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|^©fÄåÆ�{�[
 Al �f3 Pb Ä.þ��ÈL§. é Al �f3 Pb Ä. (001) ¡þ�È�/�� Pb

�f3 Al(001) Ä.þ�È�/��
'�. du.¡m³^�ØÓ, ü�NX.¡m�/�k²w��É. ©Û

Ä.§Ý!Ä.¬¡��!�È�f�\�ÄUé.¡m�f·Ü�K�. �[(Jw«: �XÄ.§Ý,p, Ä
.�f��£Ä5��O\, ��È�fu)��§Ý�·Ü; \�U�UCé.¡m�f�·ÜK�é�; Ä.
L¡�ØÓ�¬����, Ä.��È�fm�·Ü1��k²w�ØÓ. |^»�©Ù¼ê©Û
�È�f�\
�Ué��¥�fü�kS5�K�. �p\�UéA�kS���(�; d»�©Ù¼ê�(��±íÿ Al �
f3 Pb(001) Ä.L¡�È�.¡m�Uk7ámzÜÔ)¤.

'�c: Pb/Al NX, �ÈL§, ©fÄåÆ, \�U
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1 Ú ó

3�fY²þïÄ��)���*Å�é@
£��)��Ôn��, 
)L¡�f��*Ôn
L§ÚzÆL§é��)��ª!L¡.¡/m
Ú�*G��K�, ±9ïá����*G��÷
*5U�m�S3éXÑäk4�­���Æ¿
Â. ,
, du8c3¢�þÿÃ{���l�f
�ÈÚ��)��¤kÔnL§. Ïd, 'u¢�
y��nØO�9O�Å�[®¤�ïÄ��)
���fL§�­�Ãã. �X�
k���f
m�p�^³�Ñy, O�Å�[�{Åì¤�ï
Ä�fY²þ���)�Å��Ì�Ãã�� [1].

1985 c, Rahman � [2] ��
 Lennard-Jones NX
���)��©fÄåÆ�[. 1986 c Voter[3] 3
:
íN�.�Ä:þJÑ
£ãL¡�f$Ä
� Monte Carlo �{. Dong Ú Smith[4] ^��©f
ÄåÆïÄ��)�¥ØÓ�È^�e�Y�/
¤�¹, (Jw«: O\§ÝÚ�È�fÄU�±
¦��¥�Y�ê8~�, �Y�NÈ~�. �È
�f\��Ý�CzK���¥�Y/�Ú©Ù.

ô�� [5] ïÄ�ÈÄU3 0.1—200 eV ��SB
7á�f (Ni, Pd, Pt, Cu, Ag, Au) 3 Pt(111) L¡�
È�ÄåÆL§, ÏLéL¡áN�f!L¡�
 9\��f3L¡��^�\�UþCz�X
ÚïÄ, ?Ø$U�ÈL§éL¡"���)Ú
©Ù�K�. 4{�� [6] ïÄ$U�Èe�.§
Ýé MgO ©fÚ���¥� *Ñ�K�. Hong

� [7] ïÄ Cu �f3 Cu Ä.þ�È, @��È�
f�Uþ!�È�Ç´K���¥� Ú�É/
¤!��)��ª!±9í�y�u)�Ì�Ï
�; 
Ä.�§Ý�UCéu�È�fæÈ'Ç!
	ò)��ª!±9��)��·Ü�ªK��
~�. Zhang Ú Feng[8] ïÄ
 Ge �f3 Si(001) ¬
¡þ�È. ïÄw«, Ð©ÄU�p��Èìqé
A�Ð�þ���, �A�Øå����. Ó�, �
p�\�U¦��¥Øå�©Ù��ëY. ù
ï
Äó�Ø=ïá
3�fY²þïÄ1Uâf�
È�O�Å�[�{, 
��«
1Uâf�ÈL
§¥��
ÔnÅ�.

Al-Pb NXpMÝ4k�, ��;.�J·M
X
2É'5 [9], Ø��­��gdwá�	 [10],

† E-mail: wuweidongding@163.com

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

016805-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 1 (2012) 016805

�k¤�>³4» [11]!>>Þ!��N [12] �
#á��då. 7á��9B�õ��KLy�
�(��'�>!^!1!(!9åÆ9�
A
Ï5U. �'ïÄuy, Al/Pb õ��äkpF�
5 [13], Al/Pb õ��X3 2000—4000 cm−1 �¥
ù	«kûÐáÅ5�ÉN�±ÏK�, ¿�N
�Å�Cz
é X ��¥��½áÂ5 [14]; �
È Al/Pb/Al Y��¥YL:ü$ [15]. Zhang � [16]

��
 Al/Pb /Al n²£.(�¥É� Pb ���L
9, Ïd Al/Pb õ���ïÄé��kAÉ5U�
�á�9Lz�v�nØ�uÐþä­�¢^Ú
nØ¿Â. ,
, l�f�¡þïÄ Al/Pb NX��
�)�Å�8c�����. �©|^©fÄåÆ
�[ Al �f3 Pb Ä.þ (Al/Pb) ��È/�, (
Ü�'���, lUþ�Ý©ÛØÓÄ. (Pb/Al)!
ØÓÄ.¬¡��é.¡m�f·Ü1��K�;

UCÄ.�§ÝÚ�È�f�\�U, ÏLO�é
A��CXÝ¼ê, ©Û§�éu.¡m�f·Ü
�K�; �È�f�Ä.�m��f·Ü´K��
��þ�­�Ï�; ÏLO�»�©Ù¼ê©Û�
È�fÐ©ÄUé��(��K�±9.¡m7
ázÜÔ�)¤.

2 O��{

Xã 1 ¤«: �f�È�.dü¬ Pb Ä.Ú
ò��È� Al �f|¤. Ä.d 4400 �¡%á
�(�� Pb �f|¤. X, Y, Z ���º�©O
� 4.95, 4.95, 5.45 nm. Ä.d 3 a�f|¤, =>
.��f!ð§��f!Úî��f. �e¡� 8

��f�½3�{�¬� �, ±~�>.�A.

ð§�ÚÚî���f�ÅÚî1�½Æ, ¿�
æ^ Verlet È©�{?1O�. Ä.��Ð§Ý
� 300 K. d 4 ��f|¤�ð§��±�Ø\�
�fUþ�K�. ÏLz 10 �O�Ú�, N!�f
�$Ä�Ý¦ð§��§Ý���±3 300 K. 3
Y²� X , Y ��þ, �\±Ï5>.^�, È©�
mÚ�� 0.005 ps.

�È�f±z�¦ 5 ��f��Ç�Ä.L
¡�È, \��R�uÄ.L¡, ��ýÏê8
� Al �f�È�.. ,�, µþ 20 ps, ¦�È�
�­½. �È�f��I3�½���S�Å�
), ålÄ.�ål�u 20 Å (1 Å = 0.1 nm), �

��u Al �f��ä�». �f��Ð�Ýd
¤�½�\�Uû½. �©¥, \�U�ÀJ��
´ 0.1—7 eV.

ã 1 �ÈL§��f�.

©fÄåÆ�{´|^�fm��p�^³
5O��^3�fþ�å. Ïd, �p�^³Ò´
�[�Ä��Ñ\��. d Daw Ú Baskes JÑ�
i\�f³ (EAM), U
éÐ/£ã7ám��p
�^ [17,18]. �©¥, æ^ Landa � [19] JÑ� Pb-Al

NX� EAM �p�^³. éu EAM ³, NX�o
��fU�±L«��§ (1) �/ª:

Etot =
1
2

∑
ij

φij(rij) +
∑

i

F (ρi)i, (1)

Ù¥, φij ´�f i, j �m��p�^U, rij ´�
f i, j �m�]�ål, Fi ´1 i ��f��i�
fU, ρi ´NX¥Ù¦�f31 i �f ��9>
f�Ý, �±L«�

ρi =
∑
j 6=i

ρj(rij). (2)

3 (JÚ?Ø

ã 2 ¤ « � Ä . § Ý 300 K �, \ � U
� 0.1 eV ��ÈL§¥, Al âf3 Pb(001) Ä.
þ�È�/�. 3�½NÈS�¿�)�\��f
��Ä.L¡$Ä, $Äâf��L¡��{�.

�Ü©âfdu"�UþØU'ß�Ä.¥, ¤±
33Ä.�L¡. l�ÈL§�ëYã��±wÑ,

Al 3 Pb(001) Ä.þ¡�)��ª��G)�.

Ä.§Ý 300 K, �Èâf\�U 0.1 eV, â
fê� 2000 ��¹e, Al 3 Pb(001) Ä.þ�È
� Pb 3 Al(001) Ä.þ��È, Ù.¡m�/�k
²w�É. Xã 3(a, b) ¤«: Al ���Ä.�mk
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��§Ý�·Ü, 
 Pb ��� Al Ä.�m.¡é
©². ù�(J� Al 3 Co þ�È!Co 3 Al þ
�È [20], Al 3 Fe Ä.þ�È!Fe 3 Al Ä.þ�
È [21] �(J´���. þz©Û(Jw« Pb Ä

.¥'\� Al �f�ê� 157, 
 Al Ä.¥'\
� Pb �f�ê� 14. ©z [22] @�, ù«.¡m
/���É´du�È�f�Ä.�m�³^�
ØÓÚå�.

ã 2 �ÈL§¥ØÓ��XÚ/�«¿ã

ã 3 A1/Pb NX�f�È/� (a) A1 3 Pb(001) Ä.
þ�È; (b) Pb 3 A1 (001) Ä.þ�È

ØÓ�È^�e��CXÝ¼ê´þz©Û
.¡m�f·Ü1��'�Ï�. ã 4 ¤«� 2000

� Al �f3 Pb(001) Ä.þ�È, �È�fØÓ
\�ÄU��A��CXÝ¼ê­�. ¦+ Al �
f�\�ÄUO\, Ä.L¡1���f�|¤
'Ç´A�ØC�, Al:Pb = 4:6, 
�, ��·Ü«
��A��f�|¤'ÇCz��~�. �´, �
Ä.�§Ýd 300 K O\� 400 K �, �f�|¤

'Ç� Al:Pb = 5:5, 500 K �C�q� Al:Pb = 6:4

(�ã 5). �X§Ý�O\, .¡«�·Ü�Ý
d 14.1 Å ©OO� 21.0, 25.2 Å. �±�Ñù��
(Ø: .¡m�f�·Üéu�È�f�Ð�\�
ÄU�UCéØ¯a, %é�6uÄ.§Ý�Cz.

ù�(Ø��'ïÄ±9²�ýÏ´���: (�
�f�*Ñ�~r/�6u§Ý�Cz [23].

�
©ÛÄ.�¬¡��éu.¡m�f·
Ü1��K�, ïÄ
\�ÄU� 1 eV, Ä.§Ý
� 300 K �, Al �f3 Pb (001), (011), (111) L¡þ
�È��CXÝ¼ê, Xã 6 ¤«, ØÓ¬¡��
�Ä..¡m�·Ü1�ké�ØÓ, ù�¡%á
�(��7á¬N�(�A�k'. Ù (111) ¡´
��ü¡, L¡�f�Ý��, (100) ¡g�, (110)

¡�é�$. ¯¤±�, L¡�fü��;�, �f
m��p�^�r, l
¦L¡Uü$. ,��¡,

�±ÏLÛÜUþO\�Aé Pb/Al NX.¡m�
f·Ü1�?1þz©Û. ÛÜUþO\´��È
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�f�CÄ.�ÄU�â,O\, ´�È�f�Ä
.�f�m�áÚU. ®k�ïÄ(½, ÛÜUþ
O\�ÌÝØ�6u�È�f�Ð�ÄU, 
�6
uÄ.�¬��� [23,24]. ù�Ò�±Ün/)º
3\�ÄU'�$��¹e, E,k�þ�âf�
Ä.�fu)·Ü. Ó�, Ä.L¡�ØÓ�¬¡
���, duL¡UÚÛÜUþO\�ØÓ, ¬¦
.¡m�f�·Ük²w��É.

ÏL©Û»�©Ù¼ê g(r) '�
�È�f
ØÓ\�U��È����þ. ã 7 ¥¤O��
é�´Ä.�º�Ú¤k�È�f, Al �f3 Pb

Ä. (001) ¡þ�È, 3\�U�$��¹e (1, 2,

3 eV), \�ÄU�p�éA�¸�kb. ¯¤±�,

g(r) L«�é�fm��fü��Ý, ¸��kb
§Ý±9¸��m�m�¿�Xá��kS§Ý.

¤±, �±íä�È�fäk�p\�U�, ��
(�¬�kS.

Ó�, »�©Ù¼ê g(r) �±^5©Û.¡
m·Ü�f�(�. Chung � [21] 3ïÄ Fe �f
3 Al Ä. (001) ¡þ�È�, O�
.¡m·Ü�
f�»�©Ù¼ê, � B2 � FeAl Ü7¬N(�'
�, ��¸�� �U
éÐ/ÎÜ. �q�y�
�±3 Co/Al, Ni/Al[25−28] NX¥uy. éu Al/Pb

NX, Xã 7 ¤«; �±w�z�^­�Ñk°(
�1��¸!1��¸±9�¡�¸�, ù`²¤
k���(�¥�¹�
kS�Ü©, 
�ã¥¸
��üÙ(�� Chung ���[(J�~�q. �
±íÿ Al �f3 Pb(001) Ä.L¡�È�.¡m
k7ámzÜÔ)¤. ,
, 8c�'�ïÄ¥�
vkIO� PbAl Ü7(��±^5'�.

ã 4 ØÓ\�ÄU� Pb/Al NX��CXÝ¼ê ã 5 ØÓÄ.§Ý� Pb/Al NX��CXÝ¼ê

ã 6 ØÓÄ.¬¡� Pb/Al NX��CXÝ ã 7 ØÓ\�ÄU� Pb/Al NX��CXÝ¼ê
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4 ( Ø

ÏL©fÄåÆ�[, þz©Û
 Pb/Al NX
.¡m��f·Ü1�. *	NX��ÈL§�
±��, Ä.§Ý 300 K, \�U� 0.1 eV �, �È
� Al �f±�G�ª)�. du.¡m³^��
O, Al/Pb NX, Pb/Al NX�.¡m/�ké��

O. O�(JÚ©Ûw«, .¡m�·Ü1�éu
�Ð�\�U�UCéØ¯a, �´é�§Ýþ�
6uÄ.�§ÝÚÄ.L¡�¬���. ÏL©Û
�È�f�»�©Ù¼ê, �±���È�f�\
�U�UC¬K��È���(�. �½��S,

�p�\�UéA�kS���(�. d»�©Ù
¼ê�(��±íÿ Al �f3 Pb(001) Ä.L¡
�È�.¡mk7ámzÜÔ)¤.
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Abstract

The deposition processes for Al atoms on Pb (Al/Pb system) surface and Pb atoms on Al surface (Pb/Al system) are studied using

molecular dynamic simulations. Under the same deposition conditions, the morphologies of the two systems are very different due to

the difference in energy barrier between the interfaces. The substrate temperature, the atom incident energy, and the surface orientation

are discussed in terms of their effects on the atom mixing between interfaces. The simulation results show that with the substrate

temperature increasing, atomic mobility is enhanced and the degree of atoms mixing between interfaces becomes greater. However, the

change of the atom incident energy has little effect on the atoms mixing between interfaces. The atoms mixing is obviously different

due to the change of the surface orientation. The analysis on the pair correlation function g(r) indicates that the film formed with higher

incident energy has a better quality. The radial distribution function in peak of the intermixing region reveals that a PbAl intermetallic

compound may be formed at the interface between Pb and Al.

Keywords: Al/Pb system, deposition process, molecular dynamics, incident energy
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