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In chapter 1, the purpose and background of this study are described. This thesis focuses on
deterministic lateral displacement (DLD), which is a passive technique that utilizes a
micropillar array for separating particles. To date, DLD devices have been extensively
studied, however, conventional DLD devices have some issues. Therefore, the objective of
this study is to develop novel DLD microfluidic devices that overcome these issues.

In chapter 2, production of satellite-free main droplets and monodispersed satellite droplets
are demonstrated. Using a single-step DLD device, main and satellite droplets produced in a
microfluidic droplet generator (MFDGQG) are separated through the downstream DLD region.
Furthermore, using a multi-step DLD device, fractionation of satellite populations having
different sizes are performed as well as the collection of the main droplets.

In chapter 3, a parallel numbering-up device for microfluidic production of satellite
droplet-free emulsions is described. In the proposed device, satellite droplet-free emulsion
droplets are produced at eight times the processing throughput of the single device.

In chapter 4, degas-driven microfluidic DLD devices fabricated from
poly(dimethylsiloxane) (PDMS) are proposed. For potential uses as portable and external
pump-free devices in point-of-care testing, for example, enrichment and separation of
differently sized microbeads, and blood cells separation are demonstrated.

In chapter 5, sheath-free DLD devices for size-based particles separation by using inertial
focusing in a single input stream are proposed. Unlike conventional DLD devices, differently
sized particles are aligned along the center or sidewalls of the input channel by inertial lift
force, and they are then separated through the downstream DLD array.

In chapter 6, a DLD microfluidic device that has thermally tunable separation capability is
proposed. To flexibly change the critical diameter D., DLD micropillars are fabricated from a
thermo-responsive hydrogel. By heating and cooling the DLD device, the D¢ of the array can
be changed and the separation mode of the microbeads can be switched.

In chapter7, conclusion and future work are described.
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