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Design and Research of a Cold Cathode Electron Gun
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Abstract

In this paper, a kind of micro-focus cold cathode X-ray tube with a very high electron passing rate

is established by using Computer Simulation Technology Particle Studio software. The effect of X-ray tube structure

on focal point, electron passing rate, and cathode emission current is studied emphatically. In particular, following

the structure of the Pierce electron gun, a curved is adopted, and a cathode groove is added on this basis, so that the

electron passing rate is increased from 75.21% to 90.26%, while the focus of nearly 500 pum is reduced to less than

50 um. Under the condition that the anode voltage is 90 kV and the gate voltage is 1000 V, the electron pass rate of

the cold cathode electron gun can reach 95.41%, and the effective focus size at the anode target surface is about 45 pm.
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Fig. 1 Electron gun structure diagram. (a) The overall model

structure, (b) curved cathode
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Tab. 1 Initial structure parameters
Name Length of side/mm Thickness/mm Starting position Outside diameter/mm Inside diameter/mm Voltage/V
Arc cathode / 0.5 0 0.5 0 0
Cathode groove / 0.8 0 1 0.5 0
Grid electrode / 0.3 1.05 1 0.5 1000
Grid wire / 0.1 / / / 1000
Grid hole 0.05 / / / / 1000
Focusing electrode / 0.3 1.7 1 0.4 0
Anode / 0.5 2.6 1 0 90000
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Fig.2 Focus diagram
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Fig. 3 Electron beam trajectories for different groove heights.
(a) Without grooves, (b) when the groove is 0.3 mm
lower than the cathode surface, (c) when the groove is

0.3 mm higher than the cathode surface
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(a) Particle Interface Positions (4031), u_vec=(1.0,0.0,0.0) and v_vec=(0.0,1.0,0.0)
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(C) Particle Interface Positions (4834), u_vec=(1.0,0.0,0.0) and v_vec=(0.0,1.0,0.0)
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Fig. 4 Focal point dimensions at different groove height. (a)
Without grooves, (b) when the groove is 0.3 mm lower
than the cathode surface, (c) when the groove is 0.3 mm

higher than the cathode surface
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Fig.5 The influence of groove height on simulation results.

(a) The influence of groove height on cathode current,
(b) the influence of groove height on electron pass rate,

(c) the influence of groove height on focal size
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Fig. 7 The influence of gate thickness on simulation results.

focal size/pm

(a) The influence of gate thickness on electron passing

rate, (b) the influence of gate thickness on focus point
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Fig. 8 The influence of grid voltage on simulation results.
(a) The influence of gate voltage on electron pass rate,
(b) the influence of grid voltage on focal size, (c) the in-

fluence of gate voltage on cathode emission current
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Fig. 11 The influence of anode voltage on simulation results.
(a) The influence of anode voltage on electron pass
rate, (b) the influence of anode voltage on focal point,
(c) the influence of anode voltage on cathode emission
current
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