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Study on Characteristic Control Method
and Application of Ultrasonic

Piezoelectric Transducer

Jung-Ho Kim

Department of Interdisciplinary Program of
Acoustics and Vibration Engineering, Graduate School,
Pukyong National University

Abstract

In this paper, as a characteristic control method of ultrasonic
transducer, a two-layered piezoelectric transducer is suggested.

The construction of the transducer is that two piezoelectric
ceramic vibrators are layered with same polarization direction, and
electric impedance 1s connected to the electrodes of a piezoelectric
vibrator. The equivalent circuit of the transducer is derived using
Mason’s equivalent circuit. Using the equivalent circuit, driving
characteristics of the transducer are analyzed for various electrical
impedance. As the results, it is confirmed that the second

harmonic mode of the transducer is appeared and the magnitude



of the mode can be stably controlled when the electric
capacitance is connected to the electrical terminals of the
transducer. The two-layered ultrasonic transducer is fabricated
and the efficiency of the second harmonic mode of the transducer
is changed by electric capacitance. The changing tendency of the
efficiency well corresponded with theoretical one. As an
application of the transducer, a beam-width controllable ultrasonic
transducer array has been suggested. The transducer array is
made of two-layered piezoelectric transducers. Each transducer, as
a vibrating element of the array, has different radiation efficiency
depending on weighting value in the transducer array. Therefore,
the weighting function of the transducer array can be easily
controlled by the attached capacitance. As a result of beam
control, it is confirmed that the beam-width of the transducer
array is controllable in range of 7.6° to 16.2°.

The two-layered ultrasonic transducer is used in measurement
of acoustic nonlinearity as another application. The transducer
measured the nonlinear parameter B/A of the composite medium
which was consisted of fat and muscles of pork. As the results,
values of B/A for muscle and fat were measured with 7.2 and
10.2, respecttvely.

Also, the transducer is applied to in vivo measurement method
using a scattered wave. As a biological phantom, two sponge
packs moisturized by water and soybean oil are used. The
measurement values of B/A showed good agreement with the

reference values. From these results, it can be confirmed that the

-iv-



transducer is useful to nonlinearity measurement of biological
media.

Using the two-layered transducer, the measurement system of
the nonlinear parameter B/A can be simplified because the
two-layered transducer can transmit the fundamental resonant
signals and also it can receive both of fundamental and second
harmonic components from the reflected signals.

As a conclusion, it is confirmed that the two-layered
piezoelectric transducer suggested in this paper is useful and
effective device in ultrasonic application fields. It can be expected
that the transducer is effectively used in the fields of underwater

acoustic detection field and medical diagnosis.
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Adhesive layers
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Acoustic
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&
Driving source
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Fig. 2.8. Two-layered transducer with the backing and matching

layer.
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one PZT
~ « = two layered transducer

Normalized Amplitude[dB]

0.5 ' 1 TO
Normalized Frequency ( j7 1)

T r 1
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7" 2100 A7IAA dAEA ZyE FobekA &2 By 23 7=

EALFAY Fos $H.

Fig. 2.10. Frequency response of the two-layered transducer

without electric impedance Zy.
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Fig. 2.11. Frequency response for various resistance Ky.
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Fig. 2.12. Frequency response for various inductance L.
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Normalized Amplitude [dB]
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Fig. 2.13. Frequency response for various capacitance Cy.
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Fig. 2.15. Frequency response for various thickness of adhesive

layer.
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Fig. 2.16. Frequency response for various thickness of matching

layer.
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Fig. 31. Linear array consists of identical transducers.
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Fig. 3.2. Linear array consists of five two-layered piezoelectric

transducers.
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Fig. 3.3. Photograph of the transducer array fabricated by the
two—layered transducers. (a) two-lavered transducer,

(b) transducer array.
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Fig. 3.4. Experimental setup for the directivity measurement.
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(c) Cx7} 15 nF¥Y %%, (d) Cx7t 68 nFY 7%
Fig. 35. Input signal and received signal for various capacitance

Cx.

(a) input signal, (b) without Cy,

(c) Cx = 15 nF, (d) Cx = 6.8 nF.
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Fig. 3.6. Experimental results of frequency response for various

capacitance Cy.
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Fig. 3.7. Simulation results of frequency response for various
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capacitance Cy.
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Fig. 3.8. Directivity characteristics of the two-layered transducer.
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64° o] AT,

2% T2 ERAFTAHY AME FA BEE R Ao 7bed A2
ik 3 REE AMEstdon, ERARFA ool Art® Fag=
17 369 AdeA b & A 2 A FARRE=Y JAES JHA= 6
nFY we] 157 kHzE A7}k gich

72} AEAd HE" Cx2 Add® AEA &% AFd|e

2
o

1:1:1:1:1, 0.25:0.6:1:0.6:0.25, 0.15:0.3:1:0.3:0.15,
0:0.5:1:0.5:022 Ut o] ®, A 54 2F#4E 29 399 Y
ehligieon, A(33)& o8& A AFdE 29 3109 e
£33 -3dB Y & & 324 YeERATH

¥ 32 AE J1Ex9 nlo g ¥ =

Table 3.2. Beam width for various weighting ratio

Amplitude weighting ratio Beam width of -3 dB
1st Znd 3rd 4th 5th - () [ b)
Case 1 1 1 1 1 1 76 83
Case 2 0.25 0.6 1 0.6 025 10.2 114
Case 3 0.15 0.3 1 0.3 0.15 115 134
Case 4 0 05 1 05 0 162 189

(a) experiment, (b) simulation.

ARE o] AN HTAW PP tha Aelrt YA w
A9) Watel otg FHe A% Age 3 AN AL
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Fig. 3.9. Experimental results of directivity characteristics

vanation of the transducer array for various amplitude

welghting.
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Fig. 3.10. Simulation results of directivity characteristics variation

of the transducer array for various amplitude weighting.
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e Fdolr) Wi 1 AAEE7E Sue dAEEe] THEHo
g3kl AAEE ¢, & 4 @ADF gol tehd 5 9o
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9, A% A $a dedE 94y ddol IY 4l
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g9 BAZ e

a9 AlelMe) B go] wlde ¢-UE BA YA A
o 5L A4 (429 Zo| FoAm,

I J i
0 30 | p=p,
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(4.2)

e

- 65 -



A4z o] Furh wAYel A W A (UF 2L FFE e
SRS

%, P=Pl0)A,

P=Pyt(o= o) EE |- o+ 37 (0= 00)? 2 “’lp ot
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=9 A=Pog_§ p=o=PoCt , B= 0} g;f e=py 1
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Fig. 4.1. Pressure-density curve.
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Cm™=Cy+ BIA _p (4.5)
2 £yCy

Py, §°P 2
= = = (0= on)dk
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4 4B)elA e vHY B9 o4 WA= ¥ Ax el
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HHEE 2 78 AED 3 299 A% £ AU A

(45)8 AEF2N 4 46)28 Tt}

2 00cs (4.6)

g9t gEoR At 499 35S p=poudl MY BA
o 44nz T

cr=cyt+Pu= ¢+ B—p-— (4.7)
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GehlE oae] MY shebe g ot
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Fig. 4.2. Structure of a composite medium.
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_l:'i_

#e Fasa wAgstyoh gebA, AR 23 TR EA2FA
TAL 27" 2108 2o 7 F9 49 B4 Yudas ® 419

i
o

AL 4 39 2ARS

Table 4.1. Material constants of each layer

Plezoelectnc o “ e
, Alummum Wai:er Epoxy .
Velocity
4403.0 6300 1483.3 2500
[m/s]
Characteristic
impedance 337 170 15 2.87
[Mrayl]
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Fig. 4.3. Block diagram of experimental setup.
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Fig. 4.4. Experimental results of frequency response for various

capacitance Cy.
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Fig. 45 Simulation results of frequency response for various

capacitance Cy.
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o A vl HIB/A FA A AEUEs £ €9
TR AT ZAAS FA E 429 dEhgch

ok
2

i 42 A Ao g B/A FAA

Table 4.2. Measurement results of the each medium

' Den's':ty" . Velocn:y - B/A_. B/

Sample _ o i e e e
: qﬁﬁi ﬂg_) oy ()
Muscle of pig 1070 1608 7.2 74, 81
Fat of pig 930 1443 10.2 169, 11
Liver of beef 1050 1498 75 75 80

(a) experiment(15°C), (b) reference(23°C)[47]

#4209 438 BY FAASG F dAEE Holal o wakA,
2% Tx E@.}:%Hg o] 43 oo uAPA =2 v &FA

{

3
44 sde ool vhae] BYHOZ o FolA Utk webA, uba}
3

W ARgSh BE A vldel de MHYHES 24er) A8
W 463 zgol £ e%ﬂ zl%gi TAE Bl B A3

£59 253 z]ﬂu B4 UH%J_OH @ B/AS) H¥E 7 2F 2
el aHy Awe) Wolrt pomw AAME TN e &
lov, 1 %4 Avg 29 479 deluldt 1 A udY s
e B/AS] @ 28oAel g 729 AMelM Y g 102 Aole] ¥
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29 46 =59 AW 2507 FAd EgaA,
Fig. 4.6. Photograph of the specimen consisted of pig muscle and
fat.
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Thickness Fraction of Fat

a8 47 =59 AW T4 vlo wE B/A.
Fig. 4.7. B/A distribution for thickness fraction of pig fat.
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Eatgrh Aol A Hu7t FrE4E B/A gol TS 4 (4.15)
o2 AE AL Aol F dAFE KA

&S S udPAE ARG vAFHoz HE e
= #str] s 2EA WEo A A A vAlE BE o] &3}
A HHAEAE FAT Autolch 1Y 48& wjAe] EY AY-
850 kHzel +3 2 Ew7) Huges d33 o $fsis A 22x
3 HES 17 MHz9 % %art g s Ang o 7)2q A
ToZ Y Aolth 29 489 M 7]gre A4 Agypoez
& o g 1400 sec'olth, BT 1Y 49% o] =Y AS
1 AAE JeldY 29 499 FAA 71871 2300 sec'olt} o
#ES 4 (416)o] Wyl o] A vHy getvlE B/AGS
=28 7lEen ¥ 4 4118 ol &3td F3 g £ A B
4.3 VER AT

® 43 =3¢ ¥ st H B/A

Table 4.3. Measurement results of B/A with reference value

o Dens_ity‘:f - Velaclty B/A e B/A B/A S
Sample By e Tt TR e e L e e
‘ (kg/m”)  (mfs) L@ - B (o)
Water 908.2 1483.3 - 57 53
Soybean oil 900.0 1480.0 10.27 53 -

(a) measured nonlinearity parameter B/A using reflection plate.
{b) measured nonlinearity parameter B/A using scattered wave.

(c) reference valuel[48).
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Fig. 48. Amplitude ratio of the second-harmonics to fundamental

component on a sponge pack moisturized with water.
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Fig. 4.9. Amplitude ratio of the second-harmonics to fundamental
component on a sponge pack moisturized with soybean

oil.
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