
ID 1 JUN 2006 1 Vacuum Vaporization Device The present invention concerns a
vaporization device for lubricants, as well as  a process for their
application to a target object, for example, a hard magnetic disk  or the
like. As here used, the term lubricants (often referred to also as lubes)
is not to be  understood in a narrow sense and is rather intended to
describe the preferred field of  application. Under no circumstances is a
limitation to be associated therewith,  because the invention described
herein below can be used also with other substances  that are capable of
being applied to a target object by means of vapour deposition in  a
vacuum, including not only all kinds of lubricants and such lubricant-like
materials  as antiseize, slip additives, greases, parting agents or, quite
generally, any kind of  slip-promoting means, but also corrosion protection
films, wetting agents, adhesion  improvers, etc., and the term lubricant is
here used in the wide sense to describe all  of these, including - of
course - also the preferred field of application, with a view  to obtaining
a slip or lubrication effect. Consequently, whenever the term lubricant  is
used in the remarks that follow, it is to be understood both in the
narrower sense  relating to the preferred field of application and in the
wider sense as discussed  above. The production of (electronic) components,
especially hard magnetic disks,  often calls for the application of a slip
layer having the primary function of assuring  that friction forces on the
magnetic disk will be kept as small as possible, so that the
writing/reading head of a hard-disk drive can slide smoothly over the
surface of the  disk without thereby either damaging the disk or limiting
its functionality. The hitherto customary method for the application of
slip layers of this kind  envisages the magnetic disk being dipped into a
bath containing the lubricant diluted  in an appropriate solvent. When this
is done, the thickness of the applied layer of the  lubricant is set by
controlling the concentration of the lubricant or the speed with  which the
disk is pulled out of the bath. The need for pulling the part out of the
bath,  in particular, may give rise to local fluctuations of the thickness
of the applied  



lubricant. Over and above this, there is also the problem that the surface
of the 0 1 JUN 2006 2 magnetic disk is very liable to become contaminated
before it is covered with the  lubricant, so that the surrounding
atmosphere has to be kept as clean as possible if a  utilizable layer of
lubricant is to be obtained. With a view to limiting this contamination
and, more particularly, the coverage  of the surface with gas adsorbates,
it has been suggested, in US 6,183,831 Bl for  example, that the entire,
coverage process should be carried out in a vacuum. To this  end several
thin films are applied to an aluminium substrate in a vacuum sputter
plant, the uppermost of the films being a protective carbon layer.
According to the  known process, the magnetic disk prepared in this manner
is then subjected to the  vapour deposition of a lubricant in vacuum. This
is done in a vapour-deposition  chamber containing a vaporization plate on
which there are provided evenly  distributed small storage chambers with a
supply of the lubricant that is to be  vaporized. The lubricant is
vaporized by heating the vaporization plate, so that it  enters the
vapour-deposition chamber and eventually reaches the magnetic disk
situated therein. With a view to obtaining an even distribution of the
deposited  lubricant over the disk that is to be covered, a diffuser plate
is arranged between the  medium that is to be covered and the vaporization
plate, said diffuser plate being  provided with evenly distributed passage
holes. But the known process is associated  with several drawbacks.
Firstly, it works or deposits continuously, that is to say, the
vaporization plate is used to produce a lubricant cloud into which the
disks to be  coated have to be inserted one after the other and then
removed again on completion  of the deposition. Once the lubricant has been
consumed, the vaporization plate has  to be dismantled and refurnished with
lubricant before the process can be continued.  Furthermore, lubricant is
consumed even in the period between the removal of one  disk and the
insertion of the next. Lastly, the diffuser plate tends to reduce the
deposition rate, so that the deposition period is lengthened and the
process, given the  low deposition rates, becomes unsuitable for mass
production. The present invention therefore sets out to create a vacuum
vaporization and  



vapour-deposition device that is not associated with the drawbacks
explained above  and is particularly distinguished by a homogeneous
distribution of the lubricant over  the surface of the magnetic disk. 0 1
JUN zoos 3 According to the invention this aim is attained by a vacuum
vaporization  device for the application of lubricants to a target object
under vacuum. Said device  comprises the following: lubricant supply means
for making a lubricant available,  vaporization control means for setting
the vapour pressure and/or the temperature of  the lubricant, and
distribution means that distribute the lubricant over the target  object on
which it is to be deposited. The distribution means are provided with one
or more exit openings for the vaporized lubricant and at least one
substantially  cone-shaped distribution element that becomes larger in the
direction of the object  that is to be coated. Due to the presence of the
distribution element, the lubricant can be  homogeneously distributed over
the surface of the target object without an  additional diffuser plate.
Furthermore, the cone-shaped arrangement assures that the  lubricant stream
is always oriented in the direction of the substrate, thus increasing  the
efficiency. The vapour particles issuing from the distribution means will
become  adsorbed for a short period of time on the surface of the
distribution element, after  which they will desorb again. The
adsorption/desorption distribution makes it  possible to obtain a gapless
or continuous distribution of the lubricant over the entire  target object
that is not exclusively determined by the available exit openings.
Furthermore, the device in accordance with the invention can also be
operated  in a discontinuous manner, so that lubricant vapour will issue
from the vaporization  device only when a target object on which it is to
be deposited is effectively present.  To this end an advantageous
embodiment of the invention envisages the vacuum  vaporization device being
also provided with a device for interrupting the vapour  supply. This will
preferably be in the form of a valve, especially a pneumatically  operated
valve. Such a valve can be controlled from outside and can also be quickly
opened and closed. 



According to another and particularly advantageous embodiment, the
lubricant  supply means assumes the form of a hollow space that can be
filled from outside.  Consequently, the device need not be shut down or
opened when it has to be  replenished with lubricant, so that a
considerable expenditure of time can be  avoided. In particular, an
external lubricant feed line can be provided for this 1 JUN 2006 4
replenishment of the lubricant supply means, so that lubricant can be made
available  in a wholly continuous manner. The one or more exit openings are
preferably situated at the side of a  substantially cone-shaped
distribution element, so that the lubricant emission will  not take place
directly onto the target object, but will be effected primarily due to
adsorption on the distribution element and subsequent desorption therefrom.
In this  connection matters can also be arranged in such a way that the
angle of inclination  of the one or more exit openings can be varied. In
this way it becomes possible for  the vaporization device to be adapted to
a very wide range of different geometric  conditions, while the
distribution of the vapour particles over the target object can be
individually set and optimized in a very simple manner. The vaporization
setting means will preferably take the form of a heating  device arranged
in the area of the lubricant supply means. In collaboration with a
temperature sensor likewise arranged in the area of the lubricant supply
means, said  heating device makes it possible to set a desired vapour
pressure. According to yet another advantageous embodiment, the vacuum
vaporization  device in accordance with the invention is provided with a
storage volume intended  for the produced lubricant vapour and situated
between the lubricant supply means  and the exit openings. This volume, in
particular, could consist of a substantially  tubular connecting element.
The storage volume can be used to accommodate the  lubricant vapour that,
though produced, has not yet been distributed onto the target  object. In
that case a certain quantity of vapour will always be available, especially
immediately after the opening of the valve, so that the vapour deposition
process can  be performed very quickly and effectively even in
discontinuous operation. 



With a view to preventing an undesired adsorption and maintaining and
producing the lubricant vapour, in particular, this embodiment is provided
with one  or more heating devices that heat the lubricant supply means
and/or the distribution  means and/or the storage volume to a predetermined
temperature. The temperature  of the distribution means should preferably
be capable of being set between 25 and  300C. Preferably, it should also be
possible to make the temperature Tvext of the  distribution means greater
than the temperature Tvv of the storage volume and the V 5 JUN 2006
temperature Tvv of the storage volume greater than the temperature TvM of
the  lubricant supply means. This will avoid the lubricant vapour
condensing within the  device. Preferably the settings will also be such
that the temperature differences  Tv,t- Tvv and Tvv - Tvw both amount to
about 10C. The process for depositing lubricant vapour on a target object
in accordance  with the invention consists of the following steps:
provision of a target object to be  coated, production of a lubricant
vapour, setting of a defined vapour pressure,  production of a stream of
lubricant vapour by expansion of the vaporized lubricant  through one or
more exit openings, production of a homogeneous vapour particle
distribution over the target object by appropriately setting the angle of
inclination of  the one or more exit openings or/and adsorption of the
vapour particles in a  substantially cone-shaped distribution element that
opens in the direction of the  target object and their subsequent
desorption therefrom. According to an advantageous variant, the desorption
is obtained by heating  the distribution element. This assures that the
dwell time in the distribution element  will not be excessively long, thus
improving the homogeneous distribution of the  lubricant vapour over the
target object. The homogeneity of the distribution of the  vapour particles
(molecules) over the target object will preferably be set by means of  a
predetermined angle of aperture of the distribution element. The defined
vapour pressure can be advantageously set by means of a  temperature
regulation mechanism. A uniform vapour deposition rate can thus be  



obtained in a simple manner, especially in case of discontinuous operation.
The  employed lubricant will preferably comprise perfluoropolyether (PFPE).
According to an advantageous variant of the process, two vaporization
devices  are used to coat the two sides of a disk-shaped target object.
This makes it possible  for the two sides of the target object to be coated
simultaneously, so that there is no  need for providing a costly turning
mechanism within the apparatus. The invention further concerns a target
object bearing a layer deposited by  means of the process in accordance
with the invention. The process for the  deposition of lubricants in
accordance with the invention can preferably be applied  to ring-shaped
data storage disks, especially hard-disk storage media. I JUN 2006 6 On
hard disks the lubricant, especially PFPE,  is preferably provided with
additives (X1P) . If these were to be heated as a mixture and applied in a
one-stage  process, a distillation effect would be produced. According to
an advantageous  embodiment, the lubricant is therefore applied to the
target object in a two-stage  process. Given this treatment at two
successive stations, the liquids in use can be  selected according to their
molecular weight (molecular weight distribution 1.05  rather than the
customary 1.50) and this renders possible longer operating periods  and
constant vapour deposition rates. Furthermore, an additional degree of
freedom  is obtained by virtue of the fact that it becomes possible to
prepare different layer  thicknesses. Together with the valve function of
the vaporization device, this could  be done also in an in-phase device.
The applied layer is preferably a lubricating layer with a preferred
thickness of  1- 5 nun or, better still, 1.5 - 3 nm.  The layer inhomogenei
ty will amount to less than  20%, preferably less than 10%, especially less
than 8%. The invention and its advantageous embodiments will now be
schematically  illustrated in greater detail with the help of drawings, of
which - Figure 1 shows a section through an embodiment of the vacuum
vaporization device in accordance with the invention; - Figure 2 shows a
section through a part of the vacuum vaporization device  



illustrated in Figure 1 drawn to a larger scale; - Figure 3 shows a
schematic representation of the principle that renders  possible the
production of a homogeneous lubricant distribution over the target  object.
Figure 1 shows a section that schematically illustrates the structure of
the  vacuum vaporization device in accordance with the invention. The
device is  provided with a lubricant storage space 1 in which the lubricant
is stored. The  storage space 1 can be filled from outside, and this can be
done either directly or via  a connected feed line that renders possible a
continuous replenishment. For the  purposes of producing the lubricant
vapour, the storage space (1) can be heated by  means of an appropriate
heating device to the typical range between 25 and 300C,  so that a defined
equilibrium vapour pressure becomes established above the 01 JUN 2006 7
lubricant liquid. An appropriate temperature regulation mechanism can be
used to  maintain the vapour at a predetermined vapour pressure. A
tube-like transmission section 2, which can also be used as a storage
container for the already evaporated lubricant, leads the lubricant vapour
to the exit  openings 6a, through which it expands into an evacuated
chamber for deposition on  a target object. In front of the exit openings
6a there is also provided an additional  closure mechanism 7, which could
be, for example, a pneumatic valve operated by  means of a valve rod 7a.
This arrangement makes it possible to interrupt the flow of  lubricant
vapour, for example, whenever there is no target object in the vapour
deposition chamber. When the valve 7 is in its closed position, the
lubricant vapour  in the transmission section 2 is then maintained at a
defined vapour pressure, so that  it will be immediately available for
vapour deposition when the valve 7 is opened  again. With a view to
avoiding condensation, it will be advantageous to provide  heating also for
the transmission section 2. When this is done, the temperature Tvv  of the
transmission section wall should be slightly greater than the temperature
TvM  of the lubricant storage space 1, preferably producing a temperature
difference of the  order of 10C. 



With a view to assuring good heat transfer properties, the parts of the
device in  accordance with the invention that come into contact with the
lubricant vapour are  made of copper, alloy steel or some other suitable
material. When selecting the  material, care must be taken not to use any
materials that could cause the  decomposition of the lubricant
(perfluoropolyether [11MW Zdol]) or possible  admixed materials (X-1P). The
admixed materials are preferably not heated at the  same time as the
lubricant, but should be deposited one after the other in a two-stage
process, since their simultaneous deposition would give rise to an
undesired  distillation effect. When the valve 2 is open, the lubricant
vapour in the (storage or) transmission  section 2 will eventually reach
the distribution means 4 through the exit openings 6a.  The exit area is
shown to a larger scale in Figure 2. The vapour passing through the  open
valve 7 issues from the exit openings 6a. The exit openings 6a are arranged
in  a valve cone 6 in such a manner as to make the vapour issue in the
direction of the D 1 JUN 2006 8 distribution means 4, which is here
represented as a cone opening in the direction of  the target object (not
shown). The exit openings can be arranged right round the  valve cone 6 in
order to assure an even distribution of the lubricant vapour. Just like
the transmission section 2 and the lubricant storage space 1, the cone 4 is
heated in  order to avoid condensation of the lubricant vapour. The
temperature Tvext of the  cone 4 should be greater than the temperature Tvv
of the transmission section 2 and  the preferred temperature difference is
once again of the order of 10C. Figure 3 provides a schematic
representation of the principle underlying the  production in accordance
with the invention of a homogeneous distribution of the  lubricant over the
substrate 8. The angle of inclination of the vapour exit openings  (not
shown) determines the place where the vapour stream 5 strikes the
cone-shaped  distribution element 4. Given a negative angle, i.e. an angle
of incidence at which  the vapour stream 5, prior to striking the
distribution element 4, will have a direction  component that points away
from the target object, the distribution element 4 will be  struck (dotted
line) by the vapour stream 5 at a point that corresponds to a small  



cone radius. Given a positive angle, i.e. an angle of incidence at which
the vapour  stream 5, prior to striking the distribution element, already
possesses a direction  component that points towards the target object 8,
the distribution element 4 will be  struck (broken line) by the vapour
stream 5 at a point that corresponds to a large  cone radius. The circle
shown in the figure is intended to symbolize the so-called  vapour lobe
that becomes established. The vapour molecules are adsorbed when  they
strike the distribution element 4. Since the distribution element is
heated, the  high temperature assures that they will remain adsorbed on the
surface of the  distribution element 4 only for a very short time, after
which thermal desorption will  cause them to become "re-radiated" in the
direction of the target object. The distribution characteristic of the
vapour over the target object 8 can be  varied by an appropriate choice of
the geometry - i.e. the angle of aperture - of the  distribution element.
The deposition rate distribution on the target object 8 can also  be set
via the geometry of the exit openings. With a view to obtaining a more
homogenized distribution, exit openings with different angles of
inclination may  also be provided. For example, one could think of varying
the angle of inclination of 01 JUN 2006 9 the exit openings and therefore
also the angle at which the vapour stream is radiated,  so as to render
possible individual matching and/or adjustment - for example,  different
diameters and the like - to the target objects that are to be coated
without  having to effect any other modifications of the apparatus. The
invention is particularly suitable for such target objects as annular data
storage disks, for example, hard disks and the like. The apparatus in
accordance with  the invention can be used to produce vapour-deposited
layer thicknesses in the range  between 1 and 5 nm , preferably between 1.5
and 3 nm,  on large numbers of pieces,  and layer inhomogeneities  of less
than 20%, namely about 10% - or even 8% - can be  obtained when this is
done. Vapour deposition rates of up to 1 nm/s  are preferably  used for
this purpose, so that as many as 1000 disks can be coated in an hour. The
coating of a given target object can be simplified with the help of the
present invention. To this end the coating rate is regulated via the
temperature of the  



lubricant bath. The deposition time and therefore the coating thickness can
then be  set by means of a valve 7, so that discontinuous operation becomes
possible. The  special cone geometry can be used to obtain a uniform
deposition rate over the target  object. Whenever appropriate, moreover,
the lubricant storage space 1 may be  provided with an external feed line,
so that the apparatus does not have to be opened  or switched off before
the lubricant can be replenished. 0 1 JUN 2006 10 Claims 1. A vacuum
vaporization device for lubricants and the like and applying these to a
target object (8), said device comprising: - lubricant supply means (1) for
making available the lubricant,  - one or more heating devices for
producing lubricant vapour, - vaporization setting means for setting the
vapour pressure and/or the temperature  of the lubricant, - distribution
means (4, 6) that distribute the lubricant vapour produced by heating onto
a target  object that is to be coated therewith, where the distribution
means (4, 6) are provided with one or  more exit openings for the vaporized
lubricant and at least one substantially cone-shaped  distribution element
(4) that becomes enlarged in the direction of the target object. 2. A
vacuum vaporization device in accordance with Claim 1, characterized in
that it is further  provided with a device (7) for interrupting the vapour
supply. 3. A vacuum vaporization device in accordance with either of the
preceding claims, characterized  in that the lubricant supply means (1)
consist of a hollow space that can be filled from outside. 4. A vacuum
vaporization device in accordance with Claim 3, characterized in that an
external  lubricant feed line is provided for filling the lubricant supply
means (1). 5. A vacuum vaporization device in accordance with any one of
Claims 2-4, characterized in that  the device (7) for interrupting the
vapour supply consists of a valve. 6. A vacuum vaporization device in
accordance with any one of the preceding claims,  characterized in that the
one or more exit openings are arranged laterally on a substantially cone-
shaped element (6). 7. A vacuum vaporization device in accordance with any
one of the preceding claims,  



characterized in that the vaporization setting means consist of a heating
device arranged in the  area of the lubricant supply means, said heating
device, together with a temperature sensor  situated in the area of the
lubricant supply means (1), making it possible to set a desired vapour
pressure, l JUN 2006 11 8. A vacuum vaporization device in accordance with
any one of the preceding claims,  characterized in that it comprises a
storage volume (2) for the evaporated lubricant between the  lubricant
supply means (1) and the exit openings. 9. A vacuum vaporization device in
accordance with any one of the preceding claims,  characterized in that the
storage volume (2) consists of a substantially tubular connecting element.
10. A vacuum vaporization device in accordance with any one of the
preceding claims,  characterized in that it is provided with one or more
heating devices that heat the lubricant supply  means (1) and/or the
distribution means (4) and/or the storage volume (2) to a predetermined
temperature. 11. A vacuum vaporization device in accordance with Claim 10,
characterized in that the  temperature Tvext  of the distribution means is
greater than the temperature Tvv of the storage  volume and that the
temperature Tw of the storage volume is greater than the temperature TvM of
the lubricant supply means. 12. A vacuum vaporization device in accordance
with Claims 11, characterized in that each of the  temperature differences
Tvext - Tvv and Tw - TvM amounts to about 10C. 13. A vacuum vaporization
device in accordance with any one of Claims 8 to 12, characterized in  that
the temperature of the distribution means (4) can preferably be set between
25 and 300C. 14. A vacuum vaporization device in accordance with any one of
the preceding claims,  characterized in that the angle of inclination of
the one or more exit openings can be varied. 15. A process for the vapour
deposition of lubricants and the like on a target object (8), especially
by using a vacuum vaporization device in accordance with any one of the
preceding claims, that  consists of the following steps: - provision of a
target object (8) to be subjected to vapour deposition;  - production of a
lubricant vapour by thermal heating; - setting of a defined vapour
pressure; 



- production of a lubricant vapour stream (5) by expanding the vaporized
lubricant through one or  more exit openings; - production of a homogeneous
distribution of vapour particles over the target object (8) by setting  the
angle of inclination of the one or more exit openings and/or the adsorption
of the vapour 01 JUN 2006 12  particles on one or more substantially
cone-shaped distribution elements (4) that open in the  direction of the
target object and the subsequent desorption of said particles. 16. A
process in accordance with Claim 15, characterized in that the desorption
is obtained by  heating the distribution element (4). 17. A process in
accordance with either of Claims 15 and 16, characterized in that the
defined  vapour pressure is set by means of a temperature regulation
mechanism. 18. A process in accordance with any one of Claims 15 to 17,
characterized in that the lubricant  comprises perfluoropolyether (PFPE).
19. A process in accordance with any one of Claims 15 to 18, characterized
in that the  homogeneity of the distribution of vapour particles on the
target object (8) is set by means of a  predetermined angle of aperture of
the distribution element (4). 20. A process in accordance with any one of
Claims 15 to 19, characterized in that two  vaporization devices are used
to coat the two sides of a disk-shaped target object (8). 21. A target
object with a layer (or coat) applied by means of a process in accordance
with any  one of Claims 15 to 20. 22. A target object in accordance with
Claim 21, characterized in that it consists of an annular data  storage
disk, especially a hard-disk storage medium. 23. A target object in
accordance with Claim 22, characterized in that the layer is applied in two
steps. 24. A target object in accordance with any one of Claims 21 to 23,
characterized in that the layer is  a lubricating layer having a preferred
thickness of I - 5 nm or, better still, 1.5 - 3 nm. 25. A target object in
accordance with Claim 24, characterized in that the coating is applied at a
vapour deposition rate of up to 1 nm/s. 26. A target object in accordance
with any one of Claims 21-25, characterized in that the layer
inhomogeneity is smaller than 20%, preferably smaller than 10%, especially
smaller than 8%. 


