General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



9950-1139
DOE/JPL 956334 -84 /0)

DRL .{0. 188 JPL Contract No. 956334
DRD No. SE-2 . | FR-60038

2 \
(NASA-CE-176134) BLOCK 5 DOCUMLNTATIUN AND N85-33504
SOLAX MODULES Final Heport (Spire Corp.,
Bedford, HMass.) 27 p HC AUiI/Br AT 1 CSCL 10B
Uuclas
G344 22101




FR-60038
DRL No. 188 DOE/IPL-956334-|
DRD No. SE-2 Distribution Category UC-63

A Final Report for:
BLOCK V DOCUMENTATION AND
SOLAR MODULES

February 28, 1983

Submitted to:
JET PROPULSION LABORATORY
4800 Qak Grove Drive
Pasadena, California 91103

Submitted by:
SPIRE CORPORATION
Patriots Park
Bedford, Massachusetts 01730




This report was prepared as an account of work
sponsored by the United States Government, Neither the
United States nor the United States Department of
Energy, nor any of their employees, nor any of their
contractors, subcontractors, or their emplovees, makes
any warranty, express or Implied, or assumes any legal
liahility or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or
process disclosed, or represents that its use would not
infringe privately-owned rights.



ABSTRACT

Design and fabrication of Spire Corporation's
Block V photovoltalc {lat-plate module is reviewed.
These modules exhibited power of about 70 watts under
standard test conditions. Results of performance and
environmental testing are provided.
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SECTION |
INTRODUCTION

This is the final design report for JPL Contract 956334, "Block V Documentation
and Solar Cell Modules." In this work Spire delivered ten high performance flat-plate
modules. This report reviews thelr design, fabrication and testing.

Figure i-1 replicates the interface control drawing, which Indicates the manner In
which a 5 kW array is mounted on a residential structure. In Figure 1-2, we show the
interface control drawing which illustrates the module construction. These drawings
serve to acquaint the reader with the general module design. In Section 2 of this report,
we provide additional data on the module design and fabrication.

The Spire Block V modules were formed from cells having an average efficiency of
13%. Module efficlency at 25°C was 10%. Further information on performance and

testing may be found In Sections 3 and 4,
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SECTION 2
AtODULE DESIGN

This sectlon reviews in detall the module design and construction, Included is &
discussion of the solar cell and encapsulation system employed.

2.1 MODULE DIMENSIONS

The overall dimensions of the Spire Block V module are 23.44 + .07 Inches by
44,63 + .07 inches, as shown by the panel assembly drawing In Figure 2-l1. The design
minimizes edge shadowing for angles of up to #5°% Solar cell packing factor for this
deslgn Is 757%. It can be seen from Figure 2-1 thst the module consists of 72 silicon
solar cells, Maximum welght of the module Is 16 Ibs

2-1
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2.2 ENCAPSULATION AND EDGE SEALING SYSTEMS

The encapsulation system Is based on a glass superstrate approach utilizing
ethylene vinyl acetate (EVA) adhesive and a laminated Tedlar back cover. Figure 2-2
illustrates a cross-section of the encapsulation system. A fiberglass scrim Is employed
beneath the back cover for added mechanical strength. All modules were laminated in the
SPI.LAMINATOR 240, Figure 2-3 jllustrates the edge seal and gasket. No frame was
used In this design.

TEDLAR

by o gmes
S / ~ */7¢ FIBERGLASS
: T a7 ¢ SCRIM (.005")
CLEAR EVA
(.o18")

el

. —
LOW IRON GLASS
SUPERSTRATE (.125")

L]

FIGURE 2-2. CROSS SECTION OF THE SOLAR MODULE ENCAPSULATION SYSTEM
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2.3 ELECTRICAL CONNECTIONS

Electrical connections are made to the module by a prefabricated wire harness,
Location of the output terminals is shown in the panel assembly draewing (Figure 2-1), A
typical 5.2 kV/ array is shown in Figure 2-4.

ELECTRICAL: I12S x B8P, Vhov 180V DC.
MECHANICAL: EVERY OTHER ROW
MOUNTED THE SAME,
ADJACENT ROWS INVERTED [80"

® @ @ &) @ @ @ &
» Sl \./
155 P-r<p €2
D) €3
r Y n 1 ' 2 1 ¢ L ) E
@ ©. © © © © 0 6
l‘ 48'

FIGURE 2-4. TYPICAL 5.2 kW ARRAY
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24  SOLAR CELLS

The solar cells used In the Spire Block V module are made from four inch p-type
Czochralski wafers with a nominal resistivity of between 2 and 10 ochm-cm. The junctlons
are formed by ion implantation of phosphorus and back surface flelds are formed by ion
implantation of boron, resulting in an n'pp” structure. Nominal thickness of the ceils is

20 mils.

Cell metallization comprises lift-off patterned Ti-Pd-Ag. The conductivity of thé
front grid is increased by electroplating silver onto the contact. All cells have a TH:)2
antireflection coating applied by evaporation.

Figure 2-5 illustrates the grid pattern and overall dimensions of the cell. A
parallel busbar interconnect Is used to obtain crack tolerance and low contact resistance,

Average cell performance was 12.7%.

2,5 MODULE CIRCUIT DIAGRAM

The module circuit diagram is illustrated by a detail in Figure 1-2, It consists of
six-cell series strings. The strings are connected in a network of 2 parallel 36 cell strings
cross-tied every 6th cell. Three by-pass diodes are conrected in series with each other,
Each is in parallel with a twelve-cell string, as illustrated in the figure.

2,6 ROOFTOP MOUNTING

Details of mounting were provided in the interface control drawing in Figure -1,
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SECTION 3
PERFORMANCE

Tables 3-1 and 3-2 list the nominal performance of the Block V module. These
were estimated, based on design experience, at the time of the design review.

TABLE 3-1
NOMINAL MODULE PERFORMANCE AT 80 mW/cm?

Nominal operating cell temperature 49°C
Nominal operating voltage 15V
Average power ' 54.4 v/
Peak power 78.0 W
Average efficiency _ 10.1%
Peak efficiency 11.6%
Average operating current 3,63 A
Peak operating current ' 5,20 A
TABLE 3-2

NOMINAL OPERATING PERFORMANCE AT 100 mW/cm?

Nominal operating cell temperature 56°C
MNominal operating voltage 15V
Average power 68 W
Peak power ' 97.5 W
Average efficiency o 10.0%
Peak efficiency ' : 11.6%
Average operating current 4S5 A
Peak operating current 6.5 A




The packing density of the cells In the Block V module is 75.7%, The temperature
coefficient used to calculate NOCT performance is -0.333 W/°C. The above values for
nominal power were based on experlence gained through development of the Block 1V solar
modules.
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SECTION 4
TEST DATA

Test data for the modules detivered in the program are replicated In Table 4-l.
Average module efficiency was 10,2% (100 mW /cm?2, 25°C) as measured by JPL.

TABLE 4-1
PERFORMANCE DATA FOR DELIVERED MODULES

Serial Spire JPL

Number Pmax{W) Pmax(W)
002 74.9 70,8
003 71.3 ' 70,7
004 70,2 70.7
005 72,0 713
006 73.4 751
007 73.4 71,3
008 70.4 . 70.1
009 69.6 72,0
010 70,5 72.5

01! 70.7 72,5

| Tests and Inspections

Baseline electrical measurements were made and have been reported above. Visual
inspection was carried out to obtain a baseline determination of presence cr absence of
defects. Ground continuity tests were not made, since the module had no external

conductive surfaces.

4.2 Environmental Tests

Modules were subjected to the following environmental tests at JPL:

Thermal cycling (T-50 and T-200)
Humidity freeze (HF-10)
Mechanical loading (M-10K)

Hot Spot (HS-100)

These tests are described in JPL Document 5101-162 (Low-Cost Solar Array Project).
Electrical performance test data is summarized in Table 4-2,
4-1



TABLE 4-2

SUMMARY OF ELECTRICAL PERFORMANCE
AFTER ENVIRONMENTAL TESTING

Module Qutput Delta
[0} Test (6) (%)
SR5H-002 RCVG 70,75 -
Pre-test 71.20 -

T-50 70073 "0'.7

HF-lO 70093 "'Ool‘

M-lOK 69.83 "'lng

SR 5H-003 RCVG 70.74 -
Pre-test 70,52 -

T=50 . 71.10 +0,8

HF-10 70,97 +0,6

M1 0K 69,97 -0.8

T-200 69.14 ~1.4

SR 5H-004 RCVG 70,72 -
Pre-test 70.52 -

T-50 70,27 ~0.4

HF-10 70,78 +0.4

M~10K 68.66 -2.6

ReChECk 69-29 "lo7

T-200 66.87 ~5,2

Recheck N 68.36 -3.1

SR5H-005 RCVG : 71.25 -
Pre-test 71.34 -

SR 5H-006 - RCVG 71.08 -
(Control Module) 71.34 -

' ' 71-50 +0.2

71.17 "0.2

71-’0 "0.3

7[-08 "0.“

70-#5 "l |2

7‘.00 '0-5

70.08 =1.7

70,12 -1.7

69.39 ~2.8

69.43 w27

Re-check 69.43 2.7

70,95 =0.5

70.43 -0.9

70.45 -l.2

70.70 -0.5

70.86 =0.7

t=2



TABLE 4-2 (Continued)

Module Output Delta '
[»] Test (6) (%)
SRJ3H-007 RCVG 71.34 -
Pre-test 71,34 -
T=-30 71.21 ~0,2
HF«10 71,37 -
M-10K 70,25 -l
Pre«HS 70.66 f0
HS-100 70,43 =13
SRSH-00R RCVG 70,07 -
Vendor 70,42 +0.5
Pre-test 70,26 -
T=50 69.33 -1.3
Re-check 69,73 -
HF-10 -
HF-10 6944 -l.1
SR5H-009 RCVG 71.98 -
Vendor 69.63 -3.0
Pre-test 72.28 -
T-50 70.55 ~1.8
HF-10 -
HF-10 69,98 2.7
SR5H-010 RCVG 72.54 -
Yendor 70.47 -3.0
Pre-test . 72.28 -
T-50 7il4 -1,9
HF-10 ' . -
HF-10 71.11 «2.3
SR5H-011 ) RCVG 72.46 -
' Yendor 70.67 ~2.5
Pre-test ' 72.30 -
T=-50 71.08 ' -1.9
HF-10 -
HF-10 70.87 -2.0

‘An Important problem that was discovered during T-50 temperature cycling tests
at JPL was delamination of the back cover. This problem was Investigated in detail and
found to be related to a need for priming the backs of the solar cells prior to lamination.
Subsequent modules fabricated with this problem corrected passed the T-30 test and the
humidity-freeze tests. The modules passed the JPL test sequence,
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SECTION 3
NEW TECHNOLOGY

No reportable items of new technology have bren identified in this contract.
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