DESCRI PTI ON METHOD OF MANUFACTURI NG PERPENDI CULAR
MAGNETI C RECORDI NG MEDI UMAND PERPENDI CULAR MAGNETI C
WeRuGRNG MEDI UM\ CROSS REFERENCE TO PCT/JP2005/019647

RELATEDAPPLI CATIONS Priority is clainmed on Japanese
Patent Application No. 2004-307186, filed Cctober 21,
2004. This application is an application filed under
35 US.C Ill(a) claimng pursuant to 35 U S.C 11
9(e) of the filing date of Provisional Application
60/ 622, 701 on Cctober 28, 2004, pursuant to 35 U.S.C
111(b). TECHN CALFI ELD The present invention relates
to a magnetic recording ' use in a hard disk
apparatus and the Iike,Igﬁgﬁggﬁﬁgﬁblarly, relates to a
per pendi cul ar magnetic recordi ng medium a nethod of
manuf acturing the perpendi cul ar magneti c recordi ng
medi um and a magnetic recordi ng appar at us.

5 BACKGROUNDBRIHGB ¢ 2ih MANUFACI T RING PERPENDICIUICARMAGNETIC
increase in the application of magnetic recording

a[RECERVINGUMEDIS MANENPER PENSIE T 200 M AGNE TIE KECORDING
(Regi stered tradenmark) disk apparatus, and a magnetic

tape apparatus. The incregag {4Tpor t ance of
suchapparatus is acconpan?é%ﬁggwgpdenand to noticeably
i nprove the recording densjyty of magnetic recording
nmedi a used in these apparatus. In particular, since
the introducti on of MR heads (Magneto Resistive Head)
and PRV ( RO R BB Ea S TR R D AT 6 dapNS
techni ques, the recording density
10 Priority is claimed on Japanese Patent Application No. 2004-307186, filed

October 21, 2004. This application is an application filed under 35 U.S.C. §111(a)
claiming pursuant to 35 U.S.C. §119(e) of the filing date of Provisional Application

60/622,701 on October 28, 2004, pursuant to 35 U.S.C. §111(b).

15 TECHNICAL FIELD
The present invention relates to a magnetic recording medium for use in a hard
diék apparatus and the like, and particularly, relates to a perpendicular magnetic
recording medium, a method of manufacturing the perpendicular magnetic recording

medium, and a magnetic recording apparatus.

20

BACKGROUND ART
Recently, there has been a noticeable increase in the application of magnetic
recording apparatus such as a magnetic disk apparatus, a floppy (Registered trademark)

25  disk apparatus, and a magnetic tape apparatus. The increasing importance of such
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has i ncreased markedly, and in recent years the

i ntroduction of GWR heads (G ant Magneto Resistive
woélkeaw)o437IMR heads (Tunnel Magneto Resi stive Held)Y/JPzns019647

the like made it continue to increase at a pace of

approxi mately 100% each year, Thus there is a demand

to achi eve even higher recording density than

applai‘attﬁheiglt&coﬁﬁzgn% mgradcgéiﬂédﬁ foShoRie BAHRY %nﬁro@@%‘@féc@rdmg density of

recor layer has high coercivity, a

nal -t a NR d hi gh resolutlon In
eglgr%eor(?ggg;?et%‘fﬁ sgégnﬁ;%?e par %cor di ng systens which
have hee wi del y demagneti za
weakeﬁe PRRiE 8 S&%%ilwrletre HiiAY MRB@eémﬁ\élaewﬁ RatistivesHead)
t he |inear recordlng density increases. To avoid this,
and; A Mta (ftretial R esponsedMagimemdriketiwodp techsiduese ienrachidimg density
to increase the magneti c shape ani sotropy. On the

hasoOinbfasddan@rkedy, tand MBgteht fedrayiey intfudakiias sf IGMRMBEds (Giant
thinner, the energy barrier to keep the nagnetic

9&5@'}& St HRaDE TR he &f@ﬁﬁ& q\/rﬁ%ﬂ lik

|tsnég£s ?ﬁern&l fluc uat 1 on t neg |g|5?&ﬂsm%¥% © Hxe
S: e the | i ar. _recording

ma lﬁéa%"gn“ei‘;i‘\??e@vgvd%%a h°e 0%@{? “‘iaéeq?f& Grvah X%ﬁrlj y
cou iu as, recent een propose as a.,
tecﬁh? eer% %ﬁw&a] tRgehigye pYRClg qrereeﬂramagleaews hitherto,
of Iongltudlnal magneti c recordi ng systens, and effort

andzgceondinghy tareehéeviecs magnetict ivearding layas svhiclhhasthigls ceercivity, a high
probl emin | ongitudi nal nmagnetic recording.

sigidt@paoide aatiar(SNER)N ehd chigk cesaditivgn. t dahease|wdsloagiendinal magnetic
attracting attention as one of the candidates to

recordRigQySteals Slicl BHRY e Shs6tERadelyY thedehbi@nétiat 6@ whidh weakens the
conventional | ongitudi nal- magnetic recording systens,

adjéscléﬁ} %‘g«gﬂd&#@ ftn; g@@(gﬁ(?st &(ﬁﬁﬁaﬂloé's Ol r¥corﬁi%r adehgjtf f?llcfe'ages To

n con rast

oESOE 5, 56 B % TS RS 35 e
mag%%(tjllc l;lrlra]tpe anisotropy.

On the other hand, as the magnetic layer thickness becomes thinner, the energy
barrier to keep the magnetic domain stable becomes comparable with thermal energy and
it makes thermal fluctuation not negligible, which is said to decide the limit of the linear
recording density. _

In view of this, anti-ferromagnetically coupled (AFC) medium has recently been
proposed as a technique for improving the linear recording density of longitudinal
magnetic recording systems, and effort are being made to avoid thermal decay which is a
problem in longitudinal magnetic recording.

Perpendicular magnetic recording techniques are attracting attention as one of

the candidates to improve areal recording density in the future. In conventional

longitudinal magnetic recording systems, the medium is magnetized horizontally, parallel
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It is thought that this makes it possible to avoid the

effects of demagnetization, which is an obstacle to
wachieansmiyg hi gh |inear recording density in PCT/JP2005/019647

| ongi tudi nal magnetic recording systens, and is

therefore ideal for high-density recordi ng. Since the

t hi ckness of the nagnetic | ayer can be kept constant,

td 1R RHhEeCHSHRImEABM TR cHRR&Y in Mb&&ﬂi&lﬁ%x%g%eﬁgg&‘g)gdi@ systems,

| ongi t udi nal magnetic recording, are t

y | Jn FlG1 di cul.
RO HSi B i ORI OB BED 58,
e bl Bkl RSl AR Szin,

successively on a nonmagnetic substrate 1. A nmagnetic
whighdp an\gbstaeletp [arhipeing dighelinear sasbrdimg density dn domgtudinal magnetic

| ayer, is interposed between the seed |ayer 2 and the
reconiirgs)stents, anbitthatordidedlifer ighdeastyatcdrildig.  Since the thickness

intermedi ate layer 3 is to enhance the characteristics

oPthd BRCARANGlEE chE RN R Loh YRS rtlgc.T eh@ct@d(?i fhieﬂﬂal tdcal;Swhich is

sai d that thé seed layer 2 cont s crysta
i ]| o he_int.er .ate | ayer nd the ..

pREICE R BB Sk ol TBREL es YTy o R ptively sman.

magnetic crystals in the internediate |.ayer 3 and the .

nmagn e%\? glior‘\@{’é‘rf“g‘@g prEpgadicylar ipagneliy A?Fﬁr%yg medgym geperally consists

Patent Docunent 1). By the way, the crystal structure ‘
ofot seeddayesgn ar infernessinteliayer 3.:mpgnesicirapsdingdayer 4, and a protective

manuf acturing a perpendi cul ar nmagneti c recordi ng

laprerdy, wrhivh afe grawaisheressipdy bnamennegneticrsubBtfate 1. A magnetic layer,
per pendi cul ar magnetic recording nedia, the crystal

which ugillWeCcalied N fimegRtit Gnd a8yl RAnfeBEd P&Nedn the seed layer 2
hexagonal cl ose-packed (hep) structure wherein it is

arld"iRe hbﬁgégﬁeﬁ@tsuﬁﬁgaté O Zi"hecléﬁée s%l ovfgirlégglf?m{n}%dlﬁgé Ilak%rgjr %sgcfng tenhance

the su ate surface; in

o S o ), W i e

However , il e perpendjcul.ar magnetic recordi ng nmedi a )
layeryd  contiols, SRSk eoimtations, in rige udtermediate: bysarda@nd dhg magnetic

thi ck magnetic recording |ayer, they have a drawback
regqrdingtlpyer 4 and controls shapes of magnetic crystals in the intermediate layer 3 and
the magnetic recording layer 4 (For example, refer to Patent Document 1).

By the way, the crystal structure of the magnetic recording layer is important in
manufacturing a perpendicular magnetic recording medium with excellent performances.
In many perpendicular magnetic recording media, the crystal structure of the magnetic
recording layer has a hexagonal close-packed (hcp) structure wherein it is important that
the (002) crystal plane is parallel to the substrate surface; in other words, it is important
that the crystal C axis ( [002] ) is aligned vertically with as little deviation as possible.
However, while perpendicular magnetic recording media have an advantage of allowing

use of a comparatively thick magnetic recording layer, they have a drawback that the

total thickness of the stacked thin-film of the entire medium tends to be thicker than that



total thickness of the stacked thin-filmof the entire

medi um tends to be thicker than thatof current
woOamiousmi nal nmagneti c recordi ng nmedi a, and t hPETB2005/019647

liable to cause deviation of the crystal structure

during the medi um stacking prgcess. Al though many

efforts have been nade at a deposition process in

oPEakeént i hg@htiaial nAgh&icResstime! Addi B this Gs 891018 EABe deviation of
mediumwith a excellent crystal structure, further

] j fed in order to
e ot P B et ARG B
char a ristics. Eor exanple, roposal. has been de A
bout AR ERRE Foctpafe A mR At PeoceS S (o obain
of obtaining a uniformdistribution of plasma over an
agierpandiopter dpagngtie geeordipg rmedivmpish ar exfcelent crpialesitucture, further
Docunent 2). It is an object of the present invention

5  tdachnicanuirkplolvymentpr hae deen y seq@liredt r irct wederanid t obtain  excellent
greatly increase a surface recording density in a

r&@fdgfg?i?g%&u@fngr@ﬁ%wrﬁﬁ&sec Fod eRemprRIA YBpo¥Ali el beSn made about a

exp to be a next-generation nmedi umhaving a high
r.di . i P, t. L. e e e
plgREY e HE T b, B EA o SRATE S Bt B 305 8By gisuibucion or
cunent 2: Japapese .Unexam ned. Patent Publication No.
P B pr ety BAlSGRUHEEC Ghoh BRI GHeT o Halers o BpgR Dot
this invention, in a perpendicular magnetic recordin
nedi ubhisia® phieet oftha prasentiipyensien fo rranarkajdy énpove B dnysgh structure
recordi ng density nedi umtechni que, to markedly
10 andprtovgeathe isnryascah sifce trecoediagddensidy einy a perpendicular magnetic
substantially increase the surface recording density.
fetdrdingnBieliveh, i whiph QY egedteldoo BB BERCEINETMfGN dnedium having a high
per pendi cul ar magnetic
recording density.

Patent Document 1: Japanese Unexamined Patent Publication

No0.2003-162807

15 Patent Document 2: Japanese Unexamined Patent Publication No.

2003-318165

DISCLOSURE OF INVENTION
20 It is an object of this invention, in a perpendicular magnetic recording medium
attracting attention as a next-generation high recording density medium technique, to
markedly improve the crystal structure and thereby substantially increase the surface
recording density.
(1) A method is provided for manufacturing a perpendicular magnetic

25  recording medium having a structure in which a under layer and a magnetic recording
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recordi ng nmedi um having a structure in which a under

| ayer and a nmagnetic recordi ngl ayer are deposited on a
waamsigsiat i ¢ substrate. A thin-filmcoating preCesdB200®019647

form ng at | east one of |ayers of the perpendicul ar

magnetic recordi ng nediumc ri ses the steps of

positioning target materials on both sides of the

layBoR8REHRIEE of WivhidbftRREbdREGNetA ﬂﬁ@ﬁ%ec%a?fgg mé@@&%nmng

of the target materials that are opposite
' [ % lel..in a t.hin-fjlm .
o AR iSeSUBRE SR MRF Haehlid Ryl ol b apsiss o
t he .t.ar.get terials, alt t el ti ) ,
sefsy pF Bouliohigs) et P Telsaee GOl RSt oF e mopReEadie sibssate and

of the magnetic plates, and introducing a sputtering
magpeticiplates pheuriages-of ithenargshmateyiakpihat ateusppositeytmtheaamagnetic
pl asma around the target materials and to forma thin
subktagte in parallbkinne tiingihatdoatisg i Bjai @t pplyang phidlefieq\@ncy voltage
met hod. (2) According to the present invention, the

to tHB{RSH thated?d]8)\dl@ AP geﬂ%iﬁfg%fféfeh%lé‘rliﬁ%@gw &H{o}f’/}ﬁly on the

magnéti ¢ recordi ng nmedi um wherein a plas densi

A of 5 OOIASSHLS, SHISH GRS LO0RA ! BB e v
ool gt o R i Bl i e

magneti c recordi ng nedi um_wherein a high-frequency
on {hg norgagnstissubsiiaily apmitietng msthade nonnagnet i c
substrate. (4) According to the present invention, the
met H8Y Asceding ded teorprasentf mventiomgtle paetheddiic upravided for
magnetic recordi ng medium wherein a direct current
mamFhdtaGey BRerfehdafitrirfshnbc @aRdial rhétBuhawaRbeiat Slhdn® Sensity
together with the high-frequency voltage. (5)
neaﬁﬁfeoﬁ(ﬁﬂngF%anﬁc St fe?@ﬁfoné&“ﬁﬁﬁe’ ﬂﬁh—ghﬁ ecogﬁ'ﬁ%g%)a!r%us is not less
provi de or manufacturing a perpend cular netic
?Qﬁpdaﬁg medi um wherein a frequency of the .

thad

(3) According to the present invention, the method is provided for
manufacturing a perpendicular magnetic recording medium, wherein a high-frequency
voltage bias may be applied to the nonmagnetic substrate.

(4) According to the present invention, the method is provided for
manufacturing a perpendicular magnetic recording medium, wherein a direct current
voltage may be applied to each of the target materials together with the high-frequency
voltage.

(5) - According to the present invention, the method is provided for
manufacturing a perpendicular magnetic recording medium, wherein a frequency of the
high-frequency voltage applied to each of the target materials may be higher than a
frequency of the high-frequency voltage bias applied to the nonmagnetic substrate.

(6) According to the present invention, the method is provided for
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hi gh-frequency voltage applied to each of the target
materi als may be higher than a frequency of the

waigls/lsaguency vol tage bias applied to the noORCBIPEDF/C19647
substrate. (6) According to the present invention, the
nmet hod i s provided fornmanuf acd uring a perpendi cul ar
magneti c recordi ng nedi um wherein each of the

mAREMAaLHAg PA %&%nmlapenﬁgﬂétﬁCtr&Grciiﬁg r Ab&uh nwgéll%in each of the

According to the present I nvention, the netho

j r nuf.act uring..a perpendi cul ar magnetic
mré‘%ﬁf%?%é%&?ﬁﬁh%ﬁ%‘tj{&r %flﬁ%' partial pressure of the
sputtering s may be not |less than | Pa and may be .
less Ohaktaomingor e Prgseat | wysntiory gyhenugtharings tgovided for
the present invention, a perpendicular magnetic
mppgaettiing ampstiendiciler praguetitertcondingf mediume avhisyein sherpprtzal yressure
one of the above-nentioned nethods (1) to (7) for
ofiwha patedring g¥@ mdyebastplesihan 185 afd @t belese eh® Pgon forming a
medi um The perpendi cul ar nmagnetic recordi ng nmedi um
lab&s a surface average roughness Ra which is not
greater than 4 angstrons. (9) According to the present

B L
A s B e F o bR s

magnetic recording medium (10) According to the
top r(%s dar magepetiong theppependicelat anagnetier¢cording omdding.  The
medi umis provided, wherein the magnetic recording
perpandicutar thipgnetio deordiny eredhas has & sydhael avetageabugtmess Ra which is
hexagonal cl ose-packed structure and a hal f-w dth

ncd pdater (R P Eigstr6mBOt greater than 5 in a Rocking curve
corresponding to a (002) surface. (11) According to

the poeselbdifly §8UhO bredel ifveho” £ PefRdRular magnetic recording
per pendi cul ar
medium is provided, wherein a distribution of in-plane film thickness is not wider than +
10 % in a total film thickness of all thin layers of the perpendicular magnetic recording
medium.

(10) According to the present invention, a perpendicular magnetic recording
medium is provided, wherein the magnetic recording layer or the under layer has a
crystal structure of a hexagonal close-packed structure and a half-width angle (A050) is
not greater than 5°ina Rocking curve corresponding to a (002) surface.

(11) According to the present invention, there is provided a perpendicular
magnetic recording medium composed of an under layer and a magnetic recording layer
which are deposited on a nonmagnetic sﬁbstrate. The perpendicular. magnetic recording
medium has a surface average roughness Ra which is not greater than 4 angstroms.

(12) According to the present invention, a perpendicular magnetic recording

medium is provided, wherein a distribution of in-plane film thickness may be not wider



magneti ¢ recordi ng medi um conposed of an under | ayer
and a magnetic recording | ayer which are deposited on
wea 2orasgnet i ¢ substrate. The perpendi cul ar magaQetPmos5/019647
recordi ng nmedi um has a surface average roughness Ra
which is not greater than 4-angstrons. (12) According
to the present invention, a perpendicular magnetic
thalli e:cm e Néh ARGtAILI: $hiBkmxeé dEEll thIAShPdrS of tieh ﬁérgérﬁiﬂuﬂé%r}nagnetlc
in-plane filmthickness may be not wi dert
filmthickness of all thin |layers of the
recérﬁlrx% lgllll}l ar magnetic recordi ng nedium (13)

Acca t he present i.nvention, ndi cul ar
monde] Beiuliseqd Berd i PETp by f retbeiiabE FHgH: rocorting
na netic recording Iayer or the under |ayer has
me@P?’stSaProgtdle@chl}?réubf calmaeneiforraPding tyep &t el under layer has a
structure and a half-width angle (D @®0) is not
5  crygjalesttueture hfim hexdgonal dhosskpacied structure aind esdfadidtig ahgle (A050) is
(002) surface. (14) According to the present
not igfeae thais® tiRRMdkingdieve el fbsporteRL(002) e@édi ng
apparatus conprising a perpendi cular nmagnetic

r eCQ‘in RQ gg haVI §én|P ?ﬂ/eﬁg QY Ehdi s fn%vgi]ea)a’m etlc recordlng

nagnetlc a recordi ig part repr
es for

art, devic e t he etlc

appis; popRy @gs&e&eﬁs}%ﬁﬁr R e T Ao @ﬁf ® to
and recqr reprodu0|ng si gnal praqcessing devices

(13} armagnstie ?4431&3%. figePrding Raganddgpredueing pad dgwiges tor relatively
reproduci ng an output signal supplied fromthe

10 movingtke imnaghetizdheadcagoinst thy papeticydresegneticrieendingmedium, and

is possible to obtain a perpendicul ar magnetic

recording/reproguding signalhprocaging dovieek Ifeninphitihy 4 eigasldiondie magnetic
density characteristic, inasnmuch as the C-axis of the

head e f&'re}ﬁ{aﬂﬁé@ﬁ utﬁ?crs?grﬁ%ﬁﬁpﬁ% %hythe hﬁgs nBfXRagNal

cl ose-packed structure is aligned with pect to the

%lélbsécf %@%lﬂéﬁecﬁ:%ﬁ#ﬁ% % f\lglﬂoss%llgl & SisReL % endicular

magnetic recording medium having a excellent high recording density characteristic,

15 inasmuch as the C-axis of the crystal structure, more particularly, the hexagonal
close-packed structure is aligned with respect to the substrate surface with a very small

angle dispefsion.

BRIEF DESCRIPTION OF THE DRAWINGS
20 FIG. 1 shows a cross-sectional structural view of an example of a perpendicular
magnetic recording medium of this invention.
FIG. 2 shows a configuration illustrating a thin-film coating apparatus used in a
method of the present invention;
FIG. 3 shows a view illustrating an arrangement of magnets in a magnetic plate

25  which is provided in the thin-film coating apparatus illustrated in FIG. 2; and
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FIG 1 shows a cross-sectional structural view of an

exanpl e of a perpendi cul ar magneti c recordi ng nedi um
wofhodelus7iinvention. FIG 2 shows a confi gurati 8aT/JP2005/019647

illustrating a thin-filmcoating apparatus used in a

met hod of the present inventgon; FIG 3 shows a view

illustrating an arrangenent of nagnets in a magnetic

pl at BIGM4i shbwi @ cprifigiraiésh ilustrivéngt Hinadretioreaading gtpparatus having
apparatus illustrated in FIG 2; andFIG 4 shows

theC ARG dcbRitnd hdiimhavhiRg & %ﬁ@tﬁ%d % QE@ dﬂétﬁ&d of ofhe present
appar atus having the magnetic recordi I um whi
' tai ned by the nmethod of the pr esent i nventi on.
B% "MODE FOR CARRYI NG QUT THE | NVENTI ON A descri ption
will be nmade as regards a nethod of manufacturing a
per pendi cul ar magneti c recordi ng nmedi um according to
an exanple of the present invention. FIG 1 shows a
general layer structure of the perpendicular magnetic
recording nmedium In the magnetic recordi ng nedi um
used i n BESTMEINFORUARRYING OUET SHRIDNVERTIONR
perpendi cul ar magnetic layer is applicable to all

MagN&t WeschifGs dhito Uée%eﬁle"w&h Chgafds W dflethodS %g ﬂ1tanufacturing a

present. As shown in FIG 1, a nmagnetic recor

perg%?flljc u?gﬁ ne?f\;\:ﬂ%eg%rdgﬂ) tnt]g lﬁgegc%glt‘élmg Ir?fel e?’??%ﬁgtoef the present
. layer 3, a magnetic recording |layer 4, and a
mv ctive layer 5 are deposited on a nonnmagnetic
substrate 1 in ascending order. The nonmagnetic
subst e 11 shaws @s general faysr netmpeartec of ethsr dierpgndieuliat rmagnetic
of the present invention may be an Al alloy substrate
recendirig mediam. Al - My al | oy having Al as the

inv

In the magnetic recording medium used in the present invention, the structure
of a perpendicular magnetic layer is applicable to all magnetic recording media which are
widely used at present. As shown in FIG. 1, a magnetic recording medium 6 according
to the present example has a structure in which a seed layer 2, an intermediate layer 3, a
magnetic recording layer 4, and a protective layer 5 are deposited on a nénmagnetic
substrate 1 in ascending order.

The nonmagnetic substrate 1 for use in the magnetic recording medium of the
present invention may be an Al alloy substrate such as an Al-Mg alloy having Al as the
main component. Alternatively, the nonmagnetic substrate 1 may be a substrate which
is composed of one selected from a usual soda glass, an aluminosilicate glass, an
amorphous glass, silicon, titanium, ceramics, and types of resins. At any rate, it is
possible to use types of nonmagnetic materials as the nonmagnetic substrate. More
particularly, it is preferable to use the Al alloy substrate or a glass substrate such as a

crystallized glass substrate.
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mai n conponent. Alternatively, the nonmagnetic
siibstrate 1 may be a substrate which is conposed of
wonecabmact ed from a usual soda gl ass, an PCT/JP2005/019647
alum nosilicate glass, an anorphous glass, silicon,
titanium ceramcs, and typeg of resins. At any rate,
it is possible to use types of nonnmagnetic materials
as t hea ALMIBGRETCrOHERS OF atBagrVHit Qlidkaithé GHbAfHY is hidualld washed
preferable to use the Al alloy substrate or a gl ass
and Hﬁ%a? bfift SUE s 8Bk 1Y SHRh ahd ?ﬁj¥ %easgﬁs%%%sﬁ{ Ak %‘résrén? invention
manuf act uri ng process of a magnetic di Sk, trie
ubstrate i sual |y washed and dried at first. It i )
befpRC TR o gk on e By TEihoik alet (o pEoy et isapite adherence in
i.nvention before form ng each [ ayer on the substrate,
each ayirgeln additinm theizenfdbsbstratg i netlineited. each | ayer .
In addition, the size of the substrate is not |imted.

Next Nest, dedsscriptianowillvbe Imzie ofechehdbyerash theapapendibulbh tagnetic
per pendi cul ar magnetic recordi ng medi um 6. Asoft

recoBlineinkdiudngler | ayer, which is forned as an under
| ayer for the seed |layer 2 on the nonnmagnetic

Subsirghe, eii@uﬂée?‘#n%};gg g{flﬁﬁis%ﬂﬁ&?&s zgle gﬁg{}g%g#lfgé the seed layer

magneti c recordi ng recordin

| U t he soft nefic undger |ayer introduces.a )
2 P Bory el BB o S B T WO eshid Pheresiiidilyy magnetic
appl i es the perpendicul ar conponent. of a recording
receﬁﬁ%meelaf i Singreeerding & sigagren the medivwgithe spyaggngtic under layer
. is possible to use a material having a so-called soft
intypdyerst ac rgpoodieg t aguatic fislda fre@o aahbasly , arch ZsMlbieatly ogpplies the
or CoTazZr alloy, as a material of trie soft nmagnetic

perpaticuliraypaiponbisttof@tbdoraing infigneti¢ &¢Rirto sthe usdgnetc Ridbrding layer 4.
also a nulti-layer structure may be used as the soft

It iSPELELE fo Hiéd@ﬁla{e@iﬁﬁhaviﬁé‘?fsg-%aﬂ%ﬁ Eof hBYAELS %)tfdét{é%tg;sglgh 3s a FeCo

very thin nonmagnetic filmsuch as Ru“is |

RS0, AL, EBRAEAASE S Bl S SpR Rl e e
Nol[ 8 (}e'rass'infﬁ\cle-tlapy(e):i‘J gtgugurllr% bsu(t)faltso rgalg %t-i.a(}:'erusr’grqlecrturlea%g}rf bg ?1Ssed as the soft
magnetic under layer. In the multi-layer structure, a very thin nonmagnetic film such as
Ru is interposed between soft magnetic layers, in order to provide an antiferromagnetic
coupling between the soft magnetic layers. Although the soft magnetic under layer has
a layer thickness between about 2 nm to 20 nm, the layer thickness is appropriately
determined on the basis of a balance between a recording-reproducing property and an
OW (Over-Write) property. Preferably, the layer thickness is between about 5 nm and
15 nm in the soft magnetic under layer.

The seed layer 2 is a very important layer on which a magnetic property and a
recording-reproducing property are dependent in the magnetic recording layer. The

seed layer 2 acts to epitaxially grow each of the intermediate layer 3 and the magnetic

recording layer 4 to a hexagonal close-packed structure. Pd may be used as a material of
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a layer thickness between about 2 nmto 20 nm the

| ayer thickness is appropriately determ ned on the
woasien4sfila bal ance between a recordi ng-r epr odBCTHAB2005/019647

property and an OV (Over-Wite) property. Preferably,

the layer thickness is betwggn about 5 nmand 15 nmin

the soft magnetic under |ayer. The seed layer 2 is a
theweed/layegir t ant | ayer on which a magnetic property and

a recordi ng-reproduci ng property are dependent in the

Magnehd et 1t AYR' for 1R i8 :bgﬁ)ﬁ%@}ég{arelgl o%fe‘h%mé ?léen magnetic

epitaxially grow each of the in ayer

: nefigc.recardi ng |l ayer 4.to. a hexagonal
rech M RSRE] i EFGERG Ene iSimeidiS et AES Boragoes!clpse-packed
ofthe seed | ayer 2. The internediate layer 3 is for
stryede  gndpisy fog pitagially | growinge thei mggngtis reegrdng dayer 4. It is very
. recording layer 4 with efficiency. The internediate
impagipgt tolcddid] thehenxangmiival ofcthe Setepamiiate lster cwhenemamsadtaring the
for epitaxially growi ng the magnetic recording | ayer
perfendidularsmvghigticl FaREFdAN mddur 0 MdsRiuch Re £ chRf ﬁ&ﬁéﬂ'ﬂaﬁ%{l of the

the internediate | ayer 3 when nmanufacturing the
int@FFBRRALGY RbLRPREkHFinbSGR ON L4t d S ofordi
lncrystal grientat?oﬁbo : %ggfgygghe |g#%%f23@$ﬁgggﬂﬁﬁggn¢ng
la gret ermnes the crystal orientation of the magnetic
Ve, , . . ,
recording layer. The magnetic recording layer 4 is a
| ay for literally recording a signal. For exanple,
Coaefhecﬁéﬁrﬁtl,c ressedipg leyerchis player €y litgrallpseyordingaxggal.  For
is used as a material of the magnetic recording |ayer
exampleiGeglr) GoCritieCoertirQli Gaf-1PeSi0g we oG rPirGpek tiy/used as a material
determined by a crystal structure and a nmagnetic
of pheopexghytiofre¢drdingatpyet i4C Fiaaldy,dibegrdcading- prdﬁdéﬁ%arroggrty is
sputtering method or RF sputtering method is use or
det€l8RRS Byl erySRLSirdANe and ﬁwgh@t@@pﬁgé}’(fof tﬁ% %;oh%HQﬁE Itel?ﬁ'ding layer

gas pressure is appropriately determ ne

-

4.

A usual DC sputtering method or RF sputtering method is used for depositing
each layer described above. Although the gas pressure is appropriately determined for
each of the layers on deposition, the gas pressure is controlled to a range between about
0.1 Pa and 2.0 Pa while confirming the performance of the medium.

The protective layer 5 is for protecting the medium from damage due to contact
of the head and the medium. For example, a carbon film or a SiO, film is used as the
protective layer 5. In general, the carbon film may be used as the prc;tective layer 5.
Although a sputtering method or a plasma CVD method is used for forming the
protective layer, the plasma CVD method has most often been used in recent years. The
protective layer 5 has a layer thickness between about 1 nm and 10 nm. Preferably, the
protective layer 5 has a layer thickness between about 2 nm and 6 nm. More preferably,

the protective layer 5 has a layer thickness between 2 nm and 4 nm.
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each of the | ayers on deposition, the gas pressure is
controlled to a range between about 0.1 Pa and 2.0 Pa
wohbdem4ganf i rmi ng the performance of the nedi uRCT/IPAE®05/019647
protective layer 5 is for protecting the medi um from
damage due to contact of thgihead and the nmedium For
exanple, a carbon filmor a SIQ2 filmis used as the
pr ot Bcthe teethéd 6f nﬁnufaﬂnﬂﬁl@%@gerpéﬁtﬁctﬁﬁr BaBndticl Bt IRedium
used as the protective |ayer 5. Although a sputterlﬁg

TR, 0 LA TR TPl TR (L ARME o e

d . t . Th tectiye | 5.h .
B bl B s R Rt ol SBonting

Preferably, the protective layer 5 has a | ayer

medigme i AMeze S@@%lﬁé@& Hgs pessiblp e enhane thencrygtal erientation of magnetic
preferably, the protective |ayer 5 has a |ayer

recordingk ke whenhviagmoing nthe nfdrringnprbeest hef thet pepper@icular magnetic
manuf acturi ng the perpendi cul ar magneti c recordi ng

recordthigiiR @GO A at@niequéht® dTHRKSIY eveRVETrt fé%ardiiﬁg #h manufacturing
possi bl e to enhance the performance of the medi um by

methBRiPWhE ﬂ)lﬁdftﬁ’eg 9% éllglg ‘rfnc? iy étﬁl%.n‘peet?m? ?gﬁ‘i)léﬂénl%% of the medium

magnetic recordi ng ne re speci

: iI.hle to enhance the cryst orientatiao f )

in GOSN Fert o SPGB B0k The Sts6Rg reetiod o frmine ot least
rocess of the r pendi cul ar, magneti c recordi ng

OHeE{-ﬁg‘ﬁE NFCIASYEr %ﬂﬁv@gm@sd@we layae ngs evievult, dhg present inventor has
regardi ng the manufacturing nethod, it was found that

invented the pesentoneentiongr eat | y enhance t he perfornance of
the nmediumin the case where an inprovenent is nmade to

t he /5 dedcription gvitiebengiden of fily Methdd B th@RFict@iy Bk gei®ndicular
seed |l ayer and the internediate |ayer. As a result,

magrRfic BEREENE nidAURANb&ordRS th ﬂ?éieﬁgs%ﬁt fnk}gntm'n? %?lﬁlérefr%%qgg Ip FIG. 2.

I nvention. A description w be given o
e R R

o FIGTGAUNS Fy POUe SL ApERE g SBRER e the method of
manufacturing the perpendicular magnetic recording medium according to the present
invention. As shown in FIG. 2, target materials 12 are positioned on both sides of a
nonmagnetic substrate 11 in parallel and magnetic plates 21 are positioned on surfaces of
the target materials 12 that are opposite to the nonmagnetic substrate 11 in parallel in the
thin-film coating apparatus 10. The target materials 12 are supplied with a
high-frequency voltage from a radio frequency power supply 22.

In addition, the nonmagnetic substrate 11 is connected to a radio frequency

power supply 23, in order to supply a high-frequency voltage bias to the nonmagnetic
substrate 11. The target materials 12 may be supplied with a direct current voltage

together with the high-frequency voltage applied from the radio frequency power supply

22. A sputtering gas is introduced into the thin-film coating apparatus 10 in order to
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FIG 2 shows an exanple of a manufacturing apparatus
for use in the nethod of manufacturing the
woeo@@astitcul ar magneti c recordi ng nedi um accor #CIgP1005/019647
the present invention. As shown in FIG 2, target
materials 12 are positioned @n both sides of a
nonmagneti ¢ substrate 11 in parallel and magnetic
gefdrateeplagnd @6Endodsd tthrgbe thatdtiail D ages toffothiea B0 ®dyer on the
materials 12 that are opposite to the nonmagnetic
: ' I ' hin-filmcoating
noglgg%eg? Egb%tel Qh%gﬁgﬁeﬂﬁgtngé?&a's 12 are supplied
wi t hra high- uen oltage from.a radjo f uency
pouel s BbIs 3 SRR (5P pbBHSeneliE N Horih e Bifrequency
ubstrate 11 is connected to a radio frequency power
V°§%&?p‘?l§ﬁ <2§E,l range Setyesent H Ml and 40 M frong ip geﬂuea@epower
bias to the nonmagnetic substrate 11. The target
suprdy @8i almsadditiorgyit iseprefepgillé ¢t thietligla-fidiquecy oliagemipplied to the
vol tage together with the hi gh-frequency voltage
targgirhatedals 1211 higher RdfreqichegupnGle RiphEFeqRbB Yoltide bhhs supplied

sputtering gas is. introduced into the thin-film

o MBI ID | BB ARSI e

a r
el B EOTORDhE BABSLIALT Aol 08 SRILT T L38 AP BR e o

11 wit.h the high-fr ency vol tage bias of a range
noRBRSHR SRS L itnts IR Ireq Ry Veitser Rinse TP GidRey
power supply 23. In addition, it is preferable that
t he Eﬂ@hogﬂ@qummmatﬁaéé is pp3itiprad o thehbadkagugleces of each of
materials 12 is higher in frequency than the
targydt gimtériabn L2 n Back off tlegRagrictis phats@ i a2t iha thiier similar to operation
nonmagneti c substrate 11. More specifically, it is

of Bval RaakYnenisputtipply bhée target materials 12 with the
hi gh-frequency voltage of 60 MHz, in case of supplying

th t t I ah- f 1
Vol t DSREBRNE: s HRERAEN ol ptlidcheti I MUS LHFRHAE Suface of
2 1.1 iti d t he back f..each of |
magagticeaRationd &1 © HETMEDEIEre L iiigh Be et apased pniformly as
acts in a manner _simlar to operation
shown in FIG 3. The distribution of magnetic flux becomes fine and complex.

Inasmuch as a plurality of magnets M produces a fine magnetic field on the target
materials 12, a high magnetic field strength occurs near the target materials 12 and
plasma has a high density. For example, it is possible to generate the plasma having the
density which is not less than 1x10" cm™. Therefore, it is possible to uniformly release
sputtering particles with the high ion density. In addition, it is possible to further
uniformly deposit the layers when making the magnetic plate 21 positioned at
above-mentioned state rotate around the axis of magnetic plate 21.

In the present invention, it is possible to ionize more particles by the fine
magnetic field and the high-frequency voltage supplied to the target materials 12. Asa

result, it is possible generate the plasma having the density which is not less than 1x10"!
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of usual magnetron sputtering at base. Incidentally,
smal | magnets M are positioned to nake a grid on the
weoeundemas7iof nagnetic plate 2 1 so as to alter nRCEUP2005/019647

generate different polarities spaced uniformy as
shown in FIG 3. The distridbution of magnetic flux
becones fine and conplex. Inasmuch as a plurality of

cm™ negicht & NMnpossibleeso abef iascomplhed i fhelwugn shiterind’ @&dthod.
materials 12, a high magnetic field strength occurs

A ts i | : i .
ccorfiagly! e dAEHRL to"BtShiH |ﬁ§,1¥ gg\g‘:g? rg%{i%] ggﬁtgl?%{gg%}hog, and a

ensity. For exanple,

d
: B having the density which is not |ess than
mgh?%%%qﬁycn13 . Therefore, it is possible to uniformy

rel ease sputtering particles with the _high ion
dert®i ?@P %ﬁm%?&&mgo fethad pging Jhe spuitening mygthetbof the presemt

. uni formy degosit the | ayers when nmaking the nmagnetic
invengipasthe nventop b found that it iapossibleverform kxlagtra techr af whieh has a
around the axis of magnetic plate 2 1. In the present
high isanfamet sraoothhdss) fn pAisioh! © the dboRt-ERNABA&] RRAhételifRsPYMore
the fine magnetic field and the high-frequency vol tage
particulRl! it8¢nbted R it RrBSYibIFED Hirkid: %ﬁél?qve Afte e[xgss&]iér{taﬂotn in the

i s possi ble generate the plasma having the density
j 1S h cm.3 ich, is inmpossible
herxaghihflodcipdild MR oSGl Hihid IS Gteh JosE PR Romed under
Accordingly, (it i ossible to obtain high film
the m@%&‘ﬁgv’efa%‘?%élgﬂﬁﬁéqﬁ ‘@P@ using J&ff 3o e-RRgnGianed; Hin-4lmcgating method,
. directivity. By the manufacturing nethod using the
in thesprypendiquiny megnistie refording madawe wthose veystal growth he susceptible to
i nventor has found that it is possible to formthe

smoothayssrof admsthsubtankd.ch has a hi gh surface snoot hness, in
addition to the above-nenti oned characteristics. Mre

paFtithethdid, it isl foskiBle@! siflaih Aakabld disshRES AR $hd Suttering gas
further inprove the C axis orientationint e

press PR LGRS BLAELES ol FRhep d RIS o
thin {aﬁigr%fgaicﬁ%oé %ﬁ%m}aﬁg? ﬁ%lgﬁ gu&fé%nﬂ? ogfe '1%’&?% Oclilcggss and a high
homogeneity. In general, the gas pressure is between about 0.1 Pa and 20.0 Pa on
forming a layer. Preferably, the gas pressure is between 0.5 Pa and 10.0 Pa. More
preferably, the gas pressure is between 1.0 Pa and 8.0 Pa.

Each of the small magnets M used in the magnetic plate 21 of the presemt
invention preferably has a size between about 5 mm and 30 mm. Each of the small
magnets may be, for example, rectangular or circular in cross section. As described above,
the small magnets M are positioned with a grid shape so as to alternately generate
different polarities spaced uniformly. The distance (center to center) between the
magnets M may be between about 0 mm and 50 mm.

Generally using a maximum value dya and a minimum value dyy, of the layex

thicknesses measured at in-plane points which is not less in number than three, an
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in the perpendicul ar magnetic recordi ng nmedi um whose
crystal growth is susceptible t o smothness of a base
weubstrasmae. Furthernore, it is possible to obt 2BCWIR2005/019647

stabl e di scharge under the sputtering gas pressure
whi ch is higher than a usu?h gas pressure. As a
result, it is possible to formthin layers each of

in-phadié @itribagions lof Gyethidkarssit ¥iveh byayer thickness and a
hi gu honogeneity. In general, thgzga? pressurells
bet wegn gbouty | Pa dy20.0 Pa ormng a | ayer.
Prefe?ag§V? ?ﬂgy¥%¥xg?§@ ure i s between 0.5 Pa and

10. 0, Pa. .More preferabl he S. pressure i S hetween

1o B0 uE s R Rt RaiERa) Sile: LE b higkness
. the magnetic plate 2 1 of the present invention ) )
dlSm??PB?% Pgﬁfr lpyes, whichisasempensnt ah thetmapnetic aerordiog medium 6, is

Each of the small magnets nay be, for exanpl e, _
impreessk inreguiparisagr toei usvall sputténngomethed.s eAs b oesultAs igiessibldesimake

above, the small magnets Mare positioned with a grid

the lgeafigclaessedisttibuidd b8 SplabloordeRebab® B £ ¢pent
polarities spaced uniformy. The distance (center to

centygs z%&ﬁmg qﬁgtﬁgg %n&gsa%&wenﬁsngﬂmgge@g% c%%ed an

nm and 50 usi ng a maxi numva

. 1 0] val we.dm n, of t.he. .layer. thicknesses neasured
impryel gl e 8 b dn Sipplifpthe allanng dEimpBont han
three, anin-plane distribution d of layer thickness is
gi VERCH 9“%1“5 cgclidayer by wiing fhe imereved gpvitasingBpethednfactors,
t he above-nenti oned sputtering nethod, the |ayer
which djstuh dkescrastal stiugtvre bneash layac bn Fayéng eashilayer,isse aontrolled into
component of the magnetic recording medrum®6, is
minimmprlonais i As € oosplayit Hogoskibledo vatakalslp iinpRyve Ak TRk entation
As a result, it is possible t o nake the |ayer

in thdllléib }mi;?;ﬁéc&aiﬁ NdyRpli ARKOEHSEHEHrefeibR to! ag@ tﬁéﬁta&}@-rhl%glﬁoned

0 e spuftering nmethod gi'ven the a e- ment i one
methS€Yd 6Gth ofithd 2§ lé?}%k lzea%d&me intermediate layer 3, it is possible to oObtain a
certain effect even if the above-mentioned method is applied to one of the layers that may
be the seed layer 2, the intermediate layer 3, or the soft magnetic under layer positioned
under the seed layer 2. Therefore, the present invention includes applying the
above-mentioned method to one of the layers which are components of the neagnetic
recording medium.

FIG. 4 shows an example of a magnetic recording and reproducing apparatus
having the magnetic recording medium which has the above-mentioned deposited
structure. In the example being illustrated, the magnetic recording and reproducing
apparatus B comprises the magnetic recording medium 6 described above, a spindle
motor 31 for making the magnetic recording medium 6 rotate, a magnetic head 32 for

recording information on the magnetic recording medium 6 and for reproducing the

information from the magnetic recording medium 6, a head actuator 33, and a
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i nproved sputtering nethod, in order to sinplify the
follow ng description. Wien form ng each | ayer by
wagbesg4she | nproved sputtering nmethod, factorspCwaPmas/019647
di sturb the crystal structure in each |layer on formng
each | ayer, are controlled{gknto mninumlimts. As a
result, it is possible to remarkably inprove the C
recordigfreprddabingt digmhl | proddiEinfBgaei 34" TRO el ing si
Al t oggh itgisgg?é?erablgq?o apply theggﬁgeéeﬁgﬁ¥@8ﬁ§dmgnﬂ
procgRalh el Tob prde iR iR Bt epcogd stgmal to the
certai fect.eyen if the above-nenti oned nethod is
magigi) Bl $5 Deisofort RECTEPE Doy HETOHAJOD S aHp Sswled Trom the
layer 2, the internediate layer 3, or the soft
magnefighead 32,l}ﬂ@§‘[fpuﬁﬁg¢e§{at%osi ti oned under the seed | ayer
2. Therefore, the present invention includes applying
t hdnabowd: aetiid orgdetice rdeordling nmdéum 6 hheing ajer sboveiabntioned
are conponents of the magnetic recording nedium FIG

structhr® BEWBries tRX BijRtsCeath of WARANRE ithe hRAYréhddg RBEribed above, it is
reproduci ng apparatus havi ng the nagneti c recordi ng

apdi u §.C - t ] pOSi .
possIBRTHcE PRV he" Raghct UL T o BRRoBEDHRY R paving o laree

magneti.c recording and reproduci ng, apparatus B )
storag, VAPACL DY REeriihn o B2y BE GPoRrigE s b EoRIER G of g magnetic

above, a spindle notor 3 1 for making the magnetic
recordpgapedi dium6 rotate, a magnetic head 32 for

recording information on the magnetic recordi ng nmedi um

6 a¥ektfdescniptpmostilichengaddaboitd speciid exanipleosfithd resent invention

magnetic recordi ng medium 6, a head actuator 33, and

ar ex glass abstraterforkiat sk gah a RaOARS Shaibed YiHi €Misévacuated of
The recordi ng/ reproduci ng signal processing system 34

air inl &ivhAke BEQACGES TehBe (S abipy id &Qhégg%@rsigﬁ%ﬁguma P& In the glass

record signal to the magnetic is for

i RESETABATSLRREUTLAT, 2ha P T S 50,
AlgOgF‘igzlz)%t]\ingErﬁf(gsr, (ajlrll(? gbzr&(llzlrjl . 6 Tt}]lg \;/;iar;g sﬁbr]s(terataebh%ggﬁ n(?ur’]utarl (%21%%’[61‘ of
65 mm, an internal diameter of 20 mm, and a surface average roughmess which is not
greater than 5 angstroms.

Using the sputtering method, the soft magnetic under layer is formed on the
glass substrate in a thickness of 100 nm. The processed glass substrates of ten sheets
are temporally retrieved from the chamber to be in storage.

Five sheets of the processed glass substrates are selected from the stored glass
substrates and are set in the vacuum chamber which has been evacuafed until 1.0x107

Pa. Furthermore, the seed layer (Pd) of 6 nm and the intermediate layer (Ru) of 200 nm

are formed on each of the processed glass substrates in an ascending oxder by using the

~ improved sputtering method.

In the improved sputtering method, an electrode used in the sputtering process is
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structure conprises the layers each of which has the
hi gh property descri bed above, it is possible to
wonreesiods71t he magneti c recordi ng and reproduci NgCT/JP2005/019647

apparatus having a | arge storage capacity by
effectively using the recqgding density property of
the magnetic recordi ng nedium 6. Next, description

circulay dnd Hae andislacteb ofi 42@nepne N d-Fe-Biapidts cath bR GhRIWERE R size of
invention A glass substrate for hard disk is set in a

10x104a8 e GRANBEe WALEd:Cl fﬁlxedéﬁﬁ%afseﬁ PkcRidar | {H% rﬁavl ug)?P e, are

until the degree of vacuumis not greater than

posmozaeﬁ%n D QP 4 S B oo

& O+P20_., and Sb2q 3+ZnO, The gl ass

om %PS {81 he5tEnGe gh R My Abthat time, s aﬁtwerama@i@t& nales are
diameter of 20 mm and a surface average roughness

opposijgitc a dirgctinn togpreaamstherhan @lditivgs an RFs powsi sogrdehe 60 MHz is
sputtering nmethod, the soft magnetic under |ayer i s

conneéted tretthe electrbée glhdasiippﬁeshﬁé elatteodenvith theipokres 51050 WOO The Ar
nm The processed gl ass substrates often sheets are

pamaltﬁggg@fquhﬁugt@a% ¢wgy, fromthe chanber to be in
st or age ive sheets of the processed gl ass substrates

arl@ex?elﬂfec gnétf ?éc'i)ﬁﬁ n%ia N %f aﬁtzlslssg oi%fe@f}a}i Hg{:}g aﬁe usual

set nthe acuum ¢

unt|I X ur seed | ayer (Pd)
sl i richs FLG: Ainand ii%ﬂia:b?%f R o emisd dplsing the
rmed on each of the processed gl ass substrates in an
Plasmaagé’&am gechoof the p@yqugcf glgss substrater by exfles pubblein thy magnetic
met hod. In the inproved sputtering nethod, an
recordisigauedindé fivs stiedtn tHe mygrktie récogling adiswilsbé tdllel @xamples
and has a dianeter of 420 mm Nd-Fe-B magnets, each of
1 to 5, wéEpedtivelis a size of 10x10x12 nmB and whose magnetic
flux density is 12.1 kG near the magnetic pole, are

g(r%%ﬁelh?? ei‘év\%?{guﬁ? E@Q&l)‘a gcﬁsestéég rg%x?bg Sutfd ratt%g 54 QG nich 18s ¥dRbz:

layer are set in another vacuum chamber which has been evacuated of air until the
degree of vacuum is not greater than 1.0x10” Pa. In order to obtain magnetic
recording media, the seed layer (Pd), the intermediate layer (Ru), and the magnetic
recording layer (CoCrPt-SiO;) each of which has a thickness similar to the thickness of
each example are formed on each of the processed substrates, by using the DC sputtering
method. The magnetic recording media will be called comparison examples 1 to 5,
respectively.

On manufacturing the examples 1 to 5 and the comparison examples 1 to 5, each
of the glass substrates is not subjected to heating treatment and Ar gas is used as the
sputtering gas. On forming the seed layer and the intermediate layer in each of the
examples 1 to 5, the partial pressure of Ar gas is adjusted to 5.0 Pa. The partial pressure

of Ar gas is adjusted to 0.5 Pa on forming the other layers in each of the examples 1 to 5.
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fromone another in a distance of 40 nm At that tine,
t he adj acent magnetic poles are opposite in a

wdizoms@usan to one another. In addition, an RF pOWdP2005/019647
source of 60 MHz is connected to the el ectrode and
supplies the el ectrode wth jyhe power of 1000 W The
Ar partial pressure is adjusted to 1.3 Pa. Next, the

The pagiabpiessure odrAli guy ik agiestedfto 05 Paor forfdig@tobthe USleRin each of
the usual sputtering nmethod and the DLC (D anond Like

the doMpafiBdn &lanPpRENite 5f or med by using the plasma CVD in
each of the processed gl ass substrate, in order to

obt @j anshi okdi dia of five sheets .
Th el‘cﬂngagc ?112)? idclgr acor E?SLIS ?Omss %lhgq}\}\n@??m%aélsgglef(%pi@i :lntﬁl % & Rocking
to 5, respectively. Simlarly, rempining five . ‘

curvt g Bisa bl B Epbi e eatiob Gt foHAlo)cnesing an Xeray

...l ayer_are set in another vacuum chanber which has been

diffractiony i esderde ebtpinthe hplfiwidthdddpBeofRookimgiemvée.s not
greater than | .OxI O 5 Pa. hi order to obtain magnetic
r echr dachg ofrettiea exathplesebdol iy (Hedpombpdiesohnbamiel at® 5, a
| ayer (Ru), and the nagnetic recording |ayer

perpéidiéaldtt coatdipe BACTHEIL Winehahéb bR ukiibCk b ingAevi
the thickness of each exan'psle argufo?rregglosfﬁloé %&Jag\;mfg device

fo t he @r cessed substdrat es, by using the DC sputtering

T P RYGY A rRaSREYn BI9¢ Recor di ng nedia will be cal | ed
co%ari son exanples 1 to 5, respectively. On
nankifeaek of the cxamples dntel oand theccomparisbrt éxentephito §om average
exanples 1 to 5, each of the glass substrates is not

surfase bjugbhesd is mdasatetd iy usirapd stpius sarfsteAbugarss metéged a s
the sputtering gas. On formng the seed | ayer and the
| ntlareaetdofthe dHavasled Nte86hHd thef confriSsPERinges! '
the partial pressure of Ar gaesc i s adj ust ec@%ol %&%ﬁk%l}lagnenc
e Rédils TN ' ' ed 10 0.5 F

recorlitfg R&dif3s sBf £S5 ﬁfeﬂr?mﬁg sthd BtudeSn %Qg#a?thgea Tognee égﬁ(iand the

on fTormng the ot yers In eac
5.T tial pressure o f Ar,gas |s adjusted to .
recortfhg "l SR B BEoBRRY (¥, Redsnis. PE i B hergnchcular magnetic

recording head. Moxe particularly, measurement is carried out with fespect to PW50

which is a pulse half-width of record signal and with respect to Sp-SNR which is
strongly relative to a bit error rate.

The following Table 1 represents the measurement results of the examples 1 to 5
and the compatison examples 1 to 5. The plasma density in Table 1 was measured by

using a single Langmuir probe.
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the conparison exanples 1 to 5. In each of th.e

exanples 1 to 5 and the conparison exanples 1 to 5, a
weaaldeioagricurve is nmeasured with respect to a peak/Jr005019647

corresponding to Co (002) by using an X-ray

diffraction, in order to obfgin the half-w dth (DQO0)

of Rocking curve. In each of the exanples 1 to 5 and

the conpbleilson exanples 1 to 5, a perpendicul ar

coercive force Hc -L is nmeasured by using a Kerr |oop

neasurt™ng devic (}),[as D 1%”0' cut-ar-regyretto-medtgme—tn

each of the exarrpl £6°5 and t he copparijson

exanples 1 to 5, near ubsme gdcrolghngs§Wrls | Sp-SNR
aciir htyl ||c| r '3 Fm: IIC CI r'l{o [P?JII ITT cc[n#ét dr [dBi N

nan
TTLTLO O \4\.!

eachZerlt he exany Ies1 A% 1eh 5 Andb0t heS@olrddr i|sor 273
exanpieged to 5, the.imagheti ¢ z@cordiang 3redi um i $ got

i N apsRppii ng sfand [figr,guse 1| gSTiHRAT | iG 3 rrggnet )
i SKExaIcIan theTgTord: I& FndTenoty 11 g ch,”ty

S
2. 3 O
reasHre 1-\\: usi-ng—a Rnnrh oy &—-Fg-g-ﬂ%t—@— or gl ?\d

Mmoo uUAoT™

headExapee 5 part i cul A0 rpad A b 672 k 3darlr i€ buis
wWhdrhas@Speett L t 0 | PWG.oahioth i § mesplilsse halsf -| vidt h ofo
re&@mn@kagﬂab and V\nstutklﬁlespectﬁ_g,tgo S@WS B5wr|£of_13|| b 6.9
At IO T TS TR MR ARSI
pS%fmﬂwqaéxaw% 5land Stﬂﬁféﬂconn-rq%o “$PaindiSed 14 o| 5263
TherpbaSrmldensi ty isnxiabl e 1 s| measuned [byzus| nga
singl e Langmuir probe. Table 1 As understood fromthe

Table 1, the half-width (D @0) of Rocking curve,
which is a precept with respect to the crystal

ori exd ﬁﬁ%e?&o@& 05 hE 18 lil e Hgﬁg\gﬁittﬁ [?155?;‘} %F #o@%n% ﬁ%‘i"ggwm"h
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medium, becomes greatly narrow in each of the examples 1 to 5. It is noted that the
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crystal growth of Co is improved by using the improved sputtering method.
Furthermore, each of the examples 1 to 5 has the coercive force which is slightly highér
than the coercive force of each of the comparison example 1 to 5. In the recording and
reproducing property, each of the examples 1 to 5 has a low half-width (PW50) with
respect to the record signal and has a high Sp-SNR which is strongly relative to the bit
error rate. It is noted that each of the examples 1 to 5 is ideal as the perpendicular
magnetic recording medium.

In each of the examples 1 to 5 shown in Table 1, it is possible to obtain the
perpendicular magnetic recording medium whose A850 is not greater than 3° (2.49 to

2.81°) and whose Ra is not greater than 4 angstroms (3.0 to 3.4 angstroms).
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5. In the recording and reproduci ng property, each of

the exanples 1 to 5 has a | ow hal f-width (PW0) with

respect to the record signal and has a high Sp- SNR

whi ch is strongl yINBUSTRIALIAPRINECABILIEYror rate. |t

is noted that each of the exanples 1 to 5 is ideal as
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(2. 4%} ﬁ d} wﬁose IS not greater than 4

¢ @srgthe '@sto °§ e £hgéalr SmcjureNpOSTmagticularly, the hexagonal
APPLICABILITY According to the present invention, it
cloge-pasked Birectens istatigned with esspesido ¢hd substratgvetface with a very small
recordi ng nmedi um havi ng a excell ent high recording
aniedispersipnoperty, inasnmuch as the Caxis of the
crystal structure, nore particularly, the hexagona
cl ose-packed structure is aligned with respect to the
substrate surface with a very small angle
di spersion. CLAIMS 1. A nethod of manufacturing a
per pendi cul ar magnetic recordi ng nmedi um having a
structure in which an under |ayer and a magnetic
recording | ayer are deposited on a nonmagnetic
substrate, wherein a thin-filmcoating process for
form ng at | east one of |ayers of said perpendicul ar
magneti ¢ recordi ng medi um conpri ses the steps of:
positioni ng said nonmagnetic substrate, target
materials on both sides of said nonmagneti c substrate,
and magnetic plates on surfaces of said target
materials that are opposite to said nonmagnetic
substrate, in parallel in a thin-filmcoating
appar at us; applying a high- frequency voltage to sald
target materials;
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alternately generating different polarities spaced

uniformy on the surfaces of said magnetic plates; and
wOnboemdsming a sputtering gas into said thin-fPCmIP2005/019647

coating apparatus to generate a plasna around said

target materials and to formyg thin layer on said

nonmagneti c substrate by a sputtering nethod. 2. A

nmet hod of manufacturing a @eapersdi cul ar magneti c

recording nmediumas clained in Caiml, wherein a

osi 1} onalbed IR AR AR MERHE recorgige medium
a5 R sttt 5, whidh a8 hider Jivsf afflg Tesetim Gwr g st ar Aeposited

Caim1, wherein a high-frequency voltage bias is

on g pgnmagnatis sybstepte,onbergte ithingilps eoating pracesp\fordorming o least one
manuf act uri ng a perpendi cul ar magnetic recordi ng

of lagets ofisaad pefpandiedar maghatioretprdihg meidiuna coinpriess tiodgtemnif:
voltage is applied to each of said target materials

t ogepdiationiid Baig aloniababtit SABMENS, Y taksh ndd8rial® on AR EIIRY of said
of manufacturing a perpendi cul ar magneti c recording

[ Al
norFERUT: Sbofd, B8 ol RSP gTds SRIGHELR & ol CAURT B lals that are
. d target materials, is higher. than,a equency of
oprSiyta RS BRblic St5te. b Forebe! bttt ogaperatus;
nonmagneti c_ substrate. 6. A method of manufacturing a
per FERGIRYR Bighngaioney: viodags tn seéd tasent materls | ai med i n
Caim1l, wherein each of said magnet plates is
subj detnately generating different folarities dspe¢edramififrandy wni thg sarfaces of

per pendi cul ar magnetic recording nediumas clained in
saiddnagmatit;plavkgdn the partial pressure of said

sputtering gas is not less than 1 Pa and is | ess than

8 Pan@bdiicMgTh RPutfert@yY&4s into said thin-film coating apparatus to generate a
plasma around said target materials and to form a thin layer on said nonmagnetic
substrate by a sputtering method.

2. A method of manufacturing a perpendicular magnetic recording medium as
claimed in Claim 1, wherein a plasma density near said nonmagnetic substrate positioned
in said thin-film coating apparatus is not less than 1x10" cm?.

3. A method of manufacturing a perpendicular magnetic recording medium as
claimed in Claim 1, wherein a high-frequency voltage bias is applied to said nonmagnetic
substrate.

4. A method of manufacturing a perpendicular magnetic recording medium as
claimed in Claim 1, wherein a direct current voltage is applied to each of said target
materials together with said high-frequency voltage.

5. A method of manufacturing a perpendicular magnetic recording medium as

claimed in Claim 3, wherein a frequency of said high-frequency voltage applied to said
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8. A perpendi cul ar magnetic recordi ng nedi um

maaxi factured by using the nethod of manufacturing the
woeo@@astitcul ar magneti c recordi ng nedi um cl ai "BATAP2005/019647

Caim1l, wherein said perpendi cul ar magnetic recording

medi um has a surface averagg¢ roughness Ra which is not

greater than 4 angstrons. 9. A perpendi cul ar nmagnetic

eachr @Caidl target TRStetdI3 ashighé thiE al ﬁecﬁ%&%ﬁsalmgﬁlﬁecﬂency voltage
di stribution of in-plane filmthickness is not w der

blasEt ﬂ:dtag iderlo Q%rfe%@hdsftﬂa{em thickness of all thin

ers sal erpendi cul ar magnetic recording

a8 apvibedhod o BFaRRR %ur%‘#%%‘ﬁvsﬁpﬁ Eé'aﬁn{?%%é? ribrEg e as

recordln | a or _saj d. under has a crystal
claimgd g G lai o‘f"ﬁﬂélﬁﬁ saig} 18%@%9 sds sehjested t@ rotatien. a

hal f-wi dth of the Rockl ng curve (DQ@O) being not

gr €at eA mdthed 6f warufagpingia pgrpendic@@P nagnetfiacecordihg Medium as

per pendi cul ar magnetic recordi ng nedi um conposed of an

claimuddiarClagy a( whegirathepanil bfeséi186 OF dhifl Gphiddtihig WA & ndEss than 1
deposited on a nonnagnetic substrate, wherein said

Pa alEis RERGh G ?%Oﬂm%{agﬂ?ﬁ'&cordl ng medi um has a surface

aver age roug ness ch is not greater than 4

angstrQne, er di_cu etic recordi
et uri e i onl RS i g TERDR BohRERist o sine the
| ape filmthickness, i s not, wder_ than 10 %in

methadt%f{1 HfanpfAc o thg Regengoular | magetic oeding fmedivm claimed in

per pendi cul ar magnetic recording nmedium 13. A
Claim e, yéhresi¢in shisl pampepdistlac magoeticl rasgrdieglimedivans kdsad sedhaderaverage

Caim1l, wherein: said magnetic recording | ayer or
roug]sn‘fissiRaWdﬁch Isapeprebasthan draygétedmsst r uct ur e of

9. A perpendicular magnetic recording medium as claimed in Claim 8, wherein
a distribution of in-plane film thickness is not wider than = 10 % in a total film
thickness of all thin layers of said perpendicular magnetic recording medium.

10. A perpendicular magnetic recording medium as claimed in Claim 8,
wherein:

said magnetic recording layer or said under layer has a crystal structure of
hexagonal close-packed structure; and

a half-width of the Rocking curve (AB50) being not greater than 5°
corresponding to (002) surface.

11. A perpendicular magnetic recording medium composed of an under layer
and a magnetic recording layer which are deposited on a nonmagmetic substrate, wherein
said perpendicular magnetic recording medium has a surface average roughness Ra
which is not greater than 4 angstroms.

12. A perpendicular magnetic recording medium as claimed in Claim 11,



hexagonal cl ose-packed structure; and a half-w dth of

the Rocking curve (D Q0) being not greater than 5
woantwgepundi ng to (002) surface. 14. Amagneti CPCT/JP2005/019647

recording apparatus conprising: a perpendicul ar

magnetic recording mediumclz® med in daim8; a

magnetic head having a recording part and reproduc[ng
whesein a distlewtianeofrintpdanievidiny thicknessy sseotdwitey theniZc 1018adh a total film

agai nst sai d perpendicul ar magnetic recording nmedi um
thigkubsaof alLthirdiapes o€ paid Perpkndicoluomal gnetio e@osding nddiire e

for inputting a signal to said magneti c head and for

repr QguCANgerBeriidulat nabRR rBRRALCHIRN &2 dimed in Claim 11,
magneti ¢ head.
wherein:
5 said magnetic recording layer or said under layer has a crystal structure of
hexagonal close-packed structure; and
a half-width of the Rocking curve (A850) being not greater than 5°
corresponding to (002) surface.
14. A magnetic recording apparatus com.prising:
10 a perpendicular magnetic recording medium claimed in Claim 8;
amagnetic head having a recording part and reproducing part;
a device relatively moving said magnetic head against said perpendicular
magnetic recording medium; and

a recording/reproducing signal processing device for inputting a signal to said

15  magnetic head and for reproducing a output signal supplied from said magnetic head.



