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We have developed a compact glow discharge x-ray tube~diameter: 10 mm, length: 20 mm!, which
is composed of a hollow anode tube, a cathode plate, and a thin film target. This glow discharge
device was operated with an Al thin film target at a discharge voltage of 2.0 kV at a discharge
current of 0.1 mA and at a He pressure of approximately 0.2 Torr, which was used as the discharge
gas. The characteristic x rays of AlKa are produced by bombardment of electrons emitted from the
cathode surface. The strong x-ray emission intensity, which depended on the operating voltage and
the gas pressure, was obtained throughout the discharge time of 1.5 h. ©1998 American Institute
of Physics.@S0034-6748~98!03811-8#
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An x-ray emission tube is an indispensable piece
equipment for various analytical methods. The x-ray tube
usually composed of a target and a filament.1 When thermo-
electrons emitted from the heated filament impinge on
target, x rays are produced. A high vacuum is maintain
inside of the x-ray tube in order to increase the lifetime a
high stability of the filament. A gas x-ray tube was used
the initial stages of the study of x rays.2,3 The residual gas in
the tube was utilized as the discharge gas and it was diffi
to keep the gas pressure constant at that time; therefor
was gradually phased out. However, a Grimm-type glow d
charge tube,4 developed in 1967, is very stable and has be
utilized as an optical emission source and an ion source
the direct analysis of solid samples. These methods
known as glow discharge optical emission spectroscopy5 and
glow discharge mass spectroscopy.6 In these methods, the
glow discharges are operated at voltages of 500–1000 V
currents of 30–100 mA, and at Ar pressures of 0.1–10 T
These discharge conditions are suitable for cathode spu
ing by Ar ions as well as for the excitation and ionization
atoms in the plasma.

We have studied glow discharges with applied high vo
ages of up to 10 kV by measuring the x rays.7–9 When a
voltage of several kV is applied, electrons emitted from
cathode surface by ion impact are accelerated by the ele
field of the cathode sheath and impinge on a target, lead
to x-ray emission. We have called this x-ray emission sou
a glow discharge x-ray tube~GDXT!.9 The merits of the
GDXT are its simple construction, easy maintenance,
changeable targets, and low cost. The development of c
pact analytical instruments is of great importance. In t
note, we report on the merits of a compact GDXT develop
for its simple construction.

Figure 1 shows a schematic drawing of the comp
GDXT. The anode tube~inner diameter: 4 mm, length: 2
mm! is made of brass and has a gas inlet tube and a vac
tube. When the inner diameter of the anode tube was
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than 2 mm, the glow discharge would be unstable. An
plate~diameter: 10 mm! was used as the cathode. An Al th
film ~thickness: 0.05 mm, diameter: 3 mm! used as the targe
was glued on the Al plate and was attached to the anode
on the opposite side of the cathode. A sputtering pheno
enon occurs on the cathode surface during the discharge10 A
large fraction of the sputtered atoms are deposited on
inner wall of the anode tube and the target. Since the typ
x rays produced depends on the kind of target material, c
tamination on the target is a significant problem for the x-r
emission source. This problem can be solved by using a c
ode made from the same material as the target. Therefore
used an Al cathode for the Al target in this work. The ou
surface of the anode tube was covered with a polytetrafl
roethylene~PTFE! tube to prevent intermittent discharge
between the cathode and the outer surface of the anode
By using this PTFE protector, a stable glow discharge co
be sustained inside the anode tube.

After the inside of the GDXT was evacuated by a rota
pump, He gas was introduced at a pressure of 0.15 T
which was monitored with a Pirani gauge. Then, a nega
high voltage was applied to the cathode in a constant-volt
mode by a high-voltage power supply~EW 10R60; Glass-
man High Voltage, USA!. X rays emitted from the Al thin
film were detected by a Si~Li ! solid state x-ray detecto
~EMAX; Horiba Co., Japan!, and were energy analyzed by
multichannel analyzer~MCA/PC98-B; Laboratory Equip-
ment Co., Japan!. The distance between the x-ray detec
and the Al thin film was approximately 15 mm.

A typical x-ray spectrum measured is shown in Fig.
The GDXT was operated at a voltage of 2 kV; a discha
current of 0.1 mA; and a He pressure of 0.15 Torr. T
strong characteristic x rays of AlKa were detected against
low background intensity. The x-ray intensity depends on
relationship between the discharge voltage, current, and
gas pressure.10 Therefore, if the discharge current increas
along with increasing the gas pressure, then the elect
bombarding the target would also increase, thus yield
higher x-ray intensities. However, this furious electron bo
bardment leads to the destruction of the thin film target,
6 © 1998 American Institute of Physics
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cause the target is only air cooled. To prevent this, our co
pact GDXT was operated under the moderate discha
conditions of 2 kV, 0.1 mA, and 0.15 Torr. Figure 3 show
the time dependence of the x-ray emission intensity of
Ka. The x-ray intensity gradually decreased with the d
charge time. As the discharge progressed, the temperatu
the GDXT rose, and cathode sputtering occurred. As th
changes progressed, the discharge current gradually
creased with the discharge time, leading to the decreas
the x-ray emission intensity.

In conclusion, we custom-made a compact and sim
GDXT with an Al thin film target. A strong AlKa x-ray
emission was obtained throughout the discharge time of
h. The GDXT lifetime was not investigated in this wor
however, it would take several hours. When the discha

FIG. 1. Schematic drawing of the compact glow discharge x-ray tube. T
discharge tube was evacuated by a rotary pump, then He gas was
duced. A negative high voltage was applied to the cathode.

FIG. 2. Typical x-ray spectrum emitted from the Al thin film target. Th
GDXT was operated at a voltage of 2 kV at a current of 0.1 mA and a
pressure of 0.15 Torr.
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becomes unstable, it is needed to clean the anode tube.
maintenance is easy because the GDXT construction
simple. Moreover, since the cathode and the target are
exchangeable, an x-ray emission of different energies
easily be obtained. For example, when an Fe thin film tar
and an Fe cathode are used, the x-ray emission of FeKa is
obtained. Moreover, it would be possible to develop a g
sealed-type shorter GDXT.
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FIG. 3. Time dependence of the x-ray intensity of AlKa. The GDXT was
operated at a voltage of 2 kV and a He pressure of 0.26 Torr. The
intensity of the AlKa peak was measured.
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