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OUTLINE OF THE TALK

» Optical elements designing for THz radiation delivery
o Sapphire hollow-core waveguides for low-loss radiation delivery

« Attempts to improve the spatial resolution of THz imaging
o Bundles of metal-coated sapphire fibers for THz sub-wavelength imaging
o Tapered all-dielectric optical bundles for sub-wavelength imaging with

using diffraction limited optics
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Optical elements designing for THz radiation delivery
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THz radiation
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THz Waveguiding Technologies
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Mean features of polymer materials in THz:

relatively low radiation losses;

high manufacturability (it is possible to
produce  the waveguides with complex
Cross—sections);

relatively low refractive index;

high sensitivity to the outer environment (for
the most polymers);

high dispersion in many cases.

Mean features of crystalline materials in THz:

low radiation losses and high refractive index;
High resistivity (thermal, chemical, etc.)

High hardness of material prevent to produce
waveguides with complex shape

Moreover, all this types of THz waveguides can

not be used for THz measurements in aggressive

environments, in high temperature/pressure, in
particular!

For example, they can damaged from medical
sterilization
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Shaped Sapphire — Key to THz delivery via hollow-core waveguides

Refractive index (a, ¢) and extinction coefficient (b, d) of sapphire
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Thermal properties

Melting point 2053 °C
Maximum use temperature 1800 °C
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hermal coefficient of expansion| 5x10°-5x10°K" at323 K
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Shaped crystal growth techniques

cross-sections of shaped crystals are very close to the
final geometry

minimizing volume of labor efforts and corresponding
losses of materials

growth of crystals with shapes which impossible to
grow or prepare from bulk crystals

high growth rates

Edge-defined film-

fed growth (EFG),

_ new fields of applications
on the basis of the

Stepanov concept
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THz Waveguide Manufacturing Based on Shaped Sapphire Crystal
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THz Waveguiding in Shaped Sapphire: Numerical Analysis and Experimental Results
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Attempts to improve the spatial resolution of THz imaging

10
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INCREASING OF SPATIAL RESOLUTION OF THZ SENSING AND
VISUALIZATION

Problem of low spatial resolution of THz spectroscopy and imaging

Standard focusing systems
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THZ IMAGING USING THE FIBER BUNDLES

Example: microwave fiber

A concept of sapphire fiber bundle
endoscopne

for THz imaging with sub-wavelength resolution

Image plane

Source plane

Metal
coating

Dielectric
fiber

Coaxial Feed

Source plane

|E’, arb.units

)

Minimal resolution— A/200 — ” e
& igh-resistivity silicon:}
TSell N =3418@0.5 THZ

[Belov P. A., et al. Appl. Phys. Lett. 97, 191905 (2010) ]

A;M _ :’Tnmred A';E _ H”cnred WE T g e
n= T s n- P sy e i
TM,H WM.H ’ Crystalline quartz:; Sapphire (ordinary ray):| '
0.0 N =2.107@ 0.5 THzi  n,, =3.067 @ 0.5 THzi i
¢ g : L L o—
1.0 1.5 2.0 n 25 3.0 35

Saratov Fall Meeting 2022, Advanced Materials for Optics & Biophotonics V, Saratov, Russia, 2022 12



THZ IMAGING RELYING ON ABUNDLE OF METAL-COATED SAPPHIRE
FIBERS:
Optical characterization
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THZ IMAGING RELYING ON ABUNDLE OF
METAL-COATED SAPPHIRE FIBERS

Sample of sapphire bundle Resolution characterization (6)=0.53 1
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TAPERED ALL-DIELECTRIC OPTICAL BUNDLES FOR
SUB WAVELENGTH IMAGING WITH USING
DIFFRACTION LIMITED OPTICS
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TAPERED ALL-DIELECTRIC OPTICAL BUNDLES FOR
SUB WAVELENGTH IMAGING WITH USING
DIFFRACTION LIMITED OPTICS

A concept of tapered sapphire fiber bundle Manufacturing of the sapphire fiber bundle
for THz imaging with sub-wavelength resolution for THz imaging with sub-wavelength resolution

Superresolution Collimating
bundle lens
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TAPERED ALL-DIELECTRIC OPTICAL BUNDLES FOR
SUB WAVELENGTH IMAGING WITH USING
DIFFRACTION LIMITED OPTICS

Inverse
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TAPERED ALL-DIELECTRIC OPTICAL BUNDLES FOR
SUB WAVELENGTH IMAGING WITH USING
ACTION LIMITED OPTICS
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