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DESCRI PTI ON METHOD OF MANUFACTURI NG MAGNETI C RECORDI NG
VEDI UMb MAGNETI C RECORDI NG MEDI UM AND SURFACE

wa RBATOMERST APPARATUS CROSS REFERENCE TO PCT/JP2006/301812

RELATEDAPPLI CATIONS Priority is clainmed on Japanese
Patent Application No. 2005-001216, filed March 28,
2005. TECHNI CAL FI ELD The present invention relates to
a magnetic recording nmediumused in a magnetic disk
drive or other magnetic recording apparatus, and a

met hod of manufacturing a nmagnetic recordi ng nedi um
BACKGROUNDART Hard di sk drives, which are nagnetic

recordi ng apparatuses usgEs@RIEtiONAOe appar at uses of
i nformati on processi ng apparatuses, are provided with

a magnetic head for playback and recording, and a
magneti c recording nediumin the formof a nmagnetic

di sk _havin netic | The magnetic layer in_a
b B HOR UMD S caaB A eReTRe K¢ Grtgebi D,
metal or alloy thereof on a non-magnetic substrate by
sputtering, vadd&GNEPESRECSRIINGMEDPHSMeANDp! ati ng

and so forth. In general, a so-called contact start

stop (CSS) met hGURFAGHPROMWENTRRRARIABKSdr i ves for
recordi ng and reproduci ng of data. Inhard disk drives
enpl oyi ng the CSS nethod, the magnetic head is in
contact with the magnetic disk (to also be sinply

referred t i 0 ' and

when t he dﬁ@%@&%@%ﬁ%ﬁ%ﬁ?@@r&%@t IR,

sl ides aveyr.the disk, and as the rotati speed of the

di SROFHCP éiﬁg'%%de oR b@aﬁﬁi‘f?f’é‘ﬁ% R Bat}qnﬁ\& % %P%‘Wﬂ ko, dilegdiMarch 28,
2O%r;d recordi ng and reproduci ng

TECHNICAL FIELD
The present invention relates to a magnetic recording medium used in a magnetic
disk drive or other magnetic recording apparatus, and a method of manufacturing a

magnetic recording medium.

BACKGROUND ART
Hard disk drives, which are magnetic recording apparatuses used as storage
apparatuses of information processing apparatuses, are provided with a magnetic head for
playback and recording, and a magnetic recording medium in the form of a magnetic disk
having a magnetic layer. The magnetic layer in a magnetic disk is formed by depositing
a ferromagnetic metal or alloy thereof on a non-magnetic substrate by sputtering, vapor
deposition or electroless plating and so forth. In general, a so-called contact start stop

(CSS) method is employed in hard disk drives for recording and reproducing of data. In
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are carried out in this state. When stopping, the
magneti ¢ head again slides over the di sk when the
WO 2i0at1033g8 speed of the nmagnetic di sk decr easesPCT/8P2006/301812
magnetic disks, in order to prevent deterioration of
the durability of the magneti2c di sk due to abrasive
damage caused by sliding contact with the magnetic
hapddigk deives eneleyingshe CHermedlyash thermagnefiebeaddia i cqrigas with the
are provided on the nmagnetic |ayer to inprove the wear
mig@stis dBhd® adfo bhdmphometiied tdias k disk) wisthé stast of egeration, and when
static friction and dynamc friction when the magnetic

thO 8RR bapids FPWDIAL, I the MRkt Hebld HEdENEAGE diski AlBasIHE Potdtng speed
carbon films, SiO, ZrQ2 and ot her oxide | s,

i tride fil  de i e , .
R e e L T
o T PP B ABHE by B PG (PrBr LAt heBbeRalides over the

| iquid perfluoropol yether conmpound onto the surface of
diskheheli the rotetingrepped oi thednagustic disk dgersassss and

properties of freely noving nolecules in the |ubricant

| altemaghetiogliskis] i ofddr ée ple@snti deteriveatl ontufitadirabifiyyest thé atagnetic

bond to the surface of the protective filmlayer have

dif i BAbEARe Rb{a88 tadBd WP alidihe ehth@RFith thEHagBX@ReA, a
i f the amount of freely noving nolecules inthe

prgfégtﬁxifecﬁﬂﬁ labr’rély%{q %Izlbé?as%ﬁ gary%fr"llre. tORast &t gll(é tnlfleg%l&itlén RYer to improve

coefricrent o |ncre5%es, res

I ncreased sus tibility tot occurrence, of, .
the g oRe Pe e tediot 8 valaSiAit S hetioen dyemic

magnetic head and disk. If the anount is too |ow, the
frigiipramihen thei reagnstic beask gndanegnetio makp sliding sentpet. dFdis such as

surface increases, resulting in decreased lubricity

cagbuth filost BEde Ar@uatiephérimxidet ffintsonitidide Hlasimddocde Gims have
head crash. In order to reduce stiction, the contact

typiealPB&nAised fhiahaeRernidiBoNePskotiRevel Fifik 14yef. 96 He@HoR Y he
giving a certain |evel of roughness referred to as

SO AP 28 LGB DL PR AR 8411 i

pe&f?uc%‘gpcl)l?fgt%gr compound onto the surface of the disk.

In magnetic disks, the amounts and properties of freely moving molecules in the
lubricant layer along with molecules in the lubricant layer that bond to the surface of the
protective film layer have an important effect on wear resistance. For example, if the
amount of freely moving molecules in the lubricant layer is too great, the static friction
coefficient of the disk increases, resulting in increased susceptibility to the occurrence of
adsorption phenomena (so-called stiction) between the magnetic head and disk. If the
amount is too low, the dynamic friction coefficient of the magnetic disk surface increases,
resulting in decreased lubricity and increased susceptibility to the occurrence of the head
crash.

In order to reduce stiction, the contact surface area between the head and disk is



10

15

20

25

texturing. However, the flying height of the nmagnetic
head over the disk has recently becone extrenely | ow

W@R0085303828 or | ess in order to achi eve hi gher perarxdoaiyisi2

densities. Thus, it is necessary to make the disk
surface as snmooth as possi bl 8 and reduce the hei ght of
the bunps fornmed by laser texturing to avoid contact
rethateddyrziving agegaindent] hErmaghuess eefelred/forag texdudngiotthedisk surface,
However, when this is done, stiction conversely
o'W iEPARingFoWhRING s foin QI byCiaratiating evithd ecpn dighl ¢ foredue asllaser
by the bunps al one which are fornmed by | aser

o r I . .

e evel S O RERE UL AR EACH Sler IRRATRU ety
| ubri cant I ayer wel |, as th l ecul es 4 n the.. i,

begpieEanel dgUAt PR A dr To 8RER L aiieg et recefting densities.
protective filmlayer as previously described. The .

Thuspit icegeesseriomake the disk wdace 3s smeatas nogablssind redyice the height
strength with the protective filmlayer acconpanyi ng

ofithe bempefbrmed by disagtedoming ty avoit eontectdwtgeanfthe Hisk and head while
requi renent are indicated below Hard disk drives are

drBeEOT¥ shdtihg) C rdawéng) WheoHiRas o) tidtidahioneérgély wioddeaslghSince
the use of magnetic heads, MR elenents, GWR el enents

; . ) ;
sﬁggg% S4hnoPb gdéqtgatetmd&eéa&gﬁﬁe Bfm mbﬂymg;gra?g ﬁ{)@w By laser

Ity, and startup operation is require

i mprovied by | oweri t he atic friction coefflci,ent .
el R L efess BTt P cbForThe e il pRPeS R ek Blovine
constitutes the | oad on the magnetic head. In order to
mplegiieein the lubrigepidaysriag wei}ﬁs chsepplegitienin fhe fuligant layer that bond
effective to reduce the anobunt of freely noving
torthe s frce of the prbectivevlilinclapier dspyeiows)y dessribedi ng t he
bondi ng strength between the |ubricant and protective
fi he hityant 149 i¢ seapirtdRcnhrideale basding sitengdnwith thesrotective
used practically in recent years in addition to the

R T
inlaf%%%d BLRW! %fair&) 8isf rd?l@eﬁ ate Béc?o\ﬁixigg ?ncrllga%{ngtl}hgompact and lightweight
through the use of magnetic heads, MR elements, GMR elements and so forth for the
purpose of improving rebording density, and startup operation is required to be improved
by lowering the static friction coefficient in order to reduce the initial drive force that
also constitutes the load on the magnetic head. In order to reduce the static friction
coefficient, it is effective to reduce the amount of freely moving molecules in the
lubricant layer by increasing the bonding strength between the lubricant and protective
film layer.

The ramp load method has also come to be used practically in recent years in
addition to the CSS (Contact Start Stop) method. The lamp load method refers to a

method that employs a mechanism by which a head evacuation area is provided near the

outer periphery of the disk, and the head is then housed in that evacuation area when
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outer periphery of the disk, and the head is then
housed i n that evacuati on area whenrotation of the

waele@k/103828t opped. I n this nmethod, since the hekdr/areees/301812

not meke contact with the disk when the disk is
stationary, there is said t o ‘e no concern over
ticti.qon with the . met hod. . However, jt has heen

rofto i 8% dohmeds s B dBeing sine isiirou deasmrtanatirpontact
of the head to the disk in the ranp | oad nethod as

Witk the disk whetstherdiskris giatienassithere by said torzepeeonicernt dver biénidn as
when the head and di sk inadvertently make contact.

withthe, C¥¥ methesli ngloweser, has beartatertringl that it {secoRaMtaMduce
to reduce the static friction coefficient . In

ada6itibh 0Nthedicad td Bk AMdkNE tIRPARE 10APmRERR Cellls Qx%{ilgﬁ?)ﬁc%rr Lo reduce

during recording and reproducing in order
[ ' of ;.i;ncreasing rotatin

behEAgG R RGEenh Kond B e BOR PRl Gl BRETELER WS e
HhbLi cant iﬁ scattgred due. to, centrifugal force. As a
g iep Ui load itiH iRt orEdygel the statie frinsion

g&_the | ubricant |ayer decreases. It is again
CoOglIcigthpl e to i ncrease the bonding strength with the

protective filmlayer in order to prevent spin-off and

enheaddgiay diskirotatiyg sifead hheboenrincredsse dbang fdofdid shd Rproducing
used as an indicator of the bonding strength between

in bitier tamiipre s tecarithPd ket | Mehd %As@ok’ ﬁ%%asinEQEQ%iﬁgé%Egh%

i ndicates the proportion (% of |ubricant "t
soWHBEH Shif B L &md i.Gh Lcant .| ayer has .
been %cl) r rreggﬂ{les ng'gﬂﬁ%&% S}/iﬁ '\&gﬂ?}?l& '8}#?{6% : sosacgg%reé g}l?/ ][;)n"‘tent’flfugall
or ,exanmple. AS225 manufact ured, by Asghi G ass Co.,
foffg. 45 A3 s A am e & S Pabe R L Ckess pehe aon layer
strength of the lubricant to the protective film
degrggses. kodnagaindesiteble to crenge theyhvadingfstengthtwitinthe phatewtive film
been tested on the |ubricant layer for the purpose of
laygn neerdemig nréreenbspigiofifprsitenbagichiuedbilitye  Fuhlidreaid, theided ratio
to the protective filmlayer. For exanple, a nethod is
is utied @b A @rillic¢atoryfithd BadiNstFRAGHBRMech the liMicaRt MBProtective film
layer. This value indicates the proportion (%) of lubricant that remains when a
magnetic disk on which a lubricant layer has been formed is washed with a
fluorine-based solvent (for example, AS225 manufactured by Asahi Glass Co., Ltd.), and
provides a general reference of the bonding strength of the lubricant to the protective film
layer.

Consequently, various types of treatments have been tested on the lubricant layer for
the purpose of enhancing the bonding strength of the lubricant layer to the protective film
layer. For example, a method is disclosed in Publication Document 1 in which heat
treatment is carried out on a coated lubricant followed by ultraviolet radiation treatment.

In addition, a method is disclosed in Patent Document 2 in which after a lubricant layer is

formed, the lubricant layer is irradiated with ultraviolet light at a wavelength of 150 to



treatnment is carried out on a coated | ubricant

followed by ultraviolet radiation treatnent. In
wW@owstoxses a nethod is disclosed in Patent DocRomEdm20®/301812

in which after a lubricant |ayer is formed, the

lubricant layer is irradiateddwith ultraviolet |ight

at a wavel ength of 150 tol80 nm In _addition, a nethod
1§0snrgi s b asiglitipn, A npbechis disslased i Patent Dagament 1 whichednbricant

| ayer is coated onto a hydrogenated carbon protective :
laféediscéaned avied Hydrogenatdd edrbom prutddtive filmdullovet by irgldiation with

In addition, a nethod is disclosed in Patent Docunent

ulfratibleMph @ hatibs Hhethsd EQBE@65eA M Pa®nCBSRRMent 4 in which a
protective filmfollowed by subjecting to heat

. | . . . : i
o PR R B o & PE A L ARk s g
out.. on a otectjve fjl However, in_the nethods for .
5 IR MR At e AR G e ot hich B AgimR eatment i
art_in which a_lubricant |ayer and protective filmare
capigechew opya frpiesiéve Hlsat nent nmethods, it was difficult to
produce a magnetic recording nediumin which the

bodiwegers inr tha gidthals fohmathufhetidagimabmeterretdding@nedia of the prior
protective filmlayer was enhanced w t hout increasing

art HOWR¥R aMitichhd 1aldrandGRebEtve! AR are EXRRAMIAREdMreatN&lt Snethods,

is a need for a magnetic recordi ng nedi um havi ng

it gx}é? ﬂffh&flt t%ta}g{)&ﬁb% aOrBS% i %1%: ?&o?cggg ﬂ%ﬁﬁl&/ﬁ H &Xiclwﬂlé @on%lilf%o%rﬁngth of

al ni ng equate s ace n consi aera

of .the afor ntioned cLrcunstances, the object of. th
10 g hiodnc et BN RO RE bbb v s et o the

medi um havi ng_superior startup operation and ) )

dsemamigofrictiop cogffigicaht | ensequsnily.dhereateneaddior 8 magnetimateeerding
Docunent 1: Japanese Unexam ned Patent Application,

medinst haPiny supertiorostariip. opdkatibn 26d dRraBiite mthilPatsorabidinidg adequate
Japanese Unexam ned Patent Application, First

surfbd [ubgititpn No. HB- 124142

In consideration of the aforementioned circumstances, the object of the present
15  invention is to obtain a magnetic recording medium having superior startup operation and
durability, and satisfactory surface lubricity.
Patent Document 1: Japanese Unexamined Patent Application, First Publication
No. H11-25452 |
Patent Document 2: Japanese Unexamined Patent Application, First Publication
20 No. H8-124142
Patent Document 3: Japanese Unexamined Patent Application, First Publication
No. H7-85461
Patent Document 4: Japanese Unexamined Patent Application, First Publication
No. H5-217162

25 Patent Document 5: Japanese Unexamined Patent Application, First Publication
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Pat ent Docunent 3: Japanese Unexam ned Pat ent
Application, First Publication No. H7-85461 Patent
w@omareases 4: Japanese Unexam ned Patent Appli ceCT/aire006/301812
First Publication No. H5-217162 Patent Docunent 5:
Japanese Unexami ned Patent Application, First
Pg%%{g ti onNo. S63-2117 DI SCLOSURE OF | NVENTI ON As a
Np ) f extensive studies to solve the
af orementi oned probl ens, the inventors of the present
i nvention found t hRISCLOSHRELEMAYENTIOYN met hod i n
which a lubricant |layer is surface treated using a
t r atarenilt fastasivie\saidish tbyolgt tw dbelearigedirableRs, the inventors
generated under pressure in the vicinity of

I | 3 .
oA R G heRbl Aot by ReR A bfhod B IR & fricant ayer
. filimlayer, lower the static frijction coefficient,

s g oLt et B 2ol beeigt ditipiee playy eenerated
.mggtain superior surface lubricity, thereby |eading to
RBleeTre H the VigRitihelaimespherio prshwn. it Mapstible te gahance the
present invention enploys the follow ng constitution
bandingosticegts of the labtcarriotheqnetdcto) fdat laydrlJowar thet staid feittion
manuf acturing a magnetic recordi ng nmedi um conpri si ng
coefipian] ingirove dtavipieidratbnatntagesdurabiliBodirl diaih ¥ Srior Burface
protective filmlayer and a |ubricant |ayer on a

luﬁﬁ&t}‘fﬁ-&?&}y: 16adtHd &} c!cﬁﬁg;ﬁeticﬁﬂé’ftﬁé’?xfe%}ﬁ iﬁJeEﬁBﬁ.ng the

| ubri cant "l ayer using a gas activated by plasma

geQelale er. . pressure i.n the wvici.nit f . .
at nos %h’é r |eLcij I}%Sreg%glﬁ pRton eé?plﬁsetﬁﬁé?li%‘&n%F Xﬁ’?&ﬂﬁ*"é‘éf’ arhifye the
a magnetic recording nedium as described in the
m%?ﬁ@&%&ﬁ@?@@%-(l), wherein the plasma is gl ow
di schar ge (gl asma. (3) The nethod of nmanufacturing a
(Iragnéimethedebmanyigetniog amagsetitosconidigdnedivammpmprising

sequentially laminating at least a magnetic layer, a protective film layer and a lubricant
layer on a non-magnetic substrate, and surface treating the lubricant layer using a gas
activated by plasma generated under pressure in the vicinity of atmospheric pressure;
2) The method of manufacturing a magnetic recording medium as described in the
aforementioned (1), wherein the plasma is glow discharge plasma.

3 The method of manufacturing a magnetic recording medium as described in any
of the aforementioned (1) to (2), wherein the gas contains at least one type of gas selected
from the group consisting of nitrogen, oxygen and argon.

4 The method of manufacturing a magnetic recording medium as described in any
of the aforementioned (1) to (3), wherein the plasma generated under a pressure in the
vicinity of atmospheric pressure is plasma generated by applying an electric field
between opposing electrodes.

%) The method of manufacturing a magnetic recording medium as described in the
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of the aforenentioned (1) to (2), wherein the gas
contains at | east one type of gas selected fromthe

w@e@anosemsi sting of nitrogen, oxygen and ar goPCT/§R2D06/301812

The met hod of manufacturing a magnetic recordi ng
medi um as described in any of/ t he af orenenti oned (1)

ein th | asnma t ed under a pres
atp prdotopi L v eriin af e e O AR ded it B8 ARSI of 1 degree
generated by ap g an electric field between
todiSplesrasg f r@rremm@mﬁ@lar(te)a tregied subsitate Bfwiieh of laatt thd magretic
magneti ¢ recordi ng nedium as described in
laydrethe pretetivie fdmeldy ¢rdnd Ivbrenaet lnyértaee fppediongheh@sinagaie
are arranged at an angle of 1 degree to 45 degrees
substsre per pendi cul ar to a treated substrate in which at
| east the magnetic |ayer, the protective filmlayer

net,i ¢
(O s T HERsHRRof i acRlrfog ?5%.?%?405’@3? P A gesribed in the
eco di,um.as, descrj be n_the orenentloned
bR, WHES TG ke PGS Sieaier GRHsBoniar to a
per end| cular to a treated substrate in V\,hl ch at | east
trft svhefrade it whighat leastiibe magnedistlpyes, the pratesitvetfia and the lubricant
| ubricant |ayer are forned on the non-nmagnetic

lagartas¢ faxtned of The ddremaphdtiodubdtravmnuf act uri ng a nmagnetic
recordi ng nmedi um as described in the aforenenti oned

(7? 4) , THOBle@iod TR tlrlRaf MBSMetic $eo@dihl RLdAMH a@festhifed in the
ubricant |ayer by arranging a treated substrate, |n

a angfelﬂﬁaﬁei S\z@hetr{lﬁfsﬂwe&éaﬁnelﬁ%eé ity Cfpgnotilg ﬁfbnc t layer by

I can | ayer are orrre

A R e L ——

recordi ng medi um as descri bed in any of the
the fubricatfilpolazer arq Jormed op)the peremapneticsubstease, tetvegenie opposing
using the activated gas is sinultaneously carried out
elentrodes.h si des of a treated substrate in which at |east

€3] The method of manufacturing a magnetic recording medium as described in any
of the aforementioned (1) to (7), wherein surface treatment using the activated gas is
simultaneously carried out on both sides of a treated substrate in which at least a
magnetic layer, a protective film layer and a lubricant layer are formed on the
non-magnetic substrate.

©)) The method of manufacturing a magnetic recording medium as described in any
of the aforementioned (1) to (8), wherein the non-magnetic substrate is one type of
substrate selected from a glass substrate and a silicon substrate.

(10) The method of manufacturing a magnetic recording medium as described in any
of the aforementioned (1) to (8), wherein the non-magnetic substrate has a film
comprised of NiP or NiP alloy formed on the surface of a base comprised of one type of

material selected from Al, Al alloy, glass and silicon.
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magnetic layer, a protective filmlayer and a
| ubricant | ayer are fornmed on the non-nmagnetic

wGaustiomee. (9) The nethod of manufacturing a PEDMENIE301812

recordi ng nmedi um as described in any of the _
aforenentioned (1) to (8), wer ei n the non- nagnetlc

bstyate one f substr teslect d f
(13} s Bifirpio fES il it BTl el o Hopedin bt
met hod .of manufacturing a magnetic recordi ng nmedi um as
maagactieg 2 MRgasHC weondie megrBAs feswibed i any eigthe sforementioned
wherein the non-magnetic substrate has a film

(IgtmfdO).sed of NiP or NiP alloy fornmed on the surface of
a base conprised of one type of material selected from

(12} . A\ neddnedc retbatifg aitPrepidduiap detibe pl‘d‘ﬁi’(ﬂﬂexifﬂﬂ?a magnetlc

recordi ng nmedi um produced according to the nethod

FRRURL 3 IRl ST ?ischa%%ﬁw%s%
o B LRt B i

that recqords and reproduces data onto sai d magneti c
rep@dinedneriumegidgsaribgp én tepforementinngddiDe recor di ng
mediumis the magnetic recordi ng nedi um as descri bed
(18h t hé saffececmetmbntrapgarais that hi8) fisst davitate fomeiap maattivated gas
apparatus that has a first device for formng an

byagdnieratib g Pl-3am BYappBies ad Eleetrip RKBetWYe o)éin@galc%ﬁodes under
electric field between opposing el ectrodes under

PTE&EIZ"E‘%E% glgbr%t?%f%g@b%}h dIX ?{ess%&é*%ﬁ@ NRLLdhdRGRE %Fradft%{igg the

ng t’he activated
UL 8o Pt SF BF %%@F?@s{reepﬁw%#‘aa‘f«maéa megfitio lver, e
re formed, on _a non-pagnetic substrate. The

PflPYa%féYFt ﬁa Lgmang a {ypeicpridavsipreaiopned o paAniRagaRhs sibstrets.

Japanese Unexam ned Patent Application, Publication
No TBs Bwentidyof the wreiset appheatian issimgledtot Iaparlqse bexdrhieed Patent

s urface
Application, Publication No.S63-2117 in which plasma is used to improve the surface
characteristics of the protective film. However, in contrast to the technology described in
Japanese Unexamined Patent Application, First Publication No.S63-2117 carrying out
plasma treatment in a vacuum, the invention of the present application is quite different
in that plasma treatment is carried out at a pressure in the vicinity of atmospheric
pressure. If plasma treatment is carried out in a vacuum, since the activated treatment
gas contacts the surface of the protective film without losing hardly any of its activity, a
portion of the protective film itself ends up being etched. On the other hand, if
treatment gas is used that has been treated with plasma at a pressure in the vicinity of
atmospheric pressure, its activity decreases due to the frequent occurrence of collisions

between its molecules due to its extremely high molecular density, thereby making it

suitable for surface treatment of the lubricant film. In addition, the vacuum device used



characteristics of the protective film However, in
contrast to the technol ogy described in Japanese
who@kamseed Pat ent Application, First Publi catP@mJIP2006/301812
No. S63-2117 carrying out plasma treatnent in a vacuum
the invention of the present %pplication is quite
Ltfer ' t _plas treatpent is.carried out at a
£l Fbeomhhe R @i ot Bt FESmTice g sufh o'
| asma treatnent is carried out in a vacuum_ since the
V%&‘ o PELUSERHMR) aad Eaitpart skstem dosizaspesing ffranh atmospheric
protective filmwthout [osing hardly any of its
pragsurs/fotayacaupoatd also eddstupeeprgt@ensivee  fOn thei dilseHanérif $he case
up being etched. On the other hand, if treatnent gas

ofiteeatifg vithadsnheas aygesuid i@ A Aty b REASIReA pRssure, vacuum
pressure in the vicinity of atnospheric pressure, its

5 e e Rl O GG gporats

[ | ecul ar density, thereby making it suitable for
anglfr(ﬁlgzc%gcssﬁ%‘at ment of the lubricant film In addition,

t he vacuum devi ce usedfor plasna treatnment in a vacuum
is large due to conprising conponents such as a vacuum
chanber, exhaust punp and transport systemfor
transporti ng BREY RIERCRIRTION QF FSEUDBAWINGSacuum

and al so ends up being expensive. On the other hand,

| NFight icas@esoiectiopdvielg sMovwig Pha SABodimet Bf £82Yh&id RBeording
the vicinity of atnospheric pressure, vacuum equil pnent

10 mécﬁuﬁqfftﬁ%éeﬁ@gjveﬂﬁﬁ;.ng it possible to achieve
sinplification of the apparatus and reduced costs.

BRLEF | . THE W NGS Fi .is a
or 22 B eBeinaliMogh, Ang e She corsttpiiEst 6f a glasma
na {Jet i c. recording medium of the present invention. _
ge&?rg.wrzmwg uspddem F & TpAesetc treasdingymetivm ofgheneesent invention.
enbodi ment of a El asna generation unit used to produce
a haghisd sshewmaide tlonly dravdng shefing heotheeseiddinenestta giasma
Fig. 3 is a schematic block draw ng show ng anot her
generbooh umhtisedfto prqauas Adnagnetic recording medium of the present invention.
15 Fig. 4 is a schematic block drawing showing another embodiment of a plasma
generation unit used to produce a magnetic recording medium of the present invention.
Fig. 5 is a schematic block drawing showing another embodiment of a plasma
generation unit used to produce a magnetic recording medium of the present invention.

Fig. 6 is a schematic block drawing showing another embodiment of a plasma

20  generation unit used to produce a magnetic recording medium of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

The following provides an explanation of embodiments of the present invention

25  with reference to the drawings.



generation unit used to produce a magnetic recording
medi um of the present invention. Fig. 4 is a schematic
whk@ekomdeawi ng showi ng anot her enbodi nent of aP@l/aE086/301812
generation unit used to produce a magnetic recording
medi um of the present inventil@n. Fi g 5is a schematic
bl gck .drawi ng show ng anot her enbodi nent of a plasma
%é% tl5 BATQSFSECtipBRlVIeY SEOWHigARe S EH%?W‘@ ?%ﬂ%ﬁcrfgcordlng
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In addition, one or nore types of filnms sel ected from
adulitionipre el Inoxe taipes aftfHes saletieg sroonNilh ViR abiay antkqsberi allegis can be
by plating or sputtering and so forth onto the
vapor 8geeiedby platisg osspisteriag asd so forth onto the surfaces of these substrates.

The material of substrate layer 2 can be composed with Cr or Cr alloy composed of
15  Cr and one or more types of metals selected from Ti, Mo, Al, Ta, W, Ni, B, Si, Mn and V.
In the case of substrate layer 2 being a non-magnetic substrate layer having a
multilayered structure, at least one of the constituent layers that compose the
non-magnetic substrate layer can be composed with the aforementioned Cr alloy or Cr.
The aforementioned non-magnetic substrate layer can also be composed with an
20  NiAl-based alloy, RuAl-based alloy or Cr alloy (alloy composed of Cr and one or more
types selected from Ti, Mo, Al, Ta, W, Ni, B, Si and V).
In the case that the non-magnetic substrate layer has a multilayered structure, at
least one of the constituent layers that compose the non-magnetic substrate layer can be
composed with an NiAl-based alloy, RuAl-based alloy or the aforementioned Cr alloy.

25 The material of intermediate layer 3 is used for the purpose of assisting the epitaxial



The material of substrate layer 2 can be conposed with
Cr or C alloy conposed of C&r and one or nore types of
woredoaliessgel ected fromTi, M, A, Ta,W N, B,PS/HN006/301812
and V. In the case of substrate |layer 2 being a
non- magneti c substrate |ayer lhaving a multil ayered
structure, at |east one of the constituent |ayers that
grovii 8560 rHay Abmagesiisdeyes 4sasiis praferablysroncmagissic material having
conposed with the aforenentioned Cr alloy or C. The
araficpr rvetvré. drhednatenal rd gitetmadisebger hise Cayboy hain@Cs as its main
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for the purpose of assisting the epitaxialgrowh of Co
haviingdo af itsragiretavembi@yiel. Prefarabilel exappiiséncde/materials containing
non- magnetic material having an hep structure. The

aﬂgin%ft&ﬁé selctdd Sl NRACATE- bhstd@lloP CECRPEDadld Mpyhavi ng

as its main raw naterial. Preferable exanplés
rclaide. . G AR {¥DE. Sehe
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Co-Cr - Ta- based al | nd Co- Cr-Zr-based alloy. The
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contai ning any one type selected from Co-Cr-Ta-based
caalbeaysed Co-pOrtedtivetifisekiyed 5. &y parGoular, hitd- ahd-deasedVal daplyon is used
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15  decrease the loss during recording and reproducing, the film thickness of protective film
layer 5 is set to 10 to 150 A (1 to 15 nm), and preferably set to 20 to 60 A (2 to 6 nm).
The uppermost lubricant layer 6 contains a polymer of a polymerizeable unsaturated
group-containing perfluoropolyether compound. An example of polymerizeable
unsaturated group-containing perfluoropolyether compounds is a compound having
20  perfluoropolyether serving as the main chain, at least one end of which is bonded with an
organic group having a polymerizeable unsaturated bond.
Lubricant layer 6 is subjected to surface treatment using a gas (treatment gas)
activated by plasma to be described later.
A magnetic recording and reproducing device of the present embodiment is

25  provided with the aforementioned magnetic recording medium having lubricant layer 6
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can be used for protective filmlayer 5. In
particul ar, hard and dense CVD carbon is used
wpe@baomdy in terns of not only its durabili tRCT/DR06/301812
al so its econony and productivity. In order to inprove
the durability of the proteciZve filmlayer and at the
sane tine to decrease the | oss during recordi ng and
oy which wdacsdreattpentiiap heanfiarligieau vath the atosanenioned fraptment gas,
|layer 5 is set to 10 to 150 A (1 to 15 nm, and
andraghagretit heakthat wc@ds tod BProxduces inforfrating on Fhid magnetic recording
uppernost |ubricant |ayer 6 contains a polyner of a
mehyeri zeabl e unsat urated group-contai ni ng
per fl uor opol yet her conpound. An exanpl e of
p .
oot B £RB PR, OTREL L B0l B 7 Bl 0P mthod of
erfl uoropol yet her serving.as the main chain, af |east
ST T TPeoT BRI B of L PBYgL AREogis b
havi ng a pol yneri zeabl e unsaturated bond. Lubricant
| affisst, gtardornipg subsiigte layer?s fnjermediate layent, magnadc leygad and
(treatnment gas) activated by plasna to be descri bed

pro@tiéve filfkn lmgnBta lobriemo tayeny famaedr apunadmegmgicdabstamee hfsurface
the present enbodinment is provided with the

treatrRéR B prtRRRE oRBBRSibricaheiapirdisig M BAithdPhARMédhthctivated by
| ubri cant |ayer 6on which surface treatnent has been

plgs"i‘ﬁr% b ol ﬁi@fgla B{e %tﬁe H Qe %@ﬂg’h@ﬂ%o ﬂh%ﬁ% ggé%gurg 35 forf Wbricant

netic recor pro

i nformati gn on_sai netic .recordi ng. nedi u Next ,

Iy R6” QPF GG CR IO ALRTA T RS ER e oR dsPhaake Besher e of
a method of manufacturing a magnetic recordi ng nmedi um
of Atpkesnpsy ge8erstion B ¢ppablg of statie genegatioaof plispiarsg 2 pressure in the
substrate layer 2, internediate |ayer 3, nagnetic

vitiaite of dtmemsphayicqiressuiiey earf bd wael dgethe Syrfaceltdotmardiappdraiye nsed
is formed on non-magnetic substrate 1, surface

hete RabiEe ttatpaitf BxaBsleosr ipphsnlsebthateuntbd 1a¥e inclifieny a
gas that has been activated by plasm generated under

noPhERANESe Plablif s\l thddtfiOhioR'BPARIE (S Skl LHRHGL'.) and an
atmospheric pressure plasma cleaning h;ad (Matsushita Electric Works).

A pressure in the vicinity of atmospheric pressure refers to pressure of 1.3 x 10* to
13x10*Pa. In particular, the use of a pressure in the vicinity of atmospheric pressure
0f9.9x 10%to 10.3 x 10* Pa is preferable since it facilitates pressure regulation and
simplifies the apparatus constitution.

The following provides an explanation of a plasma generation unit of the present
embodiment using Fig. 2.

The plasma generation unit of Fig. 2 is primarily composed by a pair of opposing
electrode plates (opposing electrodes) 21a and 21b, a gas inlet port 22 for supplying gas

between electrode plates 21a and 21b, a plasma generation power supply 23 that applies

an electric field between the opposing electrodes, and a substrate holder 26 for holding a



| ayer 6. The aforenentioned plasma is preferably gl ow

di scharge plasma. A plasnma generation unit capable of
wae@bliessgener ati on of plasnma at a pressure in PEEIP2006/301812

vicinity of atnospheric pressure, can be used for the

surface treatment apparatus dUded here for surface

reat nent . anpl es of apparatuses that can be used
%ﬁ%qa%ﬁ’étr%e%gfnm -pressure plasna surface nodification

trg
ap&aratus (Seki sui Chemcal, Co.) and an atnospheric
pr &8s lesma gensration saitioh §ige hes 4 fest deided foa fendng niges that has
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beenestatel befaresmting plasasshyr fppbfing aBebecttid4idl dbéidredn #4air of
Pa. In particular, the use of a pressure in the
0pﬁo§ih§'ele)étr_@<ﬁe ALRBIPAGRA S1PACSHEEBrh e %cﬁﬁ%% aﬁﬁos&%eﬁc
X 104 Pa is preferable since it facilitate$ pressure
' | . | fi . rafus constitutio
5 Rl B 218 dSUIP R o il IR A5 R e sifad P teatea
energtion unit of the present enbodi nent using Fig.
s“g.sm%ﬁzg'pl asma generation unit of Fig. 2 is primarily
conposed by a pair of opposing el ectrode plates
( oppretdrigb@raie 2y bakeat ezt amasaetRlbyeraa prateciing 6im payrer adPa
for supplying gas between el ectrode plates 2la and
luBddmnt lypt @soreo getfEeatdatnern d&m{edﬁmoh-&aﬁﬁdiﬁtsuﬁﬁmté,%d in the
an electric field between the opposing el ectrodes, and
cade 618 pfeab® dMtodBherd ShdsQl sub@t4ik RYedd iBRER S t i
25. ThI&)S pl asma gener at i osﬁl uni tmg? l'—’ilg. 2 ﬂdés ag}%el;?’sl?lagneuc
i 108 ' en activated by .
10 LaE R o i BB SRt B Ao Bmaiesc
E%L@ein the pair of opposing electrode plates 21a and
SUDYE™At a pressure in the vicinity of atnospheric
pressure, and a second device for radiating the
actPR-RORBETgRY MR Of #lkoys ihdreefds sed: for theguatetid if eatheelectrode
25. Treated substrate 25 has at | east a nmagnetic
platagéa or 2ltpr clémuigh ¢hef dibtamdetyoeweantle apposing electrodes is preferably

0.1 to 50 mm, it is more preferably 0.1 to 5 mm in consideration of the stability of
15  plasma discharge.

A pulse wave, a high-frequency wave or a microwave is used for the electric field
impressed between electrode plates 21a and 21b. The pulse wave that can adjust the
impression time of electric field, is preferable. It is preferable to use the pulse wave at the
frequency of 1 to 500kHz, especially, 1 to 50kHz, in consideration of stability of the

20  plasma discharge. It is preferable that the impression time of electric field namely
duration of the pulse wave is from 0.5 to 200 psec. When it is under the 0.5 psec, plasma
discharge does not occur. When it exceeds 200 psec, it is become easy to form arc.

Nitrogen, oxygen, argon or a mixture thereof is preferably used for the gas supplied
between electrode plates 21a and 21b.  Since the amount of gas consumed is large due

25  to using at a pressure in the vicinity of atmospheric pressure, inexpensive nitrogen,



| ubricant |ayer prior to surface treatnment forned on a
non- magneti c substrate, and in the case of the present
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10 caﬁﬂag%ﬁe&%?«f@e‘é‘iﬁaséem%w e A R SRind.  Ges
ni trogen, oxygen or, a m xed gas.of nitrogen and oxygen

suppligseiwhen e maiod elesirgde plﬁteﬁ:géa and 21b wider peggsure in the vicinity
el ectrode plates 21a and 21b is arranged perpendi cul ar

oftatmesphatie preasire begmmesgraatmertt gasay 4 taselt of beingreetivated by plasma
(treated substrate 25). Although plasnma is generated

gepetavwicietivien tBbRcl¢ondass, and siaee thietrgamenidss haphastitemely high
spreads out, a plasnma state is al so generated at

m@llgglgl?lf%b%gisw %'E:ﬁvft}h@eo?«l:a%%este ihd FeQitht HERRRE! YRBNisidIR between
15  molecules, thereby making it suitable for surface treatment of a lubricant film.

It is preferable to use a transport method that does not contact both surfaces of the
substrate in order to use both sides of a magnetic recording medium (magnetic disk).
Thus, it is preferable to transport treated substrate 25 by holding onto the inside edge or
outside edge. The transport speed is preferably 10 to 2000 mm/minute. A transport

20  speed of 100 to 1000 mm/minute is more preferable in consideration of high throughput
and surface treatment effects. The transport method may consist of moving treated
substrate 25 or moving the plasma generation unit. An example of a transport method
that moves treated substrate 25 consists of moving treated substrate 25 by using a

substrate holder 26 that has a function that enables it to be raised and lowered to

25  sequentially treat the surface of the protective film layer with treatment gas.



The di stance fromone end of the opposing el ectrode
plates to the lubricant |ayer (treated substrate 25)
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bstrate 25 or .noving the plasma generation unit. An
452&%%@%? PerPERGRUBLIh pesPRd do thedrotepiissiilin lagetgior to surface
substrate 25 consists of noving treated substrate 25
trgsgmensi (Freated substrateatSe ah shayer indhg .t atFunthsrmeort rigt 4 shows an
that enables it to be raised and |lowered to
exaapleof dnedppyratusdiatthd &we sfitrfrapertog tichrdBubdtaes 238y holdiRg onto
| ayer with treatnent gas.As shown in Fig. 3, in order
itd Sutsl@€edt h sides of a magnetic recording medium it
is preferable to arrange plasnma generation units on

5 ol eah S SR LS AR LGPl
21%Catnid\éﬂ) ?r(ljchkr)l%d gJ[ an anr?gle of 1 to 45 degrees from perpendicular with respect to
treated substrate 25, since the plasma is irradiated on an incline with respect to the
protective film, treatment gas activated by plasma also contacts the portion concealed by
the shadow of holder 26. In this case as well, it is preferable to arrange plasma

| 20  generation units on both sides of treated substrate 25 as shown in Fig. 5.

A protective film layer of treated substrate 25 can also be surface treated by passing
treated substrate 25 between the pair of opposing electrode plates 21a and 21b as shown
in Fig. 6. In this case, more powerful surface treatment can be carried out since the

plasma density is higher.

25 Furthermore, in Figs. 2 to 6, mark 27 is a traveling direction (movement direction)



10

15

20

25

generated at a pressure in the vicinity of atnospheric

pressure on both sides of treated substrate 25. In the
w@2awe/1a8828 r ansporti ng by hol di ng onto an i nsi deCEHIRPE0O@F01812

out si de edge of treated substrate 25, the inside edge

or outside edge of treated slibstrate 25 ends up being

conceal ed by the shadow of holder 26, resulting in the
ofytheg RrogessygfabstEais d5i n surface treatnent effects at the

conceal ed locations. In order to prevent this, it is
(Bxaniplashbl e that the opposing pair of electrode plates

2la and 21b be arranged inclined at an angle of 1 to

45 AdegbéepatlyoRPeidaficirgtban aMbidumeaReGubitaitd Rving an NiP

protective filmlayer prior to surface treatnent

plé&??ﬁgqglaﬁ%%ﬁ%ﬁlﬁh o er QRGNS | ,Ec.hﬁ%me%s: 1.27 mm), it was

u rmore, ows an exanpl’e of an appar at us

. in.the case of transport| tr ds rate 25 b

il iER s ruh GUAERG ot Lptd &1 SaP iR A el Temibumps
carried out by arranging the pair of opposing

haying:a heighd o 119may  Subseawentiv khq swbsirate vagplasad singDE Magnetron
1to 45 degrees from perpendi cular with respect to

Sputesing Sy semMaltbC2010, dinnlve). t Weftqrlexacmting ther siatdi af @inable
on an incline with respect to the protective film

vdch@alorend 1 @aforf .7 ¥0EPahhOhds e 33 hes@Bt@si® he
portion conceal ed by the shadow of holder 26. In this

ca wel |, it referabl e to arrange .plasm ..
GoEI&Pirtheting & nof Bl EC R Pabers ot WP BB e ickpgss of
as shown in Fig. cg @ protective filmlayer of treated
nig ysag adrgeteomppsedollar. h MUEP YR BRLRE b ELR ayer was
treated substrate 25 between the pair of opposing
lagiinated-todehiskngse of 5 1 wsing 2 tasgci somiposad dfiCriVig alley (Cm 80 at%,
this case, nore powerful surface treatnent can be

Moa20 at86). odexsiamoa-rhighefit agemmedtansialyr was laingk@sd to a thickness of
Furthernore, in Figs. 2 to 6, mark 27 is a traveling

2 Ain"Bfiel OBrgeTBIHEFTRBA 0FCHRGAIBHYCE: 6RURCRCES NI Next, a
substrate 25.

magnetic layer in the form of a CoCrPtB alloy layer was formed as a magnetic layer at a

film thickness of 20 nm using a target composed of Co-Cr-Pt-B alloy (Co: 60 at%, Cr: 22

at%, Pt: 12 at%, B: 6 at%), and a protective film composed of CVD carbon was

laminated to a thickness of 5 nm using a plasma CVD system to obtain a treated substrate.

The argon pressure during film deposition was set to 3 mTorr (0.4 Pa).

After deposition of the protective film, the substrate was removed from the vacuum
system, a lubricant composed of perfluoropolyether was coated onto the protective film
layer at a pulling rate of 3 mm/sec by a dipping method after adjusting to 0.05% by
weight to obtain a magnetic disk (sample). The fluorine-based solvent AK225 (Asahi
Glass) was used as the solvent at this time.

Subsequently, the lubricant film surface of the subsirate was surface treated in the

manner shown in Fig. 2 using a normal pressure plasma surface modification unit
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(Exanpl es) After adequately washing and drying an
al um num al |l oy substrate having an NP plated film

W@ choarreses . 95 mm i nner diameter: 25 nmm t hi CRCTE$ER006/301812

1.27 mm, it was irradiated with a |aser froma radius
of 17 mmto 19 nmm (CSS zone) 1o form bunps having a
hei ght_ of, 10 nm_ Subsequently, the substrate was
(Sskippdhemical G fargheplesma sprration Wit syldedrpnsnstimecddgaflow
0, Anelva). After evacuating the air to an attai nable
ratea Euflovorfate? ard d3tancd from @12, éndrof 1l Gppleaing eldvirodesend ataest the
was heated to 250C. Foll owi ng heating, a non-nagnetic
treaifibiubatrste) @WBE [ubRiSantain & @ tiedted stbiuale &S cBhng2dR8shown in
using a target conposed of Cr. Moreover,

a
TaHpE .Eﬁﬁﬂ@ﬁﬂo?e, UG *hvs hrddfled ¥R $hd ?amer}ﬁﬁngézg %:Qt(l}r%_aﬁ%rementioned

thi ckness o nm-using a target conpose

al, | . . 80 at% .Mp: 20. at? t, a.non- netic
mBlpf i e8oopRpe b Hpkeofaint o g Serelnefp e wegop rogment on

nm using a target conposed of Co-Cr alloy (Co: 65 at%
theyprotedfivaiogn laygr,fpr thy splegfeompariggrer This is{eomparativsfExample 1.

CoCrPtB alloy | ayer was forned as a nagnetic | ayer at

a flhe intrichotdnesthidihe0s ofeash iofi thessatrpiegqirodiwah eeesmedsured

Co-Cr-Pt-B alloy (Co: 60 at% Cr: 22 at% Pt: 12 at%

usBig BTER. %9 Thoe gesaltpaRtshcwh e TAblE M CRNRRE®sh, ®bndedRatio was
carbon was |l am nated to a thickness of 5 nmusing a

mBAsRSPin A i e gl@%c.rrﬂbe@ ?itaﬂ%.r'vr{‘tg%efvre S3LAET ARG Jféﬂo gin§ Nfength of

argon pressure during eposition was se
o captde e e bl e PR Rt o P RO Gl B e
B e B S B 5o

rate of 3 mm sec by a dipping nethod after adjusting
Glass)Jon E9aniyutew ihgthickoesser efi the labmiegnidayer belfoskar(dsatgveshing

The fluorine-based sol vent AK225 (Asahi d ass) was
wersankadsret] iging TRt a ddcatibh at 4 tadiis of 20 mm, and the thickness of the
lubricant layer after washing versus the lubricant layer thickness before washing was
taken to be the bonded ratio (%). The results are shown in Table 1.

Dynamic friction coefficients were also measured. A CSS (Contact Start Stop)
durability test was carried out under conditions of a temperature of 25° and humidity of -
60% RH. In this test, 10000 CSS operations (consisting of rotating at a rotating speed
of 10000 rpm (maintained for 1 second) and stopping (1 second), and repeating at 5
second intervals) were carried out in the CSS zone using a CSS tester and a reference
MR head (DLC coating, 30% slider, load: 2.5 g) for the magnetic head. The dynamic
friction coefficients of the magnetic disk surface after 10,000 CSS operations are shown
in Table 1.

Static friction coefficients were also measured. A CSS (Contact Start Stop)

durability test was carried out under conditions of a temperature of 40° and humidity of
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Subsequently, the lubricant filmsurface of the
substrate was surface treated in the manner shown in
WO2@s/1@382%1 Ng a normal pressure plasma surfacePCT/JP2006/301812
nodi fication unit(Sekisui Chemical Co.) for the plasm
generation unit. The transpot8 speed, N flow rate, Q2
flow rate, and distance fromone end of the opposing )
80&% REL r Ja dis teshd 09@hiiimes COR@PeTaligne¢oBtiging eftretating at feotating
| ubricant filmon the treated substrate were changed
spée] &G0 rpm TmbineaidedHor 1 secoml) end stopping ((Esavasd) anditepesting at
in the sane manner as the aforenentioned nethod with

5 deBEnPHERPAE)ANer0baRll oGP the TBSOéhe bR AfCESRBRE AN fbference
surface treatnent on the protective filmlayer for the

MRS EEKE PR SEP T ol T A Bt o i
5 P S Rk e AP it S s

nmeasured in the manner described below to serve as an
inTabledat or of bondi ng strength of the lubricant |ayer

to the protective filmlayer. After washing the

S UFil:ackickiiest Peluafiat asnidre ald niagmet i(spigHosiedty The magnetic

imersing in fluorine-based sol vent AK225 (Asahi

dii@u‘géssl)oteft&f ffo} 87 'ﬁbglgtiﬁ Sn eh{iforlniMift KNEFT ek atrr)‘t%tirﬁ% speed of 10000

ricant |ayer fore and after washing were asure

usi ETIR at | ocat i on at radi.us of 20 and t he
o A aueksps ofibe PigtrabATer Apdfeaipaf s sl T OBmotS
the |l ubricant |ayer thickness before washi ng was taken
measuigd befpse perhefe this operatioy,, angitke reduetiangates oI Sifyp ipckapess of the
Table 1. Dynamic friction coefficients were al so
lubreastitager. befor€88d afentestotg BeramieaStme withulf BIR. | iThe reedts are
was carried out under conditions of a tenperature of
shd@®mandalgm dity of 60% RH. In this test, 10000 CSS
operations (consisting of rotating at a rotating speed
of g ofdP mﬂg@h SRR HRE %ellué'seﬁgaﬁil_)fof"mri&frﬁ BitinHickness are
1 second), "an epeati ng at second intervals) were
. carried qQut in, the S.zone using,a S .t est and a
in(3 o, B bt e EE RS B L nf e s
for. the magnetic head. The dynam c
shown for lubricant film thickness in the table.
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friction coefficients of the magnetic disk surface

after 10,000 CSS operations are shown in Table 1.
w@E@bile3sts i ction coefficients were al so nmeasurBdr/JR0@ES1812

(Contact Start Stop) durability test was carried out

under conditions of a tenperdfure of 40 and hunmidity

of 80% RH. In this test, 1000 eoj[rres CSS operations

(consisting of rotating at ,%1} ating speed of 10000

rpm (maintained for 1 secon and st oppin ()11

second re sec:)nd i g er, valDypamie | e Static
carri er 0 atngj ?ﬁ% 82%) ;1{%%\’2 DSt po*a %?q?dzistrﬁﬁoﬁind?rﬁﬁon R
ref erenge Pﬁ?dheacﬁ(afeDLC At | ng, [ 30% r,cb@md: Codf

) for Mg RaNeyh: TIeafhy Rysfak o TorciTon —1 = T
2 N DO T O e A A T 0 50 D R A N N I
::;%.’}&2{’, gn 3@-93—\A£9_e_aLs(b—nga§ur-ggL spih-gf {0-4%gq) 042 3
_Ih%x-éngrm PO dil sk4had rdt at dzfnr1677 h?)(l)lrc iH&n 0.4 4
enti-ttonent008t 1306 dnd it b #of d66ng dbeed ®GI8 1000044 | 5
1 p¥. SThe t3908knes40 of| t He | ub2icddt || ag®r |at0.38 081 |10
| o&atbi on ab0th rfadibs |of @0 ymi wadoheasd ed befcor ¢ b 4
afExer7 thi s6@penat ¢dn,| and the3rpdadt]i o r at ex340f |fid.sm 3
t HExIgnegs 660 t he habr|i cant | ayer 1bsflor ¢4 and @id ef  0.88 9
t egt.long {wes@ ngasyy ed wig h FTbR 178¢ resulltspare[shown | 19
| ExJapl ¢ leoouftharngre,o al f roupR7Bhe yni s @iz The gg; 13
VEUES Noggp T or {@orficant [ 13 1) GgCKNesS [argsd M| 0.41 5
afgsty Olf5, gagley Cofl Qe GpNVET3 €158 MTappETe] 35 Y043 4
T Kpi L ”@00” Lmot eV : 0 52‘5 Togm f Foy | uiud%au fd.zs'" 3
Ex 1409 60D t I“CJ,‘O S Y E 10.8° ,L_” 3 ,,?U. 18" | 0.43 4
0 i e T 0 “% A1 AR Gl B
pixeleds 8004 40 40 Ac 200 b LARTel 6T e Q36 1 048 |3
shSub/ id T6¥) o117 49 nd hahded % at 162 lrr?\?rn ed-35 0.42 4
Comp. Ex. 1 No Plasma Treatment 17.2 40 0.28 1.32 17

*1: D, Distance from Opposing Electrode End to Lubricant Film
*2:t, Thickness of Lubricant Film
*3: R, Ratio of Film Thickness Reduction

As can be seen from the results shown in Table 1, the bonded ratios improved
considerably from 40% (Comparative Example 1) to about 72% (Example 1). This means
that the number of freely moving molecules of the lubricant decreased, and as a result,
the static friction coefficients improved considerably from 1.32 (Comparative Example
1) to 0.41 (Example 1), and the film thickness reduction rates as determined from the
spin-off test also improved considerably from 17% (Comparative Example 1) to 2%
(Example 1). Furthermore, in the comparative examples, the effects of surface
treatment were not observed if the distance from one end of the opposing electrodes to
the lubricant layer is 10 mm.

On the basis of the above results, as a result of carrying out plasma surface

treatment using a normal pressure plasma surface modification unit on a lubricant layer



consi derably from 40% ( Conparative Exanple 1) to about
72% (Exanple 1). This neans that the nunber of freely
worewengese®| ecul es of the |ubricant decreased, BCTIRRO0GE301812
result, the static friction coefficients inproved
considerably from 1.32 (ConpdPative Exanple 1) to 0.41
(Exanple 1 and the fllnrthlckness reduction rates as
at genresseieiadng ity s ayposphers Pregsire. aBes10mefrlubigant was observed
consi derably from 17% (Conparative Exanple 1) to 2%
to(ifapaowel e Ak)a reflt, nbeomtycen therstatiedricrmpenedfidion bexadeqiatedy
the effects of surface treatnent were not observed if

lotWReeddl s@fra]rg 6perbi M6V hdafuritiky @pRSsIen %y@reehﬁ@gigﬁn-off
u

to th ricant layer is 10 nm On the basis of
p&g&}ﬁ%n&?%Hﬁgfac‘ctoxﬁssuﬂ‘a&eﬁrﬂhéat % ab¥hi9GesQuh o ﬁb%%%tmned

surface’treat t using a no pressure pla

surface nodification unit on a lubricant |ayerat a

pressure in the vicinity of atnospheric pressure,

adhesi on of |ubricant was observed to inprove. As a

result, not only JAPYRERKMaAPRLIGABILIGY coeffi ci ent

be adequately | owered, startup operation inproved and

duAzboidirtgytoehmethed df ymapnfaeemningagnagietie adcordihe nedimnoof the

satisfactory surface |ubricating characteristics can

predcn® ifvenBdt, aimasetit MNILRITIY MedidRPan@EABIrbivc¥d Ae BhSdupBrior

to the nethod of manuf acturing a magnetic recording

{ t
S’fﬁ”f‘%ﬂ fBeflon' 8 AATRN. af SHEALON o PLERORGLLY ShREARARY
ration and durabilit and sat.i sfactqr surface
| Uty Pepee Srrding Begim REHERrera oy eriiondes sEERGT HEtrR m
of the present i nvention has superior startup
oRsptoRang ua%ballwue@tﬁarlrfﬁsﬁorymas%&ubwﬁzpb%r?ctsnrﬁtrcace
lubricity characteristics. CLAIMS 1. A nethod of
manuf acturing a magnetic recordi ng nedi um conpri si ng:
sequentially lam nating at | east a magnetic |ayer, a
protective filmlayer and a lubricant |ayer, on a
non- magneti c substrate; and
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treating a surface of the lubricant |ayer using a gas
activated by plasm generated under pressure in a

wor@endIsys of at nospheric pressure. 2. The net hpdI/af2006/301812

manuf acturing a magneti c recordi ng nedi um according to
claim1, wherein the pressur2lof the surface treatnent
is from1.3 x 104 to 13 x 104 Pa. 3. The nethod of
manuf acturi ng a magnetic r(éTeé}MSng medi um according to
claim1, wherein the pressure of the surface treatnent
1.i s fAmethed 8f mahGfatiorih@ a3nagnétic Reodlingmediwet ¢vonprosing:
manuf acturing a magnetic recordi ng nmedi um according to

sel@infihily 1aMIRkAtRIght 1438t PIASHERKCi18yed DWYotbcE SO AN Syt AsIRIubricant
5. The met hod of manufacturing a nmagnetic recording

lagﬁgkggéggg%gg%ﬂ%mbgpﬁg%&H11, wherei n the gas contains

ype of gas selected froma group
consi st i of. nitragen, oxygen and argon. 6. The
tiFaRG S Ao URTFATh PYaF el EraqlediGH 4 e sFRéchonprated under
according to claim1 wherein the plasma generated
pressuteringragisily ef #tmospharisimessiteof t he at nospheri ¢
pressure is a plasma generated by applying an electric
field between opposing el ectrodes. 7. The nethod of
manuf acturing a magnetic recordi ng nmedi um according to

2.cl aiThe %ém&f@FIﬁaﬂlﬂ&tﬁﬂ@zﬁfﬂ&gn&ic%édraﬁgﬁn@ﬁﬁn%E:écﬁfﬂﬁg% claim 1,
at an angle of 1 degree to 45 degrees from

wﬁ&éi%%ﬂ@bl%ﬁéﬁé ?f@leﬁu&é&sﬁéaﬁh&ﬁtisofr?ﬁ 3 g.%e 19 W0t o1 at
east a nmagneti Cc layer, a protective filmlayer and a
| ubricant | ayer are fornmed on the non-magnetic
substrate. 8. The nmethod of manufacturing a magnetic
recordi ng nedi um according to claim6, wherein the .
3.oppddiemeteoded menidacteing 4 Blaguiicgeeqsdingireeslivn aceprding to claim 1,
substrate to be treated in which at |east a nagnetic
whavyiarthe prepsuoe efthewerfidel traatragrers fnoh B9 kUl tac HhB xI18y Ba
are fornmed on the non-nmagnetic substrate. 9. The
met hod of manufacturing a magnetic recordi ng nmedi um
according to claim®é,

4, The method of manufacturing a magnetic recording medium according to claim 1,

wherein the plasma is glow discharge plasma.

5. The method of manufacturing a magnetic recording medium according to claim 1,
wherein the gas contains at least one type of gas selected from a group consisting of

nitrogen, oxygen and argon.
6. The method of manufacturing a magnetic recording medium according to claim 1,
wherein the plasma generated under pressure in a vicinity of the atmospheric pressure is

a plasma generated by applying an electric field between opposing electrodes.

7. The method of manufacturing a magnetic recording medium according to claim 6,



wherein surface treatnment is carried out on the

protective filmlayer by arranging a substrate to be
wo e@atiess28 i n which at | east a nmagnetic | ayer, BCT/JP2006/301812

protective filmlayer and a |ubricant |ayer are forned

on the non-magnetic substrat@? between the opposing

el ectrodes. , 10. The net hod of manufacturing a nagnetic
whereigrthe ABPOTEM slertndeniaisHgness K paiangle of Wdseweto ég degiges from

treatnment using the activated gas is sinultaneously
pecpandicadhr doie sebstiattth bsitateeddh whichdsdtasas mapnetivdayereaprtective

in which at | east a magnetic |layer, a protective film
filhalager aidch JablicHdk [yaNire fexnedd o e hoh iBbnetic §ubBtrate.

non- magneti c substrate. 11. The nethod of

manuf acturing a magnetic recordi ng medi um according to

claim1, wherein the non-nagnetic substrate is one

t ype.of bstrate sel ected frogma gl.ass sybstrate, and . .
8.5 S cuTH BT TRP ik & sganohQIRGTIBE TPRAVRACEQIRInggO £laim 6,
magneti c recordi ng medi um according to claim1,wherein
whergintbs oprasinetalectiodessare semmedpstrengdiouar toapubistrete tofekepted in
or NiP alloy forned on the surface of abase conprised
winth ethleast ppeagpitiortyer, b pkotseivediladlaferamd Al lubrdanaldyeyare formed
glass and silicon. 13. A magnetic recordi ng nmedi um

ontBeubaeidghek fMbstrste. met hod of manufacturing a magnetic
recordi ng medi um according to claim1. 14. A magnetic

recordi ng and reproduci ng devi ce conprising: the
magneti ¢ recordi ng medi um according to claim13; and a

magReti c he that. records and. reprqoduces,.data onto .
9. e Tk g ot o R e Bt B R iR P Bingen laim 6.
apparatus conprising: a first device for fornmng an
wheeein sutiace Eeatmenf iy eHEP OV e REtectty fdpdayerdy amanging a
electric field between opposing el ectrodes under
substeés tor ke treatedl, i whishtayleaft aanagietindayieg a protective film layer and a
lubricant layer are formed on the non-magnetic substrate, between the opposing

electrodes.

10. The method of manufacturing a magnetic recording medium according to claim 1,
wherein surface treatment using the activated gas is simultaneously carried out on both
sides of a substrate to be treated in which at least a magnetic layer, a protective film layer

and a lubricant layer are formed on the non-magnetic substrate.
11. The method of manufacturing a magnetic recording medium according to claim 1,
wherein the non-magnetic substrate is one type of substrate selected from a glass

substrate and a silicon substrate.

12. The method of manufacturing a magnetic recording medium according to claim 1,



pressure; and a second device for radiating the
activated gas onto surface of a substrate to be
wo e@atiexs28 n which at | east a magnetic | ayer, aPCT/JP2006/301812
protective filmlayer and a lubricant |ayer are forned
on a non-magnetic substrate. 23

wherein the non-magnetic substrate has a film comprised of NiP or NiP alloy formed on
the surface of a base comprised of one type of material selected from Al, Al alloy, glass

and silicon.

5 13. A magnetic recording medium manufactured by the method of manufacturing a

magnetic recording medium according to claim 1.

14. A magnetic recording and reproducing device comprising:
the magnetic recording medium according to claim 13; and

10 amagnetic head that records and reproduces data onto the magnetic recording medium.

15. A surface treatment apparatus comprising:
a first device for forming an activated gas by generating plasma by applying an electric
field between opposing electrodes under pressure in a vicinity of atmospheric
15 pressure; and
a second device for radiating the activated gas onto surface of a substrate to be treated in
which at least a magnetic layer, a protective film layer and a lubricant layer are

formed on a non-magnetic substrate.



