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Flow Visualization in Microchannel Using Confocal Scanning Microscope

Jun Keun Chang - Sung-Jin Park - Jung Kyung Kim and Dong Chul Han

Abstract. This paper presents the visualization method in which 3-dimensional(3D) microchannel flow
can be detected using a confocal scanning microscope. By soft-lithography, we fabricated various Bio-
MEMS(Micro Electro-Mechanical System) devices such as a disposable microchip for a flow cytometer
and a micro-mixer, which have 3D structures. Injecting aqueous fluorescent solution in the microfluidic
devices, we measured the flow in a steady state by the confocal scanning microscope. At first, we explain
the principle of the confocal scanning microscope. And then we show the results from 3D visualization
of microscopic flow structures using the confocal scanning microscope.

Key Words: Confocal Scanning Microscope(3%3 FAFAP7Z), Flow Visualization(13 =7A3},
Microchannel Flow(RIA-42 #%), Bio-MEMS(Ho] Q. =l 2)
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2. Microfluidic Device
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Fig. 1. Schematic of 3-dimensional hydrodynamic focusing
chip for flow cytometry.
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Fig. 2. Schematics of microfluidic micro-mixers. (a) micro-mixer using bas-relief structure, (b) and (¢) micro-mixers

using three-dimensional structures.
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Fig. 3. Effect of pinhole in confocal scanning microscope.
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3.2 Stretch factor
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Fig. 4.

Stretch factor in the confocal scanning microscope. The stretch factor is the ratio between the range in which

the confocal scanning microscope actually moves and the channel thickness in which the light actually transmits

when the confocal scanning moves.
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Fig. 5. Three-dimensional images of the flow structures
obtained by the confocal scanning microscope.

(Top) 2-dimensional hydrodynamic focusing.
(Bottom) 3-dimensional hydrodynamic focusing.
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Fig. 6. Sectional images of flows in three-dimensional
hydrodynamic focusing chip.
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4.2 Micro-mixer
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Fig. 7. Sectional images of a segment in micro-mixer obtained by the confocal scanning microscope. CFD results are
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Fig. 8. (Left) Confocal images of flows in micro-mixer. (Right) Confocal images of mixing flows in the series of
micro-mixers. Complete mixing occurs after 3 or 4 segments of the series of micro-mixers at Re=50

3 segments

3 segments
In itial

Re=50

6 segments

de ABurt ol ol B Az 29 ol ¢ microchipl B 23 AE CFDE Tl 2
we) dojdth A& elrjaleh. ol2}d Wge] Ueht Ao Ak B Holt 2% BAY F Uglct

= olf= AHshd Y4 AAE B8 A 9%

FE TRE7] "iela & 4 vk

golE2 47t ¥ FEdME & f5ET 4
ol BVl A2 AE #FY 5 v, ole &2
#o)E= 4 %52 Stokes 53 & Bl oS
2= FAIE ¢ Q7] WEelth. 53] ¥ dol=

Z g fFEoNA bt micro-mixers E3she 54
Al 7H(specific time)o] & #olE= 4 FEolA
B4 AZEL 438 A7) w@el ZFAIZ ] mixer

Fge kg a7 JepfA Rach®
TE2H FARUHo 2 =43 micro-mixer G2
hydrodynamic focusing chip GAHT= FH o R &
g3l ol 44 um 2719 focusing chipell BI3]
micro-mixers ¥ um I71E 2t HL YgojB=
Zr] A& XE9] pinhole2 A& EHE 5 U]

moltt.

8 vlAl 2= viel 33k
F Ak FAANA 8 um =7)

—
__\_Z)‘(j

P

AU 73 €] pinhole 27|} stretch factor
=X uf AF3HA Zsior & ARES A
I zpzhe] o ERe JEishe] B} st 5 @g
g 4= 2%t} 3] pinholed] 7)1 Wol 3
EHE AFs] 29 F Ue T8e 849
o)

m]o _l
BT

o)

—- =

£ microfluidic system?] 7§
Ao B FARIAS 399 oA 728 1)
7o 74 f5& ERE ﬁn‘:‘ skl P E =
Folt}. s, ol A7 = A el s 240l
ARk 2Ho| 7FssltR $HA| 7 oloh Aol ot
Aloks F5737] At T2 FARAMA L FAL &
EE S7MIEE o] tER Z1¥H Y 3.

28

]l)'|_|

1) Hitt, D.L. and Lowe, M.L., 1999, “Confocal Imag-
ing of Flows in Artificial Venular” J. Biomech.
Eng., Vol.121(4), pp.170~177.

2) Stroock, A.D., Dertinger, S.K. W. Ajdari, A,
Mezic, 1., Stone, H. A. and Whitesides, G. M., 2002,



3)

4)

5)

ol

2%

o

FAER|AE B3

“Chaotic Mixer for Microchannels,” Science, Vol.
295, pp.647~651.

Kim, J.K., Bang, H., Lee, Y., Chung, C., Yoo, .Y,
Yang, S.S., Kim, I.S., Park, S. and Chang, J K,
2001, “Micro-imaging Techniques for Evaluation of
Plastic Microfluidic Chip,” J. Semiconductor Tech.
and Sci. Vol.1(1), pp.1~16.

Park, S.J., Chung, S., Kim, J.K., Chung, C., Han, D.
C. and Chang, J.K., Unpublished, “Three Di-men-
sional Hydrodynamic Focusing in Disposable Flow
Cytometry.”

Johnson, TJ., Ross, D. and Locascio, L.E., 2002,
“Rapid Microfluidic Mixing,” Anal. Chem., Vol.74,

1A fr2olM el -5 7H) 3 33

pp-45~51.

6) Liu, R.H., Stremler, M.A., Sharp, K.V., Olsen, M.
G., Santiago, J.G., Adrian, R.J., Aref, H. and Beebe,
D.J., 2000, “Passive Mixing in a Three Dimensional
Serpentine Microchannel,” J. MEMS, Vol9(2), pp.
190~197.

7) Beebe, D.J., Adrian, R.J., Olsen, M.G., Stremler, M.
A., Aref, H. and Jo, B.H., 2001, “Passive Mixing in
Microchannels,” Mec. Ind., Vol.2, pp.343~348.

8) Park, S.J., Kim, JK. Han, D.C., Chang, JK.,
Unpublished, “Rapid Three Dimensional Micro-

Mixer Inducing Helical Rotational Flow.”



