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Abstract 

A feasibility study for the fabrication of master replication with nanostructures by Nanoimprint 
Lithography (NIL) was investigated for application of polymer Photonic Bandgap (PBG) devices used in 
photonic IC. Large area gratings of 9 � 15 (�) with p = 400 � was successfully embossed on PMMA on 
silicon wafer and the embossing parameters (temperature, pressure, time) were established. A precise control 
of O�plasma Reactive Ion Etching (RIE) process time allowed window opening over the whole area despite 
the presence of wafer bending. Master replication with aspect ratio 1 was successfully fabricated, but master 
replication with aspect ratio 3 needs to optimize parameters. All replications were done in a NIL process.

1. � � 

� ���(hot embossing)� ��� 	
 ��

� ��� Chou,S.Y. �� ��� �� ����
�.(1) � ��� ����  !" #$%& '(� 
)*+� ����. ,-.(master)/ 01$ 23
4� 56 7� 8� ��� 9 :;( $#"�. 
< =, �> ?@�A B 120 �C;(� CD� 
234 +� ���E� FEG H�"�. I-.
/ �� JK L�� ?@� �MA(( NOP> 
QR +� ST& �8 UVO> WX"�. I-
./ 01� 36Y Z&" %& [Z� 5(��
\ ]A� 56 7� 8�;( ^V" =� _�
`�. �a� ��� ��EG, bc 6nm � de
f;( Z&���� �2�2 g�.(2) h�, 	
 
��
� ��O> 100nm �E� def� i�
� iK] j.k� l� mn�o $(2 dp9 
' g�� �2���.(3)  
q4 rm deY s= qtu� q%4� v]
w� xyz%>� p{ �| }d$ ~�E� `

_�2 g�. q4 rm� 57�� ��]� �
#� �,E�, ]�E� ��" q4 rm� �
m� ��� q4$ �{� ' �Y ��� Z&
E�, �o ��EG q4� WA$ $�EP> 
q��>> ~�9 ' g�� ��� g�.(4)  
	
 ��
� �m� ��� q4rm q%4
� i� }dY �$�O> qv]�>� dp� 
$�� EG s= i�� m�tu� '�� ��
]O> `70� ' g� �O> �i��, �o 
F� �| }d$ p{ ~�E� `_�2 g�. 
�6 - ¡� ��� q4 rm de� iEG 
¢£ 20dB/cm '�� q��>$ ¤¥� �2�
��.(5)  
¦ }dY q4 rm q��>o 	
 ��
� 
�mO> dpE� F� § ¨�>�, I-. ©
Wo FEG 200nm bc� jª� � ���O> 
dp� r«� ¬� ­�� �®� ���.      
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0¼« '½� ¾� F��Y CD�  L�E�, 

†  ��, ������	
� ��
��� 
E-mail : myjeong@etri.re.kr 
TEL : (042)860-5589  FAX : (042)860-6248 

   

 1078

대한기계학회 2003년도 춘계학술대회 논문집



   
 

2

�i]O> ¿� ³�o $(Y {1o L���. 
	
 ��
� 6%<¯° �m��Y, ��] &
±� ¨À� 8� [w> 2�/ ³& 5�> S
©]�2 $�]O> [� ' gY 
PMMA(polydimethyl siloxane) Á� #$%& {1
o �> L���.  

 
3.1 �� ���� ��	
�� 
� �� 
 
	
 ��
� 6%�¯°(� ��� 6%<¯
° ¯2� Â)��Y RIE $ }Ã� Z� 7� �
m� Ä(-��� �� Å�ºo #� FEG L
�"�. <Æ�, Ä(-� Z�� ���� 234
� QR Ç�Y, RIE$ ¨È def� É�>(/ 
Z�� Ê� [w0Ë( NY '�O> Ì%�A
Í ��. Î ÏY Ð/ Á�, 234 +� ÑÒo 
Ó�Y �� ��� �m� %z�Y 0¼� Ô$
/ Õ? }��A g�. 303 ��� �m 0¼� 
i� Ö×� Ø��( NO�, ' |> Ó�Y �
� ÐÙÕE�. ¤]wo F� Ga ��� ��
« Á�.    
����� �������  
Ú� 234 +� &ZEY �m 0¼� ¨( 
Ç� |� + ÑÒo L�EG ' |> Ì%0� 
' g�. * ÑÒ$ ÑÛÜ '\, CÝ" 234Y 
Þ���� Iß� �� �s� X� à( N2, 
*� áâ K� ã 45ä� åaæ ' g�. � 
��� 6%<¯°�� Ç� |� + ÑÒY �t 
Ø��( NY QR ÑÒo |ÆEG, çè éê 
Z 7�o 5�EP> ���Í ��.  
����� ����� 
Ç� &Z 8�Y 234 ³�o ¿ëA� I-
. ·¸ o ¹ºY 0¼� ÓÈ ' g�. <a	, 
�i]O> Ç� # ��« ¿� $# ì ^V Ã
�Y íí ��� 0¼� WB� $��. ���,
��« �Ä-� $#� îï Ïð¯, I-./ 
234� ]+� $# ì ^V�� :ñ��. ã
d	, òE( NY 8� �s� ÏÆ óG` ��
�	 I-.� 74, wô hY ��] &±� [
w	 234� 3��� �Ö� '� g�. l� 
©W uõ&� FEG, íí �mö� ÷ø ]+ 
z%$ 8� �� á� #]O> ùZ� �ú$ 
5(�� bû��, ��� éê �m 0¼� z
d��. rü]O>, ��� 0¼� Ó�� F��
Y 0-ý� #��� ¿ë2, 5þ� $#/^V 
%4o L�E2, 234$ ¨( ��]O> $#
�Y �m� ûE2, Ç� 8�	 ¿� 34�� 
234o L�EG 234 ³�o ¿ëAÍ ��.  
����� ������ 
234 5�� 'ù X6Y $�� � HÏÍ 
��. I-. ·¸ / �»�� 7 I-.� �
�� �ÈE� 3��A, 	`½� V def ¥

�� 234� [Fo W�E�\ ÈmEGÍ �
�. ��� 
�7� 	` ì 7K]� iEG Q
R + ÑÒ� [wo Ó��. íí 
PDMS(polydimethyl siloxane)/ Á� Ú� £6� 

�6-� ùZ �d$ �Ä- ��	 ��� Ñ
Ò [w� ��EY CD 
�È� ùZw0Ë� 
FEG L�"�.  
����� �� 

  I-.� gY A�� def� 	3� #« C
D« 0¼O> &Z9 ' g� ��� ���. Ç
� Z�¸ def��Y, �Z� ©W �m�� 
xy ¨�$ "�. 2 Z�¸ def� 'Õ�� 
$(Y I-.o L�EG �MA± ' g�. G
��Y I-., 234 ì ��� �� #��� 
��EY 'ù [Z« }�EG, ?Ý, �« e�
� 
�7� �Zá� Ç� Iß�	 �� �
�
� Í���. I-.� S?Ý+� IßD� Ó�
(ï, ·¸ $ 
º H2 ¨( � �� 234 
}r26ï� ·¸ >�. ë»�AÍ � :Y 
� þ«]� "�.  
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Fig. 1 Replication process of Si master (a) hot 

embossing (b) O2 RIE (c) RIE (d) Master 
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3. ��� �� �� ��  

Fig. 1 � 	
 ��
� 6% <¯°� ��  
I-. ©W �m� E-beam 6%<¯°> WH" 
òZ I-.� ¢�� �(E� FEG I-. ©
Wo � ��� �mO> '_EY �O>�, L
��¸Y E-beam 0-ý, � ��� ��, 2�½ 
p,Þ, �� -�, ST& �8 UV(RIE: reactive 
ion etching) �¸ �� L�"�.  
òZ I-.Y £ (silane)  !O> 10nm �E
� JK e�o $(�, òZ I-.o ��� � 
��� �m� mn�, !m& �� 5(E� F
EG Fig.2 � ]+O> �¸"�. ©"� ]+� 
iK] &Z0 �ÖEY I-.� # ñWo �r
E� FEG ��" ���. PDMS(polydimethyl 
siloxane)� $& ì £6� ��� ù%�o ��
� �Y '¨O> L�"�.  £6� �� �� 
PMMA(polymethyl methacrylate)Y -&� !���

E���ÑÒY��m�['o�e�EG�'���
���'

�O>�WAE(�	��
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Fig. 2  Stacked structure for compensating parallelity 
�

���	�� ���������m���	��8����È

&��$��áz��['����&Z�ì�^V�8�Y�

{1��567��8�>�.�rm"�	�7��K]

��i��8����È&��'����­>�WAE��

FEG�$#0��5(0¼��	3E��ÑA��I-

.�ì�°&Z���8�o��ÈE��EGÍ���	�

]����È�$�)�"�=�Eá���$�AÍ�E

����$�Eá��B��
��C��	��Z��F��

Y�$C��ú>�B��
�;(�^VE(O���^V�

=�CD��WXEG��ZE(�	��

�

�

�

�

�

�

�

�

�
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Fig. 3  Time-Temperature plot of embossing process 
�

���	�� Y�°&Z��ì�&Z�=��Z��o�	

�*��O>���Z�¸$�B�
 >�&Z����bc�

�

����°� �

�� ���4$�Z&"�	����� Y�

×%�3F����UV����Ê+��,%�ì��×

w�$%��-.�3F����UV"�	��/��E

G�Å�º��������$�#
�=�Y����� o���E

G�£6��UV��tEG�©W�I-.$��&"�	   
��� �7� PMMA ÑÒ, I-.� 0� ì 
1�$ �A± Þº, ¸C2& �3234Y }Ã 
�mU� �EG * ÑÒ$ rm9 ' g�.�
�

�

�

�

�

�

�

�

�

�

Fig. 4  Original and embossed structures�

4. ���� � �� 

������������ $� !"�����56�7

��8������8�>�$#�A���8����È
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$������óG(2������m�á��Èm��

4�� $�`�	� ³&� 5�Y� I-.�� ·¸ 

��� �!"��ÃO>�åa�öA���I-.��JK�Z
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¸ ��¹6���I-.��,%Z���Z&��:��
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01Y�I-.�Z�O>��.��Z"�	��
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���m����8�$�¿�'\�	`��8z��

0¼��9��%z"�	�ÈS]O>����3¼���

����È�EY�¤]�8�>�.��
���8��:

EY��7��	`��FEG�

�3������0¼

��Ô$����234��ÑÒ�Ì%Y�zd�Y��

���8���Ô$o�|ÆE2��]���;F���

Eá�� Ñ� �� Ô$Y� zd�Y� ���� 8���

�
��Ì%�þ«o�5���	(6)�¦�£<��Y�V

V��e���i��£<O>�&Z�ì��Z8����

m�0¼�ì��m�CD��¤]w�E(O���Fig. 3
� &Z�� �EG &Z"�r«o����	�# ��	

�­��	�=m�r«��def���7E��&Z�

����)�E(�	� 
 
 
 
 
 
 
 
 
 
 

(a)                      (b) 
Fig. 5. (a) Original master and (b) Nanoimprinted pattern. 
 
���	�$ ������	�#�%���def����EG�©

W"�&��I-.� Z�� 	�* ���. Fig. 6(a)
Y 0� 150nm> UV� ��2, Fig. 6(b)Y 0� 
500nm > UV� r«��. �È� UV e�� 
��EG UV� r«, ��� �m�� �ÖEY 
5� p�� ©"ÂO> >,?Ï �ÖEY £6
� ��� @4(bending) ñW�� 
dE2, 0� 
150nm� UV0�Y �7� ©W$ �MAAO	,  
0� 500nm � Þº�Y 'Õ �sO>� BãC
(undercut)� �ÖEG �m ['� ¤]w$ 8z
Â� �G �2 g�.  

 
 
 
 
 
 
 
 
 
 

(a)                      (b) 
Fig. 6 Replicated Si master (a) depth=150nm and (b) 

depth=500nm 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Fig. 7. Nanoimprinted pattern by hot embossing 

Lithography 
 

���	�� ��	
�ÄD>(�ñWo�EF���FE

G�	�*�	
�©W"�jª�Z���)i���	�����

�������m��	
�Ê����def��GH�

©Wo�F���$���I������	�E	��I

-.>��È��def��iK]��iEG�òEY�

i>�Ö×9�'�g�	�234��X���i����

o�tEG��m�e�«�I-.�����¤]w$�

$�E���	
�%4��Weo�F��º'��©W�

uõ&����9�'�g�	�Ú��234�*��I-

./����L����C29�Þº�CÝ�5���J

Y�	iK]����]��def��·¸ �L���

¼��	�def�n����EG�	`��W�"�	�

¦�£<«�Á���	
�def�����def��Z

&�A�g(�N���F���EG��6�KG�g��

:Y��234Y�Þ�KO>�.�5����ÖEG�

À²]O>�	`����·¸ �L��������C

Ý�5���è09�'�gA���5þ�I-.�K]��

def�Z&�í¨«�I-.�L�L���K]��	�

�a��Þº��5��������7��·¸ ���

��gM�234Y�Þ���O>�.�5��Y�2

34/�-.�(�N2�n��öA�¼�	�����á

â���C2���Ö0N��O\��Z���$`�	�

�a���5>��	
�Ê���Y�,	`�	��Z�

á���¨O>��%]��
}Ã���Ö��'�g�	

<a	, ¦ £<��Y �m ['o ¤]wEG 
Fig.7« Á� ��� ©Wf� WHE(�.   
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5. � � 

	
 q%4� def WH� I-. ©Wo 	

 ��
� 6%<Æ° �m� ��EG WHE
� FEG 9 � 15 (�)� iK]� �4 °� p = 
400 �> PMMA > &ZEG I-. ©Wo '_
E(�. &Z8� ì ^V8�, CD ì &Z0¼
� &Z �m e�� VV 230� ì 70�, 20�C, 
5 3O> �m���. �a� e�O> WH" °
&Z�o UVEG ©W I-.o WHE(O�, 
©W I-.� Þº Z�¸$ 1 È :Y &�]O
> WH��O	, Z�¸ 3 � ÞºY Undercut �
�ÖE(O�, �m ¤]wo F� ë$ }d$ 
8zE�.  

� � 

¦ }dY 21 P� �Q A }d�� LR á 
	
 ST�>U- �®��� P� «W� 	
 
jª &Z �® ��� ÈVO> '_��O�, 
�� ÌL�Wð�. 
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