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1 Ú ó

C5, g^Å3±Ï(�^5EÜá� (=
^�f¬N) ¥�DÂ5�Úå
<��2�'
5 [1−9]. éÙ?1ïÄ��¡kÏu�Ð/n)Ø
þ!0�¥Å�DÅÚÛ�zy�, ,��¡ég
^Å�Yá��ïÄäkd3�A^d�, X¹ü
:"�N�^�f¬N��^�g^ÅÈÅì�
���á� [1]. 8c, ®kó�ïÄ
g^Å3�
� [2−4]!�� [5,6] 9n� [7−9] ^�f¬N¥�D
Â5�, ù
ó�Ì�8¥ué^�f¬Ng^Å
�(���)ÅnÚ`zÃã?1ïÄ. d	, ©
z [10, 11] é�3"�(�����G^�f¬N
?1
?Ø, (Jw«ù
�G(�¥�"��3
�YS�)Û��. ,, é��½n�^�f¬
N¥"��5��ïÄ, K�é����. ��K
|ÄkO�
¹ü:"�N(����^�f¬
N¥g^Å��(�, ïÄuydu:"�N�Ú
\, 3g^ÅB�ªÇ��S�)
Û��"��,

"���Uþ|©ÙÌ�3:"�?, ��kUþ
�o±�Ñ [12]. âdg�, �©q�E
T��^
�f¬N"�(�, |^:"���UþÍÜ5�,

¹õ:"�N�^�f¬Ná�k"�^�g^
Å�Åá�. ©¥O�
�¹õ:"����^�
f¬N�(�Ú"���^zrÝ|©Ù, �Ã"
�N���±Ï(��^�f¬N?1'�, ïÄ

:"���UþÍÜ5�.

2 �.�O��{

�¡���/�c^á� A ��ü�3,�
c^Ä. B á�¥, ¬�~ê� a, �3:"�N
���^�f¬N(�«¿ãXã 1(a) ¤«. 3
ã«� 9 × 9 ���¥, ÷X (1, 0) ��z�ü�
Ñ�ÎÚ\�����Ù�ØÓ�"�NÎ, ��
�U��ü�/¤��^�f¬N(�, Ù1�
Ùp�«Xã 1(b) ¤«, é��¬N(�K¬/
¤3 (1, 0) ��þ��X��m�:"�(�. Ø
�Ä{Z�A, g^Å3c^á�¥�DÂ1��
^ Landau-Lifshitz �§£ã� [7]

∂

∂t
M(r, t) = −gM(r, t) × Heff(r, t), (1)

Ù¥, g �^^' (g > 0), Heff ��^u^zrÝ
¥þ M þ�k�|. �ÄáÅ�6��¹e, ��
��^��', ·^�Úó4��±��Ñ [12−14],
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ã 1 (a) 3 (1, 0) ���3:"�N���^�f¬N(�; (b) ��:
1�Ùp�«

¤±k�|�L«�

Heff(r, t) = H0z +
∂

∂r

(
α0

∂

∂r
M(r, t)

)
, (2)

α0 =
2A

µ0M2
s

, Ms �c^á��gu^zrÝ, A �

c^á�����^Xê, µ0 �ý�^�Ç. �	
^| H0 ÷ã 1(a) ¤«� z ��òc^á�XÚ
�Ú^z, ^zrÝ M(r, t) ���

M(r, t) = Msz + m(r, t), (3)

m(r, t) �^zrÝ¥þ M 3 x-y ²¡S�Ä�
©þ, � |m(r, t)| ¿ Ms.

Ú\Cþ m± = mx ± imy, ¿ò (2) Ú (3) ª
�\ (1) ª¥, �

∓ i
g

∂m±

∂t
=

[
H0 −

∂

∂r

(
α1

∂

∂r

)]
m±, (4)

Ù¥ α1 =
2A

µ0Ms
. ��XÚ¥DÂg^Å�ª�

���²¡Å, = m±(r, t) = m±ω(r) e±iωt, K (4)

ª�C�

Ωm±ω =
[
µ0H0 −

∂

∂r

(
α

∂

∂r

)]
m±ω, (5)

Ù¥ α =
2A

Ms
, Ω =

µ0ω

g
. 3±Ï(��XÚ¥,

m±ω(r) Ú α(r) þ��m �¥þ r �±Ï5¼
ê, �3��¥ G �mSòÙ�Fp�?êÐm,

¿A^Ùââ½n�

m±ω(r) =
∑
G

m±ω(G) e i(k+G)·r, (6)

α(r) =
∑
G

α(G) e iG·r, (7)

3�©�O�?Ø¥, À� 9 × 9 ����, õ
:"�¤�¤�^�f¬N�.Xã 1(a) ¤«, n
�:"�÷X (1, 0) ��, ù
:"�ÏLUCn
��ÎN���5¼�. ��¥ G ��¤

G =
2π
9a

(nx, ny) , (8)

Ù¥� nx, ny ��ê. O��� (7) ª¥�Fp�
Xê

α (G) =



1
81

{
78[αAf + αB(1 − f)] + 3αAfd + 3αB(1 − fd)

}
G = 0,

1
81

(αA − αB)
{[

4∑
m1=−4

4∑
m2=−4

cos
(

2π
9

(m1nx + m2ny)
)
− 1

−2 cos
(

6π
9

nx

)]
P (G) +

[
1 + 2 cos

(
6π
9

nx

)]
Pd(G)

}
G 6= 0,

(9)

117501-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 11 (2012) 117501

Ù¥, fd =
(

2ld
a

)2

, f =
(

2l

a

)2

©O´"�ÎN

Ú��ÎNá� A 3Ä.á� B ¥�NÈW¿Ç,

2ld, 2l K©O�"�ÎNÚ��ÎN�¡�>�.

Pd(G) Ú P (G) ©O�"�ÎNÚ5KÎN�(
�¼ê, Ù��ûuÑ�N�äN/G [15]. é�Î
fó, k

Pd (G) = fd
sin (Gxld)

Gxld
× sin (Gyld)

Gyld

Ú
P (G) = f

sin (Gxl)
Gxl

× sin (Gyl)
Gyl

.

ò (6), (7) ª�\ (5) ª, ����§

Ωm±ω(G)

=
∑
G′

[
µ0H0δ (G − G′) +

∑
G′

(k + G)

× (k + G′)α(G − G′)
]
m±ω(G′), (10)

Ù¥

δ(G − G′) =

1 G = G′,

0 G 6= G′.

éu���½�Ùp�Å¥ k = (kx, ky) �,

ÏLê�¦)���§ (10) ª, B�N´¦�^
�f¬N��(� Ωn(k). (10) ª¤L«�´�
|Ã¡��5�§|, ,, 3¢S�ê�O�
¥��Äk�ê8���¥ G, ÏdI¼��Ð
�Âñ5 [14]. �©�þ�Âñ5u�O�L²,

� 3249(−28 6 nx, ny 6 28) ���¥U
¼�v

Ð�Âñ°Ý�¦. ,	, �Ä���Ú¢��
^��¦ [8], 3�©���O�L§¥, ¬�~ê
Ú	^|©O�� a = 100 Å Ú µ0H0 = 0.1 T.

3 (J�?Ø

e ¡ ± Ã � � � Fe (� � ~ ê A = 2.1 ×
10−11 J·m−1, g u ^ z r Ý Ms = 1.752 ×
106 A·m−1) � Î f � � ü � 3 Ã � � � EuO

(A = 0.1 × 10−11 J·m−1, Ms = 1.910 × 106 A·m−1)

Ä.¥�~, ?Ø��^�f¬N¥:"���
ÍÜ5�. À�Xã 1(a) ¤«� 9 × 9 ���, 5
KÎN�NÈW¿Ç� f = 0.60. ã 2 �Ñ
Ã
?Û"��n�^�f¬N�U�(�ã. dã 2

��, n�^�f¬N��YªÇ u (1.1616—

1.6598)(µ0ω/g) �m.

Ú\Xã 1(a) ¤«�õ:"�N, E± Fe/EuO

á�NX�ïÄé�, �"�ÎN�NÈW¿Ç
� fd = 0, ¿�Xã 1(a) ¤«����Sn�:
"�Î���£r, dd�¤���^�f¬N�
(�Xã 3(a) ¤«. dã 3(a) ��, d���Y 
u (1.14852—1.66604)(µ0ω/g) �m, ��{^�f
¬N�Y°ÝÑ�. �Y¥Ñy
 11 ^"��, �
¤
�����S (1.42196—1.50972)(µ0ω/g) �
Ï�. Ù¥1 4 Ú1 5 ^"����°Cz��,

+�Ý vg =
∂ω

∂k
3 Γ :NC²wØ�", Ù��

ãXã 3(b) ¤«.

ã 2 n�^�f¬NU�ã, f = 0.60

ã 3 (a) õ:"�ÍÜ^�f¬NU�(�, f = 0.60,

fd = 0; (b) ã (a) ¥�Y��S"�����ã
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ã 4 ã 3(b) ¥�Þ¤�?"��|©Ù, f = 0.60,

fd = 0

"���+�ÝØ�", ù´du:"���
Uþu)
ÍÜ, ¿�X"���Uþ�±÷"�
�� (1, 0) DÂ. é"��^zrÝ|©Ù�?�
ÚO�(JXã 4 ¤«, ã 4 �ã 3(b) �Þ¤«�
1 5 ^"��3 (kx, ky) =

2π
9a

(0.05, 0.0) ?�^z
rÝ�|©Ù. lã 4 ¥�±uy, ^zrÝ�|

©Ù�éÐ/Û�3 (1, 0) ��, g^Å�Uþ�
÷ (1, 0) ��DÂ. T5���ó§A^¥g^Å
Å�ì�á���OJø�½�nØÄ:.

4 ( Ø

�©±Ã��� Fe �Îf��ü�3Ã��
� EuO Ä.¥¤�¤���^�f¬N�ïÄé
�, |^U?�²¡ÅÐm{ [14], ê�O�
¹õ
:"�N���^�f¬N�g^Å�(�ÚÜ
©"���^zrÝ|©Ù, ïÄ
"���ÍÜ
5�. (JL², UþÍÜ�õ:"�N�3^�
f¬N�Y¥�)�����S�Ï�, "���
ÍÜ5���Ü©"���+�ÝØ�", ¦éA
�g^Å�÷X"�N���?1DÂ. äkXd
�Å5��XÚ�A^ug^Å�Åì���O
¥, éu¢yÅ�ì����á�äk��A^
d�.
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Abstract

Using the plane-wave expansion method under supercell approximation, band structures of spin waves propagating in two-

dimensional magnonic crystals with coupling multi-point defects and magnetization field distributions of some defect modes are

calculated. The results indicate that the energies of point defect modes can couple each other, and propagate along the direction of

the multi-point defects in these structures. Utilizing the coupling characteristics of defect modes, two-dimensional magnonic crystals

can be used as the fabricating materials of spin-wave waveguides.
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