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Signal-Characteristic Analysis with Respect to Backing Material of
PVDF-Based High-Frequency Ultrasound for Photoacoustic Microscopy
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Abstract Photoacoustic microscopy is capable of providing high-resolution molecular images, and its spatial
resolution is typically determined by ultrasonic transducers used to receive the photoacoustic signals. Therefore,
ultrasonic transducers for photoacoustic microscopy (PAM) should have a high operating frequency, broad bandwidth,
and high signal-reception efficiency. Polyvinylidene fluoride (PVDF) is a suitable material. To take full advantage of
this material, the selection of the backing material is crucial, as it influences the center frequency and bandwidth of
the transducer. Therefore, we experimentally determined the most suitable backing material among EPO-TEK 301,
E-Solder 3022, and RTV. For this, three PVDF high-frequency single-element transducers were fabricated with each
backing material. The center frequency and -6 dB bandwidth of each transducer were ascertained by a pulse-echo
test. The spatial resolution of each transducer was examined using wire-target images. The experimental results
indicated that EPO-TEK 301 is the most suitable backing material for a PAM transducer. This material provides the
highest signal magnitude and a reasonable bandwidth because a large portion of the energy propagates toward the
front medium, and the PVDF resonates in the half-wave mode.
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Table 1 Material properties of the PVDF film with a
9 um thickness [16]

Property Value

Longitudinal wave velocity (m/s) 1400
Density (g/cm3) 1800

Acoustic impedance (MRayl) 2.52

Piezoelectric receiving constant g3 (V.m/N)

at 1 kHz 0.18

Piezoelectric strain constant ds3 (pC/N) 19.2
Electromechanical coupling coefficient ki (%) 15
Dielectric constant (£%/€o) 12

Table 2 Material properties of backing materials [17,18]

Material Property Value

Acoustic Impedance (MRayl) 1.32
Attenuation (dB/1 MHZ-mm) 0.408
EPO-TEK Acoustic Impedance (MRayl) 3.05

RTV

301 Attenuation (dB/30 MHZ-mm) 9.5
E-Solder Acoustic Impedance (MRayl) 5.46
3022 Attenuation (dB/30 MHZ-mm) 40
6dB TAZ, FAFRE A& BE wow
Bo4E FU B ATA AeE HHaE

PVDF film(Pizotech Inc., Hesingue, France)2.2
71 9 mmelw, AHEE FS5S  AAlE RTV
(664-J, Momentive, Akasaka, Minatoku, Japan),
EPO-TEK 301 epoxy (Epoxy Tech Inc., Billerica,
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Fig. 1 Photo of the fabricated PVDF high frequency
ultrasonic transducers for a PAM detector
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Fig. 2 Experimental arrangement to measure the
pulse-echo response of the fabricated PVDF
ultrasonic transducer
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Fig. 3 A measured pulse-echo response and its fre-
quency spectrum of the fabricated trans-
ducer with RTV backing material
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Fig. 5

A measured pulse-echo response and its
frequency spectrum of the fabricated trans-
ducer with E-Solder 3022 backing material

Table 3 Center frequency and -6 dB bandwidth of
the fabricated transducers measured in the
pulse-echo test

Backing -6 dB bandwidth | Center frequency
Material (MHZ) (MHz)
RTV 14.79 - 88.87 51.83
EPO-TEK 301 20.62 - 79.20 49.91
E-Solder 3022 12.34 - 58.92 35.63
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Fig. 6 Phantom images acquired by the fabricated
transducers
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Table 4 Axial and lateral beam widths measured in
the wire phantom images and their
theoretical values

Backing Axial Beam widths | Lateral Beam widths

Material | Measured | Theoretical | Measured | Theoretical

RTV 9 um 10 pm 40 um 36 um

EPO-
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