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Cold cathode technology and its application in high-power
vacuum electronic devices
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Abstract: Field emission cathode plays an important role in the development of vacuum electron
devices. In competition with solid-state devices, vacuum electron devices develop sustainably towards high
frequency and high power. Field emission cathodes make it more practical to improve the size, the
reliability, the power consumption and the operating frequency, etc. This article reviews the recent
development of the high-current-density field emission cathodes. Especially, experimental results show
that the emission current density of carbon nanotube field emission cathode is up to A/em’ stably during a
long time, which confirms the possibility to realize the applications in field emission microwave amplifier,
free electron lasers and novel neutron source.
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Fig.2 Test results of X/Ku-band traveling wave tube developed by L-3 company and SRI in 2013
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Tablel Field-emission data from large arrays of field emitters

FEA material organization No. of Tips Tips/cm? max current/mA current density/(A-cm™)
Mo SRI 10 000 13x10° 180(DC) 23
Mo MIT 6000 10° 15(pulsed) 2400
Mo MIT 70300 10° 22(pulsed) 310
Si MCNC 3300 3x10° 6(DC) 6
Si MCNC 28 074 3x10° 21.5(DC) 2.1
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Fig.4 Features of the carbon-nanotube microwave diode Fig.5 The SEM images and the typical 1-U characteristic of
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Fig.6 SEM pictures and I-U properties of CNT cathodes, view of the TWT gun and input section and measured TWT
gain as a function of the collected current
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Fig.7 SEM image of the surface morphology of CNT paste by Kim et al.
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Fig.9 Physical image and the surface morphology of CNT diode
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