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L¡.¡ÄåÆozL§´và�Ôn+�­��ïÄSN, �ïÄÄ.Ø��5é�¡�.ÄåÆIÝ1
��K�, �©æ^ Kinetic Monte Carlo (KMC) �{, ©ÛïÄ
3�ÅDºÄ.þ�¡�. (Etching model) )�
L¡�ÄåÆIÝ1�. ïÄuy: ¦+�ÅDºÄ.�Ø��5¬é�¡L¡�ÄåÆ1��)wÍ�K�, �
��¡L¡o÷Ý�êÚ)��êk²w�O\, �ÙEÄ�÷v�k�ÄåÆIÝ5Æ. d	, �©�é�¡L
¡ÄåÆIÝ�ê�k�º��A?1
©Û?Ø.
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1 Ú ó

L¡.¡ÄåÆozL§3g,.Ú�ÆE
â+�¥2���3, éÙ?1ïÄäk­��n
Ø�¢S¿Â. ��¡U
´L�²ïÚOÔnÆ
¥��'nØ, ,��¡U\�<�éá��¢S
)�!�¡�ÄåÆL§�n). Ïd, Cc5<
�éÙ?1
2��\�¢�ÚnØïÄ [1−6].

3L¡.¡ozÄåÆ�IÝnØ¥, ëY5
�ÄåÆ�§ÚlÑ)��.´�2�¦^�n
Ø�{. ~^�ëY5�§k Edwards-Wilkinson

(EW)[7], Kardar-Parisi-Zhang (KPZ) �§ [8] �. ù

�§UéÐ/£ãL¡.¡Þá�IÝ5�Ú
Ê·a [9]. �éØÓ�)�L§JÑ
NõlÑ
�)��., X Eden �. [10]!���È (ballis-

tic deposition, BD) �. [11]!É�� - � (restricted

solid-on-solid, RSOS) �. [12] �, ù
�.Ï~U
éÐ/£ã�AL¡.¡��*)�Ån. ïÄu

y: Eden �. [10]!���È�. [11]!É�� - �
�. [12] ��.3���Ä.þáu KPZ Ê·a,

KPZ �§UéÐ/£ãÙ)�L¡�ÄåÆIÝ
5�. 3éozL¡.¡�£ã¥, KPZ �§�±
Lã� [1,2,13,14]

∂h

∂t
= ν∇2h +

λ

2
(∇h)2 + η(r, t), (1)

ª¥, ν L«L¡ÜåXê, �§m>���5�£
ãL¡÷ý��)�, ��5Xê λ �'uL¡�
)��Ý,η(r, t) �pdD(�, ^5L«)�L§
��Å5¿÷v

〈η(r, t)〉 = 0,

〈η(r, t)η(r′, t′)〉 = 2Dδ(r − r′)δ(t − t′),
(2)

Ù¥, D L«D(�rÝ.

ïÄL², Nõo÷L ¡äkg�� (self-

affine) ©/(�, ¿÷v Family-Vicsek (F-V) Äå
ÆIÝ5Æ [9]. 3ÄåÆIÝnØ¥, ozL¡�
/mÚIÝ5�Ï~^o�L¡°Ý (=L¡o÷
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Ý) 5£ã. L¡°Ý½Â�

W (L, t) =

√√√√1/Ld

Ld∑
i=1

[h(i, t) − 〈h(t)〉]2, (3)

ª¥, L L«Ä.�î�º� (½)�XÚ�î
�º�), h(i, t) L« t ��Ä.þ i �:�pÝ;

〈h(t)〉 L« t ��¤k�:�²þpÝ; d L«Ä
.�ê. 3Ä.°Ý� L �k�XÚ¥, Family

Ú Vicsek[9] �Ñ, äkg��©/(��o÷L
¡, Ù�NL¡°Ý W (L, t) 3ØÓ)��ãÑ
U÷véÐ�ÄåÆIÝ5Æ. 3)��Ð©�
ã (t ¿ Lz),W (L, t) ÷vIÝ'X

W (L, t) ∝ tβ , t ¿ Lz, (4)

�)��mv
�� (t À Lς ), )�U���Ú,

�ÚL¡°Ý÷vIÝ'X

Wsat(L, t) ∝ Lα, t À Lz, (5)

Ù¥, β �XÚ�)��ê, L«)�L¡Ð©�ã
�ÄåÆ5�; α Ú z ©O´L¡�o÷Ý�êÚ
ÄåÆ�ê, §�U
�Ð/£ão÷L¡3�)
��m9�XÚº�4�e�ìC1�. ÄåÆ�
ê z, �o÷Ý�ê α, )��ê β �m÷v'X

z = α/β. (6)

3dc�ïÄó�¥, <�é��Ä.þ�)
�L§�¡?1
��¿©/ïÄ, ¿��
Nõ
­��ïÄ¤J [10−12]. �éuØ��Ä.þ)�
L¡�ÄåÆIÝ1��ïÄ%Ø´éõ. 3¢S
�)�L§¥, Ä.þ�U�3� !"��Ø�
�5. ù
Ä.�Ø��5w,¬éoz)�L¡
�IÝ5��)K�. ¤±éØ��Ä.þoz)
�L¡ÄåÆ5��ïÄÓ�äk­��¢S¿
Â, ÏdCc53ù�+�<�mÐ
�
­��
ïÄó� [15−18].

2006 c, Lee Ú Kim[19] 3ïÄ�kN\°Ä
åÚ|»D(Ä.þ Mullins-Herring �§�ø¹
�C�uy: ÙL¡)��IÝ�ê�5KÄ.�
IÝ�ê¿Ø�Ó. ¦��ê��[w«, Ä.�
Ø��5¬éo÷L¡�IÝ5��)wÍ�K
�. 3k|»D(�Ä.þ, oz)�L¡�,E
äkg���IÝ5�, �Ùo÷Ý�ê��'�
�Ä.þ)�L¡o÷Ý�ê��k²wO�, �
)�L¡¬�\o÷.

2009 c, Lee � [20] O�©Û
�ÅDºÄ.
þÉ�� - � (RSOS) �.�L¡)�ÄåÆL§.

uy�ÅDºÄ.þ²ïÉ����.)�L¡
�IÝ5����Ä.þ��, ÙL¡oz1��
LyÑ�~�ÄåÆIÝ5Æ; 
éu�²ïÉ�
� - ��. (nonequilibrium restricted solid-on-solid)

�L¡oz, �½þ�Dº�:ò��L¡o÷Ý
¬�)��m�O\
�� l�k�ÄåÆI
Ý5Æ. ÏLé'5ÆDºÄ.��ÅDºÄ.þ
�²ï RSOS �.)�L¡�IÝ�ê, ¦�uy
Ä.�:��Å"�´E¤ l�kIÝ1��
�Ï. Lee �<��9 ly�u)��.L¡�
IÝ�êê�Cz�ïÄ, �
?�ÚïÄÄ.�
:��Å"�é�¡�.L¡��.�êÚÄå
ÆIÝ1��K�, �©òïÄ�¡�.3õ�D
ºßÝe��¬�þ��ÄåÆIÝ1�.

�¡�. [21] ´ KPZ Ê·a¥���~­�
�lÑ�., §£ã
@¡L§½)áNL§¥.
¡�ÄåÆ1�. �ïÄÄ.¬�Ø��5é�¡
�.�¡o÷L¡ÄåÆIÝ1��K�, �©æ
^ Kinetic Monte Carlo �{, ïÄ
�¡�.3�
ÅDºÄ.þÙ�¡L¡�ÄåÆIÝ1�. ÏL
O�©ÛØÓXÚº�!ØÓDºßÝ�Ä.þ
�¡�.)�L¡�ÄåÆIÝ1�uy: �ÅD
º�:¬é�¡L¡�ÄåÆ1��)wÍ�K
�, Ä.�Ø��5¬E¤�¡L¡o÷ÝÚ)�
�ê�²wO\, �ØÓßÝ��ÅDºÄ.þ�
�¡�.EÑ÷v'�Ð�ÄåÆIÝ5Æ, Ù)
�L§EÄ�÷v�5� Family-Vicsek ÄåÆI
Ý5Æ. d	, �©�é�¡L¡�o÷Ý�ê�
k�º��A?1
©Û?Ø.

2 �¡�.Ú�ÅDºÄ.

2.1 ���¡¡¡���...

�¡�.�Ð´d Mello �< [21] ��[�N
é¬N�M¡
JÑ�. ê��[(Jw«, ù�
�.äk�~Ð�IÝ5�, ¿áu KPZ �§¤
£ã�Ê·a. �5NõÆöéÙ?1
�\�©
ÛÚïÄ [22−24]. �¡�.~�^5£ãL¡�@
¡L§½)áNL§, �Ù)�5K%´ÏL��
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���)�L§5½Â�, Xã 1 ¤«. Ä.þ�
¡�.��{�

1) 3 l Ñ � � m t � Å / À � � � l Ñ
: i = 1, 2, · · · , Ni;

2)hi(t + 1) = hi(t) + 1;

3) XJ hi−1(t) < hi(t), @o- hi−1(t + 1) =

hi(t);

4) XJ hi+1(t) < hi(t), @o- hi+1(t + 1) =

hi(t).

(a)

(b)

ã 1 1+1 ��¹e�¡�.)�5K�«¿ã

2.2 ���ÅÅÅDDDºººÄÄÄ...

<�3£ãÄ.�Ø��5�, Ï~æ^:'
6½�'65L«. �©?Ø�´æ^:'6�{
¤�)��ÅDºÄ. [20]. éu�� L×L ���
fÄ., �éÙ?1�½ßÝ x �Dº�, Ä.þ
ò�) L×L×x ��"��:. ¤±Ä.þz��
:, §�Ñ�o± x �VÇ�Dº, �o± 1− x �
VÇ�Óâ. ã 2 L«Ä.º�� L = 16, éAD
ºßÝ� x = 0.1 ��)��ÅDºÄ..

ã 2 ¥¤L«�´��/�f, s�LÄ.�
:��". �¡)�3Ä.�k��:þ?1, "
���:þòÃ{?1�¡)�. �A/, pÝC
þ�3Ä.k��:þ½Â. ùp=�Ä�C��
:�m��p�^, �æ^±Ï5>.^�.

�©òïÄ 2+1 ��¹e�¡�.3�ÅD
ºÄ.þ�¡L¡�ÄåÆL§, Ïd, �k÷v
þ¡�)�5K�, âfâU�Å/�È�DºÄ
.þk���: �þ. ©¥ò©OÀ^XÚº

� L =32, 64, 128, 256, 512 ���¬���Ä.,

¿é�'Ä.� 0.05 6 x 6 0.50 �ßÝ?1D
º. 3�[O�¥, ��º��Ä.��È�m�
u 215, ÚO²þ�gê� 5×104; ��º�Ä.�
�È�m�u 219, ÚO²þ�gê� 1×103.

ã 2 DºßÝ x =0.1, L =16 ��Ä.«¿ã, Ù¥s�L
�"��:

3 �[(J�?Ø

3.1 ���ÅÅÅDDDºººÄÄÄ...þþþ���¡¡¡���...���ÄÄÄåååÆÆÆIII
ÝÝÝ111���

ã 3 �Ñ
XÚº��½�, �¡L¡�o÷
Ý�Ä.DºßÝCz�Véê'X. ã 3(a), (b),

(c), (d) éA�Ä.º�©O� L = 32, 64, 128, 256.

Ä.�DºßÝK©O� x = 0.10, 0.20, 0.30, 0.41,

0.43, 0.50.

l¥�±wÑ, DºÄ.þ��¡L¡¥y
ÑéÐ�IÝ5�, ¿�Ù¦lÑ)��.�a
q [22], )�L§�Nþ��±©�n��ã: 1)

Ð©�ã, 3ù��ã, âf�È�L¡þ±�, â
fî��m´�pÕá�, �vk/¤'é, L¡
o÷Ý��)��mk'
�Ä.Dº�ßÝÃ
', ù��ã��Å�ÈL§´���. 2) ¥m
�ã, 3ù�«�S, �¡�.�)�5K3�È
L§¥m©u��^, )�3L¡þ�âfî�
'éwyÑ5¿�Åì/Or. L¡o÷Ý�)
��m�Véê'X­��NþLyÑ'�Ð�
�5'X, L¡o÷Ý��m�mE÷v�Æ'
X W (L, t) ∝ tβ . 3) �Ú­½�ã, 3�Ú«�, L
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¡�'é�Ý��XÚº� L, ù�duXÚº�
���, î�'éØ2O\, L¡o÷Ý���Ú.

�Úo÷Ý Wsat(L) �XÚº� L K÷v�Æ'
X Wsat(L) ∝ Lα. ��: �ÅDºÄ.þ�¡�
.�L¡)�E¥yÑ'�Ð�IÝ5�, ¿�
^ Family-Vicsek IÝ5Æ£ã�¡L¡�ÄåÆ
üzL§.

�©Äkæ^~^�©z [9] �{5O��Å
DºÄ.þ�¡�.L¡�IÝ�ê. 3�Ú­½
�ã, ÏLéØÓDºßÝÄ.þ�¡�.��Ú
L¡°Ý Wsat(L) �XÚº� L ?1�5[Ü, [
ÜÑ����Ç=�o÷Ý�ê α; 3)��¥m
«�é��º�Ä. (Ä.º� L = 512) þ�­
�?1�5[Ü, [Ü����Ç=�)��ê β.

dd·���
ØÓDºßÝ (0.05 6 x 6 0.42)

e�o÷Ý�êÚ)��ê, ¿�nÜ¿�L 1 ¥.

*	L 1 �±uy, �DºßÝ��� xmin = 0.05

�, o÷Ý�êÚ)��ê©O����� αmin
∼=

0.39 ± 0.02, βmin
∼= 0.23 ± 0.01, 
����¬�

Ä.þ�¡L¡�o÷Ý�êÚ)��ê©O
� αsqu

∼= 0.38 ± 0.01, βsqu
∼= 0.23 ± 0.01[23]. ��,

�ÅDº��¬�Ä.þ�¡L¡�o÷Ý�ê
Ú)��ê�����Ä.þ�¡L¡�o÷Ý

�êÚ)��ê�'k²w�O\, ��XDº
ßÝ�O\, §��¬k²wO\, Ä.Ø��5
ò¦�¡�.)�L¡o÷ÝÚ)��êwÍ/
O�. o÷Ý�êO���Ï´, DºßÝ�O�
L«?1)��Ä.þ"���:ê8Oõ, ¿�
Ù©Ù´�Å�, ùòE¤Ä.þ�{�: ��
ÃS9Ù±�� ê�Ø�Ó, dd»�
�kÄ
.�þ!5, ¿dd��)�L¡o÷Ý�O\,

¿�U��Loz�/Ú [25], ��ÚL¡°Ý�
o÷Ý�êmE÷v�Æ'X Wsat(L) ∝ Lα, �
ÅDºÄ.þ�¡L¡�Ú)��ãE÷v�5
� Family-Vicsek ÄåÆIÝ5Æ. )��êO�
��Ï´, �XDº�:�~�, )�L¡��N
î�'é�$ßÝ�/�A~f, E¤)�¥m
�ãL¡°Ý�O\�\Í�, Ïd��)��ê
�O�.

�
�²w/L«Ä.�:��Å�"é�
¡L¡ozL§�K�, 3ã 4 ¥, �©��Ñ

DºßÝ�½�, XÚº�Cze�¡�.L¡°
Ý��m�VéêCz'X. ã 4(a), (b), (c), (d) ©
OéAÄ.�DºßÝ� x = 0.10, 0.20, 0.39, 0.41,

Ä.º�©O� L =32, 64, 128, 256, 512 ��[O
�(J.

      

.

.

.

.

.

.

      

.

.

.

.

.

.

.

      

.

.

.

.

.

.

.

       

.

.

.

.

.

(a) L/ 

x/.

x/.

x/.

x/.

x/.

x/.

(b) L/

x/.

x/.

x/.

x/.

x/.

x/.

(c) L/

x/.

x/.

x/.

x/.

x/.

x/.

(d) L/

x/.

x/.

x/.

x/.

x/.

x/.

lg
 W

lg t

lg
 W

lg t

lg
 W

lg t

lg
 W

lg t

ã 3 DºßÝ x d 0.1 Cz� 0.5 �, �¡�.L¡°Ý W (L, t) �)��m t Cz�Véê'X
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éu Family-Vicsek ÄåÆIÝ)� [9], 3)
��¥m�ã, L¡o÷Ý��m�m÷v�Æ'
X W (L, t) ∝ tβ , 3Véê'Xã¥Ly��^�
�. 
éã 3 Úã 4 �c[*	�±uy, L¡o
÷Ý��m�O�Ly��^���þ�­�­
�, 3�ÅDºÄ.þ�¡L¡)��¥m�ã,

�¡L¡o÷Ý��m�O����L�Æ'X.

'�ã 3 Úã 4 ¥�ã�±uy: �XDºßÝÚ
XÚº��O�, ù��­y��\²w. `²ù
� l�Æ'X�y�Ó�ÉÄ.ÉDº�ßÝ
9Ä.�º�K�. ù�y��©z [20] ¥��Å
Dº�:é�²ïÉ�� - ��.L¡�)�Ä
åÆ1��K��©/aq, �©¥¤?Ø��¡
�.�áu�²ï)��.. Ïd��Ün�)º
´: �²ïlÑ�.�)�É�ÅDº�:Ø��

5�K�, u)�L§�¥m�ã¬ l�5î�
��5'X. �)ù�y��ÜnÔn)º´: é
u÷vk±Ï5>.^������¬�, Ù�:
©Ù´þ!�, ?¿�:±��� êþ�Ó, 3
��mÚO (�¥m�ã) e, z��:3)�L§
¥É�C��:�K��´�Ó�, þ!�ÚO©
Ùe��Ü©�:pÝ��ÉÄ��p-�, �

�¡L¡�o÷Ý���mk'. 
3�ÅDº�
��¬��Ä.þ, �Å��:"�©Ù, ¦Ä.
C�Øþ!, Ä.þk��:±�� êòu)C
z, ùòE¤��ØÓ�ëÏ�âfì3)�L§
¥, ¼�eáâf�VÇØÓ, ddE¤��mÚ
O (�¥m�ã) e, ��Ü©�:pÝ�ÉÃ{�
p-�, U
���NL¡°Ý��mO� lI
O� Family-Vicsek ÄåÆIÝ'X.

L 1 ØÓDºßÝe, [Ü����¡L¡�o÷Ý�ê αx Ú)��ê βx

DºßÝ x 0.05 0.10 0.20 0.39 0.41 0.42

o÷Ý�ê αx 0.39±0.02 0.48±0.03 0.54±0.02 1.15±0.03 1.20±0.07 1.28±0.13

)��ê βx 0.23±0.01 0.26±0.01 0.28±0.01 0.57±0.02 0.60±0.03 0.60±0.02

      

.

.

.

.

.

.

.

      

.

.

.

.

.

.

.

       

.

.

.

.

.

.

       

.

.

.

.

.

.

β/. β/.

(a)  x/.

L/

L/

L/

L/

L/

L/

L/

L/

L/

L/

L/

L/

L/

L/

L/

L/

L/

L/

L/

L/

lg
 W

lg t

lg
 W

lg t

lg
 W

lg t

lg
 W

lg t

(b)  x/.

β/.

(c)  x/.

β/.

(d)  x/.

ã 4 Ä.º�l 32 Cz� 512 �, �¡�.L¡°Ý W (L, t) �)��m t Cz�Véê'Xã
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3.2 ooo÷÷÷ÝÝÝ���êêê���kkk���ººº������AAA

�
?�Ú©Û?Ø�ÅDºÄ.þ�¡L
¡�o÷Ý�ê�k�º��A [26,27], �©�ì
©z [27] �Ñ�©Û�{: =Äkò�ÓDºßÝ
e, Ä.º�� 32 6 L 6 512 ��XÚ�[�L¡
o÷Ý�Ú, ¦��AL¡o÷Ý��Ú� W s(L).

éAØÓº�e�o÷Ý�ê�deª¦�:

αL =
ln[Ws(L)/Ws(L/2)]

ln 2
. (7)

òÓ�DºßÝ x e, ¦Ñ�ØÓo÷Ý�
ê αL � 1/L ?1�5[Ü, [Ü������ y

¶��: (d�, L → ∞) =�k�º��A?�
��o÷Ý�ê α′

x. Uþã�{¦ÑØÓßÝe,

k�º��A?���o÷Ý�ê α′
x, ¿(ÜL 1

�êâ®\L 2 ¥.

. . . .

.

.

αϕ

α
ϕ

.

.

x

ã 5 æ^k�º��A?��, o÷Ý�ê α′ �DºßÝ x

�Cz'X

L 2 ØÓDºßÝe, k�º��A?�c�©O����¡L¡�o÷Ý�ê αx 9 α′
x

DºßÝ x 0.05 0.10 0.20 0.39 0.41 0.42

?�c αx 0.39±0.02 0.48±0.03 0.54±0.02 1.15±0.03 1.20±0.07 1.28±0.13

?�� α′
x 0.45±0.05 0.50±0.1 0.50±0.01 1.38±0.14 1.55±0.09 1.89±0.06

é'L 2 ¥ü|êâuy: �Ä
k�º��
A�, ���o÷Ý�êu)
'���Cz, �
Nþ§��ê�ÑkO\. d	, ÏLO�©Û�
uy: ?��o÷Ý�ê α′

x �DºßÝ x �Cz
�U�Ð/÷v�Æ'X, Xã 5 ¤«. [Ü­�
�±L«�

α′(x) = aebx + α0, (8)

ª¥, a = 0.003 ± 0.002, b = 15.00 ± 0.01, α0 =

0.47 ± 0.04. éuù�y������*ÔnÅn
�k�u?�Ú�ïÄÚ&¢.

4 ( Ø

�ïÄ�ÅDºÄ.�Ø��5é�¡�.
L¡ÄåÆIÝ1��K�, �©éØÓº���
���¬�Ä.?1
ØÓßÝ��ÅDº, ¿3
ù
Dº�Ä.þæ^ê��[��{, ©ÛO�


�¡L¡�ÄåÆ5�. �[O�(JL²: �
éÄ.?1�ÅDº�, �¡L¡E,w«Ñ'�
Ð�IÝ1�, ¿�EÄ�þU÷v Family-Vicsek

IÝ5Æ. ��XDºßÝ�O\, �ÅDºÄ.
þ�¡L¡�o÷ÝÚ)��ê���¬�Ä.
þ�¡L¡��Aê��'k²w�O\, `²Ä
.�Ø��5¬���¡�.)�L¡o÷ÝÚ
)��ê�wÍO\. E¤ù�y���Ï´: Ä
.¬�þ�:��Å"�E¤
Ä.þk��:
±��� êu)Cz, »�Ä.�þ!5, )�
L¡��Nî�'é�$ßÝ�/�A~f, ¿d
dé�¡�.)�L§�¥m�ã�)K�, L¡
o÷Ý��m�O��¬��/ l�Æ'X. ï
Äuy, ù� lØ=�Ä.�Dº�ßÝk',

��XÚ�Ä.º�k'. ÏLék�º��A
�O�©Ûuy, XÚ�k�º��A¬¦�¡
L¡�o÷Ý�êk?�Ú�O�, ¿�U÷v�
Æ'X.
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Numerical simulation of dynamic scaling behavior of
the etching model on randomly diluted lattices∗

Xie Yu-Ying Tang Gang† Xun Zhi-Peng Han Kui Xia Hui

Hao Da-Peng Zhang Yong-Wei Li Yan

( Department of Physics, China University of Mining and Technology, Xuzhou 221116, China )

( Received 17 October 2011; revised manuscript received 18 December 2011 )

Abstract

Surface roughening has been extensively studied in many fields of science and technology. In order to investigate the influence

of imperfection of the randomly diluted lattices on dynamic scaling behavior of the surfaces, the etching model growing on diluted

squares is simulated by kinetic Monte Carlo (KMC) simulation. It is found that although the scaling behavior of the etching model can

be affected by imperfections of the randomly diluted lattices, the roughness and the growth exponent are larger than those of the growth

on perfect squares. The scaling behavior still satisfies the Family-Vicsek dynamic scaling. In addition, the finite system size effect of

the randomly diluted lattice is also calculated and analyzed.
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