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Highlights
e Flexible electric lab-on-a-foil devices are fabricated using plastic and electrode films.
e Local pattern of AC electroosmotic flow mixing was quantitively studied on microfluidic chip.
e The relative mixing index (RMI) of micromixing achieves higher than 0.9.
e RBCs aggregation was successfully fabricated with continuous flow.

Abstract

Efficient mixing of fluids in lab-on-a-chip devices is very important for many biomedical and biochemical
applications. Lab-on-a-foil as a novel concept provides a method for fast prototyping or mass production
of microfluidic device based on thin and flexible films materials. In this article, electroosmosis
micromixing is conducted in a lab-on-a-foil microfluidic device. With the electroosmotic flow (EOF), an
efficient micromixing is realized inside a microchannel by tooth-shaped planar electrodes. The mixing
performance is evaluated based on intensity measurement, and frequency sweeping is used to identify
optimal performance. Furthermore, according to local intensity profiles, the EOF pattern is analyzed to
provide a deep understanding on the influence of frequency and flow rate. The amplitude of voltage and
the number of pairs of electrode tooth are also investigated to find the optimal conditions of the device.
To the best of our knowledge, this is the first demonstration of the AC EOF in a lab-on-a-foil electric device
and the exploration of EOF pattern vertically and horizontally in the microchannels. This study provides a
method to optimize mixing performance in EOF-based micromixer. Furthermore, the fabrication method
cast the potential to mass production of low-cost flexible electric microfluidic device.
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1. Introduction

Microfluidics serves as an effective platform for manipulating fluids for scientific and industrial
applications in a variety of fields such as analytical chemistry, biochemical analysis, and biomedical
sciences [1]. A multi-functional miniaturized microfluidic device, or so-called lab-on-a-chip, integrates
several laboratory functions on a tiny chip. In the past two decades, microfluidic devices have become
one of the main applications of microfabrication technology in biomedical and biochemical science due
to the capability of precisely handling minute amounts of biological liquid quickly and efficiently. While
benefiting from the advantages of miniaturization such as low volume, energy consumption, low-cost,
and portability, microfluidics technology also faces new challenges owing to counter-intuitive fluid physics
at microscale. Since the Reynolds number of liquid flows in the microchannel is typically very low (<<1),
fluids mixing is mainly achieved by diffusion, which is an inefficient and inherently slow process. To
address this issue, many types of micromixers [2-4] have been developed for various microfluidic
applications in recent years, which are categorized into passive and active mixers.

Microfluidic devices have been advanced for extended functionalities by integrated modalities with
external energy including acoustic, optical, magnetic, and electrical energy. Among these energy types,
electrical energy is a good candidate for scaling down. Since the electric field becomes more dominant
when the operating scale is reduced, it has been widely applied in microfluidic devices. Driven by electrical
energy, one of the electrokinetic phenomena, electroosmotic flow [5-8], occurs in porous materials,
capillary tubes or microchannels. Since chemical equilibrium between liquid and solid surface leads to
surface charge distributions, the liquid interface acquires a net fixed electrical charge. When an electric
field is applied to the fluid, the charge will be driven by electrical potential gradients and thus EOF will be
created [9]. Recently, AC electroosmotic flow (AC-EOF) has been studied experimentally and theoretically
by applying an AC voltage to the electrodes in a microfluidic channel. Depending on the configuration of
electrodes, the electric field direction and effect vary within microfluidic channels. For example, Modarres
et al. used a three-finger sinusoidally shaped electrode to generate electroosmotic flow across the fluid
stream's direction to investigate the impact of AC voltage on the mixing in a microchannel [10]. Ren et al.
theoretically studied a pair of sharp electrodes induced electroosmosis for a mixing application [11].
Huang et al. applied various configurations of electrodes to generate EOF with in-plane microvortices for
effective mixing in the microchannel [12]. Sasaki et al. studied meandering electrodes configured in
parallel to the microchannel for chemical processing [13]. However, the complex fabrication processes
for the electric microfluidic device limit the comprehensive study of the influence of electrode
configuration on the AC EOF performance.

Electrode fabrication in electric microfluidic devices is commonly based on metal film deposition using a
lift-off process [14]. As to the fabrication of microfluidic channels, soft lithography techniques have been
widely used combining with the PDMS replica techniques [15, 16]. These fabrication processes usually
require large foot-print equipments and long operation time. Therefore, these processes are not suitable
for fast prototyping or mass production for the related study and applications. Recently, a novel concept
of lab-on-a-foil has emerged in the microfluidics field. Different from PDMS-based microfluidic devices,
lab-on-a-foil system is constructed by thin and flexible films, which enable high volume production of
disposable, flexible and low-cost chips. At present, various methods have been applied in fabrication of
lab-on-a-foil devices including micro-thermoforming [17], hot roller embossing [18], dry resist
technologies [19] laser micromachining [20], and xurography [21]. Among these methods, xurography is
a simple and flexible technique with the help of a digital plotter to fabricate microfluidic channels on thin
film materials. The cut films are then bonded layer by layer to enclose flow paths, and the off-the-shelf
film materials are usually used, such as biocompatible adhesive tapes [22] and thermoplastic films [23].



In our group’s previous work, an acoustic micromixer has been successfully integrated into the lab-on-a-
foil system [24]. However, since the acoustic micromixer needs to integrate with a rigid piezoelectric
transducer to connect the energy source, it makes the device still not flexible for the real mixing
applications. Different from our previous work, we present an innovative method by applying xurography
to create flexible electrodes, microfluidic channels and assembling them to a lab-on-a-foil electric
microfluidic device. Taking the advantages of rapid and simple fabrication, we comprehensively
investigated the electrokinetic phenomenon, AC EOF, in lab-on-a-foil electric microfluidic devices. It worth
to note that in this work we not only simplified the microelectrodes array fabrication but also deeply
studied the AC EOF local pattern during the mixing process, which may benefit for future wearable mixing
applications.

Herein, we provide a novel method for the study of AC electroosmosis micromixing in a lab-on-a-foil
electric microfluidic device. In this work, using xurography technique, a pair of tooth-shaped electrodes is
integrated with a microfluidic channel by control of an AC power source. To validate the electric field in
the microfluidic channel, numerical simulation is conducted with the same configuration of experimental
setup (Supplementary Figure S1). By applying an AC source with different frequencies, the mixing
performance of two parallel flow streams in various flow rates is analyzed by relative mixing index (RMI).
In addition, the EOF mixing pattern is quantitively studied for a better understanding of mixing process in
local position. The impact of the voltage, flow rate and the number of pairs of electrode tooth on the
mixing performance is investigated and evaluated for various potential chemical and biological
applications. The RBC aggregation with the continuous flow is successfully performed using this device.
To the best of our knowledge, this is the first-time demonstration of the AC EOF in a lab-on-a-foil device
with an exploration of EOF local pattern. This work not only provides a method to optimize mixing
performance in EOF-based micromixer but also casts the potential for mass production of low-cost flexible
electric microfluidic device.

2. Material and methods

a. AC-EOF mixing mechanism

The working mechanism of AC electroosmosis mixer is shown in figure 1. The proposed micromixer
consists of a T-shaped microchannel with two inlets and one outlet. In this T-shaped microchannel, a pair
of tooth-shaped electrodes were placed on two side walls to generate AC-EOF. The tooth-shaped
electrodes were designed with several pairs of electrode tooth vertically and staggeringly aligned with
flow streaming in the microchannel. Figure 1a) shows the schematic diagram of electrode configuration
and AC-EOF across the microchannel. The AC-EOF mixing is generated when the electric field was applied
to the device. Specifically, by staggeringly aligning two electrodes around the straight microchannel, the
AC-EOF is perpendicular with the laminar flow direction in microchannel. When AC-EOF occurs between
each pair of electrodes tooth, it facilitated the mass transport across the channel to perturb the laminar
flow driven by liquid motion exerted on the electrical double layer of electrodes in the channel achieving
a rapid mixing of two reagents. Thus, two fluid streams mix while flowing toward the same outlet. The
mixing of two different agents in this device are fluorescent dye and deionized (DI) water, which is shown
in figure 1 b). In addition, to demonstrate the mixing effect for mixing sample with particles, the
fluorescent polymer beads and DI water are employed, which is shown in Figure 1c). To understand the
impact of AC power on mixing effect, the frequency and voltage sweeping were performed on this device.
In addition, the same device configuration was used to investigate impact of the EOF pattern and tooth
number.



b. AC-EOF theory background
The AC-EOF is driven by liquid motion exerted on the electrical double layer by a tangential electric field
[10, 25]. When the planar microelectrode is immersed in an electrolytic medium, the electrode
polarization occurs, which is the process that ions migrate to the surface of the electrode and neutralize
the charge from the electrode to induce an electrical double layer [25-27]. By the planar microelectrodes,
the divergent electric field is induced. As a result, a component of electric field tangentially lies on a diffuse
double layer is created on the electrode surface. Thus, the diffuse double layer experiences a time-
averaged force [5] of that acts from edge-to-edge crossing the surface of electrodes. However, the double
layer becomes more complex in the AC electric field compared to the situation in the DC electric field
described by Debye [26, 28]. The ions in solution respond to the charge on the electrode at each half-cycle
and are retarded by frictional drag through the liquid. With the AC electric field, electrode charge oscillates
faster than the response of ions, which leads to an incomplete formation of a diffuse double layer. As a
result, the electrode polarization and AC-EOF will be weaker at higher frequencies. The time-averaged
electroosmotic velocity at distance x from inner electrode spacing can be expressed by this equation [10],
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where € is the permittivity, o is the conductivity, and u is the viscosity of liquid. V is the amplitude of AC

power source, K1 is the Debye length of the double layer, w is the angular frequency, and Q is the non-

dimensional characteristic frequency. Ag, is the time-dependent excess charge in the diffuse layer and

; iSC represents a correction factor with C being the Stern
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layer (or compact layer) capacitance and C; being the diffuse layer capacitance.

E is the tangential electric field component.

c. Fabrication process

The lab-on-a-foil device consists of a top layer, channel layer, bottom layer and electrode layer. A double-
sided adhesive tape (ARcare® 90445, Adhesives Research, Glen Rock, PA) which is a transparent medical
grade tape with good biocompatibility and aqueous insolubility, was used for fabricating the top, channel
and bottom layers [29-31]. A double conductive copper adhesive tape (Zehhe Copper Foil Tape with
Double-Sided Conductive) was used for constructing the electrode layer. The xurography technique was
applied on the thin film material using a desktop digital cutting plotter (QuicKutz Silhouette SD, QuicKutz,
Inc.) to fabricate designed patterns (figure 2a). To assemble all layers, the protective liner of each layer
was peeled off and an alighment tool composed of a three-axis linear stage was applied to carefully align
all layers under a microscope (Supplementary Figure S2). Two branch microchannels (800 um in width,
200 um in depth) and one outlet was designed and fabricated with the same dimension. The tooth-like
electrode was designed with different numbers of pairs of electrode tooth (800 um in width) and the
distance from each other was 1.1 mm. Afterwards, two electrodes were oppositely and staggeringly
placed on two sides of the microchannel, which is shown in figure 2b.
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Figure 1. Schematic illustration of AC electroosmosis micromixing. a) Overview of device and working mechanism; b) Mixing
of DI water with fluorescent dye; c) Mixing of DI water with fluorescent particles.

d. Experimental setup

To evaluate the mixing effect, the DI water and fluorescent dye solution (Fluorescein sodium salt, Sigma-
Aldrich, St. Louis) were pumped in two inlets by using two syringe pumps (FUSION 200, Chemyx Inc). The
PDMS was punched into two inlets using a puncher with the diameter of 2 mm. The distance between
two inlets was same with the ones of the device. To assemble the PDMS connector with the device,
adhesive layer was revealed after the protection linear of top layer of the device was peeled off. During
the assembly process, the two inlets of the PDMS connector were aligned with the two inlets of the device.
After that, the PDMS connector was bond with the adhesive layer of the top layer of the lab-on-a-foil
device. The tube was connected to a PDMS connector bonded on the lab-on-a-foil device [32] The device
was mounted on an inverted microscope system (Nikon Eclipse Ti-S, Nikon Instruments Inc.). Moreover,
DI water and fluorescent particles were also applied to this device to demonstrate the performance of
particle mixing. The fluorescent dye and particles were excited using a fluorescence illuminator (X-cite
120, Lumen Dynamics, Ontario, Canada), and the intensity was captured using a high-speed camera
(Phantom Miro M310, Vision Research Inc., USA). Then, a waveform generator (DG1022U; Rigol
Technologies Inc., Beijing, China) was connected with the electrode layer to generate sine wave signals.
The signals were amplified by a voltage amplifier (Tegam 2350, Tegam Inc., Madison, OH). The driving
frequency was set from 1Hz to 1MHz, and the driving voltage was applied from 0.5 Vpp to 1 Vpp to
evaluate mixing performance.
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Figure 2. Schematic illustration of fabrication and experimental setup a) Digital plotter cut process for each layer, and diagram
of side view of device. b) Dimension of device and images of experimental setup.

3. Results and discussion

a. Effect of driving frequency
To investigate the effect of mixing with various frequencies and flow rates, the signal frequency was swept
in a range from 1 Hz to 1 MHz with a step that is 10 times the previous one. For each frequency, the total
flow rates 15, 20, 25, and 30 pl/min were performed in this experiment to study the impact of flow rate
on effect performance. It is worth noting that the flow rate mentioned here refers the total flow rate in
the microchannel, which is the sum of the flow rate of the two inlets and the flow rates from each inlet is
same. In addition, to better understand the mixing effect of each pair of electrode tooth in local position,
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Figure 3. Plot of mixing perfomance versus driving frequency.



we further quantitively analyzed the intensity distribution and pattern across the microchannel with
different flow rates.

To quantitatively characterize the performance of mixing, a relative mixing index was calculated based on
the microscope image sequence. Different from absolute mixing index, RMI includes initial conditions of
each experiment and precludes the influence of lighting conditions [33]. The standard deviation of the
pixel intensities in two conditions (¢ mixed and o, unmixed) are involved to calculated according to the
formula as follows:
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where [}, I,,;, (I) show a local pixel intensity, a local pixel intensity in the unmixed case, and the average
of the pixel intensities in the region of interest, respectively. N represents the total number of pixels. In
this process, the ROl (200*150 pixels) at the outlet was selected and analyzed before and after the mixing
process in the same position of the channel, which is shown in Figure 3. The standard deviation and mean
value of grayscale intensity in the ROl were measured using Imagel. After calculation, the results in Figure
3 indicated that at 1 Hz frequency of AC electric field, the optimal mixing performance occurs in four
different flow rates. However, the mixing performance decreased because of the increasing flow rate of
fluid in the microchannel. In this situation, the effect of EOF becomes weaker and intensity distribution in
local position is changed with various flow rates. When frequency was set from 10 Hz to 1x10° Hz, the
optimum performance was achieved at 15 pl/min at 10 Hz (RMI=0.49), while the lowest (RMI=0.31) occurs
when the flow rate is 30 pl/min at 1x10° Hz. At the frequency of 1x108 Hz, the RMI of four different flow
rates dropped to around zero. It is worth noting that the viscosity of fluid is a factor affecting the mixing
performance. Previous works have numerically and experimentally studied the viscosity of biofluid in EOF
[34, 35]. Based on time-averaged velocity equation, the velocity of EOF inversely proportional to the
viscosity, which causes different mixing effects.

b. EOF pattern analysis
To further understand the EOF between two electrode edges and the impact of flowrate on EOF pattern,
the distribution of fluorescent dye was analyzed using grayscale intensity in local position. The selection
of region of interest (ROI) and measurement of intensity were conducted using an open-source software
Imagel.

As aforementioned in theory background, in each half-cycle of AC signal, the mixing effect is generated by
EOF when the ions in solution respond to the charge on the electrode. Figure 4(a) shows the diagram of
local EOF pattern at different flow rates of agents. During the first half-cycle, the 1 EOF occurs at first
pair (1-a,1-b) and the mixed liquid flows with the streaming to outlet. Afterwards, at the beginning of
second half-cycle of signal, the 2" EOF occurs at the second pair of electrode tooth (2-a, b). At the moment
of mixed fluid passing second pair of electrode tooth, two different mixing patterns occur in this device
depends on the flow rate of sample: 1) At lower flow rate, the second EOF (2" in figure) occurs before the
first mixed liquid (1* in figure) arriving the second pair of electrode tooth (2-a, b); 2) At higher flow rate,
the second EOF (2" in figure) occurs after the first mixed liquid (1t in figure) arriving the second pair of
electrode tooth (2-a, b). These phenomena significantly impact mixing performance with same frequency
of signal from the intensity analysis.
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Figure 4. AC EOF local pattern analysis a) Schematic illustration of the EOF pattern in a lower and higher flowrate. The first three
rows show the first EOF occurs in first half-cycle. The last row shows two different patterns in second half-cycle. b) Image sequence
at 0.041s, 0.291 s, 0.375 s, and 0.666 s. The dash lines in figures show intensity analysis in vertical and horizontal position. c)
Vertical intensity analysis results showing first mixed liquid were detected at 0.375 s at 30 ul/min. d) Horizontal intensity analysis
results show that during the second half-cycle (0.666s), four intensity peaks occur in 15 ul/min.

The microscope image sequence at flow rate of 15 pl/min and 30 pl/min were analyzed to quantitively
compare the relationship of first mixed liquid position and second mixed liquid pattern. It is worth noting
that, first half cycle to second half cycle was analyzed since the intensity pattern during this period is
distinct without any overlap and influence from previous mixing effect. Figure 4 (b) shows the images
captured at 0.041, 0.291, 0.375 and 0.666 s after AC electric field was applied. The vertical (0 to 800 um)
and horizontal line (0 to 3600 um) was set to measure intensity changed along with the line at different
times. The vertical line is set between the two pairs of electrode tooth to quantify the position of the
mixed liquid after the first EOF. The results in figure 4 (c) show that intensity of DI water agent flow (400
pum to 800 um) was enhanced at 0.666 s with 15 pl/min flow rate. However, the intensity of the same
position in 30 pl/min enhanced at 0.375 s. Since the AC applied in this process is a sine signal with 1 Hz,
the second half-cycle takes place at 0.5 second. With applying this AC power source, the second EOF came
out at 0.5 s while first mixed liquid passed at 0.666 s and 0.375 s in 15 pl/min and 30 pl/min flow rate,
respectively. In a higher flow rate mixing, the first EOF local pattern has an overlap area with the second
electrode and the second EOF occurs on mixed liquid. When the flow rate is 15 ul/min, the two kinds of
unmixed fluid have been mixed four times, while at the 30 ul/min, the two kinds of unmixed fluid were
mixed twice, and then the mixed fluid was mixed twice at the same condition.

To validate this phenomenon, the horizontal line was set in DI water phase and close to the interface of
two agents. According to the intensity profile along with horizontal line, the homogenous intensity at the
0.041 s and two peaks at 0.291s and 0.375 s show EOF was triggered and crossing the microchannel in
both flowrates. In the intensity profile of 15 ul/min flow, the first peak appears in the 500 um at 0.291 s
and 300 um at 0.375 s. Different from the 15 pl/min, the first peak occurs at 250 um and around 100 pm
at same time at 30 pl/min flow. This result is highly consistent with the vertical intensity analysis and
validate mixed liquid pattern at same frequency in different flow rates. The previous analysis results show



that at 1 Hz, the mixing effect is better at 15 pl/min than 30 ul/min. Such experimental results also can be
inferred from horizontal intensity analysis at 0.666s which is 0.16s later than 2nd EOF (0.5 s). Figure 4 d)
shows that four intensity peaks appeared in the flow of 15 pl/min, but the intensity is homogeneous in
the flow of 30 pl/min. It is worth noting that this homogeneous intensity is lower than the four peaks.
Because of the slow flow, the two EOFs generated four times of mixing in the two pairs of electrode tooth.
However, in the fast flow, the second EOF overlapped with the first EOF, which leads to a weakening of
the mixing effect. This result has a great agreement with RMI measurements at the outlets of
microchannel.

c. Effect of driving voltage
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Figure 5. Plot of mixing perfomance versus driving voltage at
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1000 mVpp.
Except for the frequency of AC power source, the amplitude of power is another vital parameter for mixing
performance. To further characterize the mixing behavior, we applied 1 Hz input voltage from 500 mVpp
to 1000 mVpp with a 100 mVpp increment to actuate AC EOF mixing at 20 ml/min. All data were obtained
with same ROl area (200*150 pixels) at outlet of channel. As shown in Figure 5, when the voltage ranges
from 700 mVpp to 800 mVpp, the mixing performance increases significantly and achieves around 0.95.
These experimental results are reasonable because electroosmosis velocity is proportional to the second
power of the amplitude of power. The microscope image captured in outlet also indicates mixed liquid
tends to uniform from an amplitude of 800 mVpp to 1000 mVpp.

d. Effect of tooth number

In this part, we investigated the relationship between the number of pairs of electrode tooth and
mixing performance at various flow rates 15, 20, 25 and 30 pl/min. The electrodes with 1, 3, and
5 pairs of electrode tooth were fabricated and assembly to lab-on-a-foil device. To ensure that
all experiments were conducted under the same conditions, the distance between the ROl and
the last electrode in each device was designed to be same. In addition, the same driving
frequency 1 Hz was applied during the experiment. As shown in Figure 6, the mixing performance
in four flow rates increases with increment of number of electrodes.
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In a lower flow rate 15 pl/min, the increment of pair number caused a dramatic increase in mixing
performance from 1 pair to 3 pairs of electrode tooth. On the contrary, at a higher flow rate, the
rate of increase on mixing performance becomes slow. This phenomenon has a great agreement
with the EOF pattern analysis because at a lower flow rate, there is no overlap between first and
second EOF flow. On the other hand, from 3 to 5 pairs, its rate of increasing is lower than others
since the performance at the 3 pair is best among four flow rates and closes to performance at 5
pairs of electrode tooth.

e. Application of AC-EOF micro mixing
To assess the applicability of the AC-EOF micromixing in biofluid applications, the generation of
red blood cells aggregation was conducted in proposed lab-on-a-foil electric platform. Since RBCs
aggregation is a major determinant of in vitro rheological properties of blood and occurred in
several diseases associated with vascular disorders, the aggregation of red blood cells by protein
or polymer attracts biophysical interest [36]. In previous studies, the red blood cells (RBCs)
aggregation model was studied by mixing RBCs with dextran solution [36-38]. When RBCs
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Figure7. RBCs aggregation generation process a) The whole blood sample and dextran-PBS were mixed between
electrodes b) Unmixed blood sample and RBCs aggregation after mixing



aggregation flows in narrow microchannel, it is affected by a significantly increased shear force
and were broken [39], which affects the study of the RBC aggregation. Using this device, the
generation of RBCs aggregation with a continuous flow was conducted in this mixing platform,
which minimizes the shear force of injection process. Porcine whole blood from Innovative
Research Inc. was used in this demonstration. The blood sample was diluted by PBS buffer
solution, which is consist of 6.25% blood + 93.75% 1x PBS solution. The dextran used in this
experiment is Dx 500 and was diluted by 1x PBS solution with a weight ratio of 2.5 g per 100 ml
[37]. The blood sample and dextran-PBS solution were injected into this device at total flow rate
15 pl/min. When driving voltage of 900 mV with 1 Hz applied to the device, two fluids was mixed
in this device and mixed sample was collected at the outlet. The whole blood sample before and
after mixing was shown in figure 7. The results show that the electric microfluidic platform
successfully mixed the blood sample with dextran solution and fabricated RBC aggregates with
continuous flow at flow rate 15 pl/min. This demonstration also proved the biocompatibility of
proposed electric microfluidic platform.

4. Conclusion

In this work, an AC EOF micromixing in a lab-on-a-foil microfluidic device was demonstrated. The
microfluidic device was fabricated by xurography using flexible material. In this process, the biocompatible
double-sided tape and copper film were cut using a digital plotter and assembly layer by layer which
provides a low-cost, mass production method. Based on the control of power source and flow rate of two
streaming, we investigated the impact of frequency on mixing performance with different flow rates. At
1 Hz, the mixing performance was the best in 15, 20, 25, and 30 pl/min streaming. In addition, the mixing
performance decreased with the increase of flow rate. To qualify the detail of mixing phenomena, we
measured the EOF intensity pattern in local position between two electrodes vertically and horizontally.
After electric field was applied on the device, according to the intensity pattern along with the horizontal
line, the first EOF extended to the second pair of electrodes faster in higher flow rate than in lower flow
rate. This is the reason causing an additional mixing of two unmixed agents and higher performance of
mixing in a lower flow rate. Also, to valid this situation, the horizontal intensity pattern was measured to
deliver interface pattern of two agents. The results are highly consistent with the vertical intensity analysis
which shows four intensity peaks appear in the flow of 15 pl/min and the intensity is homogeneous in the
flow of 30 pl/min. In addition, the mixing performance was evaluated under the different driving voltages
and number of pairs of electrode tooth. The results show the mixing performance increases when the
amplitude of voltage and number of pairs of electrode tooth is increased. To the best of our knowledge,
this is the first-time demonstration of the AC EOF in a lab-on-a-foil device and exploration of EOF pattern
vertically and horizontally in the microchannels. This study provides a method to optimize mixing
performance in EOF-based micromixer. Furthermore, the fabrication method cast the potential to massive
produce low-cost flexible microfluidic mixers.
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