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PROCESS FOR BONDING COMPOSITION TO A THIN FILM STORAGE MEDIA

This invention relates to qﬁe manufacture of a thin film metal
alloy or metal oxide magnetic recording disk. In particular, this

invention relates to a process for manufacturing the recording disk.

Thin £ilm magnetic recording disks typically comprise a substrate,
such as an aluminum-magnesium (AlMg) alloy with a nickel?phosphorous
. (NiP) surface coating. The NiP is covered with a wagnetic film,
typlcally either a cobalt based metal alloy or a gamma phase iron oxide
film. The magnetic film can be covered with a ﬁfotective'overcoat such
as a sputter deposited amorphous carbon or a ﬁydrogenatéd carbon film.
A general dés;ription of the structure of such thin film disks is
- 11lustrated iﬂ_U.S. 4,610,911 and U.S. 4,552,820, A thin film disk
having an amorphous carbon film as an overcoat is illustrated in U. S.
4,503,125 and a thin film'disk having a hydrogenated cérbon.film as an
overcoat is described in U. S. 4,778,582. -

Data is recorded onto a magnetic disk ﬁaving the structure
described above by a réad/write head. The read/write head is placed
close to the surface of the magnetic disk which rotates at-a high rate
.of speed. .When the disk is rotating at a high rate of speed, the
read/write head is lifted off the disk by air pressure from the rotating
disk. When the disk is starting, stopping, or nét rotating fast enough,
the read/write head slides.aldng'the disk surface. A liquid lubricant,
such as a fluoroether lubricant, is adaed to the surface of the carbon
based protective overcoat to prevent damige to the magnetic disk, when
the read/write head slides on the disk. Alternéﬁi§e1y,5the lubricant
could be placed directiy on the magnetic film without the use of an
overcoat. The magnetic film may or may not have undergone any post
processing after:deposition. The lubricant prevents damage to the disk
by reducing the friction between the read/write head and the disk..

.Liquid lubrication of the disk surface has at least two problems

which.limit its effectiveness as used in rotating storage media. First,

to



invention relates to a process for manufacturing the recording -disk.
Thi n fi'l'™ magnetic recording disks typically conprise a substrate, such as
an al um num nmagnesi um (Al My) alloy with a nickel -phosphorous (N P) surface
coating. The NP is covered with a magnetic film typically either a
cobalt based netal alloy or a ganma phase iron oxide film The magnetic
filmcan be covered wth a protective overcoat such as a sputter deposited
anor phous carbon or a hydrogenated carhon film A general description of
the structure of such thin filmdisks is illustrated in US. 4,610,911 and
U.S. 4,552,820.. A thin filmdisk having an anorphous carbon filmas an
‘overcoat is ildustrated in U S. 4,503,125 and a thin filmdisk having a
hydr ogenat ed carbon fil.mas an overcoat is described in U 'S 4,778, 582.
Data i s recor de8A%rRG081nagnetic di sk lad ng the. structure described above
by a read/wite head. The réad/wite head is placed close to the surface of
the magnetic di sk which rotates at a high rate of speed. When the disk is
rotating at a high rate of speed, 'the read/wite head is lifted off the
di sk by air pheddient ogn tdtchavetaatdteerioh skans W@mt when thes#isks starting,
stoppi ng, Or réMated, Ofrdl IuBgichtSipiafQEYBre B13@. I edispibdion Beate sl i des al ong the
di Skhsur f ace. 1uu%1é4n9%9ckhé@rfrsmﬁe dBCHrBfe Ank dAQLOBLNEN A 1P EGRM . 1S added
to the sur ace QIsk ang t?le reaJ}write head. - Second, the depletion of the

thickness of the lubricant is not uniform across the surface of the

disk. Where the thickness is too thin; the head can cause wear on the

disk surface. Where the lubricant thickness is too greaﬁ, the head will

become stuck in the lubricant (from static friction) and the heaq or

disk could be damaged when the head suddenly becomes unstuck due to the

. rotating disk. Other failure modes include the inability of the spindle

motor to start at all due to the static friction and failure of the

mechanical suspensién assembly. These effects are present even though

- the depletion is radial in nature.

Oﬁe way in which to bond the lubricant to the disk and therefore
prevent the depletion has been to thermally bond the lubricant to the
disk surface. This technique increases the exposure of the hagnetic
media to corrosion and degrades the reliability of the disk. Another
technique is to use a process having high energy electron beams. The
"lubricant is exposed to electron beams having an energy above ten KeV.
This process has been shown to produce a modified lubricant film bonded
to the disk surface. However, the modified film does not contain all

the required lubricating properties of the unmodified film.

A need therefore exists for a bénding process which bonds a thick
enough and uniform enough film to the storage media to prevent wear
while avoiding problems associated with static friction. .In addition -
the process must not degrade.the chemical stability of the film bonded
to the surface to reduce storage media corrosion. - Finally, the process
must bond a variety of lubricants to the storagé media. The lubricants

bonded must not be limited to polymers having a reactive end group.

Viewed from one aspect the present invention provides a method of

bonding a composifion onto a recording media, comprising the steps of:
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based protective overcoat to prevent damage to the magnetic di sk, when the
read/ wgite head slides on the disk. Alternatively, the lLubricant could be
pl aced directly on the -magnetic filmwi thout the use of an overcoat. The
magnetic fil mmay or may not have undergone any post processing after
deposition. The lubricant prevents damage to the disk: by reducing the
friction between the read/wite head and the disk. . Liquid
| ubrication of the disk surface has at |east two problems which limt its
effectiveness as used in rotating storage nedia. First,
2 the lubricant does not have a retention neans so that when the disk
rotates, the lubricant spins off the disk. The depletion of the |ibricant.
‘thickness fromthe disk surface increases the friction between the disk and
the read/wite head. Second, the depleétign of the thickness of the
lubricant is nofA8R?9 % across the surfacé of the disk. Were the
thickness is too thin, the head can cause wear on the disk surface. \Wuere
t he | ubricant : ' -

applying the composition to at least one surface of the recording media,

exposing the surface of the recording media to an electron beam having

an energy of less than substantially 100 electron volts theteby bonding

the composition onto the recording media, the bonded compoéition having

a thickness.of at least 5.0 X 10-10 meﬁ:es'(s Angstroms) and less than

3.0 X 10'-1-2 metres (300 Angstroms).

Viewed from énother aspect the present invention provides a
magnetic recording media comprising: a subétrate; and a magnetic film
formed on the substrate, characterised by a layer of composition bonded
to the recordihg media by exposure to an electron beam having an energy
less than substantially 100 electron volts, the bonded composition
having a thickness of at least 5.0 X 10710

~ than 3.0 X 10-12 metres (300 Angstfoms).

metres (5 Angstroms) and less

In order that the invention may be fully undersfood pfeferred'
embodiments thereof will now be described, by way of example only, with

reference to the accompanying drawings in which:

Figure 1 illustrates an apparatus on which the present invention

may be performed;

Figure 2 illustrates a typiéal relationship between the supply

holder cyrrent and the supply bias for the apparatus shown in figure 1;

Figure 3 illustrates the relationship between the bonded lubricant
thickness and the charge level to which the Jubricant is exposed in

accordance with the present invention;

Figure 4 illustrates the relationship between the bonded lubricant

thickness and the supply holder hias; and

Figure 5 illustrates the chemical structure of some of the

lubricants used in accordance with the present invention.
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thickness is too great, the head will becone stuck in the lubricant (from
static f¥iction) and the head or disk could be damaged when the head
suddenl'y becones unstuck due to the rotating disk. Qher failure nodes
‘include the inability of the spindle notor to start at all due to the
static friction and failure of the mechanical suspension assenbly. These
effects are present even though the depletion is radial in nature. - One
‘way in which to bond the-lubricant to the:disk and therefore prevent the
depl etion has been to thernmally bond the lubricant to the di sk surface.
Thi s techni que i ncreases the exposure of the nagnetic nmedia to corrosion
and degrades the reliability of the disk. Another technlque is to use a
process having hi@hognsy,ay el ectron beanms, The |ubricant is exposed to

el ectron beans having an energy above ten KeV. This process has been shown
to produce a nodified lubricant filmbonded to the disk surface. However,

. the nodified fil mdoes not contain all~the required Iubricating properties
of the unnodifie er.ef ore- exi st ondi ng process
whi ch bonds a thq&“%"ﬁé““ﬁ gh &““Fﬁ o?“% te"ﬁo"lf%esfxﬁ“ °f°‘d?‘h°8 wsipbrgge media to
prevent wear RERfeRE 18‘(R§FH’F'n§ Pristiresed ias%iét’ﬁea’c -ecf WRTUH® sharbec4G riction. In
addi tion the djprGdess Mlsient6t atkgradslet ioadarhmni aat £staalitl $o ys of the film

bonded to theelget&im@ L&ngadms SEALRLE paRAi fip griwsnlem prévif@l ly, the

process must 8NG:d, 4L 6L0ld YHLGAN Sud byl 93, oA 2 The

| ubri cants bonded fu f P f Re aving a reactive end
group. eA&‘iféSf“dl”ngc‘i"Be‘ﬁe‘? P ssf'“"éﬁt%b‘i ﬁ‘éﬁf SB‘PPlF HOLeH BHEFIR® there i s
provi ded a neymeenrde rhobder ditng chaser diascoitpriespenty to the filagenyyffst (Tht e; a

magneti c il rat@mehenbey @0 Saddindt@s td atvapumm pump 38. PTHR! @Rtunvgumpisom f or rred
over said ”Hq{llﬁﬁs' gasg$uerom@Jﬁgds out of the vacuum chamber 40 to maintain the

pressure inside the vacuum chamber 40 at a chosen level, preferably
below 1.33 X 10 °Nm™2 _(10‘3 Torr). The sample holder 70 supports a
sample 60_which is to be e*posed to electron radiation. The sample 60
is located between the filament 50 and the sample holder 70, and
electrically contacts the sample holder 70; Alternatively there may be
several filaments and holders with multiple samplés.located between a
filament 50 and the bias potential being established by a sample holder

70.

The.samble 60 is a magnetic storage disk comprising a substrate of
aluminum-magnesium (AIMg) alloy having a nickel-phosphorous (NiP)
coating. The NiP is coated with a magnetic film of cobalt based meéal-
alloy or a gamma phase iron oxide film. The magnetic film may then be
covered with an amorphous carbon or hydrogenated carbon film which acts
as a protective ovarcoat. A magnetic disk with such a carbon based

protective overcoat is described United States patent 4,778,582.

A process in accordance with the present invention bégins by
coating the surface of the sample 60, which has the carbon based
protective layer, with a lubricant. - The lubricant can be coated on both
sides of the disk because storage disks frequently have protective
layers on both sides of che.disk and use both sides of the disk for data
storage. The lubricant is applied by spin coating the disk with the
lubricant. The lubricant can also be appliéd by dipping the disk in a

container of lubricant, evaporating the lubricant on the disk, or wiping



Iayer of Iubrlcanh bonded to- sald protectlve filmby exposure to an
el €ctrorf beam havi ng an energy of |ess than approxi mately 100 el ectron
volts, said bonded | ubricant being selected froma group consisting of
hydrocarbons, fluorocarbons, and aliphatic;fatty acids, and said bonded
| ubricant having a thlckness of approxi mately 5 to 300 Angstrons.
Aecording to a second enbodi nent of this invention there is provided a
- met hoed of bondlng a lubricant onto a recording nmedi um having a protectlve
overcoat, conprising 3
t he steps of : appl yi ng - sald Iubrlcant to said protective overcoat
wherein-said lubricant is a material selected froma group consisting of
hydrocarbons,'fgyggﬁgg?pons and aliphatigc_fatty acids; and exposi ng
said lubricant to an el ectron beam having an energy of |ess than
approximately 100 el ectron volts, so as to supply the requisite energy to
bond approxinately 5 to 300 Angstroms of said |ubricant onto said

protective o¥er fag rlcarrxrtaéarﬁteo éle r'I(cji nﬂxe i@iatl t.‘:lh gcngsr;bgpkhmeputbr:%fané hi's invention

there is prOV|d
film when it is applied is approximately 3 0X 10 (30 Angstroms).

The thickness value of the as applied lubricant is a function of
two considerations. ‘First, the lubricant bonding process removes some
of the film, so that the end process thickness is not as large as the
starting process thickness. Secbnd; the thickness required at the end
of the process on the magnetig disk depends on the static friction .
_(féiction Between the read/&?ite head and the disk when the head rests
in one place on the disk) and the wear on the disk surface from the

' read/write head that the disk drive system can accommodate. This static
friction value and wear consideration will be different for various
drives, and as a result, the necessary thickness of the bonded lubricant
will be different for various drive qystem§ The thickness of the
bonded lubricant in thls invention is in the range of 5.0 X 10 19 metres
to 3.0 X 10 -12 metres (5 to 300 Angstromq) The as applied thickness of
the lubricant is, therefore, approx1mate1y 'in the range of 1 0X 10 -10

metres to 4.0 X 10~ 12 metres (10 to 400 Angstroms)

The lubricant bonded in the preferreﬂ embodihent of this invention
is a perfluoroﬁolyefher (PFPE) such as Fomblin 7 or Y made by
Montedison. Krytox made by Dupont, or Demnum made by Daikin are also
suitable lubricants for this process. Hydrocarbon lubricants are also
effective, and . can be bonded in accordance with this invention. The
invention is not limited to PFPEs or hydrocarbons, as lubricants
containing carbon, hydrogen, and oxygen (called aliphatic fatty acids)
may also” be bénded in accordance with this ‘invention. In addition, the
bonding process is effective on non-lqbricant hydrocarbons such as
polyethylene glycol.. The lubricants used in this embodiment of the
invention are not limited to lubricants which contain reactive end
groups. This means that the luhricanc:pélymer is not fequired to have
an Oli- group on the end of the polymer, as required in thermal bonding
processes. Even though the lubricant is not‘required to have a reactive

end group, a lubricant which does have a reactive end group is still



recordlng medi a, conpri sing: a substrate; a magnetic filmforned
oveér sai*d substrate; ., a protective film conS|st|ng essentially of
carbon, formed over the magnetic film and a layer of ‘lubricant,
"consisting essentially of perfluoropolyethers, bonded to said magnetic film
by exposure to a dose of approximately 500 to 1000 mi crocoul onbs per square
centinmeter froman el ectron beamhaving an energy | ess than approxi mately
100 el ectron volts, said bonded |ubricant having a thickness of at |east 5
Angstrons and | ess than 300 Angstrons. _ In order that the invention
may bé. fulTy understood preferred enbodi ments thereof will now be

descri bed,. .by way -of exanple only, with reference to the acconpanying

drawi ngs in which: Figure 1 illustrates an apparatus on whi-ch the
present inventdAgr99edelbe perforned; - 6 - Figure 2 illustrates a typical

rel ati-onship between the supply holder current and the supply bias for the
appar atus shown in figure 1; Figure 3 illustrates the relationship
bet ween the bonded | ubricant thickness and the charge level to which the

| ubri cant isBnd¥pOSEadhd Praree:0sdaNC Bivehtibn.t NMe Phefesl siRVIRBE oBMthe . Figure
4 il ust ratlggigmsrx%k@tehggsam‘g batwesn Igggupgrgded | ubricant thickness and

t he supply hol der bi as; Fi gure Illustrates the chem:cal :

structure of sone of the Iubrlcants used in accordance with the present
i nventi on. The lubricant coated sample 60 is placed in the vacuum chamber 40

and supported by sample holder 70. The vacuum chamber 40 is evacuated
to below 1.33 X 107> Nm 2
filament supply 10 provides current to the filament 50. The filament is

(10- Torr) by the vacuum pump 30. The

made of a material such as tungsten and has a typical resistance of
approximately one ohm. The current running through.the filament 50
produces electrons which are ejected from the filament into the vacuum
chamber. The electrons are then attracted to the sample holder 70 which
is at a higher bias than the low potential of the filament supply 10.
The continuous discharge of electrons Efom the filament 50 and the
resulting Acceleration of electrons to the sample holder 70, forms an
electron beam to which the samplé is exposed. Figure 2 illustrates the
exponential relationship between the'current Ic received by the sample

. 60 from the filament 50 and the applied sample bias 20 voltage, Vb. " The
voltage Vb dlrectly affects the dosage, and therefore, the required .
exposure time of the sample to the electron beam for a defined exposure

of electrons.

Figure 3 illustrates the relationship hetween the thickness of the

bonded lubricant t and the electron dose It to which the sample is

exposed, when the :gzzle bias voltage Vb is maintained at 10V. The as
applied thickness of the lubricant characterised in figure 3 is
approximately 3.0 X 10 - -1 metres (30 Angstroms). When the sample is
exposed to a low dosage o% eleactrons, below approximately 500
microcoulombs per square centimetre, the.thickness of the bonded
lubricant is less than 1.0 X 10-11 metres (10 Angstroms). When the
dosage is raised to approximately 1000 microcoulombs per square
centimetre, approximately 1.5.X 10-11 metres (15 Angstroms) of the

" lubricant is bonded to the disk sarface. As the exposure of the samplé
to the electron dose increases, no further significant bonding of the
lobricant to the disk surface occurs. The lubricant is fully bonded (a

thicknens of approximately .5 X 10-,' mobkres (15 Angstroms) of bondad

o



SA9- 90- 091 - 4 - _ The apparatus for carrying
out the Pprocess in accordance witth the present invention is illustrated in
figure 1. A vacuum chanber 40

' SA9-90-091 . -7 -
{.

lubricant is obtained) when the surface of the lubricant is exposed to
approximately 1.5 x 1014 electrons per square centimetre of disk surface

area.

Figure 4 illustrates thdt the variation in sample bias voltage does
not substantially affect the thickﬁess of the bonded lubricant over the
range of 2 to 20 volts. The sample bias primarily determines the time
required to expose the sample to a predetermined number of electrons (or
equivalently, a charge level). The thickness of the bonded lubricant is
varied by changing the initial thiékneés of the lubricant applied. When

12 metres (300 Angstroms) of lubricant is

12

approximately 3.0 X 10”
applied, approximately 1.5 X 10” °° metres (150 Angstroms) of the
lubricant is bonded to the disk surface. The thickness of the bonded
lubricant varies, as in figure 3, with the chérge level to which the
éufface.is éxposed; -Again, approximately 1.5 x lola;elect:ons per

12 metres (150 Angstroms).

' square centimetre fully bonds the 1.5 X 107
When the dosage level is substantially lower than this, less of the
lubricanf film is bonded to the disk surface. The primn;y factor
.affecting the bonded lubricant thickness is the jnitial lubricant

thickness.

The electron exposure conditions illustrated in figures 2+~4 are
specifically applicable for the Demnum lubricant. The exposure
conditions for other perfluoropolyethers will be similar but not
necessarily identical. Similarly, the suitable voltage and current
range of the electrons, for bonding hydrocarbon Inbricants, will be
different than the fluorocarbon vnlués-giyen here. However, bonding any
particular lubricant can be easily optimisad by adjusting the energy

level and exposure of the eiectron_beam.

After the sample has been exposed to a proper dosage for an
" expected bonded lubricant thickness, in thjs case_é dosage of
approximately 1000 microconlombs per square contimetre (which is
approximately 1.5 x 1014 electrons per square centimetre) for a bonded

11

lubricant thickness of -approximately 1.5 X 107 ~ metres (15 Angstroms),



contalns a filament 50 and a sanple holder 70. The filanment 50 is

el €ctrically connected to a filament power supply 10 whi ch provides

el ectrical bias across the filament. The sanple holder 70 is electrically
connected to sanple bias power supply 20 which nmaintains the sanple hol der
at a chosen bias with respect to the filanent 50. The vacuum chanber 40 is
connected to a vacuum punp 30. The vacuum punp 30 punps gaseous conpounds
out of the vacuum chanber 40 to naintain the pressure inside the vacuum
chanber 40 at a chosen |level, preferably below 1.33 X 10[err]Nnferr]

(10[ ef T Torr). The sanple holder 70 supports a sanple 60 which is to be
exposed to electron radiation. The sanple 60 is |ocated between the
filament 50 and the sanple holder 70, and electrically contacts the sanple
hol der 70. Altersadiamlopithere may be seweral filaments and holders with
mul tiple sanples | ocated between a filanent 50 and the bias potenti al
bei ng established by a sanple holder 70. The sanple 60 is a
magneti c storage di sk conprising a substrate. of alum num nmagnesi um (A1My)

al l oy havi ng gndk&ds®d 19ReRREO S tHeN 2B} unCQaktied Gand TS hbdBs iappried@t ed with a
magnetic fil "}&l{ :1£8palkt eR.?\?égd FR! 8leedl iu%hc%c s %LE@%;OBP%&{BJ gfL oxide film

The nagnet|c e covere us carpon_or

hydr ogenat ed &‘éﬁ’[‘)‘&ﬁ‘ie‘%lidf“'tlﬁ it Ereen £5 ofhef 6ltléﬁ'11|e\fp"‘°tfv%ﬂ°8(fétlfc'7&'nagneti c
di sk wi t h sucFCc-d2dlarerpdbets mahuprebined tby he diiereserat Minngdendcr i bed Uni t ed
Stat es pat ent méhufacBufiBg .(34) Company. The sample retains the bonded lubricant

thickness through this rinsing process. The removal step is optional
because it is not always necessary fo remove the unbonded lubricant. If
unbonded lubricant is desired as an overcoat to the bonded lubricant, it
can be left on the disk after electron beam exposure. Alternatively,
the unbonded lubricant can be removed and unbonded lubricant re-applied

to the disk surface.

A method for bonding a lubricant onto the surface of rotating

~ storage medin'has.been described. In particular, the method bonds -
reactive and non-reactive lubricants onto the carbon based protective
coating of a magnetic storage.disk. The lubricant is first applied onto
the disk surface through conventional coating techniques, -such as
dipping, spinning, spraying, or vapor deposition. The thickness of the
applied coating is thicker than the final honded thickness of the
lubricant. Typically, the applied thickness of the film is
approximately 3.0 X 10-12 metres (300 Angstroms). The lubricant coated
disk surface is then_exposcd to low cnergy electron irradiation. The
energy level of the accelerated electrons is below 100 eV. The
lubricated film is exposed to a dosage level of approximately 1000.
microcoulombs per square centimetro. This dosage level bonds
approximately 1.5 X 10_12 metres (150 Angstroms) of lubricant to the
disk surface. The non-bonded or excess lubricant is then rinsed off in

a liquid freon or other suitable rinse.



A procesm the present invention begins by coating the
sur'f acexo /”f 60, which has the carbon based protective |ayer, with

a lubrica IH t-can be coated on both sides of the disk because
storage di sk& frteq I ave protective layers on both sides of the disk
and use both sides of the disk for data storage. The lubricant is applied
by spin coating the disk with the lubricant. The |ubricant can al so be
applied by dipping the disk in a container of |ubricant, evaporating the
Iubrlcant on t he dISk or W ping. : '

SA9-90-091 -9 -

" CLAIMS

1. A method of bonding a composition onto a recording media,

comprising the steps of:
apblying the composition to at least one surface of the recording media,

exposing the surface of the recbrding media to an electron beam having
an energy of less than substantially 100 electron volts thereby bonding
the composition onto the recording media, the bonded composition having

a thickness of at least 5.0 X 10‘-10 metres (S5 Angstroms) and less than

. 3.0 X 10~1? metres (300 Angstroms).
2. . A method of bonding a composition onto a recofding_mgdia as claimed

in claim 1, further comprising the step of:

rehoving unbonded composition from the recording media surface after the

exposing step.

3. A méthod of bonding a composition onto a recording media as claimed
in any of claims 1 or 2 wherein the surface of the recording media is a
~protective film
t .
4, A method of bonding a composition onto a recording media as claimed
in claim 3 wherein the protective film is chosen from the group

consisting of an amorphous carbon film and a hydrogenated carbon film.

5. A method. of bhonding a composition onto a recording media as claimed
in any of the preceding claims wherein Lhe composition i{s selected From
the group consisting of hydrocarbons, fluorocarbons and aliphatic fatty

acids.
_—
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SA9- 90- 091 - 5-  the lubricant onto the disk. The
i nftial- thickness of the lubricant filmwhen it is applied is approximtely”

3.0 X 10[ The thickness value of the as applied
| ubri cantlmﬂ Ie" rml Tlrstwo considerations. First, the |ubricant bonding
process reno¥estsome of Im so that the end process thickness is not

as large as the starti ng process t hi ckness. Second, the thickness required
at the end of the process on the magnetic . di sk depends on the static
friction (friction between the read/wite head and the di sk when the head
rests i'n one place on the disk) and tte—wear on the di sk surface fromthe-
.read/wite head that the disk drive systemcan accommodate. This static
friction value and wear consideration will be different for various drives,
and as a result,spcheongpessary 't hi ckness 1 -t heibonded ] ubri cant

B

6. A method of bonding a composition'onfo a recording media as claimed

in any of the preceding claims wherein the composition is a lubricant.

7. A method of bonding a composition onto a recording media as claimed
in claim 6 wherein the lubricant is chosen from the group consisting of .
Fomblin Z-25, Fomblin Z-DOL, Fomblin AM2001 Fomblin Z-DISOC, :
Fomblin YR, Demnum and Krytox

8. A method of bonding a composition-onto a recording media as claimed

din any of claims 1 to 5 wherein the composition is a non-lubricant.

9. A méthod of bonding a composition onto a'reCOtding media as claimed

in claim 8 wherxein the‘non-lubrisant is polyethylene glycolr
10. A mdgnetie fecprding media c§mpriéing:

a substrate; and

a mngnetic.film fbrmed on the substrate, characterised by

- a layer of composition bonded to the recording media by exposure to an
electron beam having an energy less than substantially 100 electron

volts, the bonded composition having a thickness of at least 5.0 X 10-10

metres (5 Angstroms) and less than 3.0 X 10-'12 metres (300 Angstroms).

"11. A magnetic recording media as claimed in claim 10 further

comprising:

a8 protective film, consisting essentially of carbon, disposed between

the mhgnctic film and the layer of bonded compoéitipn.

12. A magnelic recording media as claimed in claim 11 wherein the
protective film is chosen from thq'gfoup consisting of an amorphous

carbon film and a hydrogenated carbon film.

K
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will,. MS drive systems The thickness of t.he bonded

Iubr| cant m‘“ﬂ!pl s in the range of 5.0 X 10[err] netres - the

Iubrlcant R“ m“m roximately in the range of 1.0 X 10 netres to
4.0 X 10[errq met kes* (10 t'o 400 Angst romns) : The | ubricant bonded in

t he preferred enbodi nent of this invention is a perfluoropol yether (PFPE)

such as Fonblin Z or Y nade by Montedi son. Krytox nmade by Dupont, or Demmum

made by Daikin are also suitable lubricants for this process. Hydrocarbon

| ubricants are also effective, and can be bonded in accordance with this

i nvention. The invention is not linited to PFPEs or hydrocarbons, as

| ubricants containing carbon, hydrogen, and oxygen (called ali phati c fatty

acids) may al so he bonded in accordance with this invention. In addition,
t he bondi ng pr od®Y59P ¥ fecti ve on non-ltbri cant “hydrocarbons such as

pol yet hyl ene glycol. The lubricants used in this enbodi ment of the
invention are not limted to |ubri cants_ whi ch contain reactive .end groups.
This means that the |ubricant pol is not required to have an O+ group

on the end oft3t hd §8énsfie recozding oy ar@dcﬁaﬁmﬂdh@rﬁ'ﬁn ohehdrhdl pPpdiesses. - Even
t hough t he | uberedarthe icommyoitivre dpiiseledted Ofrhm\tke grovpadhsiseingnd gr oup, a
| ubri cant Whinglrod@®snd)aMBo@dch@anst sdCal@pHAL & bRy iaSidsl i | |

14. A magnetic recording wedia as claimed ‘in any of claims 10 to 13

wherein the composition is a lubricant.

15. A magnetic recording media as claimed in claim 14 whefein the
lubricant is chosen from the group consisting of Fomblin Z-25,
Fomblin Z-DOL, Fomblin AM2001, Fomblin Z-DISOC, Fomblin ¥R, Demnum and

Krytox.

16. A magnetié recording media as;claimed in any of qlaimé 10 to 13

wherein the cgmpbsition is a non-lubricant.

17. A magnetic recording media as claimed in claim ‘16 wherein the

non-lubricant is polyethylene glycol.

—
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PROCESS FOR BONDING COMPOSITION TO A THIN FILM STORAGE MEDIA
ABSTRACT

A method for bonding a lubricant onto the surface of rotating
storage media is'descriﬁed. -In particular, the methed bondS'féactive
and non-reactive lubricants onto the carbon based protective coating of
a magnetic storage disk. The lubricant is first applied onto the disk
surface through conventional coating techniques, such as dipping,
spinning, spraying, or vapor deposition. The thickness of the applied
coating is thicker than the final bonded thickness of the lubricant.
Typically, the applied thickness of the film is approxiﬁately .

3.0 X 10-11 metres (30 Angstroms). The 1ubricant coated disk surface is
then exposed to low energy.eleétron irradiation. The enérgy'level of
the accelerated electrons is below 100 eV. The lubricated film is
exposed to a dosage level of approximately 1000 m1crocoulombs per square
conL1metre This dosage level bonds approximately 1.5 X 10 -12 etres
(150 Angstroms) of lubricant to the disk surface. The non-bonded or
excess lubricant may then be rinsed off in a liquid freon or other

suitable rinse.

B | ot
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ubricants referenced above are shown in figure 5. “The | ubri cant
toated sanple 60 is placed in the vacuum chanber 40 and supported by
sanpl € hol der 70. The vacuum chanber 40 is evacuated to bel ow 1.33 X
O[err] Nnferr] (10[err] Torr) by the vacuum punp 30. The filanment supply
10 provides current to the filament 50. The filanent is nade of a materi al
-such as tungsten and has a typical resistance of approximtely one ohm
The current running through the fitament 50 produces el ectrons which are
ejected fromthe filanent into the vacuum chanber. The el ectrons are then
attracted to the sanple holder 70 which 1is at a higher bias than the | ow
potential of the filament supply 10. The continuous di scharge of el ectrons
fromthe filament 50 and the resulting acceleration of electrons to the
sanpl e holder 70, forms an electron beamto which the sanple is exposed.
Figure 2 illustrates the exponential relationship between the current Ic
received by the sanple 60 fromthe filanent 50 and the applied sanple bias
20 voltage, Vb. The voltage Vb directly_affects the dosage, and
therefore, the required exposure tine d73t he sanple to the.el ectron beam
for a defined exposure of electrons. Figure 3 illustrates the
rel ati onshi p between the thickness of the bonded | ubricant t[err] and t he
el ectron dose I[err] to mhlch the sanple is

30—




exposed, when the sanple bias voltage Vb is maintained at 10V. The as
applied thickness of the l[ubricant characterised in figure 3 is
approximately 3.0 X 10[err] netres (30 Angstrons). Wien the sanple is
exposed to a | ow dosage of el ectrons, bel ow approximately 500 m crocoul onbs
per square centinetre, the thickness of the bonded lubricant is |ess than
1.0 X 10[err] netres (10 Angstrons). Wen the dosage is raised to

approxi mately 1000 m crocoul onbs per square centinetre, approximately 1.5 X
10[ err] metres (15 Angstrons) of the lubricant is bonded to the disk
surface. _As the exposure of the sanple to the el ectron dose increases, no
further S|gn|f|cant bondji ng of the lubricant to the disk surface occurs.

The lubricant is fully bonded (a thickness of approxigately 1.5 X 10[err]
metres (15 Angstrons) of bonded

2/5
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SA9- 90- 091 -7 - | ubricant is obtained) when
the surface of the lubricant is exposed to approximately 1.5 x 10[err]
electrons per square centinetre of disk surface area. Figure 4
illustrates that the variation in sanple bias voltage does not
substantially affect the thickness of the bonded |ubricant over the range
of 2 to 20 volts. The sanple bias prinmarily determnes the tine required to
expose the sanple to a predeterm ned nunber of electrons (or equivalently,
a charge level). The thickness of the bonded lubricant is varied by
changing the initial thickness of the |ubricant applied. Wen .
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approximately 3.0 X 10[err] metres (300 Angstroms) of lubricant is applied,
approxinmately 1.5 X 10[err] netres (150 Angstrons) of the lubricant is
honded to the disk surface. The thickness of the bonded |ubricant varies,
as in figure 3, with the charge level to which the

14 surface is exposed. Again, approximately 1.5 x 10 el ectrons per
square centinetre fully.bonds"the 1.5 X 10[err] netres (150 Angstrons).
When the dosage |l evel is substantially |ower than this, |ess of the
lubricant filmis bonded to the disk surface. The primary factor affecting
t he bonded | ubricant thickness is the initial |ubricant thickness.

The el ectron exposure conditions illustrated in figures 2-4 are
specifically applicable for the Denmum | ubricant. The exposure conditions
for other perfluoropolyethers will be sinilar but not necessarily
identi.cal. Simlarly, the suitable voltage and current range of the

el ectrons, for bonding hydrocarbon lubricants, will be different than the
fl uorocarbon val ues given here. Fbmeve#t bondi ng any particul ar |ubricant
can be easily optim sed by adjusting the energy |evel and exposure of the

el ectron beam ' After the sanple has been exposed to a proper dosage
for an .
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éxpected bonded | upricant thickness, in this case a dosage of approxi mately
1000 m crocoul onbs per square centinetre (which is approximately 1.5 X
¥0[err] electrons per square centinetre) for a bonded |ubricant thickness
of approximately 1.5 X 10[err] netres (15 Angstrons),

SA9- 90- 091 - 8 -
515
STRUCTURE OF LUBRICANTS
Lubricant Formula
Fomblin 2-25 CFJO-(CF2CF20)§-(CFZO)m-CF3
Fomblin 2-15 C -
Fomblin 2-03 . . "
Fomblin Z-DCL HOCHZCFZO-(CFZCFZO)n-(CFZO)m-CFZCHZOH
Fombiin AM2001 Piperonyl;OCHZCon-(CFZCF20)n-(CF20)m-

CFZCHZO-preronyl1

Fomblin Z-DISOC OCN'CGHJtCHs)'NHCO-CFZO'(CFZCF29]n‘(CF20)m-

Fomblin YR F(CFCF,0)n-{CF,0}m-CF,CF,
1 . _
cr,
Demnum F(CFZCFZCsz)néC92CF3
Krytox F(CFCF,0)n-CF,CF,
_ |
cr,

1,4 - methylenedioxybenzyl

4

fe

FIG.5




the sanple is renoved fromthe vacuum chamber and the excess apfff’%

| ubricant is renoved. The excess lwubricant is.renpved by rinsing the

| ubricated disk in liquid freon or other suitable rinse such as FC 72.
FC-72 is a product manufactured by the M nnesota M ning and Manufacturing
(3M Conpany. The sanple retains the bonded | ubricant thickness through
this Tinsi ag Rbficatdoes AbchidveDictdntioh diicans s@ﬂia't oheh thedidk $etates, il l0Bticant

al ways necessary.to r % h nhonded I |ca t f ded | t
desired asSEfSd r@%éﬁg{?oeﬁ% q?utgfi ?’mrt] t!ucicg lélrol 8ﬁrﬁe§1 UE“ CFn IS
after Sl e c imopeaske the feiction betwechltheedisk and dieyread/werite heash dSctondbtheahpletlon of be
renoved an r

(&B ﬁ@cﬁﬁn‘é&d #Hx% In6A trlse {I&O@#ilf(ﬁ’ﬂl S @old e Suptics Bf A Hisk. Where t@e

met hod f or rrcan e sur ace of rotating stora

has been d@y@hnesw toprthizh the bmda%n qayse weamem theodisk swfage: | Wehers the ubricant
non-react i VigcknéRs§ i B Sreat) ithe héRl &l BeddonASiBek BT tHeClibtivaht (Rotd Satie® Friction

?ﬁggﬁgihccz%g‘i?ﬁehdl s(l)< Q}%@?E I Ic‘ﬁ'%]g‘&ﬁ‘ts f LT theéf@%lgifig gt o t he dh’ﬁié dsur ace

sprayi ng, die saAgting dlis]oosﬂ)ﬂlelofmluﬂaﬂmoﬂén mklude sheofnability eptiiei s;nhdle) aidtogtol start

thicker t h%?altl Iaﬁefté B seht@ HfSioh b 'FARHE of the' MEchanical suspension assembly. Thes
effects are present even though the depletion is radial in nature. .

One way in which to bond the lubricant to the disk and therefore prevent the
depletion has been to thermally bond the lubricant to the disk surface. This technique
increases the exposure of the magnetic media to corrosion and degrades the reliability of
the disk. Another technique is to use a process having high energy electron beams. The
lubricant is exposed to electron beams having an energy above ten KeV. This process
has been shown to produce a modified lubricant film bonded to the disk surface.
However, the modified film does not contain all the required lubricating properties of the
unmodified film.

A need therefore exists for a bonding process which bonds a thick enough and
uniform enough film to the storage media to prevent wear while avoiding problems
associated with static friction. In addition the process must not degrade the chemical
stability of the film bonded to the surface to reduce storage media corrosion. Finally,

" the process must bond a variety of lubricants to the storage media. The lubricants
bonded must not be limited to polymers having a reactive end group.

According to a first embodiment of this invention there is provided a magnetic
recording media, comprising:

a substrate;

a magnetic film formed over said substrate;

a protective film formed over said magnetic film; and

a layer of lubricant bonded to said protective film by exposure to an electron beam
having an energy of less than approximately 100 electron volts, said bonded lubricant
being selected from a group consisting of hydrocarbons, fluorocarbens, and aliphatic
fatty acids, and said bonded lubricant having a thickness of approximately 5 to 300
Angstroms.

According to a second embodiment of this invention there is provided a method of
bonding a lubricant onto a recording medium havmg a protectlve overcoat comprising
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1

| ubricant. Typically, the applied thickness of the filmis approxinately
3.0 X 10[err] netres (300 Angstrons). The lubricant coated disk surface is
then exposed to | ow energy electron irradiation. The energy |evel of the
accel erated el ectrons is below 100 eV. Th8 lubricated filmis exposed to a
dosage | evel of apgroxinately 1000 m crocoul onbs per square centinetre.

Thi s .dosagehe &%p$ 05onds approxi mately 1.5 X 10[err] netres (150 Angstrons)

of lubricant toapphfinglisaid hibiicameto sditleprofitite wdedosy; whereimssdidtubicint it
ghen r nsedmgtfe;iaf g‘eleactéd gr'nda tg%oeu%nco%fsisa}lg %r&_hi fhok %mogs,rq@&g%r%lgn élflfl Caliphatic
recordi ng nfatty acidspangk i si ng: a substrate; a hagngat ic filmforned
She! 15V obng i BRCRLCG) P, VAP Sl 1
an el ect r orappeeximately 100 electron volts, so as to supply the requisitc energy to bond
approximately 5 to 300 Angstroms of said lubricant onto said protective overcoat.
According to a third embodiment of this invention there is provided a magnetic
recording media, comprising:
a substrate;
a magnetic film formed over said substrate;

a protective film, consisting essentially of carbon, formed over the magnetic film;
and

a layer of lubricant, consisting essentially of perfluoropolyethers, bonded to said
magnetic film by exposure to a dose of approximately 500 to 1000 microcoulombs per
square centimeter from an electron beam having an energy less than approximately 100
electron volts, said bonded lubricant having a thickness of at least 5 Angstroms and less
than 300 Angstroms.

In order that the invention may be fully understood preferred embodiments thereof
will now be described, by way of example only, with reference to the accompanying
drawings in which:

Figure 1 illustrates an apparatus on which the presént invention may be performed;

Figure 2 illustrates a typical relationship between the supply holder current and the
supply bias for the apparatus shown in figure 1; _

Figure 3 illustrates the relationship between the bonded lubricant thickness and the
charge level to which the lubricant is exposed in accordance with the present invention;

Figure 4 illustrates the relationship between the bonded lubricant thickness and the
supply holder bias; and

Figure 5 illustrates the chemical structure of some of the lubricants used in
accordance with the present invention.

L)
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having an energy of l|ess than approxi 'rrétel'ry:'loo el ectron volts, said bonded

| ubri cant roma grqup:consisting of hydrocar bons '
fI uorocarl mlrm‘m ﬁll H i C fatty aci ds, and sai d bonded | ubricant having
hi ckness of approxsmetely 5 to 300 Angstroms 2. The magnetic
recordl ng nedia as in claiml, wherein s#d protective filmis chosen from
the group consisting of an am)rphous LAMS i | m and a hydrogenat ed car bon
film 3. ,The netic. .reco nedia.as in claiml, wherein said
bt cant i chosef PRGCTE DR e it | !
CFlerr] O(CF[earshﬁi%famsr] O)n (CF[err]OmCF[err],
HOCH err] CF[ ert.] % ]O)mCF[err]CH[err]O—|
Pi per onyl - OCH[ér err & 6\}e9%‘gs§r€%%n (CFlerr]OmCFerr]CH err]Op
i peronyl, a protective film formed over said magpetic film; and

OCN- er rlH er alléﬁ[&rlﬁﬂﬂcah't%ﬁ[%rﬁﬁh%sﬁﬁ filnt by @kpdsrdrd HTERERI D& €
|r:E ]CF[ err] be@.pg]a@:?gl‘% @f A seliﬁét; ]pﬁ {;g&z{t%lg' %ﬂlectron volts, said bonded lubricant

EE gg% err beng %F%Ee& fibf) ar gﬁ{lplrdbhm of hgdgbcarbons, fluorocarbons, and aliphatic
err n- err] CEl . . . . .
| Ck‘f(%'r PTI(LL», ami %Elheﬁ&lded lubricant having a thclgi_e[ssé rorf] approx1ma’£ely4 .5 _tOA?’OO

nmet hod of bkngdﬂragsa | ubricant onto a recording medium having a protective

H

overcoat, conphisi ertﬁ%rriéﬁé’l?éco? edia a@RPEMING, Sﬂiegelhlégﬂ' }Iﬁ%fgctl@@ fitdl id
protective ovefcoat, whefern Sa d Pubricant i.s a edfroma
group consFBeseAgrem HedSroun ¢anssting IQfoq’%éﬁ‘P&;Wgs hﬁ% Qf‘?%‘?n%@iids
and carbon film.

3. The magnetic recording media as in claim 1, wherein said lubricant is chosen
from the group consisting of:

CF;0-(CF,CF,0)n~(CF,0)m-CF;,

HOCH,CF,0-(CF,CF,0)n-(CF,0)m-CF,CH,0H,

Piperonyl-OCH,CF,0-(CE,CF,0)n-(CF,0)m-CF,CH,O-piperonyl,

OCN-CgH3(CH3)-NHCO-CF,0-(CF,CF,0)n-(CF;0)m-CF,-CONH-

CgH3(CH;)-NCO,
F(CF,CF,CF,0)n-CF,CF;,
F(CFCF;0)n—(CF,O)m—CF,CF; and F(CFCF,0)n—CF,CFs .
CF3 CF;

4. A method of bonding a lubricant omto a recording medium having a
protective overcoat, comprising the steps of:

applying'said lubricant to said protective overcoat, wherein said lubricant is a
material selected from a group consisting of hydrocarbons, fluorocarbons, and aliphatic
fatty acids; and

exposing said lubricant to an electron beam baving an energy of less than
approximately 100 electron volts, so as to supply the requisitc energy to bond
approximately 5 to 300 Angstroms of said lubricant onto said protective overcoat.

5.  The method according to claim 4, further comprising the steps of:

removing unbonded lubricant from said protective overcoat after exposure to said
electron beam.
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exposi ng—sardtubricant to an el ectron beam having an energy of |ess than

appr oxi mat f volts, so as to supply the requisite energy to
bond appro ﬂﬂ ‘ﬁm) Angstrons of said lubricant onto said _
M 1 *

protective 5. The nmethod according to claim4, further

conprising the steps of: renovi ng uktbonded | ubricant from said
protective overgoatrrl fehod%BS5ting tb 1ahii4 wilegGh! On beam |
10 6.  The ne?%lgg .accorgi ng to élvg m 4, O\Fherei n: sai d

| ubricant is creikhbricgthis pOsgR &om His o FoRsisyns

CF[ err] O ( CF[ erck 4 EF,CROCH,0)mlCFr CRl err ],
HOCH[ err] CF[ err Qﬁ -(@ IEE%Z 2CH20H,
Pi per onyl - OCH 2 ?QE% 'F%;z ‘err]OmCFerr]CHerr]Op

i E)]e:r onyl - Piperon§IoSICH 1, DHGH,OR, OMi-CFJQ)aBeCHE Depipéronyl,
g:[ il 4 rH][ Fl Pt | 6k Cﬁ@b@ﬁb@%ﬁg@] (4, 0)5-(CF,0)m-CF,-CONH-
F( CF[ err] CF[ er r¢@E@H)NEOCF err] CFlerr],
F(CFCF[err] O ”'F@ZWZW%Q@WCF;,CF[ err] and F(CFCF[err]On-CF[err] CFlerr]
F((llFCon)n—(CFZO)m—CFZCF3 and F((lIFCFZO)n—CF2CF3
CF3 CF;

and said protective overcoat is chosen from the group consisting of an essentially
amorphous carbon film or an essentially amorphous hydrogenated carbon film.

7. A magnetic recording media, comprising:

a substrate;

a magnetic film formed over said substrate;

a protective film, consisting essentially of carbon, formed over the magnetic film;
and

a layer of lubricant, consisting essentially of perfluoropolyethers, bonded to said
magnetic film by exposure to a dose of approximately 500 to 1000 microcoulombs per
square centimeter from an electron beam having an energy less than approximately 100
electron volts, said bonded lubricant baving a thickness of at least 5 Angstroms and less
than 300 Angstroms. _

8. A magpetic recording media as in claim 7 wherein said protective film is
chosen from the group consisting of an amorphous carbon film and a hydrogenated
carbon film. |

This is the repiacement sheel
9 DEC 1097
Dater | OE



| ' ' | CFlerr]

CF[err] and said protective overcoat:-i-s.-chosen fromthe group

consi sting of an essentially anmor phous carbon filmor an essentially
anor phous hydrogenated carbon film 7. A magnetic recording

medi a,: ~conpri si ng: a substrate; 11 a magnetic filmforned
over said substrate; - a protective film consisting essentially of
carbon, formed over the magnetic film and a |layer of

| ubri cant, consiBRAGESS d¥ e BONRINGY CRPOSETTONUBP o JHYR tFIEMSSTIRARB MEDIA sai d
magnetic filmby exposure to a dose of approxinmately 500 to 1000

m crocoul onbs per square centineter froman el ectron beam having an
energy | ess than approxi mately 100  ABSHASLtron volts, said bonded

| ubricant having a thickness of at |east 5 Angstrons and | ess t han 300
Angstrons.

. A netj¢ recording nedia . as in claim7 wherein
sai d protective TeHRef §°r bon ’é’%oéejd"%lrll‘d?ﬁtt ﬁ&t%rt&ﬁpﬂ&fﬁg? &5 AgEYHngn
anor phous sxarbge wddim fndeachipddogamapesticular ,Cahbaiethbd Bonds reactive

and non-reactive lubricants onto the carbon based protective coating'df
a magnetic storage disk. The -lubricant is first applied onto the disk
surface through conventional coating techniques, such as dipping, -
spinning, spraying, or vapor deposition. The thickness of the applied
coating is thicke; than the final bonded_thickneés of the lubricant.
Typically, the applied thickness of the film is approximatel§

3.0 x 10711
then exposed to low energy electron irradiation. The energy level of

the accelerated electrons is below 100 eV. The lubricated film is

metres (30 Angstroms). The lubricant coated disk surface is

exposed to a dosage level of approximately 1000 microcoulombs per square
centimetre. This dosage level bonds approximately 1.5 X 10"12 metres
(150 Angstroms) of lubricant to the disk surface. The non-bonded or
excess lubricant may then be rinsed off in a liquid freon or other

suitable rinse.
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