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POLYMERIC PERFLUORO POLYETHER PHOSPHATE
LUBRICANT TOPCOAT

Te ica ield

The present invention relates to a magnetic
recording medium, particularly a rotatable magnetic
recording medium, such as a thin film magnetic disk and
a lubricanc topcoat for contact with a cooperating
magnetic transducer head. The invention has particular
applicability to a textured magnetic recording medium
comprising a lubricant topcoat with a high bonded lube
ratio.

Background Art

Thin film magnetic recording disks and disk drives
are.conventionally employed for storing large amounts of
data in magnetizable form. In operétion, a typical
contact start/stop (CSS) method commences when a data
transducing head begins to slide against the surface of
the disk as the disk begins to rotate. Upon reaching a
predetermined high rotational speed, the head floats in
air at a predetermined distance from the surface of the
disk where it is maintained during reading and recording
operations. Upon terminating operation of the disk
drive, the head again begins to slide against the surface
of the disk and eventually stops in contact with and
pressing against the disk. Each time the head and disk
assembly is driven, the sliding surface of the head
repeats the cyclic operatibn consisting of stopping,
sliding against the surface of the disk, floating in the
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air, sliding against the surface of the disk and
stopping.

For optimum consistency and predictability, it is
necessary to maintain each transducer head as close to
its associated recording surface as possible, i.e., to
minimize the flying height of the head. Accordingly, a
smooth recording surface is preferred, as well as a
smooth opposing surface of the associated transducer
head. However, if the head surface and the recording
surface are too flat, the precision wmatch of these
surfaces gives rise to excessive stiction and friction
during the start up and stopping phases, thereby causing
wear to the head and recording surfaces, eventually
leading to what is referred to as a "head crash." Thus,
there are competing goals of reduced head/disk friction

and minimum transducer flying height.

Conventional practices for addressing these apparent
competing objectives involve providing a magnetic disk
with a roughened recording surface to reduce the
head/disk friction by techniques generally referred to as
"gexturing." Conventional texturing techniques involve
mechanical polishing or laser texturing the surface of a
disk substrate to provide a texture thereon prior to
subsequent deposition of layers, such as an underlayer,
a magnetic layer, a protective overcoat, and a lubricant
tépcoat:, wherein the textured surface on the substrate is
intended to be substantially - replicated in the
subsequently deposited layers. The surface of an
underlayer can also be textured, and the texture
substantially replicate&;. in subseguently deposited
layers. _ ' '

A typical longitudinal recording medium is depicted
in Fig. 1 and comprises a substrate 10, typically an
aluminum (Al)-alloy, such as an aluminum-magnesium (Al-
Mg) -alloy, plated with a layer of amorphous nickel-
phosphorus (NiP). Alter_n'ét_:ive substrates include glass,
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glass-ceramic materials and graphite. Substrate 10
typically contains sequentially deposited on each side
thereof a chromium (Cr) or Cr-alloy underlayer 11, 11’,
a cobalt (Co)-base alloy magnetic layer 12, 12‘, a
protective overcoat 13, 13¢, typically containing carbon,
and a lubricant topcoat 14, 14’. Cr underlayer 11, 11°
can be applied as a composite comprising a plurality of
sub-underlayers 11A, 11A’'. Cr underlayer 11, 11‘, Co-
base alloy magnetic layer 12, 12’ and protective overcoat
13, 13’, typically containing carbon, are usually
deposited by sputtering techniques performed in an
apparatus containing seguential deposition chambers. A
conventional Al-alloy substrate is provided with a NiP
plating, primarily to increase the hardness of the Al
substrate, serving as a suitable surface to provide a
texture, which is substantially reproduced on the disk
surface.

In accordance with conventional practices, a
lubricant topcoat is uniformly applied over the
protective overcoat to prevent wear between the disk and
head interface during drive operation. Excessive wear of
the protective overcoat increases friction between the
head and disk, thereby causing catastrophic Adrive
failure. Excess lubricant at the head-disk interface
causes high stiction between the head and disk. If
stiction is excessive, the drive cannot start and
catastrophic failure occurs. Accordingly, the lubricant
thickness must be optimized for stiction and friction.

A conventional material employed for the lubricant
topcoat comprises a perfluoro ‘pclyether (PFPE) which
consists essentially of carbon, fluorine and oxygen
atoms. However, as employed herein, the expression
"perfluoro polyether" encompasses groups which are not
completely perfluorinated, such as where the terminal
methylene groups attached to hydroxyl radicals concain no
fluorine. The lubricant is usually dissolved in an



10

15

20

25

30

35

WO 97/47000 _ PCT/USY7/08406

4

organic solvent applied and bonded to the magnetic
recording medium by techniques such as thermal treatment,
ultraviolet (UV) irradiation and soaking. A significant
factor in the performance of a lubricant topcoat is the
bonded lube ratio which is the ratio of the amount of
lubricant bonded directly to the magnetic recording
medium to the amount of lubricant bonded to itself or to
a mobile lubricant. Desirably, the bonded lube ratio
should be high to realize a meaningful improvement in
stiction and wear performance of the resulting magnetic
recording medium.

In view of the criticality of the lubricant topcoat
in magnetic recording media, there is a continuing need
for improved uniform bonding of the lubricant topcoat to
the magnetic recording medium, particularly to a
protective carbon overcoat. There is also a need for
improved 1lubricants for wuse as topcoats in the
manufacture of magnetic recording media capable of
achieving a high bonded lube ratio.
Disclosure of the Invention

an object of the present invention is a magnetic
recording medium comprising a lubricant topcoat bonded

"thereto at a high bonded lube ratio.

A further object of the present invention is a
lubricant for use as a lubricant topcoat on a magnetic
recording medium capable of bonding at a high bonded lube
ratio.

Additional objects, advantages and other features of
the invention will be set forth in part in the
description which follows and in part will become
apparent to those having ordinary skill in the art upon
examination of the following disclosure or may be learned
from the practice of the invention. The objects and
advantages of the invention may be realized and obtained
as particularly pointed out in the appended claims.
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According to the present invention, the foregeoing
and other objects are achieved in part by a magnetic
recording medium comprising a lubricant topcoat, said
lubricant = topcoat containing a perfluoro polyether
phosphate polymer.

Anotger aspect of the present invention is a method
of manufgcturing' a magnetic recording medium, which
method c@ﬁprises: forming a magnetic layer on a non-
magneticzisubstrate: optionally forming a protective
overcoat on the magnetic layer; and forming a lubricant
topcoat on the magnetic layer, or on the protective
overcoat, if present, said lubricant topcoat containing
a perfluoro polyether phosphate polymer.

Addiﬁional'objects ané advantages of the present
inventioaéwill,become readily apparent to those having

-ordinarygékill in the art from the following detailed

description, wherein the embodiments of the invention are

'describeq;$§imply'by way of illustration of the best mode

contempla:éd_for carrying out the invention. As will be
realized@tthe invention is capable of other and different
embodimen;s, and its several details are capable of
modifications in various obvious respects, all without
departingffrom the invention. Accordingly, the drawings
and desé;iptibn are to be regarded as illustrative in
nature,lénd not as restrictive.

Figj?i schematically depicts a magnetic recording
medium gtructure to which the present invention is
applicable.

Fig; 2 Eepresents the Fourier transform-infrared
(FT-IR) spectrum of a phosphate polymer of the present
invention. '

Fig. 3 represents the FT-IR spectrum of ZDOL-4000,

a commercial polyether alcohol.
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Fig.*i"is a graph depicting £hé results of testing
comparing the effectiveness of a lubricant topcoat of the
present invention with that of conventional lubricants.

Fig. 5 is a graph showing results of comparing the
effectiveﬁgss of a lubricant topcoat of the present
invention with that of a conventional lubricant.

Fig. 6 is a graph displaying the bonded lube ratios
for 2ZDOL-4000, 24000/POCl, (1:1), 24000/POCl, (1:2),
Z4000/POC1, (1:4) and 2400/POCl, (1:6).

Fig. 7 is a representation of the reactions taking
place in ﬁorming a perfluoro polyether phosphate polymer
from a m;xture of PFPE diols and PFPE alcohol, wherein
the lettérs ¢ - £ are integers from about 0 to about 10.

Best !pgglgpr-Ca;gz;gg out the Invention

Théﬁg?eaenttinvention is directed to a class of

_lubricangéfﬁwhich can be advantageously employed as
-lubricangptopdoats on magnetic recording media with a

high degree of bonding to the magnetic recording media,
especiallyfto a protective overcoat, such as a carbon-
containing protective overcoat. A particularly
advantagébus characteristic of the inventive class of
lubricants is its high affinity for carbon, as a result
of which the lubricant forms a tightly adherent bond to
carhon-cbhtaining protective overcoats. Consegquently,
the lub:ibant topcoat of the present invention desirably
reduces.?stiction but increases wear resistance and
durability.

In"ié&cordance with the present invention, a
phosphatégﬁolymer can be formed from any of the various
perfluorﬁfpblyether alcohol lubricants, such as those
conventioﬁally employed to form lubricant topcoats on
magnetié*ﬂrecording ‘media. In an embodiment of the
present ‘invention, a perfluoro polyether phosphate
polymeric lubricant is formed having the structure shown
below by the reaction sequence depicted as follows:
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"’E{""’”); POCl; HOCH,-PFPE 07} ~0—~PFPE.CH,0H
LPFPE-cH,OH
m:pe-(-t:l-l,on) + POCi
2
o o f
: a oP oX
' SXD \OOCHz-PFPE o *0 _~PFPE-CH,0. P"OTQ
b
PFPE-CH,0” \‘o-[-,,
Perfluoro Polyether Phosphate Polymer

wlf:.os.'.rein_P_li‘PE-{CH,OH)2 is a perfluoro polyether diol, POCl,
is phos_p}_xorus oxychloride and a-f are integers from about
0 to about 10.

This invention also advantageously provides a series
of lubricants which enables control of the bonded lube
ratio in excess of 0.4, even in excess of 0.9, by
adjusting the synthetic reaction chemistry. By
adjusti_éixg the reaction time, reaction temperature, and
the reaétion reactant ratio, the ratio of PFPE alcohol
and phosphorus oxychloride, the bonded lube ratio of the
magnet:.c medium prepared from the resultant series of
lubr:.ca_.xf_x_ts can be controlled from about 0.4 in excess of
0.9. -Q-ig_igdvantageously, the lubricants of the present
invent'i'q;x ‘are soluble in conventional solvents, such as
organic_-?f'solvents, e.g., Freon® and perfluorohexane. The
lubricg'x_fn:s of the present invention can be applied to a
magnetic recording medium in any convenient manneé, as by
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dip coat:.ng’"the medium in a solutidih 8f the lubricant in
a convenl::.onal organic solvent.

The lubr:.cants employed in the present invention are
perfluor:.na:' _jed polyether phosphates, and the synthetic
reaction’ chem:.stry is adjusted to control the extent of
ultimate _d:.rect lubricant bonding to the magnetic
recording medium. One having ordinary skill in the art,
given the’ '

_o_bjéct:ive of the present invention, could
easily de ermine the optimum synthetic reaction
chemistry, -after being apprised that it is a result-
effective variable affecting the degree of bonding
I"n accordance with the present invention, it
‘“found that, as the PFPE diol/POCl, ratio
d the reaction temperature and time increase,

directly.

. -substrate, such as a protective carbon
creases. For -example, it has been found that
oolymer prepared from ZDOL-4000 and POCl,
| (moles/moles) at a reaction

_ Compare Fig. 6.
In an - embodiment of the present invention,

: ._.'be reacted w:.th phosphorus oxychloride, for
ZDOL

; HocH2 CRO—CF, CR0}—{CF,0l5- CF, CHOH

wherein mand n independently are 0 or an integer of up
to 100. |

ZDOL :Ls available in various molecular weights
ranging from over about 100 to about 10,000 prepared from




10

15

20

25

30

35

WO 97/47000 o PCT/US97/08406

9

commercial sdurces by fractionation, any of which may be
employed to synthesize the lubricants employed in the
practice of the present invention.

It should be apparent to one having ordinary skill
in the subject art that any perfluoro polyether alcohol
can be emplojred to prepare the corresponding phosphate
polymer used in the practice of the present invention.
Indeed, the PFPE employed in the present invention can be
of any type, including PFPE-1, PFPE-2, PFPE-3 and PFPE 4
(Del Pesco, Perfluoroalkylpolyethers, CRC Handbook of
Lubrication and Tribology, Vol. III, pp. 287-303, 1994,
Booser, E.R. ed. CRC Press, Boca Raton, FL).

Another commercially available perfluoro polyether
alcohol compound which can be employed to synthesize a

-phosphate -lubricant useful in the present invention is

Demnum -SA‘Jf(Nagase & Co., .Ltd.) which has the following
structure: '

F (CF,CF,CF,0) ,CF,CF,CH,0H
wherein n is an integer of about 15 to about 100.

Demi_mm SA is available in molecular weights ranging
from about 1500 to about 8000, and with fractionation
techniques, such as flash chromatography or distillation,
molecular weights of about 200 to about 10,000 can be
obtained. In another embodiment of the present
invention, Demnum SA having an average molecular weight
from about 1000 to about 5000, such as 2000, can be
employed. _

The lubricant topcoat of the present invention can
be applij;a_'d to a magnetic recording medium, either on the
magnetic{:{la;ye:r or on a conventionally applied protective
overcoat, E,_pérticularly' a: carbon overcoat. In an
embodiment of the present invention, the lubricant is
dissolvé’d' 'in a conventional organic ‘solvent, such as
Freon® or 'perfluorohexane', in a ratio of about 0.0001% to
about 100% by (weight/weight), preferably about .001% to
about 0.5%. A typical magnetic recording medium, for
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example, a comp051te comprising a non-magnetlc substrate
having sequentlally deposited on each side thereof an
underlayer, -a. magnetic layer, and a protective carbon
overcoat,$}s_suhmerged in the lubricant solution and then
slowly wiﬁha;awn therefrom. 1In practicing the present
invention; ‘cne can employ a conventional 1lifter-type
dipper toa-submerge the composite in the lubricant
solution.

One havxng ordinary skill in the art can easily
optimize the duration of submergence and the speed of
w1thdrawa1s.tp achieve a desired coating thickness.
Surprisiqé%y; it was found that the lubricants of the
present ihﬁéﬁtion, particularly those prepared from PFPE
alcohols_hﬁ&ing;a.molecular weight between about 1000 and
5000, caﬂ?'bgmflubricant topcoats with bonded lube ratios
in excessf £:0.9, at various thicknesses such as about 83
to about 25A.

TheffflubricanCS of the present invention
dharacteristically form a uniformly bonded topcoat at an
extremely. hxgh.bonded lube ratio. In view of such a high
bonded lube ratxo, under certain circumstances it is
advantageous to apply an optional thin mobile lube layer,
e.g., about 14 to about 15A, to the bonded lubricant
topcoat :6ffnrthez'enhance stiction and wear performance.
Magneticyéégcrding media produced in accordance with the
present “invention exhibit low static friction and
increased dh;ability during CSS testing.

In-a &iairwere mixed ZDOL-4000 (Sg: 0.31 mm) and
phosphorusioxychloride (0.05 ml; 0.53 mm) with vigorous
 After about 5 hours the mixture was heated to

stirring: -
about 70‘C”and stirred for about 72 hours, after which

‘more phosphorus oxychlorlde (0.2 ml; 2.1 mm) was added

and the mlxture stirred for about an additional 24 hours
at about-,70°c. The mixture was then cooled and
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chromatogfépﬁe_d' over 8i0,. Elution with Freon TF®
provided 0.3g of an off-white semi-solid.  Further
elution w:.t:h Freon TA® yielded 3.3g (66%) of a clear oil.
The react;on occurring is set forth below.

recuom, + ook — e A

The "3?"-_-__5"'1_."-IR spectrum of the resulting phosphate
polymer :Lsset forth in Fig. 2 and indicates both
phosphate::;-_:.:fa't 1292 cm! and carbon fluorine was about
1200-100’02':_-_5'.'cmf1. For comparison, the FT-IR spectrum of
ZDOL-4000 'is shown in Fig. 3.

The phosphate polymer of ZDOL-4000 lubricant of the
present .

ention was subjected to comparison testing
'ZDOL-4000 and Demnum SP3, which are
commerc:.ally available lubricants conventionally employed

vis-a-vis

to form luer.cant topcoats for magnetic recording media.

In each_c_a_:_se, -a magnetic recording medium was prepared of
identical'?":'" structure, i.e., substrate, underlayer,
magnetic" layer and protective carbon overcoat, except for
the dz.fference in lubricant topcoat. The results
depicted _"_'__.":.n Fig. 4 demonstrate that the phosphate

polymerzj ~lubricant of the present invention exhibits a

'6nded lube ratio and superior stiction
nce vis-i-vis each of ZDOL-4000 and Demnum SP3.
jother comparison, the phosphate polymer of
lubricant produced in accordance with the
. nvent:.on was tested against HMW 2ZDOL-2000,
lubr-:.cant convent:.onally employed to form

nti-.topcoats.  AS in the previous comparison,
ic re'corda.ng media of identical structure, except
for the_*lx_.__tb_r:x.cant topcoat, were compared. The magnetic
recordirigf}_!media accord:_‘_.nfg to the present invention- had a
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lubricant topcoat thickness of 183 rand 194; while the
comparison media had a ZDOL-2000 topcoat thickness of
13A, 16A and 19A. The results depicted in Fig. 4
demonstrate that the lubricant topcoat of the present
invention exhibits superior stiction performance vis-a-
vis the conventional 2ZDOL-2000 lubricant.

The lubricant topcoats of the present invention
advantageously achieve high bonded lube ratios and
exhibit superior stiction performance. The present
invention is not 1limited to any particular type of
lubricant, in that the concept of forming a phosphate
polymer with a controlled reaction chemistry to optimize
the degree of direct lubricant bonding is applicable to
a wide variety of polymers.

The .present invention 4is not 1limited to any
particular type of magnetic recording medium, but can be
employed to:provide a lubricant topcoat on any of various
types of ::magnetic recording media, ‘including those
wherein the substrate or a subsequently deposited layer:
has been textured, as by mechanical treatment or laser
techniques, and the textured surface substantially
reproduced on subsequently deposited layers. Thus, a
lubricant topcoat of the present invention can be applied
as topcoat 14 on the magnetic recording medium depicted
in Fig. 1, but is not necessariiy limited thereto.

Only the preferred embodiment of the invention and
but a few examples of its versatility are shown and
described in the present disclosure. It is to be
understood that the invention is capable of use in
various other combinations anc_l; environments and is
capable o'f'c:hanges or modificatid_ns within the scope of
the inventive concept as expresiséje’f.d herein.
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1. A magnetic recording medium comprising a

lubricant topcoat, said lubricant topcoat containing a
perfluoro polyether phosphate polymexr.

2. The magnetic recording medium according to claim
1, wherein the lubricant topcoat consists essentially of
a perfluoro polyether phosphate polymer.

3. The magnetic recording medium according to claim
1, comprising:
a non-magnetic substrate;
an underlayer on the non-magnetic substrate;
a magnetic layer on the underlayer;
a p:bﬁective overcoat on the magnetic layer; and
“theﬁlubricant topcoat on the protective overcoat.

4. The magnetic recording medium according to claim
3, wherein the protective overcoat contains carbon.

S. The magnetic recording medium according to claim
1, wherein the perfluoro polyether phosphate polymer is
derived ffom a linear perfluoro polyether diol compound
having the following formula:

"HOCH,; CF,0—{CF; CR0}5-{CF.07~ CF; CI,0H

wherein each of m and n is O or an integer of up to about
100.

6. ;ﬁﬁeimagnetic recording medium according to claim
1, whergiqathe perfluoro polyether phosphate polymer is
derivedyfrbm an alcchol having the following formula:

This Sheet Has Been R,
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F (CF,CF,CF,0}, CF,CF,CH,0H
wherein n is an integer of about 15 to about 100.

7. The magnetic recording medium according to claim
5, wherein the perfluoro polyether phosphate polymer has
the following structural formula:

EWEA "‘o —_PFPEGH,0 ‘}u-(-
ax o % ? .
4-'- Q
O"o' d

wherein PFPE is derived from a perfluoro polyether diol
.compound and. a-f are integers from about 0 to about 10.

8. The:magnetic recording medium according to claim
1, wherein the lubricant topcoat exhibits a bonded lube
ratio greater than 0.4.

9. The magnetic recording medium according to claim
8, wherein the lubricant topcoat exhibits a bonded lube
ratioc greater than 0.9.

10. The magnetic recording medium according to
claim 1, wherein the perfluoro polyether phosphate
polymer has a molecular weight of about 1000 to about
50,000.

11. ¢ A_é‘.‘%method of manufacturing a magnetic recording
medium, which method comprises:

formiﬁg a magnetic layer on a non-magnetic
substrate; . and

is Sheet Has Been Re; ldced
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5 formi_:;‘_g"a lubricant topcoat on the magnetic layer,

said lubric_apt topcoat containing a perfluoro polyether
phosphate polymer.

12. The method accecording to claim 11, further
comprisingz'

fomi;ig' an underlayer on the non-magnetic substrate;

form:.ng ‘the magnetic layer on the underlayer;

5 forﬁip‘g-a protective overcoat on the magnetic layer;

and

form;ng the 1lubricant topcoat on the protective
overcoat.

13. - The method according to claim 12, wherein the
protective overcoat comprises carbon.

14. ;'Thé;method according to claim 11, wherein the
:perfluoro pclyether phosphate is a polymer derived from
a linear. perfluoro polyether diol compound having the
::follow:.ngf._\__formula.

 HOCH, CR,0—{CF; C,0}-{CF;OtCF; CB,OH

5 wherein fe:'.";_\c_:_h of m and n is O or an integer of up to about
100. o

15. - . The method according to claim 11, wherein the
perfluoro polyether phosphate polymer is derived from an
alcohol . hav:.ng the following formula:

o F (CF,CF,CF,0), CF,CF,CH,OH
5 wherein n:.s an integer of about 15 to about 100.

16. * The method according to claim 14, wherein the

perfluoro polyether phosphate polymer has the following
formula- _

This Sheet Has Been Replaced
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wherein PFPE is derived from perfluoro polyether diol
compound and a -f are integers from about 0 to about 10.

bonded- lube. j".é,t:l.o is greater than 0.4.

19. The method according to claim 18, wherein the

libstrate; and submerging the composite in a

;I‘he method according to claim 21, Efurther
forming a non-magnetic underlayer on the
ubstrate; and forming a protective overcoat
c layer to form the composite.

non-magne
on the mac
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23. Thé method according to &laim 22, wherein the
protective overcoat contains carbon.

24. A perfluoro polyether phosphate polymer.

25. The perfluoro polyether phosphate polymer of
claim 24 having the following formula:

!

9 .
o gccn,-PFPE"O’P o Jm“"""g%t
T e
'3"'3° o d
-

" wherein ‘PFPE is derived from a perfluoroc polyether
alcohol ::compound and a-f are integers from about 0 to
about 10.

26. The perfluoro polyether phosphate polymer
according to claim 25, wherein the PFPE is derived from
the compound represented by the formula:

| HOCH; CF,0—{CF; CRO{CF;01~CF; CHR0H

wherein each of m and n is O or an integer of up to about
100.

2‘7.'.'_ A lubricant comprising the perfluoro polyether
phosphate: polymer of claim 26 having a molecular weight
of about 71000 to about 50,000.

28. A solution containing the lubricant of claim 27
and an organic solvent.

This Sheet Has Been’ Replac
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29. A -sblution according to claim 28, wherein the
solvent is perfluorchexane.

30. A ‘method of producing a perfluorc polyether
phosphate polymer, which method comprises reacting a
perfluoro po_lyet:her alcohol compound with phosphorus
oxychloride_'

31. A perfluorc polyether phosphate polymeric

lubricant produced by the method of claim 30.

I
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CLAIMS

1. Aﬁ magnetic recording medium comprising a
lubricant topcoat, wherein the lubricant . topcoat
comprises .3 phosphate polymer having the following
formula: |

Rl;\fb

o 0 (R8)
( -OCHz—PFPE-CHZO\ } _-OCHy,—PFPE-CH0- P
R2

o) /(,R3) \(‘Rs)
Re),

OCH,;—PFPE-CH 0~

5
wherein R}, R%?, R?}, R? R® and R® are independently a.
fluoroalkylether-phosphate repeating unit or group or a
fluoroalkylether group; ‘ ;
' PFPE is a perfluoroalkylether group; and
10 a-f'@re'integers from 0 to about 10, wherein at
least one.éfﬁ is 1 or greater.
. 2. Thenma;netic recarding medium according to claim
1, whereinithe ;ubricant topcoat consists essentially of
the phosp-trgte polymer.
3. Tﬁéwmagnetic recording medium according to claim
1, compriéipg{
a noﬁémgénetic substrate;
an uﬁgétlayer on the non-magnetic substrate{
5 a maééétié layer on the underlayer;

a pt@tective overcoat on the magnetic layer; and

the lubricant topcoat on the protective overcoat.
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4. Thé;magnetic recording medium according to claim

14

1, wherein??FPE has the following formula:
~CF20- (CF2CF20) o~ (CF20) n~CF2~

wherein each of m and n is 0 or an integer of up to
about 100.

5. Thé;hagnetic recording medium according to claim
1, wherein ‘the fluoroalkylether group has the following

formula:.
F (CF,CFCF20) qn CF2CF,CH20-

wherein n is an integer of about 15 to about 100.

6. The magnetic recording medium according to claim
1, wherein the lubricant topcoat exhibits a bonded

lubricant yétio of greater than 0.4

7. Tﬁgzmagnetic recording medium according to claim
‘1, whereiq:the phosphate polymer has a molecular weight
of about 1,000 to about 50,000.

8. Agnﬁthod of m@nufacturing a magnetic recording
medium, wﬁigh method comprises:

forﬁiﬁg' a magnetic layer on a non-magnetic
substrate; and ' '

formiég a lubricant topcoat on the magnetic layer,
wherein -épé lubricant topcoat comprises a phosphate

polymer héﬁing the following formula:

(SUBGIETUPE—SHEET)

~ AMENDED SHEET



WS Y 7/08406

umm lHIH wmw EAUS 2 2 00 ke

RL)\O ' o o Rs)
P-OCH,~PFPE-CHO~_§ /OCHz—PFPE—CHZO
RZK / R3) Re)e

OCFh—PFPE-CHjD
\ca4>

wherein R}, R?, R?, R%, R® and R® are independently a
10 fluoroalkylether—phosphate repeating unit or group or a
fluoroalkylether group; "
PFPE is a perfluorocalkylether group; and
a-f are integers from 0 to about 10, wherein at

least one a~f is 1 or greater.

9. The method according to claim 8, comprising:
forming an underlayer - on the non-magnetic
substrate; o
forming the magnetic layer on the underlayer;
5 ' forming a protective overcoat on the magnetic
layer; and .
forming the lubricant topcoat on the protective

overcoat.

10. The method according to claim 8, wherein PFPE

has the following formula:
-CF20- (CF2CF20) p—~ (CF20) n-CF2~-

wherein each of m and n is 0 or an integer of up to

5 about 100.

11. The method according to claim 8, wherein the

fluoroalkylether group has the following formula:

F (CF;CF,CF50) , CF,CF.CH,0-

(SUBSTITCTE=SNEER)
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wherein n is an integer of about 15 to about 100.

12. The method according to claim 8, comprising
controlling the amount of phosphate polymer bound to the

magnetic medium

13. The method according to claim 12, wherein the
phosphate polymer is bound directly to the magnetic:
recording medium at a bonded lubricant ratio of greater

than 0.4.

14. The method according to claim 8, wherein the
molecular weight of the phosphate polymer is about 1,000
to about 50,000.

15. The method according to claim 8, comprising;
forming a composite of the magnetic layer over the non-
magnetic substrate; and submerging the composite in a

solution of the phosphate polymer and a solvent.

16. A phosphate polymer having the following

formula:

"3 )

P—OCHz—PFPE—CHZO\F; /OCHZ—-PFPE—CHZO
(r2y, “CR6),

g R,
Xre)

wherein R!, R?, R3}, R% R® and R® are independently a

OCH,—PFPE-CH0O-P.

fluoroalkjlether-phosphate repeating unit or group or a
fluoroalkylether group;
PFPE is a perfluorocalkylether group; and

A BB TR E=SREET)—

e
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a-f are integers from 0 to about 10, wherein at

least one a-f is 1 or greater.

17. The phosphate polymer according to claim 16,

‘wherein PFPE is represented by the formula:
=CF20~- (CF2CF20) 4= (CF20) p~CF2-

wherein each of m and n is 0 or an integer of up to’
5 about 100.

18. The phosphate polymer according to claim 16,
wherein the fluorocalkylether group has the following

formula:

F (CF2CF2CF20)y CF2CF2CH,0~

3 wherein n is an integer of about 15 to about 100.

19. The phosphate polymer according to claim 16
" having a molecular weight of about 1,000 to abodt
50,000.

20. A method of producing the phosphate polymer of
claim 16, which method comprises reacting a
fluorcalkylether alcohol compound with phosphorus

oxychloride.
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