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ABSTRACT

Electrical characteristics of Spectrolab HEWAC BSF, textured,
hm-em, 225 micron 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 a volume number,
each devoted to a particular type of solar cell. Previously published
reports with their associated solar cell descriptions, are listed in
the bibliography to this document. 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 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 cm (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. NASB-20065.
They were fabricated from crucible grown, P-type silicon, boron-doped
to a nominal resistivity of 10 ohm-cm. The cells are 2 x 4 x 0.0225
cm (9 mils) thick. The front surfaces are textured and the ,junctions
are formed by diffusion to a depth of 0.15 microns. A glass dielectric
compound is 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 surface. The front contacts are evaporated
Cr-Pd-Ag, and the rear contacts are A1-Cr-Pd-Ag. The aluminum of the
rear contact system is formed using a screen-printed paste which is 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 a pressure of less than 1 x 10 - torr.
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The illumirantion source used was a Spectrwlab Model X-25 Mark II
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 2.50-kW
short-arc 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 ft$ over an area of
225 cm2 at the test plane. Illumination intensity is varied by position
of the simulator in combination with transmission filters. The solar
simulator beam is introduced into the vacuum chamber through a window
of 7040 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 the solar cell, the
assembled plate, and the experimental characterization test facility
are shown in F'igu.es A-1 through A-4 in the Appendix.

The temperature range covered in these measurements was -160 to

1400C, while the solar intensity range covered was 5 to 250 mW/cm2.
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 	 k
test. Prior, intermediate, and post test ambient measurements were 	 k'
performed daily to ensure that the accuracy and stability of the test 	 Y^
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 de-
viations with respect to the 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

ser characteristics in a two-dimensional array format, one dimension repre-
senting cell temperature and the second dimension representing incoming

light intensity (ANO spectrum). 	 The program then produces plots of the
various electrical parameters of interest, with either incident intensity

S or cell temperature as the independent variable, 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 efficiencies, Voc and Vmp data

points are not fit but are interconnected from point to point.	 In
({' 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 10.
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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, etc. To facilitate comparisons and inputting, 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 units.

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

(6) All temperatures are in oC.

(7) All incoming intensities are in units of mW/cm 2 and are
representative of an ANN spectrum.

(6)	 All geometric dimensions are in units of cm or m (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: Ise' V oce Imp, V mp, Pmaxp CF, and
efficiency at each intensity-temperature combination. For each parame-
ter, at each intensity-temperature combination, the standard deviation
is presented to provid es estimates of statistical validity. All effici-
ency, current, and power output data are on the basis of unit area
derived by dividing measured output by total cell area.

The Spectrolab HEWA(. cells are experimental cells not currently
in production. Since the time of fabrication of the cells reported
here, NASA-Lewis Research Laboratory has continued to fund the develop-
ment of similar, 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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a

Table 1. Average Short-Circuit Current, mA/em2

b P ECT4f1^A11 M[MA^ MNlP1M(1UNQ -
IN/o 06 0' 10 O MM. t M C4 SILICON

TErTU O E0 SURFACE
2 t - r .M?2S CM
Co.op.AG CnNTACTS

TAlrb AR COATING
NO COVERSLIDE
SA 0PLE S M b

(ELL	 T E Mo . SnLAO	 INTENS)Tr	 (Mw/CMeb2)

(MEG.	 C) S.^.0 1S.00 ?S.mn Su.00 100.00

at60.nn 1.Y5 Y.1e 1) 104.07 27.SY
f.02) (.O Y) 1.121 (.,1 0) (.291

•1Y0.00 1	 A u. SA 7.07 161.37 2%.19
(.n?) (.0041 (.1Y) (.22) (.20)

.tl n . n o 1.52 u. 61Y 7, t; t04.Sti jA.A7

.100.00 1.S2 61.47 7.z9 104.60 24.51
(.n1) (.014) (.12) f.?n) (.26)

.50.00 1.SY 4.Sn 7. ,2 14.9A 29.95

(. n 2) (.OS) (0104) (.19) (.tb)
.60.00 ).Sb 04.5? %Sn 15.09 30.44

f .02) (.O4) (.13) (.1S) (•27)
.Y0.00 1.50 61.54 7054 15.34 30.49

(.01; Coil (.12) (.17) (.3?)
.10.110 1.'is 04.64 7.P'o 15.31 30.79

(.n?) t.o4) (.13) f.?o) (426)
.o0 !.SA Y.70 7.66 1S.u14 31.12

(.0?) (.OY) (011) (010) (.31)
10.( 1 0 1•S9 Y. 6S 7.76 1S.S3 31.30

f.	 ?) (.07) (•17) (.19) (.21)
Y0 9 00 4.7(1 7.P4 IS663 31.2S

1 1 02) (.ou) (.13) f.?(`) (.2A)
7.n,rr 1.L,1 46.71 T.PQ t5.69 31.Su

(.n?) (006) (.1 (020) (oil)
Sn.no 1'ha 04.79 7.%, 1S.81 31.64

(.02) f.06) (.14) f.?4) (.19;

100.00 1.13 04.44 7.95 15.90 32.03
(.n?) (.0S) 1.14.' f•?041 (.2A)

11 n .n0 1.64 u.An So(•, 16.13 12.19
(.n?) (.U3) 1.1141 (.21) ,.614)

140.00 l.bu 4.73 A.03 16.16 3i0S2
(.n?) (.0Y) (013) (.2U) (.32)

NOTE 	 STANOAao MfVIA T IONS A R F GTVFN	 Iti PARENTHESES.

135.30	 250.00

37.70 70.67

(.S9) (1.23)
35.06 72.34

(.bB) (.704)
34.50 74.01
(.SS) (1.25)
39.72 71,	 1
(.eo) (1.11)
40145 761.35
i.3b) (1.551
04 1.14 75.16
(05) (1.24)
41.S1 75.43
(. 4 b) (1.20)
41.44 741.67
(.Sn) (1.43)

41.56 7T.Sb

f.39) (.49)
41.704 7A.361

(.36) (.9S)

4 2.1 4 70.90
(.SA) (.90)
42.4,5 70.37

(.SO) (.yl)
43.0 9 79.97

(.S1) f1.U6)

u 1.S A 60.,13
(.3S) (.Su)
143.15 60.69

(.85) (1.22)
43.59 81.16
(.49) (1.31)

I^
I

_J
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Table 2. Average Open-Circuit Voltage, mV

3 P ECT R ULAR MEwbC PRAPAROUND
N/P 5Sr In OM M.CM CG SILICON
TWUN10 i0apiCE
2 x 4 x .0225 CM

C 9 . 0 0MA6 CONTACT!)
TA2OS AR COATINt
N n COVERSLInE
S•M•Lr 617E 6

	CELL TE MP ,	 SOLAQ INTEN81TY (Mw/CM**2)

	

(DEG, C)	 5000	 15400	 2%.00	 50000	 10'.00 13S.3('	 1Sr.on

960.20
(2,91)
936.16
(1.4s)
901.02

(1.66)
46460541
(1.941)

r2b.3o
(2.50)
769.2'1
(2916)
749,62

(2.23)
710.?n
(2.61)
610086
(2.54)
A3n.4o
(2.96)
560.50
r2^9b)
S4A.22
( 3 0 18)
SU6•s2

(3.18)
'164.16
(3.149)

422.26
(3041)
371,26
(7943)

0160.00 469.83 7b3.13 4b4.37 937.15 057.4j5 *h2.ss

(101.96) (111.76) (36022) (16052) (3002) (1.26)

•140 0 00 473,10 163.94 Ru6.77 90n.U5 92103S 926.37
(101011) (796.64) (A7."6) (11.1 9 ) (2117n) (1.62)

6120.00 "63.18 760.23 6114.6() 967.35 66'1,31 14p9.67

(1(1 2.21) ( 9 1046) ( 416 .11) (8.13) (2051) (1960)
.100.00 4199.20 1144.97 19".60 1429013 6"6.10 (152090

(1 0 3030) (71.43) (2 0 .90) (S.77) (2.12) (1.67)

-60.00 512.15 123.12 763.06 790.U9 6U7.4db 613.97
71014.94) (4 0 ,61) (tb."2) (4623) (2.04) (1.77)

060.00 524.47 694.25 725.2 149.57 7b6.OS 175.3%
(1 0 1.25) (320Si) (10.65) (3076) (1162) (2.12)

.40.00 52".bS bb0925 01614.96 706 9 32 7 27.62 735.12

(%0.34) (1 9 0Su) (7.34) (3916) ( 1090 ) (1.66)

020.00 513.65 620.67 643.31 661.06 666.56 69u•94
(71461) (121 4 1) (5.69) (2091) (i•b9) (2906)

.O0 4Q1.0n 572062 699,73 624.20 6145.17 bS3.92
(5692 4 ) (21.46) (4.90) (2965) (1969) (1001)

20000 461.22 53S.9$k %S602S 5'040% 602090 611.93
(40.2 4 ) (7066) (4.37) (7050) (1.44) (2.07)

40400 926.65 491.70 %12.17 S37•S3 561.2S 570.33

(27.42) (6666) (3.60) (2.72) (2.05) (2128)

60 0 00 367036 446.6% Qb7.97 494.0% 1514916 S26.00

(10.121 (S$%O) (3.S4) (2088) (2.03) (?.3S)

60 0 06 34u.S3 401.34 4412.23 449.61 u7S.0tl 4A5.30

(13.a A ) (4499) (3.49) (2946) (2.03) (2,314)

10n000 100.(15 355.52 37~.43 '109.2(1 :32.20 442.4'

tt(1.6(A) (44.66) (3.60) (9.42) (2:20) (2.42)

120000 25'1."6 306413 13007 359062 347.97 199.00

(6.S4) (4.144) (2060) (3.30) (2944) (2625)

140 0 00 2090n2 25909 7 263.46 313.77 343.62 354.90

(b•22) (4000) (3036) (2065) (I.94) (2039)

NOTEI STANDARD DEVI AT IONS ARE GIVEN IN PAR`NTNESES.
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Table 3. Average Maximum Power Current., mA/cm2

SPECTROLAA OCOAC WRAPAROUND

N/P 8Sr 16 OM M 6C M CG SILICON
TEVY JVEO SURFACE
2 x 4 X .0225 C"
C p6P 0 6A G CONTACTS

TA?0s AR rOATING

Nn COvERILICE
SAMPLE RITE 6

n ELL	 TF M P. SOLAR	 INTENSITY	 (Mw /CM*91)
(DEG.	 Cl 5.00 15.()0 25.0n S0.o0 !00,00 135.30 250.00

0160.()0 .AS 2003 4.77 10.27 22.411 30.94 S9,bs
(.0 A ) (.261 (822) (.Au) (2440) (3.221 (S.34)

•)un.nn .r9 2.99 4,90 10.61 27.81 31.73 61.72
(.OA) (0261 (.22) fl,10) (1.60) (3646) (5,00)

612().00 .93 2.97 4.97 11.0A 23.42 33.10 64.S2

(.0e) (023) (0231 (1004) (1.91) (30301 (4.60)
61nn.n0 992 3602 u,9A 119s4 24.67 )11.61) 65,02

(.0") (020) (.261 (1.!()1 (1.65) (3.061 (S.A2)
68n.00 9013 1606 14.26 t2.07 25.48 35673 613.43

(.09) (.lA) (.26) (1.111 (1.69) (2.38) (5.65)

66000() .97 1.1! S.Sn 12.50 26.?9 36083 66.12
(,n4) 1.22) (.37) (495) f1.us) (26451 tS.,48)

640600 ,99 3025 5.70 12083 ?6,9u 37.56 hA,15

(000) (.27) (.43) (693) (1,37) (2128) (3,23)

620 0 00 099 3135 ti.01 13.nn 27.29 38600 67.50

(.OA) f.31) (.46) (.AS) (1.21) (2,00) (4.63)

.00 1.0() 3051 6.17 13002 27.79 37,34 70.70

(.10) (.33) (,45) (068) (181) (2.01) (3139)

2n.0U 10 ^2 3.57 6.34 13.54 ZA.10 37.94 71.27

(•101 (030) f,39) (.47) (.17) (1.10) (301^)
40.00 1605 3.68 6.51 13.7n 27.92 38.17 71.00

(.11) (.29) f.34) (64141 1 (.64) (.771 (3.20)
hn.nn 1.c9 3,Ao b.bS 13.67 28.10 38.11 7n.2S

(.17) 0.21) (,27) (.%A) (.613) (t„IS3 (2484)

on,00 1.12 3.84 h, h8 13.72 2(1.13 38.29 70.62

(9111 (021) (121) (1391 (.S4) (176) (2121)

100.00 1614 348A h.61 13.66 ?79714 389n2 60.82

(9091 (0161 (.21) (.?.A) (9)8) (.AS) (2021)
120.00 1,16 1488 6.59 13.Sh 27029 36.94 6A,97

(.09) !.13) (.19) (.38) (68A) (.811 (2.25)
14n.nn 1.13 3.h6 h,44 13,27 27079 36.4A 67.33

(.0 7 ) (9)2) (,16) (933) (1092) (9AO) (3,99)

NOTE(	 STANDARD nEVIA Y TO N 6 ARE GIVEN IN PAREvTKESES.
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6 0 EC TR OLAR NE W AC WRAPAROUND
NIP 661	 10 Om m -C14 CG	 SILICON
TEX T U P ED SURFACE
2 r	 4	 x	 0 0225 C'4
CQ.PD . AG CONTACTS

TA20S A N	 COAT I NG

NO COVEROLIf)E
Si m PLE SIZF b

CELL	 T t NP , SnLAQ	 INTENSI TY (MW /C""i )
(OEG,	 C) 5.00 Isloo ?S.On So.On 1000OU

0166.00 299.110 471.83 l7A.67 753133 432000
(97.90) (82.46) (A5.1 0 ) .1t2.S u, (70063)

0140.no 291017 4T4.00 S68 1 140 7u9.0n Ape.nn
(+17.61) (63.69) ( P A.41) (99.13) (54400)

W120.n0 307.67 '4e 9.17 1192.17 731	 so 765.ou
( A 146 9 ) (hSIo9) (A1.97) (92.9 9 ) (30.70,)

0160.00 301.110 496.63 f' 09	 so 112.0n 745.83
(406b,A) (91006) ( R use?) (604 7 9) (27.74)

.Bn.no 300.17 507967 601.A3 6!2.61 711.17
(75.67) (67.92) (71.33) (41% 0 44) (11.91)

060 0 00 31SIb1 512.67 596.63 b49.S0 0,72.67
(75.93) (65014) (6.34) (35.37) ()4.33)

.40.00 117.17 SOUS' §;h?	 ISO 61260n 630.00
(AS.A1) (70atn) (19.50) (23.67) (12.39)

02n.n0 129.17 495.33 530.31 514.51 586aso
(69.16) (4607%) (76.30) (22.60) (11.26)

.60 326.17 461.67 99?.33 5?7.63 543.67
(62a781 (Ut1.69) (17.3 7 ) ( H ail , (9.99)

20000 316.116 423.17 453.31 462.17 1500.no

(%5057) (23096) 114.10,) (A' %4) (6081)
unsoo 301.110 3hn.67 "17. 116 439.61 459.A3

("3034) (13.63) (Mae?) f11.5") f7, 7n)

60000 ?7A.t7 346.A3 369.00 S 0 5.So it 7a 13
(34063) (12425) (7.161 (6.92) (7.61)

60.00 247.0,3 307.50 32As33 3S4100 373.17
(23.0 9 ) (8.22) (6025) (4.sb) (b.37)

ton.nn !113.67 265.17 244.00 312.67 333.93
(16.11) (b.52) (5.19) (6.69) (7.36)

tao.no 17a.67 2?".33 295.93 270000 103.17
(9.37) (7461) (4.67) (4.56) (7001)

Iu0an0 lu?.17 10440On ?04.17 2?8167 ?50.17
(51t2)	 (".15)	 (4."n)	 (SITS)	 (b.01)

NOTEI
	

6TANDA R D DEVIATION& A R E GIVEN IN PARENTNESES.
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1

labie 4. Average Maximum Power Voltage, mV

	

135.3^	 250000

	

tl53.5n	 817,60

	

(54.96)	 (19.111

	

8?5611	 491.bo

	

(41.64J)	 (12.32)

	

7 0 1.67	 79A.40

	

(34.('61	 (3(j.94)

	

76o.n0	 76hI1)0

	

(21.50)	 (29.32)

	

7 20.33	 725.00

	

(22.25)	 (24.22)

	

b7tl117	 b62.^0
	(1 7 .20	 (21.0,7)

	

b35.n0	 634.60

	

r19.63)	 (?2.30)

	

SQ201 7	597.60

	

( 19. 7 11	 (204 17 )

	544.17	SSA.40

	

(16.15)	 (18621)

	

Sn7011n	 5o 7. 00
	(11 4 .49)	 (23.16)

	

'466.6 7	971.00

	

(19.36)	 (11,0n)

	

"23.56	 "32.20

	

(15.93)	 (13.77)

	

363.51	 389.n0

	

(17. 0 3)	 (12.96)

	

343.6 7	304.20

	

(tA.36)	 (11.21)

	

2~7.00	 307.40

	

( m .no)	 (10.63)

	

254.50	 ?60x20

	

(ln. "3) 	(6,06)

li.

26



)IS130	 ?so,00

1b,S3 52.42
c4.?9) (6.071
?e.3^ S2.1S
(4.111 '19.67)
26 1 2A St .63
(1.Sb) (5.744)
26.1" 49,66

?45.16 41.50
t?.39) cs.191
?Soo t) 45,60

(2.12) (4.82)
23160 41.23

(1. 0 31 (3.1q)
2?.S? u,.,17
(1.731 (3.63)
10.145 39.345

(l o se) (2.64)
19.26 36.16

(1.10) (2.67)
1 7 .62 31.46
(,AR) (2.17)
t6.1A 3n.36
(0 9 2) (1.Q4)
14.b9 27,49
(.on) '11.62)
I1.u7 d4. 4o
(. 9 01 (1.u9)

10.9 7 21. ?2
(.b)) (1137)
9 42 4 1A$14

( .39) (1,30)

k
I

h ale 5. Average Maximum Power, mti/Cm2

SRECTROLAO ..E ► AC	 WMARAROUNO
N/r 6%F	 10 OM M .C M Cn 81LlrON
TEXTURED SURFACE
2 %	 u	 r	 .nits fM
CR•AO.AG CONTACTS
?Airs A n	 COATING
tit) COVIRiLIIE
SA40 LA 911E 6

CELL	 TEMP, 2nLAQ	 INTENSITY (M.,/C"881)

(PEG.	 C) S'00 15.00 25408 10.0n 100.00

0160.00 .204 l.a0 2.17 7,79 16,16

'111 0 ) 1.17) (.511 (I	 h e ) (34,67)
0140.00 .21 1.43 2.A4 6,01 161!0

(010) (07) (.S?) (1.70) (2.11)
6120000 .20 I.4h 209s 6.16 Ib.u2

(610) (011) (ass) (1.62) (2.I1)
0100.00 .29 1.52 10 ^1 8.21 16.63

(of t)) (0371 (.Su) (jobs) (1.65)
•60.00 •30 1.Sb 1.16 M.211 18.14

(.101 (434) (.S2) (10291 (19Sn)
.60.00 031 1060 1.24 6.20 1'.7u

(.I(1 ) (0361 (.u9) (1.021 11.26)
040.00 .32 1066 1,25 7.tj7 16.404

(.04) (031) (.44) t.A3) (1a041
620,00 033 1.67 3.t) ► .411 16.01

(one) (00) (.391 (.741 (.94)
,on .33 1.63 1.04 bole 11.11

(009) (.26) (031) (046) (06S)
20.00 .33 1052 t.90 bass 14406

(000) (820) (.26) 1111, (.Sb)
40.00 .12 1.03 d.tq 04.0' 12.A1

t. OA ) (0161 t.Iy) 1.25) (.673
boon .31 102 24js 1.41 11.69

(007) (.1z) (013) (023) (.42)
60.00 026 101A ?.16 4.66 10.451

(on11 (o09) (010) r019) (.36)
10n,00 0?s 1403 1.00 4.27 9028

( 0 0 41) (007) 1.09) (,17) (027)
120000 021 all lob( Jobe 0.00

( 4 03) (001) (007) (.15) (033)
140 0 00 06 .67 1.32 1.016 6096

t .0?) (.001 (00,1) (013) (.s7)

NOTE1	 I T ANDARI OEVIA ► IONS	 A P E GIVEN	 IN oARENTWfSF$ o
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Table 6. Average Curve Factor

S ►[CTROIAN N[MAC WRAPAROUND
N/P b!r 10 om"mcM Cu SILICON
711TUR[D 1URFAC[
2 K 4 t . ,'22,3 C"
CR. R O.AG CONTACTS
TA20S AR COATING
NO COVERSt.101
SimPL[ $111 e

FELL	 T E ND . SJf	 AR	 14TEN S ITY	 (M01CM042)
(DEG,	 Cl S,nn 1S.0n 2S•o0 $0000 I0n000 131,30 asn.OU

.tbn 9 00 .36(41 .4200 .us 18 .$989 .7117 07300 47649
(.0h91) G OSis) (.0591) (011hb) (.1343) (.1107) (0063§)

.t4n,10 ,369? •4236 .u1 n0 .61u9 07p49 .74/43 07692
(0044?) (•0593) (.0601) (. 1 ?13) (60 9 10) (.tosb) (00789)

•12n.00 .3AOn 04295 .49u5 .bus? 47213 ,16 n4 17733
( 0 0S3S) (,)S 911) (40 7 10) (,1212) (•0807) (•0940) (907,36)

0100000 .3702 .4S24 . 9 ? '+6 16726 01361 •7768 .TTQ0
(.OSA9) (.;)7491 (.00108) (.1116) (.0111) (,0794) ( 0 070 1 )

-0 m .n0 .3h07 .417? .56n4 .6990 .7496 91822 67137
(.OS31) ( 9 )7981 (60 P 6 7 ) ( 0 10?4) (60580) (00705) (90710

•60.00 .3725 .5079 .19St .72ub 67970 07A29 .7650
(40 ,32$) (.0945) ► .0874) ( 0 0845) (1081?) ( 0 0639) (007241

040 4 00 .3704 .5441 •4267 ,72un 07676 .1792 .7642
(.OS3n) ( 6 098?) (. 0 A 3h) ( 0 01521 (•Ouul) (00603) (40555)

• 2^.00 .391,7 .5190 .AuA3 41314 .7574 a7Tub ,7S64
(.nhA3) ( 0 0 9 61) ( 0 0761) (00685) ( 0 0410) (409 9 6) (0053$)

.00 •4107 .bos3 .66?a .713A •7521 61612 •7S61
(.0 7 99) (.08 9 1) (.OhS2) (.043 0 ) (.0315) (• A S31) (.0,430)

26600 .4420 ,60Pu 66713 07?301 .7041 01541 97318
(. 0 9 4h) (.0744) (.0154A) (•0312) (.0269) (•04?1) (.0077)

40.00 .'56A1 .b1814 .hhgi1 071541 .7303 .74n3 ,7143
(00 4 49) (00bu2) (.0 u 3S) (.0209) (80237) (003301 (00414)

6m•00 .YA93 .616A 0 0b41 .6973 .7150 .121h .6990
(60907) ( 6 148%) (.0331) (.nan9) (.0207) (.0311) (.0383)

80.00 .49(49 .bl4A .hs21 06931 .6944 67025 .r,7A4

(00 7 S h ) (.0372) (.0?60) fool") (.0109) (.n10b) (40323)
10n.00 .sn4u .159An .632u .bS3S .h701 64773 .b9uh

(00605) (0303) (0023b) r,n? pk )) (00170) (0430) (00326)
1a0 0 00 .0 963 .5812 06(00 06SOA . b u 0 6 46373 96224

(00" p ) (00256) (1018 15) ( 1 0167) ( 0 0190) (10210) (.0308)
1610	 on .0811 .,34915 .5773 .S9bh 162?3 .6001 05890

r.0331) (9021 9 ) (.0137) (8016 1 ) (00466) (00232) (00330)

Nn 7 E1 	STANDARD DEVIATIONS ARf GtVFN I% nAR[NT14ESf1.
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(?.n?) 12.6141 (202) (3.17) (3.67)
.tun,n0 5.13 9.55 11.14 1400? IA.Su

(?.n 2) (?0617) (2.09) (3.41) (2.51)
.120.00 5070 9074 11.11 16.32 18.42

(1.9(j) (3073) (2611)
•160.00 5072 1^.tu 1.19 16.53 IM. u3

(Pont) (00614) (2.16) (0090) (1165)
• 66,00 5.97 10.uJ It.71 18.56 140161

11.91) (1,771 r?.OA) (J.Sa' 11.56)
.40,66 6001 11.7 17.96 16.40 17.70

(1.95) (1039) (1.9(!) (1.841 (1.?AI
.u0.n0 6.37 I1.oS 17.,Vtl 15.74 16.06

(1.63) (1022) (1.7A) (1.66) (loop)
•20,60 A.SA 11.13 IP140 14.94 16.^1

r 1. A7 ) (2.02) (1,Se1 (1.us) (.94)
.nn 4.62 100AA 12.17 13.76 15.11

(1.A?) (1969) (1.?5) (,93) (,bs)
2o.On 6,R4 10.1? 11.60 13.06 14.06

(166 9 ) (!635) (10LIS) robs) I0 SA)
40.00 6.47 9.53 1n07S 1?6n2 12.91

(1.53) (t.uu) t.7S) (.SO) (.u7)

bn,00 6.16 a.p0 90"1 Iu13 11.b9
(1.3A) (671!) (.55) (,4b) (.4J)

80 6 00 S.61 7,69 9,7? 9.72 16.51
(1 I g S) (.60) (039) (.IA) (.3h)

166.66 4.05 A.AA 71%A 8.55 V.?e
f.7u) (.44) (636) (,l4) (.27)

120,	 M1 4.)u S.p^ A.QA 7631 A.nO
(.S?) (.33) (127) 1,31) (.31)

140,00 S.tA 4.Sn 5.26 b.r7 ^.oe
(.31) (.tS) (.17) (.2b) (057)

NO T EI	 S T A N MARr

.-

r, IVIATIO N 6 A R E GIVFN IN PAREojT04E1E5.

19.61
(1,17}
19.44

(1.04)
19.4?

(2.631
)o.u7

(2014)
19.pu

(1.77)
1p,uA

(1.57)
17.69

(1,u31
14.43

15.u1
(1.17)
161.24
t.A?)
13.17
(.A6)
11.94

10.aA
(0461

^.eA
(.661
8011
(.It)
A.Ab

t.29)

26,97
(2.43)
16.46
(2027)
20.65

(2.30)

10.93
(1.291
19.14

(2.UA)
lAIa0

(1.93)
17.t y

(1,361
14.15

(1.45)
15.74

(1.02)
14,616

( 1.01)
13.39
(.a7)
10,13
(,a0)
11,00
(0631
0,76

(.59)
A.49

(.SS)
7,26

(.S2)

__ ^J

4
1

Table 7. Average AMO Efficiency, Percent

1 P IC TP OL^P ME • AC .4^P^AOU^
N/ p 63F I 6 nw M .C M C6 AIlIC
TEK T U R F1 1U9FAC ►
J V 4 I ,^2?S C"
CRoOD • AG CrNTACTS
?&Ins A R COATING
No COVEQeLtMF
SAmPLE SI7t 6

CELL T ► MP,	 IOIAR TNTENBITY (NpiC"•O7
(nt r., C)	 S,no	 15.60	 21360n	 Sn,uo	 100,0

•16 6 ,00 	 S,15	 9,33	 11,06	 1S,SA	 14,78
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APPENDIX

Figure A-1. Solar Cell
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Figure A-2. Test Plate
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Figure A-3. Solar Cell Characterization Facility

i

Figure A-4. Solar Cell Environmental Test Chamber
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