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Human blood consists of 55% of plasma and 45% of blood cells such as white blood 

cell (WBC) and red blood cell (RBC). In plasma, there are many kinds of promising 

biomarkers, which can be used for the diagnosis of various diseases and biological analysis. 

For diagnostic tools such as a lab-on-a-chip (LOC), blood plasma separation is a fundamental 

step for accomplishing a high performance in the detection of a disease. Highly efficient 

separators can increase the sensitivity and selectivity of biosensors and reduce diagnostic 

time. In order to achieve a higher yield in blood plasma separation, we propose a novel 

fluid wing structure that is optimized by COMSOL simulations by varying the fluidic channel 

width and the angle of the bifurcation. The fluid wing structure is inspired by the inertial 

particle separator system in helicopters where sand particles are prevented from following 

the air flow to an engine. The structure is ameliorated in order to satisfy biological and 

fluidic requirements at the micro scale to achieve high plasma yield and separation efficiency. 

In this study, we fabricated the fluid wing structure for the efficient microfluidic blood plasma 

separation. The high plasma yield of 67% is achieved with a channel width of 20 μm in 

the fabricated fluidic chip and the result was not affected by the angle of the bifurcation.
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I. Introduction

Detection of biomolecules for finding a disease, and 

the related progress is a very promising part in 

biotechnology. The representative approach for the 

sensing of a disease is utilizing a polymerase chain 

reaction (PCR) [1,2]. The PCR is the simple and 

precise method to amplify the target DNA in a 

prepared human sample. However, the equipment of 

PCR is high-priced, heavy, and difficult to handle so 

an alternative approach of Lab-on-a-chip (LOC) has 

been developed [3]. The LOC is an essential technology 

to provide low cost, point-of-care (POC) diagnostic 

tests in developing countries [4-6]. This device is 

made by integrating the bio laboratory into a small 

chip for a high throughput screening using a small 

drop of human bio-fluid sample. Especially, the 

droplet of the blood in the small chip has been used 

for verifying the circulating component in the body 

fluid such as microRNA [7], circulating tumor cell 
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Figure 1. (a) Five-element air foil configuration model for an Inertia Particle Separator (IPS) system [12], (b) Design
of fluid wing structure based on the configuration of IPS system.

(CTC) [8], and immunoglobulin [9]. However, the 

detection sensitivity and selectivity of these circulating 

protein and nucleic acid are very low due to the high 

amount of unnecessary components which distract the 

sensing performance. The examples of such components 

are platelets, large red blood cells (RBCs), and protein 

from necrosis or apoptosis. Thus, blood plasma 

separation without these needless components is a 

crucial step to achieve a highly accurate diagnosis in 

LOC device, thus enabling real bio applications. 

Furthermore, when the separated blood plasma 

without unnecessary components is acquired in a 

diagnosis, the sensitivity and selectivity of the 

diagnosis can be maximized and the diagnostic time 

can be reduced. To achieve these properties, maximized 

plasma yield is firstly required in the blood plasma 

separation. To separate red blood cells from blood 

plasma, planar micro porous filters have been 

researched with separation of nanoliter volume of 

plasma from the blood [10]. Hydrodynamic method 

has been also used with a plasma yield of 40% [11].

For achieving higher yield of blood plasma 

separation than conventional method, we propose the 

fluid wing structure. The fluid wing structure is 

inspired by the inertial particle separator (IPS) system 

in helicopters where sand particles are prevented 

from following the air flow to an engine [12]. The five 

element configuration in IPS is shown in Fig. 1(a). 

Based on these five air foil configurations, we made 

the fluid wing structure as shown in Fig. 1(b). The 

wing structure is ameliorated in order to satisfy 

biological and fluidic requirements at the micro scale 

to achieve high plasma yield and separation efficiency. 

The fluid wing structure has one inlet, three outlets, 

and four wings. When whole blood is injected through 

the inlet, red blood cells go through the two side 

channels while plasma is separated to the center 

channel without the needless components.

In this paper, we investigated the fluidic performance 

at the wing structure by the simulation and fabricate 

the micro-scaled fluidic channels for blood plasma 

separation. We also calculated and compared the 

plasma yield from the microfluidic channels depending 

on the different geometry of wing structure. 

II. Experiment

1. Simulation

Fluid behavior in fluid wing structure is characterized 

by simulations changing the structure factors such as 

channel width and Y-shaped channel angle. The 

Y-shaped channel makes fluid flow fast and 
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Figure 2. Schematic fabrication processes of PDMS fluid wing structure for microfluidic blood plasma separation.

concentrate the RBCs toward the channel center. The 

density of plasma used in the simulation is 1025 

kg/m3. Diameter of RBC is 8 μm and density of RBC 

is 1125 kg/m3. The number of RBCs in 1 mm3 of blood 

is 4.5 million. Inlet flow rate is 1 nL/s.

In computational analysis, most of RBCs flow 

through the side channels and the plasma is separated 

in the center channel. The geometric factors of fluid 

wing structure such as Y-shaped channel angle and 

channel width are optimized to attain the nearly 50% 

plasma yield and over 90% separation efficiency. For 

further optimization of the performance of the fluid 

wing structure, computational and experimental methods 

have been compared.

2. Fabrication

To conduct the experimental analysis of the fluid 

wing structure, we fabricated the structure using a 

soft-lithography [13]. The schematic of the fabrication 

process is illustrated in Fig. 2. To construct the 

proper height and width in the microfluidic channel, 

SU-8 photoresist is selected to make a rigid mold due 

to its high thickness and simplicity of patterning. A 

polydimethylsiloxane (PDMS) was exploited for casting 

a micro scaled structure from the SU-8 mold. This 

PDMS is a widely used material for the fabrication of 

microfluidic channel because PDMS can replicate 

micro resolution pattern and can be easily attached 

on a glass substrate by the further treatment.

In order to attach the patterned PDMS on a glass, 

treatment of O2 plasma was used. By treating with O2 

plasma on PDMS, hydroxyl group is generated at the 

surface of the PDMS and the covalent bonding 

between PDMS and glass can be formed by applying a 

pressure. Because of tough covalent bonding between 

the PDMS and the glass substrate, the fluid could not 

leak at the interface of microfluidic channel and 

substrate. In order to flow the fluid in to the micro 

channel, syringes are inserted into the inlets and 

outlets. We have used PMMA microbeads in phosphate 

buffered saline solution (PBS) for simulating the 

RBCs and plasma in a human blood. The diameter of 

the microbeads is selected to be same as the diameter 

of red blood cell.
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Figure 3. Simulation of fluid wing structure, (a) distribution of velocity in channels and (b) RBC trajectories. Plasma 
yield and separation efficiency is measured by changing (c), (d) Y-shaped angle and (e), (f) channel 
width.

Table 1. O2 Plasma condition depending on the chamber
pressure, reactive ion etching (RIE) power, 
and exposure time.

O2 Plasma Condition

Chamber 

Pressure (mTorr)

RIE Power 

(Watts)

Exposure 

time (sec)

Reported 

Condition [14]
1000 20 30

Optimized 

Condition
70 125 30

3. O2 plasma optimization

PDMS and glass are among the most widely used 

materials in biomedical and microfluidic application 

due to its low cost and easy to be handled. Oxygen 

plasma exposure is used to improve the adhesion 

between PDMS and glass. The mechanism of the 

formation of such bonding has been understood [14]. 

Based on the mechanism, we changed the condition of 

applied O2 plasma treatment to form a strong 

covalent bonding between PDMS and glass under our 

laboratory environment. 

The parameters such as RF power, time of 

activation, and oxygen flow in the plasma process 

were investigated to improve the bonding strength. 

But the result could also be affected by various 

environmental factors such as ambient temperature 

and humidity. So, we optimized the parameters to 

form a strongly enough adhesion to build a 

microfluidic channel. To assess the strength of the 

bonding, we conducted a test by manual peeling. The 

conditions regarding the O2 plasma treatment are 

summarized in Table 1. From the Table 1, we selected 

the chamber pressure of 70 mTorr, RIE power of 125 

Watts, and 30 sec exposure time. With this O2 plasma 

treatment condition, maximized bonding strength 

between PDMS and glass was acquired.

III. Results and Discussion

1. Simulation

Simulation was conducted by changing the geometrical 

factors such as Y-shaped channel angle and channel 

width. The results of simulation are shown in Fig. 3. 
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Figure 4. Microbeads separation in fabricated fluid wing structure. The channel width of all figures is a 20 μm. 
(a) Before injection, (b) half time injection (inset: dispersion of PMMA microbead in PBS solution), (c)
after injection of the PBS solution having a PMMA bead. There are differences of trajectory and density
of microbead particles between center channel and side channel which is measured at the end of 
microfluidic channels (All figures are investigated by the Optical Microscopy (OM)).

Fig. 3(a) shows the distribution of the velocity of the 

blood in the optimized microfluidic channel. As fluid 

diverges from the inlet, the velocity of plasma is 

extremely decreased. Also, the velocity of the fluid at 

the center of the channels is faster than the velocity 

of the fluid at the side of channels. Fig. 3(b) shows 

the RBCs trajectories in the optimized microfluidic 

channel. Most of RBCs flows into the side channels as 

expected. RBCs are separated by the Zweifach-Fung 

effect [15] that dominates inertial forces because a 

fluid acts as laminar flow with low Reynolds number. 

Based on the wing structure, we can collect the high 

concentration of plasma in the center outlet with a 

low RBSs. To quantify the plasma yield in the 

simulation, the different channel width and Y-shaped 

angle are used as shown in Fig. 3(c)∼3(f). The 

plasma yield is calculated as changing the channel 

width ranging from 20 μm to 50 μm and Y-shaped 

angle ranging from 60o to 85o. Plasma yield and 

separation efficiency are not changed when Y-shaped 

angle is changed in Fig. 3(c) and 3(d). However, the 

plasma yield is decreased with an inversely 

proportional graph and separation efficiency tend to 

slightly increase as channel width is increased shown 

in Fig. 3(e) and 3(f). In the optimized structure, 

plasma yield is achieved nearly 50% and separation 

efficiency is over 90%. Thus, the fluidic channel 

width (20 μm) is the major component for improving 

the design of microfluidics with high plasma screening, 

not changing the angle of the fluid wing. To discuss 

about more accurate and enhanced simulation, additional 

investigation are required by changing the fluid 

properties such as the viscosity and inject velocity of 

fluid due to the variation of the dilution factors of 

blood and experimental condition for injecting a fluid 

with a different speed by the users. 
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Fig. 4(a)∼4(c) show the microbeads separation in 

fabricated fluid wing structure. We used PMMA 

microbeads in PBS solution for simulating the human 

blood. The diameter of the microbead is similar to the 

diameter of red blood cell (RBC) of human (8 μm). As 

the solution flows into the fluid wing structure, 

microbeads are separated into the side channel and 

PBS is separated to the center channel. Before 

injecting the PBS solution into the channel, the image 

is shown in Fig. 4(a). By half time injection in Fig. 

4(b), the particles are separated at the bifurcation. 

The final trajectory of the particles is shown in Fig. 

4(c) with separating the particles in PBS solution. 

There are differences of trajactory and density of 

microbead particles between center channel and side 

channel which is measured at the end of the threee 

outlet for calculating the plasma yield. The plasma 

yield is calculated by the ratio of injected volume of 

the solution to pass-through volume from the center 

outlet. Since injected solution volume was measured 

as 0.00428 ml and pass-through volume from the 

plasma channel was 0.00288 ml, plasma yield was 

estimated as a 67%. The plasma yield from the 

fabricated wing structure is slightly higher than the 

yield from the simulation. This result is almost match 

with the simulation. 

From these results, there are a few things to be 

done. Firstly, design of the bifurcation in fluid wing 

structure should be improved, because microbeads 

can be stacked at the bifurcation and agglomerated 

microbeads block the fluid flow finally. To achieve 

longer life time of microfluidic diagnostic chip using 

fluid wing structure, the surface properties of channel 

inside have to be improved in order not to be blocked 

by RBCs. In addition, air bubble, which existed in the 

channels before injection of the fluid, tend to be also 

stuck in the channels so the air bubble can influence 

the flow of fluid. Due to these obstacles for hampering 

the stable flow, the separation yield of microbead 

might be reduced. To avoid the air bubble problem, DI 

water should be injected before injecting blood or 

target fluids.

IV. Conclusions

The novel fluid wing structure achieved plasma 

yield of 50% and separation efficiency of over 90% in 

the simulation. These results were obtained by changing 

the geometrical factors such as Y-shaped channel 

angle and channel width. The channel width is the 

major component for enhancing the separation yield 

not the channel angle. Depending on the simulation 

results, we fabricated the fluid wing structure for 

microfluidic blood plasma separation using soft- 

lithography. From the fabricated wing structure, we 

achieved higher plasma yield of 67%. This plasma 

yield is higher than the conventional method of blood 

plasma separation. The several works should be done 

by applying real blood sample in the wing structure 

for precise detection and using a various fluid wing 

structure design changing the channel width of the 

bifurcation.

In summary, this work highlights the enhanced 

plasma separation using the PMMA-inserted PBS 

solution within a limited condition. Based on this 

approach, high throughput screening in human blood 

is possible to be made in the fluid wing structure with 

a high plasma separation yield. Furthermore, this 

microfluidic chip can be integrated by the various 

methods for detection of target biomolecules in the 

blood such as bioluminescent [16], electrochemical 

[17], nanophotonics [4], piezoelectric [18,19], and 

thermistor [20].
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