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Fabrication and characteristics
evaluation of a frequency
controllable ultrasonic transducer
with transverse mode

Haeng-Yong Song

Depar tment of Physics, Graduate Schoo!. Pukyong National University

Absiract

It was fabricated an ultrasenic transducer with transverse mode in order to
get high radiation efficiency and omni-directional characteristics of a
piezoelectric transducer. For achieving frequency variable characteristics,
an electrode division method, was applied to the transducer.

The resonance frequency of the piezoelectric transducer was contro!led by
the variation of mechanical impedance through the method adding inductance
in the electrical port separated from the piezc-electrical driving port. In
general. solenoid type coil isn't suitable for the purpose when high
inductance or a variable inductor is demanded. Therefore, it is considered
he method which have inductance realized GIC(General Impedance Converter)
with OP-Amps and Impedance elements.

From the analysis of simulation and experiment, it was confirmed that the
GIG is changable linearly in the range from 0.2nH to 1.2mH. And. it was
confirmed that the resonance frequency of the transducer is changable by the
GIC in the range from 73kHz to 86kHz.

As the resuits of directivity measurement, it was confirmed that transducer
has a weak directivity, that is the beam width of -3 dB is wider than 80" in
water .
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(b) Equivalent circuit of frequency controllable

transducer with divided electrodes.
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Fig. 4. Equivalent circuit consisted of mechanical impedance
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Fig. 5. Construction of the G{C(Generalized Impedance

Conver ter).
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Fig. 6. Equivalent circuit of the GIC(Generalized Impedance

Converter).
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Tahle 1. Specifications of the operational amplifier(0P-27G)

used in GIC(General Impedance Converter).

3 plk=1
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e i =] AV SO Temp 0.4( uv/C)
Al2tERI B E AV, /0 Time 0.4( nV/M,)
S ANMB A CMRR 118(dB)
£2H0IE SR 2.8( V/us)
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Fig. 7. Electrical Inductance made of two operational

amplifiers.
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Table 2. Physical constants used in simulation

SEMS R
2T p ) 74291 kg/m”]
S%( ¢ ) 2897 m/s1
gt dy ) | 4209%10 Ol pc/N]
SES( ¢ ) 3529% 10°{ F/m]

- 34 -



EHARME

ot X

=]

AP AE ZST

=
[

Uk
<l
il
Lif]

=
il
i

ioJ

00

il
ul

(40
Kl
i
JJ
AK

ol
X0
tr

0
a+

=]
ol
0f

M
<]
il
ar
ol

_{

_|

CHXHOHl

4|

KJ

Y|
o
jil

o0

oI
fa)l
0
ioll
IH

(@]
AA

== JHE10

=
Kk

52
o)l
ol
X0
bir

BJ

e
=
K-

0l
i)l

-

o0
ji¥

——
1o
—_

il

1.2 mH AHOLOAl

0.2 m"H —~

| —

—

H K& GIC

0

(o]
T

Ol =,
AZ AFEOH)

GICEI=ZE

—

—

A

A2

W

Tl
oll
hifg
ar
zl

r
53
0%

&+

ol
ol
il
A

—

i)

13

A Bl

KJ
[0

ol

JIH SO 21310 DA

H S 86 kHz Al Bz JHAHO| Jt

0

g4 A

b==2JF 73 kHz 28 2401 OH
=

I
222 0]

>
T

B0

ioll

ol

—a

Wil

b
ol
o
i[[1
i
03

%

Tl
o0

- 35 -



0%
k)
M0
r

(1] Y. Kikuchi : Ultrasonic Transducers, Gorna Publishing Co.
Tokyo, 1969.

(2] Jindong Zhang: Hughes, W.J.: Hiadky-Hennion, A.C.;

" Concave cymbal transducers" Applications of Ferroeifectrics,
1998. [ISAF 98. Proceedings of the Eleventh {EEE International

Symposium on, pp. 255 258, 24-27 Aug. 1998.

(3] S. A. Vera, M. Febbo, C. A. Rossit and A. E. Dolinko
"Transverse vibrations of circular annular plates with edges
elastically restrained against rotation, wused in acoustic
underwater transducers" Qcean Engineering, Vol 29, Issue 10,
pp. 1201-1208, August 2002.

[4] N. Chubachi and M. J. Kim. "A Transmission-Line Model
Equivalent Circuit for Piezoelectric Transducers lIncluding the

Effect of Electrical Terminal Impedance, Japanese Journa! of

Applied Physics, Vol. 35, Part 1, No. 5B, 1996.

(5] 29F, 312, 24%, 015R, '05 PIT 2SI EBAFA
H thet Me2E d&d=g o182 Mo, e=szstalil, M

423, M4z, pp. 2937, 1995.

(6] sk EE @& Gl BAMIEE - PEEIRD T oMREN

TR B L A HREEREE L 7 v A2 2 Y 0RO
T R BIREEE(RA), US92, No. 9, pp. 67-72, 1992,

- 36 ~



[7] &), "Algl 202", 2%, 1996.
(8] MAtaizk, "OP7 > 7EIEOEEE" CQHAMRAE, 1990.
[9] Takuro lkeda, Fundamentals of Piezoelectricity, OXFORD

UNIVERSITY PRESS, 1990.
[10] VELIMER M. RISTIC, Principles of Acoustic Devices, John

Witey & Sons, Inc. 1983.

- 37 -



S

=
=.

s
=

Apst A

Ao Al A 2

}

<]
16

=

=

14

L

i 11,]%' O]

.l

T

uid

o ef 5

o

914

=

=

AUt Bo2 A

=

o Al ZHAH

L

L

=

|

A
T

) %9l



	표지
	목차
	초록
	1. 서론
	2. 이론
	2.1 횡모드형 압전 진동자 
	2.2  GIC로 구현한 전자 인덕턴스

	3. 실험 및 결과
	3.1 GIC 제작 및 특성 해석 결과
	3.2 주파수 가변 압전 트랜스듀서의 제작 및 특성

	4. 결론
	참고문헌

