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Abstract — Droplet-based microfluidic device has led to transformational new approaches in various applications
including materials synthesis and high-throughput screening. However, efforts are required to enhance the production
rate to industrial scale because of low production rate in a single droplet generator. In here, we present a method for
enhancing production rate of monodisperse droplets via parallelization of flow-focusing generators. For this, we fabri-
cated a three-dimensional monolithic elastomer device (3D MED) that has the 3D channel structures in a single layer,
using a double-sided imprinting method. We demonstrated that the production rate of monodisperse droplet is increased
by controlling the flow rate of continuous and dispersed phases in 3D MED with 8 droplet generators. Thus, we antic-
ipate that this microfluidic system will be used in wide area including microparticle synthesis and screening system via
encapsulation of various materials and cells in monodisperse droplets.
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Fig. 1. Schematic diagram for parallelization of droplet generators. Design of tree (A) and ladder form (B) distribution channel for paralleliz-
ing droplet generators. (C) Geometry of a single flow-focusing generator. (D) 8 parallel droplet generator in a microfluidic device. (E) A
model for hydrodynamic resistances in the ladder form network. R, indicates the resistance of distribution channel and R; and R, indicate the

resistance of droplet generator channel of inlet and outlet.
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Fig. 2. Schematic diagram fabrication procedure for 3D MED by dou-
ble-sided imprinting. (A) Multi-height silicon master fabricated
by two-step photolithography. (B) Prepolymer PDMS is poured
on the multi-height silicon master and PDMS master fabricated
by soft-lithography (C and D). (E) The PDMS mold is aligned to
the silicon master patterns. (F) 3D microchannels are formed in
a single-layer after bonding with substrates.
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Fig. 3. Characterization of parallel droplet generation in 3D MED. (A) Optical micrographs show uniform droplets are generated by each droplet
generator. The scale bar is 500 pm. (B) Optical micrographs for collected droplets from 3D MED. The scale bar is 100 pm. (C) Effect of
flow rate of dispersed phase on the droplet size and uniformity. (D) Change of droplet generation frequency as flow rate of dispersed phase.
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