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Design of Ka band gyro-TWT high purity input structure

He Youhui'?,  HuPeng’,  Chen Hongbin®
(1. Graduate School of China Academy of Engineering Physics, Mianyang 621900, China;
2. Institute of Applied Electronics, CAEP, Mianyang 621900, China)

Abstract: To realize the high-purity TE; mode input of the Ka-band cyclotron traveling wave tube, the two-
stage power divider TE,; input coupler is improved by adding a filter structure at the output port, and the transmission
efficiency of the spurious mode is reduced from the original average of 7% to less than 2%. The main body of the
structure is a cascading two-stage Y-type power divider network, which can efficiently realize the conversion of
rectangular waveguide TE;, mode to circular waveguide TE,; mode. Based on the theoretical analysis of transmission
performance of power divider network based on transmission line theory, and with the help of 3D electromagnetic
simulation software, several optimization iterations are carried out, and finally a wideband TE,; input coupler with
mode conversion efficiency greater than 99% near the frequency of 31 GHz is obtained, the input coupling structure
has a —0.1 dB insertion loss bandwidth of 5 GHz, and the average mode conversion efficiency in the effective
frequency band is as high as 98.6%, the mode purity is 99% and the return loss is less than —15 dB. Back-to-back cold
test experiments were carried out on the device using vector network analyzer, and the results show that the in-band
attenuation is about 0.5 dB, which deviates little from the simulation calculation result, which meets the actual
engineering requirements.
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Fig. 1 Schematic diagram of two-stage power divider input coupler
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Fig.3 Transmission performance and deviation analysis of the Ka band gyro-TWT power divider input structure
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Fig. 4 Electric field distribution of the input coupler
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Fig. 5 Influence of width parameters on transmission performance of the power divider input coupler
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Fig. 6 Influence of length parameters on transmission performance of the power divider input structure
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Table 1 Final structure parameter of power divider input structure

amm b/mm Rmm R/mm W/mm Wmm  W3mm L/mm Lymm Lymm  d/mm sheet metal size

7.112  3.556 6.41 4.57 1.78 0.90 3.0 22.9 3.00 12.1 3.556  2.24 mmx7.38 mmx0.5 mm
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Fig. 7 Transmission performance comparison between grooved and ungrooved structure
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Table2 Comparison of power divider input structure performance

plug loss relative maximum mode conversion mode
structure . . .
bandwidth/% efficiency/% purity/%
Qiao Yiming. 220 GHz TE,(-TE,, sidewall coupled mode converter. 1.0 dB bandwidth 6.8 99.0 -
Yu C F®, High-performance circular TEy;-mode converter. 1.0 dB bandwidth 18.2 98.5 99.0
Zhang Qiang""". Circular waveguide TE; mode converter design. 0.1 dB bandwidth 6.6 99.9 -
Sun Hao®. W-band cyclotron broad band low-loss input coupler design. 0.1 dB bandwidth10.5 99.8 96.8
structure of this work. 0.1 dB bandwidth 14.5 100.0 99.3
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Fig. 10 Influence of metal sheet structure parameters on transmission performance of TE,; mode
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