Floor Space 97 sq.ft.

Commodities:
DI HZO 0.6 £/min

Labor .

Floor space (net)
Capital”
Utilities
Commodities

Capital $ 20,000
Utilities § 2,624

$ 3,340/yx

3 per shift’
946 sqf
$680,000
33 KW
$167,506



4.

.4.01

4.02

4.03

4.04

4.05

4.06

LASER SCRIBE

Unload’

Each of the pieces of silicon is un-
loaded one at a time and fed to the
next station.

Longitudinal Laser Scribe

The single silicon strip is fed at
16 cm per second past the laser
scribing head having two beams
separated by 5 cm, thereby cutting
off the dendrites. The silicon is
then fed one piece at a time into
the next station buffer.

Buffer

Transverse Laser Scribe

The silicon at this stage is face
up in a rack and a laser moves
across the direction of flow of the
material and cuts the 3 meter pieces
of silicon into 20 cm lengths.

Break

Here the silicon material is bent
so as to fracture it at those
peints where it is already being
cut by the laser. The silicon in
each rack now results in 750 solar
cells. These are fed to the next
station.

Cassette Load, Test, Sort and Store

Here the 750 solar cells are loaded
into cassettes after being tested
and sorted.

This then ends the laser scribe
operation and the tassettes are
then fed to the next operation,
interconnections and encapsulation.

Labor
Floor

Labor
Floor

Floor

Labor
Floor

Labor
Floor

Labor
Floor

132

Space 97 sq.ft:

.6 py

Space 97 sq.ft.

Space 97 sq.ft.

.5 PY

Space 97 sq.ft.

Space 97 sq.ft.

1 PY

Space 65 sq.ft.

Capital
Utilities

Capital
Utilities

Capital

Capital
Utilities

Capital
Utilities

Capital
Utilities

$ 20,000
.5 KW -

$100,000
2 KW

$ 20,000

$ 85,000
.5 KW

$ 30,000
S5 KW



TOTALS FOR PROCESS Labor 3 per shift

(PER YEAR in 1978%) Floor space (net) 550 sq.ft.
Capital $285,000
Utilities 4.5 KW -

133



INTERCONNECTIONS AND ENCAPSULATION

5.01

5.02

5.03

5.04

5.05

5.06

5.07

Buffer

Interconnect Bonding

Aluminum foil cut from a roll in

form of a comb is ultrasonically

bonded to the sun side of a cell.
The cells, complete with aluminum
contacts are now loaded into a

cassette,

Cell Placement

A glass superstrate covered with
RTV silicone adhesive is brought
to this station and the cells are
individually placed on the soft
RTV with the sun side down towards

the superstrate,

Buffer and Cure

Here the RTV is allowed to cure.

Interconnect Second Bonding and Test

At this station the other end of the

aluminum foil is ultrasonically
bonded to the adjacent solar cell.

Cell Coating

A layer of RTV is coated over the
back side of the solar celils.

Back Attachment

A fiberboard is fed in at this
stage and pressed onto the RTV
coated in the previous operation.
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Capital
Floor Space 12 sq.ft.
Labor 1.0 PY Capital
Floor Space 43sq.ft. Utilities
Commodities:
AL foil 6.7 gm/min
Labor .5 PY Capital
Floor Space 65 sq.ft. Utilites
Commodities:
RTV 615 silicone 6.8 gmimin
Glass 5.3 ££t7/min
Capital

Floor'Space 65 sq.ft.

Labor . .5 PY
Floor Space 86 sq.ft.

Labor .25 PY
Floor Space 86 sq.ft.
Commodities:

Capital
Utilities

Capital
Utilities

RTV 108 Silicone 6.8 gm/min

Labor .5 PY .
Floor Space 86 sq.ft.
Commodities

Phenolic board 5.3 ft

Capital
Utilities

2/min

$ 10,000

$ 100,00
1 KW

$ 50,000
1 KW
$ 65,720

$ 20,000

$ 70,000
1 KW

$ 30,000
.5 KW

$ 18,960

$ 20,000
.5 KW



5.08 Buffer Cure and Final Test

5.09

5.10

The RTV is allowed to cure at
this stage and the panel is now .

tested.

Yield Buffer

Crating and Shipping

The panel is now crated and moved
to the Shipping Department.

TOTALS FOR PROCESS
(per year, 1978%)

Labor
Floor Space

No Costs

Labor
Floor Space

Labor

Floor space
Capital
Utilities
Commodities

TOTALS FOR PROCESS SEQUENCE

(25 M)

Labor {18 per shift)
Capital

Utilities
Commodities

Floor Space (net) 3651 sq.ft.
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.25 PY Capital $ 30,000
86 sq.ft.. Utilities 1 KW
1.0 PY Capital $ 10,000
110 sq.ft.
4 Per Shift
(net) 640sqft
$340,000
$ 13,120
$1,247,740

1978 Dollars

$ 983,600
$3,105,000
§ 216,480
$3,044,332



AVAILABLE COMPANIES (IN CORE)

CIAPANY 3 uESTbO' PHUTOVOLTAIC PANEL MANUFACTURFR

L SCRIPTEVELNAME IS
"I HOTCVOLTATC PAMEL MANUFACTLRER™

Tr¥ FOLLOWINC PRGDUCTS ARE MAMUFACTURED RY THIS COMPANYS

CRATENMJUD »

FPRCENTLOF CAFACITY = 100.0000

LEVEKAGE = 1.2000 .

Fres7. IMNTERESTLRATE = 4,250 0

OIHEERTAXWRATI = T Z2.0000

] SURANCELRATE = 4,0000

FLiCILITYWLLIFE = 46.0000

RETF W F oKETURNSONSCQUITY = 20401000
MISLEXPENSE «PERCENTAGF o OF «REVENUE = 3.0000
¥I1SC.EXPEMSE FERCENTAGE « CF OPERATINGLEXPENSE =
FISCSEXPENSF «PERCENTAGE e UF o BOCKaVALUE = 0
FACILITIES.TAX.DEPRECIATIONMETHOD = LDB
FECILITIESJPOOKLDEPRECIATION.METHOD = SL
FICILITIFS.INFLATION.PATE. TABLE = .

1975,0000 7.00u0 =
ROWCHATERIALS. INVENTORY. TIME = «N400
FvOCESSING<TINEMULTIPLIER = 1.0000
FINISHED.GOODSo INVENTURY o TIME = +e0400
ALCOUNTS.RECRIVAPLE.TUKNOVERSTIME = 0100

|.-I
. L
[=)%

4.0000

-

81 4Ovd TYNIDINO™

AITVND 800d 20

Sup] SuTsSsVV0Ag MK 6T
T A0F INOJUTAI SITHVS

7e H'IIVL



RuM=TINE GPTIONS WERE CONTROLLED BY THF IN-CORE

RUN«CONTROLI JRG2y RUN CCNTRCL FGR ARRAY

CESCRIPTIVELNAME IS
iy COMNTROL FOR ARRAYY
It DUSTAY.SIZE.RANGE:
25006000460 +
QUANTITY.RECALCULATIONGFLAG IS
INTEGRAL.MACHINES.FLAG IS ON
STEADY.STATFFLAG IS UFF
LINELLENGTH = 134 '
PPOMPT.LEVEL.CODE = - 1

MAXeNUMBERCF«SCALEITERATIONS = 200
MAX «NUMBERWGF«PRICEZITERATIONS = 20
EFSILON = «-00100000
REPORTWCHOICES:

1 1 1

1 1 1

1 1 2

1 U 1

1 1 1+
REPORTAOUTPUTSFILE = 12 (FILE}

LET

R e

(=T S

—— e

e HIAVL



SAMIS III - RELEASE 1 INPUSTRY CONFIGURATION
1.DUSTRY: WESTCORP, SILIFON SOLAR FHOTOVOLTAIC POWER SYSTEMS
4
FXPRESSED IN WATTS/YEAR

MANUFACTURE OF SOLAR ELECTRIC POKER SYSTE®S,
IS PROVIDED BY
ChHATEMOD, CKATED PANELSs 10/CRATEs EXPKESSEDR IN CRATES CONTAINING 10 EACH 240 WATT PANELS/YEAR

OF WHICH
1c0.00% IS MADE BY WESTCOs PHOTOVOLTAIC PANEL MANUFACTURER

COMPANYS WESTCOD . PRODUCTS: CRATEMOD
KFGUIRED PRUBUCT I (NOUNE)

SE€T
ALvvng
St Iy



SaMIS III - RELEASE 1 INDUSTRY S1ZE INDEX = 1
I4DUSTRY: WESTCURPs SI1LICON SOLAR PHOTOVOLTAIC PCWER SYSTEMS
INOUSTRY OBJECTIVES MA&UFACTURE CF SULAR ELECTRIC POWLR SYSTEMS

FINAL PRPODUCTS: CHATLHODe CRATED PANELSs 10/CRATE
FCOUCING 24U0Le0L WATTS PER CRATES COLTAININS 10 EACH 240 WATT PANELS

WUAMTITYS 25000000, = 2.5C+07 WATTS/YEAR => 1.042F+04 CRATES CONTATNING 10 EACH 240 WATT
FRICE: «509R 1(1%75)}HATTS = 1343408 $C197%)/CRATES CONTAINING 10 EACH 240 WATT PANELS

COMPANY! WLSTCOy PHOTOVYOLTAIC PANFL MANUFACTUFER
PRODUCTS: CRATEMOL .
UUANRTITY: 1.042E0+04

PRICE: ~  1343.40™
. 1(1975)/
CRATES -
ENERGY. PAYHACK TINF = 022 YEARS “y
COMPANY MANKUF = 14729 TIFES (DITLCT DXPENSES PLUS FXTERNAL FRODUCT COSTS)
COMPANY FPROFIT = 2e47 OF PRICE i :
CAPITAL VALUES .
--------- I 1{1985) ~mmmmm=== mtmmemem=e IN $(197B)-mwrorrne
. INITIAL BOOK  TAYAHLE JOINITIAL BLOK TAXABLE
FACILITIFS 14%1954. I07£49. N61055. COTERA2 . 16DT9% . 1379065,
tﬂUIPPimT. Deusheh. LYSHTYE,. G4 TUE . SDEEEL . 1037%60. GTTa% 4,
wCRKILS 1585013, 15050P%. 1905085, 1 7C446%, 794469 79446%.
LAND WR49%4. T 46494, 4E4G G Tt 24c42. 24742, 24542,
- e ———— - emmALdLsE, GuEeEEmeS  eesemsse- Emme———— EERE T TR L PR
:g TOTAL - geuna0l. 3418027« 2717543, 4551494, 2015364« 1434468,
’ FINANCIAL PARAIETERS
taST UF FATE OF RETURR BT . LEVERAGE INCOME TAX
CAPITAL ON TLUITY INTLREST RATE (TCTAL/FGUITY) RATE
~CALCULATED- -INPUT~- =INPUT= ~INPUT~ =CALCULATED=

17847 20.00% Fe25% 1.200 : 49 414X

TIME PLFAMETEFS ’ .
CONSTRUCTICH LEAD TIMF = 2.00 YEARSe STARTUF PFfRIOD = 1,00 YFARS

RAw MATFRIAL IRLVENTORY TIME (INFUT) = «040 YEARS (1446 DAYS)
PROCFSSIMNG YIMF (CALCULATEDR) = 001 YEARS ( 6F3«5 MINUTESY)
(MULTIPLIED =Y 1.0 FUR WORKING CAPITAL CALCULATIOM)
FINISHeD GO0DS INVENTORY TIME (INPUT) = «040 YEARS € 1446 DAYS)
ACCOUNTS RECEIVABLE TURNOVER TIME (INPUT) = <010 YFARS « 3.7 DAYS)
sLL COMPANY FXPERSES ARF IN 2(195s)
CONPANY DIRECT EXPEMSES 1£333726.
COMPANY JIRECT LABGR EXPEMSES 1666417
COMPANY OTRECT MATERIALS AND SUPPLIES 13389841,
COMPANY HAYPRODUCT EXPENSFS 356
COMPANY OIRECT UTILITIES EXPENSES 277275,

COMPANY INDJIRECT EXPENSFS 1143433

PANELS/YEAR


http:1.042r.04

PROCESS: 1.011

PRODUCT S HAWWED + o UNCLEANED STARTING WER

PRODUCES: £100,0000 CM2/MINUTEs TAKING

COMPONENTS bUF1.01ls LOAD BUFFER
cosT? 10000, $¢1376)
SALVAGE VALUE:

QUANTITY 2.315E+69 CM2/YEAR AT

INSTALLATION?
0 §€1976) AFTER

+ LOAD BUFFERy LOAD STARTING SILICCN wEB INTO 3M X 3M

19,000 MINUTES/CYCLE
OPERATES 1400 OF ThHE TIME THE FACTORY IS OPERATING

7.0 YEARS

«0031 ${1975)/CM2

1000, $(1978)

GUANTITY

FRAME

PRICE"

NUMBER OF 1.01 MACHINES = . 1.000y OF WHICH 068 ARE IDLE
ALL EXPENSES ARE IN $(1986)
DIRECT EXPEMSES 9314758,
CIRECT LABOR EXPENSES 25275,&
DIRECT MATERIALS AND SUPPLIFES 9289283,
FYPRODUCT EXPENSES 0.
DIRECT UTILITIES EXPENSES 200,
INDIRECT EXFENSFS ' 22182,
INDIKECT LABGR' EXPENSES 19194,
INCIKECT MATEFIALS AND SUPPLIES . 2633,
INCIRECT UTILITIFS EXFENSFS 346,
SYPRODUCT ThCOME ot D)
CARLIAL TAPVUSEY RITELI
LGULIFYENT KEELACLFENT 101,
- FACILITILS. REPLACEMENT 660
- AMORTIZEN ONE-TIME COSTS 1563692,
-~ INTEREST ON DERT 12221,
o RTTUR™ UL EQUITY 132122,
NON=-INCOME TAXES 160.
INSUKANCE PREMIUNMS 12045,
INCOME TEXES 1905383,
MISCELLANEOUS 754059,
EXTERNAL PRODUCT CGST 0s
INTERNAL (IMPLICIT) PROGUCT COST 0.
VALUF ADDED: <006 $C19K63/CM2 = .550 $(1986)/WATTS
PROFIT = 1.L% OF PRICE
MARKUP = 1.475 TIMFS (DIKECT EXPEMSES PLUS INTERNAL AND EXTERNAL PRODLCT COSTS)
THE ENERSY PAYBACK TIME FOR THIS PROCESS IS  +000 YEARS
TO PRODUCE 2.315E403 CM2/YEARe THE 1.01
PROCESS REGUIRES:
ALL COLLARS ARE IN $(1986)
DIRECT REQUIRFMENTS
GUANTITY PRICE COST  REFERENT DESCRIPTIVE NAME
9.700E+01 83.79 8127 AZ064D MANUFACTURING SPACE (T

cosT

REFERENT

DESCRIPTIVE NAME



TvT

COMPANY 1HDIRECT LABCR EXPENSES GHEISh.

COMPANY ENUI&ICT MATFHEIALL AND SUFPLITS 1361584,
ComMpaAnyY IaDIHRTCT UTILITINL FXPENSES '90297.
COFPANY BYPROLUCT 1RCGME ( )
COMPANY CAPLTAL EXPENSES - 4502129
COMPANY EQUIPMENT REPLACEMENT . 791072.
COMPANY FACILITIES REPLACEMENT 36299,
. COMPANY AMORTIZEL ONE-TIME COSTS I017051.
COMPANY IWTEKEST ON DEET . 58267,
COMPAMY KCTURN OA EQUITY 629912,
COMPANY MON=-INCOME TAXES 23454,
COMPANY INSURANCE PREMIUNS 348076
COMPANY INCOHE TAXES 16763234 *
COMPANY MISCELLANEOLS 1454511,
COMPANY EXTERNAL PRODUCT COST 04

**ttti***l**t***ttttﬁ**tkti*****ik*t********i**i***'ﬁ*t*g***i'ii*t*d'ir*ﬁ******wtﬂi**,**********itt*******ti*****t'ﬁi*t***’ti***t*f**
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1+445%E+00

3« TO4E+DD .

24315E+09

GUANTITY
7. 20&E+D}
be#4TF+01
Lo ODONE+01
a0 +yd
Tadt"al +0)]
Let il +gu
e AT 402
Zeld(IEL 02
Tal96L+00
Da425T+00
Led1nE+Q(
T 394E+01
Es T39E-01
Ha431E=N)
1.252E+00
leta',lF 400

[

R

heltl117 =09

e SUnI 402

le204L =01
lag4S5E~02
2a301E~-02
1.330E=02
ls445E-02
Te2270-03
T+227E-03
T227F =03
1+655E-02
74227603
1.08aE =40
7.636&-0 5
le448E=02
1-445[:"'{]2
1.324E-02
2. 143E=03
34212E-03
4.B1HE~D3
T.227TE~03
2ebl0E~03
Te227E-03
2.409E-03
la103E-02
2+810E=-03
2+ 409E-03

|
17487.27

05

25279

200.

B30e4D

clo3zk

«00 9289283. E-WERQO1

r

INDIRECT REQUIREMENTS

PRICE

57.46"

28.14
108.295

1A%8.29.

Y4447
ldhel b
l.q:-:
+ 8¢
1%.21
I8.95
4¢,.,98
2.00
71696
45.98
C 2833
1.006
T ant
et
we'h

[\

10224491
43955.66
24503.77
36701.67
30224.91
50754468
49655.21
49655421
14998.51
43176.45
22452.79
27851.09
17832.70
17832470
18998,50

113343.37
71158.U6
42095.96
27416431
69085, 50
2374414

T115K.06.

15328.34
57211.45
50734.68

CosT
4485,
1814.
1083.

0P T
511
410.
341.
189,
142,
95.
T1.
68.
52.
ql'
37-
- ql

3640,
635,
S64.
491,
437,
36T
355.
35%.
314,
$12.
2R,
2h0.
258
25,
251.
243.
225,
203.
198,
194,
172.
171.
169,
161.
122.

REFFRFNT
A212R1]
A22241
AZ016]
AL1EDI
A21101
APND4]
AlO0e4]
A12701
A2208]1
Agz721
A21441
A13c4l
A204R]
A21%21
A12241
AEZ2e]
[N
briang
AY1PR
ASN16]

nssant
Bi1o9]
Blassl
B33IEI
BrNOAT

‘Bracuk

B3ITT2R
Bir24b
B127271
B326381
R14401
B13%61
B21441]
Bl10481
811921
Bl4e4]
R10EN]
Br24rl
£31921
B31441
B3P16l
Bi1121
B11e01
B1204T
812081

GENERAL ASSEMBLER (FLE
ELECTRICITY

SILICUN WER

NDFSCRIPTIVE NAME

OFFICE SEFACE-ADMINISTR
SOLVENT AMD CHEMICAL 8
CAFETERIA AND LUNCHROO
ELECTRICAL SERVICE FAC

MECHANICAL FOLIPMENT R

COMPULTFK ROUM
INDUSTRIAL WASTE CLARI
PAVIMNG (LIGHT DUTY) FO
SHIPPING AND RECEIVING
WAREHOUSE SPACE

OFFICE SFACE-MALUFACTU
SIGNS AND FLAGPOLE
HEALTH SERVICFE FALILIT
GUALLITY CONTROL LABORA
TELEFHONE LINFS

STOREGE SPACE

ATl fadiiel [Tt at, FAC LY
Hhtrer) v b sty lLE LA
FUEL ofL HERVICE FACIL

TOTAL FACTURY FLUOR SP

ASSEMALY FORIMAN
EMPLOYMENT TATERVIEWER
SECRETARY III (UPPER M
ASSEFBLY OPFRATIONS SU
ACCOLNTANT

FLECTROMICS ENGIMEER
QUALITY CONTROL ETNGINE
INCUSTRIAL ENGINEER
MATMTENANCE MAN (PLANT
RESFARCH FNGINEFR {(FLE
SECRETACY IT (mIPDLE ¥
MURST « PRCLFESSIONAL (6
PAYRCLL CLOHK

CLERK GENERAL OFFICE (
JANITOR .
VICE FRESGIGEAT.
NTRECTO: OFFICE ADMINIT
SYSTEMS ANALYSY
TRAFTSMAMy BMOCHANICAL
NIRECTORs MAMNUFACTURIA
FNGINEFRING AITE
DIRECTCK PUBLIC
GUARD (SECURITY)
MAMAGER + PERSONNEL
LAWYERy CORPORATF (RUS

ADMIAI

KELAT]

KEF!ﬁﬂj ii ﬁaq .
(J ! GM? o
R QU S
GUARNTITY PRICE. COST
3+ 062FE+01 129,32 390
3. 137E+01 47298 1505.
1« 081FE+03 « 73 789.
Je 064 +62 l.68 517
le3T70E+0L 3675 503,
LeFETE+02 2.00 397.
2. 192E+02 1.27 278.
He273E+01 200 165,
le142E+01 900 103
1. 081E+03 «07 TTe
1.3E6E+00 37415 T0.
1e322E400 40418 53,
TeIJEE+00 T.00 51.
S«S15E+00 Te U 39.
e 2H1F=N1 23.99 15,
1o 110F =01 12494 1.
Ll (] L] .
oo tnt -n7% aebft .
PeWNTFN2 LY £
Fa700F*01 0w fle
le445F=02 43995.66R Bab.
la445E=02 43178445 624
24 8Y1E~C2 17932.70 515,
2e259E~-02 2104%.49 471
TeP2TE-03 ES0734.68 367
Te227F=03 50734468 367
Te?27E=-03 49655.21 I5%.
" 1eB71E~02 150632.75 319.
1. 445%5E~02 215k8%,22 312.
1. 445E=-02 21157443 30€.
2 501E=03 112263494 251
3. 413E~03 T6209.94 2¢é0,
1. 445E=02 1783270 288
2.23TE-03 113343.44 254,
44418E-03 £1814.14 250,
44 58L9L~03 S0724.68 233
44R1BE=03 42178445 208,
4.#13E~03 42095496 2C3.
2.409E=03 E1175.44 196,
4. B18F~-N3 38212.90 184,
2+ 409E~03 T115R.06 171,
2440%E~03 71156406 171
2¢509E=-03 64767«68 l63.
84269E~03 18998,.51 157,
2.007E-03 57211.4% 1iS.

REFERENT
Ap256]
A20401
A1080T
A109861
Az21a01
A13gHI
4125861
A13521
Al101€l
Alg4€l
420301
A22401
411921
Al20F1
A132¢0 1
Al241.1
ATk |
heded
Asnas]
AZ030|

Bl144pt
gz2200l
B13521
B14321
B324rP
Rl1a1el
B325¢&k
Bl13H4]
B20321
B2160l
Rza27e1
B204h1
B12401
B32041
831248
B34961
B33521
E2096]
Blolel
B217¢6l
B22561
Bloe4l
B219221
Bli44l
812881

WATER

DESCRIPTIVE NAME
TOILET AND LOCKER ROOM
EXTERIGR WALLS

LAND

LANDSCAPING AND IRRIGA
PASSAGES AND CORRIDGRS
WALKSy CURRS AND GUTTE
PAVING (HEAVY DUTY) FO
SITE LIGHTING

FENCING

GRAGING

ELECTRICAL EGUIPMENT R
TELEPHOME EGLIPMENT RO
SANITARY SEWERS

STORM DRAINS

STGRAGE AREA WALLS
SERVICE FACILITI
b alidhe FACERITIES
VEGEILAYIGN FACILETIES
TuTal LUPPURT FLOOR 3P,
TUTAL MANUFACTURING FL}

-
SUPLKVIS0Re TRAININGT ¥
" PURCHASING AGENT rs

g4

PERSONNEL CLERK
SECRETARY I (LOWER MAN,
MECHANICAL 'ENGINEER  ~
SAFETY ENGINEEA {

1.

s

PRODUCTION PLANNER s~

PRESIDENT

POOKKEEPER

PROCUREMENT CLERK

VICE PRFSIDENT. FINANC
CONTROLLER AND CHIFF A
PAIL CLERK

VILE PRESTDENTs MANUFA
CHEMICAL ENGINEER
PROPLCTIOM SUPERINTEND
ASESISTANT FPRODUCTION 8
FINANCIAL ANALYST
ADMINISTRATIVE ASSISTA
FROGRAMFMERs BUSINESS
TREASUKER

DIRECTOR INDUSTRIAL RE
PURCHASING ADMINISTYRAT
GRUOUNDSKEEPER

MANAGERy COMPENSATIONS

NS



DefyQt-n
Pe bl ~G2
1leT3IC=G3
1.204F=03
Ce40GL-03
M A50E~04
LeBIVE=N3
FeD30E-04
2«TEIL =04
5« 751E~01

1.T4TE+03
5+362E-01
1.025E+03
4,225E-08
Fe326E-04
. E6T6E-03
14212E+0C

454TTE+D3
Ceb8BEHDS

‘1.010F+03

Tad 391 =i,

LA N T I N

4576916
4447500
57211.4%
BY0EH S50
26986453
57211445
23748414
48212493

71156406 .

0

204496
.01
.68

UI
0
0-

«00
e 00

2417

1S
ila

.05

110,
107.
96 -
83,
654
48,
44.
31,
20,

U.

146,
65
. E .

Oe
O
0.

13.

5..

2194,

i,
™

R10321
B2u1C1
az12el
BI1E6]
B136E1
B13201
B11761
B2064 |
Bloyel
BSUABI

ciozze-’
t11121
C2llg4k
Cl04RE
Cceiert
c2096af
czii61

D10%el
Dioegl

E14321

F1nqnﬁ
Finmie

SUDITOR INTERNAL
ACCOLNTING SULPERVISOR

ANAGERs DATA PRCCESSIE |

CIRECTOFs QUALITY CGNT
FERSONNEL CLFRKs SUPER
MANAGERs SECURITY AND
GUARD CHIEF

DATA PRUCESSING SUPERVY
DIRECTOR. PLANT MAINTENW
TOTAL, STAFF PERSCNNEL

ELECTRICITY

TELEPHOME SERVICE
SEWAGE AND PROCESS WAS
FUEL OIL

VENTILATION . . .
ATR CONDITIONING
CAFETERIA SERVICE

SOLIO WASTE
SEWAGE WASTF .

OFFICE SUPPLIES

NATURAL RAS,
WATE R

44 318E-~Q3
34 171E-03
4.81BE~03
1l.204E-0G3
2+ 4LIE=-03

1.204E=-03"

1.379E-D3
1s 204E=-C3
2+ 02DE+00
1. 445E+0QD

5¢515E+03
4.477E+02
14239E-05
3eBGIE+04
14 278E-62
5.513F+03
7. 740E-02

Se513E+03

2.020E+02

1 233F w08
fle 5 Nf 0%

THIS COMPANY g ol TGOy HAS THT POLLOWING CANRUWAL) RIGUIRLEMENTSS

I::.. ALL OO LARS J\R.l
Lo
LIRECT REGUIREMENTL

JUBNTITY PRICKE COsT

ZabT2E 405 83,79 307668,
4e2ELE+0] 21697417 925596
FLTHDE+GO  25475.27 223157,
2eH9)1E+80 1748727 87951
2e4qBlE+QZ 89.20 221353.
N BTOE+D4 41 1164%.
3.241E+04% 01 204,
1la481E+04 «02 356.
2+ 315E+0Y U0 9289285,
245930406, «41 , 1070995,
l1e TI3E+0D 220432 377400,
1.991E+03 115403 234904 .
Le16TE+05 1«09 127553,
Ge944L+03 v 4493 34211
1e369F+02 2014 27972
4e DTHE+QD 1.27 5162
4.630E+01 Y 9d.69 2486.
S+463E+02 2017 118¢.

PN 10100 )

REFERLDF
AZag4l

aae72v
B37360
B30e40

Ciosnl
Cl14a40
C2LE4E

pio3zn

E-WEBTOQL
E=PHENEO
E~A7111
E=PALLAD
E1328rP
£15520
E15040
£10960L
E17040
£11040

DESCHRIPTIVFE NAME
MANUFACTURING SPACE (T

CHEMICAL OPERATOR I1I
MAINTENANCE - MECHANIC 1

CENFRAL ASSEMELER (ELE -

NITROGEN (LIGUID)
WATER = REIONIZED
SEWAGE AND PROCESS WAS

FOESONQUS ACID

SILICGN YEB

PHENOLIC ECARD FOR EAC
POSITIVE PHOTOD HESIST
PALLADIUA MFTAL
HYDROFLOKEC ACTID

RTV 10K

pcC1

ALUMAINUM

TITANIUNM

ALUMINUM RIBEON

GUANTITY

© le577E+01

4. 3POE+0D

Te962E+06
2.995E+08

2. TT7BF+08 -

2.593E+06
1o 653E+06

1389F+06 °

6o 344E+03
1.452F+03
7. 943F+04
3.935E+03
1. £52£+03
74 685E+02
6o 019E+00

22884457 110.

33679.19 107,

18998.51 92.

£0449,.84 z.

22884457 55

37781414 46,

29145.45 40

22884,57.. 284

Ne . Oe

0, | e

01 T1e

.14 6i-

03 .

0, x” . 0Oa

0 O

0, . 0.

L. 0.

.00 4.

C2.17- 7 a3%.

ﬂn . |J|

iy, fie
PRICE cosT

23748414  27445Cs

2115744 52667

.05 42923,

<00 1146,

O * [

V43 112199%

+35 579366,

W17 245113

19.20 . 133329.

£4,30 100550

W37 23085

1aT4 6837

2e14 3971

2486 2198,

196471

woe .
<

B20RGI
B12561
B21121
B317¢]
B140RI
B22241
B344RT .
B12241 .
BS0321
B50161.

CiglsB
Car44k
Cloe4b
C21e0l
cz2112€
cageape
C2o4eh

D1o48R

E12566

F1o3op
FiG1ehs

REFERENT

B3704C
Ba6SED

C1g32E
€112s0

Did168

E-TGLAS
£15920
E11860D
E15600
E1584D
£10320
E120€0
E~3034
£13520

1164+ 4E-ARSOL
B

DIGITAL COMPUTER DPERA

MAINTENANCE FOREMAK (P

KEY PUNCH OPERATOR
NIKECTORy RESEARCH AND
RECEPTIONIST
PURCHASING SUPERVISOR
MECHANICAL MAINTENANCE
LEGAL SECRETARY

TOTAL PERSGNNEL

TOTAL DIRELT PERSONNEL

DOMESTIC WATER .
SOLIC WASTE MATERIAL
NMATURAL GAS

LIGHTING

HEATING

WATER SUPPLY

FOWER SLPPLY

POLLUTED WATER: .,
EXRENDABLE ToOLS'

FUEL OIL.
FNFREGY

DESCRIPTIVE NAME

ELECTRONICS TECHNICIAN
PACKAGER MACHINE )

ELECTRICITY
WATER - COOLING
FUMES . ‘s

TOP GLASS OF MODULE
SILVER

CRATESy WOODEN

RTV 615 (SILICONE)
SILANE 1¢0X

ACETONE

-DIRORANE S5X IN -HYDROGE
42111 DEVELOPER

ISOPROPYL ALCOHOL

ANTI REFLECTION COATIN

ALITVAD ¥00d 45

Sl 39vd YNIDINO

-


http:2.31bE.09
http:17487.27
http:21697.17
http:21157.44
http:25475.27
http:23748.14
http:3.8i3E.04
http:7115'.06
http:22884.57
http:38212.93
http:29145.4b
http:23748.14
http:37781.14
http:57211.45
http:22884.57
http:26986.53
http:22884.57
http:45769.16
http:60449.84
http:6908b.50
http:57211.45
http:33679.19
http:44476.IJ
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2¢7T31E+01

1.48

40« E-NICKEL

INOIRECT REQUIREMENTS

SUANTITY

44J79E+03
2eHBuSE+0Z
Le44vE+N3
SelTSE+02
1.974E+04
la171E+0C4
2«215E+02
tle291L404
lelu4E+04
4.70GE+02
GeJETE+] 4
Te29T7E+01
4.%64E+02
2. 4E3Ew01
2.29%0E+02
T+ 192E+01
ne362E+01L
le344E-01
$a1795E-04
e 363F-07
B QQOL+0D
oMyt #4018

- L I )
Tadarl~01
Teg46E~01
ledu8F+u0
rell2F=01
"! ’-‘ 'il ""t
fald S =0
S 7231 =01
S.72%0L=01
Je7237=01
TebbeF=01
Gab34l =01
le 25RE=-01
le752E~01
Ted4ptF=-01
1.153E-G1
1a1UBE=G1
1l «655E-01
J.650E=-01
Ze4u2E~Q]
1+241E=-D1
6.500E-01
44872E=01
1e241E-01
le241E-01
1.293E-01
Pe409E~0]

‘PRICE
'57.46
42,80

47,586
108.25
‘1468
*2.00
105.25

1.27°

. «86
19.21
07
s 49.98
T.00
76496
T.00
28433
3.0¢0
148
« 20
«20

Us

It o

RENY RS
G35 .60
431745
FTH3C.70
2H1AT .44
HEIR AT TY
I FEY Y.
LU TATI S
49659.21
431THa45
21157.43
22452479

11226394
76205 .94
17832.70

113347444

113343.37
71158.06
29145445
42098.%6
B81175.44

15328434

18998451
71158.06
T115F.06
64T67.68
30224.%1

-COST
2214349,
12008k,

BHETle AZL40)
56994, "A20161
33101.A1GE6T
22407. A1Z6R]
212C8. A2028l
16406. 812461
9797« Al2721
Glue. A22081
4557. A10481
3647+ A21441
2844, A)iS21
2681. A2048B1
2276. A120K]
2038. Al22a1
257, Al3361

« AZDBAT

« Alla4]

« Al1281}

Ne AIN3Z2IN

Ne A0 IR

hzizgl
A21761

Maflue A4 0]
J2700s Blagynl
32150, B220~1]
2fe8f, A17521
AT L R T |
1vrern, BAD4QI
fHERge HEA LRI
1764864 BI2T21
1"486e RI224i
16075« bB32&H]
157.3\.- ualﬁﬂl
14896, Bl4a4ol
la4649. B22721
13398%. B204Ri
1527h. B124071
13066, R3304I
12962+ Blagal
117744 BLCBUL
1063¢&. B3S601
10445, B20%£1
1r074. B10161
$963. B1l1lEeD]
9257, B1;44I
£830. B22E6I
8830, Bl064I
#372. B21921
72Bl. B33201

RFFERINT

* - CAFETERIA

CECHANTCAL

MICKEL NETAL FOR FLATI

DESCRIPTIVE MAME
OFFICE SPACE-ADMENISTR

PLANT MAINTENMANCE AND

EXTERIOR WALLS
ANR LUKCHROO
LANDSCAPING ARD IRRIGA
JALKSy CURBS AND GUTTE
COMPUTER ROOV
PAVING

SHIPPING AND RECEIVING
GRADING

JOFFICE SFKACE- MANUFACTU .

SANITARY SEWERS

HEALTH STRVIEF FACILIT
STORY DRAING.

TELEPHONF LINES
STORAGE SPACF

AIR CONDITIOMING FACIL
NATURAL "HAS SERVICE FA
FUEL OIL SFRVICF.FACIL
FIRT LOOGP ANP G FONDAR
TOTAL FACTORY Thunp =f
Tt mlCAL PRULESS FOREM
SUPERVISLORy TRAINING
PURCHASING AGENT
PERSONNEL CLE HK
MAINTENALCI
HEGHANTGAL FHGENE R
TAFETY Y GIHEFR
GUALITY CONTROL 'YNGIN
INODUCSTRIAL tNGINEER
RESEARCH ENGINEEKR (FLE
FROCUREMFNT CLERK
SECRFTARY L1 (MIDDLF ¥
VICEF PRFSIDENTe FINAMC
CONTROLLER AND CHIEF A
MAIL CLERK

VICE PRESIBEMTs MANUFA
VICE PRESIDENTs ADMINI
SIRECTOR OFFICE ADNMINI
WAREHQUSE FOREMAR
FINANCIAL ANALYST
ADMINISTRATIVE ASSISTA
GUAKD (SECURITY)
GROUMDSKEEPER
TREASURER .

DIRECTOR INRUSTRIAL RE
PURCHASING AOMINISTRAT
ASSEMELY FOREMAN

(FEAVY - DUTY) FC .
. PAVIKG (LIGHT DUTY) FO

1+949F=01

GUANTITY
1a5R84E+03
40222F+03
4¢ THSE+02
be 3ETE+ 04
Te6T4E+02
1+ 570E+04
S« TEDE+D2
24 758C+02
44B75E+403
be T29E+02
2+000E+03
94 1K0E+01
6+ BASE+LL
24461E+03
Ge343F401
3¢ TCL1E+01
Es HTE+LO
Qe f1Y2E=05
9.376E=08

0.700F+C0Q"

1efiF1F+04
Tee tnrensy

le 414EL+00
Ted46E-D1
lelH6F+00
1e¢15GF 400
L Tettiil =ul
Se 7o 5=l
De TLNE=-N]
3.723F-01
Reb16E=02
Tet4b6b=01
44218E-01
Tert00E~01
44964F=0])
Tet4pE-01
Te446E=~11
2e 4E2E=01
2« 367TE~D1
24 452E=01
2e482E=-01
3. 723E~01
l.448E=D1
2e 4 2E=01

3.723E-01

14241E-01
24361E-01
1e448E=01
1.241€-01

1.76

PRICE

129.32 ¢

28«14
163+29
o 73
34447
le42
3675
37Te15
200
9400
2400
38.98
40418
1.04
41,98
2399
12499
o184
4400
O
0
e

2U14%9 440
4395566
24503477
C1044 .49
T2 lhe ]
Yulhaebh
I189UH 51
49655.21
190632.75
2158%.22
2670167
15998.50
2785009
17832.70
178352.70
51814.14
50734468
43178.45
42098.98
27418431
69085450
38212.90
23748.14
71158.06
35622422
57211.45%
5073468

[y

€esT
20484%.
118795,
78133,
4E4%4
2€44%.
22343
211€6€.
10395,
9745,
6053
3898.
3578,
2758,
2586
2127.
Bube
=1,

fy
0.
e

SH296 .
3272¢.
29053,
?4319.
2not .
lP Wiy
1k5212,
145G,
16425,
16078,
154 7%,
14815,
1382%.
13275
1327H.
12860.
12007
10717.
10449,
10208,
10002,
9484,
8841,
£836G.
B4ltl.
8283,
£2%6.

£1320D

REFERENT

A22561
A22241
Al1177
ALOBOI
AZ1121
Al0&4T
A21e01
Aznazl
A13821
A10187T
Al13041
Az2721
A22401
Alle01l
A21921
Alzznl
Al2401
A20561
AR2€3T

CAI2ER]

Aznant
At

AR HED
Briz»l
Bl44gl
[E430L
2000
B&2ukt
12721
£32560
B13641
B3zl
B33361
BL1921
B133¢l
B21441
Gloap]
B31248
BI349€l
B33%21
B22401
B319zl
F31441
B217€él
B321s61
B11121
B34641
E1304]
B12081

HYDROCHLORIC ACID

DESCRIPTIVE NAME
TOILET: AND -LOCKER ROOH

"SOLVENT AND CHEMICAL S

ELECTRICAL SERVICE FAC
LAND

‘MECHANICAL EGUIPMENT R

INDUSTRIAL wASTE CLARI
PASSAGES AND CORRIDORS
ELECTRICAL EQUIPMENT R

LSITE LIGHTING

FENCING

SIGNS AND FLAGPOLE
WAREHOUSE SPACE
TELEPHONE EQUIPMENT RO
LIvLIB NITROGEN SERVIC
QUALTTY CONTROL LAEGRA
STOKAGE AREA WALLS
WATLR SERVICE FACILITI
HEATING FACILITIES
VEMNTILATION FACILITIES
SECULRITY COKTROL FACIL
TOTAL LUPPORT TLODR 5P
torar HANUEAL TURINL K

ELLCTRONICS MAINTENANC
EMPLOYMFNT INTERVIEWER
SECRLTARY IIT (UPPER M
SECRETARY I
ACCOULNTANTY
FLLCTRONICS ENGINEER
MALINTEWANCE MAN (PLANT
PROGUCTION PLANNER
PRESIDENT

BOUKKEEPER

ASSENBLY OFERATIONS SU
JAMITGR

NURSEy FROFESSIONAL (G
PAYROLL CLERK

CLERK GENERAL OFFICE” (
CHEMICAL ENGINEER
PRCDUCTION SUPERINTEND
ASSISTANT PRODUCTION S
SYSTEMS ANALYST
DRAFTSMANe MECHANICAL

* DIRECTORy MANUFACTURIN

PROGRAMFERy BUSINESS
ENGINEFRING AIDE
CIRECTOR PUBLIC RELATI
PROCESS MAINTENANCE SU
MANAGERs PERSONNEL |
LAWYFRy CORPORATE:

(LOWER MAN _

-t

(BUS "
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le241E~01
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S« 2N5E~02
1l.241E-91
140~3E~01
4el3TE~UZ
E«202E~02
laf4SE+N2
2.EB0CE+01

la619E+05
17458401
He254F+04
R 4lAE-06
4.906E =02
2e274F =01
£a2TUE+D1

24301E+05-
Te393E+05

“Ge225E+04

Te W10 w0 4
o TU'E 41T,

THIS (OFPANY s w2 ETCOs
(NONE )
THE. COMPANY BALANCE SHEET IS

37675419

22884457,

44473 .80
165998 .54
61649, 64
22684.57

2374814 -,

38212495

22484.57
0.
0w .

05
204496
401
.88
".
Dl
ﬂl

-aﬂ
«00

. 2el7

0
e

€292, B1rE61
5680« B2(PCI
S51%. P26161
4718« F2112:
3751 RB3176T
2840. B14001
2573+ 511761
1581 B20K4I
1420 Bl12241

0. B50321
0« BS5LE4]

AT38. ClLO32L
3575, C11121°

394, C20e647
« C104HF

Ge CZl2ar
Ne CO096L
8. C20161

€9€« DluS6L
137. D1cBOE

1134844 E14321

fhe Flunni
0e F101HOE

2UYS THE FOLLOWING PRODUCTS

MAINTENAMNCE FOREMAN (F
NIGITAL COMPUTFR OFFRA
LCCOLNTING SUFPERVISOR,
KEY PUNCH OFERATCR
MIRECTORs RESEARCH AND
RECEPTIONIST

GUARL CHIEF

PATA PROCESSING SUPERV

* LEGFL SECRETARY

TOTAL PLRSONMEL
TOTAL MAINTENANCE PERS

LLECTRICITY
TELEPHOMF SERVICE
SEWAGE AND PROCESS WAS
FUEL OIL

VENTILATION

ALR CONDITIONING
CAFETERIA SERVICE \
SOLID WASTE

SEWAGE WASTE

GFFICE SUPPLIES

NATURAL 1/A5
WATE I

NGT YET IMPLEMENTED

THE COMPANY INCONME STATEMENT IS MOT YET IMPLEMENTES

FRGM UTHE

le028E~01
1+241E-01
Ba618E-D2

6e205FE=p2 "

le241E~01
bGe IZ0E~G2
6e 205E~ 02
4o 0L5F~02

C1e640F=-02

3. GUSE+01
Te G4EE+0]

3. 463E+05
2« 321E+04
T«302E-04
24794 +06
T« SPHE=0L
Je 4u2E+0S

1e156E+01

JeGH2E+05

1. 045E+04

Te2t7 =0T
TeHTINE+DY

CUNPANIES:

1
57211 .45
45769416
57211445
£5085450
269864.53
E7211.45
37781414
35622.22
T1158.06
0 -
0

.01

olb

203
Oe
0.
(i
0"

« 00

217

Ne
Oa

B%1E
56080
4930
4287
3345
2815,

22697

the
De

B128k1
Bro321
gelasl
£31601
Bl13e6krl
813201
B22241
B35441
B109s1
BEO4E1
BEO1elL

Cl016E
C2l44p
Cloesk
C21a01l
ca21r12e
czaaot
C204588L

D104AE

12560

FlLO3nh
F1olel

MANAGEKs COMPENSATIUNS
AUDITORe INTERNAL
MANAGERs LATA PROCESSI
DIRECTORs CLALITY CONT
PERSONNEL CLERKs SUPER
MANAGERs SECURITY AND
PURCHASTING SLPERVISOR
WAREHOUSE AND MATERIAL
DIRECTOR PLANT MAINTEM
TOTAL STAFF PERSONNEL
TOTAL DIRECT PERSONNEL

DOMESTIC WATER

SOLIP WwASTE MATERIAL
MNATURAL GAS

LIenTing

HEXTING

WATER SUPPLY

POWER SUPPLY

POLLUTED WATER

EXPENDAPLE TOOLS

Futl olL
FNFRGY
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http:69449.84

CURRENT TECHNOLOGY (PHOCESS DESCKIPTIONS IN CORE)

PROCESS: 1.01 ¢ LOAD BUFFERs LOAD STARTING SILICON WER INTO 3M X 3M FRAME
PRODUCT: RAWWEP o+ UMCLEANED STAFTING WEB
PRODUCES: 5000.0080 CH2/MINUTEy TAKING 154000 MINUTFS/CYCLF

OPERATES 1.00 OF THE:TIME THE FACTORY IS UPERATING
COMPOKENT: CULF1.01s LOAC BUFFFP
COST:  10000. $(1976) INSTALLATION? 1000 $€1976)
SALVAGE VALUE: 0s 101976) AFTER 7.0 YEARS
QUANTITY 2.315E+69 CM2/YEAK AT 20031 $(1975)/CM2
NUMBER OF 1.01 MACHINES = 1.0004 GF WHICH .06B ARE IDLE
FACILITIES AND PFRSONNEL
9.700E+01 Sue FTe OF A2064Ds YANUFACTURING SPACT (TYPE A)
1S REGUIRED BY EACH CCPY CF PROCESS 1.01
34300E-01 PPSA*YRS GF PI064C, GENERAL ASSEMBLER (FLFCTRORICS)
1S REGUIRRD EY EACH CGPY UF PRGCESS 1.01
UTILITIES AxXD COMMOLITIES
#eD0NF-62 K HRe OF C1032By FLFCTRICITY
15 RFGUIKED EVERY OPERATING MINUTE BY FACH COPY OF PROCESS 1.01
F.000E+03 Ci'2 OF E=WEBCUly SILICUN REB
1S REGUIRFD EVERY OPERATING MINUTE BY FACH COPY OF PROCFSS 1401

PROCESS: 1.02 + CLLAN wEBs WEZ IN FRAME IS5 WASHED IN ACETONE AND DRIED
PRODUCT: CLEANWER + CLOCAN WER IAN FRAME
PRODUCES: SCGU.00LL CHMS/NMINLTCy TAKING 18.000 KINUTES/CYCLE

OPERATES 1.00 OF THF TIME THE FACTORY IS OPERATING
COVMPONENT: CLEANFRLs WASHER FOUR MEB IN FRAMES
CLSTs 100060« 2¢1976) INSTALLATIOAZ 100U T(1976)
SALVAGE VvALUE: Us *(1976) AFTEn Ta0 YEAKS
CUANTITY 2.315F+09 CM2/YEAF AT «0032 1(1975)Y/CM2
NUMSER 9F 1.02 MACHINES =  1.000s 0F WHICH 06 ARF IDLE
FACILITIES ANG PERSONNEL
F,7O0E+01 Sh. FT. OF A2CA404 MANLFACTURING SFACE (TYPE A)
IS REGUIRED RY EACH COPY (OF PRGCESS 1.02
3.300E-01 PRSN=YRS OF RIo64Dy GENERAL ASSEMBLEFR (ELECTRONICS)
IS REGQUIRFG BY EACH COPY OF PRACESS 1.02
UTILITLIES AAND COMMILITIES
1.000F-02 Ku HRe OF C1032Bs ELECTRICITY
12 REGLIKED EVTRY QPERATIAC MINUTE BY CACH COPY OF PROUCESS 1.02
1.29%E~ul L%%. OF E10320+ ACETONE
IS RESUIREN EVERY OPERATING MINUTE BY EACH COPY OF PRCCESS 1.02
INTRA-INOUSTRY PRODUCTS .
EACH ONE CMZ? OF RAWWEBy UNCLEANED STARTING WEB,
"PRODUCES 1.0C00 CM2 OF CLEANWEBs CLEAN WEB IN FRAME

9%

PROCESS: 1.03 s OXIDE CEPCSITIOMN
PRCTUCTS BOXVWER + GXIDE COATED wER ,
PEILUCETY 000070 CM2/MINUTES T/KING 15,0600 MINUTFS/CYCLE

VETELITL 1400 LF THE TIME THE FACTORY IS OPERATING
TLYPLMENTY BOXMACe OXIDIZING FURNACE

CaST: 20G000. 3(1S5T6) INSTALLATION? 1000 $¢1976)
SALVAGE VALUE: Be 1(197F) AFTER 7.0 YEARS
QUANTITY 2.315E+409 CH2/YEAR AT 20032 3(1975)/CM2

NUMBER OF 1.03 MACHINFS = 140009 OF WHICH 068 ARE IDLE
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FACILITIES AND PFRSONMNEL™
4.8G0E+01 SGe FTo OF A2064Ds MANUFACTURING SPACE (TYFPE A)
1S RFIUIRED 8Y EACH COPY QF PROCESS 1.03 :
1.7005-01 PRSN%YRS OF B36T720s CHEMICAL CPERATOR 11
IS REGUIRED BY EACH CCPY CF PRUGCESS 1.03
UTILITIES AND COMMORITIES
7.000E=04 CUs FTe OF ClOKuDy NITROGEN (LIQUID) v
15 RFGUIRER EVFRY CPERATING MINUTE BY EACH COPY OF PROCESS 1 03
2.000F~02 LBSe UF E1584Ds SILANF :l00% -
IS REQUIRED EVLRY CGPERATIRNG MINUTE BY EACKH COPY OF PROCFSS 1.03"
Ha500E=02 KW HRs OF Cl032Bs ELECTRICITY
18 REGUIRED EVFRY OPERATINC MIMUTE BY EACH .COPY OF PROCESS 1.03
INTRA~INDUSTRY PROOUCTS
EACH ONE CHM. OF CLEANWFRy CLEAN WER IN FRAMF,
PROGUCES (.00080 CM2 OF RBCXWERy OXIDE COATED WER

1

PROCESS: 1404 + CVD BCRCN
PRODUCT: OXWER vy BORCN DEPCSITION
PRODUCESS 503040006 CH2/MINLUTEs ' TAKING 15000 MINUTES/CYCLE

"OPERATES 1.00 OF THE TIME THE FACTORY IS OPERATING

COFPONENTS C¥MACw ,CVD BGRUN COATING APPARATUS
CNST: 200000, $C1976) INSTALLATIOM? 100U $¢1976)
SALVAGE VALUTS O« %¢19T7RY AFTER Telh YOCARS
GUARTITY 2.3156+09 CM2/YEAR AT ~03Z $£{1975)/CVv2
NUMMER OF 1.04 MACHIMFS = 1.000y OF WHICH L06% ARF IDLE
FACILITIES #ND PERSONKEL )
4450GF+01 Sue FTe UF A20€40y VANUFACTURING SPACL (TYPE Ay
1S RELUIRLD BY F2CH COFY GF PROCESS Leb4
la700UL=51 FASHM*YRS OF 836720y CHEMICAL GFERATCF II
TS RFuUIKED BY FACH CUPY OF PROCFSS l.04
UTILITIES AWD COMMOLITIES
£.501E=UF KW hR. OF C1822by ELCCTRICITY
I8 REGLIRED EVERY OPERATING MINUTE BY EACH COPY OF PROCESS 1.04
2.000E~02 L°S. COF £1%840y SILANE 100¥
I8 RECUIRED EVFRY UPERATIMNG MINUTE BY EACh COPY OF PROCESS 1.04
#eS00E-02 CLUe FTe OF E120&Ns DIBORANE 5% IN HYDKOGEN .
IS RCQUIRET EVFRY OPERATINL MINUTE £Y FACH COPY OF PROCESS 1.04
1.2006=01 €U, FT, OF C11280y wATFR_~ COOLING
I8 REGLIRED EVERY CGPERATING MINUTE RY EACH COFY OF PROCESS 1.04
INTRA-THDUSTRY PROOUCTS
EACH ONE CM? GF FOXWEBs OXIDE COATED WET,
PRGDUCES 1.0000 GM2 OF GAWEBs BOPCN GEPCSITION

fFROCESS: 1.05 + HFOKON NRIVE

,PRODUCT . PUIFFWEBR o BOPON DIFFUSED WER

PRODLCES: 5000.,0000 CH2/MINUTES TAKING 15000 MINUTES/CYCLE
QPERLTES 1.00 OF THE TIME THE FACTORY IS OFERATING
COMPONENTS BOMAC, DIFF FURNACL
COST: 383000 3(19278) INSTALLATION? 1900« 1€1978)
SALVAGE vaALuE: 0. T(1976) AFTER 7.0 YEARS
QUANTITY 2.31SE+409 CH2/YEAR AT «0034 019745 /CH2
NUMPER COF 1405 MACHINFE = 1.000y OF WHICH L06& ARF IDLE
FACILITIES AND PERSONNEL
S«00DE=-01 PRSN~YRS OF B3672Ds CHEMICAL CPERATCR II
IS REGUIRED TY EACH COPY OF PROCESS 1.05



8%T

9« T7O00E+U]1 Sus FT. OF A2064Dy MANUFACTURING SPACE (TYPE A)
IS REQUIRED ‘BY EACH COPY OF PROCESS 1.45
UTILITIES AND COUMMCRITIES
1.360E-01 K¥ HR. OF C1032Bs ELECTRICITY
IS RELLIRED EVFRY OPERATIAG MINUTE BY EACH COPY OF PROCESS 140%
14200E-81 CU., FT. OF C112RDs WATER = COOLING
IS REWUIKEDR EVFRY OPERATING. MINUTE BY FACH COPY OF PROCESS 1.05
INTRA-INDUSTRY PRODUCTS
LACH GAL CMP OF OUXWEBe BORON UtPOSITIONo
PROPLCES 1.0000 CM2. OF FDIFFJEBy BORON DIFFUSED wEB

PROCESS: 1.06 y COOLIAG BUFFER

PROOUCT: PCOOLWEE o« COOL RORON GIFFUéED WER
PROGUCES? SO000000 CHM2/MINUTEs TAKING 150060 MINUTFS/CYCLE

OPERATES 1400 OF THE TIME THE FACTORY IS LPERATING
CGMPONENTS COLBUF1le COOLING STATION
) CLST: 16300. %(1576) INSTALLATIONS 1000. $€1976)
SALVAGE VALUE: Go 3¢197¢) AFTEF 7.0 YEARS
QUASTITY 2.315E+409 CM2/YEAR AT 0034 $(1975)/CM2
NUMYER GF 1+06 MACHINES = 140G0s OF WHICH L0682 ARE.IDLE
FACILITIES AND PERSOMNEL.
S.T04E+01 SC» FT. OF AZ2UE4Dy MANUFACTURING SPACE (TYFE A}
15 REGUIRED 8Y EACH COFY OF PROCESS 1.06&
1.000F=01 PPSh+*YRS GF B36720s CHEMICAL OPERATOR II
IS REGUIRED BY EACH COPY CF PROCESS 1.06 -
UTILITIFS AND COMMOGITIES .
LoTihub =40 Ka 1R. OF C1O3DEy [1ECTRICITY .
P b antRET Py Ol RATING BENUTE DY | AGIH FOPY UF PROLESD 1ebs
TThwsluLU TY PHGLULCTS
LACe OLE CM} UF PUIFFUEB sURCN DIFFUSEL WEBE.
FRODLCES 1.6n00 (M2 OF PCOOLWEBRy COOL BORON NIFFUSED AEB

PRGCESSS 1.07 + ETCH CYINDF
PRODLCT: BOXETCH 4 w
PRODUCES: S000.00104 CH2/MINUTEy TEKING 15000 MINUTES/CYCLE

OPERATES 1.00 OF Thi TIME THE FACTGRY IS UPFRATING
COMPONTNTS PUXETCHER, ETCHING UNIT
CLSTS  20000. TC1976) IMSTALLATIONS 10004 .701976)
SLLVAGE VALUE: 20L0s 1¢1976) AFTER  Teu YEARS
QUANTITY 243150+0% CMD/YEAR AT L0034 $C1575)/CH2
NUMPER OF 1.07 MACHINES = 14000y 0F WHICH 068 ARF IDLE
FACILITIES AND PERSONNEL
9,700F+01 Sus F1e. OF A20640y MANUFACTURIMG SPACE (TYPE A)
IS KFYLIREY Y EACH COPY OF PROCESS 1407
4.000E-01 PRSA*YRS CF DB3ET720s CHEMICAL CPERATOR II
IS REGLLIRFD ®Y EACH COPY OF FROCESS 1.07
UTILITIFS AKD COMMOZITIES . '
1.269E-01 LBS. OF E132ADs HYCROFLORIC ACID,
IS RE4UIRED EVERY QPERATING MINUTE BY EACH COPY OF PROCESS 1.07
24000E=02 CUs FT. OF C114404 WATER ~ DEIONIZEL
IS REGUIRED EVERY OPERATINC MINUTE BY FACH COPY OF PROCESS 1.07.
11.670E-02 KW HRe OF C1032Bs FLECTRICITY
1S REGQUIRED EVERY OPERATING MINUTE BY EACH COPY OF PROCESS 1,07
1.600E=02 GALLONS OF D1032Dy POFSONOUS ACID
1S REQUIRED EVERY OPERATING MINUTE BY EACH COPY OF PROCESS 1.07
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INTRA~INDUSTRY PRGDUCTS
EACH ONE CM2 CF PCOCLWEBs CLUL BORON UIFFUSED WEB«
PRODUCES‘ 1.0000 CH2 OF ROXETCHs

PFROCESS: 1a08 » PGCL3I DIFF
PRODUCT: KRIFFWER , JUNCTION FORMATION o )
PRUDUCES?: .S5CN040000, CMP/MINUTEy TEKING 30.000 MINUTES/CYCLE .
UPERATES 1.00° oF THE TIME THE FACTGRY IS OPERATING
COMPONENT: NFURNACEs *
COSTS 3400004 $C197¢) INQTALLATION; ©1000e $(1976)
SALVAGE WALUEY , 1000C. 40197t} AFTER 7.0 YEARS
GUANTITY 2.315E+09 CHM2/YEAR AT +0036 $C1875)/CK2
HUMBER OF 1,06 WACHINES = 1.000s OF WHICH 4068 ARE IDLE
FACILITIES AND FERSONNEL .
L Le940E+02 SGo FTe OF AZ064D° MANUFACTURING «SPACE (TYPE A)
15 KLGUIRRY) BY EACH  COPY OF PRUCESS leL%
Fe000F~01 FhiheVYhs OF RAIATPAD, CHEMICAL DEERATOR 11
IS REQUIRCD PY LACH COPY UF PROCESS 1.0k
UTILITIES ARD COMMCDITIFES
3.000L=03 LES. OF E1504Dy PLCT
IS REGLIREL, FVERY CFERATING MIMUTE BY EACH COPY OF PROCESS 1.08
2.210E-01 KW hRe OF Clu32&y ELECTRICITY:
IS RCGUIKED EVFRY OPERATINC MINUTE RY EACH COY OF PROCESS 1.08
2.100£=01 CUs FTo DF C1128D, WATER = COOLING
I$ RFGUIREL LVERY OPERATING MINUTE 8Y LACH COPY OF PRUCESS 1.08
INTKA-I%DUSTRY PROTUCTS
JEACH ONE CF "GF LOXETCHe »y
FROTLCES 1.0000 (M2 OF (CIFFWERY JUKNCTION FORMATION

PROCESS: 1.0% + CCOLING BUFFER 7

PRODUCT: NCUOLWEB « COCL AFTER FOCLS DIFF

PHODUCES: 5000.0000 CM2/MINLTEs TAKING S0e 0G0 MINUTFS/CYCLE

GPERATES 1.00 OF THF TIME THE FACTORY IS QPFRATING !
COMPONENT?: BUF1.6Yy COOLING LUFFFR

CLST: 10000, 2(1978) INSTALLATICLS, 10604 1(1976)
. SALVAGE. VALUEZ ) Bo. iC197£) AFTEF 740 YEARS !
GLANTITY 243150409 CM2/YEAP AT «0036 3C1975)/CH2
MNUMEEF OF 1.09 FACHIWES = 1.004s OF WHICH «06F¢ ERE IDLE

FACTLITIES AND FTRSONNEL
9.7O00F+N] SG+ FT. OF A20E4Ds MANUFACTURING SPACF (TYFE 1)
IS REQUIRED BY EACH CCPY UF PROCCESS 1.09
1.00NE=01 PRSN*YRS OF-B36720+« CHEMICAL OMERATOR Il
IS REGUIRED FY EACH COFY OF PROCESS 1.n9
UTILITIES AMND CCMMGLITIES
9.000F-03 K HRe OF Cl032Ps ELECTRIC[TY
IS REQUIREDL EVERY OPERATINS MINUTE BY FACH COPY OF PKOCESS 1409
INTRA-INDUSTRY PRODUCTS '
EACH ONE CMP? OF NOIFFWEBs JUNCTION FORMATION,
PRONUCES 1.0000 CM2 OF nCOOLWEB. COOL AFTER PCCL2Y DIFF

PROCESS: 1.10 v+ ETCH PHOS GLASS
PRUDUCT: PLTCH r .
PKODUCES: 500040000 CM2/MINUTEs TAKING 15000 MINUTES/CYCLE

OPERATES 1.00 OF THE TIME THE FACTORY IS OFERATING
COMPONENT: PETCHERs HF/D1 ETCHER
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COST: 20000« ${1976) INSTALLATIOMNS 1000« $(1976)
SALVAGE vALUE! | 2000. $(1976) AFTER 7.0 YEARS
QUANTITY 2.315C+0% CM2/YEAR AT <036 SL1975)/CM2
NUMBER TF 1.10 YACHINES = 1.000y OF WHICH L0685 ARE IDLE
FACILITIES AND PERSONNEL . -
"D«TMOE+0T S.s FTa OF A2064Ds MANUFACTURIEG SPACE (TYPE &)
1S REQUIRKD HY EACH COPY, CF PRGLCESS 1.10
« S54000PE-01 PRSN*YRS CF 336720 CHALMICAL OPERATCR’ II
. 1S REGUIRLD 8Y EACH COPY QF, PROCESS 1.10
UTILITIES ARD COMMOPITIES
1.263€-01 L88. OF E13280y HYOROFLORIC ACID
IS REGUIRED: LVERY OPERATING MIMNUTE BY ECACH COPY OF PROCESS'1.10
2+000E-02 CU. FTo OF C1144Ds WATER = DEIDNIZED
IS KEGLIRED FVERY OPFRATING MIYUTE BY FACH CoPY OF PRUCESS le10 |
3200802 Ku HRs OF Clnu_ranLECThICITY
15 REQUIRFD FVERY OPERATINE MINUTE BY EACH COPY OF PROCESS 1. 10
1.60ME~02 GALLONS OF DI1G32D+ POISONOLS ACIP
IS REQUIREL EVERY CPERATING NIuUTE BY EACH COPY oF PROCESS 1.10
INTRA=-INBUSTRY PRODUCTS
EiCh OKE CM2 OF NCOCLWEE. COOL AFTER JFOCL3 DIFFq
FRODUCES 1.080C CF2 OF PETCHy +

PROCESS? 1.11 ¢+ PROCESS 1 OUTFUT PUFFEP
PRODUCT: BPETCH . * .
PRODUCES? 5000.0000n CM2/MINUTES TAKIWNG 15400 wINUTES/CYCLF
TPTRATES 1.00 OF THF TIME THE FACTORY TS OFER: TING
rnrluhrn1' Wl ieily +
TR Lavuge 301 %) e 1AL LAty Innkke 16§t
. SOLVAGE VALUE e 4 ie) AE TR 7o "YLAKS
QUANTLTY 2,3150+09 CH2/YEAR AT | 20037 T(1975Y/CK2
NUMBEF OF 1,11 FACHINES = 1.007, OF WHICH 406¢ ARE IDLF
FACILITIES AND PERSOMDEL .
9. 709F+u1 St. FT. OF A2864Dy MANLFACTURLAG SPACE (TYPE M)
IS  REQUIRET PY EACH COPY OF PROCESS 1.11
HufNUAE=01 PRO VYRS OF BAILT20 CHEMICAL UPFRATOR 11
' RYGLIREN MY FACH COFY ov PRICES i1
LTILITY 'L CevrCIITIES
leTu z=ud bt 54 OUF Tlul2ke ELECT~ICITY
15 REGUIRF® Fufhy oprrrrxmr MINMUTE RY FACH CGPY OF PROCESS 1.11
INTRA-INDUSTRY PRODUCTS
EACH ONE C#2 GF PETCh) 44
FRODUCES 1.0000 CH2 OF FPETCHy +
PROCESSE 2401 + INPUT GUFFER 16 PROCESS 2 ’
PKRODNUCT: FRPETCH o HOLDING BUFFEP
PrODUCFSS S00040000 CM2/7MINLTE, TAK]NG 15,000 MINUTFS/CYCLE

GPTRATES la0n oF. Tut TIMF THE TACTORY T5 OPLCR/TING

COlGUERYS tuienily HOLLIAG STATION
LIS 1 il 1(LY70) JHLTALLATIUNS 1000. $(1274)
WILVAGE VaLUR? e 1(107r) AFTE:  Tel YEARS
WUANTITY 2,.%15F+03 CM2/YEAR AT D037 $¢1975)/0M2
NUMBER CF 2.01 MACHINES = 1le0UUGsy OF WHICH .06} ARE IDLE
FACILITIES AND PERSONNEL ¢ o
9.TO0E+0]1 S8a FTe OF A2064D¢ MANUFACTURING SPACC (TYPE &)
TS REQUIRFD BY EACH COPY OF PROCESS 2.71
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1.000E-01 PREM+YRS OF B3672De CHEMICAL OFERATOR TI
15 REGUIRED 2Y EACH COPY OF PROCESS 2.91
UTILITIFS AND TOMMORITICES
6.000C-03% Ky HR. OF C10328s FLECTRICITY
IS REGUIREL EVECRY OPFKATING MIKUTE BY EACH COFY OF PROCESS 2.01
INTHA-INDUSTRY PRODUCTS
EACH ONE CMDP CF “2PETCHy *4
PRODUCES 1.0000 CM2 CF BBPLTCHe HOLDING ©UFFER

PROCESS: 2.02 y ANTI REFLECTION COATING DIP AND DRAIN
FRODUCT: ARDIF I . . .
PRODUCES: 5000.0000 CM2/MINLTE, TAKING 15.000 MINUTES/CYCLE
OPERATES 1.00 OF THE TIME THE FACTGRY IS QOFERATING
COMPONENTS ARTARKy AR CLATING TAWK
COsT: ANUGD. 319760 INSTALLATIGK: 1000, $(1976}
SALVAGE VALUF: 2000, TC197£) AFTER 7.0 YEARS
GUANTITY 2.215F+0% .CHR/YEAR AT «0037 $C15TH)/CH2
NUMEER OF 2.02 MACHINES = 14000+ OF WHICH L06R ARF IDLF
FACILITIES AND FrRSONNEL .
1.700F+01 Sie FT. OF A20640y FAWUFACTURING SPACE (TYPE &)
- 18 RFGLIRFY FY EACH COPY ©F PROCISS 2.00 .
2.560E=u1 PRSN+*YKS UF DB3e720y CHIMICAL OPERATCR II
Is RFGUIKED PY EACH COPY OF PROCESS 2.n2
UTILITIES %D COMMGRITIES
I+6B60F~N3 GALLUNS NF E13520¢ ISOPROPYL ALCOHIL
IS5 RFLLIREN FVERY OPFRATING MINJTE BY TACH COPY OF PROCESS 2.02
$.00UERC3 K¢ WRe CF ClU32He ELECTRICITY
I8 RFLUIRTN CVERY CGPERATING MINUTE BY FACH COPY OF PROCESS 2.02
1.3G9F=05 LITLRS OF E=ARSOLy ANTI REFLECTION COATING SOLUTION
15 REGUIRED EVERY OPERATIMNG MIWNUTE BY LACH COPY OF PROCESS 2402
INTPA-IRDUSTRY FiGLUCTS
EACH OMF CHM* OF FPPETCHy HOLDING BUFFER
PRODUCES 1.0000 CFM2 GF ARDIP4 =

PRUCESS?Y 2.03 * ¢ CURE AR CGATING

PRODUCT S AREAKRE LI '
FHODUCESS LP0C.0000 CF2Z/MINLTF. TEKING 15.000 MINUTES/CYCLE

CHERATES 1.00 OF TrF TIKE THE FACTURY IS OPERATINMG
COMPUNENT: A«FCEy BAKE OVEN
CusT: 20000. $01976). INSTALLATIGHT . 1000. FC1976)
SALVASE VaLUT 3 200U« $(1974) AFTE®. Toft YEARS
GUANTITY 2431%E+0% CHM2/YEAL AT «0037 $(1975)/CH2
NUNBER OF 2403 YACHINES = 1.060s CF WHICH WUE# ARC IDLE
FACILITIES &ND PERSONNEL
4.8000+01 SGe FTe GF A2064Ds MANUFACTURING SPACF (TYPE A)
IS5 REGUIREDL 8Y EACH CCPY F PRCCESS 2.03 ’ '
1.800E=-01 Pr3N*YRS OF 826720 CAEMICAL OPERATOK 11
IS REGUIRTO RY EACH COPY OF PROCESS 2403
UTILITIES AND COMMODITIES,
7.500£-02 KW MRa OF C10328¢ ELECTRICITY
I8 REQUIRED EVERY OPERATING MINUTE BY CACH COPY OF PROCESS 2.03
64000E-02 CUs FT, OF C1128D+ WATER = COCLING
IS REQUIRED EVERY OPERATING MINUTE BY EACH COPY OF PROCESS 203
INTRA=INDUSTRY PRODUCTS
EACH ONE CM>? OF ARDIPy #y
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PRODUCES 140000 CM2 OF ARBAKE, «

PHOCESS: 2404 + PHOTOQRESISY DIP AND DRAIN
PRODUCT: PRDIF y * )
PRODUCES: S000. 600y CM2/MINLTEs TAKING SeUUl MINUTES/CYCLE

OPERATES 1400 OF THE TIMF THE.FACTGRY IS OPERATING
COMPONENTE PRTANKs o
CuSTE:  60000. %(1976) INSTALLATIONS  * 10004 $¢(1976) °
SALVAGE VALUE: 3000 3¢1976) AFTER 7.0 YEARS
GLANTETY 2,3156+09 CF2/YEAR AT «0038 $¢19753/CM2.
NUMBER OF 2,04 MACHINES™ = .1.000s OF WHICH. «06K ARE IDLE
FACILITIES AND- PERSONNEL
2.500F-01 PRSN#YRS OF B3672Ds CHEMICAL OPERATOR II
IS REQUIRED BY EACh COPY OF PROCESS. 2.04 :
1.B00E+0L Sis FT. OF A20640y MANLFACTURING SPACE (TYPE A)
15 RFWUIRED BY EACH COPY OF. PROCESS 2.04
UTILITIES AMD COMMODITILCS
9.000E-03 KW HR. OF C1032By ELECTRICITY .
1S REQUIRED EVERY OPERATING MINUTE BY EACH COPY OF PROCESS 2.04
3.700F-03 GAL OF E~-A2111y POSITIVF PHOTO RESIST

IS REQLIRED £VERY CPERATING MIMUTE. BY EACH COPY OF PROCESS 2.04
 INTRA~INDUSTRY PRODLLCTS

EACH OME CM2 OF ARBAKEs *»o
PROGUCES 1.0000 CM2 CF PFDIPw '«

PROCESS: 2.05 + CURE PHOTORESI1ST
PRODUCT: PRAAKF A
PLIUCESS S0BG0G0L CHO/MINUTE s TAKING Teta'0 MINUTES/CYCLF

OFLHATES 1400 OF TwE TIME THL FACTORY 15 OPERATING
COMPUNENTS PRFCLCs :BAKE CVEN
C- 8T 2LCON, L1978 INSTALLATIOM? 10004 2(1976)
SELVASE VALUF:- 1000, 1€1976) AFTEF Te( YEARS
QUAKNTITY 2.315F+09% CM2/YEAR AT «003% $(1375)1/CM2 -
NUMBER OF 2405 MWACHINES = 1.0004 UF WHICH .06k ARE IDLE
FACILITIFS AND PFRSONNEL '
4.800F+01 SN. FTe OF A2064Ds MANUFACTURING SPACLC (TYPE B)
IS RFRUIREC 8Y EACH CULPY UF PRCCESS 2.0% )
2.500E=-01 PRSN*YRS OF PI6720s CHEMICAL OPERATOR II
IS REGUIFRLD ‘BY EACH CCPY OF PﬁOCE“S 2.68
UTILITIES AND COMMUNITIES
1.700E=02 KW HRa OF Cl032FP¢ FLECTRICITY

IS REGUIRED EVERY OPERATING MIAUTE BY EACH COPY OF PROCFSS 2.0%
INTRA-INDUSTRY PROCUCTS

EACH ONE C™I OF PRODIFg 4
PROGULCES  l.0000 CM2 OF FHWBAKEs #

PROCESS: 2.0¢8 © % UNLOAL CAESSETTE FQF PR EXPOSUKF
PRODUCT: UNLCAS ' * . ’ .
PRODUCES?: S000.0000 CHM2/MINUTEs TAKING T«SN0 MINLTES/CYCLE

OPTRATES 1400 OF THE TIME THE FACTORY IS OPERATING
v COMPONENT® UNLOADRER1y + . )

CNsT? 3000N. 3C1978) INSTALLATIONS 1060. 3{1976)
SALVAGE VALUF: 2060 FL1976) AFTER TeD YLARS
QUANTITY 2.315tL+09 CM2/YEAR AT «D039 101975 /CH2

NUMBER OF 2406 MACHINESE = 1.000L4 OF WHICH 0601 ARE IDLE
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FACILITIES AND PERSONNEL
4aFGOE+GL Siie TTe OF A2064Dy MANUFACTURING SPACE (TYPE 2)
I¢ RTQUIRLE PY EACH CLPY.ULF PROCESS 2.04A
2e500E=0F PRYNsYKRS OF B36720s CHEMICAL OPERATOR 11
S REGUIREw RY EACH CORY OF PROCFSS 2.08
UTILITIES AND CoMMCUITIFS
HaQUGE=-03 KW bRa QOF Cl032Be ELECTRICITY
Is REGUIRED EVIRY OPEKATING MINUTE BY EACH COPY GF PROCESS 2.06
INTRA~INOBUSTRY PRLOUCTS
EACH ONE CM2 UF PRBAKEy *4
PROGLCES 1.0000 CM2 OF ULUNLCASy «

PROCESS: 2.47 + EXPOSE PHOTORFSIST ON SINGLE WEB LENGTHS
PRODUCT: EXPPR - )
PRODUCES? 200640001 CM2/MINLTFs TAKING 16,000 MINUTES/CYCLF

QPERATES 1.00 OF ThE TIME-THE FACTORY IS UPERATING
COMPONENT I TXPPSFRe » ’

CLsST: SHonu. $(187A) - INSTALLATION? 1000. %(1976)
SALYAGE VALUES 3ule $(197%) AFTEF 7au YEARS
QUANTITY 2.3152+40% CM2/YERK AT «0032 $(1975L)/CM2

NUMPER CF 2.07 "ACHINES = 14000y 0F WHICH +06% "ARE IDLE
FACILITIES AND PERBUNNEL
6+5C0E+01 55, FTe OF AZ0&4Dy MANUFACTURING SHACE (TYPE A}
1f KTWLIRED TY EACH COPY LF PROCFSC 2.07
2.50ME~01 PRSNYRS CF B3672Ds CHEMICAL OPERATOR II
I$ REQUIKED PY EACH COPY OF PROCESS 2.07
UTILITIES ALD COMMOGDITIES N
.34400E-02 Kw HRW OF C10328¢ tLECTRICITY
15 RFUIRED FVERY OPERATING MINUTF, BY CACH- COPY OF PRQCESS 2.07
INTRA-INDUSTRY PROLUCTE
EACH ONF CM> OF UNLCASe #4
PROTUCES  1«0000 M2 OF EYPPRy *

PRUCESS: 2.08 < RELOUAC CASSETTE
PrODLCTY LDCRS LI
PROUOLCESY LadbueOLL. LIP2/MIKNUTE s TAKINA TSN FINUTEFS/CYCLE
NPERATES 1.00 OF TH[ TIWME THE FACTOURY L[S .CPERATING
CAHv¥POUNENTS LOADFR2,y *
C 8T 311000, 31976} I+ STALLATIONE 1000e 1€1%76)
SALVACE vALUE: 2000a 3€1%76) AFTER Teu YEARS
GUANTITY 2.316E+0% CMA/YEAR AT «0037 $01978)/CM2
NUMBER UF 2.0¢ LACHINES = 1aU40s OF WHICH L0669 ARE JDLE
FACILITIES AND PFRSONNFL
4+ HONE+01 ST FTe OF A2064Ls "MANUFACTURING SFACE (TYFE M)
Is REQUIREY oY EACH CUPY LF PRUCESS 2.08
S«00NE~U1 RRSN*#YRS OF R36727De CHEMICAL OPERATOR II
15 REGUIRED ¥Y EACH COPY OF 'PROCESS 2.08
UTILITIES AND COMMODITIES
2.000F=N3 Kw HR. OF C1032By CLFCTRICITY
IS RFQUIRED EVFRY OPFRATINAG MINUTE BY EACH COPY OF PROCESS 2.08
INTRA-INDUSTRY PRCGDUCTS
EACH ONE CHK2 OF EXPFRge »»
PRODLCES 1.0000 CM2 OF LDCASy »

PROCESS: 2.09 » DIP DEVELCF EXPOSEL WEB
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+ PRCDUCESS S000.0000- CM2/MINUTE' TAKING 2.000 MINUTES/CYCLE

TRET

OPERATES 1,00 OF THE JIME THE FACTORY 1S OPFRATING
COMPONERTS: TIPTANKy +
CCST: 20000. HC1576) INSTALLATIONS 1000 $(1976)
SALVAGE VALUE:- 20004 3t197A) AFTER 7.0 YEARS
QUANMTITY 2.315F+09 CMA/YEAR AT WND4N™ TC1978)/CH2 .
- NUMoER OF 2,09 MACHIARES,® 1.000s OF UHICH «068 ARE IDLE
FACILITIES AND PERSONNEL:
1.500E+01 S3e FTe OF A2064D4 MANUFACTURING SPACE (TYPE M)
IS REGUIRED BY EACH CUPY CF PRGCESS 2.09
2.000E-01 PrSA*YRS OF.DB3E672Dy CHEMICAL OPERATOR IT
15 REQUIRED BY EACH CCPY UF PRODCESS 2409
UTILITIES &£ND COMMOOITIFS
440D0FE~0G2 GAL CGF E~Z02As AZ111 DEVELOPER
IS REGUIREL EVFRY QPERATING MINUTE BY EACH CORY OF PROGCESS 2.09
1«709F=0'2 K& HRs OF C1032R8, ELECTRICITY
IS REGUIRED EVFRY QPERATINSG MINUTE BY CACH COPY OF PROUCESS 2.09
INTRA=I"DUSTRY PRUDUCTS
EACKH OMF CM OF LOCASy #4
PHCCLUCES " 10000 CM2 OF DIPDE, *

PROCESS?® 2410 .+ PPOTORESIST CLEANUP
RRODUCT: PHCUP . >
PRODUCES: £r00e0004d Cri2/MLINUTEs TARING 15.800 MINUTFS/CYCLE

"OFERATES 1.00 OF THE TIME THE FACTORY IS OPERATING
COMPOLENT?: DIPTAMKs ACETONE TANK
CosTs 2000G. H(1976) INSTALLATIGH: 1000. $¢(13976)
SALVAGE YELUES 2000. 1(1376) AFTER Te0 YEARS
QUANTITY 2.315E+09 CHM2/YEAK AT «0040 3€1975)/7CN2
NUMRER OF 2.10 MACHINES = 1.000y OF WHICH L0668 ARE IODLE
FACILITIES AND PERSCMNFL
1.500E+0)1 Sue FTe OF A20Uc4Ds MANUFACTURING SPACE (TYPE &)
15 RFUUIRED 2y EACH COPY 07 PROCESS 2.10
24000F-01 PRSU*YRS OF B3I672C, CHEMICAL GPERATOR Il
IS REGUIRED HY EACH CGPY CF PROCESS 2.10
UTILITIES AND COMMOZITIFS
~— 2«000E-G3 KW HRs OF C103%2&y CLECTRICITY
18 REQUIRED EVERY GPERATIAG MINUTE BY ~EACH COPY QF PRGCESS 2. 10
3.030F=N2 LNG. OF E103204 ACFTONE
Is RFQUIRLD EVERY OPERATINC MINUTE BY EACH COPY OF .PROCESS 2.10
INTRA-INDUSTRY PROCUCTS
EACH OME CM™ OF DIPDFy #4
PRODUCES 1e0u010 CF2 OF PHCUPy =

.

PROCESST 2.11 v EYCH AR COATING FOr CONTACTS

. PRODUCTS ARETCn  *

FRODUCFS: SNAN.0008 CHM2/MIKNUTES TAKING 2«000 FIMUTES/CYCLF
OPERATES 1.060 OF THE TIME THE FACTORY IS OPERATING
COMPONENT? ARETKe ETCH TANK
COST: 20000. $¢1976) INSTALLATICNS 1000. $€1976)
SALVAGE VALUE? 0, 3019763 AFTER Te0 YECARS
QUANTITY 2.315E+09 CM2/YEAR. AT 0040 $C1975)/CH2
NUMEER OF 2.11 MACHINFS = 1.00Cs OF WHICH .06k ARE IOLE
FACILITIES AND FERSOMNEL


http:CM2/YEAR.AT

-G6T

1
1.700F+01 SUs FT« OF 820840y MANUFACTURING SPACE (TYPE A)
15 KEGUIKED EBY EACH COFY GF PKROCESS 2.11 ,
2,000E=-U1 PRSN+#YRS GF B36720% CHEMICAL OPERATOR II
IS REGUIRED BY EACH CCPY UF PRGCESS 2.11
UTILITIES AaD COMMCTITIES
2.000F=-05 KW HRe OF 'C1032Be ELECTRICITY -
1S REGQUIRED FVERY OPERATING MINUTE BY EACH COPY OF PROCESS Z2.11
44210BE-07 LFSe UF E1320D0s HYDROCHLORIC ACID ) . .
IS REQUIRED EVERY OPERATING, MINUTE 8Y ECACH COPY OF PROCESS 2.11%
2.000E+62 CU. FT« OF LID16By FUNMFS
IS REGUIRED EVFRY QFERATING MINUTE BY FACH COPY OF PROCESS 2e11
INTRA-INDUSTRY PRODUCTS ‘ '
EACH .ONE CM2 0OF FPHCUPy %o
PRODUCES 1.0000 CM2 QF AWETCH, +

PROCESS: 2.12  + WASH AND DFY. .
PRODUCT? WADRY v CLEANUF IN DI Hzo o
PRODUCFSS 5)00.6086 CMZ/MINLTE, "TAKING 2,000 ¥INUTES/CYCLE

OPCRATES. 1400 OF THE TIME THE FACTOKY 1S OPFRATING
COMPUNFAT?! WASHTERK RUMMVING DI H2D
"CO8T:  20000. 3(197w) INSTALLATIOH? 1000. 3¢(1976)
SALVAGE VALUE: D« 4€I976) AFTER 7.0 YERRS
QUANTITY 2.351SE+09 CM2/YEAP AT S0040 $(19753/CH2
TNUMARER GF 2412 MACHINES = 1,000y OF WHICH o06% ARE IDLE
FACILITIES AND PFRSONNFL
1eT0uf sl S0he FYe OF APUGADs MAMMIFACTURINLG SPACE (TYRE 1)
R A LN A W Y ST TS S AR LTI A IS B
Ze0UNE =01 FREESYPS GF PB6ET2Le CHEMIGAL GF ERATUR 11
Is REQUIREU BY EACH.COPY Gt PROCESS 2.12
UTILITIFS aND CGMNODITICS .
2.00CE~07 Kw HR. OF C10328s SLECTRICITY .
I$ RFQUIRED.EVERY OPERATING MINUTE BY' FACH COPY OF PROCESS 2ai2
2.000E=-C2 ,CUs FTo OF C1144Ds #ATFR - DEIONIZED
IS, REWUIRED EVFRY OPFRATING MIMUTE BY EACH COPY’'OF PROCESS 2a12
INTRA-IMDUSTRY PRODUCTS - ’
EACH ONE 'CM? OF AKETCHy #4 <,
PRONUCES  1.0000 CM2 OF SANRYs CLEANUF [N DI H20

PROCESS: 2.13 v GUTPUT BUFFEh FOR PROCESS 2
PRODUCT: BWADRY. + HOLUING BUFFEF B
PRODUCES: 50000000 CHZ/MINLTEs TAKING 2.000 MINUTES/CYCLE

OFERATES 1.00 OF THE.TIME THE FACTORY IS OPERATING
COMPONENTY CUF24139y HOLUING STATION | .
cnsT: 10000. $C197E) INSTALLATIOND 1000« 3¢1978)
SALVAGE VALUF:  3000. 3¢197&) AFTER 7.0 YFARS | .
QUANTITY 2.315L+069 CF2/YEAR AT «0040 3(1975)/CMZ
NUMBER OF 2.13 MACHINES = 1,000, OF WHICH 068 ARF TIDLF
FACILITIES *ND PERSCANEL - , .
1.7006F+01 SG. FTs GF A2064Ds MANUFACTURING SPACE (TYPE A)
IS"RFUUIRED EY EACH COPY OF PROCESS 2.13 :
2+000E-01 PRSN*YRS CF B36720 CHEMICEL OPERATOR II
IS REGLIRED BY EACH COPY OF PROCESS 2.132
UTELITILS AND COMMODITIES
2.000E-03 KW riRa QF Cl032B¢ LLECTRICITY
IS REQUIRED EVERY OPERATING MINUTE BY EACH COPY OF PROCESS 2.13
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INTRA-INBDUSTHY PRODUCTS
EACH ONE CM2 OF WADRY, CLEANUP IMN DI H20e
PRODUCES I.0000 CM2 OF EWADRYs HOLDING BUFFER

PROCESS: 3.01 v METAL DEPO°1T10N1 BOTH SIDES
FRODUCT: PETNEP > *
PRODUCESS Sulle000U CME/HINLTE, TAKING 45.000 MINMUTES/CYCLE
OPFRbTES 1.00 CF THFE TIME THE FACTORY IS OPERATING
COMPONENTS VACDEPs VACUUM DEFOSITION

CosSTS S00000. $41976) INSTALLATIONS 9000, $C1976)
SALVAGE VALUF § 300N0e 1¢1976) AFTER  Tel YEARS .
QUANTITY *243150 +8% TM2/YEAR AT <0042 TC19THY/CM2
NuMirfEk T %.01 NACNleu = le0iN1e OF WHICH «N6# ARF IDLF

FACILITLE % AND, ! REONNFL . .
: 3.,000E+02 She FTa OF A2Un4ls WANUFACTURING SPACE (TYPE  A)
IS RTGUERED RY RACH €CFY (F PROCESS 3401
G.,O00GE~01 Ph&N*YES OF B3ITO040L FLFCTRO!\.ICS TECHNICIANS AUTOMATED PROCESSES
15 REQUIRED BY LACH CGPY OF PHLCES 3.01
UTILITIES &RD COMMODITIES
1.000F-04 LES. OF EL1704Dy TITANIUM . '
IS REGUIRED EVERY GPERATING MINUTE BY EACH COPY OF PROCESS 3.01
#eBO0OF=03 LBS, OF E109ACs ALUNINULN
IS REGLIKED EVFRY OPERATING MINUTL BY EACH COPY OF PROCESS 3.01
1.02GE=01 KW MR OF C1050E, CLECTRICETY '
IS REGWUIRED EVERY OPERATING MIMUTF BY FACH COPY OF PROCFSS 3.01
7.006F-07 CU. FTe OF C117FNs WATFR = COOLING E .
If REGUIRLY CW'RY CPERATIKE MIAUT! BY fACH COPY OF PROCTSS 3.01
we30UE=0S8 TRUYLDZ OF E- FALLAL. PALLALIUII METAL
IS REWUIREL FVERY OPERATING MINUTE RY FACH COPY OF PROCFSS 3,01
5.9007<0% LCS OF E~NICKELs NICKEL MEYAL FOR PLATING STRIKE -
IS REGUIRED EVERY OPERATING MIAUTE BY EACH COPY OF PROCESS 3.01
INTRA-IALDUSTRY PROLUCTS
EACH ONE CM? GF FWADRYs HOLTING DUFFFR,
PRODUCES 1.0000 CM2 OF METWED, +

FFOCLSST 3.02 + HOLNING BUFFER FOR PROCESS 3402
PRODUCT! BGETWEE" + HOLDING BUFFEX CEFCRF PR STRIP.
PROGUCES? 5000.000 CM2/MIRLTEs TLKING 15.L00 MINUTES/CYCLE

GPERATES 1.00 OF THE TTIME THE FACTORY IS OFERITING
COMPUNENT: HUF3.02+ HOLDING TAELE
CH8T e 1rcove (19760 INSTALLATIONS 1000s° #C1976) -
SELVAGE VALUE: De TC1976) AFTER T4n YEARS
QUAKRTITY 2.315R+09 CM2/YLAR AT «J042 201575 /CM2
NUMRER OF 3.02 MACHINEE = l.000ny OF WHICH «06% ARE IDLE
FACILITIES AND PERSINMEL .
F«7UUE+L] SLe FT. OF A20&6404 MANUFACTURING SPACF (TYPE M)
IS RFGLIREY EY EACH CGFY UF PROCESI 3.02
1.000E-01 PRSM*YKS CF B3I704Ly ELECTRONICS TECHNICIANy AUTOMATED PROCESSES
18 KEGUIRED BY EACH CCPY CF PRCCESS 3-02
UTILITIFS AnD CLNMUFITIFS
"1+700F-02 KW HR. OF €1032Ry ELECTRICITY
IS REQUIRED EVERY PPERATI\G MINUTE BY EACH COPY OF PRGCESS 3.02
INTRA-INDUSTRY PRODUCTS'
EACH ONE CMi OF METWEBe #y .
+ PROGDUCES 1.0080 CM2 OF EMETWEBY HOLDRING RUFFER BEFORE PR STRIP
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PROCESS?E 3.03 s ACETONE REJECTION TO DCFIME CONTACT GRID
PRODUCT: GRIDWEER 4 RFJECTION FASK REMOVAL
FHODUCFS? %300.0Lul CHI/FINLTE e TAKING 204000 MINUTFS/CYCLE
JPERATES 1.00 OF THE TIME THE FACTOURY IS OPERATING
COMPULLTATS STRTANs ULTRASONIC STRIPPING .
C'ST:. 20N00. $€1976) INSTALLATIUM: 10005 £01975)
LALVAGE VALUES 1000, 1€¢1974) AFTER Ta& YEARS
QUARNTITY 2,314t +09 CM2/YEAR AT U043 $(19Tn)/CH2 !
NUMHER AF 3,0% ¥ACHINES = 1,000y OF WHICH 068 ARE IOLE ~
FACILITIFS ANC PERSONNEL "
L-2905+02 Shie FTw OF A2064D, MAVUFACTURIP.(: SPACE (TYPE A)
IS RFGUIRLD BY £ACH COPY OF PRUCESS 3403 +° .
5,000E=01 PFSHaYRS CF 43A720s CHEMICAL CPERATOR II
IS'REGUIRED bY EACH CLPY (F PROUCESS 3.23
UTILITIFS #ND COMMOGITICS
3.4007-02 KY HR. OF C10728y FLECTRICITY
IS REGUIREL EVERY NPERATIMG MINUTE BY EACH COPY OF PROUCESS 3.03
2.000E+02 Cle FTo OF DLN16Bs FUNFS
IS REGUIRED EVERY OPEFATIMNG MINUTE RY EACH COPY OF PROCESS 3,03
4.400NF=03 L3S, UF F10320. AGFTONE . .
IS REQUIRFD FVLCRY GPERKTING MmuTE By FAFH COPY OF« PROCESS 3203
INTRA=I*DUSTRY' PROLGUCTS .
EALCH ONE CM, OF PMETwER, HOLDING BUFFER EEFORE PR STRIP+
PROCLCES l.0000 CMZ GF GRIODWEBS 'REJECTION MASK REMOVEL
PROCESS? 3.04 . -y CONTACT SIMTFRING
PRODUCT: SINT“V\'EB y * . N
PRODUCES: 5000.0600 CM2/MINUTEy TAKING 25,0460 FINUTES/CYCLE
0FER\TS< 1.00 GF THE TIME THE FACTGRY IS OPERATING
COMPONENT: SINTFCEw SINTERIAG FLRIACE Co
CrsT: 100000. $¢1978) INSTALLATIO! § 1000e $¢1576)
SELVAGE VALUES? 500N, 1(197¢) AFTER 7.0 YEARS
QUANTITY 2431%E+09 CF‘2/YEM\ AT «O044 FCI1975)/CM7
NUMEER LF 3,04 MACHINES. 1.000y OF #HICH L88% ARE IDLE
FACILITIES AND PERSONNEL
» 9.L0NF-G1 FREN#YFS CF B36720s CHEMICAL OPERATOR II
‘IS REQUIRED RBY EACH CCPY CF PROCESS 3.04
2+260C+02 S%. FT. GF A20640+ MALUFACTURING SPACE (TYFE A
IS REGUIREL BY EACH COPY OF PROCESS 3..4 . .
UTILITIES AND CCMMOPITIES
4e6utE=03 CUs FTe OF CLUPCDy wITROGEN (LIGULD)
1S KEGLUIRFD EVCRY OPERATING MIMUTE BY EACH COPY OF PROCESS Z.04
3.3U0F-02 KW HRe QF C10228y ELECTRICITY
IS REGUIRED EVERY HPERATING MIMUTE BY EACH COPY OF PROCESS 3.04
3.000E-02 ClU. FTa. OF C1128Dy WATFR ~ CGOLING
IS REGUIRED EVERY OPEFATING MIGUTE BY EACh COPY OF PROCESS 3.04,
INTRA-INDUSTRY PRODUCTS
EACH ONE CM2 CF GRIDWEBs REJECTION MASK. REMOVALv
FRODUCES 1.0000 CHM2 OF SINTWLCRg.*

PROCESS: 3.05 o SILVER PLATING OF.CONTACTS
PRODUCT: FLATWEB o PLATEDR COARTACTS
PRODUCES: 5000.0000 CM2/MINLTFs TAKING Se000 MINUTFS/CYCLF

UPERATES 1.00 OF THE TIME THE FACTCRY 1S OPERATING
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COMPONEATS FLATANy PLATING TANK

CosT: I8000. $C1576) INSTALLATION? 1000, $¢1976)
SALVABE VALUE: 3000. 9¢1976) AFTEF 7.0 YEARS
QUANTITY 2+315°+405 CMZ2/YEAR AT «N04A T01975)/CM2

NUMBER GF 3,05 MACHINES = 14000y OF WHICH 4088 ARE IDLE
FACILITIES AND PERSONNEL '
VBeNONF~0) PrblvaYRS CF B3672010e CHEMICAL OPERATOR. I
1§ REGUIRED BY FACH CCFY CF PROCESS 3.08-
Y«7ULF+01 S0, FT. "OF A2064Dy MANUFACTURING SPACE (TYPE
18 REGUIRFD FY EACH COPY OF .PROCESS 3.05
UTILITIES AND COFMOGITIES
49040E-01 KY HR. OF C10228y tLECTRICITY

IS RFQUIRED EVFRY OPERATING MINUTE BY EACH COPY OF PROCESS 3.05
SPOSAL
IS RFQUIRFD EVIRY OPERATING MINUTE BY EACH COPY OF PROCFSS 3.05

To00RE=02 CU. FTse GF C2064E, SEWAGE AND PROCFSS WASTE 0I

2.00UE+02 CU. FT. OF B101l6Bs FUMES
IS RUGUIRED EVCRY OFERATING MINUTE BY CACH COPY.OF PRO
3.57CF+UY GHAMS OF E15920y SILVER

1§ RFGUIRED EVEPY OPERATING NINUTE BY.FACH CCPY OF PROCESS 3.05

INTRA=INDUSTRY PRGLUCTS
FACH ONE CM> OF SINTULEEBs =«
FROGLCES 10000 CM2 OF PLATWEBs FLATFLC CONTACTS

PRKOCFSS: 3.06 s WAESH AND ORY PLATFL WEE
PRODUCT: waDWEo ¢ v :
PRUNDUCES? SN00.0606 CM2/MINUTEy TARING 15.000 MINUTI S/CYCLE
OPFRATES 1400 GF Tof TIMC [HE FACTORY T4 GFIRATING
FOMPPONE TS afWHTANK g ARIHLIL LinYL 1
CubT:  onn0fn. $(1YTe) LN TALLATIDH. 1000. 1¢1Y76)
SBLVAGE VALU®: 20004 1¢1976) AETEF 7e0 YEARS
QUANTITY 2.3180+09% CNa/YEAR £T J0046 1019751 /CM2
NUMBER 9F 2.0& YACHINES = 1.00Gs OF JHICH 068 ARE IOLE
- FACILITIES ANG PERSONNEL - .
2.00CF=-01 PRSN*YF$ CF B3F7204 CHEMICAL UPERATOK II
I3 REGUIRED RY EACH CGLPY OF PROCESS 306
Y.TUNE+(T Sfe FTa OF A2064Ds MANUFACTURING SIFACE (TYPE - M)
15 REGUIRED DY EACH CUPY OF PROCESS 306 :
UTILITIES AND COMMONITIES : . ’
1.7000-02 Ku HR. OF C1032By ELECTRICITY
IS REGUIRCO EVERY GPERATLAG MINLUTE LY EACh COPY OF PRO
2.00NE=03 CU. FTe OF Cl144Ds SATFR = DEICNIZFD
1S RFRUIRLD EVERY OPERATIMA MINUTE BY EACH COPY OF PRO
INTRA-1ADUSTRY PRCLUCTS |
EACH ONE CM> OF PLATWEBe PLATED CONTACTS,
FRODUCES 1aUGEO CM2 OF LADWER, »
PROCESS: 4401 + UMLDAD FRAMFS FOR LASFR SCRIBIAG
PRODUCT: WFRUMN . ¥ :
PRUDUCESS 5000.00060 CM2/MINUTEs TAKING 15,000 MINUTES/CYCLE
UPCRATES 1.00 OF THE TIMF THE FACTQRY IS OPERATING
COMPOGNENTS UMLMACy CASSETTE UKLOADER
COST: "20000e $¢1976) - INSTALLATIONS 1000. $€1976)
SALVAGE VALUE? 2000. $C1976) AFTER 7.0 YEARS
QUANTITY 24315E+09 CM2/YEAP AT $0047 £C1975) /C¥2

NUMPER OF 4.01 MACHINMES = 1.000y OF WHICH +06% ARF IDLE

h)

CESS 3.05

CESS 3.06

CESS 3.06



6ST

FACILITIES AND FERSONAMEL
J4TO0E+01 S%e FTe OF AP0640Ds PANUFACTURIMG SPACE (TYPE M
IS REGUIRED AY ECACH COPY CF PROCESS 4.01
4.000E-01 PRSN*YRS CF B36720y CHEYMICAL UPERATOR 11
IS REGUIRED BY EACH COPY OF PROCESS 4.01
UTILITIES AnD COMMODITIES
EaUDJE-03 KW hHRs OF C10G32Bs FLECTRICITY
15 REGLIRED EVERY OPERATING MINUTE BY EACH COPY OF PROCESS 4.01
" INTRA-INDUSTRY PRODUCTS
EACH ONE CM2 OF WADWEBs =4
PKOLUCES - 1000 CMP OF WEHUNy *

PROCESS: 4,02 + LOMGITUDINMEL LASER SCRIEF
FRCDUCT: LONLAS y SCRIBE FOR DENDRLITE REMOVAL
PRODUCESS 500040000 CM2/MINUTFy TAKING 15.000 MINUTES/CYCLE

OPERATES 1.00 OF THE TIME THE FACTORY IS OPERAZTING
COMPONENT? LASCR1s FIRST LASEK SCRIBL
COosT:T  100000. ${197F) INSTALLATIONS 1000. T{1976)
SALVAGE VALVE: S0Che $¢1976) AFTER Te0 YEARS
WUANTITY 2.315F+09 CM2/YEAr AT <0047 241975)/CM2.
NUMRER GF 4.02 MACHINFS = 1.000s OF WHICH W06F ARE IDLE
FACTLITIES AND PERSUNNEL
B.00NF-81 PRSN«YRS OF B2IT7040s FLECTRONICS TECHNICIANs AUTOMATED PRCCESSES
I& RFQUIRED FY 'EACH COPY OF PROCESS 4.02
9.70C08+01 Sie FTe OF A2064De MANUFACTURING SPACE (TYPE 2)
" IS REQUIREY BY EACH COFY UF PRUCESS 4.02
CTILITIOYS AND CoMMOl [TITS

23001 =07 Kw MRS F CLO27Fy TLECTRICTITY :
15 RFQUIRED EVERY CPERATING MIMUTE BY CTACH COPY OF FROCFSS 4.02
1a700F=02 CJs FTa OF CLl12PDe WATFR = COOLING
IS5 RFGUIRED EVERY OPERATIMG MINUTF BY EACH COPY GF PROCESS 4.02
INTRA-IKNDUSTRY PROTUCTE
EACH ONE CM? GF WEBLKs #, . ,
‘PKOOUCES l.60t00 CM2 OF LONLAS, SCRIBY FOR DENDRITE RFMOVAL
FROCLCSS: 4.03 s+ PUFFER FOk TRANSVERSF SCRIRE
PRGDUCT: BLONLAS + HOLDING STATICw

PRODUCES: 500040000 CHN2/MINUTEs TAKING 15,160 MINUTES/CYCLE
CPERATES 1.00 OF THE TIME THE FACTOKRY IS OPCRATING ) .
COHPONENT? BUF4.03s HCLLING TABLE )
COST: 20000. $C157A) INSTALLATIONS 1000. 7¢1976)
SILVAGE VALUE: 0. %(1976) AFTE® 7.0 YEARS
GUANTITY 2431SE+09 CM2/YEAR AT D047 TC19T5)/CM2
NUMMER OF 44,03 MACHINES = 1.000¢ OF WHICH «06¥F ARE IDLFE
FACILITIES FND PERSONNFL
2.700E+01 SGe FT. OF A2064Ds MANUFACTURING SPACE (TYPE A)
1S RFGUIRED BY EACH COPY OF PROCESS 4.03
1.000E~01 PRSN*YRS OF B83704f. ELECTRONICS TECHNICIAMNs AUTOMATED PROCESSES
IS REGUIRED BY EACH CCPY uf PRUCESS 4403
UTILITIES AMD COMMODITIES ’
1.760E=-02 KW HR. OF Cl032By ELECTHICITY
1S REGQUIKED EVERY QPERATING MINUTE BY FACH CCPY OF PROCESS 4.03
INTRA-INDUSTRY PRODUCTS
EACH ONE CMZ OF LONLASy SCRILE FOR DENDRITE REMGVAL,
PRODLCES 1.0000 C¥2 OF FLONLASy HOLDING STATION
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PROCESS? 4.04 + TRANSVERSE LASER SCRIBE OF CELLS
PRODUCTS TRALAS + WEE CCLLS ARE SCRIBRLED INTO CELL LENGTHS .
PRODUCES? 500040009 CMz/MINUTEs TAKING 15.000 MINUTES/CYCLE
OPERATES 100 OF THE TIME THE FACTORY 13 OPERATING
COMPONE.TZ LASCRIIs .TABLF AAD LASER . .o
COST: " 'FS5000. $¢1976) INSTALLATIONS, 1600. %2976}
SPLVAGE VALUE: 2000e $01976) AFTEK 7.0 YEARS
QUANTITY 2% 51=F+D9 CMQ/YEAP AT «004F 3(1975)/CM2
NUMEER OF 4,04 MACHINFS = 14000y OF WHICH 406K’ ARF I0OLE
FACELITIES:® AND PERSCNNEL "
9.T00E+U1 S;- FT. OF A2064D. MANUFACTURING SPACE (TYPE A}
IS REGUIRED bY EACH COPY OF PROCESS 4.04 °
5.000F-01 PRSN*YKS OF RI7040+ ELLCTROUNICS TECHNICIAMy AUTGMATED PROCESSES
IS RLwLIRED RY EACH COPY OF PROCFSS he0b '
UTLILITIES AAND COMMOLITIES
3.200F=02 Ka HRa OF €1032By ELECTRICITY
Is REGUIRES EVERY OPERATIRG MINUTE BY EACH COPY OF PROCESS 4404
2.000E=-02 CUe FTa CF C112EDs #ATER -~ COTLING
IS RUGUIRLD EVERY OPERATING MINUTE' BY FACH COPY OF PROCESS 4.04
INTRA-INDUSTRY PRODUCTS
EACH ONE CM2 OF BLOAKLAS, HOLDING STATIOﬁv . ’ .
PRONUCES 140000 CM2 OF TRALASy WEE CTLLS &RV SCRIBLED INTO CELL LENGTHS®

PROCESS: 4.05 + BRFAK OFF DENGKITES AnD SEPARATE CELLS
PROOUCT: wEBCELL « CELLS :
FRODUCEL: 500G 000G0 CM2/MINLTEe TAKIMNG 15.000 MINUTESICYCLF

OPFRATES 1.00 CF *Tf TIME ThE FACTGRY, IS QOPERATING
. COMPONEAT: BREAKMACs #

CGST: " 20000s TCLG7€)D INSTALLATION: 1N00a. £(1976)
SALVAGE VALUE: 3000. $¢1976) AFTYER 7ol YFAKS :
QUANTITY 2.315C+09 CM2/YEAR AT 0048 5C¢1975)/CH2
“NUMEER OF 4405 VACHINES = 1.00G04 OF WHICH .0&# ARE IDLE
FACILITIES ANC PERSCNNEL .
9.7GNE+01 S7te FTa OF A2064D+ MANUFACTURING SPACE (TYPE &)
I8 RFGUIRED &Y FACH CGFY 0F PROCESS 4.0% .
S.00FF=01 PRSN*YRS CF B3704Ls ELECTRONICS TECHNICIAN, AUTOMATED PROCESSES
IS REGUIRED EY EACH COPY GF PROCESS 4.05
UTILITIES ARD COMMOULITIES
4a000F~03 Kn HRa OF C1022By FLECTRICITY
IS KFLUIRED EVERY OFERATING MIANUTF BY EACH COPY OF PROCESS 4405
ILTRA=INDUSTRY PRODLCTS
E4CH ONE CMZ OF TRALAS, WEB CELLS ARE SCRIPLED INTO CELL LENGTHS-
PRODUCES 1.0000 CM2 OF WELCFLLy CELLS
PRUCESS! 4405 s CELLS LOAUED IN CASSETTESy TESTED AKD STORED
PRCOUCT: TESCEL » TEST AND SORT .
PRCDUCES S S000.000U CM2/MINUTEs TAKING 12.600 “MINUTES/CYCLF

OFERATES 1400 GF THME TIME THE FACTORY IS OPERATING
COMPONEMTS TESTAPs »
CosT: 30000 (19763 INSTALLATION: 1000. 3(1976)
SALVAGE VvALUE:Z 3000 %C1978) AFTER 7.0 YEARS
QUARTITY 2,.3150+09 CM2/YEAR AT L eU04S $(1975)/CHK2
NUMBEP OF 4.06 MACHINES = 1.000y OF WHICH 3068 ARE IDLE
FACILITIES AND PERSONNEL . .



91

6500E+401 SG. FTs OF A2064D+ MANLFACTURING SPACE (TYPE A}
IS REGUIRED PY EACH CCPY OF PRGCESS 4.06 .
1.000E+043 PRSheYRS CF B37040. ELECTRONICS TECHNICIAN, AUTOMATED PROCESSES
15 REGUIRED RY EACH COFY OF PROCESS 4,06
UTILITIES AND COMMORITICS
- $.7DDE-02 K+ HR. OF ClO32By ELECTRICITY‘.
« IS REGUIRED EVERY OPERATING MINUTE BY EACH COPY OF PROCESS 406
INTRA=-IHDUSTRY PRODUCTS .
EACH 'ONE CMY OF VEBCELLs CELLS
PROOLCES 1.0000 CH2 OF TLSCELe. TEST AND TORT

PROCESS: 5.01- + INPUT BUFFER PROCESS 5

PRODUCT?: BTESCEL « HOLDING STATICAM
PRODUCES: 5000.9000 CMP/MINLTEy TrKING 2.000 MINUTFS/CYCLE

OPERATES 1.00 CF THE TIMF THE FACTORY IS OPERATING
COMFONENT: %UFS.0ly TABLF FOR HOLDING CALSETTFS
LOusT: 100040 (19762 INSTALLATIONS 1000, 1(1976)
SALVAGE vapvue: Ge (1976} AFTER Tel YEARS
GUANTITY 2.319E+0Y CM2/YEAR AT 0043 2015751 /CK2
NUMPFR OF 5.01 MACHINES = 1.000e CF WHICH 069 ARE IDLE
FACILITIES AAMD PERSONNTL B
1.200E+01 S8e FTe OF A2064D+ MANUFACTURING SPACE (TYPE A}
IS5 REZGUIRED PY EACH CGPY OF PROCESS 5.n1
1.000E=01 PRSNAYRS CF B3I726(-y MAINTENANCE MFCHANIC II
. IS REGUIRED 2Y [LACH CCPRY OF PROCESS 5Haul
UTILITIES AMND COMMONITIES
1.700F=12 Kk HRs OF C10Z2By ELCCTRICITY

- IS REGUIRED EVeRY "PERATIMG MINUTE BY EACH COPY OF PRUCESS 5.01
INTRA-IRDUSTRY PHODUCTS
EACH GNE CMZ OF TESCEFLe TEST AND SORT,
PROCUCES 1.0nD0 CM2 CF BTESCELs HGLDIANG STATION
PRGCESSS 502 s AL FOIL INTFRCCNNECT ATTACHED-TO CELL TOPS
PRODUCT: TOPBON « TOUP 'BCNDED CELLS
FROZJUCES: 3000.0000 CMZ2/MINLTES TAKING 10.000 MEINUTES/CYCLE

TPERATES 1400 CF THE TIME THE FACTORY IS OFERATING
CO¥PONENTS INTMACLs ULTRASONIC EZONDER
CI8T: 1400004 -3C197&) INSTALLATICN: 1000. $(1576)
TELVAGE JALUE: EN0Ne 1(1276) AFTER T+0 YEARS
QUANTITY 2.2155+09 CHM2/YEAR AT «0050. $(1975)/CM2
NUMEER LF Sa02 FACHINEE = le0uuy OF WHICH .088 ARE IDLE
FACILITIES AND PERSGNNLL :
4.300E+91 S.e FTe OF A2064Dy MANUFACTURING SPACE (TYPE &)
13 REGQUIRED BY EAChH CCPY OF PRUCESS 5.02
Fe0B00F=01 FRLN*YRS CF BOTI6Ly MAINTEMANCF MECHANIC II
15 REGUIRED BY EACH COPY OF PROCESS Sel2
UTILITIFS AND COMMONITIES
1.700E~=32 KW HRe OF CL1032By ELECTRICITY
15 REQUIREC EVLRY QPERATING MINUTE BY EACH COPY OF PROCESS 5.02
1+180F~03 DOLLARS OF E1104D. ALUMINUM RIEBON
IS REGUIRED EVERY QFERATING MINUTE BY EACH COPY OF PROCESS H.02
INTHA~INDUSTRY PRODUCTS
EACH OWF CM2 OF PTESCELs HOLDING STATIONs
PRODUCES 1.00D80 CM2 OF TOPBON. TUP BONDED CLLLS
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PROCESS! 5.03 s CELLS PLACEL ON GLASS SUPCRSTRATE AND COATED WITH RTV
PRODYUCT: GLUTCP 4 * L
PRODUCFS? S000.0000 CM2/MINUTEs TAKING 10.000 MINUTES/CYCLE
OPERATES 1.00 GOF THE TIME THE FACTORY IS OPERATING
COMPON{NT: CELFMAs ROTARY CFLL PUSETICNER
CoST:  50000. $(1976) INSTALLATIONS 1000+ 3€1978)
SALVAGE anua. 2060 <41976) 'AFTER 7.0 YEARS
QUANTITY 2.315F+09 'CM2/YEAK AT * " .0054 $(1375)/CM2
NUMLER UF 5403 MACHINES '= 1,000, OF WHICH 4068 ARE ‘IDLE
FACILITIES AVL PERSONNFL v
6+900L%01° S6o FTo OF A2064Dy MANUFACTURING SPACE (TYPE )
IS REGUIKED BY EACH COPY OF PROCESS §.03 .t
S.000F-01 PRSh*YKS GF B373604+ MAINTONANCE: MECHAKIC II
1$ RFQUIRLD BY EACH, COFY OF PROCESS 5.03
UTILITIES AND COMMUSIITIES
1e7005~02 K% HRa GF C1032By ELECTRICITY .
IS REGUIRED EVERY OPERATING MINUTE BY FACH COPY OF PROCESS 5403
1.500E-02 UES. CF E15S20% RTY 1ok
‘IS REGUIRFEL EVFRY OPERATIMG MINUTE BY EACH COPY OF PROGESS 5.03
5.600E400 FT2 OF E= TGLﬂSv TCP GLASS OF ”ODULi .
1S REGUIRLD EVFRY OPERATIRG MINUTE BY LACH CnPY OF PROCESS 5.03
INTRA=-TLDUSTRY PRODUCTS
EACH ONE CH7 OF TOPEONs TGP HONDED CELLS,
PRODUCES 1.0000 CM2 OF ‘CLUTOP,

PROCESS: 5.04 v CELL/SUPERSTRATE ANHESIVE CURE
PRODUCT: CURTCP 4 PAPTIAL PANEL

PHODULFS: 500040000 CHMO/MINUTEs TAKING 10.000 MINUTES/CYCLE
OPERATES 1.00 OF THE TIME THT FAGTCRY IS OPERATING .
COMPONENT: 9LFS.04s CLRING FUFFER AREA
CnsTs 2000Hs 3019762 INSTALLATIONS 1000 $(1976)
SALVAGE VALUE: 1000, $¢1974) AFTEr 7.0 YEARS
GUANTITY 2.315F+09 CM2/YEAFR AT «0054 (19751 /CHP
NUMBER OF L.04 MACHINES = Ll.UCUe OF WHICH 4067 ARE IDLE
FACILITIES AND FERSONNEL
6+50NF+81 S« FT. OF A2NGADs MANUFACTURLMG SPACE (TYPE M)
1S REGUIREE BY EACH CLPY LF PRDCESS S04
1.0005-01 PREN*YRS OF B27360as MAINTENANCE MECHANIC II
IS REGUIRED DY £ACH COCFY GF PROCESS S5.04
UTTLITIES AAD COMMODITIES
1+700E~02 Kv HR. OF C103284 FLECTRICITY '
IS REQUIRED EVERY OPERATIMG MIMUTE BY FACH COPY OF PRUCESS S04
INTRA~INCUSTRY PRODLCTS
EACH ONE CM2 OF GLUTOPs *4
PRODUCES 140000 C¥Z OF CURTOPs PARTIAL *FANEL

PROCESSI 5.05 + INTERCONNECT, SECOND BONDING ANRD TEST
PRUDUCT: BACBCN s+ INTER RONDED CLLL MODULE
PRODUCFS? 500040000 CM2/MINUTEy TAKING 12.600 MINLTELS/CYCLE

OFERATES 1.00 OF THE TIME THE FACTORY IS OFCRATING '
COMPONENT? INTMAC2y PROGRAMMED STEPPING ULTRASONIL BONDF R

" COSTS 70000, 3¢1976) INSTALLATION: 1000. %€1576)
SALVAGE VALUE: 2000. 3(1976) AFTER TeN YEARS
GUANTITY 24315E+09 CHM2/YEAR AT « 0054 $(1975)/CM2

NUMBER OF 5.05 MACHINES = 1.000s OF WHICH 406% ARF IODLE
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FACILITIES AND PERSONNEL
B.60U0E+01 §%e FTe OF A20G64Ds MANUFACTURING SPACE (TYPE A}
Is RECUIRED BY EACH COPY CF PROCESS SeN5
4.000C~01 PPSN*YRS OF BI736L ¢ MAINTENANCF MECHANIC II
IS REGQUIRED BY EACH CCPY (CF PRDCEQS 5405
UTILITIES AND COMMODITIES
1.700E-02 KW HR. CF C1D32By ELECTRICITY
IS REQUIRED EVERY OPERATING MINUTE -BY EACH COPY OF PRUCESS 5.05
INTRA-INDUSTRY PRODUCTS
EACH ONE CMD? OF CURTOFe PARTIAL PANEL.
PRGDUCES 1le0LJUC CF2 OF GACBONgy INTER BONDED CELL MODULE

PROCESS! S.06 .4 APPLY RTY TO CELL RACKS
PRODUCT: GLUBAC y PARTIAL MCLULE .
PRODUCESS SC00.0000 CH2/MINUTEs TAKING 124900 MINUTES/CYCLE
OPERATES 100 OF THE TIMF THE FACTORY IS OPERATING
COYPONENT: COATEKle RTV CCATER
CNST:- +30000. 3(1976) INSTALLATION: 1000. =(1978)
SALVAGE VALUE: 2000 $C127RA) AFTER T YEARS
"GUANTITY 2.315E+09 CM2/YEAR AT 0055 $¢1975)/Cn2 | .
NUMIER OF 5.06 MACHINFS = 1.000s OF WHICH LDe&A ARF IDLE
FACILITIES AND PERSONNEL .
HabDF+01 S1e FTe OF A20640s MANLFACTURING SPACE (TYPE A}
[, RIGUIFED MY BACH CURY 1 PROCELN BeDNg
DaONE =01 PrSNeYRS OF LBI6720, CHIMICAL OFLRATOR 1]
I REGUIRY B BY FACH COPY O PROCEST Ya 66
UTILLYIDE AND CcuMMGBRITIHES
GLICAM 02 ke HR. OF CLO30By FLECTRICITY
158 REGLIRED FVERY OPERATING MINUTE FY FACH COPY OF PROCESS 5.06
1.5¢UE-02 LES. UF EL1560Ds RTY 615 (SILICONE)
IS REGUIRLE EVFRY SPFRATING MINUTE &Y EACH COPY OF PROCESS 5.06
INTRA=-INGUSTRY PRODUCTS
EACH ONE CM] OF BACBONy INTEK EBONDED CELL MOLULE.
FKOGUCES 1.0400 CM2 QF GLURACS PARTIAL MOPULE

PRUCESSE H.07 ¢ ATTACH FIGERBOARD BACK TO LHLL %ODULE
PRUDUCTS uACON » PHFNOLEC PACKy COMPLETE MULDULL
PRODUCES: S000.000U0 CMO/MINUTEy TAKING 24000 MINUTFSZCYCLE
OPERATES 1400 CF TrRE TIME THE FACTORY 1S OFERATING
COVMPONENT: RACTACs BACK POSITIONER
COSTS oNno00. £¢1%76) INSTALLATIONE 1000. #(12786)
SALVAGE VALUE!? . 1000. T(1Y9T€) AFTER 7.0 YEARS
SLLﬂTlTY 23158405 CH2/YEAK AT . «005% £C1975)/CM2
WUYZER OF 5407 MACHINFS = 1.000y 0F WHICH L06% ARE JDLE
FLCILETIES AND PERSCANEL
2.eG0E+01 S0+ FTa. OF A2064Dy MANUFACTURING SPACY {TYPE A)
I FTLLLIRED BY EACH COPY UF PHOCESS 5.07
WelUWE=NY PRSN*YRS GF B3672Le CHEMICAL OPERATOR TI '
7 #i4UIFLD BY EACH COPY CF PROCESS Se.07
LTILITIES® £ND COMMODITIES
244%0G0E~02 KW HRe OF C10328s FLECTRICITY
IS REQUIRED EVERY CRERATING MINUTE BY EACH COPY OF PROCESS 5.07
S«500E+00 FT2 OF E~PHENEOs PHENOLEIC TOARD FOR BACK CF MODULE
1§ REQUIRED EVERY CPERATIAG MINUTE BY EACH COPY OF PROCESS S5.07
INTRA=-INDUSTRY .PRORUCTS
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EACR CNE CM2 OF GLUBAC, PARTIAL FOUDULE,
PRODUCES 1.0G00 CM2 OF PACONs PHFNOLIC BACKs COMPLETE MOUULE

PROCESS: S.C8 “ o CURE AND TEST BUFFER
PRODUCT: PANTES « FINAL TEST CF MODULE AND SCALE FROM CM2 TO PANELS
PRODUCES? #2500 PANELS/MINUTEs TAKING 3.000 MINUTES/CYCLE
DPERATES 1.00 OF TiE TIME THE FACTCORY IS GPERATING
* COMPONENT? TESTORF, TESTING AND CURING APPARATUS
‘CAIST  30G600. 1£¢1576) INSTALLATIOMN? 1000, £(1276)
SALVAGE VaLU&: 1000. 2¢1976) AFTER 7.0 YEARS
AUANTITY,14157E+05 PANFLS/YEAR AT 11LE8.1202 $C1975)/PANELS.
NUMBER OF £s08 MACHINES = 1.080s OF WHICH 406k ARE IDLE
FACILITIES AND PERSONNEL.
BeBUBE*GL SG. FTe OF A2064Ds FANUFACTURLLG SPACE (TYPE M)
1S REWJIRFN BY EACH COPY 0F PROCESS S.08
© 2.500F=01 PFRONWYRS OF B36720y CHEMICAL UPFRATOR 11
T OKLGUIKLD BY EACH CLPY OF PRNCESS S.08
UTILITEY & AND CONMONITIFS
faTUlL=62 KW HRa OF ClO30Be TLECTRICITY
. IS REQUIRED EVERY .CPERATING PIwUTE By EACH COPY OF PRCCESS 5.08
INTRA=-INDUSTRY PKRORLCTS
EACH ONE CMI OF TACDY, PH‘ﬂlLIC 3ACK o CL#PLETF MODULE s -
FROPUCES «0NN0 PANELS F PANTFS,y FINAL TEST OF MODULE AND SCALE FROM CM2 TU PANELS

PROCESS: S.07° s YIELD DUMMY

PRCDUCT: GOONPAN o+ GOOD PANELS
PROUDUCES: L #2250 PARELS/MINUTE y, TAKING 404000 MINUTYS/CYCLE

OFPERATES 1.00 CF THE TIME THE FACTGOGRY IS UGPERATING
COMPONENT: YIFLDERs ARTIFICE *FOR SETTINS YIELD '
COSTS 0. ¥€(1976) INSTALLATICH: Da $(1976)
SALVAGE vALUTL: s 101974) AFTER 100 YEARS
QUANTITY L1.042F+05 PANELS/YEAR 2T  131.2446 $(1975)/PANELS
NUMBER CF 5409 MACHINES = 10004, 9F JHICH -w0A/AR ARE IDLE
INTRA=-TMDUSTRY FROQDUCTS : .
EACH GNE PAKLCLS OF PANTESe FINAL TEST OF MODULLF AND SCALF FROM CM2 TO PANELS,
PRONDLCES . 2000 PANELS UF GUCDPANe GUUD FANELS

PPLCESSS Sa.10 s CRATING ARD SHIPPING
PRUBUCT . CHATEMON o CRATED PANCLSy 10/CRATE
PRODUCESD: 227 CRATES/MINUTE ¢ TAKING 50000 MINUTES/CYCLE
OPERATES 1.00 OF THE-TIME THE FACTORY IS OPERATING
COMPONENTS PACKFHy CRATIMG AND SHIPFING APPARATUS .
CosT: 20000. $C197¢) TNSTALLATICHS <1000. $€1976)
SALVAGE VALUES De ${197A) AFTER Tel: YEARS
QUANTITY 1.042t+G64 CRATES/YEAR AT 1343.40B7 3(1S75)/CRATES
MUMARLR OF 5410 MACHINES = 1.000y OF WHICH .n6& ARF IDLE
FACTLITIES AND PERSONNEL
1.1000+02 S5 FTe OF A206404 MANUFACTURINIG SFACE (TYPE A}
IS REGUIRED EBY EACH,COPY OF PROCESS 5,10
1«00CE+J0Q PRSN+YRS OF B3I&560, PACKAGER MACHINE
IS REGUIRED BY EACH COPY OF PROCESS 5,10
UTILITIES AND COMMODITIES .
3.000E+0u CU. FT, OF E11R0ODy CRATESs WOCLEN
I3 REGUIRLD EVFRY QPERATING MINUTE BY FACH COPY OF PRUCFSS 5410
3+400E~0D KW HRe OF C103PHe ELECTRICITY
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IS REGUIRFD EVERY OPERATIMG MINUTE RY EACH COPY OF PROCESS 5.10
INTRA-INDUSTRY PRODUCTS
LACH.ONE PANLLS OF GGODPANs GOOD PANELS.
PRODLCES’ 41000 CRATFS OF CHRATEMOUs CRATED PANELSe LN/CRATE



The analysis shows that using- this process and the conceptual factory a 1986
selling price (in 1975 $) of $0.56 is obtained. This includes the cost
6f the silicon web at $0.17/watt (1975 §).

The pages headed by "Current Technology" are a print.out of
the various sub-processes showing the commodities and other direct costs
by that process. The total direct requirements are shown in order of
descending costs. This again gives an idea of the cost drivers in the

system.

Figure 39 shows a bar charf of the costs involved in the
process. The processes and materials which have a significant effect on
the cost are the web itself and the encapsulating materials. Replacement
of Ag with Cu would save almost $0.01/watt. This chart also shows that -
the design and building of the capital equipment used in processing must
be carefully considered. This is shown in Tabular form in Table 35..
This data shows the equipment cost for a 25 MW processing line would be
about 5.6 x 106 (19758) occupying over 8800 ft2 of space. Thirty pro-
duction people would be required., The most expensive commodity is the
incoming silicon web ‘which is about 70% of the total, while the glass
and backing board are 16% of the total. These three commodities then

account for 867 of the total materials cost.

6.3 Pilot Line

The input data used in 6.2 were revised and recalculated to
determine the cost of the solar arrays produced in a conceptual pilot

line. The following assumptions were made:

e 2 Mi/yr productions - 2 x 10% M2/yr for 10%
module

o Capital costs = capital costs of a 25 MW
module + 20%

¢ Labor = %-Of a 25 MW module

166
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TOTAL PROCESS SFQUENCE - COST FACTORS - 25 MW/YR
UsaGE/
YEAR_.

CapitaL (1975 K$) 5,615
Lasor  (PY) | 30
UriciTies (KW) 685
FLoor Space (sa.rT.) 8,815

.S1 weB (cM
'GLass ($@.FT.)

Back BoarDp (sQ.FT.)
SILVER (GMS)

Pos1T1VE PHOTORESIST)

TABLE 35

CoMMODITIES
2)

" (GAL)

CRATES (CU.FT.)
PaLLADIUM (TR.0Z.)

RTV 615 (L)

HYDROFLUORIC ACID

(LBS)
SiLANE (LBS)

RTV 108 (LBS)
AceTonNE (LBS)

P0C13 (LBS)

2,315 x 10°
2,593 x 100

2,593 x 109

1,653 x 100
1713.

1,389 x 108

1991
6904
1.167 x 10°

1852
89414
7.949 x 10*
1389

5% DIBORANE (LBS) 3935

ALuminum (LBS) 4074
AZ 111 Dev, (GaL) 1852
TiTan1uM “(LBS) 46

IsopropyL ALc, (LBS) 769
Aruminum Risson (LBS) 546



® Materials and utilities = é%-of a 25 My

module
o Operation in 1983

e Floor space = same as that of a 25 MW module,

The IPEG results for this is shown in Table 36. The selling
price would be about $1.40/peak watt plus the cost of silicon.

6.4 Conclusions

The cost analyses shown in the first three seotions inddcate
that dendritic web silicon, processed according to the manufacturing se-

quence described earlier can meet the 1986 JPL goals.

The estimates used for the ?ormat A's are generally conserva-
tive but it is possible that many mistakes still exist; however as seep
in Figure 35 gross errors in estimating many of the material and labor
costs would not appreciably change the overall cost. The main area that
must be carefully reexamined is the cost of the capital equipment. Any
on-going program should study the design.of such equipment so that the

cost estimates given in this section can be verified,

TABLE 36
SECTION T - TWPUT h
PROCESS YIELD " EQUIPMERT < I0TAL _FLOOR TOTAL DIRECT  FOTAL BYPRODUCT TOTaL HIRECT TONAL n*a":_‘r PEACEMT
cosT SPACE LaG0R EIPENSES HESUPPLIES UTILITIES TIELD
S uil N13 +15 A %13 — . —Mik
—— INIERCAR a0 50 03 s 14.432%2 PR 1 IR 1Y §-1°% 4 R | SEM80— — — 337 s
] LASCRIB  1.000000G%G 01299 , sa9 154293 o o 265 1.00
METAL 3000000583 1239%93 -1 31 15a2u% o 123774 - 2859 1.n0
3 ®JARCT  1.00000002 627399 599 158203 o Sn189 e 1.00
S JUNLEORN— 3G dem - 2577199 116} —— 197837 [ P 329963 .. v S9Km.—— .20
i #z0 ) wz2 [F43 wzn 25
; teTeLs - 40835300 SEIaF9s 3939 A1n609 o 598E11 w8ey
‘ SECTION It = OuTPUT = SELLIsB PRILE FEQ JATT PRODOCED -
PROCESS YIELD EQUIPHENT  FLODR SPACE  OIAEGT LABGR  BYPRODUCTS  WATERTALESUPP™  “UTILITIES ~~ FoTaid -
e IMTERCAR e s 6000000 e D8 443295 3e1ATES . e lBal@SSLo .. —a00D00 4.A5120. . 02190 ... it 3H.ZR9M9_t
LASCRIB  1.000000G3 12.28183 2.66265 16.1955) ~00000 +80008 ~01722 . 3Laas12)
MNETAL 1 Ll In.3179%a 8, 25TAS 16.19551 noeen D.ING8Y LAS2% A0 H6822
HUARCT  1.00000002 15437120 . 2.90515 16419551 -aooog 1.53578 205369 38.06091
JUNLEORH vl Y inme + 63018157 .. GuB320E e 2QaTS1AL ... -+02080 . 2IaM8TSL— . - JO3BNY o 1]1.01022
TOTALS ~60000200 135.60737 19410415 B5.53394 60000 3871971 +31608 2T9.501566
HULLTIPLIER —— R $Z.a0 2.10 1.30 1.30 ) .30
ARKUAL AMOUHT 2000437 MW
- . T i L
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7.. CONCLUSIONS

Based on the work thus far on this contract we conclude:

(1) Reagent grade POCls -may be used as’a substitute for
semiconductor grade POClj.

(2) A CVD oxide, boron doped or undoped, is a.suitable.

diffusion source for boron or a diffusion mask.

(3) An operational BSF field can be obtained using a

boron back-diffused material.

(4) A precursor sodution contalning Ti0» and biUz in atcono.

can be used as an effectlve AR coating.

(5. These precursor. solutlons can be applied to the den-
dr1t1c web by dlp coatlng and heat treatlng.
{6) Electygplated.Ag is a cqstﬁeffecpive substiﬁﬁte}fo;

evaporated -Ag as the conductive metzl in a solar .cell contact.

(7): Electroplated Cu canbe used to replace Ag, although-"

long-term stability should be investigated.

(8) Laser seribing from the back is a feasible, cost-

effective technique for cell separation.

(9) Ultrasonic welding techniques are feasible for inter-

comnecting cells.

(10) The process sequence we selected (ARRAY process) is

suitable for fabricating dendritic web.silicon into solar cells.

(11) Front junction depths of 0.4 um or deeper are not

affected by sintering in Hg at 425°C for 15 min, regardless ofthe type
of 5111con basa materia]

(12) Dendritic web silicon, having the proper material
+ " . - - ‘
«<haracteristics, can be processed into solar cells equal to cells pro-

duced on Czochralski material.

(13) Dendritic web silicon can be processed to nearly meet
the 1986 JPL goals of $0.50/watt peak (1975 $).-
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8. RECOMMENDATIONS

We recommend that:

. to reduce the module cost.

An optimum process sequence be selected that is

specific to the requirements of web.

A more complete process sequence verification

study be carried out.

A continuing economic analysis.be carried out to

assure that thé 1986 price goals are met. T

Ion implantation be investigated as a front-
junction and/or a back junction formation
tecﬁnique. This technique should be tested in
conjunction with POClz front junction diffusion

and Al BSF back junction.
Al BSF back junction be studied.

The long-term reliability of a total Cu (contact

plus intercomnect) system be determined.

Proper encapsulation materials be further studied

Thermal analysis be performed and module
designs obtained that have lower thermal

impedances (junction to ambient)

171.



9. NEW TECHNOLOGY

The following new technology was developed during this

period:
(1) Use of electroplated copper as a contact material.

(2) Separation of solar cells from matrix using laser

scribing.

(3) Ultrasonic Welded_conqections between Al and Cu

foils to electroplated Ag or electroplated Cu layers.

(4) . Definition of a-suitable.process sequence (ARRAY

process).
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