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Fig. 1. Schematic of the compound periodic structure con-

taining hyperbolic metamaterials.
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Fig. 2. Schematic of the conventional all-dielectric one-di-

mensional photonic crystal (AB)Y.
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Fig. 3. Iso-frequency curves of isotropic dielectrics A and B
(TM and TE polarizations).

e %TAﬂ] f% BNT 0. fESR RS

Rt AT 0 IIER, AT A Fil B HIRR Y 2 4
T koa, P ke BRI/ N R T G RE AR PR A 0 ST
WS AT ARG RS, 7 B 1) S I8 1 A% 5. Ik R
15— AT B R i P L A

TS N EARR . B 4 g T EdETT
B4t AR (AB) 1Y iU (TM Fil TE
i) BE A G A7 0 A8 Ak, H b s € J 46 R s B 1Y
WS, Sy B i RS IME B . A
B JZ 1A R 5 A Si0, £ TiO,, 375 3R 4351 N
1.43 12,1200 A T B JZ (0 B BE Tl 2 D 43 2 — %
He 5 nada = npds = \o/4, i, N\g =410 nm.
AR SIS AT T 43 31 23 SR BKT B3 (P i 5
h 1.52). BUATHE 55 AR R R i 11001,

H & 4 LA, Toigsext T TM 2 TE R
7, RN 4T R R BRI BEE AL
R KMER. 5|5k, 54001 Mk

Reflectance
500 \ 1.0
450 \ 0.8

g L

=]

= 400 0.6

=

o0

=]

1)

2 350 == 0.4
300 0.2
250 . i : . 0

90 60 30 0 30 60 90

Incident angle/(°)
B4 BEIHR I — 40T R (AB)Y By R AHE (TM A
TE i %) B AL #7216

Fig. 4. Calculated reflectance spectrum of (AB)! as a func-

tion of incident angle (TM and TE polarizations).
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Fig. 5. Schematic of the one-dimensional photonic crystal

containing hyperbolic metamaterials [(CD)*B]¥.
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Fig. 6. Iso-frequency curves of (a) hyperbolic metamaterial

A and (b) isotropic dielectric B (TM polarization).
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Fig. 7. Reflectance spectra of [(CD)?B]® under different in-

cident angles (TM polarization): (a) Simulated result!'";

(b) experimental result['*7.
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Fig. 9. Calculated reflectance spectrum of [(CD)’BJ® as a

function of incident angle (TM and TE polarizations)[!l.
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SPECIAL TOPIC—Optical metamaterials
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Abstract

Behaviours of light in materials strongly depend on the topological structure of the iso-frequency surface
(IFS). The usual materials, of which the unit cell of photonic crystal is made up, are dielectrics, whose IFSs
have the same closed topological structure. As a simplest photonic crystal, one-dimensional photonic crystal
(IDPC) has attracted intensive attention due to its simple fabrication technique as well as numerous
applications. However, in a conventional all-dielectric 1DPC, photonic band gaps (PBGs) for both transverse
magnetic (TM) and transverse electric (TE) polarizations will shift toward short wavelengths (i.e. blueshift) as
incident angle increases. The underlying physical reason is that the propagating phase in isotropic dielectric will
decrease as incident angle increases. The blueshift property of band gap for TM and TE polarization will limit
the band width of omnidirectional band gap and the range of operating incident angles in some PBG-based
applications, including near-perfect absorption, polarization selection and sensitive refractive index sensing.
However, for TM polarization, the propagating phase in a hyperbolic metamaterial (HMM) will increase with
incident angle increasing. This special phase property of HMM provides us with a way to flexibly tune the
angle-dependent property of band gap in periodic compound structure composed of alternative HMM with open
IFS and dielectric with close IFS. In this review, we realize zeroshift (i.e. angle-independent) band gaps as well
as redshift band gaps in 1DPCs containing HMMs, which can be utilized to realize near-perfect absorption,

sensitive refractive index sensing and polarization selection working in a wide range of incident angles.

Keywords: hyperbolic metamaterials, photonic crystals, photonic band gaps

PACS: 42.70.Qs, 78.67.Pt, 42.25.Bs, 42.25.Ja DOI: 10.7498/aps.69.20200084

* Project supported by the National Key R&D Program of China (Grant No. 2016YFA0301101), the National Natural Science
Foundation of China (Grant Nos. 11774261, 61621001), the Natural Science Foundation of Shanghai, China (Grant No.
17ZR1443800), and the Shanghai Committee of Science and Technology, China (Grant No. 18JC1410900).

1 Corresponding author. E-mail: jiang-haitao@tongji.edu.cn

154205-12


http://doi.org/10.7498/aps.69.20200084
http://doi.org/10.7498/aps.69.20200084
mailto:jiang-haitao@tongji.edu.cn
mailto:jiang-haitao@tongji.edu.cn
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

