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Fig. 1. Hexagonal photonic crystals in nature: (a) The sea mouse (Aphroditidae); (b) the transmission

electron micrograph of the sea mouse spine; (c) images of a sea mouse spine illuminated with light; (d) opal;

(e) the SEM images of the colloidal crystal in opal.

2016 4F, Xu % PO F A% -Fe 45 M K 4k 7
m ARG T 5 — R SR I T I T R R AN
M. K% -FE SRR B = f s 2 AEE T A
SRIET ELFE R AR it A B it R B JER 2 T o7 A 1) A
iy 25:26] ) HR R IX PR LR (B 1),

T AE R A% - 58 S5 R G T R AR K F P AR
HLEL, 73X B - 52 [ AR FIAME 23 3 8k Ry A1
Ry, ft& N a = 1, A HM) NE FAEH A
W RN e =1 ey =12 (WK 2 (a) #K). F
T A PR C 5774 COMSOL # AT L5
YT SR RE T A A KL B, AN [F SRR
2 TA) B A SR 17 5 D0 mT DA 3 8 49 % e 45 4 7 P 4
PRI, Feanlth, 155 S Ry /Ry = 0.26/0.45
I, 76 T s HEL T p s A d s (DU L 125, mh 2 &R
GRS NE AR I Dirac 5 (B2 (b)), BARTS,
A TIPSR p I, W p, Mp, 255 1M
B TR AT AR FA I, Wdye 2 Fdy,
B ARG EATE A S %~ e
X AT E py = potipy Mp_ = pe—ipy,
A AT DAIE I I R S PR ERAE AR ELER R, KL
TR A A EBET AR, R
i I E e AU, AR AN AT LR
INdy = dy2_y2 + idgy Kd_ = dy2_y2 — idyy, 735
XoF IS d A R e SRR 1 e R A L

T Zo #4b 24T H XU Dirac 545289, Frbd
BAALERHEBE TR RKERERN L pHiR
KT IX e RE T 2 8] (p i Al d A7) BFIAH EAEA (k- p
IR 7E Maxwell 77 F2 W 19 IE A N H & X 27 3
WEEE /R BN B R 1E 275 STk [20]). 58, TM g
A 1 Maxwell 75 #27] PLS
1 2
ngmeﬂ:%MMm (1)
EHEEIn 2 TR, hyr(r) ZICTHY
IR HR R AL, BRI — e RIE AR

/ drh;,’k('r) Ry k(1) = S,

B X e, ARRKE - DERMEIE. (1)
EEHAITV x 5V x BT LM T R G G
W (HAA — R Ak - p 7 ik P A B 7
IR AR U R, IETRE - p TR
Bk [20]), K A0 18 8 & B by () 76 T 55 TT, 7T LA
BENRGH) k- p I B

V x

w2 dr
Hnn’ (k) = 072’05""/ +k- Pnn' - / %hn,o("")
[k x (kX hpo(r))], (2)

X wy 0 RN n 2R REAE T S FIAER, 3)
P AT RIE Ay

220302-3


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

38 % |  Acta Phys. Sin. Vol. 66, No. 22 (2017) 220302

Frequency(fe/a)

0.5 " \/ (a) 1

a o

K r M K r

».

dg2—qp2 Py

Nontrivial bandgap

oD ¢

Py ’ de—y2 ’ dzy
(b) Ra/R1 = 0. 26/0 45,

K2 #-Raitirnes B AR RER (a) Re/Ry = 0.2/0.45, IEWHG T 4238

Dirac j‘t?%}, (b) Ry/Ry = 0.3/0.45, &F AEOLTERSE; (d) MHERREE, LNAGTE (a) M 2,354, 5
FREMAE T AR B, A MDNEEE I () M58 2, 355 4, 5 & BEHHE T S HIZIm K

Fig. 2. The band structure of core-shell photonic crystal and the schematic of topological phase diagram:
(a) R2/R1 = 0.2/0.45, normal photonic insulator state; (b) R2/Ri = 0.26/0.45, Dirac photonic state;
(c) R2/R1 = 0.3/0.45, quantum spin hall state; (d) schematic of topological phase transfer diagram, left

Trivial bandgap

panel is electric field pattern of the 224, 3'd and 4*h, 5*® band at I' point in (a); right panel is electric field

pattern of the 274, 3'd and 4P 5*h band at I" point in (c).
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Fig. 3. Phase diagram of core-shell structure: (a) Phase di-
agram of the p-d inversion-induced photonic Z2 topological
insulator in the R;-Rg2 parameter space, the diagonal line
represents the homogenous limit which separates the normal
and reversed structures in the upper and lower triangular re-
gions, the orange region represents that the p bands are lower
than the d band at I" point, whereas the blue region stands
for the photonic analog of the Z3 topological insulators with
the p bands above the d bands at I' point, the p-d band
degeneracy at the I' point is labeled by black line; (b) rela-
tionship between In(e1/e2) and the critical inner radius Ra
where the double Dirac cone emerges, the outer radius of the
hollow cylinder is fixed at Ry = 0.45a.
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Fig. 4. Topology-induced edge states: (a) The normal band structure with Ry = 0.4a and R = 0.26a; (b) the
normal band structure with R; = 0.45a and R2 = 0.32a, the common complete band gap is marked with the cyan
ribbon; (c) the projected band structure of two photonic crystals with oblique line edge, A and B mostly comprise

of the pseudo-spin-up and spin-down edge states, respectively; (d) and (e) are the E. field pattern of A and B.
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Fig. 5. Three dimensional Dirac photonic crystal induced by point group symmetry: (a) Structure in real-space unit

cell of hexagonal photonic crystals, hollow cylinder and micropillars are made of the same material with isotropic

permittivity; (b) top-down view of hexagonal photonic crystal, a; and as are the two lattice vectors in the z-y

plane, the height of each unit cell is h = 0.6a, the outer and inner radii of the hollow cylinder are Rout = 0.5a and

Rin = 0.45a, respectively, whereas its height is 0.4a; (c) first Brillouin zone with a pair of Dirac points along the I'-A

line, a Dirac point with different topological charge is labeled as a red and blue point; (d) photonic band structure

of a hexagonal photonic crystal with Cs and inversion symmetry, inset is the dispersion of Dirac point with K, > 0;
(e) band structure along line, the p bands (red) cross the d bands (green) at (0, 0, K,) with K, = 0.338; (f) E.

field profile in the z-y plane of p bands and d bands.
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Fig. 6. Three dimensional Dirac photonic crystal induced by non-symmorphic symmetry: (a) Schematic of non-
symmorphic symmetry operation; (b) left is 3D structure of a unit cell (boundaries are indicated by black lines),
right is Illustration of the two orthogonal screw symmetries S and Sy in top-down view; (c) photonic band structure
with k; = m, parity inversion on the M A line; (d) left and right are magnetic field profiles of the p and d wave
doublet, respectively, parameters | = 0.5a, w = 0.2a, h = 0.5a, and permittivity ep, = 16 and em = 1.9; (e) 3D
dispersion of type-I Dirac point; (f) 3D dispersion of type-II Dirac point.
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Fig. 7. Inversion symmetry broken hexagonal photonic crystal with Cg symmetry: (a) Lateral (left) and top-down

(right) views of the structure in a real-space unit cell; (b) photonic bands along the k.-direction, two pairs of Weyl
points are found; (c) depicting the four Weyl points in the first Brillouin zone, green (yellow) spheres denote Weyl points
with chirality —1(+1); (d) Chern number N, for the p1-d4 bands below the Weyl points (blue) and for the p_-d_
bands below the Weyl points (red); (e) photonic spectrum near the two Weyl points, left for WP at (0, 0, K,1); right

for Weyl points at (0,0, K,2).
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SPECIAL TOPIC — Topological classical waves

Dirac photonic crystal”
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Abstract

Dirac Fermion, as one of the basic particles in the particle physics, nowadays have been widely used to describe
the electronic states with the behavior of Dirac fermion in the topological electronics. These exotic electronic states are
called Dirac point, which exhibited as a linear crossing point in the band structure. Usually Dirac point is the topological
phase transition point and thus viewed as the mother state of various topological states. As an analogue of topological
electronics, topological photonics, also attracted a great deal of interest due to its potential application. One of the key
topic in topological photonics is to realize photonic bands with Dirac point. In this review, we briefly introduce the
progress of Dirac point in the photonic system and focus on the realization method of Dirac point in photonic crystal
by take advantage of lattice symmetry. We also discuss Weyl point in the photonic crystal as an extension of the Dirac

point.

Keywords: photonic crystal, Dirac point, topological band, quantum spin Hall effect
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