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High-radiation tolerance of Cu(In,Ga)Se2 (CIGS) 

solar cells has been reported [1]. Radiation-induced 
defects, which can impair cell performance, were said 
to be indium-related [2]. We investigated these defects 
in CIGS solar cells induced by low energy electrons, 
enabling the type of radiation defect in the solar cells 
to be selected. 

Electrons (up to 1×1016 cm-2) with the energy of 100 
keV or 250 keV improved the electrical performance 
due to the change in conductive type in the metastable 
defect, which is an effect equivalent to the 
light-soaking effect. However, the electrons (over 1
1016 cm-2) caused the cell performance of the CIGS 
solar cell to deteriorate. The high electron fluence 
decreased the carrier density in CIGS solar cells. This 
result indicates that the radiation defects are donor 
like defects. 

Red-on-bias measurements were conducted to investigate the characteristics of defects 
induced by high amounts of electrons [3]. The results indicate that defects may be InCu 
defects. However, it is not unveiled that why 100 keV electrons were able to produce the 
InCu defects, since the electrons can not produce displacement defects. Therefore, the 
degradation in CIGS solar cells by high amounts of electrons would be caused by ionization 
effect rather than displacement effect.   

Electrons with 70 keV, 100 keV and 250 keV were irradiated to CIGS solar cells. The 
relative defect introduction rate induced by electrons was estimated from the degradation of 
Isc in the cells (Fig.1). The relationship between the rate and electron energy is in 
agreement with the calculation by the ionization energy loss model. This result implies that 
the electrons degrade CIGS solar cells due to ionization effect. 
References: 
[1] T. Hisamatsu et. al., 2nd World Conf. on Photovoltaic Energy Conversion, 3568 (1998). 
[2] J. F. Guillemoles et. al., J. Phys. Chem. B. 104, 4849 (2000). 
[3] S. Kawakita et. al., Thin Solid Films, 582, 91 (2015)   
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Figure 1.  Repeating unit structures of the polymers used in this 
study.  
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Figure 2. Change in the transmittance of various polymer films 
during UV irradiation at 254 nm using a low-pressure Hg lamp for 
1‒12 h (8‒96 J/cm2). (a) PMI, (b) DiPF, (c) PMMA, and (d) PC. Film 
thickness: 37‒45 μm. 

Figure 3. Changes in (a) elastic modulus, (b) maximum tensile strength, and (c) elongation 
at maximum stress of the polymers as a function of the UV irradiation time. 

Figure 4. Change in transmittance of the polymer films during γ-radiation (0‒200 kGy). (a) 
PMI, (b) DiPF, and (c) PMMA. 
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UV and γ-Radiation Resistance of Transparent Maleimide Resin 
Ryota IMAIZUMI, Masakazu FURUTA, Haruyuki OKAMURA, Akikazu MATSUMOTO  
(Departments of Applied Chemistry and Quantum and Radiation Engineering, Graduate School 
of Engineering, Osaka Prefecture University, 1-1 Gakuen-cho, Naka-ku, Sakai, Osaka 599-8531, 
Japan) Tel/FAX: 072-254-9292, E-mail: matsumoto@chem.osakafu-u.ac.jp 
Key Word: maleimide copolymer / ultraviolet irradiation/ -radiation / photodegradation / 
transparent material / mechanical property 
Abstract: Olefin-maleimide copolymers are expected as new transparent polymer materials 
due to their excellent thermal, optical, and mechanical properties. The degradation of polymer 
materials is usually caused by bond scission, crosslinking, and oxidation during radiation, 
leading to a decrease in the performance of polymers. A change in the partial chemical 
structure also induces a significant color change of transparent polymers. In this study, the 
degradation of several transparent polymers, i.e., an alternating copolymer of 
N-methylmaleimide and isobutene (P(MMI-alt-IB), poly(diisopropyl fumarate) (PDiPF), and 
poly(methyl methacrylate) (PMMA), durrng UV irradiation and γ-radiation was investigated.  
 

Figure 5. Changes in relative values for the molecular weights and molecular weight 
distribution of the polymers during γ-radiation as a function of the radiation dose. 
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