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Electron beam introduction of Ka-band coaxial multi-beam
relativistic klystron amplifier
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Abstract: This paper firstly determines the main factors affecting its the efficiency of multi-injection electron
beam introduction and preliminary structural parameters through theoretical analysis. Secondly, the Ka-band
relativistic multi-beam diode model is established by three-dimensional particle simulation software to optimize the
structural parameters. The final efficiency of electron beam introduction can reach 89%. An experimental study on the
generation and transmission of electron beams was carried out to verify the results of particle simulation. Under the
condition of electron beam voltage 502 kV, beam current 4.34 kA, axial magnetic induction strength 0.76 T, the
electron beam introduction efficiency reached 72%. The electron beam pattern obtained by electron beam
bombardment of the nylon target indicates that the shape of the electron beam is not distorted during generation and
transmission. The generated electron beam diameter is about 2 mm. The simulation and experimental results show that
the designed high-current multi-beam diode can generate high-quality electron beams and achieve efficient electron
beam introduction.
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Fig. 1 Schematic of multi-beam diode
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Fig.2 Initial multi-beam electron beam
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Fig. 3 Electric field distribution on cathode
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Table 1 Effects of multi-beam cathode length on injection efficiency
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Table 2 Effects of magnetic field intensity on injection efficiency

L/mm total beam current/kA  drift tube current/kA efficiency/% ByT total beam current/kA  drift tube current/kA efficiency/%
8 5.56 3.9 70.1 0.8 4.36 33 75.7
10 5.65 42 74.3 0.9 433 3.6 83.1
15 5.76 44 76.4 1.0 435 3.7 85.1
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Table 3 Effects of voltage on injection efficiency

B, AT FAUA 1.08 GW, Joik 7™ A4 T 21 fL F R D) 3%

FE V=600 kV B}, 2577 A 3o K AR, i 25 8] A far 7 386 i,
F 2 PG ABCRAREME . LS VoA 500 kv, BER
WET HFHRIR, A S FHEABCRFEL.

V/kV  total beam current/kA  drift tube current/kA  efficiency/%
400 3.12 2.7 86.5
500 4.35 4.1 86.3
600 5.64 4.8 85.1
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Fig. 4 Optimized multi-beam electron beams
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Table 4 Effects of distance between anode and cathode on injection efficiency
D/mm total beam current/kA drift tube current/kA efficiency/%
25 5.28 4.7 89.0
30 4.75 4.1 86.3
35 4.35 3.7 85.0
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Fig. 6 Photo of the diode for experiment and its sectional schematic
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Fig. 7 Cathodes of the diode
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(a) on the drift tube port

Fig. 8 Experimental waveforms
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Fig. 9 Multiple electron beam spots on the drift tube port and on the drift tube end
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