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phase deposition of polyneric |ubricants ont f, ol édC
recording disk. The gas phase of the lubri ccﬁ'b?sgn@#ﬁ ?Q%d """ rrqg sieéit y—Of
t echni ques such as evaporation, sputtering, il€hClafg i n@a%ﬁﬁ’d Ujé°l Ty

evapor ati on, AM®-93asebus phase of the pol yiter O Braivingtskd pbged -heattd mgaest .. by—

an ion beaminpinging on the surface of the peyxXERGet Th@a@@s___{fﬁasgag@j ~Lhe

deposited onto the surface of the disk to fogmthe |ayer lubri.cant  Due:
to the relatively |arge sirrocess tdmcgasn@mcumkqmcomhemﬂvesa however,
they do net adhere well to the .disk surface resulting in a filmwhich is
subjpect to peeling, craz cracking or the like. In addition, the S
phase deposition of® ‘T)(B’F??ﬁé%slﬁ’éﬁ’é’r"é’l FSlares §Pt% PFOFess 19 nFRataRd ae%‘ﬁ?’bﬁt?‘s' a
i quid-1like beétrordbng devide with assdemetiedfigmobl em of stictionm en snpoth

di sks. Arai et al., US. Patent 4,419,404 issued 12/6/83 and | mat aki
et al., US. Paten 4 925 733 .1 ssyed 5/15/9 bot h disclo

polymeric filmon %T?e i fef:l c f’% el enefae(%r c?mﬁnsc?ewag bgl){ll;q H.-an%tlc
pol ynmeri zi ﬁg mqygﬁi@g ﬁﬁﬁl@ﬁ\gfi qggé r o%ﬁ,g}uch is moved along the surface of

the disk to read and/or write information on the disk.

Thin-£film magnetic recording disks typically comprise a substrate,
such as an aluminum-magnesium alloy with a textured surface coating such
as nickel-phosphorous, a.magnetic film such as a cobalt based metal_alloy

10. or a y-iron oxide film, and a protective overcoat, such as a
sputter-deposited hydrogenated carbon film. A lubricant, such as a
polyperfluoroether, is often applied to the carbon overcoat. A general
description'of the structure of such thin-film disks is given in U.S.
Patent Nos. 4,610,911 to Opfer, et al., and 4,552,820 to Lin, et al.

15 The lubricant on the surface of the disk functions to reduce wear
at the interface of the disk and slider or head as they are moved
relative to one another during operation. Excessive Weaf can eventually
lead to failure of the recording device. A second function of the
lubricant layer is to reduce the static friction (stiction) between the

20 head and disk. Excessive stiction can also lead to failure of the

recording device upon start up.

Prior magnetic recording disks employed liquid lubricants.. Liquid
lubrication is typically applied via a solvent intensive process using
fluorocarbop/chlorofluorocarbon solvents. However, the use of such

25 solvents is being curtailed. Further, liquid lubricants can be depleted
_due to spinfoff during operation. Also, the use of liquid lubricants can
result in variations in the thickness of lubricant over disk surface. If
the lubricant layer is too thin, iﬁ can cause excessive wear and if the
layer is too thick, it can cause increased stiction between the head and
30 disk. This is especially true on smooth disks, where capillary forces
and meniscus formation lead to unacceptably high stiction at the

head/disk interface.

In order to avoid the problems associated with the application of

liquid lubricants, gas phase deposition of the lubricant was developed.
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plasna polynerlzatlon is deficient because the deposition process, and. -
hence the resultant filmconposition is difficult to control. This results.
primarily fromthe varied species inpinging on the disk during the
deposition p $.63S 01 470" exanpl e, a typical, plasma conprises ions of both
positive and negatlve polarity (of w dely varylng energy), electrons, free
radi cals created fromthe precursor, and the parent nolecule. Therefore,

there still is a need the art for L. m an ef icatin
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havi ng an en@l’i&ﬁ’d@;ﬁos@@&ytonw(éhgosufface of the disk to form the layer of
lubricant. Due to the relatively large size of the gaseous polymer
molecules, however, they do not adhere well to the disk surface resulting
10 in a film which is subject to peeling, crazing, cracking or the like. In
addition, the gas phase deposition of polymers generally results in a
film that exhibits a liquid-like behaviour wiih the associated problgm of

stiction on smooth disks.

Arai et al., U.S. Patent 4,419,404 issued 12/6/83 and Imataki et

15 al., U.S. Patent 4,925,733 issued 5/15/90 both disclose forming a
polymeric £ilm on the magnetic layer of a recording deviqe by plasma
polymerizing organic monomer gases. However, plasma polymerization is
deficient ibecause the depositiion process, and hence the yresultant film
composition is difficult to control. This results primarily from the

20 varied species impinging on the disk during the deposition process. For
example, a typical plasma comprises ions of both positive and negative
polarity (of widely varving energy), electrons, free radicals created
from the precursor,_and the parent molecule. Therefore, there still is a
need in the art for forming an effective lubricating coating on magnetic

25 recording devices.

It is therefore an object of the present invention to provide an
improved process for forming a lubricating polymeric coating on a
magnetic recording device,

Accordingly the present invention provides a process for forming a
30 polymeric film on the surface of a magnetic recording article comprising
the steps of: (i) placing the article in a chamber; (ii) evacuating the
chamber; (iii) providing a beam of ions of one sign; (iv) introducing
Precursor gas into the chamber; and (v) contacting the surface of the
article with the beam and the precursor gas to form the polymeric film on

35 the surface of the article.
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3 600 ev; and (iv) contacting the surface of said article with said beam.
and’a precursor gas to formthe fluorinated polyneric filmon the surface
of the article. Accordi ng to anot her aspect of the present invention
there is proxkigéj_gg_@l,lprocess for formng & fluorinated polyneric filmon
the surface of" a nmagnetic recording article conprising the steps of: (i)
placing the article in a chanber; (ii) evacuating the chanber; (iii) '

generating a beamof .io red ' | 0g,30: 8N " cto 600
e wby gkse?gx 88 HeOR:Iad! QP ENEL Bhrfing?D Yhyidld

ev; and (iv) con e surface of , article w 1t he beam and
precursor gasilmoon fihenfunface |4fothan BPEEEHDIFFTEARS AFHIRLB N FRETSIITFREST the
article. usindC& WedinNEf tionss b | dneaninnhéie adyhectpositivieecopmegatiiveighaoerli-on
there is proyided) a. Pt 995 Seuhofidnar 28 BOLdbk- Ut NRk-CehePRbdHIBIE Gebbddingn t he
surface of a magnetic reqgordi ng d'nﬁkeﬁor%ré{%'tn&; tggnstgﬂaé ofsi(1) placing
sai d di sk5i neEFiChafPef EPRY® BV 48T TG ThE CRANDET " (P57 - generating in
an i on beam Tarieatbwr the Progasst iposed itoetopt cidrtfddm imsaRet I6aXRREIHY ener gy
of about 1003is60Gre¥eradif, (th¥)preomtisetdasgid Bemmuhdmigas ohigaiid di sk

preferably flowed into the chamber and over the surface of the article
during the film forming step. In preferred embodiments the beam of ions
10 is positively charged and monoenergetic, and preferably is generated by

an ion beam generator.

The present invention also relates to a magnetic recording article
made by the process of the present invention.
The present invention will be described further, by way of example
15 only, with reference to an embodiment thereof, including the accompanying
dra&ing (Figure 1) which shows an assembly useful for performing the

proFess of the preferred embodiment of the present invention.

The present. invention relates to a process for forming a polymeric

film on the surface of a magnetic recording article.

20 Referring to Figure 1, there is shown an assembly for forming the
polymeric film on a magnetic recording device. The assembly generally
comprises vacuum chamber 10 and radio frequency gené;ated ion beam source
12. The RF source 12 generally comprises RF coil 14 (with associated

_ electronics) adjacent to a ceramic window 16 disposed in the wall of

25 chamber 10. Within the chamber are ion extraction grids 20 and 22 gas

ring inlet 24, gas inlets 26 and 28, and substrate holder 30.

In the first step of the process of the present invention, the
article (e.g. a disk) 36 is placed into the vacuum chamber 10 on
substrate holder 30. In the preferred embodiment, the process is used to

30 coat a thin-film magnetic recording disk. Suitable disks will generally
comprise a textured or smooth substrate comprising for example aluminum,
alumina, glass, carbon or plastic, an underlayer, e.g. chromium, a
magnetic layer comprising for example platinum, cobalt, chromium or iron
oxide, and an overcoat layer such as a carbon film. Other magnetic

35 recording articles such as sliders, heads, tapes or suspension structures
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:/\Ath the beam and a fluorocarbon gas to formthe fluorinated polyneric film
on the surface of the disk.
EMBCDI. MENT( S) The present invention will be described further, by way
of exanple only, with reference to an eHbodi ment thereof, including the .
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i nventi on.
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In the second step of the process of the present invention, the
chamber is evacuated through outlet 38 preferably to a pressure less than
about 1 times 102 Torr (e.g. preferably less than about 1 times 107

Torr, more preferably less than abouf 1 times 1073 Torr).

Generally, precursor gas is then flowed into the chamber.

"Preferably, the precursor gas is flowed into the chamber during the £f£ilm

forming step and more preferably the precursor gas is flowed over the
surface of the disk 36 in contact with the disk surface during the film
forming process. In one embodiment of the process of.the present
invention, the surface of the magnetic recording artifle is exposed to
the beam of ions prior to the introduction of precursor gas into the
chamber to pretreat the surface of_the disk. Alternatively, the
precursor gas can be introduced into the chamber before the beam of ions
contacts the surface of the magnetic recording article. The precursor
gas is conveniently introduced into chamber 10 through gas ring inlet 24
comprising a ring-shaped tube having a plurality of holes difected
towards the disk 36 conveniently at a flow rate of about 1 to 15 sccm

(standard cubic centimetres per minute).

Suitable polymerizable precursor gas for use in the process of the
present invention is a monomer gas or a low molecular weight oligomer gas
preferably having a degree of polymerization of less than about 10, more
preferably less than about 5. Cohveniently, the precursor gas will have,
at ambient temperature, a partial pressure of more than about 1 mtorr,
preferably more than about S50 mTorr, more preferably more than‘about 1
torr. Suitable gases include hydrodarboh gases, halocarbon gases,

silicon containing gases and nitrogen containing hydrocarbon gases and
mixtures thereof.

Suitable hydrocarbon gases include alkanes, alkenes and alkynes

such as, hexane, pentane, cyclopentane, butene and 1,3-butadiene,

r%&&t%glejrhe

ectronics)



3a - In the first step of the process of the present invention, the — =~
artircle (e.g. a disk) 36 is placed into the vacuum chanber 10 on substrate
hol der, 30. In the preferred enbodinment, the process is used to coat a

t hi n- f||ﬁ1ﬁﬁgﬂ@t§§(ﬁ@cord|ng di sk. SU|tabh£ di sks will generally conprise
a textured or snooth substrate conprising for exanple alum num alum na; -

gl ass, carbon or plastic, an underlayer, e.g. chromum a nagnetic Iayer

conprising faof bﬁé&%@péﬁd BLﬁéeanUmpr@&Qi\éé hy&l%%waaeés idoRtaiaxt4l@iland an
overcoat layer such as a c

such as sli d@%mﬁéﬁagle m?’f é%s sucﬂ as dlﬁn eracm%QeFLfst%ggn%r éﬂgn@é talng €s

or “suspensi on struc

alkynes.

Suitable halocarbon gases include chloro and fluordcérﬁon'gases,

5 such fluorinated élkanes such as carbon tetrafluoride, hexafluoroethane
perfluoropropane, perfluorobutane aﬁd perfluorocyclobutane; fluorinated
alkenes such as perfluoropropene, perfluorobutene, perfluorocyclopentene,
hexafluorobutadiene, vinyl fluoride, pentafluorostyrene, fluorinated
alkynes such as trifluoropropyne, hexafluorobutyne and fluoroacetylene,

10 and other halohydrocarbons such as hexafluoropropylene oxide and

copolymers of the above.

Other suitable gases include dimethyldifluorosilane,
methyltrifluorosilane, tetramethylsilane, trisilylmethane, silane,
tetraethoxysilane, trifluromethylaniline, trifluorocacetamide, and

15 mixtures thereof. Yet further suitable gases will be known to those
skilled fn the artf The preferred gases for use in the process of the
present invention are pentafluorostyrene and hexafluorcethane and

{
mixtures thereof.

In the next step of the process of the present invention, a beam of
20 either positive or negative ions are generated in the ion beam generator.
The design and operation of ion beam generators is known in the art.
Both filament and non filament, gridded and nongridded ion beam
generators can be utilized in-fhe process of the present invention.
However, to avoid source degradation and to enable beam focusing non
25 filament, gridded ion beam generators are generally more suitable in the.

process of the present invention.

Referring to Figure 1, the assembly for performing the process of
_ the present invention generally comprises vacuum chamber 10 and RF source
12. During the process, precursor gas and/or inert gas (such as argon,
30 helium, hydrogen, nitrogen, xenon or mixtures thereof) is introduced into
the ionizing chamber 40 through inlet 26. The RF coil is activated
(preferred power of about 100 to 150 watts) and radio frequency energy is
directed into the ionizing chamber 40 through ceramic window 16 to ionize
the incoming gas. Only a small portion of the incoming gas is ionized.
The un-ionized gas flows out of the ionizing chamber 40 through the grids
20 and 22 and over the surface of disk 36.

35



AMD- 92-014 4 can al so be coated with-a._
polymeric filmusing the process of the present I nventi on.

Preferably, the ion beam source is an ion beam generator. Suitable
comercially avail able ion beam generators_include D.C. filanment source 5
and non-fil anS3ddfces such as an inductfvel y coupled RF source or a = -
m crowave generated el ectron cyclotron resonance source. In the
second step of the process of the present invention, the chanber is
evacuat ed t hr ough Tuthetfilg fpreingy HisPyof she, PpPeess Afetie B R Ve 22Bout 1
times 10[ err]enkOektrabtipn fidetertabhnyentessids PAnasdhdtard doppsidely) [cdbrrded] o
Torr, nore prgfh%ﬁwoytalg%séréfﬁmﬁb&.l& df _Ebélﬁ&zb@[@a 4100bO%ds for positive
General ly, precursor gas | t%henth?ggdo& to_t ebgb:a_ PLs _300 vlgrlg%efrog,bl Y,
the precur sorsidds?q SPTSEHRREYi Bt he "ensnber “HUPPAT the FiTm form ng
step and nBr enggreier abidy 22 Hereferablys aPoutastl gotph\hedegrain sHestantialdyt gce
of the disk 341 & castidat of bike shen diesk &1 bl amediaghtiyet bansh i it f or m ng

process. I n one SAbOLHENo0ind Qgcqup&%s&bgta,{t@mgrsﬁeeﬁ the 1dn8V&Nkhen,
the surface of the magneti c recor

i ons prior tPPPRBLYeNEITILR B B"rf““‘ofh‘%ﬂr’]‘gléflftrhtglcﬁc’;‘lig%é%i%?ggfﬁgw;r%s tcl}?af&r;g%r p;_gm -Of
pretreat the mefémby ahet irm beagk contiriegsnpesigevey ionshef the imegk @esorthgas can
be i ntrodyged, el ok "gasChamRturlerdi 8ot RR RRAEMpPELdraFly comprises positive
jons of a precursor gas. The ions in the ion beam generally have an
energy of about 100 to aboﬁt 1000 electron volt (eV), preferably about
300 eV. The ions in the ion beam are generally monoenergetic having a
narrow energy distribution of about * 10%, preferably about * 5%, more
15 preferably about * 2%. The ion beam may be pulsed or continuous,
preferably continuous. During the f£ilm forming step of the process,
" precursor gas is also preferably iptroduced into chamber 10 preferably
through gas ring inlet 24 to flow over the surface of disk 36 in
contact with the surface of the digk. The ions which are accelerated
20 through the extraction grid of the ion beam generator collide with
precursor gas molecules absorbed_on or contiguous to the surface of the
disk to cause polymerization of the precursof gas and the formation of a
polymeric film on the disk surface. Preferably, after the polymeric film
has been formed on the surface of the disk, the chamber is evacuated
25 prior to terminating the ion beam. The resulting polynmeric £ilm has
generally uniform thickness varying from 5A to 1 micron and has excellent
adhesion to the disk surface. The disk coated using the process of the
. preferred embodiment of the present invention are suitable for both
conventional £lying head recording and also for contact recording.
30 Optionally, during the process of the preferred embodiment, the disk can
also be electrically biased at a potential of about 10 to 1000 volts,
. preferably -100 volts, with respect to the ion beam source to increase
the acceleration of the ions towards the disk'to improve the deposition

rate and to minimize undesired deposition of the polymer elsewhere in the
35 chamber.

In an alternative embodiment of the process of the present
invention, an ion beam generator may be disposed on each side of the disk

to form a polymeric film on both sides of the disk in one operational



20 contacts the surface of the magnetic recording article. The precursor.
gas is conveniently introduced into chanber 10 through gas ring inlet 24 -~
conpri sing a ring-shaped tube having a plurality of holes directed

towards the k 3 gonveniently at a flowrate of about 1 to 15 sccm
(standard cubiC cen%l nmetres per mnute). 25 Sui tabl e pol ymeri zabl €
precursor gas for use in the process of the present I nvention is a '
nononer gas or a | ow ngl ecul ar ht ol i goner gas .. thefera % haV| 419 a
degree of polss‘iﬁ%r‘ﬁsiﬁ? ﬁprf’c?ess t ant about 10, Hor e TV 1 8Ss

t han about 5.ioG@orrpmngensritprstqne be CPerasss sgﬁ%en\'ixﬁ‘?]ilyﬁhfvémunaneﬁ‘sﬁﬁbl ent
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and al kynes 35 such as, hexane, pentane, cycl opentane, butene and
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A thin-film magnetic recording textured disk (RMS roughness 60-70A)

comprised of: a) a nickel-phosphorous plated aluminum substrate, b) a
chromium adhesion layer, c) a ferromagnetic layer, and d) an amorphous

10 hydrogenated carbon protective overcoat, is placed into a vacuum chamber
equipped with a Kaufmann type ion beaﬁ source (DC filament excitation)
and evacuated to a pressure below 10° Torr. The thin-film disk is placed
approximately 10 cm from the ion beam source at normal incidence.
Hexafluoroisopropyl methacrylate (HIPM) is allowed to flow into the ion

15 beam source (controlled by a moleculer leak valve) until the pressure in
the chamber rises to approximately S’times 10" Torr. The ion beam .
filament is charged thereby creating_a discharge in the source. PoSi;ive
ions created in the source are then extracted and accelerated to
approximately 900 eV by the ion source grids. The thin-film disk is

20 exposed to the HIPM generated ions for approximately 1 minute. The ion
beam source is then turned off, the gas flow terminated, the vacuum
system vented, and the thin-film disk removed from the chamber. The
mechanical performance of a disk coated in this way was evaluated using
standard contact start/stop (CSS) testing using a modified Seagate drive.

25 Testing was performed at 10% relative humidity (in air) using a standard
IBM slider which imposes a load of 6g on the disk. The test was
performed for 10,000 CSS cycles. No visible wear was observed. The

stiction at the end of the test averaged approximately 4g.

EXAMPLE 2 - RF ION SOURCE

30 A thin-film magnetic recording disk comprising a textured
substrate, a ¢hromium underlayer, a ferromagnetic layer and carbon
Overcoat was placed into a high vacuum chamber equipped with an R.F. ion
beam source. The disk was electrically grounded. The chamber was

s €vacuated and then argon introduced into the chamber at a flow sufficient’

to sustain a pressure of 1 times 10 mTorr. Gaseous pentafluorostyrene



25butfhe and benzene. Preferred hydrocarbon gases contain readily S
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generated in the ion beam generator. The design and operation of ion
beam gener a$ orgxamsLK B oWtk TurED ep18K T . Both filanent and non fil anent,
gridded and nongridded ion'beam - generators can be utilized in the

process of the present invention.
A thin-film disk as described in Example 1 was placed into a vacuum

chamber equipped with an inductively-coupled, Radio Frequency generated
ion beam source. Again, the disk was placed approximately 10 cm from the
ion beam grids at normal incidence and the background pressure of the

15 chamber was evacuated to less than 107 Torr. Argon at épproximately 1
standard cubic centimetres per minute (sccm) was ‘allowed to flow into the
ion beam source. The RF generator was then turned on to creaqe argon
ions. The grids were electrically charged to extract and accelerate the
argon ions (ion energies of about 500 eV) toward the disk surface.

20 Pentafluorostyrene (PFS) was simﬁltaneously admitted to the vacuum
chamber and allowed to flow over the surface of the thin-film disk
where interaction with the argon ions led to formation of the polymer
layer. Tbe disk was exposed to the above described treatment for about
10 seconds. The chamber was then evacuated and the disk removed. CSS

25 testing was performed and the stiction after 100,000 cycles was 5+2g.

EXAMPLE 4 -~ SMOOTH DISK

A Nippon supersmooth carbon overcoidted thin-film disk (RMS
roughness 10-12A) was placed in the vacuum chamber housing the RF ion

source. The ion source was operated with nominally 1 scem argon and a

30 partial pressure of the precursor gas, hexafluoropropylene (HFP) of about
2 - 4 times that of the argon. Deposition was carried out for
approximately 15 - 30 secénds using an ion energy of approximately 500
eV. The di;k was removed and CSS tested to give 11i3g after 30,000
Cycles. Conventionally lubricated disk with comparable roughness

35

generally display stiction in the range of 30-120g after 30,000 cycles.



However, to avoid source degradation and to enabl e beam focusi ng non 25-
filament, gridded ion beam generators are generally nore suitable in the. :

process of the present invention. Referring to Figure 1, the
assenbly fof,pesfQum ng the process of 9 the present invention generally
conprises vacuum chanber 10 and RF source 12. During the process, g

precursor gas and/or inert gas (such as argon, 30 helium hydrogen,

ni t rogen, X%H&gmgrs M X bl Smt SRSl IS i ntroduced into the ionizing
chanber 40 ough inlet 26. The RF coil is activated (preferred power
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oppositely éAEQEEEﬂint()Each disk was successfully lubricated. CSS testing showed
no failures due to wear and stiction values of 3-6g were observed after

10,000 cycles.
10 EXAMPLE 6 - FORMATION bF A COPOLYMER FILM

Generally following the procedure of Example 3, a relatively smooth
disk (RMS roughness = 20-25A) was lubricated with a copolymer formed from
the reaction of pentafluorostyrene monomer (PFS) and hexafluoroethane
(HFE) monomer. The PFS was flowed over the disk and the HFE was

15 introduced into the ion beam chamber. The deposition &as done generally
in accordance with Example 3 (PFS/HFE-1:1; 300V accelerator voltage and
10 sec. deposition) and the resulting disk displayed nb wear in the CCS

testing with stiction of about 4-8g after 30,000 cycles.

EXAMPLE 7 - HEADS (SLIDER)

20 The ion beam coating technique described herein can also be used to
deposit polymeric films on magnetic recording heads. Following the
general procedure outlined above, a suspended magnetic recording head is
placed into the vacuum chamber and the chamber evacuated to 10°% Torr.

The head was placed approximately 10 cm from the outer grid of a DC

25 filament generated ion gun. Argon was introduced to the gun at a flow
rate of 5 scem. Positive Ar ions formed in the ion gun were accelerated
to 600 V and allowed to impact fhe surface of the magnetic recording
héad. Simultaneously, pentafluorostyrene was introduced to the chamber
and allowed to flow across the surface of the head. Deposition was

30 carried out for 5-15 seconds, after which the ion gun power was turned
off and the gas flow terminated. The resulting polymeric films ranged in
thickness between 40-120A depending upon the exposure time. Twelve heads
coated in the manner described above were used in contact start stop
testing to determine the benefits of application of the polymeric coating

35 to the magnetic recording head. Eight disks lubricated with two types of



a high voltage preferably d.c. of about +200 -to +1000 volts for positive
grid 20 (preferably about + 300 volts) and about -50 to -300 volts for 5 °-
negative grid 22 (preferably about -60 volts) to contain substantially
all of the iong-ok-amae sign (e.g. all of the negative ions) in the

ioni zing chanber 40-and accelerate substantially all of the ions of the-
opposite sign in a beamthrough the grids 20 and 22 towards the di sk 36.
Preferably thgeds@tolpapetaapnigesi pasiitants, iaaastonf dibRs il0Bficaged vik hgelO

precursor gas; or p i XLl el NEN80S o@ﬁdedfgfﬁpm&%gn@me\fe%pgé %2en RRSLL YSs

ions of a precursof_gas, The ions_in the [0 eam general |y have an
energy of gbo‘tﬂ“ﬁﬁf gsad&bo[k“ o528t é’c‘,‘gtera(‘):#]1 ‘{;‘5 t 3B 8_?%‘?*35? yRabsut
300 eV. The inngsured shictiion WBeheuad egerfdred Py tie oen erfydulind chtiongsed on
narrow enesgychdi 81dK. butyip@salal, abeuictien rdf &dkaa pBrei2egalywabesing &fde- 5%
more 15 pr ey ghl e’ dh unthitdaoRaea YRR LIS 01 LRIy UOUS,

preferably continuous. During. hq%{iln1f rmng step of the process,
precursor gasor8d AsbPSsF e?aé‘}ea%’ls§f5i tF’o’ci't?C@%’ F’ﬁ’gﬁs MR &Re heagt epatashivith
t hr ough gas riengbdarl eelypdrizgd fReppphperodtiwensur f ace of disk 36 in

contact with the surface of the disk. The ions which are accelerated 20
t hrough the extraction grid of the ion beam generator collide with
precursor gas-nol ecul es absorbed on or contiguous to the surface of the
di sk to cause -polynerization of the precursor gas and the formation of a
polynmeric filmon the disk surface. Preferably, after the polyneric film
has been formed on the surface of the disk, the chanber is evacuated 25
prior to termnating the ion beam The resulting polynmeric film has
general ly uniformthickness varying from5A to 1 mcron and has excell ent
adhesion to the disk surface. The di sk coated using the process of the
preferred enbodi nent of the present invention are suitable for both
conventional flying head recording and al so for contact recording. 30
Optionally, during the process of the preferred enbodi nent, the disk can
al so be electrically biased at a potential of about 10 to 1000 volts,
preferably -100 volts, with respect to the ion beam source to increase
the acceleration of the ions towards the disk to inprove the deposition



‘rate*and to minimze undesired deposition of the polynmer el sewhere in the .

35. chanber. In an alternative enbodi nent of the process of the
pr esent i nvention, an ion beam generator nay be di sposed on each side
of the disk to forma polyneric fillrpon both sides of the disk in one
oper at i onaiM9-92-014 . AMB-92-014 7 step
using the process of the present invention. In this enbodi nent, the I on
beam generat ors can be operated sequentially or sinultaneously.

The fol | owi ng exanpl es descri be speci #™%nbodi ments of the process of

the present invention. These detailed descriptions serve as exanples 5 of

tC .heFIrTE,rA (I?/E lg\ﬁniar' I I% dg%cgoirb&qmpﬁgﬁeﬁéayﬁ@ﬁcfﬁﬁhhmamvgurface of waﬁcl - D

recording article comprising the steps of:
(i) placing the article in a chamber;
5 (ii) evacuating the chamber;
(iii) providing a beam of ions of one sign;
{(iv) introduéing precursor gaé into the chamber; and

(v) contacting the surface of the article with the beam and the
precursor gas to form the polymeric f£ilm on the surface of the

10 article.-

2. A process as claimed in claim 1 wherein the ion beam is provided by

in an ion beam generator. ' i i

3. A process as claimed in claim 1 or claim 2 wherein the ion beam is

a beam of positively charged ions.

15 4. A process as claimed in any of claims 1, 2 or 3, wherein the

precursor gas is a halocarbon gas.

5. A process as claimed in claim 4 wherein said precursor gas is

selected from pentafluorostyrene, hexafluoroethane or mixtures thereof.

6. A process as claimed in any preceding claim wherein said article is

20 a thin-film magnetic recording disk.

‘1. A process as claimed in any preceding claim wherein said ions are
monoenergetic.
8. A process as claimed in any preceding claim wherein said ions have

an energy of about 100 to about 1000 ev..
5 9, A magnetic recording article having a polymeric film on its surface
formed by the process of any preceding claim.
e ————— T ——‘_'_‘_‘__’_______,_,_-—-—-——'—’_
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A thin-filmmagnetic recording textured di sk {RVM5 roughness 60-70A)
conprised of: a) a- nickel -phosphorous pl ated al um num substrate, b) a
chrom um adhesion | ayer, c) a ferromagnetic |ayer, and d) an anorphous 10
hydr ogenat ed cggb protective overcoat,,4s placed into a vacuum chanber
equi pped wi #7224t mann type ion beam source (DC filanment excitation)

and evacuated to a pressure below 10[err] Torr. The thin-filmdisk is

pl aced approximately 10 cmfromt suin%lll- beam source at nornal

i nci dence. Hexaf | uor oi sopropyl nethacrylate (HHPM is allowed to flow
into the ion 15 beam source (controlled by-a nolecul ar | eak valve) until
the pressure in t herédelIoR coxresc MacrRTPe MECORBIRG PE®IdE nes 10[ err]
Torr. The ion beam filament is charged thereby creating a discharge in
t he source. Positive ions ¢greated in the source are t.hen extracted and

accel erated to The BEHSFB%‘HETEFO” 607 1R/ 2 tHTE°TBn " ToGPTR Y BRI *fhe
t hi n-fil m cieskrding2@vigpodthl a dubticaHinpNoderrriatfddm jusang oricgpbeagxi mately 1
mnute. g gesoiuﬁf'e. Thd) §2SR 30 UdohPrisest iRNsdeds nEd af)fpl‘-,ltclmia%rc _@fi& afr_l:ﬁl/(Ye in2
term nat eq, vacu Vst , StAn-ftilmal sk _renove
fromthe chcg‘ng%r.' %g%facuﬁé%%aﬁl{gcéﬁ%ggf c()?{r%gn%%%éﬁg alolibsela(m (?%a’fgélﬁ ?ferDt hi s
way was evarGatied: ubivhgintrodustian PIFTFTEEH AR tinEe &bt /Temirre (3S) (Ylesti ng usi ng
a nodi fi ed <Sevadtieg iheveirf2ée $&thengrtiale pauhf tharbearabhd @% rrekainsve daum dity
(in air) usoNgorm EhaRSBmdric £ilMBMnStiedsursubd 6h thanQses1Aa | 0ad of 6g on the
di sk. The test was performed for 10,000 CSS cycles. No visible wear was
observed. The stiction at the end of the test averaged approxi mately
EXAMPLE 2 - RF I ON SOURCE 30 A thin-filmnagnetic

4q9.
recording disk c tedr.ed substrate, a chrom um underl ayer,
a ferromagnetic 1 f " ',n




- overcoat was placed into a high vacuum chanber equipped with an R F. ion.._
beam source. The disk was electrically grounded. The chanber was _
evacuated and then argon introduced into the chanber at a flow sufficient ,
35 to sustain a pressure of 1 tines 10[err] mlorr. Gaseous ' '
pent af | uor ostyrene AWB-92-014 : 8 '~
{PFS) was introduced into the chanber at a partial pressure of 1 tines
10[err] mrlorr and was flowed over the surface of the disk during the
deposition process. The R F. source was then charged to 100 Watts to
initiate ion generation in the ion beam source. lon extraction was 5
acconplished with the first. grid at +300 volts and the second grid at

-100 volts to forma positive ion beam Deposition was carried out for

10 seconds. The coated disk was then tested using standard contact
start/stop testing. The nmechani cal performance di splayed by.the

resulting disk was 41 grans after 10,000 .contact start/stop cycles. 10
EXAMPLE 3 - TEXTURED DI SK
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~Athin-filmdisk as described in Exanple 1 was placed into a vacuum
chanber equi pped with an inductively-coupled, Radio Frequency generated
"iond beam source. Again, the disk was placed approxi mately 10 cmfromthe
i on beam grids at normal incidence and the background pressure of the 15
“chanber was evacuated to |ess than 10[err] Torr. Argon at approximately 1
standard cubic centinetres per mnute (Ycn) was allowed to flow into the
i on beam source. The RF generator was then turned on to create argon
ions. The grids were electrically charged to extract and accel erate the
argon ions (ion energies of about 500 eV) toward the di sk surface. 20
Pent af | uorostyrene (PFS) was sinultaneously admtted to the vacuum
chanmber and allowed to flow over the surface of the thin-filmdisk
where interacti onpROUESSFOR CIPATING MAGNETIC RECBRDING DEVIER0! yer
| ayer. The di sk was exposed to the above described treatnent for about
10 seconds. The chanber was then evacuated and the di sk renoved. CSS 25
testing was perfornmed and the stiction after 100,000 cycles was 52g.

EXAVPLEABSTRACIOTH DI SK A N ppon supersnooth carbon overcoat ed
thin-filmdisk (RVB roughness 10-12A) was placed in the vacuum chanber
housing the RF ion source. The ion source was operated with nomnally 1

sccmargon and a 30 ,partjal pressure of the precursor gas,
hexaf | uor opr &% Present(ipyenfiog relaics tg a process forsoeti%asm@a%ﬁmc;ﬁcqrﬂ@gakwﬁ with

on. onch Bprisating BYSTERHE i ftacen ion HERP SoHEE LHF Hiess BB AN S ERoR 4Dl oo
28&?3@%@5@ e accbpoes, G Py Y SBbnB0T G pioViibE Fxklin Yttt 20,

after 3GhO088h.9' fiffoducing precursor gas into the chamber; and (v) contacting the surface of the
article with the beam and the precutsor gas to form the polymeric film on the surface of the

article.
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AVB-92-014 9 EXANPLETﬁ hé\ra ot sheet

OPERATI ON Two i on bean1generators wer e placea In a Varian 1100
di sk deposition tool in position opppsing each ot her. e IIy

foll owi ng the procedures of Exanplegg (PFS and abDgert aitﬂe cm 10 sec.
deposition; 300 5 eV ion energy) several thin-filmdisks | ubri cated

~on both Sivigi&yama efial.NAVS. PaRAKY 316336 U ikTudacs/OB/E9 distiBed oolepRE [de lmﬁ
~lubricant dep05| t7on. Each di sk was successful |y | ubricat ed

testing shsfvfllymeric bricants wnsthd yerface WE magnetid mbmrdingodlslval'ItIESgasfphas&gf wer e
observed after 10, 000 cycl es. 10 EXAMPLE 6 - FORVATI ON OF A COPOLYMER
FI LM the lubncaﬁ?emecraatbdr blyad vaniéty @f ttbehniques sukclr as evapBrasiop) epBteriag, ion
relatively snooth di sk (RMS roughness = 20-25A) was |ubricated with a
copol yner Hlatingeand thendike. Inleyaparaden, othe asgnus tphnaseyef Bt polemer iofrsmed WHPFS)
and hexaf | uor oet hane

heating or by an ion beam impinging on the surface of the polymer. The gas phase is

then deposited onto the surface of the disk to form the layer of lubricant. Due to the
relatively large size of the gaseous polymer molecules, however, they do not adhere well
to the disk surface resulting in a film which is subject to peeling, crazing, cracking or the
like. In addition, the gas phase deposition of polymers generally results in a film that
exhibits a liquid-like behaviour with the associated problefn of stiction on smooth disks.

Arai et al., U.S. Patent 4,419,404 issued 12/6/83 and Imataki et ;11., U.S. Patent
4,925,733 issued 5/15/90 both disclose forming a poly‘méric film on the magnetic layer
of a recording device by plasma polymerizing orgamc monomer gases. - However,
plasma polymerization is deficient because the depos1t10n process ‘and hence the
resultant film composition is difficult to control. This results pnmanly from the varied
species impinging on the disk during the deposition process. For example, a typical
plasma comprises ions of both positive and negative polarity (of widely varying energy),
electrons, free radicals created from the precursor, and the parent molecule. Therefore,
there still is a need in the art for forming an effectiye lubricating'coating on magnetic
recording devices.

SUMMARY OF THE INVENTION

It is an object of the bresent invention to ameliorate one or more disadvantages of
the prior art. |

According to one aspect of the present .invention there is provided a magnetic

' recording article having a fluorinated polymeric film on 1ts surface formed by the process

comprising the steps of: (i) placmg the article in a chamber; (ii) evacuating the

chamber; (iii) generating a beam of .ions of one sign having an energy of about 100 to
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(HFE) nmononer. The PFS was fl owed over the di sk and ‘M‘?W@O%@iﬁi‘eﬂgmﬂ

i ntroduced into the ion beam chanber. The deposition was gener

in accordance with Exanple 3 (PFS/HFE-'1:4; 300V accel erator, Jﬁgge and

10 sec. deposition) and the resulting disk displayedae: V\B%qu,? the CCS =~ .
testing with stiction of about 4-8g after 30,000 cycl es. EXAMPLE 7 -
HEADS ( SLI60BR)v; and(iv) contactinphthe isorfadecefisaitoaticle gvitlesdid bepne ankd 8 préduesdr lzas ei n

can also be used to  deposit polyneric filns on nagnetic recording
heads. Foltodeimdhea fleorinatedpoiwneitic film oadbe surage lof thedirtitleve, a suspended
magneti c recording head is pl aced into the vacuum chanmber and the

chamber evacuafecordipg 1o pegthqr asprot of the preseat jweetionatbess) is prayidgdor psocesstfery 10
cmfromthe outer grid of a DC 25ftilama t generated ion un.gﬁ,gon was
i nt r oduced©P@Lg 8 mgted pelymgric film SPetEBfS%‘nggecé’ 2 pRgeticy ecpndig, 3eiigle)r npd

Surf ace. of SR SRS Gty D nplecink “ecariclel o RS, [ VERGing e
taf NG ' d . I
across ¢ e HRlpbe ot Feeiing ACHASRoF fo T iR R b, of el o B8t 200 10
, ot _ _ :
Tormi nai cco R S0 PRrichle INTRRE of WEPurleh the belhiand HeROrBE 1 o

40- 120A depeRdhé Bubiifdted PSlyReHE FilthOn theBur fAMRIF e Argiels coated in the
manner described above weré used in contact start stop testing to
determ ne the Resveding Stooftilpapbthenhspeot of thé epresehy imvention ahére g Fovidedthe
magneti c recordi ng head. Eight disks lubricated with two types of

process for forming fluorinated polymeric film on the surface of a magnetic recording

disk comprising the steps of: (i) placing said disk in a chamber; (ii) evacuating the
chamber; (iii) generating in an ion beam generator a beam of positively charged ions
having an energy of abqut 100 to 600 ev; and (iv) contacting the surface of said disk
with the beam and a fluorocarbon gas to form the fluorinated pélymeric film on the
surface of the disk. | _

DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

The present invention will be described further, by way of example only, with
reference to an embodiment thereof, including the accompanying drawing (Figure 1)
which shows an assembly useful for performing the process of the preferred embodiment
of the present invention.

The present invention relates to a process for forming a polymeric film on the
surface of a magnetic recording article.

Referring to Figure 1, there is shown an assembly for forming the polymeric film
on a magnetic recording dévice. The assembly generally comprises vacuum chamber 10
and radio frequency generated ion beam.source 12, The RF source 12 generally
comprises RF coil 14 (with associated electronics) adjacent to a ceramic window 16
disposed iﬁ the wall of chamber 10. Within the chamber are ion extraction grids 20 and
22 gas ring inlet 24, gas inlets 26 and 28, and substrate holder 30.



CLAIM5S 1. A mmgnetic recording article having a f]uaqrinate i
filmon its surface forned by the process corrpris%% Itl'é 59 omde%t

(i) placing the article in a chanber; 3a (ii) evacuatiyng the chanber;
(iii) generating a beam of ions of one $fgn havi ngm:eﬂ@rlﬂﬁﬁ" about 100
to 600 ev; and (iv) contacting the surface of said icle with said
beam and a pr qauné PirstGp 610thefp%dék§ bethk | presehnivestiond i @ticke (&l ghry skt e
surface of the article. : The article of clalml wherein the beamis
gener at ed ik nplaged m’cobmanmmumr ehaber B0 onllkebsaratel tibidenf30c! ainmid phferged t he
beamis a beam of positively charged ions. 4. The article of claim3

wher ei n t hembpdéments dhie pEUEEssSis axstrhta)cmtbotlnlrgﬁkn mdgnetic Tévording wiskl eSuitdble| ai m
4 wherein said precursor gas is selected from pentafluorostyrene,

hexaf | uor clisksawill @enerally wompriss@rtestured or smooth substrate comprising for example

aluminum, alumina, glass, carbon or plastic, an underlayer, e.g. chromium, a magnetic
layer comprising for example platinum, cobalt, chromium or iron oxide, and an overcoat

layer such as a carbon film. Other magnetic recording articles such as sliders, heads,

tapes or suspension structures



6. The article of claim4 wherein said article is a thin-filmnmagnetic
recordi ng disk. 7. The article of claim4 wherein.said ions are
nonoenergetic. 8. The article of cl ai m, 7 wherei n sdhi¢ ische raplacemontsivsedy
of about 100 to about 1000 eV. ﬁl article of cl a| m 1 wherein the

surface of the article is a carbon surface. 10. Ap rm' ng a
fluorinated polyneric filmon the sur¢pagv® a nmagnetrc rec g article
conprising the steps of: (i) placing thearticle in a charrber

(i) evacuating rhdpneti®asiteding article Havirg) a Ripdeinated gﬂrlyﬁnérﬁﬁﬁhﬁfoﬂ A5 Suffaceone
si gn having an energy of about 100 to 600 ev; (1v) contracting

t he surfaderméd by eheprbcess eomptising ke steparofand precursor gas to form the
fluorinated polynmeric filmon the surface of the article. 11. The process
of claim10 wi{dr eiplacingthoaaticlé & gyehambered in an i on beam generat or.

(ii) evacuating the chamber;

(iii) generating a bearm of ions of one sign having an energy of about 100 to 600
ev; and

(iv) contacting the surface of said article with said beam and a precursor gas to
form the fluorinated polymeric film on the surface of the article.
2. The article of claim 1 wherein the beam is generated in an ion beam generator.
3.  The article of claim 2 wherein r:he beam is a beam of positively charged ions.
4.  The article of claim 3 wherein the precursor gas is a halocarbon gas.
5 The article of claim 4 wherein said precursor gas is selected from
pentafluorostyrene, hexafluoroethane or mixtures thereof. |
6. The article of claim 4 wherein said article is a thin-film magnetic recording disk.
7.  The article of claim 4. wherein said ions are monoenergetic.
8.  The article of claim 7 wherein said ions have an energy of about 100 to about 1000
eV.
9.  The article of claim 1 wherein the surface of the article is a carbon surface.
10. A process for formiﬂg a fluorinated polymeric film on the surface of a magnetic -
recording article comprising the steps of: |

(i) placing the article in a chamber;

(i) evacuating the chamber;

(iii) generating a beam of ions of one sign having an energy of about 100 to 600
ev; and |

(iv) contracting the surface of the article with the beam and precursor gas to form
the fluorinated polymeric film on the surface of the article.

11. The process of claim 10 wherein the beam is generated in an ion beam generator.

* ¢ L M s %




1 2 12. The process of claim1l wherein the beamis a beam of positively

charged ions. 13. The process of claim12 wherein therHi ACiHeSRbladBmehf sRcet
hal ocarbon gas. 14. The process of cl'aim 13 wherein said precursor gas IS

sel ected from pentafluorostyrene, hexaflRuor oet hane or_ ni xtrﬂaf 4r£er eof .
15. . The process of claim 13 wherein said article is al#en-f] gnetic

di sk. ~ 16.15Th : el ai . i i j .qetic.
17 The  pri2t o HOERS of i TR Gl 53 RabSHpoRifeBRRRAIRN | 100
to about  {B000[RMprocesS of Iﬁ%ﬁ&%ﬁlg &in Yhe FredirSdrigadies ﬁﬂﬂcér?ﬁj gék.r.f ace Of_ the

article is a carbon surface. . A process for formng f rinated
pol ymeric ¥4.! ITi@n process Uof acRimf 13 RE@reh i Said I pERUMbNIgaY S @EIBRE SiFideh t he

st eps of: (i pl aci ng said disk in a chanber; (ii) evacuating
t he chanbepentafluorostyrene, hexafluoroethane or mixtures thereof.
15. 'The process of claim 13 wherein said article is a thin-film magnetic disk.
16. The process of claim 12 wherein said ions are monoenergetic.
17. 'The process of claim 16 wherein said ions have an energy of about 100 to about
1000 eV.
18. The procesé of claim 1 wherein the surface of the article is a carbon surface.
19. A process for forming fluorinated polymeric film on the surface of a magnetic
recording disk comprising the steps of:
(i) placing said disk in a chamber;
(ii) evacuating the chamber; o
(iii) generating in an ion beam generator a beam of positively charged ions having
an energy of about 100 to 600 ev; and
(iv) contacting the surface of said disk with the beam and a fluorocarbon gas to
form the fluorinated polymeric film on the surface of the disk.
20. The process of claim 19 wherein the ions are monoenergetic.
21. The process of claim 20 wherein the ions have an energy of about 100 to about
1000 eV.

22. The process of claim 19 wherein the surface of the disk is a carbon surface.

N
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(ii1) generating in an ion beam generator a beam of positively charged ions
havi ng an energy of about 100 to .600 ‘ev; and (Tikg isctbatraplacagpentsheet
surface of said disk with the beam and a fl uorocarbon gas to formthe
fluorinated polynmeric filmon the surface of the dis@ J gProcess of
claim 19 wherein the ions are nonoenerggtic. 21. Th a5'?oce S of claim 20
wherein the ions have an energy of about 100 to about 1000 eV. 22. The
process of claim 19 wherein the surface of the disk is a carbon surface.

PROCESS FOR COATING MAGNETIC RECORDING DEVICE

ABSTRACT

The present invention relates to a process for coating a magnetic recording device with
a lubricating polymeric film using an fon beani source. The-précess comprises the steps of: (i)
placing the article in a chamber; (ii) evacuating the chamber; (iii) providing a beam of ions of
one sign; (iv) introducing precursor gas into the chamber; and (v) contacting the surface of the
~ article with the beam and the precursor gas to form the polymeric film on the surface of the

article.

Fig. 1



