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Fig. 1. Simulation schematic of PMMA film charging

due to electron irradiation.
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Fig. 2. Transient characteristics of currents at PMMA
sample due to e-beam irradiation compared with ex-
periment results [35].
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sample used in the simulation.
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Fig. 3. (color online) Simulated contour map of
steady-state charging characteristics as functions of
primary energy Epg and electron mobility pe: (a) The
normalized leakage current Ji,/Jpg; (b) the negative

surface potential —Vg; (c) the total charge per unit

area QsAT-
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Fig. 4. (color online) Simulated contour map of
steady-state charging characteristics as functions of
primary energy FEpg and sample thickness H: (a) The
normalized leakage current Ji,/Jpg; (b) the negative
surface potential —Vg; (c) the total charge per unit

area QsaT.

BEAh, B 4 (b) AR FE 2R TR TT 7 1] A8 Ab B 5t
W NI RER Epp X — Vs HISZ I BE A A i 5 H
(038 AT S 3 . NS HL T BE IR 0 D 2 kb
SR 00 LT, AR N 1 B LA 3 2

R AL 5R. SO B A0SR A R T fE, B
sty 5% 2 PR 8 TN A5 P 948 P AT 15 2% L JER AR PR <1 2 B
FEOR, ELRRLK T AR5 R A R 22, AT A5
FESEANAR RN B B BT 2R 10 FLA AR 38 5 AR 15 B O

T3

3.3 AHHETHRESAFEREENTH
HIFLEMEA

BI5 45 THEA RIS B F e & Epp MR
MLV JE Jpg A 26 SRl AR B AR S
SEAHZRPE. 5 (a) M5 (b) 4355 R RE e 0 itk I
HLIL Jp, A — Attt H R Jr ) Jpre MSEE K. A
Bl 5 (a) o] LLE H, s FELR % BE g, B A N5 RE
T Epp FINS L FE Jpp [ T B0 PR 3G K,
I FLBR LG TR TT 5 A (KA A 2 BN S e B oxt it s
L 25 BE J, B SE W B A Jpg ()38 KT 3G 9. 1 7E
Bl 5 (b) A — At IR Jr ) Jee MAREZ B, &5
THZFEA K- J7 18 P47, IS {H 4k J1/ Jpe = 0.25,
Ju/Jpe = 02L& Jr,/Jpe = 0.1, XRIILENGS
RE B — 0 MU OL T, SRR 00 1 XA i I H
55O R IR 2R VR R B 8 K, R )3 — 4k i EE
WJL/Jer ABEE NS RERE Epp B KT K, 52
NG B BE Jpg B2 AN K, 1X 1 55 2% (8] HL A
B #1972 ) Mott-Gurney & BHAHFF A PO B 5 (b)
JL/ Jer SEMH LG T/INREER B R S P R
(R4 3R P 51 P 72 TR] P ey IR o 37T %) A 2 3t s 1,
FH T PR B B B 2 A AR SR AT AR 22, AT
EAF B VA — ALt R PR IRAE LR AR /).

5 (c) A5 (d) 73 3 227 A 3 T FLAL — Vs
A A AT % Qear MEEZLE. WEFTR, —Vs
5 Qsar MAEE LA IE AR, KHAE—E
JEFE N —Vs 55 Qsar ZAH K S 2 SL R At
A2, BVBEN S H 7 58 fE AN S AL B R
BRI R, HONST L e fE Y F R R RS
B NS SRR B T G R AR R, X TR
FRY N ST R R0 K ) N S TR0 5 2 R o L e 4
b NI e SR A Ea R i N P S Y = R s vl
i % FE Qsar AR BN, — Ve SREEIIE R itk
A, B NS IR FE ()38 OR, AEA i B R A
THER N TR E T S BUR N BT R E
i AR B B K, TGS 33E N B4 i A 3508 4] F A
R OR. S E 4 I ) — SR N e B,
W 4 (c) E 5 (d) 5, FER B TEIKZSHA
DA— 7 [) o 2 SO 3 s .

227901-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 38 % 3k Acta Phys. Sin.

Vol

. 64, No. 22 (2015) 227901

Ji/nA-cm—2

>
@]
4
~
3]
[
S
i
poLs)
{m
=
<2
20 30 40 50 60 70 80
Fﬁﬁﬁ%’g JpE/nA-CIn’2
—Vs/V
1700
1600
o
< 11500
~
o { 1400
5]
1 {1300
09
{m
313 1200
1100
20 30 40 50 60 70 80
WIS Jpp/nA-cm 2
Kl 5

NIHRER Epp/keV

EPE/keV

]

09
qm

(MTIR ) N T REE Epp SR ITE L Jpp X H RURFIL 2 5 W0 10 2 (E 28 15

0.10
0.07

20 30 40

Eﬁbﬁgg Jp}g;/nA-CIn’2

50 60 70 80

Qsar/nC-cm ™2
360

340
320
300
280

260

20

30 40

WS Jpp/nA-cm 2

(a) M FEUREE T JL, IS LG,

50 60 70 80

(b) A— ALt IR JL/ Jpe MISEELIEL, (o) ARIIERAL — Vg EEEZIE; (d) B RATEE Qsar M ELE
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Abstract

Charging characteristics of an insulator specimen due to non-penetrated electron irradiation have been attracting a
great deal of attention in the fields such as scanning electron microscopy, electron probe analysis, and space irradiation.
In this paper, we use a numerical simulation model based on Monte Carlo method for investigating the electron scattering.
The elastic scattering is calculated with the Mott cross-section, and the inelastic scattering is simulated with Penn model
and the fast secondary electron model according to the primary energy. The charge transport caused by the build-in
electric field and charge density gradient is calculated with finite-difference time-domain method. Multi-combined effect
of correlative parameters on charging characteristics is investigated by efficient multithreading parallel computing. During
the irradiation, the landing energy of primary electrons decreases due to the negative surface potential, which makes the
secondary electron yield increase. Variations of secondary electron current and sample current are presented to verify the
validity of the simulation model by comparing with existing experimental results. Evolutions of leakage current, surface
potential and internal space charge quantity are calculated under different conditions of incident electron current, primary
energy and sample thickness. The results are presented in contour maps with different multi-parameter combinations,
primary energy and sample mobility, primary energy and sample thickness, and primary energy and incident current.
The balance state of charging will be determined by leakage current under conditions of a larger primary energy, sample
mobility, incident current, or a less sample thickness, which is shown as the leakage current dominated mode. While in
the cases of a lower primary energy, sample mobility, incident current, or a larger sample thickness, the balance state of
charging is mainly dominated by secondary electron current, as the secondary electron current dominated mode. In other
cases except the above two, the balance state will be determined by both leakage and secondary currents as the mixture
mode. In the same mode, variations of charging characteristics with parameters are monotonic. When the change of a
parameter makes the negative surface potential increase, the effect of this parameter on negative surface potential will be
weakened, while the effects of other parameters on the negative potential will be enhanced. With the change of current
dominated mode, the total charge quantity exhibits the local maximum with respect to the sample thickness, and the
value of this maximum increases with primary energy. Moreover, the leakage current increases with incident current
linearly. The presented results can be helpful for understanding regularities and mechanisms of charging due to electron

irradiation, and estimating the charging intensity under different conditions of irradiation and sample material.
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