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Fig. 1. The structure of a honeycomb-lattice graphene-like
photonic crystal. Its honeycomb unit cell is indicated in red.
A ribbon of 11 dielectric cylinders along the y direction is
considered and it is periodically arranged in the x direction.
The photonic crystal ribbon has zigzag (S1), bearded (S2)
edges. The radius of cylinders shown here is = 0.2a, where
a is the lattice constant.

227803-2


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

Y] 32 2 3R Acta Phys. Sin. Vol. 68, No. 22 (2019)

227803

BB SMECHAHEX A B e = o, FXTHE SR
u = 1K (2 < 0).

I A B o 2 E f5 H ot COMSOL
Multiphysics i 5 T X Fp HA A MR A
BFOLT AR R M R EE . th TRk R H A K

A, B TE R ORI A R R o, S AR Y
Ry = r/a, BRI E R R 2 X =
%, JEXF I rh R — SRR XD T iR e 15
Wi, 7ER 2(a) FPXTEE T A FISECT, SH—10
FLIH X N IR S (K P AR BEAT R BEAT 4544

(a) Original band z: —10——5 y: 0.20—0.18 z: 8.5—>10.0
0.5} 0.5 0.5 [ reemessssssatssonnnt2lsol 0.5 1
Q 0, ()
~ ®
S 04f 04r :310... 041 04t .,
o . oq
L] L ]
.. °
0.3r e Band 0 0.3 e e Band = %, 0.3 e Band y 0.3 1 e Band z
I M K r r M K r r M K r r M K r
kya/m kya/m kya/m kya/m
=20, y=0.20 r =15, y=0.18
(®) 5555 A 7YY \
/ N 0.5 A
AR AN "W AAA
A AN oA
g 0.50 Py < A
S~ A “~ 053} K
A B AAA
AA e TB model A 00 X .
0.49 A /A Simulation AA ZsAAA N
r M K r r M K r

E 2

(a) 7S FA LT i M B AR B T 2R BEAY, R4 BN DX 3 57 K PR DAy 06 SR i X B P H AT K B 58 6. Band O W T 2= ~10, y =

0.2, z= 8.5 W fEHF, BN 46 45 14F. Band =, y, z TEPREE A AW R E AR, AL T 2= -5 (band 1), y = 0.18 (band y), z = 10
(band z); (b) ZE{ll band (z = —20, y = 0.2, z = 8.5) A4 ] band (z = -15, y = 0.18, z = 8.5) Xf kb T COMSOL i % Y fig 77

(#2) BLET (5) 2UAN (6) MG 1 52 A A A 1 5315 2 ) B e

(=)

Fig. 2. (a) A Dirac cone dispersion appears at K point for the lowest two photonic bands of the honeycomb photonic crystal struc-

ture we studied. Band 0 represents the band diagram when z = —10, y = 0.2, z = 8.5; Band =z, y and z correspond to the situations
that only one parameter from that of band 0 is changed: z = -5 (band z), y = 0.18 (band y), 2 = 10 (band 2); (b) the comparison
between calculated lowest two photonic bulk bands of band left (z = -20, y = 0.2, z = 8.5) and band right (z = -15, y = 0.18, z =

=

8.5) (in red dots) and corresponding bands calculated with tight-binding model with fitted parameters using equations (5) and (6)

(in hollow blue triangles).
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Table 1.  Relationship between onsite energy, coup-

ling ratio and parameters.
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Fig. 3. The energy bands for a honeycomb-graphene-like
photonic crystal ribbon (the background constant z = 20,
filling ratio y = 0.2). Here we used the equations (1), (5)
and (6) to derive the TB solution(red), as simulation res-
ults are marked blue. The supercell is depicted in the right-

lower corner.
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Fig. 4. Band dispersion (in red dots) of Tamm-like bearded edge states calculated using photonic crystal system with background
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shown in the lower panels: (a) Lower bands; (b) upper bands.
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Microwave experimental platform to demonstrate topology
physics based on tight-binding model
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Abstract

Topology photonic, a combination of topology physics and optics provides novel visions to the
demonstration of theoretical physics and designs principles to new optical devices. Being a key tool to
condensed matter physics, tight-binding model helps the development of topology physics. We found that by
changing the background material from vacuum to an effective medium with negative permittivity in traditional
photonic crystals, a one-to-one correspondence to tight-binding model can be found for this new type of
photonic crystal. We show by numerical simulations the existence of edge states located at both the zigzag and
bearded boundaries of a honeycomb-lattice photonic crystal imbedded in negative permittivity material. Two
experimental realizations are proposed that it is possible to build up a demonstration platform working at
microwave frequencies to verify corresponding topology physics theories using simple photonic crystal
structures. We hope that the successful verification of new topology physics can further trigger applications in

optics.
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