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The Development of a Bi-directional Valveless Micro Pump
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Abstract

At the Konica Minolta Technology Center, Inc. Japan,
we have developed a micro pump device whose simple
and valveless structure provides such attractive charac-
teristics such as rapid response, ease of miniature design,
bi-directional liquid flow via waveform manipulation, and
low-ripple liquid flow capability. Using two such micro pump
devices driven alternately to mix the liquid, we developed
AMM (alternative mixing mode), a method of easily mixing
liquids in a micro flow channel. Such a process has long
proven elusive, and presented here is the technology which
led to this accomplishment.
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Fig.1 (A)Cross-sectional view of micro pump
(B)Photograph of the completed micro pump and SEM
images of pump chamber, inlet and outlet channel.”
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Fig.2 Flow Resistance as a function of Differential Pressure
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Fig.3 Driving waveform and generated flow
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P: Pressure V: Voltage

X: Volume flow Q: Electric charge
U: Volume flow-rate I: Electric current
Ra: Resistance Re: Resistance

I
| Pump chamber |

Ca: Capacitance
Ma: Inertance
Za: Impedance

Ce: Capacitance
Le: Inductance
Ze: Impedance

Fig.4 Equivalent Circuit of micro pump
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Fig.5 Characteristics of micro pump simulated by
equivalent circuit analysis "
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Fig.6 Fabrication Process for the micro pump
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Fig.7 (A)Micro pump device.
(B)Cross sectional view of micro pump device. ?
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Fig.8 (A)Photos of the sequence of laminar flow formation with
the assistance of capillary valves.
(B)Ratio of the flow width controlled by the pumping
pressure.?
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Fig.9 Time courses of bioluminescence at three
measurement points. ?
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Fig.10 Driving waveform for AMM.
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Fig.11 (A)The intensity of the bioluminescence at the
frequency range from 1Hz to 1kHz
(B)Photo of the AMM flow generated by switching at 3Hz.?
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