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Table 1. Detailed parameters of large-sized transducer.
EERERA upe JEAR TJEAAR /mm TR /mm B /mm
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(a) Z5HAIEL; (b) PRALIEL; (c) He ST A 7 231 4]

Fig. 1. Structure and vibration mode diagram of large-sized transducer: (a) Structural diagram; (b) vibration mode diagram;

(c) displacement distribution diagram of radiation surface.
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Fig. 2. Radiation surface displacement amplitude of large-
sized transducer.
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Fig. 3. Schematic diagram of the front cover plate with

columnar and acoustic surface structures.
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Fig. 4. Top and side views of the front cover plate with

columnar and acoustic surface structures.
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Fig. 5. Structural schematic diagram of optimized rear cov-
er plate.
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Fig. 6. Structural and vibration mode diagrams of piezoelec-

tric ultrasonic transducer with columnar and acoustic sur-

face structure.
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Fig. 7. Comparison of displacement amplitude of radiation

surface.
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Fig. 8. Influences of the side length and height of columnar structures on the performance of transducers.
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Fig. 9. Influence of the radius of the cylindrical hole on the Fig. 10. Influence of the height of the ring groove on the
performance of the transducer. performance of the transducer.
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Fig. 11. Influence of the thickness of surface grooves on the

performance of transducers.
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Fig. 12. Physical image of piezoelectric ultrasonic trans-

ducer with columnar and acoustic surface structure.

F2  (3)—(6) X BIUAE
Table 2. Values of the constants in Eqgs. (3)—(6).

A B C D
PopE=1 19651.327 277.955 11.400 0.142
EYS L= BURS 10141.232 2616.509 ~221.630 7.083
(3)z% THRREARSLEAR 17511.585 3.807 4.071 0.893
RSEIN T 17405.221 88.233 ~26.829 3.145
oy MR JEL 17512.152 4.646 -0.732 0.746x107!
() YR R 17511.585 -3.807 4.071 -0.893
YR IR 17405.221 88.233 ~26.829 3.145
(5)=% Yy R T [T R 2.909x10 4 8.421x10°¢ — —
ZNFER 41.422 4.051 0.022 ~0.454x10°2
()5t AR ~572.671 386.836 ~72.945 4.206
A BRI LR 87.149 5.651 0.866 0.174
AR e B 91.649 4.283 ~1.871 0.221
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Fig. 13. Measurement process diagram of impedance charac-

AR NP 2 2 THG 45 K40 Y s L 7P 460 RE i Y BEL BT 47

teristics of piezoelectric ultrasonic transducers with colum-

nar and acoustic surface structures.

o bR P 7 T 455K P9 L A s 40 RE R P 3 T
PR AR A B ARAE R T ON , BRRE RS FH AR
SEFLE 1V HAE S T, D fE ] 15(a)
FE 15(b) B, W Fr A5 B A RN 75 24 R T 2544
14 He L R P RE A IR B 5 LA IEL 15(c) s, oK
AR RE S R S5 B & 15(d) BR.

A&l 15 AT AR 2F R A 0 R H
5 BE 7 ()0 A% SL R I T X6 L (R 3310 16.633 kHz,
55 BHAT AT B I 5 AR — 3 3R A A
SRS E B SO ARS8 XAl 15(c)
FE 15(d) FTLAE ), AR 24 e T 25 44 ) R e
7 e R g 110 5 S v 147 R R IR 1 A 244
FEERARAT T RIRSR T, 7 BA5 R 5 5050 i Bds g ik
TV TS I HER T, TE BRI S T 25 X
JE LR P S BE RS PR RE A AL 2 AT 28U
2

AR S A R R 75 2 2 T 235 480 %o R 7 46
RERRIEAT T OUARBET, FEXHB T IR BE RS EA T T 05
FLASZE IR, 158 LR 458

1) A RRIT PR 2% 2 T 445 44 17%) . P e 7 8 BB
ST A RS B MR R AR BE R 1Y 1.57 £,
PRI A0 350 B R AR LA Be 4R 1Y 4.07 £5, TERE
R EIE AT

2) 1 BB 3 I R A o A 1 HRIR G A i i

5 4

Zn

@ o R e [ [ el
o A
S 7.2801 ,J A (b)
= 6.2801 | 0.06
S ja |
S 312891 [ / 0.05¢
2.2891 /
1.2891 0.04 |
13 14 15 16 17 18 19 20
Frequency/(10% Hz) g 0031
20 N 0.02 |
0 i 0.01}
~ —20
< —40 ] 0r
—60 AN 14 15 16 17 18 19 20 21 22 23
—80 Wi /Hz
13 14 15 16 17 18 19 20
Frequency/(10% Hz)
Fas_lnlzma\] %} ‘3?555“ M= | AW ey ’ @
B 14 HRIRAN 2 3 1 S5 KA Y R S A BB A BB A FRLBH T SIS IR SIOR AL (a) M EE SR (b) 5 AR 2 A

Fig. 14. Measurement of input impedance and resonant frequency of piezoelectric ultrasonic transducers with columnar and acous-

tic surface structures: (a) Measurement results; (b) simulation admittance curve.
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Fig. 15. Experimental measurement of the displacement amplitude distribution of the radiation surface of the transducer: (a) Test
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chart; (b) measurement results of piezoelectric ultrasonic transducers with columnar and acoustic surface structures; (c) measure-

ment results of the transducer that have not been optimized.
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Abstract

The band gap, localization, and waveguide characteristics of phononic crystal structures offer extensive
potential applications in transducer field, particularly for circular-hole phononic crystals, which are extensively
utilized in research on performance optimization of transducers due to their straightforward structure and easy
fabrication. Nonetheless, studies have revealed that the bandgap width of circular-hole phononic crystal
structures is directly proportional to their porosity. Typically, a higher porosity leads to enhanced energy
localization of elastic waves. However, high porosity implies a narrower distance between circular holes, greatly
reducing the mechanical strength of the structure. The introduction of columnar phononic crystal structures
solves the problems of high porosity and strict dimensional accuracy requirements in circular-hole phononic
crystal structures, providing a new approach for enhancing the performance of piezoelectric ultrasonic
transducers.

This study employs cylindrical and acoustic surface structures fabricated on the front and rear cover plates
of piezoelectric ultrasonic transducers to manipulate the transmission behavior and pathway of sound waves,
thereby achieving effective control over coupled vibrations within the transducer. This approach not only solves
the problem of uneven amplitude distribution on the radiation surface due to uneven vibration energy
transmission but also markedly enhances the displacement amplitude of the transducer’s radiation surface,
ultimately enhancing its operational efficiency. The simulation results elucidate the influences of the
configuration of these cylindrical and acoustic surface structures on transducer performance. Experimental
findings further validate that these structures can effectively improve the performance of piezoelectric ultrasonic
transducers. This study provides systematic design theory support for the engineering calculation and
optimization of transducers.

Keywords: porous phononic crystals, columnar and acoustic surface structures, piezoelectric ultrasonic

transducers, performance optimization
PACS: 43.40.+s, 43.35.4+d, 43.38.4+n, 63.20.D— DOI: 10.7498 /aps.74.20250901

CSTR: 32037.14.aps.74.20250901

* Project supported by the National Natural Science Foundation of China (Grant Nos. 12174240, 12364057), the Second Batch
of “Light of Science and Technology” Young and Middle Aged Science and Technology Leading Talents Program of Yulin,
China (Grant No. 2024-KJZG-ZQNLJ-003), and the Doctoral Research Start up Fund, China (Grant No. 22GK26).

1 Corresponding author. E-mail: sylin@snnu.edu.cn

214304-9


http://doi.org/10.7498/aps.74.20250901
https://cstr.cn/32037.14.aps.74.20250901
mailto:sylin@snnu.edu.cn
mailto:sylin@snnu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

AR e 2 R S5 P R FR AR PR S AB 28
WA = KRR KBE TR %R

Piezoelectric ultrasonic transducers with columnar and acoustic surface structures
LINJiyan LlIYao CHENCheng LINShuyu GUO Linwei XU Jie

5] F{ &, Citation: Acta Physica Sinica, 74, 214304 (2025) DOI: 10.7498/aps.74.20250901
CSTR: 32037.14.aps.74.20250901

TELR T2 View online: https://doi.org/10.7498/aps.74.20250901

A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

S THI -5 Ao 2 TR A T 25 T i e 7 5
Surface and defect controlled high power piezoelectric ultrasonic transducers

PyFEEEAR. 2025, 74(9): 094301  hitps://doi.org/10.7498/aps.74.20250047

AR AT JAL TP A R R B A5 A ) KRS T i R P e

Large—scale piezoelectric ultrasonic transducers with tubular near—period phononic crystal point defect structure

YrE2E 4. 2023, 72(9): 094301  https:/doi.org/10.7498/aps.72.20230195

A IESTH G T R B A R 8 R G R BT S AR Sh Ik fE
Design and vibration performance study of longitudinal-bending orthogonal coupled piezoelectric ultrasonic vibration system

YrH2E 4. 2025, 74(13): 134301 https://doi.org/10.7498/aps.74.20250294

BT 14 MER B2 R0 45 RE AR A IR 3l 2R GE B0 P IO
Research on acoustic control of coupled vibration system of transducers using acoustic surface and topological defect structures

YIBR2A 4. 2024, 73(22): 224301  hitps:/doi.org/10.7498/aps.73.20241199

e R AR Sl A PR Sl e g P g
An ultrasonic transducer for vibration mode conversion of wedge—shaped structure of acoustic black hole

YA 2025, 74(4): 044303 https://doi.org/10.7498/aps.74.20241326

ST R R VR A A 5 B B T HL B P e BE
Arbitrary variable thickness annular piezoelectric ultrasonic transducer based on transfer matrix method

WIBAEAR. 2023, 72(5): 054304  hitps://doi.org/10.7498/aps.72.20222110


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.74.20250901
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250047
https://doi.org/10.7498/aps.74.20250047
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230195
https://doi.org/10.7498/aps.72.20230195
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250294
https://doi.org/10.7498/aps.74.20250294
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20241199
https://doi.org/10.7498/aps.73.20241199
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20241326
https://doi.org/10.7498/aps.74.20241326
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20222110
https://doi.org/10.7498/aps.72.20222110

	1 引　言
	2 柱状和声学表面结构的压电超声换能器的设计
	3 柱状和声学表面结构的压电超声换能器性能评价模型
	4 柱状和声学表面结构的压电超声换能器的实验测试
	5 结　论
	参考文献

