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ABSTRACT |

Electrical characteristics of Spectrolab BESF 200-micron Helios |
N/P silicon solar cells are presented in graphical and tabular format P
as a function of sclar illumination intensity and temperature.
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SECTION 1
INTRODUCTION

A seriea of reports i{a 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 conaist of 3
the electrical characteristics of the candidate aolar cell under a wide '
range of temperature and illumination intensity combinations of the type
encountered in typical aspace applicationa. This series (JPL Publication
78-15) will conaist of a number of reporta, each report being devoted to
a partiocular type of solar cell and identified by a volume number. Pre-
viously published reports with their associated solar cell desoriptiona
are listed in the bibliography to this document. Each report consists
primarily of working graphs and tables and does not address i{tself to
interpretive conclusiona. The formatting of this series of reports will
be relatively invariant to facilitate comparisons between the character-
istics of any of the cell types considered in the seriea. This report
containa a set of parametric data on the Spectrolab Helioa BHF 0,020-
om (8-mil) thick solar cell, which ia commercially available.
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SECTION 11

CELL DESCRIPTION

The cells reported here were manufactured by Speotrolad and are avail- L
able 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 x 2 x 0.020 om (8 mila) thick. A back
surface fleld is added by alloying a layer of evaporated aluminum into the
back of the cell, The electrical contact on the top surface consiata 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 pioture frame contact of the
same material.

In order to obtain parametric teat data consistent with typical space
applications, cover slides were mounted on the cells prior to testing, The
cover slides were 7940 fused silica 0.015 om (6 mils) thick with an 0.35 micro- |
meter cut-on dielectric interference filter. The cover alides were bonded to '
the surface of the cells with Dow=Corning 93-500 silicone adhesive.

SECTION III

TEST PROGRAM

The solar cells were mounted on a copper test plate using RTV 560,
The teat plate was in turn mountad to a heat sink with provisions for both
heating and cooling 830 that the cells could he maintained at the desired
temperature independent of the solar intensity. All testing was carried
out in a vacuum at a pressure of less thap 1 x 100 torr.

e R WEmme e G S S anih Betol ey D e e, S W o [ WPV (R P GRGS BREE BRcas S SRl B



The illumination source used was a Spectrolad 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 2.50-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 » uniformity of +1% over an area of
225 cm? at the test plane. J.lumination intensity is varied by position
of the simulatur 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
140°C, while the solar intensity range covered was 5 to 250 mW/cm?
The data were taken at each environment point in the matrix in the
form of an I1-V curve. The appropriate parameters were then re-d 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 posttest 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 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
characteristics in a two-dimensional array format, one dimension repre-
senting 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 Figures 1
to 14. Least sqrare fits to the data points are then made automatically
to the measured data points using a second-degree polynomial for most
parameters. The V,, and Vy, data points are fit with a linear equation.
The curve factors and AMO egriciencies 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.
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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, etec. To facilitate comparisons and inputting, all units
are standardized as follows:

(1) All currents are in units of lA/cuz.

(2) All voltages are in units of mV.

(3) All power outpr are in units of nulcna.

(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 °C.

(7) All incoming intensities are in units of uW/on® and are

representative of an AMO spectrum.

(8) All geometric dimensions are in units of cm or um (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., Voor IPpax+ VPmax+ Pmax, CF, and
efficiency at each intensity-temperature combination. For each such
parameter at each such intensity-temperature combination the standard
deviation is presented to provide estimates of statistical validity.
All efficiency, current, and power output data is on the basis of unit
area derived by dividing measured output by total cell area.

The Spectrolab Helios series of solar cells is a commercially
available line which can be considered for space applications. Other
solar cells in the Helios series include such features as textured surfaces,
back surface reflectors, and 300-micron thickness. These other types
of Helios cells will be tested and reported in the future.
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MAXIMUM POWER CURRENT, mA/cm?
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ORIGINAL PAGE 18
OF POOR QUALITY

Table 1. Average Short-Circuit Current

SPECTROLAB HELIOS BSF
N/F 10 OHM=CM CG SILICON
2 X2 X 020 CH
TI=PD=AG CONTACTSs 24 LINES
TAZ05 AR COATING
7940 COVER 3% MICRON CUT=ON
«01% CH THICK
SAMPLE SIZE 1a
CELL TEMP. SOLAR INTENSITY (MM/CMee2)
(DEG. C) 5.00 25.00 50,00 100.00 135.30 250400
=160,00 1.30 629 12.78 25.33 - -
(.02) (.05) («11) (.26)
=140.00 1.33 GebD 13.01 25.79 - -
(«02) («06) (-12) («29)
=120.00 1.36 6e52 13.2%4 2519 - -
(.01) (-04) («13) (.30)
=100.00 1.37 .63 13.43 26.54 - -
(.02) (.05) (14) (.32)
~B0.00 1.39 €£.69 13.60 26.92 36 .88 -
(«01) («0%) («13) (32) («43)
=60400 1.39 675 13.7¢ 2724 37.13 67.97
(.02) (05) (12) (31) («41) («85)
-40,00 1e41 €.82 13.87 2751 3748 6B.47
(.01) («05) (.15) (:25) (.36) (72)
=20.00 led2 EebS 13.96 2762 37.70 69.20
(.02) («06) (1) (.28) (e42) (.78)
«00 1.42 654 14,09 27.88 38.12 6994
(«02) («04) €t,12) («31) (.40) («74)
2000 l.44 T7.00 18,21 28,18 38.39 Til.12
(«01) (0%) («11) (:29) («34) («74)
40,00 1.46 T.08 14, .1 28445 38.93 T1.65%
(.01) (.05) («10) (.30) (37 («58)
60.00 1.47 T.15 14,52 28.77 39.32 T2.11
(.02) (.03) (13) (.33) («40) (.71)
8000 - - 14,65 28." 39'11 72.50
tal1) («30) (41) (.70)
100,00 - - 14,75 29.25 39.99 73.26
(12) (.28) (.39) («71)
120.00 - - 14,88 29.53 40,49 7372
(07 («31) («35) (.85)
140,00 - - 14.95% 29.71 40.69 T4,.14
(.12) (30) («34) («71)
NOTE: STANCARD DEVIATIONS ARE GIVEN IN PARENTHESESe
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Table 2. Average Open-Circuit Voltage
SPECTROLAB HELIOS BSF
N/P 10 OHM=CM CG SILICON
2 X 2 X 020 CHm
T1=FPD=AG CONTACTSe 24 LINLS
TA20% AR COATING
T940 COVER o35 MICRON CUT=ON
«C15% CH THICK
SAMPLE SIZE 14
CELL TEMP. SOLAR INTENSITY (MN/CMee2)
(DEGe C©) %00 2%.00 $0.00 10000 135.30 250400
=160.00 T4B8.99 930.%2 9%50.11 960.36 - -
(106.73) (14,.98) (4,11) (2.12)
=-140.00 T38.96 B93.40 910422 92202 - -
(95 .63) (9.47) (3.59) (1.90)
=120.00 7129.29 #5201 B69.38 BB2.50 - -
(T8.TH) (7.66) (3:2R) (1.99)
=100.00 T13.25 Bl10.71 F26.99 BA2.1R - -
(59.88) (5:33) (2.98) (2.01)
=80.00 691.81 TEbeT6 T85.02 B00.66 B06.69 -
(38.92) (5.22) (3.11) (2.18) (1.9%)
=~60.00 660627 T22 84 T140.73 T58.18 T65.44 T178.88
(22.98) (4.43%) (}.08) (2.21) (1.94) (le66)
~40.00 62075 67636 69670 Tia.617 123.25 137.96
(13.84) (4.0%) (3.1%) (2.40) 2.11) (1.8%)
=20.00 S5TE.T1 630 8% 65244 6TD.84 681.07 69626
(10.08) (4.17) (3.52) (2.59) (2e36) (2.22)
«00 529.24 SA3.51 60687 627.13 63736 6Ha.14
(7.58) (4.87) 13.52) (2.76) (26%5) (2.38)
20.00 AR1.54 S538.09 56133 583.34 593.86 612,04
(6.30) (4.08) (.61 (2.97T) (2.75) (2.6%5)
40.00 43344 490424 H51%5.41 539,26 S549.04 56997
(H.47) (3:.93) (3.7T%) (l.186) (2.9%) (2.81)
60.00 3604 443,47 469,97 495,94 505.45 S526.04
(4 .85%) (3.946) (3.51) (3.30) (3.17) (3.11)
B0 .00 - - 4235.68 449,16 A6l.lé6 4R3,0F
(le84) (3.84) (3.3 (3.1%)
10000 - - 37T8.59 404.83% 41762 43Re96
(3.52) (3.4)) (3.25) (3.38)
120.00 - - 3133.35% 360.95 372.61 J9%.19
(3.30) (3.62) (3.64) (3a.61)
140,00 - - 2BT.53 31%60 327.96 35196
(3e67) (3496 (3.88) (4.04)
ANOTE: STANDARD DEVIATIONS ARE GIVEN IN FARENTHESES.
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; AGE 18
ORIGINAL PAGE
OF POOR QUALITY

o B8

fav.e 3. Average Maximum Power Curront
SPECTROLAB MELIOS BSF
N/ZP 10 OMM=CM C¢ SILICON
2N 2 X 4020 Cm
T1=FD=AG CONTACTS, 24 LINES
TAZ0% AR COATING
1940 COVER  ,3% MICRON CUT=ON
«21% CN THICK
SAMPLL S12¢8 1a
CELL TEMP, SOLAR INTENSLITY (MW/CMee2)
(DEG. C) 00 Jhe00 S0.00 100400 13550 250,00
=160.00 1.01 Yeld 10467 22.07 - -
(.09) (20 (ob4) (1.28)
=140.00 1.04 Helh 11.04 2287 - -
L09) (.22) (a69) (1.12)
=120.00 1.07 HedB 11.42 23.7% - -
t08) («28) (.68) («9%)
=100.00 108 He8H ll.’? 2.-.: - -
(001 (ed9) (b0 (80)
=B0a00 lelD Hebh 1220 2%.09 Ya.74 -
t.07) (3% (50) (ets2) («72)
-h0 .00 1.0 Se8h 12.%2 25.5) 35.19 6bheD2
t08) (50 (19) (e408) (eh9) (1.04)
-80.00 lll;‘ bo{" !:‘u"' :".‘.“‘! 35'5‘ 65.01
(08) (08) («209) (1) («8T) («70)
=000 1.14 Hel9 12.86 2h.87 35.69 A9
(0%9) «20) (21 (27) (o 39) (T
«00 lelb 6el1 19:,98 dba0a ALY bhed8
(08 (17 («23) (4% (51 (eb6)
20.00 la20 bel9 13.04 Jhelh Ih.H4 bh.H4
(07) (+13) («18) (%) () (54)
A0 .00 le2} 6% 13.1% 2619 AT 6ha64
(06 («12) («18) (29 (e39) (700
6000 1258 637 13.0R 2hed2 35,80 6h.21
(.0%) (10) (22, (380) (edh) (b))
L YUY - - 12.90 J6.01 3%.52 LE YA
(«14) (.51) (30 (.6R)
IHU.OU - - 1?-86 25.70 Sholl b’tﬁﬂ
(«11) (.30 t30) {«6H)
120.00 - - 12.68% 2938 AL 63.00
(1)) (41) («4}) (810)
140 .00 - - 12.21 28,69 33.79 ble50
(18) (31) («41) (90)
AOTE STANDARD DEVIATIONS AKE GIVEN IN PARENTHESES.
dopa =1 BRSO RURRD o A e ——————
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Table 4, Average Maximum Power Voltage
SPECTKCLAR HELIOS PSF
N/P 10 OHM=CM CG SILICON
2 X 2 X «020 CH
TI=-PD=AG CONTACTSs 24 LINES
TA20% AR COATING
7940 COVER «35 MICRON CUT-ON
«015 CM THICK
SAMPLE SIZE 14
CELL TEMP, SOLAR INTENSITY (MW/CMee+2)
(DECe C) .00 2500 s0.00 100,00 135.30 250600
=1€60400 528443 731.29 E26493 B8B.93 - -
(7573) (98427) (£013) (18.29)
=140,00 530.00 723493 799.71 850.71 - -
(T3.06) (EZe68) (41.97) (11.82)
=120,0C 52693 T18.21 17557 B09.43 - -
(T6.78) (63:35) (26.19) (T.47)
=100«00 5168436 £93.21 T39.21 T65.00 - -
(T3.85) (4344%) (16.03) (4.,57)
=80 400 515.64 665.79 700.29 T19.14 724,79 -
(69.03) (26.21) (E.93) (3.74) (4.66)
-6000 510.86 £32.21 654,36 670.57 677.00 67936
(59.18) (13.68) (6e34) (4,99) (4,71) (4.70)
=40,00 492,57 590.21 £07.71 62350 631.79 634,00
(46 .43) (BeTH) (6.32) (3.37) (4.85) (5.07)
=20400 466493 4T.43 56293 578.07 582.93 590.07
(30.64) (7.3%5) (5:40) (3.10) (4,.57) (5.23)
«00 433.00 50079 £15.00 530.71 537.79 543.07
(17.33) (4.6E) (3.70) (3.12) (5.48) (5.37)
20,00 390.79 452407 4ERHT 485.79 492443 498.07
(10.22) (5.20) (3.,41) (3.7 (4,70) (5.15)
40400 347,64 405426 423.07 438.14 445,21 453.71
(6.45) (3.7%5) (4.87) (3.70) (3.93) (6«51)
£0e0C 301.71 3158.71 379,50 393.93 402450 408.93
(7.10) (3.77) (374) (5.25) (3.86) (6.2R)
B0 .0C - - 134,93 250,07 360 .36 366436
(2e69) (3.08) (2.76) (6.42)
100 .0¢ - - 291.71 309,00 318.14 324,29
(2eE1) (2+466) (3.11) (6.39)
120,00 - - C4P oty 26721 27564 282.00
(3.93) (5.07) (4.40) (5.49)
140400 - - 21043 226.18 236414 242,79
(2.28) (4.17) (4,80) (6.08)

AOTEZ STANCARD PEVIATIONS ARE GIVEN TN PARENTHESES.
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Table 5. Average Maximum Power
SPECTROLAB HELIOS BSF
N/P 10 OMM=CM CC SILICON
2 X2 X 020 CH
TI=FPO=AGC CONTACTSs 24 LINES
TA20% AR COATING
T940 COVER «3% MICRON CUT-ON
«01% CM THICK
SAMPLE SI1ZE 14
CELL TEMF, SOLAR INTENSITY (MM/CMeas2)
(DEG. C) S«00 25.00 50.00 100.00 135.30 50,00
=160.00 «55 377 BeBS 19.63 - -
(«12) («58) (1.09) (1.47)
=140.00 55 leB1 BeB5 19.47 - -
(«11) (+54) («97) (1.17)
=120.00 «56 deBR E.87 19.21 - -
(el11) («%1) (.78) (.92)
=100.00 56 3«85 BeT1% 18.68 - -
(e11) 1e82) («59) («70)
~Ala00 57 379 BebS 18.05 25.18 -
(«10) (e 3%) («4%) («50) (e62)
~60a00 56 170 8.19 17.12 23.82 44.17
(«10) (al6) (.32) (.38) (.39) («82)
-QB-GO .53 3.56 ,o?b 16a12 22..‘ 41.25
(09) (e1%) (24) («25) («32) («53)
-20.00 %1 334 T«24 14,96 20,81 JB.34
(.07) (e14) («19) (.18) (28) L47)
«00 «50 3.11 feb67 13.82 19.26 35.55
(«05) (e1l) («18) (.18) (424) (.39)
20400 a7 285 6e11 12.70 17.65 32.79
(.08%) (08) (11) (e16) (25) («38)
404,00 4} 257 Seb6 11.48 1605 ddeilb
(0% («06) (.0%) (18) (.15%) (36)
t0.00 e38 2?9 4.96 10.33 14.41 26.67
(«02) («0%) («08) (10} (17 (e41)
K000 - - 4,3% 9.11 12.80 2374
(06) (.10) («15) (a41)
100600 - - 375 Te94 11.17 20465
(.04) («11) (.13) («40)
120.00 - - 3.15 .78 9.59 17.17
(«04) («12) («15) {«39)
140,00 » » 2.57 563 1«98 14,923
(«05) («11) (.16) («4R)
MOTEZ: STANDARD DEVIATIONS ARE GIVEN IN FARENTHESES.




Table 6. Average Curve Factor

CELL TEMP,
(LtCe C)

=160.00
=140400
=120.00
=100.00
=HU«00
=LUs00
=40 .00
=20400
«00
20400
40,00
€0.,00
k(<00
170400
120400

140,00

ANOTP:  STANCAKD DEVIATIONS ARE GIVEN IN

Se00

«55R%
(0600
«HED]
(0561)
« 5639
(0602)
«5T711
(0672)
LBE4
(. 0758)
«E0H4
(eNbh44)
«£319
(«0823)
«6535
(«0729)
«FEB
(e 0E16)
6763
(«0480)
6T42
(«0269)
b6 3B
(«028¢)

SPECTROLAR HELIOS BSF
N/F 10 OHMM=CM CG SILICON
2 X 2 X «020 CH

TI-PD=AG CONTACTSs 24 LINES

TA205 AK COATING

7940 COVER 3% MICRON CUT=-ON
«015 CM THICK

SAMPLE SI1ZF 14

SOLAR INTENSITY (MW/CMae2)
2%.00 50.00 100,00 135,30
«6427 e T282 «b069 -

(«0871) (.0843) («05ER8)
eb 4} 7472 «8184 -
(«086K) (076%) («0487)
ob9T74 « 7704 «H311 -
(0B40) (,0628) («0376)
eT163 «T8T6 «B3IS5T7 -
(C742) (.0493) (0287
e 1319 «H004 «B8372 eB4EY
(«0632) («0368) («0207) («0176)
o T585 «B039 «8293 «B8382
(«0469) (L0267 («0165) («0112)
o 1724 8027 «B202 « 8278
(0352) («02086) (e 011%) (.0099)
« 7717 « 1944 «B0OTH «8104
(026%) (.01%55%) (0085) (0084)
s TEEY «TEOR « 71904 « 7929
(«0206) (401123) («0073) (.0074)
e 15%6 e 165€ «1727 «TT42
(«0151) (.0084) («0071) («0078)
o 7413 «TAED o 1479 o 1499
(«0111) (0065) (,7.54) (.0045)
«T206 1274 v.268 e 1249
(.0114) (0057) («0056) (.0054)
- «T007 « 7006 «6990
(«0048) (.0050) (.0064)
- ET1E 6707 «E66H8
(0042) («0072) (.0074)
- ob144 6360 «6354
(0047) («0060) (0085%)
- oSqTH .(-098 .5978
(0044 (.0069) (.0096)
PARENTHESES.

250400

«B344
(.0100)
«B1ES
(«0084)
o 1958
(«0078)
« 1771
(.0083)
« 7534
(«0096)
« 71293
(.0100)
« 7031
(0117)
6751
(:.)134)
eb6421
(«0123)
60499
(«0134)
«5723
(.0179)

28
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Table 7. Average AMO Efficiency

CELL TEMF,
(PEGa C)

=160a00
=140.00
=120.00
=100.00
=80,00
=60a00
-40400
=20.00
<00
2000
4000
000
BU W00
100.00
12000

140.00

ANOTEZ STANDARD

Cel0

10917
(2.3}3)
1108
(2420)
1128
(2.17)
11.2¢
(213)
11.3%
(Le00)
11.21
(1.92)
11.10
(1.70)
1073
(l.41)
10.07
(1.0%)
G941
(«79)
Eabb
(58
Teb3
(«45%)

SPECTROLAR MELIOS ESF

N/ZF 10 UMM=CM CE SILICON

2 X2 X o020 Cwm

T1=FD=AC CONTACTSy 24 LINES

TA20% AR COATING

7940 COVEP  o3% MICRON CUT=-ON
«015 CM THICK

SAMPLE SIZE 16

SCLAK INTENSLITY (Mu/CMee?)
2hel0 S0e00 100.00 15530

15.07 17.70 19.63 -
(2.30) (2.18) (1.47)
15,2 17.71 19.47 -
(Zelt) (1.94) (1e17)
151 17475 19421 -
(2.04) (1.57) («92)
1542 17.%0 18.68 -
(1.6%) (1.17) (70)
15.16 17.09 18.0% 18.61
(l.41) (.90 (50) (eb%)
14,80 1639 17:12 17.61
(1.04) (e62) (58) (29)
14.76 1551 1612 1658
(«7T7) (e04) («25) («24)
1334 14 .4¢ 14.96 15,238
(58) (37) (1R) («21)
12.44 12.34 13.82 14,24
(a4 3) («28) t.18) (.18)
11.38 1222 12,70 13.04
(«18) (22) (16) (.18)
1029 11.11 11.48 11.86
(2%) (17) («14) («11)
914 9.92 1033 1065
210 («15) (.10) (13)
.- 8.7(‘ q-ll F.46
(«12) (10) («11)
- 7.!—’0 7."‘ R.2f'
(.09) (.11) (09)
- €l 6eTH T.09
(.08) (12) («.11)
- fela f‘.b.‘ 590
(10) («11) («12)

DEVIATIONS ARE GIVEN IN FARENTHESES.

Vo

250,00

17«61
(33)
1650
(.21)
15.34
(19
14,22
(e16)
13.12
(«1%)
11.91
(1%)
10.67
(16)

Se50
(e16)

Bae26
(16)

Tell
(e16)

597
(«19)
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Figure A=-3. Solar Cell

Figure A-4. Solar Cell Environmental Test Chamber
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