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Fig. 1. (color online) (a) Band structure of hexagonal
sonical crystal; (b) equifrequency contours of hexago-

nal sonical crystal.

A A BRICIEA A IE I 7 26 A, BATTH 5
R A REAE S5 (B 1 (a)). ASCANERIZ AN

0.137(c/a) (3 c/a HIF— AL, TEEIH A
RLbRL. B 1 (b) NS a2 (EFC),
B A [E AR R A S IR AL, O AL
SO AR IR BEAK. PRI RS, AR
TEVR W A X I EFC i 28 & 208 T 1E /S 1A, A
SO S AR AR IX A X I, 0 2 SR TR,
] r 8 1 28 ) 3R 7 BT 3k 2 2% A 2 A 7K K EFC
TEAR, AR B L HAE S R TR X R EFC BN,
24P 9 (RN 0.137) ¥ T'— K J5 M NG ik 1
dn PRI, AR 7K AR AT 2 7 1) (R 38 2R B — 300 S I A
I R B2 Hr it N Ak, IR IR T—K 77 1)
(1 Bk B A .

2 WA EL 0.1367 (c/a) I EFC, F 2 (a) H
0 NI SE 2 AR 0.137 (c/a) 5 B 7E S
FEFC, 5t 1 26 I 3 7 i 40 26 75 R AE K )
EFC. Ht, HREFH R by Fl ko RIS I—K
75 T B 0° F1 30 & 3 NS 75 7 A (L H i K
FiTH R E T I—K 7). R T AR AT
SR A R R ST E E R, BISFAT TN SR
W% oy B spE (B B SRR 2O R S E 2R,
AT T 75 8 Koy R Foo K TE it A AR T BT 5 455 5K g AT
qo. TS B LE S T qR AR AR 3R D7 ) R
Ve = Vlw(g)] 77—, JF8E T A 7 5 AEm
EFC AL (B 20t SEA Fi Sk R ), Ui sel 17K
JLFE 2 MR BB, R, BRI - KR
[ FAT I—M J7 [ IS B (B2 (b) B 23k
AN - K S, 247 AR T ik AR R EIY)
|G, @ HE R KO spE R, UK IR ST
B (B 86 T TR 57 A —H g1 Tl go o) 2B Ak
H BT E R T 7w, IX Bk A E B
S PIEI R AL T 600 RS, AWE 2 ((b) F
DY~ | N N NN eh e S W TP, N =
28K T /K B %, IX 3R B P B A AT AT SN
IKH R K R AR ZE I, T VAR K P AL 1, Xt
W I S AR 2K 0K 208 B 100%, M S 4 J
. B2 (c) NIEE I—K J5 1B 7 7 F AR sz
[ 120° 4= i, 5 Lk 60° 4 i 52 225

AANFEIR AR, B2 Rt kRaRKd
TEAE R ks, BT IR BFC % E AR, Bt &y
Hl ey (1M FIREE T g FESE B, KNSR AE
[—ks, ks] FIBT AL, 75 A B A8 2 T e [ B
WV, FEAFRE T 110 e B R, &0 Uik e
7 TAV R B R I A 22 7 AR AR RL I A SO IR KA

094301-2


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

43 2 )  Acta Phys. Sin. Vol. 65, No. 9 (2016) 094301

I
I
I
I
2=

B2 (MFRG) (a) ZFAREDTRBINGS B, 78 SR Bo e B G R AR 7 155 (b) Y T—M J7 1A B i sk
DUEEE R 60° Zh; (c) W I—K J7 A IE] S s Bl B 1200 25 (d) A BB G

Fig. 2. (color online) (a) The excited self-collimated mode and direction in sonical crystal; (b) 60°-bending
of self-collimated beams in SC at a I'-M directed interface. (c) 120°-bending of self-collimated beams in
SC at a I'-K directed interface; (d) the output self-collimated beams.
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Fig. 3. (color online) The acoustic pressure field of (a) 60°-bending and (b) 120°-bending.
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Fig. 4. (color online) (a), (c¢) 60°-bended and120°-bended subwavelength imaging for a point source; (b),

(d) the pressure distribution curve at the image point.
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Fig. 5. (color online) (a), (b) The pressure field distribution for bend and transmission with introduced line

defects; (c), (d) the transmittance of bend and transmission with the change of the distance.
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Abstract

Self-collimation, a peculiar effect that allows acoustic signals to propagate in sonic crystals (SCs) along a definite
direction with almost no diffraction, possesses a promising prospect in integrated acoustics as it provides an effective
way to transmit acoustic signals between on-chip functionalities. There exists, however, the intrinsic inability of self-
collimation to efficiently bend and split acoustic signals. Most of existing schemes for bending and splitting of self-
collimated acoustic beams are based on SC of square lattice, thus their bending and splitting angles are restricted to 90°.
In this paper, the finite element method is used to investigate self-collimation of acoustic beams in an SC of hexagonal
lattice. It is shown that 60° and 120° bending of self-collimated acoustic waves can be simultaneously realized by simply
truncating the two-dimensional hexagonal SC. Bended imaging for a point source with a subwavelength resolution of
0.38\o can also be realized by truncating the SC structure. In addition, a scheme for 60° and 120° splitting of self-
collimated acoustic waves is also proposed by introducing line-defects into the hexagonal SC. It is demonstrated that
an incoming self-collimated beam can be split into a 60° (or 120° bended one and a transmitted one, with the power
ratio adjusted by the value of defect size. We believe that this hexagonal-SC-based bending and splitting mechanism
will offer more flexibilities to the beam control in the design of acoustic devices and will be useful in integrated acoustic

applications.

Keywords: sonic crystals, self-collimation, bending, splitting
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