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ABSTRACT

In this work, a new fabrication method for simple, cheap and easy-to-integrate micropump using solid
propellant gas generator in tablet form has been characterized. The fabrication method is easy and con-
venient to use in handling and storage as well as in manufacturing process of microfluidic lab-on-a-chip.
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INTRODUCTION

Solid propellant gas generator (AIBN, azobis-isobutyronitrile) that is decomposed by heat energy to
produce Nitrogen gas has been used as an on-chip micropump to deliver/transfer reagents and/or sample
to reaction chamber [1, 2]. Since the solid propellant material is in form of fine powder, a matrix is re-
quired to keep the powder on microfluidic lab-on-a-chip, which has specific properties i.e., fast cure at
room temperature, low mechanical strength for the gas to easily pass through during dissociation. The
current approach for fabricating solid propellant gas generator on chip uses several polymers as a matrix
such as poly-dimethylsiloxane (PDMS), liquid silicone, SU-8, or poly-N-vinylpyrrolidon (PNVP), which
typically takes 6~8 hours till it dries out completely. In this work, we propose that a new fabrication
method of tablet-formed micropump using solid propellant gas generator, which is easy to use and storage
for lab-on-a-chip manufacturing process.

DESIGN AND FABRICATION

Tablets fabricated by compacting dry powder blends are easy and convenient to use in handling and
storage in manufacturing process, which have been widely used for pharmaceutical industry since they
provide an accurately measured dosage in a convenient portable package [3]. The manufacturing process
is divided into three distinct stages: die filling, compaction and ejection as shown in Figure 1. The diame-
ter and shape of a tabletized AIBN micropump are determined by a combination of a punch-die set. The
thickness is also determined by the amount of powder material and the position of the punch during com-
pression. Owing to low cost and rapid fabrication as well as easy handling, micropump tablets can be
mass manufactured in microfluidic lab-on-a-chip. Figure 2 shows various sizes of the tabletized AIBN’s
as a micropump. 7
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Figure 2: Solid propellant gas generator manufactured from powder
Figure 1: Tablet process:  form of AIBN using tablet process: “tabletized” AIBN micropumps
(a) die-filling, (b) compac- with (a) diameter 11mm, thickness 0.5mm and flat face, (b) diameter
tion and (c) ejection (tablet  5mm, thickness 0.5mm and scored face, and (c) diameter 3mm, thick-
in red). ness 0.5mm and flat face.
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(a) (b)
Figure 3: Integrated microfluidic lab-on-a-chip with micropump tablets (white and circular at the end of
channels in figure) to deliver reagent in microfluidic channel.

RESULTS AND DISCUSSION

We characterized the fabricated micropump tablets in a microfluidic lab-on-a-chip as shown in Figure
4. Two 5 mm micropump tablets assembled by a single punch tablet press (YDP-12) were fabricated onto
the lab-on-a-chip to transfer washing buffer (70 o<L), detection antibody (5 L), and whole blood as a
sample (10 <L) into five reaction chambers serially.
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Figure 4: AIBN tablets assembled microfluidic lab-on-a-chip: (a) schematic and (b) fabricated: One of
the assembled AIBN delivers series of reagents (washing buffer, detection antibody, sample) into reaction
chambers.
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After completing assembly of micropump tablets onto the lab-on-a-chip, it was located on the holder
which has two contact heaters aligned with the tablet micropumps. When increasing heater temperature to
the decomposition temperature (95 °C), micropump tablet starts to produce Nitrogen gas to build up the
pressure which acts as a moving force in microchannel. Since capture antibody pre-coated microbeads
were packed in the five reaction chambers to increase sensitivity, whole blood sample exerted to pass
through the high resistance of five bead packed reaction chambers.

Table 1: Flow rate and delivery time

Reaction Chamber Empty reaction Bead packed reaction Bead packed reaction
chamber chamber chamber
Reagent DI water Whole blood Whole blood
Flow rate (uL/min) 32.78 18.75 15.38
Delivery time 3m 3s 5m 20s 6m 30s

Approximately 5 psi of maximum pressure was building up as shown in Figure 5. Flow rates and
delivery time of total 85 oL if mixture of reagents were measured and compared in Table 1. In terms of
flow resistance, the case of whole blood in bead packed chambers showed ~2 folds higher than water in
empty chambers.

CONCLUSION

This chemically driven micropump provides many advantages such as low cost, simple structure, and
high reliability without moving element in lab-on-a-chip. The proposed fabrication method for AIBN mi-
cropump can have the greatest impact as a mass manufacturing of microfluidic lab-on-a-chip.
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