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Terahertz surface plasmon polaritons and their applications

LIU Pu-Kun", HUANG Tie-Jun
(Department of Electronics, Peking University, Beijing 100871, China)

Abstract: Surface plasmon polaritons (SPP) arising from the interactions between electrons and pho-
tons at the metal/semiconductor-dielectric interfaces, and spoof surface plasmons (SSP) supporting by
the metamaterials or the interactions between surface electrons and terahertz/microwave waves of poly-
atomic crystals, are the essential foundation for breaking the diffraction limit and building integrated
terahertz active/passive devices. This paper introduces the basic principles, evolution processes of con-
ventional optical SSP, terahertz SPP and graphene surface plasmon polaritons (GSP). The detailed
summary and discussion of terahertz plasmons in the applications of terahertz sources, passive devic-
es, super-resolution imaging and so on are also presented. In the last, we discuss the developing pros-
pects of the terahertz plasmons.

Key words: terahertz, surface plasmon polaritons, subwavelength periodic structure, graphene,
diffraction limit
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', (b) terahertz radiation by exciting GSP which is launched

by the interaction between electron beams with graphene ribbons'"?', (c¢) dielectric Cherenkov radiation generated by the interac-

tion between an electron bunch with graphene'"”

tron beam in a graphene-loaded cylindrical waveguide'*’
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(a) Propagation of terahertz waves on a periodically corrugated metal wire'**’, (b) schematic of a V-shaped SSP struc-

ture "', (c) the field distributions of SSP on V-shaped under different bending radiuses™ (d) the domino-shaped SSP struc-

ture'®’, (e) the power divider, directional couplers, and ring resonators based on domino-shaped SSP structure'’, (f)-(h) serval

designs for three-dimensional SSP transmission''"!
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Fig. 12

(a) Combination of periodic domino structure with conventional parallel plate waveguide'™’, (b) the electric field distri-
bution when the waveguide is twisted"*’, (c¢) texturing the subwavelength grating on the output face of a parallel plate waveguide
to controlling the reflection and transmission of the waveguide modes'®’, (d) embedding two gratings in the top and bottom plates
of the waveguide™”’, (e) realizing the mode conversion by controlling the phase differences between surface waves ', (f) achiev-
ing efficient modes bending through the high-confined SSP modes, (g)-(i) the SSP-based filter'™’, stripe antenna'*' and broad-

band power divider '’
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Fig. 13 [t

(a) Gradient metallic grating and its dispersive curves'™’, (b) the group velocity of SSP as a function of frequency"'’,

(¢) the splitter based on gratings with different groove height''*', (d) the electric field maps of the splitter at 0. 5 THz and 1

THz [135]

R P B0 T AR 25 M D R B LA
JEE P9 S8, A 2% i ) A e R 2 % I A (14D 13
(b)) o SR AT LA R K 22 70 64, A
7 331 25 P8 DR 2 I 2 A DA ) AN [ 57 B8 e, 52
WIEH 55 W 2 0 . 3 SSP BAR A AL
PRI FIRE 5 PG, AT LOREAS [R) TR 2 i LM 45 A4 322 4
TE— (13 ()™, SEBLANTE 13 (d)" ™ Ay B 4 4 il
oy s BRILZ AN, AT AL T E SSP 45
X R BRI 15 , T SSP AY S (18, 76 [ 431
RIGT RELIEF AR ZE AR, 7] LS BA phy 91 3 42 il
FOAR LA R T AE 0 T SSP K I /N T A
H 25 )R, A i e T 3 ek 445 4 2 R0 A7
P AT LOKE 1 ph s 18] 5 3R SE 5% Ak SSp, S BE

X AR AV BE s, AR5 B AR A h 2 AT
Fofr 7 ] DA S B0 AR A W A A AR S B A
AR MEPAR A E IR

SSP AR Z2 R X ] 1T ) B 45 i Rk, mT L
I L P T o A 2R 1) A% S g R I DA R e o
TR 2% 453 2 AR i R 2013 48, 3 TR 14
()" TR B Bkl A SSP 3 4%, 35 N B T
Maier 8 A4 H T — AN X477 55 3 b HL AUk i) 4% ik
o MG NI ST A R R A R B, AR ZR
B R G R B AR B B AR o SRR Ty i A A
BB F R AR 1. 2014 4F % A1 A3 T 18] 14
(b) " e PR R A KB 2% SSP 15 15, 78 BRI
A B TR I RE A B B R A AR (0.4~ 1. 44



(a)lncoming Detected (b) (c) (d)
THe Lighi THz Light 6 ' y 5 -
P . ]}9 Spoof Plasmon | o d/78 \ 9(‘(P>(P) 8 Fo
A Propagatlon / \ /- \(P
|g uwwwuw o e

N

w

lll AAAAI /4“ ~ A

Normalized SC

2

Spoof Plasmon

Surface 05 06 07,08 09 10
0/o,

Bl 14 (a)beBEdi G SSPs i BN, () RBUEREHHUFR G SSP 7~ B, (o) F T & LSSP (1 B JE LM s/ I, (d) B JE
DI 4 FE S T AT A 4, LR G TR ABE S A 7 /R A A

[147] [148]
5

Fig. 14 (a) Schematic of SSP excitation based on a prism"'*", (b) the coupling of SSP through the scattering of a metallic tip

(c) the fan-shaped grating using for exciting LSSP™"", (d) the calculated scattering cross section of fan-shaped grating as a function

of frequency'®’, where the pictures in the insert are hexpole, octopole, and decapole modes of electric resonances
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Fig. 16 (a) The probe based on gradient corrugated metal wires'”’, (b) the focusing of SSP waves by gradually varying the

domino structure'*’, (c) the SP2 mode in a truncated grating

probe *!, (e) the radiationless focusing of SSP waves through 7th-order Fabry-Perot resonance

focusing behavior by an ultra-thin grating '*"

', (d) the electric field snapshot of two targets illuminated by the

11971 " (£) the two-dimensional super-
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Fig. 17 (a) The superlens built by hyperbolic metamaterials'”"’, (b) schematic of multilayer graphene superlens

nantly amplifying of evanescent waves by single layer of graphene

phene superlens working in the canalization regime*’

of two targets with subwavelength distance''™’, (h) the field distribution of a graphene superlens using the four-waves mixing'
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1751 (¢) the reso-

', (d) hyperlens based on graphene™, (e) the planar gra-

, (f) the sketch of fan-shaped graphene hyperlens''™, (g) the far-field image
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Fig. 18 (a) The imaging of multiplexer based on reconfigurable SSP waveguide'™, (b) the open-end grating with combination of

varactors''*?

', (c) the short-end grating with combination of varactors'**’
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(1921 (d) the schematic of a coupler for the re-

flective metallic grating "', (e) the sketch of directional SSP coupler [195], (f) the far-field angular scattering patterns and the
near-field two-dimensional electric field distributions at 0. 36 THz, 0. 38 THz, and 0. 40 THz "**'
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