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DIELECTRIC-LOADED WAVEGUIDE AND
UNIFORM CIRCULAR WAVEGUIDE
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Abstract: A waveguide periodically loaded with lossy dielectric rings and metal rings is able to effectively control the atten-
uation of each mode. The is important for suppressing the absolute instability and enhancing the performance of a millime-
ter-wave gyrotron traveling wave tube amplifier ( gyro-TWT). The modal mapping between the periodic waveguide and the
uniform waveguide was systematically studied for a periodic ceramic-loaded cylindrical waveguide applied in TE; mode
gyro-TWT at Ka-band. It was revealed that, with a proper dielectric thickness, a higher order mode in uniform dielectric-
loaded waveguide can be mapped to a lower order mode in smooth waveguide and the field distributions of the inter-mapped
modes in vacuum region bear good resemblance to each other. A mode in periodic system exhibits complex mode distribu-
tion. In a period, the field distributions of the mode in the dielectric section and the metal ring section are mapped to those
in uniform dielectric-loaded waveguide and smooth waveguide, respectively. The understanding of the modal mapping be-
tween the periodic dielectric-loaded waveguide and smooth waveguide is the precondition for the analysis of the complex e-
lectron cyclotron interaction in such a periodic system, which brings helpful guidance for the simplification of the physical
model.
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Fig.1 The distributed loss scheme of the periodic lossy die-
lectric loaded circuit (a) transverse structure (b) longitudinal
structure
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Fig.2 The cold dispersion curves of the Ka-band TE; mode
gyro-TWT
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Fig.3 The effect of the dielectric thickness T on the propa-
gation constant kz and attenuation rate Ait of the dielectric-

loaded waveguide (35GHz, UDW calculated )
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Fig.4 Modal mapping between the uniform dielectric-loaded
waveguide and the empty waveguide(UDW calculated)
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Fig.5 The transverse power density distribution of the four key
modes in uniform dielectric-loaded waveguide(UDW calculated)
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Fig.6  The normalized power in vacuum region in the uniform
dielectric-loaded waveguide( UDW calculated )
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Fig.7 The relative TE and TM power components in the hy-
bride modes (UDW calculated)
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Fig. 8 The effect of the dielectric-slot ratio I/L on the propaga-
tion characteristics(35GHz, PDW calculated)
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Table 1 The modal mappings between the three different
kinds of waveguides
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Fig.9 The E, component distribution of the operating mode

in the periodic system (35GHz, PDW calculated)
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Fig. 10 Modal mapping between the periodic dielectric-load-
ed waveguide and the empty waveguide (PDW calculated)
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