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Abstract

This paper described the development of electrostatically driven peristaltic micropump. The proposed micropump consists of a flexible
membrane and a single chamber which electrodes are inserted. The single chamber is divided into smaller cells by the electrodes. The
fabricated micropump was operated with four electrodes in the membrane and a various phase sequencing actuation. We studied the
changes in the flow rate corresponding to the actuating signal applied to the micropump under the zero hydraulic pressure difference
between Inlet port and outlet port. The pump was operated from 60 to 130 V. Whereas the maximum flow rate in basic actuating signal is
about 83 x1/min at 15 Hz, the maximum flow rate in optimized actuating signal is about 114 zl/min at 10 Hz.
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Fig. 1. Concept of eletrostatic peristaltic micropump with multi-
electrodes.
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Table 1. Properties of PI-2545

Tensile strength 260 MPa
Elongation 100 %

Modulus 2.3 GPa
Moisture uptake at 35% Humidity 1.2 %
Moisture uptake at 85% Humidity 3.1 %

Dielectric breakdown field 2 X108 /cm
Dielectric constant 3.3
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Fig. 2. Fabricated electrostatic peristaltic micropump with multi-
electrodes; (a) Fabricated micropump chamber, (b)
fabricated polyimide membrane, and (c) micropump with
multielectrodes after bonding with (a) and (b).
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Fig. 3. Pumping sequences; (a) 4P3E, (b) 4P2E, and (c) 4P1E. Where 4P2E is 4 pumping with 3 electrodes, 4P2E is 4 pumping with 2

electrodes and 4P1E is 4 pumping with a electrode.
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Table 2. Analysis of the actuating signal in Fig. 3

Signal Full cycle Volumetransfer Volume flow

name period redper cycle rate
4P1E 4T, v, V., /4T,
4P2E 4T, 172V, Vi /8T,
4P3E 4T, 1/4 'V, Vi/ 16T,

* T, : Single electrode actuation time(T1 = frequency-1)
*V, : Chamber volume(When single electrode id pumped)
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Fig 4. Schematic of flow rate measurement.
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Fig. 5. Experiment setup for micropump flow rate under pressure
difference.

Fig. 6. Peristaltic movement of fabricated micropump after applied

threshold voltage.

Fig. 7. The captured images of the meniscus flow in the capillary
tube at 10 Hz and 90 V.
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Fig. 8. Flow rate as a function of voltage when frequency (10 Hz)
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Fig. 9. Flow rate as a function of frequency when voltage (90 V)
was applied.
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Fig. 10. The measured flow rate of the micropump for the
backward hydraulic pressure difference. (When the signal
of 4P2E is applied).
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