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Optimal design of a novel magnetron injection gun with curved emitter
for a W-band gyrotron traveling wave tube

DONG Kun®, LUO Yong, JIANG Wei, TANG Yong, YAN Ran, WANG Sha-Fei
(School of Physical Electronics, University of Electronic Science and Technology of China, Chengdu 610054, China)

Abstract; The design of a novel magnetron injection gun with curved emitter for a W-band gyrotron
traveling wave tube has been presented. An axial velocity spread of 1.84% with beam velocity of 1.1
is obtained by manual optimization. To overcome the complexity and inefficiency of manual optimiza-
tion, numerical optimizing methods are employed. Optimizing codes based on genetic algorithm ( GA)
and simulated annealing algorithm (SAA) are completed by using the MATLAB program language. 2-
D electro-optic code EGUN is employed to calculate and optimize the electron trajectories and beam pa-
rameters. The achieved velocity spreads optimized by GA and SAA are 0.81% and 1.05% , respec-
tively, when velocity ratio is kept at 1. 1. Compared with manual optimization, the numerical optimi-
zing methods do not need the designers to get involved in the optimizing process. Besides, the numeri-
cal optimizing methods feature automation and high-efficiency, and often, the optimizing results are
better.
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Fig.1 Schematic view of the W-band triode type MIG
with flat emitter
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Table 1 Design goal for the W-band triode MIG

I 18
AR Iy/A 8
S— P HLE V,/kV 3045
55 FAMLERLIE Vy/kV 70
HYERIX R By T 3.43
PEFRARH £, 10-15
5 FHUDAER 1/ mm ~0.85
HEH 1.1
Wi BEFE AB/ % <3
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Table 2 Design parameters for the W-band triode MIG
with flat emitter

Z M 1
Pt o/ deg 52.40
HERARE £, 12.90
KGR r/mm 4.31
KA SEHE 1/ mm 3.20
PRIV, /kV 41.80
SRR Vy/kV 70.00
AR I/ A 8.00
GIG LA 1o/ mm 0.89
HEE o 1.10
Wi B EEE AB/ % 4.53
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Fig.2  « distribution along the emission surface of the
MIG with flat emitter
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Table 3 Gun and beam parameters achieved by manual

optimization
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HE o 1.10
Y1) E R AB/ % 1.84
GIFHRLELE 1o/ mm 0.83
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Fig.4 Simulated results by EGUN
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Fig. 6 Workflow chart of simulated annealing algorithm
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Table 4 Comparison of gun and beam parameters a-
chieved by three optimizing methods

Parameters Manual GA SAA
V./kV 41.00 41.16 41.00

fon 13.03 12.80 13.00

R/mm 20.00 19.43 18.19

[,/ mm 0.50 2.94 0.59

a 1.10 1.10 1.10

AB./ % 1.84 0.81 1.05

I o/ mm 0.83 0.87 0.85
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