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TECHNICAL MEMORANDUM

CHARACTERIZATION OF THREE TYPES OF SILICON SOLAR
CELLS FOR SEPS DEEP SPACE MISSIONS

Volume 1. Current-Voltage Characteristics of OCLl BSF/BSR
. 10 ohm-cm, BSR 10 ohm-cm, and BSR 2 ohm-cm Cells
as a Function of Temperature and Intensity

|. INTRODUCTION

This is the first in a series of technieal reports on the character-
ization of high performance solar cells under conditions of low tempera-
tures and low intensities. Today's solar cells have been designed for
maximum performance at 1 AU%, AMO, with little regard for the charac-
teristies that would enhance their performance in deep space. In the
late 1960's and carly 1970's, data were generated on a few solar cells
under Jupiter mission conditions; however, little has been produced
since that time. The interest in solar cell performance under deep space
conditions has bheen renewed as a result of the SEPS Halley Comet Ilyby
and Tempel 2 Mission. These data generated in support of the SEPS
program are aimed at identifying which of the currently available cells
possess the best characteristies for deep space performance. This report
contains data on three types of cells taken at 9 intensities and 10 tem=-
peratures identified along the SEPS Mission profile. Graphs and tables
together with interpretive conclusions are presented for the three types
of cells.

1. TEST PROGRAM

A. Solar Cell Descriptions

Three types of cells (BSF/BSR 10 ohm-em, BSR 10 ohm-em, and
BSR 2 ohm-cm) from Optical Coating Laboratories, Ine. (OCLI),
described in Table 1, were scleeted to compare, under conditions of low
Z temperature and low intensity, the performance of the BSF/BSR con-
' figured cells to that of the BSR configured cells and the performance of
the 10 ohm~cm base resistivity cells to the 2 ohm~-em base resistivity
cells. The silicon utilized in the manufacture of these cells was
Czochralski produced (high oxygen content) and boron doped.

* Tor this and other acronyms sce glossary.
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B. Test Profile

The test profile for the evaluation of these cells is shown in Table
2. These temperature/intensity values were selected from the SEPS
Halley Comet ¥lyby-Tempel 2 mission environment, In addition to the
I-V data taken at various temperatures and intensities, dark I~V data
were taken at nine temperatures,

C. Test Equipment

The cells were mounted to a copper plate using RTV 560. Each
test set consisted of 16 cells; one set is shown mounted in Figure 1.
The copper plate was then heat sunk to a plate configured for cooling
with liquid nitrogen and for heating with hot air. The copper plate and
two cells were thermocoupled and temperatures monitored continually.
Cell temperatures were maintained independent of the incident solar
intensity to within #0,5°C from 50° to -175°C. The cells were installed
in a vacnum system having a 30-cm diameter, 6 mm thick UV grade
fused quartz window and tested at a pressure of 1 x 10~4 pascal or less,

The illumination scurce was a Spectrolab filtered X-75 solar simu-
lator. This system provides a combined beam from three 2.5 kW xenon
lamps covering an area of 230 em2, Beam intensity was measured at
each cell position and was determined to have a uniformity of *2 percent,
The spectral output was modified through the use of a filter system to
approximate the solar spectrum. Illumination levels were maintained
through the use of a set of neutral density filters and by varying the
position of the test chamber. Cell illumination level was monitored
through the use of a watzr-cooled calibrated cell maintained at 28°C #*
0.5°C. One solar constant utilized in the calibration was 135.3 mW/cm?2.

A Spectrolab electronic load model D-1550 provided the variable
load for the cells. The cell I-V curves were plotted on an X-Y recorder.
Digital voltmeters were used to read the open circuit voltages and short
circuit currents. All instruments were calibrated prior to the initiation
of these tests. The test setup with associated instrumentation is shown
in Figure 2.

The value of the dark current produced through each individual
cell by de forward bias voltage was recorded at each temperature from
zero bias to a current of at least 10 mA. These dark I~V curves were
analyzed in terms of equivalent circuit models for the solar cells, Pre-
liminary model calculations for selected cells from each set are discussed
below. The dark I~V data shown in Table 2 for the best and worst cells
of each set have been transcribed from the linear scales of the X-Y
recorder to the log I versus linear V scales shown.

D i

. e T il e T s

k
| 1
it

e

T T T A R T L




|

I11. PRESENTATION OF TEST RESULTS

Current-voltage characteristies for ench of threo sets of 16 silicon
solny cells supplicd by OCLT have been measured, The mean values of
ench set obsorved at cach operating condition (temperature nnd light
intensity), together with observed standard deviations and mean effi~
eiencles, are presented in both tables and graphs., The graphs are
plotied from the data presented in the tables. The behavior of the
individual best and worst cells of cach set, sclected on the basis of
moximum power output at 0.086 solur constant (SC)/=100°C (where the
SEPS will spend considerabls time), is deseribed by graphs of their
efficiency versus light intensity and temperature and graphs of thelr
dark current versus forward bias (dark I-V) at 25°C and at =150°C,
Table 3 presents preliminary model caleulations [rom the dark -V dato
for these best and worst ¢ells,

Examples of the dark current versus forward bias for "best" and
"worst!" cells are presented in Figures 3 andd, respectively., Current-voltage
parameters of the best cell of cach set selected on the basis of its maxi-
mum power output at 0,086 SC and at -100°C are shown in Table 4,

Fill factors which show data scatter within cach group are given in
Table § for three test condiiions.

A. General Features

The response of these sets of solar cells to simulated solar illumina-
tion and to various tempoeratures is found to have the following general features:

1) Short circuit current, Iq .+ 18 directly proportional to input

light intensity. The proportionality constant being nearly independent
of temperature is n feature of good cell design.

2) Open circuit voltage, Vo o’ increases linearly as cell tempera-

ture is lowered, with the slope being nearly independent of light flux.
The absolute value of V _, drops with inereasing light intensity by

approximately 50 percent {rom 0.040 to 1.0 SC.

3) Maximum power, MP, is dircetly proportional to the incident
intensity at cach temperature, with a monotonic decrease of the pro-
portionality constant with increasing temperature.

a) Blficiency at maximum pewer output decreases steadily with
increasing temperature, the mean value dropping approximately by a
factor of 2 from ~150°C to +50°C. This feature is independent of light
intensity above 0.08 SC as expected from the close correlation in high
performance cells between the maximum power conditions with the open
circuit voltage and short circuit current features.

IR T TIUROY, SU RN Jy o S e b -

e

I U st | S



.
.oy

b) Maximum power current, Imp‘ i direetly proportional to

light intensity and essentially independent of temperature, ‘I'his feature
is closely rolated to that of the short cireuit current in these high por-
formance cells,

¢) Maximum power voltage, Vmp’ deercases lincarly with

inereasing cell temperatare, independent of light intensity above 0.08 SC.
This lincar decrense fenture is closely related to thot of the open cireuit
voltage in these high performance cells.

4) Scatter of measured values within each of the sots of 16 cells
is indicated by the standard deviation values in the tables. Another
measure of the seatter within cach set is given by the {ill factors at
three test conditions and by discussion of a few individual cells, sclected
ni B}éwing the best and the worst maximum power output at 0,086 SC and
- 0 C.

B. BSF/B3SR 10 ¢im-cm Silicon Cell

T AT} o

r \’
"se’ Toc' ‘mp’ "mp '
ture and intensity in Figures 5 through 14, Average values with stand-
ard deviations are summarized in Tables 6 through 10. Cell efficiencies
are plotted as functions of temperature and intensity in Figures 15 and
16 and summarized in Table 11, To illustrate individual eell performance,
the efficiencies of the best and worst cells are plotted in Figures 17 and
18,

. S B n s $ananse o i
I » and MP are plotted as functions of tempera-

- at e n

Lavrge standard deviations (above 2 percent) begin to appear within
this set of 16 cells in their V0 o Pelow -50°C and below 0.128 SC.

Similarly, large (above 2 percent) standard deviations appear in V mp at
and below -50°C and, at and below 0.128 SC. In)p aiso shows significant
(above 10 percent) standard deviations at and below -75°C and at and
below 0.128 SC,

C. BSR 10 ohm-cm Silicon Cells

Yy 44 .« { ¥ ! (Yo
Ise’ Voc, Imp’ Vmp’ and MP are plotied as functions of tempera

ture and intensity in Figures 19 through 28. Average values with
standard deviations are shown in Tables 12 through 16. Cell efficiencies
are listed in Table 17 and plotted as functions of temperature and
intensity in Figures 29 and 380. Similarly, the efficiencies of the best
and worst cells are shown in Figures 31 and 22.
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Vog show. standard deviations as large as 2 percent only at 0,040

]

SC below =75°C., vmp displays similor large (above 2 percent) standard

doviations at and bolow -50°C and 0,086 SC.

D. BSR 2 ohm-cm Silicon Cells

10 » Rae) t Y ) =
ISG. V‘)c. Imp' Vmp' and MP are plotted as functions of tempera

ture and intensity in Figures 33 through 42, Average values with
standard devintions are summarized in Tables 18 through 22, Cell
efficiencies are plotted as functions of temperature and intensity in
Figures 43 and 44 and listed in Table 23, In addition, the best and
worst cells efficiencies are plotted in Iigures 456 and 46.

Lavge standard deviations begin to appear in vmp at ~76°C and

0,063 SC and below. IHowever, all of the standard deviations in the V
observed for these 16 BSR 2 ohm-cm cells were well below 1 percont, ©©

o CCINN N Do T
IV, DISCUSSION OF RESULTS

-

A. General Features

A number of observations are made concerning the general charac-
teristics of the data. The small standard deviations at and above 0.1 SC
and =50°C in the data indicate that the meosurements were apparently
carried out with sufficient precision to enable discrimination of deviations
of a few percent in the output from cell to cell at any given combination
of temperature and light intensity. ‘The small standard deviations in
current which decrease with deereasing solar intensity arc attributable
to the beam nonuniformity of &2 percent. There is some question as to
whether a test lot of 106 cells is sufficient to provide reliable quality
control statisties for these manufacturer lots at low temperatures and
low intensities (I/1'T.I).

Maximum power output was determined to be greatest at 1 SC/+25°C
in the BSI'/BSR 10 ohm-cm cells and greatest at I/TLI in the BSR 2 ohm-

cm cells, Large variations in Vmp were obsgerved in the BST/BSR cells

under LTI ag a reduction in the curvature of the 1-V curve around the
maximum power point. This reduection in curvature of the I~V plot is
manifested in two forms — one as a softening of the I-V knee only and
the other as n gradual deercase in current initinted in the low voltage
portion of the curve. This reduction in curvature of the I-V plot
results in lowering of the MP of the cell and thereby reduees solar cell
efficiency. The magnitude of this occurrence in the three sets of cells

L'*- - - - -l » IO SN W, ) e ettt men

TP | DU "

s
e N




s g T T T T

tested is seen in the fill factor distributions presented in Table 5.
Efffeloncios of the best and worst cells scleeted on the basis of maximum
power output at 0.086 SC and =100°C show the extreme values in coll
output within cach test set, The current=voltage pavametors listed for
the best cells within caeh group in Table 4 demonstrate the capabilities
of the individual cell typo with the BSF/BSR cell have the bighost
efficioncy at almost all test conditions, Mean efficiencies at 1 SC/+25°C
were determined to be 14,1 percont for the BSF/BSR 10 ohm-em cells,
12,1 pereent forthe«BSR 10 ohm-tm cells, and 13.3 percont for the BSR
2 ohm=cm cells.

One of the objeetives in this study wes to find an observable solar
cell feature present at room temperature which would correlate well with
cell performance undor low tempeorature and low intensity conditions.
While there exists a visual corrvespondence botween the ranking of the
cells light I-V curves and their dark I=V curves, no single parameter in
the light I-V curves could be determined at room temperature to correlate
to the LTLI cell performance., Preliminary conelusions based on the dark
current data provided in Table 3 show a correlation ps follows: When
the junction defeets in the cell give a shunt resistance (RJD) bolow

500 ohms, the MP available at 0.086 SC and =140°C falis off shavrply;

above that value of RJD the presence of edge channel resistances (RCII)
below 1K ohms appcears to affect the available power output. Both RJD
and RCH are available from the room temperature dark I-V curves as

illustrated in Table 3.

B. Comparison of Configurations — BSF/BSR 10 ohm-rm
to BSR 10 ohm-cm

The BSF/BSR cells show a greater V oo than the BSR 10 ohm-cm

cells at the higher temperatures and intensities = the difference in the
average values being 79 mV at 1 SC/+50°C, However, this difference
decreased with decreasing temperatures and intensities with a crossover
occurring in the mean values at 0,063 SC/~1256°C. The BSF/BSR cells
show a deereasing change in Voe with temperature at the lower tempera-

tures. Data on the best cells of each group (seclected at 0,086 SC/~100°C)

indicate a difference in Voc at 1 SC/+50°C of 657 mV with equivalent

vialues at low temperatures and low intensities. No evidence of a Schottky

barrier was present in any of the cells tested as would be manifested by
a decrease in Vo c with increasing solar intensity or by an increase in

current near Vo o The application of the BSI' to the BSR cell was

apparently not successful in increasing the fill factor or V c at LTLI as

had been expected, 0
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Short circuit current is greater in the BSF/BSR cells than in the
BSR 10 ohm=cm cells at the higher temperatures and intensities — the
difference in average values being 8 mA greoter for the BSF/BSR cells
at 1 SC/+50°C, "This difference decrenses with low temporatures and
low intensities, T'he best cells of cach set show similar values at LTLT.

Maximum power output at higher temperatures and intensities is
greater in the BSIF/BSR cells ~ 9.1 mW at 1 SC/+50°C compared to
55.5 mW for the BSR 10 ohm~-cm cells with the difference deercasing with
deerensing temperatures and intensities, Maximum power voltage and

current show trends similar 1o V o and I se with the BST'/BSR cells

having higher values at higher tempornturos and intensities. The low
shunt resistances evident at I/TLI in the BSI'/BSR cells reduce V S and
bring about lower cfficiencies in three cells. mE

C. Comparison of Base Resistivity — BSR 10 ochm-cm
to BSR 2 ohm-cm

The V. in the 2 ohm-cm cells was approximately 50 mV higher

than that in Lhe 10 ohm-em cells throughout the test profile. No decrease
in Yoo with temperature at LTLI was evident in the 2 ohm-cm cells. The

1nrge standard deviations (above 2 percent) in the 10 ohm-cm cells at
0.04 SC and at ~150°C and below indicate decreases in V__ in some of
the 10 ohm-~em cells. oc

Average values of short circuit current were 3 mA higher in the
10 ohm~-cm ¢ells at 1 SC/+25°C. This difference decreased with decrecas-
ing temperatures and intensities with a crossover in the data occurring
at 0.063 SC/~100°C. The hest cells of each group show a similar trend.

The MP produced by the 2 ohm~-cm cells is greater than the 10 ohm-
em cells throughout the test profile, The higher values of Vi p available

in the 2 ohm-cm cells are responsible for the greater MP values and the
subsequent higher elficiencies. The trend in Imp in these cells is

similar to that of the short circuit current. The 2 ohm~cm cells showed
the most consistent cell-to-cell electrical characteristics at both high
temperatures and intensities and at low temperatures and intensities.

D. Caiculation of Model Parameters from Dark |-V Data

To correclate individual cell performance with one or more of its
physical features such as edge channel resistance or shunting junction
resistance, the dark I-V curves were analyzed by means of an equivalent
circuit for the cell. The principal effects of shunting around the solar
cell junction by edge channels and junction defects were represented
with the simplified equivalent circuit in Figure 47. By treating the
diodes as switches the cell in the dark should show:

SRR BRI R . i o o a<m




e r——

1y At low forward bias (< 0.2 V), an equivalent resistance of
b 1{ .
JD

_ 2) At high forward bins (a temperature dependent value » 0.8
V) an cguivalent resistance of Ry
1y

RS

3) At intermediate biag (when the edpe channel diode is switehed
on but the cell junction diode is still off) an equivalent resistance of

1

S5

. Yy ,
RCII t R

JD

Values of these three resistances, Rq, RJ‘]) and R o’ have been eal=
[y *

culated from the dark IV surves and aze Jisted in Table 3 for the best
and worst cells scleeted from these three test sots.

The generol fontures of the simplified model parameters in Table 3
show that:

1) 'I'he effecetive series resistance, Rs.. is consistently low as it
b

should be for high performance cells, with no change from best to worst
performance in these three sets of 16, The temperature dependence of

RS‘ may be interpreted as due to the temperature dependence of the
N

carrvier concentration in the n and p regions of the silicon wafer.

2)  The shunting defeets in the eell junetion, represented by RJ])’

seem to be responsible for the reduetion in performance from best to
worst at room temperature in all three sets with the singular exeeption
of cell 15 in the BSR 2 ohm em set.  Similarly, at=150°C, the worst
BSIY/BSR cells had their junctions shunted by an effective low resist-
ance; the temperature dependence of RJ‘l) in these two cells indicates the

type of defeet existing within their junction becomes a more effective
shunt at low temperature. l‘l’owc\mr, the worst BSRR cells at low tempyra-
ture showed remarkably high values of R amn indicating that thoe reduction

in MP at low temperature is due to some other differences botween the
cells; the defeets in the BSR junctions are of sueh a type that, in
the dark, they require temperature activation to shunt significant
currents across the junction.

3)  The edge channel resistanees, assuming all the edge channels
have a diode switehing voltage £ 0.2 V., have values near 500 ohms at
25°C and near (K ohms at =150°C. Therefore the edge c¢hannal resist-
ance is the prineipal shunt resistance during maximum power operation
in all of the colls tested, except the two poorest ol the BSIF/BSR sct
where junetion defeets are so bad.,
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V. SUMMARY

The BSEF/BSR 10 ohm-em cells provided the best porformance at
L SC/H25°C (14,1 poreent efficieney) but failed to provide the best pore
formance at L'UL1. Dowever, these cells are capable of high performance
at L'TLT based on the behavior of the best cell in the seot. The BSR 2
ohm- em cells had the highest LLI performance (22.2 pereent efficiency
at 0,04 SC/-170°C for the set) and the mest consistent eell- to-cell
characteristivs.  ‘The performance observed for the three sots of cells is
summarized by the graph of relative maximum power output, P/Po (Po is
the power produced at §5°C at 1 AU) versus heliocentrie distance in
Fipure 8. Figure 49 rvepresents the areay mission tempoeratures used in
generating the data,  The two sets of BSR configured cells produce
approximately the same P/Po outputs at large Atl's,  Thoy pive, for
oxample, P/Po  0.150 for the 10 ohm em base vesistivity eell and 0,148
for the 2 obm=~cm base vesistivity cell at 3.4 AU conditions. Howaver,
the mean of the 16 BSEF/BSR cells produced P/Po of only 0,118 at 3.4
AU conditions.

The observed spread in several of the parameters in these data
was well below | pereent.  Therefore, the simulation teehnigques used to
obtain thoe solny cell peorlformance is eapable of making active paramceter
meastrements to botier than 2 poreent,

Finally, cell characteristies rovealed by the dark TV oat room

temperature show potentinl as useful indicators of the cell performance
at low tempoeratures and low intensitios.
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TABLE 2, TEST PROVILE

INumination Level (SC) Temperature (°G)
1.00 0, 25, 50
0.64 =25, 0, 25, 50
0.39 =50, =26, 0, 25, 80
0.25 -75, ~§0, ~25, 0, 25
0.174 =100, -75, -50, =25, 0

) 0.128 =125, =100, =75, =50, =25
0,086 ~150, =125, ~100, =75, =50
0.063 =150, ~125, -100, =75, =50 )
0.040 -175, ~150, =125, -100, -75
Dark 1=V 25, 0, -25, =50, ~75, ~100,
-126, -150, =175

Note: -=175°C was not achicvable in two of the three test
groups.

SC = Solhr Constant.

11




lrure | Solar cell test plate.,

GPROV Ty AGE




3

‘uonejuawnJgisur pue juawdmbas uonezuaoraeyd [[20 JB[GS °Z 2anIig

1

\é




hicastiiaa R A e
T e R
S T T RN T .,

008
3071
HI°T
A1

171
AC'T

mUm

b | 00T
00T
00T
A001

3,001

ADOI<<

VA

AO0T<<

0¢

og

A0e
p: 4 +cc~.

ar

Do0CI- '

q

G9
¢9
€9
G9

73
P9

69
P9

s

(suyo) ssdueisisay

0ss
0sgs
009
009

0s¢
0g¢c

mom

Ay

A0E
08
H0¢

M1
00c
p 1t

081
00F
00T
M00T

QHMH

DoSCC 1B

8¢
IS
LE
A

Ge
G¢
ce
Gg

6¢
8¢
6¢€
6€

S
4

(swiyo) Sodur)sisey

STTID dv'l
TELOATIS 40 SAONVISI

"0000T1-/0S 980°0 & Indino asmod xew uo D3SBQ 9saop = M “1seg = g :oj0N

-8 an

L8 Th

b6 ’q

g6 Tgq
wo wyo 7 ysg

89 n

69 Ty

0°6 ¢

6°8 Ig
wo wWyo 0T ¥SH/ISH

0°% ey

19 Ty

6 g

9°6 g
wo WYo 0T YSH/ISH

A >.uEv .H®>w°h.m ur!N:m mmmo

OS NOOITIS TVNUIAIANT
SHY¥ LINDYID INATIVAINDT -¢ CURSAAR

D e <
Bl o ittt 3 s eneanates it nas i i coloe aatbien iR A

14




TR o D A it o g
(A%
s ST SeRRoAT Ty eenae: = ;
: 25Y¢ N 150 C
x + »
. + + ‘ & = - e 2 TE $ o2 + L 2 B Aoy SR Sy Y W ) AT
: ' i . . R .
§ . . s [
. x | I B < v . FEPEN
10 ¥ + i . . . LRI I 'Y K3 .
- = ot
+ + + tep
; i | bt b beods o hmbad )
L4 M ;
I H [| i Yool §
" ’ 4 4 Ty s
i i ki PR 3
3 * F R i
| P Y B
¥ e o ; : z s
. M H [
* . * 5 N * i
1 ¥
e K PR i Caon e [ INCREIR TF O § [BRE] 3 B R e
] . L ? Ey H
e W e b S ey T e A TR + §
[ ’ p H K i N T
N AR M . i — it SUILICTLNE E2 U Bt SESPO S S SEHFONN I 0N
. . I : F )
. ! { i iy I
N i ! HESN T H ]
i . . L Pefd N RSP 8 IR
Paw wcenoy o “ . . TEITE T ALE & o fok ke ok PSR U S
4 i ¢ N ro b4 o 4 Ha v v
. . PR 1 H R R .
b ! S RS BN I
4 & 3 N
) o
z H " T
» i .
. i N ..
: . j ’
i .
o ¥ &
. i

R RS b e g &

Dark Current., mA

100 :

t
. s
[} -/ 3 . + .
t s e
-} } . * - ,u.l.;.;,‘ ,;f»;.i
g
H it s v 2 .
i azex i g i Tt
i 3 e
1 i T
H .
H .
< b ot coaes o . . SRR Re S E5 RGP, Y e
j 4 v
{3 1 . . : .
3 B . . .
\ i . ) i
¥ < . .
i . r
. . I .
+ H .
, - yor e d e O S NP =
H] ] 4 s a . e » a4 4.
3 ¥ e 4 LR
' ' ! B A ‘s v e
i ' . » Y

.01

Bias Voltage (volts)

: Figure 3. Dark current versus bias vouage for a good cell,

A

| “m }?I,\gov‘x R 15

b
It
:
b

it

|
i
F




Dark Current, mA

16

Figure 4.

T

Dark current

B T N T

1
i
H

~,SlEI.nL;m- S -
CELL 1

BSF/BSR 10 fohmeciw o | - e

W
o -
e e
¥
.
*
i v & a1 e -
= iy = Fena swo s ek &2 bk wmeenis s g
owt o4 k0 2w ‘
¥ b
H ] : T
+ T AT Y R AT A
: ! |
= = t
. !
s N +
+ R B R B e T
¢ ' . - + RS
' + .
{ '
i
I
- t it
EE "
i
1
+

- “ wuanoen

i
PR T A TR S [ vt DRt g vk

i

+ 45 - 2 awb enew
¥ & s
. v
.

i

H .

. gy e 1

4 .5 .6 7 .8 .9 1.0
Bias Voltage (volts)

versus bias voltage for a bad cell,

ot S y SRR RO W S e e o 4

o




TABLE 4. CURRENT-VOLTAGE PARAMIETTERS OF THE BEST CELLS

Paramoter

ISQ

1 §C/259C
0.086 $C/- 100°C
0.040 SC/-150°C

Voc

1 §C/26°C
0.086 SC/-100°C
0.040 SC/-150°C
Imp

1 8C/25°C
0.086 SC/-100°C
0.040 SC/-~150°C

Vmp

1 8C/256°C
0.086 SC/~100°C
0.040 SC/=150°C

Mp

1 8C/25°C
0.086 SC/-100°C
0.040 8C/-~150°C

ELf

1 8C/25°C
0.086 SC/-100°C
0.040 SC/-150°C

Type Silicon_Cell

BSE/BSR 10 ohm=cm

BSR 10 ohm=cm

BSR 2 ohm-¢

m

164.0
13,9
6,9

605
797
903

157
12.8
6’4

485

828

161
14.0
6.8

548
793
843

[a=y
-
fan 28 S O

.
<o oy

445
718
713

oo |
. .
Tt O

iy
S o
.

oL

598

Note: Best cells secleeted for best efficiency at Max Power at 0,086

SC/=100°C.
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Shart Circuit Current, mA
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TFigure 19. Average ISC as a function of temperature.
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Two Terminal Silicon Solar Cell
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Figure 47. Simplified cquivalent circuit of a
silicon solar cell.
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GLOSSARY

Astronomical Unit

Air Mass Zero

Back Surface Field
Back Surface Reflector

Maximum Power Current
Short Circuit Current

Low Temperature and Low Intensity

Maximum Power

Ratio of Maximum Power to Maximum Powe:s at 55°C

Edge Channel Resistance
Shunt Resistance
Series Resistance

Solar Electric Propulsion System
Solar Constant

Ultraviolet
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