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Abstract

In this study, some electrical characteristics such as current-voltage (I-V), power-voltage (P-V), maximum power (Pma), fill factor (FF), short-circuit
current (lsc), open circuit voltage (Voc) and power conversion efficiency (n) of silicon based photovoltaic cells have been investigated before and
after irradiation. 10 kGy and 30 kGy radiation doses have been applied on cells using a ®°Co radioisotope as irradiation source. Radiation dose rates
have been decreased the open circuit voltage and short circuit current density and finally affected the performance of the solar cells. This attributed to
radiation-produced recombination centers in the energy band gap of structures.
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Gama ile Isinlanmis Fotovoltaik Hicrelerin Elektriksel Parametrelerinin Arastirilmasi

Oz

Bu ¢aligmada, 1s1nlama 6ncesi ve sonrasinda silikon bazli fotovoltaik hiicrelerin akim-voltaj (I-V), gi¢-voltaj (P-V), maksimum gi¢ (Pma), dolum
faktoru (FF), kisa devre akimi (lsc), agik devre voltaji (Voc) ve glic doniisiim verimliligi (n) gibi bazi elektriksel karakteristikleri incelenmistir.
Hicrelere, ®°Co radyoizotopu radyasyon kaynag: kullanilarak 10 kGy - 30 kGy radyasyon dozlari uygulanmistir. Radyasyon doz oranlar fotovoltaik

hiicrelerin agik devre voltajini ve kisa devre akim yogunlugunu disiirerek giines hiicrelerinin performansini etkilemistir. Bu durum yapilarin enerji

band: araliginda radyasyonla uretilen rekombinasyon merkezlerine atfedilmistir.
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1. Introduction

The demand for energy resources has increased with the development of technology. There are many energy
sources such as fossil fuels, natural gas, solar energy and nuclear energy. Photovoltaic cells are used for generating
electricity from solar energy. The studies on using of solar cells as electrical power systems are gained importance. The
research, development and commercial studies on silicon solar cells show the importance of photovoltaic cells.
Photovoltaic cells such as Si and GaAs are used for applications of ionizing radiation in high-energy physics
experiments, medical imaging, electronics or space applications [1-4]. Especially, it is important to investigate the
radiation hardness of solar cells that are used as energy sources in space applications. The changes of efficiency on
photovoltaic cells can be observed as positive or negative depending on the applied radiation dose such as %°Co gamma
rays, electrons, protons and neutrons. In recent years, the effect of gamma radiation on the electrical properties of
monocrystalline silicon cells has been investigated by using ®°Co radiation source [5 and 6].

In this study, the effects of gamma ray on polycrystalline silicon cell performance have been investigated using
a solar simulator. The basic electrical characteristics such as cell efficiency, fill factor, open circuit voltage and short
circuit current before and after radiation have been determined using I-V and P-V curves. Experimental results showed

that the electrical parameters of photovoltaic cells were changed under different gamma irradiation doses.

2. Material and Method

Commercial polycrystalline silicon cells have used as samples of photovoltaic cell (Figure 1). The current-
voltage (I-V) and power-voltage (P-V) characteristics of solar cells have been performed in the light environment using
a solar simulator. The solar simulator is special devices that provide near-sunlight lighting. It has characteristic

properties that can prepare the controllable environment in laboratory conditions.

L ——————————

Figure 1. Silicon cells

In Figure 2, the SL-60A-WS solar simulator device is shown that used to determine the solar cell parameters in
the Center Research Laboratory Application and Research Center of Giresun University. The light intensity has selected
under standard conditions (1000 W / m?, AM1.5 and 25 °C).
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Figure 2. The view of SL-60A-WS solar simulator

The electrical parameters of the solar cells before irradiation have been calculated by using the data obtained
from current-voltage (I-V) and power-voltage (P-V) curves. After that, the solar cells have been irradiated at doses of
10 kGy and 30 kGy using 8°Co gamma ray source at Turkish Atomic Energy Authority. I-V and P-V measurements and

parameter calculations have been repeated after 10 kGy and 30 kGy doses.

3. Results

The electrical parameters of solar cells such as fill factor and efficiency can be extracted from I-V
measurements [7]. The fill factor parameter is an express the quality of a solar cell. The fill factor also affects the
efficiency of the solar cell and is given as

FF = Zm2mp )

VDC ISC
where Vp is the maximum voltage, Imp is the maximum current, Vo is the open circuit voltage and I is the short

circuit current. The efficiency (n) for a solar cell is given by

Voc Isc FF
solar radiation-cell area

n= 2)

where FF is the fill factor. Current-voltage (I-V), power-voltage (P-V) and fill factor curves of photovoltaic cell in the
light environment before irradiation are shown in the Figure 3. When current-voltage (I-V) graph is examined, it is seen
that short circuit current (lsc) and open circuit voltage (Voc) values of the cell are 398,71 mA and 616,00 mV,
respectively. When the power-voltage (P-V) graph is examined, the maximum current (Imp) and the maximum voltage
(Vmp) values are 363,06 mA and 483,3 mV, respectively. The fill factor (FF) was calculated as 71,45% from Equation 1.
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Figure 3. 1-V, P-V and FF curves of photovoltaic cell before irradiation

Figure 4 shows I-V, P-V and FF curves of photovoltaic cell after irradiation dose of 10kGy. The
measurement results shown that short circuit current (Isc) and open circuit voltage (Voc) values of cell are given a
decrease of 310,17 mA and 593,30 mV, respectively. Imp and Vmp values are measured as 279,88 mA and 472,90 mV,

respectively. The fill factor has been calculated as 71,92% by using Equation 1.
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Figure 4. 1-V, P-V and FF curves of photovoltaic cell after irradiation dose of 10 kGy

I-V and P-V measurements with 30kGy irradiation dose are given in Figure 5. Experimental data showed that
lsc and V¢ values were 303.02 m and 589.00 mV, respectively. Inp and Vimp values were 272,47 mA and 470,40 mV,

respectively. Fill factory value is calculated as 71,81%.

Figure 5. 1-V, P-V and FF curves of photovoltaic cell after 30 kGy dose
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I-V curves of the photovoltaic cell in the light environment before and after irradiation are given in Figure 6.
The experimental result showed that the current and voltage values are decreased, when I-V measurements are

performed after irradiation.

Figure 6. I-V curves of photovoltaic cell under illumination:
Before radiation (red), 10 kGy (black) and 30 kGy (blue)

After irradiation doses of 10 kGy and 30 kGy, the short circuit current values have been reduced by 88.54 mA
and 95.69 mA, respectively. The open circuit voltage of solar cell at 10 kGy and 30 kGy irradiation doses are decreased
by 22,70 mV and 27,00 mV, respectively. New energy levels generated by radiation in the band-gap range have been
reduced the number of minority carriers. This situation has caused a reduction in the short circuit current. Moreover, the
radiation applied to the structure has caused a decrease in the open circuit voltage by increasing the number of
recombination centers.

The fill factor-dose curves of the photovoltaic cell in the light environment are given in Figure 7. The fill factor
of solar cell has been calculated as 71,45% before irradiation. After irradiation doses of 10 kGy and 30 kGy, the fill
factor has been calculated as 71,92 % and 71,81 %, respectively. It is seen from Figure 7, there is no significant change

in fill factor. Some researchers have declared similar behaviors of fill factor [6].
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Figure 7. Fill factor-dose curve of photovoltaic cell

The efficiency-dose curves of the photovoltaic cell in the light environment are given in Figure 8. The
efficiency of solar cell has calculated as 13.50% from Equation 2 before irradiation. The efficiencies of photovoltaic

cells have been calculated after 10 kGy and 30 kGy irradiations as 10.18% and 9.86%, respectively.
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Figure 8. The Efficiency-dose curve of photovoltaic cell

Discussion and Conclusion

In this work, the electrical characterization of polycrystalline silicon cells has been investigated before and

after gamma irradiation under standard conditions (1000 W / m2, AM 1.5, 25 °C) by using a solar simulator device.

When photovoltaic cells have exposed to gamma rays, the basic electrical parameters have changed. The open-circuit

voltage and short-circuit current density of irradiated cell have been decreased compared to before gamma radiated one.

Deep interface energy levels generated by ionizing radiation have reduced minority carriers life by trapping their as

recombination centers. Thus, they have prevented them from reaching the electrodes. It has negatively affected the

electrical characteristics and performance of solar cell. As a result of short circuit current, open circuit voltage and the

efficiency of solar cell have changed. On the other hand, the results of our study showed that the silicon based

photovoltaic cells can be used in radiation applications such as ionizing radiation detector and dosimeter.
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Uzun Ozet

Teknolojinin gelismesi ile birlikte enerji kaynaklarma olan ihtiyag¢ hizla artmaktadir. Ulkemizde de giines hiicresi veya
giines pilleri olarak adlandirilan fotovoltaik hucreler giines enerjisinden elektrik tretimi icin kullanilmaktadir. Bu
kapsamda giinumuzde, silikon giines pilleri ile ilgili yogun aragtirma, gelistirme ve ticari alanlardaki calismalar
fotovoltaik hicrelerin énemini gdstermektedir. Giines pillerinde; monokristal, coklu kristal, mikrokristal, amorf ve
gozenekli gibi cesitli silikon trleri kullanilir. Silisyum elementi fotovoltaik hicrelerin ana malzemesidir ve lzerine
gelen giines fotonlarini direkt elektrik enerjisine ¢evirme gibi ¢ok dnemli o6zellige sahiptir. Tim yariiletken devre
elemanlar1 gibi giines pilleri de iyonize radyasyona duyarlhidir. Uygulanan radyasyon dozuna baglh olarak fotovoltaik
hiicrelerin verimlerindeki degisim olumlu ya da olumsuz olarak gozlenebilmektedir.

Buradaki calismada Co-60 radyoizotop kullanilarak gama isinlarina maruz birakilan fotovoltaik hicrenin elektriksel
karakteristikleri incelenmistir. Gama radyasyonuna maruz birakilan polikristal Silisyum hicresinin verimindeki
degisiklikleri gozoniine alinmigtir. Kullanilan 151k siddeti standart sartlar altinda (1000 W/m2 , AM 1.5 ve 25 °C) olarak
secilmigtir. Baglangigta 1smlanmamis (0 kGy) olan Silisyum hiicresinin akim-gerilim (1-V), gugc-gerilim (P-V)
karakteristiklerinden maksimum gii¢ (Ppax), doluluk faktori (FF), kisa devre akimu (Ig.), agik devre voltaji (V,¢), guc
doniisiim verimliligi(n) hesaplanmistir. Daha sonra sirasiyla 10 kGy ve 30 kGy 1sinlamalar igin elde edilen sonuclarla
ayn1 parametreler hesaplanmis ve i1ginlanmadan énce ve sonraki durumlar icin birbirleriyle kiyaslamalar yapilmustir.
Radyasyon doz oranlarinin fotovoltaik hiicrelerin agik devre voltajini ve kisa devre akim yogunlugunu diisiirerek giines
hiicrelerinin performansini etkiledigi gézlenmistir.
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