
 

 

 

 

N O T I C E 

 

THIS DOCUMENT HAS BEEN REPRODUCED FROM 
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT 

CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED 
IN THE INTEREST OF MAKING AVAILABLE AS MUCH 

INFORMATION AS POSSIBLE 



r

JPL PUBLICATION 7815, VOLUME X

(NASA—CR-162422) CHARACTERIZATION OF SOLAR 	 N$0-11566
CELLS FOR SPACE APPLICATIONS. VOLUME: 10:
ELECTRICAL CHARACTERISTICS OF SP1?CTROLAB	 RC 4 4 3 IMF A0

	

r	 BSS`, TEXTURED, 10 OHM — CM, 300 MICRON CELLS	 Unclas
AS A FUNCTION OF INTENSITY, (Jet Propulsion G3/44 46120

s

	

1	 ^•
^i

Characte rization of Solar CelIs for
p^Space Ap p lications^ 

Volume X. Electrical Characteristics of
Spectrolab BSF, Textured, 10 ohm-cry,
300 Micron Cells as a Function of

a
Intensity, Temperature and Irradiation

B. E. Anspaugh
R. G. Downing
T. F. M iyah i ra
R. S. Weiss

October 1, 1979_

National Aeronautics and

	

`	 Space Administration'	 ^►,^,	 :^:
Jet Propulsion Laboratory'^^
California Institute of Technology
Pasadena, California

.4;



iJPL PUBLICATION 78 -15, VOLUME X

Characterization of Solar Cells for
Space Applications
Volume X. Electrical Characteristics of
Spectroiab SSF, Textured, 10 ohm-cm,
300 Micron Cells as a Function of
Intensity, Temperature and Irradiation

B. B. Anspaugh
R. G. Dawning
T. F. Miyahira
R. S. Weiss

4i

October 1, 1979

r^

t, National Aeronautics and
Space Administration

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California

...........`e	 lm"	 .,"Y:	 wwr:"rl'Ii
 ..	 «..r .	 :.i	

hl	 r-	 wm' iu	 ' • '-	 `z'C"x"w ss''`'i"*_t ilYe iarwrp^fi4°+fll a.,,.a e, E..,.



ACKNOWLEDGMENT

The authors gratefully acknowledge the invaluable assistance of
Lois Fite and James Hix who wrote the computer programs for performing
the data analysis and curve plotting, and of Diane Engler who operates
the program and produces the plots.

®1,

t

l

}

4

i

i



iv

r

'III I^AIn1w^®111 ^'111^IfYY^iYtIAN^^IA 	 - 'S^^	 ^"f"^ic^'-•Lrt+R #"°..^i...si ,r .«. ,r .,. .. i ._ _ ...	 _	 .. ..

d

i

^K
3

{

ABSTRACT
kf	

I

I

i
1{	

1

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

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 call descriptions, are listed in
the Appendix. Each report consists pr i marily 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-em, 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 Speotrolab 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 em 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 Ta 20 5 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 em (6 mils) thick with
an 0.35 µm cut-on dielectic int .erfarence 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
The test plate was, in turn, mounted to a heat
heating and cooling so that the cells could be
temperature independent of the solar intensity.
out in a vacuum at a pressure of less than 1 x

test plate using RTV 560.
sink with provisions for both
maintained at the desired

A^l testing was carried
10- torr.

The illumination source used was a Spectrolab Model X-25 Mark II
Spectroaun 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 speotral 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 em2 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 79 110 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 Figures A-1 through A- 11 in the Appendix.

The temperature range covered in these measurements was -160 0C to
1400C, while the solar intensity range covered was 5 mW/cm2 to 250 mW/erg,12.
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 dimension representing
incoming light intensity (AMO spectrum). The program then produces
plots of the various electrical parameters or' interest, with either



0

.^; n	
^J

V

incident intensity or cell temperature as the indepeane'ent 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 poly-
nomial for rjost parameters. The curve factors, AMO efficiencies, Voo and

i`	 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 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, eto. 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/emZ.

(4) All curve factors are in dimensionless units.

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

(6) All temperatures are in 0C.

(7) All incoming intensities are in units of mW/cm2 and are
representative of an AMO spectrum.

(8) All geometric dimensions are in units of cm jr µm (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: I sc , Voc , Imp, Vmp, Pmax, CF, and effici-
ency at each intensity-temperature combination. For each parameter,
at each intensity-temperature combination, the standard deviation is
presented to provide 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.
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nÂ

q
t F

a<
a

^^
{	 i

{
^

s
i

il4t	 4,
4	 s

; ix=
DDr i

•
f

^
^' !^

4 i
.. 

^t^j w-f^•+• 1111'1 ^.
..	

s
f	 , i ! a+'I ^ *	 it d " m i r	 p

#

ifi{ `	 { 't	 t i i ii }ilR
^.	

.. k ;,.^ • d' ^ i`:} °,`i i
44,

. k}^ 511 '	 n-E
i¢ ! ` i 1 r

i °t. i J^y * tFt M s,r. a>x}r^# yy t r1H.

i°

}f	 1" ^ryJ $ , ;

f

y y J A -11,.11. 11 y... i tx$. t .F{^^1 '1
' } ^	 ii b	 } 1 } , ''

'.

d r	 Iii
i

1	 i rt1 -d1 i < +t} 'P^. " g 1.	 1": ,# rxe _ &

=1 { ^f
1 y 1 1 >^

M

{ I	 q} e ^

-{^

^	 d a'i i
` !'

d•'i ff'

*41d

t

.} }Y'
j = 1 {

!
t •^

A

1 {
t{rl
J	 . i

r t t

' f s'

i	 ^	 '. • +it
f

C€ .ii ,}
1

11.^'.Af
fl^^ '^	 .. i 1 6 ^j^ P

r^

7	 t j I	 { ^

r
d	 ..	 ^ y`to^

Ql -.. { !	 ± x
ate r^

"^"T^
i tyby 'N t ^

'
^ }1 {

{^
^t +	 Y ^ ^ }'

.
^^ = }d

I {"
}#1 F " 111

`, 111# ^iS ^#

,"
{. C^ x t '`

}

p^

^h^

^} i { i i

'

[:
I	 {	 6 r	 P ^} 1 $	 } I

11 . 1 i #
*p

1	 ! ' d =A= r { } '.l ^ i +I 'FE ^'ik
{ f

a
I

l,:i ^ ^'i!! -.^ }t ^IY^ a
4.	 7 11 ^'ii L f^!].f

li,..
^^^^

1 l i{ j
{	

r

11 I	 j } £. / r •' }	 ! t{	 t j
f # 3 11

j
+^	 t }

t
t	 I ^	 +

^

tI 'f ,1 ` + 	 °

I

^1 I 1

7

'^ ^

-I l

if' ^

f

^^ ^li

A	 i P F j} j	 t . j# i (f 1.1 i # f to t

P I1i 1.{ ' 1 11' ! d
i1^

11

}! r kt
^' , , 4 41^- + .}, .I.

t j 
r

I !' $' ^	 } i	 t^'.
! r ^,—^.,^I ^ A	 i tl Yk

+i+I ^	 , I	 '}Ji	 ^' ^K ^ ^ f	 t ^ { f '	 ? ! d {' i L Ii i	 j

1 I , ! of ,^ +^ 1

+

I^ !^ i t i 1^1 1 s^ s
!

z t 'li! p
$ ,̂'

. i .fqY { 1 .}.l..t..µ

f^

r.=1 ..f.1-1.
+

, e1 ^wK t
I

>. a}df µ
^

y,r 	 !
I

{

^I

++!_# +IY.i 1,+^
1

a .. .{

7" t 11 ^	 4 ^, ,^ ,	 ^ ! !
i

+

+-+-} {+ -+ y. ;. ^^ }^ • -^- { ^#^ ^'^ ^^ t^-«^ +{111 ,^ ..	 • - # '

^
L

i . f i i

2 5	 10 2 5	 100 2 5 101

n

SOLAR INTENSITY, mW/cm2

ID	 °C	 ID	 °C	 SPECTROLAS, BSF, TEXTURED

	

A -160.0	 1	 .0	 N/P 10 OHM-CM CG SILICON

	

B -140.0	 J	 20.0	 2 X 2 X .030 CM

	

C -120.0	 K	 40,0	 TI-PD-AG CONTACTS 24 LINES

	

0 -100.0	 L	 60.0	 TA205 AR COATING
E	 -60.0	 M	 60,0
F	 -60.0	 N	 100,0	

7940 COVER 0,35 MICRON CUT-ON

G	 -40.0	 0	 120.0	 0,15 CM THICK

H	 -20.0	 P	 140.0	 SAMPLE SIZE 13	 PLATE V

Figure 9. Average V oc as a Function of Intensity
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ID	 °C ID °C SPECTROLA9,	 OSF, TEXTURED

A	 -160.0 1 .0 N/P	 10 OHM-CM CG SILICON
8	 -140.0 4 20.0 2 X 2 X	 .030 CM
C	 -120.0 K 40.0 TI-PD-AG CONTACTS 24	 LINKS
D	 -100.0 L 60.0

TA205 AR COATING
E	 -60.0
F	 -60.0

M
N

60.0
100.0 2940 COYER	 0.35 MICRON CUT-ON

6	 -40.0 0 120.0 0.15 CM THICK

H	 -20.0 P 140.0 SAMPLE SIZE	 13 PLATE V

Figure 10, Average I mp/cm2 as a Function of Intensity

SOLAR INTENSITY, mW /cm2
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SOLAR INTENSITY, 0VV/c0

^	 '
|V	 "C	 |D	 00	 SpEC7RVLA8, BaF. TEXTURED

^	 A -|VV.V	 /	 .O	 w/p |V VVN-Cu Co SILICON	 .
8 -NV.V	 J	 30.0	 2 X 2 X .030 Cu

^	 : -120.0	 K	 40.0	 TI-PD-AG CONTACTS 24 LINES
0 -100.0	 L	 0V O

	

'	 '	 Tk305 6R COATING
^	 E	 -00.0	 u	 80.0

8m WicxoN CUT-ON7V^0 COVER 0`	 r	 -VV.V	 N	 N0.V	 `
`	 ')^ VW THICKG	 -40.0	 o	 120.0	 n

'	 H	 -%V.O	 P	 140.0	 SAMPLE SIZE 13	 PLATE Y

,^. Figure 11. Average V~p as a Fuuotlmu of Intensity
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ID	 °C 10 °C SPECTROLAB,	 BSF, TEXTURED

A	 -160.0 1 .0 NIP	 10 OHM-CAI CG SILICON
8	 -140.0 J 20.0 2	 X	 2	 X	 .030	 CAI
C	 -120.0 K 40.0 TI-PD-AG CONTACTS 24	 LINES
D	 -100.0 L 60.0

TA205 AR COATING
E	 -80.0
F	 -60.0

M
N

80.0
100.0

7940 COVER	 0.35 MICRON CUT-ON

G	 -40.0 0 120.0 0.15 CM THICK

H	 -20.0 P 140.0 SAMPLE SITE	 13 PLATE V

_ia
l

Figure 12. Average Pmax/em2 as a Function of Intensity
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SOLAR INTENSITY, mW/cm2
I 	 °C	 ID	 °C	 SPECTROLA9,	 08F,	 TEXTURED

A	 -160.0	 1	 .0	 N/P	 10 OHM-CM	 CG	 SILICON
9	 -140.0	 J	 20.0	 2	 X	 2	 X	 .030	 CU
C	 -120.0	 K	 40.0	 TI-PD-AG CONTWI	 24 LINES
D	 -100.0	 L	 00.0	 TA205 AR	 COATING
E	 -60.0	 M	 60.0
F	 -60.0	 N	 100.0	 7943 COVER	 0.35 MICRON CUT-ON

G	 -40.0	 0	 120.0	 0.15	 CM	 THICK

H	 -20.0	 P	 140.0	 SAMPLE	 SIZE	 13	 PLATE V

Figure 13.	 Average Curve Factor a-• a Function of Intensity
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SOLAR INTENSITY,	 mW/cm2

ID 4C ID °C SPECTROLAB,	 BSF, TEXTURED
A -160.0 1 .0 N/P	 10 OHM-CM CO SILICON
0 -140.0 J 20.0 2 X 2 X .030 CM
C -120.0 K 40.0 TI-PD-A(1 CONTACTS 24 LINES

6	 D -100.0 1 60.0 TA205 AR COATINGE
F

-.0
-66

0
0.0

M
N

0.0
1000.0 7940 COVER	 0.35 MICRON CUT -ON

G -40.0 0 120.0 0.15 CM	 THICK

H -20.0 P 140.0 SAMPLE SIZE	 13 PLATE V

Figure 14. Average AMO Efficiency as a Function. of Intensity
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TEMPERATURE, 'C

/0	 Wv: 2 aPE0TROLA8.	 nVF. rGXTV8E0
A	 5.0 N/p |O OHM-CM un a(L|ooN
8	 |a,V 2 X 2 X	 .830 VW
C	 25.0 TI-PD-AG oVwlAcru 24	 LINES
D	 50.0' 7^205 AR COATINGE	 |oo.o
P	 |Js.o /R^O ouY^R	 O . JO u/:8nN OUT-0N
0	 250.0 0.15 Vu THICK

SAMPLE u|%E	 |a PLATE Y

Figure	 15. I an Temperature Coefficient
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a -1.4 0

—2.40

l	
—2.6

TEMPERATURE, 'C

ID	 nW/ona SPECTROLAB,	 BSF, TEXTURED
A	 5.0 N/P 10 OHM-CM CO SILICON 
8	 15.0 2 X 2 X .030 CM
C	 25.0 TI-PD-AG CONTACTS 24 LINES
D	 50.0
E	 100.0

 TA205 AR COATING

F	 135.3 7940 COVER	 0.35 MICRON CUT-ON

8	 250.0 0.15 CM THICK

SAMPLE SIZE	 13 PLATE V

Figure	 16. Voc Tomperature Coefficient
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TEMPERATURE, GC

ID	 0.1cm = SPECTROLAB,	 BSF,	 TEXTURED

A	 5.0 N/P	 10 OHM—CM CG SILICON
0	 15.0 2 X 2 X	 .030 CM
C	 25.0 TI—PD—AG CONTACTS	 24 LINES
D	 50.0 TA205 AR COATING
E	 100.
F	 135.33

7040 COVER	 0.35 MICRON CUT—ON

G	 250.0 0.15	 CM	 THICK

SAMPLE	 SIZE	 13	 PLATE V

Figure	 17. Absolute Pmax Temperature Coefficient
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-110 -60	 -10	 40	 90	 i

TEMPERATURE,	 OC

ID mW/ on
A 5.0

SPEC;ROLAB,	 BSF,	 TEXTURED

B 15.0  N/P	 10 OHM—CM CG SILICON
C 25.0 2 X 2 X	 .030 CAI
D 50.0 TI—PD—AG CONTACTS	 24 LINES
E 100.0 TA205 AR COATING
F 135.3 7940 COVER	 0.35 MICRON CUT—ON
G 250.0

0.15	 CM	 THICK
SAMPLE SIZE	 13	 PLATE V

Figure 18. Percent Pmax Temperature Coefficient
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SPECTROLA Ot 8SF* TEXTURED
N/P In OHM.CM CG SILICON
2 X 2 X	 .030 CA

TIwPOwAG CONTACTS ?4 LINES
TA ?d5 AR COATING
7946 rOVER 0,35 M ICRON CUTwON

0,15	 C M THICK
SAMPLE SIZE 13 PLATE V

FELL TEMP; SOLAR INTENSITY	 (MW/CM0*?)
(DEG.	 C) 5600 15.00 25,00 50,On 100,00

w160.06 1038 4407 6,75 13052 2604

(,08) (022) (4371 (.79) (lost)
0140.00 1038 4011 6680 13666 27908

(9081 (1251 (4411 (40191• (1,64)
»120.00 1.41) 4015 6,(19 13684 27427

(9091 (4261 (9421 (4921 (1,73)
0100.00 1142 4623 6499 14.10 27083

(209' (624) (.391 (.67) (1058)
»80600 1045 4937 7926 14,46 28058

ton71 (420) (1321 (4681 (1620)
060 0 00 1,48 4,47 7.41 14081 29025

(on61 (,151 (1??) tonal (088)
r4n.On lo52 4,54 7.54 150n6 29075

(SOS) (011) f,17) (1371 (,751
.2n.On 1654 4.60 7064 15.27 3n428

(041 (.O,i (oisi (031) (,67)
,n6 1,56 4.65 7,72 15,43 3n,5T

(1031 (607) (1121 to?81 (964)
20.00 1.57 4169 7.80 15.76 30091

(.031 (1061 (0111 fop?) f,60)
40 1 00 1x59 4.74 79R8 15.95 31.26

(0021 (0061 (.11) (8?7) (9621
60.00 1.60 4.7A 7693 16,06 31,54

(102) (105) (0111 (,261 (,62)
80,00 w w r 16.17 31981

to ?5) (660)
100.00 . 16.31 32.n5

(.221 (9621
120 1 00 IS IS . 16.39 326,311'

f.?3) (,61)

141).On . 16,41 32960
(0241 (059)

NOTEI	 STANDARD nEViATIONS'ARE GIVEN IN PARENTHESES.

135,30	 250,00

r	 r

w	 ^.

r	 w

w	 IS

38,82 w

(1.31)
39,65 73990

(088) (1,55)
41),) 2 75617
(058) (1022)
40.64 7602
( 0 49) f1,16)
41,32 77031

(843) (1021)
41.99 77497
10381 (1909)

42.52 76970
( 0 40) (1900)

42991 799?6
(9391 f1902)
43,37 86,17

(o39) (0991
43,75 81,00

(9391 (098)
44 9 07 81096
(936) (9941
44,28 82924
(037) (097)

44.4.4..

Table 1. Average Short-W rouit Current, mA/em2
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.	 .

w	 w

V05005 w
(6.62)
766.?6 778.68

(40681 (4059)
725,64 739.52
(4.01) (x,82)
685.11 700.42'

(2.61) (38211
643.28 659.69

(e2621) (3231)
601,34 618084

f2s66) (3,67)
558641 577919
(2'035) (3.62)
515021 53307

(2433) (40401
471.67 491415
(2.44) (3.421
427,44 447028

(20431 f3093)
38,2,78 403.63
(2849) 130351
337,65 359.90
(2,79) (30261

^J

1
i

i^
f+

Table 2. Average Open-Circuit Voltage, mV

SPECTROLASO RSF# TEXTURED

N/P 10 OHMwCM CG SILICON

2 X 2 X :030 CM
TIwPDwAG CONTACTS 24 LINES

TA ?OS AR COATING
7940 COVER 0 0 35 MICRON CUTwON

0015 CM THICK
SAMPLE SIZE 13 PLATE V

CELL TEMP, WAR INTEN31TY (MW/CM**2)

(DEG; C) 5100 15.00 25.00 50;00 100.00

016'0.00 827.11 92101 937.58 951,20 958028
(54.42) (8417) (3077) (303) (2089)

0140.00 80002 8822 .18 895.08 908.38 918072
(46.111 (609) (Ss20) (648) (5473)

+.120200 779654 840.11 852887 868.31 879.88
133.721 (7.66) (70471 (7240) (7.32)

0100.00 744.21 796 9 16 810.17 825 4 02 83802
(21s56) (8441) (8.591 f8s26) (7487)

"86400 707.78 753.,64 768.47 784 2 65 798.66
(13sS6) (8.43) (7179) (703) (6.91)

w60200 667.81 711292 726.93 744 0 55 758.68
(8.71) (6206) (6.^1) (5432) (5,09)

"40:00 626.95 660.03 683.47 702:26 718.83
(6 2 50) (5020) (4.64) (4020) (309)

4MO 58v.7v 624 2 21 640.02 660.19 677.87
(5.31) (3.45) (3.09) (2065) (2,66)

000 53400 57906 594.78 617.24 635.12
(4 9 89) (2889) (2027) (2027) (2.21)

20000 488.73 532.78 549,68 572.98 592.72
(4 2 73) 12.40) (2017) (2000) (2x12)

40.00 441.iS 487,38 505226 527 0 85 549.25
(408) (2.67) (2.09) (2248) (200)

60900 392.22 439.30 458 8 89 483.33 505100
(4.891 f2250) (3.68) (2,02) (2.17)

80.00 . » 436,80 461435
(2287) (2008)

100.00 s w w 388294 416s15
(4 4 37) (2129)

120:00 ' w w 345.26 371.34
(3,071 (2255)

140.00 s, w w 296.87 324257
f4s73) (2,95)

NOTES	 STANDARD DEVIATIONS ARE GIVEN IN PARENTHESES.

135.30	 250.00

w	 w
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SPECTPOLANI 88F 1 TEXTURED
NAP 16 OHM.CM CG SILICON
2 X 2 X :030 CM
TI wPD w AG CONTACTS 2 4 LINES
TAPnS AR COATING
7940 COVER 0.35MICRON CUT%ON

O t is CM THICK
SAMPLE 317E 13 PLATE V

CELL TEMP, SOLAR INTENSITY (MW/CM*M2)
(DEG,	 C) 5000 15.00 25000 50.00 100000

0140:00 1.15 3433 5.66 11292 24469
(coil (.231 (0411 (,1121 (1.53)

wt40.00 1614 3.40 5.78 .2103 25121
(0071 (92.5) (.471 (9A91 (1.61)

wt2n.00 1.16 3,46 5197 12,41 25.49
( 0 081 (025) (0451 (05) (1451)

.t00.nn 1616 3061 6.13 12,86 26,22
(4081 (1024) (1391 (,77) (1,45)

.80,00 1018 3,79 6,47 1313? 26,98
(,OA) (421) (4291 ('Sal (iota)

060.00 1.20 369t 6968 098n 27tS9
(,08) (416) (0221 (.46) (0751

040.00 1025 4000 6184 13092 28006
(,07) (1121 (9171 (6311 (,61)

020.00 t.29 4:07 6,92 IU;,tn 2Ae34
( 0 071 (.1t) (,15) f 9 (065)

.00 t.31 4,n9 6,97 14918 28142
t,041 (407) (013) fops) (463)

20.00 1.32 4012 7on2 14135 281045
(,04) (808) 10111 (1030) (,63)

40.00 1031 4411 7000 14.50 28464
(403) (1071 (9111 (9271 (4601

60,00 1430 4oin 6,97 14/4n 28955
(4031 (tog) (,t4) (,271 (,581

60.00 w w r 14124 26439
(4271 (,5l)

100.00 w w r 14810 211007
(o?S) (1052)

120.00 131097 27961

(091 (063)
140.00 13,42 2607

(432) (,61)

4JOTEI	 STAN IDARD DEVIATIONS ARE GIVEN	 IN PARENITHESES.

R

135.30	 250.00

r w

r

37.03

.

w
((0141
37072 66,61

(0191 (1,38)
38,03 67035

to il s) (1,24)
%A 1 tt4 118125

(,43) (0671
38,92 69423
( 4 471 (099)
39002 69,00
(.471 (1012)
39,13 68,94
(9321 (1073)
38 0 93 69006
( 0 54) (1008)
3800 70094
(449) (1,01)
38,44 69.98
(849) (0771
37072 6807
(9441 (0981
36061 67117

(0 11 2) (1017)

^	 1010. 1010	 .,_„---•-F.,,.-,-^,.	 - .-^...^.-- ^,—.,	 -	 .
n,

Table 3. Average Maximum Power Current, mA/cm'

t

I
^„°`^ 10»°10.=ter

n
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Table 11. Average Maximum Power Voltage, mV

SPECTROLARt We TEXTURED

N/P 10 OHMwCM CG SILICON

2 x 2 x .030 CM
TI.PD»AG CONTACTS 24 LINES
TA2n5 AR COATING
7946 COVER 0935 M ICRON CUT-ON

0.15 C M THICK
SAMPLE SIZE 13 PLATE V

CELL TEMP. SOLAR INTENSITY (MW/CM**2)
(DEG.	 C) 5.00 15.00 259n0 50,00 100000

.160.00 575.54 741,23 816.23 861,23 8939OA
(68.81) (55.539 t28.321 (10.50) (5.601

0140.00 563.31 717,85 784.08 824.38 850.46
(67.88) f4 5 922) (22,491 (10.77) 150751

•120.00 553.15 701.54 749.54 783.9; 805.31
(66.481 (32091 (14.471 (70511 (7.481

0100.00 550100 67n,on 715.62 739.67 762.77
fSS0591 (21.96) (98691 (50451 (5.92)

.80000 541.31 640,08 672015 697,23 716,69
(419531 (15.29) (8980) (80251 15.25)

060.00 526.46 605,15 631.23 647,46 67t.85
(26. 95) (7.98) (7.261 (129721 (6,431

.40,00 502.08 566 9 31 586.54 608,00 626.00
(18.15) (5659) (5961) (6927) (5445)

.20.00 461992 523.62 54?.77 565,77 583962
(11.981 (5.98) (5.571 (5,17) (3.82)

.00 419.92 480.46 498.38 S21092 538938
(10.941 (6.08) (4993) (40351 (4.841

20000 381038 435.77 452.08 478.38 495,92
(7081) f4.49) 010941 (4005) (3001)

40000 344.62 3 9 2,77 4n9069 431085 448023
()4.541 (5.201 (300) (4.041 (4013)

60,00 296.77 347.38 365.23 388.54 403985
(7.281 (3.66) (3.981 (2.88) (3,74)

80.00 . of » 345138 36n.54
(3.181 (2.86)

100 1 00 » . 3n0.On 317.31
(3091 (2.63)

120.00 . » ?56.54 27402

f2622) (4029)

140.00 215.n8 234931

f3.01) (3.201

NOTE(	 STANDAND DEVIATIONS ARE GIVEN	 IN PARENITP'-9ES.

I^

{

j

ii
i

135.36

»

718.38
(69021
676.9?
(5014)
631.38
(6.78)
585.92
(4.621
539.6P
(5.551
498,00
(3474)
453.23
(4.971
412.38
(4.21)
369.46
(4,461
324.23
(3.631
282.77
(3.421
241.92
(3.57)

250.00

M

»

»

674,77
f6,93)
633969
(5.34)
588.15
(7.SQ)
542,23
(6.411
Son.)5
(8480)
459.00
(7,64)
413.85
(8.59)
372.15
(6.12)
33n.85
(6.16)
?87.77
(4,95)
246,46
(5.13)

e

0 1
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Table 5. Average Maximum Power, mW/om2

T1

SPECTROLABo BSF,	 TEXTURED
N/P 10 OHN .CM CG SILICON
k X 2 X .030 (`M
TI•PD•AG CONTACTS 24 LINES
TA20S AR COATING
79411 COVER 0,35 M ICRON CUT nON

0 4 15 CM THICK
SAMPLE SIZE 13 PLATE V

CELL TEMP; 30LAR INTENSITY (MW/CM**2)
(DEG.	 C) 5440 15.00 25100 50,00 100600

.160.00 o66 2,48 4,63 10.27 22405
(.101 (431) (046) (4781 (1,44)

0146.00 .64 2145 4,53 10,00 21.45
(.101 (.301 (0451 1.781 (1145)

.120.00 *64 2043 4.18 9,78 20.54

.100:00
C l io) (127) (8391 (073) (11411

*64 2.42 4,39 9,52 20001
(,10) C.23) (03) (.62) (1619)

.80000 964 2,43 4,35 9,29 19034
(6081 (6171 (0241 (.491 (.90)

•60 0 00 964 2.36 4022 8.93 18054
( 0 071 (012) total (*331 (,64)

.411.00 o63 2.26 40111 8.47 17956
( 0 061 C.09) (9131 (.?.4) (047)

.20.00 .6n 2,t3 305 7,98 16.54
(.041 (,07) fell) (.221 (.411

.on .55 1096 3,47 7,40 15,30
f.031 (.051 (109) !0171 t,38)

20.00 .50 1.79 3.17 6.87 1401!
(.021 C.05) fo08) f.16) (432)

40,00 *45 1,62 2.87 6.26 12.84
f.031 (*041 (9071 (*15) (028)

60.00 ,39 1.43 2055 5059 11053
(.O?) (.04) (0071 (.12) (025)

An.On . 4,92 ln.23

100.00 (4,23 (8.9t

120.00 . .
(091
3.58

(.19)
7059

(1081 (06)
140.On . • to 2089 6.3n

f.091 (614)

NOTES	 STANDARD DEVIATIONS ARE GIVEN IN PARENTHESES.

135.3A	 250s00

•	 o

r	 «

•	 M

26.61
(1.04)
25054 45.A8
(.641 (1.18)
24001 42.68
(042) (099)

22949 40a14
(032) (971)
21000 37.54
(.251 (,60)
19.43 34.51
(022) (.65)
17.73 31064
(0201 (058)

16.06 28.88
(.P71 (,60)

14.30 26.40
(0141 (056)
12.46 23.15
(6151 (044)
10.67 19082

(6151 (047)
8.86 16,56
(0131 (046)



Table b. Average Curve Factor

i

SPECTROLAR# 98F,	 TEXTURED
N/P 10 OHM.CM CG SILICON
2 x 2 x 0030 C M
TIwPDwAG CONTACTA 24 LINES
TA205 AR COATING
7940 COVER Os 35 MICRON C11TwON

0015 C M THICK
SAMPLE SIZE	 13 PLATE V

CELL TEMP; SOLAR INTEN3ITY (Mw/Cm**2)
(DEG,	 C) 5000 15.00 25.00 50.00 100 0 00 135.30 250.00

•160.00 .5787 06591 07306 07984 08605 w w
( 0 0530) (00685) ( 0 0589) (.03691 (•0213)

0140.00 ,5797 •6749 07454 ,8058 98617 w w
( 0 0581) ( 9 0687) (005591 fo03321 (00178)

0120000 05692 46970 07613 08137 86558 w w
( 0 06491 (.0622) (.04661 (.0248) (00155)

•100;00 .6035 07187 07748 08182 08575 w w
(907091 (00533) (003931 (002131 (00124)

080600 o6244 ,7376 97808 08184 08472 08511 w
(.0698) (004341 (.0305) (001591 (.0088) (,00691

060.00 .6435 07432 .7823 .8105 08354 .84A6 .7834
(.0648) (0330) (002381 (o02381 (.0083) (000501 (.0068)

040.00 .6613 07460 07790 .8006 08212 08249 07678
f00550) (.02611 (.01681 (00087) (,00771 (000691 (000861

.20,00 .6662 07415 .7674 07911 08058 .8078 97470
(__00361 t_020A1 I401111 (_0080) (:0057 % '_OO S Q %

,
•	 0091'•

:00 06618 47290 07563 07773 07881 .7901 ^^.7361
(.03261 (.0135) (.0117) (.0067) (•0060) (90049) (00078)

20.00 .6532 •7176 07396 07603 0701 0695 002 
(.0256) (,0128) (.0112) (;00821 (.0051) (.0054) (.0088)

40800 06469 06983 07204 07436 o7476 0069 x6967
fs0352) (.0116) (.00901 (.00801 (.0062) (.00671 (00108)

60,00 06169 06789 06999 07204 0236 0726? *6754
(-00188) ( * 01081 (001001 (.00601 (00621 (.01001 (.0121)

80000 w w w 96967 s6975 •6989 *6706
(.0067) ( 0 0046) ( 4 0064) (.0138)

100.00 0 w o6668 06677 06665 06391
(.00721 (.0054) (00661 (.0087)

120.00 w . w 06329 06315 .6323 06020
(.00431 (.0068) ( 0 0079) t001381

140 0 00 w . w .5923 05950 05923 05594
(.0042) (.0051) (.00781 (,0159)

NOTEI	 STANDARD DEVIATION$ ARE GIVEN IN PARENiTHESES.

0
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SPECTROLA9/ BSF 9 TEXTURED
N/P 10 ONMgCM CG SILICON
2X2X.030CM
TI«PD•AG CONTACTS 24 LINES
TA20S AR COATING
7940 COVER 0 0 31 MICRON CUTaON

0.15 CM THICK
SAMPLE SIZE 13 PLATE V

CELT. TEMP* SOLAR INTENSITY (MW/CM**2)
(DEC O C) 5000 15100 25,00	 ' 50.00 10060t,

.160:00 13.23 16,51 i8,50 20.53 22,05
(2 4 05) (206) (1,86) (1.56) (1,40

•140,00 12087 16,30 18614 20,00 21645
(206) (2,00) )1,79) (less) (1945)

0120,00 12.82 16,20 17090 19,56 20054
(2,04) (1,81) (1,57) (1847) (1041)

.100.00 1206 16,14 17.55 19003 20401
(103) (1.51) (1,31) (1025) (1919)

+80000 12080 1609 17842 18,57 19.34
(1,68) (1.15) (998) (098) (090)

w60,00 12.71 1506 16,86 !7087 18,54
(1039) (083) (072) (,66) (,64)

«40.00 12.58 15.10 16.06 16,93 0956
(1.11) ($8) (952) (047) (,47)

.20,00 11,91 14,21 15,02 15695 119054
(982) (047) (642) (,44) (,41)

0 00 11002 13,09 13989 14.81 15930
(0601 (034) (035) ),351 (,38)

20.00 10904 11.96 12.69 #3,73 14,11
(948) (930) (630•) (931) (432)

40000 4.06 10,77 11947 12,52 12,84
' (,51) (,30) f.26) (930) (,28)

60,00 7975 9651 10019' 11,19 11,53
(935) (025) (,28) (4251 (425)

80,00 w . OR 9.84 10.23

100'.00 w s w
(025)
8,46

(021)
8991

120.00 w w w (7,187 (7,59

140.00 of
f.16)
5.77

(,16)
6,30

(,)8) f,14)

NOTEI	 STANDARD DEVIATIONS ARE GIVEN IN PARENTHESES.

r
V

135.30	 250900

w	 a

w	 w

r	 w

w	 r

19,66
(,77)
18,80 18,03
(.u7) (.47)
17975 17,07
(.31) !4405
16.62 16906
(624) (029)
15,52 15,02
(919) !9245
14936 13980
(916) (926)
13411 12,66
(914) (023)
11,87 11,43
(420) (924)
10057 10986
to 11) c9221,
9,21 9,056

(11115 (018)
"1,88 7,93

c, 11) (919)
6,5 !3 6,62
(009) (918)

Table 7. Average AMO Effioienoy, Peroent
F
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APPENDIX

kigure A-1. Solar Cell

A-1

^	 r6	 ^



P

I

I

c

--,4L.

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

it

Figure A-4	 Solar Cell Env ironmental Test Chamber
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