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Metamaterial structure based high quality terahertz filter
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Abstract: Terahertz(THz) filters with mirrored asymmetric metamaterial structure have been studied based
on the micro-nanofabrication technology. According to the finite difference time domain theory, the electric field
and current density distribution of the microstructure are simulated and analyzed. The mechanisms of THz
electromagnetic resonance of THz filter and physical mechanism of THz radiation loss are also described. The
asymmetric split ring of micro-structures is designed and optimized in order to reduce the radiation loss and
improve the Q value of the quality factor. The performance of the THz filter is characterized in the THz Time
Domain Spectroscopic(THz-TDS) system. It is found that the quality factor of the filters with mirrored
asymmetric metamaterial reaches up to 12.5 at the frequency of 0.923 THz. At the same time, the dependence of
the direction of THz electric-field E on the performance of THz filter is studied as well. The study of the THz
filter provides an important experimental basis for the development of THz devices, such as electrically tunable
THz modulator.

Key words: terahertz filters; mirrored asymmetric structure; double-layered photoresist for lift-off

AT FH(Metamaterial) 2 AT A T3 450 JF 2 B A SK BT BHIT A B2 009 307 50 ) B 5 19 52 5 4Rk, T 67 4 555
R, BEAES. Metamaterial i W A 45 49 () 4 J8 L 4R B0 R A B S, O R 1 F R 1 2 B
N T IR ZEFY BT o Y R T B Metamaterial S5 A8 B, 78 RE— A BT S5 4 FTE Y 4 JE N BRI L T RN HL
WY, &R Y T — PR L, &L ISR — A2 C, Ul T LC IR T IR0 i
PG RN, BRI R R R s, 5 i IR R i, HUY SRR RN B AR N, I S R AL
B o B A SO B AN W T R, X R e 1 A% 2l 0 9 R )N W S B B 0 L AR T, A
G B P9 A0 3R ) — S R, B A ) P 7 B e A SR L 37 2k i 9 R B0 T Sk IR B, A S B DR A K ) Jek
JO7FEL A, T B 4 A H 37 i R B B K, LRGBS B R IR B e .

W BHE: 2014-11-13; {EEIBH: 2014-12-29
BETH: FRARRAESIITH®No. 61107093; 51271093); 1THE S HFAEIE4 ¥ BT H (BK20140035)
EEEE : KT email:xyzhang2010@sinano.ac.cn




%5 KANE: ETBHMBEHNE O KIFZIEKHR 697

1T R AR 2R R 2% 08 U 4 38k X T (Quality Factor, QF)Q MK, — WA 10, HEZFH K
T 2% 10 B 1 4 T A5URE R R B R SRRSO A 2 AR ERRE D, R T A R e TR AR T A R RN, B, P TR
DE W AS P I T AR B L R AR S AR o [ 1(a) S B T AT BROT T AU U B 4 A SN L R S A . Y THz
e 3 B SR D i A A R R RN LR 4 P

o L o 7 L 9 AR 38 0 A b 22 0 T G = =

MR AR SR LC R, SR QM. | 1(b)A

HCADL A 15 S S ik D B 8 1) 45 By R 7 9 % IR L E EE E

SELEN 4 ATF T ILIRBR R R LK, TP 5 F £

KR 0. B DUER A AR R T AR al

S T L O A LT WS A 22 W B E EE H

T S5 LC SRR AR A M T A 2 0 1 B

FEL AT AR B R O (H. Al-Naib % A 766 (% PUFRES 14

DEP AR ARG T TS, FE 0.7 THz BYMR T KR loEaeEy = = = @ ©

B, S o 2 R TRk ) 2400, (R R 4 . . .. |

Fa 31 A 1 JE0R IR A BREAR 5 . A SCI T T AMTF 156 [ i

AR i 0 e A 2 D AR LT L R et E g

R 16 7 6 T T 11 6 A 5 A b 2 o 7 98 1 T G L s

S5 O (. [N W/N PG ABUEE . RS O HE U 2 ey m——

BT 50 T 1 2 46 W0 3 2 P o 5 T 5 o 0 1 2 Srctare: (€ expermantal amay of mimored asyrmmetsic mtamatral Sctre

SRR B AR T g o 1, ot o] et i oot Ao crmentl
Fig.1 Schematic diagram of planar metamaterial
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Fig.3 Current distribution of the filter at resonance frequency
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Fig.4 Experimental transmission spectra for the mirrored
asymmetric metamaterials of different y-parameters
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Fig.5 Experimental transmission spectra for the mirrored
asymmetric metamaterials of different rotational angles
(Insert:relationship between valley value of transmittance
and angle 6).
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Tablel Filter performance of different y-parameters

f/THz 0] . .
y/um - - - - insertion loss/dB
simulated values experimental values simulated values experimental values
20 0.939 0.923 44.7 12.50 -3.00
40 0.623 0.578 27.1 12.10 -3.25
60 0.462 0.404 22.0 4.60 -3.59
80 0.367 0.320 18.8 5.70 -3.97
100 0.301 0.259 16.8 3.45 -4.97
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