Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

ET M FRERNIRRFEET THZ B R
MRRR AT EEM RS

Low loss and narrow-band THz filter based on magnetic photonic crystals
Teng Chen-Chen Zhou Wen Zhuang Yu-Yang Chen He-Ming
5| 5 & Citation: Acta Physica Sinica, 65, 024210 (2016) DOI: 10.7498/aps.65.024210

TE 25 7% 32 View online:  http://dx.doi.org/10.7498/aps.65.024210
23 N 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/12

AT RERCH B B S &
Articles you may be interested in

H 2 B LW AE — YRR T 61 et A ) S SR A 7 A 1 B G 7

Reflection phase characteristics and their applications based on one-dimensional coupled-cavity photonic
crystals with gradually changed thickness of surface layer

PP 22 4%.2016, 65(1): 014217 http://dx.doi.org/10.7498/aps.65.014217

T YRR ) S IO 5 ) ) T M B e
Photonic bandgap compensation and extension for hybrid quasiperiodic heterostructures
YyH 24,2016, 65(1): 014214  http://dx.doi.org/10.7498/aps.65.014214

v U R S S AR T AT 2 B MR A R et
A novel circularly polarized patch antenna with low radar cross section and high-gain
Y224, 2015, 64(22): 224219 http://dx.doi.org/10.7498/aps.64.224219

k=0 4k i)k s v
Dirac-like cones at k=0
PP 2242015, 64(18): 184208  http://dx.doi.org/10.7498/aps.64.184208

GRS 1 Al A KL v AR SR P R 5
Effect of longitudinal mode on the transmission properties near the Dirac-like point of the photonic crystals
YA %2015, 64(17): 174206  http://dx.doi.org/10.7498/aps.64.174206


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.024210
http://dx.doi.org/10.7498/aps.65.024210
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I2
http://wulixb.iphy.ac.cn/CN/abstract/abstract66323.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66323.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66323.shtml
http://dx.doi.org/10.7498/aps.65.014217
http://wulixb.iphy.ac.cn/CN/abstract/abstract66228.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66228.shtml
http://dx.doi.org/10.7498/aps.65.014214
http://wulixb.iphy.ac.cn/CN/abstract/abstract66015.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66015.shtml
http://dx.doi.org/10.7498/aps.64.224219
http://wulixb.iphy.ac.cn/CN/abstract/abstract65538.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65538.shtml
http://dx.doi.org/10.7498/aps.64.184208
http://wulixb.iphy.ac.cn/CN/abstract/abstract65115.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65115.shtml
http://dx.doi.org/10.7498/aps.64.174206

38 % 4R Acta Phys. Sin.

Vol. 65, No. 2 (2016) 024210

ET M RN RRFEET THz R KR

mERD EZEY

JE Y& FE Y

R oty 2T

1) (B AT K226 TR 22, MRt 210023)

2) (P HUHIE LR 272 NURIEA 4B, AT 210023)

(2015 4 8 f 27 HkF]; 2015 4F 10 H 8 HikFI&eh )

AR — Tl R FH AR A BBk SRR B PR AR ) R 2 i e 9, ) T8 5 0% P A AR Js DA s sl B PR 8 5
P, T8I O s A A AR B A, SEBU AN R A, 1A BT m RCR IR I ThRE; SR AMIEIA I RN,
SO R SRR R T A, IR AR R A oA AT THz b 47 3. B S 1T 8 J8 FF 32 (PWM)
A 455 22 5 IR (FDTD) #4715 B 504, W50 45 SR 0, 1208 I 2% HL Al A48 0.0997 dB, 3 dB 7l i 4

8.22 GHz, SEIL T IRPFE A T I8 I

KR THz USRS, BLOGT A, 420, (RIS

PACS: 42.70.Qs, 85.70.Sq, 02.70.Bf, 42.79.Ci

1 5 =

1987 4F, Yablonovitch [l F1 John [ 23 51 42 H
T R AR — MRS, X R B (R R R
A AR 25 18] 2 & 3 0 A (4 R 4644, 38 R
e S ol LA AN [R5 bR . Kk 2% (THz)
P RARANHAE0.1--10 THz (K 30 pm—3 mm)
ONEER R PN EC SR 3 R Ae K VAR B 6 R EAR ) 5 P
], BRR A < RARZE 2 R DI o K 2 AR
FH 0 B LA A, hE B A R PERE T 4R R
K25 e S S S A, R AR, T Rk e
ok PSRRI PEREAR R A 5. 2009 4F
Wi =% DHR T 3R i 45 W e T SR R eI 28,
S LT ARk B g S DO R T O T
i 1A A2 Y RO 25 DE R A%, H 4R A TFE N 0.458 dB.
2014 4F i 25 (1 32 I F R ' 7 o R 10 A O 8
WA, OB B IR, HHFERIK. 2010 4E 58
J s D2V 4R 1 7 3 3o o AR A A BB R B R R SE B
R AT P I T R T Y T o A R 24 i U .
2015 4 Li 2 5] g 7 SR F VR A RV Sy i ol
FATESMEEIA AR F T SEO0 B K IR, (A A\ B ke

DOTI: 10.7498/aps.65.024210

F0.706 dB.

T PR AL BT DLE G 1 55 AN BR G 3s, BUR
JE SR B H e 2 i L SR AN MR,
s ] A B AT R YT, DASEIR LA B Thag, DAt i
e F iR B BRI AT 5. Sigalas 25 19 # i
BT T W R G AR BRI S . Kee
s DO g0 7 e i e T IR i — st B, R IILE
Jit N A% fa, Heae T AL B KRS 2, 5 B TR

AR — T R B A R A R SR A G 1 A R
(19 K 2 6 38 s, R FH 8 5 2 SR 5 R s P e R
(R G R, JE I SO s N A SR AR B o A, S
U AWK RIS, B2 T R SRR T RE;
DR AN 3 (1) K /N, 8 W B SR AR A ) IR 1 R AR
1h, PR R A s (5] WX THz 33047 386
B ZUE A HAR A BFE N 0.0997 dB, 3 dB i %
N 8.22 GHz, SEI 1 IR0 A 5 DS k.

2 HMit 5 RE S

AR SCBETE BB 1 i PR OB 24 8 B 2 R =
FrARAR AL, W 1 R, B SRS RS

« R E AR RS ES: 61077084, 61571237) AT IHA R A ARIBIEIFTHRIBIH (HAES: KYLX15_0835) ¥ BhiKH.

T #{E/E#F. BE-mail: chhm@njupt.edu.cn

© 2016 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

024210-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.024210
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 65, No. 2 (2016) 024210

19 x 23 [FFETEA BiAE, A AT En = 3.4 1)
ik, FER =6 pm, Mg HHa = 30 um. 7EEHE
6T di A TR A R 7 1) 2 b —HEA A, TR —
ANEWFE AN, 7o im G R A i, R
TR B R — U (R B P HE A TR, VR
O ABT A} 7 18] 25 B — HEA BT B tH R, R
Uity AR . R RO A SR A A SR A A
BRAARRL AR, BRE RS —F B B &R
A, BRI EEGE, AR B SR A
12.0—16.0 U7 1 AN fh Ab 558 B A1, 78 R A B
BER SR, LR mRamn =25 RivA
R AR B A 7 U] oo i BBk SR A
fn PR FEAR AL 35 50 B A58 T T S A7 48 THz 1% %,
FLIR IS 2 H 1 (0.05—0.3 cm 1) 119,

ooooooooooooooooo
oooooooooooooooooo
ooooooooooooooooo
oooooooooooooooooo
oooooooooooooooooo
ooooooooooooooooooo
oooooooooooooooooo
ooooooooooooooooooo

Bl &F rREE A2 BRIE RO T Mk 4
Fig. 1. The structure of photonic crystal with the
point defect and line defect.
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Fig. 2. TE band gap of magnetic photonic crystal.
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Fig. 3. The resonance frequency distribution at three point
defects: (a) R2 = 1.5R; (b) R2 = 1.6R; (c) R2 = 1.7R.
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Fig. 4. The resonance frequency distribution at Ry =
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Fig. 5. The structure of magnetic photonic crystal fil-

ter after the dielectric cylinders were changed.
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Fig. 6. The steady mode field distribution when the
incident wavelength is 82.359 pum.
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Fig. 7. The frequency distribution of the output field.
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Abstract

As a key point to applying and studying magnetic photonic crystal technology, communication devices such as the
magnetic photonic crystal filters with high performance and easy integration are developed. We investigate the feasibility
of ferrite magnetism materials that can be used to make photonic crystal filters. The optical properties of the magnetic
materials may be tuned by adjusting the magnetic field or temperature. The band gap of the magnetic photonic crystal
can thus be transferred by changing the external magnetic field. This kind of magnetic photonic crystal has a great
application prospect. A low insertion loss and narrow-band filter is designed based on a magnetic field-controlled ferrite
defect in a photonic crystal for a terahertz (THz) wave. Ferrite is a ferromagnetic metal oxide with high dielectric
constant, low saturation magnetization intensity, and high magnetic permeability at high frequencies. According to the
crystal structure it can be divided into three categories: spinel, garnet and magnetic rock types. The garnet ferrite crystal
can be used to realize THz band transmission, and its absorption coefficient is low (0.05-0.3) in uniform polarization.
In this paper, a novel magnetic THz photonic crystal filter is proposed, in which point defects are produced by the
introduction of garnet ferrite magnetic materials. Based on the coupling characteristics between the linear defect wave
guide and the point defects, THz waves with a certain wave length can be well coupled by changing the radius and
arrangement of the resonant cavity, so as to achieve high efficiency filter function. The permeability properties of ferrite
magnetic materials are changed with the variation of the intensity of the external magnetic field, and the tuning of the
frequency of the resonance mode. The optical properties of the filter are analyzed in detail by using plane waves method
in finite difference time domain. Simulation results show that by changing the point defect structure and the radius of a

certain dielectric cylinder, the insertion loss and 3 dB bandwidth of the filter are 0.0997 dB and 8.22 GHz, respectively.

Keywords: THz filter, magnetic photonic crystal, narrow-band, low insertion loss
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