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Investigation of an X band high efficiency klystron-like relativistic backward wave oscillator
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Fig.1. Schematic of a high efficiency klystron-like RBWO.(1 pre-modulation cavity; 2 modulation

ridge; 3 slow wave structure:; 4 extraction cavity; 5 electron beam collector; 6 resonant reflector; 7

electron beam; 8 guiding magnet; 9 cathode)
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Fig.3. Variation of efficiency with the distance L;
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Fig.4. Schematic of enhanced extraction cavity.(a)Rectangular extraction cavity;(b) Perfect

extraction cavity.
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Fig.5. Schematic of two extraction cavities.(a)Rectangular extraction cavity:(b) Ellipse extraction

cavity.
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Table 1. Parameters of rectangular extraction cavity

%i& 7 rec(mm) Lrec(mm) 14 recl(mm) r recZ(mm) 4 c(mm)
A 31.00 7.00 2.25 2.00 23.00

R 2 W SIS 2 2 5

Table 2. Parameters of ellipse extraction cavity

¥ Ro(mm)  Zo(mm)  ree(mm)  ze(mm) 7i(mm)  ro(mm)  Le(mm)  re(mm)

HfE 8.50 2.25 32.00 243.00 0.75 4.00 6.75 23.00
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Fig.6. Field distribution in rectangular extraction cavity in PIC simulation.(a)Ez orients -z

direction:(b)Ez orients +z direction.
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ig.7. Longitudinal electric field distribution in ellipse extraction cavity in PIC simulation.(a)E,

orients -z direction;(b)E; orients +z direction.
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Fig.8. Magnetic field of superconductor magnet
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Fig.9. Phasespace of electron beam under solenoid and superconductor magnet.(a)Case with

solenoid magnet;(b)Case with superconductor magnet.
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Fig.10. Variation of efficiency with L. under solenoid and superconductor magnet
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Fig.11. Typical results in PIC simulation. (a)Microwave power;(b)Frequency spectrum.
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Fig.12. Effect of diode voltage under different L,x.(a)Variation of efficiency with diode

voltage:;(b)Variation of frequency with diode voltage.
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Table 3. Calibration result of measurement element

R HIRME (dB)
TR 26.256
Sm B 45 5.165

SE [ R A A RN R A 4 2 30.05
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Fig.16. Calibration result of envelope detector
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Fig.17. Surface with different roughness.(a)Roughness Ra 0.4;(b)Roughness Ra 0.05.
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Fig.18. Output waveform for different roughness.(a)Roughness Ra 0.4;(b)Roughness Ra

0.05.(channel 1, online microwave; channel 2 and 3, radiation field)
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Fig.19. Breakdown traces after 120 pulses for different roughness.(a)Roughness Ra

0.4:(b)Roughness Ra 0.05.
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Fig.20. Lifetime of extraction cavity.(a)After 100 pulses;(b)After 130 pulses.(channel 1, online

microwave; channel 2 and 3, radiation field)
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Fig.21. Waveform under rectangular and ellipse extraction cavity.(a)Rectangular extraction

cavity:(b) Ellipse extraction cavity.(channel 1, diode voltage; channel 2, diode current; channel 3

radiation field)
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Fig.22. Breakdown trace after 40 pulses.(a)Rectangular extraction cavity; (b) Ellipse extraction

cavity.
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Fig.24. Microwave waveform and frequency spectrum
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Abstract

This paper investigates an X band high efficiency klystron-like relativistic backward wave

oscillator (RBWO) in detail. The klystron-like RBWO consists of a pre-modulation cavity, a

resonant reflector with a ridge, a sectional slow wave structure, and an extraction cavity. First, this

paper gives some theoretical studies about beam modulation and energy extraction. For beam

modulation, the optimized distance between the pre-modulation cavity and the resonant reflector

is studied theoretically, and theoretical results agree well with simulation results. For energy

extraction, an ellipse extraction cavity with high power capacity is come up with, and the electric

field on the inner surface of the ellipse extraction cavity decreases by 25% in PIC simulation. Also,

the paper analyzes the effect of the position of dumped electron on conversion efficiency.

Interestingly, it’s found that the efficiency dramatically decreases with the increase of the distance

between the extraction cavity and the position of dumped electron, which is caused by the increase

of potential energy of electron and the decrease of electric field. Fortunately, we find that the use

of guiding magnet with special magnetic field distribution almost eliminate this unfavorable effect.

Besides, effects of the distance between the cathode and anode L are investigated. It’s shown that

the optimized diode voltage decrease with the increase of the distance L., and the conversion

efficiency is higher at larger L.. The experimental studies are also given. The power capacity of

ellipse extraction cavity is verified, also we find that the efficiency is enhanced by 10% and the

width of microwave pulse increases by 7 ns when the roughness of RF structure surface is

improved from Ra 0.4 pm to Ra 0.05 pm. Typically, the klystron-like RBWO outputs X band high

power microwave with power of 2.15 GW, with pulse duration of 25 ns, and with conversion

efficiency of 50% (£5%) . Experimental results agree well with theoretical and PIC simulation
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results.
Keywords: High efficiency, klystron-like, relativistic backward wave oscillator, high power
microwave
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