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Abstract Since the terahertz time-domain spectroscopy has been developed, there-has been great interest in the fabrication
of terahertz waveguides, especially flexible and low-loss ones. Firstly, terahertz time-domain systems are introduced, and
some shortcomings of conventional waveguides are summarized. Three working mechanisms of novel terahertz waveguides
are presented in details, including reflection from metal surface, total reflection from the interface of two dielectric media
and anti-resonant reflection. Characteristics of these waveguides are discussed. At last, some applications about flexible and
low-loss terahertz waveguides are demonstrated, and continuing research is introduced.
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Fig.1 (a) Cross section of plastic tube waveguide with Cu coated inside; (b) bending loss versus curvature for

the 2 mm bore waveguide measured at 184. 31 pm
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Fig. 2 Distributions of the normalized scalar z-component of the time-averaged Poynting vector over a linear color scale

in the cross section areas of (a) conventional fiber-form waveguide; (b) sub-wavelength fiber-form waveguide
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Fig. 4 Distribution of the normalized scalar z-component of the time-averaged Poynting vector S. over a linear color scale in
the cross section of the waveguides. (a) Float-zone silicon SRW at f=0.7 THz with w=>54 pm, =90 pm and
g=18 pum; (b) fused silica TW at f=0.5 THz with R=181.5 pym and r=27 um
XA G AT DA A A o A 2 A5 T4 B SR B BR A £ 2 b b AELR AT A 3B 40 e 2 DG I
W HE AT H R A 28 O DS FE I AR T 2280 ROBEFE A% 516 B A9 W7 96 K ke g B o 78 250 XS Y g
W 2. SRW iz SR BUR N g BPIEL St B A 7, 98w TW N R ro AMESN R B 250 A 3048
R 5 L HP A oA R T T 1) 25 08 4 38 R M R RO, RS4RI 2 S i 7R % SRW %45 0. 7 THz % . fe L4544
K h=1.6 pm,w=5 pm,ga90 pm I, B B 78 (8] B0 0 A G RE i (5 B HE IR K 20k 55205 X% F TW f& 4
0.5 THzJ B B G0LF L28 Brh g i o5 LU ARXT SRW /N, 2408 26 % 4 Wi 458 R R=2r2<150 pm, 8 £,
T e 2 A 1 T S s P R AR B AR RE 7 . 430 TW . 0.0015 dB/ (%) ;SRW: 0. 0004 dB/ (),
T o T B AR RHERR SR 1 8 T T SRR O A A RL O HLAE R TR A AR AN TR,
PRI I B A G B o B SR X T o 8 e A B 400 R A AT o AEL 2 A1 S A 5 X6 A% B 190 52 i 00 2 — {159 25 TR ] T, R
U 1) 2 R AR AT R Sk e g 5 1) g S L

5 BT RO R B R E 1T
AL K ICEF B b ) TW BB 200 D3R /A R X 76 59— 2 0 R 0 5

050005-4



49,050005 MM SYBIZHRE www. opticsjournal. net

Wi A T2 e B A A )2 v A A A A A B WLBE s B B R A 2 SR S R s 0 A B R 22 5
A 1) 4 S (R B T4 )2 M RE B WS R A L T A 2 B S AR PR S D . R T A2 B X R A RE
25 S SR AR — U s AR T 2 AT SR 1 b AR IR A AR R B I

2009 4F, 5 T8 K 2 Lai 4670 FI)FH 5 H B M 4R K
9 mm, JEEEE A 0. 5 mm, FriFRN 1. 4 19 F VU H 2008 WK
27 THz WL . Aot & Bk Rt s i £& 4 pLFE S
L BRSO 5 o AT DK I8 5 0 0 )2 7k ki A B
1% (F-P) hr i HOR AR X A A& SpLa] , anp 5 iR,

X F-P ARl E i 53 2 JR R 37 110 7 0, JH v o S
R R AAEARE R ILIRIIUR AL, e 5 2 78 SR 005 fi
T AR 2 U AL T LT A SO A AR s AR BRI 11 5 () R SRR T + (b) L 2 J2 7T LB 1F FP Aiif
ORI B L PRAT AR AL ) o B 53k B S5 R M T A Fig. 5 (a) Cross section of pipe waveguide; (b) the

W 5 2 T A T L 5 I R R B U cladding can be viewed as a Fabry-Pérot etalon
WFoE & BIHE T AR D2 ¢ M2 55 0 = A S B0 AR B g R . 45 R %0, Wil B R
PR B BIORR A Xof B TS A A 0 R AR 0 0 T A S5 5 [ B S LA A R /), W L Ry P Ol e
B AR s A A B S A TR K B I S T 28 I A S O Bt b, 9 FLAE RO S R R B R e . T
ANT) JEE B A0 )2 AR BT AN 52 5 M LI U A A 6 (10 5 i VS B Ul /N TR A0 o A0 2 3 S 230 A A A48
JUF- AT T MR 6 (20 B » & H MOAs SEARAT AL A5 58, 7 5 300N 47 S B, W& 6. () i .

Bl 6 JREEE 0.5 mm A1 1.0 mm {9 FFR IS B AR IR Y Ca) B B0 (b) 20 &
Fig. 6 (a) Modal indices and (b) attenuation constants of the fundamental mode of the pipe waveguide with
cladding thickness t=0.5 mm and 1. 0 mm
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Fig. 7 (a) Attenuation spectrum of straight pipe waveguides for D=9 mm and t=0.5 mm; (b) bending loss spectra

of the pipe waveguide (D=9 mm, t=0.5 mm) for R=75 cm and 60 cm
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Table 1 Comparison among different THz waveguides
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Cu/plastic waveguide!?!

fiber waveguide*"! waveguide-*’- waveguide-**#8]

Inner diameter 70 pmj; )
Inner diameter 9 mm

Inner diameter 2 mm Diameter 200 pm outer diameter
Size outer diameter 10 mm;
frequency 2.5 THz frequency 0. 31 THz 140 pm; frequency
frequency 0. 42 THz
0.9 THz
Absorption loss 5 dB/m 0.01 cm™! 0.0125 dB/cm 0.0008 cm™!
Radius of curvature . Radius of curvature
Bending loss Large bending loss 0.0015dB/(*)
60 cm, 10 dB/m 60 cm, 0.006 cm ™!
Low loss;
Low loss; complex Low loss;
Advantages and ) mature technology; Low loss;
technology; easily mature technology;
disadvantages ) ) surrounding- mature technology
impaired ) low cost
independent
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Fig. 9 Fiber-scanning THz images of (a) a metal pattern Fig. 10 (a), (b) THz near-field absorption coefficient images

with a word “peace” and a dove figure; (b) a paper- of the breast tissue sections. The insets show actual

made matchbox with three matches inside; (c¢) a dry photographs. (c), (d) Photomicrographs of the

seahorse, and (d) two dry fishes breast tissue sections after hematoxylin and eosin

(H&E) staining
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