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Abstract

The x-ray generator consists of the following components: a constant high-voltage power supply, a
filament power supply, a turbomolecular pump, and an x-ray tube. The x-ray tube is a demountable
diode which is connected to the turbomolecular pump and consists of the following major devices: a
tungsten hairpin cathode (filament), a focusing electrode, a polyethylene terephthalate x-ray window
0.25 mm in thickness, a stainless-steel tube body, and a rod target. In the x-ray tube, the positive high
voltage is applied to the anode (target) electrode, and the cathode is connected to the tube body
(ground potential). In this experiment, the tube voltage applied was from 12 to 18kV, and the tube
current was regulated to within 0.10mA by the filament temperature. The electron beams from the
cathode are converged to the target by the focusing electrode, and x-rays are produced from the target
plane. The x-ray spectra were measured from two directions with angles between the electron
trajectory and the x-ray beam axis of 180° and 90°. As compared with the x-ray spectra with an angle of
90°, the bremsstrahlung x-ray intensity decreased slightly with an angle of 180° (opposite direction to
that of electron trajectory).
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1. Introduction
Monochromatic radiography can be performed using monochromatic x-ray generators, and various

monochromatic generators have been developed corresponding to specific radiographic objectives. In
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Fig. 1. Block diagram including the main transmission line
of the compact x-ray generator with a demountable diode.

particular, plasma flash x-ray generators"” produce extremely clean K-series characteristic x-rays such
as lasers with x-ray durations of less than 1us, and it is possible to generate low-photon-energy flash K-
rays utilizing angle dependence of the bremsstrahlung x-ray intensity distribution, because the
bremsstrahlung x-rays are not emitted in the opposite direction to that of electron frajectory in an
empirical theory. In addition, we have developed a steady-state characteristic x-ray generator® utilizing
the angle dependence, and clean molybdenum K lines have been produced using a molybdenum target.
To observe fine blood vessels of approximately 100 um or less, enhanced K-edge angiography systems®"
have been developed using synchrotrons in conjunction with single silicon crystals. However, it is
difficult to obtain sufficient machine times for various researches including micro-angiography. In view

14 and have succeeded in performing

of this situation, we have developed a cerium x-ray generator
demonstrations of enhanced iodine-K-edge angiography by the filtering for absorbing bremsstrahlung
rays. Because bremsstrahlung x-ray intensity is proportion to the atomic number of the target element,
it is difficult to produce steady-state clean cerium K lines without using a filter.

Using a spectrometer utilizing a lithium fluoride curved crystal® in conjunction with an imaging plate,'
bremsstrahlung x-rays were not observed at all from a characteristic x-ray generator with a
molybdenum target. However, low-intensity bremsstrahlung rays were observed using a cadmium
telluride semiconductor device.” Subsequently, we are very interested in the bremsstrahlung x-ray
intensity according to changes in the angle between the electron trajectory and the x-ray beam axis.

In this research, we employed an x-ray generator with a demountable diode, used to perform a

preliminary experiment for measuring the x-ray spectra.
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Fig. 2. Schematic drawing of the characteristic x-ray tube with a copper target.

2. Generator
Figure 1 shows a block diagram of a compact characteristic (quasi-monochromatic) x-ray generator.
This generator consists of the following components: a constant high-voltage power supply (SL150,
Spellman), a DC filament power supply, a turbomolecular pump, and an x-ray tube. The structures of
the x-ray tube are illustrated in Figs.2 and 3. The x-
ray tube is a demountable diode which is connected
to the turbomolecular pump with a pressure of
approximately 0.5mPa and consists of the following
major devices: a tungsten hairpin cathode

(fﬂament), a focusing electrode, a polyethylene
terephthalate x-ray window 0.25 mm in thickness, a
stainless-steel tube body, and a rod copper target of
5.0mm in diameter. In the x-ray tube, the positive
high wvoltage is applied to the anode (target)
electrode, and the cathode is connected to the tube
body (ground potential). In this experiment, the
tube voltage applied was from 12 to 18kV, and the
tube current was regulated to within 0.10 mA by the

filament temperature. The electron beams from the

cathode are converged to the target by the focusing
electrode, and the exposure time is controlled in

order to obtain optimum x-ray intensity. Fig. 3. Demountable x-ray tube.
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3. X-ray spectra

X-ray spectra were measured
from two directions with an-
gles between the electron
trajectory and the x-ray beam
axis of 180° and 90° (Figs. 4 and
5) using a silicon detector (XR-
100CR, Amptek) (Fig.6). We
observed sharp K lines, and the
characteristic x-ray intensities
substantially increased with
increases in the tube voltage
(Figs.7 and 9). Clean K lines
were left by a 10-um-thick
copper filter, and the Ka lines
were selected out by absorbing
Kp lines using a 10-um-thick
nickel filter (Figs. 8 and 10). As
compared with the x-ray
spectra with an angle of 90°,
the bremsstrahlung x-ray
intensity decreased slightly
with an angle of 180°.
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Fig. 4. X-ray irradiation at an angle of 180°.
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Fig. 5. X-ray irradiation at an angle of 90°.
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4. Conclusions and Outlook

We developed an x-ray generator with the
demountable diode with a hot cathode, and measured
the x-ray spectra from two directions. At an angle of
180°, comparatively clean K lines were observed using
the detector, and the K-ray intensity increased with
increases in the tube voltage, and monochromatic Ka
lines were left by the nickel filter.

In the spectrum measurements, we usually employ a
silicon detector and a lithium fluoride curved crystal.
The detector is useful for measuring the total spectra,
including scattering beams. On the other hand, the
spectra from only the x-ray source can be measured
using the crystal by selecting Bragg s angle. Using the
crystal in conjunction with a computed radiography

system, we observed clean copper K lines.

Detector
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Fig. 6. Silicon x-ray detector (XR-100CR, Amptek).

In this preliminary experiment, although the maximum tube voltage and current were 18 kV and 0.10
mA, the voltage and current could be increased to 100 kV and 1.0 mA, respectively. At an angle of 180°
and a tube current of 1.0 mA, the generator produced maximum number of characteristic photons from

the rod target was approximately 1 X 10° photons/(cm?®-s) at 1.0m from the source, and the photon

count rate can be increased easily by increasing the current.

Currently, the copper K-series characteristic x-rays are useful for extremely soft radiography, and the

photon energies of characteristic x-rays can be selected by the target element. In particular, the pipe

target is useful for forming monochromatic line beams by decreasing the bore diameter.
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Fig. 7. X-ray spectra at an angle of 180° without using a filter.
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Fig. 8. X-ray spectra at an angle of 180° using monochromatic K-edge filters.
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Fig. 9. X-ray spectra at an angle of 90° without using a filter..

8000

7000

Relative photon number
» w S (¥ D
[=] o (=] (=3 (=]
[« [=] (=) (=) (=2
o (=} (=} [=] (=]

using a 10-um-thick copper filter

Fig. 10. X-ray spectra at an angle of 90° using the filters.
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