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Abstract: Eight- and 32-element ultrasonic array transducers using polyurea films are fabricated and
experimentally tested in this study. Aromatic polyurea thin films, prepared by vapor deposition
polymerization, are suitable for use as an ultrasonic transducer. In this paper, we present two types of
polyurea array transducer with 20 and 200 mm pitches. The polyurea films were prepared through
vapor deposition polymerization, and miniature electrode arrays were fabricated by a lithographic
technique. Resonance frequencies of approximately 30, 65, and 100 MHz were observed in the
electrical admittance. To examine the performances of the prototype array transducers, a pulse/echo
test and phased array experiment were performed. From the experimental results, we found that the
polyurea array transducers fabricated by the proposed method correctly operated as expected.

Keywords: Polyurea film, Piezoelectric polymer, High-frequency, Ultrasonic array transducer,
Phased array, Lithography
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1. INTRODUCTION

High-frequency transducers are required for higher

resolution in medical ultrasonic diagnosis [1]. Ultrasound

is transmitted and the echo reflected at the boundary of

human tissue is received using a single-element or array

transducer. High-frequency transducers are also used in

photoacoustic imaging to receive photoacoustic signals

so that high-resolution images of human tissue can be

obtained [2,3]. Several different transducer materials are

being investigated for use in high-frequency ultrasound

imaging. These include lead zirconate titanate (PZT) [4–8],

piezoelectric polymers such as polyvinylidene fluoride

(PVDF) [9–11], capacitive micromachined transducers

(cMUTs) [12], and zinc oxide (ZnO) [13]. Piezoelectric

polymers have drawn considerable attention as materials

for advanced transducers [14–17]. Although PVDF

[10,11,17] and P(VDF/TrFE) [18,19] have been widely

used, there are difficulties in thin-film formation, film

thickness control, and shape control for these materials

because of the fabrication methods used, which include

spin coating and wet processing.

Polyurea (PU) [20], which has very useful character-

istics for ultrasonic transducers, has recently been focused

on. The preparation method and piezoelectric properties of

PU and its applications have been reported [20–29]. The

acoustic impedance of PU (¼ 3:16� 106 N�s�m�3) is close

to that of water: therefore, a PU transducer can receive

ultrasound with low reflection loss. Since PU are formed

by a mask, plural transducers can be produced in one

deposition process. The Curie temperature is 200�C, which

is the highest value among piezoelectric polymer materials

such as PVDF (100�C) or PVD(F-TrFE) (120–180�C) [30].

Thus, by employing a higher frequency with array trans-

ducers, higher temporal and spatial resolution can be

obtained in imaging applications.

Meanwhile, in general, side lobes are unwanted

emissions of ultrasound energy directed away from the

main pulse, caused by the radial expansion and contraction

of the transducer element. For multielement arrays, side

lobe emission occurs in the forward direction along the

main beam. By maintaining the individual transducer

element pitches at less than half the wavelength, the side

lobe emissions are reduced [31]. For example, electric

beam focusing can be realized without side lobes at

30 MHz if the array transducer pitch is less than 25 mm.�e-mail: mtabaru@sonic.pi.titech.ac.jp

139

Acoust. Sci. & Tech. 36, 2 (2015) #2015 The Acoustical Society of Japan

PAPER

http://dx.doi.org/10.1250/ast.36.139


We have reported fabrication method of ultrasonic

array transducers using PU films [32]. In the report, taking

advantage of the features of PU film, prototype 8- and

32-element linear arrays operating at 30, 65, and 100 MHz

were fabricated. To produce the array transducers, mini-

ature aluminum electrodes with pitches of 20 and 200 mm
were fabricated using a lithographic technique [33]. In this

paper, details such as thickness design, fabrication proce-

dure, and evaluation method are reported. In Sect. 2, the

fabrication methods of the PU array transducers are

described. In Sect. 3.1, to confirm the successful fabrica-

tion of the PU array transducers, the admittance character-

istics were evaluated. In Sect. 3.2, we verified that the PU

array transducer operated correctly by performing a pulse/

echo experiment on the 8-element array transducer and a

phased array experiment on both types of array transducer.

2. FABRICATION OF ARRAY
TRANSDUCERS USING PU FILM

In this section, we describe a fabrication method for

high-frequency array transducers using PU film.

2.1. Configuration of Array Transducers

Figure 1(a) shows configuration for the PU array

transducers. The array transducers proposed in this paper

consist of a top aluminum (Al) electrode, a PU film, bottom

Al array electrodes, and a polyimide (PI) substrate. For the

fabrication, PU and the top and the bottom Al electrodes

were deposited on a PI substrate.

The thicknesses of the Al electrodes and PU film were

determined by employing a Mason’s equivalent circuit

[34]. The thickness of the PU film used in the design is

limited, because a PU film tends to crack if its thickness

exceeds 6mm. Therefore, the thickness of the PU film

was restricted to less than 6 mm during the deposition

process. A combined thickness resonance was used to

obtain the fundamental resonance frequency of approx-

imately 30 MHz, because the basic resonance frequency for

such a thickness is above 1 GHz. To excite the transducer

at a lower frequency and to balance the thick substrate, a

thick top electrode of 5 mm Al was applied as a counter

mass. Here, we chose Al because the conditions of

deposition and etching of Al for our apparatuses had been

known for us and we had no experience about other metals.

The designed PU transducer consisted of a top Al

electrode (thickness: 5.0 mm), a PU film (thickness: 3.5

mm), a bottom Al electrode (thickness: 0.5 mm), and a PI

substrate (thickness: 25 mm). In this configuration, the PU

transducer operates with longitudinal vibration between the

top surface of the Al electrode and the bottom surface of

the Al substrate. According to the result of calculation

using Mason’s equivalent circuit model, the fundamental,

second, and third resonances were appeared at 30, 65, and

101 MHz, respectively. Figure 1(b) shows the calculated

amplitudes of the sound pressure and particle velocity

inside the designed transducer for use at boundaries

between air and air at 30 MHz. The horizontal direction

is the vibration direction. The solid and dotted lines

indicate the sound pressure and particle velocity, respec-

tively. The PI and the top Al electrode face the air. The

figure shows that the pressure and velocity distributions

correspond to the half-lambda resonance mode between the

top Al electrode and the PI substrate.

For the fabrication of the PU film and the Al electrodes

forming the transducer, vacuum deposition equipment was

used [24]. A PI substrate was moved between the chambers

using belt conveyors to deposit the Al electrodes and the PU

film. The PU film and Al electrodes were shaped by masks

(95� 115 mm2) located below the substrate. Evaporation

rates were monitored using quartz crystal microbalances.

2.2. Mask Pattern of Electrode Arrays

In this work, the bottom electrodes were patterned to

form arrays after the deposition process by a lithographic
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Fig. 1 (a) Configuration of PU array transducer and
(b) calculated distributions of sound pressure and
particle velocity for PU array transducer at 30 MHz.
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technique. As shown in Fig. 2, we fabricated two types

of array transducer. The configurations of the electrode

arrays for the 8- and 32-element array transducers are

shown in Figs. 2(a) and 2(b), respectively. Two types of

hard mask were produced for photolithography using an

electron beam lithography system (ELIONIX, ELS-6600).

Figure 2(a) shows the mask pattern of the 8-element

electrode array of 100 mm width Lw and 200 mm pitch Lp,

where each element has a height Lh of 1 mm and a

thickness of 0.5 mm. Figure 2(b) shows the mask pattern of

the 32-element electrode array of 10 mm width Lw and

20 mm pitch Lp, where each element has a height of 3 mm

Lh and a thickness of 0.5 mm. Electrode pads of 1 mm2 are

located remotely via leading patterns connected to the

effectively vibrating region.

2.3. Fabrication Procedure of PU Array Transducers

Figure 3 shows the proposed fabrication procedure for

the PU array transducers.

(1) First, the bottom Al electrodes (thickness, 0.5 mm)

were deposited on PI substrates (thickness, 25 mm), with

widths W and heights H of 20mm� 15mm and 30mm�
25mm for the 8- and 32-element array transducers,

respectively. Al electrodes were produced using an electron

beam gun in the Al deposition chamber.

(2) After the PI films were adhered on other solid

substrates using adhesion promoters, liquid adhesion

promoters (Tokyo Ohka Kogyo, OAP) and positive photo-

resists (Tokyo Ohka Kogyo, OFPR-800) were coated

(500 rpm for 5 s and 5,000 rpm for 30 s). The photoresist

films were then prebaked to remove excess solvents (110�C

for 90 s). After prebaking, the photoresists were exposed to

ultraviolet (UV) light (30 s) through the electron-beam-

patterned hard mask. In this study, the exposure process

was performed using a contact-type mask aligner (Karl

Suss, MJB3).

The areas of exposed photoresists were removed in a

development process (60 s) using developing fluid (Tokyo

Ohka Kogyo, NMD-3). The resulting wafers were then

postbaked (140�C for 180 s) and the Al electrodes were

patterned by wet etching (40�C for 180 s). After gate

patternings were performed by etching, the photoresists

were removed using acetone. A solution of nitric acid

(HNO3), phosphoric acid (H3PO4), and acetic acid

(CH3COOH) (1:16:2) was used for the Al etchant.

(3) Then, PU films of 3:5 mm thickness were deposited

on the patterned electrode arrays and the PI substrates

using deposition equipment [24]. Polymerization of the PU

was carried out through the addition reaction between a
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Fig. 2 Mask patterns of the (a) 8- and (b) 32-element
electrode arrays with interelement pitches of 200 and
20 mm, respectively.
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Fig. 3 (a) Fabrication procedure of PU array transducer
and (b) setup for corona poling.
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diisocyanate monomer and a diamine monomer. In this

study, 4,40-diphenyl methane diisocyanate (MDI) and 4,40-

diamino diphenyl ether (ODA) were used. To obtain high

piezoelectricity, equal quantities of ODA and MDI

should be used and the substrate should be kept at 15�C

[20,22,35]. In this work, ODA and MDI were evaporated

at temperatures of 122 and 62�C, respectively, and the

temperature of the substrate was controlled at 15� 0:5�C

by a Peltier device and a water cooling system.

(4) To polarize the PU films, we applied a corona

poling method as shown in Fig. 3(b) [36]. During the

corona poling, the PU films were placed 30 mm below a

bunch of 15 needles and the PU films were heated at 180�C

for 10 min at a voltage of �12 kV. The needles were set

above the 8- and 32-element array electrodes. In this

setting, the range of polarization is approximately 30–

40 mm2. During the poling process, the Al electrodes

tended to exfoliate when the temperature was increased

rapidly. This is because of the difference between the

thermal expansion coefficients of Al (¼ 23� 10�6/K)

[37,38] and PU (¼ 4{9� 10�5/K) [39]. To suppress the

occurrence of exfoliation, the PU films were heated at

180�C for 1 h.

(5) Finally, the top Al electrodes of 5 mm thickness

were deposited. This thickness was chosen so that the top

electrodes act as a counter mass to acoustically balance

the thick substrate. The top electrodes also act as common

electrodes for all the bottom electrodes.

2.4. Microscope Images of PU Array Transducers

We fabricated two samples for each type of array

transducer. We confirmed the widths of the Al electrode

arrays for the fabricated transducers using a digital micro-

scope (KEYENCE, Digital HF Microscope model

VH8000C). The microscope images of the 8- and 32-

element electrode arrays are shown in Figs. 4(a) and

4(b), respectively. The widths Lw of each element were

100� 0:5mm and 10� 0:5mm for the 8- and 32-element

array transducers, respectively. Although disconnected

electrodes and electrodes that were a few mm too thin

were locally observed for the 32-element array transducer,

we confirmed that the array patterns were shaped as

designed.

The microscope images of the 8- and 32-element

PU array transducers are shown in Figs. 5(a) and 5(b),

respectively. The heights of the top electrodes, Lhe, were

0.9 and 1.0 mm for the 8-element array transducers and 1.5

and 2.5 mm for the 32-element array transducers.

3. EVALUATION OF PU ARRAY
TRANSDUCERS

In this section, we report our evaluation of the array

transducers formed using PU films.

3.1. Admittance Characteristics

First, we measured the free admittance characteristics

as fundamental characteristics. The free admittances were

measured for two samples of each type of array transducer.

The admittance characteristics were measured for the 8-

and 32-element array transducers using an impedance

analyzer (Agilent Technologies, RF Impedance/Material

analyzer 4291B). Figure 6 shows the frequency responses

of the admittance. We observed longitudinal resonances

in the thickness direction at frequencies of 30, 65, and

200 μm 100 μm
Lw =Lsp =

Lh =
1 mm

(a)

Lw = 10 μmLsp = 20 μm

Lh =
3 mm

(b)

Fig. 4 Microscope images of (a) 8- and (b) 32-element
electrode arrays patterned on PI film by wet etching.

(a)

(b)

Top Al electrode (thickness: 5 μm)
PU (thickness: 3.5 μm) 

Lhe

Top Al electrode (thickness: 5 μm)
PU (thickness: 3.5 μm) 

Lhe

Fig. 5 Microscope images of (a) 8- and (b) 32-element
PU array transducer.
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100 MHz for the array transducers. Table 1 summarizes

the frequencies of the maximum conductance fs and the

effective electromechanical coupling coefficient keff for the

fundamental, second, and third resonances. Values of keff

were calculated by

k2
eff ¼

�

2

fs= fp

tanð�=2 � fs= fpÞ
; ð1Þ

where fp is the frequency corresponding to the maximum

resistance [40]. Frequencies of 30, 65, and 100 MHz were

obtained for the fundamental, second, and third resonance

frequencies, respectively. As described in Sect. 2.1, the

theoretical fundamental, second, and third resonances were

found to be at 30, 65, and 101 MHz, respectively, in good

agreement with the experimental results. keff was about

0.10, 0.13, and 0.14 for the fundamental, second, and third

resonance frequencies, respectively. The yields were 8/8

and 28/32 for the 8- and 32-element array transducers,

respectively.

3.2. Experimental Validation

To experimentally verify the operation of the trans-

ducers, we wired the PU array transducers. Figures 7(a)

and 7(b) show photographs of the 8- and 32-element array

transducers with lead cables (Junkosha, PTFEAWG36

model GT01A040) (7 cables/mm, diameter: 0.15 mm,

1,400 � (20�C/km)), respectively. Conductive epoxy

(ITW Chemtronics, CW2400) was used to connect the

lead cables on the electrode pads. The cables were adhered

at room temperature. The lead cables were soldered on

copper-covered bakelite boards. Other cables were sol-

dered on the boards and other bakelite boards for switch-
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Fig. 6 Admittance characteristics of the (a) 8- and (b)
32-element array transducers.

Table 1 Admittance characteristics for fundamental,
second, and third resonances of the PU array trans-
ducers.

Fundamental

Number of sample fs [MHz] keff

elements no. ave. std ave. std

8 1 30.8 0.060 0.109 0.0144
2 29.1 0.026 0.107 0.0100

32 1 30.8 0.026 0.096 0.0081
2 29.0 0.024 0.096 0.0135

Second

Number of sample fs [MHz] keff

elements no. ave. std ave. std

8 1 65.9 0.098 0.115 0.011
2 62.8 0.065 0.158 0.009

32 1 66.0 0.047 0.128 0.011
2 62.8 0.030 0.127 0.009

Third

Number of sample fs [MHz] keff

elements no. ave. std ave. std

8 1 103.1 0.092 0.126 0.010
2 98.1 0.130 0.166 0.004

32 1 103.6 0.071 0.148 0.011
2 98.5 0.075 0.132 0.006

(a)

(b)

8-element  array transducer

32-element 
array transducer

Terminal pins

Switching board

Fig. 7 (a) 8- and (b) 32-element array transducers with lead cables.
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ing. The input and output signals for each element were

controlled by terminal pins on the switching boards.

3.2.1. Pulse/echo test

First, a transmission-reception experiment with a

pulsed wave was performed on the 8-element array

transducer. The experimental setup is shown in Fig. 8(a).

The PU transducer was placed on the surface of degassed

water at room temperature, where the back of the PI film

was set facing the water. A glass slide of 1 mm thickness

was set in the water tank (100� 130� 130 mm3) as a

reflector. The position z of the glass slide was controlled by

a z-axis stepper motor. The transducer was excited with a

pulsed wave of �300 V (Fig. 8(b)) generated by a pulser/

receiver (Olympus, Pulser/Receiver model 5900PR, PRF:

200 Hz, damping: 50 �, energy: 16 mJ, LPF: 200 MHz,

HPF: 10 MHz, gain: 48 dB), where the pulse was trans-

mitted from the bottom of the polyimide substrate. The

pulse reflected from the glass slide was received by the

same transducer. The resulting pulse was amplified and

measured across a 1 M� coupling by an oscilloscope

(Tektronix, Digital Oscilloscope model TDS 3052). The

cable length between the transducer and the pulser/receiver

was 1.5 m, and that between the pulser/receiver and the

oscilloscope was 1.0 m.

Figure 9(a) shows the received pulse voltages at a

distance of z ¼ 3 mm. The vertical axis shows the voltage

amplitude observed by the oscilloscope and the horizontal

axis shows the time after pulse excitation at t ¼ 0:3 ms.

From Fig. 9(a), we found that each element of the 8-

element array transducer could transmit and receive ultra-

sonic waves. The time delays of 4.2–4.3 ms correspond to

the round trips of the ultrasound between the transducer

and the object.

Figure 9(b) shows the amplitude of the reflected

waveform for element No. 2. The peak-to-peak voltage

amplitude was approximately 0.2 V. The pulse length (PL),

which is defined as the time width at a peak value of

�6 dB, was 23.0 ns. The corresponding axial resolution

(AR) was 17.2 mm. We calculated the insertion loss for the

reflected waveforms, which is the transmit/receive voltage

from a solid surface relative to the voltage delivered to a

50 � resistor in place of the transducer [41–44]. The losses

due to attenuation in the water and reflection from the glass

slide were subtracted from the measurement. We did not

consider losses caused by diffraction. Figure 9(c) shows

the calculated insertion loss for element No. 2. The

resulting insertion losses (IL, �6 dB) for the center

frequencies (CF) of 37, 76, and 107 MHz were 70, 54,

and 53 dB, respectively. The corresponding full widths at

half maximum (FWHMs, �6 dB) were 18, 17, and 9 MHz,

and the relative bandwidths (RBWs, �6 dB) were 49, 22,

and 8%. The properties of PW , AR, CF, IL, FWHM, and

RBW were evaluated for all the elements. The averages and

standard deviations of PW and AR are 33:4� 11:5 ns and

25:3� 8:6 ms, respectively. The averages and standard

deviations of the other properties are shown in Table 2.

The characteristics of the PU array transducer were

compared with those of a PVDF array transducer. Carey

et al. reported average IL and RBW values of a 20 MHz

PVDF array transducer of 59 dB and 113%, respectively
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[11]. Although IL for the PU array transducer was higher

than that for the PVDF array transducer at the center

frequency of 36 MHz, the ILs at the center frequencies of

77 and 103 MHz were lower than that for the PVDF array

transducer. All of the RBWs of the PU array transducer

were less than that of the PVDF array transducer. Since the

PU array transducer has a narrow bandwidth, a potential

application is the measurement of surface acoustic wave

velocity using burst waves of a specific frequency.

3.2.2. Phased array experiment

Next, we performed another experiment to evaluate

the reception characteristics of the both types of PU array

transducers. As described in Sect. 1, high-frequency trans-

ducers are used as sensors. For example, in photoacoustic

imaging, the transducers receive photoacoustic signals to

obtain high-resolution images of human tissue [2,3].

Figure 10(a) shows the principle of beam steering

based on a phased array system [45] with an 8-element

array transducer, which was applied in our experiments.

Here, we denote the incident angle between the transducer

and the wave front of the planar wave as �. We have the

following relationship between � and the time difference

for the � for the planar wave received at adjacent elements

A–H:

� ¼ sin�1 c�

Lsp

� �
; ð2Þ

where c is the sound speed in water (¼ 1;500 m/s) at room

temperature and Lsp is the pitch of the array.

The correlation coefficient, voutð�Þ, is expressed as a

function of �:

voutð�Þ ¼
Xm
n¼1

vnðt � n�Þ: ð3Þ

Here, vn (n ¼ 1; � � � ;m) is the waveform received at

element n of the array transducer and m is the total number

of elements in the transducer. m is 8 for the case shown in

Fig. 10(a). Using Eq. (2), the correlation coefficient is also

expressed as a function of �:

voutð�Þ ¼
Xm
n¼1

vn t �
Lsp

c
sin � � n

� �
: ð4Þ

We can estimate the incident angle by finding �, which

gives the maximum correlation coefficient.

Figure 10(b) shows the experimental system. We

changed the incident angle �t, the angle between a single-

element transducer and the array transducers. The single-

element transducer was rotated using a goniometer. Pulsed

ultrasonic waves were radiated by the single-element

transducer (flat-type, diameter: 6 mm) with a center

frequency of 20 MHz (Olympus, High-Frequency Trans-

ducer V354-SU) immersed at the bottom of the water

bath. Among the center frequencies of the transducers

available in our laboratory, 20 MHz is the closest frequency

to the fundamental frequency of the PU array transducer.

The array transducers under test were positioned on the

water surface, where the back of the PI film was set facing

the water. The distance between the two transducers was

2 mm. Their bottom surfaces were illuminated by pulsed

waves. The resulting pulse was amplified and measured by

the oscilloscope.

The incident angle �t was set to 2.0, 3.0, and 4.0� for

the 8-element array transducer and 0.6, 2.6, and 3.6� for the

32-element array transducer. We chose adjacent angles so

that we could visually distinguish two peaks at different

angles using the oscilloscope. The numbers of elements

used for the experiments were 8 and 10 for the 8- and 32-

element array transducers, respectively. For the 32-element

array transducer, 10 elements were alternately chosen.

Figure 11 shows the results. Figures 11(a) and 11(c)

show the amplitudes vlðtÞ of the received waveforms for

various angles for the 8- and 32-element array transducers,

Table 2 Properties of 8-element array transducer.

CF [MHz] IL [dB] FWHM [MHz] RBW [%]

ave. std. ave. std. ave. std. ave. std.

36.4 1.1 69.5 1.8 14.4 3.4 39.4 8.4
77.0 2.4 54.0 2.0 25.3 9.6 32.8 12.5

102.6 4.2 58.2 3.5 14.5 6.3 14.3 6.6
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respectively. We found that the time difference increased

with the actual incident angle. For each received waveform

vlðtÞ, the correlation coefficient voutð�Þ was calculated as a

function of the angle � using Eq. (4). Figures 11(b) and

11(d) show the calculation results for voutð�Þ for the 8- and

32-element array transducers, respectively. The incident

angles were then estimated by finding the maximums values

of vout in Figs. 11(b) and 11(d) for the actual incident

angles. The incident angles estimated from the phased array

experiment were 2.1, 3.3, and 3.9� for the 8-element array

transducer and 0.5, 2.9, and 3.5� for the 32-element array

transducer. The estimated angles were in good agreement

with the actual angles. The estimation errors were less than

10% for the 8-element array transducer and less than 11%

for the 32-element array transducer.

The values of vout shown in Figs. 11(b) and 11(d)

indicate the beam width of the array transducers. To verify

the beam width, we compared the beam width at half

maximum BW in Figs. 11(b) and 11(d) with the theoretical

width (�6 dB) at normal incidence calculated from the

beam pattern of an array transducer [31]. The theoretical

beam pattern pð�Þ was given by

pð�Þ ¼
sin2ðkL sin �=2Þ
ðkL sin �=2Þ2

: ð5Þ

Here, k is the wave number and L is the total width of

the array aperture illustrated in Fig. 10(a). The theoretical

beam width was 2.5� for the 8-element array transducer.

The estimated BWs were 2.4, 2.4, and 2.3� for incident

angles of 2.0, 3.0, and 4.0�, respectively. The experimental

results were good agreement with the theoretical value for

the 8-element array. For the 32-element array transducer,

the theoretical value was 8.2�, and the estimated BWs were

8.4, 9.6, and 9.2� for incident angles of 0.6, 2.6, and 3.6�,

respectively. The estimation errors were less than 8% for

the 8-element array transducer and less than 17% for the

32-element array transducer. From the experimental re-

sults, we found that the PU array transducers fabricated by

the proposed method correctly operated as expected.

4. CONCLUSION

In this study we studied PU-film ultrasonic array

transducers. We proposed a fabrication method for high-

frequency array transducers using PU film. Eight-element

bottom electrode arrays with 200 mm pitch and 32-element

bottom electrode arrays with 20 mm pitch were patterned on

polyimide substrates by a photolithographic technique. The

array transducers were fabricated by depositing PU films

and top electrodes using deposition equipment, which was

followed by corona poling.

The yields of the 8- and 32-element array transducers

were 100 and 88%, respectively. The array transducers

showed resonances at approximately 30, 65, and 100 MHz

and effective electromechanical coupling coefficients of

0.10–0.17. We successfully estimated the incident angles

in a phased array experiment. In addition, we observed

reflected pulse signals in a pulse/echo experiment using the

8-element array transducer. From these validation experi-

ments, we found that the fabricated PU array transducers

correctly operated as expected. In future works, we will

consider how to improve the effective electromechanical

coupling coefficient and the sensitivity of the PU array

transducer as well as the fabrication process. We used Al as

electrodes in this study, however, other materials might be

preferable. Optimum materials will be also investigated.
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