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ABSTRACT 

The Pakistan National Institute of Silicon Technology has been 

equipped and staffed. Four senior research officers completed 

six-month fellowships wor~ing 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. Oe5pi te 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 

schedule. Solarex extended the contract expiration 

months to November 1984. The delays mostly stemmed 

original 

date six 

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 sumJ11ari2:es the activity of the Solarex 

Corporaticn in fulfillr.ent of U!HDC Contract 82/lo, Project Ne. 

S'I/PAf<./80/001, Activity Cede ST/02/31. 6. The general sccpe cf 

the ccntract is tc assist the Government of Pakistan in its 

efforts tc establish a Centre fer Siliccn 

Technology"* in Islamabad, Pakistan. 

1.1 Purpcse of Report 

The repcrt fulfills the requirer.ent cf para. 2.10 d} of the 

contract. It reports on all eignificant activity in fulfillment 

cf the contract. 

1.2 Plan cf Treatment 

The repcrt is organized along the lines cf the major activities 

dene by Sclarex, i.e., training in U.S. cf Pakistani scientists, 

Selarex assistance in labC'ratory design, Sclarex assistance in 

choosing and delivering equipment, en-site activity (in 

Pakistan} of Sclarex advisers. Finally, there is a section en 

the Solarex view cf the prcgram, general rec:om;r.endations tc the 

mano en future prcgran:s of this type, and specific recomJrenda

tions on the STDC effort. 

* Through the ~hort history cf the prugram, the name of the 

orCJani zat ion has had several var iati ens. In this repcrt, the 

terms "Silicon T€chnclcgy Development Centre (STCC)", and the 

current term "~aticnal Institute cf Silicon 'Iechnolcgy" are used. 

1 
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2. 0 PRELH:INARY 

2.1 Sccpe of Contract 

The aim cf the Project is tc assist the Gcvernll'ent of Pakistan 

in establishing a silicon technology research and development 

centre. In this cent ext, the ain: of thP Contract { :,eference 1) 

is tc provide the Government with the services cf specialists 

with the widest possible practical experience in this field who 

shall be responsible, inter alia, fer: 

a. Preparing all the necessary 

including drawings, 

establishment of 

Development Centre. 

designs and 

a Siliccn 

technical information, 

laycuts, required fer the 

Technclcgy Research and 

b. Preparing the technical specifications of the equipment 

required for the said centre {the equipment was purchased 

by UNIDO and the Ccntractor's specialists assisted UKIDO in 

this undertaking as an~ when required). 

c. Assisting Pakistani counterparts in installing 

cperating the equipment purchased by UNIDO. 

and 

d. Initiating research and develop~ent activities, with full 

participation of the Pakistani counterparts, on the basis 

cf a deta:i led work plan prepared in cocperat ion with the 

UNIDO Senior Indu.=:trial Development Field Advisor and the 

Pakistani counterparts in the Prcject Area. 

2 
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e. Providing aFprcpriate on-the-jcb training to F'akistani 

counterpart personnel. 

f. Preparing, cesigning, organizing and conducting training 

programs for a selected number of Pakistani counterparts 

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

g. Prmr.cting understanding of the usefulness of the project 

for Pakistan and cf the role which photcvoltaic and siliccn 

micr;:-chip techniques can play in the develop1r.ent of 

Pakistan. 

h. Introducing the use of photovoltaic and silicon micro-chip 

demons~ration kits in a selected number of teaching and 

research and development instituticns in the Project Area. 

2.2 Schedule 

In response to UNIDO Tender Ne. 82/07-·ST/PAK/80/TCl, Sclarex 

subJr.itted a proposeil dated 1 April 1982. After evaluation by 

apprcpriate l1.K. personnel, a ccntract was signed by D. 

Gardellin, represE:nting the UNIDO on 10 May 1982, and Y.r. C. 

Wrigley representing Sclarex en 19 May 1982. 

One of the fiist: tasks was tc establish a detailed schedule. 

This was accomplished during a trip ty Dr. John Wohlgemuth and 

¥.r. ¥.ichael Giulinno in late May - early June 1S82. Meetings 

were held in Vienna and Islamabad. The schedule (as reported iP 

3 
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the first quarterly repcrt. ~ay - July 1Se2. Feference 2) was as 

shown in Figure 1. 

Ncted on the schedule are the actual times each cf these key 

activities were accOJr.plished or the status as cf 30 November 

1984. 

3.0 PAKISTANI SCIEKTIST TRAINING AT SCIAREX 

3.1 Planning 

Dr. John Wohlgemuth and Mr. Michael Giuliano visited Islamabad 

during the period 30 May - 3 June 1982. During this time the 

general schedule and sccpe cf training were agreed upon in 

meetings with Dr. Atique Mufti, STDC Cirector and Dr. Kamal 

Hussain, UNCP Senior Industrial Development Field Adviser in 

Islamabad. 

It was considered that, fro111 the standpcint of convenienc.e and 

efficiency in training, the arrival of the Pakistan trainees in 

the U.S.A. shoule be 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, S'IDC frcm the 

U.S.A. after his visit of July 1982 in ccnnection with finaliza

tion cf the equipment list. The arrival of subsequent sci en

t is ts (two mere pl us the Director) would take place in subse

~uent monthly intervals. A formal lecture series would be 

conducted fer the entire group, approxi~ately November 19S2. 

4 
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FIGURE l 

SCHEDULE AND MILESTONE CHAR'!· 

AS DFVELCPED AMONG SOLA.REX, UNIDC, UNDP ANC STDC IN JUNF 1982 (REFERENCE l) 
(~Gtations on chart are actual data or explanatory notes) 

PROGRAM ITEM 

l. Visit of Sclarex program manager 
to Paid st an 

2. Preliminary planning and equipment list 

3. Visit of Director STDC to USA tc 
finalize equip~ent list 

4. First Pakistani trainee at Solarex 

5. Submissicn of finalized list cf 
equipment tc U~IDO 

E. Last date for receiving tenders by UNIDO 

7. Start of construction of building 
(Administrative Block) 

8. Finalization of detailed drawings 
fer Labcratcry Block 

9. Second Pakistani trainee at Solarex 

10. Submissicn of tenders received by 
UNIDO to Director, STDC 

11. Finalization and approvals of 
equipment list 

12. Start of construction of laboratory wing 

1982 1983 1984 
M J J AS 0 N DIJ FM AM J J AS 0 N DIJ FM AM 

fJ. 

fJ. 

(lO May-2 Jun 82) 

(lO May-2 Jun 82) 

(J1,ugust 1982) 

~~~~~~~~-+-~· 
(T. Hussain - 120ct82r4Apr83) 

fJ. 

fJ. 

fJ. 

(lO August 1982) 

ClO September 1982) 

(ftstimate early 1984) 

fJ. (November 1982) 

J (K. ~mad - 13N~v82-14May83J 

fl ( 9-22 October 1982) 

fJ. (lg-22 October 1982) 

fJ. castimate early 1984 )' 

1 
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FIGURE l (continued) 

SCHFCULE ANC ~ILESTONE CHART 

AS DEVELOPED AMONG SOLAREX, UNitC, UNDP A~:D STDC IN JUNE 1962 ( ~EFERENCE l) 
(Notations on chart are actual data or explan~tory notes) 

19-82 - ----,- - -- -198~-----T--1984 

p ROG RAM ITEM I M J J A s c N D I J F M A M J J A s 0 N D J F M A M 

13. Third Pakistani trainee at Solarex 

14. Directer STDC at Solarex for 
finalization cf equipment list 

15. Final submission tc UNIDO, Director 
will also stay fer study tour/training 

16. Arrival of equipment 

17. Arrival cf Dr. Wohlgemuth in Pakistan 
to assess progress of the project 

10. J. Creager cf Sclarex in Pakistan for 
equipment and laboratory setup 

19. M. Giuliano of Sclar~x in Pakistan for 
solar cell design and fabrication 

20. J. Hoe~Jcher of Solarex in Pakistan 
fer module design and fabrication 

21. J. Creager cf Solarex in Pakistan 
for continued laboratory setup 
and cell precessing 

22. J. Anderson of Solarex in Pakistan 
for silicon purification and 
crystal growth 

(Dr. Qazi - 0Nov82-13May83) 

(Visit did not take pla~e) 

(Did not take place) 

(f ul83-Dec83 
ome later) 

_ (Mr. Wrigle replaced Dr. 
Wohlgemuth 4 Jul 83) 

(13 Feb - 9 Apr 8.) 

(Did not take place) 

(F. Artiglier did this function 27Feb-19Har 84 

(Did not occur b4t other advisors 
filled this funqtion Sep-Oct 1984) 

(Task was subcontjracted to Battelle -
Has not taken p]ace as of Nov 1984) 

• 



Prior to this, training wculd be mere infcrmal, where each 

trainee would have an oppcrtuni ty tc monitor day-tc-day methods 

and procedures in the solid state laboratory at Sclarex. In 

this way a very detailed and practical experience would be 

acquired enccmpassin9 the varicus aspects cf silicon prepara-

ti on, processing for solar cells, and measurement/analysis 

techniques. 

The formal lecture series would include asp~cts cf silicon 

preparaticn purification and crystal growing, solar cell design, 

physics of cperation, electrical and cptical measurement!", 

module design considerations, and systems aspects. 

Return cf the Pakistani scientists froir1 the U.S.A. was scheduled 

on or before Fecruary/March 1~83. 

During a meeting in early August 19S2, in which Dr. ~ufti 

visited Sclarex, the sccpe of the training program fer Dr. Mufti 

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

a. 

b. 

c. 

GENERAL TRAINING SUGGESTED FCR .ALL THE SCIEN'IISTS 

(Including Dr. Mufti) 

Forir.al Lectures 

Si !icon Growth 

Silicon Purification 

Two weeks 

Three weeks 

work/visit 

Kayex-Hamco 

growth house) 

(suggested places fer 

Solarex, Sil tee: 

or any other crystal 

Two weeks (Union Carbide, Solcsrex, 

Dow Corning, JPL or any other) 

7 
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a. 

e. 

£. 

g. 

h. 

Analysis cf Ju.purities 

Tests and Measurements 

Analytical Equipment 

Manufacturers Visit 

Cell Process 

Lamination and 

Encapsulation 

~wo weeks (Solarex, University of 

Maryland) 

Two weeks {Solarex, JPL) 

One week (Perkin-Elmer and others) 

Two weeks (Solarex) 

Three weeks (Solarex) 

VISITS 

a. Lamar University - One Week 

b. University of Maryland - One Week 

c. Visits to as 1.1any places as can be arranged according to 

time availability (all in the United States) 

1. U.S. National Bureau of Standards 

2. Spire Corporation 

modules 

manufacturer of equipment and 

3. Crystal Systems - polycrystalline siliccn comfany 

4. Solar Energy Research Institute 

5. Mobil Tyco - a photovoltaic manufacturer 

6. Sandia National Laboratories - a U.S. Federal Contract 

Research Cente~ with expertise in photcvoltaics 

7. Northeast ReRearch Experiment Station - site of proto-

type phc.tovoltaic systems 

S. ARCO Solar - a photovoltaic manufacturer 

9. ~ctorola - a photovoltaic manufacturer 

10. Jet Propulsion Laboratory - technical advisor to U.S. 

Department of Energy wi~h special expertise in photo

voltaic engineering 

8 



3.2 Rationale en Training 

We atte111pted to prcvide a gcod mix of "hands-on" experience in 

the laboratory as well as lecture and theory. The latter was 

particularly concentrated in a two week intensive selllinar qi ven 

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

In between the forJr!al 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-Ellller. A short triF to 

Battelle Laboratories in Coluitbus, Chio was taken for an orien-

tation to the silicon purification and polycrystalline formaticn 

process. 

In January 1982, Solarex became aware of budget restricticns en 

travel for the trainees to locations other than Solarex. Travel 

planning had to be revised and a substitute miniJ11um travel plan 

and budget were submitted to UKIDO 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.) 

nationals were not to be given any access to the various 

government-supported laboratories such as the Jet Propulsion 

Laboratcry, Sandia National Laboratories, or the Solar Lnergy 

Research Inotitute. Plans had progressed 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. 

9 
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17 
REGNAULT 

Silicon Feduction 
Silicon Purification 

VENDURA/GIULIANC 

Concept of 
Energy Bands 

Impurities 
Crystal Defects 

24 
CULIK 

I-V Character-
istics Test 

Measurement 
Calibration 

PETERSEN 

Paneling 
Materials 

FIGURE 2 

CLAESROOM TRAINING OUTLINE 

~k I - 17-21 January 1983 

18 
RE.GNAULT 

Crystallization 
Crystals 

Wafering 

JOHNSOt.' 

Crystal Defect 
Analysis 

19 
GIULIANO 

PN Junction 
Physics 

Diffusion Length 

VEN DURA 

PN Junction 
Profiles 

20 
VEN DURA 

Relationship of 
Crystal and PN 
Junction Physics 
to Processing 

WOHLGEMUTH 

Solar Cell Physics 
Conversion Eff. 
BSF 
AF Coating 

WEEK II - 24-28 January 1983 

25 
CULIK 

1-V Character-
istics Test 

Measureroent 
Calibration 

PETERSEN 

Paneling 
Encapsulation 

26 
HOELSCHER 

Paneling -
Electrical 
and 
Mechanical 

HOELSCHER/PETERSEN 

Paneling Environ
mental Life 
Testing 

27 
STARLEY 

System Sizing 

PROM/VAN TILBUPY 

System Components 
System Controls 

, . • 

21 
WOHLGE~tlTH 

Design of S'l'DC 
Solar Cell 

PETERSEN 

Laboratory Chemistry 
Waste Disposal 
Safety 

28 
MCKEGG/GIBSON 

Batteries 
General Applications 
of PV Systems 

GIULIANO/HUFNAGEL 

Visi~ to Breeder 

WOHLGEMUTH 

Design and process
ing of STDC 
solar cells 

I I 



During the negotiations a~ong UNICO-Vienna, STIX:, the Carl 

Duisberg Society (the agency which admi~istered the travel J11oney 

for the trainees), and Sol.:;trex, the money fer travel was net 

forthccmin9 in time for sor.e of the trips. Solarex advanced the 

funds necessary fer the trainees tc Jrake the trips. It should 

be noted that the planning, cocrdination, cancellaticns, and re

scheduling of these trips involved a significant expenditure cf 

man hours by the Sclarex staff. This Dtagni tude of support was 

never prograr.med 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 

Froblems. A 

Dr. Parvez 

sumir.ary of 

traineP.s foilows:. 

3.3.1 MR. TAJAM~UL HUSSAIN 

Akhter presented 

the actual training 

12 Cctober 82 - Arrival at Solarex 

12 - 15 OCT 82 

Orientation. 

16 - 22 OC'I 82 

some scheduling 

for each cf the 

Cell processing laboratory: seminar at Katicnal Bureau of 

Standards. 

25 - 29 OCT 82 

Cell processing laboratory; FTIR (Fourier Transform Infra-

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

11 
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crystal defect anc:lysis; visit tc Sclarex Breeder i:lunt in 

Frederick, ~aryland fer dedicaticn cerercnies. 

l - 5 KCV 1982 

Cell test alld ireasurements; seminar by 'f. Ciszek cf SEPI 

(Sclar Energy Research Institute) given at University cf 

~aryland, Ccllege Park, Maryland. 

e - 12 KCV 132 

Cell test and r.easurer.ents. 

15 - 19 NOV 82 

Encapsulaticn and larination. 

22 - 26 NCV 82 

Encapsulation and lareination. 

29 NOV - 3 DEC 82 

~aterial analysis equiprent and procedures at University cf 

~aryland. 

6 - 31 ['EC E2 

Instructicn en silicon prcducticn, purificaticn and ingct 

wafering by Dr. Fegnault cf Semix. 

3 - 7 JAN 83 

Nickel plating and solder metallizaticn technclogy at 

Solarex. 

10 - 14 J~ E3 

Battelle-Colurnbus fer training in silicon purification 

processes, cbservation of equipment cperation ane 

discussions cf specifics in e~uipment installaticn and 

facilities require~ent update for STDC. 

17-2e JAN 83 

Two week lecture series at Solarex including trip tc 

Ereeder facility in Frederick, Maryland (Appendix B). 

12 



2E FEE 83 - 11 ~.AR 63 

Two ""eeks at l<ayex-HoJ[!CC fer hancs-cn training in silicon 

crystal grcwth ar.d IC diaJ[!cnd-saw wafering. 

21-25 ~AF e3 

Two weeks at Eattelle Cclurr.tus Labcratc~ies. 

2S ~:AR E3 

Final era! review of all subJects cf training with varicus 

specialists from Eclarex Corporation and Se~ix Incorpcrated. 

4 APR 83 

teparture froll' Sclarex. 

4-9 APR 83 

Visit tc Elkem Spiegeviert in Norway tc discuss silicon 

reduction frcJr quartzite ore tc J[!etallic silicon (ready fer 

the purificaticn process tc fellow) by use of electric arc 

furnace. 

11 APP S3 

Feturn tc Pakistan at end of six-Jronth period in trainee 

fellcwship. 

3.3.2 ~R. KHALI~ AP.MAD 

13 KoveJrber 82 - Arrival at Sclarex 

15 - 19 KOV 82 

Cr i entat ion and labcratory tours; at tended seminar talks at 

Sclarex on various aspects of sclar cells and arrays. 

22 - 26 ~CV 62 

Observation cf cell precessing labcratcry procedures and 

equ ipn:ent. 

13 



29 NCV - 3 tEC 82 

Introduction to cell J11easure1t.ent and I-V curves, detenrina

t ion cf diffusion parameters; use of mic.rcsccpe tc observe 

silicon crystal 

evaporator. 

6 - 10 DEC 62 

defects; ct-served repair cf filament 

riscussicns ~j th J. Crea~er regarding r:I water systen: and 

i teir.s being provided by Sclarex for the STDC Labcratcry; 

rore detailed study of diffusicn parameters. Visit tc 

University cf ~aryland 

analysis facility. 

13 - 17 DEC 62 

electrcn 1t.icrcsccpe and x-ray 

Phctclithography of wafers; Jtetallization - frcnt evapcra

ticn cf Ti-Pd, "lift-cff" precess, back surface reflector 

(BSR), back evapcraticn cf Ti-Pd; metallization 

plating. 

20 - 24 VEC E2 

silver 

De111cnstraticn cf the use of a 111onochrcmator in light spot 

analysis cf sclar cells; dark I-V reeasurements; observed 

techni c;ue fer 1reasure111ent cf reflectivity and emi ssi vi ty; 

nickel plating details; depcsiticn of AR coating (Ta205). 

27 - 31 C£C E2 

Continued di scussicns with J. Creager regarding items fer 

delivery to STDC; meeting with J. Hoelscher abcut la111inator 

and encai:sulation; instruction at Sclarex on Beckman r:k-2A 

ratio recording spectrcphotcmeter. 
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3 - 7 JAN 83 

Miscellaneous 

measurement; 

training en 

also nickel 

diffusicn and 4-point prcbe 

Flating discussions with P.. 

Petersen; training en quantum yield measurement using the 

mcncchrcmeter. 

IC - 14 JP.N S3 

Trip to Battelle CcluJr-tus Labcratcries tc review rrocess 

and schedules; hands-en _rractice of soldering of cells and 

interconnects in preparation fer lamination. 

I7-2E JAN 63 

Two week lecture series at Solarex including trip tc 

Breeder facility in Frederick, ~aryland. 

6 - 17 FEB S3 

Trip to Arizona State University (near Phoenix, Arizona) 

for short course and side visits tc Solavol t and Phctowatt 

(in the same area). 

27 FFB -11 ~AR 83 

Two weeks at Kayex-Pamco (Rcchester, New York) fer hands-on 

training in silicon crystal grcwth and ![ diauond-saw 

wafering. 

14 MAR - 22 APR E3 

Design frcm concept through final gric-rattern drawings fer 

three different technologies of Eclar cells. 

26 APR 6:: 

Final oral review of all subjects of training with varicus 

specialists from Solarex Corporation and Semix Incorporated. 
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4 - 6 t-~Y 63 

TriF to Spire, Inc. and ~ot:il Sclar in the Ecstcn, ~assa-
• 

chusetts area fer familiarization with icn-iroplantaticn/ 

annealinQ technolc;y and direct grcwth of siliccn ribbon 

fer solar cells. 

14 t-'.AY 83 

Return tc Pakistan at end cf six-ir.cnth r:eriod in trainee 

fellcwship. 

3.3.3 CR. ISHTIAC CAZI 

30 Nover.ber 19E2 - Arrival at Solarex 

l - 3 DEC 62 

Crientaticn and laboratcry tcurs at Sclarex; discussicns 

~ith Dr. R. Petersen en selection cf ~nalytical instruir.ents 

and techniques; also electroplating. 

8 - 10 CEC 82 

Thre~ day visit tc University cf r-:aryland I:lectrcn ~icro-
-

sccpe Facility and Departroent of Geology, observed Scanning 

Flectron Y.icrcscope (SEt-:), Transirissicn Flectrcn 1".icrcsccpe 

(TEM), spark cutting, Secondary Icn ~ass Spectrcsccpy 

(SI~S), x-ray diffraction and x-ray fluorescence. 

13 - 17 r:EC E2 

Detailed cbservation cf solar cell ~anufacture in the 

Solarex R&D lat:cratcry; initial discussions with J. 

hcelscher en module fabrication; visits to National Bureau 

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

Continued chemical precessing training on etching, diffu-
• 

sion, Back surface Field {BSF) formation, nickel and silver 

plating; also continued study of varicus aspects of Induc-

ti vely Coupled Argon Plasma/Atomic Absorption {ICAP /AA) and 

• 
Fourier Transform Infrared (FTIR) spectroscopy. 

27 - 31 DEC 82 

Training regarding 6 -ray backscatter J11easurements; addi-

ticnal library research and review. 

3 - 7 JAN 83 

Hands-on practice of etching silicon wafers, phcsphcrus 

diffusion and nickel plating; continued discussio~s with J. 

Hoelscher regarding module design; ccntinued discussions 

with Dr. Petersen regarding the use and specificaticn of 

FTIR instruments. 

10 - 14 JAN 83 

Visit to Bat tel le Columbus Laboratories to review process 
-

and system for purification and manufacture of poly~rystal-

1 ine silicon; meeting with sales engineers on ICAP instru-

mentation; visit tc National Bureau of Standards Atomic 

Absorption Laboratory; hands-en practice of scldering to 

four inch solar cells. 

17 - 28 JA?; 83 

Twc week lecture series at Solarex including trip to 

Breeder facility in Frederick, Maryland. 

27 FEB - 12 MAR B~ 

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

growing and wafering training. 
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15 MAR - APR 22 83 

Further discussions ~ith R. Petersen on selection of analy-
• 

ti cal instruments and techniques; also electroplating and 

electroless plating. Further detailed cbservation of solar 

cell manufacture in the Solarex R&D Laboratory; further 

discussion with J. Hcelscher on module fal:ricaticn. Further 
I 

training regarding 6-ray backscat~er measurements; addi-

ticnal library research and revie\11.'. 

4 - e ¥.:AY 83 

Second visit tc Battelle Ccluucus Labcratories to revie~ 

process and system fer purificaticn and manufacture of 

polycrystalline siliccn. 

11 MAY 83 

Final oral review of all subjects of training with various 

specialists from Solarex Corporation and Semix Incorporated. 

13 MAY 83 

Depart Sclarex. 

16 - 29 MAY 83 

Stop at University cf Aston, Birmingham, U.K. fer twc weeks 

on return trip to Pakistan to study x-ray diffraction, 

micro-prcbe techniques and other analytical techniques 

pertinent to microanalysis of solar cells. 

29 MAY 83 

~eturn to Pakistan at end cf six mcnth trainee fellohship. 

3.3.4 DR. PARVEZ AKHTER 

17 March 19£3 - Arrival at Solarex 

13 ' 



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

leg ist ical problems. One cf the mcst acute was the fact that 

the P&C labcratory, where the ether trainees did much cf the 

cell-processing hands-en wcrk was in the process of a major 

physical Jnove. This mcve tock longer than expected and negated 

any opportunity to duplicate the other three trainees' Frogram. 

Hcwever, Sclarex at al:::cut the saJre time, was estal:::li shing the 

cell-processing line of their new Aerospace Division. The 

Aercspace Division was estal:::lished to make space cells for which 

the quality control and processing specifications are much more 

exac~ing. Dr. Akhter spent several weeks there experiencing all 

the day-to-day problems that are encountered in trying tc make a 

soler cell manufacturing line operational. He wcrked clcsely 

with the Aercspace group in writing and refining cell processing 

procedures. 

The two-week training sessicn which ~as held fer the other three 

trainees was net duplicated in a formal way. Rather, individual 

sessions were held (where pcssil:::le) with the scientists or engi

neers at Solarex 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 Te1r.pe, Arizcna. £tudy of measuren:ents and solar cell 

performance analysis under concentrated sunlight in the 

range from one to a few hundred tiwes irradiance ccncentra-
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• 

• 

ticn, discussicns of photcvcltaic water pumping syste~s. re 

to AC inverters and storage battery sizing for varicus ir

radiance ccnditions. 11.lsc, visits to Photowatt, Sclavclt, 

and a U .s. Government phctovol taic system installation at 

Fcrt Huachuca, Arizona. 

5 - g JUL 83: Visit to Eattelle Cclumbus Lal:::cratcries to 

beccme fa~iliar with cperating the generaticn/purificaticn 

system. Unfortunately, Eattelle still had progressed 

little, but Cr. Akhter did become familiar with the pcrticn 

that was operational and spent several days in discussicns 

on design anc theory of operation. 

23 JUL 83: Training visit tc Kay~x-Hamco in 

Rochester, New Ycrk to discuss and ol:::serve cperaticn of 

CzcchralsJd silicon crystal grcwth, and to discuss cpera

ticn cf inner-dian:eter precision wafering 1r.achines as will 

be installed at the STDC. 

• l SEP 83: Visit to Institute of Energy Conversion, Univer

sity of Delaware, Newark, Delaware. In this concentrated 

one-day visit tr. Akhter was given an opportunity to see 

state-cf-the-art equipment such as glow discharge, chemical 

and physical vapor deposi ticn systems to grow thin film: 

SE~, Auger and 

spectral response 

x-ray spectrcscopy, laser 

systems to characterize 

materials and devices. 

2 (l 
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3.3.5 Two Week Lecture Series 

The two week lecture series invclved many engineero 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 Tajam1rul Hussain 

are in Appendix E. 

3.4 General Ccmments About Trajnee Fellc~ships in the U.S. 

The trainees were set up in an off ice area where the Solarex R&D 

scientists and engineer~ had their offices. Over their six 

month's tir.e in the U.S., they and many of the Sclarex staff 

became well acquainted. In fact tc this day there are personal 

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 vir~ually unli~ited access tc the 

Sclarex ccpy machines. The trainees made full use of this 

privilege, taking several coxes of copied reports back to 

Pakistan. 

There was one area of administrative difficulty - the issue cf 

proprietary data and precesses. Since the contract calls fer 

training in photcvcl taic technclcgy and the people at Sclarex 

naturally are mcst fami 1 iar with the Solar ex processes, it was 

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

1. ~nere the Solarex process is prcprietary, such as the 

silicor. purification and crystal for~ation, no detailed 

expcsure ~as given tc the trainees. Rather, since the 

Pakistanis were to use single crystal silicon, which 

required a fundamentally different precess than Sclarex 

uses, arran~ements were made to allow the trainees to visit 

Kayex-Hamcc, the manufacturer of equipment tc be installed 

in Pakistan. 

2. There were a few steps in the cell and module line which 

were proprietary. The details were not divulged to the 

trainees. Ecwever, they were in the same area and, ccnsis-

tent with Solarex policy, each of the trainees were asked 

to sign a ncn-cisclosure statement, which they all did 

(Appendix A). 

4. 0 LABCRA'ICRY EC:UIPf.'.E~T 

4.1 Plans 

Sclarex's participaticn in the procurement of equip~ent tegan 

almost immP.diately after the award cf the contract. In meetings 

helc in Islamabad 30 ~ay - 3 June 1Se2, tr. John Kchlgerouth and 

~r. Michael Giuliano of Solarex, in coordinaticn with Dr. r.;ufti 

and Mr. Kamal Hut::sain (U~D'P SICFA-Islarr.abad), generated a list 

of general guidelines as to what was going to happen at the 
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, 

STI:;C. Based on these ger.eral guidelines a generic list of 

equipment, supflies and tasks was generated. 

in Reference 2. 

'Ihis is detailed 

'hben Cr. ~.-ohlgeir,uth and Mr. Giuliano returned to the U.S., the 

Sclarex staff was tasked tc put tcgether a detailed list of 

equipirent, seek potential surrliers, 

estimate they could sc that this 

estimating purpcses. 

anc cbtain the 'test cost 

could be used for budget 

This data was used tc fcrroulate a recommenced list cf equipreent. 

In early August 19e2, Dr. Mufti visited Solarex during which 

time this list was thorcughly discussed with hi~. With tr. 

Mufti's concurrence, each item was prioritized as to its 

relative necessity. These categcries were: 

A Absolutely necessary. 

B Absolutely necessary but due tc 1 imi ted funds purchase 

may have to be postponed. 

C Fequired but can de without initially; later addition 

is strongly recommended. 

D Lcwer priority; recorr-wended fer later. 

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

Dr. Wchlger.uth and Cr. Mufti travelled to New York en lC and 11 

August 19E2 to meet with Dr. Nijhawan cf UNDP, Dr. Usmani cf the 

United ~ations and Dr. Lcvejcy of the United Nations. The 

equipment requiremen· fer the STDC were discussed and the list 

of equipment develcped by Dr. ~ufti and Sclarex was reviewed 

item by iter. Priorities were established and it was decided to 

rec;uest bids cnly for top priority items at that time. Because 

of the large number of fairly small items required for the 

laboratory, it was decided to cnly request separate quctes on 

large capital items. The other items would be broken down into 

an expendable and non-expendable package for which bids would be 

solicited. Appendix C shows the breakdown that was approved at 

the New Ycrk meeting. This list was utilized by the UNIDC staff 

in Vienna to prepare the Request fer Quotaticn Dccuments. The 

request fer quote was issued on 25 1'.ugust 1982 with a request<.d 

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

After the bids were received in Vienna, Mr. M. Giulianc of 

Solarex attended a meeting on 19-22 October in Vienna to assist 

UNIDO in propcsal evaluation. Also in attendance were Dr. Mufti 

cf STDC, Dr. Nihjawan, Cr. Usmani, Mr. Gardellin, and Ms. 

Koellish of the United Nations and Mr. Masihuddin of the Govern

ment of Pakistan. All of the equipment bids were reviewed and 

recommendations made as to which bids should be accepted. 

Details cf the meeting are summarized in Reference 5. Briefly 

stated the winning proposals were as follows: 
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Crystal Gro"'er 

Inner Diamater (ID} Saw 

Polysilicon Reactor Facility 

Diffusion Furnace System 

Dual Filament Evaporator and 

Electrcn Eeam Evaporator 

Environmental Test Chamber 

Lamina tor 

S2/2 Non-Consumable Package 

82/3 Consurea~le Items 

Ham co 

Han: co 

Battelle-Columbus 

Solarex (Using Thermcc 

Equipment) 

Leybo!d-Eeraeus 

Asscciated Environmental 

Systems 

Solarex 

Solarex 

Solarex 

NOTE: Cn items 62/2 and 62/3, quantities were reduced tc 

conform to budget constraints. 

Subsequently, Solarex received UNIDC Purchase Crder 15-2-K0911 

(Appendix D) dated 3 November 1982. 

4.3 Sclarex Supplied Equip~ent 

The Governreent of Pakistan issued a purchase crder to So1-a1·ex 

for package 82/2. This package consisted of items l!> to 35 on 

the original UNIDC liet (except item 22) (Api:endi.x E}. Item 22, 

the deionized water system, was ordered separately frcn: Culligan. 

The Solarex staff then set about prccuring the equipment repre

sented by these two purchase orders. Where it was feasible and 
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timely. the Faki st an trainees at Solarex toe re consul tee accut 

the equipment. 

The e~uiprent t-as asse1r.blec over a pericd cf time, packed and 

actually left Sclarex in May - June 19E3. 

4.4 Shifirent I:amage 

Sclarex was ver~ally nctified that there was shifping da~age tc 

sc1re cf the equipment in July-August 1963. 'lhe details cf the 

damage were net kncwn until Nover.ber 1983 when during a visit tc 

Solar ex, Dr. Mufti brought some phctographs of the damage. A 

UNII:CGR1&. dated 9 January 19£4 was received by 

contained a survey report by the insurance agent 

Using this repcrt and the phctcgraphs supplied 

crdered and 

Sclarex tohich 

(Reference 6). 

tc us by rr. 

dispatched tc M~fti, replacement 

Isla~abad. It was 

parts were 

hcped that Mr. P.rt igl iere and Mr. Creager 

could repair the damage during their upcoming visits to STDC. 

4.4.l ECUIF~EKT AKI: SUPPLIES THAT SUSTAlt\E[' tn'.AGE I:UIUt..G 

• 

SHIPP.:EN'f 

Lairinatc;r: Severe caJ11age tc vacuu1r. manifold, vacuuir. ir.ctcr 

supper ts 

tcp 1 ic 

were broken, 

knocked out 

Reference 7 foI details). 

teJ11perature controller 

cf aligmr.ent, ether 
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• Dicin9 Saw (Item 25 cf Pakistan-prccured equipEent) was 

discovered :..c bP. damaged during Mr. Creager's visit (see -
Reference 8 fer details). 

• Ciffusicn Furnace (Item 9 cf UKI~C Purchase Order 15-2-

K0911) sustained smr.e damage but Mr. Creager was able to • 
repair sufficiently to make wcrk. • 

• Polysilicon Reactor Facility sustained soir.e shipping 

damage. 
Extent is unknown tc Sclarex ii·.: tiJ11e of writing 

this report, but has been evaluated on-site by Battelle' s 

Davie Seifert. 

• Tempered Glass Sheets -

4 Sheets 17 l/E" x 41 5/6" Eroken 

7 Sheets 17 1/4" x 11 11/lt" Broken 

• One lb of aluminum paste, Iter. 47, was missing. 

• Leybold-Heraeus vacuum system sustained scme daJ11a9e 

repaired by Leybold-Heraeus engineer during September 

October 1984. 

'I'here was another prcbleir. 111·i th the equip1rent Sclarex shipped tc 

Pakistan. Items: 

49(£) 75 gms, ESI 6-564-350-B Scl~er Paste 

59(n) 1 can Dow-Corning 1200 Prir.er 
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4l(c) 2C ea S' x S' Chrome Blanks 

(d) 2 gal AZ-240C Shipley Resist 
• 

(e) 4 gal AZ-2401 Shipley Developer 

were included in a carton which was to be kept refrigerated. 

Prcper labeling or instructions were not put on the bcx. The • 
perishable materials were replaced at nc cost to UKIDO or the 

Pakistan Government. 

4.5 Sclarex Assistance in Cbtaining Expert License 

There was another prcblem with equip~ent procurement which 

Solarex was asked to assist in re sol vin9. It dealt with the 

Perkin-Elu:er ICP/AA and FTIR instruments. Thou9."'l these pieces 

of P•:ruipment were purchased separately, Solarex was apprised in 

early 19S4 that there was a problem with the U.S. expert 

license. After investigdtion in cooperation with Perkin-Elmer, 

STDC, and the Pakistan distributor fer Perkin-Elmer, ZELIN, it 

was deterir.ined that early in the licensing procedure, there had 

been a typographical error in the license request. The abbrevi-

at icn for photcvol taics, "PV" had mistakenly ceen typed "PU". 

U.S. 9cvermr.ent officials were prepared to cisallcw the expert 

license. Through many meetings, telephone calls, both in the 

U.S. and Pakistan, the protle~ was finally resolved with the 

expert license tein9 issued. 
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4.6 Silicon Purification System 

The contract for building one of the key components of the STOC 

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 Solar~x 

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 Jul1 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. 
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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 
I 

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. 

During 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 sq 

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, drainaqe, 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 ingots, a cell and rcdule test area, a module encapsula-

ticn laboratory and an analysis laboratory for x-ray, ICP/AA anc 

FTIR equip111ent. 

Details of utility require111ents were based on Solarex experience 

as well as inputs from other equipment suppliers such as 

Battelle Columbus Laboratories and Kayex-Hamco who were awarded 

contracts to deliver equipment 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 request through Cr. Mufti. 

These discussicns culminated in the issuance of Solarex Drawing 

No. 1299 (twc sheets) en 24 November 1982 (Appendix G). Since 

that time there have been many discussions with STCC about 
-

details of the tui !ding laycut and utility require1rents. '°'nen 

there were trdinees at Solarex, these details were discussed 

with them. 

5.2 Effects of Late Construction of Building 

The slew pace of construction cf the STDC building (discussed 

elsewhere in this report) was not under Solarex purview. How-

ever, it should be noted that Solarex expended ccnsiderable 

effort in providing advice on the equipment requirements for 

various temporary buildings. 
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Fer instance, in 1983, ~hen it became cbvious that the permanent 

building would not be finished on time, Solarex, in response to -
a STDC request, submitted a series cf seven drawings detailing 

the laycut and requirements for the teDtporary laboratory in the 

Naticnal Physical Sciences Laboratory building (Reference 9). 

These proved useless because the space depicted cm these dra._- • 
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 involved in the details cf those discussions. 

6.0 SCLAREX ON-SITE ACVISCRS 

6.1 Activity Surmary 

Eight different advisors spent ti111e in Islamabad at the STCC. 

These people and their time in Islamabad are: 

13 February - 9 April, 1984 
Joseph Creager 

Fiore Artigliere 27 February - 19 March, 1984 

Charles Y. Wrigley, Team Leader 26 ?-:arch - 10 Afril, 1984 

Fauzia Uddin 22 April - 2 May, 1984 

James F. Hoelscher 17 September - 15 Octcber, 1964 

Donald R. Warfield 24 September - 8 Cctober, 1984 

Gecrge Storti l Cctober - l Ncvemter, 1984 

J. Christcpher Scharf l October - 29 October 1984 
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Individual tri.1= rei;crts are ccrr.i::·iled in Reference lC, 

which were furnished to l'ir. Gardellin, Dr. Stephens, 

Mufti. A crief su~mary cf their activities follcw: 

ccpies cf 

and r.:r. 

~r. Joseph Creager was the first Solarex advisor tc gc tc 

Pakistan ll3 February 9 April 1984). Eis ex.1=ertise is in 

cell-processing equipment. At STDC, he wcrked with the STDC 

staff in set ting up the basic cell i:rccessing equipJ11ent in the 

old National Physical Science Laboratory. 

Mr. Fiore Artigliere was the seccna Sclarex adviser in Pakistan. 

His tiir.e overlapped ~r. Creager, running fro:ir 27 February - 19 

March 1984. Mr. Artigliere's expertise is in design cf the 

laminator and in the laminating process itself. He repaired the 

larr.inatcr shipping damage and taught the STCC staff en details 

of module making. 

Mr. Charles Y. krigley, the Sclarex 

Pakistan frcm 26 March - 10 April 19E4. 

'Ieam Leader, visited 

Mr. Wrigley worked with 

rr. ~ufti, UNDP, and oth~rs tc stimulate getting the facilities 

going. In addition, Mr. Wrigley worked with Mr. Creager and the 

STDC staff to cc~missicn sc~e of the cell precessing and 

~easur~ment equii:ment. 

Ms. Fauzia Uddin, an expert en diagncstic and rr.easurement equip

ment, visited STDC during the period 22 April - 2 May 1984. She 

wcrked with the STtC staff en spectral response ~easuring e~uip

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

sec•md 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 

procedures, visited STDC 

is in 

from 

cell pl:ocessing 

24 September - 8 equipme;it and 

October 1984. He worked with the STDC staff in setting UJ? de-

tailed cell processing procedures and resolved several equipment 

problems that had been plaguing the STDC staff. 

Dr. George Storti, whose expertise is in photovolta•.cs physics, 

visited Islamabad during the period l October - l November 1984. 

He worked with the STDC staff in integrating the solar cell 

equipment, especially the titaniu~-palladium 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 On-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' 8 time in 

February - Ap· J. 1984 was spent repairing or installing equip

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 

vacuum deposition systems commissioned (affording the on-site 

advisors only a small a~ount of time to use the equipment). The 

Kayex crystal puller and wafering saw, and the Tempress-Micro-

automation dicing saw wer~ never operational. Alt.hough 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 .:ind 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, experie~ce, or 

capability) proved to be very difficult to impossiblP to accom

plish. Attendance of the staff was sporadic. If there had been 

a few key people id~ntif ied for each operation, much more useful 

training could have been given. In addition, 

laboratory was subject to interruption from 

visitors. 
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7.0 A VIEW OF THE P:ROGRA~ FFOK THE SCLAREX FERSEECTIVE 

• 
The 5clarex Ccrpcraticn has been proud to serve as the technical 

advising ccIPpany fer the estal::lishment of the Pakistan ?\aticnal 

Institute cf Si liccn 'fechnolcgy. 
All of the people at Sclarex 

I 

who have wcrked \<iith tl'.e varicus facets cf this Frcject wish 

ferv~ntly that all cf the ideals espoused in the objectives r 
cc-uld cne day be realized. Ecwever, frcm the vie\-\ cf Solarex 

iranagement, the irinimum capability that STDC now possesses has 

ccrr.e at a heavy penalty - both financially and risk cf refuta-

ticn. 
The fcllcwing section is a frank discussion cf some of 

the pro!:'lel!lS enccuntered by Sclarex en this project. 
Secticn 8 

gives recommendations fer other projects should the UNIDC be sc 

inclined. 

7.1 Eolarex Cbjectives 

When Eclarex entered into this contract in 1962, the ccwpany 

inducement centered around the following FOtential benefits: 

Expectation that Sclarex coulc de the jot: and enhance 

its reput<'tion. 

Exposure cf Sclarex tc the Vnited Katicns for possible 

future efforts patterned along the lines cf the 

P~kis~an 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 

country 

potential. 

company exposure 

with significant 

in Pakistan, which is a 

photovoltaics business 

7.2 General Dela~ 

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, 

activities 

Solarex. 

this made for a significant problem 

with the trainees and the normal 

7.3 Building Delays 

in coordinating 

activities at 

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 still 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 install a-

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 jobs at Solarex, this pre-

sented tremendous coordination problems. 

Indeed the program stretched out so long 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 

became 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 c0ntract 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 

really been accomplished in getting up the equipment. True, it 

was set up in the second "temporary" building, w'!>i~h 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 in 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 qualifications of the on-site advisors, Solarex stands 

by their qualifications. 

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 Solar ex. 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 thes·~ 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 is the senior research and development 

person at Solarex. 

solar cell research, 

Along with wide-ranging 

Mr. Wrigley is a Vice 

experience 

President 

in 

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. T~at 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 Solar ex 

R&D laboratory fabricating cells - the same thing he did at 

STDC. 

7.9 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 primarily 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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8.0 RECOMMENDATIONS FOR FURTHER ACTION BY UNIDO AND/OR THE 

GOVERNMENT 

1. The most urgent requirement - expedite action to complete 

the permanent building. 

2. 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. 

3. For the long 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. 

4. Introduce a system so that the hands-on technicians .and 

scientists have proper equipment and supplies (and enough) 

consistent with their jobs. 

5. At all levels strive to meet scheduleG. 

6. 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 insurance claims resulting from 

shipping damage. 

8.l 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 sindlar endeavors in other developing countries. Solarex 

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

a per spec ti ve of a supplier of goods and services associated 

with the Pakistan job, we offer these recommendations. 

1. 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 

industrialized world makes 

long extremely difficult. 

in the 

keeping a 

eighties in 

team together 

the 

very 

2. The host government at all levels should strive to meet 

UNIDO schedules. Unrealistic schedules should never be 

allowed to formalize. 

3. 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 ~ set priori

ties for the organization. The advisor is not in the chain 

of command. 

4. 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. 

9.0 CONCLUSIONS 

1. The STDC has the capability to fabricate solar cells from 

the silicon wafer stage through module fabrication. 

2. The STDC has the capability to make solar cells using two 

different metallization methods: nickel solder and 

titanium-palladium-silver. 

3. 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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4. 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. 

5. Delay in completing the laboratory building in Islamabad 

has been a severe detriment to the project. 

6. 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. 

7. 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. 

8. Because of the delay in the program, and the lack- of 

confidence that the situation would quickly get better, 

Solarex management did not extend its contractual on-site 

date beyond November 1984. 

9. Equipment has been ordered or is on hand to produce small 

photo"oltaic systems starting with metallurgical grade 

silicon. 
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APPEt..rI:X A 

CCNFII:n•:TIALITY AGFE'Et-:E~T 



Solarex is 
in the design 
including some 
and slicing. 

CONFIDENTIALITY AGREEMENT 

pleased to have the opportunity of training yo~ 
and fabrication of solar cells and modules, 

aspects of silicon purification, crystal growth 

Since you may encounter equipment and methods that are 
proprietary to Solarex and Semi~, your agreerr.ent will be 
necessary to maintain con!idential and proprietary all 
informai..ion regarding the P.:Juipment, methods and products 
uti.Lized in our research and development and production 
facilities unless such information is 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 training 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 techniques, 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 knowledge and pr3ctical experience to the 
extent that Solarex and Semix (a) are actively involved in that 
process and ( b) the process does not invol·,.re Solarex or semix 
trade secrets. Where Solarex/Semix cannot provide information, 
every effort will be made to arrange ttips to other laboratories 
where additional information may be obtained. 

It is understood that the information intentionally 
provided to you by solarex/Semix ir for the purposa 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 Solarex and Semix technical personnel which will 
serve to point out those topics considergd to be proprietary 
information. 

We thank you for respecting the rights of Solarex/Semi x. 
Your signature after the words ~Agreed to and a~ceptea• will 
indic"'te that you will be bound by the terms of this 
cone .dality agreement. 



Agreed to and accepted 

SOLAREX CORPORATION 

BY:~~~~~~~~~~~~~ 

TITLE: ~~~~~~~~~~~ 

DATE:~~~~~~~~~~~~ 

SEMIX INCORPORATED 

BY:~~~~~~~~~~~~~ 

TITLE:~~~~~~~~~~~ 

DATE:~~~~~~~~~~~~ 
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APPENDIX E 

TRAINING .REPORT ON T~O-WEEK LECTURE SERIES AT SCLAREX 

17 - 28 JANUARY 1983 

BY TAJAMMUL HUSSAIN 



TRAINING REPORT_by T. Hussain 

PERIOD: 17-1-83 to 28-1-83 
TITI.E: Two-Week Lecture Series 

The lectures were delivered by various speakers 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.H. 

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 maximum 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. 

1. 2Si02 + 4C • SiC + SiO + 30 
2. 2C + SiO • SiC + CO 
3. SiC + 2Si02 c 3Si0 + CO 
4. 2Si0 • Si + Si02 
5. SiO + 02 • 2Si02 - Reaction occurs at the surface of the molten 

metal. 

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 quart~ and 
black carbon or petroleum coke. 

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

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

i. Generation of Chlorosilanes: 
HCl(g) + HG-silicon • SiCL4 + SiHCl3 + SiH2Cl2 + Heavies. 

ii. Distillation: 
Generally, three columns are used in fractional 
distillation to separate tri-dichlorosilane from SiCl4, 
SiH2Cl2 and metal chlorides, etc. 
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iii. Decomposition of Trichlorosilane: 
A reactor composed of a l/4h 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. 

4SiHC13 100~1100°~3SIC14 +Si+ H2(&) 
Hi(&) 

Jan. 17, 1983 - P.M. 

Dr. George Vendura discussed band theory relating to silicon solar cells; 
giving a hrief description of mobility and diffusion length. Mr. Mike 
Giuliano discussed the effects of deep lying traps and impurities. Then Dr. 
Vendura discussed crystal imperfections: 

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.H. 

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. Growth 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). 

':hen he discussed wafering technologies, classifying them as: 

i. Slurry (MBS and wire saw) 
ii. 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.H. 

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

Dr. George Vendura delivered a lecture on theoreticdl aspects of P-N 
junction fonnation, methods to form P-N junctions and application to 1. 

solar cells. 

2. Mr. Mike Giuliano discussed the physics of P-N junctions and elaborated 
some basic definitions of {i) di[fusion length, {ii) lifetime of 

carriers, {iii) saturation current 

Jan. 20, 1983 - A.M. 

Dr. George Vendura 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. 

Jan. 20, 1983 - P.H. 

Dr. John Wohlgemuth discussed solar cell physics covering the following topics; 

i. Cell performance 
ii. Solar cells and optics 
iii. 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 

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

the following topics; 
i. Design of grid line pattern and bus-bars, considering (a) shadowing 

loss, and (b) metal resistance losses 

ii. Quantum yield 

This lecture was lengthy and very informative but could not be covered in a 
single session, so it vas decided that Dr. Wohlgemuth would deliver another 

lecture in the final session of the series. 

Jan. 24, 1983 - A.H. 

Mr. Jerry Culik presented a solar cell model as an electronic device and 
described the various electrical characteristics of the solar cell and their 
significance. He discussed light and dark 1-V curves, shunt resistance, 
series resistance, fill factor and efficiency of solar cells. 

.. 
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Jan. 24, 1983 - P.H. 

Dr. Ray Petersen gave a lecture on "Paneling Materials." He discussed various 
materials as encapsulants, adhesives, primers, substrates ond superstrates; 
then. encapsulation processes of (a} silicone casting process and (b} EVA 
lamination proce >. The EVA lamination process is cost effective and •ill be 

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: 

I-V curve analysis 
Dark I-V curve analysis 
Saturation current 
Reference cell and its calibration method 

1. 
2. 
3. 
4. 

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

AMO 
AMl 
AMl.5 
~~2 

above the atmosphere 
earth's surface {normal incidence) 
earth's surface at e s 450 
earth's surface at e s 600 

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 refere,,ce cells as a secondary standard. This was not 
included in the original list of equipment as a priority item. 

Jan. 25, 1983 - P.H. 

Dr. Ray Petersen discussed the silicone casting process and the EVA laQination 

process in detail. 

Jan. 26, 1983 - A.H. and P.H. - Module Desi n and Testing - Mr. Jim Hoelscher 

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

The following environment test can be conducted to ensure durability: 

i. Thermal cycle test (+9o0c to - 40°C) 
ii. Humidity test at 80% RH (+85°C to -4°C) 
iii. Mechanical loading 
iv. Hail test 
v. Hi-Pot test 
vi. Hot spot test 
vii. Temperature co-efficient 

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

Jan. 27. 1983 - A.H. - System Sizing - Mr. Dan Starley 

Mr. Dan Starly lectured on power system sizing or estimating a po~er system 
for the requirements of a customer and for the environ~ental conditions. He 
illustrated with a model system to help in understanding of system sizing. 

Jan. 27. 1983 - P.M. - Power Conditioning - Mr. Jack Van Tilling 

To maintain a proper supply of power from the array to the battery syste~ and 
load. two types of r~gulators are being used (l} series regulators and (2) 
shunt power regulators. Basic principles for these regulators were discussed. 

Power Conditioning Unit (PCU) - Hr. 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 systeas available on the market. (1) 
automotive battery and (2) stationary battery. Low cycle and deep cycle 
batteries were explair.ed. 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 from 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, -hich 
is designed to produce 200kw of power at 300V. This power 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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1.PPE.NDIX C 

RECO~.MENDED LIST CF EQUIPMENT FOP. STDC, PAKISTAN 



4'--•- __ ___..... -

J.ECOMHEND!D LlST OF !QUIPl1ENT FOR STDC, PAKISTAN 

XEY TO Tll! AHll.EVIATIONS: 

Q - Quote1 

" C - Catalog 
R - J.cady Stock: The•• ite .. have to be purcheeed in bulk which llAY not be needed at the atart uf the project. However, Solarex 

can give e ... 11 a110unt of theae ite•• fro• it• ready etock. 

P - Pakistan Local 

A - Abeolutely neceaeery. 
I - Absol~tely neceaeary but due to llllited fund• purcheae .. , have to be poatponed. (Category cbuir,•4 to A2 ln the meetin~ vith UKIDO otticlala on 10-8-82 at Rev York), 

C - Requlr~d but can do without initially& later addition ia atrongly reco11111ended, 

D - Lover priority; reco .. ended for later. 

• - Duplicate lietlng 

+ - Expendable 1. 

2. Trch Oev Centre, Pakl~tan 

DATE: 9.8.82 

T111S LIST CONSISTS OF STX PARTS AND 'Nf.NTY Tll!l.Er. rt.<.:F.S 

....... • I 
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Crucible• for Q 
Cryatal Grover (25) 

Po\yalllcon (JOO Kg) Q 

Cylindrical Grinder Q 
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CllMlcal llood 

Arc Furnace 

Q 

Q 

"• 

"1 

"1 

c 

"' 
c 

D 

PUC! 
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J,000 

ie.ooo 

$ llOK 

$ SOK 

$ 5. 51t 

$ 1,2H 

: ' 

.oL ______ i... .. 

SPtCIFlCi\TlON oa 
DF.SCRIPTION 

Capable oi at lea•t 4" Ingot• (Cz) 

Depedent on cryatal grover 

. JOO Kg Se111iconductor Grade 

Capable of handling up to 4" lngotl 

Capable of cutting 4" round or 
aquare ingotl 

6" 

150 ltVA alllcon •etal arc furnace 
with all 1upporting equip111ent, 

(ftaghouae filter•, trenafor111era, 
cbntrol panel, pelletlr.er, 1110tor-
Renerator, electroJea, ladders, 
6 walkway•, etc,) 

POSSUIL! 
SUPPLIER 

SUtec 

1tayex-Ha111co 

Ther111al Alfterlcan 
Fund QuarU 
Quartz International 

He111lock 

Wecker 

S1del 

General !lecttlc 

Sil tee 

Heyer & Burger #/:. 

Kayex-Cepco 

STC 

Se1111fab, lnc. 

Lectro1Hlt 

Elkelll 

DH•I 

Se111lx 

...... • 

2 ' 

REMARKS 

Hodl'l 8600 up to 6" 
in~ota 18 Kg capacity 

Hodel cr.RllO up to 4" 
lnRot• 8 Kg capacity 

\' 

Nred1 drawing berore quote 

Hodel 54.:J 

TS Zl-22" 
(C•p•ble to 27'') 

700 - 22". 7009 - 27" 

22" 
27" haa recovery ayatelft 

SuRgeat one co•rony he 
given general contract 
for purchase, lnst~llatlon, 
and run up o( facility. 

(f.xlstlng raclllty.) 

I 



PltlO· 
PIJltCH ltlTY 

ill .!.!!!! U:COH ~ 

1-8 Laboratory tall P(C) A 2. 

Hlll 

1-9 Crlndlng Jar• 

~lt1CI 

!!!. nvri· ~'!!' 

$800 

$800 !ach 

..._____ _ .... 

SPF.C1FlCAT10M OR 
DF.SCRIPTlOM 

2 needed, 2-2 1/2 Cal 

PO~SUL! 
SUPPLIER 

3 

ltDtt\RKS 

H•ce11ary to grind m~t
gr11de 1lllcon, could he 
el lmln11tt-d H ground 
1lllcon l1 ohtalned 1uch 
11s Sil~o. 

l-10 Procelain ball• 

P(C) A'

P(C) Al- $ 10/Lb l" Balla 

1-11 THE rot.t.OWlMC IS A LIST or SltALL ITEMS M!CESSAltY roll Tft! PURUFlCATlOM AND Pl\ODUCTlOM OP srnc1,. TH!Y SllOULD ALL 8! OBTAltll\llLt lM '"Kl!lTAH 

FttOH A CllFJ11CAL SUPPl.Y HOUSE. 

a) Heating Mantle 

b) Bolllng Fluka 

p 

p 

,., 
Al 

c) Dtatlllatton Colu•n P A1 

d) Htacellaneou1 Tubin1 P Ai 

T -->r-1-12 Silicon lteactor Q Al 

1-ll Casting Station Q ,,o 

$ 5,000 

$701t 

Capable of 650°C (2 needed) 

llox of 10 

Cu1toa deatgned unlt for laboratory La11Ar Univeralty 
uae only capable of lKgfDay 

Solar•• Proprietary Proceaa -
Subject to negnt!atlona and 
Ltcenae foe• or Crystal Syatet11• 

- - • 



ill 

2-1 

2-2 

2-l 

2-4 

2-S 

2-& 

~ 

P\JRCH 
~ 

Beta-lay Back- Q 
Scatter 

pH Heter IP 

ICP/llA Spectr09•ter Q 

FTll and Acceaaorlea Q 

X-lay Fluoreacence Q 

Laboratory Balance• 4' 

Pll.10-
IUTY 
~ 

,., 

41 

,., 

A2-

,., 

1., 

IM>~~ 
PUCE 

!!,!! HON-EXP 

6,000 

600 

97,500 

46,250 

95,000 

2,000 

·"-·"--· 
__ ... .. 

SPf.ClFlCATlOH OR 
DF.SCUPTION 

Tvin Citie• TC-1500 vith voltage 
reRulator, TC-rCP probe and lov 
pover radiation dource. 

Laboratory Quality pH Heter 

Ato111ic Spect rophoto111eter incor
porat lng fla111e 3nd furnace ato111ic 
absorption technique• vlth in
ductively coupled pla11118 e111i11ion 
technique. 1 

Perkin-Elmer ICP/550 or equivalent. 

Fourier Tran1fo1·m Infra-Red 
Spectrophoto111eter and auoclated 
computer and acco1•orle1 for 
detcr111lnlng carbon and oxysen 
content or aillcon and epitaxial 
layer thickne11c1, 

Laboratory type auto11111ted x-ray 
fluoreacence analyzer equipped to 
handle wafer• up to aix-lnch di
ameter. Kevex Hodel 0700 or 
equivalent. 

POSSIBLE 
SUPPLIER 

Twin Cltlea International 
(UPA Technology hu 
equivalent) 

Humerou• 1upply houae1 

Perkln-Elaer Corpor,tlon 

Perkin-Elmer Corpor1tlon 
(Nicolet offer• FTIR in a 
hlRher price claa• ~ 
$180,000). 

DlKila~ i• 1nother P'l'JR 
1up11l hr. 

K~vcx Corporation 

EC6C Ortec 

Princeton Cra111119-Tech 

- -

" 
RDt/IRKS 

For meaaurlnR 111etalll~•tlon 
thickneas nn rell1. 

For 111eaaurlng 1cidlty of 
variou• chemical •olutions. 

For elemental Analyses 
(prl111Arlly •~tali) in 
all icon. 

Host collllftOn uaea are for 
111caaurlnR carbon and oxy~rn 
conccntrntlona in alllcu" 
and epitaxial layPr thlck
ncane•. Somctl111cs ua~d (or 
dctcrmlnlnR boron conr~n
trnt lon nnd chnrnctrrlzlnR 
o~ygcn rreclritatea In 
oil lean. 

!tr111entftt •nnlyftrl nr 
dopnnt• •nd lmrurltlcA In 
all Icon cror a:oml.c n11111hC'r 
or 11 or grentcr). rho!l
phoru• in ph0Rphoru11-Joped 
f!imft. Thtck11r111tea or 
depo1tted thin films. 

• 



PURClt 

fil ITEM lliQ!! 

2-7 l-Ray Dl((raction Q 
Equlp111ent 

2-8 Ha11 Spectraphoto- Q 
•et er . 

2-9 X!llay Photoelectcon Q 

Spectro•eter 

PltlO-
RlTY PUC! 

£Q!!! ~ NON-EXP 

_.A, Si>,. rO 

D 

D 

----- -·-
SPECIFICATION OR 

DF.SCRIPTIOM 

c. 

rossnu 
SUPPLIER ~RIC_! 

5 



ill 

l-1 

)-2 

)-) 

)-4 

~ 

PURCM 
RECOH 

Diffusion furnace Q 
l ea 

Laainar flow h~d ,/ Q 

station - 1 ea 

Scre~n printer -
l ea 
1 optional 

Autosatlc acreen 
1 ea - Printer 

Q 
Q 

Q 

)-5 Screens - l~ ea Q 

~-s-A s~· 

)-6 Chealcal hood Q 
, r ~ 9~1;;...: r 

)-1 Diffusion Tube Q 
Clea~ing hood - 1 ea 

)-8 Etch tank, cover• 
4 ea 

p 

PRl0-
11.l TY 
~ 

,., 

c 

Ar 
•Aa.. 

D 

Al 

"1 
A I 
c 

Al 

'.. _, _ _-Aa .. 
ceJl.. f-i.8'e..e-i"':> ------------

PRlCP. 
!!!, NON-EXP 

$21,525 

3,33S 

1,, .. 

S,050 

9,500 
1),750 

24,900 
18,500 

16,500 
(Total) 

7,310 

1)0 
(Total) 

SP!CIFICATIOM 011. 
DF.SCRlPTlOll 

) tube, 6 inch diameter 
Thenaco Hodel 3103 

(Quote Pll.1111) 

To flt 3-1 

8"xl0" acreen -
Preaco Hodel 462 
dellaart Hodel AOL-12 

Presco 885 
dcllaart Hodel AOL-12-S! 

Artwork and allk screen• 
8" x 10" fraae (9776) to flt 
)-J, )-4, Stainless steel 
qo0 250 meah, 150 111e1h 
,001 inch emulsion, 
.0016 inch wire 

Se111tfab Hodel St.1'11/600 - 6 foot 
Item 2 on Quote 1101) 

Semifab Hodel reference 

Stainle-• steel tank• - diameter 
>21 ca. 
Cole Par11cr Hodel C-7206-80, 
c-1201-eo • . 

POSSlllL! 
surPLIE!I. 

Thermoc Products Corporation 

Lindberg 

See J-1 

6 

REHARKS 

Affiliated Manufacturer•, Inc, 
deHaart, lnc. 

See. J-J 

See J-J 

!nlfab, tnc, 

see 3-6 

Cole Par11er tnatrument Co. 

.. . • 

1~0 111e1h for Al artwork t~ 
$100 then each acreen ls 
SlO, Patterns ~e11eratl'd 
by Pakistan Local 

t Paklatan Local 

lf no - gat l each 
8 foot J-6. 

• 



,.__ __ ...__ .-i~ .. 
7 

PUO-
PUltCH ltlTY PltlC! SPEClFlCATlOH Ott POSSlllL! 

S/H .ill!! ~ ~ !:!.! ~ t 
D F.SCltl PTl OH !J!!!LlEP. llEHARICS 

l-9 Etch Syete• Q D 5,090 a) Se11ifab hood with etch cutout See 3-6 
ISLFH/600, 61 - like tab 1549-1 
Quote 11013 

c D 700 b) Stainless steel tank w/2 1/2" Polyfab Corporetion 

FPT connector• 
Snlaru design 

c D 100 c) Ball valve, l" etainlea• 1teel - HcArdle Deeco 

(Total) lll-3600HT - 2 each 

c D 1,300 d) Ueet ing element• - 2 each Faber Renhoff 

(Total) 240V e 4.5 ICW 
IHTS-345A 1t1inle1e 1teel 

c D 500 e) Analog 1et point prorortloning Love Control• Corporetlon 

(Total) controller - Hodel 49 - J renge 
o-2oooc - 2 each 
Power 220V 50 llz 

c D 25 f) Thermocouple - 2 each See J-9E 
11518-1, Type J, 4 ft 

'-10 Hot plate - 6 ea c ,., 1,130 Ceremic top, etirr ~ hot plate - Pieher Scientific Co•p•ny T Paki1tan Local 

(Total) 5oooc, Corning IPC.,l - 4 ea, 
Corning IPClOl ~ 2 ea. 

l-11 Silver plating Q A\ 
1,125 a) Spray rin1e tank and 1ink 11115 Equipment Company 

ay1te11 - 1 ea 
1Pl024SD18 

60 b) Footawitch IFC-FOV-50 
• 

300 c) Tank v/stainle11 steel anode 
ban with lid ITll2'iA 

)80 d) Filter housing IFC11T3 10 

" 



S/N ITEM 

J-11 Sllver plating 
(cont) syste• - l ea 

PURCH 
~ 

PRlO
RJ TY 

~~ 

Plating Syate11 Total 

J-12 Plat 1ng rack.a c "1 
for sliver plate 
6 ea 

)-lJ Power 1upply for 
plating - 2 ea 

, 
"t. 

J-14 Belt F\lrnace - 1 ea c c 

l-1~ ~ ... 11 belt furnace• Q c 

l-16 Laboratory tank• c "I 

PRIC! 
,!!! NON-EXP 

200 

"'·--- .. ~ 

SPECIFICATION 011. 
DF.SCRIPTION 

e) Filter to flt J-lld 

POSSlllL! 
SUPPL I Ell. 

160 f) . Agitation tubing to fit J-llc 

500 g) Pu•p - Hmrathon - S2P81J66V 

755 h) F.Mhau1t hood polypropylene 72" 

$200 $3,280 

420 

1,000 

25,000 

1),000 

495 

to flt l-lla 

Platlng racks for nlne each 4" Tilton Rack and lla•ket 
111 lcon v1hn 

Re~ulated power 1upply 0-20V, 0-JA La•bda !lectronica 
La111bda I U 5 21 FH 
Hewlett Packard IC284A Hewlett Packard Company 

Hetal •uffler belt furnace 6" belt, !ITU !nglneerlng Corporation 
6' hot zone 
BTU ITFMC~578NJ6 Tet11pre11 
Tempre1a 1820 
Watkin• Johnaon l6CM-77 Watkin• John1on Co•pany 

Heta 1 19UH1er belt furnace 6" belt, See J-14 
l' hot cone 
Watklna John1on Hodel l6CH-J9 

Holded rectangular tank• - Fluorow1re 
Fluoroware Hodel, 2 ea E320l 
Te(luh, 2 ea F.)202 cover, 10 ea 
REl20l Polypr~, 10 ea r~J202 cover 

8 

Rf.HARKS 

Co•plf• to oven• 



PUO-
PURctt RlT'Y 

S/H ~ ~ ~ 

)-17 Wafer caseette• c Al 

3-18 Ca11cade rlnae tank• ·C Al 
) ca 

)-19 Spln dryer - 2 ea Q "1 

)-20 Srtn dryH' Q c 
acceasorie• - 2 ea 

)-21 Self cleaning Q D 
dryer - 2 ea 

)-22' Self cleaning apln Q c 
dryer accessorie• 

)-2J Dl water eyate• • Q "1 
3 _ 'BA cL .... .:...vJ., At 

3-24 Flla•ent Evaporator Q "1 

\ 

PllIC! 
!:!?. NOH-DP 

542 

720 

7 ,540 
(Total) 

2,949 

8,800 

J,J29 

24,500 

I oo-o 

84,000 

"" .- l" 

SPF.ClFlCATlON OR. 
Dl\SCRIPTION 

.. 

POSSlllL! 
SUrPLlER. 

Wafer casaettes - Fluorovare 110del Sea J-16 
6 ea A.72408 teflon, 12 ea rA.72408 
poly, 6 ea A.027, Handle PFA, 12 ea 
PA.027, 18 ea A.72-20-02 

Cascade rinae tank Sea J-16 
Fluorovare 110dcl E-64 

Spin rinser dryer v/turntable fr••• FSI Corporation 
for 4" vafcra; 220V power, FSlfK120 
Quot' l206RE 

Acceaeortea, 1pare part• for J-19 See J-19 

Self cleaning aptn rln1er dryer See 3-19 
w/turnt11ble for 4" wafere; 220V 
power, FSl 18221, Quote J210RE 

Acceaeoriea, epare part• for J-21 See 3-19 

Diontzing water 1y1te• - aelf Culligan USA 
regenerating - J-10 gallon• rer 
•lnute, 8-10 ••B oh•, Culligan Pakiatan 

Alrco Te•escal Evaporator Alrco TeMeacal 
fBJD1800 with two f ilaftent 
1ource11 with ahutter11, 2 2KVA 
power suppllee, 2 Inflcon XTH 11111niton, 
flxturtng, Quote Q2440-619 

filWRKS 

Vecco 7760 integrated filaMent 
evaporator, ' Vecco InduatriaI EqulpMent Dlvi11lon 

9 



PR10-
P\111.Clt 11.ITY PUC! 

ill ITEK 11.ECOH ~ ~ MON-Ell' 

l-n E Bea• Evaporator Q Al 
90,)50 

Sy ate• 

l-2& Sputter ayate• Q ~A .. )0,000 

or 

J-2&A 
Sputter syate11 interchangeable with )-24 and 3-25 

)-27 Photollthography la•p Q "1 
9,3U 

~28 Solder founutn c A\ 
1,620 

)-29 Solder founuin 1l A\ 
105 

nozzle 

)-10 Ultraaonlc cleaner• -
2 ea Q Al 

1,)!10 

2 ea Q .. ,\..IJi..) 
1,)!10 

... 

.ii.- -- . ---- ... 

SPF.ClFlCATlON 011. 
DP.S~R1PT10M 

Atrco Te•eacal evaporator 4' 8JO 
1800 w!th ST111270 four hearth £ 
beam Run, CU-8-110 F. beam pow•r 
aupply, XYS-8-1 Sweep controller, 
FDC-800 thlclu'leaa rate 110nltor 
ftxturlng. 

POSSlll.£ 
StlPPLl!R 

See 3-24 

llDIAIUtS 

VeP.co 7760 Integrated F.-bea• evaporator 
Pl•••• Product• Divi1ion 
rerun !l•er Perkin !l•er/Plaama tlode\ 2400ASA 

aputterlng ayate• 

Oriel l••P• 152 • 1!12 111111, Hodel 
82230, Controller, Hodel 84350 

Wavedipper for 1M>lten aolder, 
Electrovert Hodel WD-C-lfl' , 
Compound ca~acity 

Solder wave for•ing no&&le, 
!I" x 2" for )-28 

Ultraaontc cleaner, 6" x 10" and 
gen•rator, Bran eon Hodel ATU610-6, 
40 1111

2
, standard tntenaity 

Varian Corporation 

Oriel Corporation 

Tamarack Scientific Co•p1ny, tnc. 

Electrovert, tnc. 

PolyFab Corporation 

8ron1on Cleaning Equlp•ent Co•p1ny 

8aron-lllakeelee 

r--. I 

10 

--·· 



S/N 

l-ll 

~ 
1 

Quarqware 

l-)2 Bake oven• - 2 ee 

)-)) Photolitho1raphy 

l-14 Eplt••Y Reactor 

PURCll 
lli.Q!! 

Q 

Q 

Q 

Q 

PRIO
RI TI 
~ 

A.1 

Al 

Al 

D 

PUC! 
,!!! NON-EXP 

J,562 

2,970 
(Total} 

'.\,500 

151,)30 

' .I. .... --·· -La. .. 

Quaruwar•1 

SPF.CtFICATION OR 
DF.SCRJPTION 

POSStllL! 
SUPPLIER llD1AllKS 

6 ea dlffuaion tubca llS - OD • 80" w/5" ate• w/28/15 ball, Qtl6104, $3ll.40 ea 

6 ea end cap• w/ate••• Qil6563, $60,10 ea 
J ea end care w/hold inatead of ete•, Qtl656JX, $58,40 ea 
9 e• aocket joint• w/1/4 OD end, 28/15 eocket, Qll Special, $12,90 •• 

9 ea p111hrod, 60" • 8 M, Qil6755, $16,25 ea 
6 ea 1torage tubea, Borut.llca gla11, 68 1/2" JI 22 -· Q16710, $2'.L~O •• 

3 ca quartz eheath for TC wire, 8 JI 12 -· 60" long, Q11769, $18,20 ea 

11 

3 ea bo1t holder•, QI16749, $68.88 ea 
6 ea boau, 4" wafer, 2" wide, 20" lon1, 60 wafer, 23 1111 1lot, Q1'7038, $89, 70 ea 

Mechanlcal convection oven, 
1talnle1a ateel interior a•bient 
to 2600C 
Dl1patch ILA.C\3813 
Blue M lttS/204-l)FC 

IPOH9-256-n:rc 

l'hotoreaht 11pinner, aingle head 
llendway EC101 with Clll5 large 
111\lat rate bovl 
Chucka 2 ea F.220/J 5/16" 
Chuck I ea E216C 

:h<'alcal vapore drpo1lt ion ay1tn 
v/ftln1tl• 4 Inch rear.tor tuhe, 
apcclflcatlon l6UIKA for Hodel 
NTTh!JIB-4 

Quart& International Corporation 

Diapatch tndu1triea 

Blue M !qulp1aent 

Headway Reaearch, tnc. 

Sollt le, Inc, 

Nev-Tee Jndu1trie1, Jnc. 



S/N ~ 

l-lS Wa(er Dtclna Sav 

l-l6 Wafer Dtclna Sav • 
lladea, 18 ea · 

3-37 Spray Dapoaltton 

l-l8 Nickel plate 
aolution - 100 aal 

3-39 Solder - 180 lb• 

l-40 Al Paata - 10 lba 

PUJ.Cll 
RECOH 

Q 

c 

Q 

c 

Q 

c 

l-41 Tl Wlte fot C 
Evaporation - 10 lba 

l-42 Al vtre (or C 
Evaporation - 20 lb• 

ruo
un 
£Q!?! .. , 

·~. 

D 

At 

., 
Al 

AJ 

A I 

PUC! 
~ NON-EXP 

18,080 

4SO 

34,000 

600 

1,260 

750 

2,~00 

200 

; 

-· J__. _J. •• .. 

SP1':C1FlCATlOH 01' 
DF.SCR11'T10N 

POSSllll.! 
SUPPLlElt 

Wafer dicing aav, 30,000 RPM, lt'f T9111l'r••• 
for 4" 1ub1trate1 vlth •lcro1cop• 
D1, Te•pre11 602, B2-220V, Al inch index 

Tf'lllpre1a fl48S7, S •tcron grlt, JO Htcto Auto111tlon 
•ll long, 4 •ll wide, 12 ea 

Tt!l!lpreaa 116853, 30 •tcron 1rtt, 40 
•ll lon1 1 6 •il vide, 6 ea 

.lntegratad Tachno101lea apray lntearated Tachnologte1, tnc, 
coater w/809~ tntel\tr,ent drtva 
1y1t••• exploalon proo( 

Alkaltne electrole11 nickel platin1 J, !, Holaa Co•pan," 
aolutton, Hal•• electrolaaa Ml, 

Standard Brenner p\atlng aolution 
•lxed f rOlll baaic chC111lcal1 

63 Tln/37 Lead aolder confor•ln1 
to U,S, Hil, Spec q9SS71!, 
$6. 72 per pound 

Tranaen• Co11pany 

lndiu• Corporation of Aiaerlca 

Alpha Hetal1, Inc, 

12 

llDtAIUCS 

Hetal organic ailk 1creenable Al 
•ct11l pa1te, !nRlehudt ll484 

r.nglehardt lncluatrlea Dlviaion 
Englehardt Htneral and Chl'•ical Corporation 

Duront ICAP17449 

lllgh purity Tltanlu• Wlrl' (99,99 
or better), ,062" dla•eter, 
"' $:ss a gra11 

99,999 alu•tnum wlre, 105 lnch 
dt"•cter - aoft, bare 

!, l, duront de M1110ur1 ind Company 

!nglehard - aee 3-40 

California Flna wlra Co•pany 

Callfornla Fln• Wlr• Company 
See 3-41 

... -.,. • I 



P\JRCll 

S/11 !!B! ~ 

Pd vlre for Q l-43 
evaporation - 5 lb• 

l-44 Wire flla•enetl for 
evaporat lon 

l-'5 Slllcon Waflra 

l-'6 Silver anode• 

l-47 Silver aolutlon 
co•ponent1 

. 

l-48 Vacuu• pu•p - 4 ea 

)-49 Hhcellaneou1 
Lab Equlp•ent 

3 - <,, ~ 1l-«. ,tt.. 

c 

c 

Q 

Q 

c 

c 

c 
c:.. 

PUO-
un 
~ 

"• 

"• 
c 

"1 

c 

"1 

"1 

"• 
"1 
~, 

PUCE 
~ NON-EXP 

. 6,SOO 

10,000 

20,000 

20,000 

22,000 

10,000 

S,000 

1,200 

l 15:0 

L._ _ ..... .. 

SP'ECI Fl CATION OR ' 
DESCRlrTION 

POSSlllL! 
surPLln 

99,95 purity Palladlu• vlre, ,02 in Englehardt - Sae 3-40 
dia•eter, $90-95 per troy ounce 

Wire filament• 9 wind CTF. Sylvania Sylvania CTE 
f FS200-104, Code ~6R9, 4 per 
vacuu• run, ~ 8,500 required in 

, 1. 5 yura 

Monsanto Quality Silicon, 4", Hon1anto 
C&, 100, P llorron, ~ 2 oh• c•, 
~11.70 ea 

Fine lllver pht ing anode1, 2" HlU Hetallurlgcal Corpor11t ton 
wide, ,125" thick, 11" long, 

·cost - Market price plu• $,25 per H1ndy and Han111n 
troy on fabric~tlon charRe• 18 
each per tank, requlre111ent - 32 111 

Sliver cyanide, 4,8 oz/gnl 

Pota11lua cyanide, 8 oz/gal 

Potas1lU11 carbonate, 2 oz/gal 

Hetalllc allver, 3.5 lr o&/gal 

Free cyanide, S;S o&/gal 

Caat 0522-ZlOJ-ClBDX for 220V 

... 

Cast 

fi1her Scientific 

13 

Rr.KARKS 



.. . 
' .. J. __ . _i.... .. 

14 

PllO-
P\l'-Cll UTY PRICP. 

SPEClFlCATIOH 0,. 
pOSSlllL! 

!l! ITEM· l[COH CODE !!! HON-EXP 
DP.SCRl PT 1 ON 

SUPPLIER 
IUW.RICS 

)-~0· Ca••e• 
c ,., 4,051 •> Ar UltP 

See l-51 

b) llE UltP 

c) QZ UltP 

d) HZ UltP 

e) Plt
3 

11 ln ltc 

f) Plt) 11 in Ar 

g) Plt3 11 ln Nz 

)-Sl Ca• re111laton c Al 
1,215 lligh velocity •talnl• .. •teel 

Hathe1on Ga• Product• 

2 e~orage g11 regulator•, 
Hodel Hathe1on )800, 1 tor Oz 
) for inert ga~, l for Plt3 

)-5Z Photolithography c At 5,000 
Hunt Ree ht, HPR ZOC, $76 qt 

Kunt 

Developer LS12, $18 gal 

Shipley Z400 Re1l1t developer 
Shipley 

for 2400 

Chro1ae .. ,k b11nk1 - $17 ea 

Artwork - $200 each pattern 

3-H t>e .. lcator/H2/ c c 939 
Clear plexlg\ae• cabinet wlth H2 

Ray Productl 

Storage cabinet• 

feed thrua, 27x18xl8, Ray flU>27, 

) .. $)1) el 

3-S4 Alr Coapre••or Q A, 
o. 10 UP 2 auge a lr co111prc111or w/ 

w. w. Granger 

1113gnetic 1tarter on 80 gallon 

,_ss-
ra-· 

horizontal tank, 1S0-17S PSI, 
D•yton Electric Hanufacturlng 

I 
)4 CFH (~ 25CFH 111inlmu111), Hodel 

s..o 17l501 nnyton Specdalre 
(for 220 50 llz) 

3-n 

r1I I ' 



S/M 

4-l 

4-2 

4-l 

4-4 

·-~· 

4-6 

4-7 

4-8 

4-9 

~ 

PURCM 
ltECOH 

Pyrano•eter C 

DHH C 

X-Y Recorder C 
Quantity - 2 requlred 

Hand held DHH C 

"Lock-in Amplifier C 

Preaaplifler 

Solar Simlatot· 

Xenon la•p• 
(2 required) 

Air Has•- 1 Filter 

c 

c 

c 

c 

ruo-
1tITY 

~".! 

c 

Al 

Al 

Al 

A-, 

B 

A) 

Al 

Ar 

PUC! 
!!!, NOH-EXP 

1,)00 

420 

4,000 

240 

6,000 

875 

16,400 

900 

425 

i;a - --· 
__ .11. ... 

SPF.ClFlCATJON OR 
DF.SCRirTJON 

POSSJBt.! 
.fil!PPLlER 

Preclaion apectral ryranoacter for !ppley Laboratory, tnc, 
araaure111ent of global aun and aky 
.radiation; Hodel rsr 
DHH ha• special feature• of llqu\d John Fluke Hfg, Co., Inc. 
crystal readout and 4 1/2 digit 
resolution for uae with pyranometer Hodel 8050A-01 
or al general purrose bench-test or 
battery operated fur out1ide u1e 

General use X-Y recorder to be uaed Hewlltt-Packard Company 
for anlar cell and aodule current-
Yoltage characterization 

For general laboratory u1e or out- John fluke Hfg Co,, Inc. 
doora (LCD readout), Include• 
temperature m~•aurement directly 
fro• K-type thermocouple 

For general lahoratory uae in any tC&C 
experiaent requiring low-leYel Princeton Applied Re1e11rch 
1lgnal recoYery capability 
Hodel 124A 

For u1e with Item 4-5 

For teating individual aolar 
cell1; a 1,000 watt aiftlUlator; 
6 x 6 lnch beam, Hodel 81103 

1:000 watt ozone free; include• 
one all spare 

For uae with aohr almulator to 
compenaate for ntmoarhl'rlc 
ahsorptlon, Catalop, 181004 

Same a• 4-5 

Oriel Corporation 

Same u 4-7 

Same u 407 

,.... ... • 

15 

ltOOR~ 

Telephone quote 7/26/82 

Octohl'r 1, 1981 catalog 
price 

1) Hatric calibration 

2) 1982 catalog price, 
P• 285 

Octobl'r 1, 1981 catalog 
price 

Pr0Yide1 a menna to 
extract low amrl lt11de 
algnals from high noise 
leveh 

Price doe• not include 
Xenon la111p 

I 



S/11 ~ 

4-10 Reference Cell 

4-11 Honocht'O._tor 

PURCH 
~ 

c 

c 

4-12 Honochr01U1tor C 
Llght Source 

4-ll Spare la•p for Ite• C 
~-12 

4-14 ltpolar Power C 
Suppliee (2 required) 

4-15 Conetant teaperature C 

HlO
ltln 
~ 

Al 

Af 

Al 

A\ 

A\ 

A\' 

PRICE 
!!!, llOll-EXP 

150 

2,900 

470 

55 

Z,llJO 

I 

1,045 

__ ._ .. 

SPF.ClFlCATlOll OR 
DESClll rn ON 

Calibrated cell of the 1ame 
.. terial a~d elmilar rroceaa to 
tho11e being manufal'tured and 
traceable to a standard 

A quarter-meter monochromator 
to be used as a monochromntic 
llluminator or as a spectrometer 

POSSlBL! 
SUPrLlER 

Solar ex 

Jarrell-A.ah Divialon 
Fi1cher Scientific Co11pan7 

Hodel 112-410 in determining quantum yield of 
solar cells as well 11a other 
arpllc11tton• 1uch aa monnchro•atic 
light spot scanning. lnatru111ent co11ea 
equipped with two 150 µ alita and two 
grating• mounted on an interchangeable, 
rotatable holder, Specify two grating• 
aa follow•: 

1) 985-30-20-22 blazed for 500 µ111 

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

Tun1ate11 iodide lamp, Jarrel-A1h 
Hodel 145-542 

Spare lamp Catalog I 11330051 

Power auppliea for uae with aolar 
al1M1lator cell teat and for 1110dula 
teat outdoors; bidirectional out
put 1tagc •u•t re1pond in either 
direction fro• zero. 

Refrigerated bath clrculntcr for 
uae with teat block for cell tc1t; 
temperature range -20°c to +100°c 

s ..... 4-11 

Sa•• al 4-11 

Kepco, lnc, 

Hodel IOP 36-5M 

Nealab ln1trument1, lnc. 

Hodel RTl'-51 

16 

RD1ARKS 

Spectral region of 
lnterc~t for 1ol11r cells 
11 o.t. - 2 µ11 

Hult have two; one Cnr 
each drdlcated •rrllcatlnn 

Thls 1110del ran '"' u1rd 
fur 2)0 volt, 511 llz, 
4. 5 Ml' orrrot Ion 



SIN .!!!=.!! 

4-16 Teat block 

,_17 Module taat box 

4-18 '-Point Prob• 
Test Fixture 

4-19 4 pt probe •••••bl7 

4-20 Ellip•o•eter 

4-21 . Hicroacope 

PURCll 
!!£Q!i 

Q 

Q 

c 

c 

c 

A 

Pll.10-
RITY 
~ 

A\ 

Al 

A\ 

Al 

c 

Al 

PRlC! 

~ NON-EXP 

900 

200 

665 

435 
(for 3) 

10,000 

8,000 

k. ... 

srF.CIFlCATlON OR 
DF.SCRIPTION 

POSStllLE 
SUPPLIF.R 

Sp•cially 1114chined bra•• block, Solarex 
6 x 6 inch with holea for vacuu11 
hold-down and with provtalon for 
circulating fluid ror 1tljueting and 
111int1 in ing constant block tempera-
ture: 4 swivel probe• for cell contact 

Custom 1118de t•st box with ahuntl 
and c1blee inti terminals to be 
used for module teMt 

Solar ex 

'eat probe fixture for meaaurlng Ale11i lndu1trle1, lnc. 
resistivity of wafrrs, ingots end 
diffuaed aheet rcslat1nce, To be Hodel ATP-lH 
used wlth 4 polnt probe of probe 
tip spacing of 0,025", made of 
tungatcn carbide wlth tlr ratllue • 
0,002" and vlth spring prea1ure of 
70 gms per tip (1ec model 1peclfication 
in 4-19) 

See prohe 1pacinr,, 11aterlal and S111e •• 4-18 
pre11ure in 4-18, Hodel A4P-2~-T20-70 

For thlckne11 mea1uret11ent of oxide Gaertner Scientific 
fll11a and anti-reflective coating•; 
reaolutlon capability for oxide Hodel L117 
fll•• as thin •• aeveral angstro11• 

Trinocular 11lcro1cope for liter Zele• 
1daptatlon for camera attachment; 

•4 objective len11e1 for magnification 
to lUOOX 

... 

17 

~ 
Solsrex will 1urply 
drawlnR• 

9oler•x will 1upply 
dnwlng1 

To be ueed with Item 4-18 



PlllO-
l'tlltCll UTT PlllCI 

S/N .!!B! ~ ~ !!! NON-EXP 

4-22 Hlcroecope Q A\ 
900 

lo-23 Theraoplle c A\ 
900 

(radlo11eter) 

4-24 Dlgttal Nanovolt11eter C Al 
2,900 

4-2~ Capltance c c J,000 

Conductance Bridge 

4-26 Spectrophotoaeter Q D 

49i! 1 Environaental Teat Q ~, 20,000 

Cha11ber 

4 _.... -·' 

SPECIFICATION OR 
DF.SCRI PTION 

Zoo• 1tereo•icroscope with 
contlnuoualy variable 11agni-
fication for lover power ind 
large field of vlev application• 

For 11eaaure11ent or radiant energy 
fro• light aourccs such aa the 
Honochrolll8tor (4-11). Circular 
type of ~/c112 aperture 

For uae with th~r1110plle (4-23). 
For very aenaltive voltage 
11easure11ent 

For analyai1 of pn junction 
profllee and solar cell conductance 

Beck1113n DK-2A Ratio Recording 
apectrophotoaeter 

TherlNll cycl1 ind hu11idlty 
tee ting 

' 

POSSlllt.! 
SUPPLlElt 

lauech 6o Lo11b 

Eppley Laboratory 

lteithley 

Model 181 

Cenenl Rad lo 

lel:llman 

Blue M 

Tenney Engineering 

A11ocl1ted Inv. Syat. 

111 

REMARKS 

e.g., Hodel KVR-73 
BL 31-26-Jq-7) $789 
with Nlcholaa lllumlnator 
1!1, 31-ll-05-Ul 61\ 

$8~ 

tncl11d•H window and Juw 
lnten1lly calibration 

E1tt111ted price 

Meaaure llbT ae 1 function 
of w11vetength 



PIUO-
PUllCll IUTY 

fil ~ ·~ ~ 

S-lA Solar Cell• Q " 2,SOO ea 

s-u Solar Celle 
2:soo ea 

Q I 

S-2 La•lnator - l ea Q A 

S-l Htcroscope - 1 ea Q c 

.. 
S-4 81-polar power Q A 

supply - 2 ea 

.. 
s-s Hodule teat box c A 

* S-6 X-Y recorder - Q " l ea 

~-1 Light table - 1 ea k' c 

S-8 Fraae9 for W>dulea II. " 20 ea 

"Durl !cat Ion 

. 
~ 

ol •• - .L ... 

PIUCI! SP!CIF?CATION OR ' 

!!! !ION-EXP ' 
DF.SCRIPTION 

18,7SO Solder aetalh:atton 4" round 

18,7SO 

S0,000 Vacuua heat 

10,000 Stereo for inepecting etrtnga 
and panele 

S,660 For panel I-V curve• 
(2,8JO ea) 

See 4-14 

200 See 4-17 

4,000 See 4-3 

1,000 Local fabrication 

1,000 S11111e a• out SX f ra~•• 

.. 

POSSlllLI! 
SUPPL I Ell 

Solarex 

Solar Powe" 

Phot.owatt 

Saae •• .\hove 

Spire 

SolareK 

ltepco 

Sohre• local 
fai>r !cation 

tlevl ett-Peckard 

Sa111t! as Solarex 

19 

~ 

Prlce v•rtahlllty (ro~ 
2SK - BOK dep~ndlng on 
1rec tr lcat lone, 

Should be capable o( 

hnn~llng 36 volts, 
S on1p1, 

Hllt'lled to h3ntlte high 
current 111odu\ca -
Sul aru11' 1 equlp111e11t la 
put together by Solare11 
people. 

For 11a11surtng 11101l11le 
l-V curves outaitlc, 

For teRting fo1 panel 
conttnulty or 1hort•. 

Ju1t enough to get 
11tartl'il. 



) 
)/ 
,1 

I 

~.!! 

S-9 

5-10 

ITEM 

fraaes for .odule• 
100 ea 

Lo-Iron ghH 
150 u 

S-lOA Lo-Iron glaae-lOOee 

5-11 Cr~neglasa - 1 roll 

5-12 ~olderlng iron -
J ea 

S-13 s~lder paste 

5-14 Altgn•cnt flxt~re -
l ea 

5-15 Junction boxe• end 
assocleted covere 1 

tenalnala, etc. 

* ~-16 Hultl•eter 

ruo
PURCH IUTY 

~~ 

p 

c 

c 

Q 

p 

C-P 

p 

p 

c 

... ~,.. 

'A :a. 

Al 

"\ 
A 

Al 

Al 

Ai 

Al 

5-17 Interconnect Material R 
05,000 ft) 

A\ 

S--13 ~u~ bar ... ,terlal 
\ )O(l ft) 

l Al 

PRIC! 
EXP NOM-!XP 

s.ooo 

750 

100 

100 

200 

10~ 

200 

300 

240 

150 

lO(l 

.... __ _ -·· 
SPF.CIFlCATlON OR 

DF.SCRll'TlON 

Local fabrication 

1/8. x 18" x 42" 

1/8" x 12" x 12" 

.005" rando• oriented acria 
••terial 

• 

Equivalent to Ungennat1c -
Catalog no. 78 - Deanco Catalog 

!SP-6-564-35011 

Local aanuf acturer 

Alu111tnu• box or equ•.,,alent 

See 4-4 

,002" x .078" of HC ,older 
coate4 copper 

; ,05" x ,015" of HC aolder 
coated cor-per 

A 

l'OSSll!L! 
~urPLIEJ! 

llurdh Brothen 

llurdta Broth.:.ra 

!lectt<>loclr 

Deanco 

ESD - Mfr 

Deanco - Dlatr 

Local 

Fluke 

Solarex atock 

Solarex atoclt 

:o 

~ 

For P"neh 

for practice alnl-panels 

For air relea11e aid In 
lanlnntor (mln order) 

Can be procured In 
Pnkl~t•n - p,et 11 
1rarl<'ty of tips. 

Can he procured In 
Paktst•n eq11tv11lent 

Heedl'd to allRn cell 
at ring 

Heedea to check acrlnp, 
continuity, real11tance, 
etc. 

Connect - cell-to-cella, 

f.nd ronnectlon11 to out9lde 
rnndule or Rro11r" of 
strings. 



S/H ~ 

S-19 EYA - 4,000 ft
2 

S-20 'Tedlu 

S-21 

S-22 

lteference Cell• 
2 ea 

Tanlr.s - 2 ea 

S-2) Tab pull aachine 

S-24 Flux neutralizer 
S gal 

S-2S Clasa primer -
l liter 

S-26 Vire - SOO ft 

S-27 Wlre stripper -
) ea 

S-28 Tapes - 10 Toll• 

S-29 Cart• - 2 ea 

s->" 

PltlO
P\J!tCH ltlTY 
llt:CO!! ~ 

C-R Al 

C Al 

c Al 

C-P Al 

c c 

c A.\ 

c A.\ 

c a A., 

p A. 

c A. \ 

C-P ·~v 

PUC! 
!!! HOH-EXP 

1,400 

600 

JOO 

)00 

1,000 

6S 

20 

75 

20 

100 

384 

• -3' --) 

-· ... ~ 

SPECIFICA.TIOH OR POSSlBL! 
DF.SCRlrTlOH SUPPL IE_! 

18" vide .018" ~A. (for PV 'Rowland Co111pany 
encapaulation purpoaea) 

.004 vhlte vlth 68040 DuPont pTlmer Dorrie Proceaa 

FoT holding &lux neutralizer 

Locally fabricated apray tanlr.a 
are a possibility 

Coea vlth S-22 - Alpha 2444 

Dov Cor1'ing Z6030/Z6020 

Ho. 12 vir• for 110dule output 

General purpose tool 

•H-69 

Cart - general purpoae 

Solarex 

Local 

Ainetelr. 

Dov Corning 

General Electric 

Deanco 

1layche11 

Local 

C - R - It 

Local 

21 

'REMA'RICS 

Hay have mlnl111U111 order 
problems for encnpaulntlon. 

Hay h•ve minimum ordrr 
proble111 - for back aur
facP of module. 

To provld• atandard 
rr(rrcncP for panel 
111caRurernrnt, 

For rlnalng co111pletcd 
cell atrings. 

To teat lllPtnlllzatlon 
and tab pull atrength 

For !VA adherence to glass. 

Suggeat red and bla~k mlx. 

For 1eneral purpoae wire 
work. 

For in au lat lng ce 11 b. :ka 
to taba or buRses, 

To holrl, trnn11pnrt :in•I 
store panels nnd strt"~~. 



.... , 
v PRlO-

PURCH RlT'l 

~ ~ ~ 

'I Adhesive - 10 tube• C-P II 

Insulating glove• p II 

10 palr 

l Sclsson - io:ea p II 

Tweezer• - 10 ea p II 

\ laoprophyl Alcohol p II 

~ Tabbing .. chine Q D 

NOV\5-r 

PUC! 
!!.!;. NON-EXP 

)5 

92 

75 

75 

40 

•• - ·-·· - •• &... 

SPF.CIFICATJON OR 
DESCRIPTION 

Generel Electric RTV-108, 102 

Heavy glove• 

Al.11101t any kind acceptable 

For general purpoae cleanup 

POSSlllU 
SUPPLIER 

General Electr le 

Local 

Local 

Local 

Local 

22 

~ 
General purpoae bonding 

To protect. hand• fro~ hot 
111odule1. 

To cut tabbing naterl1l 
ind other •~all items. 

To handle tndivi~ual cells
also n•cded in cell and 
wafer handling oper•tlon1. 

100,000 -
800,000 Depending on apecificfttion. 

Hust have etrong interface infot'lllatlon. 

~ 

.,.-

A .,_ G 
,4 . 

~·~---

c,~r~ 
i,.,~~~ 

~--. 
~~ -- . l .... ~ 

' _...,....:'('°"°"' 

'~ . 

at1fJ7~·~~/9· 
('.\11,1, ii II 



S/M 

6-l 

~ 

l. 

PURCK 

~ 

Q 

PRIO
Rin 
.£Q!!! 

D 

!'RIC! 
!!!, NON-EXP 

$75,000 

·• 

.&.____ - ... _ 

SPF.ClFlCATlON OR 
D.f.SCRIPTION 

Photovoltaic Syate~m 51CW for 
training and troubleshooting 

POSSlllL! 
SUPPl.tER 

Solar ex 

2) 

~ 



APPEKI:IX I: 

UNIDO PURCHASE CRI:ER TO SOLAREX 



~in/10.52/Rn._I (4.12) 

Jl'OOOO 

l.'NITED SATIONS JNDUSTRIAL DE\'ELOPMEST ORGASIZATIOS 

VIENNA INTERNATIONAL.Cll:HnU: . ,·. • J-' 

P.O. BOX 300. A·1400 VIENNA. Al.'8TRIA 

TELEPHONE: 29 3IO TEL.ECRAPHIC ADDRESS: l"NIDO VIENNA TELEX: 1)1211 

PURCHASE ORDER 
15-~ 'K0911 

No-~~~~~~~~~~-

l IMPORT ANT l 
ALL SHIPMl~~TS 
Alt IN\'OIOS 

ALL CORRESPO'.'DI: '.'Cl 

MUST SHOW THIS NUMBER 

Date 3 November 1982 

To: (Vendor) Solarex Corporation 
1335 Piccard Drive 
Rockville 

Ship to: (Consipee) • · 

Resident Representati•e 

MD 20850 
United Nations Development Programme 
P.O. Box 1051, Islsmabad 

USA .. Pakistan FOR PROJECT: ST/PAK/80/TOl 

PLEASE SUPPL y THE FOLLOWING GOODS AND/OR SERVICES UNIDO's reference: Enquiry : . 
11\i ACCORDANCE WITH REFERENCES OPPOSITE. SUBJECT 10 
THE UNIDO GENERAL CONDITIONS SHOWN OVERLEAF AND . • · 
ANY SPECIAL CONDITIONS STATED. . Dated: 

Delivery terms: 

Item No. 

.. 9. 

J.4. 

36. 
37. 
38. 
39. 
i.o. 
42. 
43. 
44. 
46. 

.. ~7. 
48.· 
1.9. 
50. 

Shipping terms: 

4 months C+F surface, Karachi 

Cooch andfor services 

Project: . ST/PAK/80/TOl - Development Centre 
for Silicon Technology Islamabad, 
Pakistan. 

Diffusion furnace system - basic The:t;lllo model 
3103 turnace, all gas doping system -. . _-
as per attached list of 1 page. 
Laminator for "EVA type photovoltaic modules 
cnpable of laminating and curing 42" x 1811 

module. 

As per attached list of 3 pages •. 

·2. 

' . 
'. ·,-• 

... .•. ·: 

.A!nrreightcosts have been estimated 
only. · "Please invoice separately 
at cost. . .. · · ' · p· • · 

Kindly cable despatch details when 
known to UNDEVPRO, Ial8J!\abe.d, Paki st 

. .. . . '•· 

GENERAL INSTRUCTIONS I" ·. '. 
I. Please retain this Ori&ina) and return the attached copy duly aiped, "' • 

1cknowledein1 your acuptanc:e of this order. · ' · · ·~ · ·· '' · 
.,,;,• 

2. _See Annex. "A"' for Forwardin& and lnvoic:in1 Instructions. 1 · 

I ORIGINAL - to be retained by VENDOR Officer-in-

Oct. 1982 
Payment terms: . 

Net, .on. receipt of invoice, 
documents of despatch. · 

QU8ntity Unit Unit price ·Amount 

. 1 J. 

·. 1· set. 

1 pee 26,000.-· 
.. ··. ·.· 

13,640.-
6,466."-' 
2,900.-
6,873.-

200.-
1,945.-
1,271.-

10,000.-
l0,963;_ 

.. 1,725.-
3,500.-
1,700.-

250.-

127, 33.-
Est .ship ing costs 1,000.-· 

. .. . . . 

C+F Grand total 134,433.-



APPENDIX .E 

PURCHASE CRCER FROM SILICO~ TECHNCLOGY DEVELCPMENT CENTRE 



PURCHASE ORDER SILICON TECHNOLOGY DEVELOPMENT CENTRE 
~)-B, Street 44. F 8/1 
Islamabad. Pakistan 

NO. 
DATE=-~~~~~~~~ 

TO: Solarex Corporation 
1335 Piccard Drive 
Rockville. MD 20850 
U.S.A. 

SHIP TO: STDC 
Dr. A. Mufti, Director 

Please supply the following goods aflli/or services 

DELIVERY TERMS: 4 months 

.~YMENT TERMS: 75 percent at the time of placing th~ order with 
Solarex. balance on ·eceipt of invoice and documents 
of di&patch. 

\'Et\DOR' S REFERENCE: Package 82/2 items 15 through 35 excepting Item 22 as 
originally described in quotation to UNIDO. Vienna. 
Also Item 41 from 82/3 package. 

1TEH NO. 

15 
16 
17 
18 
19 
20 
21 
23 
24 
25 
27 
28 
29 
30 
31 
32 
33 
34 
35 
41 

GOODS AND/OR SERVICES QUANTITY UNIT PRICE 

Beta scope 1 
PH Heter l 

Precision Laboratory Balance 1 
Presco Hodel 462 Screen Printer 2 $11.800 
Chemical Hood and Acces~ories 1 
Silver Plating System 1 
LaboraLory Tanks (Assorted) See Attacheo 
Photolithographic System 1 
Solder Fountain 1 
Wafer Dicing Saw 1 
Aircompressor 1 
Digital Multimeter 1 
F.andheld Digital Multimeter 1 

Lock-In Ampli:ier 1 
~olar Simulator System 1 

Quantum Yield System 1 
Zoom Microscove 1 
Module Test Sys~em 1 
Module Preparation Station 1 
Photolithography Supplies See Attached 

Less 5% Consideration for Advanc~d 

Estimated Crating and Shipping 

NAME: 

Payuu: nt of 75% 

A. Mufti 
Director 

AMOUNT 

$ 7 1 088 
451 

1.613 
23.600 

8 1 819 
6.396 

12.915 
33.423 

2.289 
22.121 
2.816 ·-

589 
334 

10.767 
30,141 
11,169 

1.867 
5,400 
1,500 
5,ooo 

uss.9o4 
9,445 

$179,459 
4,000 

$183,459 



It~m 19 - Diffusion Furnace Sy&te• 

Cost Breakdown: 
3 Stack FUrnace• 
Flow Meter• 
Regulators 
Stainless Tubing 
Plastic Panels & Tubing 
Fittings. Valve& 
Quartzware 

Packing & Shipping to Solarex 

Assembly Labor 

Package 82/2 - Items 15-35 

Item 115 - Twin City Betascope with Voltage 
Regulator. Probe. Radiation Source 

ltem ~lb - PH Meter 
Orion Model 301 

lt-.m t1P -

or 
Fisher Accumet 600 
(with spare electrode) 

Precision Lab~ratory Balance 
0-300g not available 

2 options: 1) Mettler l'.80 
O-l60g (frecision of 0.01 mg) 

or 

2) Mettler H315 
0-lOOOg (precision of o.l mg) 

Recommend Option 11 

$ 29.768 
1.564 
2.471 

-199 
92 

743 
4.346 

1.830 

1,220 

$ 42.234 

$ 1.088 

$ 451 

' 
$ 1.613 

4,444 

$ 1,613 



Item 118 - 2 Screen Printer• $ 11,590 each 

$ 16.77~ each Presco Model 462 

DeHaart Model AOL-12 
Solarex recommends purchase of 2 of the same type for redundancy. 
spare parts. etc. For Lab use Presco Model 462 adequate. -

Reco1111Dend ~ Presco Model 462 

Item 119 - l Chemical Rood 
Semif ab SLFH/600 

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

Hot Water 
4 Corn~ng PC 351 
2 Corning PC 101 

Item 120 - Silver Plating System 
with: a) spray rinse tank & sink 

b) Footswitch 
c) Tank with stainless steel anode bars 

with lid 
d) Filter housing b filter 
e) 6-Plating racks for silver bars 
f) 6-Plating racks for 9 4" wafers 
g) 2 power supplies (0-20V) (0-3A) 

Lambda LP 521 FM 
h) Tubing 
i) P~p - Marathon S2P81366U 
j) Exhaust Hood - Polypropylene 

$ B.819 

$ 

lt•~ 121 - Laboratory Tanks S 12;915 
2 each fluoroware Model E 3201 Tef10;1 Tanks 
2 each Fluoroware Model E 3202 Teflon Covers 

10 each Fluoroware Model PE 3201 Polypropylene Tanks 
10 each Fluoroware Model PE 3203 Polypropylene Cover& 

6 each Fluoroware Model A 72408 Teflon Casettes 
12 each Fluoroware Model PA 7240B Polypropylene Cassettes 

6 each Fluoroware Model A027 Teflon Handles 
12 each Fluoroware Model PA027 Polypropylene Handle& 
18 each Fluoroware Model A72-20-02 Teflon Lids 

3 Cascade Rinse Tanks - Fluoroware Model E-64 

2 FSl K/20 Spin Dryers 



Iccm 122 - Deioni~ing Water System 
1000 gallons per hour 

8 Megohm Water 

~t.:m 123 - Photolithographic System 
l Oriel Photolithography Lamp 182230 ' 

84350 Controller 
2 Branson ATH Cl0-6 Ultrasonic Cleaner& 
2 Blue H Bake Ovens POM9-256-1EFG 
l Headway Spinner Model EClOl 

with CB 15 Substrate Bowl, 2 E220-3 5/16" 
Chucks and 1 E21bG Chuck 

4 Vacuum Pump& - 0522-7103-ClBDX 

Item 124 - Solder Fountain 
Electrovert Model WDCHT 

wi~h 5" x 2v Nozzl~ 

Item 125 - Wafer Dicing Saw 
Tempress 602-B2-220V 

plus 18 spare blades 

ltem d27 - Aircompressor 
Dayton Speed Ai1 17250~ 

lt~m #28 - Digital Multimeter 
Fluke hod~l SOSOA-01 

It~~ u~~ - Handheld Digital Multimeter 
Fluke Model 8024-B 

~tcm ft)O - Lock-In Ampl Hier 

ltc~ U31 - Solar Simulato~ System Including: 
a) 1000 Watt Xenon Simulator Mudel 81103 

by Oriel for 6"x6" area 

b) 2 x-y Recorders 

$ 41,620 

$ 33,423 

$ 2,289 

$ 2,816 

$ 589 

$ 334 

s 10, 767 

s 30,141 

HP-7035 B 
(Redundant with Item D34 - only include one here) 

c) 2 Spare Xenon Lamps 
d) Air Mass 1 Filter for Oriel Simulator 

e) l Solarex AMI reference cell 



Item 131 - Continued 

f) 2 Kepco Bipolar Power Supplier& BOP 36-5M 
(Redundant with Item 134 - only include one in price) 

g) l Neslab Constant Temperature Refrigerator Unit 

llTE-5B 
h) Test Block - Solarex Design 

i) 4 Point P'ri>b:e Test Fixture 
Alessi ATP-lM 

j) 3 Spare 4 point Probe Heads 
Model IA4P625T270 for Alessi System 

Item 132 - Quantum Yield System, Including: 

a) Quarter Wave monochromator 
Jarrell-Ash 82-415 
with additional grating 

b) Monochromator Light Source -
Tungsten Iodide Model 45-542 

with 4 spare lamps 

c) Epply Thermopile 

d) Digital Nanovoltmeter 
Keithley Model 181 

e) Housing & Sample Mount 

Item 033 - Zoom Microscope 
Burton Instrument 
Model 33-5-12 

Item 034 - Module Test System 

Includes: 
a) Module Test Box 
b) 2 Kepco Bipolar Power Suppliers 

(redundant with 2 listed on Item 031 - only 
include one in price) 

c) X-Y Recorder 
HP-7035B 

d) 2 Solarex Reference Paddles 

Item 135 - Module Preparation Station 

rnclude&: 
a) Alignment Fixture 
b) 2 Tanks for holding Flux 
c) 2 General Purpose Carts 

C&H Catalog No. 52-281/30 

Package 82/2 Item• 15-35 

$ 11,169 

$ 1,867 

$ 

$ 1,500 



.• 

I'ackage 82/3 Item& 30-50 

Item 136 - 300 Kg of Semiconductor 
Grade Polysilicon 
(Less than 0.2 PPBA of B) 

Item 137 - Gases Include 
a) 3 tanks of UHP Ar 

b) 3 tanks of U~P Re 

c) 1 tank of UHP o2 

d) 3 tanks of U1iP N2 

e) l tank of 1% PB3 in N2 
f) l tank of 1% PR3 in He 

g) l tank of 1% PB3 in Ax 

Item 138 - Screens Include 
1) Artwork for BSF paste screen 
2) Artwork for 4" front Mettalization Patt?rtl 
3) 5 each copies of above 
4) 5 gallons of screen cleaner 

Item 139 - Silver Anodes 
32 silver bars 2"x.12S"xll" 

Item 039 (Continued) - Silver Solution Components 
a) 160 oz Potassium Cyanide 
b) 40 oz Potassium CaTbonate 
c) 70 Tr oz Metallic Silver 

$ 6,466 

$ 2,900 

$ 

$ 1,200 

lt•m 140 - Dionizing Water Chemioala $ 200 
10 gallons BCl 

d) 110 oz Free Cyanide 

1 Drum NaOH Starting Lot - Remainder to be bought in Pakistan 

$ 5,000 

Item 141 - Photolithography Supplies 
Includes: 

a) Artwork for 2 front patterns 
b) 2 Prints Each of Above 
c) 20 Chrome Blocks 5"x5" 
d) 2 gallons Shipley AZ-2400 resist 
e) 4 gallons Shipley AZ-2401 developer 
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APPENDIX ~ 

BATTELLE REPORT TO BE FURNISHED LATER 
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APPENDIX G 

STDC LABORATORY BUILDING 

SOLAREX DRAWING 11299 

TWC SHEETS 
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