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ABSTRACT: The effect of a bonding layer on the performance of a quarter-wave (A/4) mode PVDF ultrasound
transducer having not only a piezoelectric layer but also a non-piezoelectric layer between two electrodes was
analyzed. The equivalent circuit of a transmission line model by Kikuchi et al.[Sound of IEICE, 55-A, 331-338
(1981)] was introduced for the analysis. The validity of the model was confirmed by comparison with a KLM
model for three postulated adhesion cases of a 80 um thick piezoelectric PVDF film to a copper (Cu) backer. The
pulse-echo responses of five PVDF transducers, each fabricated with a different thickness (5 pm ~ 20 um) of the
bonding layer, were measured and the results were compared with those by simulation. The two results were in good
agreement with each other and it was noted that the effect of the bonding layer on the performance of the transducer
could be analyzed by the Kikuchi model. In detail, the 20 pm bonding layer decreased the center frequency and the
bandwidth by about 19.7 % and 25.0 %, respectively, and increased the insertion loss by 57.2 %.
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Fig. 1. Equivalent circuit model of a piezoelectric multi
-layer transducer by Kikuchi et al.l'®
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-mode PVDF transducerand (b) its equivalent circuit.
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Table 1. Physical parameters of the piezoelectric
polymer and backer.

Element | Material Parameters
Longitudinal velocity
¢ [mis] 2110
. 3
Piezoelectric PVDF Density p [ke/nr] 1800
layer Piezoelectric constant /2 |2.86x10°
Dielectric constant &%g 8.0
Loss o [Np/mm/MHz] 0.3
Acoustic impedance Z
Backer Cu [Mrayl] 41.6

Screw Bolt
Screw Nut

Electrode (Au)
PVDF

Epoxy

Handle

HydraulicPress
(SSP-10A, Shimadzu)

Fig. 8. Apparatus for fabrication of the transducers
with different thicknesses of the bonding layer.
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Table 2. Physical properties of the bonding layer.

Element | Material Parameters
Longitudinal velocity
¢ [ms] 2650
Bonding | EPO-TEK Density p [ke/m’] 1150
layer 301 - - S
Dielectric constant /gy 4.0
Loss o [Np/mm/MHz] 0.3
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Fig. 9. Variation of waveform with the bonding layer
thickness. (a) measurement, (b) simulation.
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