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A MEMS-based micro mixer is developed to be integrated into a bio-molecule sorting system, in
which efficient mixing of magnetic beads with target bio-molecules is crucial. The mixer consists of
embedded micro-conductors, which produce a time-dependent magnetic field, and a micro channel,
which guides the streams of working fluid and suspension. It is demonstrated that integrated 2-D micro
conductors provide a magnetic field strong enough to attract nearby magnetic beads. Numerical simula-
tion helps to design the arrangement of channel and embedded electrodes that can generate chaotic
motion of beads. It is found that the serpentine channel geometry with the transverse electrodes is able
to create the stretching and folding of material lines, which lead to chaotic mixing. Similar mixing
pattern is confirmed experimentally in the chaotic mixer fabricated. The fast mixing thus achieved fa-
cilitates the attachment of beads onto the target bio-molecules.

Key Words: Chaotic Mixing, Multi-Phase Flow, Micro Channel, Magnetic Beads, y-TAS,
Lab-on-a-Chip, Cell Sorting, MEMS
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Fig. 1 Magnetic beads coated with Avidin (1um, look
like black clouds) are attached to the polymer
particles (4um, large spheres) coated with Bi-

otin, which mimic living cells.
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Fig. 2  Conceptual diagram of the magnetic mixer. (a)
Perspective view. (b) Cross section of the mix-

ing region along the channel.
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Table 1 Properties of magnetic beads (Spherotech,
SPHERO™ CM-10).

Diameter 1.0-1.4 [um]
Ion Oxide Content ~12 [wt%]
Average Density 1.58 [g/cm?]
Saturation Magnetization 0.46 [Tesla]
Relative Permeability 11.3

F, |pN]

[s/wr] *n

X [um]

Fig.3 Magnetic force and induced velocity on a bead
with current of 0.5A.
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Fig. 6 Microscopic images. (a) Magnetic beads are
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two conductors. (b) Beads are released when the
current is turned off.
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Fig. 16 (a) Stretching and (b) folding pattern is observed
when a pair of electrodes is turned on.
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