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Fabrication of PMMA Acoustophoretic Microfluidic Chip Using Plasma
Assisted Bonding
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In this paper, we propose a simple and low-cost fabrication method for PMMA (Poly (Methyl Methacrylate)) acoustophoretic
microfluidic chips using plasma-assisted bonding followed by MEMS (Microelectromechanical Systems) processes. A metal
mold for replicating the PMMA polymer was fabricated using MEMS processes, and the microfluidic channel was imprinted
on the PMMA polymer using a hot-embossing process. The closed fabricated microfluidic channel was achieved by means
of the plasma-assisted bonding between the PMMA channel and the flat PMMA cover. The plasma treatment and hot-
embossing conditions for PMMA-PMMA bonding were studied and evaluated. The particle separation test confirmed that
the PMMA acoustophoretic microfiuidic chips could be used. We expect the Si-based acoustophoretic microfluidic chip to
be replaced by the presented polymer chip in such applications as blood or droplet separation.
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Fig. 1 Fabrication of Ni mold for microfluidic channel using hot-
embossing process

(b)

Fig. 2 Microscopic image of (a) cross section of microchannel, (b)
microchannel on PMMA substrate (Scale bar: 200 pum)
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Fig. 3 (a) Contact angle measurement of PMMA surface after
plasma treatment, (b) Graph for contact angle according to
plasma treatment times

Piezoelectric ceramic
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Fig. 4 (a) Experimental setup for particle separation test, (b)
Schematic view of acoustic standing wave induced between
the walls
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Table 1 Temperature and pressure conditions for bonding after
plasma treatment (O: Success, A: Partially bonded, X: Fail,
C: Channel collapse)

°C 2 MPa 3 MPa 4 MPa 5 MPa
70 X A A A
75 A (¢} (¢} (0]
80 o C X X
85 C X X X
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Fig. 5 Microscopic images of bonding states of PMMA device: (a)
Partially bonded (70°C, 3 MPa), (b) Channel collapsed (85°C,
2 MPa), (c) Perfectly bonded (75°C, 3 MPa), (d) Cross section
of microchannel after bonding (Scale bar: 200 pm)
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Fig. 6 Fluorescent microscopic images of before and after
separating by 1st harmonic standing wave, (a) At the middle,
(b) At the junction of microfluidic channel

Pressure node

Fig. 7 Fluorescent microscopic images after separating by 2nd
harmonic standing wave

Table 2 Physical material properties of some materials'®

Material Coml(Jlr;’;Zi)bﬂity Youn%’cs} lzg)dulus
Silicon 6.0E-12 130
Pyrex glass 1.40E-12 63
PMMA 1.30E-12 3
PC 1.80E-10 2
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