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Simple Fabrication of Micromixer Based on Non-Equilibrium Electrokinetics in
Micro/Nano Hybrid Fluidic System
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Abstract: In this study, we developed a micromixer based on the non-equilibrium electrokinetics at the junction of a
microchannel and nanochannel. Two fluid streams were mixed by an electro-osmotic flow and a vortex flow created as
a result of the non-equilibrium electrokinetics at the junction of the microchannel and nanochannel. Initially, the
microchannel was fabricated using Polydimethylsiloxane (PDMS) by the general soft lithography process and the
nanochannel was created at a specific position on the microchannel by applying a high voltage. To evaluate the mixing
performance of the micromixer, fluorescent distribution was analyzed by using the fluorescent dye, Rhodamine B.
About 90% mixing was achieved with this novel micromixer, and this micromixer can be used in microsystems for
biochemical sample analysis.
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Fig. 2 Optical micrograph of the micromixer. (a)
Dimensions of the micromixer are 2.25cm
horizontal length x 100pm width [W] x 28um
depth. The gap of the junction [J] where
nanostructures were formed by using electric
breakdown is 30um. The gap of micro
channels [G] is 150pum. The bent angle is 90°;
(b) Optical micrograph of the micromixer near
the micro/nano channel junction. KCI (50mM)
solution was used as a buffer for electrical
breakdown and 1400V were applied for 1sec

CCD 7hd|gtE o] &3te] oA &S a3t

Fig. 1(a)2] port 1 o KCI SmM &4, port 2 o
£ KCl 5mM + RhB 100pM Z3gH&oS F9l&laL
port 3 (outlet)=> TA}7] H3 (Syringe pump)E A2
3oy 300uL/min <] % ow FRHE IASAT

SHE A4S F, veAd P2 B4y F
7135 o] &3 —'E%‘Ol dojd = =T A%
(Fig. 1(a)9] port 1,2 o= (+), port 3 o= (GND) )=
A Aet7]) el LabView T2 1S o] &3}o] 1A
3710 <l7}skeE AtS Alojsksit

iy
M

3.1 PDMS 2| M7|H utifo| o|ot LtxiE &Y
Fig. 2(a)= durA ol AT EF AT FAHLE
o AZE W AE97] 9] 25, Fig. 2(b) Fig.
22)e] A Gl A71FAel €%k PDMS 9] 3}

Table 1 Measured currents in the microchannel

Applied Before breakdown | After breakdown
volt(V) Current(pA) Current(pnA)
10 0.3922 0.8612
20 0.8450 1.8872
30 1.2986 2.9297
40 1.7596 4.0112
50 2.2563 4.9568
30
w Before Breakdown Number of test : #20
M After Breakdown
25
g 20
g
c 15 —
b
E-]
. W .
[
| —
o S

Fig.3 Changes of the resistance in the microchannel
(n=20). The resistance in the microchannel after
breakdown is about the half of the resistance in
the microchannel before breakdown
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Fig. 4 Mixing flow patterns. (a) Laminar flow
without applied voltage; (b) Vortex mixing
with applied voltage
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Fig. 5 Mixing experimental results. (a) Fluorescent image;
(b) Plots for the fluorescence intensity across the
width of the channel at two positions (A-A’) and

(B-B’)

A7NA, ¢ & F4 T B o & A T
Ho] A o= &3to] 3] o] Folx| A U
wo] #AF gt M 2 ERAFE YERATh LA
g4e 7|Fo® YyuAds Ay A3 o] &3t
A= ZH2E 0.13 7 0.90 o]W, o] ZRE Y|
4S Ad F 90% ] olFo s & +
At

ol g frAle] T3 QFoA QvtE V)%
I A A e Ad WA ] T A B el

oJato] o] Fofzlit}.

PDMS = o]Fo|zl mA|Z3}7]9] zjdo] KCI
PDMS g #9
0”4'8}501 A

cARE BHYA & FA ;}74 ==, O]/ﬂ
7] ©o]ZF S (electrical double layer, ©]3} EDL)®]
gl KCl IM~10uM &9 4% Inm~100nm <
EDL 771 zr=th(Fig. 6(c)). "

Uieagde] A9 dnbd o2 50nm o|she] A4
FAE 2E7] wiitel Ad x| FA¥ EDL ©]



g o At vlolA R e stolBEE AP B SRS ol 8T MAERY] A7 389

(a)

PDMS
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/ channel
iod:
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Fig. 6 Schematics of the electrokinetic non-
equilibrium phenomenon near the junction of
micro/nano channel. (a) Front view of the
junction; (b) Top view of the junction; (c)
Zoom-in figure of the junction without applied
voltage; (d) Zoom-in figure of the junction with
applied voltage
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