
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 1 (2012) 014214

777ÄÄÄ������²²²���111fff¬¬¬NNNppp Q ���nnn���
������ÚÚÚ111ÌÌÌÿÿÿþþþ*

±�Î �� o��†

( ¥I�Æ�ÔnïÄ¤1Ôn:¢�¿, �® 100190 )

( 2011 c 1 � 7 FÂ�; 2011 c 2 � 15 FÂ�?Uv )

|^�\óEâ, 3 SOI þ��Ñ
p Q ��1f¬N�n, Q ��±� 7× 104 ±þ,��Y�1�Ô��p
�^Úþf&E�¡�¢�C½
Ä:. ¢�(J�nØ�[ÎÜ��Ð. ÏLn���k��©{�[, ��1
f¬N�n� Q �� 1.2 × 105 �m.
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1 Ú ó

g 1987 c1f¬NVgJÑ±5 [1,2], 1f¬
N®�2�/A^�éõ�¡. |^1f¬NAk
��Y�A, �±���«1f¬Nì�, �)1
f¬NÅ� [3,4]!1f¬NÈÅì [5−8] �ì�. 3
1f¬N�A^¥, éõp5U�ì�3¢�¿¥
®²�\óÑ5, �)õÏ��ÈÅì!p Q �1
f¬N�n [9−15]!1f¬N1m' [16]!1f¬
N©åì [17] ��.

8cþf&EÚþfN�¤��I�Æ[ï
Ä�9:�K, Ò´Ï�þf&E�uÐéò5�
&E�¬�5C�5�K�. þf&E¥��é
��ì�Ò´1Æn, 1Æn�±^5�&E�1
N, 3ò5�þf&Eì�¥¬å���^. �

Jp1�Ô��p�^, ¢yþf�����D
4, 7L�kv
p� Q/V , kÐ��½'A��
1'A, ùp V ´n���NÈ. p Q �1Æn´
�kdå�&E1N��. 8cÌ��é±e 3 �
a.�1Æn?1ïÄ: DÚ� Fabry-Perot (F-P)
n!Äu£Ñ9�ª��n!1f¬N�n. D
Ú� F-P nkÙg�J±�Ñ�(J, �)¬�Ï
féJ?�ÚJp, 1n�m��ë�5�'�

�. Äu£Ñ9�ª��nkép� Q �, ´8
c���ïÄ9:, 3IS�kéõÐ�(Ju
L, ~XH1ð�¬ïÄ|�Ñ��¥� Q ��
� 106[18], �®�Æ÷á��ÇïÄ|uy
éõ
#Ûy� [19]. �´|^£Ñ9�ª�n�1Æn
�k�½�Û�5, ù
�n�NÈ��, �Ø|
uò5�8¤ó�, XJ��þf&E�DÑ, n
ÚnI�8¤��å, 8¤ù
�¥n�JÝ'
��. �
Ó����p� Q �ÚûÐ�8¤5,
��²�1f¬N�n´��éÐ�ÀJ [20−22].
1f¬Np Q�nU
Jøv
p� Q/V , I	ï
Ä®²�y, òþf:�\�p Q ��n¥�±*
	� Rabi ©� [20−22]. ���´1f¬N��
²�ì���Eâ®²'�¤Ù, ù«Eâ�~B
u8¤, ~X^>fåÍ1 (EBL) Ú>aÍÜ�l
fN�¡ (ICP) \óEâU
�ÑAz�����
�1f¬N, �±3ù����1f¬Nþ¡�Ñ
õ�p Q ��n, ò�f½öþf:�\�n¥,
k|u8¤.
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þ?1�[, ÏL�O�«ëê, ��¢yp Q �
8�. ·�|^��k��©{ (FDTD) O�1f
¬N�n Q ����, ïÄ�1f¬N�n´ L3
. —— 31f¬N(�¥%� 3 ��^0�á�
W¿å5, ½ö`�Ø
 3 ��í�. ã 1 ¤«´
��²�1f¬N L3�n(���¡ã. ¬�~
ê� 430 nm, �í���»� 120 nm, SOI 7��
þÝ� 235 nm.

ã 1 ÊÏ(���²�1f¬N�n�:Àã (L3 .)

|^ FDTD �{O�Ñ1f¬N�n�1r
©Ù, P¹e��m:�1r, ,�|^ Pade Cq
ò1r&Ò=z¤ªÌ&Ò, 3ªÌþ¡O�Ñ�
n� Q � [23,24]. UìdL§�Ñã 1 �O�(J.
²L�[, |^ Lorentz [Ü, �Ñã 2 �. T1
f¬N�n� Q �� 5375.

ã 2 ã 1 ¥1f¬N�n� Q ��[(J

�â Noda �K| 2003 c3 “Nature” uL�
��©Ù¥�nØ [9], ��Jp Q ����, I�
ò1f¬N�n�/G?1`z, ±B¦�1f¬
Nn�1|rÝ©Ù¥y Gauss ., ù��±��
�p� Q �. UìdnØ,·�?1
�þ��[
O�, ò1f¬N�n�C�� 	£Ä±���
²w�1f¬N�n>�, ù�ò¦1f¬N�n
¥�1|rÝ©Ù�C Gauss .. �þO���,

·��Ñ
±e�nØ�[ëê�±¦� L3 .�
1f¬N�n� Q �����: ò31f¬N�
n��¥¶�þ (ΓK ��) þ��n��C�ü
��©O 	£Ä 73 nm, g�C�ü��©O	
£ 10 nm, 1n�C�ü��©O	£ 73 nm, (�
ã�ã 3 (a). ��é', Noda ���O�Y�´£
Ä
��C�ü��í�� �. ²L�[O��
��±�Ñd«1f¬N�n�8�z��ªÇ
3 0.27731 (a/λ), ¬�~ê� 430 nm, K���Å
��±O��Ñ,� 1550.6 nm. d�1f¬N�n
� Q ��±�� 127, 323. ²L FDTD Ú Pade C
q�O�(JXã 3 (b) ¤«.

ã 3 (a) ΓK ��þ1f¬N�n�Cné�£Ä���
�²�1f¬N�n�:Àã, ��Cné��£ÄÌÝ©
O� 73, 10, 73 nm; (b) (a) ¥1f¬N�n²L�[O�Ñ
� Q �(J

3 �¬��

²L�þ��[O��Ñ
p Q�n�ëê,
Uìù�ëê�O, |^¥I�Æ�ÔnïÄ¤�
\ó¢�¿���?1
�¬��. ¢�^á�´
3þ°#b�Ek�úi	ï� SOI ¡, �¬��
�7�þÝ� 235 nm. ��1f¬N�¬�ëêX
e: ¬�~ê� 430 nm, �í���»� 120 nm,
�¬7��þÝ� 235 nm. ���¬^����k
>fåÍ1XÚ (EBL) ÚaAÍÜ�lfN�¡
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�� (ICP). �¬��L§�±©�n�L§: Í1
L§, �¡L§, �1L§.

Í1L§: Äk|^ EBL 3 SOI ¡þ�Ñ�
\ó�1f¬Nã/, TL§�)æ�, =3�Ð
� 1 cm × 1 cm � SOI L¡æ��� 250 nm þ
� PMMA495 �, ��ù�; Í1, |^�\óÍ1
XÚ, ëê�>Ø 10 keV, 1< 20 µm �.

�¡L§: |^ ICP �¡��?1Z{�¡.
ù«��äkéõ`:, �)éÐ�R�Ý!�¡
�m¯!^�½, ��. ²L�þ¹¢¢�, 3·
��¢�¥, �Z�¡�m� 73 s.

�1L§: ²L�¡��¬�3 1 mm × 1 mm
��¡fþ¡, ��ª�ÿþ�O�, 7Lò�¬
�¤ 500 µm °��^/, ¿�òà¡�1, ù�â
k|u1n�ÍÜ�\. |^!�ð�á�\ó�
�k�úi��1Åé�¬?1�1, ²L�1�
�¬Ò�±?\��ª��¬ÿÁ�!.

�ª��¬×£>fw�º (SEM) ã��
ã 4. 3��1f¬NÅ��>k�� L3 .1f
¬N�n, ÏLB/Å� (�Ý� 200 µm) ò1l
1n¥ÍÜ�1f¬NÅ�¥, �1l1f¬NÅ
�¥DÑ�, XJ1�ªÇ�Ð�1f¬N�n�
��ªÇ���, TªÇ�1òÍÜ?1f¬N�
n¥, 31f¬NÅ�¥ÏL�1Uþò¬�Ìe
ü. ÏL31f¬NÅ��,�à�Â1Æ&Ò�
Uþ, �±3ßLÌþ�Ñ��31f¬N�n�
�ªÇ?]���. ÏLÿþÚ©ÛßLÌ�/
�, �±��1f¬N�n� Q �. T�¬�¬�

~ê� 430 nm, �í���»� 120 nm, �¬þÝ
� 235 nm. 1f¬N�n�(�´²L`z±�
�, �ã 4 ¥���ã1f¬N�n��C� 3 é
� (Xã¥�Þ¤«) ©O	£ 80, 20, 80 nm. ã 4
�¬=´ã 3 ¥nØ�[(�éA�¢��¬ã,
¢�ëêÑ´ë�nØO��Ñ�. du\ó°Ý
éJ�� 10 nm, ¤±·�3£Än±����ÿ
À�
 80, 20, 80 nm �ê�, vk��UìnØO
�� 73, 10, 73 nm 5À�.

ã 4 |^�\óEâ\ó�1f¬N�n SEM ã
1f¬N�n±��n��©O	£ 80 nm, 20 nm,
80 nm

4 1Ìÿþ

�¬�����, |^¢�¿�1ÌÿþXÚ
?11Ìÿþ. ÿþXÚÌ�d�N���N-1
ì (T-LD)!�I1n!°�N!e!ù	>ÍÜ
ì� (CCD)!õÇO (PM) |¤.

ã 5 1ÌÿþXÚ«¿ã

ã 5 �Ñ
1Ìÿþ�«¿ã. ëY�N��
��N-1ì�Å���� 1500—1640 nm, -1
ìuÑ�OüÚ-1ÏL1nÍÜ�B/Å�¥,
,�?\1f¬N«�. 1n´²LAÏ?n��
I1n, 31nÞ?, 1n��¤I/, äkßº�
�^, ù«/Gk|u1�ÍÜ. 1ÍÜ�1f¬
N¥��, ²L1f¬NÅ�DÑ��1f¬N,
�à, 2ÏLB/Å�ÍÜ�Ñ�1n¥, Ñ�1

n3�1f¬NÍÜ�/��´��¤I/, ±B
uÂ8��õ�1&Ò. Ñ�1n�,�à��ë
�õÇOþ?1ÿþ, �@ÿþ��´ÏL>M�
�×£��ÇÚ°Ý. Xã 5 ¤«, -1ìuÑ�
1á31f¬NÅ��Ï�¥�, 1�±ÏL1f
¬N��Ñ�1n, XJ1�ªÇ�ÐÚ1f¬N
�n�ªÇ���, 1&Òòk�Ü©�ÍÜ�1
f¬N�n¥, /¤��, TªÇ�1ÏL1f¬
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NÅ���Ñ�1n�Uþò¬���ü$, 3ß
LÌþ¬/¤��]�, ÏLÿþd]��±��
1f¬N�n� Q �.

ã 6 (a) éuã 4 �¬, -1ì�Å�3 1500—1620 nm
���ßLÌ; (b) ã 4 ¥1f¬N�n Q ��¢�ÿþ
(J, ²L[ÜT Q �� 71243

ã 6(a) � Ñ
ÿ þ ã 4 ¥ � � ¬ � �
� 1500—1620 nm �����ßLÌ�. TÌ�
´��°Å����ßLÌ,·�3 1567.35 nm ?

���n���ªÇ, 3ßLÌþw«����
ÌÝ�]�.�
�Ð/��1f¬N� Q �, ò
ÿþ�� �� 1565—1570 nm, ÿÑ�ßLÌ3
ã 6(b) ¥¤«, ÏLÿþßLÌ·��±�Ù/w
���p Q n���3. ²L Lorentz [Ü, �ÑT
]�?� Q �� 71243. ·�uy¢�ÿþ���
1f¬N�n���ªÇ'nØ�[���ªÇ
ù£
 16.75 nm, ��n�¢�ÿþ Q � 71243
'�[�(J 127, 323 �. ù´Ï�3\óL§¥
�
Ø�;��Ï�E¤�, 'X\ó��í�¿
�´n���Î/G, SL¡¬k�
���Ý;
�k�¬�L¡±9�í��Sý¡¿Ø´n�
1w�; Ó�du\ó°Ý��Ï, ¢�\óÑ5
��í��»����U¬kA�B�� �, ¿
Ø´n�� 120 nm �Ï�.

5 o (

·�|^�\óÃã, �)>fåÍ1XÚÚ
aAÍÜ�lfN�¡��\óÑ
°[�1f
¬Np Q�n(�, |^¢�¿�ï�1nÍÜ1
ÌÿþXÚÿÑ1f¬N�n� Q �� 73721, �
nØ�[�(JÎÜ�'�Ð. 1f¬Np Q�n
�¤õ���ÿþ��Y�¢�ó�mÐJø

ûÐ�^�.·��±|^1f¬N�n��1N,
?1e�Ú�¢�ïÄ, �)òþf:!7áB�
�â��\�1f¬N�n¥*	§��m��
p�^. d	1f¬N�n��±3þf&E¥k
2��A^cµ, ��&E�1N, �þf&E�
uÐJø
�õ�ÀJ.
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Fabrication and spectra-measurement of high Q
photonic crystal cavity on silicon slabs∗
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Abstract

We fabricate a high Q photonic crystal cavity on the top of SOI (silicon on insulator) with EBL (electron beam lithography) and

ICP (inductively coupled plasma). The value of Q can reach 7 × 104. It provides basic condition for the following experiments, for

example for the study of interaction between light and substance. The high Q cavity also provides good circumstance for the quantum

information. The theoretical result of the value of Q is 1.2 × 105 from FDTD (finite difference time domain) simulation.

Keywords: photonic crystal, cavity, micro-fabrication

PACS: 42.70.Qs, 42.82.Gw, 42.55.Sa

* Project supported by the National Natural Science Foundation of China (Grant No. 10525419) and the National Basic Research Program of
China (Grant No. 2011CB922002)

† E-mail: lizy@aphy.iphy.ac.cn

014214-5


