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This paper presents results of radiation resistance of different types of commercially available
single- and poly-crystalline silicon solar cells. Sample cells were subjected to gamma radiation
from gamma radiation source %°Co. Characteristic parameters of solar cells were extracted
from obtained I-V curves: open circuit voltage, short circuit current, maximum power point
voltage and current, efficiency, fill factor, and series resistance. Obtained results show the
level of parameters' degradation with purpose of increasing solar cells applications in radia-

tion environments.
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INTRODUCTION

In order to produce high efficiency solar cells,
photovoltaic (PV) technology is directed, at first, to in-
vestigation of fundamental cell's parameters (such as
life time of charge carriers, their transport processes,
generation and annihilation of electron-hole pairs, in-
ternal series and parallel resistance, etc.) caused by im-
purities, defects, and dopants during the solar cells
manufacturing [1-4]. Relationship between funda-
mental parameters and output characteristics (open
circuit voltage, short circuit current density, output
power in maximum power point, voltage in maximum
power point, current in maximum power point, fill fac-
tor, and efficiency) is the most important stage while
investigating operating performance of solar cells.

PV solar cells are often exposed to radiation dur-
ing exploitation. Since their working conditions usu-
ally do not allow regular maintenance, stability of their
output electrical characteristics is very important.
Therefore, investigation of radiation resistance of so-
lar cells is interesting not only for prediction of solar
cells operating lifetime and their end-of-life character-
istics, but also for improvements in design of solar
cells intended for use in hostile working conditions,
such as radiation environment [5-7].
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The aim of this paper is to investigate the radia-
tion resistance of different types of commercially
available single-crystalline and poly-crystalline sili-
con solar cells. Samples were subjected to gamma ra-
diation from ®’Co source and received a few different
dose levels. Output parameters of solar cells were ex-
tracted from recorded /-V curves, including: open cir-
cuitvoltage, short circuit current, efficiency, fill factor,
and series resistance.

EXPERIMENT

Experimental work was based on recording /-
characteristics of solar cells, varying measurements
parameters: solar cell type, light intensity, and radia-
tion dose. I-V curves represent the basic and most com-
mon way to obtain, in a fast and simple way, variety of
datarelated both to output and to fundamental parame-
ters of solar cells. Samples marked S} and S, are sin-
gle-crystalline silicone solar cells while sample P is
poly-crystalline silicone solar cell. Light intensity was
varied by changing the distance of sample cells from
the light source, and was controlled by using a cali-
brated standard cell and lux-meter Laybold (sensor
F'=0.76). Values of light flux used during the experi-
ment were of 32 W/m® and 58 W/m” for single-crystal-
line silicone solar cells and 101 W/m® and 338 W/m’
for poly-crystalline silicone solar cell.
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Temperature of the sample was monitored by
thermocouple and voltage and current measurements
were performed by Metron M890C digital multi-me-
ters. Irradiation of samples was carried out in *’Co
gamma radiation field with doses ranging from 10 Gy
to 4353 kGy. I-V curves were recorded before initial ir-
radiation, and after each irradiation step.

All measurements were performed under stable
conditions. The expanded combined uncertainty of
each procedure did not exceed 5 % [8, 9].

Parameters observed before and after irradiation
were: open circuit voltage (V,.), short circuit current
density (Jy), internal series resistance (R;), output
power in maximum power point (Ppy), voltage in
maximum power point (Vpyp), current in maximum
power point (Jupp), fill factor (FF), and efficiency (7).

RESULTS AND DISCUSSIONS

Results of the observed parameters for sin-
gle-crystalline silicone solar cells before irradiation
and after receiving cumulative doses of 10, 110, and
490 Gy, under light flux of 32 W/m” and 58 W/m’
(white light) for samples S and S, are given in tabs. 1
and 2, respectively.

Table 3 shows results obtained for sample P,
before irradiation and after receiving cumulative
doses of 905 kGy and 5258 kGy, under light flux of
101 W/m” and 338 W/m”.

Obtained results for single-crystalline (S; and
S,) and poly-crystalline (P;) silicon solar cells show
the output electrical characteristics in hostile working
conditions (reduced light intensity and presence of

Table 1. Measured parameters of sample S; before irradiation and after receiving cumulative doses of 10, 110, and 490 Gy,

under light flux of 32 W/m” and 58 W/m*

Flux [Wm™] 32 58
Dose [Gy] 0 10 110 490 0 10 110 490
Voo [mV] 409 412 396 398 409 412 396 398
Jie [mAcm ] 0.897 0.896 0.932 0.913 1.686 1.735 1.577 1.493
R [ Q] 5.59 7.57 8.00 7.24 5.59 7.57 8.00 7.24
| Pupp [Wm™?] 2313 2.206 2.117 2.152 4.970 5.253 4.521 4238
Viupp [MV] 325.98 324.34 312.16 206.84 366.52 370.29 358.47 349.21
Jpp [MACI™] 0.710 0.680 0.678 0.725 1.356 1.419 1.261 1214
FF 0.630 0.598 0.573 0.592 0.652 0.659 0.638 0.638
7 [%] 7.198 6.867 6.598 6.696 8.533 9.019 7.761 7.267

Table 2. Measured parameters of sample S, before irradiation and after receiving cumulative doses of 10, 110, and 490 Gy,

under light flux of 32 W/m?” and 58 W/m’

Flux [Wm™] 32 58
Dose [Gy] 0 10 238 0 10 238
Voo [mV] 447 444 391 476 477 432
Jie [mAcm %] 0.973 0.956 0.756 1.789 1.658 1.311
R [ Q] 3.63 42 572 1.76 227 3.22
| Pupp [Wm'’] 2.967 2.804 1.893 6.099 5.281 3.682
Vipp [MV] 359.63 356.33 302.17 399.54 396.67 342.79
Jpp [MACM™] 0.825 0.787 0.627 1.526 1.331 1.074
FF 0.683 0.660 0.632 0.716 0.668 0.650
n [%] 9.23 8.73 5.89 10.47 9.07 6.32

Table 3. Measured parameters of sample P; before irradiation and after receiving cumulative doses of 905 Gy and 5258

Gy, under light flux of 101 W/m?” and 338 W/m*

Flux [Wm™] 101 338
Dose [Gy] 0 905 5258 0 905 5258
Voo [mMV] 424 356 348 477 421 387
Jee [mAcm ] 1.906 1.353 1.074 6.820 4.638 4.085
R [ Q] 4.14 5.02 5.33 0.76 1.15 1.13
Py [Wm ] 4.853 3.249 2.352 23.080 12.931 10.854
Vinpp [MV] 319.82 248.04 256.57 389.89 341.75 330.34
| Jmpp [mAcm ] 1.518 1.310 0917 5.920 3.784 3.286
FF 0.600 0.659 0.630 0.709 0.663 0.687
n [%] 4.81 3.22 2.33 6.82 3.82 3.21
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ionizing radiation). Variations of these parameters are
shown in respect both to light flux and to received radi-
ation doses.

There are three typical zones of accumulated radi-
ation doses that can be distinguished regarding the solar
cells level of degradation: small, medium and high
doses. At the level of small doses, solar cells did not
show significant changes in output characteristics,
while at the level of medium doses samples showed sig-
nificant degradation of output characteristics. Finally, at
high doses level, solar cells showed reduced degrada-
tion compared to trends displayed on lower doses.

All the examined characteristics showed degra-
dation with increased doses of gamma radiation, ex-
cept for fill factor values, which showed relatively
steady values.

In addition, different types of solar cells exposed
to similar doses of radiation showed different levels of
change. With respect to total doses of gamma radiation,
short circuit currents have dropped to 45 %-50 % of ini-
tial values with single-crystalline, and to 40 %-60 %
with poly-crystalline samples. Open circuit voltage
dropped to 81 %- 83 % with single- crystalline and to
75 %-82 % with poly-crystalline cells, and the effi-
ciency dropped to 36 %-42 % of initial values for sin-
gle- crystalline and 23 %-47 % for poly-crystalline
cells. This result is useful for determination of the qual-
ity of solar cells.

CONCLUSIONS

All the examined radiation resistance characteris-
tics of commercially available single-crystalline and
poly-crystalline silicon solar cells showed degradation
with increased doses of gamma radiation, except for fill
factor values, which showed relatively steady values.
With respect to total doses of gamma radiation, short
circuit currents have dropped to 45 %-50 % of initial
values with single-crystalline, and to 40 %-60 % with
poly-crystalline samples. Open circuit voltage dropped
to 81 %-83 % with single- and to 75 %-82 % with
poly-crystalline cells, and the efficiency dropped to
36 %-42 % of initial values for single- and 23 %-47 %
for poly-crystalline cells.

Results presented in this paper provide useful
data related to degradation effects of radiation on out-
put electrical characteristics of silicone solar cells,
thus enabling prediction of behavior of solar cells ex-
posed to increased levels of radiation and possible esti-
mation of their operating lifetime.
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Heoojma M. CTOJAHOBWh, buwbsana b. CUMWK,
Kosmbka b. CTAHKOBWR, Hophe P. TASBAPEBUh

E®EKTU NETPAJAIMIE N3JAZHUX EJEKTPUYHUX OCOBHUHA Si
COJIAPHUX REINJA KAO PE3ZYIITAT JOHU3YJYRET 3PAYEIbLA Y
YCIOBUMA HUCKOTI OCBET/bABAIbA

Y pany cy npuKa3aHH pe3yJATaTu UCTPAKUBAKkA PaidjalliOHe OTIOPHOCTH PA3INUYUTUX TUIIOBA
KOMEPLMJAJIIHO JOCTYIIHUX MOHOKPHUCTAIHUX ¥ IONMKPUCTATHMUX CWJIMLUjYMCKUX cojapHux heinnja.
Y3o0puu henuja nogBprayTy cy rama 3pauemy u3 n3popa *’Co. KapakTepucTuunu napaMeTpy CONapHUX
henuja usBenenu cy u3 godbujeHux /-V KpUBHUX: HAIOH OTBOPEHOT KOJa, CTpyja KPaTKOr Cloja, Tavyka
MaKCHMAJHOT HAallOHA U CTpYje, €(PUKACHOCT, (paKTOp UCHYHE U CEpUjcKa OTIOPHOCT. [loOujeHu pe3yaTaTu
[IpUKa3yjy HUBO Jerpajanyje napaMmerapa CUJIMLUjyMCKUX colapHuX henuja, y uusby nosehama muxose
IPHUMEHE Y YCIOBUMA 3padehha.

Kmwyune peuu: eaexiipuuna kapaxitepuciiuka, epexaiti 3paiersa, corapHa heauja




