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æ^�Ä>fÑ�!Ð¼!Ñ$ÚgU|�n�ê��., �[
$U�à�>fåì��/ SiO2 ����
>�A. (JL², du>f�[£Ú*Ñ, >f¬Þ�Ñ�«��)K�m>Ö©Ù. �m>Ö¥y3Ñ�«�S
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1 Ú ó

åÏu>fåì��)�>0��¬��>
�A´8c×£>º¤�Úuÿ!>fåÍ1!
�mEâ±9õU>0�Eâ¥�����ï
Ä�K [1−14]. ��¡, >0��¬��>�A¬U
Cl\�ÚÑ�>f�$ÄG�, lK�¤�!
uÿÚ\ó�°Ý [15];Ó�, �¬�>�)��m
>Ö�¬Úå0�ÂB, l��ì���ú [2,9].
,��¡, |^>0��¬��>�A, �^u�
¬�ëêÿþÚî�&E*ÿ [16−20].

éu>0�þ�¬½N�¬, Ù�>�A´d
\�>få>6Úlm�¬�>f>6�m�Ø
²ï¤�. �>fåUþ�u¦�g>f���
u 1 �1��.Uþ��ÿ, \�>få>6¬�
ul�¬L¡Ñ���g>f>6, �¬ÏdK�
>. ÄK, �¬��>. éu�¬�K�>�A, C
c5ïÄ(JL², �¬SÜÈ\�>fêþ�>
fåì�O\, L¡> Ïdü$; �L¡> 
��ÌÝeá¦��g>f��ªCu 1 �, �>
L§��²ï, L¡²ï> �±ü$�K kV þ

? [21−23]. ,, du�3�¦>6, �/>0��
��L¡²ï> ¬²wþ, [24]. Ù�>�AÉ
�õ«Ï��K�, ´��éE,�L§.

>f�Ð¼ÚÑ$éu>0�����>�
Aäké���^. 3�«�>fì�¥, ê�
�êzB�þ� SiO2 ����2��A^. �>
fåì����, \�>fÚ�)��g>f¬�
È3��CL¡, ��ép��ÝFÝ, Ï�

>f�¬�eÑ$¿�U��²Ð¼ [25], Ó�d
u>fÑ�L§�Øþ!5, >f��U¬�Ù¦
��Ñ$, lK���SÜ�m>ÖÚ> ©Ù.
3��K�>^�e, �
\�>f�±Bß��
/¤ß�>f, �È3��SÜ�Ü©>f�¬
��.$Ä/¤�¦>6 [26,27], lK��>A
5. ���´, SiO2 ����'ëê (~X�²
�Ý!>f[£Ç!0>~ê�) ���É�¬�
�L§�Ï��K�Cz��, ù
ëêé�>
�A�K�é�. ,, du���>�AO��
E,5, O(��>�AïÄ�'�"y.

C5,·�ïá
�Ä>fÑ�!Ñ$�{z
ê��., æ^ Monte Carlo Úk��©{�(Ü
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��{, ÐÚ�[
$U>fåì�ý����K
�>L§ [28]. ?�Ú,·�U?
ê��., ©Û

à�>fåì�ý�����>A5 [29,30], Ð
ÚO�
�à�>fåì�e>0���K�>
L¡> Ú�¦>6 [31].

�©XÚ�ïÄ�à�>fåì�äk�/
�.�þÝ�ê��êzB�þ� SiO2 ���
�!K�>�A. ·�Äk{�0��Ä>fÑ
�!Ð¼!EÜ!Ñ$ÚgU|�Ï��n�ê
��., ,��Ñ�m>ÖÚ> ©Ù��[(J,
¿�²���!K�>L§�²ïÅn, 3dÄ:
þ©Û�!K�>�A�ÉÓ, ��©Û����
'ëêé�!K�>L¡²ï> �K�.

2 �.��{

ã 1 �Ñ
���©ïÄé�� SiO2 ��
�¬�{z�.. ùp, b����äk��/
þ!L¡�á�N, ��þÝ� H , ��>� L0

� 2 µm, ��e���/�>�.. b�\�>f
åþ!�R�ì�3��L¡. >fåì���
� −z ��.

ã 1 >fåì��/ SiO2 ���O��.

2.1 >>>fffÑÑÑ���LLL§§§ÚÚÚ���ggg>>>fff������)))

\�>f��¬�fm�Ñ��©���f
Øm��5Ñ�Ú¦�f-u���5Ñ�. �5
Ñ�=UC>f$Ä��. $U>f��5Ñ�L
§æ^ Mott �5Ñ��©�¡5£ã [32−34], =

dσ

dΩ
= |f(θ)|2 + |g(θ)|2, (1)

Ù¥ σ ´Ñ��¡, Ñ�� θ�>fügÑ��m
$Ä���Y�, f(θ) Ú g(θ) ´©ÅÑ��Ì. ?

�Ú, �5Ñ�o�¡ σT ��¤

σT = 2π

∫ π

0

dσ

dΩ
sin θdθ. (2)

��5Ñ�é�Ý�UC��, �¦>f��Uþ.
ÏLæ^U?� Bethe ëYUþ��²�úª, �
��Uþ� E �>f�éuÚ� S �²þUþ�
�Ç [35]

dE

dS
= −7.85 × 104ρZ

EA

× ln[1.166(E + kJ)/J ], (3)

Ù¥ ρ, A, J Ú Z ©OL«�¬��Ý!²þ
�fþ!²þ>lUÚ²þ�fSê, k �?�
Xê. é SiO2 � ρ = 2.26g/cm3, A = 20g/mole,
J = 0.139 keV, Z = 10, k = 0.85.

·�æ^ Monte Carlo �{�[þã>f�Ñ
�L§. >fÑ��$Ä��UCÚUþ���±
^�Åê5L«. >f31 n gÑ�Ú1 n + 1 g
Ñ��m�Ú� S!Ñ�� θ ©O÷v

S = − A

NaρσT
ln(R),

R =
1

σT

∫ θ

0

dσ

dΩ
sin θdθ, (4)

Ù¥ Na �CÏ³�Û~ê, R �«m [0, 1] þþ
!©Ù��Åê. >fÑ�� �÷v ψ = 2πR,
Uþ��÷v ∆E = SdE/dS. ù�B�±(½
1 n+1 g>fÑ���� �IÚUþ.

3\�>f��N�fu)��5Ñ��, ¬
-uÑ�g>f. ·�æ^” ¯�g�.” �[�
g>f��) [34]. �â¯�g>f�., XJ\�
>f3��ügÑ��m���Uþ�uá��
B�°Ý, Kk�g>f�). ùp, SiO2 �¬�B
�°Ý� 0.9 eV. zg��5Ñ�ò�)���g
>f, ¿3-E �3e���Ç. �>fUþ�
u½�u"�, ØI�2Jlù�>f. �)��
g>f�Ñ�L§aqu\�>f. ùp, zg�
�5Ñ�L§¬�)���g>f. ��äk�½
Uþ�\�>f3ÙUþÑ¦�c��ÜÑ�L
§¥, ¬�)�þ��g>f. �¬fL��Uþ
�p��g>f¬lL¡Ñ�, Ù¦�g>fÏU
þ�$�È3�¬SÜ. �¬L¡Úþ���m
>|�±K�l�¬L¡Ñ���g>f$Ä;
,, lK��g>f>6ÚL¡>Ö©Ù [35−37].
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2.2 >>>fffÐÐÐ¼¼¼!!!ÑÑÑ$$$ÚÚÚEEEÜÜÜ

²LþãÑ�L§�È3>0��¬SÜ�
>f¬��²Ð¼. �²é>f�Ð¼´��E,
�L§, Q�)Ð¼��)�Ð¼L§ [38], ¬4�
/K�>0�����>L§. �
{zO�,·
�æ^8c~^�{z>ÖÐ¼�. [25,39]. 3�
�n����IXe (x, y, z), éu���½�Ð
¼!:, b½T!:��²�Ý� NT, ì��� t

XJ3Ð¼:�Ð¼�>f�Ý�u NT, @o�
�>fÏLÑ�½öÑ$��TÐ¼:�Ò¬�
Ð¼, T>fòØ2Ñ�½öÑ$. ÄK,·�@�
TÐ¼:®²���Ú, òØ2Ð¼>f.

d	, �
>f�Çé¬±�½�VÇEÜ.
>0���¥>fÚ�Ç�EÜÅn'�E,, �
�@�EÜ�)��EÜÚm�EÜü«a.. �
�EÜ´d>f3��Úd��m����[/
¤�. �
{zO�, �Ø©�ïÄ=�Ä��E
Ü, 3Ñ$L§¥��>f��Çu)EÜ, üö
Ó���.
��Ð¼�>f3SÜ>|Ú>f�ÝFÝ

��^e¬?1�)[£Ú*Ñ3S�>ÖÑ$
��S>f�Ý n(x, y, z)!>6�Ý J(x, y, z)!
Ð¼>f�Ý Q(x, y, z)!�Ç�Ý h(x, y, z) ±9
�m> ©Ù V (x, y, z) ÷vd>6ëY5�§!
>fÑ$�§ÚÑt�§|¤�éá�§

∂n(x, y, z)/∂t = ∇ · J(x, y, z)/e

−Rn(x, y, z)h(x, y, z), (5)

∂h(x, y, z)/∂t = −Rn(x, y, z)h(x, y, z), (6)

J(x, y, z) = −eµn(x, y, z)∇V (x, y, z)

+eD∇n(x, y, z), (7)

∇2V (x, y, z) = − [h(x, y, z) − n(x, y, z)

−Q(x, y, z)]e/ε0εr, (8)

ù p, e � L > f > þ � ý é � 1.6 × 10−19C,
ε0 ´ ý � 0 > ~ ê, εr ´ � ¬ � é 0 > ~
ê, é u SiO2 � 3.9. R � L > f � Ç E Ü Ç,
� 10−14 cm−3s−1[40]. µ Ú D © O L « > f �
[ £ Ç Ú * Ñ X ê, ¿ Ñ l Nernst-Einstein �
§ D = µkBT/e, Ù¥, kB �À�[ù~ê, T �
L§Ý, 3�©¥�~§ 300K. du�Ç[£Ç�
�u>f[£Ç, ¤±�ïÄ¥�Ç�Ñ$L§
��Ñ.

�©é�©�§| (5)–(8) æ^k��©{¦

). æ^k��©{¦)þã�§�, ÄkI�l
Ñz½Â�, ��æ^5�z��. éu�©(�
'�5K� SiO2 ��, ·�æ^Ý/��é�¬
?1¿©. Ð©^���m>  V (x, y, z)!>f
�Ý n(x, y, z)!Ð¼>f�Ý Q(x, y, z) Ú�Ç�
Ý h(x, y, z) þ�u", >.^���/�.�> 
�". ¢Sþ, SiO2 ���¬þ�Ã��?> �
", éuê�O�, ·��ålL¡¦�U�?
�ý��> � 0. ¿�, 3>fåì��c, ��
�¬��m> þ� 0. I�5¿�´, 3¦)��
L¡> ©Ù���Äº�>Ö, ±÷v���ý
�.¡�>.^�.

2.3 ÑÑÑ������ggg>>>fff;;;,,,

�¬L¡�ÛÜ>|¬K�lL¡Ñ��g
>f�;,. ÏLO��m>|eÑ��g>f�
;,, Ò�±���g>f>6ÚÚ��. O�>
f�$Ä;,�, I�^�|�S�>|rÝ. 3
ÏLÑt�§���m> �Ä:þ, �±���
m>|rÝ�

E = −∇V. (9)

ùp, éu���½�n��IXÚ (x, y, z), l�
�L¡Ñ���g>f3�m>| Ex, Ey Ú Ez

©þ��^e, Ù$Ä�§�

mẍ = −eEx, mÿ = −eEy,mz̈ = −eEz. (10)

éu (10) ªL«�Ñ��g>f�$Ä�§,·�
æ^o�9� – ¥©{ (Runge-Kutta) 5¦). 9
� - ¥©{´�«O�°Ý�p�, m�¦^�V
Ðmª¦)~�©�§��{. T�{^ n �:þ
�¼ê���5|Ü5�O¼ê�¦�, Q�±;
�O��ê, q�y
�½°Ý

2.4 ���[[[LLL§§§

nþ¤ã, �>�A��[L§Xe. Äk, Ð
©zÐ©����m>ÖÚ�m> D�". ,
�, æ^�Akâ�{�[��\�>f3��S
Ü�Ñ�L§, ¿�ÄSÜ>|éÑ�;,�K�,
Ó�O�3ÛÜ>|�^e�g>f�$Ä;,,
¿O��¬SÜ�>fÚ�Ç�Ý. ,�, æ^k
��©{O�Tã�mS�¬SÜ>Ö�Ð¼!
Ñ$ÚEÜL§, l��e�����m>Ö�
Ý!�m> Ú>|. ��, ��¤k�\�>f
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�[�..

3 ê��[(J9Ù©Û

����>�A����þÝ!á��²�
Ý!>f[£Ç!0>~ê�ëêk'. ±eÃA
Ï`²�,·�À�\�>få>6 IB � 1.6 nA,
��þÝ� 500 nm, �²�Ý NT � 1017 cm−3,
>f[£Ç� 10−5 cm2 · V−1 · s−1. ùp, á��
�²�Ý!>f[£Ç!0>~ê��¬���
L§!§Ý�ké�'X. ~X, �²�Ý�á�
�|�(�¬k��Cz, ,
¬N��²�Ý
�±$� 1016 cm−3, éu,
Ã½/�¬K�p
� 1021 cm−3[41]. Ïd, �©�òX©Û���
'ëêé�>�K�.

3.1 ���ggg>>>fff������

>fåì�>0��¬��g>fo��´
K��>G�����Ï�.ã 2 ´|^þã>
fÑ��., ² Monte Carlo �[����g>f
���\�>fåUþ�'X, ù�©z [39] ¥
�¢�(JÚ Monte Carlo �[(JÄ��Î. l
ã 2 ��w�, ¦�g>f�u 1 �1��.Uþ
�� 1.6 keV, �¢�(JÄ���. Ïd, SiO2 N
�¬3>fåUþ�u 1.6 keV �, �g>fo�
��u 1, �¬¬K�>. ��, �¬��>. AT5
¿�, �g>f��9Ù1��.Uþ  ��¬
�A5ÚL¡�G�ké�'X, §��ê�¬Ï
^�ØÓk¤Cz.

ã 2 �g>f���\�>fåUþ'X�¢�(J [39]

3.2 ���mmm>>>ÖÖÖ©©©ÙÙÙ

ã 3 ´>fåì��m 100 µs ��m>Ö�
Ý÷�Ý��©Ù��[(J. 3�©¥, �m>
Ö�Ý�u�Ç>Ö�Ý�>f>Ö�Ý��. X
J��SÜ,�«��m>Ö�Ý��, KT«
����m>Ö«�. ÄK�K�m>Ö«�. l
þ¡�g>f����[(J�wÑ, �\�>f
åUþ EB � 1 keV Ú 3 keV �, ��¬�!K�
>, ÙéA�>fÑ���©O�� |z| < 30 nm
Ú |z| < 210 nm[34]. lã¥�±wÑ, éu���
�> (EB = 1 keV) ÚK�>�¹ (EB = 3 keV), �
m>Öþ¥y�K�O�©Ù. =�m>Ö3Ñ�
«�S��, 3«�	�K. ùp, 3ßÝFÝ�
�^e, �
>f÷X�Ý���e*Ñ. �dÓ
�, 3SÜ>|�^e, �
>f�þ$Ä. duÑ
�«�S>fßÝ�~p, Ï, oNþÑ�«�
S>f¬ eÑ$. duõ{��Ç¬33Ñ�«
�SÜ. ÏÑ�«�S�m>Ö�Ý��, /¤
��m>Ö©Ù. dulÑ�«�lm�Ü©>f
3«�	�Ó¼, ÏÑ�«�	�m>Ö�Ý�
K, /¤K�m>Ö©Ù.

��5¿�´, �,ù«�m>Ö�Ý�©Ù
/��± ���.�©Û(JÄ��� [38], �
´�©Ñ�«�S��m>Ö�Ý4����[
(J�p. ù´Ï��©��[�Ä
>f�*Ñ.
��, éu��K�>�¹, lã¥�±uy>f
�±Ñ$� z = −500 nm ���.Ü, ¿/¤�¦
>6.

ã 3 �m>Ö�Ý÷�Ý��©Ù

I��Ñ�´, �à�Úà�ì�¤Úå��
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>¬k�½��É [1,29,30,36]. éu�Ó�ì�¡>
Ö�Ý, à�>fåì�e�>f¬÷X�>få
ì�R�����	Ñ$, Ï�m>Ö©Ùò¬
�\8¥, Ñ�«�S��m>Ö�Ý����¬
��.

3.3 ���mmm>>>   ©©©ÙÙÙ

�â��S�m>Ö©Ù,ÏL¦)Ñt�§
�±���m> ©Ù.ã 4 ´ì��m 100 µs �
��SÜ�m> ÷�Ý���©Ù. Äk, lã
¥�wÑ, éu���!K�>�¹, �m> þ
¥yaq�©ÙA5. �m> 3ì�¥%:¥y
4��, ,�÷X�Ý��eü�4��, ��þ
,�". ù«©ÙA5uã 3 ¤«��m>Ö�
�O©ÙA5. d	, éu��K�>�¹, L¡>
 �N�K�, ù´Ï���SÜ�m>Ö�Ý�
K. ��, ����>^�e��m> 4��=
�� −1.4 V, ù¦�>f��/�.$Ä�>|r
Ý��. Ïd, >f�J���./¤�¦>6.

ã 4 �m> ÷�Ý��©Ù

3.4 ���>>>LLL§§§999ÙÙÙ²²²ïïïÅÅÅnnn

l6\Ú6Ñ��>6�÷*²ï�Ýw, 6
��>L§�Xì�òªu²ï. éu����>
�¹, duÑ��g>fo�� δ �u 1, ��S
�m>ÖoN��. �X>få�ì�, ��SÜ
�m>Ö�ÝÅìO�. ÏdXã 5 ¤«, L¡>
 òÅìO�. ù¬¦��õ��g>f�£L¡,
�g>f�£Ç α O�. �õ��g>f�£L
¡�L5q¬ü$L¡> . �ª, ��>6�L
§ÚL¡> òªu²ï.

�â>ÖÅð½Æ, 6\6Ñ���>6A
T��. ùp, du�¦>6Ä��", ¤±\
�>f>6 IB �uÑ��g>f>6 ISE ~�
�£L¡�g>f>6 IRE, = IB = ISE − IRE.
Ïd, k��g>f�� (¢�¥�ÿ��g>
f��)δeff AT´ δ(1 − α). 3�>²ï^�e,
k δeff = δ(1 − α)δ = 1. d	, �\�>fåUþ
� 500 eV �, L¡> ��[(J�� 7.2 V, ù�
Cu�Óì�^�e� 8 V �O�(J [42].

éuK�>�¹, ��6��>L§�²ï
Ån��E,. du�g>f���u 1, ��S
�m>ÖoN�K, �X>fåì�, ��SÜ�
È�>fêþÅìO�. Ï, Xã 5 ¤«, L¡>
 òÅìü$. �X>få?�Úì�, ��SÜ
¦�>f�eÑ$�>|ÅìOr, �õ�>f�
�/�.$Ä, ²L�½ì��m���./¤�
¦>6. �X�¦>6�UYO�, 6\���À
>f>6m©Åì~�. ��¦>6���Ú��,
d�¿>L§(å, L¡> �ò��²ï. AT
5¿�´, >0�N�¬�K�>6�L§�²ï
Å�¬ØÓ. du�¬��¦>6A��", §�
�>²ïÅnÌ�´du�¬L¡> �Ìeü
Úå\�>fåX/Uþ�ü$, ���g>f�
�ÅÚO�� 1[23,39].

ã 5 L¡> �>fåì���CA5

3.5 ������ëëëêêêééé���>>>���KKK���

����'ëê�±²w�K��>�A. e
¡±L¡²ï> �~5`²Ú©Û��ëêé
�>�K�.

du��þÝ�\�>f�Ñ��Ý�'[,
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Ï��þÝ�±²w�K��m>ÖÚ�A�
L¡> . Xã 6 ¤«, éu\�>fåUþ EB

� 1 keV �����>�¹, L¡²ï> �X�
þ�O\ü$, ¿ªu��½�. ùp, ��þ
� 50 nm �, >f�§�� 30 nm[33], >féN´
Ñ$��./¤�¦>6, ÏL¡> �p. 
�X�þ�O\, >fòéJ���., ÏL¡
�> òªu½�.

ã 6 ØÓ��þÝ��L¡> 

ã 7 ØÓ�²�Ý��L¡> 

��, éu\�>fåUþ� 3 keV ���K
�>�¹, lã 6 �wÑ, L¡> ��þ�O�
²wü$. ù´Ï�, ��þÝO\¬¦�K�
>6�L§C�, ��S�È�>fOõ, ÏL
¡> ¬ü$. ¢Sþ, ± �¢�ïÄ¥�uy,
�/>0����L¡> ¬��þ�O�²
wü$ [43]. ù�y
·�O�(J��(5. I
��Ñ�´, éu>0�þ�¬½öN�¬, du

�¦>6Ä��", L¡> �±$� − kV þ
? [39].

ã 8 ØÓ>f[£Ç��L¡> 

ã 9 ØÓ0>~ê��L¡> 

ã 7 �Ñ
L¡²ï> ��²�Ý�Cz.
lã¥�wuy, ����>��L¡> A�Ø
É�²�Ý�K�, ù�± O�(J�aq [25].
ùp, du�¦>6�", Ï��S�m>Öê
þÚL¡> Ä��±ØC. éu��K�>,
L¡> É�²�Ý�K���. ��²�Ý�
$�, �X�²�Ý�ü$, L¡> �,p¿Ø
²w. ù´Ï�, éu�$��²�Ý, ��SÜ
�Ó¼�>fêþ��, ÙéL¡> ��z�
�. ��²�Ý�p�, �X�²�Ýêþ?�O
�, L¡> :ìeü. ùp, �X�²�Ý��
ÌÝO\, �õ�>f��²Ð¼, l��L¡
> eü.
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aq�, >f[£Ç��±K�L¡²ï> .
Xã 8 ¤«, éu��K�>�¹, �X>f[£
Ç�ü$L¡> ¬ü$. ù´du>f[£Ç�
$, >f�²þ¤£�ÝÒ��, �¦>6l�)
�²ï�6��m�Ò��, Ï��S�È�>
fêþ�>f[£Ç�~�O�. éu���
�>, >f[£Ç=K���>6�L§, ��S
o����m>Öoþ�±ØC, ÏL¡²ï>
 Ä�ØC.

�[(J�L², ���0>~ê��±²w
/K�L¡²ï> . Xã 9 ¤«, éu��K�
>�¹, ����é0>~ê��, L¡²ï> 
�p. ù´Ï�, ��0>~ê��, �éu"> 
��/�., ��SÜ�Óêþ�>f�)�>|
rÝ��, ÏKL¡> �ýé�¬ü$. é
u����>, L¡²ï> Ì��ûu�g>f
��, ÉÙ¦Ï�K���, ÏL¡²ï> �
0>~êÄ��±ØC.

4 ( Ø

·�æ^ê��[�{�«
$U�à�>

fåì��/ SiO2 ����>�A, ��±eÌ
�(J.

1. 3>f�[£Ú*Ñ�^e, Ñ�«�SÜ
©\�>fÚ�g>f¬Þ�Ñ�«��e$Ä.
Ï��SÜ�m>Ö3Ñ�«�S	¥y�K
�O�©ÙA5.

2. éu��K�>�¹, >f�±Ñ$��/
�./¤�¦>6, ��¦>6��²ï��, K
�>6�L§ò��²ï. éu����>�¹,
Ù�¦>6�Cu", ��£�g>fêþ�O�
¦�k��g>f��ü$� 1 �, Ù6�L§�
�²ï.

3. ��K�>��L¡²ï> ���þ
Ý!�²�Ý�O�ü$, �>f[£Ç!
0>~ê�O�,p. du�¦>6A��
", ����>��L¡²ï> É��ëê�
K���.

��, $U�à�>fåì�>0����
�>�A, ´8c×£>fw�º!�mEâ±
9õU>0�á�Eâ¥��ïÄSN, ïÄ
(Jéuýÿ!ü$Ú|^>0��>�Aäk
�¿Â.
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Abstract

Based on a three-dimensional self-consistent numerical model with consideration of electron scattering, trapping and transport, the

charging effects due to low-energy defocused electron beam irradiation are simulated for a SiO2 thin film with a grounded conductive

substrate. The results show that because of electron drift and diffusion, electrons can transit the electron scattering region, forming

negative space charges. The space charge is, therefore, positive and negative within and outside the scattering region, respectively.

Some electrons can flow to the conductive substrate, forming the leakage current, and the transient negative charging process tends to

equilibrium as the leakage current increases. In comparison, the transient positive charging process approaches equilibrium with the

number of returned electrons increasing due to the positive surface potential. In the equilibrium state, the surface potential of the film

negatively charged decreases with film thickness and trap density increasing; it increases with electron mobility and dielectric constant.

However, the equilibrium surface potential of the film positively charged varies slightly with film parameter.

Keywords: SiO2 thin films, electron beam irradiation, charging effects, space charges

PACS: 73.61.Ng, 02.60.Cb, 61.80.Fe

* Project supported by the National Natural Science Foundation of China (Grant No. 60476018), the Scientific Research Program Funded by
Shaanxi Provincial Education Department (Program No. 11JK0926), and the Doctor Research Start Fund of Xi’an University of Technology
(Grant No. 105-211005).

† E-mail: wqlee@126. com

027302-8


