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Fig. 1. Schematic diagram of the filter: (a) Structure of the
filter with line defect; (b) structure of the filter with line

defect and zero index metamaterial.
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Fig. 2. (a)The band structure of a metamaterial with zero refractive index; (b), (c) transmission characteristics of filter with zero in-

dex metamaterials.

AT SRR i N K] 1(a) FE 1(b) 25
PRI 07 BASEIR 130X a2 A v s >R PR R 3
A, AR 1V /m PR IR FAF - T TM AR H
R e AN ) A R A, 9 s ) R R 400 vk i
FL, £ X3 BR F E B = IR A B R
INT SRR B/ N Y 1/10.

P ELEREI, XF 2n FIHURAK (n = 6) FRLHY
PMsl1, #£ ZIM JEEE L, 4 4a, [8IR L, 7 300 nm A,
TE 193.4 THz ;= %571 1035 B 16 Oy, & 2(c) 5
LI, AERNT L, 28T T 1(a) BiR{X i PMsl
P LA R R B g A R, AT R R4 L A
WHC RSB R SV BO RS, 2550 3%
BAYE L, = 288 nm B} EEWS[FFEFE 193.4 THz JE 1%
7 I W 2(c) EZRTR. 18] 2(b) R 2(c) H
B SHEITB 1 SRR OR EL, FTLAE B, & ZIM gk
PRI T 70 GHz, AF ZIM BRI # 2 14
196 400 GHz. 7EWIM PMs1 MRS 40 JRJE
MSEHBEORARE, 5IA ZIM fEfs 02 TR 45 D%
AR A 9.

WE—3 i T ZIM JERE L, AR {248 i 2%
FUE B R AL, B Ly M 24, 4a, 8a, 124,
P PMs1 REEARAE, AT Ly A8 I A8 1035 5
AR TR TUA R 193.4 THz 4b. i35+ R 55

HAERE 3(a) Fias. ATLLE S, Rl ZIM J5 5 4
K, U A% 00 3% ST 21 06 R SE B 147 GHz 8/ 2
37 GHz, @it ATl B 425, ZIM JEEERets A a5 e
IR AN B AT DR D AR E . B 3(b) TR LR
W TRIBR Ly B ZIM SRR A8 4k 7E ZIM (1) JEE R
M 2a HERE 120 W3R, L B9240/ N T 10%. 15
AR Ak 7 AR AL ZIM 4 JEE 5 ot U U8 2 i e
PERRZ AR /N . & 4(a) FE 4(b) 2090 h ZIM R
FE Ly = 4a Fl Ly = 12a I, WE(E R & ZIM 1€
P A i BEE AR, W LRI b 3, i
SRPUE A 3R Ab U 0 2 v A B IR L, AE ZIM
K, SR A A JLF 2320, ZIM a3
THARAL 5 A ST A AR R, B AR S R AR AL LA
KAEATAR A, BIARASER AS, = 0. #F—, FIH
RN ST B2k BT AR I ZIM A A4 A1
B RS H B30 25 RANE 4(c) i, A
RIS RN L B BRI 5 R A 35 W (B AL 35 o
X5 4(a) FIE 4(b) MRS G, IEEHE
RSB S ST SRR, A5 0 e
A7 ZIM JEBE A2 AR /)N, 35K B B U 2% 5 T R
J Ly BAE ZIM B ZBBE g A ISl PR dRi%
SPIEATAAAR | Ly KIFHG KRBT Ly W08 K2
G U T JRL S AR L A/ s, A B 4 SR v

174205-3


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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 72, No. 17 (2023) 174205
1.0 400
(a) 150 (b)
—————— Ly =2a N
jan}
08+ ___ . —
2 Ly=4a 9 100 oo
= ---Ly=8a =
= 06_—L2:12a I
s P E sor g
£ LT £ 200
£y ; N
W 04r ! ol
e \ 2 4 6 81012
& 02l Ly/a/arb. units 100
192 193 194 195 2 4 6 8 10 12

WiZ /THz

Ly/a/arb. units

B3 (a) fRHIEFN (b) B A BB Ly BE 7 508 A B RIS BE 4 A8 1k

Fig. 3. The variations of (a) the transmission spectrum and (b) the width of the defect with the thickness of the zero index metama-

terials.
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Fig. 4. (a), (b) The field distribution in the filter near the Dirac-like point; (c) the effective permittivity and permeability of the
ZIM as a function of frequency near the Dirac-like point; (d), (e) the field distribution in the filter at transmission peak O, and O,

with nonzero refractive index.
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Fig. 5. The variations of the transmission spectrum (a) with
the thickness of PMsl1 for the filter without ZIM and (b) with
the thickness of ZIM for the filter with ZIM.
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Fig. 6. (a) Schematic diagram of the finite thickness filter
with line defect and zero index metamaterial; (b), (c) trans-
mission spectrum considering different material losses of

dielectric columns in defects and in ZIM.
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Abstract

Owing to the photonic band gap effect and defect state effect, photonic metamaterials have received much
attention in the design of narrow bandpass filters, which are the key devices of optical communication
equipment such as wavelength division multiplexing devices. In this work, based on zero-index metamaterial
(ZIM), a compact filter with both high peak transmission coefficient and ultra-narrow bandwidth is proposed.
The photonic metamaterial with conical dispersion and Dirac-like point is achieved by optimizing the structure
and material component parameters of dielectric rods with square lattice in air. It is demonstrated that a triply
degenerate state can be realized at the Dirac-like point, which relates this metamaterial to a zero-index medium
with effective permittivity and permeability equal to zero simultaneously. Electromagnetic (EM) wave can
propagate without any phase delay at this frequency, and strong dispersion occurs in the adjacent frequency
cone, leading to dramatic changes in optical properties. We introduce a ZIM into photonic metamaterial defect
filter to compress the bandwidth to the realization of ultra-narrow bandpass filter. The ZIM is embedded into
the resonant cavity of line defect filter, which is also composed of dielectric rods with square lattice in air. In
order to increase the sensitivity of the phase change with frequency, the Dirac-like frequency is adjusted to
match the resonant frequency of the filter. We study the transmission spectrum of the structure through the
COMSOL Multiphysics simulation software, and find that the peak width at half-maximum of the filter
decreases as the thickness of ZIM increases, and the peak transmittance is still high when bandwidth is greatly
compressed. The zero phase delay inside the slab can be observed. Through field distribution analysis, the zero-
phase delay and strong coupling characteristics of electromagnetic field are observed at peak frequency. The
comparison with conventional photonic metamaterials filter is discussed. We believe that this work is helpful in
investigating the realization of ultra-narrow bandpass filters.

Keywords: photonic metamaterials, narrow-band filter, zero-index, Dirac-like point
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