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Abstract: Carbon nanotubes (CNTs) show significant advantages in the developments of cold cathode
X-ray tubes for their excellent field emission properties. Many reports have shown that the temporal and
spatial resolution of X-ray tubes can be significantly improved, employing CNTs cold cathodes with tuna-
ble electron emission mode and high density and stability of emission current. Moreover, the tubes’ size
and energy consumption can also be reduced compared with the thermionic tubes. Therefore, CNTs cold
cathode X-ray tubes have great potential applications in the area of high-end biomedicine, nondestructive
testing, scientific research, and so on. However, before the practical application, there are still some tech-
nical problems need to be solved, such as reliability, relatively short lifetime and low emission current den-
sity of the actual CNTs cathodes. Hence, in this review, the mechanisms of X-ray generation and the
working principles of thermionic and cold cathode electron sources will be introduced. Then, the advanta-

ges of cold cathode X-ray sources with CNTs cathodes will be discussed. Especially, the modulation meth-
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ods of the cathodes’ properties, the electron gun structures, and the final applications of cold cathode X-

ray tubes will be reviewed in detail. After that, the technical problems and the solutions will be discussed.

Finally, the prospects of CNTs cold cathode X-ray source will also be put forward. The review is expected

to provide a reference for the technical progress in this field.
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