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) Fast atom beam source.

@ A fast atom beam source comprises a evacuated
cylinder, an anode set at one end or an intermediate
portion of the cylinder, a cathode with fast atom
emission orifices on it, and set at the other end of
the cylinder, and a DC high voltage power supply for
generating gas discharge by applying a high voltage
between the anode and the cathode. A slit is pro-
vided on inside wall of the cylinder and a reservoir
for oil or low-melting point metal is connected to the
slit. A heater is set on the reservoir for vapourizing
the oil or low-melting point metal. It supplies vapor
of oil or low-melting point metal into the cylinder.
Many ions of oil or low melting point metal are
generated in glow through gas (the oil, vapor or the
metal vapor) discharge by high voltage applying.
They are accelerated towards the cathode. Then,
they are neuiralized after collision with the vapor of
oil or low-melting point metal remaining near the
cathode and are emitted from the orifices on the
cathode. They constitute a fast atom beam. During
such operation, the vapor of oil or low-melting point
metal enters the cylinder through the slit and main-
tains an equilibrium condition of gas density in the
cylinder. Thus, an automatic supply of the gas con-
sumed as a fast atom beam is effected without any
gas feeding device or any gas adjusting device.
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FAST ATOM BEAM SOURCE

The present invention relates to a fast atom
beam source used for sputtering and the like.

Atoms or molecules subject 1o thermal kinetics
in a normal atmosphere have kinetic energy of
approximately 0.05 eV. Molecules or atoms moving
with kinetic energy remarkably higher than that
level are generally known as "fast atoms" and if
they flow in one direction as a beam, the beam is
called as "a fast atom beam".

Sputtering technology by energetic beam bom-
bardment has been used in sputier efching or
material composition analysis. In the technology,
an energetic ion beam or a fast atom beam is used
as the energetic beam for bombardment.

As a source for a fast atlom beam, some ap-
paratuses convert ions emitted from an ion source
into fast atoms by neutralization with ion-electron
recombination and the other apparatuses emit a
fast atom beam directly as shown in Fig. 4.

Concerning the construction of an usual source
for a fast atom beam shown in Fig. 4, a doughnut-
shaped anode 2 is set at the center of a cylindrical
cathode 1. The cathode 1 and the anode 2 are
connected to a DC high voltage power supply 3
arranged outside a vacuum vessel. Oxygen gas, for
example, is let in through a gas nozzle 4 opening
into the inside of the cylindrical cathode 1 and
plasma 6 due to gas discharge is generated in the
cylindrical cathode 1 by impressing supplying of
DC high voltage through the DC high voltage power
supply 3, thereby oxygen ions and electrons are
produced. Furthermore, the electrons emitted from
the cathode 1 are forced to oscillate in high fre-
quency across the anode 2 and produce many
oxygen ions by collision with the oxygen gas.

The oxygen ions produced in plasma are ac-
celerated towards the bottom of the cylindrical
cathode 1. Then, oxygen ions return to oxygen
atoms by neutralization through contact with oxy-
gen gas molecules and by recombination with elec-
trons remaining near the cathode 1.

As a kinetic energy loss through contact with
gas molecules and elecirons is small, the kinetic
energy of the oxygen ions is directly received fo
the oxygen atoms. Thus fast atoms are born. The
fast atoms are emitted as a fast atom beam 8 from
the emission orifices 7 provided on the botiom of
the cylindrical cathode 1.

A fast atom beam without electric charges may
be used for processing or analysis not only for
metals and semiconductors but also for plastics
and ceramics, eic. to which the workability for an
ion beam is poor.

In the above-mentioned fast atom beam
source, however, the gas should always be sup-
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plied to the apparatus in order to make up the
material emitted as a fast atom beam.

Therefore, it is required to provide a device for
supplying the gas from the outside of the vacuum
vessel, and the apparatus will be of a large size.

In addition, it is not desirable for a high vacu-
um equipment to let in some gas. Further, it will be
required to provide some devices for adjusting the
feed rate of the gas in order to keep a discharge
condition in the fast atom beam source.

It is, therefore, the object of the present inven-
tion to solve the above problems by providing a
fast atom beam source which is of a small size and
is capable of fast atom beam emission without
vacuum deterioration by using easily liquefied gas.

The above-mentioned object of the invention is
attained by a fast atom beam source comprising:
an evacuated cylinder on the inside wall of which a
slit is opened;

a reservoir for oil or low-melting point metal con-
nected to the said slit;

a heater arranged on the said reservoir for vaporiz-
ing the said oil or low-melting point metal;

a cooling member arranged outside the said cyl-
inder for returning the vapor of the oil or the low-
melting point metal to liquid; and

a DC high voltage power supply generating gas
discharge by applying a high voltage between an
anode set at one end or an intermediate portion of
the said cylinder and a cathode with fast atom
emission orifices on it and at the other end of the
said cylinder.

The reservoir is connected to the slit. An oil or
a low melting point metal in the reservoir is vapor-
ized by a heater, and the vapor of the oil or the
low-melting point metal fills the cylinder. By apply-
ing of a high voltage through a DC high voltage
power supply, a gas discharge is generated in the
cylinder and the vapor is ionized in the plasma.
Then ions are accelerated towards the cathode.
They are neutralized through contact with the vapor
molecules remaining near the cathode and resultin-
gly being emitted as a fast atom beam. While the
vapor molecule density is reduced by emission of
the fast atom beam, the apparatus operates such
that the vapor is supplied from the reservoir.

Therefore, it is not necessary to provide socme
devices for introducing the gas from the outside of
the apparatus or devices for adjusting the feed rate
of the gas, so that it is possible to make an source
of a small size.

In addition, the reduction in vacuum level of
some equipments for sputter technology with the
fast atom beam source can be minimized, as the
vapor in the source circulates between the reser-



3 EP 0 430 081 A2 4

voir and the cylinder through evapolating by heat-
ing and liquefaction by cooling with little loss of the
vapor to the outside of the cylinder.

The above and other objects, features and ad-
vantages of the present invention will become more
apparent from the following description when taken
in conjunction with the accompanying drawings in
which a preferred embodiment of the present in-
vention is shown by way of illustrative examples.

Fig. 1 is a schematic perspective view showing
an embodiment of the fast atom beam source of
the present invention;

Fig. 2 is a vertical cross-sectional view of the
sapparatus shown in Fig. 1;

Fig. 3 is a vertical cross-sectional view showing
another embodiment of the present invention;
and

Fig. 4 is a schematic perspective view showing
a prior fast atom beam source.

The preferred embodiments of the present in-
vention will be described in accordance with the
attached drawings. Fig. 1 is a schematic perspec-
tive view showing an embodiment of the fast atom
beam source of the present invention and Fig. 2 is
a vertical cross-sectional view of the apparatus
shown in Fig. 1.

At the center in the longitudinal direction of an
evacuated cylinder 21, a slit 25 is opened along
the total periphery of the cylinder and a doughnut-
shaped reservoir 22 totally surrounding the lower
part of the vertically positioned cylinder 21 is con-
nected to the slit 25 by means of the inclined wall
22a. An oil or a low-melting point metal 23 is
accumulated in the reservoir 22 and, furthermore, a
heater 24 is provided on the bottom of the reservoir
22 and a cooling tube 27 surrounds the wall of the
cylinder 21 above the slit 25.

At the lower end of the cylinder 21, a cathode
29 with fast atom emission orifices is set and a
plate-shaped anode 28 is set at the upper end of
the cylinder 21. A DG high voltage power supply
32 is connected to the anode 28 and the cathode
29. The parts except the DC high voltage power
supply 32 are located in a vacuum vessel. It is not
always necessary for the anode 28 to be closely
attached to the cylinder 21.

Furthermore, it is possible to use a variety of
materials such as metals and ceramics, efc. as the
materials of the cylinder 21.

Now, the operation of the present invention will
be described.

The oil or the low-melting point metal 23 in the
reservoir 22 is hardly vaporized at a cold state
before the operation of the apparatus. When the
reservoir 22, then, is heated to a predetermined
temperature by operation of the heater 24, the oil
or the low-melting point metal 23 vaporizes into the
cylinder 21.
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When a high voltage is, then, applied by the
DC high-voltage power supply 32, glow by gas
discharge is generated between the cathode 29
and the anode 28. The vapor of the oil or the low-
melting point metal is ionized in the glow. These
jons are accelerated with a high speed towards the
cathode 29. Then, they are neutralized through
collision with neutral oil or low-melting point metal
vapor remaining near the cathode 29 and are emit-
ted from the fast atom emission orifices on the
cathode 29.

Though the vapor density decreases because
of fast atom emission from the cylinder 21, it is
automatically supplied by evaporation from the res-
ervoir 22. Thus, the emission of constant amount of
the fast atom beam can be effected.

The vapor of the oil or the low-melting point
metal returns to liquid on the wall of the cylinder
21, which is cooled by the cooling tube 27. The
liquid oil or the liquid low meliing point metal 23
turns back to the reservoir 22 through the slit 25.
Thus the vapor in the source circulates between
the reservoir 22 and the cylinder 21.

Fig. 3 is a schematic cross-sectional view
showing another embodiment of the invention.
Herein, the same elements as Fig. 1 and Fig. 2 are
given the same symbol.

In this fast atom beam source, the cylinder 21
and the reservoir 22 work as an anode made of
metals (only the cylinder 21 may be made of
metals) and a plate-shaped cathode 41 is set away
from the upper end of the eylinder 21 with insulator
spacers 26. Furthermors, the cathode 29 is ar-
ranged in the same way as in Fig. 1 and Fig. 2 and
the DG high voltage power supply 42 is connected
between the cylinder 21 and the cathodes 29, 41.

Though there is difference in gas discharge
mode between the cases of the previously de-
scribed embodiment and this embodiment, the op-
eration itself is almost the same and a fast atom
beam is emitted from the fast atom emission
orifices on the cathode 29.

As above-mentioned, according to the fast
atom beam source of the present invention, there is
no necessity of providing any gas-feeding devices
or any gas adjusting devices.

It enables 0 make the apparatus totally in
small-sized. Furthermore, the system of vapor cir-
culation in the source with little loss of the vapor to
the outside of the cylinder can minimize the reduc-
tion of vacuum level in equipments with this
source. That is, operation under high-vacuum con-
ditions can be realized.

Claims

1. A fast atom beam source comprising:
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an evacuated cylinder on the inside wall of which a

slit is opened;

a reservoir for oil or low-melting point metal con-
nected to the said slit;

a heater arranged on the said reservoir for 5
vapourizing the said oil or low-melting point metal;

a cooling member arranged outside the said cyl-
inder for returning the vapor of the oil or the low-
melting point metal to liquid; and

a DC high voltage power supply generating gas 70
discharge by applying a high voltage between an-
anode set at one end or an intermediate portion of

the said cylinder and a cathode with fast atom
emission orifices on it and set at the other end of

the said cylinder. 15
2. A fast atom beam source claimed in Claim 1,
wherein the said slit is provided along total periph-

ery of the inner surface of the wall of the said
cylinder.

3. A fast atom beam claimed in Claim 1, whersin 20
the said anode is plate-shaped and set at an
opened end at the said cylinder.

4. A fast atom beam claimed in Claim 3, wherein

the said plate-shaped anode is closely attached to

the said opened end of the said cylinder. 25
5. A fast atom beam source claimed in Claim 1,
wherein the said cylinder is made of metals or
ceramics.

6. A fast atom beam source claimed in Claim 1,
wherein the said cylinder is worked as an anode,a 30
plate shaped cathode with fast atom emission
orifices on it is at an opened end of the said
cylinder, and the said DC high voltage power sup-

ply is connected between the said plate-shaped
cathode and the said anode formed by the said 35
cylinder.

7. A fast atom beam source claimed in Claim 6,
wherein the said cylinder and the said reservoir are
made of metals.

8. A fast atom beam source claimed in Claim 6, 40
wherein the plate-shaped cathode is set away from

the opened end of the said cylinder with insulator
spacers.

9. A fast atom beam claimed in Claim 2, wherein

the said slit is provided at ceniral portion in the 45
longitudinal direction in the said cylinder.

10. A fast atom beam source claimed in Claim 9,
wherein the said reservoir is a doughnut-shaped

one totally surrounding the lower part of the said
cylinder and is connected to the said slit by means  so
of an inclined wall.

11. A fast atom beam source claimed in Claim 10,
wherein the said heater is provided on the botiom

of the said reservoir.

12. A fast atom beam source claimed in any one of 55
Claims 1 to 11, whersin every element except the

said DC high voltage power supply is arranged in
vacuum.
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