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Figure 1. (a) Geometric structure of MFX tube to
simulate trajectories of electrons using
SIMION program, and trajectories of ele—
ctrons when Vs=Ve=—130 kV. (b) Enlar—
gement of circular area marked with dot—
ted lines. Shown the coordinates of the
point which the electrons is starting. 1
spacing =1 mm (p)=0.2 mm,
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Figure 2. Schematic diagram of MFX tube.
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Figure 3. Trajectories of electrons according to Vs
when Vs=Ve,
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Figure 4. X—coordinate of cross—over—point accor—
ding to the starting point of electron, when
Ve=Vs,
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Figure 5. (a) Trajectories of electrons according to
extraction voltage when Vs=—140 kV. (b)
Trajectories of electrons according to ext—
raction voltage when Vs=—130 kV.
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Figure 6. Cross—over—point according to Y coordi—
nate of electron which is emitted from
emitter when Vs=—130 kV.
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Figure 7. The result which fit each graph shown in
Fig. 6 using linear function.
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Figure 8. The result of evaluating as the same way
shown in Fig. 7 when Vs=—140 kV.
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Figure 9. The result of evaluating as the same way
shown in Fig. 7 when Vs=—150 kV,

Table 1. Slopes according to extraction voltage Ve, (a) when Vs=—130kV, (b) when Vs=—140kV and (c) when

Vs=—150kV.
(a) Vs=—130 kV (b) Vs=—140 kV (c) Vs=—150 kV

e (kV) Slopes Ve (kV) Slopes Ve (kV) Slopes
-130.0 —1,8094 —140.0 —1,8099 —150.,0 —1,8105
-129.8 —1,4273 -139.8 -1.4719 —149.8 —1,4805
-129.6 —0,9088 -139.6 —-0,9861 —149.6 -1,0537
-129.4 —-0,3856 -139.4 —0.4954 -149 4 —-0,5987
-129.2 0.0897 -139.2 0.0780 —149.2 0.0354
-129.0 0.5295 -139.0 0.3762 —149.0 0,2401
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Table 2. Ve/Vs ratio which can obtain the minimum
beam—radius in the vicinity of cross—

over—point,

Vs (kV) Ve (kV) Ve/Vs (%)
-130 —129.2276 99.405
—140 —139.1874 99.419
-150 —149.1433 99.428

Vs = -150kV, Ve =-149.143kV

Figure 10. (a) Trajectories of electrons when Vs=
—150 kV and Ve=-149.14 kV (Ve/Vs=
0.9942). (b) Enlargement of rectangular
area marked with dotted lines.
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To develop the MFX (Micro-Focus X-ray) tube, the trajectories of electrons emitted from
the field emission cathode was simulated using SIMION program. Regardless of starting
position of the electron in emitter, we found out the fact that there is the optimum extractor
voltage Ve, which can focus the electron beam on one place. Extractor voltage Ve varies
depending on the source voltage Vs, but the ratio of two voltages (Ve/Vs) is always constant,
its value was 99.4%. When the ratio of two voltages (Ve/Vs) was 99.4%, the beam diameter
in the cross-over point was 1.2 um. Because the focal spot size in MFXG (Micro-Focus
X-ray Generator) can not be less than the cross-over diameter within MFX tube, it is important
to find out the conditions that can make a smaller beam diameter. Therefore, the above

results is considered to be a very important ones in the development of the MFXG.

Keywords : Micro focus, X-ray generator, Micro-focus x-ray, Field emission cathode,

Transmission- anode type, Computer simulation
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