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TECHNICAL MEMORANDUM

CHARACTERIZATION OF ASEC BSR 2 OHM-CM SILICON SOLAR CELLS

WITH DIELECTRIC WRAPAROUND CONTACTS AS A FUNCTION OF
TEMPERATURE AND INTENSITY

l. INTRODUCTION

This is the fourth in a series of reports on the characterization of high
performance cells under conditions of low temperatures and low intensities (LTLI).
The data provided in these reports are aimed ot identifying which of the currently
available solar cells possess the best characteristics for deep space performance.
Specifically, these data were produced to determine if the LTLI problems present in
cells with conventional contacts were present in cells with wraparound contacts.
This report contains data on 20 ASEC BSR 2 ohr::-cm silicon cells with wraparo.nd
contacts taken at 2 temperatures and 2 intersities along a proposed deep space
mission profile.

. TEST PROGRAM

The cells as described in Table 1 were manufactured by Applied Solar Energy
Corporation (ASEC) as high performance preduction run cells and were fabricated
from crucible-grown p-type silicon, boron doped to a nominal resistivity of 2 ohm=
cm. These cells which are 2cm x 4 cm x 0.020 cm (8 mils) thick have dielectric
wraparound contacts with 12 line grid patterns running the length of one side. Con-
tact materials are Ti-Pd-Ag and the bock surface reflector is formed from evaporated
aluminum. A multilayer anrireflectance coating was applied to the top of the cell.

Evaluation of the cells was made at three space environmental conditions:
1 SC/+25°C, 0.086 SC/+25°C and 0.086 SC/-100°C as described in Table 2.
While this test profile was nct as extensive os previous cell test profiles it is
sufficient to define 1 AU cell performance capabilities and to determine the
extensiveness of cell perforinance problems under LTLI conditions. Cark I~V data
were generated at +25°C, 0°C and -50°C and is to be the subject of a separate

report,

The celis were tested in three sets: Cel!s 1 -5 comprised set 1, cells 6-12
set 2 and cells 13- 20 set 3. A typical set is shown mounted in Figure 1. The cells



were held in place to a copper plate by RTV 560. The copper plate was then heat sunk
to o 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
20.5%C ot 25°C and -100°C. The cells were installed in a vacuum system having a
30~cm digmeter, 6 mm thick UV grode fused quartz window and tested at a pressurc of

1 x 107" pascal or less.

The illumination source was a Spectrolab filtered X-75 solar simulator. This
system ides a combined beom from three 2.5 kW xenon lomps covering an area of
230 cm*, Beam intensity was measured at each cell pasition and was determined to
have a uniformity of +2 percent. The spectrel output was modified through the use of
a filter system to approximate the solar spectrum. lllumination levels were mointained
through the use of a set of neutral density filters and by varying the position of the test
chomber. Cell illumination level was monitored by the use of a water-cooled cali-
brated cell in the test chamber that was maintained ot 28°C £0.5°C. One solar constant
utilized in the calibration was 135.3 mW/cmz.

A Spectrolob electronic load model D~1550 provided the veoriaoble 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 ith associated instru-
mentation is shown in Figure 2.

. PRESENTATION OF TEST RESULTS

Current-voltage characteristics for each of the 20 cells were measured at the
three environmental test conditions described above. These data, short circuit current
(ISC), open circuit voltage (VOC), maximum power current (IMP), and maximum power
voltage (VMP) are shown for each cell in Tables 3, 4 and 5 along with calculated
maximum power (MP), fill factor (FF) and efficiency (EFF). Average values for these
20 cell data are shown along with their standard deviations. Effect of nonuniformity
of beam illumination (+2%) is included in all cell current data as is the effect of
temperature variation (+ .5°C) included in the voltage data. Toble 6 contains tempera-
ture goefficienfs for VOC and MP determined between 0,086 SC/+25°C and 0.086 SC/
-100°C.

A SUMMARY OF RESULTS

The 20 cells had clesely matched current-voltage (I-V) characteristics at
1 AU conditions os Is shown in Toble 3. Some series resistance was evident in the



=V curves and was determined using the method of Wolf and Rauschenbach to be
approximately 0.2 ochm. Previous tests on 2 x 2 cm cells of the same nomenclature
with conventional contacts had shown no appreciable series resistance.

Under LTLI conditions of 0.086 SC/=100°C a divergence of performance
characteristics was observed in the 20 cells as noted in the current voltage parameters
in Table 5. VMP values were as low as 491 mV. VOC suppression was also noted in
four cells, Eleven cells showed evidence of reduced power output in the MP region
(Flat spot or broken knee effect) with six of these cells having severely broken knees.
The flat spot or broken knee effect has been associated with the dissolution of silicon
into the front contact metallization with the attendant formation of metal-silicide
regions which extend through the cell junction. It is thought that this process occurs
during the manufacturing of the celi and its effect is manifested only ot LTLI conditions.
The remaining nine cells showed no problems although four showed some rounding of the
I=V curve in the MP region (soft knee). Temperature coefficients for VOC are given in
Table 6 and averaged 2.2 mV/°C as expected. Also shown are coefficients for MP
which vary depending upon the reduced VMP at low temperatures.

Performance problems gt LTLI evident in the 2 x 4 cm wraparound contact cells
are the same as those identified previously in the 2 x 2 em cells with conventional con-
tacts. The statistics of BSR cell performance at LTLI are also similar - approximately
50% are good. The appearance of appreciable series resistance at the high intensities
was not seen in the previous testing of this type of cell with conventional contacts.

Solar cell data generated from these series of investigations are being provided
to the solar cell manufacturers to aid in their cell design activities and to the solar
array designers to assist in sizing the array.
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Figure 1,  Solar Cell Test Plate
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TEST CELL DESCRIPTION

TABLE 1,
Number of Cells Tested
Type
Manufacturer
Silicon
Size

Nominal Base Resistivity
Junction Depth
Contacts

BSR

Grids

Cover Glass

AR Coating

20

N/P BSR with Dielectric Wraparound Contacts
Applied Solar Energy Corporation
Crucible= Grown P-Type, Boron-Doped
2cm x 4cm x ,020 cm (8 mils)

2 ohm-cm

Shallow Diffused

Ti=-Pd-Ag, Dielectric Wraparound
Evaporated Aluminum

12 Lines

Fused Silica

Multilayer

TABLE 2.  TEST PROFILE

IHlumination Level (SC) Temperature (°C)
1.0 +25°C
0.086 +25°C, ~100°C
Dark |-V +25°c, 0°c, -50°C



TAME 3

CURRENT-VOLTAGE DATA FOR BSR

2 OHM-CM WRAP-AROUND COMTACT

CELLS AT ILLUMINATION / TEMPERATURE OF 1 SC/+25°C

=l

i >~ Cell No. STD.
gl oo~ v 2 sl el s el 7 el oo ul 2l 3] ]| s]ws|w]iw]w]| 20 |aveoey.
15C
(maA)  f304 1302 |30 {305 305 |320 |308 (309 |33 304 307 313 305 |30= a2z 305 [%7 Jaor o7 |36 |wo7.s | 4.6
S
vOC .
(mv)  |594 ;592 |s593 Ises |ses je03 |e0r {595 [s94 (594 (se8 {593 1502 (598 |s94 598 594 (595 |so4 jt9a |s%a.5 | 4.0
IMP i .
& ma) 277 276 1277 {273 fa74 299 (279 (282 (286 (276 288 289 284 286 [277 283|284 284|282 286 [282.1 | 8.2
VMP !
V) 477 (470 477 as6 470 W77 488 479 472 7B WT) 473 W) W75 74 |78 478 1478 475 [a78 753 | 4.7
mp ,
(mw)  1132.0 [129.8 {132.0 (127.3 [129.0 \142.6 {135.9 [135.4 [134.9 [132.2 135.5 [136.9 {133.8 }136.0 1301 |135.2 [135.6 [135.6 {3340 Do, s 0L 2
£ J3% 73 .2f .| 72 .l 73] 7al 73| 73l M 74| ) 74 .73 7 .74 .74 .7 n! 73 L0
1 EFF
(™ 12.2 [12.0 [ 12.2 | 1.8 [ 1.9 |13.2 | 12.6 [12.5 {125 { 12,2 { 12,5 | 12.6 [12.4 {126 1z fras | 2s [ 2a s 2r el 3




2 OHM-CM WRAP-ARQUND CONTACT

TABLE 4

CURRENT-VOLTAGE DATA FOR BSR

CELLS AT ILLUMINATION / TEMPERATURE OF 0,086 SC /+25°C

Cel ell No. STD.
Porometes 1 2 3 4 5 6 7 8 9 wl nl w2zl 3l ww] sl <]l w]| 20 |ave.lcev..
15C | ‘
mA) 25.9125.5 | 26.5| 26.1| 26,4 26.3 | 25.1| 26.1] 26,9 | 25.4 | 26.6 | 26,3 | 25.1 | 25.0[ 25.3| 25.7 | 26.4 | 25.8 | 26.8 | 26.7 | 25.7 | 1.4
vOC T
@v) 1s2t sz sw Isis lswe |ss2 isav ise8 sz ls2s [sw sz ls23 522 |rz3 |s29 sas |s2s (522 525 [S24.7 ) 5.0
s . -
IMP j
(mA) 2.4 220 (204 [ 19.2] 22,5 | 23.3 | 215 | 2.1 | 244 |09 | 245 | 232 [ 2.2 {208 | 19| 22.2 (2.5 23.2]22.4 236 |24 |13 |
vMe {
mv) 432 st pz8  Je23 a2 st uso 451 Jass 44s 51 laas W25 438 jaas 438 s Uy 6 ]9s
mP
{mW) w0.1] 991 87 81| 9.5|1ws| 97104108 ]| 9.7]10.8 105 9.9| 8.9] 9.8] 9.6 |10.0|10.2] 9.9 103} 9.9 .7
FF 75l 74l sa]l s0l .es|l .75l .7m| 75| 7| ;| .m| 76| 75| e8| 73| .73 .| 75| | ;B 72| .M
T TerE
(%) 0811061 931875 10.2]n.310.4]1.2]1.6 104 }11.6 |1.3]106] 9.6]10.3]10.5 J10.7]|11.0]10.6 |11.1 106 ]| .7




TABLE 5
CURRENT-VOLTAGE DATA FOR BSR
2 OHM-CM WRAP-AROUND CONTACT
CELLS AT ILLUMINATION /TEMPERATURE OF 0.086 SC/-100°C

oo ell No. SID.
e 1 4 9 .
P 2 3 5 é 7 8 10 n 12 13 14 15 16 17 18 19 20 1 AVG.| DRV,
15C
(mA) 24.5 [24.2 | 25.1 | 24,9 25,1 | 24.8 | 23.6 | 24.7 1 25.5 | 23.9 | 25.5 | 24.9 | 23.9| 23.6 | 24,1 | 23.9 | 25.2 | 24.4 | 25.4 ]| 25.2 | 24.6 .6
vOC
(mV) 811 12 (742 s (800 (818 (819 (817 (819 (805 (817 (835 (811 |77 (800 16 13 1815 {774 (s14 2.7
r IMP
(mA) 19.2 [19.7 [ 19.6 16,9 (1851 21,6 | 18,9 21,21 22.5]18.8| 23.2|20,0] 19.0] 19,1 | 18,8 | 20.9 |20.0 | 20.9 [ 22.8 | 20.8 | 200 1.6
VMP L
(mV) 702 P23 91 WUs8 607 724 (734 l7as |73s leso 1m2 |3 levs s2s lsoo koo iz oy sz {710 3 19n.8
MP )
{mW) 135296 7z7zitn2l156i13.91156w6.6(12.211w651114.2113,311w0.011.3112.6 14010481 10.7]14.8 {13.2) 2.4
113 .68 72 .52 41 .56 77 72 77 79 N-X] 79 .70 N 55 .59 .68 .68 74 .60 72 .66 . |
EFF
L (%) 14.5 [15.3 |10.3 8.3 ]12,0116.8 14,9 1168 ]17.8 | 13.% | 17.7 | 15.3 [ 14,31 10.7 }12.1 |13.5 |i5.0 |15.9 {12,6 ]| 15.9 |4 2.6
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TEMPERATURE COEFFICIENTS FOR

TABLE 6

VOC AND MP DETERMINED

AT 0.084 5C ILLUMINATION AND TEMPERATURES OF +25°C 10 -100°C

Cell tio,
[Temp?
'Coeficient -

1 2 3 4 5 é 7 g 9 w w23l wlas]w] )]s ] w2 lavs.
Tvoc
mas/oC) ‘2.3 2.3 he e 2.2 2.3 (2.3 2.3 2.3 2.2 (2.2 (2.3 l2.3 200 2.2 2.3 (2.3 2.3 [0 2.3 12.2
Tmp
tmtr/%C) | .027{ .034 | .007|-.003]| 004 .00v] .03¢ | .042| .0i6| .020] .046 | .030]| .02 | .009| .012] .024] .032( .037| .01 | .03 | .027
|




10.

REFERENCES

Payne, P.: Research and Development of Silicon Solar Cells for Low Solar
Intersity and Low Temperature Applications. Final Report NAS2-5519, 1970,

Brandhorst, H., Jr. and Hort, R., Jr.: Effects of Decreasing Temperature and
Hlumination Intersity on Solar Cell Performance. NASA TMX-52756, 1970.

Downing, R. and Weiss, R.: Characterization of Solar Cells for Space
Applications, JPL Publication 78-15, Vol, i, 1978,

Bartels, F., Ho, J., ond Kirkpatrick, A.: Silicon Solar Cell Development for
Low Temperature and Low lilumination Intensity Operation. Vol. |, Analysis
Report, NAS2-5516, 1970,

Whitaker, A. F., Little, S. A., Smith, C. F., Jr., and Wooden, V. A.:
Characterization of Three Types of Silicon Solar Cells for SEPS Deep Space
Missions, Vol. |, NASA TM-78253, 1979,

Brandhorst, Henry W ., Jr.: Introduction to Basic Solar Cell Measurements.
Technical Report I1i-1, NASA CP-2010, ERDA /NASA 1022/76/8.

Whitaker, A. F., Little, S. A., and Wooden, V. A.: Characterization of
Three Types of Silicon Solar Cells for SEPS Deep Space Missions. Vol. 1],
NASA TM-78272,

Whitaker, A, F., Little, S. A., Wooden, V. A., Carter, D. E., Cothren, B. E.,
and Torstenson, C. A.: Characterization of Three Types of Silicon Solar Cells
for SEPS Deep Space Missions. Vol. lIl, NASA TM-78305.

Wolf, M. and Rauschenback, H.: Seiies Resistance Effects on Solar Cell
Measurements. Advanced Energy Conversion, Vol. 3, pp. 455-479, April -
June 1963.

Weizer, V. G. and Broder, J. D.: On the Couse of the Flat Spot Phenomenon

Observed in Silicon Solar Cells ot Low Temperatures and Low Intensities, presented
at 15th {EEE Photovoltaic Speciclists Conference, 1981.

N



12

AU
BSR
vV
IMP
ISC

LT
MP

SC

VMP

voc

GLOSSARY

Astronomical Unit

Back Surface Reflector
Current-Voltage

Maximum Power Current

Short Circuit Current

Low Temperature and Low Intensity
Maximum Power

Solar Constant

Ultraviolet

Maximum Power Voltoge

Open Circvit Voltage
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