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ABSTRACT

Electrical characteristics of Spectrolab, textured, back surface
field, 10 ohm-cm, 300 micron N/P silocon solar cells are presented in
graphical and tabular format as a function of solar illumination intensity,
and temperature.
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SECTION I

INTRODUCTION

A series of reports is being generated to present parametric
characterization data on both state~of-the-art and developmental solar
cells of interest to the photovoltaic community. These data consist of
the electrical characteristics of the candidate solar cell under a wide
range of temperature and illumination intensity combinations of the type
encountered in typical space applications. This series (JPL Publication
78-15) consists of a number of reports, identified by volume number,
each devoted to a particular type of solar cell. Previously published
reports, with their associated so.ar osll descriptions, are listed in
the Appendix. Each report consists primarily of working graphs and
tables and does not address itself to interpretive conclusions. The
formatting of this series of reports is relatively invariant in order
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 BSF, textured, 10 ohm-cm, 0.030 cm
(12 mils) thick solar cell which is a commercially available product.

SECTION II

CELL DESCRIPTION

The cells reported here were manufactured by Spectrolab and are
available as off-the-shelf, space-~qualified solar cells. These cells
are fabricated from crucible-grown P~type silicon, boron doped to a
nominal resistivity of 10 ohm-cm. The cell dimensions are 2 cm x 2 cm
x 0.030 cm (12 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 24-finger
grid pattern with a bus bar running the length of one side. The rear
contact is a picture frame contact of the same material. The top surface
is textured and has a TapOg antireflectance coating.

In order to obtain parametric test data consistent with typical
space applications, cover slides were mounted on the cells prior to test-

ing. The cover slides were 7940 fused silica 0.015 om (6 mils) thick with

an 0.35 pm cut-on dielectic interference filter. The cover slides were
bonded to the surface of the cells with Dow-Corning 93-500 silicon
adhesive.
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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 s0 that the cells could be maintained at the desired
temperature independent of the solar intensity. All tesbing was carried
out in a vacuum at a pressure of less than 1 x 10°° torr.

The illumination source used was a Spectrolab 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-are xenon lamp. A system of filters modifies the spectral dis-
tribution so that it approximates that of space sunlight. The light
beam provides a pattern having a uniformity of +1% over an area of
225 em® at the test plane. The illumination intensity is varied by
the position of the simulator in combination with transmission filters.
The solar simulator beam is introduced into the vacuum chamber 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 standardizatien pregram. Pholographs 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.

o The temperature range covered in these measurements was -160°C to
1407C, while the solar intensity range covered was 5 mW/cm? to 250 mW/cm?.
The data were taken at each environment point in the matrix in the form
of an I-V curve. The appropriate 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, intermedia’e and post test ambient measurements were performed
daily to ensure 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.

SECTION IV

DISCUSSION OF RESULTS

A computer program computes statistical averages and standard
deviations with respect to the measured cells for each intensity-tempera-
ture 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, one dimension
representing cell temperature and the second dilmension representing
incoming light intensity (AMO spectrum). The program then produces
plots of the various electrical parameters of interest, with either

e i




incident intensity or cell temperature as the independent variable, as
shown in Figures 1 to 14, Least square tits to the data points are then
made automatically to the measured data points using a second-degree poly-
nomial for most parameters. The curve factors, AMO efficiencles, Voo and
Vpp data points are not fit but are interconnected from point to point.

In addivion, the program calculates 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 Figures 15 through 18.

The figures are intended to 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
data, ete. To facilitate comparisons and inputting, all units are
standardized as follows:

(1)  All currents are in units of mA/cmz.

(2) All voltages are in units of mV.
2

-
.

(3) All power outputs are in units of mW/cm
() All curve factors are in dimensionless units.

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

(6) All temperatures are in Cc.

(1) All incoming intensities are in units of mW/om2 and are
representative of an AMO spectrum.

(8) All geometric dimensions are in units of cm or pm (whichever
is 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: Ig,, Vga, Impv Vmp, Ppax» CF, and effici-
ency at each intensity~temperature combination. For each parameter,
at each intensity-temperature combination, the standard deviation is
presented to prov.ide estimates of statistical validity. All effici-
ency, current, and power output data is on the basis of unit area
derived by dividing measured output by total cell area.

B ;A#JL;;.
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s« TEMPERATURE COEFFICIENT, mA/cm®/°C
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Pacx TEMPERATURE COEFFICIENT, mW/cn?/°C

- i - ~
2 ¥ anw s BN 24 * [
. (3211 1.0« R
Feeeres 14
e B . . e
i, o r
RN ot
x4 * BT
¥ ¢
K P X *
sebres cparids - eferee row T2 SR Bisd
i % ~
vﬁ
2 e DO vz Sl L TS B Yo s e=% mrzege 9
*: O s 53 SETPINS TUNETY TP CUNNR: AR S f—“f:’;xr:':ss D T T T 8 et TS
00t
e, A e iricd A
-?: vm‘]w&’;ﬁ PURNG patesi et ti LY Bt e """:"";‘K’ o ragfirand i aeodere furte
—_— £ ¢
\\ ’ ~m"’"""'*i-v---;.L.~1 . i i
b mvz'.'hw‘:;:ti . ;‘4 b ez e s o e o 0 | S— etz ots e zvomle
[t . ' ¥
el ; i aaks vl ]
- 04 ] 2 -
. ) B v {
i .
Sanb s £ £ Behs S ‘f: b 24 i B R * e L e LR > s B 2 BS S i -y
> 1 LA poave s . i R e o e .
prasy = = rshs ~rodues afoe e ~t\ﬂh’cﬁwc:3u:.:> L P e e > s Sy .,t"'s
ﬁ\
' Pl
~.08 . f
] < B ]
| *v--...‘_‘_
s o e wrpaow spa o o mesd e ooy e wheas e sabens afresmr fen udaa e farnrye " SEE
i
’
¥ ¢ LU ad S L 2o wer - BTOSE TU T e b v o o o e - R o TR S o haka A= " . ~ i
- 12 "
5 i |Gt -
» - g L il e IS - [E] -» L Gt By £ r‘ - 'm%t":‘l'
: N b L1 L
= wm ’ ]
desd - t [E EEH RRVU [ PR AT YUY NP e FRO S ) .""u,.m...d”mh.“ SRS S
-, 16 : P
. 28 | (3
iy PPN IS Lo 1' « - oo
i 4
seed e f=or = 4o - o memfoeen | araafein o ofes v serdorem
;A
~. 20
H . o of » g P PR Do
et )
P i i
IS H
it o
di . N KN
T ™ f Rt R . ]
Y IR B ! ' o
pittgiitgy ; | IR :
= 2

=

DMAITICIC D>

1o 80

-10 ’.40 90 ~ 140
TEMPERATURE, °C

SPECTROLAB, BSF, TEXTURED

N/P 10 OHM-CM CG SILICON

2 X2 X .030 Cu

Ti~PD~AG CONTACTS 24 LINES

TA205 AR COATING

7940 COVER 0.35 MiCRON CUT-ON
0.15 CH THICK

SAMPLE SIZE 13 FLATE V

Figure 17. Absolute Ppax Temperature Coefficient

21

g

Lo !ﬂ“ﬂ A h/ﬁvax§#w~¢.§,$.~y.« D R




5

Riadlad

b e A el G |

- ~ d AR e g E- - -
i = = = SR B NS <
R XD ;
. % * . .
o
= ] - z >
Spess duily S T us
F -] (2] — -
g ot babga. 17} > <
ket == =} = O x
e et 21 2= - O .
H oz o - z —
e S o o=
] = — < s -
54 Do > o~ L]
= o — - =
o= : - = o
podvad oo (7>
.r - =W
: ' LOXOZm —
[ A O~ « om
it ] M OO —
: ™ oz«
- -1 Mmoo 13}
MEFO OO ~N
<X . w -
204rs gy =y @ g > w0

(=] R A ]

T o | (=] us
fow o ve- v'lzns -4
e ma k17 (] a oo .
Freaa ko i n.v.lv wa. X | N« =
b2 Saany o N — <] b d
H4mv<4.! NZ N - «©

¥
1
-10

TEMPERATURE

»

-160

CoOoo0OoOmMmD

z
h
C e o o 2 3 o o
N1Lumnmoomo
xE —~—nwmomu
& ———

C<convauno

Percent Pmax Temperature Coefficient

Figure 18,




Table 1. Average Short-Circuit Current, mA/cme
SPECTROLABy BSF, TEXTURED
N/P 160 OHMaCM 66 SILICON
e X 2 X 030 oM
TIwPDwAG CONTACTS 24 LINES
TA205 AR COAYING
7940 COVER 0,35 MICRON CUTON
0,18 £M THICK
SAMPLE SI2E 13 PLATE V
rELL TEMP, SOLAR INTENSTYY (MW/CMOND) »
(DEG, ) 5,00 15,00 25,00 50,00 100,00 135,30 2%0,00 1
wib60,00 1.38 4,07 6.7% 13.52 26474 - ™ i
(.08 (e22) (a37Y (279) (1.51)
wld0,00 1.38 4,11 4,80 13,66 27,08 - ]
(005’ (025, (n“‘, f0591‘ (lnﬁa, f
wi20,00 {.40 U 15 6,89 13,84 27.27 ™ " i
(009, (0267 (.02\ 1.921 ‘1.73’ §
wi{00,00 1.42 4,23 6,99 14,10 27.83% - » !
(200 tedd) (3% (87) (1.58) b
»80.00 1,48 4,37 T.26 14,46 28,58 38,82 o [
t,07) (.20) 1,32) fe68Y  (1,20)  (1.31) :
wb0,00 1.48 4,47 Teldy 14,81 29425 39,48 73:.%0 ;
(2069 (s15Y (229 (el (.88) (.08 (15%) :
wldn, 00 1,52 4,54 7.54 15,06 29,75 do.12 75,17 4
fcos’ (oll’ f.l7’ ‘037’ ‘175’ (056) (1022) i
w000 1.54 Ugb0 Tebl 15,27 Ine28 do. bl 16,72 4
(04 {40095 {si5y (e31) (ab67) [.49) {1.168)
200 {1.56 4,69 772 15,43 30.57 41.32 77631
.03 (.07) el fe28) (.64} (o)) (1.21)
20,00 1.57 4,69 7.80 15,76 30.91 41,99 T7.97
.03 (a06) (.11 tel7) (.60) {+38) t3.09)
40,00 1.59 4,74 7.A8 15,95 31426 42.52 78470
t.02) (o 0h) (el t) te27) (62) (o009 t1,00)
60,00 1,60 4,78 7.93 16,06 31.5% 42,99 79,26
t.02) (.05) (o1 1) (e26) te62) («39) t1,02)
80,00 ™ - - 16,17 31.89 43,37 80,17
tePS) (260) (e39) (299)
100,00 - - - 16,34 X2.05 43,7% B81.00
(+22) (ab2) (+39) .98
{20,00 - " - 16,39 32,37 44407 81.%0
(e3) (a61) (e36) Ca94)
146,00 - - - 16,469 32.60 44,28 82,24
teldy (.59) (a37) (.97)
NOTE)  STANDARD DEVIATIONS ARE GTVEN IN PARENTYHESES,
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Table 2. Average Open-Circuit Voltage, mV
SPECTROLABy BOF, TEXTURED
N/P 10 OHMwCM CG SILICON
2 x 2% ,030¢cM
T1ePDuAG CONTACTS 24 LINES
TA20% AR COATING
7940 COVER 0,35 MICRON CUTaON
0ei5 M THICK
8AMPLE 8I2E 13 PLATE V
CELL I!MP. BOLAR INTENSITY (MW/CM¥¥2)
(DEG. €) 5,00 15,00 25,00 50,00 100,00 135,30 250,00
wf{60,00 82%.14 921,81 937.58 985120 958,28 - »
(S54,42) (8,17) (3,77 (3.03) (2,89)
wid0,00 800,32 882,18 895,08 906,38 918,72 - ™
(U618 (6,99 (5.20) (6438) (5,7%)
120,00 775.54 840481 852.87 868,31 879,68 - -
(33.,72% (7669 (7.47) (7.40) €7.32)
wi00,00 Thd 21 796,16 810,17 825,02 838,32 - ™
t21,56) (8.41) (8,59 (8026 €7.87)
wB0,00 707.78 753,64 76847 784,65 798466 805,05 »
(13,506) t8.4%) (7:79) (7.83) t6,91) (6.62)
wb0.00 667.814 711.92 726493 744,55 758,468 Tb6,406 778,68
- (8.71) (6.06) (&.21) (5.32) (5,09) (4,68 (4,59)
wl0,00 626,95 669,03 683,47 702,26 718,83 725,64 739,52
(6,50) (5.20) 4,64y (4,20) (3.,39) (4a01) (1.823%
20,08 S85a.76 GRb.e1 bin.02 660,19 677.87 685,11 700,42
(5.31) (3,45 (3409 (24565) (2,66) (2.61) (3,219
«00 S$34.70 579.06 594,78 617,24 63%.12 643,28 659469
(4,89 (2.89) (2279 (2.27) (2.21) (2.21) €3.31)
20.00 488,73 532,78 549,68 572,98 892,72 601,.%4 618,84
‘ (473 2,40 2.17) 24009 t2.12) .66 3,67
40.00 441445 487,38 505,26 527.85 549,25 588,41 577619
t4.38) (2.67) (20N (2.48) (2.10) t2.35) t3.,62)
50.00 ¥92.22 439,30 458,89 483,33 505:00 515.21 533.87
(4,89 t2.50) t3.68) (2.02) (2.17) (2+33) (4,40)
80,00 - - " 436,80 46135 471467 491445
(2.87) t2,08) (2.44) t3,42)
100,00 “ - = 388,94 416415 427,44 447,28 -
. 4,37 (2,29) (2.43) 3493)
120,00 » - - 345,26 37134 382,78 403,63
. (3,07 (2.55) (2,49) (3,35
140,00 » » - 296,87 32457 337,45 359:90
t4,73) €2.95) (2479 (3.26)

NOTEs STANDARD DEVIATIONS ARE GIVEN IN PAREMTHESES,
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Table 3. Average Maximum Power Current, mA/cm?

SPECTPOLAR, BSF, TEXTURED

N/P 10 OHMeCM CG STLICON

2 X 2% .030 CM

TI=PDwAG CONTACTS 24 LINES

TAPNS AR COATING

7940 COVER 0,35 MICRON CUT=ON
0,15 CM THICK

SAMPLE SIYE 13 PLATE V
CELL YEMP, SOLAR INTENSYTY (MW/eMX#2)
(NEG, C) 5.00 15,00 25400 50,00 100,00 135,30
-160.00 ‘.15 3-33 5066 1!=°2 2“069 @
{07 (.23 el {282 t1.53)
-UI0.00 1Q!u 3.“(’ 5.76 ‘2.13 25.21 -
.07y (.25) .47y (RO t1.61)
={20,00 {.16 L) 5.97 12,47 25,49 -
(s 0R)Y (253 t U5y f«8%) (1457
«100,00 1416 3.61 batd 12,86 26422 -
(+0RY (e24) (s 39) te7T) t1,4%)
wB80,00 118 3.79 6,47 13,37 26,98 37.03
t.08) (a21) (e29) 58y t1.148) (1.14)
whb(,00 1.20 3.9 . 2Y-Y:] 13.8n 27.59 37.72
(.08 (a16) (.22) tallt)y €754 79
wli0,00 1.2% 4,00 6,84 13,92 28,06 38,03
207y (ef2) (17 ta31) (01 (.U8)
«20,00 1229 4.a7 6.92 14,10 28,31 XA, 20
t.07) tell) telS) («29) (o6%5) {al3)
200 {a31 4,09 6,97 14,18 28.42 38,92
t,04Y (.07 («13) te2%) (.63) (87
20,00 .32 4,12 Ten2 14,35 28,45 39.02
.00 (. 089 (o) (309 t.63) Cak7Y
40,00 1.31 4,11 T.00 14,50 28,64 39,13
t.03) (.07) (o11) te27) (460 te32Y
60,00 1.30 4yt 6497 {d,4n 28,55 38,93
(.03) (.08) (ot lly (27 (.58) 54y
80,00 " - " 14,24 28.39 318.70
XA te81) (U9
100,00 - - - 4,10 28,07 18,44
{a?5) (o52) (o9
120,00 - L " 13,97 27461 37.72
(a29) (463) (a04)
140,00 - - ® 13,42 26487 36461

fa32) ta61) .82y
MOTEs  8TANDARD DEVYIATIONS ARE GIVEN IN PAREMTHESES,
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Table U. Average Maximum Power Voltage, mV

4
:
1
i

APECTROLAR, B8F, TEXTURED
N/P 10 OHMeCM £G SILICON :
e X 2% 030 ¢cM »
TIwPOwAG CONTACTS 24 LINES o
TA205 AR COATING :
7940 COVER 0,35 MICRON CUT=ON |
0,15 €M THICK 1
SAMPLY SIYE 13 PLATE v {
CELL TEMP, SOLAR INTRENSITY (MW/CMN%2) s |
{DEG, €) 5.00 15,00 25,00 50,00  $00400 135,30 250,00 |
«160,00 S75,50 V41,23 816,23 861,23  893.0A - - N
(68,81) ¢55.535 (28,32) (10,503 (5.,60) )
-100.00 563.3’ 7‘7.85 75“-(’5 620.38 550"36 - - ‘
, (67,887  45,22) (22,49) (10.77) (5.7%)
«120,00 E653.15 704,54 T49 .54 183,9% 805,31 - -
_ COOLUBY  (32.79)  €14,48TY  (7.51Y (7,48
100,00 550,00 670,00  T1B5.62 T39,62 762,77 " -
(55.59) (21.96) (P,69)  (Se4%5)  (5.,92)
80,00 541,31 640,08 672,15  697,2%  T16469 V(8,38 -
(31,53 (15,29 (8,80) (8.25) (S.25) (B,02)
wb0,00 826,46 605,15 631,23 647,46 671,85 676,92 674,77
026,9%5) (7.98) (7.26) (12,72  (6.43)  (5.14) (6,93)
wl0,00 502,08 866,31 586,.%4 608,00 626400 631,38 633,69
(18,15) t5459) (8,61)  (6,27)  (5,48)  (6.78) (5.34)
«20,00 461,92 523,62  S42.77 565,77 583,62 585,92 588,415
(11,98 t5.98) t5.57) (Se17Y (3.82) (4,62 (7.83) =
.00 019,92 480,46 498,38 521,92 538,38 539,67 542,23
(10494 (6,08) (G,9%)  (Ue35)  (UeBYUY  (5.55) (6,41
20,00 381,38 435,77 452,08 478,38  U95.92 498,00 500,15 °
(7.813 (4499) (4,94 (8,058  (3,01)  (3.74) €8480) j
40,00 348,62 392,77 409.69 431,85  ud8,23 453,23 459.00 1
(14,54 5,209 (3,90) 4,00y (4,19 (4,97Y t7,64)
60,00 296,77 347,38 3465,2% 388,54 403,85 412,38 413,85 ‘
(T.28) (3.66) £3.98)  (2.88) (3,78 (421 18,59) 4
80,00 » - - 345,38 360,54 349,46 372415
(3,18 (2,80 (4,469 (6,12)
100,00 " - . 300,00 317,31 324,23 330,85
. (3.29) (R.63) t3,63) (6,16)
120,00 " w - 256,54 274,92 282,77 287.77 {
(2.22) (U,29) (3,42) (4,9%) *
140,00 - " . 215,08 234,31 201,92 246,46
(3.01)  (3,20)  (3.,57) (5.13)
NOTEs STANDAFD DEVIATIONS ARE GIVEN IN PAREMTWZGES,
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Table 5. Average Maximum Power, mW/cm@

BPECTROLAB, BSF, TEXTURED
N/P 10 OHMaCM CG SILICON
¢ X2 X ,080 M
TI=POsAG CONTACTS 24 LINES
TA205 AR COATING
7940 COVER 0,35 MICRON CUTwON
0415 £M THICK
8AMPLE 312E 13 PLATE V
N CELL TEMP, SOLAR INTENSITY (MW/CMawD)
(DEG, &) 5.00 15,00 25,00 50,00 100,00 135,%0 2%0,00
60,00 Y3 2,48 4,63 10,27 22405 - .
' (.10 (.31) 46y t.78) 1,44y
»iU40,00 Ny 2,45 4,53 10,00 21,45 - .
(.10 (.30 (.45 (.78) !.“5)
120,00 Yy 2.43 0,88 9,78 20454 - -
. .10y (.27 €239) (.73) 1,01
-100.00 uba 2.‘42 “039 9.52 20.0‘ « -
(,10) (.23) (.33 (s62) (1.19) f
80,00 Wbl 2,43 4,35 9.29 1934 26,61 . E
.08 17 (o224 tell9) (e90)  (1o04) j
wb0,00 064 2,36 4,22 6,93 18,54 25,54 45,08
1,07y (a12) (el8) fe33y t.64)y (ebly (1,18) o
-lln.OO 063 2.26 “.0! e.“7 17'56 2“.01 aa.bo
(.06) (.09) (o13) te2d) (ol (o42) (299) :
«20,00 260 2,13 3,75 7.98 16484 22.49 bp .14 -
f o0 te07) (o11) te22) tell) (e32) te71) K
.00 «55 {496 3,47 T.40 15,30 21,00 37,54
t.03) (.05 (:09) tat?) (o38) ta2%5) (,60)
20,00 «50 1479 3.17 6,87 1dats 19,43 3445y -
1.02) (.08) (.08) (o) €.32) (e22) {.65) |
40,00 .45 1,62 2.07 b.26 12484 1773 3164 i |
1.03) (.04 te07) (e15) (s28) (e20) (,58) i
60,00 39 1,43 2.55 5,59 11453 16,06 28,58 .
€.02)  (L04)  (,07)  (.12)  (,29) €27 (,60) i
AN,00 - - - 4,92 1ne23 14,30 2640 i 1‘
(e12) te21) (o14) (.56) i
100,00 - ™ - 4,23 3.7 12,46 23,15 £ 1
. (e NQ)Y (e19)Y ta15)Y f.44) : i
120.00 - - [ ] 3.56 7359 10-67 lqlea B ‘
t.08) {.16) (e15Y €87 4
140,00 - - . 2,89 6430 8,86 16,56 do
109y feld)y tel3y (.46) :
NOTEr STANDARD DEVIATIOMS ARE GYVEN IN PAREMTHESES,
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Table 6

. Average Curve Factor

CELL TEMP.
(DEG, €)

wlb0,00
«140,00
w120,00
«100,00
»80,00
wh0,00
wli0,00
u20,00
200
20,00
40400
60,00
80,00
100,00
120,00
140,00

MDTEs STANDARD DEVIATIONS ARE

500

«5787
(,0530)
8797
(,0881)
- «B8892
{0649y
5038
€. 0709)
6244
fe0698Y
«b43%
e 0648)
06613
(05509
N1.1.Y
¢-0U4369
«6618
.0320)
6532
(.02%56)
HUbY

€:0352)

06169
(.0188)

SPECTROLABs B8F, TEXTURED
N/P 10 OHMaCM CG SILICOM
2 X2y ,0%0 cM
TIsPDwAG CONTACTN 24 LINES
TA205 AR COATING
7940 COVER 0,3% MICRON CUTwON
0.,1% oM THICK
SAMPLE 8I2E (3

SOLAR INTENSITY (MW/CmE®2)

25.00

o 7306
(.0%589)
2 7454
(. 05%9)
7613
{.0U66)
o T748
(<0393
27808
(.0305)
« 7823
t,0258)
7790
(.0168)
«7674

......

80,00

« 7984
(0349
+ 8058
0332
8137
(. 0248)
8182
(0213
28184
(.0189)
8105
(0238
8006
(a00AT)Y
o791
(0080
o 7773
(0067
Le7603
(.,00A2)
o TU38
(«0080)
7204
(00409
006967
(0047
6668
(0072
«6329
(0043
+592%
(.0042)

PLAYE V
100,00 135,%0
«860% -

(40213)
+BOLY -
(s0178)
+ 6558 "
(,0155)
+ 8575 -
(.0124)
«8472 8511
(«008B) (,0069Y
«8354 8406
€.0083) (20050
8212 8249
te0077Y (40069
8058 8078
0087y (50084
«788¢ W 7901
{e0060) (,00U9)
7701 « 7698
(,0051y (,0054)
o TUTH U869
(0062 (.0067)
W 7236 o T262
(+0062) (,0100)
s6978% «b989
(,0048Y (,0064)
06677 «b865
t,0054y (.0066)
06315 16323
€, 0068y (,0079)
25950 5923
(0051 (,0078)Y

GIVEN IN PAREMTHESES,

250,00

2 76834
., 0068)
W 7678
(0086
7470

g.0000
VevUITNg

o T361
(40078)
271852
(.0088)
2169647
1.0108)
06754
(,0121)
6706
.0138)
6394
t,0087)Y
w6020
(. 0133)
559
t.0159)
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250,00

135,30

04385 MICRON CUTwON
G.1% CM THICK
PLATE V
100,00

Dhadae - B

© 850,00

SOLAR INTENSITY (MW/CME%D)
25,00

S8PECTROLABy BSFy TEXTURED
N/P 10 OHMoCM CG BILICON
TI=PDeAG CONTACTYR 24 LINES
TA208 AR COATING

2 X2 X .030 cM

SBAMPLE 8IZE 13

Average AMO Efficiency, Percent
7940 COVER

15,00

Table 7.
5,00

»
)

CELL TEMP
(DEG, C)

3 37 e} ¢v¢c 2O ar = Otl

Tl N Wt Wt e s Wt s o O -~ g L%

hEah Fah Kal -Xatelalr ol 2ol i lakolal- 2
MIWNSIN ~IND—~NCDINNNL—> O
.60“'“.3.3'2.202.1
lv!."Lv.s.ala.!.hvlal
ill\.‘(.ll\lil\l.al\.llf\lll\‘lf\ t

-~ - ,3,7\.7\13\1Eu’1)3’2’9’“)6,7\17,
CONMNMONINCOBOONC IV <NOSINOINT OO~ O
M 2N ey ) eO oD 8T ST e} o QPN ofU U W Sleor ®ws
- L SO e SN P Yl @7 aMM CfY e O oD lnl Os -
- - -
~ L S )

badb ol Rl ol LA I PR B Al o SR SRR -~ -~

O T R C AN O O o —~O OO~
NHOHACCENNITICORVORNCNDNOCO IO~

S S A} @) GO P S} AT EP) S QA e\ B ] | ]
€ W) e el O o0 o0 o) N efY S e C
T Wt T T Bt T W TN o W 9t W el W b s B et Nt e

~ N e -~

B eO o0 .0 SN o) T ey 0100.9.
-.

N w8 w5 ot ot w8 ot ot P 0t W o sl 0l WPt et W

-t &~

0o

600!0!5.5!1..8 Sl o33 apn e} 33 ey 2 4 ]
-

Rads ]
A ]

MNP DA ACr @ et Y T O i)~

AN OCITNODONCIN—E NCOOT O In

CO OC *oC =D L M) st o B ST e oM B 3 4
M el ey aly el o0\ efll @we vt 8C o ok ©

S O ot O ot FU] o ot =t v Bt et vt T Nt Tl W -~ -~

- % -~ -~ - -~

< < o o o o (=4 < < < < © o [~ L =] o
o o S <o o <o o < < < o o L =4 (=] o o
e - e [ - - - - - - - - * t e e 1w
= [=d (=3 o L4 o < h—d o [ = Jhu -] o o < hod
<o = n < « = n N T ~ = o &N =
- - -t - ] s 3 ] - - -
» ] 2 -8

R

g i R

29

STANDARD DEVIATYONS ARE GIVEN IN PARENTHESES,

e s rp———— e L e
A )

NOTE)




e —

APPENDIX

Figure A-1. Solar Cell




Plate

A-2.

Figure




Figure A-3., Solar Cell Characterization Facility

fa

Figure A-4, Solar Cell Environmental Test Chamber
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