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Abstract 
A new type of the rotating anticathode X-ray generator 

has achieved the beam brilliance of 130 kW/mm2 (at 2.3 
kW), in which the electron beam up to 60 keV irradiates 
the inner surface of a U-shaped Cu anticathode. Higher-
flux electron beam is expected from simulation by 
optimizing the geometry of the combined function instead 
of flinging field of the bending magnet. In order to 
minimize the sizes of the X-ray source, the electron beam 
has been focused in a short distance by the new combined 
function bending magnet, of which geometrical shape was 
determined by simulation with the codes of Opera-3D, 
General Particle Tracer (GPT) and CST-STUDIO. The 
result of simulation clearly shows that the role of 
combined functions in both of the bending and the 
steering magnets is important to focus the beam in small 
sizes. FWHM sizes of the beam are predicted by 
simulation to be 0.45 mm (horizontal) and 0.05 mm 
(vertical) for a beam of 120 keV and 75 mA, of which 
effective brilliance is about 500 kW/mm2 with the 
supposition of a two-dimensional Gaussian distribution. 
High power test has just been started by using the high-
voltage power supply of 120 kV & 75 mA instead of 60 
kV & 100 mA for the X-ray generator. The beam focus 
sizes on the target will be verified in the experiments. 

INTRODUCTION 
Beam power and the beam size are important for the 

high brightness X-ray generation. However, the 
conventional rotating anticathode X-ray generators have 
some severe limits in operation such as the beam power 
density not to exceed the melting point of the irradiated 
target as well as the electric discharge and the surface 
damage of the target caused by thermal stress. These 
factors are the obstacles for increasing the X-ray intensity, 
then the U-shaped rotating-anticathode has been 
developed for the X-ray generator to overcome such 
limitations [1],[2]. As for the electron gun for this 
generator, the thermionic electron gun was introduced 
with an aperture grid electrode instead of the conventional 
mesh grid. In addition, the beam focusing system was 
adopted with a magnetic lens, a quadrupole and a 180°- 
bending magnets [3],[4],[5]. The beam brilliance which 
has been achieved to date in experiment was 130 
kW/mm2 (at 2.3 kW) by the new X-ray generator with the 
U-shaped rotating-anticathode [4]. 

The system improvement is still under way. We raised 
the new target value of the beam brilliance up to 300 
kW/mm2. The increase of the beam brightness is expected 

from the beam simulation if we improve the system of the 
focusing and bending magnets [6]. 

NEW X-RAY GENERATOR 
Fig.1 shows a schematic view of the X-ray generator 

with the U-shaped rotating-anticathode. The X-ray 
generator is comprised of three sections, which are the 
electron gun, the beam focus system and the 180°-
bending magnet. The electron beam irradiates the inner 
surface of a U-shaped rotating-anticathode. The electron 
gun and the bending magnet are housed within the 
vacuum chamber. The X-ray take-off angle is at 6° with 
the surface of the anticathode so as to compress the 
elliptic shaped electron focus spot in the rotating-axis 
direction, and to make it a circle as being seen as an X-ray 
source. 

The electrodes geometry of the electron gun was 
optimized, being based on the EGUN [7] simulation 
results [5]. Instead of a conventional mesh grid electrode, 
the aperture grid electrode was adopted in consideration 
of emittance and grid heating. The material of the cathode 
is LaB6, and the dimension of the cathode is φ2 mm. An 
operating grid voltage of the electron gun has been 
optimized to be 3 kV against the cathode. 

The beam focusing section is composed of a magnetic 
lens, a quadruple magnet, and a steering magnet. The 
magnetic lens and Q-magnet are introduced for getting 
smaller the beam sizes on the target in both directions 
horizontally and vertically. In addition, the steering 
magnet is used to optimize the horizontal incidence angle 
into the bending magnet as being shown in Fig. 2a, in 
which the horizontal direction is shown vertically. 

The electron beam is focused strongly in a short 
distance by the bending magnet as well as being bended. 
This was due to the effect of a fringing field at the 
incidence plane of the 180°-bending magnet (See Fig. 1). 

Figure 1: Schematic view of the new X-ray generator with 
the U-shaped rotating-anticathode. The X-ray generator is 
comprised of three sections, including the electron gun, 
the beam focus system and the 180°-bending magnet. 
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