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Abstract: Due to the relatively good penetration, low energy and broadband properties, terahertz
waves have considerable application prospects in the fields of high—speed space communications,
environmental monitoring, heterodyne detection, medical detection, non—-destructive testing, and national
defense security. As one of the core component of terahertz active and passive devices, terahertz
waveguide is an indispensable part of the terahertz application system. The performance of the
waveguide structure and functional devices determines the signal transmission efficiency of the terahertz
system. The integrated terahertz waveguide has an important influence on the volume of the terahertz
device. In recent years the development of terahertz waveguides has made great progress, from ordinary
metal hollow waveguides to metal wire waveguides, dielectric optical fibers, and then to the recent
artificial surface plasmon waveguides, graphene, lithium niobate and other new waveguides. These
waveguide techniques demonstrate respective and exciting advantages. This review comprehensively
introduces the latest developments in the field of terahertz waveguides, and prospects for its future
applications.
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Fig.2 (a) field distribution of transmission mode in the circular metal waveguide; (b) field distribution of transmission mode
in the rectangular metal waveguide; (c) absorption coefficients of three modes of circular waveguide!'”!
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Fig.3 (a) coating waveguide structure diagram; the mode theoretical attenuation constant of the TM,;,TE,,TE,, when the waveguide
material is (b) gold (c) nickel (d) lead!"®
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Fig.4 (a) Cu-based parallel slab waveguide!'”; (b) parallel slab waveguide filled with FTO/Si*?
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Fig.5 (a) experiment device of bare metal wire waveguide!™); (b) Y-type beam splitter based on bare metal wire; (c) beam splitting results of

Y-shaped beam splitter based on bare metal wires!*’; (d) experiment of THz-sommerfeld wave propagation on a single copper wire;

(e) radial field distribution of THz wave of copper wire; (f) THz pulse attenuation results when the copper wire is bent for A4
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Fig.7 (a) experimental device for PTFE-THz dielectric tube waveguide; (b) transmission loss measured by PTFE-THz experiment!
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Fig.9 (a) dispersion relationship of PCs; (b) waveguide mode of PCs™*!
K9 (a) LT REREEOCR s (b) ST i HAE ALY

SLSEPRIN T 2ok UE, — 4B T AR IR A B o, Hoh TR A R 4R, TC kR I AR A A Y Gk
B, TSR DI BE A K2 =4Ot AR T A sk A R, WA Si B RE AR 2, (HOLH]
LIRS RS, BARB R g T SR AR HRE A, SO BRIE Y B A e T AR R B

6.1 THz X FREKES

2006 4, Zhang % AP T — Mk R G T AR DS, BUERIL T THz 288 T W 80w A A g R e
e R T AU S R E TP . B 10(a) A AT 2 B THZ 6 TRk 280 S . A S b B —HER LB
A A £ BB U 5 (P 10(a) ) BREFE (] 10(a) ) o 2245 X J2 25 R 3% 2 5 47 1 B [X 3B

2009 4, Ponseca % APTHE THz X340 #7 T 58 45 . Cytop V- I 6+ & 7R 1 5 125 10 25 1 PMIMA SG£F 1Y
g e . Hob Cytop - 1DE 7 M A I S 454 LI 10(b), 25 O 45 M 7 S5 48 DL IR 10(c) . 15 55 3 45 RE 98 % THz
BRG] S AR A B PMMAOGET h, BAFEL R 0.7dB . H 0 45K 4 0.45 THz 19 Cytop - I 6 F i iRk Ik S50 8L T
RS RE TR e PR IE o 23 NI 45 H) PMMA JEEF (1 I 305 45 R, 76 20 0 R4 2 AL 3% 19 THz I 2 (8] 47
FEZ 20 ps (22 52 o AT 38 3 AS TR RO it 5 22 e A5 i s A A RS UE B 1 A7 16 6 i BR 5 L S AL

2012 4F, Kitagawa 55 APV R GE MW 5E T H AR A F 8 B50F A 00 i) B0 — 4k 7 AR I e 25 0, OF HAR B T
— PP I HE 2 A AT A TR AR Z B Y THZ AR L 20 7 b A 5, L2549 UL &I 10(d), o a] 8] 30 45 44 S 8 5% B
T J# (Benzo—Cyclo—-Butene, BCB)H#f Bl 1% 5 45 #4 A 38 I 00 R 56 2 UL B 10(e), a J& f s # 8, 8 o A& 550
BCB A (147 8 X 5 96 BE SE AT 3008, DT X T AR A3 23R R I — f R et 7 A= 5 )

2015 4, K Tsuruda % AP T 0F & RS FE AL F M S, 353 7 38 T &5 Bk AR (B B Ry 20 kQ/em) Y
T SRS, A5 UL E 10 . AT AE 0.3 THz A5 4k 58 8L T 43 %1 /N F 0.1 dB/em(0.326~0.331 THz) il /N F
0.2 dB/bend(0.323~0.331 THz) i f& K A& i B #6 o [R] 38 HF & 1 3 46/ T 1.5 Gbit/s 1Y THz §i %, I8 o {4 B2
Kk 50em . 2523k 28 I IYG T i AUk 5 B /R T JC 25 85 1 A 408 15 T WA AL i

2021 4, #& BHEE AU T 5T T 4EREE T R KT S AAH(Aubry-Andr—Harper) i 38 12 0947 BELJE I 7%,
BEHS o0 P K R 1668.3 pm,  JLRH A 5298 8 25.2 dB, @7 1 ABRFE N 0.2dB, & 1.5x10° WM OfH, T T
B G I I 45

THz Y& F SR 5 th T HAE KA JE S U SRS, PIFREsRA 5 W s 0 O (B, SCTE 4 i i T A 45 KR
B BT SR T 278 THZ SR B B IE Bk, DA B %5 5 S 48 O B A A8 i B 9 IR R, B AT 4 THz 6 7



248 AKZBEE5BFEEER

Al AR R T SRR RLAT A Y

#H
S
g

input
waveguide

input  es i .

. timod:

waveguide « » e 00000000 =
SRR TN © © 0 0 0 ¢ 0 M

WR-3 hollow metallic waveguide
(©

/ * 0.6 T T -
o ——0 shift
< 05 —~0.1a shift
50 um E 02ashife
a
g
B
fﬂ BCB % % |
Al ‘]: x
- u X g 1
y 8
->) |- 0
WG width 0.8 0.9 1.0 1.1 12

ffi'Hz

(@ ©

[37] [37].
5

Fig.10 (a) silicon-based two-dimensional PCs waveguide®*®; (b) Cytop planar PCs waveguide structure’®”; (c) hollow microstructure fiber
(d) THz two-dimensional PCs slab waveguide with low dielectric constant®; (e) relationship between waveguide amplitude
and frequency in Figure(d)®™; (f) low-loss PCs waveguide based on high-resistance silicon plate!™”’
K10 (a) FEEE 46T S A 505 (b) Cytop FHDEFFb IS AP (¢) 25 DA LR 5P (d) THZ AR fa R B 2+
A RTABERCY; (e) (@) B SRR OC R RS, (f) i BELAEARIRE AL T R AR 5
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I S ARG LR AR T OB ML R, 4 Oy 4 PN 4 B (Total Internal Reflection, TIR) FlJ% -7 Pl ! (Photonic
Bandgap, PBG).
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Fig.11 (a) TIR type PCs fibers; (b) PBG type PCs fibers'*"); (c) THz PCs fiber based on PTFE*; (d) triangular lattice THz PCs fiber with circular
and elliptical pores®; (e) THz PCs fiber with asymmetric rectangular micro-hole array and its partial enlarged view(f)!*"

11 (a) TIREDEF AL ; (b) PBGADETFMHEOGEF); () 3T PTFE 1) THz Y6 TS 4064 (d) B B A R (9 S AL = fA ks
THz L TR HAOEEFHY; () BAT AR FRAIE AL S THZ G TS HOGET K H s SRR A () B
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2 11 5 25 4 (Surface Plasmon Polaritons, SPPs)##F 5% 4 T Wood ¢ A, LA 1902 4F A6 B T OG5
WLEE ] T 50 IR, FRZH Wood 5% o ELH 1941 4F, U Fano A M\ 42 J& 25 /558 5t I 14 HRL B 0% A58 fift R 1% 5
WGP, #1956 4, D Pines T K 7EHIS bl ok 4 )& i F Hy o S IR IR 5 A R OK A B Wood S8, Al X FP A
o TERIEG R Z B ot (Plasmons)” B, 1960 45, a0 4% B T & L% (Surface Plasma Oscillations) fit) 1
WY E A Stern 1R A Ferrell #2 1, #F— s T R E % E FIRM ISR, 2T 1968 45, E Kretchmann Fl A
Otto 43 il 4& Y 1 7E 4 J& 1 & SPPs 9 Jy ik19, &l , XJ SPPs (1 2 1 B 58 A AT L) iz FFJ€ . 2003 4, W L
Barnes fiy “Surface plasmon subwavelength optics” — SC R ZE A ST EL & BAF L, 75 50 T A S04 ) FE kS, SPPs 1778
T4 A A HLE B R IE A L E BN TR S AT L, SE LY R A R -2 RS BT ) MG A B e R
i, SESBREMA QBB FREERRS, TBR—ME . &80T, EEHE LIERE, Rz
R F BT, AN, ESBAOREUR E A, BAREREN, PR NREGER A B ot R
BT Y AL UL R 12090 ] 12(a) S 2 10 AF B IO R IS AR oy B LB A, SPPs & fE A T — R B 3k
T RE R B R, & JE — R B S TR R, RS R B K, WL 12(b) . H i £ T LLiE
i 5K fi# Maxwell Equation {5 %], GEERIT .
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R R — B B B FE R 2 T Drude BTSN, B

a)Z

gm:l_m (9)

K o, = \/ne’/me, WETBIFEE TR, e TR, m, VB THE, n ARREB THE, ¢ VEZ P
HUH B 9 BB, KoRHFizsh o R M EUN AL, — 8O E B e (®) 2 Hil Y SPP Al 4 WLIK 12(c) ,
Bl 5 ORI, kg BT T — 25K 2 AR N kg > koo BEWREE Agpp <Aq, L SPP J&— P IR I KA

4 Y A R ARAE SR B, AE THz i Be BAA AR & 09 A WL 8. 4 )8 8 78 THz I Be sl DL SE 30
22100 4F B BT (B R Z A Sommerfeld—Zenneck 37 7%, {H JR B AE b HURES . 2004 45, R E P TAABEAY T B
Pendry %5 N\ 13 4o 75 <63 J@ 2 0 51 A9 K R %ﬁﬁﬂ@ﬂ*ﬂTﬂh&?%W%,ﬂ@B@ MRZ NI
1] 45 5 7T (Spoof Surface Plasmon Polaritons, SSPPs). Pendry HIBA & B, ilid X FP&sH), MS THBET £/EE£E
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B E PR, YR T MR AE AR R R IR, DT AE 4 3R R 2R SPPs S, RZ R
SSPPs. i it} 2K fi# Maxwell Equation AJ LAA5 3 H 4 H{ G & UL & 13(b) . 2008 4F, Williams 55 A UORKE 75 8 L ek M4
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Fig.12 (a) schematic diagram of TM mode at the interface between metal and medium™®!; (b) field distribution of SPPs along the vertical
metal-medium interface!®!; (c) dispersion curve of metal-medium interface!®”!
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Fig.13 (a) schematic diagram of subwavelength square hole array exciting SSPPs; (b) dispersion curve of SSPPs!*”); (¢) grooved THz-SSPPs;
(d) grooved THz-SSPPs sample; (e) field distribution diagram of THz-SSPPs by numerical simulation”"!
13 (a) WA I FLIES1i# % SSPPs /R R 5 (b) SSPPs (A UML), (o) M4 % THz-SSPPs;
(d) M4 %0 THZ-SSPPs #f: it (o) BUEBLI THZ-SSPPs 3753115 {7
2008 4F-, Fernandez—Dominguez %5 AUV H T —Ff & 3 & B 4 pd &, 45 I E 14(a), ¥ R=500 um, A=
100 pm I, (0 F50H 26 00 151 14(b), ] 14(c) M1 (d) 70 31 O 35 5 B4 SSPPs H 4 £t %L SSPP 75 /=0.6 THz I 19 3% 73 A1i . [7l
4F, Fernandez—-Dominguez % A7 XM SZ 50 AN B¢ 1 J5 T A 58 T %5 R 28 THZz—SSPPs 76 M2 e 4> J@ 22 L i f&#G . X
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Fig.14 (a) periodic metal wire SSPPs waveguide; (b) dispersion curve of figure(a); (c) field distribution of waveguide type SSPPs at /=0.6 THz;
(d) field distribution of probe type SSPPs at £=0.6 THz!""!
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Fig.15 (a) subwavelength grating waveguide!™; (b) wedge-shaped SSPPs waveguide!’"; (c) electric field distribution of wedge-shaped SSPPs waveguide!™!
B 15 (a) WM S5 (b) #2JE SSPPs I FU4; (c) #2JE SSPPs i T 740 A1 )

T 2013 4F, Shen Al Cui 55 AV T 7 4 22 1 36 b i 16 88 T 4 08 D6, Bk 2 by b A8 3R T 55 B 1A
(Conformal Surface Plasmons, CSPs),SZH{ T SSPPs 45 #4919 — 4kl , FL&5#) K (i £k W IE 16(a), & 16(b) N .70
sitgr g oA, B 16(c) MRS, Bl 16(d) B SO 5 B HL A7 o A o 2 T BASE UL 25 4 IRV 2 T RE AR R,
i SSPPs KLU YR e AR L R I e A AR UV AR

2016 4F, Y Liu 58 AN"VR A FR T 77 15 78 THz Ml BeF 58 1 — Pl e 1 4 J@ 45 R 8 SSPPs % T 19 (L iR 1, L4
g Je it e UL 1] 17(a) FTIEL 17(b), SSPPs % 1 29 B fiE T 52 (Bt Ze iy sg (il 4 mT DA 25 4 S 500 ) .
TR B 5E T 30 3 KO Tl SSPP % 3 IR S 1R i i & i e ik, FLZ5 R DLIEL 17(c), SSHULE 17(d), WTLLEH Y g
1E 10~30 pm Y Bl N AR i), B RELS,, ME/ME R E K, KRG RERS, SRORTER, IR E
g, MWeAh, WITIAT B 5 A B KM SPPs I 7E THz #5038 T 76 2844 vh i 1L 3% A

[F4FE, Y Liu &8 APOHE L IEWFGE T — Bl 58 T 78 B0 804 @ ik = A 80™ A6 SSPPs B Y THz LT, 4544
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Fig.16 (a) ultra-thin metal grating and dispersion curve!™; (b) electric field distribution of the unit structure!™; (c) flexible ultra-thin grating sample!™;
(d) simulation results of the electric field distribution corresponding to the sample!”!
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Fig.17 (a) structure diagram of ultra-thin metal grooved SSPPs waveguide; (b) dispersion relation; (c) ring resonator based on the SSPPs waveguide

in Fig.(a); (d) corresponding S-parameters of the ring resonator in Fig.(c)!"”!
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Fig.18 (a) THz electron source based on effective generation of SSPPs mode on double corrugated metal waveguide™™; (b) periodic groove metal THz

>

waveguide filled with dielectric®"; (c) amplitude diagram of the output signal obtained by adjusting the refractive index of polyimide!®");
(d) THz-SSPPs waveguide based on one-dimensional grating structure®”; (¢) S-bend waveguide and Y-shaped beam splitter!*”;
(f) directional coupler'®?!
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Fig.19 (a) THz coplanar SSPPs waveguide; (b) schematic diagram of unit structure size; (c) S parameter when L, changes;
(d) S parameter when the period N changes™®; (¢) new band pass filter™; (f) THz—CSP waveguide!®”!
P19 (a) THz LRI SSPPs 5 (b) HICEEHINT 5 (o) L, BT SZHL (d) JII NI SSH; (o) Bk ai™; () i THz-CSPH ™)
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A1 550 (Graphene) fF o e AR PE BT BL e p0RL, EFE 01 v Ot BT EA Ho s rEee, 7
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Fig.20 (a) microstructure of graphene; (b) band structure of single-layer graphene and (c) partial enlarged view
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Fig.22 (a) GPPWG model; (b) from top to bottom, the attenuation constants of PPWG corresponding to single-layer graphene,
gold(10 nm thick), 10-layer graphene, and gold(100 nm thick) vary with frequency!®!
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Fig.23 (a) graphene SPP straight waveguide; (b) graphene SPP Y-waveguide intraband absorption!®
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Fig.24 (a) THz waveguide based on semiconductor—graphene cylindrical structure!®); (b) graphene SPP waveguide and dispersion curve
under different bias voltages”®”; (c) topological structure of parallel coupler®); (d) topological structure of series coupler®’;

(e) graphene/AlGaAs SPW structure®”; (f) graphene-based hybrid plasma waveguide!; (g) novel graphene hybrid plasma
waveguide and (h) corresponding field intensity distribution*”!
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