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Abstract 
During this contract, receivers and encapsulated cell strings were fabricated utilizing 
four (4) different encapsulating materials in accordance with BDM-PRDA 35 Receiver 
Design as defined in Sandia National Laboratories, Document No. 68-9412. Three five­
cell laminated segments, two one-foot receiver assembly and one five-foot receiver 
assembly were fabricated using each of the four encapsulating materials. The segments 
and assemblies were delivered to Sandia National Laboratories, Albuquerque, New 
Mexico for testing and evaluation. A manufacturing cost comparison was made per five 
feet receiver using each of the four encapsulant materials and assuming/1MW /year 
production quantity. 
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1.0 INTRODUCTION 

The objective of this work was to evaluate various encapsulants for the BDM­

PRDA 35 PY receivers, using four different encapsulating materials. ASEC is to 

build three each five cell string laminates, two each one-foot receiver assembly 

segments, one each five-foot receiver assembly and deliver the items to Sandia 

National Laboratories to test and evaluate the encapsulating material. 

Furthermore, ASEC is to make an economic analysis of the cost per five feet 

receiver assembly for mass production using each of the four encapsulant. A 

secondary objective was to evaluate the method of application of the material. 

2.0 TECHNICAL DISCUSSION 

The PRDA 35 BDM receivers used polyvinyl butyral (PYB) as the encapsulant to 

bond the cell string to the Pyrex glass superstrate. When PYB is exposed to 

elevated temperature ( l20oC) in the presence of oxygen, the PYB will turn 

brown in color and/or bubble. Neither condition is desirable for concentrator 

applications. This program is to assess the suitability of other materials as the 

encapsulant. The following materials were to be evaluated: 

a) Dow Corning Sylgard 184. 

b) General Electric RTY 615 

c) McGhan NuSil R-2602 

d) 3M Film NPE-1677 

2.1 Program OUtline 

The program consists of four (4) tasks. 

2.1.1 Task 1 

Under Task 1, ASEC fabricated three (3) each five-cell string laminates with 

each of the four materials listed above. The details of the laminates are shown 
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in ASEC Drawing D-202982. lO-inch long pigtails were attached to the 

laminates for electrical connection. 

2.1.2 Task 2 

Under Task 2, ASEC fabricated two (2) each, one-foot sections of the PRDA 35 

8DM receivers using each of the four materials listed above as the encapsulant. 

The detailed receiver assembly is shown in ASEC 'Drawing D-202986. The 

extrusion is cut to one foot length and one (I) five (5) cell laminate is attached 

to each side of the extrusion. 

2.1.3 Task 3 

Under Task 3, ASEC fabricated one each five-foot receiver section using each of 

the four materials listed above as the encapsulant. The receiver assembly is 

shown in ASEC Drawing D-202986. 

2.1.4 Task 4 

Under Task 4, ASEC performed an economic analysis on a five foot receiver 

section using each of the four materials as the encapsulant. 

2.2 Cell String And Module Segment Design 

The cell stack assembly consists of Corning 117740 Pyrex glass superstrate, 

encapsulant and concentrator solar cell. The encapsulated cell string assembly is 

bonded to an anodized aluminum extrusion with Emerson-Cuming 114952 white 

thermally conductive R TV. 1.8 mil thick Kapton tape applied to the extrusion is 

used as the dielectric insulator. The specification and application of the 

encapsulation materials will be discussed in the following paragraphs. 
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2.2.1 Dow Coming Sylgard 184 

Sylgard 184- is a high strength, room temperature curing silicone elastomer, 

supplied as a two componant pourable system. It is a clear formulation with over 

90% light transmission in a thin section and its index of refraction matches that 

of the glass. The room temperature cur ing time is high. It can be cured in 

elevated temperatures to shorten curing time. It has relatively low vicosity (800 

CPS) which will be even lower under elevated temperature. The degassing time 

of the mixture is moderate, 5-10 minutes per 150 milligram in 30 inches of 

mercury vacuum. Because of the low viscosity, dammed fixturing is required to 

retain the Sylgard 184- in place. Also it requires the fixtures to be level. When a 

cell string is placed on top of the adhesive, small bubbles will appear between 

the cells and the glass. The bubbles are removed by applying pressure starting 

from one end of the cell string to the opposite end. The most time-consuming 

operation is to clean the encapsulated cell string assembly. Although the parts 

can be handled after one (1) hour of elevated temperature curing, complete 

curing will occur between 7-10 days at room temperature. Alcohol, MEK, 

Acetone, etc. cleansers must not be used for cleaning purposes because the 

uncured elastomer will absorb some quantities of solvent which will prevent 

complete curing of the adhesive. 

2.2.2 General Electric RTV-615 

It is a two component silicone elastomer formulated for room temperature 

curing. The basic viscosity is 5000 CPS. The light transmission and index of 

refraction are the same as those of Sylgard 184-. RTV-615 has a very long (25-30 

Min.) degassing time. Its application and fixturing are the same as those of 

Sylgard 184-. The viscosity drops to 200-300PCS during temperature curing for a 

short period of time which may create voids or bubbles. The same technique 
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used with Sylgard 184 to remove bubbles may be used with RTV-615 and cleaning 

of parts is similar to that of Sylgard 184. 

2.2.3 MeGhan Nu-Sil R-2602 

It is the direct descendant of the discontinued GE-RTV-602. The two component 

elastomer is formulated for room temperature curing or for moderate 

temperature curing with a different catalyst. The viscosity is 1200 CPS which 

immediately starts to increase after mixing and degassing. The degassing time is 

about 5 minutes. Application of R-2602 is the easiest among the three 

elastomers used in the program. However, the curing time to handle the part is 

very long 10-12 days to complete curing. Although the fixturing is not as critical 

as in the two previously described materials, it requires damming and leveling of 

the fixture. The cleaning of the encapsulated parts is the same as that of the 

Sylgard 184 or RTV-6l5. 

2.2.4- 3M Film NPE-1677 

This is a proprietory formulation, heat-pressure sensitive, 15 mil thick film 

supplied on a po.!Ymer ic carr ier. The film is tacky to the touch and it is highly 

adhesive. The film is applied to the clean surface of the coverglass, the 

pol'fT1eric carrier is easily removable and then the cell string is placed over the 

film on the pre-determined area. No holding fixture or taping is required 

because of the high adhesion characteristic of the film. The parts now can be 

batch processed in temperature and pressure controlled equipment in a vacuum 

bag. Processing temperature is 150°C @ 100 PSI and 29 inches of mercury 

pressure in the vacuum bag. There is no after process cleaning required since 

the film does not melt or flow. 
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3.0 COST ANALYSIS 

The cost of materials and the man hours required for manufacturing will be 

discussed in this paragraph. The analysis based on 1 MW per year production. 

Table No.1 shows the module parameters and the estimated module performance. 

From this figure, it is concluded that about 6.5 thousand modules are required to 

produce IMW of power. Assumption was made that state-of-the-art 

manufacturing technology would be used. 

This cost analysis does not deal with equipment, tooling, etc. installation, G & A, 

or profit G & A, and structure of any manufactur ing facility. It shows the cost 

of material which makes up the module and the estimated man hours required to 

complete a module. A labor rate of $6.00/Hr. and an overhead rate of 250% 

were assumed for the calculation. 

Table No.2 shows the cost of the common materials used in each of the four 

modules and shows the common labor hour requirement that is present in each 

module. Table 3 shows the concentrator cell cost. Tables 4,5,6, and 7 show the 

estimated cost of the modules with the four different encapsulation. Table 8 

presents the module cost and the dollar per watt cost of the module. 

4.0 CONCLUSION 

R TV Silicone elastomers have been used for encapsulating solar cells especially 
They have 

in space panel fabrication. good weatherability, good thermal stability, 

and high resistance against UV radiation. All these characteristics are desirable 

for concentrator application. However, only very limited data is available yet of 

its long time endurance under concentrated sunlight. The difficulty in 

application, cleaning, etc., make the elastomers more difficult to automate and 
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less cost effective. A new application or processing technology has to be 

developed. 

The economic analysis indicates the cell cost dominates the module cost which is 

relatively insensitive to the type of encapsulant chosen. 
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TABLE 1 

MODULE ESTIMATED OAT A 

Module Parameters 

44 Solar Cells, 22 On Each Side of the "V" Substrate: 

Cell Size: 

Connection: 

Diode: 
o 

Concen tra tion Ratio: 

Overall Length: 

Estimated Performance 

Efficiency: 

Insolation: 

Module Output: 

1 mW = 
o 

1.8 x 6.46cm Active Area 

22 in Series, Each Side 

(4) Four By-Pass Diode on Each Side, Internally 
Connected 

27.75 Suns 

58 Inches 

13.5% @ 550 C Cell Temperature 

800 w/m2 = .08 w/cm2 

1.8 x 6.46 x .8 x .135 x 27.75 x 44 = 153.3W 

Approximately 6.5 K Receiver 
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TABLE 2 

COST OF COMMON MATERIALS AND COMMON 

LABOR HOUR REQUIREMENT 

COST OF MATERIAL PER MODULE 

Material DescriEtion Unit Cost Reguirement 

Al Extrusion, Substrate $1.00/1b. 3.75 lb. 

Pyrex Substrate 6.50 Ea. 8 Pes. 

Cu.Ribbon, Solder Clad 19.95/1b. .32 lb. 

End &: Wire Cover, Die-Cast .22 Ea. 4 Pes. 

Diode, By-Pass 2.25 Ea. 8 Pes. 

Retainer Clips .45 Ea. 36 Pes. 

Bonding, 114952 W RTV 13.50/1b. .33 lb. 

Insulating Tape, Misc. 

Miscellaneous 

TOTAL 

COMMON LABOR HR. REQUIREMENT PER MODULE 

Substra te Machineing &: Finishing 

Soldering &: Cleaning 

Testing 

Taping 

Cell Assembly Lay Down 

Dielectric &: Functional Test 

Final Assembly &: Cleaning 

Final Test (l Sun) 

TOTAL HOURS 

-8-

.42 Hr. 

.75 Hr. 

.25 Hr. 

.66 Hr. 

.30 Hr. 

.10 Hr. 

2.20 Hrs. 

.10 Hr. 

4.78 Hr. 

TOTAL 

$ 3.75 

52.00 

6.40 

.88 

10.25 

16.20 

4,50 

6.50 

1.75 

$102.23 



TABLE 3 

SOLAR CELL COST 

The following costs and rates are assumed. 

High Purity Polysilicon 

Labor Rate 

Manufacturing Overhead 

Metalliza tion 

Silicon 

Metallization 

0.2 Hr/Cell 

Overhead 

At 30% Yield 

COST/CELL 

COST/CELL = 

-9-

$65/Kilogram 

$ 6/Hour 

250% 

$0.30/Cell 

$1.00 

.30 

1.20 

3.00 

$6.00 

$7.50 



RTV-615 ENCAPSULANT 

Basic Material Cost 

Cost of RTV - 615 

Lay-Up Tape 

Primer 

TABLE 4 

ESTIMATED COST OF MODULE 

$21.3/lb. @ .65lb./Module 

$102.23 

13.84 

1.64 

.45 

TOTAL MATERIAL: $118.16 

SOLAR CELL 

Basic Labor Hour 

Lay-Up Prep. 

Encapsulation (Elevated Temperature) 

Cleaning 
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TOTAL HOURS: 

4.78 Hr. 

.26 Hr. 

.40 Hr. 

.30 Hr. 

$5.74 Hr. 



RTV-2602 ENCAPSULANT 

Basic Material Cost 

RTV-2602 

Lay-Up Tape 

Primer 

TABLE 5 

ESTIMATED COST OF MODULE 

$50.00/1b. @ .65 lb./Module 

$102.23 

32.50 

1.64 

.45 

TOTAL MATERIAL: $136.82 

SOLAR CELL 

Basic Labor Hour 

Lay-Up Prep 

Encapsulation (Room Temperature 

Cleaning 

-11-

TOT AL HOURS: 

4.78 Hr. 

.26 Hr. 

.56 Hr. 

.30 Hr. 

5.90 Hr. 



TABLE 6 

ESTIMATED COST OF MODULE 

SYLGARD 184 ENCAPSULANT 

Basic Material Cost 

Sylgard 184 $20.2/lb. @ .65 lb./Module 

Lay-Up Tape 

Primer 

$102.23 

13.13 

1.64 

.45 

TOTAL MATERIAL: $117.45 

SOLAR CELL 

Basic Labor Hr. 4.78 Hr. 

Lay-Up Prep .26 Hr. 

Encapsula tion (Elev. Temp) .40 Hr. 

Cleaning .30 Hr. 

TOT AL HOURS: 5.74 Hrs. 
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TABLE 7 

ESTIMATED COST OF MODULE 

3-M IINPE-1677 ENCAPSULANT 

Basic Material Cost 

NPE-1677 Film 2 2 6.5/Yrd; @ $.1 Yrd. 

$102.23 

.65 --
TOTAL MATERIAL: $102.88 

SOLAR CELL 

Basic Labor Hr. 4.78 Hr. 

Lay-Up .05 Hr. 

Encapsulation (Batch Process) .01 Hr. 

TOT AL HOURS: 4.84 Hrs. 

-13-



Module Material Cost 

Labor Cost * 

Cost of 44 Cells 

At 95% Yield, Cost/Module 

COST/WATT 

TABLE 8 

MODULE COST 

RTV-615 RTV-2602 

$108.16 $136.82 

120.54 123.90 

330.00 330.00 

$558.70 $590.72 

$588.11 $621.81 

$ 3.84 $ 4.06 

*Assume $6/Hr. and 250% Overhead 
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SYLGARD-184 NPE-1677 

$ 117.45 $102.88 

120.54 101.64 

330.00 330.00 

$ 567.99 $534.52 

$ 597.88 $562.65 

$ 3.90 $ 3.67 



.. 

.., 
. • : f ~ ... 

" -'t ~~~ 

< 
:;: . . ( i~ 
·";~t .. ..;, , ~~~~~::.): 

~ :l~ii~~ 
; ," :rli~5~ 

·;~a .. :~~ i i>t~(I,~5:§~ . .. .. .. 1 ~ i! 

• .l~!~:lgi' 
.~~~ l.j~ ~. 
;zhh~ -" 
;!~~~i!;W 
~f , ~. §~ .. .,e 
!~'''~~I5 .. :;:=t'i 
~f*}.. JI:!:!;" 
f ·~Ui ' ~!~ • ~~if~ .. ~p 
~~i··~H:.~ 
~uHab~~ 
~'*l~<@ «l .. 

• 



.. 

... 

• 

.. 

.. 

• 
16 



DISTRIBUTION LIST: 

Acurex corporation (3) 
Attn: George sutton 

Bob Spencer 
John Kull 

485 Clyde Avenue 
Mountain View CA 94042 

Aerospace Corporation 
Attn: Ed Simburger 
2350 El Segundo Blvd. 
El segundo, CA 90266 

Alliance Tool Corp. 
Fresnel Optics Division 
Attn: Helmut walter 
1300 Mt. Read Blvd. 
Rochester, NY 14606 

Applied Solar Energy Corp. (10) 
Attn: Frank Ho 

Ken Ling (9) 
15251 E. Don Julian Road 
City of Industry, CA 91746 

ARCO Power Systems 
Attn: Floyd Blake 
Suite 307 
7061 S. university Blvd. 
Littleton, CO 80122 

Arizona State university (2) 
Attn: Charles Backus 

Robert Sanderson 
College of Engineering 
Tempe, AZ 85281 

Ray Bahm & Associates 
Attn: Ray Bahm 
2513 Kimberly Court NW 
Albuquerque, NM 87130 

Battelle 
Attn: Don carmichael 
505 King Avenue 
Columbus, OH 43201 

Dist. 1 

The BDM Corporation (3) 
Attn: Tim Lambarski 

Wayne Kauffman 
Bill Schwinkendorf 

1801 Randolph Road SE 
Albuquerque, NM 87111 

Boeing Engineering & Const. Co. 
Attn: Roger Gillette 
P. O. Box 3707 
Seattle, WA 98124 

Burns & Roe, Inc. (2) 
Attn: G. A. Fontana 
800 Kinderkamack Road 
Oradell, NJ 07649 

Chevron Research (2) 
Attn: John Cape 

R. Creek 
576 Standard Avenue 
Richmond, CA 94802 

Cyro Industries 
697 Route 476 
Clifton, NJ 07015 

U. S. Dept. of Energy (2) 
ALO 
Attn: James Morley 

Ethan Walker 
P. O. Box 5400 
Albuquerque, NM 87115 

U. S. Dept. of Energy 
Attn: John Hanson 

Nuclear & Geosciences Div. 
P. O. Box 5400 
Albuquerque, NM 87115 

U. S. Dept. of Energy (8) 
Div. of PV Energy Technologies 
Attn: R. Annan 

M. Prince 
L. Herwig (5) 
A. Scolaro 

1000 Independence Ave. SW 
Washington, DC 20585 



EPRI 
P. O. Box 10412 
Palo Alto, CA 84303 

E-Systems (2) 
Attn: Mark O'Neill 

A. J. McDanal 
P. O. Box 226118 
Dallas, TX 75266 

General Electric Co. 
Attn: Ron Hodge 
P. O. Box 527 
King of prussia, PA 19406 

International Rectifier 
Attn: Harold Weinstein 
235 Kansas street 
El Segundo, CA 91214 

Intersol Power Corporation 
Attn: John Sanders 
7400 W. Radcliff Avenue 
Littleton, CO 80123 

Jet Propulsion Lab (2) 
Attn: K. Shimada 

R. Ferber 
4800 Oak Grove Drive 
Pasadena, CA 91109 

Jet Propulsion Lab 
Solar Data center 
MS 502-214 
4800 Oak Grove Drive 
Pasadena, CA 91106 

J. Baumann 
P. O. Box 179 
Denver, CO 80201 

Martin Marietta ( 3) 
Attn: R. Hein 

D. Hughes 
J. Baumann 

P. O. Box 179 
Denver, CO 80201 

Microwave Associates 
Attn: Joel Goodrich 
South Avenue MS-116 
Burlington, MA 01803 

Dist. 2 

McGraw Hill 
607 Boylston st. 
Boston, MA 02116 

3M 
Attn: Sanford Cobb 
Industrial Optics 
235 2015 
3M Center 
St. paul, MN 55144 

Motorola 
Attn: Keith Kingston 
GED 
8201 E. MCDowell 
Scottsdale, AZ 85252 

NASA, HQ 
Attn: John Loria 
Code RET-l 
Washington, DC 20546 

New Shelter Home Magazine 
9317 Shoshone 
Albuquerque, NM 87111 

Oak Ridge National Lab 
Attn: steve Kaplan 
P. O. Box X 
Oak Ridge, TN 37830 

Oklahoma University 
571 South university Blvd. 
Norman, OK 

Photowatt (2) 
Attn: William Taylor 

Mike Keeling 
2414 W. 14th street 
Tempe, AZ 85281 

Power Hybrids 
Attn: Jeff Meyer 
1742 Crenshaw Blvd. 
Torrance, CA 90501 

PRe 
Attn: E. Stirewalt 
201 Leesburg pike 
Suite 400 
Falls Church, VA 22070 



purdue University (2) 
Attn: Richard Schwartz 

Mark Lundstrom 
Electrical Engineering Dept. 
west Lafayette, IN 47907 

Quantum Specialties 
Attn: James E. Molle 
163 Verde Circle 
Rohnert Park, CA 94928 

Research Triangle Institute 
Attn: Mayrant Simons 
BOX 12194 
Research Triangle park, NC 27709 

SERI (3) 
Attn: Gene Blakeslee 

Lee Cole 
John Benner 

1617 Cole Blvd. 
Golden, CO 80401 

SERI, Library (2) 
1536 Cole Blvd., Bldg. #4 
Golden, CO 80401 

SOLAREX 
Attn: John V. Goldsmith 
1335 piccard Dr. 
Rockville, MD 20850 

Solar Kinetics, Inc. 
Attn: Gus Hutchison 
Box 47045 
Dallas, TX 75247 

Solar 
Attn: 
Route 
Santa 

Works 
Paul Wilkins 

2, Box 274 
Fe, NM 87501 

Southern Cal Edison 
Attn: Spencer Carlisle 
2244 Walnut Grove Ave. 
Rosemead, CA 91770 

spectrolab 
Attn: Brian Elm 
12500 Gladstone Avenue 
Sylmar, CA 91342 

Dist. 3 

Spire (4) 
Attn: S. Tobin 

M. Nowlan 
R. Little 
S. Rechtoris 

Patriots Park 
Bedford, MA 01730 

Star Light Energy 
Attn: J. Furber 
1717 18th Street NW 
Washington, DC 20009 

Strategies unlimited 
201 San Antonio Circle 
Suite 205 
Mountain View, CA 94040 

Thermo Electron 
Attn: Ron Schar lack 
45 First Avenue 
Waltham, MA 02154 

UNM/NMERI 
Attn: G. Leigh 
Campus Box 25 
Albuquerque, NM 87131 

Varian & Associates (2) 
Attn: Peter Borden 

N. Kaminar 
611 Hansen Way K-219 
Palo Alto, CA 94303 

University of Wisconsin 
Attn: Prof. J. D. Wiley 
Dept. of Electrical Engineering 
Madison, WI 53706 

Wright Patterson 
Attn: Jack Geis 
AFWAL/POOC 
Wright Patterson 

Wyle Labs {2} 

AFB 

AFB, OH 

Attn: Dave Christenson 
George Meares 

7800 Governors Drive West 
Huntsville, AL 35807 



1133 R. Chaffin 
1133 J. Wiczer 
1811 R. Assink 
1811 C. Reuschler 
1822 J. Sweet 

Attn: M. Moss 
R. Pettit 

1823 M. Chamberlain 
1845 R. Eagan 
2146 M. Garner 
2146 B. Nasby 
2146 J. Rodriguez 
2146 H. Weaver 
9700 E. Beckner 
9720 D. Schueler 
9721 J. Banas 
9721 H. Gerwin 
9723 E. Burgess 
9724 E. Boes 
9723 C. Rogers 
9724 D. Arvizu 
9724 L. Beavis 
9724 C. Chiang 
9724 M. Edenburn 
9724 B. Hanson 
9724 D. King 
9724 A. Maish 
9724 M. Rios 
9724 B. Rose 
9724 R. Siegel 
9724 C. Stillwell 
3141 L. J. Erickson (5) 
3151 W. L. Garner (3 ) 
3154-3 C. H. Dalin (25) 

For DOE/TIC (Unlimited Release) 
8214 M. A. pound 

Dist. 4 




