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� �

� ����� �� ���� ���� ��� ����, PDMS(polydimethylsiloxane)� �� � �� ��� ��
�� ������� �����. �� PDMS� ��� ��� �� �������� ��� ����� ����
���, PDMS� ��� ����� ���� �����. ����� PDMS� ���	 19o, 46o ��� 69o �
�,
���� PDMS� ���	 105o��. ����� PDMS� ���� ��� �� �	 PDMS� ��� �����
����� ��������� ��� ��� �����. � �� ��� ���� �� PDMS� ��� ����
� ����� �, ����� ����� ��� ��� ����
� �����. �� ����� ����� ��
��� ����� ���� ��, �� ��� ������ ���� ����� ����, ��� ����� ��
���� ��� �
� ����. ��, ��� ������ PDMS� ���� �� �	 19o� � ��� ���
�� ��� ����. �� ��� PDMS� �� ��� �� ����� ��� ����, ��� ����� ��
�
� ��� ������ ���� ��� �� ��� ����� ���� �
� ����.

Abstract − In this study, the effect of contact angles of PDMS and external voltage has been investigated. SU-8
(Microchem, USA) negative photoresist and PDMS are used to make the microchannel. The contact angle of the native
PDMS is 105o. The native PDMS is treated with the oxygen plasma and the contact angle changes 19o, 46o and 69o.  As
a result, the rate of increase in flow velocity is not directly proportional to the rate of increase of external voltage. This is
because the electrical double layer is condensed and the zeta potential is increased with an increase of the external volt-
age. The flow velocity is highest for the contact angle of 19o at the same external voltage. Hence we conclude that the
thickness of electrical double layer and flow velocities vary with contact angle at the same external voltage.
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1. � �

�� �� ����� ��� ���� ��� ��� ����

���� ��� �� �� ��� ���� ����� ��[1, 2].

���� 	�, �� �� ��� �� 
�� ��� �����

��� ��� �� ������, ��� 
���� ��� �� �

�� ����� ���� ���, �� ���� �� ��� ���

�����[1-3]. �� ��� ��� ��� PDMS(polydimethylsiloxane)

� ��� �������� ��� ���� ����� ��[4, 8].

��� PDMS� ��� �� ����� ��� ��������

� 	�� ��� ��� ���, �� ����� ��� ���

�� ��� PDMS� ��� ����� �����[5, 6, 8]. ��

��� ��� PDMS ��� ���� ���� ��� ����

��, ����� �� � ����� ��� ���� ���� �

���[5, 6, 9]. ����, PDMS ��� ���� ���� 	�

�� �� ��� ��� ��� ��� �� ����� ���

��, �� ���� ��� PDMS� ��� ������, ���

�� �� PDMS ��� ����� ��� ��� ���� ��

��� ��[10, 11]. ����� ��� PDMS� ���� ���
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�������� ���� 	�� ��� ���� �����, �

� ��� ��� �	� ��� 
�� ��� PDMS ��� �

���� ����, �� ��� ������ ���� ����

��� 
� ��� ����[7]. �� ���� ��� �� ��

� ��� ���	� ��� 	
���, �� �� ��� 	�

� pH� 	
���� � ��� �� ��� � ��[7, 11, 12].

����� ��� ��� 	�� 	�� ����� ���� �

�� �� ��� � 
��, �� ������ �� ��� 	�

� ������ ����� ��� �, ������ ��� 	�

� ��� ��� � ��[7, 11, 13, 14]. ��� ���	� ��

�� �, ������ �� ���� ��� ���� ��� �

� �� ���� �� ��, �� ���� ��� ��� ���

����[7, 11, 13-16]. �� DNA� ��� ����� �� ��

� ������, ��� �� �� ���� 	����� ���

� ��� ����� ���[17-20].

� ����� PDMS� ��� � ���	� 	�� ��� �

�� ��� 	��� ���, PDMS� ��� �� ����� �

��� ��� � 	�� ���� ������� �����. �

��� ����� ����� PDMS� ���� 19o, 46o ���

69o� ������� ������, ���� ��� �� �� �

������ �����. �������� 	�� ��� ���

� ��� ��� 3 µm� ���� ��� �� �� 
�	� PS

(polystyrene) ��� 	� �� �����. PDMS� ��� ��

� �� �������� 	�� ����� ���� ���, �

��	� 0.1, 0.2, 0.3, 0.4 kV� ���� ��� ��� ����

� 	����.

2. � �

2-1. ������� ��

������� ���� ��� �� �� �	��� �� �

� 	�� ��� ��� �� ��� ����� ���. ���

� ��� ���� ��� ��� �

�(10,000 DPI)� ���

� ���� �������, 
� ��� �����. �����

�� ��� 300 µm, ��� 100 µm ��� ��� ��� 40 mm

� �� �����. ��, ��� �� �� ��� ���� ��

�� �� � ��� �� 7 mm� 	 ��� ����� �
��, �

� �� 	�� ��� ��� ��� ��� 	�� ��� ��

��� ����� ����� �� ������. ��� ���

��� Fig. 1� ���
�. ��� ��� 
��� ��� ��

�(ULTRAPACK WafershieldTM, H9100-0302) �� ��� ���

PR(photoresist)� ���� �� ����, �� �
� ����

PR ��� ��� ��� �� � ����, ���� HMDS

(hydromethyldisiloxane)� 10�� �����. � ����� SU-8

(Microchem, USA) 
� ���� ������, ������ �

���� 2�	� 	
�� PR� �����. ��� �� ���

��� PR� ��� ��� PR �� �
�� ��� ���� �

��, 
	�� ���� ���� 65 oC�� 20� ���� ��

� �� 1 oC ��� ��� �� �� �� 95 oC�� 50� ��

����. ��� ��� ��� �� ���� ��� ���� �

�� �� � �� ���� ���� ��� � ��� 	���

�� � 180� �� UV(350 nm)� 	���. UV 	� ��� �

� 65 oC�� 1� ��� 95 oC�� 12� �� ����, �
� �

�� �	� 	�� ��� ��� ��� �� �� � ��. Table 1

�� ��� ��� �� ��� ���� ��� ���
��,

Fig. 2�� ��� ��� SEM ��� ���
�. 	�� ���

��� �� 
��� PDMS� ���� �� �� ��, � ��

PDMS� ���� � ����� ���� TMCS(trimethlychlorosilane)

� 10�� �����, ���� �� ��� �� ��� ���

���� �� � �� ��� ��� ��. PDMS� PDMS ��

� ��� ��� ���� ������ ���� ��, � ��

� ��� 10:1� �� ����. PDMS� �� �, ��
	��

���� 0-100 mmHg ��� 	��� 1�� �� �����

PDMS �� �
�� ��� 
�� ����. � �� 70 oC��

2�� �� ������ ����� ���� PDMS ��� ��

��, 	��� ���� ����� �� ������� 
��

� ��. � ����� ���� ��� �� 	�� �����

�������, 	��� ����� ��� PDMS� ��� �

� ����� ���� �����. ����� ����� PDMS

� ���� 19o, 46o ��� 69o ���, ����� ���� �

� PDMS� ���� 105o ��. PDMS� ���� ������

(KYOWA INTERFACE, CA-A, FACE CONTACT ANGLE)� ����

�����. 
�� ������� ��� ���� ��� ��

�� ������ ���� 
���.

Fig. 1. Pattern of the microchannel (width: 300 µm, depth: 100 µm,
length: 40 mm, reservoir diameter: 7 mm).

Table 1. Photolithography method for the SU-8 photoresist

Step Process Method

1 Substrate pretreatment to treat with HMDS (hydromethyldisiloxane) for 10 minutes.

2 Coating 1 step: 500 rpm, 30 sec�2 step: 2,000 rpm, 30 sec

3 Soft baking 20 minutes at 65 oC, 50 minutes at 95 oC

4 Exposure 180 sec

5 Post exposure baking 1 minute at 65 oC, 12 minutes at 95 oC

6 Development to develop with the SU-8 developer for 10 minutes

7 Rinsing & drying to rinse with IPA (isopropyl alcohol), to dry with a gentle stream of nitrogen
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2-2. �� ��

������� ��� 	��� pH� 7.0� 
���(Weilheim,

WTW pH 7.0, Technical buffer 50 ml)� �����. �� ���

� ���� pH ��� �� ��� 
�� �
���. ����

� ������ ��� 	�� ��� ���� �
 �����

� ����� �����, � ����� �
�����(���

���, BMI 150 MHz, CP700D)� ���� 	�� 	�� ����

� ���� ��� �� �� ��� 3 µm� 
�	� PS(polystyrene)

��� �����. PS ��� �� ��� ��� ��� ���

��� ����, � �� � 140�/µl��. ��� ��� ���

��� 
���� �������� ���� ������� �

�� ����. ��� ������ ��� ��� �
����

��� ����, �
� ���� 	�� �� ���� ��� �

� �� �
�� ��� 	�� ����. ��� �
� ���

� �� �� ����� ��� ���, ���� ��	� 	�

� ��� ��� ��� �� �
� ��� ��. ��� �
�

� ��� ���	� ���� ����� ��� ����� �

�� � ���, � ����� 0.1, 0.2, 0.3, 0.4 kV� ���	�

���� ��� ��� �����. Fig. 3� �
��� ����

���
�. ��� ��� �� ���� ��� ���� ���

� ��
�� ����, � �� ��� ���� ��� ���

� 	� ��� 
����. 
� �� ��� ��� �� ���

�� ����, � �� ��� ������ ���� ��� �

�� 	�� � ��. Fig. 4� 
� �� ��� ����� ��

�� ���, ��� ��� ��� � ��.

3. �� � ��

� ����� PDMS� ���� ���	� ��� 
���

�������� 	�� ����� ����� ���. �� 	

�� ��� ���� ���, �������� ���	� ��

� �� ��� ��� �����. Fig. 5�� ���� ��� �

� �� PDMS� �� ���	� �� ��� �	� ���
�.

Fig. 5� ��� �� 	�, ���	� 0.4 kV� ���� �� �

�(Ohm’s law)� ������ ���	� ����� �����Fig. 3. Schematic diagram of experimental apparatus.

Fig. 4. Polystyrene black-dyed microsphere in the microchannel (time
interval: 0.56 sec).

Fig. 2. SEM photographs of the microchannel.
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���� ��� ���� ���� ����. ��� 0.5 kV ��

� �� ���� ���� ��� �� �� ������, ��

� �	� 
	�� ����. ��� � �
��� �	� ��

� �� ���� ��� 0.4 kV�� ���	� ������ �

���, Table 2�� ���� �� 4�� PDMS� ��� 0.4 kV

��� ���	 ��� �� ��� ��� ���
�. Table 2�

��� �� 	�, 0.4 kV��� PDMS� ��� ��� 
�
�

���	� ����� ��������� ��� 	�� �� �

�� ���� ���� �� ��� � ��.

����� ������ ��� ����� �� ��� ���

�� �� ��� ���� 	�� ��� ���� ��� ��,

� ����� ���� ��� �� �� 
�	� PS ��� �

��� 	�� ��� ����� ���. ��� � (1)� ���

�� 	� 	� �� ��� �
�� ���	� ��� 	��

�� ��, ��� ��(U)� ����� �� ��(Ueo)� ���

�� �� ��(Uep)� ��� ����[14, 21]. ����� ��

��� ������� ��� ������ ���� �� ���

���� 	�� ���� � � ���, ���� ��� �� �

�� �� �� ��� ��� ��� �� ���� �� ���

���� ��� ������ � � ��. ���� ��� ��

�� ��� �� �� PS ��� ���� ����� �� ��

�� 
��, ����� �� 	�� ��� ���� ���. �

�� �
������ ���� ��� ��� ���� ���


�	� � ��� �����. 

U=Ueo+Uep (1)

������ 	�� ��� ��� Helmholtz-Smoluchowski �

�� ��� � ��[16, 22-24]. � (2)� ���, ������ �

�� �� ��� �
 �� ��, 	�� ��(υ)� ���� ��

��� ��� 	
� ��� ��� ���(E)� ���� ���

�. �, 	�� 	��(ε)� ����(ζ) ��� 	�� ��(µ)� �

�� ����.

υ=εEζ/µ (2)

� (2)� ���, 	�� ��� ���	� ����� ����

�, ���	� 0.1 kV�� 0.2, 0.3 ��� 0.4 kV� ����� 	

�� ��� �� 2, 3 ��� 4�� ��� ���. ��� Fig. 6

� ��� �� 	�, 	�� ��� ���	� ����� ��

�� ���. �� ���	� ��� ����� 	���� ��

��� ���� ��, �� ��� ������ 	��� ���

�� ����, � �� ����� �� ���� ��� ���

����[22-24]. ���� 19o� ��, 	�� ����� 0.1 kV-

0.2 kV ���� �� �� ����, ���� 46o� ��, 	��

����� 0.3 kV-0.4 kV ���� �� �� ����. ���� 69o

� ��, 	�� ����� ���� 46o� �� ����� 0.3 kV-

0.4 kV ���� �� �� ����, ���� 105o� ��, 	�

� ����� 0.2 kV-0.3 kV ���� �� �� ����. �� �

���� ���	� ��� �� ������ ��� ����

�� ��� 	�� ��� ���	� ����� ���� ��

�� �� ��� � �
�. �
� ���� ��� ���	�

�� ��� ��� ��� ���� �� ��� � �
�.

Fig. 6� ��� �� 	�, ���	� 0.1 kV� ��, ����

�� � 105o�� 	�� ��� 62 µm/s� �� 	�� ����

�, ���� �� �� 19o�� 	�� ��� 292 µm/s� �� �

�� ����. ���	� 0.2 kV� ��, ���� �� � 105o

�� 	�� ��� 254 µm/s� �� 	�� �����, ����

�� �� 19o�� 	�� ��� 936 µm/s� �� ��� ���

�. ���	� 0.3 kV� ��, ���� �� � 105o�� 	��

��� 460 µm/s� �� 	�� �����, ���� �� ��

19o�� 	�� ��� 1,273 µm/s� �� ��� ����. ���

	� 0.4 kV� ��, ���� �� � 105o�� 	�� ���

Fig. 5. Voltage vs. current in the microchannel (contact angle: 105o).

Table 2. Current of the microchannel with various contact  angles and
external voltages

External
voltage

Contact angle of PDMS

19o 46o 69o 105o

0.1 kV 0.08 mA 0.09 mA 0.09 mA 0.08 mA

0.2 kV 0.19 mA 0.19 mA 0.18 mA 0.18 mA

0.3 kV 0.30 mA 0.29 mA 0.28 mA 0.28 mA

0.4 kV 0.41 mA 0.41 mA 0.39 mA 0.40 mA

Fig. 6. Voltage vs. velocity in the microchannel with various contact angles.
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579 µm/s� �� 	�� �����, ���� �� �� 19o��

	�� ��� 1,775 µm/s� �� ��� ����. �� ����

��� ���	� ���
� �, ���� ��� �� ����

���� 	�� ��� �� �� � � ��. ��� �� ���

���	� �, ��� 
�� ��� �� ���� ���� �

� ��� � θ� ��� ���, � �� ��-�� ���� ��

�� ��� ���(contact angle)�� ���. ��� Young-Dupre

�� ��� ���(WA)� ���� ��� ��� ��� �� �

	����� ���� ��� ���	���(γL)� �� ���

�[22-24].

WA=γL(1+cos θ) (3)

�, ���� 0o� ����� �
 � ���� �
� ����,

��� ��� � ���� ���, ��� ��� ���� ��

� �
 �� ���� ����. ��� ���� 0o�� 	��

�� ��� ��� � ������ ���, ��� ��� ��

�� ��� �
 �� ���� ��� ���. ��������

����� �� ��� 	��� �
�� 	�� PDMS ���

���� ��� ������ ����� ��, ������ 	

�� PDMS� �� ��� ��� � ��� ��� ���. ��

� ������ ����� ����� ����� ��� ��

��, �� ����� ��� ���	�� 	�� ����� �


�� ��� ����. ���(WA)� ���� ���� ���

�, �� ����� ��� ��� ���� ���� �� ��

��[6]. ��� ���� PDMS ��� �� ����� ���

�, ���� ����, � ��� ����� �
��, ����

����� �� �� �� ���� �� �� ��[2, 5, 6, 8, 26].

��� Fig. 6� ��� �� 	�, ��� ���	�� PDMS�

���� �� ��� ���� ���� ��, ��� �� ��

	�� ���� ��� ����.

� �

� ����� ��� � ���	� ��� �� ������

�� 	�� ����� ���� ���, PDMS� ���� 19o,

46o, 69o ��� 105o� ���� ������� �����. ��

� ��� ��� 300 µm, ��� 100 µm ��� ��� 40 mm�

����, ��� 7 mm� ���� ��� ��� ��� ���

��. pH 7.0� 
���� 3 µm� 
�	 PS ��� ����, �

��	� 0.1 kV, 0.2 kV, 0.3 kV, 0.4 kV� ������ 	�� 	

�� ��� �� �
� 	� �
� �� � �
�.

 

(1) ���	� ��� ����� 	���� ����� ��

�� ��, �� ��� ������ 	��� ����� ���

�, � �� ����� �� ����. � �� ��� ���� �

� PDMS� ���	� ����� 	�� ��� ������

�����. ��, ���� ��� ���	� �� ��� ���

��� ���� �� ��� � �
�.

(2) ��� ���	�� PDMS� ���� �� �� 19o� �

	�� ��� �� ��� ����. �� ������ 	��

PDMS� �� ��� ��� � ��� ����, ������ �

���� ����� ��� ���	�� ���� ��� ��

	�� ����� �
�� ��� ����.

� �

� ��� ����
�� ���� ����(���� ����:

R01-2003-000-10224-0)� �
�� �	�
���.

����

1. Madou, M. J., Fundamentals in Microfabrication, CRC press,
Boca Raton(1997).

2. Manz, A. and Becker, H., Microsystem Technology in Chemis-
try and Life Science, Springer(1998).

3. Kopp, M. U., Demello, A. J. D. and Manz, A., “Chemical Amplifica-
tion: Continuous-Flow PCR on a Chip,” Science, 280, 1046-1048
(1998).

4. Berdichevsky, Y., Khandurina., J., Guttman, A. and Lo, Y. H.,
“UV/ozone Modificatin of Poly(dimethylsiloxane) Microfluidic
Channels,” Sensors and Actuators B, 97(4), 402-408(2004).

5. Hillborg, H., Ankner, J. F., Gedde, U. W., Smith, G. D., Yasuda,
H. K. and Wikstrom, K., “Crosslinked Polydimethylsiloxane Exposed
to Oxygen Plasma Studied by Neutron Reflectometry and other Sur-
face Specific Techniques,” Polymer, 41(18), 6851-6863(2000).

6. Murakami, T., Kuroda, S. and Osawa, Z., “Dynamics of Poly-
meric Solid Surfaces Treated with Oxygen Plasma: Effect of
Aging Media after Plasma Treatment,” J. Colloid Interface Sci.,
202(1), 37-44(1998). 

7. Liu, Y., Fanguy, J. C., Bledsoe, J. M. and Henry, C. S., “Dynamic
Coating using Polyelectrolyte Multilayers for Chemical Control
of Electroosmotic Flow in Capillary Electrophoresis Micro-
chips,” Anal. Chem., 72(24), 5939-5944(2000).

8. Ren, X., Bachman, M., Sims, C., Li, G. P. and Allbritton, N.,
“Electroosmotic Properties of Microfluidic Channels Composed
of Poly(dimethylsiloxane),” J. Chromatography. B, 762(2), 117-125
(2001).

9. Kozicki, M. N., Maroufkhani, P. and Mitkova, M., “Flow Regu-
lation in Microchannels via Electrical Alteration of Surface Prop-
erties,” Superlattices and Microstructures(in press).

10. McCormick, R. M., “Capillary Zone Electrophoretic Separation
of Peptides and Proteins using Low pH Buffers in Modified Sil-
ica Capillaries,” Anal. Chem., 60(21), 2322-2328(1988).

11. Hayes, M. A. and Ewing, A. G., “Electroosmotic Flow Control
and Monitoring with an Applied Radial Voltage for Capillary
Zone Electrophoresis,” Anal. Chem., 64(5), 512-516(1992).

12. Belder, D., Elke, K. and Husmann, H., “Influence of pH-value of
Methanolic Electrolytes on Electroosmotic Flow in Hydrophilic
Coated Capillaries,” J. Chromatography. A, 868(1), 63-71(2000).

13. Polson, N. A. and Hayes, M. A., “Electroosmotic Flow Control
of Fluids on a Capillary Electrophoresis Microdevice using an
Applied External Voltage,” Anal. Chem., 72(5), 1088-1092(2000).

14. Sinton, D., Canseco, C. E., Ren, L. and Li, D., “Direct and Indi-
rect Electroosmotic Flow Velocity Measurements in Microchan-
nels,” J. Colloid Interface Sci., 254(1), 184-189(2002).

15. Lee, C. S., Mcmanigill, D., Wu, C. T. and Patel, B., “Factors
Affecting Direct Control of Electroosmosis using an External



������ �� �� 97

Korean Chem. Eng. Res., Vol. 43, No. 1, February, 2005

Electric Field in Capillary Electrophoresis,” Anal. Chem., 63(15),
1519-1523(1991).

16. Lee, C. S., Blanchard, W. C. and Wu, C. T., “Direct Control of
the Electroosmosis in Capillary Zone Electrophoresis by using an
External Electric Field,” Anal. Chem., 62(14), 1550-1552(1990).

17. Inatomi, K. I., Izuo, S. I., Lee, S. S., Ohji, H. and Shiono, S.,
“Electrophoresis of DNA in Micro-pillars Fabricated in Polydim-
ethylsiloxane,” Microelectronic Engineering, 70(1), 13-18(2003).

18. Chen, J. F., Jin, Q. H., Zhao, J. L. and Xu, Y. S., “A Signal Pro-
cess Method for DNA Segments Separation in Microchannel
Electrophoresis,” Biosensors and Bioelectronics, 17(7), 619-623(2002).

19. Deng, Y., Zhang, H. and Henion, J., “Chip-Based Quantitative Cap-
illary Electrophoresis Mass Spectrometry Determination of Drugs
in Human Plasma,” Anal. Chem., 73(7), 1432-1439(2001).

20. Kutter, J. P., Jacobson, S. C. and Ramsey, J. M., “Integrated
Microchip Device with Electrokinetically Controlled Solvent
Mixing for Isocratic and Gradient Elution in Micellar Electroki-

netic Chromatography,” Anal. Chem., 69(24), 5165-5171(1997).
21. Oddy, M. H. and Santiago, J. G., “A Method for Determining

Electrophoretic and Electroosmotic Mobilities using AC and DC
Electric Field Particle Displacements,” J. Colloid Interface Sci.,
269(1), 192-204(2004).

22. Probstein, R. F., Physicochemical Hydrodynamics, John Wiley
and Sons, Inc.(1994).

23. Kim, J. D., Interface Phenomenology, Aruka(2000).
24. Ryu, D. I., Kim, J. H. and Shin, Y. S., Interface Science, Chon-

nam National Univ.(1998).
25. Oláh, A., Hillborg, H. and Vancso, J., “Hydrophobic Recovery

of UV/ozone Treated Poly(dimethylsiloxane): Adhesion Studies
by Contact Mechanics and Mechanism of Surface Modification,”
Appl. Surface Science(in press).

26. Kasemura, T., Takhashi, S., Nakane, N. and Maefawa T., “Surface
Dynamics for Poly(vinyl alkylate)s via Dynamic Contact Angle and
Adhesion Tension Relaxation,” Polymer, 37(16), 3659-3664(1996).


