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Basic Research for the Levitation of Micromachine
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Abstract

We describe the structure of a micromachine, and preliminary experimental results. The

micromachine, which consists of a piezoelectric element and two masses, can jump or

levitate on a flat surface. The micromachine jumps by the rectangular voltage applied to

the piezo, and levitates by the sinusoidal voltage. The height of the jump and the

levitation is discussed by the use of some different experimental conditions. The height of

the jump of the micromachine is about 10 pm by using a rectangular voltage. The

micromachine levitates in about 10 um by the use of a sinusoidal waveform. The jump

and levitation of the micromachine are measured with a displacement sensor, an optical

microscope, and an electrical circuit.
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Fig. 1: Micromachine consists of a piezo and two masses.
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Fig. 2: Schematic diagram of a jumping micromachine; (a) original stage, (b) piezo extension, (c) jumping, (d) landing, (e)

bound, and (f) end.
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Fig. 3: Measurement circuit.
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Fig. 4: Experimental results by the use of rectangular
waveform. (left) experimental result with 0 kg mass (right)
experimental result with 0.4 kg mass. (from top to bottom)
input waveform, displacement of the top mass, displacement

of the bottom mass. and the deformation of the piezo.
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Fig. 5: Experimental results. (a) applied voltage to piezo, (b) displacement of top mass, (c) displacement of bottom mass, and (d)

deformation of piezos.
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Fig. 6: Photos of the contact point of the micromachine and an iron surface. (right) piezo vibrates at the resonant frequency, (left) piezo

does not vibrate. The gap indicated by the arrow in the right photo is about 10 pum.
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Fig. 7: Displacement of the top mass and bottom mass, and
the applied voltage. The displacement of the mass becomes
zero when the voltage disappears. The applied voltage is 50
Vpct10Vc.
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Fig. 8: Levitation by the applied voltage. While the voltage
is applied to the piezo, the measured voltage at the
resistance R is zero, so that the circuit is open and no current

flows. The applied voltage is 50 Vpct10V ac.
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