55605 456 B o% X @ K F F M Vol. 60 No. 6
2026 4F 6 H JOURNAL OF XI’ AN JIAOTONG UNIVERSITY Jun. 2026

X Bi& iR TR Rl = B B
ﬁﬁﬁ'ﬁﬁ@%ﬁﬁ#ﬁﬂ‘l

AP, BRE', ZEE', ERIT, B, EX, XgE, RIRET, mPEET, RS
(1. VLA ARFAE R TRERBE. 710049, V§%2; 2. WAL ARBFR AT, 710024, P§%;
3. ETAEY PP G T TR, 621900, POJI45BHD

TE. R EEN R M E X HEBRART AL RETEFREE T EREKG R
FLRE T RSB BATREER O BRI ERHIRETHRATRIEIE, ETEES
PIr A2 6 R P AR T AR R X HE BRI R T2 RaTe R, AT h#ssiEa
QBRI R ERE RS EREH 20~100kV e mm ™o X HEIEH N ZHEH 0~10Gy » 57
HEBHT . FREREREES TR E AT EGHMAEN, ARERAN . HhELY SRHHN T
FH KRBT R R 6 ) AT “%’t%-&%lﬂ*%ﬁX%é&%%ﬂM’ﬁ)ﬂT R R, 64 AR
WARMET A IR . A CFFEEANETREREMX. RS TE4L2C - m s E AT E
REBF 1) 2R Sy XK, I&F&fﬁ%k-#&ﬂwﬂﬂﬂmf%% HERHNZEZAAX.E2HF
FRBBMAGHE L L EREF T . MERECLHUE I, LAFEBEMAMN 1. 1X10 " A m 23
METIXIO A em *, FHZOATENORSEFRELGFES RO FRUXEZER 1R
B T . CAZESBHRHAZTEREL. EERHAN ZEL2GE . B AT ERSMETHME
1.2X10 " Aem *, AR FTAMA X FEBHA R GBEMRETHLEL,

KRR A ER T WIS BUR TR F S 10 W A B A 38 A R

hESERS. TM215.1;0487 XHiREL: A

DOIL: 10.7652/xjtuxb202606005 XEHS: 0253-987X(2026)06-0064-11

Numerical Simulation of Space Charge Distribution Characteristics of

Polyimide Materials under X-Ray Irradiation

ZHONG Hui', CHEN Yu'. LI Zhichao', WANG Yining', HOU Xiaohan',

WANG Shuang', LIU Xin', SU Zhaofeng®, LI Jinxi’, ZHU Xiaofeng®
(1. School of Electrical Engineering, Xi’an Jiaotong University, Xi’an 710049, China;
2. Northwest Institute of Nuclear Technology, Xi’an 710024, China;

3. Institute of Electronic Engineering, China Academy of Engineering Physics, Mianyang, Sichuan 621900, China)

Abstract: To address reliability degradation of equipment due to reduced dielectric strength of
polyimide materials used in special equipment under X-ray irradiation, an improved bipolar carrier
transport model was developed to analyze the carrier transport mechanism of polyimide exposed to

radiation. The carrier excitation rate was incorporated into the source term of the continuity
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equation to characterize electron-hole pair excitation process induced by X-ray irradiation. Using
the high-precision solution algorithm of partial differential equations, numerical simulations of
space charge and total current density of polyimide were performed under bias electric field
intensities of 20—100 kV « mm ! and X-ray radiation dose rates of 0—10 Gy « s '. The results
showed that, larger bias electric fields and higher radiation dose rates led to greater space charge
accumulation within the polyimide. Under X-ray irradiation at different dose rates, the polarity of
the accumulated charge was observed to reverse from negative to positive, and the accumulated
charge density was positively correlated with the dose rate, reaching a maximum of 41.2C « m°.
The total current density of the polyimide materials was found to increase with time following a
power-law relation before approaching a steady state; the power-law exponent under irradiation

In the

2

decreased with increasing dose rate but remained larger than that without irradiation.
absence of irradiation, the steady-state value of current density grew from 1. 1X10"? A« m * to
7.9X107% A « m % as the bias electric field increased, and a segmented power-law exponent
dependence between the steady-state value of current density and the bias electric field was
identified. At a fixed bias electric field, the steady-state value of current density was proportional
to the irradiation dose rate and could increase up to 1.2X10° A » m * as dose rate rose. The
study provides a reference for the simulation of X-ray radiation effect on dielectric materials.

Keywords: bipolar carrier transport; carrier excitation rate; space charge; numerical simulation;

radiation effect
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