585

[ =2] - ¥ AAsE A http://dx.doi.org/10.7779/JKSNT.2012.32.5.585
Journal of the Korean Society

for Nondestructive Testing

Vol 32, No. 5 (2012. 10)

FATEA 287 ERAFAYG Ao S8

Piezoelectric Polymer Ultrasound Transducers and Its Biomedical
Applications

AR

Kang-Lyeol Ha*T and Yonggang Cao*

Z & PVDF9 P(VDF-TFE)E ¥ EH = dduixts T A dAdASQ] pzTol vl3] 7]
fafo] oA v W&ol & @He oy, FFAIUAT} = B Ak vt pAaEe] ¢
st e SA4& Ushls 5o S 7P Aselth B v shdA el vls) gk wem o] Azt
Hal, 7 92 fdstnm 549 Sus 2 a5y 259 EdayA ARE f8si 299 54 A
ogA S&oll A3l e FEje] 29 EdATATE A EEA Stk i =delAeE WA, &
Augarehs ol gste] 259 EdAFAE A AFshzd glojM ugejord 2 7pX FeAHS 7]wst
i, KIM B3 AREEE si& Fste] 1 agAtdEe] Edaie] g2 mAs 93 ot b
Fo®, ootd e Bt §8% Ao x5u A4S A JdE 2 Fo SEEoFIA ARHE
A EdAA L] 2ot aAE o 8ste]l A gde] SA thete] tefe] sl

F2-80]: k¥ &AL, PVDF, P(VDF-TIFE), 253 EW2TA, 239 44

Abstract PVDF(poly vinylidene fluoride) and P(VDF-TrFE)(poly vinylidene fluoride-tetrafluoroethylene) are the
typical piezoelectric polymers with unique properties. Even they are inferior to conventional piezoelectric ceramics
PZT in electromechanical conversion efficiency and interior loss, though they are superior in receiving sensitivity
and frequency bandwidth. Their acoustic impedances are relatively close to water or biological tissue and it is
easier to make thin film than other piezoelectric materials. Futhermore, the film is so flexible that it is easy to
attach on a complex surface. Those properties are suitable for the ultrasound transducers which are useful for
medical and biological application, so that various types of polymer transducers have been developed. In this
paper, several important considerations for design and fabrication of piezoelectric polymer transducers were
described and their effect on the transducer performance were demonstrated through the KLM model analysis.
Then, it was briefly reviewed about the structures of the polymer transducers developed for obtaining images as
well as the characteristics of the images in several important medical and biological application fields.
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Table 1 Physical constants of piezoelectric materials for ultrasound transducer[14]

Piezoelectric constants Coupling Dielectric Dielectric Acoustic

factor constant loss tangent impedance

d33 [C/]V] 933 [Vm/N] k, ei{/q) 5, - []l/ﬁ’ayl]
PZT-4 -123x10°" 25107 0.51 1400 0.02 345
PVDF 12.5%10™" -320x10° 0.20 6.2 0.25 4.02
P(VDF-TrFE) 25.0x10™" -380x10° 0.30 6.0 0.15 451
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Fig. 1 Admittance variation with electrode thickness of a PVDF piezoelectric polymer film
(radiation area; A=1.0cm?, polymer thickness; d=52 um, electrode; Ag)
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(a) Transducer structure

(b) Obtained image

Fig. 5 Structure of the P(VDF—TrFE) concave annular array transducer(a) and obtained B—mode ultrasonic
image of the normal thyroid glands by Hashimoto et al.[20]
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Fig. 8 Structure of a PAM transducer(a) and obtained image of vascular distribution in rat skin(b) by M. Xu et

al.[34]
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Fig. 10 An example of 3D photoacoustic image of
melanoma in vivo by H. F. Zhang et al.[35]
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(a) 20 MHz(fundamental) (b) 40 MHz(harmonic)

(c) 40 MHz(fundamental) (d) 80 MHz(harmonic)

Fig. 12 Interavascular images obtained by using a P(VDF—TrFE) focused transducer by C. Chandrana[38]
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