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ABSTRACT

Electrical characteristics of Spectrolab textured, back-surface-
field back-surface~reflector, 2 x 4 x 0.029 cm N/P silicon solar cells
(K7) are presented in graphical and tabular format as a function of
solar illumination intensity, temperature and irradiation.
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SECTION I
INTRODUCTION

A series of reports is being generated to present parametric
anaracterization data on both state-of'-the-art and developmental solar
cells of interest to the photovoltale community. These data consist
of the elmsctrical characteriastices of the candidate solar cell under
a wide range of temperature and illumination intensity combinations
of' the type encountered in typical space applications. This serles
(JPL Publication 78~15) consists of a number of reports, each report
being devoted to a particular type of solar cell and identified by
a volume number. Previously published reports with thelr associated
solar cell descriptions are listed in the bibliography.  Each rejort
consists primarily of working graphs and tables and does not address
itself to interpretive conclusions. Ti» formating of this series of
reports is relatively invariant to facilitate comparisons between the
characteristics of any of the cell types considzred in the series.
This report contains a set of parametric data on the Spectrolab textured,
back-surface-field, back-surface-reflector solar cell which is a cocm-
mercially available product.

SECTION II

CELL DESCRIPTION

The cells reported here were manufactured by Spectrolab and are
available as off-the-shelf space-qualified solar celis. These cells
are fabricated from crucible-grown P-type siliscon, boron-doped to a
nominal resistivity of 10 chm~cm. The cell dimensions are 2 x 4 x 0.029
em (11 mils) thick. A back surface field is added by alloying a layer
of evaporated aluminum into the back of the cell. The electrical contact
on the top surface consists of solderless Ti-Pd-Ag in a U48-finger grid
pattern with a bus bar running the length of the long side. The rear
contact is Al-Ti-Pd-Ag. The antireflectance coating is Tap0g. No cover
slides were used on this test plate.

SECTION IIX

TEST PROGHAM

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 c¢ells could be maintained at the
desired temperature, independent of the solar intensity. All testing
. Was carried out in vacuum at a pressure of less than 1 x 10°Y torr.



The illumination source used was a Spectrclab Model X-25 Mark Il
Spectrosun filtered 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 2.5-kW
short-arc xenon lamp. A system of filters modifies the spectral distri-
bution so that it approximates that of space sunlight. The light beam
provides a pattern having a uniformity of £1% over an area oif 225 cn®
at the test plane. Illumination intensity is varied by position of
the simulator in coumbination with transmission filters. The solar
simulator beam is introduced into the vacuum cohamber through a window
of 7940 fused silica. The solar intensity and spectral integrity of
the solar simulator are constantly monitored and maintained using space-
calibrated standard cells obtained with the NASA/JPL solar cell balloon
flight standardization program. Photographs of thée solar cell, the
agsenbled plate, and the experimental characterization test faecility
are shown in Figs. A-1 through A-4 in the appendix.

The temperature range covered in these measurements was -169 to
140°C, while the solar intensity rangz covered was 5 to 250 mW/cm<.
The data were taken at each onvironment point in the matrix in the
form of an I-V curve. The approprlate parameters were then read from
the I-V curves and punched on cards for the computer analysis and curve
plotting functions. The cell temperature was monitored by a thermocouple
attached to the surface of a separate cell mounted with the cells under
test. Prior, intermediate and post-test ambient measurements were
performed daily to insure that the accuracy and stability of the test
equipment and the test specimens themselves were maintained within
+2% during the course of the testing program.

After making the solar cell measurements over the above temperature
and intensity ranges, the test plate was mounted in the evacuated target
chamber of the JPL Dynamitron electron accelerator and irradiated with
electron fluences ranging from 5 x 1072 to 2 x 1015 e/cm2. During
the irradiation the cells were maintained at 28°9C., I~V curves of the
solar cells were measured in situ before and after each irradiation using
an Aerospace Controls Model 302 filtered xenon AMQ solar simulator. In
addition, after the cumulative fluence reached 1074 e/em2, the solar cells
were annealed for approximately 16 hours at 609C after each irradiation,
then remeasured. The results of solap cell electrical characteristics,
as a function of eleciron fluence, are shown in Figures 19 through 23.
Annealed cell data i1s used in the plots.

SECTION IV

DISCUSSION OF RESULTS

A computer program computes statistical averages and standard
deviations with respect to the measured cells for each intensity-temp-
erature measurement condition. It then produces summary tables, as shown
in Tables 1 to 7, that display averages and standard deviations of the
gell characteristics in a two-dimensional array format, one dimensicn
representing cell temperature and the second dimension representing



incoming light intensity (AMO spectrum), The program then produces
plots of the various electrical parameters of interest, with either
incident intensity opr cell temperature as the independent variable,
as shown in Figs. 1 to 14, Least square fits to the data points are
then made automatically to the measured data peints using a second-
degree polynominal for most parameters. The curve factors, AMO efficiw
encies, Vo, and Vp, data points are not fit but interconnected from
point to point. In addition, the program caleculates the temperature
coefficients of the pertinent cell electrical parameters of interest,
using the aforementioned curve fits, and plots these as a function
of temperature, with intensity as a parameter; as shown in Figs. 15
through 18.

The figures are intended teo be working artifacts; that is, they
are formatted in such a way that they can supply information of a general
nature or may be used to generate predictions, comparisons, computer
input duota, ete. To facilitate comparisons and inpubtting, all units
_are standardized as follows?

(1) AlL currents are in units of mA/cm2.

(2) All voltages are in units of mV.

(3) All power outputs are in units of mW/cm2.

(4)  All curve factors are in dimensionless uaits.

(5) All efficiencies are in percentages and are based on
Lotal cell area.

{(6) A1l temperatures are in °C.

(7)  All incoming intensities are in units of mW/cm? and are
representative eof an AMO spectrum.

(8) All geometric dimensions are in units of cm or um (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 parawmeters: Iga, Voos IPpaxs Pmaxy CF, and efficiency
at sach intensity-temperature combination. For each such parameter at
each such intensity-temperature combination, the standard deviation is
presented to provide estimates of statistieal validity. All efficiency,
current; and péwer output data is on the basis of unit area derived by
dividing measured output by total cell area.

The Spectrolab K7 type of solar cell is a commercially available
cell whioch is used for space applications. Ofher spage-qualified solar
cells in the K series included such features as polished surfaces,
back surface reflectors, and other thicknesses. These other types
of K cells will be tested and reported in the future.
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Table 1. Average Short-Circuit Current, mA/ om?
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=140.0¢0 letl 4,20 698 13.87 itelh 18. 08 Tie34
(04) («11) (200 Let) (+83) (.93) (1.75)
=120.0" 1.43 4,26 T«11 la,14 R, TR 3,96 Tiat &
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=100.00 leb he 38 Tedd 14,50 29.39 Iv.62 12.8°%
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=60e03 1.50 4.48 Te50 1%5.%0 3Ue33 4uedt TEab L
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20«00 l1.56 4.71 Te81 15,70 2169 42.R4 19462
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6G.0C 1.59 482 Te9¢ 15.98 32.24 43,42 Blsi6
(u3) (.09) (186) .27 (o 749) («73) (1.32)
80.00 1.69 4.85 Bel 3 1€.16 1251 43,91 8l1.87
(«C3) (.09) (.16) (.28) (70 (eT0) (1.43)
10%.00 162 4.95 B« U9 1634 32.84 44.12 bB2eEH
(.03) te11) (e16) (e27) (a69) (73)  (1.42)
120.00 1.63 4.99 B.21 16.48 33.21 44,481 3,51
(«03) (.09 (.15) (.28) («7%) (74) (1.42)
140.00 le64 S5.02 Begh 1666 53452 45. 37 A4.15
(+03) («U9) (16) (.29) (.71) (.72) (138}
I NOTE: STANDARD DEVIATICNS ARE GIVEN IN PARENTHESES. =
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Table 2. Average Open- ircuit Voltage, aV
SPECTROLAB TEXTURELDe BSFe BSR
N/F 11 OHP=CM CG SILICON
T X &4 X J02% CH
AL=TI=PD=AG BACK CONTACY
T1=-PD=AG FRONT CONTACY
TA20% AR COATINC
NO CoVERSLIDE
SAMPLE S12€ F TH=44
CELL TEMP, SCLAR INTENSITY (Mu/CMee2)
(DEC. C) Le00 15.00 28400 Lol 100ed" 135,372 25%.u i
=16 'aiL BE9.62 93€. 09 LT 953,50 96ie 14 966. 09 G124
(2771 (2.90) 12,200 (2.10) (1.98) (les2) (1.9%)
=16C,00 BEBa64 895,66 Gu4.b7 91%.72 92545 929. 717 936.20
(13.11) (4,.68) 13.05) (Lebl) (2.11) (1.67) (1.59)
~le.el? 821.37) PS4 .4 Eb4s16 ET%.9) RETAS 892,39 ALZ.0t
(R .94) 14,39) (3.9¢) (2.12) (2.19) (2.28) (l.66)
=10 le% 2 7179.25 Ell.el BZiel9 B25.74 846.81 854,29 BES.16
(7T445) (5.09) (4.37) (3.21) (2.63) (2.1 (2.1
=R lel! 137,29 Teka75 T19.49 T93.64 B.9.22 R15.32 FeTe32
(6.67) (4,60) (4.04) (3.38) (2.31) (2.76) (2.13)
6700 £92.99 122.89 T3¢.91 7152.9% T¢8.8°0 T14.95% Tb9.¢5
(S.61) (4.36) (3.71) (2.61) (2.35) (1.97) (2.17)
e B h4bae5H8 ERD, b €93.,3% T1C .59 7127466 738,21 Ta9,.81
(5.77) (3.8€) (3.22) (2.75) 12,59} (2.3K) (2.47)
22810 $99.9% 634,359 64T.52 bbbeT6 biEDel4 693,70 Tived®
(5,02) (3.21) (4.20) (3ecB) (2.93) (2.87) (2.87)
o €51.96 €8T7.12 bJddell 623,31 643,10 £51.24 EEELH T
(5.13) (3.33) (4,13) (3.30) (5.21) (3.2R) (4.76)
23.00 5N2.25 541.80) 25T7.7% ETR .69 £99.79 €v9.30 E2Re2 0
(4.66) (4el16) (4,29) (4.0 3) (3.95) t3.61) (3.73)
QCeul 455.19 494,32 S511.44J 533.69 556.19 S66.1" CEbel b
(4,73%) (5.10) (4.47) (3.85) (4, 3%5) (6.09) (3.9F)
6uel 4r5.14 447,01 LL L 4BB.L1 $12.37 £22.34 S544.76
1(5.19) (4.9€) (S.ul) (5..2) (4.8T) (4.,60) (4.64)
Lesd 355.3% 298.19 4lbet & 442,51 46T 74 4T8.45 SC1.31
(5.39 (5.2%) (5.67) (E.64) £e34) (5.20) (4,95)
100,00 304,97 549,24 36781 195,21 422.21 433.66 456402
(5.96) (6abd4) (6.38) (£.94) (5.90) (5.77) (- TLTS ]
12¢C.02 253.47 £€99.€1 321.2¢0 I4T7.60 376el? 388,31 413.717
(6.12) (6.55) (7.32) (E.48) (E.3M) (5.86) (S.71:
14C.0°0 20UeT7 288449 69t 4 259 .45 328419 341.61 569.7°0
(E.76) (6.95) (7.C1) (E«83) (be22) (6.27) (6.10)

NOTE . STANDARD DEVIATIONS ARE CIVEN IN PARENTHESES «
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Table 3. Average Maximum Power Current, mA/cm?

SPECTROLAB TEXTUREDs BSFy ESR
N/P 10 OHM=-CM C6 SILICON

2 X & X 129 Cw

AL=TI=PD=AG BACK CONTACT
TI-PD=AG FRONT CONTACT

TA205 AR COATING

NO COVERSLIDE

SAMPLE S12E 8 TH=44

CELL TEwP, SOLAR INTENSITY (My/CMes2)
(DES. ©) S.00 15.00 2%.CC SC.r0 100,00 135,30 250.00
~160.00 1.16 3.68 6225 12.79 2659 35.82 6R.T3
(LT te23) («31) (+46) («79) («87) 11.63)
~140.00 1.18 3.77 (LT 13.17 27.13 36.56 TLed7
(«V8) t«21) 1.29) 4T («80) 1.3 (1.83%)
=120.00 1.21 3.88 GeEN 13.47 2179 37.32 Tuele
(«08) (20) («28) («4%) (.96) (le6) (l.64)
-100.00 1.23 4,02 6a 17 1%.8% 28.34 36.09 71425
(.08) (.16 («23) (a62) (.82) 1.93) (1.79)
-~BCe00 1.27 4.11 ©e93 14,14 eB.82 IR, 29 Tee56
(eT) (:15) (.20) («37) (+78) (.95) (1.5.1
=60.00 1.30 4.17 107 14,32 29.20 38.69 T35.42
(+06) («13) («21) (24) (+69) (.82) (1.49)
40,00 1.33 4.23 Te11 14.41 29.43 39,45 Teali L
(.0%) (.uB) («17) («32) («69) («73) («99)
-20.00 1.33 4,29 T.16 14,55 29.66 319.6% T4.39
1.05) 1:09) t.1¢€) + 32) (e @) (+68) (1.10)
«00 1.36 4,31 Te20 14,69 29.66 319.04 T4.37
(0%) (.09) («15) («2R) («63) (72) (.87)
20.00 1.38 4,33 Te23 14,62 2774 39.54 Tas28
(«23) (.09) («14) (.2%5) (.68) (64) (1.11)
4C.00 l.40 4,33 Te23 14,61 29.8¢ 39.91 7435
(«U3) (.09) («18) (ech) («69) («65) («75)
60.00 1.37 4,33 7+19 14,60 29.66 39.79 T3.74
(L3 (e11) («16) (.37 («60) («68) (.921)
BC.00 1. 37 4,27 Te12 14,52 29.46 39.55 73.73
(+02) («29) («15%) («21) {e72) (+52) («51)
10C.00 1.35 4,28 Telt 14,42 27.15 39,15 T2.75
(.03) («12) («16) (.28) t.56) («£3) (82)
120.00 1.32 4.21 6e99 14414 28.9% 36.95 Ti.92
(.0%) (.09) (e14) («29) (+55) t60) («76)
140.00 1.25 4,03 6.73 13.95 2R. 16 38.12 TiecS
(.02) (.10) (.14) («25) (:55) (.28) (lavék)

NOTE: STANDARD DEVIATICNS ARE GIVEN IN PARENTHESES.
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Table 4.

Average Maximum Power Voltage, mV

CELL TEwP,

(DEG. )
=16C.70
e LR
-120.00
=100.00
“8C.00
=6la.u0
-4r.on
=2Cel L
Lt
22400
4Ca00
6.0
Bl.00
100.00
12¢.00

140,00

Se00

€97.62
(56 .,6%)
682,50
(45 .86)
66B8.75
(3769
652.50
(25.29)
62 62
(17.31
58675
(11.42)
543.62
(7.62)
50250
(6.46)
459,87
(11.15)
4°T7.12
(6.79)
354,50
(5.10)
314.87
(8,52)
269.37
(E.32)
22%.62
(T.42
179.75
(5.06)
139.62
(5.685)

15.00

B34.RT7
(264100
FLAGRT
(20.92)
76912
(12.69)
T3vs 00
(lva94)
EBb.87
(T.02)
639,50
(B.54)
594.25
(T«ul)
£47.62
(6.91)
£00.7%
(2.12)
453.5)
(17.58)
404,75
(5.96)
359.75%
(4,50)
113.37
(5.26)
268412
(4,L2)
221.87
(S.89
161.12
(6a1T)

SPECTHKOLAR TEXTUREDe BSFe ESR

N#/P 10 OHM=CH CG SILICON
2 XA X .C29 C»
AL=TI=FO=AG BACKR CONTACY
T1=-PD=AG FRONT CONTACT
TAZ0S AR COATING

NO COVERSLIDE

SAMPLE SIZE & TH=44

SOLAR INTENSITY (MW/CHMewe2)
2%.00 Sued 10«00

'75.75 F96.25% 9 "'.75
(13.50) (3.9%9) (3.33)
83302 BS2.0 0 REbel Y
(9.46) (7.27) (4,50)
T9.71% EUE.25 A23.00
(B33 (E.60) (2.45)
Ta49.62 T65.50 179,37
(7.95) (6a18E) (1.85)
TLa.12 T17.12 T.50
(6e73) (4.,91) (3.16)
657.37 €71%.12 690,75
(3.34) (3.64) (3.41)
61075 €28.37 642,50
(4.08) (2.%6) (2000
564.25 583.37 5950
(4.10) (4,21) (l.41)
517.7% £37.37 554.75
(5.086) (3.34) (2.85)
47175 491,87 512.62
(4.89) (.67 (2.9T)
422.7% 444,02 462,87
(3e45) (3.78) (.00
1TeeRT 4000w 419,2%
(5.00) (2.14) (1.83)
331.2% 154,37 374,50
(5.7%1 (4.03) (3.30)
204,50 3¢9.25 329.87
(4,34) (5.62) (3.64)
241.12 265425 285,50
(5.51) (3.6£9) (4,21)
197.12 22Ca0C 243,75

£.33) (3.85) (5.60)

NOTE: STANDARD CDEVIATIONS ARE GIVEN IN FARENTHESES .

135.30

912487
(4.,L9)
869,70
(4,11)
825.75
(4,11
TR3.12
(4,27)
Tau50
(3.12)
69625
(4,27
65112
(2.72)
6u4.37
(3.81)
559,74
(3.5R)
516437
(3.20)
471.37
(3.74)
42645
(4,66)
383.37
(21 7)
338.00
(4,91
293.5¢
(4.34)
251.7%
(4.15)

ML

91837
(4,41)
BTa.617
(5.96)
B83l.62
(71.1%9)
T9¢edT
(9.05)
T47.12
(B.29%)
Tilet s
(7.13)
656412
(6.€60)
6ll.62
(B.48)
56T.37
(E.85)
925.75%
(R.48)
47925
(9.19%)
437.7%
(Ted4)
292450
(9.12)
35J.75
(7.50)
2f6eTS
t7.11)
265.C0
(6.93)

N




Table 5. Average Maximum Power, mW/cm®
SPECTROLAR TEXTUREDs BSF4s ESR
N/P )L OHM=CM CC SILICON
2 X & X o029 Cn
AL=TI=PD=AG FACK CONTACT
T1-PD=AG FRONT CONTACT
TA20% AR COATING
NO COVERSLIDE
SAMPLE SI1ZE B TH=-44
CELL TEWP, SOLAR INTENSITY (MW/CMee?)
(DEG. ©) S00 15.00 Lell SGelt 1i2ed4 135.39 28
=16L.0¢ 81 3.08 Seb 8 11.47 24.11 J2.70 612
(.10 (e26) (34) (45) (.15 (k) (1.34)
-14C0.,0°"° +B81 Jula S«37 11.22 23,5 3l.1 EleSt
(.09) ta23) (.29) (4T) («7%) te9T) (1.36)
=122%2.00 «81 2.98 $5.23 1u.89 22.R7 Jr.82 SHWS!
(.u9) («19) (.26) (43) (.B2) {a94) (1.21)
=10Ce0" «80 2.93 Se( B 10.60 22.09 29.81% Stell
(.07 («15) (.22) (27 (e66) (6T (k&)
=Al.00 79 2«82 4eBB 10.14 21.23 2ha35 S842.
(«LB) (13 (17 (.32) (.56) (et5) (1)
60400 «76 2.66 4.65 967 2417 2707 Slebé
(eU5) (1) («15) (+26) (47 (.52) («t3)
-40.,00 o712 2452 L1 .15 1R,91 25.69 LY
(.U%) (21 t.12) (e22) (a41) (62) o)
-2MeC0 67 2.35% .04 Feb9 17.75% 23.96 45 .46
(.04) (27 («12) tec2) (37 (31 .22)
« 00 63 2.18 3.72 Te94 lb.45 2231 “4celf
(.02) (.06) («11) (.17) (35) (.32) te54)
22.00 «56 1.96 Jebn Te19 iS.18 2Lleb2 391 €
(.02) (0 (.09) («17) («.32) tecT) (b))
40,00 -1 1.75% JeiS 6e5C 13.85% 18.R1 35.65
(.02) (.05 (.09) («1%) (.3%) .25) 1.58)
6l.00 43 1.5¢€ 271 564 12.43 16.97 32e28
A«01) (a5) (.09) («14) («25) (.19) t.53)
Alf.0D «37 1.34 2436 HelE 1103 15416 26.93
(.01) («U%) (.08) (.14) («26) (.19) (601D
10C.5" «31 1.1% 2e0¢ bobhe 9.67 13.23 25.52
(.C1) (.05 (07 («12) («23) (22) (+€1)
120.00C w24 «923 1469 .75 B.27 11.44 2276
(01} (.[4) (07 («11) (.22) (.19) (.64)
140.00 o117 « 13 1.33 3.07 6eB6 9a61 1.k 2
(012 (.08) (.06) (100 («21) (.19) (e9)

NOTE: STANDAR® DEVIATIONS ARE GIVEN IN PARFNTHESES.
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Table 6. Average Curve Factor

SPICTROULAER TFXTUREDs BSFe BSR
NZ/F 10 OMM=CK CG SILICON

2 X & X 29 Cw

AL=T1=PD=AG BFACK CONTACT
TI1-PD=AG FRONT CONTACT

TAICS AR CCATING

NO COVERSLIDE

SAMPLE S12E & TH-44

CELL TE™P, SOLAR INTENS)TY (Mu/CMae?)
DEf, ©) S.00 15.0) 25.¢C0 SCefp 10C.00¢ 135,30 2hla0¢
=16%.04 «6609 o 192% LT M.13-1) 065 «9072 I
(oU'SO5)  (49630)  (.087€) (e02eT) CoU130)  (at117) (L 0%R2)
180008 +6E£9] «BNT3 sESLE «BR3]1 «90 39 «R972 9074
t.1598) («0530) (e 1262) (4LZ223) (L0181 (OUBE) (LCUEC)
=12Q.u0 «BBTT «£19) «6%517 oBT79E BS4E LY H92Y
("574) (0L419) (e c11) (e165) (ould7) (aliR&) (01 4)
=18%:5¢ « 1778 «B2¢]) w8524 «ET47 bESE «BH812 LTS
(et 520) ted302) (2208 1«012€) («7 B3) (o062 t1279)
*Blau i s 1216 «B271 k477 «EelH «BT111 oB722 «BEES
(«7425) (e.251) (+01%9) (ol 09 ) (e'756) (o' ud6) t«0112)
60l 4 « 1316 «8221 «B4T 4 LAY FE49 LLY B¢ «B524
(' 267 tev225) (el 13¢) («LF95) (s )ES) e N8, (o '094)
=& el 7252 «8133 «B259 «FaCS LT sRéBS «c394
(«7296) (7174 («7123) (eLPB3) (o053) (e"LES) (et la])
=20.C°C « 7276 sPFule «H147 «HIRY R332 «B2A «H2%4
(oL 348) (al148) (1.6 (efI71) (L0u55) tedl50) LTS LIV |
e’ « 7331 e TBES e 7981 «F101 B159 «flU1 +ECOL
(«"186%5) (et 11%) (el LET) (el'LE9) (o0 368) (e’ 72) (elilék)
2000 e 712G « 1691 «TE14 « 7912 «T98E 7902 «780R
(+178) («0107) leuv9g) ol "&&) (o017 (e 2069) (7159)
Svell) 6920 o Th&( el e TI03 « 1772 «TTul « 7557
(«"130) teal2l) (e 71) (4P{55) (au1%3) (el LE9) (e.194)
67.C0 +E£T15 «T226 e 71338 « T4R2 « 71520 « 7881 «732¢
(7123) (.)09R) (el B9 (oPPE6) (oilB6) (e 1118 2229
Blel 2 524 6932 e 7053 « 7198 « 71258 «7217 « 1053
Ce'1uT)  €aUJSE)  (WUUSZ)  (o0"48) (eu085) (e1179) (.1234)
197600 «£191 ebhEG] «6T3i o690 4 «H 938 6917 «ETh4
(«1'29C) («12%1) (L0851 (oCET) fallTH) ta2126) (au23€)
12C.00 «ST42 B247 6352 ehbi4g +£619 +6576 «63R9
(«7.92) (' U59) (ol lb4) (el 742) (LT (' 14,) (s U267)
180,00 e 5285 eDB&4 « 95959 «6152 «B240 «6195 «599 ¢

(CC65) (aul12) (40230) (el OES)  (42092) (.1154) (.0323)

NOTE: STANDARD DEVIATIONS ARE GIVEN IN PARENTHESES.
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Table 7. Average AMO Efficiency, Percent
SPECTROLAS TEXTUREDs BSF, BSR
N/P 10 OHM=C™ CG SILICON
2 X & X 029 CP¢
AL=TI=PD=AG BACK CONTACT
T1-PD=AG FRONT CONTACTY
TAZDOS AR COATING
NO COVERSLIDE
SAMPLE S17€ ¢ TH=44
CELL TEWP. SOLAR INTENSITY (My/ChHee2)
(DEG. ©) 500 15.00 2%.00 S5C.00 120.00 135.30 25000
=160.00 16.26 2C0.5% 21.92 22494 24,11 264,17 25.25%
(1.96) (1.76) (l.3T) (.90) (.73 (.65) (.54)
=14C.00 16419 20427 21.48 2244 23.5¢ 23.48 24.62
(1.8T) (1.51) (l1.14) (.95) (.79 (.72) (.54)
=120.00 16.22 19.89 20.93 21.79 22.87 22.78 2300
(1.7%) (1.29) (1.0 (.86) (.82) (70 (48)
=-100.00 16.04 19.57 2031 21,21 22.09 22405 22453
(1.50) (1.02) (87) («78%) {.686) (.49) (.34)
=80.00 15.75% 18.82 19.53 20429 21.23 20,95 21468
(1.20) («84) («69) («63) (+56) («48) 27
-6C.00 15.21 17.76 16.58 19,34 20.17 20.01 20.58
(.93) (+65) («60) («52) (4T (38) ie25)
=~40.00 14.44 16.77 17.37 1B.10 18.91 18.99 19.42
(78) (.44) (.49) (o44) («81) (+351) («18)
-20,00 13.41 15.68 16e16 16,97 17.75% 17.71 16.20
t.71) (.49) (.48) («43) 37 («2Y) t.21)
«on 12.54 14.41 14.92 15.79 16,45 16.48 lbeRE
(+36) (.42) («45) («34) («3%) (.24) (+22)
20.00 11.21 13.08 13.62 14,38 15.18 15,24 15.62
(.40) (.44) (37 (38) (.32) (20 («16)
40.00 9.95% 11.69 12.22 13.00 13.85%5 13.90 14426
(.34) 1«34) (37) (30 («35) (.19) (.23)
6000 Bab b 1ve39 10.85 11.68 12443 12.54 12.91
t.28) («33) (37) (.28) («2%) («14) («21)
8l.00 Tebl B.93 Tl b 10.30 11403 11.21 11.57
(27 («29) (.32) (.28) («26) (14) (.24)
100,00 6.11 Tebb B0 Be92 9.62 9.78 1u.21
(:26) (.31 (.28) («26) (.23) te16) .25)
12C.00 4,73 be23 6e 75 TJ.50 Be27 B.45 BeB3
(.22) («27) («28) («23) («22) (14) («26)
140.00 3.49 4,86 Se.31 Eelb 6.86 T.09 T«45
(:19) («26) («24) («21) .21 (.14) (.28)

NOTE: STANDARD DEVIATIONS ARE GIVEN IN PARENTHESES.
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APPENDIX
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Figure A-1. Solar Cell



Figure A-2. Test Plate
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Figure A-3. Solar Cell Characterization Facility
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Figure A-4. Solar Cell Environmental Test Chamber
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