@43 &

2022 % H67T%H F 12 H: 1214 ~ 1222

B R H R R D TR

< O R ) 2b
SCIENCE CHINA PRESS

CrossMark

& click for updates

FEEA RO TSy PERF 5k Jie

BEE AR, KRR
1. bk FK B R ZEHUARAA e, FRIM 450045,

2. IR AU S8 4 TR B, YRR R B e RS M R E SR, KD 410082

* B AR A, E-mail: lyfeng@hnu.edu.cn; jjchen@hnu.edu.cn

2021-06-01 W, 2021-09-27 1111, 2021-09-28 $35%, 2021-10-01 KRR K&

R B RBl225E4:(12074114) 85 BY

WE FEAMHMEEZUEAFFER. FRIMVEEBERETOREAEANN AR, 58 T ) Z 8 X iF
B, S, B RR T RS 7RO EARMR, CRT RGN F ORI BTRARNEL S %, LA
FRMFEEGUERRLEEN. AXEETFRFLGUENFTRRR, TEAETEEUENT. IS0 E. @R
MAEERSFEAFRELGEE3MTENR, SR THNNEE. REFRURGFENEAR &5, AT E
HEEGUAERKTARNEET W, WHAHEXFARREERSE.

RHkiAl AR, FW, FE M, LN, M TR

BEB R Tl A A S KRB i, ATx
FHRMAERE B9 SRR B . SR, A SRR O B E
W SEPRTE R, A TR R BA FFIRIIREAI A
TEGMEL, SRR AR, Hor,
FRAPEHE RO R N T A RRL, E R O
A AT I A, RS A TR BRI LR 22 1],
HATEGERRL I R SR F PRI, Lo 8
PR ORE SRR, RO T AR R
FUIfE. HAL AR AR 20T, K
FUAT R SRR PR RO B, IR AR . ST A
P BEHPRAESE, S A R SR TR L

PR AR AR L5 A D — Rl L E B P
W REVERT, fEREFEER N AR AR R
AL A s LA TR AR T RE, SR TR LA
BWARBIBTTEINNS. AR S VAR WA —4>J7 7] L RERS
N2 BELAGH Fed,  TIAEAH S 7 L ) A R A A 1k
MEER. B BN TR RAE LS 4, €
BSR4 BR NS Bl A AT B

RHEAE, fnbe T RHE R, B T AT
A KT 32 LT RS AR TS0, DR AeaE
2R VR R RSB0 AR LA A P A P R
USRI, e RS Th, BHFA BB DR
TR AELAE R e O ey S B T e
FEH G, [RIREH, 25t A 2 R G S
BT T B A SO R S R AR Y
VERYF 2 A, BT BB . SR, 76 B4R
R R R rh, MRS, OV EAR
TEAERRIE. 302 1 52 B I B R RR A, 4T
1 2R G I ) R B, SR Ok ) AR S PR A
HRMERY. BT, SCBUS DR S R O Bz s
RV kU, SRR AR E S R A3
IR ey 7 p SN U (2 NI NG P
BT URREEAR EAEFAE ART, X e TR Y
WIS 5E3E, N S AA e m . i, JF<
MEDTEER AT A B A RS HeR s S s, 3
NSNS 5 ZEME L AE 2 A R B 00 Sk

2021-0525

SURE: R, BRAA, B PR AE B MR S UE . Rl AR, 2022, 67: 1214-1222
Feng LY, Chen J J, Huang H B. Progress on nonreciprocity of acoustic metamaterials (in Chinese). Chin Sci Bull, 2022, 67: 1214-1222, doi: 10.1360/TB-

© 2021 (PIEREE) btk

www.scichina.com  csb.scichina.com


https://doi.org/10.1360/TB-2021-0525
https://doi.org/10.1360/TB-2021-0525
http://《中国科学》杂志社
http://www.scichina.com
http://csb.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/TB-2021-0525&amp;domain=pdf&amp;date_stamp=2021-10-21

EEEE

Y& T, BT RGN AR R D i 9E 78 .
R, XSO PR T AR PR NG L
ARSCPRARLER 1k 26773k S B AR B o) PR A
. WA RAF R, fRm, 489 T IR S
PEAEARR A B ZRITE RS, AR S A RS %

1 JE TR R 0 5

LA B BERE A0 AR5 PG il U
s, B I gt AR A U, HRRE )
EAR . AL, AT IR AR, AR REEAE
LA A5 5 L PN B A S T AR AR A . BHUF T
V& A BRI HAE LA AR5 SV AN 75 - d AR A 2%
RS AR S N4, LiangZ A\ hk
PR 75 F b R BT B AR e A R A 5, A
e RAE T AR AR E S . 5%, Liang®5 APk
— A BB B 5 K 2 A LAY AR Hh 2
R AR A AR LR KL, ARl — 475 R I
R4, ISER 7 s T I AR S, AR AYSE
W JEHRE A IR, Ao fG A A ST i, HAm
R T AR A B I, AR oE 2, A
G R BB R 5, A B A A ST
B AR LR AR A 38 P T R a5, )
K5 — SR E RS,

Boechler®s \PJETARLE LI, 7R SRR —
YESRrE L SEL T R AR L . A T R B )
BRGSO, AEASAT P AR AR LA, DR X A
TR I 7 Il B3 1 — SR Uk A, A i Uk
AR BB St s, TCARZRMERR = Az, 75 Dk A A At
WSk, RRERAWURIEE S —o. SR, FETHIRZMER)
AR H Sy AL REL LA AR A o e e ad, A% 1E IR AR AR

i }.7 Superlattice —»} |<7 NLM _’| Water

Transducer Transducer

wiater |<— Superlattice 4>| L—NLM —bl ¥ater
— 4

B 1 (R4 RROR () 7 e s S e
Figure 1 (Color online) Experimental schematic diagram of acoustic
diodes™
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Figure 2 (Color online) Schematic diagram of nonreciprocity induced by rotating fluid'®. (a) Three-port circular resonant cavity. (b) Transmission at

different flow rates
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Figure 3 Multilayer structure and its dispersion curve®™, (a) Sche-
matic of the multilayer structure. (b) Dispersion curve of the multilayer
structure. (b) Close-ups of the codirectional anticrossing points
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Figure 4 (Color online) Schematic of the one-dimensional magnetoelastic phononic crystal slab and its dispersion curvel, (a) Schematic of the one-
dimensional magnetoelastic phononic crystal slab. (b) Dispersion curve of the one-dimensional magnetoelastic phononic crystal slab. (c) Close-ups of

the contradirectional anticrossing points
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Progress on nonreciprocity of acoustic metamaterials
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Reciprocity is a generic feature in various physical systems because it is directly associated to the symmetry of physical
laws under time reversal. The breaking of the reciprocity is vitally important in numerous fields, such as the control of
energy flux, imaging technologies and topological insulators. For instance, electrical diodes, as a typical nonreciprocal
representative in electronic systems, have already contributed to substantial scientific revolutions in many aspects,
including integrated circuits, lighting and signal indication. Motivated by the electrical diodes, thermal diodes exhibiting
the rectifying effect on thermal energy are achieved in nonlinear lattices. Similarly, the nonreciprocity in photonic systems
can be realized by many mechanisms, such as the nonlinearity of optical medium and the mode conversion. Synchronously,
the concept of nonreciprocity further extends to phononic systems. The main means to achieve acoustic nonreciprocity are
based on the nonlinearity of acoustic material, dynamic element, and magnetoelastic interaction. However, the nonlinear
approach introduces the inherently low conversion efficiency, the dynamic scheme has difficulty in application at high-
speed modulation or on nanoscale, and the method based on magnetoelastic interaction has small bandwidth and high
frequency, which have severe limitations for practical application of the nonreciprocity.

From the perspectives of principles, history, and problems, this paper reviews in detail the progress of the nonreciprocity
based on nonlinearity, dynamic components, and magnetoelastic interactions. Some existing problems with these methods
were pointed out. For example, the nonreciprocal solution based on nonlinear media has low energy conversion efficiency,
it is difficult to miniaturize the nonreciprocal device based on dynamic components because of itself complexity, and the
bandwidth of nonreciprocity based on magnetoelastic interaction is narrow. Correspondingly, improvement of the energy
conversion efficiency based on the nonlinear medium, more reasonable design of a dynamic modulation system, and
widening broadband of nonreciprocity in the magnetoelastic system, can be researched in the future. For example, in order
to reduce the nonreciprocal frequency of magnetoelastic system, it is worth studying the unidirectional transmission of
sound waves in the magnetoelastic system under a dynamic magnetic field. For the sake of realizing a nonreciprocal system
with no external power source and high conversion efficiency, the nonreciprocity of acoustic waves in a magnetoelastic
system under a zero magnetic field may become a focus of future research. In addition, since each scheme has its
advantages, the combined effects of multiple schemes may overcome the shortcomings of a single scheme and achieve
more significant nonreciprocal effects. So far, the combined effects between nonlinearity and dynamic components have
not received much attention. We expect that research of nonreciprocity will be extended to both nonlinear and
spatiotemporally modulated systems in the future. The combined effects between nonreciprocity and magnetoelastic
interaction may become an important content of future research. Finally, considering practical engineering application,
there are still many aspects worthy of further study, such as the miniaturization of nonreciprocal devices, optimal design of
nonreciprocity based on optimization theory, and adjustable nonreciprocity based on smart materials or structures.

In short, the nonreciprocity of acoustic metamaterials is an important field of scientific research, which has potential
applications, such as rectification, vibration and noise reduction, sensing, and bioimaging.

metamaterial, acoustic wave, nonreciprocity, nonlinearity, magnetoelastic interaction
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