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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 2-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. 3 Experimental setup of the THz fiber measurement
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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, h=90 pm and
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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

Cu/plastic waveguide!?!

Sub-wavelength

fiber waveguide*"!

Low-index discontinuity

waveguidet?™

Plastic tube

. 1 D26,
waveguidelt?$-?

Size

Inner diameter 2 mm

frequency 2.5 THz

Diameter 200 pm
frequency 0. 31 THz

Inner diameter 70 pmj;
outer diameter
140 pm; frequency

0.9 THz

Inner diameter 9 mm
outer diameter 10 mm;

frequency 0. 42 THz

Absorption loss

5 dB/m

0.01 cm™!

0.0125 dB/cm

0.0008 cm !

Bending loss

Radius of curvature

60 cm, 10 dB/m

Large bending loss

0.0015dB/ (%)

Radius of curvature

60 cm, 0.006 cm ™!

Advantages and

disadvantages

Low loss; complex
technology; easily

impaired

Low loss;
mature technology;

surrounding-

Low loss;

mature technology

Low loss;
mature technology;

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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