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Study on charging phenomena of dielectric materials irradiated by proton for consideration to
next-generation satellite and aircraft
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Abstract

The number of spacecraft operated in an environment with high-energy protons (H") is currently increasing. Therefore,
it is important to investigate the impact of protons on the insulation properties of spacecraft insulation materials. We
focused on the increase in conductivity irradiated by radiation called radiation-induced conductivity (RIC). The
conductivity of the insulating material is an important parameter for charging and discharging. In this study, we
investigated the relationship between the RIC and proton irradiation dose rates by measuring the external circuit current.
As a result, we observed that the conductivity increased from 107 to 10" S/m immediately after the start of irradiation
in each irradiation condition. Furthermore, the results showed that the conductivity can be expressed as a power of the

absorbed dose rate. We also observed an increase and a decrease in conductivity during constant proton irradiation.
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Figure 1. The dose rate distributions of the proton
irradiated polyimide film.
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Figure 2. Schematic diagram of the external circuit
current density measurement system
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Figure 3. Schematic diagram of the external circuit
current density measurement system
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Figure 4. Conductivity with time progress before,

during, and after proton irradiation at each irradiation
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Figure 5. Conductivity immediately after irradiation at
each dose rate
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Figure 6. Relationship between conductivity and
fluence of each irradiation current

WO TH D, ARSI NTZEFELLIIR A ITH BN
DOEM T D b7 v TR S h,
Y VTR L0 EEZLND, ZSHITESE
BOHEFTHD, ZOBLEIF 0.03nA/cm? LSO &
HRE RIS KR 30 nA/em? & TR 3 nA/em? HE S+ 1Hf
WCBEEICEI SN, ZOHERIC T v FTEMDOF
My FREEDBALIC L D N T v TUERL DAL
EZOND, Ty TN T D L EERD
FiZHFET 512 ZEICEFIELNER I NS
A RIS N7 o 7L TR L, AR ERO L
FICER U D FREMER B D, D7, MR TH
HLUEGAIL, BEROF EEMERINTZEEZ
5, Fl-. BROBRERENTS L, HiEE
DEAT D VIR HRESNTHDLE, Ty
TR ESNINFREEICER L TWA 720, g
TAVITEERA~EE L 5 2 T D ATREMEN 43125
ZAbiVb, bT yTIREINBED LIEGE., E5nE
WZHGT D EMENEMNT 5720, BEEROBEMIZ
RETH, K6 Xy, BEEN 102cm2~108 cm? D
M CEBROH LHNHERE SN TV D, BLEM CTIL,
ARBLZILEMR I 0% E A TWDTIo, S%E
ICHE 1T > T LR H 5,

- WS R I B C 0 PR BRARIEL 7% DML FE R |2 5 H
L7z, X5 X0, Z0OEFERT, WIHRERO X
B CTREDZENhoTz, 2T, BFHEP X
T L D RIC IHLL FOQ)RTRT Z LB TE B0,

dp
Oric = kRIC(E)A 2

oric 1% RIC FAIC X B8 EE, kre X OAITHEHZ
ERTIEHTH D, S5ITRTHEY . BHERO
BiF#ic X5 RIC & EaRkoo@)=RUTHE D Z & 2340
-7,

T, BBEE S EEROBRIZER Lz, Ak
L7, K6 Lv., BHEEN10%em?~ 102 cm? D
M CHEROH LA B INTZ, 72, 30nA/cm?
& 3nA/em? Z LT 5 & PRET RN, OfE
TR ZESNTND Z ERynDd, T, 4
IRF[H] OO PR IRR I I3 R N R A LT KR & < T -
T 50, BREROLGEIZBWTYH, RRFFB 78k
HRETEREE FIZIR SN D Z & C. EERIIEMERE
BERBELNVETEAT LI ENREBINT,

4. £EH

R CIIFHEEOZ BRI ER SR Y A
I RRHEBZAEL OB RS IR 2 EERICH
HL., 22577 v 7 AOB#BE Tz X 5485
A EHEEZIT- T2, TORE, 7T v 7 AT
A L7256, METERICRMEERD LH, Z
D% U, B ERTH2FEMNAMR I, RETE
BOHEBRIZEAET DL, X BB R E RS
EERIININBERONEFTREDL ZEDNHLMN
Lipotz, Eio. EHEEMTORE OEE. BERN
BERO LHICRE S FET D0, RRRGHRER
RFCgEn-5ae, KRERThH- THhERaEg
LRI DEERIZR D AN RIS NI, EfiE



RIH RO EEBEROFH LA O, KGO
b b7 v 7ORMEN R ELTEZLND, &
THEEDOEN T HT DHAT, BRSO XTI
Roniew, B isa oL 25 aeEnrd 5
72, ZOHRIZOWTIR, SEFECHEMNE LT
SHENRNDH D,

SE Xk

[1] V. Griseri, "Behavior of Dielectrics in a Charging Space
Environment and Related Anomalies in Flight," in IEEE
Transactions on Dielectrics and Electrical Insulation, vol.
16, no. 3, pp. 689-695, 2009.

[2] C. Koons, J. E. Mazur, R. S. Selesnick, J. B. Blake, J. F.
Fennell, J. L. Roeder and P. C. Anderson, The Impact of the
Space Environment on Space Systems, Proceedings of the
6th Spacecraft Charging Technology Conference, Air Force
Research Laboratory, pp.7-11, 1998.

[3] A. Tyutnev, V. Saenko, A. Zhadov and E. Pozhidaev,
"Radiation-Induced Conductivity in Kapton-Like Polymers
Featuring Conductivity Rising With an Accumulating
Dose," in IEEE Transactions on Plasma Science, vol. 47, no.
8, pp. 3739-3745, Aug. 2019

[4] J. F. Fowler, “X-Ray Induced Conductivity in Insulating
Materials,” Royal Society of London. Series A,
Mathematical and Physical Science, vol. 236, No. 1207,
pp. 464-480, 1956.

[5] B. Gross, R. M. Faria, G. F. L. Ferreira, “Radiation-induced
Conductivity in Teflon® Irradiated by X rays”, Journal of
Applied Physics, vol. 52, pp. 571-577, 1981.

[6] B. Gross, G.M. Sessler, J. E. West, “Charge Dynamics for
Electron-irradiated Polymer-foil electrets”, Journal of
Applied Physics, vol. 45, pp. 2841-2851, 1974.

[7] G. M. Yang, G. M. Sessler, “Radiation-induced Conductivity
in Electron-beam Irradiated Insulating Polymer Films”,
IEEE Transactions on Electrical Insulation, vol. 27, no. 4, pp.
843-848, 1992.

[8] Y. Miyaji, H. Miyake, Y. Tanaka, “A Study on the
Estimation of RIC (Radiation-Induced Conductivity) of
Proton Irradiated Polyimide”, Polymers, vol. 15-2, 337,
2023.

[9] J. E. Ziegler, J. P. Biersack and U. Littmark, "The stopping
and range of ions in solids", Stopping and ranges of ions in
matter, vol.1, Pergamon Press, 1985.

[10] Du Pont-tray Co., Tokyo, Japan. Internets: Kapton®
General Catalog [Online]. Available: https://www.td-
net.co.jp/kapton/data/download/documents/kapton2007r.
pdf

[11] R. Gregorio Filho, B. Gross, R. M. Faria, “Induced
Conductivity of Mylar and Kapton Irradiated by X-rays”,
EEE Transactions on Electrical Insulation, vol. 21, no. 3,
pp. 431-436, 1986.

[12] K. Matsui, Y. Tanaka, T. Takada and T. Maeno, "Numerical
analysis of packet-like charge behavior in low-density
polyethylene under DC high electric field," in IEEE
Transactions on Dielectrics and Electrical Insulation, vol.
15, no. 3, pp. 841-850, June 2008

[13] Ruiqi Li, Chundong Li, Shiyu He, Mingwei Di, Dezhuang
Yang, “Damage effect of keV proton irradiation on
aluminized Kapton film”, Radiation Physics and
Chemistry, vol. 77, pp. 482-489, 2007



