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ABSTRACT

The Pakistan National Institute of Siiicon Technology has been
equipped and staffed. Four senior research officers completed
six-month fellowships working mostly in the United States at
Solarex and other U.S. organizations to provide a cadre of
people to man this organization. Equipment and supplies to
sustain the Laboratory are in place or on order. Several key
pieces of equipment are not yet operational; the silicon purifi-
cation equipment, the silicon crystal growing apparatus, the
inner-diameter saw to slice the silicon ingot into wafers, and
the dicing saw. Despite the shortage of these important items
of equipment, the STDC staff has demcnstrated a capability of
making and encapsulating solar cells starting with wafers

acquired from outside STDC.

The program was severely delayed as compared to its original
schedule. Solarex extended the contract expiration date Tsix
months to November 1984. The delays mostly stemmed from the
slow pace ot construction of the building. It appears that

facility completion is not likely until late in 1985.
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1.0 INTPODUCTION

This is a report which summarizes the activity of the Sclarex
Corporaticn in fulfillment of UNIDC Contract 82/16, Project KNc.
ST/PAK/80/0C1, Activity Ccde ST/02/31.8. The general sccpe cf
the ccntract 1is tc assist the Government of Pakistan in its
efferts tc establish a "Cevelcpment Centre fcr Siliccen

Technolcgy"* in Islamabad, Pakistan.

1.1 Purpcse of Report

The repcrt fulfills the requirement cf para. 2.10 d) of the
contract. It repcrts on all significant activity in fulfillment

cf the contract.

1.2 Plan cof Treatment

The repcrt is organized alcng the lines cf the major activigies
dcne by Sclarex, i.e., training in U.S. cf Pakistani scientists,
Sclarex assistance 3in labcratory design, Sclarex assistance in
chocsing  and delivering equipment, cn-site activity (in
Pakistan) of Sclarex adviscrs. Finally, there is a section c¢n
the Solarex view cf the prcgram, general recomrendations tc the
UNIDO cn future prcgrams of this tyre, and specific recomrenda-

tions on the STDC effcrt.

'Thrcugh the short history cf the prougram, the name of the
orcanization has had several variaticns. In this repcrt, the
terms "Silicon Technclcgy Pevelopment Centre (STCC)", and the

current term "Naticnal Institute cf Silicon Technolcgy"” are used.
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2.0 PRELIMIKARY

2.1 Sccpe of Contract

The aim cf the Project is tc assist the Gevernrent of Pakistan
in establishing a silicon technolcgy research and development
centre. In this ccntext, the aim of the Contract (leference 1)
is tc provide the Gcevernment with the services cf specialists
with the widest possible prractical experience in this field who

shall be responsible, inter alia, fcr:

a. Preparing all the necessary technical information,
including drawings, designs and laycuts, required for the
establishment cf a Siliccn Technclcgy  Research and

Development Centre.

b. Preparing the technical specifications of the equipment
required for the said centre (the equipment was purch;sed
by UNILCO and the Ccntractor's specialists assisted UNIDO in

this undertaking as and when required).

c. Assisting Pakistani counterparts in installing ané

cperating the equipment purchased by UNIDO.

d. Initiating research and develcpment activities, with full
participation of the Pakistani counterparts, on the basis
cf a detailed work plan prepared in cccperation with the
UNIDO Senior Indu:ztrial LCevelorment Field Advisor and the

Pakistani counterparts in the Prcject Area.
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e. Providing apprecpriate on-the-jcb training to Pakistani

counterpart personnel.

f. Prepraring, d&esigning, organizing and cenducting training
programs for a selected nurker of Pakistani counterparts

(4-5) assigned tc the Contractor's facilities in the USA.

g. Promcting understanding of the usefulness of the project
for Pakistan and cf the role which pheotcvoltaic and siliccn
ricri:-chip techniques can Eplay in the development of

Pakistan.

h. Intrcducing the use of photovcltaic and silicon mricro-chip
demonsivration kits in a selected number of teaching and

research and development instituticns in the Project Area.

2.2 Schedule

In response to UNIDO Tender Nc. 82/07--ST/PAK/80/TC1, Sclarex
submitted a proposal dated 1 April 1982. After evaluation by
apprcpriate U.N. personnel, a ccntract was signed by D.
Cardellin, representing the UNIDO on 10 May 1982, and NMr. C.

Wrigley representing Sclarex cn 19 May 1982.

One of the first tasks was tc establish a detailed schedule.
This was accemplished during a trip by Dr. Jchp Wohlgemuth and
¥Mr. Michael Giuliano in late May - early June 1282. Meetings

were held in Vienna and Islamabad. The schedule (as reported in
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the first quarterly rercrt, May - July 1¢82, Feference 2) was as

shown in Figure 1.
Ncted on the scheduie are the actual times each cf these key
activities were accomplished or the status as c¢f 30 Novermber

1984.

3.0 PAKISTANI SCIENTIST TRAINING AT SCLAREX

3.1 Plarning

Dr. John Wohlgemuth and Mr. Michael Giuliano visited Islamalkad
during the period 30 May - 3 June 1982. During this time the
general schedule and sccpe c¢f training were agreed upon in
meetings with Dr. Atique Mufti, STDC LCirector and [Lr. Kamal
Hussain, UNLCP Senior 1Industrial Development Field Adviscr in

Islamatad.

It was considered that, fror the standpcint of convenience and
efficiency ip training, the arrival of the Pakistan trainees in
the U.S.A. shoulé ke accomplished in stages with the arrival cf
the first trainee in August 1962. The scientists were to arrive
immediately after the departure of the Director, STDC frcm the
U.S.A. after his visit of July 1982 in ccnnection with finaliza-
tion cof the equipment list. The arrival of subsecuent scien-
tists (two mcre plus the Director) would take place in subse-
guent monthly intervals. A formal lecture series would be

conducted fcr the entire group, approximately November 1982.
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FIGURE 1

SCHELDULE AND MILESTONE CHART

AS DFVELCPED AMONG SCLAREX, UNIDC,

UNDP ANLC STDC IN JUNE 1982 (REFERENCE 1)

(Nctations on chart are actual data or explanatory notes)

equipment list

12. Start of construction of laktoratory wing

A

(Bstimate early 1984)

1982 1983 1984
PROGRAM ITEM MJdJASONLCIJFMAMJIJASOND|IJOFMAM
1. Visit of Sclarex program manager A (iO May=-2 Jun 82)
to Pakistan
2. Preliminary planning and equipment list A (30 May=-2 Jun 82)
3. Visit of Director STDC to USA tc (August 1982)
finalize equiprent list
4., First Pakistani trainee at Solarex (T. Hussain - 120ct82L4Apr83)
5. Submissicn of finalized list cf A (iO August 1982)
“ equipment tc UNIDO
€. Last date for receiving tenders by UNIDC A (30 September 1982)
7. Start of construction of building A (ﬂstimate early 1984)
(Administrative Block)
8. Finalization of detailed drawings A (November 1982)
for Labecratery Block
9. Second Pakistani trainee at Solarex (K. Ahmad - 13Nkv82-14May83)
10. Submissicn of tenders received by A (19-22 October 1982)
UNIDO to Director, STDC
11. Finalization and approvals of A (14-22 October 1982)




FIGURE 1 (continued)

SCHECULE ANLC MILESTONE CHART

AS DEVELOPED AMONG SOLAREX, UNILCC, UNDP AND STDC IN JUNE 19682 (KEFERENCE 1)

(Notations on chart are actual data or explanatory notes)

for silicon purificaticn and
crystal growth

Has not taken pl)

ace as of Nov 1984)

1982 1983 1884
PROGRAM 1TEM MJJASCNDIJFMAMJJASONDJFMAM
13. Third Pakistani trainee at Sclarex (Dr. Qazi - B0Nov82-13May83)
14. Lirectcr STDC at Sclarex for - . i
- - finalization cf equipment list —|(Vvisit did not take plage)
15. Final submission tc UNIDO, Director (Did t tak 1 )
will also stay fcr study tour/training —_— id no ake place
16. Arrival of equipment (Jul83-pec83-
—_—— }ome later)
17. Arrival cof Dr. Wohlgemuth in Pakistan (Mr. WrigleJ replaced Dr.
to assess progress of the project Wohlgemuth{4 Jul 83)
18. J. Creager cf Sclarex in Pakistan for (13 Feb - 9 Apr 8§)
equipment and laboratory setup
- 19. M. Giuliano of Sclarex in Pakistan for (Did not take place)
solar cell design and fabrication
20. J. Hoeischer of Solarex in Pakistan (F. Artiglier diq this function 27Feb~19Mar 84
fcr module design and fabrication
21. J. Creager cf Solarex in Pakistan (Did not occur byt other advisors
for continued laboratory setup filled this fundtion Sep-Oct 1984)
and cell prccessing
22. J. Anderson of Solarex in Pakistan (Task was subconyracted to Battelle -




Prior tc this, training wculd be mcre infcrmal, where each
trainee would have an oppcrtunity tc monitor day-tc-day methods
and procedures in the soclid state laboratory at Sclarex. In
this way a very detailed and practical experience would be
acquired enccmpassing the varicus aspects c¢f silicon prepara-
tion, processing for solar cells, and measurement/analysis

techniques.

The formal lecture series would include aspects c¢f silicen
preparaticn purification and crystal grcwing, soclar cell design,
physice o©of cperation, electrical and cptical measurements,

mcdule design considerations, and systems aspects.

Return cf the Pakistani scientists from the U.S.A. was scheduled

on or before Fekruary/March 1Sg3.

During a meeting in early August 1982, in which Dr. Mufti
visited Sclarex, the sccpe of the training program fcr Cr. Mufti

and the scientists was agreed to. It consisted of the follcwing:

GENERAL TRAINING SUGGESTED FCR ALL THE SCIENTISTS
(Including Dr. Mufti)

a. Fcrmal Lectures Two weeks
b. Silicon Growth Three weeks (suggested places fcr
work/visit - Solarex, Siltec:

Kayex-Hamco or any other «crystal
growth house)

c. Silicon Purification Two weeks (Union Carbide, Solarex,

Dow Ccrning, JPL or any other)




Analysis of Irmpurities ‘‘wo weeks (Solarex, University of

Maryland)

Tests and Measurements Two weeks (Solarex, JPL)

nalytical Equiprent One week (Perkin-Elmer and others)

Manufacturers Visit

Cell Process Two weeks (Solarex)
Lamination and Three weeks (Sclarex)
Encapsulation

VISITS

Lamar University - One Week

University of Maryland - One Week

Visits to as many places as can be arranged according to
time availability (all in the United States)

1.

U.S. Naticnal Bureau of Standards .
Spire Corporation - manufacturer of equipment and
mcdules

Crystal Systems - polycrystalline siliccn company

Solar Energy Research Institute

Mcbil Tyco - a photovoltaic manufacturer

Sandia National Laboratories - a U.S. Federal Contract
Research Center with expertise in photcvoltaics
Northeast Research Experiment Station - site of prcto-
type phctovoltaic systems

AKCC Solar ~ a photovoltaic manufacturer

Mctorola -~ a photovoltaic manufacturer

Jet Propulsion Laboratory - technical advisor to U.S.
Department of Energy with special expertise in rhoto-
voltaic engineering




3.2 Rationale cn Training

We attempted tc prcvide a gcod mix of "hands-on" experience in
the laboratcry as well as lecture and theory. The latter was
particularly concentrated in a twc week intensive serinar given

at Solarex during the last twc weeks in January 1983 (Fiqure 2).

In between the forral activities, the trainees had ample oppcr-
tunity for self study and consultation with lccal experts at
Sclarex. In addition to the training at Solarex, there was
local travel to places like the National Bureau of Standards,
University of Maryland, and Perkin-Elmer. A short trip to
Battelle Laboratcries in Colurbus, Chio was taken for an orien-
tation to the silicon purificaticn and polycrystalline formaticn

process.

In January 1982, Solarex became aware of budget restricticns cn
travel for the trainees to locations other than Solarex. Travel
planning had to be revised and a substitute minimum travel plan
and budget were submitteé to UKNIDO and STDC for approval.
During this same period of time, Solarex was nctified that the
U.S. Department of Energy had decreed that foreign (to U.S.)
natiocnals were not to be given any access to the various
government-supported laboratories such as the Jet Propulsicn
Laboratcry, Sandia National Laboratories, or the €£olar Energy
Research Institute. Plans had prcgressed to the point where the
trainees were planning to visit all these places. Protests by
Sclarex were tc nc avail and the trainees never did get to visit

these institutions.

ru
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FIGURE 2

TRAINING CUTLINE

Week 1 - 17-21 January 1983

Concept of

Crystal Pefect

PN Junction

WOHLGEMUTH

Sclar Cell Physics

17 18 19 20 21
REGNAULT REGNAULT GIULIANO VENDURA WOHLGEMUTH
Silicon Reduction Crystallization PN Junction - Relationship of Design of STDC
Silicon Purification Crystals Physics Crystal and PN €olar Cell
Wafering Liffusion Length Junction Fhysics
to Processing
VENDURA/GIULIANC JOHNSCN VENDURA

PETERSEN

Laboratory Chemistry

Testino

Energy Bands Analysis Profiles Conversion Eff. Waste Disposal
Impurities BSF Safety
Crystal Defects AP Coating
=
WEEK I1 - 24-2§5 January 1983
24 25 26 27 28
CULIK CULIK HOELSCHER STARLEY MCKEGG/GIBSON
I-V Character- I-V Character- Paneling - System Sizing Batteries
istics Test istics Test Electrical General Applications
Measurement Measurement and of PV Systems
Calibration Calibration Mechanical
PETERSEN PETERSEN HCELSCHER/PETERSEN PROM/VAN TILBURY GIULIANO/HUFNAGEL
Paneling Paneling Paneling Environ- System Components Visicv to Breeder
Materials Encapsulation mental Life System Controls

WOHLGEMUTH

Design and process-
ing of STDC
solar cells




During the negotiations arong UNIDC-Vienna, STCC, the Carl
Duisberg Society (the agency which admiristered the travel money
for the trainees), and Sclarex, the money fcr travel was nct
forthceming in time for sore of the trips. Solarex advanced the
funds necessary for the trainees tc mrake the trips. It should
be noted that the planning, cocrdination, cancellaticns, and re-
scheduling of these trips invclved a significant expenditure cf
man hours by the Sclarex staff. This magnitude cf support was

never prograrmed into the internal Sclarex budget.

3.3 Actual Training Accomplished

The first three trainees had their schedule well integrated.
Many of their trips were taken together. However, the late
arrival cf Dr. Parvez Akhter ©presented some scheduling
fFroblems. A summary of the actual training for each cf the

trainees foilows:.

3.3.1 MR. TAJAMNUL HUSSAIN

12 Cctoker 82 - Arrival at Solarex

12 - 15 OCT 82

Orientation.

18 - 22 OCT 82

Cell rrocessing labcratory; seminar at Naticnal Bureau of
Standards.

25 - 29 OCT 82

Cell processing laboratory: FTIR (Fourier Transform Infra-

red) seminar in Beltsville, Maryland; seminar at Solarex on

11




crystal defect anelysis; visit tc Sclarex Breeder rlant in

Frederick, Maryland fcr dedicaticn cerercnies.

1 - 5 NCV 1282

Cell test and reasurements; seminar by T. Ciszek cf SEPI
(Sclar Energy Research Institute) given at University cf
Maryland, Ccllege Park, Maryland.

€ - 12 NCV E2 \

Cell test and measurements.

15 - 19 NOV 82

Encapsulaticn and@ larination.

22 - 26 NCV 82

Encapsulaticon and lamination.

29 NCV - 3 DEC 82

Material analysis equiprent and procedures at University cf
Maryland.

6 - 31 CEC €2

Instructicn cn silicon prcducticn, purificaticon and incct

wafering by Dr. Regnault cf Semix.

3 - 7 JAN 83

Nickel plating and solder metallizaticn technclogy at
Solarex.

10 - 14 JAN E3

Battelle-Columbus fcr training in silicon purification
Erocesses, cbservation of equirrent cperation ané
discussiocns c¢f specifics 1in equipment installaticn and
facilities requirement update for ETCC,

17-28 JAN 83

Two week lecture ceries at Solarex including trip tc

Ereeder facility in Frederick, Maryland (Aprendix B).

12




2€ FFE 83 - 11 MAR 83

Twc weeks at Kayex-Hamcc fer hanés-cn training in silicen
crystal grcwth ard ID diamcnd-saw wafering.

21-25 MAEK €3

Two weeks at Battelle Cclurkus Labcratcries.
2S¢ MAR E3
Final cral review cf all subjects cf training with varicus
specialists from Sclarex Corpcration and Semix Incorpcrated.
4 APR 83
Ceparture fror Sclarex.
4-9 APR E3
Visit tc Elkem Spiegeviert in Norway tc discuss silicon
reduction frcr guartzite ore tc metallic silicon (ready fcr
the purificaticn prccess tc fcllow) by use of electric arc
furnace.
11 APR E3
Return tc Pakistan at end of six-ronth pericd in trainee

fellcwship.

3.3.2 MR. KHALIC AEMAL

13 Noverber 82 - Arrival at Sclarex

15 - 19 KOV 82

Crientation ané labcratory tcurs; attended seminar talks at

Sclarex on various aspects of sclar cells and arrays.

22 - 26 NCV E2

Okservation cf cell prccessing labcratcry procedures and

eguipnent.

13




29 NCV - 3 LCEC 82

Introduction tc cell reasurement and I-V curves, determrina-
tion cf diffusion parameters; use of micrcsccpe tc okserve
siliccn crystal defects; ckserved repair c¢f filament

evaporatcr.

6 — 10 DEC E2

Fiscussicns with J. Creacer recarding L[CI water system and
items lkeing provided by Sclarex for the STDC Lakcratcry:;
rore detailed study of diffusicn rparameters. Visit tc
University c¢f NMaryland electrcn rnmicrcsccpe ané x-ray

analysis facility.

13 17 DEC 82
Phctclithography of wafers; metallization - frcnt evapcra-
ticn cf Ti-Pd, "lift-cff" prccess, tack surface reflector
(BSR), back evapcraticn c¢f Ti-Pd; metallizaticn - silver
plating.

20 24 LCEC €2 )
Demcnstraticn cf the use of 2 monochrcmator in light spot
analysis c¢f sclar cells; dark 1I-V measurements; cbkserved
technicue fcr reasurement cf reflectivity and emissivity:
nickel plating details; depcsiticn of AR ccating (Taj0sg).

27 31 DEC &2

Continuved discussicns with J. Creager regarding items fcr
delivery to STLC; meeting with J. Eoelscher abcut laminatcr
and encagsulation; instruction at Sclarex on Beckman LCk-2A

ratio reccrding spectrcphotcmeter.
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3 - 7 JAN 83

Miscellanecus training on diffusicn and 4-pcint prcbe
measurement; alsc nickel rplating discussions with P.
Petersen; training cn quantum yield measurement using the
mcncchrcmeter.

1C - 14 JAN E3

Trip to PBattelle Cclurkus Labcratcries tc review process
and schedules; hands-cn frractice of scldering of cells and
interconnects in preparaticn fer laminaticn.

17-2€E JAN 83

Twc week lecture series at Sclarex including trip tc
Breeder facility in Frederick, Maryland.

6 -~ 17 FEB €3

Trip to Arizona State University (near Phoenix, Arizona)
for short ccurse and side visits tc Solavolt and Phctowatt
(in the same area).

27 FEFB -11 MAR B3

Twc weeks at Kayex-Famcc (Rcchester, New York) fcr hands-cn
training in siliccn crystal orcwth and IC diarcnd-saw
wafering.

14 MAR - 22 APR E3

Design frcm concept through final grid-rattern érawings fcr
three different technologies of sclar cells.

26 _APR &2
Final oral review of all subjects of training with varicus

specialists from Sclarex Ccrpcration and Semix Incorpcrated.




4 - 6 MAY E3

Trip to Spire, Inc. and Mckil Sclar in the Ecstcn, Massa-
chusetts area fcr familiarization with icn-implantaticn/
annealinc technolcgy and direct grcwth of silicen ribkon
for sclar cells.

14 MAY 83
Return tc Pakistan at end cf six-mcnth peried in trainee

fellcwship.

3.3.3 [CR. ISHRTIAC CAZI

30 Noverber 1962 - Arrival at Solarex

1 - 3 DEC 82

Crientaticn and lakoratcry tcurs at Sclarex; discussicns
with Dr. R. Petersen cn selection cf analytical instrurments
and techniques; also electrcplating.

8 - 10 DEC 82

Three day visit tc University cf Maryland Electrcn Micro-
sccpe Facility and Departrment cf Geology, observed Scanﬁing
Flectrcn Micrcscope (SEN), Transmissicn Flectrcen Microsccpe
(TEM), spark cutting, Secondary Icn Mass Spectrcsccpy
(s1IMS), x-ray diffracticn and x-ray fluorescence.

13 - 17 CEC &2

Cetailed cbservation c¢f solar cell manufacture in the
Solarex R&D latcratcry: initial discussions with J.
bcelscher cn mcéule fabrication; visits to National PBureau

cf Standards library for literature surveys.
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20 - 24 DEC 62

Continued chemical prccessing training on etching, diffu-
sion, Back Surface Field (BSF) formation, nickel and silver
plating: also continved study of varicus aspects of Induc-
tively Coupled Argon Plasma/Atomic Absorption (ICAP/AA) and
Fourier Transform Infrared (FTIR) spectroscopy-.

31 DEC 82

Training regaréing 8 ~-ray backscatter measurements; addi-

ticnal library research and review.

3 - 7 JAN 83

10 -

Hands-on practice of etching silicon wafers, phespherus
diffusion and nickel plating; continued discussions with J.
Hoelscher regarding module design; ccntinued discussicns
with Dr. Petersen regarding the use and specificaticn of
FTIK instruments.

14 JAN 83

17 -

Visit to Battelle Columbus Laboratories to review process
and system for purification and manufacture cf polycrysEal—
line silicen; meeting with sales engineers on ICAP instru-
mentation; visit tco National Bureau of Standards Atomic
Absorption Labcratory: hands-cn practice of scldering to
four inch solar cells.

28 JAK 83

Twe week lecture series at solarex including trip to

Breeder facility in Frederick, Maryland.

27 FEB - 12 MAR 83

Trip to Kayex-Hamcc, Rochester, New Ycrk for crystal

growing and wafering training.
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15 MAR - APR 22 83

Further discussions with R. Petersen on selecticn of analy-
tical instruments and techniques; also electroplating and
electroless plating. Further detailed cbservation of solar
cell manufacture in the Solarex K&D Laboratory: further
discussion with J. Hcelscher con module fakricaticn. Further
training regarding B-ray backscatcer measurements; addi-

ticnal library research and review.

4 - £ MAY 83

Second visit tc Battelle Cclurtus Labcratories to review
process and system fcr purificaticn and manufacture of

polycrystalline silicen.

11 MAY 83

Final oral review of all subjects of training with varicus

specialists from Solarex Corporation and Semix Incorporated.

13 MAY 83

Depart Sclarex.

16 29 MAY 83
Stop at University cf Aston, Birmingham, U.K. fcr twc weeks
on return trip tc Pakistan to study x-ray diffraction,
micro-prcbe techniques and other analytical techniques
pertinent to microanalysis of solar cells.

29 MAY 83

Return to Pakistan at end cf six mcnth trainee fellowship.

3.3.4 DR. PARVEZ AKHTER

17 March 19€3 - Arrival at Solarex

13




Dr. Akhter's late arrival presented Sclarex with scheduling and

lcgistical proklems. One cf the mcst acute was the fact that
the P&C labcratory, where the cther trainees did much cf the
cell-processing hands-cn wcrk was in the pFprocess of a major
physical move. This mcve tock lcnger than expected and negated
any cpportunity to duplicate the other three trainees’ rrogram.
Hcwever, Sclarex at akcut the sare time, was estaklishing the
cell-processing line of their new Aercspace UTLivisicn. The
Aercspace Plivisicn was estaklished to make space cells for which
the quality contrcl and processing specifications are much more
exacting. Dr. Akhter spent several weeks there experiencing all
the day-to-day prcblems that are encountered in trying tc make a
solar cell manufacturing 1line operaticnal. He wcrked clcsely
with the Rercspace group in writing and refining cell processing

procedures.

The two-week training sessicn which was held fcr the other three
trainees was nct duplicated in a formal way. Rather, individual
sessions were held (where pcssikle) with the scientists or engi-
neers at Sclarex whc delivered the lectures tc the group the

first time.

Several trips were taken by Dr. Akhter:

] 12 -~ 25 JUN 83: Training visit to Arizona State University

in Tempe, Arizcna. Study of measurements and sclar cell
performance analysis under concentrated sunlight in the

range from one to a few hundred times irradiance ccncentra-
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ticn, discussicns of photcveltaic water pumping systerms, [C
to AC inverters and storage battery sizing for varicus ir-
radiance ccnditicns. Alsc, visits tc Photowatt, Sclavclt,
and a U.S. Government phctovoltaic system installation at

Fcrt Huachuca, Arizona.

5§ - ¢ JuL 83: Visit tc PBattelle Cclumbus Lakcratcries to

beccre familiar with cperating the generaticn/purificaticn
system. Unfortunately, Eattelle still had progressed
little, tut Dr. Akhter did beccme familiar with the pcrticn
that was operational and spent several days in discussicns

on design ané theory of operation.

1€ - 23 JUL 83: Training visit tc Kayex-Hamco in

Rochester, New Ycrk to discuss and okLserve creraticn of
Czcchralski silicon crystal grcewth, and to discuss cpera-
ticn cf inner-diameter precision wafering machines as will

be installed at the STDC.

1 SEP 83: Visit to Institute of Energy Ccnversion, Univer-
sity of Delaware, Newark, TCelaware. In this concentrated
one-day visit [Cr. Akhter was given an opportunity to see
state-cf-the-art equipment such as glow discharce, cherical
and physical vapcr depositicn systems to grow thin film;
SEM, BAuger and x-ray spectrcsccpy, laser scanning and
spectral response systems to characterize photcvoltaic

materials and devices.
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3.3.5 Two Week Lecture Series

The twc week lecture series jnvclved many engineers and scien-
tists at Solarex otherwise not particularly associated with the
pakistani trainees. The schedule is shown in Figure 2. More
details are in Reference 2. Notes as taken by Tajamrul Hussain

are in Appendix E.

3.4 General Ccmments About Trainee Fellcwships in the U.S.

The trainees were set up in an office area where the Solarex R&D
scientists and engineers had their offices. Over their six
month's time in the U.S., they and many of the Sclarex staff
pecame well acgquainted. In fact tc this day there are perscnal
friendships that were established with the trainees. This
informal relationship helped the Pakistani scientists absorb so

much material in a short time.

The trainees were allowed virtually unlirited access to the
Sclarex copy machines. The trainees made full use of this
privilege, taking several toxes of copied reports back to

Pakistan.

There was one area of administrative difficulty - the issue cf
proprietary data and prccesses. Since the contract calls for
training in photoveltaic technclcgy ané the people at Eclarex
naturally are mcst familiar with the Solarex processes, it was

practically impossible tc separate the twc.
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This was handled in two ways:

1. Where the Solarex rprocess 1is prcrrietary, such as the
silicorn purification and crystal formation, no detailed
expcsure was given tc the trainees. Rather, since the
Pakistanis were tc use single crystal silicon, which
required a fundamentally different prccess than Sclarex
uses, arranqgements were made tc allow the trainees tc visit
Kayex-Hamcc, the manufacturer of equipment tc be irstalled

in Pakistan.

2. There were a few steps in the cell and module line which
were FEroprietary. The details were not divulced to the
trainees. Ecwever, they were in the sare area and, ccnsis-
tent with Solarex policy, each of the trainees were asked
to sign a ncn-disclosure statement, which they all did

(Aprendix A).

4.0 LABCRATCRY ECUIPMENT

4.1 Plans

Sclarex's participaticn in the prcocurerent of eguipment regan
alrmost immediately after the award ¢f the contract. In meetings
helé in Islamabad 30 May - 3 June 1S€2, [Cr. John Wchlgemuth and
Mr. Michael Giuliano of Solarex, in coordinaticn with Dr. Mufti
and Mr, Kamal EKEussain (UNDP SICFA-Islamabad), generated a 1list

of general guidelines as %o what was going to harpen at the




——
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STCC. Based on these gereral guidelines a generic 1list of
equipment, suprlies and tasks was generated. This is detailed

in Reference 2.

when Cr. vohlgemuth and Mr. Ciulianc returned to the U.S., the
Sclarex staff was tasked tc put tcgether a detailed 1list of
equiprent, seek potential suppliers, ané¢ cbtain the Lkest cost
estimate they could sc that this coculd be used for Dbudget

estimating purpcses.

This data was used tc fcrrulate a recommended list cf ecuiprent.
In early August 19€2, Dr. Mufti visited Solarex during which
time this 1list was thorcughly discussed with him. With [Lr.
Mufti's concurrence, each item was prioritized as to its
relative necessity. These categcries were:

A Absolutely necessary.

B Absolutely necessary but dJdue tc limited funds purchase

may have to be postponed.

C Reguired but can dc withcut initially; later adcition

is strcngly recommended.

D Lcwer priority; recorrended fcr later.

Please see Appendix C for the entire listing.
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4.2 Prccurement Acticn

Dr. Wchlgeruth and PCr. Mufti travelled to New Ycrk cn 1C and 1l
August 1962 to meet with Dr. Nijhawan cf UNCP, Dr. Usmani cf the
United Nations and Dr. Lcvejcy of the United Nations. The
equipment requiremen: fcr the STDC were discussed and the list
of equiprent develcped by Dr. Mufti and Sclarex was reviewed
item by iter. Priorities were established and it was decided to
reguest bids cnly for top priority items at that time. Because
of the large number of fairly small items reguired for the
latoratory, it was decided to cnly reguest separate quctes on
large capital items. The other items would be brcken dcwn into
an expendakle and non-expendable package for which bids wculd be
solicited. Appendix C shows the breakdown that was approved at
the New Ycrk meeting. This list was utilized by the UNILCC staff
in Vienna to prepare the Request for Quotaticn Lccuments. The
reguest fcr quote was issued on 25 August 1982 with a requested

response date of not later than 30 September 1982 (Reference 4).

After the Lids were received in Vienna, NMr. M. Giulianc of
Sclarex attended a meeting on 19-22 October in Vienna tc assist
UNIDC in propcsal evaluation. Also in attendance were LCr. Mufti
cf STDC, Dr. Nihjawan, Cr. Usmani, Mr. Gardellin, and Ms.
Koellish of the United Nations and Mr. Masihuddin of the Covern-
ment of Pakistan. All of the equipment bids were reviewed and
reccmmendaticns made as to which bids should be accefpted.
Details cf the meeting are summarized in Reference 5. Briefly

stated the winning proposals were as follcws:
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Crystal Grower
Inner Diamater (ID) Saw
Polysilicon Reactor Facility

piffusion Furnace System

Cual Filament Evaporator and
Electrcn Beam Evaporator

Environmental Test Chamber
Laminator
£€2/2 Non-Consumable Package

82/3 Consuradble Items

NOTE: Cn items §62/2 and §2/3,

conform to budget constraints.

Subsequently, Solarex received UNIDC

(Appendix D) dated 3 November 1982.

4.3 Sclarex Supplied Equipment

Hamco

Hamco

Battelle-Cclumbus

Sclarex (using Thermcc
Equirment)

Leybold-Eeraeus

Asscciated Envircnmental
Systems
Solarex
Solarex

Solarex

guantities were reduced tc

Purchase Crder 15-2-K0911

The Government of Pakistan issued a purchase crder to €olarex

for package €2/2. This package consisted of items 15 to 35 on

the original UNIDC liet (except item 22) (Appendix E). Item 22,

the deionized water system, was ordered separately frcm Culligan.

The Sclarex staff then set abcut prccuring the equipment repre-

sented by these two purchase orders.
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timely, the Fakistan trainees at Solarex were consulted¢ akcut

the eguipment.

The ecuiprrent was asserbled over a pericd cf time, packed and

actually left Sclarex in May - June 19E3.

4.4 Shirrent LCamage

Sclarex was vertally nctified that there was shirping damage tc
scre cf the equipment in July-August 19683. The details cf the
damage were not kncwn until Noverber 1983 when during a visit tc
Sclarex, Dr. Mufti brought some phctographs of the damage. A
UNICCGRAM. dated 9 January 19€4 was received by ESclarex which
contained a survey report by the insurance agent (Reference 6).
Using this repcrt and the phctcaoraphs supplied tec us Ly [Cr.
Mufti, replacement Fparts were crdered and <cdispatched tc
Islarabad. It was hcped that NMr. Artigliere and Mr. Creacer

could repair the damage during their upceming visits to STDC.

4.4.1 ECUIEMENT ANLC SUPFLIES THAT SUSTAINELC L[CAMNAGE LURIMG

SHIPMENT

o Larinatcr: Severe damage tc vacuum manifcld, vecuum mctcer
suppcrts were Lroken, temperature controller incperatle,
tcp 1lié knocked ocut cf alionwent, cther damage (see

Reference 7 for details).
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Dicing Saw (Item 25 c¢f Pakistan-prccured equipzent) was

discovered ic Dbe damaged during Mr. Creager's visit (see

Reference 8 for deteils).

Ciffusicn Furnace (Item 9 cf UNILCC Furchase Order 15-2-
K0911) sustained sorxe damage but Mr. Creager was able to

repair sufficiently to make wcrk.

Polysilicon Reactor Facility sustained sore shipping
damage. Extent is unknown tc Sclarex a: time of writing
this report, but has been evaluated on-site by Battelle's

pavié Seifert.

Tempered Glass Sheets -
4 Sheets 17 1/€* x 41 5/8" Broken

7 Sheets 17 1/4" x 11 11/1€" Broken

One 1b of aluminum paste, Iter 47, was missing.

Leybold-Heraeus vacuum system sustained scme darage =~

repaired by Leybold-Heraeus engineer during Septemker -

October 1984.

There was ancther rrcblem with the ecuiprent Sclarex shipred tc

Pakistan. Iltems:

49(f) 75 gms, ESI 6-564-350-B Sclcder Paste

59(n) 1 can Dow-Corning 12C0 Primer
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41(c) 2C ea 5' x 5' Chrome Elanks

(3) 2 gal AZ-240C Shipley Resist

(e) 4 gal AZ-2401 Shipley Developer

were included in a carton which was to kLe kept refrigerated.
Prcper labeling or instructions were not put on the bcx. The
perishable materials were replaced at nc cost tc UNIDO or the

Pakistan Government.

4.5 Sclarex Assistance in Cbtaining Expcrt License

There was ancther prctler with eguiprent procurement which
Solarex was asked to assist in resolving. It dealt with the
Perkin-Elmer ICP/AA and FTIR instruments. Thcuca these pieces
of equipment were purchased separately, Solarex was apprised in
early 1984 that there was a problem with the U.S. expcrt
license. After investigation in cooperation with Perkin-Elmer,
STDC, and the Pakistan distributor fcr Perkin-Elmer, ZELIN, it
was determined that early in the licensing procedure, there had
been a typcgraphical error in the license request. The abbrevi-
aticn for photcvoltaics, "PV" had mistakenly Leen tyred "PU".
U.S. gcvernment cfficials were prepared to disallcw the expcrt
license. Thrcugh many meetings, telephone calls, both in the
U.S. and Pakistan, the protlem was finally resolved with the

expcrt license reing issued.
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4.6 Silicon Purification System

The contract for building one of the key components of the STDC
laboratory, the silicon purification system, was awarded to
Battelle-Columbus. Because of the uniqueness of this equipment,
from the beginning it required special handling. These problems
were compounded from Solarex's point of view because the Solarex
proprietary process of producing silicon is fundamentally dif-
ferent from that being built by Battelle. Originally, the on-
site advisor in this process was to be Dr. Jack Anderson, then
later Dr. William Regnault, both of whom worked with the part of
Solarex which makes silicon wafers (formerly Semix, Inc.). How-
ever, it was recognized that there would be a learning curve

that even people of this stature would have to go through.

During his visit to Islamabad in July 1983, Mr. Wrigley
discussed the possibility of contractually getting someone from
Battelle to do this on-site training. This was agreed to in
principle at that time. After a long period of negotiation
about terms, a subcontract was issued from Solarex to Battelle
(with the full knowledge and cooperation of UNIDO) on 17
September 1984. A separate report by Battelle will now have to
be submitted to UNIDO after such effort is performed under yet a

new contract.

29




5.0 STDC BUILDING

5.1 Planning

From the beginning of the movement to establish the Silicon
Technology Development Centre, the idea of a new building to
house the centre was an integral part of the plan. Solarex had
a key responsibility in this regard and assisted the STDC staff,

the architect, and UNIDO by giving technical advice.

puring the orientation meeting in early June 1982, in which J.
Wohlgemuth and M. Giuliano of Solarex participated, the baseline
plan was that there was to be an administration building of
13,000 sq ft and an adjoining laboratory building of 11,000 sgq
ft. A tentative general layout was sketched out, which could be

detailed later.

During the period June - October 1982, the laboratory layout, as
portrayed during the Islamabad visit in June 1982, was changed
in accordance with a new layout provided to us by the architects
(Rizki and Company of Karachi). Solarex recommendations regard-
ing room size and arrangements were changed accordingly and
submitted along with detailed specifications for utility
requirements of electricity, water, exhaust, drainage, etc.
This was done on a laboratory by laboratory basis and included
the following separate areas: a cell process laboratory, a
laboratory for the purification and preparation of polysilicon,

a crystal growing laboratory, a laboratory for wafering of
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silicon ingocts, a cell and rcdule test area, a module encapsula-
ticn laboratory ané an analysis laboratory for x-ray, ICP/AR ané

FTIR equipment.

Details of utility requirements were based on Solarex experience
as well as inputs from other eguipment suppliers such as
Battelle Columbus Laboratories and Kayex-Hamco who were awarded
contracts to deliver eqguipment for silicon purificaticn, crystal

grcwth and wafering.

Separately, we provided additional details cf construction re-
lated to installation of equipment to the architectural firm of

Rizki and Company in Karachi per their reguest through Cr. Mufti.

These discussicns culminated in the issuance of Solarex Drawing
Nc. 1299 (twc sheets) cn 24 November 1982 (Appendix G). Since
that time there have been many discussicns with STLC about
details of the ruilding laycut and utility requirerents. When
there were trainees at folarex, these details were discussed

with them.

5.2 Effects of Late Construction of Building

The slcw fpace of construction cf the STDC building (discussed
elsewhere in this report) was not under Sclarex purview. How-
ever, it should be noted that Solarex expended ccnsiderable
effort in providing advice on the equipment reguirements for

various temporary buildings.
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Fcr instance, in 1983, when it became ckvious that the permanent
building would not be finished on time, Solarex, in response to
a STDC request, submitte@d a series cf seven drawings detailing
the laycut and requirements for the temporary laboratory in the
Naticnal Physical Sciences Laktoratory building (Reference 9).
These proved useless because the space depicted cn these draw-
ings was never made available to the STDC. In additicn, there
have been many discussions between Battelle and STDC on the
requirements peculiar to their (Battelle) equipment. Sclarex

was only partially jnvolved in the details cf those discussicns.

6.0 SCLAREX ON-SITE ALCVISCRS

6.1 Activity Surmary

Eight different advisors spent time in Is)lamabad at the STLC.

These people and their time in Islamakad are:

Joserh Creager 13 February - 9 April, 1984
Fiore Artigliere 27 February - 19 March, 1984

Charles Y. Wrigley, Team Leader 26 March - 10 April, 1984

Fauzia Uddin 22 April - 2 May, 1984

James F. Hoelscher 17 September - 15 Octcber, 12864
Donald R. Warfield 24 September - 8 Cctober, 1984
Gecrge Storti 1 Cctober - 1 Ncvemkter, 1984

J. Christcpher Scharf 1 Octcber - 29 October 1984
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Individual trip repcrts are ccrpiled in Reference 1C, ccpies cf
which were furnished to Mr. Cardellin, Dr. Stephens, and [r.

Mufti. 2 Pbrief summary cf their activities follcw:

Mr. Joseph Creager was the first Solarex advisor tc gc tc
Pakistan (13 Fekruary - ¢ April 1984). Eis expertise 1is in
cell-processing equipment. At STDC, he wcrked with the STLC
staff in settino up the Lkasic cell fprccessing eguirment in the

cld Naticnal Physical Science Laboratory.

Mr. Ficre Artigliere was the seccné Sclarex adviscr in Fakistan.
His time overlapped Mr. Creager, running fror 27 February - 19
March 1984, Mr. Artigliere's expertise is in design cf the
laminator and in the laminating process itself. He repaired the
larinatcr shipping damage and taught the STLC staff on details
of module making.

Mr. Cherles Y. Wrigley, the Sclarex Team Leader, visited
Pakistan frcm 26 March - 10 April 1984, Mr. Wrigley worked with
Cr. Mufti, UNLCP, and others tc stimulate getting the facilities
going. In additicn, Mr. Wrigley worked with Mr. Creager and the
STDC staff tc ccrmissicn scre of the cell precessing and

measurement equifpmrent.

Ms. Fauzia Uddin, an expert cn diaoncstic and measurement ecuip-
ment, visited STDC during the period 22 April - 2 May 1984. She
wcrked with the STLC staff cn spectral response measuring ecuip-

ment and the betascope. She was also present when the eguirment
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was moved from the National Physical Sciernce Laboratory to the

second temporary building.

Mr. James Hoelscher, whose expertise is encapsulation, module,
and system design, visited STDC during the period 17 September -
15 October 1984. Mr. Hoelscher delivered lectures on encapsula-
tion and module design and worked with the STDC staff in devel-
oping a unique module and systems design. Several modules were

fabricated.

Mr. Donald Warfield, whose expertise is in cell processing
equipmeat and procedures, visited STDC from 24 September - 8
October 1984. He worked with the STDC staff in setting up de-
tailed cell processing procedures and resolved several equipment

problems that had been plaguing the STDC staff.

Dr. George Storti, whose expertise is in photovoltaics physics,
visited Islamabad during the period 1 October - 1 November 1;84.
He worked with the STDC staff in integrating the solar cell
equipment, especially the titanius-pailadium silver metalliza-
tion system and the Leybold-Hecaeus antireflective coating

equipment into a functioning cell laboratory.

Mr. J. Christopher Scharf's expertise is in cell processing pro-
cedures and equipment. He worked with Mr. Warfield, Dr. Storti,
and the STDC staff in integrating the various cell-processing

steps. He visited Islamabad from 1 - 29 October 1984.
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6.2 Problems Associated With Oon-Site Training Program

A common problem exis:ed for all the Solarex on-site advisors -
the delay and in some cases inoperability of key pieces of
equipment. Much of Mr. Creager's and Mr. Artigliere's time in
February - Ap . 1984 was spent repairing oOr installing eguip-
ment - in effect taking away time that could have been used in
training. Only in September/ October 1984, when the last four
Solarex advisors were in Islamabad, were the two Leybold-Heraeus
vacuun deposition systems commissioned (affording the on-site
advisors only a small armount of time to use the equipment). The
Kayex crystal puller and wafering saw, and the Tempress—-Micro-
automation dicing saw werz never operational. Although some
on-site training was accomplished, it certainly was not as much
as could have been done had all the equipment been commissioned
on schedule. It is a tribute to the resourcefulness of the
advisors and the STDC staff that they were able to get as much

training done as they did.

There were other problems. The STDC policy of giving everyone
the same training (regardless of speciality, experieace, OrI
capability) proved to be very difficult to impossible to accom~
plish. Attendance of the staff was sporadic. If there had been
a few key people identified for each operation, much more useful
training could have been given. In addition, activity at the
laboratory was subject toO interruption from tours and other

visitors.
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7.0 A VIEW OF THE PROGRAM FRCN THE SCLAREX FERSEECTIVE

The Sclarex Ccrpcraticn has beer prcud to serve as the *echnical
advising ccrpany for the estarlishment of the Pakistan Naticnal
Institute cf Silicen Technolcgy. All of the people at Sclarex
who have wcrked with ttre varicus facets cf this prcject wish
fervently that all cf the ideals espoused in the okjectives
couvlé cne day be realized. Ecwever, frcm the view cf Solarex
ranagement, the rinimum capability that STDC now pcssesses has
ccre at a heavy penalty - both financially and risk cf reruta-
ticn. The fcllcwing secticn is a frank discussicn cf scme of
the prorlems enccuntered by Sclarex cn this project. Secticn 8

gives recommendations fcr other prcjects shculd the UNIDC ke scC

inclined.

7.1 <Solarex Ckjectives

when Sclarex entered into this ccntract in 1982, the ccrpany

inducement centered arocund the following potential benefits:

- Expectation that Sclarex coulé dc the jot and enhance

its reputetion.

- Expcsure cf Sclarex tc the United Naticns for pcseikle
future efforts Fpatterned along the 1lines cf the

Pakistan effcrt.
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- Expectation of a reasonable profit, though it was
recognized from the outset that this was a high risk

endeavor.

- Favorable company exposure in Pakistan, which is a
country with significant photovoltaics business

potential.

7.2 General Delays

Almost from the outset, there were delays. The first three
Pakistan trainees arrived later than originally planned. Dr.
Mufti's visit in which he was to participate in training with
the rest of the scientists never did take place. The fourth
trainee arrived four months later than predicted. Because the
trainees worked side-by-side with Solarex R&D and production
personnel, this made for a significant problem in coordinating

activities with the trainees and the normal activities at

Solarex.

7.3 Building Delays

The most disheartening phase of the entire program, however, was
the pace at which the facility in Islamabad progressed. Origi-
nally, the schedule called for the building being completed at
about the same time the trainees were to complete their training
in the U.S.A. However, as of the date of this report, the com-

Pletion is s8till in the future. This has had all sorts of
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reprecussions: A series of "temporary"” facilities were devised,
which initially were to be only for equipment proofing but even-
tually prevented the Solarex on-site advisors from doing what
they were supposed to. Even the temporary equipment installa-
tions were far delayed. Plans were made to schedule advisors,
then had to be rescheduled (sometimes several times). Since all
of the advisors had other full time Jjobs at Solarex, this pre-

sented tremendous coordination problems.

Indeed the program stretched out so 1long that many of the
Solarex principals involved in establishing the program are no
longer with the company. The two people who signed the proposal
documents for Solarex, Dr. Lindmayer (President), and Dr.
Wohlgemuth (Team Leader), are no longer in their previous posi-
tions. Of the six people listed on the original contract as key
people, only Dr. R. Petersen and Mr. D. Warfield are still with
the company. These changes come about for a variety of reasons
(not untypical for an American high-technology company). How-
ever, it should be noted that the replacement people were as
qualified or better suited to their respective specialties as

were the original people.

7.4 Contract Extension

During Mr. Wrigley's visit to Islamabad in March/April 1984, it
hecame obvious that by the contractual deadline of May 1984,
there was no hope of effectively using the rescheduled services

of the Solarex advisors on-site. The c¢nntract end date was
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extended at the suggestion of Mr. Wrigley to November 1984 at no

cost to the United Nations or Pakistan. This was done despite

the fact that this inevitably meant people at Solarex headquar-
ters would spend more time and further internally overrun the
budget for this project. It was, however, understood that STDC
would be ready to run the rest of the equipment (other than

Battelle's) in June 1984.

7.5 Slow Progress in Summer 1984

There seemed to be a general lack of progress in the Summer of
1984 on the part of the Pakistanis. For instance, from April
1984 when Mr. Creager left Islamabad to September 1984 when the
first of the last four Solarex advisors arrived, not much had
realiy been accomplished in getting up the equipment. True, it
was set up in the second "temporary"” building, whirh took some

effort pushing the bureaucracy.

7.6 Problems in Getting the Right Supplies to the Right People

It was observed by all the on-site advisors that there was simp-
ly not enough basic material - cells, silicon wafers, processing
chemicals, expendible supplies, and tools - to actually do much
research. Furthermore, the administrative controls over these
supplies were such as to almost prevent anything from being
done, perhaps engendered by fears of inappropriate unauthorized
use. Numerous other practices were noted by the advisors that
made for aggravating delays.
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7.7 Objections of the STDC Director

During the visit of the last four Solarex advisors 1n September
and October 1984, Dr. Mufti repeatedly expressed his displeasure
at Solarex performance. His specific objections centered around
a number of issues, which were unfortunately really a result of
the delays which hampered all parties to the point where only a
"time-remaining” attempt could be made to complete some

activities.

7.8 Solarex Position on STDC Director's Objections

As to the gqualifications of the on-site advisors, Solarex stands

by their gqualifications.

- Mr. J. Creager has started several cell lines at Solarex.
Further, because of the equipment damage and the fact that
the necessary plumbing, electrical, and physical facilities
were delayed past the start of his visit, Mr. Creager did

an outstanding job in getting results.

- Mr. F. Artigliere designed, initiated the contract for fab-
rication, assembled, and checked out the laminator prior to
it leaving Solarex. He has done the same thing for four
other laminators built for use at Solarex. Since the
laminator was nearly destroyed in shipment, perhaps Mr.
Artigliere was the one person on earth who could effective-

ly put the machine back together again. He would have been
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perfectly justified to declare the laminator damaged beyond
repair and wait another six months for the insurance to
clear and have another machine delivered. The fact that he
made the machine work with repair equipment is a tribute to
his ingenuity. The fact that he left earlier than planned
was a result of a replacement pump being held up in Customs

(Reference 7).

Ms. F. Uddin was in Pakistan for a very limited purpose -
to assist the STDC staff in using spectral response equip-
ment and betascope instruments. Using thesa instruments
was her job at Solarex. She was the best person for that
particular task. She had another asset, she is a native of

Pakistan and speaks Urdu as a mother language.

Mr. C. Wrigley 1is the senior research and development
person at Solarex. Along with wide-ranging experience in
solar cell research, Mr. Wrigley is a Vice Presideng at
Solarex. Part of his responsibility is the laboratory,
after which much of the STDC equipment and processes are
patterned. The fact that this program was taken on by an

officer is an indication of the corporate support that this

project had at Solarex.

Mr. J. Hoelscher has managed a number of development
programs at Solarex which involved new module technology -
including the development of lamination technology. He

most recently was a project manager in the Solarex systems
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group and was one of the people who taught the Pakistani

scientists when they were ac Solarex.

Mr. D. Warfield has extensive experience in setting up a
number of solar cell manufacturing lines and laboratory

operations - exactly what he attempted to do at STDC.

Dr. G. Storti is one of the foremost photovoltaic physi-
cists. That we were able to get him at all was a stroke of

timing luck. He simply was not available another time.

Mr. C. Scharf assisted Dr. Storti and finished out the work
started by Mr. Warfield. He has experience in the Solarex
R&D laboratory fabricating cells - the same thing he did at

STDC.

Expiration of Contract

Solarex fully understands that the STDC is not yet fully opera-

tional and that there is still much work to be done. The deci-

sion not to extend the contract a second time was primazily a

timing and cost decision. Solarex had already overspent its

budget and any further activity would have made that situation

worse.
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RECOMMENDATIONS FOR FURTHER ACTION BY UNIDO AND/OR THE
GOVERNMENT

The most urgent requirement - expedite action to complete
the permanent building.

In the short term, a senior technical advisor/consultant

should be retained to work on-site with STDC for an addi-
tional six weeks to two months in order to consolidate
gains already made and to complete all the work associated

with cell fabrication.

For the 1long term, an expert advisor in photovoltaics
should be engaged once or twice yearly for approximately
one week at a time to review STDC activities and provide

advice for future activities.

Introduce a system so that the hands-on technicians .and
scientists have proper equipment and supplies (and enough)

consistent with their jobs.

At all levels strive to meet schedules.

In the near term, continue direct negotiations with
Battelle, Kayex, and Leybold-Heraeus tc make absolutely
sure that a capability to use their respective equipment is

retained by the STDC staff.
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7.

Resolve the various 1insurance claims resulting from

shipping damage.

8.1 Other U.N. Efforts of a Similar Nature

During the pre-contractual period, there were informal discus-

sions that this project in Pakistan might be the precursor to

other similar endeavors in other developing countries. Solarex

does not know how this thought has progressed in UNIDO, but from

a perspective of a supplier of goods and services associated

with the Pakistan job, we offer these recommendations.

First and foremost - the contract should have clear lan-
guage that if the project is delayed due to no fault of the
contractor, there should be a recognition of that by UNIDO
in the form of renegotiating the terms of the contract. It
should be clearly understood that the dynamic nature of
high technology business in the eighties in mthe

industrialized world makes keeping a team together very

long extremely difficult.

The host government at all levels should strive to meet
UNIDO schedules. Unrealistic schedules should never Dbe

allowed to formalize.
There should be a clear understanding by all parties of the

nature of an on-site advisor. The advisor advises. He (or

she) does not direct people in the organization; does not
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make policy decisions regarding use of the host organiza-
tion human or material resources; and does not set priori-
ties for the organization. The advisor is not in the chain

of command.

There should be a clear chain of command in the host
organization such that if the No. 1 person is unavailable,
there is someone else delegated who has the authority,

responsibility, and initiative to get on with the program.

CONCLUSIONS

The STDC has the capability to fabricate solar cells from

the silicon wafer stage through module fabrication.

The STDC has the capability to make solar cells using two
different metallization methods: nickel solder and

titanium-palladium-silver. -

No training was given on-site in the use of the following

equipment because it was not operational:

- Silicon purification equipment
- Dicing saw
- Inner-diameter saw

- Silicon crystal growing equipment
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STDC has a minimum capability to use the Leybold-Heraeus
vacuum deposition equipment. Key people should be sent to

the Leybold-Heraeus factory in Germany for further training.

Delay in completing the laboratory building in Islamabad

has been a severe detriment to the project.

Four Pakistani scientists completed training in the U.S.
and learned a great deal. If they retain what they learned

and teach others, the STDC ideals should be realized.

The stretch-out of the facility and equipment installation
program had a detrimental effect on the effectiveness of
the Solarex on-site training. It prevented Solarex from
sending the appropriate number of on-site advisors in a

timely fashion.

Because of the delay in the program, and the lack- of
confidence that the situation would gquickly get better,
Solarex management did not extend 1its contractual on-site

date beyond November 1984.

Equipment has been ordered or is on hand to produce small

photovoltaic systems starting with metallurgical grade

silicon.
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CONFIDENTIALITY AGREEMENT

Solarex is pleased to have the opportunity of training you
in the design and fabrication of solar cells and modules,
including some aspects of silicon purification, crystal growth
and slicing.

Since you may encounter equipment and methods that are
proprietary to Solarex and Semix, your agreement will be
necessary to maintain confidential and proprietary all
informaiion regarding the ejuipment, methods and products
utiiized in our research and development and production
facilities wunless such information 1is already contained in
patents or printed publications or becomes so in the future.
Moreover, you will be notified of some ©particular areas,
equipments or processes to which you will not have access
because of their particularly proprietary nature. This will not
have any adverse effect on your treaining program. It involves
information which can only be divulged under specific licensing
agreements.

The information to which you will have access will enable
you to completely process solar cells and modules according to
well established technigues, as well as some developmental
processes. In the area of crystal growth, slicing, and silicon
purification, Solarex and Semix will make every effort to
provide you with basic krowledge and practical experience to the
extent that Solarex and Semix (a) are actively involved in that
process and (b) the process does not involve Solarex or Semix
trade secrets. Where Solarex/Semix cannot provide information,
every effort will be made to arrange trips to other laboratories
where additional information may be obtained.

It 1is understood that the information intentionally
provided to you by Solarex/Semix 1is for the purpose of
implementation of the Silicon Technology Development Centre.
However, any proprietary information encountered at Solarex or
Semix is not to be released to any third parties unless it has
already been published or has been obtained from an independent
source. At the end of your stay at Solarex you will have a
briefing with Soiarex anéd Semix technical personnel which will
serve to point out those topics consider2d to be proprietary
information.

We thank you for respecting the rights of Solarex/Semix.
Your signature after the words "Agreed to and accepted®" will
indic-te that you will be bound by the terms of this
conf. .ciality agreement.




SOLAREX CORPORATION

BY:

Agreed to and accepted TITLE:

DATE:

BY:

SEMIX INCORPORATED
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Appendix B

TRAINING REPORT by T. Hussain

PERIOD: 17-1-83 to 28-1-83
TITLE: Twc-Week Lecture Series

The lectures were delivered by various speaners from Solarex on different
topics. The schedule of these lectures is attached herewith. There were two
sessions daily from 9:30 AM to 12:00 noon and from 3:00 PM to 5:30 PM.

Brief summaries of these lectures are as follows:

Jan. 17, 1983 - A.M. . ;

a. Production of Metallurgical Grade Silicon

Dr. Bill Regnault delivered a lecture on the production of MG-silicon
from quartz or quartzite using charcoal or wood chips as reducing agent
in the arc furnace. An arc is produced in the furnace at low voltage and
high current to dissipate maxipum heat from the arc in the furnace.
Material graded in size is fed from the top of the furnace.

The following reaction takes place during smelting in the arc furnace.

25i05 + 4C = SiC + 510 + 30

2C + Si0 = siC + CO

$iC + 2510, = 3s5i0 + CO

258i0 = Si + 8102

Si0 + 07 = 25107 - Reaction occurs at the surface of the molten
metal.

wos W
.

Metallurgical grade silicon is tapped from a hole and casted.
Dow Corning is developing this process to produce solar grade silicon by
initially using high grade (quality) raw materials such as quartz and

black carbon or petroleum coke.

b. Purification of MG-silicon to Poly-silicon Siemens Process

This basic process with modifications is being used by various
companies. The basic process is composed of:

i. GCeneration of Chlorosilanes:
HC1(g) + MG-silicon = SiCL, + SiHCl3 + SiH2Cly + Heavies.

ii. Distillation:
Generally, three columns are used in fractional
distillation to separate tri-dichlorosilane from SiCly,
SiHyCl; and metal chlorides, etc.




iii. Decomposition of Trichlorosilane:
A reactor composed of a 1/4” diameter silicon rod is used
and it is resistance heated by connecting to a power
supply. Trichlorosilane (TCS) is decomposed and silicon -
is deposited on this rod.

4SiHCl3 1000—1100°g..3SIC14 + Si + Hy(g)

Ha(g)

Jan. 17, 1983 - P.M, -

—— eepemmy  wmmney e e

Dr. George Vendura discussed band theory relating to silicon solar cells; .

giving a brief description of mobility and diffusion length. Mr. Mike - .
I Giuliano discussed the effects of deep lying traps and impurities. Then Dr.
Vendura discussed crystal imperfectionms:

i. Point defect: a) vacancy, b) interstitial, c) substitutional

ii. Line defect: a) edge dislocation, b) screw dislocation, c)
combination of both.

Jan., 18, 1983 - A.M.

The lecture was delivered on crystal growth by Dr. William Regnault. He
discussed the following points:

Crystal Growth i. Growth from melt
ii. Growth from solution
iii. Crowth from solids

He then elaborated on crystal growth based on the Bridgeman technique (crystal
grown in a container) and Czochralski technique (crystal pulled from the
container).

Then he discussed wafering technologies, classifying them as:

i. Slurry (MBS and wire saw)
{i. Fixed abrasive technique (ID and wire (fast))

Internal diameter (ID) is a promising technique as it is high speed and
automatable.

Jan. 18, 1983 - P.M.

In the afternoon, Mr. Scott Johnson delivered a lecture on crystallography
stressing the types of defects in silicon crystal. He briefly described X-ray
diffraction and preferential etching techniques to study defects in
semicrystalline material.




Jan. 19, 1983 - A.M. and P.M.

a delivered a lecture on theoretical aspects of P-N

1. pr. George Vendur
thods to form P-N junctions and application to

junction formation, me

solar cells.
2. Mr. Mike Giuliano discussed the physics of P-K junctionms and elaborated
some basic definitions of (1) dirfusion length, (ii) lifetime of

carriers, (iii) saturation current

Jan. 20, 1983 - A.M.

a discussed various preferential etching systems as
microstructural examination tools and also discussed the various steps in cell
processing to form P-N junctions. Laboratory conditions were discussed,
stressing the need for cleanliness and necessary documentation for research

records.

pr. George Vendur

Jan. 20, 1983 - P.M.

pr. John Wohlgemuth discussed solar cell physics covering the following topics:

i. Cell performance

ii. Solar cells and optics

1ii. Physics of solar cells and electron-hole pair production
iv. Bulk recombination

v. Back surface field

vi. Back surface recombination

vii. Front surface recombination

Jan. 21, 1983

pr. J. Wohlgemuth delivered a lecture on the design of solar cells covering

the following topics:

i. pDesign of grid line pattern and bus-bars, considering (2) shadowing
loss, and (b) metal resistance losses
1i, Quantum yield

mative but could not be covered in a

This lecture was lengthy and very infor
h would deliver another

single session, sO {t was decided that Dr. Wohlgemut
lecture in the final session of the series.

Jan. 24, 1983 - A.M.

ented a solar cell model as an electronic device and

lectrical characteristics of the solar cell and their
shunt resistance,

Mr. Jerry Culik pres

described the various e
significance. He discussed light and dark 1-V curves,

series resistance, £i11 factor and efficiency of solar cells.

ra




Jan. 24, 1983 - P.M.

Dr. Ray Petersen gave a lecture on "Paneling Materials.” He discussed various

materials as encapsulants, adhesives, primers, substrates and suyperstrates;

then, encapsulation processes of (a) silicone casting process and (b) EVA

lamination proce 5. The EVA lamination process is cost effective and will be f-
available in the STDC laboratory. !

Jan. 25, 1983 —~A.M. - Tests and Measurement — Mr. J. Culik

Testing of solar cells was explained and interpretation of data was discussed =
under the following topics:

1. 1-V curve analysis -
2. Dark I-V curve analysis P
3. saturation current

4, Reference cell and its calibration method

Air mass number was explained as the optical path length (in the atmosphere)
that sunlight must travel to reach the measured surface.

AMO above the atmosphere

AM1 earth's surface (normal incidence)
AM1.5 earth's surface at o = 48°

AM2 earth's surface at 8 = 60°

We discussed testing under steady state xenon and pulsed xenon simulators and
compared this with actual testing under the sun.

Special note:
A precision spectral pyranometer is essential for the STDC laboratory to
calibrate its own referexce cells as 2 secondary standard. This was not

included in the original list of equipment as 3 priority item.

Jan. 25, 1983 - P.M.

Dr. Ray Petersen discussed the silicone casting process and the EVA lamination
process in detail.

Jan. 26, 1983 - A.M. and P.M. - Module Design and Testing - Mr. Jim Hoelscher

pesign of modules was discussed from two aspects - electrical and mechanical.
Design aspects were discussed from the standpoint of output power, miniouom
loss and durability to exposure to the atmosphere.

The following environment test can be conducted to ensure durability:

{. Thermal cycle test (490°C to - 40°C)
{4. Humidity test at 80% RH (+85°C to -49C)
111. Mechanical loading

i{v. Hail test

v, Hi-Pot test
vi. Hot spot test
vii. Temperature co-efficient




In the afternoon lecture, Hoelscher discussd the details of the above aspects
fncluding design and the problems encountered in practice.

Jan. 27, 1983 - A.M. - System Sizing - Mr. Dan Starley

Mr. Dan Starly lectured on power system sizing or estimating a power system
for the requirements of a customer and for the environmental conditions. He

{1lustrated with a model system to help in understanding of system sizing.

Jan. 27, 1983 - P.M. - Pover Conditioning — Mr. Jack Van Tilling %

To maintain a proper supply of power from the array to the battery systea and
load, two types of regulators are being used (1) series regulators and (2)
shunt pover regulators. Basic principles for these regulators wvere discussed.

-w

Power Conditioning Unit (PCl!) — Mr. Saunora Prom

Mr. Prom described a power conditioning unit, various kinds and their
application to photovoltaic power systems.

Jan. 28, 1983 - AM

1. Battery Storage Systems — Mr. Alfred McKegg

There are two types of battery systems available on the market, (1)
automotive battery and (2) stationary battery. Low cycle and deep cycle
batteries were explaired. Deep cycle batteries are useful for
photovoltaic power systems due to longer life and high storage of
current. These kinds of batteries are being used in telephone and marine
applications where a continuous current is required frow the battery.

2. Examples of Power Systems — Mr. Roy Gibson

Mr. Roy Gibson is in charge of contract management and system support.
He described small power systems being built by Solarex.

At noon, we went to visit the Breeder Plant in Frederick, Maryland, which
is designed to produce 200kv of power at 300V. This powver is being used
in the same building to provide all the power needs to manufacture solar
cells and panels as well as provide for heat and light in the building.
There is no connection with a utility grid.
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XEY TO THE ABBREVIATIONS:

Q = Quotes
C - Catalog

R - Rcady Stock: These items have

can give & ssall amoun

P - Pakistan Local

Absolutely necessary.

Requiréd but can do without

Lover priority; recommended for later.

Duplicate listing

Expendable

DATE: 9.8.82

RECOMMENDED L1ST OF EQUIPMENT FOR STDC, PAKISTAN

to be purchased in bu
t of these items from ite

ready stock.

1k which may not be needed at the start of the project.

<

Nowever, Solnrex

Absolutely necessary but due to limited funds putcha-e may have to be postponed.

initially; later

addition is strongly recommended,

(Category changed to A2
officiale ©

{n the meeting vith UKIDO
on 10-8-82 &t Nev York).

™IS

LIST CONSISTS OF SIX PARTS AND TWENTY THRET

Ottt

1. ohn Hohlgcmu
SQ}Arex Team Leadptr™t

. /

2, r. Atigque Nﬂf
Director Silicon Toch Pev Centre,

STDC

Pakistan

TAGES
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1-4

1-5

1-7

ITEM

Cz Crystal Grover

-

Crucibles for
Crystal Grower (2%)

Polyailicon (300 Kg)

Cylindrical Crinder

1D Saw

Chémical Hood

Arc Furnace

PURCH
RECOM

Q

PR10-
RITY
CODE

PRICE

EXP  NON-EXP

18,000

$135K

3,000

$ 80K

$ 80K

$ 5.5K

$ 128

Vet IV SRS ¥ S

SPECIFICATION OR
DFSCRIPTION

AL AR

Capable of at least 4" Ingots (Cz)

Depedent on crystal grover

300 Kg Semiconductor GCrade

Capable of handling up to 4" ingots

Capable of cutting 4" round or
square ingots

"

150 KVA silicon metal arc furnace
with sll supporting equipment.,
(Raghouse filters, tranaformers,
cbntrol panel, pelletizer, motor-
generatot, electrodcs, ladders,

! & walkways, etc.)

POSSIBLE
SUPPLLER

Siltec

Rayex-Hamco

Thermal American
Fused Quartt

Quartz International

Hemlock

Wacker

Smiel

Ceneral Electric

Siltec
Meyer & Burger AC

Rayex-Capco
STC

Semifab, Inc.

Lectromelt
Elkem
Demag
Semix

REMARKS v
Model 860D up to 6"
{ngots 18 Kg capacity

Model CGRANNO up to 6"
ingots B Kg capacity

Needs drawing before quote

Model 549

TS 23-22"

(Capable to 27")

700 - 22", 7008 - 27"
22"

27" has trecovery system

Suggest one company he
given genersl contract
for purchase, {natallatton,
and run up of factltey.

(Fxisting facility.)
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1-10

1-11

PURCH

1TEM RECOM

Laboratory Ball p(C)
Mill

Crinding Jare r{C)

Procelain balle p(C)

PRIO-
RITY
CODE

A,

AL

Ay

FROM A CHEMICAL SUPPLY HOUSE.

Reating Mantle P
Boiling Flasks P

pistillation Column 4

Miscellaneous Tubing P
Silicon Reactor Q
Casting Station Q

A

Ay

PRICE
EXP nun EXP

$800

_ §800 Bach

$ 10/Lb

$ 5,000

$70K

THE FOLLOWING 1S A LIST OF SMALL ITEMS NECESSARY FOR THE

SPECIFICATION OR POSSIBLE
DFESCRIPTION SUPPLIER RFMARKS

Necesaary to grind met-
prade silicon, could he
eliminnted Lf ground
atlicon (a obtained such
as Silso.
2 needed, 2-2 1/2 Gal
1" Balls

PURUF1CATION AND PRODUCTION OF SIHCIS. THEY SIOULD ALL BE OBTAINADLE IN PAKISTAN

Capable of 650°C (2 needed)

Box of 10

Custon designed unit for laboratory Lsmar University
use only capable of 1%g/Day

Solarex Proprictary Proceas -
Suhject to negot {at ions and
License fcas oV Crystal Systems



_ PURCH
1TEM RECOM
Bcta-Ray Back- Q
Scatter
pR Meter ,' P

ICP/AA Spectrometer @

FTIR and Accessories Q

X-Ray Fluorescence Q

Laboratory Balances P

PRI1O-

RITY PRICE
CODE EXP NON-EXP
A 6,000
z| 600
A, 97,500
Ay 46,250
A 95,000
A 2,000

SPECIFICATION OR
DESCRIPTION
Tuin Cities TC-1500 with voltage
regulator, TC-PCP probe and low
power radistion source.

laboratory Quality pH Heter

Atomic Spectrophotometer {ncor-
porating flane and furnace atomic
absorption techniques with in-
duct ively coupled plasma emission
technique. '

Perkin-Elmer 1CP/550 or equivalent.

Fourler Transform Infra-Red
Spectrophotometer and associated
computer and accesnories for
determining carbon and oxygen
content of silicon and epitaxial
layer thicknesscs.

Laboratory type automated x-ray
fluorescence analyzet equipped to
handle wafers up to aix-inch di-~
ameter. Kevex Model 0700 or
equivalent.

POSS1BLE
SUPPLIER

Twin Cities International
(UPA Technology has
equivalent)

Numerous supply houses

perkin-Elmer Corporition

Perkin-Elmer Corporation
(Nicolet offers FTIR in 8
higher price clans n
$180,000).

Digilad is snother FTIR
supplier.

svex Corporation
EG&C Ortec

Princeton Cramma-Tech

REMARKS

For measuring metallization
thickness on cclls,

For measuring acidity of
various chemical solutions,

For clemental analyses
(primarily metals) in
silicon.

Most common uses are for
measur ing carbon and oxygen
concenteations in silicon
and ecpitaxinal layer thick-
nesnes. Somctimes uscd for
detormining boron concen=
tration and chiarncterizing
ovygen precipitates in
ptlicon,

Elomental analyacs of
dopants and fmpurities in
stltcon (for atomic numher
of 11 or greater). Thos-
phorus in phosphurus~dopvd
fiims., Thicknessen of
deposited thin films,
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2-8

2-9

PR10-
PURCH  RITY

1TEM - RECOM CODE
X-Ray Diffraction Q 2 A
Equipment !
Mass Spectraphoto- Q D
aeter ~
XiRay Photoelectron Q D

Spectrometer

PRICE
EXP NON-EXP

§o,000

SPECIFICATION OR

DFSCRIPTION

POSSIALE

SUPPLIER

Ed
F.3
w



3-5

3.5 A

3-8

PURCH
1TEMR RECOM
piffuaion furnace Q

1 ea

Lominar flow hood v
station - 1 ea

Screen printer -
1l ea
1 optional

Automatic screen
1 ea - Printer

Screens - 1C ea

solents

Chemical hood
3 e -t

A= Qagy{ig.
piffusion Tube
Cleaning hood = 1 ca

Etch tank, covers
4 ea

Q

Q
¢
Q
P

PRIO-
RITY
CODE

Ay

PRICE

¥XP NON-EXP

$21,525

3,335

2,0

5,050

9,500
13,750

24,900
18,500

16,500
(Total)

7,310

130
(Total)

e 'u___._ﬁu.«~_hl -

cetl froeer

SPECIFICATION OR
DFESCRIPTION

3 tube, 6 inch diameter
Thermco Model 13103
(Quote PR1177)

To fit 3-1

8"x10" acreen -
Presco Model 462
dellaart Model AOL-12

Presco 885
dettaart Model AOL-12-SE

Artwork and silk screens

8" x 10" frame (9776) to fit
3.3, 3-4, Stainless steel
90° 250 meah, 150 mesh

.001 inch emuleion,

.0016 inch wire

Semifab Model SLFi1/600 - 6 foot
Item 2 on Quote 11013

Semifab Model reference

Stainle-s steel tanks - diameter
>21 cwm.

Cole Parmer Model C-7206-80,
Cc-7207-80.

POSSIBLE
SUPPL1ER

Thermoc Products Corporation

Lindberg

See 3-1

REMARKS

Affiliated Manufacturers, Inc,

deHaart, 1Inc.

See .1-)

See 3-3

cemifad, Inc.

See 3-6

Cole Parmer Instrument Co.

150 mesh for Al artwork 1is
§300 then each screen is
$30, Patterns generated
by Pakistan Local

? pakistan lLocal

1¢ no - get 1 each
8 foot 3-6.



PRIO-

PURCH  RITY
S/N ITEM RECOM  CODE
3-9 Etch System Q D
. C D
c D
C D
c D
- c )
2.10 Hot plate - 6 ea c Ay
3-11  Silver plating Q A‘

aystem - 1 es

PRICE
EXP  HON-EXP

5,090
700

10C
(Total)

1,300
(?otal)

500
(Total)

25

1,130
(Total)

1,125

60

300

380

a)

b)

¢)

"

e)

£)

Ceramic top, stirr

SPECIFICATION OR POSSIBLE
DESCRIPTION SUPPLIER
Semifab hood with etch cutout See 3-6

#SLFR/600, 6' - like tab 1549-1
Quote 11013

Stainless steel tank w/2 172"
FPT connectors
Solarex design

Polyfab Corporstion

Ball valve, 1" stainless steel - McArdle Desco
#11-3600MT - 2 each
Heating elements - 2 each Faber Renhoff
260V B 4.5 KW
IMTS-345A stainless steel

L
Analog set point proportioning
controller - Model 49 - J range
0-2000C - 2 each
Power 220V 50 liz

Love Controls Corporation

Thermocouple - 2 each See )-9E

#1518-1, Type J, & ft

1 hot plate - Pisher Scientific Company

$00°C, Corning #PC..1 - 4 ea,
Corning #PC101 - 2 ea.

a)

b)

-

e)

4)

Spray rinse tank and aink
#P3024SD18

NBS Equipment Company

Footawitch #FC-FOV-50

Tank w/atainless steel anode
bars with 11d #TH25A

Filter houaing fFCHTI 10

AEMARKS

7 Pakistan local

.



3-12

3-16

PRIO-
RITY
CooE

PURCH

ITEM RECOM

S{lver plating

system - 1 ea

Plating System Total

Plating racks [ A|
for silver plate

6 ea

Power supply for P A'

plating - 2 ea

Belt Furnace - 1 ea C [
Small belt furnaces Q c
Laboratory tanks Cc A

EXP NON-EXP

200

————————————

$200

420

PRICE

160
500
155

$3,280

1,000

25,000

13,000

495

SPECIFICATION OR
DESCRIPTION

o e e ettt

e) Filter to fit 3-11d
£) Agitation tubing to fit 3-11e
g) Pump - Marathon - S2r81366V

h) Exhaust hood polypropylene 72"
to fit 3-1la

Piltlng racka for nine each 4"
silicon wafers

Regulated power supply 0-20v, 0-3A
Lambda JLE¥S21FM
Hewlett Packard #C284A

Metal muffler belt furnace 6" belt,
6' hot zone

BTU FTFMCI578N36

Tempress 1820

Watkins Johnson #6CM-~77

Metal muffler belt furnace 6" belt,
3' hot zone
Watkins Johason Model #6CM-39

Molded rectangular tanks -
Fluoroware Model, 2 ea E3201
Tefiuh, 2 ea F3202 cover, 10 ea
REJ201 TPolypro, 10 ea PRI202 cover

POSSIBLE
SUPPLIER

Tilton Rack and Basket

Lambda Electronics

Hewlett Packard Company

BTU Engineering Corporation
Tempress

Watkins Johnson Company

See 3-14

Fluoroware

REMARKS

Compage to ovens



EXP NON-EXP

Wafer cassettes

Cascade rinse tanks

Spin dryer - 2 ea

accessories - 2 ea
Self cleaning
dryer - 2 ea

Sel{ cleaning spin
dryer accessories
DI water systea

3-234 Chaiends

Fllament Evaporator

e IV O, NS ST

SPECIFICATION OR
DESCRIPTION

Wafer cassettea - Fluoroware model
6 ea A7240B teflon, 12 ea PA7240B
poly, 6 ea A027, Handle PFA, 12 ea
PAO27, 18 ea A72-20-02

Cascada rinse tank
Fluoroware model E-64

Spin rinser dryer w/turntable frame
for 4" wafers; 220V power, FS1/K120
Quote J206RE

Accessories, spare parts for 3-19

Self cleaning spin rinser dryer
w/turntable for 4" wafers; 220V
power, FSI #8221, Quote J210RE

Accessories, epare parts for 3-21

Dionizing water system = self
regenerating - J-10 gallona per
minute, 8-10 meg ohm,

Alrco Temescal Evaporator
#2J01800 with two filament
sources with shutters, 2 2KVA

POSSIBLE
SUPPLIER

See J)-16

See 3-16

FS1 Corporation

See 3-19

See 3-19

See 3-19

Culligan USA
Culligan Pakistan

Alrco Temescal

power supplies, 2 Inficon XTH monitors,

fixturing. Quote Q2440-619

.
Veccq 7760 integrated filament
evaporatof.

Vecco !ndultria! Equipment Division

|x
o
w



3-26

1-26A

3-27

PRIO-

PURCH  RITY
1ITEM RECOM CODE
E Beam Evaporator Q A‘
System
Sputter system Q 8“_
ot
Sputter system {nterchangeable with 3-
Photolithography lamp Q A‘
Solder fountain c A\
Solder fountain R A
nozzle \

Ultrasonic cleaners =
2 ea Q A'

2 ea

PRICE
EXP NON-EX?

90,350

30,000

24 and 3-23

9,315

1,620

105

1,350
1,350

SPRECIFICATION OR
DPRSCRIPTION

e

Alrco Temescal evaporator 4' BJD
1800 with STIN270 four hearth E
beam gun, CU-8-110 F beam power
supply, XyS-8-1 Sweep controller,
FDC-BOO thickness rate monitor
fixturing.

POSSIBLE

SUPPLIER RFMARKS

See 3-24

Veeco 7760 integrated F-beam evaporator

Perkin Elmer/Plasma Model 2400ASA
sputtering system

Oriel lamp, 152 X 152 mm, Model
82230, Controller, Model 84350

Wavedipper for molten solder,
Electrovert Model wD-C=HT ,
Compound capacity

Solder wave forming nozzle,
s x 2" for 1-28

Ultrasonic cleaner, 6" x 10" and
generator, Branson Model ATH610-6,
40 knz, standard intensity

Plasma Products Diviedion
prerkin Elmer

varian Corporation
Oriel Corporation
Inc.

Tamarack Scientific Company,

Electrovert, Inc.

PolyFab Corporation

Bronson Cleaning Equipment Compeny

Baron-Blakeslee

re ]



3-33

3-34%

PRIO-

PURCH  RITY
1TEM RECOM  CODE
2
Quargvare Q Y
Sake ovens - 2 €8 Q A'
Photolithography Q A|
Epltaxy Reactor Q o)

PRICE
EXP NON-EXP

3,362

2,970
(Total)

1,500

151,330

SPECIFICATION OR
DFESCRIPTION

Quartesware:

6 ea diffusion tubes 135 mm OD x 8o"

POSSTBLE
SUPPLIER

w/5" stem w/28/13 ball, Q116104,

6 ea end capa w/stems, QI#6563, $60,10 ea

O W W OO D W

Mechanical convection oven,

atainleas steel interior ambient

to 2600C

Dispatch FLAC13IB1)

Blue M 2115/204-13FC
#1rOM9-256-1EFG

Photoresist apinner, single head
Neadway EC101 with CB13 large
aubstrate bowl

Chucks 2 ea F220/3 $/16"

Chuck 1 ea F216C

“hemical vapors deposition system
w/aingle & inch reactor tube,
apccification J60IHA for Hodel
NTTOH018-4

ea end caps w/hoie instead of stem, Q1l6563X, $58,40 ea

ea socket jointa w/1/4 OD end, 28/15 socket, Qlf Special, $12,90 es
ea pushrod, 60" x 8 mm, Q146755, $16.25 ea
ea storage tubes, Borasilica glass, 68 1/2"
ca quarte sheath for TC wire, 8 x 12 mm, 60" long, QI11769, $18,20 ea
ea boat holderes, Q106749, $68.88 ea

ea boats, 4" wafer, 2" wide, 20" long, 60 wafer, 23

Quarte Internat ional Corporation
Dispatch Industries

Blue M Equipment

Headway Research, Inc.

Solitic, Inc,

Nav-Tec Industries, Inc.

RFMARKS

$331,40 ea

x 22 mm, Q16710, §23.90 ea

mil slot, QI07038, $89,70 ea



3-36

-

3-38

3-42

1T

vafer Dicing Sav

Wafer Dicing Suv_‘
Blades, 18 ea

Spray Deposition

Nickel plate
solution - 100 gal

Solder - 180 lbs

Al Paste - 10 lbe
T4 Wire for
Evaporation - 10 1be

Al wvirte for
Evaporat lon - 20 1bs

PURCH
RECOM

Q

PRIO-
RITY PRICE
CODE EXP  NON-EXP
», 18,080
"\, 450

1] 34,000
A 600

Ay 1,260

A 150

A) 2,500

A| 200

N L._.—— . ...Jtll -

SPFCIFICATION OR
DESCRIFTION

Wafer dicing sawv, 30,000 RPM, XY
for 4" substrates with microscop®

POSSIBLE
SUPPLIER

e ———

RFMARKS

Tempress

D1, Tempress 602, B2-220V, Al inch {ndex

Tempresa 14857, $ micron grit, 30
wil long, & mil wide, 12 ea

Tempress #16853, 30 micron grit, AQ
mil long, 6 mil wide, 6 ea

.Integrated Technologies spray

coater w/B8093 intellipent drive
system, explosion prool

Alkaline electroless nickel plating
solution, Halma electroleas Ni,

standatd Brenner plating solution
mixed from basic chemicals

63 Tin/37 Lead sclder conforming
to U.S. Mil, Spec N9SSTLE,
$6.72 per pound

Mctsl organic silk screenable Al
mctal paste, Englehardt 13484

Dulont #CAP17449
Nigh purity Titanium Wire (99.99
or botter), 062" diameter,

A $355 a gram

99,999 aluminum wire, 105 inch
dinmeter - soft, bare

Micro Automation

Integrated Technologies, Inc.

3. E. Holma Company'
Trannene Company

Indium Corporation of Ametica
Alpha Metals, Inc.

Englehardt Induatries Division .
Englehardt Mineral and Chemical Corporation

t. 1. dulont de Nemours and Con}nny
Englehard - see 3-40
California Fine Wire Company

California Fine Wire Company
See -4l

ra [ ] '

12



s

3-43

3-48

3-43

PURCH
1TEM RECOM
Pd wire for
evaporation - 5 1lbs
VWire fllamenets for C
evaporation .
N Cc
Silicon Wafers Q
Silver anocdes Q
St{lver solution Cc
components
Vacuum pump - & ea c
Miscellaneocus Cc
Lab Equipment
c

3—‘(" ?)CN-‘) st

PRIO-
RITY PRICE
cobe EXP NON-EXP
A, "6,300
A, 10,000
¢ 20,000
A 20,000
¢ 22,000
A 10,000
Ay 3,000
A 1,200
A 15,000
A, -—

|
!
R S T

SPECIFICATION OR '
DESCRITTION

——————em e —

99.95 purity Palladium vire, N2 in
diameter, $90-95 per troy ounce

Wire filaments 9 wind GTE Sylvania
# FS200-104, Code 5689, 4 per
vacuum run, ~ 8,500 required in

, 1.5 years

Monsanto Quality Silicon, 4",
Cz, 100, P Borron, ™ 2 ohm cm,
§11.70 ea

Fine silver plating anodes, 2"
wide, .125" thick, 11" long,

‘cost - Market price plus §$,25 per

troy on fabrication charge, 18
each per tank, requirement - 32 ea
Stlver cyanide, 4.8 oz/gal
Potaasium cyanide, 8 oz/gal
Potassium carbonate, 2 oz/gal
Metallic silver, 3.5 (r oz/gal
Free cyanide, S:S oz/pgal

Gast 0522-Z103-G18DX for 220V

13

POSSIBLE

SUPPLIER RFMARKS

Englehardt - See 3-40

Sylvania GTE

Monsanto

Mitz Metsllurigcsl Corporation

Handy and Harmon ¢

Cast

fisher Scientific




S/N

3-50-

3-31

3-52

3-53

3-54

.55
3-8

1TEM .

—

Gasses

Cas Tregulatore

?hotolltho;tnphy

Dellicatorlﬂzl
Storage cabinets
) ea

Alr Compressor

PRIO-

PURCH  RITY
RECOM  CODE
c A\
c A|
c c
Q A

PRICE

EXP NON-EXP

4,051

5,000

o
o

1,278

939

4%

SPECIFICATION OR

DFSCRIPTION
a) Ar UHP
b) HE UWP
" ¢) Q2 uwe
d) N2 UnWP
e) Pll3 1% in He
f) PH, 1% in Ar
g) PH, 1% in R,

Nigh velocity stainless steel

2 storage ga® regulators,

Model Matheson

3800, 1 for 02

3 for inert gas, 1 for ’“3

Hunt Resist, RPR 20C, $76 qt

Developer LS12,

Shipley 2400 Resist developer

for 2400

Chrome mask bl

$18 gal

anks - $17 ea

Artwork = $200 each pattern

Clear plexiglaas cabinet with N,
feed thrus, 27x18x18, Ray D27,

$313 ea

10 WP 2 etage air
er

magnetic starct
horizontal tan
34 CFM (™ 25CF

#12.501 Dayton Specdaire

(for 220 50 ne)

compressor v/
on 80 gallon
k, 150-175 PS1,

M minimum), Model

POSS1BLE
SUPPLIER

See 3-351

Matheson Ga# Products

Hunt

Shipley

Ray Products

W, W, Granger

Dayton Electric Manufacturing
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PURCH

17 RECOM
Pyranometer c
o * C
X-Y Recorder [

Quantity - 2 required

Hand held DMM

“Lock-in Amsplifier

Presmplifier

Solar Simulator

Xenon lamps
(2 required)

Alr Mass- 1 Filter

PRIO-
RITY
conE

PRICE
EXP HNON-EXP

1,300

420

4,000

240

6,000

875

16,400

900

425

SPFCIFICATION OR
DESCRIPTION

Precision spectral pyrancmeter for
mcasurement of global sun and sky

radiation; Model PSP

DMM has special featurea of liquid
crystal readout and & 1/2 digit
resolution for use with pyranometer
or as general purpose bench-test or
battery operated for outside use

. Ceneral use X-Y recorder to be used

for solar cell and module current-
voltage characterization

For general laboratory use ot out-
doors (LCD readout). Includes
temperature measurement directly
from K-type thermocouple

For general lahoratory use in any
exper iment requiring low-level
signal recovery capablility

Model 124A

For use with ltem 4=-5

For testing tndtvidual solar
cells; a 1,000 watt simulator}
6 x 6 inch beam, Model 81103

1000 watt ozone free; includes
one as spare

For use with soler similator to
compennate for atmoapheric
absorption, Catalop 181004

POSSIBLE
SUPPLIER

fppley Laboratory, Inc,

John Fluke Mfg. Co., Irc.

Model 8050A-01

Hewlitt-Packard Company

John Fluke Mfg Co., Inc.

EG&C
Princeton Applied Research

Same as 4-3

Oriel Corporation

Same as 4-7

Same as 407

[ g ] | ]

REMARK

Telephone quote 1/26/82

Octoher 1, 1981 catalog
price

1) Metric calibration

2) 1982 catalog price,
p. 285

October 1, 1981 catalog
price

Provides a means to
extract low amplitude
signals from high noise
levels

Price does not include
Xenon lamp



L
|~
=

l

”»
1
-
(-]

4-11

PURCH

ITEM RECOM
Reference Cell c
Monochromator c
Monochromator [

Light Source

Spate lamp for Item c
6-12

Bipolar Power C
Supplies (2 required)

Constant temperature Cc

PRI1O-
RITY
CODE

A

M

PRICE

EXP NON-EXP

150

2,900

470

53

2,830

1,045

SPFCIFICATION OR
DESCRIPTION

A ——— et e

Calibrated cell of the same
material and similar proceas to
those being manufactured and
traceable to a standard

A quarter-meter monochromatot

to be used as a monochromat ic

11 luminator or as a apectrometer
in determining quantum yleld of
aolar cells as well as other
applications such as monnchromatic
1ight spot scanning.

POSSIBLE
SUPPLIER

Solarex

Jarrell-Ash Diviaion
Fischer Scientific Company

Model 82-410

Inatrument comes

equipped with two 150 y slits and two
gratings mountcd on an interchangeable,

rotatable holder,
as follows:

1) 985-30-20-22 blazed for 500 um

Specify two gratings

2) 985-30-30-30 blazed for 1,0 micron

Tungsten iodide lamp, Jarrel-Ash
Model #45-542

Spare lamp Catalog # 11330051

Power supplies for use with solar
simulator cell test and for module
teat outdoors; bidirectional out-
put stage must respond in either
direction from zero.

Refrigerated bath clrculator for
use with test block for cell teast;
temperature range -20°C to +100°C

Same as &-11

Same as 4-11

Kepco, Inc.

Model BOP 16-5M

Neslab Instruments, Inc.

Model RTF-51

REMARKS

Spectral region of
{nterost for solar ceclls
is 0.4 ~ 2 um

Must have two; one for
each dedicated application

This model can he used
for 230 volt, 50 Iz,
4,5 Amp operation
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4-21

1TEM

Test block

Module test box

4-Point Probe
Test Fixture

4 pt probe assembly

Ellipsometer

_ Microscope

PURCH
RECOM

Q

PRIO-
RITY
CODE

A

PRICE
EXP NON-EXP

900

200

665

435
(for 3)

10,000

8,000

i

SPECIFICATION OR POSSIBLE
DESCRIPTION SUPPLIFR
Specially machined brass block, Solarex

6 x 6 inch with holes for vacuum
hold-down and with provision for
circulating fluid for adjusting and
maintaining coustant bhlock tempera-
ture; & awivel probes for cell contact

Custom made test box with shunts Solarex
and cables and terminals to be
used for module test

“est probe fixture for meaauring Alessi Industries, Inec.

resistivity of wafers, ingots and

diffused sheet resistance. To be Model ATP-1M
used with & point probe of probe

tip spacing of 0,025", made of

tungsten carbide with tip radlus =

0.002" and with spring preasure of

70 gms per tip (sec model specification

in 4-19)

See probe spacing, material and Same as 4-18
pressure in 4-18, Model A4P-25-T20-70

For thickness measurement of oxide Caertner Scientific

films and anti-reflective coatings;
reaolution capablility for oxide Model L117
films as thin as several angstroms

Trinocular microscope for later Zelos
adaptation for camera attachment;

‘4 objective lenses for magnification

to 1000X

REHARKS

i AL S

Solarex will supply
drawings

Solarex will supply
drawings

To be used with Item 4-18



4-23

&4-24

PR10-

PURCH  RITY PRICE

1TEM ' RECOM CODE EXP NON-EXP
Microscope Q A\ 900
Thermopile . C A‘ 900
(radiometer) :
pigital Nanovoltmeter C A‘ 2,900
Capitance [ c 3,000
Conductance Bridge
Spectrophotometer Q D
Environmental Test Q A 20,000
Chamber {

SPECIFICATION OR
DFESCRIPTION
Zo0m stereomicroscope with
continuously variable magni-
fication for lower power and
large field of view applications

For measurement of radiant energy
from light sources such as the
Monochromator (4-11). Circular
type of ~/cm® aperture

For use with thermopile (4-23).
For very sensitive voltage
measurement

For analysis of pn junction
profiles and solar cell conductance

peckman DK-2A Ratio Recording
spectrophotometer

Thermal cycle and humidity
teating

POSSIBLE
SUPPLLER

gausch & Lomd

Eppley Laboratory

Keithley
Model 181

General Radio

Betkman

Blue M

Tenney Engineering

Associated Env, Syst.

REMARKS

e.g., Model KVB-73

BL 31-26-39-73 5789

with Nicholas (lluminator

Bl. 31-13-05-01 _ 66
$855

Incindes window and low
intenalty calibration

Estimated price

Measure RbT as a function
of wavelength



S/N IT
$-1A  Solar Cells
2,500 ea

5-18  Solar Cells
2,500 ea

5-2 Lawinator - 1 ea
5-3 Microscope - 1 ea

S-4 Bi-polar powver
supply - 2 ea

5-5 Module test box

5-6 X-Y recorder -
1l ea

5-7 Light table - 1 ea

5-8 Frames for wmodules
20 ea

*puplication

PURCH
* RECOM

PRI1O-
RITY

CODE

PRICE

EXP NON-EXP

18,750

18,750

1,000

50,000

10,000

5,660
(2,830

200

4,000

1,000

ea)

SPECIFICATION OR °
DESCRIPTION

Solder metalization 4" round

Vacuum heat

Stereo for inspecting strings
and panels

For panel I-V curves
See 4-14

See 4-17

See 4-) !

Local fabrication

Seme as our SX frames

POSSIBLE
SUPPLIER

Solarex
Solar Power
Photowatt

Same as Above

Spire

Solarex

Kapco

Solarex local

favrication

Hewlett-Packard

Samu as Solarex

19

RFMARKS

Prica variahility from
25K - BOK depending on
specifications.

Should be capable of
handling 36 volts,
S ampe.

Needed to handle high
current modules -
Solarex's equipment is
put togethcr by Solarex
people,

For measuring module
1-V curves outside,

For teating foi panel
continuity or shorts.

Just enough to get
started,




5-13

PRIO-
PURCR RITY
ITEM RECOM COuE
Frames for modules P )'Ap
100 ea
Lo-Iron glase C »A,
150 ea *
Lo-Iron glass-100ea C AI
Craneglass - 1 roll Q A,
3oldering iron -~ P A
] ea
Solder paste C-P A,
Alignaent fixiure - P A
1l ea \
Junction boxes and P A‘
associsted covers,
terminals, etc.
'S
Melt imeter Cc A|
Interconnect Material R A
(15,000 ft) '
Pua bar material R A
{500 ft) !

PRICE
EXP NON-EXP

5,000

750

100

100

100

300

150

100

200

200

240

SPECIFICATION OR
DESCRIPTION

———— et

Local fabrication
1/8" x 18" x 42"
1/8" x 12" x 12"

005" random oriented ecrim
material

Equivalent to Ungarmatic -
Catalog no. 78 - Deanco Catalog

BSP-6-564-3508

Local manufacturer

Aluminum hox or equ‘valent

See 4-4

.002" x .078" of HC iolder
coated copper

© 05" x .015" of HC solder

coated copper

POSSIBLE

SUPPLIER

Hurdias Brothera

Hurdis Brothers

Electrolock

Deanco

ESD - Mfr

Deanco - Disatr

Fluke

Solarex stock

Solarex stock

REMARKS

For panels

For practice mini-panels

For air release aid in
laminator (min order)

Can be procured in
Pakistan - pet a
varlety of tips.

Can be procured In
Pakistan equivalent

Needed to align cell
string

Needed to check scring
continuity, resistance,
ete.

Connect - cell-to-cells,

End connect ions to outside

module or groupa of
strings.
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5-21

- 5-22

5-29

£-39

I1TEN

VA - 4,000 £t

Tedlar

Reference Cells
2 ea

Tanks - 2 ea

Tab pull machine
Flux neutralizer
S gal

Class primer -
1 liter

wire - 500 ft

Mire stripper -
J ea

Tapes - 10 rolls

Carts - 2 ea

PURCR
RECOM

C-P

PRIO-
RITY PRICE
CODE EXP NON-EXP
A, 1,400
A, 600
A, 300
A, 300
c 1,000
A, 65
A 20
\
A, 15
A 20
Ay 100 .
L\ ' 384

SPECIFICATION OR
DESCRIPTION __

18" wide .018" FVA (for TV
encapsulation purposes)

.004 white with 68040 DuFont primer

For holding flux neutralizer

Locally fabricated spray tanks

are a poasibility

Coes with 5-22 - Alpha 2444

Dow Corning 26030/26020

No. 12 wire for module output

General purpose tool

WM-69

Cart - general purpose

POSSIBLE
SUPPLIER
Rowland Company

Dorrie Process

Solarex

Local

Ametek

Dow Corning
General Electric
Deanco

Raychem

Local

C-H=-R

Local

21

REMARKS

May have minimum order
problems for encapsulat fon.

May have minimum order
problem - for back sur-
face of module.

To provide standard
reference for panel
measurement,

For rinaing completed
cell strings.

To test metallization
and tab pull strength

For VA adherence to glass,

Suggest red and blnﬁ} mix,

For general purpose wire
work.

For insulating cel) b. :ka
to tabs or busses,

To hold, transport amd
store pancis and strings.




' Adhesive - 10 tubes

t Insulating gloves
10 pair

2 Scissors - 107ea
3 Tueezers - 10 ea

L) 1soprophyl Alcohol

S  Tabbing machine

PRIO-
RITY
CODE

PRICE
EXF  NON-EXP

35

92

75

15

40

100,000 -
800,000

SPFECIFICATION oR’
DESCRIPTION

General Electric RTV-108, 102

Heavy gloves

Almoat any kind acceptable

For general purpose cleanup

Depending on specification,

POSSIBLE
SUPPLIER

Ceneral Electric

Local
Local

Local

Local l

Must have strong interface $nformation,

2

REMARKS

Ceneral purpose bonding

To protect hands from hot
modulen,

To cut tabbing material
and other small items,

To handle ind{vidual cells-
also necded {n cell and
wafer handling operations,




PRIO-
PURCH  RITY
RECOM  CODE

qQ )

PRICE
EXP NON-EXP

$75,000

By W - L. »

SPECIFICATION OR
DFESCRIPTION

Photovoltaic Systema 5KW for
training and troubleshooting

23
POSSIBLE
SUPPLIER REMARKS
Solarex



APPENLCIX T

UNIDC PURCHASE CRCER TO SCLAKEX




/l;r‘m/m.szlllev__l (4.82)

F0O000

UNIDO

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

VIENNA INTERNATIONAL CENTRE . '

PO. BOX 300. A-1400 VIENNA. AUSTRIA

TELEPHONE: 26 310 TELEGRAPHIC ADDRESS: UNIDO VIENNA TELEX: 131218

Al
NOV 1 9 1982 o-

J PURCHASE ORDER
15-7 K0911

I IMPORTANT T
ALL SHIPMENTS

=) E5 -7

ALL INVOICES
ALL CORRESPONDENCE

MUST SBOW THIS NUMBER

.')."l

mber 1982

Date

To: (Vendor) 5ol mrex Corporation
1335 Piceard Drive
Rockville

MD 20850

USA

Ship 10: (Consignee)
Resident Representauve :
- United Nations Development Programe
P.0. Box 1051, Islamabad :
Pakistan FOR PROJECT: ST/PAK/80/T01

PLEASE SUPPLY THE FOLLOWING GOODS AND/OR SERVICES
IN ACCORDANCE WITH REFERENCES OPPOSITE, SUBIECT 10
THE UNIDO GENERAL CONDITIONS SHOWN OVERLEAF AND .
ANY SPECIAL CONDITIONS STATED.

deonuference Quotat],on
+ telex
Dated23 Sept+27 Oct 1982

UNIDO’s reference: mqulry a

Dated: s Auth 1082

Delivery terms: Shipping terms: ) Payment lcrms .
. 4 months " C4F surface, Karachi Net, on recelpt of invoice,
. - . documents of despstch.’
Item No. Goods and/or services Quantity | Unit Unit Aprice -Amount
e Project: ST/PAK/80/T01 - Development Centre
- - for Silicon Technology Islamebead, § A ,
vl - pakistan, b, fus$s
. 9. Diffusion furnace system - basic Thermo model .1 .. yset. | 4 .5 ;. 1 40,000.~
3103 furnace, all gas doping system -~ ’ : ' :
as per attached list of 1 page. . : .
1. Laminator for EVA type photovoltaic modules 1 pece 26,000.-
capable of 1a.m1nat1ng and curing 42" x 18" o
S module. :
36. 13,6L40.-
37. 6,u66.-
38. | 2,900.-
ev e 3 . 1 . s 3"'
B 16(9). As per ettached list of 3 pages. . 200. -
h2. . 1,9"5 (et
L3, 1,271.-
LYy, 10,000.-
. k6. o o S B 10,963.-
S N e b B ] 1,725.-
8.4 } P P R 3,500.-
ks, - oL 1,700.-
50. - 250.-
Note: 1. :\IrxrrelghtCOSts have been estimated . - ]
T ... . only. Please invoice separa.te]y o S T127,k33.-
- 4 at cost... . - - Est|.shipping costs| 7,000.-
R I - ‘2. Kindly cable despatch details when ' N -
I U °* " known to UNDEVPRO, Islamabad, Pakistah, ,
JRK /s&/\ i C+F | Gand total | 134,433, -
GENERALINSTRUCTIONS . .~ ... ', ", - . .| UNITED NATIONS | 1
St INDUSTRIAL DEVELOP, RGANIZATION
1. Please retain this Original and return the attached copy du}y npsed e S
acknowledging your acceptance of this order. ' v . 'Sium S H
2. See Annex “A" for Forwarding and Invoicing Instructions. e A U [
; i Name rdellin

} ORIGINAL - 1o be retained by VENDOR

ofrfi cer—in—C!‘arge XML, Purcbllse & Comtract Sevvice (PAC:




APPENDIX E

PURCHASE CRLCER FROM SILICON TECHNCLOGY DEVELCPMENT CENTRE




SILICON TECHNOLOGY DEVELOPMENT CENTRE PURCHASE ORDER

;5-B, Street 44, F 8/1 NO.

islamabad, Pakistan DATE

TO: Solarex Corporation SHIP TO: STDC -
1335 Piccard Drive Dr. A. Mufti, Director
Rockville, MD 20850

U.S.A.

Please supply the following goods and/or services

DELIVERY TERMS:

"PRYMENT TERMS:

4 months

75 percent at the time of placing the order with
Solarex, balance on -eceipt of invoice and documents
of dispatch.

VENDOR'S REFERENCE: Package 82/2 items 15 through 35 excepting Item 22 as

ITEM NO.

15
16
17
18
19
20
21
23
24
25
27
28
29
30
i1
32
33
34
35
41

originally described in quotation to UN1DO, Vienna.
Also Item 41 from 82/3 package.

GOODS AND/CR SERVICES QUANTITY UNIT PRICE AMOUNT
Betascope 1 $ 7,088
PH Meter 1 451
Precision Laboratory Balance 1 1,613
Presco Model 462 Screen Printer 2 $11,800 23,600
Chemical Hood and Accessories 1 8,819
Silver Plating System 1 6,396

Laboratory Tanks (Assorted) See Attachea 12,915

Photolithographic System 1 33,423
Solder Fountain 1 2,289
Wafer Dicing Saw 1 22,727
Aircompressor 1 2,816 -
Digital Multimeter 1 569
Fandheld Digital Multimeter 1 334
Lock-In Ampli’ier 1 10,767
Solar Simulator Systenm ) | 30,141
Quantum Yield System 1 11,169
Zoom Microscope 1 1,867
Module Test System 1 5,400
Module Prcparation Station 1 1,500
Photolithography Supplies See Attached 5,000
$188,904
Less 5% Consideration for Advanced Payment of 752 9,445
$179,459
Estimated Crating and Shipping 4,000
$183,459
SILICON TECHNOLOGY DEVELOP NTRE
/‘P
SICNATURE:
NAME : A. Muftd

Director




Item #9 - Diffusion Furnace System

Cost Breakdown:
3 Stack Furnaces
Flow Meters
Regulators
Stainless Tubing
Plastic Panels & Tubing
Fittings, Valves
Quartzware

Packing & Shipping to Solarex
Assembly labor

Package 82/2 - ltems 15-35

Item #15 - Twin City Betascope with Voltage
Regulator, Probe, Radiation Source

1zep 16 - PH Meter
Orion Model 301
or
Fisher Accumet 600
(with spare electrode)

Item #17 - Precision Laboratory Balance
0-300g not available

2 options: 1) Mettler k80
0-160g (precision of 0.01 mg)

or

2) Mettler H315
0-1000g (precision of 0.l mg)

Recommend Option #1

s 29,768
1,564
2,471

199
92
743
4,346

1,839
1,220

s 42,234

s 7,088

$ 451

s 1,613

4,L44

s 1,613




ltem §18 -~ 2 Screen Printers

pPresco Model 462 § 11,590 each
DeHaart Model AOL-12 $ 16,775 each

Solarex recommends purchase of 2 of the same type for redundancy,

spare parts, etc. For Lab use Presco Model 462 adequate.

Recommend z Presco Model 462 $ 23,600

Item #19 - 1 Chemical Hood
Semifab SLFH/600

Tanks for Etch
4 Cole Parmer Model c-7206-80
4 Cole Parmer Hodel-C-7207-80

Hot Water
4 Corning PC 331
2 Corning PC 101

s 8,819

ltem #20 - Silver Plating System s 6,396
. vith: a) spray rinse tank & sink
b) Footswitch
¢) Tank with stainless steel anode bars
with 14d
d) Filter housing » filter
e) 6-Plating racks for silver bars
£) 6-Plating racks for 9 4" wafers
g) 2 power supplies (0-20V) (0-34)
Lagbda LP 521 ™
h) Tubing
i) Pump - Marathon s2pP81366U
j) Exhaust Hood - pPolypropylene

{tem #21 - laboratory Tanks 5 12,915
2 each Fluoroware Model E 3201 Teflon Tanks
2 eath Fluoroware Model E 3202 Teflon Covers
10 each Fluoroware Model PE 3201 Polypropylene Tanks
10 each Fluoroware Model PE 3203 Polypropylene Covers
6 each Fluoroware Model A 72408 Teflon Casettes
12 each Fluorowareé Model PA 72408 Polypropylene Cassettes
6 each Fluoroware Model A027 Teflon Handles
12 each Fluoroware Model PAO27 Polypropylene Handles
18 each Fluoroware Model A72-20-02 Teflon Lids
3 Cascade Rinse Tanks - Fluorowaré Model E-64
2 FS1 K/20 Spin Dryers




lcem #22 - Deionizing Water System $ 41,620
- 1000 gallons per hour
8 Megohm Water

,tem #23 - Photolithographic System § 33,423

1 Oriel Photolithography Laup #82230 &
84350 Controller

2 Branson ATH Cl10-6 Ultrasonic Cleaners

2 Blue M Bake Ovens POM9-256-1EFG

1 Headway Spinner Model EC101
with CB 15 Substrate Bowl, 2 E220-3 5/16"
Chucks and 1 E2L6G Chuck

4 Vacuum Pumps - 0522-7103-C18DX

Item #24 - Solder Fountain $ 2,289
Electrovert Model WDCHT
with 5" x 2" Nozzle

Item #25 - Wafer Dicing Saw $ 22,727

Tempress 602-82-220V
plus 18 spare blades .

item #27 - Aircompressor $ 2,816
Dayton Speed Air #72501

ltem #28 - Digital Multimeter $ 589
Fluke Model 8050A-01

Itez #29 - Handheld Digital Multimeter $ 334
Fluke Model 8024-B

~tem #30 - Lock-In Amplifier $ 10,767

Itew 31 - Solar Simulator System Including: $ 30,141

a) 1000 Watt Xenon Simulator Model 81103
by Oriel for 6"x6" area

b) 2 x-y Recorders
HP-7035 B
(Redundant with Item #34 - only include one here)

¢) 2 Spare Xenon lLamps
d) Air Mass 1 Filter for Oriel Simulator

e) 1 Solarex AMI reference cell




ltem #31 - Continued

£) 2 Kepco Bipolar Power Suppliers BOP 36-5M
(Redundant with Item #34 - only include one in price)

g) 1 Neslad Constant Temperature Refrigerator Unit
RTE-5B

h) Test Block - Solarex Design

1) & Point Probe Test Fixture
Alessi ATP-1M

3) 3 Spare 4 point Probe Heads
Model #a4P625T270 for Alessi System

item #32 - Quantum Yield System, Including: $ 11,169

a) Quarter Wave ponochromator
Jarrell-Ash 82-415
with additional grat ing

b) Monochromator Light Source -
Tungsten lodide Model 45-542
with 4 spare lamps

c) Epply Thermopile

d) Digital Nanovoltmeter
Keithley Model 181

e) Housing & Sample Mount

Item #33 - Zoom Microscopeé $ 1,867
Burton Instrument
Model 33-5-12

Item #34 - Module Test System $ 5,400

Includes: .
a) Module Test Box
b) 2 Kepco Bipolar Power Suppliers
(redundant with 2 listed on Item #31 - only
include one in price)
¢) X-Y Recorder
HP-7035B
d) 2 Solarex Reference paddles

Item #35 - Module Preparation Station $ 1,500

fncludes:
a) Alignment Fixture
b) 2 Tanks for holding Flux
¢) 2 General Purpose Carts
CsH Catalog No. 52-281/3D

Package 82/2 Items 15-35
TOTAL: § 225,524




Fackage 82/3 1tems 36-5C

L

item #36 - 300 Kg of Semiconductor
Grade Polysilicon
(Less than 0.2 PPBA of B)

27,280

Item #37 - Gases Include $ 6,466

a) 3 tanks of UHP Ar

b) 3 tanks of UHP He

c) 1 tank of UHP 02

d) 3 tanks of UHP Nz

e) 1 tank of 1% PHy in N,

£) 1 tank of 1z PH3 in He

g) 1 tank of 1% PH, in Ar

Item #38 - Screens Include $ 2,900
1) Artwork for BSF paste screen

2) Artwork for 4" front Mettalization Patt2rt

3) 5 each coples of above

4) S gallons of screen cleaner

Item #39 - Silver Anodes $ 5,673
32 silver bars 2"x.125"x11"

Item 39 (Continued) - Silver Solution Components $ 1,200
a) 160 oz Potassium Cyanide
b) 40 oz Potassium Carbonate
¢) 70 Tr oz Metallic Silver
d) 110 oz Free Cyanide

1tem #40 - pionizing Water Chemicals $ 200
10 gallons HCl
1 Drum NaOH
starting Lot - Remainder to be bought in Pakistan

Item #41 - Photolithography Supplies $ 5,009
Includes:
a) Artwork for 2 front patterns
. p) 2 Prints Each of Above
¢+ ¢) 20 Chrome Blocks 5"x5"
d) 2 gallons Shipley AZ-2400 resist
e) 4 gallons Shipley AZ-2401 developer
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STDC LABORATORY BUILLCING

SOLAREX DRAWING #1295
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