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Fig. 1. CNt cathode SEM images.
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Fig. 2. CNt cathode Raman spectra.
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Fig. 3. (color online) Typical waveform of the experiment: (a) single; (b) 10 Hz/10 shots; (c¢) 20 Hz/20
shots; (d) 50 Hz/50 shots; (e) 100 Hz/100 shots; (f) the 50 Hz/50 shots sequence diagram.
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Fig. 4. (color online) Analysis of the experimental data: (a) space charge limited; (b) gap shorten.
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Abstract

With the development of high power microwave technology, the demands for electron beam repetition frequency,
current density, response time and emission uniformity are higher and higher. Carbon nanotube (CNt) cathode has been
widely investigated, because of its special structure and excellent field emission characteristics. CNt cathode is regarded
as a thin film high current cathode, and the interface bonding will affect vacuum performance, stability, lifetime and
repeat ability. The direct growth of CNt is a simple and effective means for preparing cathode. When electron energy
reaches 1 MeV and the pulse upward gradient attains approximately 60 kV /ns, for CNt cathode, its the emission beam
intensity reaches 15 kA and the peak bundle density attains about 1 kA/ cm?, the response between beam voltage and
current is fast. With the increase of repetition frequency, the emission stability decreases gradually. When the emission
power is 15 GW and the emission stability repetitive frequency is 50 Hz, the cathode emission is stable. However with
the increase of frequency, the stability becomes weak. When the repetition frequency reaches 100 Hz, voltage and current
are almost split into two sections, and the delay time is obviously different. The relation between the voltage and the
current meet the exponent law, which is different from the field emission characteristic. After a 1000 shot emission, the
morphology of CNt cathode is intact, desorption from the interface of CNt does not happen. So the emission mechanism
is flashover plasma emission. Through analyzing the experimental data and considering the plasma expansion effect on

diode gap, the plasma speed can be estimated to be about to 3.9 cm/ps.

Keywords: carbon nanotubes cathode, repetitive frequency, field emission, plasma speed

PACS: 41.75.Ht, 52.59.Sa DOI: 10.7498/aps.64.164103
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