ID 1 JUN 2006 1 Vacuum Vaporization Device The present invention concerns a
vapori zation device for lubricants, as well as a process for their
application to a target object, for exanple, a hard magnetll 8 JilR00®r the

| i ke. As here used, the termlubricants (often referred to al so as | ubes)
IS not to be understood in a narrow sense and is rather intended to
describe the preferred field of application. Under no circunstances is a
limtation to be associated therewith, 1because the invention described
herei n bel ow can be used also with other substances that are capabl e of
being applied to a target object by means of vapour deposition in a
vacuum including not only al|ViguyasVaporizatien Pawice and such | ubricant-1ike
materials as antiseize, slip additives, greases, parting agents or, quite
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especially hard magnetic disks, often calls for the application of a slip
| ayer havi ngPrlicationi Hadey pevircimatandesaissadimitptionhtat bé rassociated therevdth,on t he

magneti c di ' . a 0ssi bl e o.t hat, the
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disk is pulled out of the_bath. The need for pulling the part out of the
bath, in pdMPEdr=aFc Pﬁé@“&jﬁ?@ fybgigagtys hgreised mythe e sense de dessaibe pllckness

of the appl pfehese, including — of course — also the preferred field of application, with a view

to obtaining a slip or lubrication effect. Consequently, whenever the term lubricant

‘isused 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 fhe
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 dituted
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




| ubricant. Over and above this, there is also the problemthat the surface
of the 0 1 JUN 2006 2 magnetic disk is very |iable to becone contam nated
before it is covered with the lubricant, so that the Sﬁh{g@@?gmﬂ%

‘at nosphere has to be kept as clean as possible if a utrl yer of

| ubricant is to be obtained. Wth a viewto limting this contam nation
and, nore particularly, the coverage of the surface with gas adsorbates,
it has been suggested, in US 6,183,831 Bl for exanple, that the entire,
coverage process should be carried out in a vacuum To this end several
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is then subjected to the vapour deposition of a lubricant in vacuum This
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vapor i zat i onubiHtdnt 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 fo 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.




vapour - deposition device that is not associated with the drawbacks
expl ai ned above and is particularly distinguished by a h nggﬁgfgmﬁk
distribution of the lubricant over the surface of the nagn i . 01
JUN zoos 3 According to the invention this aimis attained by a vacuum
vaporization device for the application of lubricants to a target object
under vacuum Said device conprises the follow ng: |ubricant supply neans
for making a lubricant avail able, vapoggzation control neans for setting
t he vapour pressure and/or the tenperature of the lubricant, and

di stribution rreggs that distribute the |ubricant over the target. object on
which it is to BECordfgsia &g inmentien &his jami isaitairednly &r vacphmy vapedzatianh one

or nore exit | FRT ' I.C - .
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distribution elenent, the |ubricant can be honbgeneousl éx di stri buted over
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di stributi o Peiteflt CBFIRES ffAing apaEged,ubrict suidpatalsastoneTbstantially

adsor pti on/ 43aQLRIpea r&iﬂﬁﬁﬁtfdnbéiéﬂﬁ% Kt otns laﬂge?rsih%@ ot e %2]?;@?' ess
or continuous distribution of the lubricant ovér the entire targ obj ect
that is not thatds$ tedevasiateddet er mi ned by the avail abl e exit openings.

Furthernore, the, deyi i n _accor ce with the [nvention _can also he
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o 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 oiatain 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




According to another and particul arly advant ageous enbodi nent, the

| ubricant supply neans assunes the formof a holl ow spa t hat can be
filled fromoutside. Consequently, the device need not HeTsfIN 2pswn or
opened when it has to be replenished with |ubricant, so that a

consi derabl e expenditure of tinme can be avoided. In particular, an
external lubricant feed line can be provided for this 1 JUN 2006 4
repl eni shment of the lubricant supply ngpns, so that |ubricant can be nade
available in a wholly continuous nmanner. The one or nore exit openings are
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' 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
300°C. Preferably, it should also be possible to make the temperature Tyex of the

distribution means greater than the temperature Tyvy of the storage volume and the




Wth a view to preventing an undesired adsorption and mai ntai ning and
produci ng the lubricant vapour, in particular, this enbodinent is provided
with one or nore heating devices that heat the | ubricant susm ygﬁans

and/ or the distribution neans and/or the storage volune to a pr‘j 280t ned
tenperature. The tenperature of the distribution neans should preferably
be capabl e of being set between 25 and 300C. Preferably, it should also be
possi ble to make the tenperature Tvext & the distribution neans greater
than the tenperature Tvv of the storage volunme and the V 5 JUN 2006
tenperat ure idit¥erffurd TG Frahefory VOB SRLGF thdPfhel @fipbGiRE B LbEthEV M Of
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provi sion of a target object to be coated, production of a |ubricant
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inclination of the one or nore exit openings or/and adsorption of the
vapour part iPEpdIStipn of a sggpstafdebrigant vapsue by lsapandioni ofithe waparized ditaieentt t hat
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vapour pressure ,can be advantageously set by means of a_te rature
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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.




obtained in a sinple manner, especially in case of discontinuous operation.
The - enpl oyed | ubri cant mAII preferably conprise perfluod&@q&g@t ( PFPE) .
According to an advant ageous vari ant of the process, two vapori?z on
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
si mul taneously, so that there is no need for providing a costly turning
mechani smw thin the apparatus. The invgntion further concerns a target

obj ect bearing a |ayer deposited by nmeans of the process in accordance
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The invention and its advantageous embodiments will now be schematlcally
illustrated in greater detail with the help of drawings, of which

- F{gure 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 300°C,

so that a defined equilibrium vapour pressure becomes established above the




illustrated in Figure 1 drawn to a larger scale; - Figure 3 shows a
schematic representation of the principle that renders pogﬁiab eﬂﬁﬁ
production of a honbgeneous |ubricant distribution over the 't § obj ect .
Figure 1 shows a section that schematically illustrates the structure of
the vacuum vapori zation device in accordance with the invention. The
device is provided with a lubricant storage space 1 in which the |ubricant
is stored. The storage space 1 can be f4lled fromoutside, and this can be
done either directly or via a connected feed |ine that renders possible a
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avoi di ng condensati.on, .it wll. dvant ageous,_to provide _heating also for
t he transni §€Wﬁfw%§ é@megf‘f‘ttily aV\W@%?‘? ?ﬂrs"qumgg?‘i"@?“"f’ﬁé"he@ntb@r"&l"ﬁr%ﬁ%ﬁn‘?@)f t he
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di ff erence JRatingalse forcthe ¢fansigission section 2. When this is done, the temperature Ty

of the transmission section wall should be slightly greater than the temperature Ty

of the lubricant storage space 1, preferably producing a temperature difference of the
order of 10°C.

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 coppet, 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 [HMW 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
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shown) det erm nes ce where pout st t
cone- shaped thevapbut Strdairod) peloe bestiikthg the di8RiIbALIOE BldtrcHed, 3l iRve b d@ectih angl e
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cone radius. Given a positive angle, i.e. an angle of incidence at which the vapour
stteam 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
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t enper at ur espedial dvde 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.




| ubricant bath. The deposition tine and therefore the Q@t thi ckness can
then be set by neans of a valve 7, so that discontinu M‘g B on becones
-possi bl e. The special cone geonetry can be used to obtain a uniform
deposition rate over the target object. \Whenever appropriate, noreover,
the lubricant storage space 1 may be jgprovided with an external feedline,
so t hg,the apparatus does not-have to be opened or switched off before
the lubricant can be replenished. 0 1 JUN 2006 10 Clains 1. A vacuum
vapori zation device for lubricants and the |ike and applying these to a
targey Mé?:%hm(\%borlz%ﬂi)rqagﬁﬁ’é ﬁ?luﬁﬂgg?ﬁé éﬁdWe like éhiﬁédadﬁ%thgéb%'é’ means (1) for
maki ng avai | abl ricant evices for
produgﬁlfﬁgmhlﬂﬂt(&iaﬁﬂd meﬂsmaporl zatl on settl ng nmeans for setting the
vapour pressure and/or the tenperature of the lubricant, - distribution
means (4, 6) that distribute the |ubricant vapour produced by heating onto
a t ar getubrigh]t eupply maens &) fas nb?éﬂrtg(ﬁftaé%bi@ therldwicant, where the distribution
means gﬂeop)m@éﬁea%g%\q%mﬁlad dﬁpg%ogxlt openi ngs for the vaporized
| ubricant and_ at |east one substan ? ne-'shaped distribution el enent
(4) that’aﬂfé'éétl'%‘ssegf'i‘lgdﬂ%’@ forpetting toe vwr pigsgfre endot iedempepiuet . 2. A
vacuumryf aR@ricaat | on device in accordance with daim1l, characterized in
that it js.further provided with a device (7) for interrupting the vapour
suppl y. dtribation meghs (A o that Sistrifitebe; xicapt vepewr piasiced iytheating prip adﬁrgpﬁ

pr ecedbjeet keisNS be @b@c@@@m@éwmﬁdmeré\thbwnm@n highhd GaB) aﬁéﬁﬂ-@h&(ed‘ﬁﬁﬁ‘%né &
consi st of @ holl ow pace hat can be filled fromoutsid A vacuum

vapor iP%E i S SRRNGS {oh the cEpasFade luRrieant G"Ql A tpastpae a?é‘lbéﬁaf‘%'d ¢anershgrechn

ext er pigkributiopElefRAt (41) et bbdontesl dhidpgsy indesdifetion bl ths Rgéthdjdcubr i cant supply
means (1). 5. A vacuum vaporization device in accordance with any one of

Clains 2-4, characterized in that the device (7) for interrupting the

vapour2. sAimatyunt easdrizbtiorofievicey il atﬁorcﬁnceAWHlﬁi@lwm vamraicz@i&é@mn thay it Ge further
accor%anc t he B?ﬁ}‘?edl n characterized in that the

one o rova%g %%%g%‘%cggﬁ%@gm GrRIPY J&8° aﬁ”@?% ly on a substantially cone-

shaped el enent (6). 7. A vacuum vaporization device in accordance wth any
one 0f3. tﬂb\?ac%ﬁlc\%gbﬁ%ti% Ab%Be 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
fubricant 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 arrang'ed 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.




characterized in that the vaporization setting neans consi st of a heating
devirce arranged in the area of the lubricant supply mean 1s i m@tl ng
«device, together with a tenperature sensor situated in the area 0

| ubri cant supply nmeans (1), nmeking it possible to set a desired vapour

pressure, JUN 2006 11 8. A vacuum vapori zation device in accordance WI th
any ong \/& theU recedi d characterl ed in th it COIT@I’I stg
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suppl ycheeatesiz¢dlin thadt téraprisesta stprage vglimeX(2) for e evtiporagdiubdcdnt detwaenitige i n
accorqm%g?tvgnégwgygaggn&ag%he ?xngr eceding claims, characterized in that the

st orage vo PRE0BSEant i al | y tubuI ar connecting el enent.
10. A vacuum vapori zation deV| ce in accordance with any one of the

preced ng t rovid wi th one or
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tenperature. 11. A vacuum vaporization device in accordance with C aim 10,
characterized in that the tenperature Tvext of the distribution nmeans is
gr eat d0. thhawculre vanepzatienudeviceyin afccoridenca evithgany wok usfe then greichding t dlaims,

t enpe f 0, I e M of
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Tvext tgmpM¥nshd Tw - TvM anounts to about 10C. 13. A vacuum vaporization
device in accordance with any one of Clains 8 to 12, characterized in that

the tenperature of the distribution neans (4) can preferabl y be set between

25 and13Q0Gackfin VApYREEL JIRAT 1'nZ§(§doPdltng§‘4Mﬁte dldﬁna?@oﬁl%gﬁé’rsi@dt R 88y tt?é‘e of

t he: precedlﬂlg?c ai s characterized in that the angle i nclination of
t he of@mesraiws dvendftthe slistilgigion degangds Epatethan dhe ﬁ@%@t{é@s'r\fvo@f thp steragryur
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by us a.va um vaporization device n accordance with any one of
pr ece '{:} 30t AP MSENS- consi sts of the fol l owing steps: - provision of a
target Obj ect (8) to be subjected to vapour deposition; - producti on of a

| ubri vapour eat i of a defi ne
pres sﬁ? vacm?um vapc}uzatto evncerlln accorc?énce Wltﬁ é[alm% 11 charactenzeddln Yha? each of the

temperature differences Tyeq - Ty and Tyy - Tyy amounts to about 10°C.

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 300°C.

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 andfor the adsorption of the vapour




- production of a lubricant vapour stream (5) by expanding the vapori zed

| ubricant through one or nore exit openings; - production og,ia imtrr? neous
distribution of vapour particles over the target object (8) s’ ﬁ@ t he

angle of inclination of the one or nore exit openings and/ or the adsorption
of the vapour 01 JUN 2006 12 particldg on one or nore substantially

cone- gimtfutel dh Shei dyUhbrensubkRifBlyScdnd)shiapa d@ﬁmntuémete%ntsd(d) QR 615‘én0if1 thge
targetdblrob%ect &@‘?% t he _subseguent, desorption of sajd particles.
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i s obtained by heat| ng the di stribution element (4). 17. A process |n
accor e_W cterized in that th

def 1 nelt AriBti® BrskSiptes W clom, b, Sieckia Pfifca mion i ditrom by
mec harhesting the.diskilpitios eksnanb(49ccor dance with any one of Clainms 15 to 17,
characterized in that the lubricant conprises perfluoropolyether (PFPE).
19. A process in accordance with any one of Clains 15 to 18, characterized
in that?. uﬁharommnga@nmdwceow.m bithetti cf tCthibist 1508ndD 16, Viehiafrtterzad i ea@ theOdefinbg

target, ns of .a redet ermined angl e of aperture of
t he di s??dl'rﬁﬁ%slséjﬁé '3IS§ %%&ea%mpﬁr%q’r%%ﬁa Pﬂ”%?nbﬁ'?'ﬂance with any one of
Clains 15 to 19, characterl zed in that two vaporl zation devices are used
to coafg I ct 8).,.21. t ar get
obj ect whﬁogg@e{ﬁgr %ér}rcgﬁ\é{ﬁ') grgl ﬂ%ﬁggﬂ%@%rﬁe s %ra [%5 S jt??fe&é%@’gﬁ‘c‘ﬂamce
with an@eﬁap@"ﬂuc@mlmh%PFBEpo 22. A target Ob] ect in accordance with
Caim 21, characterized in that it consists of an annular data storage

di sk, especially a hard-di sk storage nmedium 23. A target object in
accor d@nce RiPIENS GnargerEiznce vdihagmeongeef Clinmhdb tchd8) ahemctieszatppi ited tha t wo
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characterized’'in having a preferred
t hi ckrpgedst ‘?ff“"?ed-a@erﬁﬁ%ﬁm“@é%fﬁ'@rdlgtflblﬂtlm elergent (8. nm 25 A target object in
accordance with Caim 24, characterized in that the coating is applied at a

vapour, dﬂgosmlon rate of up to 1 nm's. 26. A target object in accordance
with rPéOQ?PSd’ai?CﬁefdﬂcezHthcﬁw 6% &¥fi Glaims 5t 19af 9+t Rearpelgrized in that two

i nhonﬁ@p@ﬁa&@n tevicdwrdré @ked ﬂ&%a?@\%tw@éiﬁé@é@@b%k-%@deﬁ%rgfef@d}e&%’? especial ly
smal | er than 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 1 —~ 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%.




