
Optical study on the degradation phenomena of insulators under electron beam irradiation
Shizuki HIROKAWA , Hiroyuki NISHIKAWA , Hiroaki MIYAKE

We studied charging and formation mechanisms of defects in insulators such as glasses and polymers irradiated by 20 keV 
electron beam. We performed cathodoluminescence (CL) and photoluminescence (PL) studies on insulator to understand the 
degradation phenomenon of insulators under electron beam irradiation including charging of insulators in outer space.  
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Figure 1.  Mechanism of CL  
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Table 1.  Impurity content and size of glasses 

 Al Ca Ti Na OH Size (mm3)
ES (ppm) 0.1 0.1 <0.01 0.05 1200 10 x 10 x 1.000 

 Al2O3 B2O3 Na2O
Pyrex (%) 2.3 12.7 4.0 10 x 10 x 1.000 

CMG  Borosilicate glass, doped with cerium oxide 10 x 10 x 0.150 
ES: Synthetic quartz glass (by TOSOH Co., Ltd.), Pyrex: Borosilicate glass (by IWAKI Co., Ltd.), CMG: Borosilicate glass (by Thale

Table 2.  Structural formula of polymers 
 Structural formula Size (mm3)

PMMA 10 x 10 x 1.000 

FEP 10 x 10 x 0.125 

Upilex 10 x 10 x 0.125 

PMMA: Acrylic (by Goodfellow Co., Ltd. FEP: Fluorine (by Sheldah Upilex: Polyimide (Ube Industries, Ltd.) 
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Figure 2.  Experimental setups for electron-beam irradiation 

and CL measurements 
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A: CL spectra measurement: 6min 36sec 
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Figure 3.  Time sequence of electron beam irradiation 
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Figure 4.  CL spectra obtained for various glasses 
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Figure 5.  Dose dependent CL curves observed for various 

types of glasses 
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Figure 6.  Defects induced by electron beam irradiation in various 

types of glasses. 
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Figure 7.  CL spectra obtained for various polymers 
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Figure 8.  Dose dependent CL curves observed for various 

types of polymers 
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Table 3.  Summary of the CL peaks observed for various glasses and polymers 

glasses 290nm (ODC) 380nm (Al, Na) 410nm 460nm (ODC) 650nm(NBOHC) 745nm 

ES

Pyrex 

CMG

polymers 500nm 510nm 520nm 550nm 620nm 700nm 
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CL
3
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