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1. CONTRACT GOALS AND OBJECTIVES 

The ob jec t i ve  o f  t h i s  cont ract  i s  t o  demonstrate technical  readiness fo r  the 

production o f  photovol t a i c  modules using s ing le  c r ys ta l  s i l i c o n  dend r i t i c  web 

sheet mater ia l .  This demonstration o f  technical  readiness w i  11 be accompl ished 

by : 

(1)  The se lect ion,  design, and implementation o f  a so la r  c e l l  and photo- 

v o l t a i c  module process sequence i n  a Module Experimental Process 

System Development Un i t  (MEPSDU) . 
( 2 )  Demonstration runs o f  the MEPSDU i n  which 240 modules w i l l  be pro- 

duced. 

( 3 )  Passing o f  acceptance and q u a l i f i c a t i o n  t es t s  by modules produced 

dur ing the demonstration runs. 

( 4 )  Achievement o f  a 1986 module FOB p r i c e  o f  704 o r  less per wat t  peak 

i n  1980 do l l a r s  as ca lcu la ted by SAMIS. 



2. SUMMARY 

Work on t h e  Westi'nghouse MEPSDU c o n t r a c t  was i n i t i a t e d  on November 26, 1980. 

Th is  r e p o r t  describes work performed du r ing  t h e  f i r s t  t h ree  month pe r iod  o f  

t h e  c o n t r a c t  (November 26, 1980 through February 28, 1981 ) and out1 ines  p lans 

f o r  t h e  second quar te r .  

Technical work du r ing  t h e  f i r s t  qua r te r  o f  t h e  program was d i r e c t e d  toward 

complet ing a l l  design and documentation tasks  associated w i t h  t h e  MEPSDU Pre- 

l i m i n a r y  Design Review Data Package submi t ta l .  H i g h l i g h t s  o f  t h i s  e f f o r t  con- 

s i s t e d  o f :  

Preparat ion o f  a  Pre l im inary  S p e c i f i c a t i o n  f o r  MEPSDU Inpu t  

Sheet Mater i  a1 (Dendri t i c  Web S i  1  i con )  

Preparat ion o f  a  MEPSDU Module Pre l im inary  Design Layout Drawing 

and a1 1  associated d e t a i l  drawings 

~ n a l y s i s  o f  t h e  performance o f  t h e  MEPSDU module over a  range o f  

operat ing, cond i t i ons  

D e f i n i t i o n  o f  a l l  steps i n  t h e  Base1 i n e  Process Sequence 

I n i t i a t i o n  o f  Equipment Spec i f i ca t i ons  f o r  a l l  l ong  lead  t ime 

items i n  t h e  MEPSDU 

I n i t i a t i o n  o f  p r e l i m i n a r y  design work on the  casset te  unload 

element and in terconnect  feed element o f  t h e  Automated Ce l l  

In terconnect  S t a t i o n  

Preparat ion o f  t h e  Pre l im inary  Q u a l i t y  Assurance Plan 



3. TECHNICAL PROGRESS 

A. Select ion o f  Input  Sheet Mater ia l  

To ensure minimum cost  o f  photovo l ta ic  c e l l s ,  there are  two essent ia l  requ i re-  

ments f o r  the  s t a r t i n g  mater ia l  : high qua l i t y ,  i .e., capable o f  producing 

h igh e f f i c i e n c y  c e l l  s, and e f f e c t i v e  mater ia l  u t i l i z a t i o n .  Single c r ys ta l  , 
dendri t i c  web s i l  i con s a t i s f i e s  both these requi  rements and has been selected 

as the Westinghouse MEPSDU inpu t  sheet mater ia l .  

Figure 1  shows a  leng th  o f  dend r i t i c  web s i l i c o n  i n  the as-grown cond i t i on  

being removed from the  growth furnace. The shape o f  the dend r i t i c  web i s  

determined by a  combination o f  c rys ta l log raph ic  and surface tension forces as 

i t  i s  formed from the molten s i l i c o n .  The absence o f  any d i e  mater ia l  pre- 

cludes contamination and d i e  mater ia l  inc lus ions which are known problems w i t h  

o ther  r ibbon growth techniques. Cel ls  fab r i ca ted  on dendri t i c  web have shown 

e f f i c i e n c i e s  comparable t o  c e l l s  fab r i ca ted  on Czochralski wafers. The process 
conserves expensive s i l i c o n  s ince the as-grown mater ia l  i s  t h i n  - 110 t o  170 vm, 

and the smooth surface does no t  requ i re  extensive treatment p r i o r  t o  c e l l  fab- 

r i c a t i o n .  

The natura l  rectangular  shape of c e l l s  fabr icated on d e n d r i t i c  web permits h igh 

module packing fac to rs  which cont r ibutes t o  h igh module e f f i c iency .  

Invest igat ions i n  the production and appl i c a t i o n  o f  photovol t a i c  modules have 

confirmed t h a t  h igh module e f f i c i e n c y  has many bene f i t s  ranging from decreased 

module encapsulatinn costs t o  s i g n i f i c a n t  balance o f  system and i n s t a l  l a t i o n  

cost  savings. I n  the area o f  module f a b r i c a t i o n  alone, a  cost  sav ing o f  s i x  

cents per wat t  i s  associated w i t h  each 1% increase i n  module e f f i c i ency .  High 

qua1 i t y  s t a r t i n g  mater ia l  i s  essent ia l  t o  producing high e f f i c i e n c y  c e l l  s  and 

modules. Dendr i t ic  web i s  h igh qua l i t y ,  s i nq le  c r ys ta l  s i l i c o n ,  and has already 

been used i n  f ab r i ca t i ng  photovo l ta ic  c e l l s  w i t h  e f f i c i e n c i e s  greater  than 15% 

and modules w i t h  e f f i c i e n c i e s  greater than 12%. 



Figure 1. kstinghouse Dendritic Web being Removed from the Cendritic 
Web Gmwth Furnace 



A preliminary material specification fo r  the polycrystall ine s i l  icon used as 

a feed stock in the dendrit ic web furnaces has been prepared and i s  shown in 

Table 1 .  Table 2 shows the preliminary material specifications for  the den- 
d r i t i c  web s i l icon sheet input. 

B. Module Design and Analysis 

During the f i r s t  quarter of the Westinghouse MEPSDU program, a preliminary 

design of the MEPSDU module has been prepared (Westi nghouse Drawing 71 2591 6 )  

and submitted' t o  JPL. This drawing i s  included in t h i s  report as Figure 2.  

The module contains 180 ce l l s  arranged in four parallel  s e t s  of 45 ce l l s  con- 

nected in ser ies .  The maximum overall dimensions of the module are  1200 mm x 
397 mm, which comply with the requirements of the 1982 Technical Readiness 

Module Design and Test Specification, 5101 -138. Real i s t i c  tolerances will be 

assigned t o  components as they are  detai 1 ed, and real i s t i  c clearances between 

components will be provided. These tolerances and clearances will be based 

upon experience with the Westinghouse Pre-Pilot Line modules which are  pres- 

ently being assembled. For example, the clearance between c e l l s  has been re- 

duced from 1 . 5  mm, which was tentat ively selected, t o  1.0 mm (and the module 

packing densj ty  correspondingly increased) because the ultrasonic bonding equip- 

ment used to  join c e l l s  has already demonstrated i t s  capabili ty to  operate 

with t h i s  reduced clearance. 

The photovoltaic ce l l s  on which t h i s  module design i s  based are  90.8 mm x 

25 mm. Forty-five of these cell  s in ser ies  will produce an open-circui t voltage 

of abcut 24.7 vol ts , which wi 11 be somewhat reduced under operating conditions. 

The Preliminary Design m~dule incorporates a Cor-Ten "A" s teel  fran~e. However, 

an a1 ternative frame design i s  being explored. This a1 ternative design i s  made 
of glass f ibe r  reinforced polyester "pul t rus i  ons ," a material developed by 

Westinghouse Insulating Materials Division approximately ten years ago fo r  

outdoor e lec t r ica l  insulation and currently widely used. The advantages ex- 
pected from t h i s  change in material are lower cost ,  reduced weight, bet ter  

appearance, and complete elilnination of module grounding considerations. 



TABLE 1 

POLYCRYSTALLINE SILICON SPECIFICATION 

Boule t o  be 5-10 cm i n  diameter 

Random leng ths  acceptable, hut l e n g t h  must be i n  excess 

o f  15 cm 

I . P S S  t.han 0.3 PPBA boron concentpat ion 

Less than 0.5 PPBA phosphorous concent ra t ion  

Less than 10 PPBA aluminum concent ra t ion  

A l l  o the r  meta ls  l e s s  than 5 PPBA concent ra t ion  



TABLE 2 

MEPSDU DENDRITIC WEB INPUT SHEET MATERIAL SPECIFICATION 
(PRELIIIINARY) 

I. Chemical 

A. Single c rys ta l  s i l i c o n  w i t h  111 web surface or ientat ion.  

B. P-type mater ial  w i th  boron based dopant providing a r e s i s t i v i t y  i n  
the range 3 t o  12 ohm cm. 

11. Physical 

A. Thickness o f  web: 140 f30 pm 

B. Width o f  web: Equal t o  o r  greater than 2.55 cm excluding dendrites 

C. Length* o f  web: 43 f.5 cm 

D. Surface s t r i a t i ons  across web not t o  exceed 1 vm height as measured 
by a thickness monitor such as "Taly-Step" o r  "Data-Trak." 

E. Etch p i t  density (determined a f t e r  5 min. S i r t l  etch) not  t o  exceed 

3 x 104/cm2 

F. Flatness: No t w i s t  o r  bow as determined by visual  inspection. 

*Shorter lengths' are acceptable, but w i l l  produce less than 4 c e l l  s/str ip,  
thus reducing y i e l d  o f  a1 1 c e l l  processing operations. 
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Figure 2. Westinghouse MEPSDU Module, 

Prel iminary Layout Drawing 



A mechanical mock-up o f  the MEPSDU module (frame and lamination layup w i th  

superstrate and length o f  web i n  place o f  the so lar  c e l l s )  was fabr icated i n  

February and has survived the out-of-plane mounting surface t e s t  speci f ied i n  

JPL Document 5101-138 without damage. I n  addition, a s im i l a r  mock-up incor- 

porat ing a glass f iber  reinforced polyester pul truded frame was a1 so fabricated 

and has survived the same tes t .  A p u l l  t e s t  on the e lec t r i ca l  connection harness 

normal t o  the module back face, i.e., tending t o  peel o f f  the connector housing, 

demonstrated tha t  the weight o f  the module can be comfortably supported by one 

e l e c t r i c a l  connection. I n  a separate t e s t  using a simulated superstrate (non- 

tempcrcd window glass), the glass shattered w i th  a normal load o f  140 pounds. 

I n  addi t ion t o  the layout  drawing, an interface drawing and de ta i l  drawings 

o f  the photovoltaic c e l l ,  i n t e r c e l l  conductor and transverse conductors were 

compl eted. This module design, including a complete descr ipt ion o f  i t s  

assembly processes, w i l l  be presented a t  the MEPSDU Preliminary Design Review 

Meeting . 

A pre l  iminary mater ials select ion sheet specifying a1 1 materials incorporated 

i n  the MEPSDU module design has been prepared and submitted t o  JPL as par t  of 

the Prel iminary Design Review Data Package. 

One o f  the  i terns specif ied on the materials s ~ l a c t i o n  sheet i s  a  ora ad-@ KLEAR 
back cover moisture barr ier .  It was reported a t  the l a s t  Project Tntegration 

Meeting (17th PIM) tha t  Korad- @ KLEAR may not be an acceptable backing material 

f o r  the laminated module due t o  i t s  inherent low weatherabil i ty. According1 

data and samples o f  two a l ternate materials are now befng obtained: Tedlar L 
(a polyv iny l  f luor ide)  and X-22417 (an or iented acr l i c ) .  These materials 
w i l l  be studied as possible subst i tutes f o r  Korad- 'KLEAR. 

An experiment has been corlducled Lo deter~ll i  ne the nominal opcra 1 iny eel 1 ten1pera.c 
t u re  (NOCT) of the MEPSDU module. A small (5" by 8") encapsulated module having 
the layup configuration speci f ied on the MEPSDU module layout drawing was fab r i -  

cated and instrumented f o r  t h i s  experiment. Results o f  the experiment indicated 
2 t ha t  a t  80 mW/cm inso la t ion  and i n  25°C s t i l l  air, the thermal impedance of 



2 
t h e  encapsulat ion ( i n ~ 1 u d i . n ~  a i r  boundary 1  ayer)  was 300°C/cm /wat t .  The data  

showed 'a 24°C a i  r - t o - c e l l  temperature r i s e .  

A  p re l im ina ryper fo rmance  a n a l i s i s  o f  t h e  MEPSDU module has been completed. 

  able 3  l i s t s  i n p u t  cond i t i ons  and assumptions. F igure 3 shows t h e  ca l cu la ted  
2  performance parameters f o r  i n s o l a t i o n  l e v e l  o f  80 mW/cm p l o t t e d  as a  f u n c t i o n  

o f  ambient temperature. Th is  ana lys i s  w i l l  be updated as t h e  module deta i l ,  

design i s  f i n a l i z e d .  

% 

C. Process Sequence Design 

A p r e l i m i n a r y  ,process sequence has been def ined f o r  t h e  f a b r i c a t i o n  o f  s o l a r  

panel s  . from dendri  ti c  web s i  1  icon.  Th is  sequence i s  descr ibed be1 ow. 

(1 )  P r e - d i f f u s i o n  Cleaning - This cons is ts  o f  a  h y d r o f l u o r i c  a c i d  d ip ,  r i n s e ,  

d r y  sequence fo l lowed by a  CF4/02 plasma etch.  

(2)  Front  and Back Surface Junct ion  Formation and Oxide Etch - The back sur -  

face j u n c t i o n  i s  formed f i r s t  by app ly ing  an Si02 l a y e r  t o  the  sun s ide  o f  

cleaned web, removing s p l a t t e r  t races of Si02 from t h e  back sur face w i t h  

a  hydro f l  u o r i c  a c i d  d ip / r inse/dry .  sequence, d i f f u s i n g  boron i n t o  the, 

c lean s i  1  i con  surface, and then removing t h e  boron g lass i n  a h y d r o f l  u o r i c  

a c i d  d ip / r i nse /d ry  sequence. Th is  process i s  repeated f o r  t h e  f r o n t  .sur -  . . 
face  where t h e  j u n c t i o n  i s  formed by phosphorous d i f f u s i o n .  

(3 )  A n t i r e f l e c t i v e  (AR) and Photores is t  (PR) Coating A p p l i c a t i o n  - The AR 

coa t ing  i s  app l i ed  f i r s t  by c o n t r o l l e d  r a t e  withdrawal from an organome- 

t a l l  i c  s o l u t i o n  t o  g i v e  a 1  i q u i d  f i l m  t h a t  i s  converted t o  Ti02/Si02 a f t e r  

baking. The PR coa t ing  i s  app l ied ,  and i t s  th ickness i s  c o n t r o l l e d  i n  a  

s i m i l a r  manner. 

(4)  Gr id  Pat te rn  D e f i n i t i o n  - Standard pho to l i t hog raph ic  techniques o f  masking, 

exposing, developing, and p a t t e r n  e tch ing  are  employed. 



TABLE 3 

MEPSDIJ MODULE PERFORMANCE ANALYSIS:  I N P U T  PARAMETERS AND ASSUMPTIONS 

CEii; SIZE: 2.5 x 9.08 x 0.015 cm 

PERFORMANCE: ATvl1,91.6 mW, 28OC 

J,, = 0.033 A 

V,, = 0.580 V 

Eff = 15% 

Chll IN. 

ENCAPSULATION: TEMPERED FLOAT GLASS 0.318 0.125 

CRANEGLAS 0 . a ~  0.005 

CELL 0.015 0.OD6 

CRANEGLAS 0.013 0.005 

EVA 

KORAWMYLAR 

MODULE: . - SIZEOVER-ALL: 39.7X 120cm(15.Gin .X47.2 in . )  
- .  . . INTER-CONNECT ARRANGEMENT: SERIES STRING OF'-45 ELEMENTS' . - ' .  '. 

. . .CONSISTING OF 4 STRINGS I N  PARALLEL 

OPTICAL TRANSMISSION FACTOR -8.930 

MISMATCH FACTOR 0.975 

THERMAL IMPEDANCE (STILL AIR) - 3 0 0 ~ , k d /  WATT 

NOCT 4 4 O  C 
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Figure 3 . Pred ic ted  MEPSDU Module Performance (P re l  im ina ry )  



(5)  Metal1 ization - Successive layers of Ti ,  Pd,  and Cu are  deposited on the 
web by vacuum deposition. 

( 6 )  Metal Rejection and Plating - Excess metal and photoresist are  removed by 
ultrasonic dissolution of the PR in acetone. Residual PR i s  removed by 
plasma stripping. Copper i s  electroplated over the vacuum deposited metal 
film. 

( 7 )  Cell Separation - Four c e l l s  a re  separated from the 42 cm web s t r i p  using 
a laser  scr ibe followed by a mechanical breakout. 

(8) Cell Test - The I-V character is t ic  of each cell  is  measured a t  AM1, 100 
2 mW/cm and 28°C. 

(9)  el 1 Interconnection - Strings of 45 ce l l s  a re  joined in ser ies  w i t h  
aluminum interconnects by ultrasonic bonding. 

(10) Module Lamiriation - Modules are bu i l t  using a lay-up process of glass and 
polymeric materials,  laminated, and incorporated into a framed structure.  

(1 1 ) Module Test - The I-V character is t ic  of each module i s  measured. a t  AM], 
2 100 mW/cm and 28°C cel l  temperature. 

(12) Module Package - Acceptable modules are  crated f o r  shipping. 

This preliminary process sequence i s  outlined in the flow chart shown i n  

Figure 4. Subdividing t h i s  process sequencc i n t n  small e r  cor~~punent operations 
will aid the analysis and provide the most accurate SAMICS cost data possible. 

The above prel lminary process sequence will be modified as on-goinn investiga- 
t ions Improve techniques in sel ected areas and demonstrate the potenti a1 fo r  
reduced processing costs.  Two examples of potential a l ternat ives  tha t  are 
being studied are :  substi tution of N i C u  metallization prepared by plating 
techniques to  replace vacuum evaporation of T i P d C u ;  and ion implantation.of 
f ront  and back junctions t o  replace the diffusion/cleaning steps.  
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An expanded manufactur ing f l o w  c h a r t  o f  t he  module assembly operat ions has 

been prepared and i s  shown i n  Figure 5. It o u t l i n e s  t h e  f o l l o w i n g  operat ions:  

(1  ) Supers t ra te  Prepara t ion  - Sized, low i r o n  tempered f l o a t  g lass i s  cleaned 

w i t h  a  commercial g lass  c leaner.  The i n n e r  sur face i s  primed w i t h  a  

d i l u t e  s i l a n e  s o l u t i o n  and d r i e d  w i t h  warm a i r .  The supers t ra te  i s  then 

p laced i n  t h e  t r a n s f e r  sec t i on  o f  t h e  c e l l  tabb ing and s t r i n g i n g  machine. 

( 2 )  Layup o f  Spacer and P o t t a n t  - A spacer o f  Craneglas i s  p laced on t h e  

pr-illled g l  ass surface. Ethylene v i n y l  aceta te  (EVA) as a  l am ina t ion  

p o t t a n t  i s  p laced on t h e  Craneglas. 

( 3 )  S t r i n g  Transfer  - Bonded s t r i n g s  of 45 c e l l s  each are  t r a n s f e r r e d  from 

t h e  bonding sec t i on  of t he  c e l l  tabb ing and s t r i n g i n g  machine and pos i t i oned  

on t h e  EVA. Four 45 c e l l  s t r i n g s  make up the  16 x 48 i n .  module ar ray .  

( 4 )  A d d i t i o n  o f  End Conductors - The bonder adds copper f o i l  end .conductors 

t o  each end of each o f  t h e  f o u r  s t r i n g s .  

(5)  Transfer t o  Laminator - The module subassembly (sun s ide  down) i s  moved 

t o  the  vacuum laminator .  

(6) Preparat ion o f  End Conductors - Three rows o f  c e l l s  on each end o f .  t h e  

s t r i n g s  are covered w i t h  a  l a y e r  o f  EVA impregnated Craneglas t o  i n s u l a t e  

t h e  c e l l s  f rom t h e  end conductors as they a re  fo lded  back and together  

t o  form a  common e l e c t r i c a l  leadout .  During f o l d i n g  o f  t he  end conductors, 

EVA i s  i n t e r l e a v e d  between t h e  copper f o i l  t o  prov ide  a  mois ture  seal 

between the  copper s t r i p s  where they  penet ra te  t h e  1  aminat ion. 

(7 )  Layup o f  Back Spacer,  P o t t a n t  , a n d  Cover - A spacer o f  Cranegl as i s  p laced 

over t h e  c e l l  s&ings, EVA i s  p laced over t h e  Cranegl'as , and a  back cover 
@ f i l m  of Korad , i s  p laced on the  EVA. The copper end conductors.  a,re brought 

through each o f  these i n s u l a t i n g ' f i l m s  as they  are  p laced i n  p o s i t i o n .  
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(8) Lamination - In preparation for lamination, release films of aluminum 

foi 1 and fluorinated ethylene propyl ene copolymer ( F E P )  are placed over 
the module layup. The laminator i s  sealed and evacuated to lo-* torr .  
I t  i s  heated to llO°C in less than 30 min., vented, heated to a maximum 

temperature of 150°C, and then cooled to room temperature. The FEP/Al 
foi l  release films are removed, and a visual inspection and electrical 
continuity check performed. 

(9) Complete Electrical Connections - The pre-tinned end conductors are sol - 
dered to a bus  bar. The bus bar i s  enclosed by a conductor housing that  
i s  attached to  the back surface of the laminate using an epoxy adhesive 
formulated for  th i s  service. 

(10) Frame Module - A neoprene gasket i s  installed around the edge of the 

module. Cor-Ten "A" frame s t r ips  are placed over the gasket, corner sup- 
ports are welded to the frame, and legs are welded t o  the corner frame 

supports. 

(11)  Inspect and Test - A visual inspection of the assembled module i s  performed, 
and the current-voltage characteristics of each module i s  measured a t  

2 All1 , 100 mW/cm and 28OC. 

( 12 )  Module Packaging - Acceptable modules are crated for shipping. Each 
shipping container holds ten modules and their  respective data packages. 
The contents of each shipping container are verified, and the containe? 
i s  closed. 

D.  MEPSDU Design 

The process sequence defined fnr the We$tinghousc MEPSDU was discusSfjd I n  the 
previous section, and the type of equipment required for carrying out th i s  

sequence has been identified. Preparation of specifications for  MEPSDU equip-' 
ment i s  currently underway. 



1n the  requ i red  MEPSDU equipment, t he re  a re  several  l o n g  l e a d  i tems which must 

be ordered e a r l y  i n  t h e  program t o  meet t he  program schedule. These i tems are:  
. . 

D i f f u s i o n    urn ace and Doping System 

a Metal 1 i z a t i o n  System 

c P l a t i n g  System 

Laser Scr ibe f o r  C e l l  Separat ion 

0  el 1 In te rconnect  S t a t i o n  

I n  the  f i r s t  q i a r t e r  o f  t h i s  program, a number o f  vendor confeiences were h e l d  

t o  he ip  develop Equipment S p e c i f i c a t i o n s  (E-Specs) . Equipment S p e c i f i c a t i o n s  

were then prepared which inc luded t h e  Vol lowing:  

2 
(1 )  Throughput of web requ i red  (200 cm ./minute) 

( 2 )  Process requ i  rements 

(3.) Contro l  requ i  rements 

(4 )  Reproduci b i l  i t y  requirements 

( 5 )  Operat ion and maintenance manuals requirements 

(6)  Preventa t ive  maintenance schedule 

( 7 )  Recommend,ed spare p a r t s .  i nven to ry  

( 8 )  1 n s t a l . l a t i o n  and t r a i n i n g  

These s p e c i f i c a t i o n s  have now been prepared f o r  t h e  d i f f u s i o n  furnace system, 

m e t a l l i z a t i o n  system, and t h e  l a s e r  sc r i be .  F i rm quota t ions  o f  p r i c e  and de- 

l i v e r y  a re  expected by l a t e  March, 1981. 

I n  a d d i t i o n ,  numerous d iscussions have been he ld  w i t h  vendors cur~cer-ning thc  

automation o f  several  processing s t a t i o n s  [ ( I )  raw web c leaning,  and (2)  a n t i -  

r e f l e c t i o n  depos i t i on  and bake and p h o t o r e s i s t  depos i t i on  and bake]. The auto- 

mat ion o f  these steps would f u r t h e r  reduce t h e  manual hand l ing  o f  t he  web which 

i s  now inc luded i n  these process steps. 



E.  Automated Cell Interconnect Station 

(1 ) Introduction , .. 

The Westinghouse MEPSDU has been designed using automated proc&ssing s tat ions '' 

t o  the maximum extent feasible  for  a l i n e  of i t s  s ize.  Material t ransfers , '  

f o r  the rnost par t ,  are  manual. Automation of these t ransfers  involves s t ra ight -  
f-orward inser t ion , ,  retqieval , or trans1 ations of cel l  s or  ce l l  holding f ixtures .  
The Westinghouse dendritic.web c e l l s  are  eas i ly  manipulated during operations 
performed prior t o  dendrite removal because the dendri t i e s  provide additional 

# .  

strength and Sdeal gripping surfaces. 

The most d i f f i c u l t  cel l  handling operations a re  those performed a f t e r  the cell  
separation operation in which the dendrites a re  removed. The Westinghouse 
MEPSDU will demonstrate s u i t a b i l i t y  for  automated handling equipment for  the 
dendri t i  c web ce l l  s by to ta l  l y  automating the cell  interconnect operation. 
Equipment ahd processes f o r  the material t ransfer  portion of t h i s  s ta t ion are  
representative of those required i n  other s ta t ions .  

westinghouse has designated Kulicke and Soffa Industries,  Inc., as i t s  subcon- 
t r ac to r  fo r  the design and development.of MEPSDU equipment dealing with, the 

automation of interconnection and assembly of i t s  dendri t i c  web s i l  icon so lar  
ce l l  s into 'module arrays. This subcontract deals w i t h  design, development, ' 
t e s t ing ,  and operation of equipment, and preparation of instruction manuals 

fo r  the automated interconnect s ta t ion .  

The so la r  ce l l  e lec t r ica l  interconnect configuration to  be u t i l ized  by the 
interconnect s ta t ion w i  11 be t h i n  (.OOlv t o  .002") a1 unlinum tabs connecting' 

metallized pads located on the front  surfaces of each cel l  with the metalli.zed 
rear  surface of the adjacent c e l l .  The  technnlnqy t o  be used t o  join'aluirrirrurn 

tabs t o  metal 1 ized ce l l  surfaces will be ultrasonic bonding. However, t o  mini- 
mize technical r i s k ,  the equipment developed fo r  t h i s  application will be 
convertible to  solder refl'ow bond technology. 



(2) Machine Concepts 

During t h i s  f i r s t  quarter, the Kul icke and Soffa design e f f o r t  concentrated 

on machine concepts t o  handle the Westinghouse so la r  c e l l s  and var ious con- 

cepts f o r  the interconnect ion configurat ion. Sample c e l l s  were de l ivered t o  

K&S by Westinghouse f o r  study purposes. 

Many f ac to r s  entered i n t o  the design' considerat ions. The sample c e l l  s revealed 

t h a t  gent le  handl ing w i l l  be required t o  avoid.damaging the ce l l s .  It was 

reasoned t h a t  a "wal k ing beam" could a t tach t o  e i t h e r  s ide o f  a c e l l  w i t h  

rubber suct ion cups w i t h  minimum p o s s i b i l i t y  o f  damage. 

Another approach, a r o ta r y  tab le ,  was considered and se t  aside because o f  

d i f f i c u l t i e s  perceived i n  p lac ing the c e l i s  on the t ab le  and then removing the 

c e l l s  from the table.  These basic considerat ions l e d  t o  the design approach 

t h a t  was selected. 

(3 )  Interconnect Bonding Techniques 

The candidate interconnect  bond technique t o  be u t i l i z e d  i s  u l t r ason i c  bonding 

s ince i t  i s  consistent  w i t h  and compatible t o  the me ta l l i za t i on  system o f  the 

Westinghouse c e l l .  It a lso represents a clean, f l ux l ess  technique which can 
enhance the cost  ef fect iveness o f  the Westinghouse c e l l  and me ta l l i za t i on  

system. 

Rotary seam bonding i s  the u l t r ason i c  technique being considered f o r  the pro- 

posed machine (see Figure 6) .  Westinghouse has previous experience i n  t h i s  

technique and i s  p r i v a t e l y  funding an i nves t i ga t i on  by K&S i n t o  opt imiz ing t h i s  

technique f o r  h igh production usage. Another u l t r ason i c  bonding technique 

being studied i s  spot bonding w i t h  both f i x e d  and r o l l i n g  too l ing .  These sys- 
tems may requ i re  mu1 t i p l e  t oo l  systems t o  achieve the desired machine cyc le ,  

ra te .  .. 

. , . ;  
t . . 
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Figure 6. Rotary ~l t r a s o n i c  Seam Bonding 



The r o t a r y  seam welder being u t i l i z e d  f o r  t h e  i n v e s t i g a t i v e  program by K&S i s  

a  Sonobond Model MS-5010 mod i f i ed  f o r  t h i s  a p p l i c a t i o n  by t h e  manufacturer, 

Sonobond Corporat ion o f  West Chester, Pennsylvania. While t h e  bonds achieved 

i n  t h i s  program are  s t rong .(average v e r t i c a l  p u l l  s t reng th  o f  over  100 grams), 

t h e  system has n o t  y e t  demonstrated adequate speed i 'n making bonds t o  meet t h e  

throughput ra tes  o f  t h e  MEPSDU Program. 

U l t r a s o n i c  seam bonding w i l l  be deemed a  v i a b l e  method when re1 i a b i l  i t y  i s  

proven on a  continuous bas is  as determined by cons is ten t  q u a l i t y  o f  bonds, 

h igh  y i e l d s ,  and demonstrate t h a t  t a r g e t  bond c y c l e  t imes can be met t o  

achieve t h e  des i red  throughput r a t e .  Fur ther  t e s t i n g  and l a r g e  number of 

bonds must be made t o  make t h i s  determinat ion.  

I n  t h e  i n t e r e s t  o f  min imiz ing  techn ica l  r i s k ,  pulsed heat  so lde r  r e f l o w  w i l l  

be considered as the  back-up in te rconnec t  technique. I f  t h i s  technique i s  

used, t h e  interconnect  w i l l  be made from pre- t inned copper; and the  machine 

w i l l  con ta in  f l u x  a p p l i c a t i o n  s t a t i o n s  p r i o r  t o  each pulse bond s t a t i o n  and 

appropr ia te  f l u x  clean-up equi pment . 

(4)  In terconnect  Conf igura t ion  

The proposed interconnect  con f igu ra t i on  i s  .0015 i n c h  t h i c k  1145 a1 uminum w i t h  

prepunched round holes f o r  minimum stamping cos t  (see Figure 7 ) .  The prepunched 

in terconnect  mater ia l  w i l l  be s t o r e d  and brought t o  t h e  machine on l a r g e  r e e l s  

t o  minimize t h e  need fo r  l oad ing  and unloading them from t h e  machine. 

(5 )  Proposed Plachine Design 

K&S i s  t o  design, bu i l d ,  and d e l i v e r  .a tabb ing  and s t r i n g i n g  machine which 

w i l l  assemble 2.5 x  9.08 cm rec tangu la r  s o l a r  c e l l s  i n t o  se r ies  s t r i n g s  o f  45 

o r  fewer c e l l s  (approximately 4' l o n g  s t r i n g s )  w i t h  t h e  s t r i n g s  t o  be placed 

i n  f i n a l  module format of four  (4 )  s t r i n g s  wide (approximately 16" x  48").  

The t a r g e t  machine cyc le  t ime i s  f i v e  seconds/cel l  w i t h  a  y i e l d  o f  95% o r  

b e t t e r .  



. . 

Figure 7. Proposed Interconnect Configuration 



Figure  8 shows a  f l o w  diagram f o r  the  proposed machine. The machine t o  be 

developed and b u i l t  (see Figures 9 and 10) w i l l  have a  s ta . t i on  where c e l l  s  a re  

automat ical  l y  dispensed from casset tes t o  an a1 ignment s t a t i o n .  A  wa lk ing  

beam conveyor p i cks  up t h e  c e l l  and indexes i t  t o  t h e  f i r s t  bond s t a t i o n .  I n  

t h i s  bond s t a t i o n  the  f o i l  in te rconnect  w i l l  be fed  f rom a  pre-punched cont inu-  

ous r o l l  of aluminum f o i l ,  sheared and t r a n s f e r r e d  i n t o  p o s i t i o n  over  t h e  c e l l ,  

and bonded t o  t h e  c e l l  by an u l t r a s o n i c  r o t a r y  seam bonder system. 

The walk ing beam conveyor then indexes t h e  c e l l  t o  an i nve r te , r  system.which 

i n v e r t s  t h e  c e l l  and places i t  on t h e  s t r i n g  conveyor i n  p o s i t i o n  t o  be bonded 

t o  t h e  back o f  t h e  previous c e l l  by a  r o t a r y  u l t r a s o n i c  bonder w h i l e  t h e  . ... c e l l  

i s  s t i l l  b e i n g  h e l d  by the  i n v e r t e r .  The s t r i n g  conveyor then indexes "the 

c e l l s  as they a re  j o ined  together  i n t o  s t r i n g s  . . approximately four  ( 4 )  f e e t  i n  

length .  , .  , 

When each s t r i n g  i s  completed, i t  i s  a u t o m a t i c a l l y  p icked up us ing  a  track-mounted 

vacuum lance 'and moved t o  a  t e s t  s t a t i o n  where t h e  s t r i n g  w i l l  be t e s t e d  p r i o r  

t o  being placed i n  t h e  module a r ray  area i n  i t s  des i red  format. The vacuum 

lance mainta ins t h e  i n t e r c e l l  mechani.ca1 spacing, and a  t r a c k  h i 1  1  be prov'ided 

w i t h  detents t o  l o c a t e  t h e  s t r i n g s  f o r  c o r r e c t  i n t e r s t r i n g  spacing. A  r e j e c t  

s t a t i o n  i s  provided i n  t h e  discharge area i n  case i t  i s  determined t h a t  t he  

c e l l  s t r i n g  should no t  be de l i ve red  t o  t h e  module a r r a y  area. 

F. Economic Analys i  s  

To e s t a b l i s h  t h e  c a p a b i l i t y  f o r  per forming d e t a i l e d  economic analyses, a  com- 

p u t e r  te rmina l ,  i n c l u d i n g  a CRT and Modem, has been leased and w i l l  be used 

e x c l u s i v e l y  f o r  MEPSDU cos t  ana lys i s  (SAMICS) . Dur ing February, an engineer 

and a  techn ic ian  attended an i n t r o d u c t o r y  te rmina l  usage seminar g iven by t h e  

computer l e a s i n g  se rv i ce  personnel i n  P i t t sbu rgh .  

Cur rent ly ,  a c t i v i t y  i n  t h i s  area i s  l i m f  t e d  t o  p r a c t i c e  and f a m i l i a r i z a t i o n  

exerc ises.  Actual SAMICS c a l c u l a t i o n s  w i l l  be i n i t i a t e d  when t h i s  f a m i l i a r i z a -  

t i o n  task  has been completed. 
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Figure 8. Block Diagram o f  Proposed Machine Design 
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G. Documentation 

(1) Qual i t y  Assurance Plan 

A p r e l  im inary  Qual i ty  Assur,ance P1a.n has been prepared f o r  t he  MEPSDU Program. 

Th is  p lan  de l ineates  the. bas ic  Oual i ty Assurance pol  i c i e s t  and requirements t h a t  

w i l l  be app l i cab le  t o  areas such as design c o n t r o l ,  p'rocurement c o n t r o l ,  i n -  

spect ion,  t e s t ,  and process con t ro l s ,  e tc .  The p lan  a l s o  inc ludes a manufac- 

t u r i n g  f low c h a r t  which. incorpora tes  i nspec t ion  p o i n t s  f o r  rece iv ing ,  in-process 

and f i n a l  inspect ions ,  along w i t h  a b r i e f  n a r r a t i v e  d e s c r i p t i o n  o f  each inspec- 

t i o n  o r  t e s t .  

Along w i t h  the  Qual i t y  Assurance Plan, an out1 i n e  o f  t h e  contents o f  a Qual i ty  

Inspec t ion  Procedure t h a t  w i l l  be developed t o  perform ' f ina l  workmanship inspec- 

t i o n  o f  MEPSDU modules has been prepared. Th is  Q u a l i t y  Inspect ion  Procedure 

4 1 1  meet t h e  i n t e n t  and requirements of JPL Document 5101-21 Rev. By  "Accep- 

tance1Reject ion C r i t e r i a  f o r  JPLILSA Modules. " Both t h e  Qual i ty  Assurance Plan 

and t h e  Q u a l i t y  Inspect ion  Procedure o u t l i n e  were inc luded i n  t h e  P re l im ina ry  

Design Review Package submitted t o  JPL. 

(2 )  Module Engineering and Manufactur ing Documentation 

The Module Engineering 'and Manufactur ing Documentation cons is t s  o f  a l l  MEPSDU 

module drawings and a module manufactur ing f low char t .  The f l o w  c h a r t  d e t a i l s  

t he  prepara t ion  o f  t h e  layup o f  ethy lene v i n y l  acetate,  Craneglas, Korad, and 

s o l a r  c e l l  subassemblies on a tempered f l o a t  g lass  superstrate;  t h e  l am ina t ion  

of t h i s  layup; t h e  feedthrough o f  e l e c t r i c a l  conductors t o  an ex terna l  housing; 

t h e  i nco rpo ra t i on  o f  t he  assembly i n t o  a frame; and t h e  i nspec t ion  and t e s t i n g  

of t h e  MEPSDU modules p r i o r  t o  c r a t i n g .  

Th is  document has been submitted t o  JPL as a p a r t  of t h e  Pre l im inary  Design 

Review Package. 



(3 )  Programmatic Documentation Sublni t t a l  Status 

A1 1 programmatic documentation spec i f i ed  i n  t h e  westinghouse MEPSDU con t rac t  

has been submitted i n  accordance w i t h  schedular requirements. A l i s t  of the  
Programmatic Documentation and submi t ta l  dates are  compiled i n  Table 4. 

(4 )  A c t i v i t i e s  Planned f o r  Next Q u a r t e r l y  Report ing Per iod 

The second quar te r  o f  t h e  Westinghouse MEPSDU program covers the  pe r iod  March 1 

through May 31 , 1981. The f i r s t  s i g n i f i c a n t  mi les tone o f  t h i s  quar te r  i s  t he  

P re l im ina ry  Design Review, scheduled f o r  March 4 and 5 a t  JPL. The design re -  
view w i l l  focus on t h e  MEPSDU module design, the  P r e l i ~ ~ ~ i n a r y  Process Sequence, 

the  Automated C e l l  In terconnect  S ta t ion ,  and t h e  ~ u a l i t ~ '  ~ s s h r a n c e  Program. 

Subsequent engineer ing work i n  March w i l l  be d i r e c t e d  toward r e s o l v i n g  areas 

o f  concern i d e n t i f i e d  a t  t h e  P re l im ina ry  Design Review by JPL personnel. I n  

a d d i t i o n ,  generat ion o f  equipment spec i f i ca t i ons  and vendor contacts w i l l  be 

cont inued f o r  a l l  MEPSDU work s ta t i ons .  

SAMICS cos t ing  work w i l l  be i n i t i a t e d .  It i s  a n t i c i p a t e d  t h a t  our  f i r s t  com- 
p u t e r  run  w i l l  be made i n  A p r i l .  

Work on t h e  Ku l i cke  and Sof fa  subcontract  w i l l  con t inue on machine concepts, 

and 1 ayouts w i l l  proceed on i n d i v i d u a l  s t a t i o n s .  Work i n  c o n t r n l  system area 

w i  11 ' focus on determinat ion  o f  t h e  components t o  be ' u t i  1 i z e d  t o  con t ro l  auto- 

mated func t i ons  o f  t h e  machine. Hardware and sof tware requirements o f  t h e  

machine t o  be developed and b u i l t  w i l l  proceed, as we l l  as dec is ions  made on 

procurement o f  spec ia l  i z e d  i tems t o  be used, depending, upon lead  t imes f o r  

these components. 



TABLE 4 

PROGRAMMATIC DOCUMENTATION SUBMITTAL STATUS 

ITEM 

1..  BASELINE COST ESTIMATE 

2. SCHEDULE ACCOMPLISHMENT REPORT 

3 .  PROGRAM PLAN AND WBS 

4. TECHNICAL PROGRESS REPORT 

5. F INANCIAL -REPORT 

6. DESIGN' REVIEW PACKAGE 

SUBMITTAL DATE(S) 

DECEMBER 17 ,  1980 

DECEMBER 1 7 ,  1980 

JANUARY 1 4  ,. 1981 

FEBRUARY 16 ,  1981 

DECEMBER 17 ,  1 9 8 0  

JANUARY 15 ,  1 9 8 1  

FEBRUARY 15 ,  1981 

DECEMBER 1 5 ,  1980 

JANUARY 1 4 ,  1981 

FEBRUARY 16, 1981 

FEBRUARY 19, 1981 

' QU.S. GOVERNMENT rnlNTlNG OFFICS; 1080-7Wl.l45/17n7 




