
PHD 86-117 EP                1                     0259934 Sputtering
apparatus with a device for the measurement of a critical target depletion.
The invention relates to a cathode-sputtering apparatus for coating
surfaces of objects, having a vacuum chamber which contains an inert gas
and in which a target cathode and an anode are arranged to which a 5
voltage is applied to produce plasma discharges, a magnetic field, which
intensifies the plasma discharges and concentrates them at the area of the
target cathode, and a device for measuring the target consumption being
provided. 10               In cathode-sputtering apparatuses of this type
material is removed from the target cathode and settles inter alia on the
surfaces of the objects to be coated. For this reason it is desirable to
measure the consumption of the target cathode or to obtain an alarm 15
signal before consumption is complete. Complete consumption of the target
cathode is undesirable because the cathode rear plate or parts of the
cathode- sputtering apparatus are then also eroded and damaged. In plants
of this type it is known to measure 20    the target-cathode consumption
indirectly. This may be effected, for example, by measuring the electrical
impedance of the cathode-anode arrangement, by measuring the target
temperature, or by measuring the change in magnetic field. For example,
from DE-OS 34 25 659 a 25    method of controlling a sputtering apparatus
is known, in which specific measurement quantities are compared with
predetermined values in order to ascertain whether the target has eroded so
far that adjustment of the plasma parameters is necessary or that the
target is to 30    be regarded as consumed. These measurement quantities
are the operating points selected for the voltage and current of the plasma
and for the magnetic field. This means that the impedance of the
cathode-anode    PHD 86-117 EP                2                     0259934
arrangement or a change in magnetic field is measured. Further, DE-OS 34 25
344 describes a magnetron sputter- coating source in which the magnetic
field is sensed by means of a Hall element arranged in the proximity of the
5    target cathode. The change in magnetic field provides information
about the target consumption. DD-PS 220 618 describes a circuit arrangement
for determining target wear in sputtering plants, which employs a d.c.
measurement quantity which depends on the power consumed 10    by the
plasmatron. In this way information about the target-cathode consumption is
derived from the power consumption of the plasmatron. However, all these
methods have in common that they only enable an indirect measurement to be
carried out and thus cannot provide a 15    precise measure of the
target-cathode consumption. Moreover, these methods to some extent only
indicate a statistical mean consumption and thus do not provide information
on whether locally the material already may have been eroded completely or
almost completely. 20               From European Patent Application
0,046,154 it is further known to arrange a sealed chamber filled with
pressurized gas behind the target cathode in a cathode- sputtering
apparatus. The pressure of the gas in the chamber is measured and in the
case of a drop in 25    pressure an alarm is given or the apparatus is
switched off, because the target cathode is then fully eroded at least
locally. However, this arrangement has the 



disadvantage that a conclusion about the target consumption cannot be drawn
until the target has already 30    been consumed completely at least at one
location. Therefore, this method cannot be used particularly in those cases
in which a very pure coating is essential. In such cases erosion of a rear
plate, which is generally provided on the target cathode, is 35
impermissible. In addition, the gas-tight chamber greatly complicates the
construction of the equipment. It is an object of the invention to provide
a    PHD 86-117 EP                3                     0259934 device in a
cathode-sputtering apparatus of the type defined in the opening paragraph,
which device provides a reliable indication of a critical condition of
target- cathode material consumption before complete consumption 5    of
the material and which can also be realized simply. According to the
invention this object is achieved in that for measuring a critical target
consumption at least one probe is provided in the target cathode, which
probe responds when the target material 10    has eroded up to the probe.
In the target cathode a probe is arranged, for example in a bore or groove,
to signal that the target material surrounding the probe has been consumed
completely at least at one side. The probe is positioned 15    in the
target cathode in such a way that it responds already before erosion of the
material is complete. Therefore, the probe is generally arranged at the
location of the rear wall of the target cathode. If the probe is arranged
at a location of intensified erosion 20    this enables an alarm signal to
be obtained by simple means before complete consumption of the target
cathode at any other location is attained, which signal indicates that
complete consumption of the target cathode is imminent. This is very
important because any 25    down-time in a cathodesputtering plant is
uneconomical. The apparatus in accordance with the invention thus enables
unnecessary down-periods to be avoided. At the same time the risk of a
complete erosion of the target cathode is eliminated, which is of
particular importance 30    when stringent requirements are imposed on the
coating purity of the surfaces to be coated. In a further embodiment of the
invention the probe contains a gas, whose drop in pressure marks the
critical target consumption. 35               The probe for detecting the
critical target consumption may comprise, for example, a tube containing a
pressurized gas. The pressure of this gas    PHD 86-117 EP                4
0259934 is detected. A drop in gas pressure immediately indicates that the
probe is no longer imperforate as a result of erosion of the surrounding
target-cathode material. 5               In a further embodiment of the
invention the probe has a chamber, which is connected to a pressure switch
via a pressure-tight tube connection, and in that the chamber and the tube
are filled with a gas, so that the pressure switch is actuated in the case
of a drop in 10    gas pressure as a result of the critical target
consumption being reached. This enables the pressure of the gas in the 



probe to be measured with simple means. When the pressure switch is
actuated an alarm signal may be 15    given; however, alternatively the
cathode-sputtering apparatus may be switched off directly. In a further
embodiment of the invention the probe comprises a part of the target
cathode itself formed with a bore, which bore is connected to a 20
pressure switch via a pressure-tight tube connection, and in that the bore
and the tube are filled with a gas, so that the pressure switch is actuated
in the case of a drop in gas pressure as a result of the critical target
consumption being reached. 25               In the simplest case the probe
may be constituted by a simple bore in the target cathode, which bore is
connected to a pressure switch via a pressure-tight tube connection. If the
target-cathode material surrounding the bore has been consumed locally 30
the gas escapes and the pressure switch is actuated. Thus, despite a simple
construction a reliable measurement of a critical target consumption is
possible. In a further embodiment of the invention the 35    probe
comprises an electrically conductive measurement lead whose contact with
the discharge plasma is detected electronically.    PHD 86-117 EP
5                     0259934 Apart from the possibility of measuring the
pressure of a gas in the probe it is also possible to arrange an
electrically conductive measurement lead in the probe, contact of said lead
with the discharge 5    plasma as a result of the critical target
consumption being reached being detected electronically. The measurement
lead then merely has to be connected to an electronic processing means,
which is generally arranged outside the chamber. The electric potential of
the 10    measurement lead can be determined as follows. When the critical
target consumption is reached, i.e. when the target material is eroded up
to the probe, the discharge plasma flows into the measurement probe and
also surrounds the measurement lead. The plasma ions have 15    positive
charges and influence the electric potential of the measurement lead
accordingly. This change in measurement-lead potential is detected by the
electronic processing means, which subsequently supplies an appropriate
signal. 20               In a further embodiment of the invention the
measurement lead is arranged in a ceramic tube surrounded by a metal tube,
and both tubes are locally open to one side, so that at this location the
measurement lead borders on the target material to be 25    removed. It is
found to be advantageous to arrange the measurement lead in a ceramic tube
because such a tube is an electrical insulator. The ceramic tube is
surrounded by a metal tube. Both tubes are locally open 30    to the side
of the target cathode to be eroded. If the material of the target cathode
has eroded up to this location, the measurement lead comes in electrical
contact with the discharge plasma which, as described above, can be
detected electronically. 35               In a further embodiment of the
invention the probe is arranged at the location with the highest  rate of
consumption of the target electrode. Generally, the  



PHD 86-117 EP                6                     0259934 location with
the highest rate of consumption of the target electrode is known
empirically. In such cases it will be no problem to arrange one or more
probes at these locations. 5               In a further embodiment of the
invention the magnetic field of the cathode-sputtering apparatus in a
specific area of the target cathode is stronger than in the other areas and
the probe is arranged in said specific area. 10               If no
well-defined target-cathode area with an intensified rate of consumption is
known, or if there is no such area, it is possible to make the magnetic
field in a specific area stronger than in the other areas. As a result of
this, the target-cathode material 15    at this location will be consumed
at a faster rate than in the other areas. The probe for measuring the
critical target consumption is then arranged in this area and indicates
when the critical target consumption in this area is reached, which in any
case is sooner than in the 20    other areas of the target cathode. In yet
another embodiment of the invention the target cathode, which is made of
the metal to be deposited, is provided with a rear plate of another metal,
and the probe is arranged in an area bordering on 25    the rear plate in
the metal to be deposited. Generally, the target cathode, which is made of
the material to be deposited, is provided with a rear plate which is also
made of a metal. It is then advantageous to arrange the probe in the
boundary areas 30    between the two metals. Generally, this will be
effected in such a way that in an area bordering on the rear plate the
metal to be deposited is formed with a bore into which the probe is
introduced. Some embodiments of the invention will now be 35    described
in more detail by way of example. In the drawings: Fig. 1     is a partly
sectional view of a cathode-    PHD 86-117 EP                7
0259934 sputtering apparatus for coating object surfaces, Fig. 2     is a
plan view of a target cathode of the apparatus shown in Fig. 1, 5    Fig. 3
is a sectional view of a first example of a probe in a target cathode, Fig.
4     is a sectional view of a second example of a probe, Fig. 5     is a
sectional view of a target cathode 10               provided with a probe
as shown in Figure 4. Figure 1 is a sectional view of a cathode- sputtering
apparatus for coating object surfaces, comprising a vacuum chamber 1 in
which a target cathode 2 and an anode 3 are arranged. The vacuum chamber 1
is 15    sealed in an air-tight manner and can be evacuated by means of a
pump 5 which is connected to an opening 4. Through a second opening 6 an
inert gas is fed into the chamber 1 via a metering valve 7. The chamber has
two ports la and lb, which open to the exterior and which, 20    in a
manner not shown, serve for introducing the objects to be coated into the
chamber and removing these objects after coating. The ports la and lb
terminate in tubular portions which, in a manner not shown and in the same 



way as the chamber 1 itself, are sealed in an air-tight 25    manner with
respect to the outer atmosphere. The anode 3 extends as a ring in the
vacuum chamber 1 and the cathode 2 is arranged inside the chamber on an
electrically conductive holder 11 in an upper part of the chamber 1. For
this purpose the target cathode 2 is 30    connected to the holder 11 via a
rear plate 12. Two devices 13 and 14 for generating a magnetic field are
arranged in the holder 11 above the rear plate 12 of the target cathode 2.
The magnetic fields are directed towards the rear plate 12 with their north
poles and 35    south poles respectively and in some parts of the target
cathode they extend substantially parallel to this, cathode. Cooling ducts
15, through which ducts a coolant    PHD 86-117 EP                8
0259934 flows, have been provided in the holder 11 between the magnet
devices 13 and 14. The coolant is supplied to the ducts via a tube 16 and
is discharged via a tube 17. The tubes 16 and 17 are led through the
chamber 1 by means 5    of seals 18 and 19. At least the seal 18 is
constructed to provide electrical insulation between the tube 16 and the
wall of the chamber 1. Further, at least the tube 16, and if desired also
the tube 17, is electrically conductive. 10               By means of the
rear plate 12 and the tube 16, which is electrically connected to the rear
plate 12 via at least one of the cooling ducts 15, the cathode 2 is
connected to a negative terminal 21 of a voltage source 22. A positive
terminal 23 of the voltage source 15    22 is connected to earth. The anode
3 arranged in the chamber 1 is also connected to earth. The voltage source
22 can be controlled by a processing unit 30, which in a manner not shown
receives measurement signals from a probe. How the electronic processing
unit 30 and the 20    probe, not shown, function will be described in
detail with reference to Figures 3 to 5. The cathode-sputtering apparatus
shown in Figure 1 operates as follows: By means of the voltage source 22 a
voltage 25    which is positive relative to the anode 3 is applied to the
target cathode 2. The target cathode and the anode are located in the
vacuum chamber 1, which is filled with an inert gas. When a suitable
voltage is applied plasma discharges will be produced in the inert gas 30
between these two electrodes. By means of the magnet devices 13 and 14
these plasma discharges are concentrated at the target-cathode area. This
promotes bombardment of the surface of the target cathode 2 by the positive
gas ions, resulting in particles of the 35    cathode metal being removed.
These metal particles settle on a surface 35 of a planar object 36 shown in
the sectional view in Fig. 1. In this way the surface 35    PHD 86-117 EP
9                      0259934 of the object 36 is coated with a thin layer
of the same materiar as the target cathode 2. The parameters for adjusting
the intensity of the plasma discharges are the gas pressure, the voltage
applied between the electrodes 5    and, if applicable, the strength of the
magnetic field. Fig. 2 shows the target electrode of Fig. 1 in a plan view
from the anode side. In this example the target cathode 2 has a
substantially rectangular shape. 



The plan view of Fig. 2 also shows diagrammatically the 10    magnet
devices 13 and 14. These magnet devices have the form of an oval. In the
example shown in Fig. 2 the magnet devices cover a comparatively small
radius at the ends 35 and 36 of the target cathode, so that a comparatively
strong magnetic field is produced in these 15    areas. For this reason the
target-cathode material is removed at a comparatively fast rate in these
areas. Therefore, it is useful to arrange a probe for measuring a critical
target consumption in one or in two of these areas. The Figure shows
diagrammatically two possible 20    locations 37 and 38 for such probes.
Hereinafter, two examples of such probes will be described in more detail
with reference to Figs. 3 to 5, which probes may be used, for example, in a
cathode-sputtering apparatus as shown in Fig. 1 or in a target cathode as
shown in Figs. 25    1 and 2. When a critical target consumption is reached
these probes should supply a suitable signal to the processing unit 30,
shown diagrammatically in Fig. 1, which unit controls the voltage source 22
and thus duly disconnects the voltage to the electrodes before 30
complete consumption of the target cathode 2. Fig. 3 is a sectional view of
a first example of a probe for measuring a critical target consumption,
together with a target cathode. At the rear the target cathode 2, which may
be for example of a construction as 35    shown in Fig. 1 and Fig. 2,
carries a rear plate 12. The target cathode itself may be made of, for
example, aluminium and the rear plate may be made of, for    PHD 86-117 EP
10                     0259934 example, copper. In an area near the rear
plate 12 the target cathode 2 shown in Fig. 3 has a bore 41. This bore is
connected to a pressure sensor 43 via a flexible but gas-tight electrically
insulating tube 42. The tube 5    42 is led out through a seal 44. The seal
44 is connected to a wall of the chamber of a cathode- sputtering
apparatus, for example the chamber 1 shown in Fig. 1. Both the bore 41 in
the target cathode and the tube 42 are filled with a gas. The pressure of
this gas 10    is measured by the pressure sensor 43. By way of example the
Figure shows an eroded portion 46 in the target cathode 2. When this
portion 46 has eroded up to the bore 41 the pressurized gas in the bore 41
and the tube 42 escapes through the opening then formed. As a result 15
of this, the pressure in the system drops, which is signalled by the
pressure sensor 43. This may be effected, for example, in such a way that
the pressure sensor 43 supplies an electric signal to the electronic
processing unit 30 shown diagrammatically in Fig. 1, 20    which unit
interrupts the voltage applied to the electrodes 3 and 2. Instead of the
bore 41 in Fig. 3 it is possible to arrange a probe in such a bore, which
probe is again connected to the pressure sensor via a tube and 25    has a
chamber filled with a gas. The probe should be made of the same material as
the target cathode. Fig. 4 is a sectional view of a second example of a
probe for measuring a critical target consumption. This example concerns an
electrically 30    operating probe 50. In the interior of the probe 50 a
measurement lead 51 is arranged. The measurement lead 51 is surrounded by a
ceramic tube 52 and the latter is surrounded by a metal tube 53. At the
first end 54, which is first inserted into a bore or groove in a 



35    target cathode not shown in Fig. 4, the measurement lead 51, the
ceramic tube 52 and the metal tube 53 are terminated with an electrically
insulating cap 55. This    PHD 86-117 EP               11
0259934 cap 55 may be secured by means of, for example, a ceramic adhesive.
The ceramic tube 52 and the metal tube 53 are open over a semi-cylindrical
area 56. In the assembled condition this area 56 faces the deposition 5
side of the target cathode. This is illustrated in Fig. 5, which is a
sectional view of the electrically operating probe shown in Fig. 4 and a
target cathode, for example the target cathode 2 shown in Figs. 1 and 2.
The probe 50 is fitted 10    into a bore 61 in the target cathode 2. The
bore 61 is formed in an area which borders on the rear plate 12. Fig. 5 by
way of example shows an eroded portion 62 in the target cathode 2. In the
Figure this eroded portion 62 is shown briefly before breakthrough to the
probe. 15    The measurement lead 51 in the probe is connected to an
electronic processing unit, for example the unit 30 shown in Fig. 1, via an
insulated cable 63. The cable is led through a feed-through insulator 64.
This feed- through insulator 64 is situated, for example, in a wall 20
of the vacuum chamber shown in Fig. 1. The measurement lead 51 of the probe
50 is thus connected to the electronic processing unit 30 via the cable
connection 63. The electronic processing unit 30 measures the electric
potential of the measurement lead 51. When the 25    eroded portion 62,
shown diagrammatically in the Figure, reaches the open area 55 of the
probe, the measurement lead comes into contact with the positively charged
discharge plasma. The changing electric potential of the measurement lead
51, which is connected to the unit 30 30    via the cable connection 63, is
detected by the electronic processing unit 30 and an appropriate signal 65
is supplied, which may serve for example for interrupting the voltage
supplied to the electrodes of the cathode-sputtering apparatus. 35
In addition to the example shown in Fig. 5 other electronically operating
versions of such a probe are possible. Alternatively, the measurement lead
may    PHD 86-117 EP               12                     0259934 be, for
example, a resistance wire whose termination resistance relative to the
electronic measurement unit 30 changes upon melting.    PHD 86-117 EP
13                     0259934 CLAIMS 1.         A cathode-sputtering
apparatus for coating surfaces of objects, having a vacuum chamber which
contains an inert gas and in which a target cathode and an anode are
arranged to which a voltage is applied to 5    produce plasma discharges, a
magnetic field, which intensifies the plasma discharges and concentrates
them at the area of the target cathode, and a device for measuring the
target consumption being provided, characterized in that for measuring a
critical target 10    consumption at least one probe is provided in the
target cathode, which probe responds when the target material 



has eroded up to the probe. 2.         A cathode-sputtering apparatus as
claimed in Claim 1, characterized in that the probe contains a gas, 15
whose drop in pressure marks the critical target consumption. 3.         A
cathode-sputtering apparatus as claimed in Claim 2, characterized in that
the probe has a chamber, which is connected to a pressure switch via a
pressure- 20    tight tube connection, and in that the chamber and the tube
are filled with a gas, so that the pressure switch is actuated in the case
of a drop in gas pressure as a result of the critical target consumption
being reached. 4.         A cathode-sputtering apparatus as claimed in 25
Claim 2 or 3, characterized in that the material of the probe is the same
as the material used for the target. 5.         A cathode-sputtering
apparatus as claimed in Claim 2, characterized in that the probe comprises
a part of the target cathode itself formed with a bore, 30    which bore is
connected to a pressure switch via a pressure-tight tube connection, and in
that the bore and the tube are filled with a gas, so that the pressure
switch is actuated in the case of a drop in gas pressure as a result of the
critical target consumption being    PHD 86-117 EP               14
0259934 reached. 6.        A cathode-sputtering apparatus as claimed in
Claim 1, characterized in that the probe comprises an electrically
conductive measurement lead whose contact 5    with the discharge plasma is
detected electronically. 7.         A cathode-sputtering apparatus as
claimed in Claim 6, characterized in that the measurement lead is arranged
in a ceramic tube surrounded by a metal tube, and in that both tubes are
locally open to one side, so 10    that at this location the measurement
lead borders on the target material to be removed. 8.         A
cathode-sputtering apparatus as claimed in any one of the Claims 1 to 7,
characterized in that the probe is arranged at the location with the
highest rate 15    of consumption of the target electrode. 9.         A
cathode-sputtering apparatus as claimed in any one of the Claims 1 to 7,
characterized in that in a specific area of the target cathode the magnetic
field of the cathode-sputtering apparatus is stronger than in 20    the
other areas, and in that the probe is arranged in said specific area. 10.
A cathode-sputtering apparatus as claimed in any one of the Claims 1 to 9,
characterized in that the target cathode, which is made of the metal to be
25    deposited, is provided with a rear plate of another metal, and in
that the probe is arranged in an area bordering on the rear plate in the
metal to be deposited. 11.        A cathode-sputtering apparatus as claimed
in 30    Claim 10, characterized in that the metal to be deposited is
aluminium, and in that the rear plate is made of copper.    


