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�©¦^õ1åZ��{�En�±Ï5�B(�. ÏLõg!��ügÍ1(Ü, 3K1�� SU8 þ�¡
Ñ¹²¡"��a7f�(� (fcc-like) 1f¬N. ×£>fw�º (SEM) *ÿw«, �'Ã"�1f¬N(�, T
(�3 (111) ¬¡þ�3�ß���²¡"�. ÏL��!���=�, �±°(��²¡"�þÝ3·Ü��
�. Fp�ù	��1ÌÿÁw«��±Ï�B(�3 (111) ��þk²w�A�¸, ü�A���¸¥%Å��
C 1.2 µm Ú 2.4 µm. ¹"��(�K3��1ÌA�¸¥�\
²w�]�, ¿��X²¡"��þÝO�, "�
�l?u 2.4 µm B�£� 1.2 µm B�?. J� SEM ã¥�(�ëê, ^ FDTD �{�[©Û, uy�[(J�¢
��Ä���, y²
²¡"�Ø��3, 
�¡È��.

'�c: 1f¬N, o1åZ�, ²¡"�, ù	��1Ì

PACS: 42.70.Df, 61.30.Vx, 42.25.Hz, 61.72.jn
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1f¬N´�«kØÓ0>~ê0�á��
m±Ïü�
¤��B(�, gl�JÑVg�8
®²�¯õÆö�\ïÄ [1], Ù2��A^+�®
���ÚÖ¢�µ��¢�¿ïÄ [2−5]. Ó�'u
Ù(¹!������{�&¢���
¯õ?
Ð [6−9], AO´õ1åZ��¡�{, �1f¬N
���Jø
�^{´²L�å» [10]. ,
, éu
��/31f¬N(�¥�\"�, ��´��5
Ã�¯K. �~^��{´¦^¬¡K(Eâ�ï,
V1f����{ [11,12], 31f¬N±Ï(��
��L§¥��Ú\"�; �é{´��{�k�
���1f¬N(�, 2±>få�¡½ö-1�
���{�E"� [13,14]. ù
�{, ÑI�3�B
ºÝþ�õgö�, é¤ì�°Ý�¦4p, Ó�
�Ø|u�¡È�"����. ,	, Äu�m1

N�ì (spatial light modulator) �O�Å�)�E
Eâ (computer generate holography techinque) �E
¹"�1f¬N(��®kïÄ, �ÙØv�é²
w: �O�{E,, "�¹±Ï5, (���¬�º
���E�¡È´�éJuNÚ�gñ [15]. d	,
�kØÓ�Bº��ü©Ñ5�¥õg�È/¤
¡"�, �T�{���±Ï5(�ü� [16].
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õ
g!���ügÍ1�(Ü��{. T�{, �I
éDÚ�o1åZ��¡��{�
NU?, æ^
õg!�, üg�Z�1å�¡, 
¦^�1´C
��DÚõ1åZ�1´��, Ñæ^
nc�ò
�1Z�, Xã 1(a), (b) ¤«. ù«�{^Å�°Ý
þ����O
1Æ°Ýþ�ö�, Ïd4�/{
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z
"�Ú\�¢�ö�JÝ�E,Ý. ÏL��
"�� SU8 ��ßÝ±9!��Ý, �±òÙþÝ
3ê�B��A����m�N!. ,	, T�{
N´����¡È�¹²¡"�1f¬N(�, ¿
��IUCZ�1å�é¡5, Ò�±��ØÓ±
Ï5Úé¡5��B(�.

ã 1 õ1åZ�¢��«¿ã (a) õ1åZ��¡�¢�
C�; (b) ¢�C��nc�, Ù�� α � 50.9◦; (c) O�Å�[
o1åZ��E���(�ã (�ý�áN(�ã, mý�:À
ã, A, B, C ©OL«Õá���n�Ä�)

¢�¥À^
K51�� SU8, ��õ1å
�¡��á�, Ù�z�é��(�äk`û�
1Æ (ò�Ç 1.58 �m) ÚåÆ5U [17]. �¬�
��c, 3�'�1À¡Ä.þ�� SU8 Ä.�,
Ä.�^uNX1f¬N(��^ [18], þÝ��
�u 1 µm. Ä.����, ²{!�, có, þ!
1åLÍ, �ó, wK, �W 6 �Ú½, ���¤�
�j�!²��.�, T��UO���½31
À¡Ä.þ. �¬��L§Xã 2: 1) 3Ä.þ
± 9 s (=� 600 r/min) Ú 30 s (=� 1000 r/min) !
þ¹1ÚuJ 261 � SU8 þ� (SU8 uM�¥ß
Ý� 48%), 1ÚuJ�éuX SU8 �ßÝ� 2%,
,�óZ SU8 �, ¦ÙÄ��z. 2) ±ØÓ=
� (3000 r/min, 4000 r/min, 5000 r/min) !þ1Úu
JßÝ� 6%$��±�p� SU8 � (N!!��
Ý±éA�O�"��þÝ), "�� SU8 �ßÝ
� 28%, óZ SU8 �. ù����"��, I�'
�°(/��!���=�, l
°(��"��

�þÝ. ^�Óá��)"��, �±;�duò
�Ç���
3.¡?Úår��. 3) ­EÚ½ 1)
�ö�. 4) Z�1åé1���¬Í1, �ó, wK,
�W. ±þ��L§¥, !����¬Ñá=3§
Ý� 90 ◦C �ó�¥óZ. du�E�(��Ú"
��, ¦^
�Ó�1��ÚMJ, �¯��óZ
�±~����m�p'ß��Ý. ÏL±þ��
L§, ��þÝ�±���A�A���, ù��
Ð?´, ���1f¬N�¬3þÝ��þU��
v
õ�±Ï(�, l
´u31Ìþ*ÿ�B�
A���¸.

ã 2 õ1åZ��¡��¹²¡"�±Ï5�B(�¢
�6§

õ1åZ�Í1C�Xã 1(a) ¤«. Ù¥'�
ì��ã 1(b) ¤«äk©1Úà1�^�nc�.
c�ý¡u.¡Y� α = 50.9◦, ò�Ç� 1.52. ¥
%Å�� 532 nm �-1��1�^1
. l-1
ì¥Ñ��-11��»�u 1 mm, �ï 10× $
�ÔºÚ��»�àßº (f = 13 cm) |¤�w�
XÚ?1*å, ¿ò 50 µm �»�1<�uÔº�
�:þ��mÈÅ. -11å²LTXÚ*å�1
r�éþ!�°1å. �Nþ, 1å¥%�>÷�
1r±pd¼ê�úP~, �3�«� (AÎ�) S
�ü:m, 1rA��Ó. ò°1å©¤ 4 åf1
å, ¥%1å�c�º¡Ú.¡R�\�, Ù{n
åé¡/�7Ì1å (.¡ÝK�pY�� 120◦),
¿��¥%1å²1/\��c��ý¡. ²c
�ý¡.¡ò�, n1å�¥%1å3c��.¡
NC/¤1Å�þ?Z�ã�, µ���AÎ�.
ã 1(c) ��ìcºëê^O�Å�[o1åZ�
���±Ï5(�, �±uy, ���(�ò´Ä
��ý¥/�a7f� (fcc-like) �ü�(�.

^ u Z � � o f 1 å 1 � º � þ �
7 mm×7 mm, 1r©O� 5.7 mW (éA¥%1å)
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Ú 4.1 mW (éAÙ{n1å). ò�¤��¢�6
§ (1)—(3) ö��1À¡;bunc�.¡, ±ò
�Ç� 1.48 �7h�����, ^uØ�cº�1
���¬�m��í¿YÚå�õg��Úg)
Z�. Í1!�óÚwK��, Í1þ��K�«
�� SU8 �ò���ë, Ù{Ü©�wK�W�.
du¥m"���1ÚuJßÝpÑü>(��
�ÚuJßÝ 3 �õ, Ï
"��1���)�ë
¤I�Í1Jþò��$u(��. 3·��¢�
¥, òÍ1�¡�m��3 1 min 30 s—1 min 36 s
�m, ó�¥ 90◦C ó� 30 min. 3ù�Í1Jþ�
��S, (��ò/¤ØÓW¿Ç�±Ï(�, 

éu"��, Ó�1Jþv±��Ù SU8 1��3
����«�S��é.

Xã 3(a) ¤«, ¥m"��®��LÍ, Ó�
dã 3(a), (b) �±w�, Ù¥�(������±
Ï5(�. du·�æ^
!���{i\"�
�1��, Ï
3nØþ, LÍ�"����òH
Ù�¬1f¬N(�. �¢�¥, (��Ú"��
¤¦^�´���Ó�1��ÚMJ, ØÓ��m
�pM��u), Ó�l!��óZMJ, ��¬
k 30min ��mm�, Ïd, 3�����(�¥,
¿�¤k«�þU���Ð�"��(�. ¦+
Xd, ã 3(a) ¥�"��(�®v
²w, �ìI
º, T"��ò������3 40 µm ±þ. éu
ÿÁ�¬�Cù	��Ì, ù�¡È�«�®²v

�. Ó�, ·�5¿�, �'u��(�1f¬N
ý¡�¿¡×£>º (SEM) ã (ã 3(c)), ¹²¡"

ã 3 a7f�±Ï�B(��×£>fw�ºã (a) ¹�
��²¡"��±Ï5�B(�; (b) a7f�±Ï(� (111)
¬¡; (c) Ã"�(�ý¡¿¡ã (Ù¥xµ¥�ü�Ä���
�ã)

�±Ï5�B(��ý¡ão´w�]àØ², �
Ï�U�±Ï5(��²¡"�3ØÓ«��Ê
ÜåØÓ; d	, "��?uü(���m, ²¡þ
�?�Aå�UØÓ, ��3�m�, ä��¿¡
ØX��(�1f¬N�þ!, Xã 3(a), (c). du
ã 3(a), (c) ¤«(�, þ��Ó�o1åZ��¹
e��, Ï
�±lã 3(c) ¥J�(�ëê, ^u
��k��©{ï�ê��[, 5?1"�(��
5U�O.

·�¦^Fp�C�ù	1Ì¤ (FT-IR) ÿ
½��Ú¹"��±Ï�B(� (111) ��Ì, Ù
¥¹"�(���
n«ØÓ�þÝ"�, ©O
� 500 nm, 750 nm Ú 1000 nm. FT-IR 1Ì¤¦^Ô
º®à\�1Ó�Â8��1, ±�»1<��\
�1å�1�º�l
¢yév
�«��ÿÁ,
¢�ÿÁ¡È�V3 60 µm×60 µm (¢SÿÁ�±
����«�, �I�Ä��»�����û��
A�&ÿ��«��²ï). ã 4(d), (f), (h) �Ñ

¹²¡"�±Ï5�B(�� FT-IR ��1Ìã,
ù
3^õ1åZ�{ïÄ¥�´Äg��. éÃ
"��±Ï5(�, ¢�ÿ�, ù	��1Ìw«
3 2.4 µm Ú 1.2 µm NC�3ü�A�¸ (ã 4(b)
¢�). 
dã 4(d), (f), (h) ¢�£ã�¹"�(�
��Ì©O3 2.4 µm Ñ�A���¸?Ú 1.2 µm
?A�¸?u)
²w]�, ·�@�ù´d²¡
"�Úå. '�ã 4(b), (d) �±uy�éu��(
�1f¬N, ¹"�(��ü�A�¸ØÓ§Ý�
u)
¤£. ù
A5�Ud��Ì]��@ØÚ
ü��¬ØÓ�W¿ÇÚå. d	, dã 4(d), (f),
(h) w«, �X²¡"�þÝ�O\, ]�"��ò
l�Å�A���¸¥£Ä�áÅ�A���¸
?. éã 4(f), (h) '�, d"�����3��ü�
f��¸��érÝ��X"��þÝ�Cz

Cz.

3 �ý�[

J�ã 3!ã 4 � SEM ã±Ï5(��(
�ëê (�)Ä��/G!º�!¬�±Ï) Ú
²¡"���þÝ�, XL 1 ¤«. �âÿ��
ëê, ·�^��k��©{ (FDTD) éù«(
����1Ì?1ê��[ (�[^��Àe�
E� EastFDTD), �����Ì­�Xã 4(b), (d),
(f), (h) ¥�J�, �[(�æ^
±Ï5>.^
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�, ^u�[Ã���²¡"�(�. �[(J�
¢�(J3A�¸êþ!�Å�A�¸ �Ú"
�Úå]��£ãþ¬Ü�éÐ, `²3¢�þ,
(¢��
��¡È�¹²¡"��1f¬N±
Ï(�. �éáÅ�A���¸, ê��[(J�
éu¢�êâ�3 0.1 µm �m�7£, ù�U´d

uê��[��½(�Ã�ò� (±Ï>.), 
¢
�ÿÁ«��k�º�; ,	, ê��[¥���
��¸�î�� (111) ¬�, du¢�¥�«�ÿ
Á���û��^, Ù(Jò¬�3õ�¬�þ�
���z. d	, ¢S±Ï(�W¿Ç¿Ø´�m
��þ!��Uéù«¸� £kK�.

ã 4 a7f�±Ï5�B(�� SEM ã9ÙéA� (111) ��Fp�ù	 (FT-IR) ��1Ì (a), (c), (e), (g) ©O�Ã"�
Ú¹ØÓþÝ"���±Ï5�B(�ý¡¿¡ã, éA�"��þÝ©O� 500 nm, 750 nm, 1000 nm; (b), (d), (f), (h) ©Oé
A (a), (c), (e), (g) Ã"�(�Ú¹ØÓþÝ"���±Ï5�B(�Fp�ù	��Ì. �Þ�� ��"��. Ù¥¢��
¢�ÿÁ���Ì�, J��ê��[�����Ì; �þ�fã� FDTD ê��[�E�(�ý¡¿¡ã

L 1 SEM ÿ�²¡"�±Ï5�B(��(�ëê

(� ±Ïa. Ä�/G Ä��¶ Ä�á¶ Ó���Ä�må ���må �ê "��þÝ

ëê a FCC ý¥N 1.83 µm 0.51 µm 0.78 µm 0.85 µm > 13 0.5 µm 0.75 µm 1 µm

4 ( Ø

©ÙJÑ
�«õg!�Úügõ1åZ�
�¡�{5�E²¡"�1f¬N(�, ¿3¢
�þ¢y
ù«�B(�. SEM é(��*ÿ
Ú FT-IR é1ÌA5�ÿÁ, y²
²¡"�(�
(¢�3, "��ò������ê���; ÏL
��ØÓ�!��Ý, ¢�N!"���þÝ3A

zB���Cz; �â¢S(�ëê�ET(��
., FDTD �{O�uynØ�¢�ÎÜ�éÐ, �
y²
"��(���¡ÈÚþ!5. ù«U?�
õ1åZ��E{��E�«é¡(��1f¬
NÉ�(Jø
�«{´!íd��{.

a��l�E�ÆÔnX�<��ÇéT�ïÄ�]

Ï���.

174211-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 17 (2012) 174211

[1] Yablonovitch E 1987 Phys. Rev. Lett. 58 2059
[2] Chen X J, Xu Y, Sheng L, Qi G, Yang X, Wu L J 2008 Appl. Opt.

26 4701
[3] Wu L J, Malizu M, Gallet J F, Krauss T F 2005 Appl. Phys. Lett.

86 211106
[4] Xu Y, Chen X J, Lan S, Guo Q, Hu W 2008 J. Opt. A: Pure Appl.

Opt. 10 085201
[5] Chen X J, Wu L J, Hu W, Lan S 2009 Acta Phys. Sin. 58 1028 (in

Chinese) [���, Çá�, ��, =� 2009 ÔnÆ� 58 1028]
[6] Hao Q 2004 Nature 429 540
[7] Blanco A 2000 Nature 405 427
[8] Kawashima T, Miura K, Sato T, Kawakami S 2000 Appl. Phys.

Lett. 77 2613
[9] Deubel M 2004 Nature Master. 3 444
[10] Campbell M 2000 Nature 404 53

[11] Noda S, Tomoda K, Yamamoto N, Chutinan A 2000 Science 289
604

[12] Deubel M, Wegener M, Linden S, Freymann G, John S 2006 Opt.
Lett. 31 805

[13] Jun Y H, Leatherdale C A, Noriss D J 2005 Adv. Mater. 17 1908

[14] Scrimgeour J, Sharp D N, Blanford C F, Roche O M, Denning R
G, Turberfild A J 2006 Adv. Mater. 12 1557

[15] Zhang P Q, Xie X S, Guan Y F, Zhou J Y, Wong K S, Yan L 2010
Appl. Phys. B 104 113

[16] Tetreault N, Mihi A, Migues H, Rodriguez I, Ozin G A, Meseguer
F, Kitaev V 2004 Adv. Mater. 16 346

[17] Delcampo A, Greiner C 2007 J. Micromech. Microeng. 17 R81

[18] Wu L J, Zhong Y C, Chan C T, Wong K S, Wang G P 2005 Appl.
Phys. Lett. 86 241102

174211-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 17 (2012) 174211

Fabricating three-dimensional periodic
micro-structure with planar defects

via a single exposure
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Abstract

In this paper, we introduce a method to incorporate a planar defect into the fcc-like photonic crystal structure by utilizing a

negative photoresistor SU8. This method in which multi-coating and a single exposure are used simplifies the experiment much more

than other methods. In the paper, we exhibit the SEM images for the intact and defective structures. Corresponding to each structure, the

reflection spectrum in (1 1 1) direction fabricated shows obviously characteristic peaks and pits. For the intact structure, the spectrum

contains two peaks whose wavelengths approach to 1.2 µm and 2.2 µm. These two peaks corresponds to two optical forbidden gaps.

For the structure with planar defect, a pit which splits the optical forbidden gap is considered to be a defect mode exhibited on spectral

curve. The structure parameters are extracted from the SEM image and used to simulate the reflectance spectra via FDTD program.

The simulation results almost match the experiment data accurately.

Keywords: photonic crystal, multi-beam interference, infrared spectrum
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