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Fig. 1. Phononic crystal plates with type-II Dirac point. (a) Schematics of the phononic crystal plates and the unit cell. (b) Disper-

sions of the phononic crystal plates along the high-symmetry lines. Inset: the first Brillouin zone. (c¢) Dispersions around the type-II

Dirac point. Green plane shows the isofrequency plane at the frequency of the type-II Dirac point.
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Fig. 2. Breaking of mirror symmetry and topological phase transition: (a) Dispersions of the phononic crystal plate with
Ah = 2.5 mm, where the inset is the diagram of unit cell; (b) eigenfrequencies at D point versus Ah , where the insets show eigen-
modes before and after the band inversion; (c), (d) Berry curvature distributions of the first bands for phononic crystal plates with
Ah =25 mm and Ah = —2.5 mm , respectively.

184302-3


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

#) 32 2 3R Acta Phys. Sin. Vol. 70, No. 18 (2021) 184302

TR L soe AR BT 01 Bl 26AE D SR DY 5553
B EIL VAR G 2 A W, 0L T 1T O
W 10 K BB D D B8 . 7 AR RESE IR, %4
ULl 37 DA AR BRI BB (KRB
o), 8 E R I F PR S E T DAEA 194 B
Co = 5o [ @0k) &k = FL/2. B Bt
AR — SRS DI DY B 1 A B

4 FF R R

4.1 FRESEH

HAMRATS Ah 5t T iR E T A FE T
BEAAH. ¥ Ah = —2.5 mm 75 Tk (Gi08 A) Fi
Ah = 2.5 mm AR (108 B) Wy Il ABA
(77 X PHE, HefR EE WA 3(a) Bis, SR
Ify J7 1 A7 46 A JE I ST, W % 2L Bt
S, WA ABA S5 AE AB A1 BA P Fl

AR, AR BRI 3(b) Bk, H
R A 43 R A R A2 B E 7 ) LR,
L1243 BTN, AB B A BA B LAY A s
. PHAR A A Y B J0 B RHAE, B ot 28
FEARBEAT R BRI R 8] 3(c) 4l gl T
PR i | A AR IC N R S B A
SO S B RFECRE. AB R BA Bt Y
P A HA W WA 5 010 FHE, AB B ST
FHHAL 2 710 EAIRE AR, T BA Ui A AR A
Wb 277 ) b IR R, SRR I 35 53 AT 2 B A
FUEEREAA B ARTE, H AB A1 BA S S5
FLA A TR T RR 5% 10 X R

o BR AT S AR FE IR BB A WA -7 6 1
KZR BN AN T kp = m/a 2 MIFNAT O Y AL T 2
Sl DREEA A D' R AS. X T DRES, AB A
T A2 (4 < 1E 7 ) R F AR A B4 5L
CH=—1/2, il B ABRECY =+1/2, T &
ACHB =CN—C® =1, BI7E AB 51 416 D

(b) 30
N
= 25 F
~ — i “: )
=
2 %
& 20f & 5,
Q)
3 s
= 3
o
£ 15LT 4
£
10
0 2
ki(n/a)
(d) (e) 1.0
Low reflection boundary W
> >
=] =] 0.8 |
3 3 N
o] < Max jas)
E E <
o 2 > 061
Q Q iq)
g 4 g ERA
e = - o
15 © 54
2 1o} &
k5 % 0.2+ —— Perfect interface
z - 0 == Defective interface
3 3
3 5 0 L L L
Low reflection boundary 21.6 21.8 22.0 22.2

Frequency/kHz

B3 AR RS LR (a) 76 y O BARIK R ABA BFAUINTS F AR (b) ABA 25 BGE REHT; () 48 BIF0R (b)
WOMLE IR BRI AL ARG 53 A, Ho IR AR ROR BALE, B OREIR 207 LM ALRS, SO Nl T EAL & (d) &
BRRA B BA FUI A AL, SRR AR, @ A RN 2 05 Il B DR AR SR, SRR 22.3 kHz ; (e) (A S RIAL (5 4R
3 )2 TE e A TE B B I 0 P R 3 SRS AL 3 () AB F1 BA FUII A 9 89 V1% ) 23 A

Fig. 3. Interface state transports of phononic crystal plates. (a) Schematic of sandwich structure ABA successively consisting
phononic crystal plates of phases A and B along the y direction. (b) Projected dispersions of the sandwich structure ABA. (c¢) Dis-
placement field eigenmodes marked by the blue and red star in panel (b), where the deformation is the total displacement. The col-
or bar is the displacement in z direction, and the green dotted line is the boundary position. (d) Interface state transports along the
BA interface with defect (denoted by green line). Green star denotes the point source polarized along the z direction and operating
at f = 22.3kHz. (e) Transmissions for perfect and defective interfaces. (f) Shear stress distributions corresponding to AB and BA
interface states.
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Fig. 4. Boundary state transports of phononic crystal plates. (a) Projected dispersions of phononic crystal plates of phase B. Inset:

the displacement field eigenmodes of the boundary state, locating at the bottom free boundary. (b), (¢) Boundary state transports

along the free boundaries without and with defect. (d) Transmissions for two distinct boundaries corresponding to (b) and (c).
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Abstract

The accidentally degenerate type-II Dirac points in sonic crystal has been realized recently. However,
elastic phononic crystals with type-II Dirac points have not yet been explored. In this work, we design a two-
dimensional phononic crystal plate in square lattice with type-II Dirac points for elastic waves. The type-II
Dirac points, different from the type-I counterparts, have the tiled dispersions and thus the iso-frequency
contours become crossed lines. By tuning structures to break the mirror symmetry, the degeneracies of the type-
IT Dirac points are lifted, leading to a band inversion. In order to have a further explanation, we also calculate
the Berry curvatures of phononic crystals with opposite structure parameters, and it turns out that these two
crystals hold opposite signs around the valley. The phononic crystal plates before and after the band inversion
belong to different topological valley phases, whose direct consequence is that the topologically protected
gapless interface states exist between two distinct topological phases. Topologically protected interface states
are found by calculating the projected band structures of a supercell that contains two kinds of interfaces
between two topological phases. Robustness of the interface transport is verified by comparing the transmission
rate for perfect interface with that for defective interface. Moreover, owing to the special stress field
distributions of the elastic plate waves, the boundaries of a single phononic crystal phase can similarly host the
gapless boundary states, which is found by calculating the projected band structures of a supercell with a single
phase, thus having two free boundaries on the edges. This paper extends the two-dimensional Dirac points and
valley states in graphene-like systems to the type-II cases, and obtains in the same structure the gapless
interface and boundary propagations. Owing to the simple design scheme of the structure, the phononic crystal
plates can be fabricated and scaled to a small size. Our system provides a feasible way of constructing high-

frequency elastic wave devices.

Keywords: phononic crystal plate, type-II Dirac point, elastic wave, band inversion
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