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Abstract: Recently, terahertz (THz) technology has developed rapidly, showing promising potential in the
fields of communication, anti-terrorism, monitoring and biomedicine, etc. In particular, terahertz biosensor
has attracted extensive attentions in biotechnology, because many biological molecules and materials have
their finger prints in the THz absorption spectra, and the damage by the low power terahertz wave is

low. However, the THz wave-matter interaction is relatively weak because of the mismatch between the
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long wavelength of THz wave and the size of biomolecules, which limits the performance of terahertz

SENSsors.

Current research interest is manipulating the spatial and spectral distributions of the

electromagnetic fields based on the microstructures to enhance the sensitivity of the sensors. In this

review, we are going to introduce the working mechanisms of various microstructure THz sensors and the

recent progress, and then discuss their advantages and disadvantages, finally we conclude the major issues

to be resolved and predict the future developing trend and potential applications.

Key words: terahertz; sensor; microstructure;

0 5|

K25 I S R AE0.1~10 THz , X I 30 wm~
3mm LRGN , VRN LRGSRk 225 117, L
AHOCHL A I A 24 11 H 2 0 28 SCRIT s, ARy
AT LA BN B, I 24 i B IR 203,
WMRE AR AL BEVELF R 584, UHERZAY KR
I3 T W % T 4 A A8 A R 2% 09 B, B
IR B “H8 BOBONE ™, PR AR 33F 1 R 2% 4% 8% T 3 —
B EH A Y S B G an A FH R 2% 063 o A BOR
AT LA 5 9 3 B 1 s AR B Bk . HATR
2RO 22 W) SRS 0 5 3 BT 208 i 17 DR 2% I 40
1% A 4t (THz-time domain spectroscopy , THz—TDS), i
ok XoF 7 B sl r i) 38 4 A AR R RO 2% Bk P S
HEAT 8 L AR 40 A5 38 ) S5 1 3 S R SO H
TIX M ER I T Y B WS R, RIS B —
A A BEARAF AT 0 BEAUAE 5 o JCHOO T s
ARSI T 5, JHC S B R I B R A A B80T 4 K 35
T PR X T et A il 1 v 2 RS 00 e L s 2
SK o T 1 5 Rk 2% U 55 450 AR ELARE R DA T 4
e A R R BRE | R DR 2% %l SE PR 1 FH 11 26
H

N T AHUES F AT LA 0 v G 0 A% i o 2 v i e
WE S R oA, NTAT R e i) A% B 5 R
B0 AT E RN 25 F 52 B T 5 S|
FL 0 0L 3 B2 A W) i I B g ) S AR A
VAR ML iR 2y AN E €5 S DO N R 1 €413 1|
(R RN S5 # SR AR B PRI SR A N T
TAS A R AR AL A I - &, IR 45 G aR A
AL s 4 S5 A T B, A SR 49 i I ) o DRk 2% T A%
e AR T SR I DA T A R i v 1 R R U TR X

il

metamaterial

LER TR EFE A RO AT R AL AL N AT
FA SR TR (SP) AL DT A A T A 5
TRt R 10 Rl 2% A% RSB, FF A ZAH SC W9 110 i g
AR, 3818 %8 A R B AR 145 s FNBLA TR RE , e
K25 AL AR K Y H

1 AFMHFREBRYGINEEZRESH

FHEE T i 2 M2 AR I, s il A R
0 W TSN v o 7N R o | B S e ) WA IS
TELE AR (B 2 A A M IR B3 ) 25 5k
AHREBEMN ) SRR AR g ot
AT, TR IH R 2% 2 SRS i 2 X 8 ) 1 K
i 4% 102 B 14 FRL I S B AT 3 e R A BT O
F1% 58 JE£ 100 RS2 VR D A S8 AT S £ L A 7 A R B
PRI I A YA R S AR PR R
SR GRS, H AR AT S R A SERR A E B A L
HEFR S M DG B T, 1 A% 1) M A R 3 i i
FFPEEE Tl H LI I RAL RS 2 T MOl
SRV G ASERALH , 3 556 -5 B 4y i A1 B
YERT . WP 1 R L f, A 3EIRIR B 5 450 2 50H
HFEPRSEARH ARG, DL s 3 5 A Bl An g
RIARAA IR 3 A, [ X T —A [ E AR
LA fo, XA T SF AR S R OGR4 AL, i
IECHE > M R GRS I X 268 Ak, SEREARAS BN B
AR R . SRTIDETE 20 R GEAE s 15 BRI AL 1
I WA AR AT FLRE AR R, 304 A A THz-TDS
RGN PERTE 5 GHz oAy, PRI TE ZARAL X
TS F RSB KB AF A AT HYZEAL X B 22
TE X —A RAE S e B 59 A B AS [R]85 A PR BE AT
95 TR AL A T kR U, RABE S, i
SRR AR AL AT 5 YT R AL An BYLLAEL, BRI S,=A1/

0203001-2



9Nk TAE

5 2 M

www.irla.cn

% 48 %

An; X TRADGIE R SR AL IR B Tk, REUE S,
SRR AR AF 5T R AR An Y LUAE, B,
S=AfiAn, An #5047 J& RIU(Refractive Index Unit),
IS, Sy RN A BT SRR T A T 2D
) iR B AR AR A, SR TTT TR B Y R AR S,
FUIAE 0 TAR R BOA O, PRI E FH I — A i R 5
S K HERR TAE R B 52, & SR . S/ =Slfoe BRT R
B LLSE, 5 5 Q(quality factor) , 2 fil 12 /&K
A EREIY 7 — N EE S, T LR ARG A iR
PIMERT . Q MR, Uh B L PR AR R A F R /] | e i
HezE | B2 75 % FWHM(Full Width at Half Maximum)
/DN b 5T PR R A O R R 1 T Y L AR
5, 0=f/FWHM, METH AT LA B, B s 2 i 26
A3 BRI 51K R n A n+An B E)ETE ; W5 €0
LN £ A2 43 AR RIS AR A5 8% o B Af R
AT 53 5N o= B 4T S5 R AR A Ry An B, DG g
GG B ARk, 214 AR TR MG 7 1 4 A5 £k
B B3R A% sh AN L AUR OGS AR A, BIL R
TORE S, S, SR, T 404065 ) FWHM L 2k
JERER A, P AR S BRI i v 2O 1 AR A T2
GyR sy HE ok BV T 3847 i A5 Sk g, — e X
i J5 K %% FOM(Figure of Merit)=S/FWHM % i€ f& PF
Aty B[] A PR AR e 22 ORE R o B R 1 A A R
RER i AE

o

2

Intensity/arb.unit

ot
[

1 S A G R AL L RO 1S 5 M BE 24
Fig.1 Typical spectra and performance parameters in optical

refractive index sensing
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Fig.2 (a) Schematic of SPs at the interface between a metal and a dielectric material®; (b) the SP dispersion curve;

(c) the photon scanning tunnelling microscopy image of metallic strips demonstrates the bonded SPs at the surface of

the metal™; (d) periodically corrugated PEC surface supporting Spoof SPR?; (e) the dispersion curve of Spoof SPR!M;

(f) efield distribution of Spoof SPR!*
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Fig.3 (a) Left: Schematic of metal gratings supporting Spoof SPR, where the red and yellow regions represent photoresist and gold,

Right: Schematic of the Otto Prism setup'®; (b) measured reflection spectra for different coupling gaps'*; (c¢) measured

reflection spectra of different analytes at g=70 um'®!; (d) schematic of the metal hole array THz sensor and the

THz-TDS™; (e) measured transmission spectra of 93# and 97# gasoline samples'™
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Fig.5 (a) Reflection spectra of asymmetric dual-opening gold SRR (solid line), symmetric dual-opening gold SRR (dashed line), asymmetric

SR Fh SR FH I T A SRR A SRR G v T T A SR

dual-opening PEC SRR (dot line). The E—field in asymmetric dual-opening gold SRR shows a strong concentration in the gap'®;
(b) the transmission spectra of the quadrupole resonance in the asymmetric dual —opening SRR with and without the analyte!'®).
(c) experimental transmission spectrum for the cascaded SRR coated with photoresist (&=2.7) of different thicknesses. Inset: the
schematic diagram of the cascaded SRR '*!; (d) transmission spectra for different analytes of four-opening SRR on both silicon
subtrate and SiN, coated silicon substrate. Left: schematics of the four-opening SRR and the resonant field distribution 7; (e) flexible SRR

sensor and its thin film sensing performance!®

AR R LU BRI AR RE A0 B A R R IR

222 RTZHEH SRR LM RMHHHERE

DL I SRR A% 8% 25 #0256 11 10 P A9 FF 11 BR 45
F , AR R BAE - F ] IF B —3 B R i
N BRI T L SR A BAE T, —4E SRR
SRR AR AR AR BB 1 A&l 6(a) TR, S TR
PR SRR Z5HAH L, MG B = 4E s [h]
AT LAY R 5 R0 ) 5T 09 A0 B R ok AR, DT R A
R R o THIEA B Y 2 T A A WAL 6(b) i

2 JE AL S BOSRR 4544, 23 i 15 5T /0 (19 BB 1 I AL
TEHEIE [, 3K FE 2 KR 42 5 A RUHE &t 5 15 I ) o
P A ELAE ], 2R3 o R BUE . Cheng 25103t 1 I
A~ U 74 SRR H4 i 1 ARG IR E%  4n &l 6(c) Fir s,
THAAS B AL R R R TR B 1 445 nm/RIU, Q A 3Kk
F] 41.2 ,FOM 35 %] 28.8™ Yan %53t T AT O HE
T 7R ) R B 8 K 2% A% AR, WL 6(e) TR, 1T A5
#| R U A 788 GHz/RIU, Q K T %54 20, FOM %
101,

0203001-7



sk A2
%2 4 www.irla.cn % 48 &

(b)

-4n=1.332

Absorbance

c i i i i Il 1
108 111 114 117 120 123

Frequency/THz

3D MMs
with SRRs

(e) Lol ™ =0 —1] —13
an=1.312 e i 7 =19
on=1.322 - ¢ .

I 0.8 ‘!r

=)

Transmission
o o
B o

=
o
]

8 1.0 1.2 1.4 1.6
Frequency/THz

P 6 (a)Fl(b) =4k SRR A KB TC L5 A4 71 53 P B L L AR I 2 I B ST 45 4 19 T FL i 20 A )5 (o) AL U B BRI = 41 A B
71 Tk P BRI A< b 1) Ty SR IR FR B BE ™ (d) , (o) B R FUIK AR S A 5 (e) AN ()2 T XUF M I 1 SRR [ A KL T 4544

71 Tk P BCHC A B A S ™

Fig.6 (a) Schematic of the unit cell of a 3D SRR metamaterial; (b) on resonance surface current distribution in (a)!™!; (¢) schematic of

the unit cell of a 3D SRR metamaterial with combined U-rings and the power loss density distribution'™; (d) simulated absorption

spectra of the structure in (c) with different analyte indexes; (e) schematic of the unit cell of a 3D metamaterial with dual-opening

vertical SRR and (f) the calculated transmission spectra versus the analyte indexes'™
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Fig.7 (a) Schematic of metamaterial perfect absorber (MPA) and
the on resonance surface current distribution'™; (b)
reflection (green line), absorption (red line) and
transmission (blue line) spectra of MPA™!; (¢) resonant
magnetic field distributions of MPA!'); (d) calculated

power flux of MPA at resonance'™
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Fig.8 (a) Schematic and photograph of the metamaterial absorber sensor with integrated microfluidic channel on the surface!™'; (b) Measured

absorption spectra of the infrared metamaterial absorber sensor. Inset: the SEM image of the sample!™; (c) Schematic of the unit cell

of the cross metamaterial absorber sensor with integrated microfluidic channel on the surface!™; (d) Measured reflection spectra of the

device with and without 11 wm photoresist on the surface ™);

(MAIM) sensor with integrated microfluidic channel inside the device ';

index of liquid channel!®"

(e) schematic of the metamaterial absorber integrated microfluidic

(f) Calculated absorption spectra with different refractive
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Fig.9 Multi-resonance metamaterial sensors
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Fig.10 (a) Schematic of the THz sensor based on PC quantum cascaded laser'®!; (b) gas sensing with the device in (a); (c) Calculated and

measured transmission spectra of a PC sensor working in the normal incidence

[82].

(d) change of resonance peak versus 1/Q in an

in—plane PC cavity THz sensor'®!; (e) schematic of a waveguide integrated in plane PC sensor, where the THz signal is detected by

the integrated RTD; (f) experimental spectra of the device in (e) for various tape thicknesses!®
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Fig.11 (a) Power transmission spectra for the empty parallel-plate
waveguides (PPWG) sensor, experimental (black curve)

and from mode-matching theory (gray curve). Inset of the
PPWG sensor and experimental setup™; (b) the relationship
of sensitivity of the proposed structure and the height of
biomaterial sample layer. Inset: 3D schematic of a THz
MDM  waveguide; (c) of THz

schematic plasmonic

waveguide sensor, where the analyte is in the 1D

periodic metal grooves ' (d) simulated transmission

spectra of the device in fig. (¢) for analytes with

different refractive indices™’
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Fig.12 (a) Schematic of the unit cell of graphene disk/metal ring THz metamaterial sensor'®!; (b) simulated transmission spectra of the
device in (a) with different analytes™®!; (c) transmission spectra of graphene nanoring metamaterial with refractive index
n ranging from 1.0 to 1.4"); (d) unit cell schematic of complementary graphene metamaterial composed of two wire-slot and
one SRR-slot. Reflection spectrum for different refractive indexes with 11 wm thick analyte layers'®!; (e) Schematic view of the
graphene metamaterial that comprised of square dielectric pillar arrays covered by graphene monolayer and the bottom is gold.

Calculated reflection spectra with the analyte refractive indices varying from 1.0 to 1.8, and the analyte thickness fixed as 10 wm

2.6 BT A% MR K 2% 8 B 2% AL AR 25, 7 HE I B RS Bl X Rl 7 3 UH
VbR K i s RZ i A AR R RO A&, R AT DUl WO S 208 e B, 98
R SR E BRI S, ANFED BT R IIAR W, TE RGP B IR WA B DL E R
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