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of X-ray Tube Using a Finite Element Method
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The focal spot of electron beam depending on the anode angle in the structure and major parts of the X-ray tube was investigated by
the OPERA-3D/SCALAR simulation program. The simulation worked on four spaces with with two spaces, including anode and
cathode of X-ray tube, by applying the finite element method analysis. The analytical model and dimension for the emission orbit of
thermal electrons made from one filament of the focused X-ray cathode is affected to the penumbra of detector for the X-ray
depending on any real focal spot size. The model shape of focusing cap and focusing tube with an anode target angle and a cathode
filament is analyzed by the current density distribution of thermal electrons. The focusing width of thermal electrons for the X-ray tube
depended on the anode angle (6). The focusing value of electron beams at a region of anode angle having 10°~17° maintained to
below value of 70 pm. The minimum focal size of the electron beam was 40 um at an anode angle of 15°. The focused X-ray tube of
many variables depended on the thermionic emission of hot electrons from the target trajectory. The focusing tube will contribute to
the real design of X-ray for the development of future diagnosis medical device.
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Fig. 1. (Color online) (a) Schematic structure and major parts of
internal model of a rotating anode X-ray tube. (b) A photograph of
one real fixed anode X-ray tube.
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Fig. 2. (Color online) (a) The definition for four neighbor spaces except of anode and cathode of X-ray tube applying for the finite element
analysis. (b) The analytical model and dimension for the emission orbit of thermal electrons from one filament of the focused X-ray cathode.
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Fig. 4. (Color online) (a) The model shape of focusing cap and focusing tube with an anode angle and a cathode filament. (b) The current density
distribution of thermal electrons for the focusing cap and tube applied by one simulation program of OPERA-3D/SCALAR. Each color of the
current density distribution corresponds to each value of current. The focusing width (FW) having a full width at the half-maximum (FWHM) of

electron beams decreases to 40 pm.
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Table 1. Dimensions of optimized parameters for the micro focusing
X-ray tube having a size of 40 um as a focusing width (FW) with a
full width at the half-maximum (FWHM) of electron beams.

Parameter of focusing X-ray tube Dimension
Focusing tube (Cathode)
Diameter 17 mm
Width 9 mm
Height 6 mm
Focusing cap (Anode)
Diameter 17 mm
Height (at center) 15 mm
Angle 15°
Between top of cathode and bottom of anode 7 mm
Distance

Focusing width (pum)

> I N N .
0° 5° 10° 15°  20° 25° 30°

Anode angle (6)

Fig. 5. (Color online) The focusing width (FW) of thermal electrons
depending the anode angle (0) for the focusing tube calculated by
OPERA-3D/SCALAR simulation program. The focusing value of
electron beams at a region of anode angle (10°~17°) maintained to
below a value of 70 pum. The minimum focal size of the electron
beam is 40 pm at an anode angle of 15°.
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