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Abstract Deep charging effect caused by high-energy electron irradiation is one of the key factors

threatening spacecraft safety under the environment of space radiation. This paper compares the

deep charging progress of different thickness polyimide films under different electron beam intensity,

simulates the GEO orbit radiation environment with Sr90 radioactive source, and studies the charging

progress of Delrin and Teflon under its radiation. This paper also presents a new model, which

simulate the experiment results. It also analyzes the deep charging equilibrium potential and time

with different electron intensity and dielectrics resistance. It shows that deep charging effect becomes

more serious with increasing electron beam intensity and dielectrics resistance, and the time to reach

charging equilibrium is mainly affected by dielectrics resistance.
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$������$,  �� �%�%$!�
�&'!�&"� #"'$#!��!%&$�
 #!�& '$. (((�&"�)"))'�
!#%! **+#*+, "'$ &,"!-#
./'$-#$()"* +,, +%&0* -
. [1−2]. �&!%&0* #/01"�!$,2
�,,"!* %1(,&!��  %3�!-2
-., 4/$'!��)".0 [3−5]. ((&/5$
,"�)&1634501.78*9 672�
!!��#%,(("�!%&0* +2,:;-
.'!33 [6−7].

((,44)<5��)<).7=*4>?5
+,@/AB%&0* 0C=*67 [8]. (/6
768 %17 Sr90 *�8.D��-.29, #
$ 9���$:E:F.;Æ�3,/78674
5<!=>0C09,?6@,Æ9-G:0C09
1F-.7;H, =*09#/D%&0* -.!
<=6>A2 [9].

2�7I8;

0C47AB%&0* -.67<JK9�
L9, M3L9, �=87B4L9>8. 9�L
9C59�?, @ND7;%D4. 9�?DEA
O (0.5m × 0.5m × 1.5m), �4@"67:86/,

F80CP9*7. $:@ND7;%DÆ 10 h G
9�B, ? 9�H#/./ 1× 10−4 Pa. @ND7
;%DIJ:F$�K;8;C?,Æ@,67:D
E$�%&0* #L-.!J<.

MH01�&"�! A<7"�  &!Q
*, 1E01�&"�!)" *7 # -, =%
&0* 0C4!/JA>. D,-.�&$��
!MHMF?=,%&0* -.67N7OP@M
3GA, '<P9B!MH#$ −50◦C B 100◦C H
' Q>, Q>?HD ±1◦C.

674!�=8R %17 Sr90 *�8.  
%1#/6>�4 5∼100keVRC@#H pA/cm2

B μA/cm2 !I� %C, <J78=*�&"
�! A<4A>:%&0 #L!01. Sr90

*�8! %�A;S) GEO ITJB��S
D (KE 1)[1], � %�4)&��� %�4S
( (0.1∼2.2MeV), OFGD 28 C, �ATU, #7
8-. GEO IT��$P9!%&0 #L.

B4L9C5)" *LRH @LRDIU
J7 -%1KB34,;V7/B4P9!)" 
*RQE @R*  @7 -%14.

0C(:P91F,CWF,L$$�X#Y 
 M78M3B. 0C67)E 2 4M.  %1"*
�8*8P9-(A,  %C@�=P9-". P9
�V#;KNHD 5 mm !G71F!%. P9 @
:X M;@$#DIUJBOH @L. K8P9
!)" *<J=K #'$ &47'$%HH
U, N#PB)" *!MF, #/$KIQP9!
(6$JEB4,1E0/X M @4�!A4O
B@P9%&0 #L.

P 1 Sr90 ������KW GEO �����K�Z�
Fig. 1 Comparison of electron energy spectrum between

Sr90 radiation source and GEO environment

P 2 ��DE
Fig. 2 Photograph of the experiment facility
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A2 Chudleigh[11] 7 Berlepsch[12] 46@! 
*FT-G,X'5+,R/-.�&"�%&0 
#L!-G. 8-G!<J)S)$:

J(x, t) = J0(x) + μneE(x, t), (1)

∂ρF

∂t
=

ρT

τT
− ρF

τF
− ∂J(x, t)

∂x
, (2)

∂ρT(x, t)
∂t

=
ρF(x, t)

τF
− ρT(x, t)

τT
, (3)

∂E(x, t)
∂x

= −ρF(x, t)
ε

− ρT(x, t)
ε

, (4)

U(t) =
∫L

0
E(x, t)dx, (5)

τF = (nvSC)−1, (6)

τT =
[
δ exp

(
− ET

κT

)]−1

. (7)

T4 -#H ERGK &NH ρF 7CU &N
H ρT OD$�7��!;SV>, ε D� 2>, J0

DU� %$�& '$ @!��;SV>, μ D
VY<, e D % &>. L D�&NH, U(t) D�
&)" *, τF D &8O[W$�, τT D &8
OCU$�, n D�&H@%PH, v DGK &V
YXH, SC D &QIR"$, δ DCU &JVS
<, ET D�Z%H, κ D Boltzmann2>, T DMH.

-G;HLY$N7!=Z[%D

E(x, 0) = ρT(x, 0) = ρF(x, 0) = 0.

LY#LD: K-. %[W!S3T+UD\%
0/0C[%LY@KL�=[%$"� J0(x)

!'$;S, \UT (1)#/</[W @ J(x, t);
S; WVT (2) 7T (3) LY@ ρF 7 ρT !;S; K
T (4) <@�& # - E(x, t) !MF, N#T (5)

<@(C$W�&!)" * U(t); WV$�>E
K/X/ #L,LM</�&$%&0 #L4)
" *]$�MF^U.

4�7IYLMXZ

4.1 N78O9PQ:;RPS<TUNV=>
[_YNHD 50μm !&163]ZP9;V

78C@#HD
20 pA/cm2, 130pA/cm2, 220pA/cm2

! %C�=$,  %�4Æ:$ 20 keV, MHÆ:
$ 20◦C,PBP9)" *!MF#L, </!0C
09)E 3 4!>V^4M.

-.LY$, [VS3Æ\, μ 5+D 5.07 ×
10−14m2·V−1·s−1, τT 5 600 s, τF 5 90 s [13−14],

ε D 3.1×10−11F·m−1, L D 50μm. </!-.LY
09)E 3 4!^U4M.

P 3 �	

�� 20 keV ����������
Fig. 3 Variation of surface potential versus the

radiation time under different electron beam intensities

KE 3 4!0C2-.09#/[@, �==
Z$WP9!)" *]X `, ($ 130 pA/cm2

7 220 pA/cm2 [%$^�\_, $ 40min  P9
!)" *;V `/ −3500V 7 −5000V W`.

_]X$�Y\, P9!)" *MFZ]^], �
4 20 pA/cm2 %�=$P9)" *a$ `,$
_`! 300min$� `a./8a,E 130 pA/cm2

�=$!P9$ 240min W`b88a, 220 pA/cm2

! %C@�=$!P9)" *$ 50min W`.
/8a.

E 3 )\, ]X %C@#H!Y\, P9!)
" * `XHbY\.(cdXc)"����&
a, (4 IT!��:F��4!� �%N4
_[Y $,!���&"�%&0  *[]X 
`, �&'$"* !be[\_Yb, RcJN5
S.!<=dd.

E 4 4!>V^;VDNH 50μm, 100μm

7 175μm !&163]ZP9$�4D 40 keV  
%�=$)" *MF!B409, �= %C@#
HÆ:D 20 pA/cm2. -GLY[%)E 3 SL, L
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;V5 50μm, 100μm 7 175μm, </!09)E 4

^U4M.

P 4 40 keV �����	
�f^�����
Fig. 4 Variation of surface potential versus time of

samples with different thickness

E 4 )\, ]X"�NHY\, SL$� !P
9)" *bY\, ebg!8a *KKSL, "
�NH\b$, )" *\ . he!�� �&N
Hcif/j],NHb!�&ghRcd!$,2
�, _K8$����$�)" *c , _Rcb
!* be.

4.2 Sr90 ^?@_` GEO abcdeA
<TUN
N7NHD 2mm !&eijf (Delrin) 7&

kfkl (Teflon)  `7.D0CP9, /7 Sr90

*�8!JE�A %1F�=,  %C@#Hg
D 2 pA/cm2,-.!���&$ GEOITÆm!%
&0 . -GLY$, ε ;VN7 1.86× 10−11F·m−1

7 4.43× 10−11F·m−1[15], L D 2 mm. 0C2-.0
9;V)E 5 4!>V^7^U4M.

$:aÆ 15 h �=B, &eijf)" *
gD −1500V, E&kfkl!)" *./,
−4500V. (=K8&kfkl A<f&eijf
! A< g 3 C4g, cb! A<Phch 
&b$$"� #, 1E'<P9)" *c . >
+-.!JE�A %�=09LP)0Cn/<
Dd.

4.3 <T^NNOBNijkVlm
[ 2mm N!�ojf `778 160 pA/cm2

! 40 keV %C@�=$,:#Æ 10min !�=B,

�&c,",* %1, )E 6 7E 7 4M. ()

\, (�= %C@D#$, �&%&0 +,Dd
e, �iDfgPh* +,!)".

E 6DDIUJB4/!P9*  @%1. K
pjkH#/Oh@*  @gD 6 A. )E 6 S:

P 5 ��������������
Fig. 5 Result of radiation source experiment

and simulation

P 6 �����
��
Fig. 6 Current pulse of deep dielectric discharging

P 7 gh�� 30 cm i�������
Fig. 7 Electric field pulse captured in the distance of

30 cm from the discharging dielectrics
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.!ijP9 30 cm WB4/! -%1)E 7 4
M, #Oh@*  -#HgD 27V/m. P9* 
B�)" *K −11130V l�lD −2240V.

�& # &* KkIQ"�!$,2�,E
e#!*  @7 j%1#�Ph�%7 `m
Q7pj,&, :!��km_RMbqn.

5�nlmnlonrsloop

QFLM

E 3∼5 4M!>+-.09O)0C09n/
<Dd, )\8-GR78mS%&0 +,. 1
@>,/78-G-.=*KL[%$!�&%&0
 #LS3A4!MF,#/%UqM%&0 !@
n, ?DS3<=pL6>A2.

(�&q/ %:E�=$, ca)"* , �
& # -;SLM[./@C8aor, e$�&
)" *./8a * (Umax). N#-GLYKL
 %C@#H7KL�& A<[%$ Umax !M
F#L, </)E 8 4M!09. oE 8 #/[@,

]X�& A<!MF, Umax ] %C@#H!M
FW8KL!pU . �& A<\ , q�= %
#H\ , �&8a *\ , %&0 +,\\_.

$�&"�NHKM$, �&8a * Umax !
Y\)\,�& # -LM#/./!#H$Kh
Y#,( # -./"+#�&'$*+$[(;
-* +,. heD,<=%&0* -., Jpn
!��4!  A<�&"�Æq #H %!:
E�=.

P 8 �	

������������
Fig. 8 Equilibrium potential in deep dielectric charging

versus electron beam intensities

E 9 D�&"�./%&0 8a4t$� τ

]�& A<!MF^U. oE 9 #/[/, $�&
 A<u8 1014 Ω·m $, 8a$�?K]XU� 
%C@#H)"\_MF. K8b#;�&! A
<Ou8 1014 Ω·m, heE 9 s\HU�&%&0
 8a$�<J=� A<.

P 9 �����������������
Fig. 9 Equilibrium time in deep dielectric charging

versus dielectric resistance

(&/5�& A<# $,�&%&0 8a
$�DE. $SLC@#H %�=$,   A<�
& #[b$ch! &,�&!)" *) # 
-c , _Rcb!* be. he!�� &/5
�&ci$or$,J<$j7q A<"�, /T
;%&0* -.!01.

6�Xp

N#0CB40/-GLY=>qM,%&0
 -.!rq,)\�&%&0 -.]XU� %
C@#H7�& A<!Y\Eb8\_, �& A
<=01�&%&0 8a *78a$�, +0 
LH!<Jht.((0C7-.LY09#D%&
0* <=6>A2.
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