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Terahertz (THz) radiation offers significant scientific and technological applications in many fields [1];
among them: security systems [2,3], medical diagnosis [4–7], non-destructive sensing of materials [8], etc.
Nevertheless, the use of THz technologies in these
demanding applications is limited by the absence of
commercially-available THz waveguides and endoscopic systems, which are capable for the THz wave
delivery to hardly acceptable objects with small dispersion and loss.
Recently, several types of THz waveguide have
been developed relying on various physical principles.
The oldest THz waveguides are based on the hollowcore metal or metal-dielectric tubes [9]. Such waveguides are characterized by relatively low propagation
losses, but also feature significant dispersions. In turn,
the THz waveguides based on plasmonic structures
[10], such as single or dual metal wires, metal plates
and ribbons, are convenient in manufacturing and
characterized with small dispersion, low propagation
and bending losses; however, they are plagued by low
coupling efficiency and handling problem, which prevent a practical implementation of these waveguides.
Significant progress in the THz waveguiding is associated with numerous developments of flexible polymer microstructured waveguide with different crosssection geometry. These waveguides realize either the
anti-resonant reflecting optical waveguiding (ARROW) principle [11], or the Bragg guidance by a photonic crystal (PC) cross-section [12,13]. In such
waveguides, the dispersion could be managed and the
loses could be minimized by optimizing the geometry
of a waveguide cross-section; however, such waveguide remain very sensitive to external perturbations
and bending and, thus, are not capable for operation at
high temperatures and pressures, since most of the
polymers possess relatively low melting temperature
and radiation resistance.
An alternative approach would be to use the THz
waveguide and fibers, based on the crystalline material, which physical and mechanical characteristics are
mainly independent from temperatures/pressures environments and from measurement conditions. In order to answer the challenging problem posed by the
THz waveguiding, in our research work, we developed several types of THz waveguides based on the
sapphire shaped crystal. These waveguide combines
unique physical properties of sapphire (it is transparent in a broad range of electromagnetic spectrum,
spanning the ultraviolet, visible and infrared bands; it
has high hardness, melting point, thermal conductivity, chemical resistance, tensile strength and thermal

shock resistance) and advantages of the edge-defined
film-fed growth (EFG) technique (it yields fabrication
of the sapphire shaped crystals with a pre-determined
cross-section geometry, and an impressive volumetric
and surface quality of the shaped crystal) [14-16]. We
designed and fabricated two microstructured hollowcore sapphire THz waveguides with different crosssection geometries see Fig. 1. [17,18]. We have combined numerical analysis, using Lumerical mode solution, and experimental studies, using the transmissionmode THz time-domain spectroscopy, in order to
demonstrate that both of the developed waveguides
demonstrate advanced optical performance.
The first sapphire THz waveguide (see Fig. 1 (a))
possesses 7 hollow channels in its cross-section – i.e.
1 core channel and 6 cladding channels [17]. The diameter of each channel is 2.5 mm, while the outer
diameter of the waveguide is 12.0 mm. These hollow
channels form a hexagonal lattice in the waveguide
cross-section with the period of 3.0 mm. Owing to
rather low number of the cladding channels in the
waveguide cross-section, it realizes mainly
the ARROW principle of electromagnetic waveguidance. It yields guidance of THz radiation in a multimode regime with a small dispersion in the frequency
range of 1.00 to 1.55 THz and the lowest propagation
loss of 2.0 dB/m at 1.45 THz.
The second sapphire THz waveguide (see
Fig 1 (b)) possesses the outer diameter of 24.0 mm
and much more delicate PC cross-section [18]. This
waveguide contains a large hollow core with the diameter of 7.15 mm, as well as 30 channels of the PC
cladding, featuring the diameters of 1.6 mm and forming a hexagonal PC lattice with the period of 2.8 mm.
For this shaped crystal, we observed an efficient THz
waveguidance with a small dispersion in the frequency range of 0.65–1.2 THz and the lowest propagation
loss of 0.01–0.03 dB/cm around 1.2 THz. We should
mention that the THz radiation propagates throw this
waveguide in an effectively two-mode regime; thus,
leading to the intermodal interference phenomenon. In
Ref. [18], we proposed an analytic model describing
this two-mode guidance based on a coherent superposition of the amplitude of the two interfering waves
featuring distinct amplitudes and phases. This twomode guidance can be useful in the intrawaveguide
interferometric sensing.
Finally, In Ref. [18], we demonstrated an opportunity for using the two-mode sapphire waveguide
from Fig. 1 (b) in a high-temperature THz intrawaveguide interferometry of sodium nitrite (NaNO2) film
melts. In our experiment, the sapphire waveguide was
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used simultaneously as a cuvette for analyte and as a
THz waveguide. During the THz wave propagation
throw this waveguide, the effect of intermodal beating
occurs. The interference pattern behind the output end
of the waveguide forms both in the frequency domain
and the spatial domain. This interference pattern
strongly depends on the refractive index of the analyte
placed in the waveguide hollow core. In this way, we
can register the phase transitions of the NaNO2 by
measuring the interference pattern at different temperatures in the range of 170 to 300°C. The sharpest
change in the interference pattern corresponds to the
melting temperature of NaNO2 film. The detailed description of this experiment is presented in Ref. [18].

Figure 1. Cross-sections of two EFG-grown microstructured sapphire THz waveguides: (a) an ARROW multimode waveguide with 7 hollow channels [13];
(b) an effectively-two-mode PC waveguide with 31 hollow
channels [14].
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