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��� � ����� ��/���� �� � MEMS ��� �����

� �� �� ������ ��� 3�� ��� �� ��� ���� 
��� ��� ���� ��� ���� �� ���� ����(multi-
exposure voxel matrix scanning method)� �� �� ����� ����

�. � ��� ���� ��� �� 14��� �� �� ����� ��

� 3�� ���� ��� ����� �� �	 ��� 3���� �
�� � 
�. ��� ����� 1.25� ����� ���� ���� �
���� �� 1.2 ���� 6.4� ���� ��� ��� �� ��� ��

�� 3�� �� ��� ����. � ��� ���� ���� ��� 
� �� 3�� ����� ��	 
� ��� ���� ���� 	�

�� ����� ���� �� ���� ���� ��� �����. 
 
Abstract:�Three-dimensional (3D) microfabrication process using two- photon 
polymerization (TPP) is developed to fabricate the curved microstructures in a 
layer, which can be applied potentially to optical MEMS, nano/micro-devices, 
etc. A 3D curved structure can be expressed using the same height-contours 
that are defined by symbolic colors which consist of 14 colors. Then, the 
designed bitmap figure is transformed into a multi-exposure voxel matrix 
(MVM). In this work, a multi-exposure voxel matrix scanning method is used 
to generate various heights of voxels according to each laser exposure time 
that is assigned to the symbolic colors. An objective lens with a numerical 
aperture of 1.25 is employed to enlarge the variation of a voxel height in the 
range of 1.2 to 6.4 ��, which can be controlled easily using the various 
exposure time. Through this work, some 3D curved micro-shapes are fabricated 
directly to demonstrate the usefulness of the process without a laminating 
process that is generally required in a micro-stereolithography process. 
 
Keywords: nano-stereolithography process, 3D micro-curved structures, 
two-photon polymerization, multi-exposure voxel matrix. 

1.����

 

����, 
���, ����� �� ��� ����� �� ��

�, ����� ��� ��� ���� ���� 
�. �� �� 

���� ���� ��/���� ��� ��� ������� �

� 2�� ��� ��� �����. �� ��	 ���� ��� 

� ��
�� ���� ��� �� ��� 
� ����� ��

��� ��� � 
� ��� �� ���� ���� ��� ��

�� ��� ����� �	� ���� �� ���� ��(nano-

imprinting)�1 ���� ���� ���� ��� ����� ��

(soft lithography) ��2 ���� �� �� ��� ���� 
�. �

� ��� 2�� ��� ��� ���� �� �� ��� ��� 

��� ��� ��� 3�� �� ��� �� ��� �� � �

�� ��� �� 
�.3 �� ���� ��� ���� ���� 

�	� 3�� ��� ��� � 
� �� ��� ���� ��� 

��� �� ���(two-photon initiated photopolymerization)� ��� 

�� ���� ����� ���� 2�� �� ��� ���� 

��� 3�� ��� ���� ����.4~10 � ��� 3�� ���

��(3D photonic crystals) �� �� �	 ����� ���� ��

�� ��� 3�� ��� ��� � 
� �
� 
�� ��� 	

���� ����� ���� ��� ����� �� ��� �


� 
�.  

��� � ����� ���� �� �� �� 3��� ����

(concave or convex shape)� ��� 	� �� ����� ���� 

�� ��� �� ��� ��� ���� �	��� ��� � 


� ��� �����. � ��� 14�� ��� ���� ��� 3

�� �� �� ��	 �
� ���� ���� �� ����

(multi-exposure voxel matrix; MVM)� ���� �� � ��� 	�

�� ����� ���� ��� ��� 3�� ��� ����� 

���. � ���� ��� ��� ���� ���� ��� �� 

�� � ��� � ��� ���� ��	 ���. 

 

2. ��� ���� �� 3�� ���� 
 

2.1 ���� �� ���� �� 

��� �� ���� �� ���� ��� �� ��� �� � 

�� ���� ���� 
�.4-13 ���� �
�� 
��� ��

� ��� � (1)� �� ���� �	� ���� ��� ���

�� 
�� ��� � 
�.11 
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��� µ�[tan(sin-1(NA/n))]2, l� �� ��, P� ��� �	, t� �

���, NA� ����, n� 	��, Eth� ����� �� �� �


���(threshold energy)� ����. � (1)�� ��� ��� ��

�� �	� ����� ��� ���� ����� ���� ��

��� �� ��
� � � 
�. � ����� ����� 1.25� 

��� �����. 

���� ��� �
� ���� ��� �� �� 3�� ��� 
�
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�� ��� ���� ���� �	�� ����� �� ��� 

�� ��� ��� ����� ����. Figure 1�� ��� ��

� 
� ����� �� ���� ��� ������, ��� �

���� 50 ms ���� �� 	
�� ���� �� � � 
�. 

�� ���� �� �		�(80�280 mW)�� ����� ��� 

�� ��� �� ��� �� �����	�������������

������������������������
�����������

���������	�������������������������

�������������������������������������

���� 

2.2 ������������������

�� ��� 2�� �	 ��	 �
���� ���� ���� 

���� �� ����(nano-replication printing process)�14 ���� 

��� ����� ����� ��� ��� � 
� ���� �

� ���� ����(MVM scanning method)� ���� 14��� 

�� ���� ��� ��	 �
���� 3�� ����� ��

��� ���. ��� 14�� �� �� ��	 �
� �� ��

� 	��� �� �� ��� ��� MVM�� ����. �� �

�� MVM� � �� �� ���� ��� Figure 2� ��. 

��� 255 ��� �� ����� ���� ���� ��� 


��� ��� �� ��� ����� ��� ����� 
	�� 

��	� ��� ��� ��� 
���� ���(�� � �� �

���� ��
). �� � �� 	��� ��� ���� ��� 

Figure 1� �� ����� ��� 
	� ����� �� ���

� ���� �����.  

��� �� ��� ����� �� ����� 
	� � 


�� � ����� ���(�)� �� �� ��� ������, 

Figure 2 �� ��� ���(�)�� ���� ���� 
�� �

�� ����� �� �� �� ���(�)� �� �� �� ��

� ���� ���. ��� 14�� ��� ��� ����� �

��� ��� 3�� ����� �����. 

 

3. �� � �� 
 

3.1 ���

� ��� ��� ��� ��� ��� ����� ����� 

��� ��� �� ��(photosensitizer) 0.1 %wt� SCR500 ��� 

���� �����. ��� �� �� TP-Flu-TP2� 2,7-dibromo-

9,9-diethylhexyl-9H-fluorene� diphenyl(4-vinylphenyl)amine� Heck �

�� ��� �����.15 
 

 
 

� ��� ����� fluorescein� ����� �� ��� �� 

0.78����, ��� ���� ���� ��� �� �� ��� 0.84 

ns���. �� 80 fs ���� ��� �� ��� �� 	�� �

� 740 nm�� 954 GM�� �����. ��� �� ����� �


� �� �� �� � �� �� ��� 411� 472 nm�� �� 

����.16  

3.2 ���������������� 

� ���� 3�� ����� ���� ���� ��� Figure 

3� ����� ��� ��� � �� ���� �����. ��

�� ��� ���� 80 fs ��� �� �� 	� ���-���	 

���(Ti-Sapphire mode-locked laser)�� ��� �� x, y�� �	� 


�� ���(glavano mirror)� ���� z� ��� �� �	� 

��� ����(piezoelectric stage)� �����. �� ��� �� 

on/off �	� �� ��� 
�� ��� ���� ����� 1 ms

���� �	���.  

� ��� ���� ����� �� ��� �� ��� � �

�����
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Figure 1. Experimental results on the variation of voxel length dependent 
on exposure time from 1 ms to 50 ms under various laser power. 

�
 

Figure 2. The colors and their corresponding number used in the multi-
exposure voxel matrix. 

 

Figure 3. Schematic diagram of system setup and a multi-exposure voxel 
scanning method. 
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���, �29� �4�, 2005� �

�� �	 80 mW�� ����� ������ ��� ��� �

��� ���� ��� ��	���. Figure 4(a) � (b)�� 11�� 

���� ���� ��� ����� 	��� 
� � ��� �

�� ���. ���(�)� �� �� ��� ��, ���(�)� �

� �� ��� �� � ��� �� ��� 0.2 µm� ��� ���

�� 	���� �����. Figure 4(a)�� ����� ���� 

�� ��� ��� ����
 ��� �� �� ���� ��� 

� ��� ��� �� �� ��� ��
� � � 
�. ��� 

�� ��� ��� ��� ����� �� � ���� ��� 

����� 
�� ��� ����. �� ���� �� ��� ��

� ����� ��� �� ��� ��� ��
� ���� ��

� ��� ��� 	���. 

Figure 5(a)� � ���� ����� 0���� ��� �� 10��� 

���� ���� ��� ��� �
 ����. ��� MVM�

� 	��� �� ��� ��� Figure 5(b)� �����. ���� 

	�� ��� ��� ��� ������ ���� � 74 km, 	

��� � 41 km, ��� ��� � 2 km��� ��� ��� �

� �� ��� 0.6 ���, ���� � 20 ��� ��� �� ��� 

�����.  

 

4. �� 
 

� ����� ��� �� ����� ���� ����� �

� ��� ��� 	��� ��� ���� 3�� ����� �

��� ��� �����. ��� ��� 14�� ���� �� �

�� ��� ��	 �
 �	� ���� ���� �� ����

� 	��� ����� ���� ����� �� ��� �� �

�� �� ��
� ���� ��� � 
� ��� ��� �� �

� ���� ��� ��� 3�� ����� ��� � � 
� 

�
� 
�. � ��� ��� � ��� �� ��� ��� �

�� ��� ���� ��� � 
��. ��� ���� �� �

� ��� � � ���� ��� ��� ����� ��� �

���.  

 

��� ��� ��� 21	� �
�	 ���� ��� �� �

���
� �������� ��� ��� ��� ������ 

�
� ��� ������. �� � ��� 	�� K.-S. Lee� �

���� ��������� ������ �������� ��

� ��� ��� ����.�
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Figure 4. SEM images of a fabricated line using multi-exposure voxel 
matrix scanning method with (a) a top view and (b) an inclined view. 
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(b) 

Figure 5. (a) A designed multi-colored bitmap figure and (b) a SEM 
image of fabricated micro Jeju-island. 
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