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Surface Potential of Polyimide Film under Electron Irradiation at Cryogenic Temperature

Rikio WATANABE (Tokyo City University)

Surface potential of polyimide films (Kapton®200H) under electron irradiation at cryogenic temperature was experimentally
investigated because some spacecraft such as JWST (NASA) and SPICA (JAXA and ESA) are operated at cryogenic

temperature. We constructed measurement systems of surface potential after electron beam irradiation at cryogenic temperature.

Volume resistivities at cryogenic temperature were orders of magnitude larger than that of the room temperature. Wederived an

unified theoretical model of volume resistivity referred to VRH model (Variable Range Hopping model: Mott type) and TAH

model (Thermally Activity Hopping model: Arrhenius type), and we clarified which model was dominant according to

temperature. This enabled us to predict temperature dependence of volume resistivity of polyimide film as temperature variation

from cryogenic to high temperature.
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Fig. 1 Volume resistivity as a function of temperature[2]
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Table 1 Specifications of experimental apparatus

Appratus Manufacture Model number
Electron gun VE-056S, 50 keV
(Power source) Choshu Industry (VP-058S)
Surface electrometer Trek Japan Model 341-B
Digital electrometer ADC 8252
Data logger Hioki 8430
Oscilloscope Tektronix DPO7104
GM type cryocooler Sumitomo Heavy V204SCP
(compressor unit) Industries (ULO4EWA)
Temperature Cryogenic Control
co:troller ; iystems Model 22€
Silicon diode Scientific Si410A
Thermometer Instruments Inc. (Sanple stage)
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Table 2 Experimental Conditions

Sample Kapton®200H
Electron beam energy / keV 20
Current density / nA/cm? 1.14
Irradiation time / s 60
Vacuum level / Pa 10°~10°
20/40/60/100/150/233
Temperature / K
/ Room temperature / 353
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Fig. 7 Volume resistivity as a function of temperature
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Fig. 8 Volume resistivity V.S. Mott model
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Fig. 9 Volume resistivity V.S. Arrhenius model
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Fig. 10 Volume resistivity V.S.Mott+Arrhenius model
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Fig. 11 Dominance rate (Mott and Arrhenius)
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