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ABSTRACT

Electrical characteristics of Speetrolab BSF, BSR, textured,
n-om, 50 micron advanced OAST cells are presented in graphical
Ibular format as a function of solar illumination intensity,

^.IIJ V^Laturo, and 1 MeV electron fluenoe.
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SECTION I

INTRODUCTION

A series of reports is being generated to present parametric
haracterization data on both state-of-the-art and developmental solar
ells of interest to the photovoltaic community. These data consist of
he electrical characteristics of the candidate solar cell under a wide
ange of temperature and illumination intensity combinations of the type
ncountered in typical space applications. This series (JPL Publication
8-15) consists of a number of reports, identified by a volume number,
ach devoted to a particular type of solar cell. Previously published
sports with their associated solar cell descriptions are listed in
he bibliography of this document. Each report consists primarily of
orking graphs and tables and does not address itself to interpretive
onclusions. The formatting of chic series of reports is relatively
nvariant to facilitate comparisons between the characteristics of any
f the cell types considered in the series. This report contains a set
f parametric data on the Spectrolab advanced OAST 50 micron cells.
hese cells are experimental . and not yet commercially available.

SECTION II

CELL DESCRIPTION

The cells reported here are advanced development cells manufactured

by Spectrolab for JPL under Contract No. 95 11600. They were fabricated
from crucible-grown, P-type silicon, boron doped to a nominal resistivity
of 10 ohm-cm. The cell dimensions are 2 x 2 x 0.005 cm (2 mils) thick.
Cell blanks were both thinned and textured by appropriate NaOH treatments.
Junctions 0.12 microns deep were produced by diffusing at 820 0 C for
20 minutes with PH 

3. Front contacts were spaced at 10 grids/cm and
were made of evaporated tantalum-palladium-silver. Hack surface field
formation was accomplished by screen printing and firing an aluminum
paste. Excess aluminum paste was removed, then the rear contact system
of aluminum-chromium-palladium-silver was evaporated. The evaporated
aluminum forms the back surface reflector.

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 -6 torr.
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The illumination source used was a Spectrolab 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-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 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 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 the solar cell, the

assembled plate, and the experimental characterization test facility

are shown in Figures A-1 through A-4 in the Appendix.

The temperature range covered in these 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
test. Prior, intermediate, and post test ambient measurements were
performed daily to ensure that the accuracy and stability of the test

equipment and the teat 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 10 12 to 1 x 10 16 a/cm 2 . During the
irradiation the cells were maintained at 28 0C. I-V curves of the solar
cells were measured in situ before and after each irradiation using an
Aerospace Controls Model 302 filtered xenon AMO solar simulator. In

addition, after the cumulative fluence reached 10 111 a/cm 2 , the solar cells
were annealed for approximately 16 hours at 60 0C after each irradiation,
then remeasured. The rosults of solar cell electrical characteristics,
as a function of electron fluence, are shown in Figures 19 through 23.
Annealed cell data is used in the plots.

tir+` 1
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SECTION IV

DISCUSSION OF RESULTS

A computer program computes statistical averages and standard de-
viations with respect to the measured calls for each intensity-temperature
measurement condition. It then produces summary tables, as s!:own in

Tables 1 to 7, that display averages and standard deviations of the cell
characteristics in a two-dimensional array format, one dimension repre-
srnting 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

or cell temperature as the independent variable, as shown in Fi gures 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
paremeters.

Tne curve factors, AMO efficiencies, Voc and Vm 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, using 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, 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 AMO spectrum.

(8) All geometric dimensions are in units of cm or 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„c, Voc imp , V mp t Pmax, CF', and efficiency
at each intensity-temperature combination. For each parameter, at each

3



intensity-temperature combination, the standard deviation is presented to

provide estimates of statistical validity. All efficiency, current, and

power output data are on the basis of unit area derived by dividing

measured output by total cell area.

The Speetrolab Advanced OAST thin cells were produced as a part of

an overall JPL program to advance the state of the art in high specific
power solar panels. The features incorporated in the experimental cells
described in the report have not been implemented on ., thin cell produo-
tion line as yet, but they have been incorporated in the production of
thicker cells. Thin cell technology is advancing concurrently in the
plants of several solar cell manufacturers and production of a thin
solar cell similar to the type reported here is expected to occur in
the near future.
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AL — CR — AG ( BACK I

TA205 AR COATING

NO COVERSLIDE

SAMPLE SIZE 8	 TL' 38

F'ivure 15. isc Temperature Coefficient
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TEMPERATURE, DC

SPECTROLAB BSF, BSR, TEXTURED

N/P 10 OHM-CM

2 X 2 X .005 CM

CONTACTS TA-PD-AG iFRONT)

AL-CR-AG (BACK)

TA205 AR COATING

NO COVERSLIDE

SAMPLE SIZE 8	 TM-38
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ID	 mW/cm =	SPECTROLAB BSF, BSR, TEXTURED

A	 5.0	 N/P 10 OHM-CIA
8	 25.0	 2 X 2 X .005 CM
C	 50.0	 CONTACTS TA-PD-AG (FRONT)
D	 100.0	 AL-CR-AG (BACK.)
E	 135.3	

TA205 AR COATING
F	 250.0

NO COVERSLIDE

SAMPLE SIZE 8	 TM-38

Figure 17. Absolute Ymax Temperature Coefficient
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TEMPERATURE, DC

ID	 mW/cm :	SPECTROLAB BSF, BSR, TEXTURED

A	 5.0	 N/P 10 OHM-CM
B	 25.0	 2 X 2 X .005 CM
C	 50.0	 CONTACTS TA-PD-AG (FRONTI
D	 100.0	 AL-CR-AG ( BACK )
E	 135.3	

TA205 AR COATING
F	 250.0	

NO COVERSLIDE

SAMPLE SIZE 8	 TM-38

Higure 18, Percent PMax Temperature Coefficient
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SPECTROLA9	 9SFo	 03k,	 TEXTUNEU
N/P	 10 QMM•CM

2	 x	 2 x	 gou t)	 CM
CONTACTS TA.Pp•AG (FRONT)

AL.CP.AG (BACK)
TAt f1 S AA	 COATING
NO	 COVFWSLInE
SAMPLE SIZE	 a TM •3»

SOLAk INTENSITY (Mw 1Cr4**2)

5 0 00 25.01 ► 50.00	 10o,on 135,30

1,40 6,4h 11.	 4

,05) (424) (140)
1 6 42 bo96 14,09 •

f.05) (.1u) (.0 3)
1,(44 7000 14.25

(.04) (121) (.ld)

CELL TEMP.
(OF(l, C)

•140,00

.14Cg0

•120.0

.100,0

amO f 0

.6000

.40,0

•20,0

,0

anon

4000

soon

8000

100,0

12000

14000

0	 1646 7.1r 14.48 4?r191 •
(.04) (.Stl) (,35) (,7u)

0	 t.4d 7.29 14,70 24 0? 3,4.44
(.ou) (118) (.33) (171) (.Q2)

0	 1,49 7.31 14,76 )9.53 39, K9

(.03) (118) (.32) (066) (0VS)

0	 1.50 7,11, 14.A8 29.70 40.23
(.v u ) (018) (.32) (.72) (.Vf))

0	 1.52 7,45 15101 3n,03 40.40
(,031 (.1N) (.35) (610) (,VU)

0	 1153 7,90 15012 50021 4(J,71

(.03) (.1(4) (,33) (.12) (.v1)

0	 1,54 7,57 15.21 30.47 41410
l.uu) (.17) (031) (.72) (10nn)

n	 1.54 7,63 15.34 30681 (41.41

(.01) (111) (•34) (.77) (0y.2)
0	 1,55 7.60 15.uA 3009M 41,N7

(403) (.17) (.35) (.75) (.9h)

0	 . . . 31.24 42.0)4

(. 7 3) (.145)
0	 . . . )1,44 41054

(. 7 5) (.y1)
0	 • 31.68 41.714

(,71) f.9h)

0	 . . 31,92 43.119
(o h 9) (.V7)

'cable 1. Averige Short-Circuit Current, mA/cm2

d5u000

75.07
(1.77)
75.tl2

(1070)
76.25

(16161
70.44

(107,4)
1p,N14

(1.941
77.41

(1,^2)
714.25

7N.77
(1.111
7,4.04

(2,401

79.5++
(1gt)2)
00.24

(1,140

N uTEI	 STA k4bA"n ftEvIATION$ A y E GIVEN IN P AkE N T M tSES.	 -	 I
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CELL Tf 4P,
(ntG• C)

•1401An

.190600

•l2C•00

S600

423.51
(Q•07)
A85,35

(6404)
892470
(6013)

r.

i

(4.hu)	 (3449)	 (3.?2)	 (2.40)	 (2.61)

n	 7O7.07	 7uu,71	 759,AT	 715.90	 782•P7	 793.69

(5.19)	 (3093)	 (3.hl)	 (3.91)	 (3613)	 (3,77)

0	 hsd,As	 700.58	 717.51	 733,74	 742.?h	 7Su,2u

(5,5 8 )	 (4.50)	 (46 31)	 141.23)	 ().67)	 (14,62)

0	 f-,n9,15	 455.04	 h1u.10	 892.11	 700.54	 713.44

(5.(49)	 (5,16)	 (u.hd)	 (4,75)	 (9.25)	 (5,(19)

0	 554.5	 b(fQ,17	 h ?9.74	 bu9,15	 bSN,hb	 h72.21

(6,911	 (S,uv)	 (5.31)	 (5603)	 (4.51)	 (5.55)

n	 5()A.t+u	 5h313?	 SNS.1I	 b()b,a1	 615.M2	 6300bh

(7.311	 (5,971	 (5.67)	 (5.49)	 (9.92)	 (5,7e+)

0	 1491A,I5	 51b.A1	 SS9,99	 yh1. 6)	51?.uu	 588650

(7,70)	 (0.56)	 (9.4r~)	 (5.72)	 15.19)	 ( h , 09)

n	 607.77	 utiv.lh	 494,27	 517.94	 S214.31	 Sub, 22

(4.23)	 (6084)	 tb645)	 (04. 11) 	 (5.28)	 (h4 29)

.	 w	 472460	 48u.1v	 502.44t,
(1,.51)	 (5.hol)

n	 .	 .	 477.22	 uV..;?v
(6 1 52)	 (b.11)

0	 •	 3A1),52	 $43.702
(7,29)	 (03.914)

Q	 .	 •	 33311()	 Wet)?

(7.4?)	 (7052)

•hU61

490,6

029.0

.0

2(160

Y0 o

60.0

100.0

120,0

140,()

(4,74)
959676
(h.82)
u1u,20
t7, 041
3h9.hQ
(7.G7)

lable 2. Average Open-Circuit Volta ge, mV

SPtCIRQLAN 96Fv KS w 6 TErTUNtO
NIP 10 UMM•C"
2 r 2 X .nn5 Cr

CONTACTS TA.Pr.AG (F60NT)
AL•CR.AG (AACN)

TA2I S Aw CUATI%G

ryr, COvEuSLInE

	

3 A40 LE SIZE d	 Tr•3"

SOLAR I NTENSIT Y (r++/Cl**2)

	

?S.nG	 S01n0	 100.0(1	 135.30	 250.0()

	

444,6,5G	 955.90	 w	 •	 •

	

(3.02)	 (i.39)

	

90l► ,2O	 918024	 •	 w

	(4,93)	 (361u)

	

Ab9.4h	 MAO.81	 •	 •	 •

	

(3. 4 1)	 (]V•2'))	 I,

	

.100,0(1	 794.35	 012d.47	 A4I.91	 854.17	 •	 •

f5.00)	 (3644)	 (3917)	 (2.23)

	

wdO,nG	 751177	 786.04	 MO2.17	 815846	 822440	 •

, .J T; l
	

STA N, pA40 nEv1AT10^1 A 4 E I^IVE N I . vAwt4TMEStS.
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s ^-

1

Table 3. Average Maximum Power Current, mA/cm2

CELL TEMP.

( I)EGe C)	 %Soo

• 160 9 00	 1.26
( a 0A)

0140,00	 1,30
(.0h)

.12000	 I.i4
(,n5)

SPECTRULAN N3i9 89k. TWUgtu
N/P i n nmmec M

l r 2 0 S OUS CM
CONI ACTS TI.PD9AG (ikONT)

&L.C u .AG (MACK)
TA?' S Ak COATI,*G
N n COvEWSLInE

	

36 140 1 E S12k 8	 TM.304

SNAQ ItiTENSTTY (40 1CM002)

	

?S,AO	 Sn,nO	 10u.00	 11S03u

	

04,41	 13.15	 a	 •

	

(.31)	 (.51)

	

13.59	 11.55	 •	 •

	

6.77	 13.79

250,00

•

0100 9 00 1.37 b.90 1"005 27,98

(.OS) (016) (029) (.75)
.60 0 00 1037 0.97 14.104 2b.07 304.02

(005) (.f4) (.31) (071) (.97)

.60 0 00 1.313 e.97 14.19 2802! 3h.32

(.OS) (415) (030) (.b7) (.135)

040 0 00 1.68 6,99 14015 214.28 314.304

( 0 04) (41") (030) (,74) (.94)

.2 0 ,1 0 1.38 ti.9F) 140H 214.13 37.048
(,04) (.15) (.213) (.79) (.99)

0 00 1.)8 6.97 14, n8 28,10 3h,nb
(,L,4) (.113) (.32) (,bU) (.09)

20,01 1.37 0.941 14.02 204.12 37.75

(.414) f, 16) (.3ni f.77) f.!+04)

40.00 1.35 6.64 1".1 2H, 14 370N5

( . 1Y ) f, 12) (.25) (.77) (.AA)

60 8 n0 1032 h.139 13.NS 27.63 37,5

(.f	 3) (.141) (.35) (1,013) (.137)

et 27.72 37,55
(1.07) (1.3?)

1Ou,00 . . 2b.b7 57.12
(t.bb) (l.uh)

12" 0 00 27,02 3h.43
:1.09) (1.04)

140, 0U a a 3 35053
(1.22) (1123)

'if,7F 1 	 3TA N, nA W f VEVIA T I U P, 5 A41 GIyEh In PAWkNTMESE3,

71.03
(2.43)
71.09

(1.37)
71.00

(2,30)
70,31

13.04)
h 9,7N
(2,96)
144,514
(3.12)
149,34
(3.21)

613.78

(2.513)
hti,lb
(3.00)
he.22
(3,oe)
64047
(3.32)
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Table 4. Avera ge Maximum Power Voltage, mV

ECTOOLAN W S F • dSw• ft>tTURED
A 10 004meCod
I 2 x •OuS CM
I.TACIS TA.Pn.AG (FkONT)

AL•L;w•AG (4ACK)
J nS AW CUATING

rpvFwSLInE

	

"PLC SIZE 14	 T""•3y

SU I.A W I ! . Tt%bITr (M.^4LMss1)

	

2S•On	 Sono	 10040n	 13S•3U	 250000

	

864,6?	 M4 0000	 .	 •	 •

	

(34,x9)	 (15.13)
8314,00 M55, Su	 •	 •

(1?1 7 21 (6,09)
800.7 4v̂ «12.50	 .	 •
(4.53)

CELL TEMP*
("tG• C)
	

5.00

•1h0,00
	

#400.12
(h?•83)

.140,00
	

764.12
(3e.tn)

•120,00
	

75.12
125.30)

•

e. 0100,00	 h9 ".12 754,12 7nh.A7 77b•37	 •
f?S.S4) (3.60) (5.77) (6,444)

0140.00	 nbt.So 7106SO 722.e2 13u.tip	 726,«7

(12. 95 ) (c.831 (3. 714 ) (S.en)	 (7.51)
060,00 Os IS, 6.4.50 674.12 690,37 682,37 69()•12

(9.53) (1.761 (5.301 tr,Sir) (5071) (14,201

6610,00 569.37 b11.24 h19.0%1 6ut090 640, M7 6447.75

(11.31) (7.23) (7.17) (7021) (5.3h)

•20,00 517.147 5be.25 5140.7.5 59y•37 S99,7S 602025
(9,ih) (S. 7 15) (5.63) (5,37) (13.2 9 ) (12.37;

•00 465.17 51e,h2 539.50 553.50 Su9.«7 559.25
(N, So) (6.31) (3,12) (5.1#0) (5051) (y, 79)

20,440 w1 h, SO 469,37 490,75 5'1 «,37 507,75 516.67
(10.70) (7.07) (7, u0) (5.13) (10,77) (1(i,21)

440.00 367.?S 4425.00 uu4,00 11hI,37 462950 473.25

(11.5 7 ) (4.77) (6.99) (7.27) (9.93) (10667)

en, 00 323.75 3741.1?. 199.37 417.25 419.12 43n,2S

(6055) f11.621 (9.45) (7.50) (9064) (A•3S)
80.00 W a 37!.62 378,62 3146,00

i
^.	 II

(10,94)
350.)2

(21,67)
303.15
cy.ee)

(10.314)	 ^

(7.15)	 (8,161

	

100.00	 3311.37	 336.147
( 1 6 .:3)	 (7.12)

	

12 0 .00	 2'+?.75	 ?93,75
( 7 .^O P)	 ('^.bl)

	

140,00	 •	 •	 237,12	 251.12
(6.70)	 (b.62)

NuTE1	 STAvnAwo nEvIAT) '4 3 A w f 6 1 VIN l ow PANEr1MESE3,
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Table F. Average Maximum Power, mW/cry?

1

SPICTRULAR M'06 b8wo TINTUWEO
^► /P 10 (1.....c"

2 9 ? 6 .00S CM
CONTACTS TA.PD.AG (FWONT)

AL • C R•A G (SACK)
lilt)$ AR CuATING

0 C 0)vt M 3L I(?(
	$&" OLE SIZ E a	 rN.^K

SULA Y INTEtiS1Tr (M•/CM**2)
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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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