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ABSTRACT

Acoustic radiation force is a static force generated by a difference in the acoustic energy densities of two
media. Small objects can be levitated and transported by acoustic radiation force in an acoustic standing wave.
The present paper introduced noncontact ultrasonic transportation of small objects: linear transportation over
a long distance, transportation in a circular trajectory, and two-dimensional transportation. In these techniques,
the ultrasound vibration of a plate and the sound pressure distribution can be controlled by the electric input
to piezoelectric ultrasound transducers, enabling the control of positions where the objects were trapped. The
configuration of the systems can be determined by finite element analysis, and the acoustic field and the trans-
portation trajectory of the manipulated objects can be predicted by the theoretical equation of the acoustic
radiation force. These techniques are expected to be applied to not only product lines for precise electronic

components and tablets but also a manipulation of powder, liquid, and cells in the field of biotechnology.
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Fig. 1 Ultrasound noncontact transportation system.
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Fig. 2 Distributions of the sound pressure and the
acoustic radiation force between the plates.
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Fig. 3 Distributions of the sound pressure with several
driving phase differences and the noncontact
transportation of small particles.
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Fig. 4 Relationship between the driving phase difference
between two transducers and the moving distance
of a small particle.
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T EBmZ 5E L Twbe MR 2 IREIH &
ATICRRE T 5 2 LX), ERGE & FARIS, )
MO FEELEI AL, TS L
TIERS %0

F 13 WE 18 kHZ 7 S 100 kHz F TO MR D
EIRE— F O FEM MR TH B0 EKHm KW n
TR E— FOHMMEOH N OBMELLTwE (T
b B L THRE L 225k, MR En
5)o HIRSFWEBATE VI E/IM, BB 2
LEROIWEE—FE b, —BlE LT, (n, m=
(1, 4 D7zbAE—F (478 kHz) O FEM #R%E
8(a) 127”7,

IREIBIC (1, 4) 72bARE— F2aPRMITE S
5121, FE () OBICEERE T (PZT) O5E
BMOBEN %, 7-bARIRB ORI B
RBUVEND DL, S5, BUNIERE E %S %
720121, [ (b) ~ (d) DFRIC, 5 E B O EE
BREN S F 2 LS5 2 L2 XD, KRB
i B X OZER O EAEY & T LEE D I S, il
S NBUN R E e B 3 % (B S &rt "+
E =T EENEN V= Vicoswt & V==V, coswt TD
HERE) 2 BR L TWw5). T2b 5K (b) 5 5 (d)
DERBI ST ) B2 52 L2k Y, REAIZH
JE 5 T G E 02 15° MRS 5 2 LA h b

x®1 MAROEESHE—F

Table 1 Resonance vibration modes of a circular plate.
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Fig. 8 (a) (1,4) flexural vibration mode of a circular plate and (b), (c), (d) the driving condition of the divided electrodes.
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Fig. 9 Distributions of the sound pressure and the acoustic radiation force between two circular plates.
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Fig. 10 Levitated particles between the circular plates.
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Fig. 122 Two-dimensional transportation system. (a) Configuration, (b) the vibration mode of the plate, and (c) a
photograph of a particle manipulated in the two-dimensional plane.
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