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Abstract Both terahertz (THz) electromagnetic wave and metamaterials are hot topics in electromagnetics
research. Metamaterials operating in the THz range have achieved great successes in filling in the so-called “THz
gap” due to its ability to control and manipulate electromagnetic waves. A comprehensive introduction to the progress
of metamaterials at THz frequencies is given including the tuning strategies of electromagnetic response in
metamaterials, metamaterials-based THz functional devices such as modulators/switchs, sensors/detectors, filters,
polarimetric components, and absorbers etc. , THz plasmonic metamaterials, nonmetallic structure to implement THz
metamaterials as well as the advancements in fabricating THz metamaterials. It presents not only the metamaterials
for THz applications but also their underlying mechanisms. Possible future directions in this field are also proposed.
Key words metamaterials; terahertz; THz functional devices; surface plasmon

OCIS codes 160.3918; 040.2235; 240.6680

1 5 7

HL A B B AT TR SR B i A LA 1) ) PR BT N TR S S A B S IR B SRR A U L R
BORIAE 800 S 232 1R 0 26 A0 RHE Hoh i S — 2R A 00 . F R A I ey RS A I
4 45 K B0 8 U1 HE B 20 80« HG R P R i 2 ARORS P C 1 JLART 254 o DRI AT AT LA 5 0 R o A0 o 245 4 PO
BBt NL3RAG S B SR AN [R] A 5 A 1 B Jo ) T B 7 A BT B 58 56 B B L B B A T Tl A
A NIRRT A 45 R A /N RS R A B AG) TAE 0 B E  MATE AR R BRI A B R 2K
ZLAMFIAT DLEHT B o F R A T A 5 o R B0 F R T 00T 1 0 9 T S AT RO A R R

KRB 2010-09-06; YRIMEK R A HI: 2011-03-14; ML HIM B : 2011-05-20
HEEWMB: HEAKRP2AFES (10974183) M 25 Bl 24 HE 4 (2008ZF55006 ,2009ZF55006) ¥ B i &,
EEBA: T MA976—) 2 W, Bl 247 . 35 50\ 3 A 7l A8 A o0 45 B 1 1A 45 I A T 5%

E-mail: dingpei@ zzia. edu. cn

071602-1



48,071602 MM SYBIZHRE www. opticsjournal. net

TR T 9 SEAHIL 2y B b R 2 U R SC TR B TS 2 —

R 25 3 K FE AR AE 0. 1~10 THz (i K AE 0. 03~3 mm) 19 HLRE I . KM 2% I B A T 1o 22 K Dk
HLANEO w2 8] R T2 5 TR Z B A PEIX . i T O 2% 1 H G T A R IR B L B A RS R
B2 E A2 AR Z s DR B 25 I Bt B R R 25 25 117 RO 2% i AT D0 A PR E L E ) BE LAk 2E A
A i B 2 S R TE T A B DA B BR A AR 2 A R A et G N A T A e ) A R S R R
(¥ BIF 5 0 (0 L P 05 5% 52 0t SR A T SV 0 SR B LR AR i~ 7 b 2% i B K A L R ) T 1) 2
My 187 o NAVTAE AR ) A 68 2 s F: » 512 B Xk A 2% 162 19 % 00 R 45 0 s T o AR 22 B A o R ARG W 6 RO 22 307 2
PRI K ] 15 (9 6 8 A0 35 0 AT 5 — B A 2 o 2 R A BF 5 40380170 B

FL f B A J5 14 EE IRk T R 2% D B b R R LB 2 A b . T TLAR L OB 2% D B HL R R A JS A F ST I
30 T2 B S50 R L B T A R A TR PR RE O R A8 RBR 25 T ¢ L i RS A A AR IR PR 2 LB
U5 e TR 90 e 5 il 52 1 B A 7S P A SO B 2% Bk S AR e TR TR RN T AR SORE X I AR R
R 2% 9 BE PR B AR A O ) R W 9 AR o 0 455 5 T P A A S5 1) S 2% D BE i 1 S S i A A 2% D B A
5 1 A P A T A < PR S BOKOA 2 VL i R A JBRCRI KB 2% P iR A J5 Y i 45 O Tl AT 20 R R R
K S e Ty 1w BEAT RE R

2 R LR A R OB 2% T RE e 1F

FL T A 3 Eh RE A P T T IR 1) <5 R 5 F SR T AR B R T SR PR (SRR s) 22 1 45 O “ 1 I 1 7ok
PSR A i . SRR w4 J@ B AT 1173 531 58 25 R AT ] 2% £ A0 v 37 sl 3 A T ik 1.C LR
R AR SR S RETE o BUA I KB 2% L W R A TS B A PR 1R AR R R T SRRs 8T8 1 i iR 25 7 45 4
X I A 0 R EL o TN BN R T A R RRE L A5 A BRI 19 LC PR35 7 1) AR S i e R AR S A
XA A WA R

2 R T A Jo 1) SR R e I AT R H AR R S R i A i B B o A RO 2 DR W L A
A3 1 9% 25 B CR T RE T PR R A 5L R 2% D B T BE S T AR R AE 1A 1 BT 1 LR D) RE 2 1R 5
AT o A SRR i T L 0 6 A T ) KBl 2 181 T 8 / T DG R A% S e/ PR DI R AT 5 R A B R T AR SR
XX T THT 114 S5 A9F 7 IR A MR A T AURCLE A 2 P i A S5 L AN 5 14 A T T

metamaterials

THz

P13 v R A o Y b 2% D e s F
Fig. 1 Metamaterials-based THz functional devices
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Fig. 3 Schematic of the THz bandpass filters based on metamaterials"***), (a) sandwich metal-dielectric-metal structure

with square-loop-shaped slots, (b) cross-slot structure, (¢) wire-and-plate structure, (d) metamaterial membrane
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Fig. 4 Schematic presentation of the chiral metamaterials
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Fig. 5 Schematic of the unit cell of metamaterials for THz wave plates. (a) electric split-ring resonator
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[41]
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(b) meanderline structuret™?, (¢) elliptical split ring resonators™?’, (d) cut-wire pairs structure
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Fig. 6 Schematics of the unit cell of metamaterials for THz absorbers. (a) “SRRs-dielectric spacer-cut wire” structure 177,
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b

, (¢) “SRRs-dielectric spacer-metallic cross” structure
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(b) “SRRs-dielectric spacer-metallic layer” structure

(d) “metallic layer-dielectric spacer-metallic layer” structure
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