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MAGNETI C RECORDING NEDIUM HAVI NG A LUBRI CANT FI LM COATED ON OPTI MUM
CONDI TI ONS AND METHOD OF EVALUATI NG THE LUBRI CANT FI LM BackgrouEﬁng t he

I nvention: This invention relates to a nagnetlc\recordlng medi u HE 5&
hard di sk, a flexible disk, a magnetic tape, fo_éfve in a magnetic
recordi-rtg, device and a met hod of nanufacrurlnﬂ a ;%kvaluatlng the sanme. In
general, ja magnetic recording device of theedyh o”ﬁ%rlbed I ncl udes a
nagneth recordi ng medi um such as a har dz glj k& noc‘ head slider novabl e
al ong a surface of the nmagnhetic recordi ng, RE Jéuch a magnetic
recording device, a contact start stop.(CS3k fi s adopted such that
the head slider is initially brought ijgx ,-h the surface of the
magneti c recordi ng mediumand is theredxf:a,,-

the syrface of the magNAGKETIECRECORRTNG HED: 38"
bet ween the surface of the magnetic recording nedluntand t he head slider
when the magnetic recordi n§OATER QN | OPTAMUMe GORDITTONS (AND METHOIhOF s| i der
is contacted with the surface of the magneti c recordi ng medi um and stopped
in the CSS method. A high record® V@BEHNF@ PHMuired for the
magnetic. recording device so as to store a great deal . 2 of information
in the magnetic recording device. Herein, it is to be noted that such a

hi gh recording density tends to narrow t he fl oati ng gap between the head

sl i der

510?)/

-Background of the Invention:
This invention relates to a magnetic recording
medium, sach ags a hard disk, a flaexihle disk, a magnetic.
. tape, Zor use in a magnetic recording device and a method
’i(' of manufacturing and evaluating the same.
_ _ In geperal, a magnetic xecozding device of the
. type described includes a magnetic zecotr:ding medium, such
~ as B bard disk, and a head slider movable along a surzace
of the magnetic reco:d;ng medium. In such a magnetic
:ecording device, a contact start stop (CSS) method il
adopted such that the head slider is initially brought
into contaet with the‘surface of the magnetic recording
qedium'and is the:eefter caused to gradually float off
the surface of the magnetic zecozdihg medium with s
floating gap left hetween the surface of the nmagnetic
_ recording medium and the head slider when the magnatic
i : recording device is drivem. Thereafter, the head slider
is contacted with the surface of the magnetic recording
medium and stopped in the CSS method. |
A high recording density 13 zecently xequited for

the magnetiec recording devics so as to store a great deal



- : T

and the magnetic recordi.ng mediumnore and nore. As |long as the CSS net hod

is adopted in the nmagnetic recording device, the head slider is slid along

t he magnetic recordi ng medi um and shoul d be inevitably brought into contact’
with the magnetic recording nediuminternittently or periodically. Wth

this structure, contacting the -magnetic recgrding nediumwth the head

slider gives rise to various kinds of tribol ogical problens which bring

about serious degradation of reliability of the magnetic recordi ng device.

Especial Iy, a head g auffoRhge8R"ER Q@Qﬁ%ﬁeﬂéké@&ﬁhﬁg \Hevalkest CHBrBIAT

friction on an interface between the head™slider and the magnetic recording
medi umeduring a sl iddi 43 sodbeondted i tigats each. a Wigh arecordings densiyybe
called a head disk interface (will be abbreviated to HD herei nunder).

Thi s Tsfbecause sudiends; §oi parrow the floaiingcgapibetvesnd the beadneliderage
on the magneti c recording medium and a final destruction of a magnetic

| ayer included in B¢ tRE BrIRetis Fenordingonediun poye and 3038 cAs: heng

w1 be descr| bed A 38 HEETmevied 47 RaoBtel' SRO0NR HagibtipusREoRetPEe.

100437, namsl y. - 1035337 80500 mtd SERARETARTRENY aduih B mBmpRecll.

nitride, or the |ikecosdsigond@ividdnd akohld be inevitably brought. into
contact with the magnetic recording medium intermittently
or periodically. '

With this structure, contacting the magnetic
recording medium with the head slider gives rise to
various kinds of tribological problems which bring about
serious degradation of reliability of the magmetic

g ' recording device. Especially, a head crash phenomenon
} { ' becomes very serious which stems from friction on an
interface betwean the heaé slider and the magnetic
. ' recording medium during a sliding and contacting state.
SN - Such an intarface may be called a head disk interface
(will be abbreviated to BDI hereinunder). %his is
because puch friction results in a mechanical and -
frictional damage on the magnetic recording medium and a
£inal §estxuction.of a mnghetzc layer included in the
magnetic récozding medium,
In oxder to solve the tribological pzoblﬁms, a
wide variety of proposals have been offerad as will be
i described hereinunde:x, |
For example, a magnetic recoxding aeviée which is

disclosed in Japanese Unexamined Patent_!nblication'no. 4~
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Specifically, the magnetic recording nmedi um conprises a nonmagnetic

substrate formed by a conbination of a nonmagnetic base and an underlying

| ayer, .an i nternedi ate | ayer on the nonmagnetic substrate, and a magnetic

| ayer on the internediate layer. The protection filmis overcoated or
overlaid.on the magnetic |ayer to prevent .4the head slider from being

directly contacted with the magnetic layer.”™ Wth this structure, it is

al so possible to inprove friction resistance and abrasi on resistance.

Al ternatively, a &Ugah?gn{‘ur I Joad | kgrggzby?ﬁlé&% g‘c‘?;};,tgeaisﬂ mfvgl ]

protection filmsd as r nore ove st"on resi stance.

addi tion, the | ubppgal! okfd€! AfeAlde) Okl LRkl Vixd hd W GuCekmbatClayeo! the
magneti c recording medium . According to the inventor's experinenta
studies, it has bsSpeciftcally; tHemaghetlsbrecerdires meddiymotonprizsepaxed of
a conmpound of a fluorocarbon system a hydrocarbon system or the |ike and
i ncl udes a pol yneronmagnet ic fsnhatyate fogmed byfa siompilaagdoncof 3

IR 1 abtAD ndd fs HLr
th tecti | th | bol oqi { t th D) ..j |

det er e by s CHRrPR O, e, ahR B Pkl 08 J bapedlt ety
s° % aiTectoq T ottt dayer i Wilhect iR BB on 10

overcoated or overlsid on the magnetic layer 1o prevent

the head sliderx from being direcily contacted with the
magnetic layer. With this structuza, it is also possible |
:to improve friction reslstance and abrasion zeslstance,

Altexnatively, a lubricant layer is formed by a
lubricant coated on the protection film s0 as to
furthermore improve the abrasion resistance. In
addition, the lubricant layer 1s also effective to
improve lubricity of the magnetic recording medium.
‘e - ' According to the inventor's experimental studies,
_1t has been found out. that the lubricant is vexy often
compoged of a compound of a fluorocarbon system, a
hyd:ocaszn system, or the like and includes a polymer
N which is formed by a unlon of simple molecules |
concatenated in chain and which has polar groups at two
ends of-ths cha;n; Furthexmore, it has been'fouud out
that, when such a lubricant is coated on the protection .
layer, the tribological property at the EDI 1s mainly
datermined by a coating amount of the lubricant.

More specifically, when the coating samount of the
Iubricant is 1nsuf£1cicnt. the protection. layar is




is being;slfd along the magnetic recording medium -As a result, a damage
is Iiablg jo occur on the magnetic recording mediumor the head sllder On
the other hand, when an excessive amount of the lubricant is coated on the
protection Iayer the head slider is apt to be stuck to the magnetic
recordi ng nmedium -and, as a result, stlctlgn often takes place between the
head-*sl i der- and t he magnetic recordlng medi um and nmakes rotation of the
magnet i*q recordi ng device difficult. This deteriorates a function of the

| ubr i cant sefves SFLES, RFRESBL HReP Geokarh, Fih Be hel dtaeR BT ©,
the protection | a4heat hybhi €idy ¥ne HaghkbLE CAMoLAMY mdiaslle A |

Therefore, it is prefer t hat e remant anount of t°he lubricant I's

accur at el y. neasuneényit, Nat 8amdgéri€ aNablayes 66GE brothe Raghetest i on
| ayer. Practically, the remmant anount of the lubricant m ght be neasured

ei ther by an el | vecordingcmeaiimdothey hebdeglider.of a Fourier
transforminfrared spectrophotoneter (FT-I as suggested in the artlcles
di sclosed in "Tribol ogy Badtheothar dapd. Nuéﬁe 38}5@%%§"°¥V0

SP- 25, STLE, 198 55-6 d IEEE T
Sept., 1990, pagghfgggggﬁgﬁﬂtvgﬂen] Bﬂviﬁgxbﬁ9§§%§&°ﬁegﬁgﬁ§' HBP Boad
consi derati on 'qugﬁg ) g2 Q%PQ %%ko owgﬁpnkﬁgeiiﬁereco¥ﬁfﬁ§ a

| ubricant filmi perse he pr
e medium and, as a result, stiction often takes place

between the head glider and the'magnetze recording medium
and makes rotatien of the magnetic recording device
~@ifficult. This deteriorates a function of the lubricant
™~ layex.
From this fact, it is inferred that a remmant.
amount of a lubricant serves to determine both a
distribution state df the lobricant on the protection
layer and lublicity of the lubricaatllayar at the HDI.
 Thaerefore, it is prefarable that the rempant amount oOf
the lﬁhricant is accurately measured with the lubricant
layer coated on the protection layer.
_ Practically, the remnant amcunt of the lubricant
‘ f might be meaéured either hy an'ellipsometric mathod or by
the usg of a2 Fourier transform-infrarad abectrophotomatez
’ o {¥?-~IR), as suggeéted in the articles disclosed in
"Trihology and Mechanics of Magnetic Storage Systems”
(Vol.5, SP-25, STLE, 1988, pages 55-61) and JEEE Trans.
' Magn., Vol. 26, No.5 Sept., 1990, pages 2688-2690.
With the above-mentioned methods, bo |

censideration is made at all in connec;ion with the' case




filmin the formof lubricant filmislands with the protection film
partially uncovered. Specifically, an average thickness can not be

preci sely -determ ned by the above-nenti oned nethods because.it is difficult
to accurately cal cul ate the average thickness of the lubricant filmislands
whi ch are di spersed with uncovered portions partially left on the
protection film Accordingly, the above- ment i oned net hods can not
accurakely evaluate-the lubricant filmwhich is dispersed in the form of

the lubricant filmislands. As a result, a uniformlupyicant |ayer can not
be cd?é{;ed on t he*RR%s &Bi‘ﬁ?ﬁ"FPF‘Fn ﬁ/ﬁ’h 15 UsppzpERd en Hhe P 1™t an
I nvart abl e char 14S] 166Gy aC n ' r I Wm’ ned
Pat ent Publ i cat ?%#ﬁ‘kloﬁ I%e %RS@%Z%ﬁié&oﬁs%a?qﬁgsﬂgém e about a nethod

of pre- processigastetR Pl partiaMP andokds8l. PegaciesalayTR shef or e

the lubricant layer is coated. "Wth this nethod, the protection filmis

di vided by the pivesigeandickaesst Oah Kot 3@ precibely déteCinshdiny theé
wettability for the lubricant. The lubricant is deposited only on the

regi on havi ng t nbowpmaenidpneld hethods hervansesit.olsediffiawdty tieor m t he

| ubricant filnms on the protection film However, teaching is nmade in the
above patent pulAGHAtSIYSALARLaLe he Averpae thickness AF the he | ubri cant

condi 1 one of t naReRinERaRr FSRrte A B5: Aesnarded R hebrstes "G
poTtions partially left on the protection filw.
Accoxdingly, the above-ﬁantioned methods can hot
accurately evaluate the lubricant film which is digpersed
in the form of tﬁe lubzicant £ilm iglands. As a result,

_ -4, a uniform lubricant layer can not be coated on the
protection £ilm with these methods. This shows tha£ an
invarziable characteristic can not be ingured.

In Japanese Unexamined Patent Publication No. Hei
< 4-168622, proposal has been made about a method of pre-
| : piocessing.tbe protection film by a lagser beam and plasma
befére the lubricant layer is coated. With this method,

. the protection film is divided by the pre-proceaging into
two regions which has good and bad wettability for the
lubricant. The lubricant is deposited only on the region
having the good wettability and serves to selectively
form the lubricant films on the protection f£ilm.

, ; xovevo:,-teaehing is made in the above patent

} f publication neither aboﬁt é.methad of evaluating the

| lubricant f£ilm nor about an optimum lubricant film.
Thus, it is impossible to know conditions of the 6ptimnm
lubricant film from the patent publication.



Summary of the Invention: It is an object of this invention to provide a
magnetic recordi ng medi um which is capable of inproving tribology on a head
and disk interface (EDI). It is another object of this invention to provide
a magnetic recordi ng nedium of the type described, which can exhibit
excellent lubricity. It is still another(ﬂngct of this invention to
provide a nethod of evaluating lubricity of a lubricant |ayer deposited on
a protection layer. A magnetic recording mediumto which this invention is
applicabl e conprises a nongmanet ] g_ti.l;‘t.,ﬂpgnetic | ayer,. a
protection layer, and a | # - Ayt 6f—whi ch are successively
deposited. According to arg@SPGl GhikBlSof ety IfdbentilBs tobpEoANde [y er
is dispersed on the protection layel so that a coverage ratio [err]. of :
covering the prot ephgaéetidyrscordingt healuhiitiol isapabakel ofWimpiaoving ange
bet ween, 0. 55 and 0. 985 and an average thickness [err] of the |ubricant .
| ayer iis specifi edtbybelogy tomanthiead kodgdiskfintqxdtfmcee/(8DTdon enitted from
a specjfic element included in the |lubricant |ayer and is not smaller than

0.4. According to another ¥speanothen ebjestenf 3his, InveRtior ko Preeidec
steps of successively depositing the magpetic . er .and the cti,o

| ayer on the nonnfghaem f%%b‘ﬁq%é’ﬂgf‘chg%Wg"é% J‘I”P&céeﬁﬁgigé‘g' wh.‘f'ch
rotection |ayer t e ted, t] ricant material on the

4 vor tSaRCEREEEY ydlape! Libeoidd

protection |ayer to

It is still another object of this invention to

provide a method of evaluating lubricity of a lubricant

- layer deposited on a protection layer.
A magnetic yecoxding méﬁinm to whiuh this

invention is applicable comprises a ponmagnetic

substrate, a Magnetic layer. i protection layer, and a

lubricant layer, all of which ars successively dﬁpoaitedm
.a- - Accozrding to an aspect of thii invention, the lubricani.
layer is dispersed on the protection layer so that. a |
coverage ratio B of covering tbé protection layer with
the lubricant layer falls within z range between 0.55 and
0.985 and an average thickness tc of the lnb:;cant layer
is specified by an attenuation length of a photoelactron
emitted f£rom a specific element included in the lubricant
layer and is not émaller than 0.4.

According to another aspect of this invention, a
method comprises the steps of successively depositing ;he
magnetic iayer and the protection laye:-bn the
nonmagnetic gubstrate, cleaning the gurface of the
."' _ protection layer to be heated, and coating a lubricant

'sf material on the protection layer to leave & lubricant



7 layer which is studded on the protection layer in the form of -i sl ands.
Accordi ng to another aspect of this invention, a nethod is for use in

eval uadting a magnetic recordi ng nedi um whi ch conprises a protection |ayer
and a lubricant |ayer on the protection |ayer. The lubricant |ayer

i ncl udes a specific element. The method7conprises the steps of ‘measuring a
coverage ratio [err] of covering the protection |ayer with t he | ubri cant

| ayer, neasuring an average-thickness [err] of the l|ubricant % and
eval uati ng t he dayiex which| igcstudded on dbeoprotectinmn dayer: é!ll 3 Per r] and
the average thlckness err]. Brief Description of the Drawing: Fig. 1 is a
sectional vi ewEoRmy g! W@sr ecordi ng medi umto which this invention is

Tothod accordi ng fi[‘ﬁﬁ%e?aétew A e gargedt &%%eaﬁﬁrr'sﬁﬁéééﬁtii on
for describi ngethdl 2BSELLSudls h u;atlgﬁtpﬁg % escra%;,ﬁ ref erence

to Fig. 2; Fig. 4 shows a diagranmtica

protection fil med3ldwawhishi éanpriddsma Etﬁtséuﬁz axa@re&phhaah msffém ation
for describing the nethod of evaluating the lubricant filmin detail; Fig.

6 shows a CSS 3wpyer osmecthe rptdlﬂautﬁ.tohodayéi'ustm aeabriichntclayence to Fi g.
g ; includes a specific element. The method comprisges the
"1 gteps of measuring a coverage yatio B of covering th;.
Protection layer with the lubricant layer, measuring an
average thickness t, of the lubricent layer, and
evaluating the lubricant layer by the use of the coverage
ratio § and the average thickness t_.
Brief Description of the Drawing:
¥lg. 1 is a sectional view of a magnetic

recording :’nedium to which this invention is applicable;
Fig. 2 shows a view for use in describing a
principle of a method according to this inveation;
‘e | - Fig. 3 is a graphical representation for
describing relationships used in the method illustrated
with reference to Fig. 2; '
| ¥lg. 4 shows a diagrammatical plan view fox
~ describing a protection £1lm and a lubxicant £ilm;

Pig. 5 is a graphicsl represeantation for
describing tbe method of evalvating the lubricant £ilm in
detail;

¥ig. & shows a CSS cycle used in the method

illustrated with referonce to Fig. 5;




. -
Fig. 7 shows a slider floating curve for use in describing a relationship
between a rotation tinme of a disk and friction force; Fig. 8 is a graphical
represemtation for use in describing a preferred method according to this
i nvention, and Fig. 9 is a simlar representation for use in describing
anothe{ ‘met hod. Descri ption of the Preferreq Enbodi nents Referring to Fig.
1, a nagnetlc recordi ng nmedi um according to an enbodi nment of this
invention is fornmed by a nonmagnetic base 21 of glass which has a principal

surface directed upwards ?Eggl gasg‘g‘g‘g qﬁgt gjoae%%ré@_cvd‘ ¢S igePind

result,.the principal sur oug ness ess nm when neasur ed

by a-gaxi mim hei ghieg i1l b° ka1 kFoHYFR Gkthisin fotaridn Ml deoad. | nto
e

a ultrasonic cl eaner C ean or frve m nutes trasonic waves in a

bat h of pure matennandamﬁpg&gazhoalgﬁﬁe&,(IPA) of 99 9 %in purity to
renove contam nants attached to the principal surface of the nonmagnetic
base 21. Thereafter, theFignnlgtstacgipkical representatigrofazf usRAinor
1.5 minutes and is dried. In Fig. 1, a mechanical texture 22 is
concentrical ly fordasFxdping ﬁeprﬁﬁ?ﬁﬁﬁ‘-‘ba‘lﬁ@eﬁf geeoxdiag o dfdEynet i ¢ base

21 by the use.of | appi,ng tape which may be for exanple, of a di anond
abrasive grain ty f%ﬁéﬁ%ﬁ agﬁ average abrasive grain of 1 mcron neter).

In other words, the mechgqiycah §£¥) Wfniddy SehfbdBikdRich for use 1n
. describing another method. |

Descrig&ion of the Preferzed Embodiment.s:

neferring to Fig. 1, a magnetic recording medium

‘f ’ . according to an embodiment of this invention is'formed by
a nonmagnetic base 21 of glass which has a principal
o Qurface.directed upwards of Fig. 1 and subjected to
 mirror finish, As a result, the principal surface has a
roughness less than 2 nh vwhen measured by a maximum
.height. Thereafter, the nonmagnetic base 21 is
introduced into a nltrasanic cleaner and éleaned for five
minutes by ultrasonic waves in g bath of pure water and
isopropyl alcohol (IPA) of 99.9 & in purity to remove
' contaminante attached to the'principal surface of the
nonmagnetic base z1. Thereafter, thbe nonmagnetic base is
¥ . left in a vapér of IPA for 1.5 minutes and 1s dried.
In Fig. 1, a mechanical texture 22 is
| concentrically'fo:mad on the principal gsurface of the
'noumagnetic-baae 21 by the use of a lapping tape which
may be, for example, of a diamond abresive grain type
(n#booo. an average abrasive grain of 1 micron meter).

In other words, the mechanical texture 22 1s formed by a



9 | appi ng process which may be called-a texturing process, Accordingly, the
principal surface of the nonmagnetic bass 21 becones rugged or uneven by

t he mechanical texture 22. Specifically, the texturing procees was
practically carried out in the follow ng manners. The nonnagnetic base 21
was nounted onto a texturing apparatus and rotated at ‘a revol ution speed of
200 rpmwhile the | apping tape was fed a9 a rate of 50 cmmn wth a tape
pressure kept at 1.0 kgf/[err].. Wth this texturing process, it was
possible to realize a surface roughness of 5 nmin RVS (root nean square

val ue). . As sholeppingi prodessawhitkcnbyi he ¢alled 36 tiextusiogi pracesso t he
nonnagnet;c ‘base 21 which has the nechanical texture thereon. The
under | yi mg | ay&ccogdingdepohe Rrincinalperfnce of theo naspagReti€conposed

d
SLFFP[yrﬁgllaygr3232g ﬂblégééfgbégéﬁgggngggga Hﬂél b§%§ﬂéﬁﬁ§§gbéh$herefore'
magneti o | ayer LOFCBFS A, oA AT, Chay SIS protbRlckaRLR
layer 23 to a Hﬂégﬁ!?ﬁfz fcafhd Icﬁhin'?gép‘w oLy AT mafinkesCOVEREd Wi th a

protection fil coni a Sputtering to a
thickness of 2QofikgAagidibade 23¢wWisSmbintdd o WNeextaganyi c |ayer 24

fron1head crash or the li ke.
apparatus and rotated at a revolution speed of 200 rpm
while the lapping tape was fed at a rate of 50 em/min
‘'with a tape pressure kept at 1.0 kgflcnz.

With this texturing process, it was pogsible to
realize a au#face roughness of 5 am in RMS (zoot moan
squire_value).

"‘- Ags shows in Fig., 1, an underlying layer 23 is
:if’ deposited onto the nonmagnetic base 21 -which has the
| mechanical texture thereon. The unéeﬁlying layei 23 is
- deposited to a thickness of 100 nm and is compoused of
™~ chrome. Thus, a combination of the nommagnetic base 21
and the underlying layer 23 serves as a nonmagnetic
substrate and may be therefore collectively refe:reﬁ to
as the anonmagnetic substrate.

Furthermore, a magnetic layer 24 of CoNicCr is
deposited or stacked onto the underlying layer 23 to a
thickness of 50 nm. The magnetic layer 24 is covered
with.a protection film 25 of zircomia which is deposited

_ ' by sputtering to a thickness of 20 mm and which serves to
A protect the magnotic layer 24 from head cyash or the

'like.




10 Practically, both the underlying |layer 23 and the magnetic |ayer 24 were
deposi ted under the sanme sputtering conditions. Mrre specifically, an
argon gas (Ar) of 99.9 %in purity was used as an atnospheric gas and was
kept at a pressure of 5m Torr with the gasidlow rate of Ar kept at 10 SCCM
In addition, input electric power and a back pressure were kept at 100 W

and 10[err] Torr, respectivegl a e, th bove- nERLi
sputtering was carried out -gm#%&ﬁé&ﬁéa%félg&fh“endﬁ:os’ﬁnﬁ%\n%?% éugstg%ﬂe.
Li kewi se, the protectmagnetiicl mayds 2o wesd depodepacusdndt the eamene nagnetic | ayer
24 by sputtering by t S f a utter r get r ) within
an at nospheric gas vm'lq’gﬁ&?xgngoc og"g'a'.'o'f 'z'ig'% igladsﬂ%f éiﬁao yg ngand an
argon gas of 99.9 (ar) pafr P9y & diheuxing osgemd\as ak optirosghegdp@ssure of 5
mrorr and caused to flaw al gas flow rate S it h ry; gxygen
caused to flow at anoﬁer g’a‘t%'Tf Fow Pa g“%o fg-sgﬁ' n%ﬁ%i on, the.
sputtering of the pr cta¢e tafoAr fkeptma5SiVvEECH:ar Tn addisdon withgutt Abadempalt ;
el ectric :power of 10Q Winpressed and with the back essur.e pt at
10[erd] ./ Torr and o ‘h’eg'f'g‘nb’zﬁme“gngﬁﬁ'hg‘ﬁﬁf "% gdbét‘r"gtlew Thus, a
di sk slampl e was obt aiTeed, rpsplepdeslyi Nt dny rqueot Wet alvetndanidisd Af t er
deposition of the pr Lon film2 t dj sk VAS I ntroduced into a
cl eaner to be. subj e%tfggarggggaglrggg%'ﬁg&%r o%%ggéa’%%gng he cl eani ng
process, the di sk samgressmablic pebsizetor washed for ten mnutes by
urt I‘E\SOI‘]I C waves in'a bat ht-ﬁimise, the protection film 25 was also

: deposited onto the magnetic layer 24 by spunitezing by the
- vge of a sputter ﬁazgat. of. !zoz-!zoa (3 molt) within an
atmospheric gas which is composed of A mixed gas Of an
oxygen and mn argon gas of 99.5 ¢ in purity. Tho argon
gns wiy kept at a pregsure of 5 mTorr and caused to flow
at & gas £iow rate of 10 SCCM with tha oxygen caused o0
flow st another gas flow rate of 5 SCCM. In addition,
the sputteriny of the protestion £ilm 25 was carried out
with the inpul slectric power of 100 W impzessed and with

! the back pressure kept at 107’ Torr and without haating

-

:, i _ the nonmagnetic cudbstrate. _

' Zhus, a 4igk sampla was obtyined by depasiting
the protectien film 25, After deposition of the
protegtion £ilm 25, the disk sample wes introduced into a
cleangr to he gsubjecisad to a cleaning process. During
the o.lclning process, the disk wample vas cleaned or
vn:m:d. fox ton mioutes by nltrasonlc waves .Ln 2 hath of




|sopropyl aI cohol (IPA) ‘of 99.9 %in purity and was thereafter dried. As a
result, contamnants attached to the disk sanple can be elininated during
the cl eaning process. After the cleaning process, the disk sanple was taken
out of the cleaner and entered into a cl &n air oven to be heated for
thirty mnutes. Alubricant is coated on the protection film25 by a

di ppi ng met hod unde;, t,&@rﬂ:)giéynui C1Phs o2V by ng,@tl,_f R4 alagve humidity) of

42% to forma | ubrican . In order to formthe lubricant film 26,
sel ection i s nade adWwseatyes dxefd; c A3 FmsSH- | Gostapiasnts athashsd, 2o, ol yirer

concatenated in chajyy RELWGERIMGuEBY diifihabla WGl L criAs@d Of polar.

groups, such as a piperonyl group or the like. For exanple, the |ubricant
may be PPEP (perf| uRio§p®t-yet her) which is manufactured by Formblin and sold

in the name of AM2001 andﬁ@égﬁhgﬁ,m%m,ecweahwb 0Gfxe2200. The
| ubricant selected may be diluted wth a solvent to a predeterm ned
| ubri cant concent r ¥¥9R % P FIGRIGR weR PRYATPR 4909 HFLIHAL T Speci fical |y,

when the PFPE was Usafl @5 bbb faallhd o il rty hﬁ.,ﬁ,eﬁyent may be preferably HCFC
whi ch is manufactured by Asahi 4 ass OonP Ltd., and sold_in _the name of
Ak-225. In this event, th@ PEpLcaptsipsantad ‘I"ht"éﬂ BRPEYFLAPR BARE@% o the

| ubri cant concent ra;y Qnagj,ipg Slena tade? ;Qame&,mﬁeug,edﬁ@mwt sol uti on.

The lubricant concentration Is 1E)eC| fied by a concgnt ration which exhibits
when tke, | ubri cant f’%’ AHZETIAATR PhE2® I8 fammy & lubricaat £1im 25,
S In order Lo form tha lubricant film 26, selection is made

i ! : : about the lubricant which inclndes § materiazl or polymer
concatenatad in chain botween two end egoh of which ig
composed of ’pbtl_a.t groups, auch as a piperonyl gnoup or
the 1ikc. For exompie, the lubrlcant ey bq BEFRE '
{perfiuoropolyathar) which iv manufagtured by Fomblin and
sold in the aamc of AM200% and which .has a mean wolacular
weight of 2200. The lubricant selected may be dtluted
with a solveat to a predetermingd lubricsnt concentration
ts form a diluted lubricant solution. '

Speoifically, when the PFEK was used as tho
lubricant, tie solvent may be preferably HCFC which ls
" manufactured by Asaht Glass Company Ltd., and gold in the
name of AK-225. In this event, the FFPR bhas becn dilated
N with the BCFC to the lubrigsnt concentzation of 0.01 vols

f to fomm a alluted lubricast solution. The Jubzicant.

' concentration 15 specified by a conceniration which
exhibits when the lubricant is mixed within the salyest.




L)

12 Thereafter, the diluted lubricant solution was kept at a tenperature of
22[err], agitated or stirred for three mnutes by the use of an agitating
rod of Teflon, and left for three mnutes. Thus, an avail able |ubricant
solution was prepared through the above-aenti oned processes. After

provi sion of the available |ubricant solution, the disk. sanple was

I mrer séd or soaked into t L].ab I ' tJ r e mnute and
thereafter slowy lifted lt}%gg'tyﬂyaﬁ ?ﬁ ggqtg;&?%f&%% Jr?‘r%?‘éjeogo‘ril . The
| ubricant was |eft %ept e spretrecatorn of raflcy agitatedSonfetlimedr ol t ant di sk

sanmple in the form ' | | 6. _.JThus e di sanpl e whi ch
has the lsaubricant flﬂﬁﬁbz “(k:‘gg{lgga%tﬁ %ﬁeg}pr%‘gt?é;%ﬁbf% moggc\gfjéos"'attai ned and
heat ed jat ;a t enper asas e £60[tbred nmiwitet £nTHAM U availdble Jubeizuht, a

magneti'c recording L f [ ' e _nanner ntioned above
and wil I 'be referre@goy%nsw?ﬁ rgt sa%rf%?%?' *%XH;' sec%’ng‘"ﬁ?fough forty-fifth
sanples of nagneti cProgessadi.ng nedi a were prepared in a simlar manner

except that the mean nol eg&L‘g:r Bt@ﬁgg‘%i's?g‘h‘t‘ﬁ’akﬁ?’?éf’%&f‘ Qd_/ or the.diluted

| uRei cant concentrations were rom sanpl'é. Specifically,

the diluted | ubri casalutimmctin AtAK emmPLE \WakO4ameysndcox samkpad 14tcorh®. 01 vol %
to O. 3b vol % i n thea‘;aiiiﬁlatm%mttnfiﬁiﬂnt ;&nm? %ﬂ(p‘lee%éw Il be called a
hh rtre sanpl es

first group), the sixteenth through the thi (Will be called a
second group), and ¥MeZedttertalofly diztediyy atdhlifidng orre of i, °

mm/ageond. The lubricant was left on Lhe protectiom film
25 of the rapultant disk cample in the form of the
lubricant £iIm 26, Thus, the disk sample which has the
inbxlnnnr. film 26 coated on the prolection film 25 was
attained and hested at a tuwetaium of 60°C fox Len
minutes, AZ a result, a magnetic recording medium was
manufastured in the manner mentioned above and will be
. refezrad to as a first sample. - '
Fext, secand through forty-fifth ssuples of
magnetic recording media were prepared in 2 similax.
neanner axespt t.hét ﬂ:e mean molecular we:l.gﬁta of tﬁe
o* lubrlceants and/or the diluted lubricant concencrations
\' - wore changed from the f£irst sample. Specifically, the
diluted lubricant concentrations (valt) were changed fxom
0-01 vgls to 0.30 vold in the £irwt thyouyh the fiftgenth
sampleoc (will be callcd a first gxoup), the nl.xtncnf;h
ibrough the t'hinicth sumples (will be called a second
group), and the thirty-first through the forty-fifh




13 sarrpl es (wll be called a third group). As shown in Table 1, the second
through the fifteenth sanmples 2 to 15 of the first group were forrred by the
| ubricant, nanely, PFPE, which was used in the first sanple and which had
the mean ol ecul ar wei ght of 2200 and the pipdronyl group at both ends.

Table 1 Dl uted : Mean Mol ecul ar Wei ght of Lubri cant

Lubricants Concentra- tisQRS1es (,,111 ve e84 a thira group?000 3200 (Vol %
0.01 Sample 1 _Sanple 16 Sample 31 0.02 Sampl e 2
Sanpl e 17 Sanpl e 32 0. 038€ shovn in Saplg d. 3*‘*" secand Lh5purh) the

Sanpl e 33 0. 04 Sasrpieftl samples Sajaspi.e o Abve ﬂzgtw etd fbriica
Sanmple 5 Sampl e 2 Sanpl e 35 06 Samp 6 Sanmpl e
21 ~ Sanple 36 0.07Y the lubri |’é“?17- PFPE, quhioha ""2’2‘““*’d in B3| e 37
0. 08 Sanple 8  #izgt Smbeaﬁ?which fﬂrfﬂldeﬁ& Roiktular weigheSa#pl € 9

Sampl e 24. Sample 39 .0.0 Sampl e 25
Sanpl e .40 0. 0125 gé%ﬂf‘é‘ff Pil’"@é’r’rp%“%@" both oRAE, 11| o 41 0. 15
Sanpl e 12 Sanpl e 27 Sanpl e 42 0. 2@ble 1 Sanmpl e 13 - Sanpl e

28 .4 Sarrpl e 43 0.25 Dil aFII[:J A~ -a-lfp-l-e-E-Q-—-——-—Sa-n‘pi-e—Arﬁl
Sahpl e 15 Sanpl e 3Dyeagresa € 45 CfegR¥clecHiaT Nat®t vhe sixteenfh
t hr ough t he Congent.ra- '
v tions 2200 2000 3200
{vols)
P,
2.02 ~ Sample 1 Sample 16 sSumnple 31
o* ' 0.02 Sample 2 Sample 17 Sanple 32
o 0.03 Samplc 3 Sample 18 Sample 33
0.0¢ Semple 4 Sample 19 ganple 34
0.058 Bumply 3 Sample 20 Smuple 33
0.06 sample 6 Sample 21 Sample 36
- 0.07 Sappla 7 Sample 22 sample 37
0.08 Sample 8 Sample 23 Sample 38
0.09 Sample 9 Sampla 24 Ssmple 39
0.010 Sample 10 Sample 25 Ssmple .40
0.0135 Sample 11 Sample 2§ " Sample 41
‘e S ¢-185 Sample 12 . Bample 27 Sampls 42
b 0.20 Sample 13 Sample 28 Sample 43
v : 0.28 sampls 14 Sample 29 savple 4d¢
0.30 bample 1% Sample 30 Bample 45
o On the other hand, the sixteenth through the
- thivtieth samples 16 10 30 Of the second qroup had

lubrivant layers formed by PFPE (manufactured by Pomblin




. .ae _
thirtieth sanples- 16 to 30 of the second group had lubricant |ayers formed ——
by PFPE ;(fanufactured by Fonblin 14 and sold in the name of .ZDEAL)

which has a carboxyl ester group as the pglar group at both ends and and

t he mean nol ecul ar wei ght of 2000 while the thirty-first through the
forty-fifth sanples 31 to 45 of the third group had | ubricant |ayers forned

by PFPE  (manuf act ufed 98yd ROnth4 nanmdE JORAR)| whichchany mesasPomBO Pt  whi ch

has thewpol ar. 07 OUDS oBbuddh K381 1ia2 Yhobl 3 T iRk S e V) Qe O 3200.

Herein,-the first through the for h sanpl es were eval uated by an
X-ray photoel ectron speRenies ¥sisht(ofh By whiledthe thirtyPErss idariihg to t he

present invention whiggd siidJ-£P8n @Inﬁ)’le&i%icﬂ REGe Pudehild qrdip’ i), it IS tO

be noted that the X-ray photoel ectron spectroscopy Is used in each of the
sanples 1 through Aubrigdsieaaynce formed oy RFPEr (MedRTAsSUrad by Feokifey | cant

film26. which: is cgad ed1#1alfife M%Eﬁ?@'zﬁiiﬂg%a%‘cﬂ , let the XPS
e thi

be used in Fig. 2 to neasure the averag I ckness of the lubricant film 26
on the assunption thSF PRy how endn and [the 2Gan melegpday vedeht P8n film 25 are
uniformy formed on gy whol e of the nmagnetic recording nedia. In this

case, when a photoelectron intensity (will be called a first intensity
her ei nunder) of a phot oel edereip.ctHia Ebert hsmmgly the Lopti-AL1E4%memm2es8 | ncl uded

in the lubricant filgaeOetalub€dd &7 WAl £oknp pnoksiiiblsrod Sbuct.coscopy
_ (abbreviated to an XPS) sccording to tho present
N invention which will be later deseribed in detail.

) Berein, 1t ls to be noted that the X-ray photoelactzon
spectroscopy is used in each of the samplesg L through 45
to medoure an average thickaver of the lubricaut £ila. 26
which is coatsd on the protaction £ilm 25. _

At Zixat, let ths XPS bheo usad in ¥ig. 2 ta
measure the average thickuess of the lubricant £ilm 26 on
the aseumption that tho Jubricant Film 26 and the
protection film 25 are unlforzmly formed on the whole of
the magnetlc recoxding media,

In this cese, When a photoelectren intensity
(will ba called a first intensity hozeinunnder) of a
photoclectron emitted from & certain element i included
in the lubricant £ilm 26 19 reprecsented by Teps and
. another photoelectryron iatengity (will he called a mecondt
i ,: ' intensiLy) of a photoelectzon smitted from an element 3
' indluded in the protection f£1lm 25 ia represented by




anot her photoelegtron intensity (wll be called a second intensity) of a

photoel ectron emtted froman elenent j included in the protection film 25
is represented by [err] the average thckness of the lubricant film 26
is given by: [err] where [err (2) in turn,

[err] is representative of an efficiency of a spectroscope for detecting
the el enent i incl udtgyl miehevdrais ithaekseis jofh Q@ Ljtedcdat Etimclé ilsi ency of

the spectr.oscope far gdeteed.i-ng the element j included in the protection
film25; [ferr] an atomc ensrty of the elenent i |ncluded in the
| ubri captj fT1m 26; [err] an atbgpe sdefisRall of (K Mgy el Tps i ndidéided in the

protectionfilm25 aiectdogﬁl arfag)nnedrnjthe éﬁbrrc f|Im26
ot o P

[err] a sectional area i oni zed the BFDt ett Loh % i [ er
attenuation | ength ofn duphobpdisceipreseniitivie ¢% aamefialanty of *he el errent 1

and*which is attenuaj gtﬁvﬁ&ﬁw%%%'&% g&'ﬁ[gr b 1udd ﬁ;t‘g uation

| engt, of a phot oel e ron Is emtte errent which is
attenuated in the priwsteandnefim 36:25; and [err] a detection angl e of each

phot oel ectron whi ch | 54, an efficlency of the spectroscope for
detscting the elemsnt. ] included im the protaction f£ilm
25;

n,, an stomic deneity of the element 1 included
in the lubricant Film 26;

ay, an atomic deasitr of the elmnt. 4 inolnded
in the protection filw 25;

¢ 4, & sectional arca !.c;nind An the lubricant
‘e, : £1lm 26;
i. o ) . o 4 @ sectional arsa 1§ninai in the p:otection
filnm 25; _
_ L Lres 28 -at.ténuat.:l.on length of a pﬁofaeleetmn
e which iz emitted fxom the element i and which is

\ | : attenuated in the lubricant £ilm 26;

a 1',,',, an attanustion length of a photoelectren
which is emitted from Lbe elemant 3j and which is
atteanated in the protection f£ilm 25; and

9 » » detcction angle of éach photoslectzon which
is given by an angle between the photoelectzon detoctor
and a surface of an ohject to be measured,




I's given by an angl e between the photoel ectron detector and a surface of an -—
obj ect to be neasured. In addition, Equation (1) is readily rewitten

into: [err] (3) It is readily understood ¥hat Equation (3) represents a

rel ationship between an intensity ratio and the detection-angle [err]. The
intensity ratio is specified bia asatailon, sfuitnércns) tiscecadnly rewtidbes cant

film26 and the protecti ogmfi I.m 25. Taking Equation (3) into consideration,
afirst term nanely, (Hsm[err] ) and a second term nanely, In[1l + (A

[err] /1 Jerr])] are taken alxsg anaatﬁgisg;indma Qi sdaidey of HX. 3,
r ent
Rdeee

respectively. From Equation , Lt 15 .a hat the firsj_term
(1/gi n[err]y) isin qdi rect E)?%'bé?tﬁ%%‘lt'gg ﬁoﬁﬁtt'(gfﬁ?‘f@rh’, as shown

by a real line in Fig. Zepaeaemts herelabionemgy hétwest 36 imtenslivhOratiiy wmad
conpl etel yagoated on th rotection film 25, rein, it is to be ted that
Equation; (1j includes a%fga%%{tig? ’5’*’9? bra?;‘ﬁ“ ey matiq h@ "Pi"r'g@ erm
and the segond.ter m andby hatratfecop istami L ACHITREe ikDNcand|f1n Z6nasd her
wor ds, the-average thi cp;aess t V\/Ri ch.js.calculated from Equation (1)

BYRACATY Sh

becormes constant wi t hout™ d&p Ii§ 8%t]. Referring to Fig. 4, it is
assuned that the lubricant fil|mifoeguatseh IPELaed conetaacatnon) ackisi fil m 25

| ke-'ci‘rcul ar islands i mtﬁﬂgﬂf’%}?ﬁ%oa’n%ygg“@%%, samely,

‘.\ S 1ail « (A Irps /J:“j)] are taken azlong an ahecigsa and an
ordinate of Fig. 3, respectively.

From Equation (3), 1t is apparant that the fizst
toxm (1/84n8 )} is in divect propoztion to ths second term
IBI1 4 (A Tpp fip.)l. an shown by a real line in Fig.
3, when the lubxicant f£ilm 2§ 1x unifozmly and completely
coated on the protection 24lm 25, ‘

BEaxeln, it is to bo notad that Equation (1)
includes 2 product of = reaiprocal number of the first
e texm and the second term and that the preduct bacomes.:

i invariablc. ITa other vorxds, the average thickness t '

wnich is calcnlated from Eyuation (1) hecomes coastant

without. depending on @ .

ot Referring Lo Fig. '4, it 1a agsumed that the

™ ' | lubricant films 26 avre Aiasperced on the protection £ilm

25 1like circular islands imolated from oma another. Such
a group of islands may be referred to as a cluster of
‘libricant #ila islonds hereimunder.




a group of islands may be referred to as a cl uster of lubricant film

i sl ands herei nunder. - 17 Under the circunstances, it is possible to
consider .a cluster nodel in connection with the cluster of the |ubricant
filmislands like in the uniformfilmnodel. Therefore, |et consideration

be made about a relationship between thgsfirst term(1l/sinferr] ) and the
second term (In[1 + (Aferr] /[err])]) hereinunder. In this event, it has
been found out that the rel ationship between the first and the second terns

depends on an area ratigpgdy HRATIPbubtahody,] 9246 pbasiBhe avdl an area of
the protection film25. The area ratio may be referred to as a surface

coverage rati o sehgidéfif£reRiytemuoclolr pranmdotdohyviehrihe cludftar 4, a
total area of the cluster of the lubricant filmislands 26 is given by -
[err] whi | e oficthentibrinpndx Fddndialandslikec 1pr thecuntfors |Filxw | S

given by (1-[err]). Now, |et consideration: be nmade about the photoel ectron

intensities [ermpdehnd Thazqfore,olet poppidazatiopnbeprde AHYmaach
25 The phot ocFELFHITRIHE hatieee the, Fiat yaf (FTnbrE 6 11 | o
26, and 1he Prot gLbil ddbi ARY' S VEL Y1 LENT) ABELndiihr.

. In this event, it has been found out that the
relationship between the first and the second texms
depends on an axea ratio of areas of the lubricant films

'j\ 26 and an area of the protection f£iilm 25. The axsa ratio
may be referrsd to as a surface coverage ratio
hereinafter and may be represented by g . 1In Fig. 4, a
total area of the cluster of the lubricant £ilm islands
26 is giveﬁ by 8 while the remaining exposed avea of the
protection £ilm 25 is given by (1 ~ 4 ).
Now, let considoratibn: be m;de about the
photoslectron intensities I.., and Topy of a.
D photoelectron emitted from each element 1 and ) included
. in the lubricant film 26 and the protection filn 25. The
photoelectron intensities Ippy and Iopq in the luhricant
films 26 and the protection f£ilm 25 are given by:
Topy = 8 Sy gm0y 3 gy sind
X1 ~ 8xp(~t /2 ;p, e1n6 )1 and (4
Iprj = (1~ £) 8y Igny 7y lpﬂ siné
+ B sj I, ny oy A 273 sinf exp(-t /2 17y giné ),
_. (5
vheze Io is representative of an im.ensity'of an incident
X-xay and tyr an avcr;ge thicknegs of the 1n5z1'cant ‘zum.a'




[err] [err] (5) where [err] representative of an infensity of an incident

X-ray and [err] an average thickness of the lubricant filnse 26 dispersed
in the manner illustrated in Fig. 4. Wwen [err]= 90[err], t is defined
by: - [®ir] Herein, let consideration be made about the sane el enent

inclugdediin the lubricant filnms 26 and the. ﬁrotection film 25. '
Furthergore, a ratio between Equations (4) ¥ (5) is given by: [err] (7)
[err] If Equation (7) is substituted into the-left hand side of Equation

(3) -and [err] I s.varj ed between Q.75 an 495 elatgpnsh ps between
the first term (1/%%/ ﬁrﬂed\gﬁ'ﬂ f‘ﬁﬁ ?&%%qtéru t%?ﬁfalir& *%A F‘err]) can be
cai cul ated and results of Ll ag e heaFhg: 3 by broken line

curves which specify a clus é’rlafi I mggriﬁg{@ ﬂquq“grie appgrent fromthe broken

line.curves in Fig. 3, thq_fi,rgy ermis not directly proportional to the
second term which is diff&ent fromthe uniformfilmnodel. Accordingly, a

product of a reciprocal nunber m@!&hzntir-stm ai’.géampi' kl148cond ternkb)s

vari abl e and the average thickne to can not t herefore provided by the
Barein, let consideration be made about the sazmie

element included in the lubricant films 26 and the
protection film 25. Furthermore, a ratlo between
Equations (4) and (5) is given by:

Ieps B[l - W('t'cll LPL ainé )1
A - ' ‘7)

i Ipgy (1 - B8) + Bexp(-t /2y, 8inf )

v _ If Equation (7} 1is substituted imnto the left hand

side of Equation (3) and S 1s varied betwsen 0.75 and

o -.0.95, the relstionships between the first term (1/sinf )
and the second term (ln[l + (A I,,,/Iyg,} c2n be '
calculated_and results of calculations axe shywn in Pig.
3 by broken line curves wvhich specify a cluatéz film
model. As are appavent from the broken line 6urves in
¥ig. 3, the first term is not directly proportional to
the second term, which is different fzom the vniform film
model. B

Accordingly, a preduct of a reciprocal sumber of'
b the first terw and the second term is variable and the
avazage thickness t, can not be therefore provided by the
use of Equation (1) alone when the lubricant films 26 aXe
dispersed on the protection film 25, as shown in Fig. 4.
Bowever, the inventor has known that the broken line

curves shown in Fig. 3 are uniquely detexmined by the



use of Equation (1) alone when- ‘the lubricant filns 26 are di spersed on
the protection film25, as shown in Fig. 4. However, the inventor has known
that the broken line curves shown in Fig. 3 are uniquely determ ned by the
19 coverage ratio [err]. Mre specifically, the first through the forty-
fifth sanples 1 to 45 were neasured by the S met hod and were evaluated in
accordance wth the fact nentioned above. XPS nmet hods were carried out

under the follow ng conditions enunerated in Table 2. Table 2 Set-up itens
PHI - 5400MC of Perkin El nmer make

Set -up &onditions hine." : :
Tar get. -Peak of J@,Ceug% ratio B “01s Measurenent Inpressed Voltage

15kV curr’ent . - oy -
300W X—‘r’ay Excitation Sourn(‘?ge ép&%@)@ﬂé@"ﬁ%%%sgw%?eéh gf f\°/<'§1:(t:'lf‘1'um
[err] 2 x 10[err] s+t sApplusi § €6 ajerdeabissd)by the XPS method and

8. 95eV Detection angle ([err] ) 12, 13, 14, 20, 30, 45, and 90[err] of

Phqt oel ectron Analwesies eajinated in accordance withntherfict gentionefi-

45[ err]) Accumul ation Ti nmes 3 tinmes Scanni ng igeed

0.05eV/ Step. - 8bove, The XP§ methods were carried out under the
following conditions enumerated in Tahle 2.

' Table 2
Set-up items . Set.—i:p conditions
Machine - | PHI-5400MC of Perkin Elmer make
Target Pesgk of Ols
Measurement '
Impressed Voltage 15kv
-4, Current : 20mA
| I X-xay Sonrce 300%
' X-ray Excitatlion Source Mg~ka ray (12583.6 eV) . |

Degree of Vacuum : < 2% 307 pa

o _ in Analysis Chamber

~ _
- Path Energy 8.95eV

Detsction angle (6 ) 12, 13, 14, 20, 30, 45, and 90'
of Photoelectron
Analysis Region ' Imm¢é (at 0 = 4§°)
Accunulation Times ) 3 times
Scanning speed . 0.05ev/step

Referring to ¥ig. 5, results of measurement were
illustrated by a cuxve cl which represents a relationship
: . ' .bet.ween the first term (1/sinf ) and the second tem
| I (In{l + (A Iiw1/Togy? s where I,y4 i representative of
the emisslon intensity of a photoelectron 0ls emitted
-from oxygen (0) }ncluded in .t.he lubricant £1lm 26 and




m

Referring to Fig. 5, results of neasurenent were illustrat
whi ch represents a relationship between the first term (1/sin[err]) and the
second term (In[ 1 + (A[err]/[err])], where [err] is representative of the
enmi ssion intensity of a photoelectron Ols enitted from oxygen (0) included
in the lubricant film26 and 20 [err] Zghe emission intensity of a
phot oel ectron Ols emtted from oxygen (0) included in the protection film
25. The curve cl1 which represents the results of neasurement was wel |
matched with the cyt vss theFofiisSidd | fHitaRsicyt 6f £ |phutdelecteonnlls.
Accordi ngly, the fi PFd termis not di rectly proportional to the second
term as mentionedesmittednfeomooxygdd (0)gindludéd st dise protectionstiled
not only in a part of the sanples shown in Table 1 but also in all of the
sanpl es accordi ng 25.t hfhereeeve ¢hohichorepremants thec xesudbdpfes,

cal cul ati'8ns were performed in connection with the cluster filmppdels at
each detiecti on angM@38prement HAD MNadd: matched (with, the,ruryes, af F1Pnshi ps

R 11 R VB o SR
the measur arent reS3res PR A aiRRety BRpR SR N QAR el | D ¢
sunt’ of differencegopf] Cas ddntinpd Al aeﬁ&bémncalﬁulﬂggns,re%ﬂw ([err])

and tHa neasurenment results [err]([err]). Subsequently, a single
: ) tendency was observed not only in a part of the samples

shown in Table 1 but also in all of the samples accoxding

to the present invention. | '

Under the circumstances, calculations were
performed in connection with the cluster f£ilm models at
each detection angle of the-phoﬁoslect.xon by the use of
the relationships betwaen the first term (1/8inf ) and

.a the second tesm (In{l + (A ILFi/IP!j” to obtain results
of calculations, namely, calculstion zesults shown by
(Y¥o(8 )). In addition, measuzeménts. were also made Lo

. obtain the measurement resulls ¥, (6 ) shown by dots in
Fig. 5. Thereafter, square sums of differences were
,caleu-latéd between the calculation results (Y,(4 }) and
the measurement results ¥, @ ). Subsequently, a single
one of the cluster £ilm model curves that corresponds to
"B 1is selected such that the square sums of the above-
mentioned differences become minimum. The value of £ is

- defined as a surface coverage ratio of the lubricant £ilm
'islands 26. _
; On the other hand, the average thickness t can
i / be unigquely determined, ss readily understood from




one of the cluster filmnodel curves that corresponds to [err] is

sel ectgd such that the square suns of the above- nentioned differences
becone mi_ninmum The value of [err] is defined as a surface coverage ratio
of the lubricant filmislands 26. On the other hand, the average thickness
t can be uniquely determined, as readily urgerstood from 21 Equation (1)
Specifically, the average thickness t is obtained by cal culating a product
of sin[err] and the second termrepresentative of an intensity ratio (In

[1+ (Alerr]/ | gquhblofn(i) ed dpdcaieatpyiehd utdge RALURRORE N 1 Ne
| ubricant film26 and the protection film 5 and by mul tiplying the product

by the attenuations obthlnéd[by daltulatinghetipridudty of ain® candromt he
el enent .i. Such an attenuation length [err] can be often cal cul ated by

the use of an enpthecsectnd exn wepresentatbwe afh ann lotgasity coapbund, an
attenuation |l ength of a photoelectron emtted froman el enent included in

the organic conpodhall The sty oTppiydin patthed [faom elpgentd chuand 1 varied
uni quely. det er m nSaoBAER oFR dthe. YabiRnt. 1l 35 3AE L6 chrateic Ao
bt cant 11 m i 2eonit BE MERIY IR R Lo R e
attenuat ton | engt ekges ] (734110 oeMvfie! PhOLAAGRM D bRELLEY FAM Y ckness
element i.
Such an attenuation leagth A Lpy A8 be often
N\ calculated by the use of an empirical formula which
- defines, in an organic compound, an attenuation length of
a photoelectzon_emitted from an element inciud.d in the
o¥xganic compound. The attenuation length 1 L¥L is
irregularly varied in dependency upon variation of data
uged in the empirical formula and is uniquely determined
by such data. However, such an attenuation length z’Lfi |
is not desirable for datezmihing an average thickuness of
: the lubricant film iglands 26 because of irregular
P variation of the attenwation lemgth 2, . |
Taking this into accouut; ths  average thickness t

or t. is calculated by the use of the attenuation leagth

A yps talculated in the form of an average value, as

shown in Bquations (1) and (§).

" he surface coverage ratio 4 and the average
thickness t, are calculated in comnection with the first
thzough the forty-fifth samples 1 to 45 and are shown in

" wable 3.




or [err] is calculated by the use of the attenuation length [err]

calculated In the formof an average value, as shown in Eguations (1) and
(6). The surface coverage ratio [err] and the average thickness [err] are
calcul gfed in connection with.the first through the forty-fifth sanples 1

to 45 angl are shown in Table 3. 22 Tabl e 32%ubri cant Sarrpl es 1-15
Sanpl &s :16- 30 Sanpl es 31-45 Concentra-"tions [err] tc
css [ érr] tc CSS [err] CSS (vol % 0.01 . 0.25
0.28 5.000 0.18 0.22 - 2,000 0.16 0.71 n458,Q00 0.02" 0.30 0.28
9, 000 0.36 0.24 4,000 0.28 0.63 9. 500 F 83 0. 40 0.37 9, 500
0.49 0.26 5,000 0.40 0.57 9, 800 0.04 . 0.60 0.41 >30, 000 0. 60
0.27> 6,500 0. 60 |®afiRea [ €[ r]130, 000 0.06 0.89 0.43 |[err]30, 000 0. 89
0.27." 7,800 0.72 thhiadhere[ br 1] 8p100Q-f5 07 | Sl 13010 | er r Jeplescu—4m. ob
0. 30 9,500 0. 8] Cohbebtra- 30+-000—0— 69— 04— ferT30T P00
0.96 0.37  9,800|@ia8 0.61 ﬂ[eartg’io ®59 c @ | t, jo.685 ¢ & ﬁery]sﬁsoob
0.95 0.49 [err]30jdeax 0. of 73 [lerr] 30,4000 {0. 10 0. 97 0.167
[err]30,000 0.96 ¢C56——T% U0q U 950 BZ TEerr | 30 7
0.80 >30,000 0.989-% 63 °-][’é P14, od‘oaw .°£" d’.'g 28@9@6% %13 OTL
0.84 [err]30,000 @-93,0.73 q,0 . . 1 ,,g., Q.69| $shd
0.94 20 b0 .99 By " po sl o, Yook idae Ak, ?KL"@Q B h ol
18, 000 0.98 0.98 1 §38>00 De.% 8. 8] 916004 Q90a i30% 964& 37| 99.660
0.95 1.12 10, 504—094 1 Q4250
0.04 0.60 | 0.41 { >30,000J0.60 {0.30| 5.600[0.48|0.55| 9,800
. 0.05 0.85{ 0.2 | >30.000 ] 0.74 [0.27| 6,500 | 0.6C | 0.85 | =-30,000
i 0.08 0.89 | 0.43 | >30,000] 0.89 | 0.27| ~ 7,800 | .72 | 0.58 | >30;000
i 0.07 0.87 | 0.46 | =30,000 0.98 [ 0.30 | 9,500 ] 0.2 | 0.62 | 30,000
0.08 0.96 { 0.49 | 30,000 { 0.9 | 0.37 | 9,800 | 0.48 | 0.82 | 30,080
- 0.09 0.95 | 0.62 | >30,000 | 0.95 | 0.48 | >-30,000 | 0.97 | 073 | >~30,000
~ -
' 0.10 0.97 | 0.67 | =30,000 | 0.96 | 0.56 | >~30.000 } 0.95 | 0.84 | >~30,000
0.125 0.85 { 0.80 | =%0,000 { 0.98 | 0.63 | =30.000 | 0.96 } 0.91 | 21,500
0.15 0.98 | 0.84 | >30,000 | 0.98 | 0.73 | >30,000 | 0.95 | 1.08} 15.000
0.20 Jo.98{0.94| 20,000{0.95{0.90| 22.000{0.981.05] 10.800
0.25 p.98 {1.01| 18,000]0.98]0.98| 19,5000.95)1.00f 10,200
0.30 °  Joses|1.13{ 9,000]0.95]1.22] 10,500|0.94/1.25} 10,250

tcisrmemtedbyamuploof A¢r1
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t[err] is represented by a multiple of A 23 In Table 3, results of a CSS
durability test are also tabul ated together with.the surface coverage
ratios [err] dnd the average thicknessés [err]. The CSS durability test
was conducted by the use of a disk friction and abrasion-tester of a strain
gauge type which is widely sold. In this eveyt, each of the sanples was
nmounted with screw torque of 1.5 kgfcmon a rotation spindle of the
friction and abrasion tester and a head slider was positioned on each

sanpl e so that a center ofranufife BEaldeRd1EE! 6£CE d8iPAurdbiletyOtedd apger
peripheral side is |located at a p05|t|on which is renote froma center of

each saftple by 17. 5188 ¢dbe1461 igutheirt Y1t Stheaszsaceocovgxage  fetbosi S
of a @SS/pattern illustrated in Fig. 6. The CSS pattern was specified by a
singl et €SS cycle of tandsthermiexige dbdcknessés (). TheofSS durabllity

fourth durations which last for 1, 4 1, and 4 seconds respectlveI‘XIa
readi | y under st ood*-sFY-oml gpndnctad byothei woe 9f & Q#"e&?ﬁ‘%&%l%ﬂ s

equal to zero mnthl first durgtion eeded up to a,ro |on ed of
3300 r pm vt thi 1 ¢ nEBTRELSR TRRYER OF AcBbrALE SMHS YRR.PRAEH ¥
duratd on, and ther QPE?§QQ he, 28 W) t r The
head used in the E@% durﬂg y tes'?' Waé&z‘i\r,]&lsw ﬁ?ﬁggh‘gg manu actured
. and sol d by I'BM ypiheaaidie i&iﬁnéb&dﬁrsvﬁ&f&i’w&e%ﬂat%mﬁﬂﬂe B
[err] - Tic. In addition, ead | oad was
' the friction and abrasion tester and a head slider was
positioned on each sample so that a center of an air

bearing surface (ABS) placed on an inner peripherxal side
is located at a position which 1s remote from a center of
each sample by 17.5.mm. _
_ The CSS durability test vas performed on the
P basis of a CS§ pattern illuatraﬁad in Fig. 6. The CSS
Wl pattern was specified by a single CS5 cycle of ten
secondg divided into first, second. third, and fourth
- ' dnzation§ vhich last z&: 1, 4, 1, and 4 seconds.
respectively. As readily understood f£from Fig. 6, the
rotation speed of each sample was equal to zero within
the first duration, speeded up to a rotation speed of
3200 xpm within the-sacond duration, koét at 3§oo xpm
‘within the third doration, and thereafte: decreased to
zero within the fourth duration. The head used in the
CSS durabllity test was an inline type head manufactured
-a - and sold by IBM while the head elidar was composed of a
matezrial of Al,0, ~ TIC. In addition, the head iOaﬂ was
6.5 gf.




24 The €SS durability test was made on the conditions of a cleanliness
factor of 100,.the tenperature of 22[err], and the relative humdity (RH)
of 42 % On the CSS durability test, a slider floating curve as illustrated
in Fig. 7 was predeterm ned and neasured at every one of the CSS cycles to
monitor a maximumfriction on the slider fl&4ting curve. Thereafter, the
maxi mum friction is divided by the head |load to calculate a coefficient of

dynamic friction. The coefficient of dxnam’ c friction which exceeds 1.0
was defined as a CSS dur alfhe G&& durabliity tasty vas: gade pn the \hen the CSS

(requency. It 15 CRMACIIRR O Clampiagg t0R 6800 Mod one when
[ equency or oat er PHIPSRFIT, O 23 Eaotia ik BIeEape MEIGRY RO -

0.55 and is not grgatgr than 0.985 and if [err] is not smaller than
O.4[err] Thus, it 1s possible to accurately evaluate the lubricant filns

26 by npasuring each sanpleh hnet B8sUaRraB1 13y thiBE, SHI 8 RCHe BlTatPag ati o
[err] iand- the average thickness [err] even when the lubricant filns 26
are di spg‘fsed in téwrvooan idiusbeatedrix Btg. 7i wan predetisrminad and
protection film25, as showi in Fig. 4. 1In other words, an optinum cl uster
of the lubricant M¥3auLadMseyeryoneo%dhe F8Ecayches i imaniteF @he

Su_r_]: ace C_Overage maximam £riction on the glider floating curve.
| ‘j- Thereafter, the mnximum fziction is divided by the head
1o0ad 't.o calculate a coefficient of dynamic friction. The
coefticient. of dynamic fxioctlion which exceeds 1.0 was
defined as a CS5 durable factor or freguency. In Tabie
3, vhen the CSS durable frequency exceeds 30,0800,
(>30,000) is described as the durable freguency.
Yo It is usual that each sample may be judged as a
good one when the CS§ durable freguency exceeds 10,000.
; In Table 3, the CS§ durable frequency greater than 10,000
P .15 establighed if A 1is not smaller than 0.55 and is not .
greater than 0.985 and 12 t_ is pot smaller than 0.43
- Les’
_ Thus, it is poseible to accurately evaluate the
~ lubricant £ilms 26 by measuring each sample by the uae of
both the surface coveiage ratio A and the average -
thickness t., even when the lubricant films 26 are
dispersed in the form of the lubricant film islands on
the protection f£ilm 25, as shown in Fig. 4. In other B
© words, an optimum cluster of the lubricant film islands

26 can be determined by monitoring the surface coverage

v,




25 ratio [err] and the average thickness [err]. At any rate, an optinum
lubrigity can be obtained by quantitatively defining paraneters of the
surfage coverage ratio [err] and the average thickness [err]. Such an
excéllent lubricity might be based on thg fact that a direct contact

bet ween the head slider and the protecti film25 would be mtigated
within the above-nenti oned ranges during the sliding operation and that
superfluous |ubricamtie s neid pheaeatagentittmesagnot i Xt ney catengamedi um | n
‘ot her words, no excellent . lubricit oul e .obtai ned_outside of the
above- nent i oned ranaé'@.;ﬁ%rhébtgﬁ*ét%’i Fh%ﬁ"f?’%@n& ﬁ«'é"é"gr" 'é%:vé'l"goverage ratio
[err] and the aver Agfisingciarenstarerqf tag uitanercavesave) radvafd =da4[ err|]

respectively, diregh.cQutasd $nihsd tly occur between the head slider and
the protection film 55%\1\&?%1'0‘% t-eﬁ@EFi ngs about damages on the magnetic

| ayer 24. On the other hafiegh pp exgelligetJjubriicdty adghth e basedrdn Gbes
“lubricant gives ri | Clyl _ rface coverage
ach Anit & ﬁ!é%aémkpﬁyt@ugg% 3418 SHab8CE.C

rati o exceeds 0.98 hus, 't he bric e magneti c recordi ng medi um
can be accurately &halrrotectioy fiimi2sovwinid hehwithseted oithdinckess [err] and

- the surface coverag,g,,g@_tniegugn&?t%i Hﬂgér&geﬁig%g“&g@ otection

film25 1is cleaned and therea eated prior t mati1on of . the
| ubricant film 26 &Hatferpriduewr Lubricpayiomot greseny onuihe magnetiss

contam nants can bekeAMaE heli D t HE 0Bt &flak Ol bkdBrPen @b MR Sf Ur e can be
evaporated from . !
P could bae obtatned outside of thu ahove-mantioned range.

. .- : More specific¢ally, when the surface coverage

i ratio B and the dversge thickness t_ are lower than 0.56
and 0.412 I.r:.'- respectively, giveet contacts fraquently
occur between the heud slider and the protection £ilm 25,
which often brings about damages on the magnetic layer
24. On the othor hand, it has beer inferred that
supsrflucug lubricant gives riae to stiction at theée EDI

* when the purface ¢overadge rotio exceeds 0.985.

_ Thus, the lubricity of the magnetic recording
mediom can b- accurately cvaluated by monitoring the
avarige thigkness t'.c and the surfaca cowvaraga ratlio 2
P

In the illustrated example, the protect lon £1lm
25 i3 cleaned and thwreafter heated prior ta formation of
the lubricant film 26 on the protection £ilm 2%. As a
i Tesult, useless contaminants can be reduced frem the

protection £ilm 25 and moiztuxe 6an k¢ evaporatad from



26 the protection film25 to be reduced. ‘This neans that an even or fl at
| ubricant filmcan be coated on the protection film25 and results in an
excellent lubricity of the magnetic recording medium Referring to Fig. 8,
illustration is nade about a relationsjy p between the first term 1/sin and
t he second term which appears when the cleaning and the heating processes
are carfed out. On the other hand, a similar relationship is illustrated

in Figh 9-and i s *SR8tRORes\RACT RS 9 P2 Fefgoety THE P28P Y pPbcesses are

not carnried out. JogARA EfRN1EvEANrilcchtbatdatedioRstre | ustrated in Figs.
8 and 9 teaches that a variation of the curve of the magnetci c recording

medi um subj ect ed PFBHITEOR A LR 48 2dh TR te 1B AN ARCSir e d P smal | in

conpari son wth tdgaineObadderss Sovskadhy kb@iugagneti c recordi ng nmedi um whi ch i s
not subjected to the cleaning and the heating processes. Specifically, as

| ong™as the eval uati on RERYFBRIaEE 481 By H30Ftretitbde fade PERYidn i s

concerned, it is JisfRhsbiptrddiain the SIBENALE RGOSR RYe&dondN i S SUbj ect ed
to the cleaning and the heating %rocesses. I n thi%fevent t he cl eani ng

process may be dSSFPMECH Sppsars fhep,the cAqEping ARG the BT net hod or the
i ke whil e the hgabkdgedrfecsicrialy ode. executed at a tenperature between 50

and 300[err]. Wile this ipvention has th far en. described in
conjunction with a pref® r'Sa %dﬂ’ nf T‘ﬁ‘ﬁ‘é‘off“ﬁf“h P 16
1lluagtratea :.n Pig. 2 and 1 obtoaingd when the eleang.ng
and tha heating processes are nat carried ocut.
Comparison betwaen the xalauonshipé 11liusgtrated
in Figs. 8 and 9 teaches tbat a variation of the curve of
the magnetic recording medlum subjscted to the cleaning
and the heating procesvas is shall in comparison with
Ii i that of the curve of the nagnqt'ic regording medium which
. ie not subjeacted to the claan:l.n'q' gad the heating
procevses. Specifically, as 10!19‘ as rthe evaluation
nathod accoxdiug to the present invenu.an is conceyned.
it is preforsble that the magnetic recording mcéiun 16
a.'nbject.au to the cleaning and ihe heating processes. In
this sevent, the cleaning process may be dealixably
executed by a ultrasenic cleaning metbod or the lika
while the heating procass may be sxacuted at a
temperature betueen S0 »od 300°%C.
While this invention has thup far beon deseribed
in eocnjunction with a preferred ambodiment thereof, it
will Ywadily be posgible for thoss skilled in thc art to




wll readily be possible for those skilled in the art to 27 put this
inyention into-practice in various other manners. For exanple, the
nonmpgnet i ¢ base of the magnetic recording nmedium may be, for exanple, a

gl ass base, an al um num base, an al um ngm al |l oy base, a carbon base, a

pl astic base, a ceram cs base, or the like. On the other hand, the nagnetic
| ayer nay be either a magnetic |ayer of, a cobalt system such as CoNiCr,

.CoCr Ta, CoPt Cr, Coft'pi-Bls dpventdon jpto gractifs MP3Edoprs\4PeBf  for exanpl e,

an.iron system suUgkhidss€For RRbhp1e! traCndnia thksaberg¥otss the protection
filmmy be forned by oxides, such as [err err]; carbides, such as Sic,
TiC, or nitrides, BRfMtis TeEq¥ding sedium may }”-Tifﬁ?-' expRl Nl SPIF ng | ayer may
be formed, for exaghles,adM1ékinud baskl ¥n Mt hides ndde, €9 \@Ebod t has been

confirmed that the |ubricant which has pol ar groups arranged at the ends
t hereof is preferaP?r aYPERES; PRaomca SREARICE hapeef (9Fnthe A&y sSO%vent, the

pol ar groups arr angad ofiteddBida, Otnd RemRRIS 18Per RA) HCeft@stld Cted to a
‘pi peronyl group but a carboxyl group, a hydroxyl group, or the like. In

‘addition, the | ubrPHRAtiGAPreseotod eePodh SYALEYs, Y AF &9%+%% m not only by

the di ppi ng coat neddies, ebidd, S€odi¥u 8PitheCNdbi 41 aigAete ASydzegards the
| ubricant, filns di spersed on the protection filmas shown in Fig. 4, each
of the |ubricant of, f£or exampls; an iron system, such »w FeC, FoM, or the

like. . _
Furthermare, the protection film msy be formed by

v oxides, such de SL0,, %c0,, Ti0,, Cz0,, Al,0g, Cr,0,,

P . _In,N,, Sn0,; ¢arbidcs, such as Sic, ‘Tic; or mitrides,
such as CBN, CyN,, §3,¥,, TiN. The underlying layer may
be formed, for example, by Cr, T1, CrV, or the like.

Morwover, it has been confirmed that the
lubricant. vhich has polar qroups arranged at the @nds
thereof iz preferably adhered to the protection film, In
this cvent. the polar gzoups azzanged at both af the ends
may not be restricted to a piperonyl gfoup but. a carboxyl
qroup, a hydroxyl group, or the like, In addltion, the
J.ubri.oan_t. may ba coate3 on the pzoiec-r.j.on £11m not. only
by tha €ipping coat method but alsoc by a Zpin coating
method.

As regarfe the J.npr:l.cant. £f4Ims dispezrzed on the

i | protection film as shown in Pig. 4, each of tha lubiiuam

l'\ i ' filwmes way not be always ¢ircular but msy be an

- aggragation of moleculap having a wide variety of



films may not be always circular but nay be an aggregation of nolecules
having a w-de variety of 28 geonetrical configurations. In addition, the
present inventi-on may be applicable not only to a hard disk but also to a
fl oppy di s}<,,-'-'a magnetic tape, or the like. 28 though the lubricant film

I sl ands have so far been evaluated by the use of the X-ray photoel ectron

spectroscopy, any ot hgdemeValcdftddprrgiBhidds. My be used for evaluating the
lubricant filns, if the average thickness of the lubricant filnms and the

surface coverage ratio can B8 ¥idbion,nthe pyeoere ipvambders mandeany rate, it is
possi bl e to obtain thwgi fot’ 6013 €4 RO Wi Gikod 8BS ABrdppge! | ent

durability, by controlling the surface coverage ratio and the average
t hi ckness of a cl ust efisli a megnarieitonmi ofi theslides anged on the protection

film Mreover, an anmount ofy3{fiRgl, 4Rk (ARI-he RS QYBEHs gﬁ,g ¥&!ggecontrol | ed
th I Ci e .

on the protection filmand, thereéfore, e lubricity can precisely
controll ed with a hi giferetvaipted by the upe offfjife ESrag phatpgiget¥on] | n g

magnetic recording MegligddzQ0EY." Shy Gefes QUTRINICH et RS b P 18 usbgmBINEL I C
| ayer, a protection.

. for evaluating the lubricant filmg, 1f the average
-thickness of the lubricant filmg and the surface coverage
ratio can be determined by the methods. At any rats, it
i pomsible tc cbtain the magaetic recording medium which
hap 3n excellent durabllity, by contzolling the surface

i cov-née ratio and the averags thickaess of 4 cluster Of

b the lubricsnt £i1ms artanged on e protaction £ilm,
Moreovex, an smouot of the lubricant caa Be '
quantitatively controlled on the protection £iim and, )
therofore, the lubrisity can be preoisely cantrolled with
a high reliability.




|l ayer, and a lubricant |ayer, all of which are successivIeL&posited, t he

—_—

| ayer so that a coverage ratio [err] of covering the protection | ayer W

| nprovenent wherein said lubricant |ayer is dispersed on t‘ﬁe\p%

t he | ubri cant

| ayer falls within a range

average thickness [err] of the lubricant Tayer. is specified by an

attenuation length of a photoelectron emtted froma specific el enent

etween 0.55 and 0.985 and an

included in said | UMNICEHICLATHED I®nd is not smaller than 0.4. 2. A magnetic

recordi ng medi um as cl ai mgd Ir# g:cﬂgméif '%Fjﬁ;gi . i dobprisiagta | ayer has a

predet efanj ned nol ecul ar wei'g

at whi,ch jpol ar. gr oupsmaguetiigondetats, s memghtd ilayemcarsohertdeni um as

claimed in claim 1,1%9:0%5% 4oL RhAAGysAt by L,Fr;dugryjmt he average
y phot oe

thickness [err] are aSured by an X-ra ectron spectroscopy. 4. A

materi a

has two nol ecul ar

ends

met hod of manuf act usiecgssivedy feponitedc dhelilnpreveratn¥ieredn #23Apri ses a

nonmagnet i ¢ Subst I af & 3Mghe3, SRGNES EedeUEH on LR NRELIIRA 1UETs0 ANd 3

| ubricant | ayer successively ‘deposited on said nonmagnetic substrate

conpkj si ng the -st epthasi « nevesme sasily &epdsoresiyy shedpyrigredonclargyer and
said protection I ay@,{tho&"sra_hglﬁgmgﬁkﬁﬁumi@tnemge B&webgani ng the.
n 0

surface of the protectio

material on said pro{3dScasd9.985 and an avarage thickness t, of the

lnbhricant. layer L_n ppecified by an attenuation lengih of
a photoelactron emitted from A speeific elcmant helw
in 8sid lubricmat layer and im act smaller than 0.4.

2. & magnetic ymcoxrding madium as claimad in
elpim ), whereln said lubricant layer has a p:edetl.emineﬂ
molecular wolght of a wmatexial wvhich has two molaomnlar
ends at which polsx groupy are located.

3. A magnetic recording medium as claimed in
aluin 1, which said coveraye ratio 8 @and the average

| thickness t, axe meoasuzed by an X-ray photoelectron

spectrogcopy. L
4. A mothod of mapufacinring a magnetlc
recording medium which comprises a nonmngneq.c substrate
and a magnetic layer, s protection layer, and a lubricant

layer succeaelvely deposited on asld nonmagmnetioc '
subatrate, compriaing the steps ofs.

auccesaively depooiting said magnetic lgyex and
8248 protection layer on said nonmagretic substrate;

ayer eated; and coating a |ubricant




™~ '
| ayer to | eave a lubri-cant [|ayer whi ch i s studded on the pr.ot ection |ayer T
in the formof islands. 5. A nmethod as claimed in claim4, \ ai d-—u
| ubricant material is formed by a material having both ends given by po
groups. 6. A nethod of evaluating a maga@etic recordi ng nedifum whi ch
conprises a protection |ayer and a | ubri cant Iayer on said'protection
| ayer, said |ubricant | ay&gdﬁgl o 02 @"ﬁ ,(;Qn;gl sing the
steps of: nmeasuring a coverage ra |o ierr verlng t € protection |ayer
with the |ubricantbédested;mamburi ng an average thickness [err] of the
| ubricant |ayer; and eval ng,.t er of said
coverage ratio [err] and #ﬁu" v%r;z‘;’ggl#ﬁ ngésisakf%tr rsrp&;pL%Q%t? od as cl ai ned
in claim®6, wherei hayai to dexar agbridany {mz]'haﬂd isheruadesd agethshi ckness t
are neasured by thgmt;%gtpm e;( ;na&p%gpgheﬁhw& spectrography. 8. In a
magneti c recordi ng” medl um cﬂ#p I ng a nonmagnetic substrate, a magnetic
| ayer, ‘ar__a “internedi ate |%ayes ;uehml mcmﬁnﬂmst:lﬂlnl #2 vhhicn eald
successiyely for mag hgml n ement .. n, %ﬁi&iﬂprﬁﬁ@f%&ﬂl S

di sper,sed on said |"?ﬁré’r nedi {&X a er soiﬁgt a coverage ratio of covering

the internedi ate kwdscaivent by lphba:: grodpé. (0. 985, both inclusive, and an
average thickness of the dippgg, §é 'eﬂiﬁd&o %@1@ Plec3®i g t ENUAL T ON
|c e

I engt h of a photoelectron emtted froma speci enent i1 ncluded in the
madiom which comprises a proLection layer snd & lubricant

\ layer ¢n said protecticn layer,. gaid lubricant layer
- including a specific slemenk, comprising tha stepw of:
measuring a soverage ratio 8 Of caveriug the
protection layer with the lubricant layer;
' measuring on avezage thickness t‘c of the
lubricant. layer; end
evalnsting the lubricant layer by the use of said
coverage ratic 4 and the aﬁtagu thickness t,. ]
7. A method as claiwed in claim 6, wherein sald
.4 covecage ratio 2 and the average thiszkness t, are
4 measured by the uee of an X-ray photoelectren
epectrography.

8. In a magnotic recording me@ium camprising a
nonmagneiic pubsirate, B magnotic layexr, an intermediate
N layer, snd an upgermpet £ilm which are sucoesslvely

. formed, the improvament whmtu_sua-'u'ppemt £ilm 1s
dispersed on sald intezmediate layer o that a -coverage
ratio of covering tbe intammediate layer with the




}
uppernost{ film 9. A magnetic recording nediumas clainmed in claimS§8,
wherein said 5 nonmagnetic substrate conprises a nonmagneti c base and an
underlying 4 ayer deposited on said nonrra gnet i c base. 10. A magnetic
recording mediumas clainmed in claim9,”Wherein said internediate | ayer and

sai“d uppernost fi.lm are operabl e as rotection Iayer for protecting said
magneti.c | ayer aPr asa‘ﬁ"lfb‘?'q%&éﬁ'?“ﬁ‘f‘ﬁﬁ'c‘@ o She uBpgrmyst ﬁf"bl‘&?{"feﬂtﬁ"‘l’yayer 10

respectively. 112w acmusiopisoptheof f pliofelesgpryuwingd fameis werilic slsmebinehded Igheas her ei n
described with refpemestlento Figs. 1-9 of the acconpanying draw ngs. 12.

A met hod of nanufact ug.ing Weﬁmmrmmﬁﬁblcwﬁdlam whertiglsaiet hod bei ng
subst anti al | y saSadafbfidd afbstsite/chriiithe Whadntagnlf: S4sL 08 B dulechringlayeBu@hsndd and Fi gs.

15 1-7 of the agg aW| ngs. 13. A et hod of eval uating a
magneti c recordi ngmrr%gﬁ% rret qu,ggel %gh%%‘ist nt a!l X as, herein
described with referente ﬁ?& W ngs.
intermediate layer and sai uppermoatﬂlmamopm.bleua
protecting said magnetic layer and a lubricant film cvated on said pzumctton layer. '
10 respectively.
11, Amgmmmmmgnmdmsnbsummunsnmmdcmshedwnh
reforence to Figs, 1-9 of the accompanying drawings. _
. a ' 12. A method of manufacruring a megmestic recording medium, said
S wethod being substantially as herein described with reforence to Fig. § or 9 and Figs.
' 18 17 of the accompanying drawings, _
13. A method of evatuating amagneucrcccrdlng wedium, said method
being submlyuhmndmcnhed wuhmfercnceml’ig: 1 9 of the accompanying

drawiogs. : | |
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