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ÏLé����¬�1f¬N�"��ÚÑ­�ú1A5�ïÄ, |^	>|é�¬©f���N��^, 3
W¿�¬���¬�Å��êâ - Q��Z�¤(�¥¢y
m'ÚrÝN��õU. |^²¡ÅÐm{O�
1
f¬NÅ���"��, ©Û
�¬ò�Ç�Czé"���K�. O�L², �¬ò�Ç=UC
 0.1, �"��
k�ò�ÇUC� 0.168, TA5�±��k�/¢yé� ���, ?
¢yp�1'm'ÚrÝN�õU, ù«
p��� N!ì�38¤1XÚ¥òkéÐ�A^cµ.
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1 Ú ó

�â[Å´�ªÇl 0.1 � 10 THz, 0uÎ�
ÅÚù	1�m�>^Ë�«�. duÙAÏ�
1Ì �±9äkS�5Ð!©E�+p!ßÀ
5p�`:, ¦��â[Eâ3ÔN¤�!���
ä!�¸iÿ!°�£ÄÏÕ!X�ÚU©Æ�
+��A^É�<�2��­À [1−4]. 3A^�â
[Eâ)û¢S¯K�, �â[Å�!m'±9�
 ��ì�õU5ì�´¢y��XÚõU¤7
Ø���ì�, AO´õõUì�, du�±~�
A^XÚ�ì�êþ, ?
~��\�Ñ, õõU
�â[ì��ïÄ®²¤�8c�ïÄ9:.

1f¬N´0�½7áá�¥±Ïü��<
óá� [5,6]. Ù(���O!��, �Y9DÑA
5�ïÄ��É�2�'5 [7,8]. 1� �A5´
1�;.A5��, Nõ1Ôny�X�1�y�
Úú1�A�, Ñ� �A5k'. 1f¬N3�

 ì��O�¡�kéÐ�A^ [9,10]. ��1f¬
N�"�Å��Y¥¬�)²"��, +�Ý��,
=¢y
ú1 [11], �±A^1f¬N��"��
��ú1A5�Op�� �ì� [12].

�©|^²¡ÅÐm{, ©Û
����¬�
0�Î1f¬N�"���ú1A5. Äudú
1A5Ú�¬���5, �O
�«Äu1f¬N
êâ - Q��Z�¤�õõU�N��â[ì�.
ÏLN!TZ�¤,�1:�¬�ò�Ç, UC
ù�«��"�Å��+�Ý, ¦Z�¤ü1:�
k�1§�u)UC. ��k��©{�©Û(J
L², �Ãu1f¬N�"���ú1A5, TZ
�¤'Ù¦üX��UCò�Ç�� ì��p
�, �±¢y�1'p� 26 dB �m'õUÚ�Ý
� 99%�rÝN�õU.

2 ��¬��"��ú1«�

Äk(½����¬�1f¬N�(�ëê.
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dup{73�â[ÅãS�$�ÑA5, ��1
f¬N�0�Îdp{7�¤, §3 1 THz ?�ò
�Ç� 3.42[13], 37ÎmW¿����¬ 5CB, §
3 1 THz Åã�ò�Ç´ no = 1.53, n e = 1.75[14].
ù«pò�Ç0�ÎÚ$ò�Ç�µ�1f¬N
N´�) TE �ª��Y. �©½Â TE ��>|
 ���²1u7Î��ª, TM ��>| ��
�R�u7Î��ª. Xã 1, ��1f¬N�¬�
±Ï� a, 0�Î�»� d, Ó�'½Â� d/a. Äk
æ^²¡ÅÐm{O���±Ï1f¬N¥ TE �
��Y9"��. Xã 2 ¤«, �¬ò�Ç� 1.53
�, Ó�'� 0.5 �, T��¬�1f¬Näk�
���Y. d��Y�8�zªÇ�� 0.24709—
0.28852. �¬ò�Ç� 1.75 �, O�(J�q. ¤
±, �©?Ø�1f¬NÀ�Ó�'� 0.5.

ã 1 ����¬�1f¬N�"�AÛ(�

ã 2 �¬ 5CB ò�Ç´ 1.53 �, �Y�Ó�'�Cz'X

��¬�ò�Çl 1.53 � 1.75 ù���Cz

�, 1f¬N�A��YXã 3 ¤«, �k�Y3
8�zªÇ�� 0.247092—0.26226.

ã 3 Ó�'� 0.5 �, �Y��¬ò�Ç�Cz'X

^²¡ÅÐm{O��¹"��1f¬N�
"���, IÜnÀ��¹"���¬�, �©O
�����¬�1f¬N�"���À���¬
�Xã 4(a) ¤«. �¬ 5CB �ò�ÇCz�, O�
��ØÓ��"��ª, (J�ã 5, ã¥ÒK«�
��¬ò�Ç3 1.53—1.75 �m�Ã"���1
f¬N��Ó�Y. �¬ 5CB ò�ÇdÏ~1ò
�Ç 1.53 ��Ï~1ò�Ç 1.75 �m�g4OÀ

 4 �:, éAu 4 ^"��­�. dã��, �X
�¬ò�ÇO�, "���$ª��²£.

ã 5 ¥, knorm �8�zDÂ~ê, knorm =
kz · a/2π, kz �DÂ~ê, �¬ò�ÇUC¦�"
��­�u)²£�, ­���ý«��Ç��,
­����²£¬�5���DÂ~êCz, =k
�ò�Ç�Cz, ùã²"«�=��"���ú
1«�.

�âã 5, 3ÒK¤«�Y��S, ��"�
���ý$ªà�8�zªÇ 0.247, O�3�
¬ 5CB ò�ÇzCz 0.02 �, 1f¬N�"��
�k�ò�ÇCz, O�(JXL� 1 ¤«, �
��k�ò�Ç��� 0.036, ´�¬ò�ÇCz
� 1.8 �. ù«��1f¬N�"�Å���"�
�k�ò�ÇCz²w�u1f¬N0���ò
�ÇCz�A:, k|u~�� ì��AÛº�,
Jp� ì��N��Ç. �©|^1f¬N�"
��ù«A5, �O
�«êâ - Q��Z�¤(
��1f¬NÅ�, ¢y
�â[m'ÚÑÑrÝ
N�.

157805-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 15 (2012) 157805

ã 4 (a) �¬�; (b) �A�Ùp�«

ã 5 ����¬�1f¬N�"����¬ò�ÇCz

L 1 k�ò�Ç� 5CB ò�Ç�m�Cz'X

5CB ò�Ç ó�Åã�8 8�zDÂ~ê k�ò�Ç�c

�zDÂ~ê �c�|ê�� �|~ê��

1.53 0.2

1.55 0.208 0.008 0.033

1.57 0.217 0.009 0.036

1.59 0.225 0.008 0.033

1.61 0.233 0.008 0.033

1.63 0.241 0.008 0.032

1.65 0.249 0.008 0.032

1.67 0.256 0.007 0.029

1.69 0.264 0.008 0.032

1.71 0.271 0.007 0.029

1.73 0.279 0.008 0.032

1.75 0.286 0.007 0.029

3 W¿�¬�0�Î.��¬�êâ
Q��Z�¤

1f¬NÅ�êâ - Q��Z�¤�(�X
ã 6 ¤«, �"�÷X z ��, 70�Î��� y

��, port1 ��â[Å\�à, port2 ��â[Å
Ñ�à. 8�zªÇ 0.247 éAu 1 THz, d��
�1f¬N±ÏA� 74.1 µm, p{70�Î�
» d = 0.5a. 3�"�¥DÂ��â[Å�>
|©þR�u�¬©f���, �â[Å´Ï~
1; ��, >|©þ²1u�¬©f���, �â
[Å´�Ï~1 [15]. ��\þ��rÝ (RMS)
�u 0.699 V, ªÇ� 1 kHz ��u>Ø� [15], �
¬ 5CB ©f���X	\>|
u)=Ä, 3v
k	\>|�, �¬©fduÑe�^, ²1u7
Îü�. 3�¬1f¬N«�S z ���\�½
>| Ez , ¦�¬ 5CB ©f���÷X z ��, d
u TE �>|©þ÷X z ��, d��â[Å�
Ï~1; 3ã 6 ¥ arm2 �¬«�S�\ y ��>
| Ey, Ey ���N, ¤±1f¬Nù¬«�Ü¤
>|���±N!, l
N! arm2 ?��¬ò�
Ç. � arm1 �ë�1:, �¬ò�Ç�Ï~1ò�
Ç no = 1.53, arm2 �&Ò1:, �¬ò�Ç�±
3 1.53 � 1.75 m?¿N!. Xã 6 �e���I
¤«, N!>|��¬©f�ü���� θ, d��
¬�ò�Ç nz(θ) � [16]

1
n2

z(θ)
=

sin2(θ)
n2

e

+
cos2(θ)

n2
o

,

tan θ =
Ey

Ez
.

(1)
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L 2 �¬ 5CB ©f���ÝÚ�¬ò�Ç'XL

�¬ 5CB ò�Ç θ/(◦) �¬ 5CB ò�Ç θ/(◦)

1.53 0 1.65 50.47

1.55 19.26 1.67 55.66

1.57 27.52 1.69 61.04

1.59 34.10 1.71 66.93

1.61 39.89 1.73 74.06

1.63 45.27 1.75 90

ã 6 ��¬��"�Å�êâ - Q��Z�¤

þ!O�
 12 �ØÓ�¬ò�Ç��éA�
�"��k�ò�Ç, ë�1: arm1 ?�¬ò�
Ç� no ��"��k�ò�ÇP� neff 1, &Ò1
: arm2 ?�¬ò�Ç� nz(θ) ��"��k�ò
�ÇP� neff 2. TZ�¤ü:�� �=�

φd =
2π

λ
· (neff 2 − neff 1) · 12a. (2)

^��k��©{ (FDTD) ©Û3	\>|
� Ey = 0, Ey = 0.5Ez , Ey = 1.01Ez �, ªÇ
� 1 THz �pd1Å3êâ - Q��Z�¤¥�D
ÂA5, 	>.^����{��� (PML)[17],
=é\��>^Å��áÂ. Ey = 0 �, Z�
¤ ü 1 : � 1 § � � 0, � â [ Å 3 Ñ Ñ à �
Z�\, Z�¤d�?3mG�, Xã 7(a) ¤«.
Ey = 1.01Ez , = θ = 45.27◦ �, d (1) ª � ¦
�d� nz(θ) = 1.63, Z�¤ü1:�¬ò�Ç
� 0.1, �âL� 1 ��d�, neff 2 − neff 1 = 0.168,
� \ (2) ª, � φd = π, � â [ Å ² Z � ¤ ü
1:3ÑÑà�Z��, d�Z�¤?3'G
�, Ñ Ñ à v k � â [ Å D Ñ, X ã 7(c) ¤ «.
Ey = 0.5Ez �, �â (1) ª, θ = 26.57◦, �¬ò

�Ç nz(θ) = 1.58, FDTD {�[O��ÑÑ1r
´Ñ\1r� 41.62%, Xã 7(b) ¤«.

ã 7 �â[ TE �3�¬W¿êâ - Q��Z�¤¥�>|
©Ù (a) Ey = 0; (b) Ey = 0.5Ez ; (c) Ey = 1.01Ez

Ï~�¹, ��.�¬©f=Ä��A�m3
Î¦?O, ØL, k©zP1B�ºÝ��S��
¬��A�mU�� 100 µs[18]. UìL� 2 ¥� 12
«ØÓ�¬ò�Çe��¬©f���Ý, ^��
k��©{O�
Z�¤��â[rÝÑÑÚ�
¬©f���Ý�'X, (JXã 8 ¤«, 3�¬ò
�Ç�Cz«m 1.53 � 1.75 S�¤
��lm�
'2�m�±Ï, ÑÑà3mÚ'��¹eÑÑ1
rÓÑ\à1r�z©'©O´ 99.69%Ú 0.2%,
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�â�1'úª −10 log(Poff/Pon), ���1'
� 26.98 dB, 1r��N��Ý�� 99.6%.

ã 8 ØÓ�¬©f���Ýe��â[rÝÑÑ­�

nþ¤©Û, �©¤�O��¬W¿��¬�
êâ - Q��Z�¤�±ÏLN!�¬ò�Ç�
�1m'½rÝN�õUì�. �Ãu��1f¬

N�"�ú1A5, 1f¬Nü1:�Ý3 12 �
1f¬N±ÏS, = 889.2 µm ºÝS, �¬ò�Ç
=Cz 0.1, Ò��
��� � π ¤I�ò�Ç
� 0.168, ��Jp
TZ�¤�m'ÚrÝN�
�Ç.

4 ( Ø

�©æ^²¡ÅÐm{éW¿�¬�p{7
0�Î����¬�(�1f¬N��"�?1
O�©Û, ê��[(JL², ��¬ò�ÇCz
�, T��¬��"��u)²£. 3�"���
²"«�, ²£E¤�"�Å��k�ò�ÇCz
²w�u�¬��ò�Ç�Cz. éW¿�¬��
�¬�Å��êâ - Q��Z�¤�ê��[(J
L², ÄuW¿�¬���1f¬NÅ��� ì
�'üXUCò�Ç�� ì� (X�¬Ý� ì
� [19]) �Ç�péõ.
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Abstract

We propose a novel tunable photonic crystal (PC) waveguide Mach-Zehnder interferometer (MZI) based on nematic liquid crystals

(LCs) 5CB and investigate its interference properties numerically by using the finite-difference time-domain method. We can change

the refractive index of LC by rotating the directors of the LC molecules. The line defect modes of the PC waveguide with different

liquid crystal refractive indices are analyzed by using the plane wave expansion method. Owing to the slow group velocity region of the

line defect mode, when the index of 5CB changes from 1.53 to 1.63, the variation of the effective index of the line defect mode arrives

at 0.168. This property helps to significantly control the phase of light propagation in a PC waveguide MZI. The novel interferometer

can be used as either an optically controlled on-off switch or an amplitude modulator in optical circuits.
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