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Design of three-stage depressed collector for D-band TWT
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b. Graduate School of China Academy of Engineering Physics, Beijing 100088, China)

Abstract: Efficiency is one of the important technical parameters of Traveling Wave Tube(TWT). In
order to improve the efficiency of a 0.22 THz folded waveguide TWT, it is necessary to design a multistage
depressed collector. Firstly, the spent—electron-beam characteristics in the collector entrance are
analyzed, and the voliage settings at the highest collection efficiency are predicted. Then the structure and
voltage settings of the three-stage depressed collector are optimized by electromagnetic simulation
software. The axisymmetric three-stage depressed collector with collector efficiency greater than 87.5%
and back streaming current less than 0.328 9 mA is obtained. Finally, an asymmetric three-stage depressed
collector with a back streaming current less than 0.075 mA is obtained by using an oblique structure at the
entrance of the second electrode. The results show that the back streaming current of 0.22 THz TWT
multistage depressed collector can be effectively reduced by using the oblique structure.
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Tablel RF output of the TWT

fIGHz output power/W the number of spent electrons
216 3.0 2 253 600 i . =P ey
1.7 1.8 1.9 2.0 21
220 16.7 2 251 246 energy/(XlO"eV)
222 23.8 2258 173

Fig.3 Energy distribution of spent-electron-beam
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Fig.4 Collector voltages and normalized current
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Fig.5 Power recovered by the 3-stage depressed collector
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Fig.6 CST model of symmetrical 3-stage depressed collector  Fig.7 Electron trajectories within the symmetrical MDC considering secondary electrons
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Table2 Simulation results of axisymmetric collector under the modulated(RF) condition
back-streaming

back streaming

electrode 1 power/W electrode 2 power/W electrode 3 power/W body power/W body current/mA

power/W current/mA
fichz onl rli)r%t;] onl both onl rli)r?:: onl both onl rli)r%t;] onl rli)r%t;] onl both primary
onty primary only primaryand - Y primary ony primaryand y  primary ony primary onty and
primary and primary primary and primary primary and primary and primary
secondary secondary secondary
secondary secondary secondary secondary
216 0 0.377 0 8.935 73.760  87.010 0 5.368 0 0 0.946 3 0 0.0559 0 0.273
220 0 0.312 0 9.686 58.821  69.214 0 0 0 2.8210 0 0 0 0.205
222 0 0.223 0 8.675 56.567  65.821 0 0.3308 0 3.1710 0 0.018 6 0 0.223

% AR R A A IR RN, AR SO ESCR I 2 A . BRSO R 2 FELEER, Rk
MR, BRI 3. ANHIE R R, IENSCR KT 91.03%, R4 A Ak B4 1 5 05 BT B4 R A 22
AR FHE BT, WERCR KT 87.5%, [FIH/NT 0.328 9 mA.
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Table3 Theoretical calculation and CST simulation of the symmetrical MDC performance under the modulated(RF) condition

IGHz theoretical 7¢o1/% simulation 7¢o1%
only primary  both primary and secondary  only primary  both primary and secondary
216 90.84 - 91.03 87.50
220 91.74 - 92.73 89.86
222 92.03 - 92.95 90.26
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Fig.8 CST model of asymmetrical 3-stage depressed collector Fig.9 Equipotential line distribution without space charge within
8 AR RIS BN £ 44 the asymmetric MDC implying the asymmetric electric field

Pl 9 45 L b 2k

Seapa bbb
1titEe

Fig.10 Electron trajectories within the asymmetric MDC considering secondary electrons
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Table4 3-stage depressed collector performance of symmetric and asymmetric models

1GHz Neol %0 back streaming current/mA body current/mA

’ symmetric MDC asymmetric MDC symmetric MDC asymmetric MDC symmetric MDC  asymmetric MDC
216 87.50 85.73 0.0559 0 0.273 0.075
220 89.86 86.37 0 0 0.205 0.075
222 90.26 86.41 0.018 6 0 0.223 0.056
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