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[57] ABSTRACT

The invention concerns a method of coating shaped
parts having a three-dimensional coating surface by the
cathodic atomization of target material of a first cath-
ode arrangement. The cathode arrangement comprises
a magnetic field generator for the concentration of a
first discharge space (plasma cloud) in the zone of the
target surface by means of a first magnetic field (plasma
trap), which 1s spatially closed with respect to the tar-
get. According to the invention and for the purpose of
producing a uniform coating even on parts of compli-
cated shape, it is proposed that, on their side disposed
opposite the first cathode arrangement, the shaped parts
should be simultaneously subjected to the atomizing
action of a second cathode arrangement with the same
target material. The second cathode arrangement like-
wise comprises 2 magnetic field generator for concen-
trating a second discharge space in the zone of the tar-
get surface by means of a second magnetic field, spa-
tially closed with respect to the target; the second cath-
ode arrangement is so arranged in relation to the first
that the two cathode arrangements between them form
a gap in which discharge occurs and through which the
shaped parts are moved. Furthermore, a voltage Usys,
which 18 negative with respect to ground and is of such
magnitude that the discharge spaces of the two cathode
arrangements reach and touch the shaped part, is ap-
plied to said part.

The invention also covers apparatus for performing the
method of the invention.

13 Claims, 6 Drawing Sheets
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PROCESS AND APPARATUS FOR THE COATING
OF SHAPED ARTICLES BY CATHODE
SPUTTERING

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

The invention concerns a method and apparatus for
coating a three-dimensional surface by cathodic atom-
1zation of target material.

An analogous coating method for substrates with
two-dimensional coating surfaces is known from, for
example, DE-OS No. 22 43 708. With the known
method and apparatus, because of the preferential direc-
tion of travel of the atomized particles, coating shaped,
three-dimensional parts is either not possible or possible
to a limited extent only if the shaped parts are rotated
relative to the atomizing arrangement. However, even
with rotation it is possibie to coat substantially only the
surface or revolution of the rotation parts and the end
faces do not acquire an adequate deposit of the coating
material. If this is also required, use must be made of
work holders which permit complicated compound
movements about three different axes. The drive means
for such holders are complicated. Also the apparatus

10

15

20

25

has a very low capacity because the parts are coated 10

mainly from only one direction, so that the coating
operation is lengthy. Furthermore, fitting the parts in
holders of this kind is a troublesome matter because of
the need for securing them for the rotation. The use of
such holders thus is usually out of the question for con-
tinuously operating installations.

In comparison with what is known as the vacuum
deposition process wherein vaporized particles move
along a straight line from the vapour source to the sub-
strate, which circumstance leads to extreme variations
in the thicknesses and compositions of the coatings on
shaped parts, the cathode atomization method, in the
same way as the ion cladding method, possesses a cer-
tain advantage. This stems from the fact that the said
methods, in contrast to the vacuum deposition process,
are carried out in a pressure range of from 5x 10-3 to
5 10—2 mbars. This means that the mean free path of
the ions and atoms involved in the processes lies in the
range of 5 to 10 mm, so that, in typical apparatus, the
individual particles collide with each other several
times during passage from the source to the substrate.
As a result of this, disordered movement of ions and
atoms occurs which, to a certain extent, allows “‘round
the corner” coating to take place.

For coating all the faces of shaped parts, what is
called the CVD (chemical vapor deposition) process
might be considered advantageous, this process having
been applied in numerous cases over a wide field; how-
ever, the process is not successful for the coating of
temperature-sensitive parts, since the various CVD
processes all call for substrate temperatures of 900° to
1100° C. These temperatures cannot be used for high-
speed tool steels, for example, the maximum tempera-
ture load being on the order of 600° C. The above-men-
tioned temperatures are also totally unsuitable for coat-
ing, for example, watch-cases or watch-straps requiring
a reproducible gold-like surface or having a spring
which cannot withstand so great a heat load.
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In contrast to this, the substrate temperature in vac-
uum coating is lower. As regards ion cladding, the high
accelerating voltage of 3000 to 5000 volts at the sub-
strate and the ion bombardment associated therewith,
produce substrate temperatures between 250° and 500°
C., so that the growth of crystalline hard coatings, such
as titanium nitride coatings, is promoted. In the case of
cathodic atomization, heating is caused mainly by sec-
ondary electron bombardment. The temperatures that
occur lie in the range of from 50° to 300° C. and are
often even too low to enable the required hardnesses of
coating to be achieved.

A cathodic atomization method which is also often
referred to as high-duty cathodic atomization or magne-
tron sputtering, provides ideal pre-conditions for coat-
ing on a continuous basis, because of the discharge
geometry. Thus, coating installations having a high
productivity are possible. The special feature in high-
duty atomization is a magnetic plasma trap which sub-

stantially confines a plasma cloud from the cathodic-

atormization discharge to a zone at the target surface, so
that particularly pronounced removal of the target ma-
terial occurs in that zone. This leads to a substantially
greater atomization and deposition rate. Since details of
this ‘method have been comprehensively described in
the literature, it is not necessary to deal with them
herein.

Further aspects favoring the cathodic atomization
method are that it is possible to provide cathodes having
a length of several meters, and that a particularly highly
developed system for operating and controlling the
process is now available. The possibility of using sub-
strate temperatures of below 250° C. widens the field of
application, e.g. to include plastics material, assembied
watch-straps  incorporating temperature-sensitive
spring elements, temperature-sensitive cast materials,
etc. Furthermore, cathodic atomization permits prob-
lem-free coating with metal alloys and metal com-
pounds of, for exampile, titanium and zirconium.

Whereas, in conventional cathodic atomization with-
out magnetic field support, the target load is approxi-
mately 5 watt/cm? maximum, it can be raised to 25
watt/cm? in the initially described atomization process.
The atomization or deposition rates that can be
achieved are proportional to the power supplied to the
target. The high load-carrier densities resulting from
this process lead to a reduction in the discharge voltage
to 200 to 600 volts, and taken as a whole, this leads to
greater target loadability.

Because of the effect of the magnetic field and the
concentration of the plasma in front of the target, the
substrate carrier does not perform the otherwise usual
anodic function. In high-duty atomization, the electrons
flow to the container or to interior components of the
atomization installation, whereas the substrates remain
relatively cool. In high-duty atomization, substrate tem-
peratures of between 50° to 300° C., depending upon the
volume and the thermal conductivity of the substrates,
occur.

High-duty atomization can alsc be used for the reac-
tive atomization of metallic targets. Since the details of
this method have likewise long formed part of the prior
art, there is no need to describe the various possible
reactions with the many different reaction gases. Many
practical proposals for operating and regulating the
reactive atomization processes have also been put for-
ward in the past, so that coatings of, for example, ox-



Re. 33,530

3

ides, nitrides or carbides, having reproducible proper-
ties can be obtained.

The high-duty atomization process has hitherto been
used mainly for coating planar substrates, and applica-
tions have ranged from the coating of silicon wafers and
ceramic substrates in the micro-electronics field to glass
substrates for LCD displays or sheets of up to several
square meters. In this method, the coating rate dimin-
ishes as the target distance increases. This means that
the thickness of the deposited coating cannot be the
same at all points on a shaped part. Furthermore, mask-
ing which occurs at least to some extent and is caused
by the geometry of the shaped part, is superposed upon
this effect. If the atomization process is a reactive one,
the differing coating rates also result in differing com-
positions of the deposit, depending upon the distance
from the target. The reason for this is that the partial
pressure of the reactive gas is substantially constant
over the entire discharge space, whereas the stoichio-
metric ratios of the deposit depend upon the relation-
ship between the probability of impingement of the
metal particles and that of the reactive gas particles.
Consequently, the hardness of the coating on the side
presented to the target differs from that on the rear side
or in the case of decorative coatings, for example, the
gold colour of a watch-case is not identical on the front
and rear sides. Furthermore, as the result of a biasing
potential Us,, of the substrate, the effect of the ion
bombardment is likewise dependent upon distance and
this leads to different temperatures and a different “self-
cleaining effect”, as it is called.

The object of the present invention is, therefore, to
improve a method of the initially described kind in such
a way that even shaped parts of complicated geometry,
acquire a more-uniform coating as regards the most
important properties, which include the chemical and
mechanical condition, hardness, appearance, thickness
and chemical composition of the coating. |

According to the invention, this object is achieved in
that the shaped part or parts is or are simultaneously
subjected, to the atomizing action of first and second
facing cathode arrangements with the same target mate-
rial and with the concentration from magnetic fields
respectively spatially closed with respect to the targets,
and in that a voltage Usy, negative with respect to
ground, 1s applied to the shaped part and is of such
magnitude that the plasma clouds of the two cathode
arrangements at least touch each other at the shaped
part.

The invention consists not only in the provision of a
mirror symmetrical arrangement of two discharge pro-
cesses at two sides of the shaped part or parts; in addi-
tion, the application of a negative voltage Ug,s to the
shaped parts plays an important role. This may be ob-
served very closely through a window provided in the
apparatus. Imtially, two discharges or plasma clouds
light up in the discharge space between two cathode
arrangements, each of the known kind having magnetic
field generators (high-duty cathode or magnetrons).
These discharges are separated from each other by a
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dark space and are limited to the zone immediately in

front of the two target surfaces. A substrate or shaped
part Is not present initially. When it is moved into the
discharge space between the targets and a suitably se-
lected voltage, negative with respect to earth, is ap-
plied, the plasma clouds undergo a series of sudden
increases in size until they surround the substrate or
shaped part on all sides. In the case of several smaller
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shaped parts, the plasma clouds move one into the other
or interpenetrate, so that the spaces between the parts
are filled by the plasma-cloud glow discharge. During
this process, the brightness of the plasma-cloud dis-
charge also increases sharply.

A reverse procedure can also be used, the shaped
parts initially being introduced into the space between
the targets without an electrical connection and without
the application of ground potential. Initially, the plas-
ma-cloud glow discharges do not change noticeably. If
a negative voltage is then applied to the shaped part and
is continuously increased, the plasma clouds generally
Increase in size in the direction of the shaped part until
they reach and swirl around it. In this way, it is readily
possible to determine that negative voltage Ug,, at
which the plasma-clouds of the two cathode arrange-
ments reach and touch the shaped part. As a guide, it
should be stated that the greater the distance between
the two plasma-clouds (without the shaped part) and
the *“‘thinner” the shaped part, the higher must be this
voltage.

In this way and because of the negative biasing poten-
tial of the shaped part, mutual advance and penetration
or the two plasma discharges, accompanied by conden-
sation of the coating material on all sides, occurs since,
in the case of reactive atomization coating processes,
the stoichiometry of the condensate is also ensured
substanually all over the substrate surface, an extremely
uniform coating composition is obtained. Very great
uniformity is obtained also as regards the thickness of
the coating, i.e. no appreciable masking effects could be
observed. Furthermore, the hardness distribution, and
in the case of decorative coatings, the appearance of the
surface were particularly uniform over the entire pe-
riphery of the shaped part. Despite the great hardness of
the coating, the shaped parts could be kept at a lower
temperature level, so that, for example, watch-cases and
watch-straps having incorporated spring elements
could be coated in a perfect manner. In addition, excel-
lent adherence of the coatings applied by atomization
was achieved.

In a further advantageous form of the invention, the
parameters of the method such as atomization capacity
per unit of area of the target, distance between targets,
and strength of magentic field are so selected that the
plasma-clouds of the two target surfaces overlap at least
partially even when no shaped part or parts is or are
present, and the voltage Ug,s, applied to the shaped
part, is at least 10 volts (negative) with respect to earth.
The trend or influencing factors of the various parame-
ters of the method with be dealt with more fully herein-
after in the detailed description. At the present stage it
will merely be stated that the strength of the magnetic
field is reduced as compared with the strength normally
employed in high-duty atomization, so that the normal
marked restriction on the discharge is to some extent
dispensed with. Consequently, a relatively low voitage
Usus 1s sufficient for increasing or modifying the effect
of the discharge on the shaped part.

The method in accordance with the invention is par-
ticularly suitable for the production of coatings of tita-
nium nitride (TiN). In this connection and in accor-
dance with a further feature of the invention, the atom-
1zation atmosphere contains, in addition to an inert gas
(argon), nitrogen having a partial pressure of between
4> 10—% and 8X10—% means at a total pressure of
5x 103 and 2 x 10—2 mbars.
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The titanium nitride coating of shaped parts for vari-
ous purposes has been the subject of investigations for
several years. At the forefront of developments has
been, in particular, possible use of the technique in the
coating of tools, such as drills, millers and reversibie flat
cutting plates, with noblar metals. In recent tifmes, a
new field of application has opened up, namely the use
of titanium nitride as a substitute for gold, e.g. for the
coating of watch-cases, watch-straps and other com-
modity articles. Here, a particularly important role is
played by the reduction of material costs and problems
relating to the disposal of effluents such as are typical of
the existing galvanizing processes. The hardness of
coating, which is considerably greater than that of goid,
constitutes a further advantage. Process control of the
method of the invention is considerably better devel-
oped than in the conventional method. This is particu-
larly important as regards reproductbility in the produc-
tion of the above described gold-colored coatings.

Further advantageous forms of the method of the
invention as well as apparatus in accordance with the
invention [will be set forth in the appended claims and
explained in detail in the following description.} are:

Discharge volume: U,=2000 to 1000 v,

Substrate volume: Us,p=—50 10 —3500 v,

Atomization power N=15 t0 30 watt/cm?, and preferably
10 10 15 watt/cm?, related to the targer surface,

Magnetic field=150 to 350 Oersteds, and preferably
200 to 250 Oersteds

Target spacing=380 to 200 mm, and preferably 100 to
150 mm, including the thickness “D" of the shaped
part,

Atomization pressure=1X10"% 10 5x10~% mbars,
and preferably 5x 10-3 to 2% 10—2 mbars of insert
gas (Argon) with Nitrogen at a partial pressure from
4 10—4% 10 8 X 10—* mbars

Temperatures of — 150° to 500" C., and preferably 250°
to 300° C.

In the drawings:

FIG. 1 shows, in the form of a graph, the substrate
current Is.; flowing across the shaped part in relation to
the substrate voltage Ug,, for various distances *“d”
between the target and the shaped part,

FIG. 2 shows, in the form of a graph, the substrate
current Isys, flowing through the shaped part in depen-
dence upon the substrate voltage Us,, for different
wattages related to the target,

FIG. 3 shows, in the form of a graph, the substrate
temperatures, in the state of permanence (self-heating),
in dependence upon the substrate voltage, at different
distances “d” and magnetic field strengths H,

FIG. 4 shows, in the form of a graph, the relationship
between various parameters of the atomization process
and the distance between target and substrate when a
cathode is provided at one side only,

FIG. S is an illustration similar to that of FIG. 4, but
with a cathode arranged at each side,

FIG. 6 shows, in the form of a graph, the dependence
of the substrate current Ig,.;, flowing through the
shaped part, in an arrangement as in FIG. 5,

FIG. 7 shows, in the form of a graph, the relationship
between the hardness of a TiN coating and the nitrogen
partial pressure during atomization coating,

FIG. 8 is an “Auger” plot showing the construction
of the coating,

FI1G. 9 shows, in the form of a graph, th relationship
between the hardness of a TiN coating and the tempera-
ture of the substrate,
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FIG. 10 is a perspective illustration of apparatus in
accordance with the invention and used for batch-wise
operations,

FIG. 11 shows a cross-section through the cathode
arrangement of FIG. 10 on a larger scale and illustrates
the built-in cathode arrangement, and |

FIG. 12 is a diagrammatic illustration of a large in-
stallation for continuous operation, in accordance with
the invention.

FIG. 1 explains the following relationship: as stated
above, in high-duty atomization the plasma is concen-
trated closely in front of the target by the effect of the
magnetic field. In principle, the substrate is electrically
insulated from the discharge space; it is not enveloped
by the plasma cloud. If a negative biasing potential
Usus of between —100 and —2500 v is applied to a
substrate consisting of copper, for example, and having
a weight of 200 g, a current Is,, which is less than 50
mA if the distance between the substrate and the target
is greater than 40 mm, flows between the vacuum cham-
ber, to which ground potential is applied, and the sub-
strate. The substrate is electrically decoupled. This is
the more remarkable since the discharge voltage Us,pin
front of the substrate itseif is only 350 v. The horizontal
component of the magnetic field H, is 700 H. The dis-
charge pressure is 5X 10—3 mbars. As shown in the
graph, the voltage Us,s can increase very considerably
without any appreciable increase in the current Isup
being reached. However, if a certain limiting spacing,
which in the present case is 25 mm, is fallen short of,
electrical connection between the plasma cloud and the
substrate 1s established, and the substrate current Ig,;
rises sharply even at a voltage Ug,p of —300 volts.
Under these conditions, positive ions are extracted from
the plasma and are accelerated towards the substrate.
Consequently, conditions exist that are similar to those
occurring in ion cladding. Depending upon the intensity
of the ion bombardment, which can be regulated by the
apphed substrate voltage, the substrate itself begins to
atomize, i.e. the known self-cleaning effect and the in-
creased possibility of coating masked parts of the sub-
strate (rough or structured surface) occur.

FIG. 2 illustrates the following relationship:

The effect described by reference to FIG. 1 does not
depend solely upon the distance between the substrate
and the target; rather, the spatial boundary of the
plasma cloud is also influenced by the power supplied to
the target. The greater the target’s loading, the wider
the plasma will extend. FIG. 2 clearly shows that the
substrate current rises with increasing power even if the
distance between the target and the substrate remains
constant at 20 mm. Two discharge pressure was
53X 10~3 mbars; the horizontal component of the mag-
netic field was 250 H, and the area of the substrate was
approximately 44 cm2.

FIG. 3 explains the following relationship: the
strength of the magnetic field plays an important part as
the third component. In FIG. 3, the automatic heating
up of the substrates that is attainable by ion bombard-
ment 1s shown in relationship to the substrate voltage
Usus for two different magnetic field strengths of 200
and 700 H as well as for two different distances between
substrate and target of 28 and 50 mm. A shaped part
made of copper and 200 g in weight was heated up to
different extents depending upon the parameters. The
coating time was two minutes, the atomizing power was
800 watts and the discharge pressure 5 10—3 mbars. Ii
can be clearly seen that the strength of the magnetic
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field has an affect similar to that of the atomizing power.
A high magnetic field strength of 700 H causes the
plasma cloud to be constricted, and even when the
distance d between the target and the substrate is small,
1.e. 28 mm, the substrate temperature exceeds the value
100° C. only slightly. If however; the magnetic field
strength H, is reduced to 200 H, then under these dis-
charge conditions substrate temperatures of up to more
than 300° C. are possible as a result of ion bombardment.
These facts indicate the trends of the various parameters
in the method of the invention.

FIG. 4 additionally illustrates the spatial arrangement
of a cylindrical shaped part in relation to the target
surface which is imagined as being at the value O on the
x-axis. The longitudinal axis of the shaped part is thus
located at a distance of approximately 60 mm from the
target surface. During movement, which can be imag-
ined as being parallel with the target surface, the shaped
part will not be rotated. The rates of deposit by atomiza-
tion, the charge-carrier density and the partial pressure
of the reactive gas (nitrogen) are shown on the y-axis in
arbitrary units (WE). As indicated by the curve A in this
Figure, the rate of deposit by atomization falls as the
distance from the target increases. This results in the
disadvantages described above.

FIG. § explains the relationships in the case of a
paired arrangement of two cathode systems, one on
each side of the shaped part F, said systems in fact
constituting a murror-symmetrical arrangement. The
target surface on the left is at the value O on the y-axis,
and the target surface on the right is imagined as being
at the value 120 mm on the x-axis. The relationships
explained by reference to FIG. 4 in fact apply as regards
each of the cathode arrangements, i.e. the rates of de-
posit by atomization shown by the dash-dot lines apply
in the case of both targets, the curve A, which moves
leftwards at the top, relating to the left-hand target, and
the curve Aj, which moves rightwards at the top, relat-
ing to the right-hand target. However, by superposing
the procedures there is created a coating zone in which
substantially uniform condensation conditions prevail.
The width of the zone of constant condensation and
discharge parameters depends upon the various process
parameters and is a factor in the optimization of the
method and apparatus, the dimensions of the magnetic
field of the high-duty cathodes, the target spacing, the
ratio of the pressure of the reactive gas to that of the
inner gas (carrier gas) as well as the electrical data all
having a decisive role to play. Guides for carrying out
the optimization procedures have been indicated above.

The following effect i1s explained by reference to
FIG. 6: with the paired cathode arrangement, the ion
bombardment of the substrate and thus the attainable
Increase in temperature and the self-cleaning effect are
considerably enhanced. With a 3:1 ratio of target area to
substrate area, it becomes possible, when using a cath-
ode having a target area of 430 cm? and with a substrate
biasing potential of 250 volts, to “draw” approximately
2 amperes, 1.e. 500 watts of substrate load from the
plasma, if the cathode loading 1s 4.6 kW. Thus, the
attainable substrate area loads of approximately 3.6
W/cm? are comparable with those occurring in ion
cladding.

EXAMPLE

In apparatus as descnbed hereinafter by reference to
FIGS. 10 and 11, the following tests were carried out;
the paired targets were made of titanium for the purpose
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of forming titanium nitride coatings. The spacing of the
target surfaces was 120 mm; the atomization pressure
lay within a range of from 5 to 10X 10-3 mbars. At a
target loading of approximately 11 W/cm?, the rate of
deposit by atomization of the titanium nitride that was
formed was approximately 27 A/s. The most important
influencing factor was found to be the partial pressure
of the nitrogen, which was varied over the range of the
x-axis values shown in FIG. 7. This Figure also shows
the hardness of the coating as a function of the nitrogen
partial pressure. It will be seen that within a very nar-
row partial pressure range, which was between 6 and
7% 10—% mbars under the stated conditions, condensa-
tion of very hard titanium nitride coatings took place. A
value of approximately Hy10=3000 kp/mm? was deter-
mined for the hardness of 5 um-thick TiN coatings on
substrates of V2A steel. Under the stated conditions, the
condensate consisted of mainly stoichiometric TiN in
the zone of great hardness.

FIG. 8 shows an Auger-profile representation of the
distribution of titanium, nitrogen, oxygen and iron as a
function of the thickness of the coating. The concentra-
tion of the stated elements in atom percentages is plot-
ted along the y-axis; the x-axis represents the thickness
of coating in um. Over the range of from 0.2 to 5 um,
the coating consists mainly of 43% Ti and 50% N. Also,
an oxygen content of approximately 5% is found to be
present over the entire depth. Oxygen enrichment, from
which the presence of a thin oxide skin can be con-
cluded, was observed to a depth of 0.2 um at the surface
of the coating. An increase in the oxygen content is also
observed at the base of the coating. Here, the oxide
coating on the substrate of V2A steel had obviously
been reduced, and atomic oxygen had diffused towards
the surface of the coating under the effect of heat. The
sharp rise in the Fe signal enables the surface of the
V2A steel to be detected; (the corresponding signals for
Cr and Ni are not considered in the tllustration). Fi-
nally, the relatively slow decline of the Ti signal over
the range of from 5 um to 6 um points to diffusion of Ti
into the surface of the V2A steel. This is obviously the
reason for the excellent adherence of the TiN coatings
deposited in this way by atomization.

FIG. 9 shows the effect of substrate temperature on
the hardness of the coating. By means of different sub-
strate biasing potentials, but also by suitably preheating
the substrate, the shaped parts were raised to tempera-
tures of between 50° and 600° C. In this temperature
range the hardness Hyo rose from approximately 1000
to 3750 kp/mm?2.

The cathodic atomization apparatus illustrated in
FIG. 10 is used for the coating of shaped parts of
smaller dimensions such as watch-cases, watch-straps,
small drills, etc. The equipment operates on a batchwise
basis and comprises a vacuum chamber 1 having a diam-
eter of 700 mm. The vacuum chamber has a door 2,
which opens forwardly, and a drum-shaped substrate
holder 3 which is rotatable about a vertical axis and the
outer surface of which is made up of separate parts 4.
These parts contain rods §, to which the shaped parts or
substrates are secured. One of the parts forming the
exterior of the holder is shown as being extracted along
the broken lines so as to make it easier to see the interior
of the apparatus.

Disposed at the periphery of the substrate holder 3 is
a first cathode arrangement 6. In the operating position,
a second cathode arrangement 7 is disposed opposite
the first within the substrate holder 3; the second cath-
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ode arrangement is shown as being drawn forward in
FIG. 10. The second cathode arrangement 7 1s movable
forwardly by means of a guide device 8 on the floor of
the vacuum chamber 1. As soon as the second cathode
arrangement Is returned to a position in which it is
disposed opposite the first cathode arrangement and in
which the planes of symmetry of the two cathode ar-
rangements lie in a radial plane of the substrate holder,
the outer part 4 can be reinserted into the substrate
holder. After the above-described operating conditions
have been established, the apparatus is ready to operate.
For supplying current, use is made of a switchgear
cabinet 9 in conjunction with a high-frequency adaptor
unit 10, only the casing of which is illustrated. The first
cathode arrangement 6 may also be removed for the
purpose of changing targets, for example, but this is
done in the outward direction through a side wall of the
vacuum chamber. The distance between the two cath-
odes 1s 120 mm.

FIG. 11 shows the first and second cathode arrange-
ments 6 and 7 of FIG. 10 in section, i.e. in plan view.
The path of movement 11 of the substrate holder 3 and
of the shaped parts is indicated by the dash-dot line and

lies between the cathode arrangements. The path of

movement 11 is shown as being rectilinear but it is in
fact slightly curved, depending upon the radius of the
substrate holder 3 shown in FIG. 10. In the apparatus as
shown in FIG. 12, the bath of movement is in fact recti-
linear. The first cathode arrangement 6 has a first target
12, and the second cathode arrangement 7 has a second
target 13. Neither, the magnetic field generators, con-
tained in the cathode arrangements, nor the magnetic
field lines passed by the generators through the targets
12 and 13 are illustrated, since this, taken on its own,
forms part of the prior art. The individual target sur-
faces are designated by the reference numerals 12a and
13a. The target surfaces 12a and 13a between them form
a gap 14 1n which the glow discharge, which causes the
atomization process, occurs. It should also be men-

tioned that the substrate holder 3 is insulated from earth,

1.. from the vacuum chamber 1, by insulated suspension
means, and it 1s connected to a voltage source for pro-
ducing a negative potential difference with respect to
earth.

In apparatus as shown in FIGS. 10 and 11, approxi-
mately 350 to 500 cases for men’s watches can be coated
with gold-colored titanium nitride, having a thickness
of 0.25 um, in one operating cycle which lasts approxi-
mately 45 minutes. In contrast, the unit illustrated in
FIG. 12 is an in line-production installation. It is loaded
with articles to be treated through a lock chamber 185,
which also contains heating means 16 for prior heat-
treatment purposes. This installation is suitable for the
coating of shaped parts having diameters of up to 200
mm. The shaped parts are first heated to temperatures
of up to 500° C. in the lock chamber and gas is removed
from them. The lock chamber 15 is followed by the
atomization chamber 17 proper. The atomization cham-
ber is followed by a further lock chamber 18 for dis-
charging the products after they have been coated. To
enable the apparatus to be operated on a timed basis, the
lock chambers 15 and 18 as well as the atomization
chamber 17 are connected to separate vacuum pumps.
The suction pipes are arranged in the manner illus-
trated. The vacuum pumps used are rolling-motion
piston pumps 19, rotary vane pumps 20 and turbo-
molecular pumps 21.
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Equipping the FIG. 12 apparatus with separate
pumps makes it possible to operate on a timed basis.
While a batch of shaped parts, that are to be coated, are
being preheated in the lock chamber 1§, a coating oper-
ation is proceeding in paralle]l therewith in the atomiza-
tion chamber 17, while an already coated batch is cool-
ing in the lock chamber 18. The atomization chamber 17
is separated from the lock chambers by two valves.

Two first cathode arrangements 6 and two second
cathode arrangements 7 are accommodated in the
atomizating chamber 17. The distance between the pairs
of cathodes 6 and the pairs 7 1s adjustable in order to
enable optimum condensation conditions to be estab-
lished for a wide variety of shaped parts. The shaped
parts are coated on an in-line basis. Depending upon the
size of these shaped parts, a self-induced rotary move-
ment of them is possible and, In some instances, may
also be essential. It 1s also possible t0 impart a swinging
movement to the shaped parts in the coating space so as
to increase the uniformity of the coating further. The
capacity of the apparatus shown in FIG. 12 depends
upon the dimensions of the shaped parts, the closeness
of their packing in the vacuum chamber and the coating
parameters that can be used, optimization of the condi-
tions on the basis of the detatls provided above always
being possible.

We claim:

1. A method of coating a part by cathodic atomiza-
tion of target material, the part having a three-dimen-
sional surface to be coated, comprising:

providing two, facing cathodic atomization devices

for receiving the part to be coated in a discharge
space therebetween, each cathodic atomization
device having a target of the same material delimit-
ing the discharge space, a cathode arrangement for
producing a plasma cloud of the target material in
the discharge space, and magnetic means produc-
ing a magnetic field which closes on the target for
concentrating the plasma cloud of the target mate-
rial in a zone at the target surface delimiting the
discharge space; and

applying a voltage which is negative with respect to

ground to the part to be coated in the discharge
space sufficient to cause the plasma clouds of the
target matenial from the cathodic atomization de-
vices at least to touch each other at the part to be
coated in the discharge space.

2. Apparatus of coating a part by cathodic atomiza-
tion of target material, the part having a three-dimen-
sional surface to be coated, comprising:

two, facing cathodic atomization devices for receiv-

ing the part to be coated in a discharge space there-
between, each cathodic atomization device having
a target of the same material delimiting the dis-
charge space, a cathode arrangement for produc-
ing a plasma cloud of the target material in the
discharge space, and magnetic means producing a
magnetic field which closes on the target for con-
centrating the plasma cloud of the target matenial
in 2 zone at the target surface delimiting the dis-
charge space; and

means for applying a voltage which is negative with

respect to ground to the part to be coated in the
discharge space sufficient to cause the plasma
clouds of the target material from the cathodic
atomization devices at least to touch each other at
the place in the discharge space where the part to
be coated will be received.
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pressure of from about 4 x 10—* mbars to aboutr 8¢ 10—4
mobars. |

8. The method of claim 7, wherein the inert gas is argon.

9. Apparatus of coating a part by cathodic atomization of

5 target material, the part having a three-dimensional sur-
face to be coated, comprising: |

two, facing cathodic atomization devices for rece tving the

part to be coated in a discharge space therebetween,

each cathodic atomization device having a target of

11

3. A method of coating a part by cathodic atomization of
iarget material, the part having a three-dimensional sur-
Jace to be coated, comprising:

providing two, facing cathodic atomization devices for

recetving the part 10 be coated in a discharge space
therebetween, each cathodic atomization device hay-
ing a target of the same material with a surface delim-
iing the discharge space, a cathode arrangement for
producing a plasma cloud of the target material in the

discharge space, and magnetic means producing a
magnetic field which closes on the target for concen-
trating the plasma cloud of the target material in a
Zzone at the target surface delimiting the discharge
space; and

applying a voltage which is negative with respect to the

ground to the part to be coated in the discharge space
sufficient to facilitate at least touching of the plasma
clouds of the target material from the cathodic atom-
ization devices at the part to be coated in the discharge
space.

4. The method of claim 3, wherein providing the ca-
thodic atomization devices comprises providing at least one
thereof with operating parameters so selected that the
plasma clouds of the two cathodic atomization devices
would overlap at least partially even when no part has been
received in the discharge space therebetween and wherein
applying the voltage which is negative with respect lo
ground to the part comprises so applying at least 10 V.

3. The method of claim 3, wherein providing the ca-
thodic atomization devices comprises providing the cathode

arrangement of each thereof with a discharge voltage of

Srom about 200 V to about 1000 V in a way for an atomiza-
tion power of from about 5 to about 30 watts/cm?2 at the
surface of the iarget, providing the target surfaces, delimit-
ing the discharge space with a spacing of from about 80
mm to about 200 mm, providing the magnetic means with
a magnetic field strength of from about 150 Oersteds to
about 350 Oersteds, and wherein applying a voltage com-
prises applying from about — 50 V to about — 500 V to the
part;, and further comprising providing a pressure in the
discharge space of from about 1x 10—3 mbars to about
3X 10~2 mbars and a temperature to the part of from
about 150° C. to about 500° C., whereby the method is
adapted for producing hard coatings, and particularly
nitride coatings.

0. The method of claim 3, wherein providing the ca-
thodic atomization devices comprises providing the cathode
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the same material with a surface delimiting the dis-
charge space, a cathode arrangement for producing a
plasma cloud of the target material in the discharge
space, and magnetic means producing a magnetic
field which closes on the target for concentrating the
plasma cloud of the target material in a zone at the
target surface delimiting the discharge space: and

means for applying a voltage which is negative with
respect to ground to the part to be coated in the dis-
charge space sufficient to facilitate at least touch ing of
the plasma clouds of the target material from the
cathodic atomization devices at the place in the dis-
charge space where the part to be coated will be re-
ceived.

10. The apparatus of claim 9, wherein the cathodic at-
omization devices comprises at least one thereof adapted
and configured for operating parameters so selected that
the plasma clouds of the two cathodic atomization devices
would overlap at least partially even when no part has been
received in the discharge space therebetween and wherein
the means for applying the voltage which is negative with
respect to ground to the part comprises means for so apply-
ing at least 10 V.

11. The apparatus of claim 9, wherein, in the cathodic
atomization devices, the cathode arrangement of each
thereof has a discharge voltage of from about 200 V 1o
about 1000 V in a way for an atomization power of from
about 5 to about 30 watts/cm? at the surface of the target,
the target surfaces delimiting the discharge space have a
spacing of from about 80 mm to about 200 mm, the mag-
netic means has a magnetic field strength of from about
150 Oersteds, to about 350 Oersteds, and wherein the
means for applying a voltage applies from about — 50 V 1o
about —500 V to the part; and further comprising means

for providing a pressure in the discharge space of from

about 1> 10—> mbars 10 about 5x 10-2 mbars and a
temperature to the part of from about 150° C. to about
J00° C., whereby the apparatus is adapted for producing

arrangement of each thereof with a discharge voitage of  hard coatings, and particularly nitride coatings.

Sfrom about 200 V to about 1000 V in a way for an atomiza-
tion power of from about 10 to about 15 watts/cm? at the
surface of the target, providing the target surfaces delimit-
ing the discharge space with a spacing of from about 100
mm to about 150 mm, providing the magnetic means with
a magnetic field strength of from about 200 Oersteds to
about 250 Oersteds, and wherein applying a voltage com-
prises applying from about — 50 V to about — 500 V to the
part; and further comprising providing a pressure in the
discharge space of from about 5x 10—3 mbars to about
2X 10—2 mbars and a temperature to the part of from
about 250° C. to about 300° C., whereby the method is
adapted for producing hard coatings, and particularly
nitride coatings.

7. The method of claim 6, wherein providing the pressure
in the discharge space comprises providing the same with
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an atomsphere of an inert gas and nitrogen having a partial 65

12. The apparatus of claim 9, wherein the surfaces of the
largets are curved in @ manner to delimir the discharge
space between the target surfaces as at least a sector of
substantially cylindrical section.

13. The apparatus of claim 12, wherein the surfaces of
both targets are curved and arranged to delimit an annu-
lar, substantially-cylindrical section sector to the discharge
space therebetween, and further comprising a cylindrical
holder for holding the part to be coated and at least one
other part to be coated, the holder being rotatable through
the annular substantially-cylindrical section sector of the
discharge space delimited by the target surfaces, thereby
substantially enclosing at least the target of one of the
cathodic atomization devices, and having at least a portion
which is removable to allow removal of the target substan-

tially enclosed thereby.
¥ ¥ * x *
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