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Fig. 1. (color online) Band structures of the two-dimensional (2D) PCs composed of a triangle array of
square iron cylinders embedded in water: (a) band structure for d = 0.68435a where d is the side length of
the iron cylinder, and a is the lattice constant, and inset shows the unit cell of the PC; (b) enlarged view

of (a) around Point A; (c) and (d) show the band structures for different side lengths, with d = 0.70a in (c)

and d = 0.66a in (d), respectively.

194301-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 38 % 3k Acta Phys. Sin.

Vol. 64, No. 19 (2015) 194301

RV . =4 R AR IR, U R SARC N
A, MBI fo = faa/ci = 0.9604, fa N
A B, AR S A ST I A R
WE. RARIIER DY 77 1 AR, TX 7
I 5 F W ARl TR R, A SRR
AT L A I B A LK, A A
ANAGIEIRES o1 T g HIIERTE T 25 28 16 45 17 43
B, BT AR IR &1 (b) & A A O
(s G R T, WA DY 77 1 R 2 PR, W38 X
5 T B R 2 R B () R (d) SR ER T
2 3 KRS B N E d = 0.70a, LA IR/ F
d = 0.66a J&, I' ST = =470 AR LK L.
AR, T (c) A () P B b, 7E T R OR i 16
FTH, X &AATE T, B, B 1 (a) A S
IR T

ST AR BT G O A SO 4
512 (a) A1 (b) 45 7 S [ # BE F 42 A S5 BT
%A G = . B AR f = fa/o

AR (fa /1)

JEFE AN05H 1.2, FELWBEF = faa/o =
0.9604 &b, & W 2% i G5 A AEAT LI X o0 T A
RAETIIE, WA LR A S &2 (a) R (b)
SR T RAERI W KA A MEY. ERIEAA
FHMISEINE X FME kA, IETY )5
R, TR BRI SR, 76 A S Ly
(IR AV DX 7 TR B, (EAS 2l 76
A7 A L. T2 (c) A (d) 43 BRI 2 (a)
T W& SR AR, LI ko B ky )
ﬁﬁﬁﬁ%%%é%.ﬁm&ﬁ%ﬁAﬁWﬁ
() S5 A 2 P 5 1

(A — 3R, U 2 O v i 5/
S A e fR IR, BRAT A T A AR B 7 T
6T Sk R G g SR O R B39, Ao
FFFRF 90 1) — 206 75 -, SR e A ke, b
BHR K. B Ak A A AT K B B, B
EZEAT X pol TS HE, ATTE G 35
Btk Ix — 1k &

AR (fa/cr)

< 2] = 2} ~
=) <) =) S
| |
kx(27/a) kz(2m/a)
0.5320 - 5390
0.6820 1.039
0.8320 1.139
0.9620 1.200
—0.4 —0.2 0 0.2 0.4 —0.4 —0.2 0 0.2 0.4
kx kx

2 (MTIRE) FIFal A SMETR =4 a5 B R SEIRZE (a) B (b) Sian 1 AR BE LSRRI I i A PR
FAI = (o) 1 (d) AR T A BTl A B D7l i Ak

Fig. 2. (color online) The three-dimensional version of band structures and iso-frequency surfaces around
Point A: (a) and (d) show the three-dimensional version of band structures of the PC; (c) and (d) shows the

iso-frequency surfaces of the lower and higher branches, respectively.
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Fig. 3. (color online) Band structures of the 2D PCs with 6 = 45° and b = 0.6803a: (a) band structure for
6 = 45° and b = 0.6803a (inset shows the unit cell of the PC); (b) enlarged view of (a) around Point B.
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Fig. 4. (color online) The three-dimensional version of band structures and iso-frequency surfaces around

Point B: (a) and (d) show the three-dimensional version of band structures of the PC; (c) and (d) shows the

iso-frequency surfaces of the lower and higher branches, respectively.
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Fig. 5.

(color online) Band structures near Points A and B. Black dots are the rigorous calculation results

obtained by using COMSOL Multiphysics, red curves represent the results predicted by Egs. (11) and (12),
and blue curves are the fitting results: (a) for Point A, along I'X and I'Y direction; (b) for Point A, along I'K
direction; (c) for Point B, along I'X and I'Y direction; (d) for Point B, along I'K direction.
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Fig. 6. (color online) Band structure, transmission coefficients and eigenstates: (a) band structure around
Point A, with frequency f range from 0.6 to 1.4 (Inset on the left side is a sample of the PC, and the inset on
the right side is the first Brillouin zone); (b) the transmission coefficient as a function of frequency; (c) the
pressure field distribution for a y- direction plane wave impinging on a PC slab placed in a waveguide at the
A4 frequency [ faq = 0.6437 %) ; (d)—(g) the real parts of the pressure field distributions for eigenstates A1,
A2, A3 and A4, respectively; (h)—(k) the imaginary parts of the pressure field distributions for eigenstates
Al, A2, A3 and A4, respectively.

194301-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 4 Acta Phys. Sin.

Vol.

64, No. 19 (2015) 194301

AR (fa/cr)

(b)

|
=
A
1

0 A I
0.8

L L
1.0 1.2 1.4

YUEIR (fa/c1)

K7 (MTIEE) B AR MHLA A, B5 REOEE XARIEERE (a) Wi BACRKHE M E; (b) AiE
B RBUIE; (c)—(f) 478 B1, B2, B3, B4 IAMER IS (2)—(G) 70024 B1, B2, B3, B4 AR 15 4
Fig. 7. (color online) Band structure, transmission coeflicients and eigenstates: (a) band structure around
Point B, with frequency f range from 0.6 to 1.4; (b) the transmission coefficient as a function of frequency;
(¢)—(f) the real parts of the pressure field distributions for eigenstates B1, B2, B3 and B4, respectively; (g)—(j)
The imaginary parts of the pressure field distributions for eigenstates B1, B2, B3 and B4, respectively.
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Abstract

A two-dimensional phononic crystal (PC) composed of a triangular array of square iron cylinders embedded in water
is designed, in which the accidental degeneracy of the Bloch eigenstates is utilized to realize a semi-Dirac point at the
Brillouin zone center. In the vicinity of the semi-Dirac point, the dispersion relation is linear along the I'Y direction
but quadratic along the I'X direction. Rotating the iron cylinders around their axis by 45° and slightly tuning the
side length of the cylinders, a new semi-Dirac point can be realized at the Brillouin zone center, where the dispersion
relation is quadratic along the I'Y direction but linear along the I'X direction. To gain a deeper understanding of
the semi-Dirac point, a k - p perturbation method is used to investigate this peculiar dispersion relation and study how
the semi-Dirac point is formed. The linear slopes of dispersion relations along any direction around the semi-Dirac
point can be accurately predicted by the perturbation method, and the results agree very well with the rigorous band
structure calculations. Furthermore, the mode-coupling integration between the degenerate Bloch eigenstates is zero in
one direction but non-zero in the perpendicular direction, and this is the ultimate reason for the forming of a semi-Dirac
point. With the help of the perturbation method, an effective Hamiltonian can be constructed around the semi-Dirac
point, so that the Berry phase can be calculated, which is found to be zero. Actually, the different values of Berry
phase indicate an important distinction between the semi-Dirac points and Dirac points. In addition, the acoustic wave
transmission through the corresponding PC structure has been studied, and a switch-like behavior of the transmittance
is observed along different directions. Along some particular direction, there exist deaf bands around the semi-Dirac
point, and these bands cannot be excited by the externally incident plane waves due to the mismatch in mode symmetry.
But the situation is different along the other direction, where the bands are active ones and therefore can be excited
by the incident plane waves. Actually, such properties of the bands can be easily changed as long as the iron cylinders
are rotated around their axis. The work described in this paper is helpful to the understanding of semi-Dirac point in

phononic crystals and suggests possible applications in diverse fields.

Keywords: semi-Dirac points, phononic crystals, effective Hamiltonian, Berry phase

PACS: 43.40.+s, 43.20.4g, 46.40.-f, 62.30.4d DOI: 10.7498 /aps.64.194301

* Project supported by the National Natural Science Foundation of China (Grant No. 11274120), and the Fundamental
Research Funds for the Central Universities of China (Grant No. 2014ZG0032).

t Corresponding author. E-mail: phjunmei@scut.edu.cn

194301-12


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.194301

	1引 言
	2所研究的体系及其色散关系
	2.1 一种二维声子晶体及其色散关系
	Fig 1
	Fig 2

	2.2 散射体绕中心轴旋转角= 45后体系的色散关系
	Fig 3


	3kp微扰法和半狄拉克点色散关系
	3.1 有效哈密顿量
	Fig 4

	3.2 简并点附近的半狄拉克点色散关系
	Fig 5
	Table 1
	Table 2


	4贝利相位
	5有限元仿真波的透射现象及带结构分析
	5.1 简并点A点频率附近的波透射现象
	5.2 简并点B点频率附近的波透射现象
	Fig 6
	Fig 7


	6讨论与结论
	References
	Abstract

