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The invention relates to the field of arc dis-
charge devices, and in particular to X-ray tubes.
More specifically, the invention relates to materials
for anodes for such devices.

Relevant portions of a conventional X-ray tube
are illustrated in Figure 1. For simplicity, various
other portions of a conventional tube, such as
seals, external materials, and magnet are not illus-
trated. The tube has a cathode 101, a filament 102
within the cathode 101, an accelerating anode 103,
a drift tube 104 and a target anode 105. Electrons
burning off the filament 102 are accelerated
through the accelerating anode 103, drift through
the drift tube 104 to strike the target anode 105. As
a consequence, the target anode produces X-rays
106. The minimum voltage needed to achieve the
preferred current varies as a function of the dis-
tance d 101 between the cathode 101 and the
accelerating anode 103.

It is desirable to minimize the minimum voltage
required. However, when the distance d 107 be-
comes too small, a high current arc discharge
develops between the cathode 101 and the accel-
erating anode 103. Such discharges eventually can
destroy the accelerating anode.

Another prior art high current arc discharge
device is a high voltage vacuum switch. These are
used at substations of power transmission lines.
These switches often develop arcing between met-
al contacts when switches are closed or opened.

Another prior art high current arc discharge
device is a spark gap. These devices break down
in response to a critical voltage in order to arrest
high voltage discharges. The spark gap breaks
down by arcing. A similar device is the triggered
spark gap which breaks down in response fo a
trigger rather than in response to a high voltage
discharge.

It is desirable in all of these devices fo de-
crease arcing damage in the anodes, or electrodes
acting as anodes, in order to increase the lives of
the devices. If such arcing damage is reduced the
distance between electrodes can be reduced. As a
result, a greater range of electric field intensities
can be used, and the size of the devices can be
reduced. For instance the distance d 107 can be
reduced.

To reduce arcing damage in high current arc
discharge devices, the anodes, or electrodes acting
as anodes, have fraditionally been made of materi-
als which maximize the product of melting point,
specific heat and density. Traditionally this maxi-
mum was achieved with tungsten.

To reduce chemical damage in light bulb elec-
frodes, a tungsten/rhenium alloy with small
amounts of rhenium has been used, see e.g. U.S.
Patent No. 4,864,191.

To reduce mechanical damage in target an-
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odes of X-ray tubes, tungsten/rhenium alloys have
been used, see e.g. H. Cross Co., "Rhenium and
Rhenium Alloys", (Weehawken NJ 07087). It is
noted that target anodes in X-ray tubes are not
exposed to high current arc discharge, unlike the
accelerating anodes.

It has now been discovered that exposing tung-
sten to high current arc discharges causes not only
melting, but principally causes splintering as a re-
sult of sudden heating. This splintering is attributed
to the high ductile-to-brittle transition temperature
of tungsten.

It is an object of the invention to decrease this
arcing damage.

To achieve this object the invention uses for
the anode, or the electrode acting as anode, a
material which has a ductile-to-brittle fransition
temperature at or below the normal operating tem-
perature of the device.

Fig. 1 is a cross-section of an X-ray tube.

In all of the arc discharge devices, any elec-
trode which acts as an anode should be made of a
material which has a ductile-to-brittle temperature
at or below the operating temperature of the de-
vice. The material should also come as close as
possible to maximizing the product of melling
point, specific heat, and density, within the con-
straint on ductile-to-brittle temperature.

The normal operating temperature for the X-ray
tube is room temperature, or about 27° C, while the
ductile-to-brittle transition temperature of tungsten
is about 1200° C. Thus, while fungsten maximizes
the product of melting point, specific heat, and
density, it is not optimal as a material for the
accelerating anode of the X-ray tube. Molybdenum,
tantalum, and rhenium have been shown to be
desirable for the accelerating anode, because their
ductile-to-brittle transition temperature is below
room temperature and the product of their melting
point, specific heat, and density approaches that of
tungsten. Rhenium has a ductile-to-brittle transition
temperature of approximately 0° K. Molybdenum
and tantalum have ductile-to-brittle transition tem-
peratures below room temperature. Of these ma-
terials molybdenum is preferred, because it is
easier to machine than rhenium or tantalum.

Other high current arc discharge devices
should use materials which similarly have ductile-
to-brittle temperatures at or below their normal
operating temperatures, and a product of melting
point, specific heat and density which is as high as
possible, within the first constraint.

Claims
1.  An arc discharge device comprising:

a) a first electrode acting as a cathode; and
b) a second electrode acting as an anode
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exposed to high current arc discharges;

wherein the improvement comprises that
the second electrode is made of a material
which has a ductile-to-brittle transition tem-
perature at or below the normal operating tem- 5
perature of the device.

The device of Claim 1, wherein the material is
a metal.

10
The device of Claim 1, wherein the material is
chosen from the group comprising molybde-
num, tantalum, rhenium and combinations
thereof.

15

The device of Claim 1, 2 or 3, wherein the

device is an X-ray tube, and the second elec-

trode is an accelerating anode.

The device of Claim 1, 2 or 3, wherein 20
a) the device is a high voltage vacuum
switch; and
b) both the first and second electrodes are
made of the material.

25

The device of Claim 5, wherein the device is a

spark gap.

The device of Claim 6, wherein the device is a

triggered spark gap. 30

The device of Claim 1, 2 or 3, wherein the
material has a product of melting point, spe-

cific heat, and density which is as high as
possible, given the ductile-to-brittle transition 35
temperature.
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