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magnetic recording nediumused in, e.g., a hard disk
mor e part] Sul arly: o a maghet fc Fecor ding. med um
naving an i mproved | ubricating taver, 10 A mgnet [
suppresses wear by i ftterfod n&@e&h@/@ﬁ‘}/ HMead slider *coo002

o HAGHET 1o oREEHRDERE P@%ﬁp&ﬁ%@ St f'eiqﬂ.efedA
o PRNEGRBR BRSNS, e B

head slider. In a é§@§§§ogpbnoF &thggq NTQONecordlng

medium a surface profective [ayer 1Is orned on the

surface Ofppet he JERMNUDNVdndilth tﬂalcd@&&fa th€gnetic

| ubricating | ayer
recording medium used in, e.g., a hard disk drive

*159159*

using the magnetic recording technique and, more
particularly, to a magnetic recording medium having an
improved lubricating layer.

A magnetic recording medium has a lubricating
layer which suppresses wear by interposing between
a head slider and the medium surface when the head
slider slides. A lubricant used in this lubricating
layer is_required to have conflicting characteristics,
i.e., required to fix to the medium surface and not to
adhere to the head slider.

In a recent thin-film magnetic recording medium,
a surface protective layer is formed on the surface of
the medium. If the thickness of the lubricating layer
is 1 nm or less, the layer forms islands and is
unable to cover the whole surface protective layer.
Therefore, the thickness of the lubricating -layer is
usually about 2 nm. In a magnetic recording medium
like this, a lubricant such as perfluoropolyether
having an active group at the end is applied, and
bonded to the surface protective layer by annealing.

However, if the end group is bonded, a characteristic



10

15

20

25

20is 1 nmor less, the layer fornms islands and is
unabl e to cover the whole surface protective |ayer
Therefore, the thickness of the lubricating |layer is
usual Iy about 2 nm In a magnetic recordi ng nmedi um
like this, a lubricant such as perfluoropol yether 25
havi ng an active group at the egd is applied, and
bonded to the surface protectfivé | ayer by annealing.
However, if the end group is bonded, a characteristic
eIf-repalr function of a liquid deterlorates and a

seni SHfd-188&L T dM et ah afye]rl%é’adr JqiRriprAtRs, and a

f nt thi ck |
Che TR Sk gt o 2 i 1 S he SRR (S e e
5 to f b .
7 oaasow%é%%tz”fooreﬁyeevrm% aort b AR @ hqyer of
possi @391%1%?05 £ripr r{@&? Oédpt«!}?e'rﬁ@é {GRId W ace
char ac el‘l I CS an crease t ng resi st ance

by coad i SMBael 'l%};& di sk Wi lugbdrev d | LaNdiven

ZDPA havi ng a dlalkylan1ne end group whi ch passivates

Lewi sflagidh wWhi o 415 esarmbd ymolwicloe| pyywdes a

deconposition reaction of a lubricant (e.g.,

"Tri bol ogyFdetéeaspldebitualy R2OO2ibMolto 12ypNoes2, p.
117). 15 The new |l ubricant ZDPA of this prior art

sur eldetdmaiso ma thiqgh @it corpolsilty iore trigsd stheaoes t o s tigess and
not have any polar group. Therefore, the interaction

wi t h ¥rreregrotidn |-°v3e1qhaybrre%1$/te@n@e sm/tcmafamﬂ;rﬁ rgFgnetic
bond |ayer is very small. As a conseguence,

| ubr i Eetk i 90 3 AR FPBEAVY RRAGRP ERUS .%laalkylamlne

[idin rtion
S d&ﬂg po gug)whléh passivates Lewis acid which presumably

accelerates a decomposition reaction of a lubricant
(e.g., "Tribology Letters" February 2002, Vol. 12,
No. 2, p. 117).

The new lubricant ZDPA of this prior art surely
has a high decomposition resistance, but does not have
any polar group. Therefore, the interaction with the
protective layer is weak, so the amount of bond layer
is very small. As a consequence, the lubricating
layer is easily pushed aside in a sliding portion, and
the surface of the protective layer is exposed. This
causes solid contact between the head and protective
layer, and decreases the sliding resistance of the
medium. Although this inconvenience can be avoided by
increasing the thickness of the lubricating layer, the
amount of mobile layer excessively increases while the

amount of bond layer does not, and this increases the
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the surface of the protective |layer is exposed. This
causes solid contact between the head and protective

| ayer, and decreases the sliding resistance of the
medi um Al t hough this inconveni ence can be avoi ded by
25 increasing the thickness of the lubricating |ayer,
the anount of nobile |ayer exc%ssively i ncreases
while the anpunt of bond | ayer “doés not, and this
increases the frictional force. It is also possible to
increase the anpunt of bond | ayer

b ,ivinq:it,a
pol af trFena HARR S, thh S &9 dt %sb]teneo increase
sel f-repair properties, and decreases the slidi _
¢ osi SR EEOHDRE HI (1755 KWL CHifer st f FOLoE Toup.
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SO olecr ea n sliidin nce

(s signi feants BRER SR O HE JNENTIEN e Ther 1y i

presént invention has been nade in 10 consideration ©

the abovg, sidiidd Auranchhasodsent S t1ad] Ldcd iy Qvf dene
a magnetic recording nediumin which the repair

pr openid eicfirdy | Lbfd catdadt 1 pyeswers, the tisd idkagease in
characteristics which depend on the repair properties
are gaadiifroy resigstdmee pes | odgn efderann. a 15
| ow-tenperature environnent, and to provide a magnetic
recor di ng/ r epr oduBRAGE apPaMARYsORNT &t TNEBNT RPN
magneti c recordi ng nedium and has high reliability
even when e exteenrt yinvontioathag PspR Hed@ P a
contact type head is_nopunted. 20 A netic_recordin
redi AT L4 Tr o b C VR T or R B 2 A0 b 153
ch“”éé%égk to provide a magnetic recording medium in which
the repair properties of a lubricating layer and the
sliding characteristics which depend on the repair
properties are good for long time periods even in a
low-temperature environment, and to provide a magnetic
recording/reproducing apparatus which uses this
magnetic recording medium and has high reliability
even when an extremely low floating type head or a
contact type head is mounted.

A magnetic recording medium of the present
invention is characterized by comprising

a nonmagnetic substrate,

a magnetic recording layer formed on the
nonmagnetic substrate,

a protective layer formed on the magnetic

recording layer, and

a lubricating layer formed on the protective
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a nonmagnetic substrate, a magnetic recording |ayer
formed on the nonmagnetic substrate, 25 a protective
| ayer fornmed on the nagnetic recording |ayer, and a

| ubricating layer formed on the protective |ayer by
using a lubricant containing first perfluoropolyether
havi ng one or nore CH3 groups of one or nore CF3
groups at two ends, and second erfl uoropol yet her
havi ng a polar group at least at 5 one end mherein

the | bricag |, ayer E E a bo d Iag % nt ai ns
nmost OFYPheP¥ ﬁa pér f-H 6?868 yE&PR ?lnéﬁa $rB6nded
to a surf r ot ctlve layer

Iayerpmﬁ HorgpPEVﬁé S ERe HoRl |8yer°rio én?éOHES
nDSt gg HS Bkrﬁgrgeﬁglug&88?gygkh€&o a gshaﬁnd second

fl owa nagnetl ecordi ng/ repro ucfng

apparﬁéH%lQBrBBSly@Eﬁ§§nBabEH8nE'BBlh% ghanpckeriggade at
by conprising a magnetic recordi ng nmedi dm conpri si ng

15 a ppsnMBgAeti c substrate, a nmagnetic recording |ayer
formed on the nonmagnetic substrate, a protective
| ayer fornetdearihheheagoetricatiagondyeg hagesn, band 28yer
a lubricating |ayer forned on the protective |I|ayer by
usi ngwhitbbeboéatinsombaknofigther secopdr peuflopobpet bether
havi ng one or nore CH3 groups or
and is bonded to a surface of the protective layer,
and a mobile layer which is formed on the bond layer,
contains most of the first perfluoropolyether, and has
flowability.
A magnetic recording/reproducing apparatus of the
present invention is characterized by comprising
a magnetic recording medium comprising
a nonmagnetic substrate,
a magnetic recording layer formed on the
nonmagnetic substrate,
a protective layer formed on the magnetic
recording layer, and
a lubricating layer formed on the protective
layer by using a lubricant containing first
perfluoropolyether having one or more CH3 groups or
one or more CF3 groups at two ends, and second
perfluoropolyether having a polar group at least at
one end,

the lubricating layer having a bond layer which

contains most of the second perfluoropolyether and is



one or nore CF3 groups at two ends, and second

per fl uoropol yet her having a polar group at |east at

25 one end, the lubricating |layer having a bond | ayer
whi ch contains nost of the second perfl uoropol yet her
and is bonded to a surface of the protective |ayer,
and a nobile layer which is forymed on the bond | ayer,
contai ns nost of the first perfﬁﬂgropolyether, and has
flowability, and 5 a recordi ng/reproduci ng head. Wen

H . . \ repi .
:t o %@fﬁ% FByal ubFant, oF clharbrhecERRf Lafrhg and 2

| i : . h
ot gEGReL ke L g redhum g e o,
prope $A€§iégf%$9990%'Qﬁepﬁikggs e?99u59og%?¥%gﬁe§, and has

magnefi c recording/reproduci ng appar at us uses

this ppgpgti €i£#ecosding medi um and has high reliabil-
ity even when an extrenely low floating type head or

5a contact hypecbeadnygrapubtiadingshéddant ages of the
invention will be set forth in the description which

foll ows, awdHenhntparpreskhtbénvebviounsibkr ometiheit is
description, or may be |earned by practice of the

i nvenpeoniblelvaat ampscveé the repehri propaytbesredl thed

and obtained by nmeans of 20 the instrunentalities and
conbi halerbpatpagt i eviear P thei Heedebit KeFerdapgepedium and
BRI EF DESCRI PTI ON OF THE SEVERAL VI EWS gF THS DRAW NG ,
The atR®nphhfing BPATRABSILIAAIER URECPnEBPEDBFaPBAtNe repalr

10 properties for long time periods, and to provide a

magnetic recording/reproducing apparatus which uses

this magnetic recording medium and has high reliabil-

ity even when an extremely low floating type head or

a contact type head is mounted.

15 Advantages of the invention will be set forth in

the description which follows, and in part will be

obvious from the description, or may be learned by

practice of the invention. Advantages of the

invention may be realized and obtained by means of

20 the instrumentalities and combinations particularly

pointed out hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated

in and constitute a part of the specification,

25 illustrate embodiments of the invention, and together

with the general description given above and the

detailed description of the embodiments given below,



in and constitute a part of the specification, 25
illustrate enbodi nents of the invention, and together
with the general description given above and the
detail ed description of the enbodi nents gi ven bel ow,
serve to explain the principles of the invention.

FIG 1 is a sectional vieM/shom%$g an exanple of a
magneti ¢ recordi ng nedi um according to the present
invention; 5 FIG 2 is a nodel view of a lubricating
| ayer used in the present inventjon;

I 3.is a ,
schemf ¥ Vi Mot RYYMpIRI©F Og ’i’?%%nje?‘f%ntlon'
recordi ng/ roduci ng a ratus according. to_th
present ?négﬁtign?sa dsgggﬁfﬁff4y%%wasg%c%?%n%$ %f%ﬂ?le ot

show - TeRaf=X r gi

medi u%q%%%g% ‘gf‘% gr ?%%Jh%g grﬁee(ggﬁ{l I nv e]#ti J?%(% %%E%{ E%]be sent
DESCF§&§% &F; THE I NVENTION A nmagnetic recording
medi um of the present 15 invention conprises a

5 nonmagnet i eTGUbst { 3t 8, m8d8RINEEW Cof €801 @b AYcLBYRE layer
formed on the nonnagnetic substrate, a protective

| ayerud&d nedl oife t hee s@gheiheent £ewr di ng | ayer, and a
| ubricating | ayer forned on the protective |ayer and
havi ng a bBhd.| ayes boadedmépichei@® sho®ane afi ekample of
protective layer, and a nobile |layer formed on the .
bond & ayagnahic haet el RehesP FPEYCing negpeEdeus according
recordi ng/ reproduci ng apparatus of the present
i nvent? o haRredRN hegreetelpReording nedi um descri bed
above, and_a regording/regrodu&ing head. .

FIG. is a“sectional view showing another

10
example of the magnetic recording medium according to
the present invention.

DETAILED DESCRIPTION OF THE INVENTION

A magnetic recording medium of the present

15 invention comprises a nonmagnetic substrate, a
magnetic recording layer formed on the nonmagnetic
substrate, a protective layer formed on the magnetic
recording layer, and a lubricating layer formed on the
protective layer and having a bond layer bonded to the

20 surface of the protective layer, and a mobile layer
formed on the bond layer and having flowability.

A magnetic recording/reproducing apparatus of the
present invention has the magnetic recording medium
described above, and a recording/reproducing head.

25 In some embodiment, this recording/reproducing
head can be an extremely low floating type head or

a contact type head.
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25 I n sone enbodi ment, this recording/reproducing

head can be an extrenely low floating type head or a
contact type head. The lubricating |ayer used in he
present invention is formed by using at |east two
types of perfluoropolyethers. One is first

perfluoropol yether having one gor nore nethyl (CH3)
groups or one or nore 5 fluorocarbon (CF3) groups at
the two ends. The other s second perfluoropol yether
havi ng a pol ar. group at | east at ope end. The

| ubri cati g9 d&’g’rrl&éﬁlb"’@ ISR URF L ot ity Pagrent
protective |ayer wth oating sal.utiaqn.l 0 '

the &BFFEHRE prgérgﬁ ﬁfWﬁ&%@bgﬁyéfﬁgﬁéqyghgﬁﬁﬁggrg%
appropriate sol : d hegt] t 478 uddddBiveth
Alte r?gtfﬁ\yglr)?%oziﬁgtlhﬁb%%'cat%?]régq]%ayﬂé%scctg? be llf or ned yt?y °r

appl ying %r%ﬁgﬁln R Tl HAPAloHe] ggjr;ou]p% haatdidg dt more

washi ng a ubri cant not bon o the

pr ot &Gt d BRI (@T%q)aﬂﬁlo)dpﬁﬂ dthe-Hd rsfo ends. The other
per fl uor opol yet her. e fornmed lubricating layer is

substiantdedldnd pEada udy opfo laydrored Ireyeimdpangerl am gimeip at
protective layer 20 by heating, having a polar group

at | dasistatatormeermhd.and mai nly contai ning the second
perfl uoropol yether, and a nobile |ayer present on the
bond | ayerTheraluldsicatoingi W ¥Ry t¢an fhe sformed by coating
perfl uoropol yet her which has one or nore gr oups

or o ®PIANECIGE gradifs Yatth He PR GARY RR= 10

havi ng fl owability.
é%ntaining tgg above two types of perfluoropolyethers

and an appropriate solvent, and heating the coating
film, |

Alternatively, the iubricating layer can be
formed by applying the second perfluoropolyether,
heating it, washing away the lubricant not bonded to
the protective layer, and applying the first
perfluoropolyether.

The formed lubricating layer is substantially
made up of a bond layer bonded to the protective layer
by heating, having a polar group at least at one end,
and mainly containing the second perfluoropolyether,
and a mobile layer present on the bond layer, mainly
containing the first perfluoropolyether which has one
or more CH3 groups or one or more CF3 groups at the
two ends, and having flowability.

When the present invention is used, it is

possible to improve the repair properties of the
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When the present invention is used, it is possible to
i nprove the repair properties of the lubricating | ayer
of the magnetic recording mediumand the sliding
characteristics which depend on the repair properties
for long tinme periods, and to provide a magnetic

recor di ng/ reproduci ng apparatus_which uses 5 this
magneti c recordi ng nmedi um and his high reliabil- ity
even when an extrenely low floating type head or a

contact type head is nounted. FIG 1 is a segtional,.
Ui ow ISIGWATE 1919 SRR @ fofthe RATREIIS 11 GUCHt Al clum and

gﬁ g:/\llljjf’rl’qelzjl1 CSI%'IQI(%\dli n% C}%{é&? eef ]’i.ri% elgcf:s ort Iolncighn \riqge:ht eiun(rg] 'Ofé‘schh e L ae pair

how: 16 FE:re recordi |
or o1 GRS T ort O, S Tl SN Va4 g ovide @

ayer ‘ayer e
for ' r i C
1 L O O VBG5S A I G

| ubriGatd Rk draerc Usesh ddi ddendd BEEHnd MENtiigh réAsiabil-
shown in Fl 2, the lubricating layer 4 is

substian} ictdry wragte afp it rerioing 1@y eff L &a thiongledyge Hdwmd or
protective layer 3 and mainly containing the second 20

per f lauarapod yetthere reeatl al srotourecddyer 6 fornmed on the
bond layer 5 and mainly containing the first

pe:rfl uor oplGet hets Redegehera hundeal shavwHehoteseyample of
pol ar group of the second perfl uoropol yether bonded to

t he prir eeagnati@yeaconsimhdned iyt %%‘?‘%F Dp? yethigrresent
used in the nobile |ayer and having CH3 groups or CF3

gr oups RIS 1 Ay

As shown in FIG. 1, a magnetic recording medium
10 has a structure in which a magnetic recording layer
2, protective layer 3, and lubricating layer 4 are
formed in order on a nonmagnetic substrate 1.

FIG. 2 is a model view showing the structure of
the lubricating layer used in the present invention.

As shown in FIG. 2, the lubricating layer 4 is
substantially made up of a bond layer 5 bonded to the
protective layer 3 and mainly containing the second
perfluoropolyether, and a mobile layer 6 formed on the
bond layer 5 and mainly containing the first
perfluoropolyether. Reference numeral 11 denotes a
polar group of the second perfluoropolyether bonded to
the protective layer.

The first perfluoropolyether used in the mobile
layer and having CH3 groups or CF3 groups has low

viscosity, and, even in a low-temperature environment,



viscosity, and, even in a | owtenperature environnment,
has good | ubricant repair properties and does not
deteriorate the sliding characteristics. Therefore,
the first perfluoropol yether can reduce the frictiona
force of this magnetic recording nediumw th respect 5
to the head for long tine. On the other hand, the
second perfl uoropol yet her uséd i’n the bond | ayer,
bonded to the protective |ayer by heating, and having
a polar group at |least at one end does, not expose the
pr ot €629 VI IRy VN WHegP3 i ¢ m%@se%ﬁw Y Bhe

gﬂﬁ%ﬁ”&%’@%% T R AT TS PRE ST b 1 RE Rehere:
2, L858 1 A DO 0 B ot sonen
s ding. Lesistance phlalned Dcd e Bond BYRT o0 Bedfect

| arge Triction reduci ng ect talned by t

5 obi lig, l@ayernean Bsr amc%?ﬁn@t the SRIEctha® KoRa) Oﬂlﬁle
tine peri ods even in a ovv-terrper ature environnent. In

one esdoshh el x £ 1 herdpd Sferes f | WOSOPDY YEh b on€alayer,
contain an am ne structure having one or nore CH3 20

gr oupsodie @ NE€o Of hdTDF Lo €ESE pvouPpsyet bhehéawiemdsandrhaving
cyclic phosphazene structure having one or nore CH3

groups polanegooupnie CESsgraupsnatendedoen-eptisexppse the
exanpl e of the perfluoropol yether having one or nore

CH3 gpoupscbivenkayer ndyen CF3eRyr bupdndergaes obidipg by the
ends is Fonblin Z15 (manufactured

10 (averhgRd nore@uFal WHRighile 8, bbeh %%h%h%?lﬁe%?§E%§F?y°f
- 160t§gd§ag§§¥1c ggéiéfngrﬁgéiXm_W1t§4r§9859t945“@%e head
for long time. In the magnetic recording medium of
the present invention as described above, a high
sliding resistance obtained by the bond layer and a
15 large frictional force reducing effect obtained by the
mobile layer can be achieved at the same time for long
time periods even in a low-temperature environment.
In one embodiment, the first perfluoropolyether
can contain an amine structure having one or more CH3
20 groups or one or more CF3 groups at the two ends, or
a cyclic phosphazene structure having one or more CH3
groups or one or more CF3 groups at the two -ends.
An example of the perfluoropolyether having one
or more CH3 groups or one or more CF3 groups at the
25 two ends is Fomblin 215 (manufactured by AUSIMONT)
(average molecular weight = 8,000, kinematic viscosity

- 160 20deg:cSt, specific gravity = 1.84 20deg:g/cm3).



10 An exanple of the perfluoropolyether containing the
am ne structure having CH3 groups at an end is ZDPA
(manuf actured by Matsunura G| Research) (average

nol ecul ar wei ght = 4,000, kinematic viscosity = 28 5
20deg: cSt, specific gravity = 1.65 20deg:g/cnB8). An
exanpl e of the perfluoropolyeth?r having a pol ar

group, e.g., an OH group at one 8nd7i's Fonblin

Z-Tetraol (manufactured by AUSI MONT) (average

nol ecul ar wei ght = 2,000, viscosity = 2,200 20deg; cSt

10 sphei $xMp %v@iytEe1P¢5f%@aégpa¥xﬁ%§¢rT%O?Eéighgﬁ the
t he decpnposjtion resistance, it is possible tq .

f ur t HEPLAGIGS RBBFF ¢ Fant LR 643 bTORRT semfd B 18 ZDPA
Resear ch aver I [ in '
viscogm?éuéaig%gggdgg:@%ﬁ%eéﬁggi?F% %%sgggﬁ?fy(goggéae
ZOdG%Qigaﬁi%@Swébshpeﬂ ! y@es@Eousgﬂsﬁiccwg%@wg Lheg
cyclic phosphazene structure having a polar group. In

sthe lybsigatspg spyetrusegriiope=enbedi peaty: §fchbe.
present invention, a bonding ratio represented 20 by
the ratio afi tkempilkmoththknpssfofiokbpobgadhkayravtiag a
the total filmthickness of the lubricating |layer can
be 7080barnmreup) fetdhe, bandOHagroupsatesset @ad ¥9% omblin
the anount of region not covered with the |ubricant
i ncr easBstrand (Ranuhastaredwsyedd§IYORTI r éarerage
solid contact. As a consequence, the $Iiding
resi shaheeubsteric 8t easdsV00ThEipeAELFHt T2y 400 20deg:cSt,

obtai ned as follows. A |ayer
10 opeciBicgravity = 1795 20deg:g/emd).

To increase the decomposition resistance, it
is possible to further add A20H (manufactured by
Matsumura 0il Research) (average molecular weight =
2,000, kinematic viscosity = 176 20deg:cSt, specific
15 gravity = 1.7 20deg:g/cm3) as the perfluoropolyether
containing the cyclic phosphazene structure having
a polar group.
In the lubricating layer used in one embodiment
of the present invention, a bonding ratio represented
20 by the ratio of the film thickness of the bond layer
to the total film thickness of the lubricating layer

can be 70% or more.

If the bond ratio is less than 70%, the amount of

region not covered with the lubricant increases, and
25 this allows easy occurrence of solid contact. As a
consequence, the sliding resistance often decreases.

The bond ratio is obtained as follows. A layer



- 11 of the lubricant is forned by dip coating so
that the filmthickness is 2.3 nm To further
increase the bond ratio, the lubricating layer is
heated at 150C for 10 min and, if necessary,
irradiated with UV for 5 20 sec. The thickness of the
obtai ned lubricating |layer is ggasured by the CGF
peak absorbance by using FT-1R feflection-absorption
spectroscopy After that, the obtained I|ubricating

| d f d

A5 'ﬁfgﬁ?ai%gbi‘lslg" G B8 le; 84Tk, Faenat che
P

(manuf achUE RcReDUPOB! ). 5 hier oBY ¥ASBhDD MBYeqse the

th' Ck88§a gét&ge Eﬁgawbpgcakﬁxgrlh§em§u5@gtgm Lhe1sooc

pea sor bance by using

refle@btomoahﬁarQhapnlspﬁ@&égggepy i¥hediayed %%th UV for
renoved by washing is the nobile |ayer, and the

5remai pongetayerhesthhekhoend bayehe dheahord iLabirdcaksng
obt ai ned by calculating the ratio of the film
t hi ckhegsrof st ineabondd| hyetheoCtFepeakahbspkhance by using
thickness of the lubricating |layer. 20 The first _and
secon8Tp&Rf Fablepbligetrhbpernséani Arecheopeepynt After that,
i nvention can be m xed so that the bond  ratio
descrFb@dOQEGW@e?slVb@GEPthﬁﬁelaﬁﬁﬁ1k?n@lpﬁﬁpolnﬁﬁy

denend, 00, BeLLLuoapolyeLer Soused 2 E9bs HATRLEacHIEa oy
1081 {1 KSLEPOLXELAST o FOIBLL L, 4 Tob a0k Lo ARgahts,
the n%ﬁ gby % g%lgf E&QB'cBmééﬁenEBWHBk”bénESHr@8'the
protective layer. The thickness of the remaining
layer is measured by the C-F peak absorbance by using
FT-IR reflection-absorption spectroscopy. The layer
15 removed by washing is the mobile layer, and the
remaining layer is the bond layer. The bond ratio
is obtained by calculating the ratio of the film
thickness of the bond layer to the total film
thickness of the lubricating layer.
20 The first and second perfluoropolyethers used in
the present invention can be mixed so that the bond
ratio described above is 70% or more. A mixing ratio
may depend on perfluoropolyethers used.
For example, when Fomblin Z15 is used as the
25 first perfluoropolyether, Fomblin Z-Tetraol is used as
the second perfluoropolyether, and A20H is also added,

the mixing ratios of Fomblin Z15, Fomblin Z-Tetraol,
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- 12 and A20H can be 30 wt% or less, 50 to 95 wm %
and 5 to 20 w% respectively. As another exanpl e,
when ZDPA is used as the first perfluoropolyether,
Fonblin Z-Tetraol is used as 5 the second

per fl uoropol yether, and A20H is al so added, the m xing
rati os of ZDPA, Fonblin Z-Tetragl, and A20H can be 30
W% or less, 50 to 95 wt% and 0%to 10 wt %
respectively. FIG 3 is a partially expl oded
perspective view 10 show ng an_ exa of e ..
magnet e FeRBr afRgPe S@pWBQUEFnbeﬁﬁggkgtﬁg égCHFavnﬁnd 5 to
to thg pr esent invgnti?n. A rigid magnetic disk 121
for refoPHPng e PREGFMIEL8n according to the present

vention he IhcthEbed. anedesnadhe 1e and gtated at

a predeternine by a spi ndl' e notor

(not shoun) ﬁeé\f%abkgga1%%%@951%5%1% coLdi-ag1headysed as
for accessihg the gnetic disk 121 to record

i nforgpti eBc8Rd gBr¥Rubeagdol8EnEepr 8dUChARgH is also added,
information is attached to the distal 20 end portion

of a sHepmnsiang t34ivki i zZo5Pa,t Fomblleaf Z-Fpriragl, Thed A20H
suspensi on 124 is connected to one end of an arm 125

havi nganebg. 30awbdbbirnlekschShokds9a wdki, veng fokb 10 wts,
(not shown). A voice coil notor 126 as a kind of a

| i nearespschvvelyi.s attached to the other end of the

arm 125. The voice coil motor 126 includes the ,
driving cofLG-(Hotl SsRowAY twddhd &xBlREeCh@sBSBIich i view

the arm 125
S ow%nb an example of the magnetic recording/

reproducing apparatus according to the present
invention.

A rigid magnetic disk 121 for recording
information according to the present invention is
fitted on a spindle 122 and rotated at a predetermined
rotational speed by a spindle motor (not shown). A
slider 123 mounting a recording head for accessing the
magnetic disk 121 to record information and an MR head
for reproducing information is attached to the distal
end portion of a suspension 124 which is a thin leaf
spring. The suspension 124 is connected to one end of
an arm 125 having, e.g., a bobbin which holds a
driving coil (not shown).

A voice coil motor 126 as a kind of a linear
motor is attached to the other end of the arm 125.

The voice coil motor 126 includes the driving coil

(not shown) wound around the bobbin ¢of the arm 125,
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13 and a magnetic circuit having a pernmanent nagnet

and counter yoke opposing each other so as to

sandwi ch the driving coil between them The arm 125

is held by ball bearings (not shown) 5 fornmed in two,
upper and |l ower portions of a fixed shaft 127, and

pi voted by the voice coil notor é26. That is, the
position of the slider 123 on th magnetic disk 121

is controlled by the voice coil notor 126. Reference
nunmeral 128 in FIG 3 denptes 10 a |id. Exangles 1 -

4 & CARPafaPpBReEkGnpEESULE-Paving & BSFPAPERT B28DfH and
thick, 1.8-inch. crystallized glass substrates .
(TS1OEKEN FRRUTAKE UPEROBI &1 AEAT WERBE prapaPets TRRAWiCH the
surface, of each.supstr was processed by

polis Fh&lgaeﬁ?lilE?%Vg%gnFé?ﬁfng cerium oxi de such

that the S%EEa8§mrQ?QhﬁgsﬁeW@sb?abﬁllleaQQHgéfRﬁbttQﬁown)
gl ass substrate surtaces were cleaned, sputfering was

per f OFARMAY i HSERNE aggga&tsﬁangoa@rapaatabns 6€ 30%0xed
manuf act ur ed by ANELVA) to forma first under | ayer

made ghad@tCoz2hasefddaploytea bhethwovosoef aceds mbteach26.
substrate. In addition, the sane apparatus was used

to sefhuentiial | yhtoposatiBannft hhekslsdeondi2dnder Lhger
made of a Cr-based alloy, a 2-nm 25 thick stabilizing

| ayer mpgdet ot di€pCiPiBial coptrallednhyt Ahekvoice coil
internediate | ayer made of Ru, a 5-nmthick_recordin

| ayermabds dR6a CBELPrBngE| Bymesad A428- 4m FIG. 3 denotes

a lid.
Examples 1 - 4 & Comparative Examples 1 - 4

As substrates, 0.5-mm thick, 1.8-inch
crystallized glass substrates (TS10SXL manufactured by
OHARA) were prepared. The surface of each substrate
was processed by polishing agent slurry containing
cerium oxide such that the surface roughness was Ra =
1.0 nm.

After the glass substrate surfaces were cleaned,
sputtering was performed by using a sputtering
apparatus (C-3010 manufactured by ANELVA) to form a
first underlayer made of a Co-based alloy on the two
surfaces of each substrate. In addition, the same
apparatus was used to sequentially form a 10-nm thick
second underlayer made of a Cr-based alloy, a 2-nm
thick stabilizing layer made of a CoCrPtB alloy, a
1-nm thick intermediate layer made of Ru, a 5-nm thick

recording layer made of a CoCrPtB alloy, and a 3-nm



14 thick carbon protective |ayer. After that, each
carbon protective |layer was coated with a 2.3-nm
thick layer of a lubricant by dip coating. The

| ubricant was prepared by m xing Fonblin 5 Z-Tetrao
as perfluoropol yether having a high bond ratio with
respect to the protective |ayer, OH having a
phosphazene ring, and Fonblin Z15 as

perfl uoropol yether term nated by a nethyl group. The

m xing,ratio s one of the eight different m xing 10

rati oghéﬁgﬂm?%%of‘a@ré’%fc(ttlé’eoé‘%é’reé%ent ed later). To

further increase . the baond,rati each result ant

mat eri al w&s eeratt$§%dt efscdbcfaor?d% pnﬁonteacﬁt b plaad\fea]f etf >

wi th %aft%rd %H.t%e% 0 3f-91rnmt§1ilcl’fprl'a f g ! NYoricant by dip
t her eby obtai ning a magnetic recordi ng nedi um of 5

the prgseihd.nveld anp MRtett Rals & rRlhed oy rfi i'ﬂ;]d"'g:“omblin
thgrmt od of

the lubricating layer is not limted to
5m xi ng -awrd raRnl Wsheries doReyedher having a high bond

perfl uoropol yethers. For exanple, it is also possible
to fi sttiapplithFordsper tZ-tbettuh@o lp rand AAGH, lwasdy ,awR0H
20 conponents not bonded to the protective |ayer by
usi ng hay ifnlouer iphe-spdsednsoinient,, ansatFontd ime Al st
material at 150C for 10 mn, and then apply
Fonbl PerZigormopelygtihe ra tea@iingriald Avew Sedlivdg ateap. The
structure of each obtained nagPeth recordi ng medi um
25 AsTSFGRT 5 ERIOGGWaE CRSmidnétice Sidddr didd sFeditumixigy
has a structure in which a first underlayer 25,
103 acond Aidar FAPER 36 et 1§ ARy Hrapde SEhted later .
To further increase the bond ratio, each resultant
material was heated at 150°C for 10 min and irradiated
with UV for 20 sec to form a lubricating layer,
thereby obtaining a magnetic recording medium of
15 the present invention. Note that a method of
forming the lubricating layer is not limited to
the method of mixing and applying three types of
perfluoropolyethers. For example, it is also possible
to first apply Fomblin Z-Tetraol and A20H, wash away
20 components not bonded to the protective layer by using
a fluorine-based solvent, heat the resultant material
at 150°C for 10 min, and then apply Fomblin -Z15.
FIG. 4 is a sectional view showing the structure
of each obtained magnetic recording medium.
25 As shown in FIG. 4, a magnetic recording medium

20 has a structure in which a first underlayer 25,

second underlayer 26, stabilizing layer 27,
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- 15 intermedi ate |layer 28, nmagnetic recording |ayer
22, protective layer 23, and lubricating |ayer 24 are
sequentially formed on a substrate 21. Measurenent of
Bond Ratio 5 The fil mthickness of each obtained

| ubricating I|ayer was neasured by the C F peak

absor bance by using FT-1R reflection-absorption
spectroscopy. After that, the um was di pped into a
sol vent AK225 (manufactured by Asahi G ass) to wash
away those 10 portions qf the |ubricating |ayer,

whi ch 1RECEMSGH atiex d@ e e Prgnetdicve ch%@e.nygm@yer 22,
t hi ckness of .the. remaining luhricating |ayer as

bond PEPer e ha i 24 by thd " PeaR hlegeante 2Te

The r%%i%eggfgﬁgﬁi%%%%ﬁge%i %Lg %%t@%%% b%Yer to the

preneasﬁ%e ckness o ubricating |ayer was

indic&%%gu&%m%ht E@eB%QPagﬁ%goresults are shown in
) [

Tabl e Measur enment o i ng Resistance Al so, each

of magneti eHeand NG iMBGIa § YRt crf Jdwing the Siam ing
procedure as above was incorporated 20 into a

nmagnetlaged siasapRalsaires HICIth@d 0y Fa peent adiscrRece by using
magnetic head having a load of 2.5 gf. The head was

set | BTa Iposiefiler tion3 avsoirparhonh e peetirers cofp yt.he

magnetic recording nediumin the radial direction, and

slid at a rAditatr drat s pded mefd QP0G s PPt imhther 26 vent
of days until the head crushed was neasured as the

sl i di A§228si(seandectPredovaiAsedt ir &a@istss  &ice Walsdwavwiay those

Table 1. , , .
portions of the lubricating layer, which were not

fixed to the protective layer. The thickness of the
remaining lubricating layer as a bond layer was
measured by the C-F peak absorbance. The ratio of
the thickness of the bond layer to the premeasured
.thickness of the lubricating layer was indicated in %.
The obtained results are shown in Table 1.
Measurement of Sliding Resistance

Also, each of magnetic recording media formed
following the same procedure as above was incorporated
into a magnetic disk apparatus including a contact
type magnetic head having a load of 2.5 gf. The head
was set in a position 16.3 mm from the center of the
magnetic recording medium in the radial direction, and
slid at a rotational speed of 4,200 rpm. The number
of days until the head crushed was measured as the

sliding resistance. The obtained results are shown in

Table 1.



- 16 Exanples 5 & 6 & Conparative Exanple 5 Magnetic
recording nedia were forned follow ng the sane
procedure as in Exanple 1 except that ZDPA was used
i nstead of Fonblin Z15, and the bond ratio 5 and
sliding resistance were neasured in the same manner
as in Exanple 1. The obtained results are shown in
Table 1 below. 17 >1sA V) b0O0 ic NOLnMvslr -' r.
-P0O0Os uO0O.HU bLOO ""1VVMWH U ~4ro0 0 rl

Examples 5 & 6 & Comparative Example 5

Magnetic recording media were formed following
the same procedure as in Example 1 except that ZDPA
was used instead of Fomblin Z15, and the bond ratio
and sliding resistance were measured in the same
manner as in Example 1. The obtained results are

shown in Table 1 below.
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As shown in Table 1, compared to Comparative
Examples 1 to 4, the sliding resistance increased in
each of Examples 1 to 3 in which proper amounts of
A20H having a high decomposition resistance and Z15
having good repair properties at low temperatures were
mixed in Z-Tetraol having a high bond ratio. When
the ratio of Z15 was high as in Example 3, the bond
ratio was 70% or less, i.e., the covering properties
of the bond layer were insufficient, so the sliding
resistance slightly decreased. 1In Comparative
Examples 1 to 4, the sliding resistance slightly
increased when the ratio of A20H was 20 wt% or less.
In Example 4 in which the ratio of A20H was 0 wt%, the
sliding resistance slightly decreased because the
decomposition resistance decreased.

As shown in Table 1, the sliding resistance
significantly increased in Example 5 in which a proper
amount of ZDPA having a high decomposition resistance
and good repair properties at low temperatures was
mixed in Z-Tetraol having a high bond ratio. The
sliding resistance also increased when A20H was mixed
as in Example 6. When neither Z-Tetraol nor A20H
was contained and only ZDPA was contained as in
Comparative Example 5, the bond ratio decreased, and
the sliding resistance also decreased.

Additional advantages and modifications will

readily occur to those skilled in the art. Therefore,



As shown in Table 1, conpared to Conparative Exanples
1to 4, the sliding resistance increased in each of
Exanples 1 to 3 in which proper anounts of A20H
havi ng a hi gh deconposition resistance and Z15 5
havi ng good repair properties at |ow tenperatures were
m xed in Z-Tetraol having a high bond ratio. Wen the
ratio of Z15 was high as in Exaf e ™3, the bond ratio
was 70% or less, i.e., the covering properties of the
bond | ayer were insufficient, so the sliding 10

r esi sERACENTENGRONY 1BeéEsabsaaden esrpalat ivenot limited to
Exanples 1 to .4, the sliding resistance sli

ht|
|ncreégédsﬁﬁéﬁf?ﬁedﬁéﬁﬁésoﬁnﬂzéﬁpﬁﬁ§e?6aﬁﬂ m%egéments
In Exa rati.o

. . 0 %
Sl di ﬁgg}"BsF‘inaﬁléé%llPSHt Pﬁraéereaég&c’sg&ga%g st
d t
1o naoar FufAs Bls: bRinge %F%ﬁ?e%gﬁﬁ JeBREriflgedteR che

5Exanpg 1§1kno?h %B a BEOEQE g& géggévga%bﬂ%eﬁt as

hi gh conp03|t|on Presistancd
pr0peaéf§ﬁe€tbboﬁkéeggﬁéﬁhéﬁe%lﬁ@%sZQn@‘%ﬁ@lknequlvalents
Z-Tetraol having a high bond ratio. The sliding

resi stance al so i ncreased when A20H was mi xed as in
Exanpl e 6. Wien neither Z-Tetraol nor A20H was

cont ai ned and only ZDPA was contained as in

Conparative Exanple 5, the bond rati o decreased, and

25 the sliding resistance al so decreased. Additiona
advant ages and nodifications will readily occur to

those skilled in the art. Therefore, 19



the invention in its broader aspects is not limted to
the specific details and representative enbodi nents
shown and descri bed herein. Accordingly, various

nodi ficati ons may be made wi thout departing fromthe 5
spirit or scope of the general inventive concept as
defined by the appended clains and their equival ents.
20 WHAT IS CLAIMED I'S: 1. A magne?ic recordi ng nmedi um
conprising: a nonmagnetic substrate; a nagnetic
recording |layer fornmed on the 5 nonnmagnetic
substrate; a protectiveWHayed St 6LAEHES ItSHe magneti c
recording layer; and a Jubricating |ayer forned on the
protective 11 afemafgnasi ngr LBt TE dMtd L yht GP MR RS 1ng:
first 10 perfl uoropol.yether, having not |ess than one
CH3 group cnn?ﬁﬁa#)%gé?lﬁﬂpéhﬁf group at two ends,

N e R S

sbond lyeia gnkr 1whiskih anfai,ns most of the second
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perfl uoropol yether and is bonded to a surface of the

protective d aitectiintd a Jjbi | @ dndy@lohikd hagdor eed
on the bond |l ayer, contains nost of the first

per f | wercepaiyet Nervergndds flowability. 20 2. A

medi um according to claim1, wherein the first

per fl uor opa yetdrercaoamaairesyean fodnmed séf udtalr@rotective
layer by using a lubricant containing first
perfluoropolyether having not less than one CH3 group
or not less than one CF3 group at two ends, and second
perfluoropolyether having a polar group at least at
one end,

wherein the lubricating layer has a bond layer
which contains most of the second perfluoropolyether
and is bonded to a surface of the protective layer,
and a mobile layer which is formed on the bond layer,
contains most of the first perfluoropolyether, and has
flowability.

2. A medium according to claim 1, wherein the
first perfluoropolyether contains an amine structure
or cyclic phosphazene structure having a CH3 group or
CF3 group at an end.

3. A medium according to claim 1, wherein the
lubricating layer has a bond ratio of not less than
70%, the bond ratio being represented by a ratio of a

film thickness of the bond layer to a total film



or cyclic phosphazene structure having a CH- group or
CF3 group at an end. 3. A nedium according to claiml,
wherein the 25 lubricating |ayer has a bond rati o of
not less than 70% the bond ratio being represented
by a ratio of a filmthickness of the bond layer to a
total film21 thickness of the |ubricating | ayer. 4.
A magnetic recording/reproducTng2%ppératus

conprising: a magnetic recording nmediumconprising 5

a non netic substrate, a magnetic recording |ayer

f or rre%’ﬁ‘t’]’?és o rkh et Nhtl@YSE prot ecti ve

| ayer forned on the netic recording |layer, and 10

a lubricatitg | y@gq%dr%qpq r%?igrc‘?&‘#emg BRPAFRLUS
usi ng ri.cant containing first perfluoropolyether
havinéQﬁ%%ng'gbthan one CH3 group or not |ess than

one CF3 grqy%fﬁpé qgﬁiudﬁﬁ%%ﬁ&ﬂﬂ%lcompﬁisi

per fl uoropol yether having a pol ar group at eastd at 15

sone end, the Jdindgadd ng daysrr-having a bond |ayer
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whi ch contains nost of the second per f | uor opol yet her
and is bordedhdrew Surdanel ofg theydr ofeeidy eorl aves

and a nobile layer which is forned on the bond | ayer,
20 comaimagynadsic efuldsteraftier,st perfl uor opol yet her, and
has flowability; and
a protective layer formed on the magnetic
recording layer, and
a lubricating layer formed on the protective
layer by using a lubricant containing first
perfluoropolyether having not less than one CH3 group
or not less than one CF3 group at two ends, and second
perfluoropolyether having a polar group at least at
one end,
the lubricating layer having a bond layer which
contains most of the second perfluoropolyether and is
bonded to a surface of the protective layer, and a
mobile layer which is formed on the bond layer,
contains most of the first perfluoropolyether, and has
flowability; and
a recording/reproducing head.
5. An apparatus according to claim 4, wherein
the first perfluoropolyether contains an amine
structure or cyclic phosphazene structure having a CH3

group or CF3 group at an end.

6. An apparatus according to claim 4, wherein



a recordi ng/ reproduci ng head. 5. An apparatus
according to claim4, wherein the first

per fl uoropol yet her contains an am ne 25 structure or
cyclic phosphazene structure having a CH3 group or
CF3 group at an end. 6. An apparatus according to
claim4, wherein - 22 the lubricating | ayer has a
bond ratio of not |ess than 70%2the bond ratio bei ng
represented by a ratio of a filmthickness of the

bond | ayer to a total film thickness of the
Iubrié@@iﬂ§QQﬁﬁ%§lng layer has a bond ratio of not less

than 70%, the bond ratio being represented by a ratio
of a film thickness of the bond layer to a total film

thickness of the lubricating layer.



