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Transmission characteristics of Gradually-Tapered Hollow Waveguide
for terahertz wave
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Abstract: Characteristics of Gradually-Tapered Hollow Waveguide(GTHW) are investigated for
terahertz wave transmission. Based on the ray-optics method, simulation analysis is made in detail on beam
profile and transmission attenuation. Compared with Constant Diameter Hollow Waveguide(CDHW),
GTHW has unique properties when light travels from large end to small end or in the opposite direction.
When light travels from large end to small end, GTHW and CDHW have similar additional losses caused by
bending, and GTHW has much higher coupling efficiency and is convenient coupled with various light
sources. When light travels from small end to large end, GTHW has lower transmission loss and an output
beam with smaller divergence angle. Influences of waveguide parameters on transmission attenuation are
simulated, such as bending radius, light source divergence angle, and the angle of the taper slope.
Verification experiments are carried by using laser diode radiating at the wavelength of 532 nm. Measured
data show good agreement with the simulation results.
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1 LR DA RO T EIBGEY THZ QCL
Tablel THz QCL with improved output beam divergence

improving method frequency/THz beam divergence angle reference(published year)
surface emission 2.83 6.0° FWHM (2006)
photonic crystal 2.55-1.88 +10.0° angular range (2009) ¥
sculpting designer spoof surface plasmon structures 3.00 ~10.0° FWHM (2010) ™
first-order lateral distributed-feedback gratings 3.30-3.40 24.0° FWHM (2012) ™
tapered waveguide profile 3.23 18.4° FWHM (2015) 1"
tapered waveguide profile with lateral gratings 3.40 15.5° FWHM (2016) 1
novel distributed-feedback gratings 3.10 4.0° FWHM (2016) ©
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(a) constant inner diameter(I1D) (b) increasing ID tapered hollow waveguides (c) decreasing ID tapered hollow waveguides
Fig.2 Schematic diagram of ray propagation
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Fig.3 Trajectory model for a bent tapered waveguide
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Fig.5 Output beam profiles at d=1 mm
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Fig.8 Calculated bending losses of increasing 1D and decreasing ID tapered hollow waveguide with different bending length percentages
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Fig.9 Calculated bending losses of increasing 1D and decreasing ID tapered hollow waveguide under different FWHM divergence angles
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Fig.10 Calculated bending losses of increasing ID and decreasing ID tapered hollow waveguide under different taper slope angles
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Fig.13 Measured bending losses of increasing ID and decreasing ID tapered hollow waveguide under different bending length percentages
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Fig.14 Measured bending losses of increasing ID and decreasing ID tapered hollow waveguide with different taper slope angles
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