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ABSTRACT

Eleotrical characteristics of Spectrolab HEWAC BSF, btextured,

10 ohm-cm, 225 micron solar cells are presented in graphical and tabular
format as a function of sclar illumination intensity and temperature.
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SECTION I

INTRODUCTION

A series of reports {s being generated to present parametric
characterization data on both state-of«~the-art and developmental solar
cells of interest to the photovoltalc community. These data consist of
the electrical characteristics of the candidate solar cell under a wide
range of temperature and illuminetion intensity combinations of the type
encountered in typleal space applications. This series (JPL Publication
78-15) consists of a number of reporta, identified by a volume number,
each devoted to a particular type of solar cell, Previously published
reports with their associated sclar cell descripticns, are listed in
the bibliography to this document. Each report consists primerily of
working graphs and tables and does not address itself to interpretive
conclusions. The formatting of this series of reports is relatively
invariant to facilitate comparisons between the characteristics of any
of the cell types considered in the series. This report contains a set
of parametric data on the Spectrolab HEWAC .0225 em (9 mil)} thick solar
cell which is under development as a high-efficiency wraparound cell,

SECTION II

CELL DESCRIPTION

The cells reported here are advanced development cells manufactured
by Spectrolab for NASA-Lewis Research Center Contract No. NAS3-20065.
They were fabricated from crucible grown, P-type silicon, boron-doped
to a nominal resistivity of 10 ohm-em. The cells are 2 x U x 0,0225
em (9 mils) thick. The front surfaces are textured and the junctions
are formed by diffusion to a depth of 0.15 mierons. A glass dielectrie
compound 1s screen printed on the edges of the cells and the front
contacts are wrapped around this dielectric to connect with the contact
pads on the rear cell surrace. The front contacts are evaporated
Cr-Pd-Ag, and the rear contacts are Al-Cr-Pd-Ag. The aluminum of the
rear contact system is formed using a screen-printed paste which 1s then
fired to form a back surface field (BSF). The subsequent Cr-Pd-Ag
contacts are evaported,

SECTION III

TEST PROGRAM

The solar cells were mounted on a copper test plate using RTV 560.
The test plate was, in turn, mounted to a heat sink with provisions for both
heating and cooling so that the cells could be maintained at the desired
temperature independent of the solar intensity. All testing was carried
out in a vacuum at & pressure of less than 1 x 10™¥ torr.



The illuminntion source used was a Spectrolab Model X-25 Mark II
Spectrosun flitered solar simulator. This simulator uses an optical
integrator lens in the optical system which uniformly distributes a
relatively collimated light beam at specific distances from a 2.50~kW
short-arc xenon lamp. A system of filters modifies the spe .tral dis-
tribution so that 1t approximates that of space sunlight. The light
beam provides a pattern having a uniformity of +1% over an area of
225 cm? at the test plane. Illumination intensity is varied by position
of the simulator in combination with tranamission filters. The sclar
simulator beam is introduced into the vacuum chamber through a window
of 7440 fused silica, The solar intensity and spectral integrity of
the solar simulator are constantly monitored and maintained using space
calibrated stancard cells obtained with the NASA/JPL solar cell balloon
flight standardization program. Photographs of the solar cell, the
assembled plate, and the experimental characterization test facility
are shown in Figures A-1 through A-4 in the Appendix.

The temperature range covered in these méasurements was -160 to
140°9C, while the solar intensity renge covered was 5 to 250 mk/cmZ,
The data were taken at each environment point in the matrix in the
form of an I-Y curve. The approprlate parameters were then read from
the I-Y curves and punched on ¢ards for the computer analysis and curve
plotting functions. The cell temperature was monitored by a thermocouple
attached to the surface of a scparate cell mounted with the cells under
test. Prior, intermediate, and post test ambient measurements were
performed daily to ensure that the accuracy and stabillty of the test
equipment and the test specimens tnemselves were maintained within
+2% duripg the course of the testing program.

SECTION IV

DISCUSS1ON OF RESULTS

A computer program computes statistical averages and standard de~
viations with respect to tlhe measured cells for each intensity-temperature
measurement condition, It then produces summary tables, as shown in
Tables 1 to 7, that display averages and standard deviations of the cell
characteristics in a two-dimensional array format, cne dimension repre-
senting cell temperature and the second dimension representing incoming
light intensity (AMO spectrum). The program then produces plots of the
variocus electrical parameters of interest, with either incident intensity
or cell temperature as the independent varlable, as shown in Figures 1
to 14, Least square fits to the data points are then made automatically
to the measured data points using a second-degree polynomial for most
parameters. The curve factors, AMO eflficiencies, Vo, and Vp, data
points are not fit but are interconnected from point to point. 1In
addition, the program calculates the temperature coefficients of the
pertinent cell electrical parameters of interest, using the aforementioned
curve fits, and plots the coefficients as a function of temperature,
with intensity as a parameter, as shown in Figures 15 through 18.



The figures are intended to be working artifacts; that is, they

are formatted in
nature or may be
input data, etc.
are standardized
(1) All
(2) All
(3) All
{(4) All

(5) ALl

such a way that they can supply intormation of a general
used Lo generate predictions, comparisons, computer

To facilitate comparisons and inputting, all units

as follows:

currents are in units of mA/em2,

voltagea are in units of mV.

power outputs are in units of mk/em2.
curve faotors are in dimenslonless units.

eificiencies are in percentages and are based on

total c¢ell area, '

(6) ALl
(7) ALl

temperatures are in °C,

incoming intensities are in units of mW/om2 and are

representative of an AMO spectrum.

(8 ALl

geometric dimensions are in units of em or m (whichever

1s most convenient conceptually),

The tables included in this report contain complete numerical

Information with

respect to the average values of the following solar

cell electrical parameters: Iga, Voo Imps Ympr Pmax, CF, and
efficiency at each intensity-temperature comblnaticon, For each parame-
ter, at each intensity~temperature combination, the standard deviation
is presented to provides estimates of statistical validity. All effiei-
ency, ocurrent, and power output data are on the basls of unit area
derived by dividing measured output by total cell area.

The Spectrolab HEWAC cells are experimental cells not currently

in production.
here, NASA-Lewis
ment of aimilar,

Since the time of fabrication of the cells reported

Research Laboratory has continued to fund the develop-
but much thinner, cells. As these thinner wraparound

cells become available they will be tested and reported on in the future.
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H =-20.0 P 140.0 SAMPLE SIZE 6
Figure 13. Average Curve Factor as a Function of Intensity
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Figure 15, lgo Temperature Coefficient
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CELL TEwP,

(PEG, C)
slB0, NN
eldD 00
ei 20,00
el 00,00
«B0,00
«00,00
el 00
e20,00
«00
20,00
“rg00
w0,00
80,00
100,00
12n,n0

140,00

Table 1,

$.00

1,45
(s02)
(L]
(.02)
1.52
(402)
1.52
(s01)
1.5¢
(o02)
1.956
(402)
158
(.01}
1.58
(,02)
1,58
{.02)
1.59
(402)
1 |“n
{e02)
1s81
(402)
1462
t.02)
1,03
(02)
1.64
(402)
1484
(402)

Average Short-Circuit Current, mA/cm?

19,00

Uy 28
(«04)
U L
(+04)
'YL
(+0%)
“aur
(«04)
480
(.08)
“.52
(.Uu)
“ye59
(«08)
dabl
(s0u)
W70
(s 04)
oS
(407)
“oT0
(.00,
“,77
(e08)
CER A
(+08)
“..“
(408%)
“.Bh
(«03%)
“,73
(«0W)

BPECTANLAR SEWAL ="ARPARDUND

N/P BSF 10 OwWMeCM CG SILICON

TEXTURED SURFACE
2 X « X ,092% CH
CRePDeAG CONTACTS
TA208 AR COATING
NO COVERSLIDE
SAMPLE SI7E »

SOLAR INTENSITY (Ma/CMe82)

2%.00 S0.00 100,00
he% 14,07 27.%4
(o1 2) (.20) (.29)

7.07 164,37 26,19
(s18) (s22) (s20)

7. 21 164,98 F LML
(a1 4) te21) (o298
.29 14,80 29,51
(e12) (.20) (s26)
Y42 164,98 29,9%
(s14) (o19) (28)
7.50 19,09 30,04
(o1 1) (e1%) («27)
T.548 15,34 30,59

(e12) (el 7) («32)
Teb® 15.3% 30,79

(o1 9) (.20) (e26)
T.88 18,40 .12
(o11) t.20) («31)
Te70 15,93 31.30
(o17) (419) (e21)
T.84 15,03 31.25
(o13) t,20) (s28)
T.89 15,89 31,84
(el (.20) (ee2)
Tebe 16,81 31,84
(o19) (e24) (e19)
7.9% 15,99 32,03
(o14) (o24) (s28)
B,0% 16,13 "-"
(s14) ts21) Lelid)
A, 0% 16,16 .52
(1) ty20) («32)

\DTE STANDARD NEVIATIONS ARF GTVEN IV PARENTHESES,

135,30

37,70
(,99)
38,08
(.08)
18.80
(.,5%)
19,72
(.60)
40,48
(e38)
“p,.18
(+3%)
41,.5)%
(sl8)
Y
(+80)
W) ,.08
(39)
41,7
(.38)
4g. 19
(,58)
U2 u8
(.58)
“3,09
(.%1)
43,58
(.3%)
3,15
(.85)
), 59
(.89)

2%0,00

To.067
(1,2%)
72,38
(.74)
Ta,014
(1,29)
Tu,47
(1.,11)
Tu, 38
(1,59
78510
(1,28)
78,43

(1,20)
Ta,87
(1,43)
77.58
(,89)
78,34
(,995)
78,90
(,90)
79,37
(,9%)
79,97
(1,08)
80,23
(.84)
80,69
(1,22)
81,10
(1,31)
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(DEG, C)
180,00
el U0,00
®120,00
100,00
80,00
wbN,00
eld0,00
e20,00
00
20,00
40,00
80,00
80,00
100,00
120,00

140,00

CELL TEwP,

Table

$.00

“p9, .0}
(101,96)
73,10
(101411)
By, 18
(102,21)
u9s,20
(103,30)
$12.15%
(104,94)
S24,07
(101,29)
S2u,68
(89,34)
513,88
(72.81)
491,00
(Se,24)
Ubj .22
(60,24)
426,88
(2',42)
387,58
(1%,12)
344,53
(13.88)
300,08
(10,84)
2%4,48
(8,54)
208,02
(6,22)

15,00

Te3.1}
(111.28)
Ted,. 9
(106.04)
Te0,.2%
(91,48)
706,97
(T1.4%)
723412
(49,81)
694,29
(32.5%)
660,29
(19,54)
620,87
(12.91)
$T2.82
(21.58)
§35,90
(T.68)
491,70
L TLL))
4ub.bS
(%5:.%0)
“ole38
(4,99)
155,52
(dabb)
308,13
(debd)
259,97
(4e00)

SPECTRULAR WEWAC WRAPAROUND
N/P BSF {0 OmWMeCM CG SILICON
TEXTURED SURFACE
2 0 4 x 0229 C¥
CRePDeAG CONTACTS
TA208 AR COATING
NO COVERSLIDE
BAMPLE BI17E &

SOLAR INTENSITY (Mu/CMes2)

28,00

Aph, 37
(A6,22)
LI'T TR A
(AT un)
824,60
(a8,11)
194,00
(29,90)
Tel, 08
(16,62)
728,02
(10.8%)
CLIPS L]
(7,34)
(1A% )
(5.,09)
599,7)
(4,90)
56,29
(4,37
§12.17
(3,80)
4ev,97
(3,54)
4z22.2)
(3,49)
176,83
(3,60)
330.37
(2,80)
283,08
(3,38)

80,00

937,28
(18,%2)
04,08
(11419)
887,35
(A1)
K29,13%
(5:.77)
790,08
(6. 2))
Tu®,57
(3:,78)
108,32
(3,18)
667,08
(2,91)
24,20
(2,69)
§80,9%
(2,%0)
§37,9%3
(2.72)
494,08
(2.,88)
““.o.a
(2.88)
4p9,.20
(9,82)
159,82
(3,30)
313,77
(246%)

100,00

957,88
(3.02)
921,38
t2.70)
BBu,37
(2451)
Bub, 10
(2.12)
807,68
(2.08)
TeB,08
(1.,82)
127,62
(1.90)
686,58
(1+069)
buS,17
(1.89)
402,90
(140)
$61,2%
(2+0%)
§18,18
(2.0%)
ursS,08
(2.0%)
432.20
(2:20)
187,97
(2444)
AR LY
(1.94)

NOTE] STANDARD DEVIATIONS ARE GIVEN IN PARENTHMESES,

2. Average Open-Circuit Voltage, mV

138,30

Y6285
(1.208)
926.17
(1,82)
LLLEIN )
(1,00)
8%2.90
(1,87)
813,97
(1.77)
775,35
(2.12)
738,22
(1,88)
(L' L
(2,08)
653.92
(1.87)
611,93
(2,07
$70433
(2,28)
S28,00
(2,¥%)
CLLTS 1
(2:30)
T LM
(2.02)
399,00
(2.2%
384,90
(2,39

24
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2%0,00

989,20
(2,91)
936,10
(1,49)
901,02
(1,68)
Rbu,%54
t1,94)
P2e, %0
(2,800 |
780,24
(2,30)
Tu9, 02
(2.2%)
Tin, 20
(2,87
670,88
(2,5%)
630,40
(2,98)
589,50
(d.98)
Sum,22
(3,18)
S0e.%2
(3,18)
H.u.‘. |
(3,49) |
“22.2¢
(3,41)
179,26
(2.43)




Table 3, Average Maximum Power Current, mh/cm?

BPECTROLAR WEWAL WRAPAROQUND
N/P BSF |0 OwveCW CG SILICON
TEXTURED SURFACE

2 v 6 x ,0229% C™

CRePDedl CONTACTS

TA208 AR COATING

NO COVERSLIDE

SAMPLE BIZE &

CELL TEwP, SOLAR INTENBITY (Mw/CMe9])
(DEG, ©) 5,00 19.00 2%5.00 $0,00 100,00 138,30 2%0,00
el b0,00 ML 2.93 4.7 10.27 22,44 50,94 $9,68
(.0M) (e28) (e22) (LD (2.60) (3,22) (§,34)
elldn,non A9 2.99 UL 10,81 22,81 31.73 01,72
(.08) (e28) (422) (1,00) (1.089) (3,48) (95,00)
ei20,00 93 .97 497 11,08 ey, 3%3.10 04,92
(+08) («23) («2V) (1.04) (1.91) (3.30) (0,80)
e100,00 .92 3.02 4,98 11,94 20,87 34,80 05,02
(.0") (e20) (s26) (1e10) (1s08%) (3,08) (5.82)
=80,00 95 | P S,26 12.07 2%,u8 35.7% 69,58
(409) (+18) (e28) (1.11) (1.869) (2.,58) (5,6%)
eb0,00 97 i PR B! $.50 12,59 26,29 36,03 66,72
(408) (s22) (37) («9%) (1,49 (2,4%) (5,48)
sldD,00 W 99 J. 28 S.70 12.8% 26,% 37,56 LLESE ]
(.09) (427) (o6} («93) (1.37) (2,28) (5,2%)
"oloo l.' !.‘5 tao‘ !l.fm ,’l!. ,..oo .,.’0
(408) te31) (.48) (.A5) (1.21) (2,00) (d,6))
000 1400 3.51 6,17 13,02 eT.7% 37,548 70470
(o10) («3%) (44%) (e08) («8%) (2,01) (3,39)
20,400 1,02 3.%7 6,39 13,54 28,10 37,94 T1.27
(a10) (+30) (,39) (407 (477 (1,10) (3,10)
dognp 1408 J.ob 6,51 13,70 27.92 8,17 71,00
(«11) («€9) (.3%) (s4d) (obd) (.7 (3,20)
b0 400 1409 3.80 6,65 13,67 28,00 38.19 70,29
(e12) (s21) (e27) («38) (e09%) (1,19) (2,84)
80,00 1el2 J.R4 b.68 13,72 28,18 38,29 70,62
(11 (+21) (o21) («39) («%4) (,78) (2,21)
100,00 1e14d 3,88 bot? 13,68 27,79 38,02 69,82
(,09) (e18) (21) («28) (e38) (.8%) (2,21)
120,00 1418 3.88 6,59 13.5%6 27.29 36,94 oA ,97
(409) (eld) (419) (.38) (+88) (.81) (2,25%)
140,00 118 3,68 holu 13,27 27.79 I6, 40 67,38
(.07) (s12) (s18) (39 (1,92) (o R0) (3,99)

NOTEL STANDARD DEVIATIONS ARE GIVEN IN PARENTHESES,
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Table 4, Average Maximum Power Voltage, mV

BPECTROLAR WEWAL WRAPARDUND
N/P BBF 10 OWMaCM CG SILICON
TEXTURED SURFACE

2 x 4 x ,022% CH

CRePDeAlG CONTACTS

TA208 AR COATING

NOD COVERBLIDE

BAMPLE SIZE o

CELL Tewp, SOLAR INTENSTITY (Mw/CM¥8Q)
(DEG, C) S.00 15,00 2%,00 50,00 100,00
elb60,00 294,%0 471,83 $T8,87 753,33 832.00

(87,99 (B2.48) (RS,19) (112,954 (70,8)3)

140,00 293,17 4Td,00 S88,%0 749,00 ApB,00
(A7,83) (B3,89) (RA,42) (99,13) (%4,00)

={20,00 302,07 B9 17 §92,17 731,50 785,00
(A1,69) (BS5,99) (AT,97) (B82.,99) (30.7s)

«100,00 303,50 CLLEY } 609,%0 T12.00 TuS,.83
(RO.84) (93,00) (RU,P2) (60,79 (27.74)

«B80,00 309,17 $07.67 601,83 682,83 Ti1.17
(TS.67) (B7.92) (77,33) (6S,44) (13.91)

=60,00 315,67  S12.067 SB86,83 649,50 aT2,87
(78,93) (8%,.34) (S6,34) (35,37) (14,3%)

wl0,00 317,17 $07,.80 £67,.%0 812,00 630,00
(69,61) (T0,10) (39,%50) (23,87) (12.,39)

20,00 329,17 495,33 530,33 $74,90 §86,%0
(69,16) (UB,7S) (26,34) (22.60) (11428)

00 120,17 Usla07 92,33 §27.8% S43.87
(h2,78) (40,89) (17.37) (114110 (9.,99)

20,00 16,50 423,17 453,13 a8z, 500,00
(5%5.57) (23.4b) (14,78) (A,84) (8,81)

un,00 30%.%0 389,87 4y12.%0 u3b .67 45R, A%
(43,34) (13.03) (8,87) (5,9%4) (7,70)

60,00 278,17 Jde 8} 189,00 398,50 417,33
(34,63) (12.2%) (7.18) (6.92) (7T.6%)

80,00 207,83 307,50 326,33  3%4,00 373,17
(23,09) (8,22 (6,2%) (a,%6) (6.37)

100,00 215,67 265.17 284,00 J12.87 333,.,A3
(16,1) (6:52) (S,14) (6.,89) (7.38)

120,00 178,87 224.33 2u5,83 270,00 293,17
(9,37) (Teb1) (4yeT) (4,%6) (7.03)

140,00 162,17 1Rd,00 204,17 228,67 250417

(S.12) (ua19%) (4 u0) (5.79) (bs01)

NOTEY BTANDARD DEVIATIONS ARE GIVEN IN PARENTHESES,

135,30

893,90
(S4d,80)
825,13}
(dy,84)
791,407
(34,08
Tan,00
(21,%0)
720433
(22.,2%
678,17
(17,200
633,00
t18,63)
$92.17
(18,71)
$%4.17
(16,3%)
07,80
(18,49)
dbb. b7
(18,38)
423.50
(15,93)
383,.%0
(17.9%)
3a3.e7
(18,38)
asT.00
(R.00)
2%4+5%0
(10,43)

250,00

877,80
(39,1
Auy, 00
(32,32)
TR, 40
(36,94)
Ten,00
(28,32)
728,00
(24,22)
682,40
(21,87)
83U, 860
(22,30)
§97,80
(20,72)
$8h,40
(18,2%)
S07,00
(23,18)
71,00
(11,00)
432,20
(13,77
389,00
(12,86)
49,20
(11,21)
307,40
(10,8%)
269,20
(6,08)
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lable 5. Average Maximum Power, mW/cm¢

SPECTROLAM WEWAL wRAPAROUND
N/P BAF 10 OwWMeCw CR BILICON
TEXTURED SuRFACE

2 X 4 x ,0p2% ™

CRePDeAG CONTACTS

TAIDS AR COATING

ND COVERSLIDE

SAMPLE SIZE »

CELL TEwp, BOLAR INTENSITY (Mw/CMen)
(DEG, C) $,00 1%.00 25,00 So0,00 100400
ei80,00 o6 1eu0 2.717 7.7 18,78

(«10) (oI (.,%51) (1.69) (3,07}

01.0.00 .!' l.“ ,... ..ol ‘oc‘o
(s10) (37 t.52) (1,70) (2.%1)

.|'°00° |‘. ll“. ...’ ..‘. le.“‘
(s10) («39%) (.%%) (1.862) td.11)

100,00 .' l." 3,08 8,27 l..ﬂ‘
(«10) (e37) (.54 (1,69 (1.,8%)

«80,00 + 30 1.5 5.18 H,2n 18,14
(«10) t30) (82 (1.29) (1.90)

ob0,00 o3 Leb Y. 24 6,20 1770
(s10) (o 38) (.49) (1.02) (ls20)

..0000 cl. L L] ‘." 'a.' l’o..
(.09) (+33) (sl4) (+8)) (1.08)

20,00 33 let? Y21 L L] 16,01
(,00) (+30) (3% (74) {494a)

«00 33 1.0} 1,04 o, 08 19,11
(.09) (e28) (31} [edd) (s0S)

20,00 33 1.82 2.%0 6,93 14,00
(408) {a20) (.20) (33 (a%86)

40,00 32 144} 2,59 6.,0" 12.,8)
(.0M) (s18) (419) (+29) (s47)

80,00 oM 1«32 2,49 S.4 11,89
(«07) («12) (41%) (423 («42)

80,00 «28 1¢18 2.18 4,08 10,81
(.08) (+09) (,10) (el®) (+38)

100,00 25 103 1.96 ‘.27 9,28
(.08) (s07) (.09) (o1 T) («27)

120,00 ' 21 87 LY ) LT .00
(08) (+0%) (,07) («19%) («3%)

140,00 ot Ty 1.32 3,04 6,96
(,02) (s04) (00) («13) («57)

NOTEY OTANDARD DEVIATIONS ARE GIVEN IN PARENTWESES,

138,30

26,53
(4,29
26,30
(e 11)
26,20
(3.58)
'..,H
(2,90
28,7
(2,39
2%,00
(2,1d)
23,80
(1.9%)
22.5?
(1,7%)
20,09
(1,%8)
19,26
(1,10)
17.82
(LA9)
16,18
(., 90)
14,09
(,90)
13,07
(.90)
10.97
(o4})
9,28
f.,39)

250,00

S2,42
te,0")
52,18
(5.07)
S1.63
(§,74)
49,88
(5,72)
“7,%9
(5,19)
“s, 00
(u,82)
“1,2)
(3,39)
“ng.%?
(3,63)
39,38
(2,%4)
3o,
(2,87)
33,48
(2.17
3o, 38
(1,99)
27,49
{1.02)
2u,u0
(1,49)
1.22
(1,37
18,14
(1,30)
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Table 6. Average Curve Factor

SPECTROLAMN WEWAC WRAPAROUND
N/P BSF 10 OWMer™ CG SILICON
TEXTURED SUARFACE

2 ¢ 4 X ,n22% CH

CRePDeAl CONTACTS

TA20% AR COATING

NO COVERBLIDE

BAMPLE SIZE &

FELL TEMP, BOLAR INTENSITY (Mw/CMe0])
(DEG, C) §,00 15,00 25,00 $0,00 100,00 138,30 2%0,00
=1860,00 «JoB 4240 4578 5480 117 « 7300 RITL
(0691) (,0578) (40501) (o1168) (e1343) (41107) (,0835)
el U000 13692 U238 4709 0149 T089 RIS T892
(«0M42) (,089%) (,0801) (,1213) (,0910) (.10%8) (.0788)
.|2°.°0 .‘!0“ .“2" l“..' l..” l"'l |'.Ou l”"
(0838) (,0898) (,0710) (+1212) (,0807) (,0940) (.07%98)
100,00 3702 U524 8248 0728 1 T35 o« TTHA SALT
(+0SA9)  (,0749) (,0808) (,1118) (,0738) (,O784) (,0701)
«f80,00 1097 772 5604 6990 L W TA22 1YY
C40831) (40798) (LO0RBY) (,1024) (,0800) (40708) (+0714)
80,00 «372% « 5079 «8598y sT24e 7870 WTA29 +Teb0
(,082%) (,0948) (,08786) (,0098) (,0812) (,0839) (.,0720)
ek, 00 .‘,'“ .Sillﬂ lb'., .7180 ".'. .,,.. .’.ﬂ‘
(405%0) (40982) (,O0R3A) (,07%2) (,0441) (,0603) (.0%59%)
«20,00 oy 5780 YL} ] ALY TS AT 78580
(J0KBY)  (,0967) (,0761) (,068%) (,0410) (40898) (.0%53%)
.00 .u‘.’ .0053 Ib.?' ."’. l,’., l’b" l,s.l
(40798) (L0B91) (,UbS82) (0430) (40318) (,0831) (.00%0)
20,00 4420 «b0PU 6718 7238 eTUGY « 7841 + 7318
(«0BUA)  (4UTHUU) (L08URY (,0312) (.0289) (40421) (.0u72)
40400 UTLE! NILL LD W T154 7303 «74n3 « 7193
(«0R88) (,0602) (L0u38) (,026B8) (,02%7) (403%0) (L0414)
80,00 MLL} «b18R8 MLLLE! 6973 « 7180 7218 8980
(e0907) (4NWBSY  (,0831) (,0209) (,0207) (+0371) (.038})
80,00 JU9R9 YL b821 LS} 6904 7028 ALY
(4078A)  (,0372) (,0260) (,01R8) (,0196) (,0%96) (40323)
100400 S0uu 5980 3240 6535 «b701 4773 sb84b
(.0808) (,0303) (,02%6) (,0281) (.0170) (40430) (+0328)
120,00 LI «5812 8100 0308 L1 6373 ..’2.
(L0UBD) (,0258) (O0185) (.0167) (,0190) (,0218) (.,0308)
140,00 LR N TLL] «S5773% « 5988 16223 6001 +56890

(4033%) (,0219) (L0137) (.0167) (,04686) (,0232) (.,0338)

NOTEY STANDARD DEVIATIONS ARF GIVFEN IN PARENTHWESFAN.
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CELL Tewme,
(PEG, C)

esigh,00
el1dn,0n0
«120,00
100,00
80,00
YL
sd0,00
20,00
00
20,00
40,00
80,00
80,00
100,00
120,00

140,00

Table 7. Average AMO Efficiency, Percent

SPECTROLAR HEwAC sRAPAROUND
N/P BEF 10 NWueC™ CG BILICON
TEXTURED SUuRFaCF

2 X 4 X ,ng2% (™

CRePDeAl CONTACTS

TAZOS AR COATING

NO COVERBLINE

BAMPLE SI7F &

BOLAR INTENBITY (Ma/CMee?)

S.00 1%.00 2%,00n $0,00 100,00
3.'5 .0“ 1.00 15.50 ‘..’.
(2,02) (2,00 (2,02) (3.7 (3,87)
$.33% 9.85% 11,34 16,02 18,%0
(2,02) (2.47) (2,09) (3,41) (2:.%91)
$:.70 .78 11,81 16,32 18,62
(1.98) (238) (2s1)) (3.2%) (2ot )
§,72 10414 12,19 16,53 1h,e)
(2.01) (2ebi) (2,18) (2.90) (1,8%)
$.97 10402 12,714 16,58 18,14
(1,97) (2,27 (2,08) (2,58 1,50)
6,21 1070 12,% 16,40 17.7%0

(1.9%) (2,39) (1.,98) (2.0@) (1e26)
6,37 11,08 12,98 15,74 16,98

(1.8%) (2.22) (1.78) (1.00) (1.08)
6,58 11413% 12,8 14,9 16,01
(1,47) (2402) (1,98 (1.,48) («94)
LY 10.8R 12417 13.78 15,11
(1,82) (1.89) (1.2%) (.9)) (o88)
&,% 1012 11e60 13,08 14,00
(1,69) (1435) (1.08) fv8%) (+56)
6,47 Q.53 10,79 12402 12.81
(1.,5%) (1.04) (.7%) (.50) (su7)
b6 8,00 9,4 10,82 11469
(1,38) (o78) (+5%) (edn) (eki2)
Se01 T.89 a,72 9,72 10,51
(1,08) (s00) (+39) (,¥8) (elds)
u,95 LT T.54 8,58 9,28
(e74) (ebu) (s38) (o %4) («27)
4,14 S.80 L] 7.3% 8,00
(.52) f.3%) (27) (.31 (+33)
V.28 4,80 5,286 6,07 h,%
(«31) («2%) (o1 T) (e26) («57)

NOTEL STANDARD PEVIATIONS ARE GIVEN IN PARFNTHESES,

138,30

1981
(3,17
19,04
(3,0u6)
19,42
(2.6))
19,47
(2,14)
19,04
(1.1
18,48
(1,57
17,59
(1,43
16,068
(1.28)
15,41
(117
16,2¢
(,82)
13,17
[abt)
11498
(.68)
10,86
LTS
Qubb
(a88)
8,11
(31)
6.80
(.29)

290,00

FLI A
(2,4d)
20,86
(2,27
20,68
(2,30)
169,9§
(2,29)
19,04
(2,08)
18,24
(1,9
17,29
(1,38)
16,18
(1,49)
19,7
(1,02)
a4
(1,07
13,39
(.,87)
12,18
(.80)
11,00
(.0%)
9,7
(.,59)
R,49
(,59)
T.28
(.52)
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Figure A-1.



Figure A-2. Test Plate



Figure A-3. Solar Cell Characterization Facility

Figure A-4. Solar Cell Environmental Test Chamber

NASA— JPL—Coml LA Calf A-3 %.T\ko\



	GeneralDisclaimer.pdf
	0001A01.pdf
	0001A02.pdf
	0001A02_.pdf
	0001A03.pdf
	0001A04.pdf
	0001A05.pdf
	0001A06.pdf
	0001A07.pdf
	0001A08.pdf
	0001A09.pdf
	0001A10.pdf
	0001A11.pdf
	0001A12.pdf
	0001A13.pdf
	0001B01.pdf
	0001B02.pdf
	0001B03.pdf
	0001B04.pdf
	0001B05.pdf
	0001B06.pdf
	0001B07.pdf
	0001B08.pdf
	0001B09.pdf
	0001B10.pdf
	0001B11.pdf
	0001B12.pdf
	0001B13.pdf
	0001B14.pdf
	0001C01.pdf
	0001C02.pdf
	0001C03.pdf
	0001C04.pdf
	0001C05.pdf
	0001C06.pdf
	0001C07.pdf
	0001C08.pdf
	0001C09.pdf
	0001C10.pdf
	0001C11.pdf



