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Fig. 1. (color online) Honeycomb photonic lattice and its band-gap structure: (a) Lattice structure; (b) pho-

tonic band-gap; (¢) 1st transmission band.
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Fig. 2. (color online) Diffraction (a), (b) and refraction (c), (d) characteristics of light in honeycomb photonic

lattice. (a), (c¢) and (b), (d) correspond to the diffraction and refraction along k. and ky axes, respectively.

3.2 RABERKPHTITHER

B3 (a) 45 Hh T E 05 5L RS 28 — A LN X AT Y
NI R, o, NI 3R i 51 50 M A BN IX,
RO REAM O S L DN ke 5 Ky T7 10 B TERTSY
%D, =0 M D, =0, B G ACRAF NG BR
AT BN IX AL E. WEP AT VE Y, D, = 0 Al
D, = OFEH —Ai BN X W AELE NN AE R, NS
PP RVEBC I L6 I, R AE o My J7 1) S B B AT
SPRFIE. 1w e B AR A IO 4, NI T ROR
AR O 15, R A W& 3 (b) Fras. e i
643 5 AAS TR 9% 2% (0, 0), (0, 0.688g), (0.419g,
0.712g), (0.82g, 0) N&fF. TR ILALHIEE 2 = 300
ISt SR 't 37 (0 5 B AT, 45 SR 23 AN B 3 (¢)—(e)

Fizn. B3 (c) X RLIENS (B (0, 0)) B 1 H
Sk, PTULE R KA TR MRS, RI
RIEFEATH. 2R LR (0, 0.688g) AT, 40
B3 (d) frow, el RAE o By a R AR SR 58, MifEy
77 1) T S A A, X R B S I T o Ny Bl T )
3R A E AT R TCAT . W TN R A
(0.419¢, 0.712g) 1 (0.82g, 0) FIEH (W1 3 (e) AN
B3 () BT, S 6TE @, y il 75 ) A & B ™
HJRYE. MR, B3 (a) H () S (f) MBS
fEx, y 7 BB TEATA I AL SBR b, 7R 5L
I 58— AT BN X A AR E AN TEATI A, W2 N
JiEHEL o B

TR, BT B3 (e) MBS (f) bW
(RN SRR IR B0 T e L b = EE AR SRR, DR

234207-3


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

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 23 (2017) 234207

P T 2 2 0 L e = S RP AR M
BRI H S T R B A = 7. A, e
[ T AT ) 2 1 76 B K 2 D, = D, = 0, {L i
T O OR AT R, HOH E A7 LN X 2 o
IR XSO REAL AT o R A B
5F, TR — s T 5, ) 3 (d) A3 (e)
k. 39T Wb B, T R O AT

HoR.

53 S BT AT ST R F B B2 A L, ax
FUE G T A SE LR O R TG AT S AR M, JEANER
8505 23 AR AT BRS04 £
FER 96 AT BRI X M — e R B g 1SR BDR
TR R R . SRT, A2 S
SRR, 40P 3 (e) A 3 (f) AR,

—72 0 72 =72

3 (PITIRA () e SR dm i b v TG R B TE AT S 1

72 =72 0 72

(a) FTSHREME R B, o 38 6 [ R A RS BR O 2

H; (b) NI (0)—(f) RRNFHER AT 2 = 300 4b 3 5 Y635 385 45 1

Fig. 3. (color online) Non-diffraction propagation of a Gaussian beam in honeycomb lattice: (a) Schematic

of diffraction, with input wave vectors marked by yellow circles; (b) input beam; (c)—(f) output fields at

z = 300 corresponding to the wave vectors shown in (a).
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Fig. 4. (color online) Refraction of a Gaussian beam in honeycomb lattice: (a) Schematic of refraction, with input

wave vectors marked by yellow circles; (b), (c) output fields corresponding to the wave vectors shown in (a).
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Fig. 5. (color online) Negative refraction in honeycomb lattice: (a) Schematic of refraction; (b)—(e) output

fields corresponding to the wave vectors shown in (a).
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Abstract

Photonic band-gap of light wave in spatial frequency model depicts the linear propagation characteristics of the
light wave in period structures, based on which the linear diffraction and refraction of light are defined. In this paper,
we numerically study the non-diffraction propagation and anomalous refraction of light waves in honeycomb photonic
lattices according to the diffraction relationship of the photonic band-gap.

By calculating the photonic band-gap structure, the linear propagation characteristics in the first transmission band
are analyzed. The first Brillouin zone of the honeycomb lattice can be divided into different diffraction (D, and D,) and
refraction regions (A, and A,), according to the definitions of light diffraction and refraction along the z- and y-axis.
Light wave can present normal, anomalous diffraction and even non-diffraction when the wave vector matches the regions
of Dyy <0, Dy > 0 and D,y = 0, respectively. And the wave experiences the positive, negative refractions, and
non-deflection when the refraction region meets the conditions: A, , < 0, A,y > 0 and A, , = 0, respectively.

By matching the input wave vectors to the contour lines of D, = 0 and D, = 0, we can realize the non-diffraction
propagation along the z- and y-axis, respectively. When the input wave vector is set to be (0, 0), the light wave
experiences normal diffraction and beam size is broadened. When the wave vector matches the point where D, = 0, the
diffraction in the y-axis is obviously suppressed. To totally restrain the beam diffraction, the wave vector is set to be
at the point where D, = D, = 0. There are six intersections on the contour lines of D, = 0 and D, = 0, and these
intersections are named non-diffraction points.

The refraction of light can be also controlled by adjusting the input wave vector. When the wave vector is located
on the contours of Ay = 0, light wave propagates along the z-axis, without shifting along the y-axis. To excite the
negative refractions, we need to match the input light wave to the eigen modes of the lattice, and adjust the wave vector
to the negative refraction regions. We set the input wave vector to be k; > 0 and ky > 0, so that the beam would be
output in the first quadrant of the coordinate if refracted normally. The eigen modes are approximated by multi-wave
superposition, and the wave vector is adjusted to different refraction regions. From the numerical results of the light
propagations, it is clearly seen that the propagations of a good portion of light energy follow the preconceived negative
refractions, and output field is in the fourth, third, second, and third quadrant, respectively. Notably, the light waves
generated by multi-wave superposition not only contain the eigen modes we need, but also include other modes. As a
result, there are also energy outputs arising from the undesired modes in the other quadrants.

The above conclusions are expected to provide a reference for the optical mechanisms of graphene-like optical

phenomena in honeycomb photonic lattices.

Keywords: photonic lattice, photonic band-gap, anomalous diffraction, negative refraction
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