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Design and Fabrication of a Convex Array Ultrasonic Transducer
with Finite Element Analysis
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In this study, an ultrasonic transducer was designed with a commercial finite element analysis (FEA) code,
PZFlex, and fabricated based on the design. The transducer has the dimension and shape suitable for
abdomen diagnosis working at 5 MHz and consists of 128 piezoelectric elements disposed in a convex linear
array form, The transducer is composed of two impedance matching layers, one backing layer, and kerfs
placed between the piezoelectric elements, Validity of the design with the FEA was illustrated through
experimental characterization of a sample transducer, Comparison with the design results by equivalent
circuit analysis method was also made to check the superiority of the FEA design,

Keywords: Finite element analysis, Convex arrgy ultrasonic transducer

ASK subject classification: Ultrasonic and elastic waves (4.1}
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Table 1. Comparison of the performance factors that can be analyzed by equivalent circuit analysis and finite element analysis

methods.

waveform sensitivty O O
ringdown time O O

frequency respanse center frequency O O
fractional bandwidth O O

cross talk X O

radiation pattern x O

geometrical focusing X O
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Fig. t. Basic structure of an uftrasonic array transducer.
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Fig. 2. Electrical impedance and phase of a piezoelectric element.
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Table 2. Basic dimensions of the convex type linear array

uitrasonic transducer.

radius of curvature 40 mm
field of view > 60°

number of elements 128

efevation aperture 12 mm

B J YA gy xR} BEXIS SE M5 AlY
Table 3. Goal performance of the convex type linear array

ultrasonic transducer.

performance specification
sensitivity = -65 dB
center frequency 5§05 MHz
fractional bandwidth > 60%
beam width z 25
geometrical focusing 60 mm
cross falk < -30 dB
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Fig. 3. The finite element model of the convex type
linear array ultrasonic transducer.
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Fig. 5. Radiation pattern from the finite element analysis.
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Table 4. Acoustic impedance of the materials constituting

the transducer.

- maerial- - | acoustic impedance (Mrayl)
piezo-ceramic 340
ist matching fayer 89
2nd matching layer 23
lens 23
lens cover 16
backing 32
kert 29

IV. S7IMEYS ol BENI %Y

RS o] Gt A4 Zaje} wlwslr] YA 2
£ A Akl HidiA KIM 571312 S-S o8-t



R HAMEE O1RY AL KRIY 230} BIERIC) W 2 HIZ 596

[Fulse echo with Driving Signal [V]] Spectrum [dB] |
0.0
€.800 / \
€.600 o -10.0
€.400 ’f{ }r\ / \
C.200 -20.0
€.000 —'{f 'f ‘l Foomecn
L%
LC.200 -30.0
LC 400 ,-*' \
F¢.600 ~ \ -40.0 T . - -
2.0E-6 25E-6 3.0E-6 3.5E-6 4.0E-6 4.5E-6 5.0E-6 2353k 2.0M 4.0M 6.0M 8.0M 10.0M
{a) AI2IYY =4 {b) Fol> BY

{a) Time domain response

{b) Frequency domain respense

J8 6. S7I8= sjMof 28t g
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