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ABSTRACT

This study presents a new microfluidic device for particle separation utilizing
tilted eaves-like structures to separate small particles from a large volume of bio-
samples with various particle sizes without clogging in the microchannel. Experi-
mental results showed that the microchip was capable of separating microparticles
with diameters of 5, 20 and 60 pm using the proposed device. The developed micro-
fluidic device also provides a simple way to perform a reasonable separation (86%).
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INTRODUCTION

In the past decade, various particle separation techniques utilizing dielectropho-
resis, optical forces, magnetic forces or gravity forces have been reported in the lit-
erature. However, such systems always require complicated fabrication processes
and delicate fluid control to attain higher separation efficiency. Moreover, particle
samples may be damaged while applying external forces [1]. To solve the problems,
the microfilter devices with different geometries in the microchannel have been pro-
posed with the advantage of simplicity to operate. Nevertheless, the issue regarding
clogging of the microchannel should be addressed properly. Therefore, this paper
reports a passive separation chip with eaves-like structures in the microchannel. It
can alleviate the clogging problem and avoid the use of the external force such that
cells are not damaged during the separation process.

DESIGN AND FABRICATION

A simplified schematic diagram of the microfluidic device is shown in Fig. 1(a).
Buffer solution was used to squeeze the sample flow to form a narrow stream so that
the sample flows close to the eaves-like structures to obtain a higher separating effi-
ciency. Moreover, a sharp corner structure was used to enhance the focusing effect
[2] (Fig. 1(b)). Figure 1(c) shows schematically the eaves-like structures with a gap
of 10 um. Particles or cells with a diameter less than 10pum can flow through the gap
and be collected in the collection reservoir. Large particles can flow downwards due
to the fluidic force without clogging the gap. The flow manner of the particles with
different sizes was depicted in Figure 2. The smaller particles flowing through the
gap of the eaves structures can be separated from large particles. The microfluidic
structures were formed using polydimethylsiloxane (PDMS) fabricated on a silicon
wafer. Figure 3(a) shows a photograph of the particle separation device. The dimen-
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sions of the chip are 17 mm % 20 mm. The SEM images of the SU-8 structure and
PDMS mold of the eaves-like structures are shown in Figure 3.
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Figure 3. (a) A photograph of the assembled separation chip,; (b) SEM image of the
SU-8 structures; (c) SEM image of the PDMS mold of the eaves-like structure.

RESULTS AND DISCUSSION

Figure 4 shows a series of CCD images indicating that particles with various
sizes flowing near the eaves-like structures. The diameters of these particles are 5,
20 and 60 pum respectively. From the images, it is clearly seen that 5-um particles
can successfully flow through the gap. The 20- and 60-pm particles can flow down-
wards and will not clog the filters. It indicates that the larger particles have stronger
inertia forces while the flow rate is faster. The separation efficiency of small parti-
cles (5um) is determined by the sample and buffer flow velocity ratio and is shown
in Fig. 5. The experiments were performed by operating the beads with the diameter
of 5 um on the development chip, and then counted the number of the beads taken
off from the collection reservoirs A and B. Finally the separation efficiency was ob-
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tained by calculating the ratio of the counted number of reservoir B to the one of the
sum of the reservoirs A and B. Experimental results show that lower velocity rate
ratio can result in higher separation efficiency. The developed microfluidic device
provides a reasonable average separation of 86% for the first separation, while the
numbers of the counted particles are 4777 and 5048 in reservoir A and 24300 and
31481 in reservoir B. The higher separation efficiency can be enhanced for multiple
separation processes.
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Figure 4. CCD images for tracing particles ~ Figure .5~ Re.lationship b.etween the
with various diameters. (a) D=5 um, (b) separation efficiency of particles (5 um)
D=20 um; (c) D=60 um. and sample/buffer flow velocity ratio.

CONCLUSIONS

The current study has successfully demonstrated a microfluidic separation device
using tilted eaves-like structures to separate different sizes of particle. Compared
with conventional microfluidic devices employing similar techniques, high through-
put can to be realized by injecting a large number of particle samples into the pro-
posed microchannel. No clogging has been observed. Moreover, the developed mi-
crofluidic separation device may be a simple approach for further biomedical cell
separation.
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