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PROCESS FOR BONDI:NG COMPOSITION TO A THIN FILM STORAGE MEDIA 

This invention relates to the 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 film magnetic recording disks typically comprise a subs~rate, 

such as an aluminum-magnesium (AlMg) alloy with a nickel-phosphorous 

(NiP) surface coating. The NiP is covered with a magnetic film, 

typically either a cobalt based metal alloy or a gamma phase iron oxide 

film. The magnetic film can be covered with a protective overcoat such 

as a sputter deposited amorpholls carbon or· a hydrogenated carbon film. 

A general des~ription of the structure of such thin film disks is 

illustrated in 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 carbon.film as an 

overcoat is described in U. S. 4,778,582. 

Data is recorded onto a magnetic disk having the structure 

described above by a read/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 not rotating fast enough, 

the read/write head slides .along tlrn disk s11rface. A liquid lubricant, 

such as ·a fluoroether lubricant, .is added to the surface of the carbon 

based protective overcoat to prevent dam.1ge to the magnetic disk, when 

the read/write head slides on the disk. Alternatively, the lubricant 

could be placed directly 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 r.ea~/write head and the disk . 

. Liquid lubrication of the disk sr1rface has at least two problems 

which. limit its effectlveness 1u1 nserl in rotatlng !'itorage media. Fi:::-st, 
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the lubricant does not have a retention means so that when the disk 

rotates, the lubricant spins off the.disk. The depletion of the 

lubricant thickness from the disk surface increases the friction between 

the·disk and the read/write head.· Second, the depletion of the 

t.hickness 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 great, the head will 

become stuck in the lubricant (from static friction) and the head 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 suspensi~n assembly. 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 depletion has been to thermally bond the lubricant to the 

disk surface. This technique :i.ncreases the exposure of the magnetic 

media to corrosion and degrades the reliabili.ty 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 pr.educe a modi.fied lubricant film bonded 

to the disk surface. However, the modi.fied film does not contain all 

the required lubricating properties of. the unmodified film. 

A need therefore exists for. n bonding process which bonds a thick 

enough and uniform enough film to the storage media to prevent wear 

while avoiding problems associ.atnd with static friction. In addition 

the process must not degrade the chemical stability of the film bonded 

to the surface to reduce storage medi.a corrosion. Finally, the process 

must bond a variety of lubricants to the storage niedia. The lubricants 

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

Viewed from o~e aspect the present invention provides a method of 

bonding a composition onto a recording media, comprising the steps of: 
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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 th~teby bonding 

the composition onto the recording media, the bonded composition having 

a thickness.of at least 5.0 X 10-lO metres (5 Angstroms) and less than 

3.0 X 10-12 metres (300 Angstroms). 

Viewed from another aspect the present invention provides a 

magnetic recording media comprising: a substrate; and a magnetic film 

formed 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 
-10 

having a thickness of at least 5.0·X 10 metres (5 Angstroms) and less 

than 3.0 X 10-12 metres (300 Angstroms). 

In order that the invention may be fully understood preferred · 

embodiments thereof will now be descdhed, by way of example only, with 

reference to the accompanying drawings in which: 

Figure 1 illustrates an apparatns on wh.i.ch the present invention 

may be p~rformcd; 

Figure 2 i.l lustratcs a typi.cal re.1 ationship between the supply 

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

Figure -3 illustrates the relati.onsh.ip between the bonded lubricant 

thickness and the charge level to which !:he lubricant is exposed in 

accordance with the present inv~ntion; 

Figure 4 illustrates the relationship between the bonded lubricant 

thickness and the supply holder bias; and 

Figure 5 illustrates the chemicnl structure of some of the 

lubricants used in accordance with the present Jnvention. 
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The apparatus for carrying out the process in accordance with the 

present invention is illustrated in figure 1. A vacuum chamber 40 

contains a filament 50 and a sample holder 70. The filament 50 is 

electrically connected to a filament power supply 10 which provides 

electrical bias across the filament. The sample holder 70 is 

electrically connected to s'aiiiple bias power sup'ply 20 which maintains 
; 

the sampie holder at a chosen bias with respect to the filament 50. The 

vacuum chamber 40 is connected to a vacunm pump 30. The vacuum pump 30 

pumps gaseous compounds out of the vacuum chamber 40 to maintain the 

pressure inside the vacuum chamber 40 at a chosen level, preferably 
-5 -2 -3 below 1.33 X 10 Nm (lo Torr). The sample holder ?O supports a 

sample 6.0 which is to be exposed to electron radiation. The sample 60 

is located between the filament SO and the sample holder 70, and 

electrically contacts the sample holder 70. Alternatively there may be 

several filaments and holders with multiple i:iamples located between a 

filament SO and the bias .Potential being established by a sample holder 

70. 

The sample 60 is a magnetic storage disk comprising a substrate of 

aluminum-magnesium (AlMg) alloy having 11 nickel-phosphorous (NiP) 

coating. The NiP is coated with a magnP-tic film of cobalt based metal 

alloy oi: a gamma phase iron oxide film. ThP. mngnetic fi.lm may then be 

covered with an amorphous .car.hon or hydrognn1.1tnd carbon film which acts 

as a protective over.cont. A mngneti.c. disk wi.th such a car.hon based 

protecti.ve overcoat is described Uni.te<l Stntes patent 4, 778,582. 

A pr.oces5 i.n accordance with the pr<•i:;i;mt invention bP.gins by 

coating the surface of the snmple 60, whlch has the carbon based 

protective layer, wi.th n lnbr.icant. ·Tim luhr.icant can be coated on both 

sides of the disk Qecause storage disks frequently have protective 

layers on both sides of the di.sk and use both sf.des of the disk for data 

storage. The .1.uhr.lc;mt is nppl.f.ed hy spin coat:l.ng the d.i.sk with the 

lubricant. The lubricant can also he appl..i.ed by cli.pplng the disk in a 

container of lubricant, evaporating the lubricant on the disk, or ~iping 

·:-. 



·.- "" 

;r •. 

.. 

SA9-90-091 5 -

the lubricant onto the disk. The initial "thickness of the lubricant 
: -11 

film when it is applied is approximately"3·.0 X 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. Second, the thickness required at the end 

of the process on the magnetic disk depends on the static friction 
""a. 

(friction between the read/write 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 dr.ivC::. systnm can accommodate. This static 

friction value and wear consideraUon f.ri 11 be different for various 

drives, and as a result, the necessary thi.ckness of the bonded lubricant 

will be different for various drive systems. The thick;ness of the 
-10 . 

bonded lubricant in .this invention ls i~ the range of 5. 0 X 10 metres 

to 3.0 X 10- 12 metr~~-(5 to 300 Angstroms). The as applied thickness of 

the lubricant is, therefore, approximately i.n the range of 1.0 X 10-lO 
-12 . ·. . 

metres to 4.0 X 10 metres (10 to 400 Angstroms). 

The _lubricant bonded in the prefer.red embodiment of this invention 

is a perfluoropolyether (PFPE) s11ch ns f'ombli.n 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 accordnncn wi.th this invention. ThP. 

invention is not limited to PFPEs or hydrocnr.bons, as lubricants 

containing carbon, hydrogen, and oxygcm (cnl l.ed aliphatic fatty acids) 

may also-be b~nded in accordance with thi.s .invention. In addition, the 

bonding process is effectivP. on non-lubricant hydrocarbons such as 

polyethylene glycol., The lubricants used fa this embodiment of the 

invention are not limited to lubr.i.cant~ which contain reactive end 

groups. This means that the lnbr.i.cant "polymer is not required to have 

an 011- group on the end of thP. polymer., as required .in thermal bonding 

processes. EvP.n though the l1ibr.i.cant f.s not required to have a reacth·F.! 

end group, a lubricant which does have a reactive end gro•~p is stil 1 

.. , 
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bondable by the process of the invention. The ·chemical structure of the 

lubricants referenced above are shown in figure 5. 

The lubricant coated sample 60 is placed in the vacuum chamber 40 

and supported by sample holder 70. The vacuum chamber 40 is evacuated 
-5 -2 -3 . 

to below 1.33 X 10 Nm (10 Torr) by the vacuum pump 30. The 

filament supply 10 provides current to the filament 50. The filament is 

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 lnto the vacuum 

chamber. l'he electrons nro then attracted to the sample holder 70 which 

is at a higher bias than the low potenti.al of the filament supply 10. 

The.continuous discharge of electrons from the filament 50 and the 

resu1ting acceleration of electrons to.the sample holder 70, forins an 

electron beam to which the sample is exposed. J'.igure 2 illustrates the 

exponential relationship between the current Jc received by the sample 

60 from the filament 50 and the applied sample bias 20 voltage, Vb. 'Q!.~ ,, 
voltage Vb directly affects the dosage, and therefore, the required 

exposure time of the sample to the electron beam for a defined exposure 

of electrons. 

Figure 3 illustratos the r.ol.ationship hntween the thickness or: the 

bonded lubricant tb d and the nJcctron close rt to whit:l1 the sample is on · · 
exposed, when the sample bias voltage Vb is mni.ntai.ned at )OV. The as 

applied thickness of the lllbricant chnr.nr.l:P.ri.sed in figure 3 is 
-11 

approximately 3.0 X 10 metres (30 Angstroms). When the sample is 

exposed to a low dosage of elP.ctrons, b".!low approximately 500 

microcoulombs per squa·re centimetre, the thickness of the bonded 

lubricant is less than 1.0 X 10-ll metr.ns (1.0 Angstroms). When the 

dosage is raised to approximately 1000 microcoulombs per square 
. -11 

centimetre, approximately 1.5 X 10 metres (15 Angstroms) of the 

lubricant is bonded to th!l disk Rttrfacn. As thn nxposnrri of the sample 

to the electron dose increases, no further si.gnificant bonding of the 

lnbr.icant to the disk surface occurs. The lubricant is fully bonded (a 

lhlr:r.nr•:::; of :1pprr>xim11trily -1.5 :< 10-.11 mnl:rm~ ( 15 ·t\11gstrori1s) c)( hr>ndr1d 

:·. 
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lubricant is obtained) when the surface of the lubricant is exposed to 
14 

approximately 1. S x 10 electrons per square centimetre of disk surface 

area. 

Figure 4 illustrates that the var..iation i.n sample bias voltage does 

not substantially affect the t:hi.ckne::is 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 thickness of the lubricant applied. When 
-12 

approximately 3.0 X 10 metres (300 Angstroms) of lubricant is 
-12 

applied, approximately 1.5 X 10 metres (J.50 Angstroms) of the 

lubricant is bonded to the disk surface. The thickness of the bonded 

lubricant varies, as in figure 3, with the charge level to which the 

surface is exposed. Again, approxi.mRtely 1.5 x 10
14 

electrons per 
. -12 

square centimetre fully bonds the 1.5 X 10 metres (150 Angstroms). 

When the dosage level is substantially lower than this, less of the 

lubricant film is bonded to the disk sur.f:nc<i. The primary factor 

.affecting the bonded lubricant thicknes::i is the Jn.itial lubricant 

thickness. 

The electron exposure ·(:onditions Jl111stratccl .in figures 2-4 are 

specifically applicable for: the Denmum l11hr.icnnt. Tho exp6s111:e 

conditions for. other. perflnoropolyothl'rs wi 11 be s i.mllar. but not 

necessad.ly :i.denticaJ.. Si.m.ilarly, thP. s11itnhle voltnge and current 

range of tho electrons, for bonding hyclrocnr.hon 111br.ici1nts, will br. 

cli.ffcr.ent than the flnorocar.bon va'11P.s J?,ivnn hen~. However, bonding any 

particular. lubricant can he 1?11s i ly opt imisnd hy .itlj11st i.ng the ener.gy 

level and exposure of the electron b1rnm. 

After the sample has been exposed t:o <J pr.opnr. dosagn for an 

expected bonded ~1brjcant thickness, in thls case a dosage of 

appr.ox.imalcly HJOO m.i.f:roco11 Lomhs p•~r srp111rn cnnt im<?tr<i (wh:f.ch i.s 
14 approximately 1. 5 x 10 electrons per sq11are centimetre) for a bonded 

l11br.icant thickness of -approximately l.5 X 10-l~ metres (15 Angstroms), 

: .. 
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the sample is removed from the vacuum chamber and the excess applied 

lubricant is-removed. The excess lubricant is removed by rinsing the 

lubricated disk in liquid freon or other suitable rinse such as FC-72. 

FC-72 is a product manufactured by the Minnesota Mining and 

Manufacturing (3M) Company. The sample retains the bonded lubricant 

thickness through this rinsing process. The removal step is optional 

because it is not always necessary to remove the unhanded lubricant .. If 

unhanded lubricant is desired as an overcoat to the bonded lubricant, it 

can be left on the disk after electron beam exposure. Alternatively, 

the unhanded lubricant can be removed and unhanded lubricant re-applied 

Lo the disk surface. 

A method for bonding a lubricant onto the surface of rotating 

storage media.has been described. In particular, the met.bod bonds 

reactive and non-reactive lubricants onto thn car.boo based protective 

coating of a magnet-ic storage disk. The lubricant is first applied onto 

the disk surface through conventional coating tc:chniques, -such as 

dipping, spinning, sprayin~, or vapor deposition. The thickness of the 

applied coating is thicker. than the Hnal bonded thickness of the 

lubricant. Typically, the applied thickness of the film is 
-12 . 

npproxi_matcly 3.0 X 10 matres (300 /lngstroms). The lubricant coated 

disk surface is then exposed to low energy nlcctron i.rradiation. The 

energy level of the accelerated electrons is below 100 eV. The 

lubricated Hlm is exposed to a ·dosage lnve 1 of npproximately 1000 

microcoulombs per sqrH1re centimC1trn. Thil=; c!osage level bonds 
-12 . 

approxim~tely 1.5 X 10 metres (150 Angstroms) of lubricant to the 

disk surface. The non-bonded or excess l11br.i.cnl1t is then rinsed off in 

a liquid freon or other suitable ripsC1. 

•. 
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. CLAIMS 

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

comprising the steps of: 

applY,ing the composition to at least one surface of the recording media, 

expos1-ng the surface of the recording madia 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-IO metres (S Angstroms) and less than 
' -12 3.0 X 10 __ metres (300 Angstroms). 

2. A method of bonding a composition onto a recording m~dia as claimed 

in claim 1, further comprisi.ng the step of: 

re~oving unbonded cofuposition from the recording media surface after the 

exposing step. 

3. A method of bondi.ng a compositi.on <>nto a r.ecor.ding media as claimed 

in any of claims 1 or 2 wherein the s11r.face of the recording media is a 

protnctive film 

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

in claim 3 wherein the protective fi lrn i.s chosen from the group 

consisting of an amorphous carbon fl.lm ancl a hydrogenated carbon film. 

5. I\ method of honding a compC>Ri.tion onto a recording medi.a as clai.med 

111 nny ()f Lim prcicndJng <dalms whnrni.11 1.hn composition Is irnlnc:Led fr.om 

the group consisting of hydrocarbons, fluorocarbons _and ali.phatic fatty 

acids. 

-~ 
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6. A method of bonding a composition onto 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 

in nny of cldms 1 to 5 wherein the composition i.s a non-lubd.cant. 

9. A ml!thod of bonding a composition onto a recording media as claimed 

in claim 8 wherein the·non-lubricant Js polyethylene glycol. 

10. A magnetic recording media comprising: 

a substrate; and 

a magnetic film formed on the substrate, characterised by 

a layer ?f composition bonded to the recording media by exposure to an 

electron beam having an 1mergy less than substantially 100 electron 

volts, the bonded composition having a thickness of at least 5.0 X 10-lO 
-12 metres (5 Angstroms) and less than 3.0 X 10 metres (300 Angstroms). 

11. A magnetic recor~ing media as c la.i.mfld in claim 10 further 

compr.ising: 

a protective film, consisting essentially of carbon, disposed between 

the mngnctic film and the layer of bonded compositi.on. 

12. A magnclic recording media as c:laimmJ .i.n c]af.m 11 wherein the 

protective film is chosen from the group consisting of an amorphous 

carbon fi.lm and n hydrogenated cnrbon f.i lm. 

· iiDii111r1w1r 
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13. A magnetic recording media as claimed in ~ny of claims 10 to 12 

wherein the composition is selected from the group consisting of . 

hydrocarbons, fluorocarbons and aliphatic fatty acids. 

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

wlrnreln the composition is a llibdcant. 

15. A magnetic recording media as claimed in claim 14 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. 

16. A magnetic recording media as claimed in any of claims 10 to 13 

wherein the c9mposition is a non-lubricant. 

17. A_ magnetic recording media as clai.med in claim 16 wherein the 

non-lubricant is po!yethylene glycol. 
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