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��nÏÙäkÀªõU
38¤1Æ+�äk2��A^. ÏLü�1f¬N�/n!o�ØÓº��1
f¬N�n9Å��m�ÍÜ, ¢y
 1310 nm, 1550 nm, 1600 nm Ú 1650 nm o�Å��Å©)E^©��k�
�©{�[©Û�(JL², ==ÏLN�ÑÑÅ�>�0�Î��», =�¦o�Å��ÑÑ�Çþ�� 90%±
þ. ¤�O�ì�Ø��Çp, 
�º�� (�� 12 µm × 17 µm), 3�5�1Ï&+�¥äkd3�A^d�.

'�c: 1f¬N�/n, �n, ��ÍÜ, Å©E^/)E^ì

PACS: 42.70.Qs, 42.79.Bh

1 Ú ó

1 f ¬ N � V g � @ 3 1987 c d Yabno-

lovitch[1] Ú John[2] JÑ, ´�«0>á�3�m
U�½�±Ïü��<óá�. 1Æ��näkÀ
ªõU [3], ´18¤£´¥�©­��Ü���.

1f¬N���n [4] ´ÏL31f¬N¥Ú\"
�/¤�, äkNÈ�!�Ñ$!¬�Ïfp�A
5. 1f¬N�/n [5] Ú�n [6] ÏÙäkÅ�À
J5Ð, ÈÅ�A(¯, �1Çp [7] �A5, 2�A
^u1m' [8]! �©åì [9]!ÈÅì [10]!Å©
E^/)E^ì [11] �.

Å©E^/)E^Eâ´y�1Ï&����
�­�Eâ©8c, Äu1f¬NÅ�!�nÚ�
/n�O�Å©E^/)E^ì®²��
2��
ïÄ. XÄuÅ�ÍÜ�nÅ�!oÅ�Å©E^
ì, äkß�Çp!�°�°�A5 [12,13]; 
Äu
�n½�/n�Å©E^/)E^ìU¢yÄ�Å
�ÑÑ, X Foresi � [14] JÑ�Äu�n�O�Å
©E^/)E^ì, Ø�(�{ü, ��±¢yü�

Å��Ä�ÑÑ, �´Ùß��JØp, Å�m�
�, �·^u�Å©E^. Kumar � [15] JÑ
��
¬�.1f¬N�/n, Djavid � [16,17] éda�
/n�
?�Ú�ïÄÚ©Û, ­:ïÄ
�Ì�
(�ëê (Ñ�0�Î!nS0�ÎÚÍÜ0�Î
�W¿Ç) é�/nA5�K�, ¿3dÄ:þ¢
y
Å©E^õU, �duæ^�´É�(�, (
�E,, ¦������¡. Wu � [18] �O
�«
ÑÑÅ�R��/n�Å©E^ì, ?Ø
nS0
�Î©O� 2× 2, 3× 3 Ú 4× 4 �(���ÑÑA
5, �O
ÄuDÑA5!¬�ÏfnÜ�J�Ð
� 3 × 3 (�!ÏLUCnS0�Î�»�oÅ�
Å©E^ì, �duz��/n�ÀJ
����
Å�, ÏdI�æ^o��/n, ¦���ì�º
���.

�©ÏL�/n!�n9Å����ÍÜ, �
O
�«Up�ÇÑÑ�Å©E^/)E^ì. T
ì�dü��/n!o��n9Ê�^uÑ\Ñ
Ñ�Å��¤, ÏL�Oo�ØÓº���n¢
y
 1310 nm, 1550 nm, 1600 nm Ú 1650 nm o�
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Å��Å©)E^. Ù¥ 1310 nm ��þDÅ�,

1550 nm ��e1Å�´Ï&+�¥~^�Å�;

1600 nm Ú 1650 nm �1Å� 1550 nm �1/¤
�|z� 50 nm �Å©. �©z [18] �', ·�À
J
ü��/n�ü���Å�, Ïd�I�ü
��/nÒ¢y
oÅ�E^õU, ¦�ì�º
���, ¿Ó��¹
Ï&+�~^Å� 1310 nm

Ú 1550 nm; d	, �
¼�ØÓ���Å�, cö
I�UC���/n�º�, 
·�==I�UC
ü��n�A5, ÏdN��{��{ü.

2 �n�©Û

Ã��0�ÎU��¬�±Ï5/ü�3
�í�µ¥, �¤��1f¬N. (��ëêÀ
�Xe: 0�Î�ò�Ç n = 3.4 � GaAs, �
» r = 0.185a, Ù¥ a �¬�~ê. $^²¡Å
Ðm{O�ÙB�, �k TM � (>|��²1u
0�Î¶��) 3 0.298 (a/λ) ∼0.436 (a/λ) �3B
�.

ã 1 1f¬N�Å��ÚÑ­� (J�¤«), ¢��«�
/n���ªÇ S�ãd�/n�ü�C�Å�|¤

3��1f¬N¥�K�ü0�Î/¤��
�Å�, ò�Å�Ú�/��n�C��. �/�
�næ^©z [18] ¥ 3 × 3 �(�, �m��ü0
�Î, �¤��1f¬N�/n, 3�/n�o�
�áþS�o�Ñ�0�Î±O�ÑÑ�Ç [15],

(�Xã 1 ¥�S�ã¤«. $^²¡ÅÐm{,

ã 1 J��Ñ
Å��ÚÑ­�, ¢�éA�´
�/n���ªÇ, ��ªÇ©O� 0.318(a/λ)(n
­{¿), 0.328 (a/λ), 0.331(a/λ), 0.350 (a/λ) (�­

ã 2 1f¬N�/nß�Ì

ã 3 ��ÍÜn(�«¿ãÚß�Ì (a) ��ÍÜn(�
«¿ã; (b) ��ÍÜnß�Ì

{¿), 0.380(a/λ)(�­{¿) Ú 0.420(a/λ)(�­{
¿). $^��k��©{ [19] O�
�/n�ß
�Ì, Xã 2 ¤«. lã 2 ·��±w� 5 ���

054213-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 5 (2012) 054213

²w�ß�¸, ªÇ©O� 0.322 (a/λ), 0.348(a/λ),

0.352(a/λ), 0.378(a/λ) Ú 0.419(a/λ), d	��3
�
ß�Ç�$�ß�¸, �ÄO�Ø�ÚÜ©�
ª{¿)Ø��Ï, O�(J�ã 1 �©Û(JÄ
�ÎÜ. 3���1f¬N¥�Ø��0�Î/¤
:"�, �¤ü��n, ÙB�S��3��ªÇ
�ª, ��ªÇ� 0.380(a/λ). 3�/n�C��ü
��n�, �k��/nªÇ��nªÇ����,

TªÇ�1Åâ�±�)��, 
�dªÇØ�Ó
�1K¬�B�ÑÑ, Ïd¢y
ÀªõU.

ã 3(a) �Ñ
��ÍÜn�(�«¿ã. T
(�dÑ\Å�!��ÍÜ«ÚÑÑÅ�n�Ü
©|¤, Ù¥��ÍÜ«q�)�/n (�/J�
µ) Ú�n (�/J�µ) üÜ©. O���ÍÜn
�ß�Ì, Xã 3(b) ¤«. lã¥�±wÑÑÑà
�k��ß�¸, éA�ªÇ� 0.378(a/λ), T(
J��c�©Û��. �ã 2 ¥�/n�ß�Ìé
', uyTªÇ�ß�¸'�/n�ß�¸�Ä,

�Ç�p.

Äu��ÍÜn�A5, ÏL�OØÓ��n
(�, ��nB�S�ªÇ��/n�ªÇ�C�,

�±¢yØÓªÇ�1Å�ÑÑ. Äud�n·�
�±�OõÏ��ÈÅì±9õÅ�Å©E^/)
E^ì.

3 �O�`z

ã 4 �Ñ
oÅ�Å©E^/)E^ì�(
�«¿ã. d��Ñ\Å� (IP� I)!ü��
�ÍÜnÚo�ÑÑÅ� (©OIP� A, B, C

Ú D) �¤. ÏLUCo��n¥ü�½ü�0�
Î��» RC (�/J��), �½Ù�»��©O
�: RC1 = 140 nm, RC2 = 42 nm, RC3 = 47 nm,

RC4 = 54 nm. ÏL�Oùo�ØÓ(���n, �
±¢yo�ØÓªÇ1Å�ÑÑ.

ã 4 oÏ�Å©E^/)E^ì�(�«¿ã ã¥��/J���o�ØÓ��n, Ý/J�µ�ÑÑÅ��>�0�Î

ã 5 �Ñ
ØÓ(��n���ªÇ��n
�»Cz�'X. Xã¤«, À½ RC1 = 140 nm,

RC2 = 42 nm, RC3 = 47 nm, RC4 = 54 nm �, o�
�n©OéAo�ªÇ. ïÄuy�¥
0�ÎÅ
ìO�, ��ªÇ�$ª��£Ä; �O��n	
�0�Î�», ��O�¥
0�Î
ó���p
ª��£Ä; 3ã�m�Ü©, �X�n	�0�

Î��»O�, ��ªÇÓ��$ª��£Ä. �
·�À½Ø����n(��, �±¢yØÓªÇ
���, l
��ØÓÅ��ÑÑ. ·�À½o�
ØÓ��n©OéA�o�ªÇ 0.419 (a/λ), 0.354

(a/λ), 0.344 (a/λ) Ú 0.333 (a/λ), Xã¥)Ò¤«.

�À½¬�~ê a = 550 nm �, o�ªÇ©Oé
A 1310 nm, 1550 nm, 1600 nm Ú 1650 nm o�Å
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�, �Ó�Ñ\ùo�Å��, §�©O¬l A, B,

C, D o�ÑÑà�ÑÑ, �¢yùo�Å��Å©
)E^.

ã 5 ØÓ(��n���ªÇ ã¥�>�ØÓ¥
0�
Î�»�ªÇ, m>�ØÓ	�0�Î�»�ªÇ. o�)Ò
I5�©¥À½�o��n�»��A���ªÇÚÅ�

æ^��k��©{, �[O�oÅ�Å©
E^/)E^ì­½G���>|ÌÝ©Ù, X
ã 6 ¤«. lã¥�±wÑ, lÑ\Å�Ó�Ñ
\ 1310 nm, 1550 nm, 1600 nm Ú 1650 nm o�Å
��1Å, du�/nÚ�n���ÍÜ�^, §
�©Ol A, B, C, D o�ÑÑà�ÑÑ, �[(J
�c¡�©Û��.

L 1 �Ñ
o�Å��ÑÑ�Ç, 1310 nm,

1550 nm, 1600 nm Ú 1650 nm o�Å��ß�Ç©
O� 98.5%, 64.2%, 87.8%Ú 73.7%. Ù¥ 1310 nm

�ÑÑ�Çép, �� 98%, 
Ù¦n�Å��Ñ
Ñ�Ç%Ø´én�, AO´ 1550 nm Ú 1650 nm

�ÑÑ�ÇÑØ� 80%. ù´Ï�ù
1Å3
\ � à � ) � � � � �, X L ¥ ¤ « 1550 nm

Ú 1650 nm ���Ñ�� 20%±þ, 
�k�Ü
©1¬lÙ¦ÑÑà�ÑÑ, ÏdÑÑ�Ç'�$.

ã 6 oÅ�Å©E^ì­½G���>|ÌÝ©Ùã (a) λ1 = 1310 nm; (b) λ2 = 1550 nm; (c) λ3 = 1600 nm;
(d) λ4 = 1650 nm

�
Jp 1550 nm, 1600 nm Ú 1650 nm n�Å
��ÑÑ�Ç, ·�O�
éA�n�ÑÑÅ��
>�0�Î�» Rw2, Rw3 Ú Rw4 (ã 4 Ý/J�

µ¤«). ·�À½ Rw2 = 114 nm, Rw3 = 125 nm,

Rw4 = 150 nm, O�`z��oÅ�Å©E^/)
E^ì�ÑÑ�Ç, XL 2 ¤«. 1550 nm, 1600 nm
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Ú 1650 nm n � Å � � Ñ Ñ � Ç © O J p �

 94.5%, 92.8%Ú 90.1%. �L 1 �', o�Å�
Ñ�±��ép��Ç, 
������~�. ù
´du�ÑÑÅ�?�>�0�Î��»O��,

ÙÚÑ­�¬�$ª��£Ä, ÏdÑÑÅ��#
N$ªÇ�1ÅÏL, 
pªÇ�1ÅK�B�.

l
ü$
��, ~�
�ÑÑÅ�m�G6, O
\
ÑÑ�Ç.

ã 7 �Ñ
`z��oÅ�Å©E^/)E^
ì3­½G���>|ÌÝ©Ù. �ã 8 �', o�
Å��ÑÑ�Çk
²w�Jp. lS�ã�ß�
Ì�±wÑ, 1310 nm, 1550 nm, 1600 nm Ú 1650 nm

o�Å���Å°©O� 4.3 nm, 7.8 nm, 8.5 nm

Ú 9.3 nm. �Å�m��', �°�ééÄ. ÏdT
ì�¢y
oÅ��p�Ç!Ä�ÑÑ. Ó�, �
�ì��º��� 12 µm × 17µm, (��~;n,

k|u318¤£´¥¢y8¤.

L 1 oÅ�Å©E^/)E^ìo�Å��ÑÑ�Ç

Å�/nm 1310/% 1550/% 1600/% 1650/%

A 98.5 3.1 2.3 0

B 0 64.2 1.2 1.1

C 0 0.8 87.8 0.4

D 0 0 1.0 73.7

�� 1.5 31.0 7.1 23.2

L 2 `z�oÅ�Å©E^/)E^ìo�Å��ÑÑ�Ç

Å�/nm 1310/% 1550/% 1600/% 1650/%

A 98.5 1.4 1.5 0

B 0 94.5 0.6 0

C 0 0.4 92.8 0.4

D 0 0 0.8 90.1

�� 1.5 2.8 3.3 8.5

ã 7 `z�oÅ�Å©E^ì>|ÌÝã, S�ã���Å��ß�Ì (a) λ1 = 1310 nm; (b) λ2 = 1550 nm; (c)
λ3 = 1600 nm; (d) λ4 = 1650 nm

4 ( Ø

�©Äu1f¬N�/n!�n�Å��

� � Í Ü, æ ^ ² ¡ Å Ð m { Ú � � k � � ©
{, �OÚ�[ ©Û
�«��!p��oÅ
� Å © E ^/) E ^ ì. | ^ ü � � / n, Ï L
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U C o � � n � 0 � Î º �, ¢ y 
 1310 nm,

1550 nm, 1600 nm Ú 1650 nm o�Å��Å©)
E^. ?�ÚïÄuy, O�ÑÑÅ�>�0�
Î��», �±¦� 1600 nm Ú 1650 nm �Å�

ß�ÇJp� 92.8%Ú 90.1%, l
¢y
o�
Å�þ 90%±þ�p�ÑÑ. ��ì��º��
� 12 µm × 17µm, Ó�N��{{B, 3Ï&+�
äkd3�A^d�.
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photonic crystal resonant coupling∗
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Abstract

Resonant cavities are used widely in the field of integrated optics due to their excellent frequency-selective properties. Based on

the characteristics of resonant coupling between two photonic crystal ring resonators, four cavities with different sizes and waveguides,

the demultiplexing of four wavelengths, i.e. 1310 nm, 1550 nm, 1600 nm and 1650 nm is realized. The numerical results obtained

by the finite-difference time-domain method show that the output efficiency of the four wavelengths can be higher than 90% only by

modulating the radii of the border rods of output waveguides. The presented device that has not only a compact size with 12 µm×17µm

but also a high output efficiency, may have potential application in the future optical communication field.

Keywords: photonic crystal ring resonator, microcavity, coupling resonance, wavelength multi-
plexer/demultiplexer
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