Chinese Physical Society

ME#E Acta Physica Sinica

€D Institute of Physics, CAS

TR R 268 R ROR (8 B9 A% R M 3T
REF FHY SRR K& Kax

Study on sensing characteristics of |I-shaped terahertz metamaterial absorber
Zhang Yu-Ping Li Tong-Tong Li Huan-Huan Huang Xiao-Yan Zhang Hui-Yun
5| F15 |2 Citation: Acta Physica Sinica, 64, 117801 (2015) DOI: 10.7498/aps.64.117801

1E 2515715 View online:  http://dx.doi.org/10.7498/aps.64.117801
A 4R View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/111

AT RE R B E 3 E

Articles you may be interested in

FH 52 7N G35 ) B TC A4 36 342 TSI I KNS A 5 A0S PR R A R

Wideband and large incident angle wave transparent material based on frequency selective surface with
miniaturized elements

YH A 4.2014, 63(13): 137803  http://dx.doi.org/10.7498/aps.63.137803

BT IIAS SE B L 30 A% B0 R AL R AL BTt
Optimization of metamaterial based weighted real-coded genetic algorithm
YrE %2 4.2014, 63(8): 087804  http://dx.doi.org/10.7498/aps.63.087804

B TR RT3 TO AT A U5 AT R R AR S
Active tunable metamaterial transmission line based on lumped elements and negative differencial devices
PP 22,2014, 63(2): 027802  http://dx.doi.org/10.7498/aps.63.027802

S G v BELBR YK X AR 2400 VB AR I 2 M

Extraction of effective constitutive parameters of active terahertz metamaterial with negative differential
resistance carbon nanotubes

YrE =2 4.2013, 62(3): 037806  http://dx.doi.org/10.7498/aps.62.037806

T T b A Byt - 8 PR TS AR R 28T 5% R 5it 2 1 1) 2%
Photonic-crystal-waveguide based Mach-Zehnder interferometer for terahertz switch and modulator
YE%4.2012, 61(15): 157805  http://dx.doi.org/10.7498/aps.61.157805


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.117801
http://dx.doi.org/10.7498/aps.64.117801
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I11
http://wulixb.iphy.ac.cn/CN/abstract/abstract59914.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59914.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59914.shtml
http://dx.doi.org/10.7498/aps.63.137803
http://wulixb.iphy.ac.cn/CN/abstract/abstract59018.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59018.shtml
http://dx.doi.org/10.7498/aps.63.087804
http://wulixb.iphy.ac.cn/CN/abstract/abstract57639.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract57639.shtml
http://dx.doi.org/10.7498/aps.63.027802
http://wulixb.iphy.ac.cn/CN/abstract/abstract51996.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract51996.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract51996.shtml
http://dx.doi.org/10.7498/aps.62.037806
http://wulixb.iphy.ac.cn/CN/abstract/abstract49077.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract49077.shtml
http://dx.doi.org/10.7498/aps.61.157805

) I8 ¥ 48  Acta Phys. Sin.

Vol. 64, No. 11 (2015) 117801

TS A SR BRI A B A A BT 5T

% E D

FHHY BRRD FE#

ez

1) (W ARBHCR 2 TIBAE 5B AR, 35 BT AMEHEARE NSRS, H8  266510)
2) (¥ oy BT K 5% S0 2 IR HRBT R ST 87545, K H)

(2014412 A 3 HU&H; 2015 4 1 A 7 HUEIME R )

I FH AR A RIS 38 A o A ARk 2 B0y T e I, PR R T R AR SCTE T — Rl L B T A R R A
IR, FHE T AU SV %o FEAE A 2% 90 B 1) A JERARR T AT BUEASE 0L, BFF 8 1 A UURE o 7 559 26 JE 88 B LA I
58 25 5 55 o A b R A A 25 (0 AT SR T IR R 8 RS ot o DRI P s ). O e 2 SRR 2 R U
JEFEN A0 pm B, A7 5 AT R R BUE AT A $) 153.17 GHz/RIU, $7 3 R P58 R BUE ATk $) 41.37%/RIU; £330
FE AT 2 — g i, JE RS e 7 B I G R R F 8 KT e M k) B AR R 5t JE BE 1S, RFOML 2238 K
Fah B K FE AR BTN, TEOM BEAFIIRE (i 5 R 8 hi i ek /).

KBEIR): AR, WA, KOM2E,
PACS: 78.67.Pt, 42.81.Pa, 75.40.Mg

1 5 =

K 25 5 S 3 PR AR AE 0.1—10 THz Y
(R R . KRR 2GR AT B e B, F 2 RN
Gr FAE R 28 A B B AT H e AR sh B =X, Al HL 7
A A B AR OR 2 4 W W S R A T R R
S U4 AR, S T U K AR IR i RSHAS UG e &
A R8O IR I S 2 S5 ) R K PR ) T R 2% B R )
TN N R R AR 0L T B AR A R
BExt THz il = w2, B 72 A 53 223808 A R
T THz 24 I I

MR — RN TE MR, B2 KRN

BUBT L 0895 PSR AR, 0 5075 S 9L 1),

SR EskiEe U, O M T
5 A AL I U0 A RER 28 T e B 1) A
Az Y ) 3% O5) S5 450 9 NIl 55 R A Rk 1) 445 4
MEAEAR, 2B T RERIRY, FBUREH
FEm K 36IR, D94 REas 1R B A% I N T SR T AR

DOI: 10.7498/aps.64.117801

UFI°F & . Driscoll 25 M $2 H 1 i@ ik /2 DU o
B 2 165 TR sk Sk ST B L R A S AR L
S 26 B I A IR A HE it T AT RE. O’Hara
25 10 ) FEY A 2 B 300 A5, I R, i 7 4% A7
FIN AL, 9K R 28 A% A RS 1 R A
5. Lahiri 25 DOV 3R H T —Fh&r SN0 BE X FR R
TERITF OB RIS BE A, BT D3RR s AN 2
[ (R AN PR 2 7 A B B () S5 B TR LR A9 A% Ik
R K. Cubukeu 2 7308 7 R E 85 T
PRIMEEA, $5 (0 11 RS iR s A B T FH T 590
TR AMEM. Tao 25 U1 &it T —Fh 1 4
A T R I b 35 T 1T OB 2% 8 AR T 1 3RS AR
Jias, w7 T A AE . Withayachumnankul 2542
Tl P T RO 2% A P A o T A S 1 - T
FEARL (O, 38 4 A A% I & L AE AT S
R 25 IR AT, 520 I E B 2308, AT 45
ik Q AR F K. FEA &S PSR T AR
AR F LR 25 4, 8 AU A A5 B B LR IR U AL
R B P T R IR AR A TG 5% L IR i

« LR S (S 61001018). L4 EIAARE 2236 4 (M 5 ZR2012FMOL1). 1l 4040 12 2 ReRHHE T RIS H (Bt
JUILG20). 7 & 1 AR FA A BUH (i 5 13-CX-25) . P E TRAIBAT Fele A 2R R I 4 (IS 201401) 75 520
HORTFR X AR R (S 2013-1-64) AR RHEKERHERIR 4 (IS YC140108) VBT,

t B E/E#E. E-mail: sdust thz@126.com
© 2015 FEYIEFS Chinese Physical Society

http://wulizb.iphy.ac.cn

117801-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.117801
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 11 (2015) 117801

FORMR B AR, JEREAT T 05 3 % SRR, mT sl
3 LN S PR B SR IO 17 55 AL

LR, B T ATRE A A 22 W R AE K
T %4 55 A1 R AT SRS T RFBIEN 53 AR B K %
45 222271 Cheng %) #0E 43 #7125 T8 14 51 1
NSy A TH Y PN e R O 4 N R &
FE R U AT 2 B80T EAS B R RS PR AR R P AR A
SRR AR RIS R R R L, 2] A
R FE 3 A 2 X AR SR, 0 B A R 3T B R JR
FESE SR Weili 20200 SR LR AE IR T T T A1
R R,

HF LU BRI S, A T R T
PR I A, 308 3 25 5 LS AR I A 8 25 550 D
Bk 1 HAEON THz A% S (T A7 1, It i@ i
HUBBAUIRDT 7 HAR R E. BEIT T A5 DA S 3T
B A AT 5B 2 T R AR R 1A A% Sk A
(RIB R R IR R AEE % o R B 520 %
PRI A A% IR T B, I % 5y, REBUE
By, BATEAE BB .

2 TF TR ML RO B AT M

FATBETE {4 T T8 W 8 A 5 4 B T 1 i
R, MR R DU R R AR, B BB R RO 4
TFE, BB EE, AR, SRR MR 2
BN SRS R N4561 x 107 S/m, JEE N 200
nm; FEHOIT LA BB HON 3.14-0.217 15 BRI/
N 11.940.0476 i, JFJEZ 500 pm. ElhEii 2
By . &% %8 w915 pm, a N 150 pm, b
120 um, ¢4 80 pum. FIAHFHBAF CST s TAF
R AU SR AR 85 X0k I BE T )RR AR R 8 A i AT 4
P B, B TTEE R o Ay 7 R Uk i Ak A

Wi# /THz

2 TSNP GA . St %it, WA TE &
F THz #53% 0.65 THz AL SR IAF] 91.05%.

. l)\ﬁffﬁ'ﬁi&%k
2w
3 - =— M
= I e N ——
¢ fe——7— Tk

E(z) b
a1
(a) (b)

Bl (TR ) BT T i MRk i A RS 25 1 7R
EE (a) MLE; (b) HLE

Fig. 1. (color online) The schematic diagram of the
structure of sensor based on I-shaped metamaterial

absorber: (a) top view; (b) side view.
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Fig. 2. (color online) (a) Reflectance spectra on the dependence of refractive indexes as a function of

frequency at a fixed thickness of sample to be tested; (b) reflectance spectra on the dependence of thickness

as a function of frequency at a fixed refractive index of sample to be tested.
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Fig. 3. (color online) (a) The resonance frequency shift and linear fitting line with varying refractive index

at sample to be tested thicknesses of 5 ym, 20 pm and 40 um; (b) the amplitude modulation and linear

fitting line with varying refractive index at sample to be tested thicknesses of 5 pm, 20 ym and 40 pm.
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be tested; (b) the amplitude sensitivity of refractive index with varying thickness of sample to be tested.
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Fig. 5. (color online) (a) The resonance shift and quadratic fitting curve with varying thickness of sample

to be tested at refractive index of 1.2, 1.5 and 1.8; (b) the amplitude modulation and linear fitting line with

varying thickness of sample to be tested at refractive index of 1.2, 1.5 and 1.8.
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of sample to be tested.
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Fig. 9. (color online) RFOM and TFOM with varying
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Abstract

Recently, metamaterials have attracted considerable attention because of their unique properties and capability of
being used in many areas of science. Among these applications, metamaterial absorber is the one researchers show much
interests. On the basis of its electromagnetic responses to other material parameters, the metamaterial absorber can be
applied to sensing. In this paper, a metamaterial absorber with an I-shaped unit cell is proposed and its favorable sensing
characteristics in terahertz frequency range are numerically simulated in terms of frequency-domain algorithm. Influences
of the thickness of the sample to be tested and the thickness of dielectric spacer of the sensing of metamaterial absorber
on the frequency sensitivity, amplitude sensitivity, and the figure of merit of the refractive index, are studied in detail.
Research results indicate that as the refractive index of the sample, whose thickness being fixed, increases, the resonant
frequency red-shifts and the reflected amplitude increases. And when the thickness of the sample with a particular
refractive index increases, the resonant frequency red-shifts and the reflected amplitude increases correspondingly. The
above researches indicate that the sensing of thickness or refractive index of the sample to be tested (abbreviated as
specimen) can be realized in a metamaterial absorber. The frequency sensitivity of the refractive index can reach 153.17
GHz/RIU and the amplitude sensitivity of the refractive index can reach 41.37%/RIU when the thickness of the sample is
fixed at 40 um. The frequency sensitivity of the refractive index increases as the thickness of the sample tested increases,
but the increasing range gradually decreases. In addition, the amplitude sensitivity of the refractive index increases
linearly with the increase of thickness of the sample tested. The frequency sensitivity of thickness decreases linearly with
the increase of the thickness of the sample to be tested which is of a particular refractive index. As the thickness of
dielectric spacer increases, the frequency sensitivity of the refractive index increases until the thickness reaches 30 pm.
Besides, when the refractive index takes a particular value, the frequency sensitivity of thickness decreases linearly as
the thickness of dielectric spacer increases. Along with the gradual increase of the thickness of the sample tested, RFOM
increases but the increasing range decreases. And TFOM gradually decreases as the thickness of sample tested increases.
Both the RFOM and TFOM decrease with the increase of the thickness of dielectric spacer. In the end, the sensing
mechanism of metamaterial absorber is discussed in detail. The reflectance spectra and the sensitivity can be adjusted
with changing the refractive index and thickeness of the sample tested and the thickness of dielectric spacer, and this

will provide important instructive means for terahertz sensing with metamaterial absorbers.

Keywords: metamaterial, absorber, terahertz, sensing
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