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Fig. 1. Distribution of coefficient function values of the ab-

solute error of the virtual cathode potential.
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Fig. 2. Distribution of coefficient function values of the ab-
solute error of the virtual cathode width generated by the

tungsten cathode.
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Table 2.  Calculation results of the N values of several common thermionic cathode materials, as well as the positions of
Q2 and Q3.
e P— T/K N = ook Yo, Yo,
BaO 1.65 1200—2200 8.7—16.0 0.9384—0.9676 0.9420—0.9686
w 4.56 1800—3650 14.5—29.4 0.9641—0.9827 0.9653—0.9830
Mo 4.24 1700—2890 17.0—28.9 0.9696—0.9823 0.9705—0.9827
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Fig. 4. Positional relationship of Q2 and Q3 with respect
to the N values.
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Abstract

The virtual cathode is an important phenomenon in thermionic emission, and it is widely present in various
electronic devices and systems such as vacuum tubes, electron guns, high-power microscopes, X-ray tubes,
concentrated solar thermionic converters, and emissive probes. Since the virtual cathode can directly affect the
performance of these devices, it is of great significance to study the characteristics of the virtual cathode and
conduct experimental measurements on it. In our recent research, a one-dimensional model of thermionic
emission was established, and the analytical expressions for the potential barrier and the spatial width of the
virtual cathode were derived. With the development of virtual cathode theories, measuring the virtual cathode
experimentally has become a reality. In this study, based on our one-dimensional theoretical model, the absolute
error theory of the virtual cathode is established, and the contributions of different parameters, such as the hot-
cathode temperature, the saturated electron emission current, the electron collection current, Dushman
constant, and the work function of hot cathodes, to the absolute errors in the virtual cathode measurement are
systematically analyzed. The research results show that the main factors affecting the measurement of the
virtual cathode potential are closely related to the size of the virtual cathode. When the virtual cathode
potential generated by hot-cathodes is strong, the uncertainty of the hot-cathode temperature becomes the main
error source, with a probability of about 61% for the potential barrier measurement, but when the virtual
cathode is weak, the main factor becomes the uncertainty of the electron current measurement with a
probability of about 39%. Besides, when measuring the virtual cathode width, for common hot-cathodes such as
oxide (BaO) cathode, tungsten cathode, and molybdenum cathode, the main factors affecting the measurement
results are the uncertainties in the hot-cathode temperature and the work function. These uncertainties account
for approximately 94%, 96% and 97% of the measurement variability, corresponding to the above three
cathodes, respectively. Only when the virtual cathode is very weak, does the uncertainty of the electron current

become the main error source for the measurement of the virtual cathode width.

Keywords: virtual cathode, absolute error, hot-cathode temperature, thermionic emission
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