“z{|}e3eLL4Z6T - 1 TITLE OF THE | NVENTI ON PERPENDI CULAR NMAGNETI C RECORDI NG
MVEDI UM AND MAGNETI C RECORDI NG REPRODUCTI ON APPARATUS BACKGF““m

JINVENTION 5 The present invention relates to a nagnetic mﬂmmﬂmmmﬂn
recordi ng/ reproduction apparatus used as a hard disk drive and,,mpoe
particularly, to a magnetic recordi ng/reproducti on apparatus using

per pendi cul ar magneti zati on, and a perpendi,cul_ ar magnetic recording 10
medi um for use in the apparatus. Conventionally, the easy axis of
magneti zati on of a magnetic recording layer is paralleled to a magnetic

e | s 18 e SR PR, VLD o
This Jecreases LhadsmBngLL LRy ae kR ORB P R ERRRIL o1

recordi ng de”SiEﬁcbﬁ%&ﬁ%?ﬁEPRbﬁﬁcﬁﬁghuﬂb@ﬂ%ﬂﬁ%% magnet ostatically stable,

and 20 the thermal "decay resistance increases. This makes the system suited

to increasing the areal recor ginRgkEeRND br Ao 1N fdN S

hi gh- magnetic-perneability soft magnetic layer is fornmed, a so-called

doubl e | agered per pengieC Wralseh@C Ahdiend iRdiratay #e 25 magpragndi cul ar
magneti c recording |ayer on the soft magnetic layer is fornmed. In this
doubl e-| ayer ed perpeddngitraproacetdongappdiramust heesobs anpaet aikayer -
2 perforns part of the function of a nagnetic head for magnetizing the

per pendi cul ar ndgheti entdgcopdengalkayenlathgt its, aamagoetdicng nmagnetic field
supplied fromthe recording head to nagnetize the perpendi cul ar magnetic 5
recordi ng | ayer resomgiad/iraprhdukdiproapakrditnsctiséngapérpendigudato t he
magnetic head by this soft magnetic layer. In this manner, the soft
magnetic | ayer Bafnehéraiieny hanfedoPairRgneapabpri ppoaRgichgecording
recording/reproduction efficiency. 10 In this double-layered perpendicul ar

y
recordin QnediuWFdHBWegéF,u?ﬁelgoFPenﬁgﬁéF?Euﬁacking layer is formed bel ow
Cinder | ayer Used o r ARGETRETEII of iy SR FHFNES BEGPBIIG Faser s 15
considerably limted. Ln additiqn, .t bt ai,n hi r,ding_capahbi li.ty by
usi ng the nediuﬁ1#ﬁggghﬁangFékaapghggggﬁné?epﬁg?éiﬁggg,t?hg gggggtﬁgtmeen

the soft ﬂagnet&gceéa&hggmgaxaﬁ.an@n;gepﬁggghﬂaeqlggyg%gﬁuiacbe nar r oned.

To form an underlayer tween them I cknes thi's underl ayer is
desirably as thiBcasdRAgSshkeemyYath9ds cREYPARALS ofaKggheen zARdBNt @5 educe
the size of the magnetic grains in a magnetic recording |ayer and reduce
the medi uB noi speepehbiiguparpesdiaul aagAdtiagretoediagonddagmyedrims
Unfortunately, none of these proposals is satisfactory. As an exanpl e of
such proposal s, dé¢pmeaBat. the demagnetizing field near a magnetization

transition region as a boundary between recording bits.
Therefore, as the linear recording density increases,
the medium becomes magnetostatically stable, and

20 the thermal decay resistance increases. This makes
the system suited to increasing the areal recording
density. Also, When this high-maghetic-permeability
soft magnetic layer is formed, a so-called double
layered perpendicular recording medium having

25 a perpendicular magnetic recording layer on the soft
magnetic layer is formed. 1In this double-layered

perpendicular recording medium, the soft magnetic layer

NG
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- 3 Appln. KOKAI Publication No. 6-103550 discloses a three-|layered soft
magneti ¢ backing layer including a first soft magnetic |ayer, a nonnmagnetic
.layer, and a second soft magnetic |ayer having a thickness of 5 0.3 ~ mor
| ess. Al so, a soft magnetic backing |ayer having a stacked structure nade
up of a first soft magnetic |ayer, oxide |layer, second soft nagnetic |ayer,
and oxide layer is disclosed in, e.g., Jlpny Pat. Appln. 10 KCKA
Publ i cati on No. 10-228620. BRI EF SUVWWARY OF THE | NVENTI ON The present
i nvention has been made in consideration of the above situation, and has as

Its first objec e£9o?§§?%gr@ 8§r9§8dE8H£@£oHHQ9e | fia ge%$8?ﬁ9£89f8?di“”‘

suited to hi gh-déensi cordrng by pronoting reducl e Size of

magnetic orainsylgnde peLRENEhEUbatpERINELsy REGELI0 LEYSEABRG TRJLE NG
t he nedi um noi se, "W thout "i ncreasi'ng the nagnetic spacing between a
recording head pRgtaispfs PBESLYELKgbRE&KhEEI d0EkaYQT supblisqt heogeerad _
obj ect of the present I nvention to obtain a magnetic recordi ng/reproduction
appar at us capabtecotdihghhdedstd ymagnet lz80thy pespehdigul edutaggedict he
size of magnetic grains in a perpendicular 25 magnetic recording | ayer and
reduci ng 5he nedecordongelawet hbsitmonedeasi biget her magned il cdspactbgnbet ween
a recording head and a soft magnetic backing | ayer. - 4 According to a
first aspect ofantierpteseead toventimagnehécehéadpbyvilesd soperpagaeticar
magneti c recordi ng medi um conprising a nonmagnetic substrate, a soft
magnet i ¢ backi ngayeyer ¥orERds oparper nobhtgheft cngarebser ba¥er apabxi di zed

| ayer fornmed by oxidizing a surface of the soft nmagnetic backing |ayer, a
soft magnetic uh@%¥¢é§%rg%%v?%ﬁoﬁd%%ge%ap%?é¥bﬁys§¥@cF%?e including a first

soft magnetic | ayer fornfd on éhe oxidi%gd | ayer, an interlayer formed on
the first soft 4%° F{ EePEORPCLLY L SECHRUC¥oft nagnetic |ayer forned

on the inerlayer, and g pergendi cul aupraneLig Laraldipo, Layes, for med on
e second soft magnetic Tayer. According to a second aspect of the present
15 invention, tﬂ&&fﬁﬁs.ﬂgﬁgtng EnOeLPEPULS @Ei@?ﬂgﬁkiﬁgrfgfép'fg medi um
conprising a nonnmagnetic substrafe, a soft gnefi c backing Tayer fornmed on

the nonmagnet| crsuRsar sl towal PXLELASLh 2YRInbon ERY: Dycayidi gl Nafesur f ace

of the soft nmagnetic backing layer, a soft 20 magnetic underlayer” forned on

the oxidized | axetor@i£§Y§} athé NBaOEL €A1 abF Ofin COREEPLay @y elisé@romd on the
soft magnetic underl ayer, and a perpendi cul ar magnetic recording | ayer
formed on the orédutattpa svnérof gayens 2H Aseordtogdingalaperdiaspect of
the present invention, there is provided a perpendi cul ar magnetic recording
medi um cborpri si agnaidenaibgnel initedst rimeadditisn, atgobbtabgnieiglc backi ng

| ayer formed on the nonmagnetic substrate, a soft magnetic underl ayer
formed on the sbeECRaHRet cePdatki by Pryesing HhekBediwht B nFemb HRaEheRAL i on
control layer fornmed on the soft magnetic 5 underla and a pe£€endicular

magnetic recor dihbf | ayeingbe A ot eddr ofFentRRFeNP g&%?%ltm%y%?. Accor di ng
to a fourth aspect of.the reseni inventio there is gr vi ded a netic
Fecor di ng! f epr JIEERS bHE ATk SR gal Bfh A nhhe TECREt BRBaF RS M Ash gt o

di di i i t i ts d i bed
bove. adrvi niPREEREtT corbaraRe i tLagty BebiLly, BREEC S, fosert be

r ecor di ngo medi ugf 3 ARIRGLLC Geath DavLAge Al sLEMRO! abes F8EPY ol NERLRL T On
on the perpendi cul ar magnet 1 ¢ recordi ng dium and an elenent to
reproduce the rggopdegihnéormation, and a carriage assenbly which supports

the magnetic head such that the nagnetic head is nobvable with respect to
the magnetic recordi vgrd®dsUProposals have been made to reduce the

size of the magnetic grains in a magnetic recording
layer and reduce the medium noise of this perpendicular

25 magnetic recording medium. Unfortunately, none of
these proposals is satisfactory.

As an example of such proposals, Jpn. Pat.



20 Additional objects and advantages of the invention will be set forth in
the description which follows, and in part wll be obvious fromthe
.description, or may be | earned by practice of the invention. The objects
and advantages of the invention may be realized and 25 obtai ned by neans of
the instrunentalities and conbi nations particularly pointed out

herei nafter. - 6 BRI EF DESCRI PTI ON CE THE SEVERAL VI EM8 OF THE DRAW NG
The acconpanyi ng draw ngs, which are incorporated in and constitute a part
of the specification, illustrate presently enbodi nents of the invention

and, 5 tOQEtherA%%iH.tﬁ@Kﬂ?”?ﬁ@ii@&éfgﬁpﬁéP”GQiM§95@b8Y§ff89eéhe detai | ed

description of t enbodi nents given below, serve to explain the principles

of the inventiof. tf}&-~1ay6réd SEHEFBLAGNSLLE | DAk iNGCYE$EPWM N1 Q1 RE
exanpl e of the structure of a perpendiCul ar magneti ¢ recordi ng nedi um

according to thg first aspeChaghétic2lafer, SENROBuAGnEELET DAREr Vi &My Show ng
an exanple of the structure of a perpendicul ar magnetic recordi ng nmedi um
according to thg second sspechagiédtit GapetshavicheanthtcBressonnl view
showi ng an exanple of the structure of a perpendicul ar magnetic recordi ng
medi um ac%or di n@.3outmheort Higsk aspect; FIG 4 is a schematic sectional view
showi ng anot her exanple of the structure of the perpendicular 20 nmagnetic
recordi ng medi um accdtdpbngat sofhempgnetiashbackingl taysribauisghematic
sectional view show ng anot her exanple of the structure of the

per pendi cul ar naghedFked et bW HEr reBRden We cof d? nflrstt seft mpagnetigspect ;
FIG 6 is a schenatic sectional vieM/shomﬁng still another exanple of the
structure of thE2YRFpePteal a2YeT  nBgFett cSP £k PATRGEHBdt BRF BccoR i ng to
the first aspect;.quL 7 1s,a ichefati sectional ieM/ghomj fnother
exanpl e of the S¥HUTttRF¥SDr T e PBTPENYI tH o - & heighBt | aFeczg&% Ny medi um
according,to the,8RF0R%,1ication No. 10-228620.
BRIEF SUMMARY OF THE INVENTION
The present invention has been made in
consideration of the above situation, and has as its
first object to obtain a perpendicular magnetic
15 recording medium suited to high-density recording by
promoting reducing of the size of magnetic grains in a
perpendicular magnetic recording layer and reducing the
medium noise, without increasing the magnetic spacing
between a recording head and a soft magnetic backing
20 layer.
It is the second object of the present invention
to obtain a magnetic recording/reproduction apparatus
capable of high-density recording by promoting reducing
of the size of magnetic grains in a perpendicular
25 magnetic recording layer and reducing the medium nhoise,

without increasing the magnetic spacing between a

recording head and a soft magnetic backing layer.



aspect; FIG 8 is a schematic sectional view show ng still another exanple
of the structure of the perpendicul ar magnetic recordi ng nmedi um accordi ng
.to the third 10 aspect; FIG 9 is a schematic sectional view showi ng stil
anot her exanple of the structure of the perpendicular magnetic recording
medi um according to the first aspect; 15 FIG 10 is a schematic sectional
view showi ng still another exanple of the gtructure of the perpendicul ar
magneti ¢ recordi ng medi um according to the second aspect; FIG 11 is a
schematic sectional view showing 20 still another exanple of the structure

of the perpendicul ar ppRgRetig kBear %iég tn%@'g)g@tas%ortﬁiﬂen rkQehite third

aspect; FIG 12 is a partiall’y expl oded persSpective view show ng an exanpl e

of a magnetic r@ﬁ@éﬂk@gbteEEQQHCEEoﬂr85iaEBaEaFE§péﬁﬁQEdhaﬂ hQHBE%ieresent
invention; and FIG 13 is a schematic sectional view showi ng the structure

of a perpendi cukakorBgAgt inedh 8ROEEn gigﬁﬁguﬁ1nonmﬂgne@@@oédbﬂﬁereEXé”P'e
1. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Per pendi cul ar magnetic recording

medi a of the presént mhgventcopabashgallbyeha¥ernedt btictieenoimabhehib a
nonmagneti ¢ substrate, soft magnetic backing |ayer, soft nagnetic
under | ayeb, andspbspeadecubar orhighetdclageor dongebaper caidigiagked in this
order. These perpendi cul ar magnetic recording nmedia are roughly classified
into the fol | owsnyfeheeefatpecssfinmagnatior dankaénwi thyehe arsafigenents of
the soft magnetic backing |ayer and soft magnetic underlayer. A

per pendi cul ar nBgaeetécr vrerdilayerelprUinNdcRoEBrAg-LB8YEREdf FESHCEYPBCt is a
per pendi cul ar magneti ¢ recording mediumin which a nonmagnetic 15
substrate, softlREdHELNE BalkFi§ Fayermadpetifndp¥erciander apeFheand

fur Pher fﬁLf‘Lng%E_ﬁtl‘aépé-‘ﬁ%@é?tQ%a'r %ﬁ%ﬁira?fsf?t B%Fhrel g the ShrphceShf t“’ﬂ‘ecz
The sof t-agnet TEORABLF| SpUre” TREdc: FenaBlcpog MAHRLYE, TAREk RoLAKE" o0

three-| ayered SEBUEhHrﬁnEFEhH?EPgSQnEi5ﬁFg§gEhdﬂEgT§Eiﬁabﬁ¥€ﬁc interl ayer,

and second soft nmagnetic laye I'n thi's perpendicul ar “nagnetic recording
”Ed'U”‘accord'n9gEBrBBﬁngé§Era§B§ﬁEd bh tHReP88ebhRhesbetr feyaetiRe size of

the magnetic grains in e perpendi cul ar
layer.
According to a second aspect of the present

15 invention, there is provided a perpendicular magnetic
recording medium comprising a nonmagnetic substrate, a
soft magnetic backing layer formed on the nonmagnetic
substrate, an oxidized layer formed by oxidizing a
surface of the soft magnetic backing layer, a soft

20 magnetic underlayer formed on the oxidized layer, a
crystalline orientation control layer formed on the
soft magnetic underlayer, and a perpendicular magnetic
recording layer formed on the orientation control
layer.

25 According to a third aspect of the present
invention, there is provided a perpendicular magnetic

recording medium comprising a nonmagnetic substrate,



_ g _ magnetic recording |layer and reduce the nedi um noi se. A perpendicul ar
magneti c recordi ng nmedi um according to the second aspect is a perpendicul ar
Jmagnetic recording nediumin which a nonmagnetic 5 substrate, soft magnetic
backi ng | ayer, soft nagnetic underlayer, and perpendi cul ar magnetic
recording |layer are stacked in this order, and which further includes an
oxi di zed | ayer forned by oxidizing the surfsface of the soft magnetic backing
| ayer, between the soft 10 magnetic backing | ayer and the soft magnetic
underl ayer, and a crystalline orientation control |ayer between the soft

regnet i ¢ “”der'QVEBfE”HagﬂéthrBSEQ%?HL?%gE?QESEEBdrSBOEﬁknﬂohﬁ¥§getke this

per pendi cul ar magnetic recording ne according to the seco aspect,

it is possible apsedyes,t Hessirzen@bnkhecBgnelhayerairBsmkR b€the
per pendi cul ar magnetic recording layer and reduce”the nmedi um noise. A

perpendi cul ar megRet hggheeQrdbREKIRE YAYEP, agCcAlBkBY-tentRentALrd aspect is
a perpendi cul ar magnetic recordi ng nedi umin which a nonnmagnetic substrate,
soft magnetic baekengakayar conekblnmagpeti €oundar bayehe sbdtprapasadieul ar
magneti c recording |ayer are stacked in this order, and which further
i ncl udes 25 an andemnfayeop endt eopekpgadinailakymagneaini ngebirdbatween t he
soft magnetic underlayer and the perpendi cul ar nmagnetic recordi ng | ayer.
- 10 In this péependfeouinad anghbei erientading medktumladeyeding to the
third aspect, it is possible to reduce the size of the magnetic grains in
t he perpendi cul ar nags€ereingcspdengoraflr agRecCite @dc ENENBIREGNEM noi se. 5
In each of the first.to third aspects as descri bed above, a perpendi cul ar
magneti ¢ recor di-RYSRESPEM §hrtedieoPRPYhdadndi PPIPRBESFdi ng can be obtai ned
by pronoting reducina,of t he si,ze, of naﬁneti%ngains iin.the perpendicul ar

y

magneti ¢ recor dFAGOFEYBE/ SRATPEHGELRG FRBAEBEHBAFERPREFLBI & t hout
increasi?g t he ng?netigcsEa%ng ge% gen.a Egggrding. %agcggg Ehe 8ft
magneti c ackipB 8?89. T pr gent Fnventt n i I'Febe descrlgeagi nor e
detai | be'0“’“4EHXVS%?EEQCEiEQttES @ﬁE?Hp?Q¥5?9sléeQE§Tb88-aﬁb lis a
schematic sectional view show ng an exanpl e of thé structure of fhe

per pendi cul ar mpgpet y¢nkerakHbAYsHedh ¥PhasaepdrRg hAdt PethtEst taapect. 20
As shown in FIG 1, a magnetic recording nedium 10 has a structure in which

a soft magneti cmhgsktng kayekdZngaie@xifli zedmhahetid headeHabyngXkdi zi ng
the surface of the soft magnetic backing |ayer, a soft magnetic underl ayer
7, and a perpendilemkat gagpetoedr énfodinagidh bayehe8parpeatiackddrin this
order on a nonnagnetic substrate 1. The soft nagnetic underlayer 7 has a
t hree-1 aybred smagoetiie racbuding meflinmt andf an element to reproduce

the recorded information, and a carriage assembly which

supports the magnetic head such that the magnetic head

is movable with respect to the magnetic recording

medium.

20 Additional objects and advantages of the invention
will be set forth in the description which follows, and
in part will be obvious from the description, or may be
learned by practice of the invention. The objects and
advantages of the invention may be realized and

25 obtained by means of the instrumentalities and

combinations particularly pointed out hereinafter.



- 11 mgnetic layer 4, interlayer 5, and second soft nagnetic layer 6 in
this order fromthe nonnmagnetic substrate side. FIG 2 is a schematic
sectional view showi ng 5 an exanple of the structure of the perpendicul ar
magneti c recordi ng medi um according to the second aspect. As shown in FIG
2, a magnetic recording nmedium 20 has a structure in which a soft magnetic
backi ng |l ayer 10 2, an oxidized |ayer 3 forged-by oxidizing the surface of
the soft magnetic backing | ayer, a soft magnetic underlayer 7, a
crystalline orientation control layer 11, and a perpendi cul ar nmagnetic

recording layer 8Bﬁf]§FS]5ﬁ§df}§fiPTf‘Oﬁhb§ 'PﬁﬁeéE@ﬁRﬂL“@f‘ﬁﬁgn ki @Hﬁuﬁﬂ waws 1.

15 FIG 3 is a schematic sectional view show ng an exanp structure

of the perpendicul ar ﬁﬁ&ﬂ&éé6mﬁ£%§Hﬁ%r@k@%ﬂh@§1aﬁﬁ?&ﬁ'@ﬁetEh&$¥@éf%Eéh
aspect. As shown in FIG 3, a magnetic recordlng medi um 30 20 has a

structure in whigh sh$UddndEonetd Ca Raoki NOF | Ve rspacSPfdatbanet i c _
underlayer 7, N orientation control |ayer 12, and perpendi cul ar nmagnetic

recording | ayer 8l rdtacketkdanthy Sen&fcﬁﬂrmélﬂ:si Pty niatventsidastaad e 1.
As the nonmagnetic substrate, it is possible to 25 use, e.g., a glass
substrat e,5 an AltdipsEemlwiosh sthestgateyal elea i p Carha, van &ove and

singl e-crystal substrate having an oxidized surface, or a substrate - 12
obt ai ned by pl atthey dahieidfed srcridsiomtas Wie enpcigrente diven Exanpl es
of the glass substrate are anorphous glass and crystallized glass. As the
amor phous 5 gl afelbmiscialty exkiadbl e REnsirleg &5 e

alum nosilicate gl ass can be used. As the crystallized glass, |ithiumbased
crystallized gl ad¥ ¥4 used. As the ceramic substrate, it is possible to

use a sintered materi jn]y containing genera pose 10 al um num
oxi de, al um num ni tri@LeG majr ?c%cﬁp?fi‘?)?’?%lese%t?l%ﬁb TEY TN ERd materi al
of this Sldqt eredanrraet)éa Iﬁpale of the structure of a perpendicular magnetic
recording medium according to the first aspect;
FIG. 2 is a schematic sectional view showing
an example of the structure of a perpendicular magnetic
recording medium according to the second aspect;
15 FIG. 3 is a schematic sectional view showing
an example of the structure of a perpendicular magnetic
recording medium according to the third aspect;

FIG. 4 is a schematic sectional view showing
another example of the structure of the perpendicular

20 magnetic recording medium according to the first
aspect;

FIG. 5 is a schematic sectional view showing
another example of the structure of the perpendicular
magnetic recording medium according to the third

25 aspect;
FIG. 6 is a schematic sectional view showing still

another example of the structure of the perpendicular



As a soft magnetic material used in the soft magnetic backing | ayer, soft
magneti ¢ underl ayer, and 15 first and second soft magnetic |layers, it is
possible to use a material containing, e.g., Fe, N, and Co. Exanples are
FeCo- based al |l oys such as FeCo and FeCoV, FeN -based alloys such as FeNi,
FeNi Mo, FeN Cr, and FeNi Si, FeAl -based and FeSi-based all oys such as FeAl,
20 FeAl Si, FeAl Si Cr, FeAl SiTiRu, and FeAl Oy FeTa-based all oys such as FeTa,
FeTaC, and FeTaN, and FeZr-based alloys such as FeZrN. It is also possible
to use a material having a mcrocrystalline structure, such as FeAl O

FeMjO, 25 FeTaNp of, adr Ne dMGH o AR LLAMB Y (Bt OfriRGe OF a

mat eri al having a granul ar structure 1n which fine crystal grains are

di spersed in a dot; - 13 In addition to the above materials, a Co
all oy containing 80 ate or nore of Co and containing at |east one of Zr,
Hf, Nb, Ta, Ti, and Yman Blisp desdisthbic e isiafiialmagngt ishowalgy i al . Wen
filmformation is 5 perforned using this Co alloy by sputtering, an

anor phous | ayer an®theadidanpliemed the atrygtare 0 ttheagretdendimidairal has
very high soft magneti sm because the material has none of crystal nagnetic
ani sotropy, crystagnedtsifoe ateso rakichgymeaidi vmo wadaridasig T® Prhef exeroedhdexanpl es of
this material are CoZr-based, CoZrNb-based, and CoZrTa-based al |l oys. The
oxi di zed | ayer 3spmethbe forned by, e.g., exposing the fornmed soft nagnetic
backi ng |l ayer to an oxygen-contai ning anbi ent, or supplyinq}oxygen 15
during the process off Cigrr A A & pohemRt ifedreTHO R FEQY ThQWHe S aTRill
magneti ¢ backing | ayer. Mre specifically, when the surface of_ the soft
magnet i c backi n(j‘n|°§)yr'é’rr ieX P Lise Ody fdSe F O PFFe Rt e Paraendstéh v be
hel d for about 0.3 tq,20 sec gﬁ_ZO oxy.gen or_in.a gas %ﬁbigpt in which
oxygen is dilut 8FHEH S [FESSUEY IE RSP ogﬁh. hotii zed | ayer
3 may ali% be f Eﬁ%%tby exposure to the atnosphere. Especially when a gas
obt ai ned By dil Ut tng dxygen 25 with a gas such as argon or nitrogen is
used, the degree of idatd it nagnstd. e baskd : frace
can be easily adjust Cepd%,d]l'sog gltnsa%{ estérr}genu ai'"cct ure 4&114%@5“?%515@%2{%. lgn
sputtering is ugetndrt R&IRNROG DY NIt RPEERN JfS tHPRd @i chigas for
form ng a soft magnetic backing |ayer, this sputtering can be performed by
using a process m@ameitd Mo raiyge heds uln SidIridachgodoy tth iffigsa porti on of
the filmformation tinme. The crystalline orientation control |ayer may al so
be fornmed bet wearspeat ;second soft magnetic | ayer and perpendi cul ar magnetic
recordi ng | ayer of the 10 perpendi cul ar magnetic recordi ng nedi um accordi ng
to the filbst aspect. HIG 1P iis & schemtiic sesttiiondl wien stoxing an
exanple of the structure of the perpendicul ar magnetic recordi ng nedi um

accordi ng to th&tfilds@nedhest s¥dmpHiec R f1shenstauediugg iafe orientati on

control |ayer is_forned. ) .
y %he perpendicular magnetic recording medium according

to the second aspect:
FIG. 11 is a schematic sectional view showing
20 still another example of the structure of the
perpendicular magnetic recording medium according to
the third aspect;
FIG. 12 is a partially exploded perspective view
showing an example of a magnetic recording/reproduction
25 apparatus according to the present invention; and
FIG. 13 is a schematic sectional view showing the

structure of a perpendicular magnetic recording medium



As shown in FIG 4, a perpendicular magnetic recordi ng nmedium 40 has the
sane structure as shown in FIG 1 except that a crystalline orientation
-control layer 11 is forned between a second soft magnetic layer 20 6 and a
per pendi cul ar magnetic recording |ayer 8. The orientation control |ayer
usabl e in the perpendicul ar magnetic recording nedia according to the first
and second aspects can mainly contain N-. ghe-orientation control |ayer

mai nly containing Ni 25 usable in the present invention can further contain
at | east one el enent selected fromthe group consisting of Ta, Nb, C, and

C . -15 |na@gg£&i§?,t5h¢§a igntation control |ayer can be
substantially nade of NIl Ta or NNNb. Saturation magnetization Ms of the

orientation control |ayepreanrhe BBScrureonoor! egs. rhiekirgos of 5 the
orientation control |ayer exceeds 200 enu/cc, the recording/reproduction

characteristics tendpégpunasenldy megretoenceabedihgonetibe 6fi epkation
control layer. The thickness of the orientation control |ayer can be 1 to

20 nm (particulpréyent imwvdtien.bd¥eoallhe HAve ha ckbesstofet e wiilent ation
control layer falls within this range, the perpendicular orientation of the
per pendi cul ar nagnennazgnetbe dswys taglee, | soHarmagueatd yoheghng ahayehe

di stance between a nagnetic head and the soft magnetic backing | ayer can be
decreased duri ngeis nagee it agunderbr ¥t ngl 04 t PRrPeedt e helf repIreiteti on
characteristics can be inproved without |owering the resolution of a
reproduct i on siﬁ%%??dqmﬁfi%Y%%n%ﬁ$cﬁﬁ%%%@@o%nl%9%? REFehavelhese

m crocrystalline structure. This is, so becayse 20 the grain size of the

per pendi cul ar nRgMREH l?%i%ﬁcﬂ@ﬁp?%&%rr%%ﬁr USRS LEE S Dy QLY

m crocrystal line, structure. The sof netic_under| ayer, usable in the

per pendi cul ar ﬁﬁb%%f}ﬁl?%cﬁﬁEﬁrﬁp?méﬁgfg%%%ng%ﬁe?oa Srhe Yécond and third

oot S N oSk LS YL S LGyl kg fAEstnaghderEanet
backing layer and soft magnetic underlayer.

A perpendicular magnetic recording medium
according to the first aspect is a perpendicular
magnetic recording medium in which a nonmagnetic

15 substrate, soft magnetic backing layer, soft magnetic
underlayer, and perpendicular magnetic recording layer
are stacked in this order, and which further includes
an oxidized layer formed by oxidizing the surface of
the soft magnetic backing layer, between the soft

20 magnetic backing layer and the soft magnetic
underlayer. The soft magnetic underlayer has
a three-layered structure including a first soft
magnetic layer, interlayer, and second soft magnetic
layer.

25 In this perpendicular magnetic recording medium

according to the first aspect, it is possible to reduce

the size of the magnetic grains in the perpendicular



- 16 and a second soft magnetic |ayer formed on the interlayer. \Wen the
soft magnetic underlayer is given this three-layered structure, it is

-possi ble to decrease 5 the grain size of nagnetic grains in the

per pendi cul ar magnetic recording | ayer, and reduce the medi um noise. A
schematic sectional view showi ng an exanple of the structure of the

per pendi cul ar magnetic recordi ng nmedi um-aceordi ng to the second aspect in
whi ch the soft 10 magnetic underlayer is changed to this three-layered
structure is the sane as FIG 4, FIG 5 is a schematic sectional view
showi ng an exanphgnekitheecgbiuehyr ¢a9brt RagPeepardi eukamnctmamehbg skecor di ng
medi um according to the third aspect 15 in which the soft nmagnetic

underl ayer is changed perpensiitthies- mayeeed ostreteindieg aediewn in FIG 5,
a perpendi cul ar nmagnetic recordi ng nmedi um 50 has the same structure as
shown in FIG 3aexeedinghéad @heoktcoagnespectnder kapetrpénbdsu2@ra
three-layered structure including a first soft nagnetic |ayer 4, interlayer
5, and second sobBgnetgnetecokrdyeg fednumhiis whdeh fr oonmhgnetnmagnetic
substrate side. The soft magnetic backing |ayer, soft magnetic 25
under | ayeb, andsfibstrasrd seédnuagoetimnbaekivgl apges,usedti maghetpresent
invention mainly contain Co and can further contain at |east one_el enent

sel ected from underlaygs,gpBdpPesASneirkgasft magnefic NECOTAinyg; layay Y. An

anor phous layer is readily forned especially when of t magnetic |ayer
mde of o and &FS| BS6CKGhe 10 LBrS PEGSKe, a¥d, Wercha S4TYhRS FOFNEACR)
sputtering. 5 An_anpt houa ioft n??netic mat eri,al .has, _no cr¥§talli e

a e

nmagneti c anisotf"‘Bp?f{ul }§§ agef §Pegn8ng§Fﬂlﬁﬁﬂﬁd5_Pe§P AGSh&nhce
effectively shoys exgellg p LS B?EQE&'C1892&3C58Eh%%hC%PeTQ§f%Oft
F f magnet c g G [

magneti ¢ backi ng Tayer, so nderfayer, and rst and second

soft maghgtic | fughsrysenakRihbie1nyeseahyl BUENLHR faBnbesubstantially

made of CoZr Nb or CoZr aZr 1s particularly excellent in

soft magnetic chanaehgybsti gaa A5cEysthenmmeeoriBataeibnmegnetbe backing
| ayer and first soft magnetic | ayer can be substantially nade of be

CozZrNb, and thelsgki Begwebhctusdebkayfnagandisecandrsaitrmagaeti c | ayer can
be substantially made of CoTaZr.
the perpendicular magnetic recording layer.
In this perpendicular magnetic recording medium
15 according to the second aspect, it is possible to
reduce the size of the magnetic grains in
the perpendicular magnetic recording layer and reduce
the medium noise.
A perpendicular magnetic recording medium
20 according to the third aspect is a perpendicular
magnetic recording medium in which a nonmagnetic
substrate, soft magnetic backing layer, soft magnetic
underlayer, and perpendicular magnetic recording layer
are stacked in this order, and which further includes
25 an orientation control layer mainly containing Ni

between the soft magnetic underlayer and the

perpendicular magnetic recording layer.



20 Formng CoZrNb as a |ower |ayer and CoTaZr as an upper |ayer with
respect to the substrate has the advantage that it is possible to further
-decrease the grain size of magnetic grains in the perpendicul ar nagnetic
recording layer and further reduce the nmedium 25 noise. The soft magnetic
under | ayer can have a thickness of 20 nmor |less, particularly, a thickness
of 5to - 18 10 nm |If this thickness exgeeds 20 nm the nedi um noi se
gradual ly increases. Each of the first and second soft magnetic |ayers can
have a thickness of 20 nmor less, particularly, 5 a thickness of 5 to 10

nm |If this thlcknes§ e{%gggﬁfﬁglﬁghch %r gH%EQQ?%%c%&%ﬂ% %%dh%%reases

The interlayer can bé 'su nonmagneti c teri al

antif erromagnet begRkghiyako %ﬁeTEﬁl§atH§ﬁEan H%gﬂgtﬁééghBQeOEotQ%duce
interlayer can be 200 enu/cc or |ess. t he of the interlayer exceeds

200 enu/cc, thetheceﬁabng&reaéoﬁe@heemccggaaﬁbeanSthespbe@dna@cﬂ@é&en by
noi se generated fromthe interl ayer the interlayer, at |east one

el ement sel ect eflaghefitheegbedpngonaiyeiri BgdokeRuceCole, mediuandokebh can be
used. When any of these materials is used as the interlayer, the grain size
of magnetbc grains innt kechewpfentiec dlias tmagnehiicd ecpeditisg asayescrdabelde 20
decreased, so the effect of reducing the nedium noi se can be obtained. The
interlayer can bheogea Bhpekpesdiofil2® nagoetliesgecpadinguimadiym gutibiedkness
of 2 to 5 nm If this thickness exceeds 20 nm the nedi um noise tends to 25
i ncrease graduaktPyhipbadeng§iednreeopeingr fed RReAbLRaNSHf PYnREABOLENT
under |l ayer and first . and second soft nagnetic | ayers - 19 are sputtered.
The heating tenﬁé?&?&ﬁé eanthe ﬁééethSGGQneﬁéFtHEéﬂéﬁl&n §58 to 400C. |f

t he heating te erature is less than 100C, the soft magneti es not
crystallize ﬁﬁeeﬁeaFﬁieﬁoweanﬁglﬁofesoreaaeeﬁaYFF 2RE' keguPlgl BRE

temperat ype exce 233000y skhey susheat e debonn and fegauesc Qﬁ%@%g as a

nagnetlc Fecor di"R netirc’record

used in the pre%g@%ebgvgnkb88rﬁﬁﬂg”ﬁkghyaﬁ8” ﬁ%” ggt ﬁ%gn%gléngagkl he o

content can be ate, partrcularly, ato he Pt contént can
be 10 to 24 atejpagticularly, 14 to 20 at$. 0.1 to 5 ate of B can also be
added. This nakes it possible to reduce the exchange coupling between 15

magnetic grains, andTh@pEQéeehmeiheeekdbﬂghﬁenr@@uebEQaiebaraeteb&etics._If
the Cr content is less than 14 at% the exchange coupling between nagnetic
grai ns tends todenetéabeloandithi gefaceaasesot haenadcompaaiyseg If the
15 drawing.
FIG. 1 is a schematic sectional view showing
an example of the structure of the perpendicular
magnetic recording medium according to the first
aspect.
20 As shown in FIG. 1, a magnetic recording medium 10
has a structure in which a soft magnetic backing layer
2, an oxidized layer 3 formed by oxidizing the surface
of the soft magnetic backing layer, a soft magnetic
underlayer 7, and a perpendicular magnetic recording
25 layer 8 are stacked in this order on a nonmagnetic

substrate 1. The soft magnetic underlayer 7 has

a three-layered structure including a first soft



20 Cr content exceeds 24 ate, the coercive force and perpendi cul ar
squareness ratio lower. If the Pt content is less than 10 ate, the effect
of inproving the recording/reproduction characteristics tends to becone
unsati sfactory. In addition, the 25 perpendi cul ar squareness ratio tends to
| ower, and the thermal decay resistance tends to worsen. If the Pt content
exceeds 24 ate, the medium noise tends to increase. In addition to
B, any arbitrary elenents can be added to ghe CoCr Pt - based al |l oy. Although
t hese el enents are not particularly limted, exanples are Ta, 5 Mo, Nb, Hf

lr, Cu, Ru, Nd, t di
I;yer, it is also ossf€r1g¥o use a %%%Fs%asgg); grs réc%ggggrairgy
CoPt O CoPt&rO rfphtd: i@ rl%%%n%mt(?f@é@r% tEPrLE réz%??&é‘“d an

alloy mainly 10 containing at |east one enent se ecte € group
consi sting of Ptsud¥krde &4k Ru; or CoCr/PtCr, CoB/ PdB, or Co0/ RnO
obt ai ned by adding Cr, B, or O to the above nultilayered structure. The

thi ckness of the perpendli cul 88 aegiiedhstild s€6016AD vAYRIsESWike 5 to 60
nm particularly, 10 to 40 nm If the thickness of the perpendicul ar

magneti c riecordiayy dxamrle o5 the astmmrieyrd hef riepy gskueddrodt @ultput is not
too | ow and hence is not buried in noise conponents. If the thickness of

t he perpendi cul aa@ee ey netdar digepmidigin syerordinky ton tdre | ssond he
reproduction output is not too high and hence does not distort the
waveform This &@#3RA%E+ he perpendicul ar magnetic recording nediumto easily
operate as a magnetic recordlng/r ﬁ%oductlon apparatus nore 25 suitable for

hi gh recordi ng densi t1§,s ST okt T VR for ce A IReel pef ol Eng aredignel 0 c
recordi ng | ayer .can re. If_the - coercive force is
| ess than 3,000 {&%)2 %qué%nmgiraesﬁ%qtaﬁwrf% kﬁflﬂé%?erlradreﬁ%e
The perp i cul I ti t endi cu tlc recordi ng
| ayer caﬁ‘ g_,r q’s%n’%e;i@ ﬁﬁ%’e perpgqorf&[?cc{r% Qﬁlfjdr eathgf]ag:q ess
than 0.8, thetrbefr e deeAY o N g%s eterror te e average
grain size of cr ysta grains af‘g#t e g)gar%]%n eyl %ae& matgneoti-at H]’aquberq:drcng Iayer
can be 5 to 10 1idup1alu:S BV 396 HAIN ¥ 28 G A8 St el
observing crystal grains in "t he per pendi cul ar magnetic recor |ngﬁ yer with
a transm ssion eligCtaren arigd sl BeMna i iRf R digid he yhiser wed
i mage. Any conventionally known material can be used as 15 a protective
| ayer in order tskaukexenin ddrirsosireierofort ke npempeditiy ajupwgnRetd a .recordi ng
| ayer, and prevent damage to the nedi um surface when a nagnetic head cones
15 FIG. 3 is a schematic sectional view showing
an example of the structure of the perpendicular
magnetic recording medium according to the third
aspect.
As shown in FIG. 3, a magnetic recording medium 30
20 has a structure in which a soft magnetic backing layer
2, soft magnetic underlayer 7, Ni orientation control
layer 12, and perpendicular magnetic recording layer 8
are stacked in this order on a nonmagnetic substrate 1.
As the nonmagnetic substrate, it is possible to
25 use, e.d., a glass substrate, an Al-based alloy

substrate, ceramic, carbon, an Si single-crystal

substrate having an oxidized surface, or a substrate



in contact wwth the nmedium Exanples are materials containing C,  5i02, and
Zr02. The thickness of the 20 protective layer is desirably 1 to 10 nmfor
the sake of high recording density, since the distance between the head and
t he nmedi um can be decreased. As a lubricant, it is possible to use any
conventionally known material, e.g., 25 perfluoropolyether, alcohol
fluoride, or fluorinated carboxylic acid. folongitudinal hard magnetic

| ayer, e.g., - 22 a Co-containing longitudinal hard nmagnetic |ayer, can
al so be forned between the nonmagnetic substrate and the soft nagnetic
backi ng | ayer. I; I i :

| ongi t udi nal ha@gggghggng?:?iﬁg§ggéggkgb§g§P%%%egﬁggég%g%%thgtﬁbﬁéftSginaI
hard magnetic | ayer 16a@ be 500 (Ce) or nore, particularly, 1,000 (Ce) or
nore. The thickness of the |ongitudinal hard magnetic | ayer can be 150 nm
or less, particularl ¥ixafp1¥® &f [t8%S .91 5 CFUYHrathe ey shdrpHdudy | ent ati on
in the longitudinal hard nmagnetic layer, a C alloy material or B2
structure mat er igalasgaankde cetyed ahéatiween gtlhgsnoneEg ekl ansupdibnat e and t he

| ongi tudi nal hard magnetic layer. FIGS. 6, 7, and 8 are schematic sectional
views 15 sShowi nglesanpkesmefrctiné 1yt avatidaed eofsodhae lpaepenidissuloar magneti c
recordi ng nedia according to the first, second, and third aspects,
respectively, ialeadhosfililtatl thesisongint bei Hakdhar dsnidrecirysitaydd zied
further forned between_the nonmagnetic substrate and the soft 20 magnetic
backi ng | ayer. Adaskowdithipmchased rryshaldlizeer géagisc grar bragsedi-c
recordi ng nedia_60, 70, and 80 have the sane structyres as shown in FIGS.
1, 2, and 3, re&SelPPvEryamdecSPPStRAt a &5- d6nPRPSIRG e SRyMSEdi nal hard

magnetic 25 layer 13.is Eprt@er.f?rned getmeen a nonna%neti _substrate 1
and a soft nagngtF&nﬁgfﬁlpﬁaI§§é? 2Mapy VbFﬁPﬁ&lQl?gfg h&gAet Pt BAEKI ng

| ayer on,, - 23a1&R§nhﬁ”%&EHﬂ'”%ﬁ R&BﬁmﬁﬁgE§Hb%,'%%e%iﬁﬂ@ogagﬁgEﬁébng the
soft magnetic backing Tayer 1h a desired iTéction, é€79., the disk radial

direction, the gﬁsx %ﬁb%rOFFEBQB§EEéah59%F3%ltQ% safils agpetis backing

| ayer can be 5 fixed. An alloy |layer nmain contai ning CoCr can be further
formed between thec$9kt nmagnetic underlayer and the perpendicul ar magnetic
recording layer. It is nore favorable to use an alloy containing Pt, B, or
Ta. 10 The Co contentasofa tshifs: &do@yetidy @lateyridQ el iaf &heanrd fithe al | oy

| ayer can have an HCP (Hexagonal C osest Packed) structure. The thickness
of this alloy | apgnetdan becB@ngmlayelressofiampigoeltac ynd2@® layea, kess, in
order to prevent deterioration of the 15 recording/reproduction

char act el bst i cs fdagseandy segondc sedsemagngidaetlpyegrai itsilsepogsihde

per pendi cul ar magnetic recording |ayer, or to prevent a decrease in

recor di ng resolGpiHﬁecéugéﬁeg}agnCPH@?é&éégknedgsvaﬁ@e Mdrwedf £Re magnetic

head and the soft magnetic 20 underl ayer 2. Wien this alloy | r i nl
contain ng cor ErENLPReaTe; RECHoPRsAt: Caiay SorPen a8 SrCet by recod, "

per pendi cul ar etic _recording layer can he i oved. _Thi.s,_rnakes it
possible to fu??%gF #ﬁﬁ?gvglgﬁggnﬁﬁégtﬁ %ﬁgﬁacsgﬁngVpgeghgﬁ’agn?he
coercive force gayand PeLRONGLAULAL SIYRLENBIS AL Go s TRIANE AN Fen,
recordi ng/ reproduc ioh C aracteristics such as the mediumnoi se an
recordingoresol gh@B; , aRdah BGERASEenlsiF4 Ryl NEnkhELERL, deeay -HaSkS! ance.

alloys such as FeTa, FeTaC, and FeTaN, and FeZr-based

alloys such as FeZrN.

It is also possible to use a material having
a microcrystalline structure, such as FeAlO, FeMgO,
25 FeTaN, or FeZrN, which contains 60 at% or more of Fe,

or a material having a granular structure in which fine

crystal grains are dispersed in a matrix.



Note that this CoCr alloy |ayer can be forned anywhere between the soft
magneti ¢ underl ayer and the perpendi cul ar nagnetic recording |ayer, e.g.,
between 5 the soft magnetic underlayer and the orientation control |ayer,
or between the orientation control |ayer and the perpendi cul ar magnetic
recording layer. FIGS. 9 to 11 are schematic sectional views show ng
exanpl es of the structures of perpendicul ar140 magnetic recording nedia in
each of which the CoCr alloy layer is forned between the soft magnetic
under | ayer and the perpendi cul ar magnetic recording layer. As shown in FIG

9, a perpendicul ar magpeLhg;9.HeEQ QhagaHEQEUHh%@rhaisyggcgensliayucture

»
as the perpendi cul ar magnetic recordi ng nmedi um shown | n 1 except that
a CoCr alloy |aygsnddihsnosoes:pebmersra éECQBdaﬁéf&oﬂﬁaﬂﬁihgi£QYEéa§tand
a perpendi cul ar magnetic recording |layer 8 20 As shown in FI 10, a
perpendi cul ar magnetbe 2egond] ngb jreda pnr 100ahasyt BensalBoSbhe ugtdaeads the
per pendi cul ar magnetic recording medium shown in FIG 2 except that a CoCr
all oy | ayer 14 ishéosoet bheymetihc amseeonial sof thengficlmcfbayetidnainsg a
crystalline 25 orientation control layer 11. As shown in FIG 11, a

per pendi cubar negeeformeadcosidnggtivisli Gon d1bohabyt fpusherisgructure as -
25 the perpendicul ar magnetic recordi ng nmediumshown in FIG 3 except that
a CoCr alloy |ayer amoresheesnbaydet Weehcadlly berepdati dp avprPbdusayer 12
and a perpendi cul ar magnetic recording |ayer 8. 5 According to the fourth,
fifth, and sixthS@abpeBagneticnpapeeiaht LahvERTY oR1IRhepEL aReIPeBIFHed
magneti c recording/re roducti on afgfratuses conpri sing the na%netic

recordi ng medi a BEEBREF ngRe TR her$2+ shas SREBRIOT afBY E hit dRaEReELS,
respectively. Each.magnetic 10 rec rgi /ﬁeprod ction aggar tus_further
Conpr i ses a dri VY REERBRI ST WRT&h SHHRGFTS 4 V6T AR CROLRES haGReLi ¢
recor di ng, gredi unp,. 2 JRODGT Qaﬂgfgshéf'ﬁﬂi§3m§£89?gi LPer€8££Qb%Qé8[”at'°”
on t he perpendi cul ar magnetic recordi ng nediumand an el enment to reproduce

15 the recorded &g piHBLLAODA, aldd oc GRFth 2985 8§ SEITDbys Whi ch supports the
magneti c head such that the magnetic head is novable with respect to the

magnetic recordi ng nedhdmbxfaceedi Ngyeée 8aghnobet BErhedrbh, te.glxth
aspects, 20 a nagnetic recording/reproduction apparatus capable of high
density recordi ngxpepihe Ohé af dededyspronmagngtiedvatvingf Laherstae of
magnetic grains in the perpendi cul ar magnetic recording |ayer and reducing
t he nmedi um noi seanwthoeh-comta2bsimg dheliemgnedr cs2bpipang ngxhetmeen t he
recordi ng head and the soft nmagnetic backing layer. FIG 12 is a partially
expl oded b2rspecdiyeng theepre¢ess shbwfegning exappreion né@rmagnetic
recordi ng/ reproducti on apparatus according to the present_invention. A
rigid magnetic dFRR 9494f46f PECHRYI FRLE TaFReHREi BRChHERSr HRY Rt 0 the

present invention is fitted, on spindl e 122 and rotated at a_predeterm ned
rotati onal speedg%§eaﬁ%%?ﬁg+%a%ﬁ¥brw?%%tt%ﬁoﬁﬂﬁgaﬁ?s? dg?elﬁ%f unting a
singl e pole recording. he for_accessing_the gnes i isk 121 to record

i nformation 10 and >4 tkﬁfﬁ%%gl?irf?§%¥odﬁc?%gg?n gé%%?goﬁoigx%??%thed to
the end portion a o]y i S t by eaf ~spring. i
suspensi on 124 igﬂ%o%%géfgﬁé%% %%%ﬁé%% % l%nf§§n$é§%£h20?n8§ %§g§%9a§%obbin
whi ch holsls a drbyifgn Cok! 14 N9t gsH0MM i ed® fnVigh £6n COkLqaRt 05 d2Budsqa kind
of a linear notor 15 attached to the other end of the arm 125. This voice
coi | notor 126 iwgthdesgidesdeh VaSdatgbh &ROLiSheyEn . Wornd 8xoangdedhe
bobbi n of the arm 125, and a nmagnetic circuit having a pernmanent nmagnetic
and 20 counter ybkeeppPosisyndalsshbothermed bpeekpossidesoothéhe driving
coil. The arml125 is held by ball bearings (not shown) formed in two, upper
and | ower porti oasmo$plefexed shaft 127, and pivoted by the voice coi

not or 126.

Especially when a gas obtained by diluting oxygen
25 with a gas such as argon or nitrogen is used, the

degree of oxidation of the soft magnetic backing layer

surface can be easily adjusted, so stable manufacture



25 That is, the position of the slider 123 on the magnetic disk 121 is
controlled by the voice coil notor 126. Reference nuneral 128 in FIG 12
.denotes a lid. - 27 The present invention will be described in nore
detail below by way of its exanples. Exanple 1 As a nonmagnetic substrate,
a cleaned glass 5 substrate (manufactured by OHARA TNC., outside dianeter =
2.5 1in) was prepared. This gl ass substrate;yas_placed in a filmformation
chanber of a DC nagnetron sputtering apparatus (C 3010 manufactured by
ANELVA CORP.) 10 The filmformati on chanber was evacuated to an ultimte
vacuum degr ee of o2 Pa h 00¢, u rj S
performed in anairpgﬁéggﬁﬁ'atﬁggaagﬁ%?ggggpé g% ngngg tﬁgsh?ggggoPXm
thick CrM all oynhaye f ; ngn net,i-C aye t he
nonmagneti c subg??g?egxggéFogég?q?%?éaﬁogﬁagngggc%Egdggﬁggéb,gagﬂgﬁnn1thick
Co- 22at . ~COr - | 3ahagRbthar BaBROAGL 1 §ybayeenMassphackedntochar pra _

| ongitudinally aligned hard magnetic 20 layer. On thi§ hard nagnetic | ayer,
a 150-nm t hi ck ferbetmedrbBatsihh al poyckayeyawasof ariBH asygesofl nMagnetic
backi ng |l ayer. The resultant nedium was once taken out fromthe vacuum
chanmber tb the atppdpbdreniy dbromgdazpotheosnuofathel dyemn 66rinheisnft
magneti ¢ backing | ayer. The nmedium cooled in the atnosphere was returned

- 28 to the vatimenr chanmber and heated to 250C, and DC magnetron sputtering
was perfornmed in the Ar anbient at a gas pressure of 0.6 Pa. First, a 10-nm
thick CoZrNo al |l oy | &per ChEstréLinrg 9§l§ngﬁﬁépns§Pt’1tﬁ9énéﬁiyerl maer al50A
5-nm thick Co-40at _~Cr al]loy |layer was then fornmed as an interlayer. After
that, a 10-nn1th?c§°€%??hﬁegVF%9 FhgefeGrrds opfbdragnatiecdbaresorhdmmgnet i c
| ayer, thereby obtaining 2 soft nmgpetic ungerlazer having a three-|ayered
structure. In ad@FPFRAtCElar P EREERC 15°RPLA6RE . HF3%br PENEREI on contr ol

| ayer wasg,for . netic.layer,.and a 15-nmthick
nonmagne Ve |gﬁé?Pﬁgﬁgf%?f§92§é§§éﬁ+£?$@§%f$£$g %??69mmﬁgcﬁf§bngo€ﬂed.
After that, a 20pom:{hick Qégpgt .~Cr-10at.~Pt-lat.~B all oy | ayer was
formed as 15 a perpendicul ar magnetic recording layer. Finally, a 5-nm

thick Clayer was forped gnikhg géhéﬁnaﬁggpgéegﬂghsyleﬁew&gsﬁhﬁ regording
| ayer, and a perfluoropolyether lubricating filmwas forne y 8lpp|ng,

t her eby obt ai ni @gampperpentheé us eruce@retse e rﬁ@@%@ﬁ@ﬁcﬁ&’f%gﬁéﬁc 13 is
a schematic sectional view show ng the structure of the perpendicul ar
magnet i ¢ recor di egoneihgnme dsus haowo i di fd Goo 18he af pes peasibest afn maghek i ¢ 25
recordi ng medi um 120 has a structure in which a CM alloy |ayer 21, a

Co- 22at . 1r - | 3athe Perhakal higmedt ten bgeioR2comt Cok ShayeZr i 8afofidd al | oy

soft magnetic - 29 backing layer 23, an oxidized |ayer 24 of the soft
magneti ¢ backi ng | aydf 2BOWR 3dfFlGaghet # coerperfagetapsmpanehica

t hree-1| ayered struct&ie including a first soft magnetic |layer 25 nade of a

CozrNb ai | oy, SFEFPTRHRY IBSEUBettetRs othe spaostreetuse | a5, shewn in

FIG. 1 except that a crystalline orientation control
layer 11 is formed between a second soft magnetic layer
20 6 and a perpendicular magnetic recording layer 8.

The orientation control layer usable in the
perpendicular magnetic recording media according to the
first and second aspects can mainly contain Ni.

The orientation control layer mainly containing Ni

25 usable in the present invention can further contain at
least one element selected from the group consisting of

Ta, Nb, C, and Co.



a second soft magnetic |ayer 27 nmade of a CoZrNb alloy, an N -40at.~Ta
orientation control |ayer 29, a Co-~7at.~Cr-8at.~Pt nonmagnetic |layer 31, a
per pendi cul ar magnetic recording | ayer 32 nade of 10 a
Co-20at.sCr-10at.~Pt-lat.~B alloy, a C protective layer 33, and a

| ubricating |ayer (not shown) are stacked in this order on a substrate 1.
After the perpendicul ar magnetic recording fedi umthus continuously

manuf actured in the vacuum chanber 15 was taken out into the atnosphere, a
magneti zi ng apparatus having an exclusively forned el ectromagnet was used
to apply a magnetic fiel f: 25 KO tward i : radi diqr. ' of. t he
di sk-1i ke substrate, tI e(rge ;tﬁaﬁeﬁpg:én\gg%tl%gt%gé}%& cl%oﬁg:otlu ﬁ%&l %%rndfbfo
magnetic |ayer igubBgahadhahydinaget benniddlopefRapdi cul ar magnetic _
recording nedia to be described bel ow were thus magnetized unl ess ot herw se
speci fied. The recor digRgrQRH AU GlalgPe t& RAAChe MsSHIFC $hef dri@niths on
manuf act ur ed per pendi cul ar nmagneti c 25 recordi ng nmedi um were eval uated by
using a read/ wi tenamnallyzayect633anapd gpdnemtiznd 5i70:NB.avairl abkemkr e
@Quzi k Technical Enterprises of US. A As a - 30 recording/reproduction
head, a he&d usi hheacsiipgketimgnebntrpdl @agseraerkeeerdi agOupiti/angd dhe
magnet or esi stance effect as a reproducing el enent was used. 5 In the

eval uation of a reppodivu/uepspgnakiont phatreteudshocse teati do( BbNEEn a

val ue obtained at a |inear recordin% density of 50 kFCl was used as a
reproduction si ghdl nelspugeBerafgdatvamushebraipagasion cprpsaplr éeyeding
density of 500 kFCI was used as 10 S/Nm As a consequence, no spi ke noise
was observed on the eRber éhdickressr Pactheand ieRéatinm WS ta9 hilgleas can. 2
dB. A hysteresis | oop was_ eval yated, by. changing the_sweep tipe from300 to
15 sec by using erglﬁ igerlgpéFgéE¥lﬁ§g¥urénﬁﬂt?apﬁﬁﬁatu@heﬁhéhﬁagnitude

vas” cal out St cd 1 FARCATEaS, BrvEnForEd SR Rof EHSERE, adPel BapTanhtEhER' "

sweep time. As atﬁ998935§@9652g-§g§€éﬂa}éufgy1okigntaeiaﬂagky¥§gue 20 was

obt ai ned. The S/ Nm as Cri e was obtalned presuma ecause the

activation ”39nebb?p@ﬁﬁ?@ﬁlEguﬁagﬁgﬁﬁédreboﬁdin heagbze;Qf pHRENELL GBI NS
in the nmagnetic recording |ayer decreased, and fhe hagnetic Interaction

bet ween the nmagnrigk, gaAENsheedisedncd5hétfeenaenahet$eCchbQRabngt tHEt Ur e
of the medium was observed with a transm ssion electron m croscope (TEM, a
thin white fil mw»astohsgneedcbbhvkeéngt heyer-c3i bEodebbeastll sagnagi C
backi ng layer and the first soft magnetic layer. This indicates that an
oxi di zed layer wascobodied.i nAtherdinfdge thyereobrtheglogphbdeotionagnetic
backi ng | ayer since the nmedium was exposed to 5 the atnosphere during the
process. Furtherfbpeactfaeisktysearantpacinprovedt WetiwTh dpveriagi on control

| ayer was evaluated by a TEM diffraction inage. Consequent |y, although N
was the main compBRehESOLUFIAD Rbt 2 BERECHRCRAORCEIID2 L Face- Cent er ed Cubi c

structure) was observ g. Therg}o e, the trgcﬁure of thhs Ni Ta | ayer was
presumably an HCP (He o] S u . &n a medi um was
TRBoRATBroLaD PARREALSLAUCFUFEY. oW
formed by usin i d i Ta, Leptation control |ayer,
the 15 magnetic eraraeceryStres BRasFeebrarRy r sBFBans: P eranagt eri ot i cb
obvi ous! ya@let eri phat gla 1 INEL 600, LRET DBRSEhAECHINS! AhafLEUE MLES0hhEC
y h i E a 9 e of

Ni Ta | ayer great ps i nprove the ctys orrentatron and grain si

the CoCrPtB recorgiag tadebe d0cYB8880pPeshtNdiWBS-PEEQIMBHe the S/ Nm of
the soft magnetic underlayer having the three-layered structure did not

i nprove. Accordi sgtictapeé.only the CoCr interlayer which is originally
crystalline but also the CoZrNb soft nagnetic |ayer which easily turns 25

i nto anor phous probabffiecspstahbgretby herdtrhgyanrduatbeet ihhehgrai n size of
the Ni Ta layer. This possibly allows the Ni Ta orientation control |ayer to
be - 32 perpendicular magnetic recording media according to

25 the second and third aspects can have a three-layered
structure including a first soft magnetic layer,

an interlayer formed on the first soft magnetic layer,



crystalline. Even when a crystalline nonmagnetic CoCrPt | ayer was stacked
on the soft magnetic underl ayer having the three-|layered structure w thout
formng any NN Ta 5 orientation control |ayer, a high S/Nmwas obtained

al t hough the value was not as high as that when the N Ta | ayer was forned.
The dependence of the CoCr interlayer upon the saturation magnetization M
was checked by changing the 10 conposition.;&onsequently, the S/ Nm worsened
when the Ms exceeded 200 enu/cc. Therefore, perhaps the saturation
magnetization Ms of the interlayer can be set to 200 enu/cc or |ess.

Conpar ative Exanplg % ;écé\naegefedfnsgheeieaggg gdbRYL AR UM Was

. EkCFBE@Q
obt ai ned followi ng the sane proceduré as I n anpl e except that no soft
magnetic underlaygge£285ba¥ing a three-layered structure including a CoZrNo
| ayer 25, CoCr |layer 26, and CoZrNb | ayer 27 was formed. 20 The obt ai ned
per pendi cul ar magneti ghegcehdi Bg riedbgicwas anakwahedri Ast GeveanehrBnNner as
in Exanple 1. Consequently, the S/Nmat a linear recording density of 500
KFCl was 22.2 dBthie&-latbeed Marustkxappie iswpssbipher to28edkgasewhen the
activation magnetic nonment was eval uated, the value of visb was 1.1 X 10-15
enmu, i.e.,5largeththgnaihasize &XampbreticAgraidenghythehperpen83cubaNm
deteriorated probably because the magnetization reversal unit increased,
i.e., the grain shgnpethct hecoeddndi hgykayeangncedasedthFhweginm hoisher
| oner ed when a nediumwas formed 5 follow ng the same procedure as in
Exanpl e 1 except thatAn&chenatiagrectdonadeviayeshoWingypRgesamRieeCfayered
structure including a, CoZrNb | ayer_ 25, CoCr | ayer 26, and, CoZrNb | ayer 27
was forned, and ﬁBehﬁﬁéuﬁFPéﬁta¥iBhecEﬁFPSPdF59é9r293ﬁ6§ti6rﬁ§89r¢h%98/Nm
10 was hi gher when no Ni Ta ori ent tig control Ia¥er 29 mag,fﬁrggd in
Exanpl e 1. From PREIBr 8GEPRGITPt tPs gSSEFB?EdtGS g9hcant WBish ERGr SPRE
magneti c ains in the.magnetic_recotrding_layer._and teduce the nediym noise
by for m nCthe. sBRE 15t fgaEr Lo URGer T ap B Ra0 K TReS: Rhosorsgdrast

structure betmeegtggﬁtﬁggtigagggt%gmgaggi@gG[axgr and the orientation
e

control |ayer. Exanp A perpendi cul ar magnetic recordi ng nedi umwas 20

farmed following the gage Br9sedusenhamakicExatRliendiexsent shbating 10- nm
t hi ck Co-5at.~Ta-5at.~Zr soft nmgnetic underlayer was forned i nstead of the

soft magnetic undfrkaympld8ohavhagsthectireeckayreegespetaiguairncl udi ng
the CoZrNb |ayer 25, CoCr |ayer 26, 25 and CoZrNb | ayer 27. The

recordi ng/ repr oduaghenichacactdingt medioh bdbeoslitagned prepehdrdubapect
magneti ¢ recordi ng medi um wer e - 34 evaluated. Consequently, the S/ Nm at
a linear tecordi hy wWehsht yhef s860 k&Chetas @rhderdByer. és, chanfieghtas t hat
in Exanple 1. Al'so, when the activation magnetic nonent was 5 eval uated,
the val ue of vlsbhihAstbreexlapeysdeftiruftere.as snall as that in Exanple 1.
From t he foregoing, even when the_single-layered TaZr soft nagnetic

under | ayer is forned D&t #B&HMt hB E&Ftr nagRePPEPBR &Fﬁ aF afBFNERECt he
GrLentation cont Lol A0:LaYeLasHhesB S8, AL EAUCHRR,IRADS! S BABLA Fhe 11
FIG. 3 except that a soft magnetic underlayer 7 has
20 a three-layered structure including a first soft
magnetic layer 4, interlayer 5, and second soft
magnetic layer 6 in this order from the nonmagnetic
substrate side.
The soft magnetic backing layer, soft magnetic
25 underlayer, and first and second soft magnetic layers

used in the present invention mainly contain Co and can

further contain at least one element selected from



noi se can be obtai ned. Exanple 3 A perpendicul ar magnetic recordi ng nmedi um

was 15 fornmed followi ng the sane procedure as in Exanple 1 except that no

oxi di zed | ayer 24 was forned by exposing a CoZrNb soft magnetic backing

| ayer 23 to the atnosphere. The recordi ng/ reproduction characteristics of

t he 20 obtai ned perpendi cul ar magnetic recordi ng nmedi um were eval uated. As

a consequence, the S/Nmat 500 kFCl was as {gh_as 23.4 dB. Also, when the

sectional structure of the nediumwas observed with a transm ssion el ectron

m croscope 25 (TEM, no thin white fil mwas observed between the CoZrNb

soft magnetic bacgkin e : r S af:t neti cmlay 28. That is,
%h% rbﬁ¥ ggﬁéﬁéﬁﬁng EE $t ﬁ%ﬁeﬁggZ?h TiaY8hg %

no oxidi zed | ayer wa orimed becau$e t b soft magnétic

backing layer 23 was Rt ,g%Resedst @4 ?@% a%nq%aagn@ f%%h%GE%@%%%aaﬁhg by

crystal structure of an NiTa orientafion control lNayer was eval uate

TEM 5 diffracti ophbBgesoEennggHeRi by 1agklhaual be wBsahheafmlBagOMBABENT
a ring not found in an FCC (FacCe-Centered Cubic structure) was observed.

Therefore, perhapg the EEVUNbWEan Thhi anbi YaikayetmeasbgnspeRteHexggonal
Cl osest Packed structure). 10 When an anorphous C | ayer was forned instead
of the N Ta orienhatmopphoukr sbfkayegnethe negsetnt hharact eriystatiiasd
recordi ng/ reproduction characteristics obviously deteriorated. Even when no
oxi di zed | ayer i|imaboeted, anhepétopg, peyhépd théetbserpstabrstinuct ure of
the Ni Ta |ayer greatly helps inprove the crystal orientation of the
magneti c recordi Rguhdgpsieandagdchense eféegravalyi shoys eKeelapeE. sAhEn no
heating was perforned, the S/Nmof the soft magnetic underlayer 28 having
the three- IayereBaEDe§ﬂFu€PBFéCBPHlﬁS%Cﬁﬁprove Accordingly, not only the
CoCr interlayer which_is originally crystalline but also Ehe CoZr Nb soft
magneti c Iayer whi ch 88&i Byt gupﬁgneﬁ Eﬁﬁkﬁﬁguéaﬁﬁ5baﬁpf cPﬁgngPer by

heati ng a affect ,th stal .grain SIZ

t orlen atl
oot ro) (R ShhgbRTafhrr ARalkaEB e uFE Socblifi,5pot RoGRRLEE 2RYETsne
NTa or i entati on 4508t £l chaygr. b nErXﬁbghk&BR can” éGSugggaﬁE§guxg Fagapl e

2 A perpendlcular magneti ¢ recordi ng nmedi um was ob ai ne I"owi n e sane
procedure as in ExappkenB 6¥Ceptayhat no soft nmagnetic underlayer 28 having
a 5 three-layered structure including a CoZrNb | ayer 25, CoCr |ayer 26, and

CoZrNo |ayer 27 was fepetic bhecobeagrdirgpaepiedusatlen ekbanaeher iist isegtof
t he obt ai ned perpendicul ar magnetic recordi ng medi um wer e eval uat ed.
Consequently, thmaghbimiat chakboearistics.

15 Furthermore, the soft magnetic backing layer and
first soft magnetic layer can be substantially made of
be CoZrNb, and the soft magnetic underlayer and second
soft magnetic layer can be substantially made of
CoTazr.

20 Forming CoZrNb as a lower layer and CoTaZr as
an upper layer with respect to the substrate has the
advantage that it is possible to further decrease the
grain size of magnetic grains in the perpendicular
magnetic recording layer and further reduce the medium

25 noise.

The soft magnetic underlayer can have a thickness

of 20 nm or less, particularly, a thickness of 5 to



10 recording density of 500 kFCl was 22.0 dB, i.e., the SSNmin Exanple 3
was hi gher. Exanple 4 A perpendi cul ar magnetic recordi ng nedi umwas forned
foll owi ng the same procedure as in Exanple 1 15 except that a 10-nmthick
Co-bat. ~Ta-5at. ~Zr soft magnetic underl ayer was forned instead of the soft
magneti c underl ayer 28 having the three-layered structure including the
CoZrNb | ayer 25, CoCr |layer 26, and CoZcNbigayer 27. 20 The obtai ned

per pendi cul ar magnetic recordi ng nediumwas evaluated in the same nanner as
in Exanple 3. Consequently, the SINmat a |inear recording density of 500
KFCl was 23. 2 d%@ he€: 185 ¢ ﬁ%h %c&%@%é %x%é%@%l%OBn ,5t%%0%édTE

f oregoi ng, even when no oxidize ayer 24 1s forned, the effect oFlreducing

nmagnetic grain sjisd@d RrhbRaragnehicsdaeear.ding layer and reducing the medi um
- 37 noise can be obtained by form ng a single-layered CoTaZr soft

magneti c underl ayer BRiAMEQT e FotstREREIICRREWIT digletard IR rs
orientation control layer. 5 Exanple 5 Perpendicul ar nagnetic recording
medi a wer e obt aicad haelel awithg cikine ssae @Rroogadvred e3s,1 pactdrplles1y,to 4
except that the soft nagnetic backing |ayer 23 was changed to a

Co- 5at . ~T&- 5at . eZrthdldkmeslsapdr 5 10 THe nobt ailfedhpier péridikoelsasr exageelsi c
recordi ng nedia were evaluated in the sanme manner as above. As a
consequence, th@0Shim Fheameiddazr nodser dirnguddiyi tipcefead@® .kFCl decr eased
only by 0.2 to 0.4 dB as a whaole. This shows that even when a CoTaZr all oy
|l ayer is 15 used as &D$ofiftpgdmetaic asac benFubsfent iaid vefagle off reduci ng
magnetic grain size i.n the nagneti¢ recording | ayer and redycing the nedi um
noi se can be obfafREFaIReSdC Peltséndilc oFar et TPBGEPGtHE nedi a were
obtained follow ng the.sane procedures as in Exanples 1 20 to 3 except that
a CoTazr all oy §Flﬁ&s formed as the second soft nmagnetic |ayer 27. The

obt ai ned, ger pendi cul %e”%%’%%&jacciro%ct?r{?g%m@%gi%n“%rfe Rl Yated J L he same

manner asS above. As a consequence, a I'near reéecording density

of 25 500 kFCi ib'écrz%fs%qlu'%goo% 434 4B 3 camahgle+nIhiis 18hqug e that when

a CoTazr alloy layer is used as the second soft magnetic |ayer, "the effect
of - 38 redugik@ciBINGL enflyaic) Thee rekot-e ntpeegilbeucesendi ng | ayer and

reduci ng the nedi um noi se further inproves. Furthernore, perpendicular
magneti c recordich@racteristics tend to worsen by noise generated from
the interlayer.

15 As the interlayer, at least one element selected
from the group consisting of Ru, CoCr, Cr, and FeMn can
be used. When any of these materials is used as the
interlayer, the grain size of magnetic grains in the
perpendicular magnetic recording layer can be

20 decreased, so the effect of reducing the medium noise
can be obtained.

The interlayer can have a thickness of 20 nm or
less, particularly, a thickness of 2 to 5 nm. If this
thickness exceeds 20 nm, the medium noise tends to

25 increase gradually.

Heating can be performed when the soft magnetic

underlayer and first and second soft magnetic layers



medi a were obtained follow ng the sane procedures as in 5 Exanples 2 and 4
except that a CoZrNb alloy layer, instead of the CoTaZr alloy |ayer, was
fornmed as the soft magnetic underlayer. The obtai ned perpendi cul ar magnetic
recording nedia were evaluated in the sane manner as above. 10
Consequently, the SINmat a |inear recording density of 500 kFCl decreased
only by 0.2 to 0.4 dB as a whole. This indijgates that even when a CoZr Nb
alloy layer is fornmed as a single-layered soft nagnetic underlayer, the
effect of reducing magnetic grain size in the 15 nagnetic recording |ayer
and reducing th ' ' o i 1t vard ous
g theedipnalge %ebg}@%ﬂxgﬂgeon}%ﬁgﬁé Sy @M% g

per pendi cul ar magnetic recordi ng nmedi a wer using soft magnetic

layers each mades@f°CCopane i@ aeh y7" poldf toMoo¥@, Tie @ﬁeaﬂgaﬁiﬁﬁ the soft
magneti ¢ backing layer, first and second soft nagnetic |ayers, and soft

magnetic under| ay@fpe @ity aldlatads ithdhe GRe FRRNGL £3S nakRwe 1 A ader
consequence, the sane effect was obtained although the S/Nmvaried by '~0.4

dB. 25 Exanpl e @o&y imats qaefgreildiictd arsgraghetidd ines aidi W medig: were formed
foll owi ng the sanme procedures as in - 39 Exanples 1 to 4 and Conparative
Exanpl es B and Zreshwegat. t Hat tthee M tokne ssengfe tadtan sofdx qegirets oo @ackiheg

| ayer 23 was changed from 50 to 400 nm and the thicknesses of the first
soft magnetic | &Brst2Rtesabdintmsofand beagmsts aduwmarl 2B s andnasjregliex | ayer ed
soft magnetic underlayer were changed from1l to 20 nm The obtai ned

per pendi cul ar NMERFEEENTR@ERH WY nedi a' were eval uated in the sane nmanner as
above. As a consequence, the S/Nm of the soft magnetic backing 10 | ayer

i ncreased as the thi cRHeREIRRABEEERT AR gt HACHtid g tIrdisiNmsdd each

of the first and _second soft magnetic | ayers and single-layered soft
magneti ¢ under| ayer 55&59@}(%&%%&%&9? Ty FHrdss SR hardt K Gfe

t hi ckness 4 ncrease r degreased, fromthe naxi 15 val ye when the

t hi ckneséovvas 1 %r(#rjn afr[%\ee \?acfrnit()elﬁ"rsP rﬁ:e@f‘p@r?dil%lrpé’r %rfa&%’t’i c recording
medi a were for I i t pr.gcedur, i | es tq .3
except that RU?E%%%S%%d%%5¥¥’ ﬁ%gﬁgg%zoﬁ 0] tﬁgéiéﬁg 4§“E§§¥Pﬁﬁgl%%%ﬂéh as
the interlayer 26 sGongaguentdthcidiigh FaNBLay walent to that of the

per pendi cul ar magnetic recordi ng nedi um using the CoCr interlayer was

obt ai ned regardl ess af. 1t he typawiof B e/dmyarso e Addweugh tHie arisdal
structures of Ru and & were an HCP and BCC (Body- Centered Cubic

structure), respdctpiosalipleand Feducsathe exubemad doveldare beftfeetn - 40
as CoCr was obtained. structure of the NiTa heating, and the |like materi al
of the iAber 5 magnelidd grerhnsyernds iopyetval thter wetcoreling/reproduction
characteristics.
If the Cr content is less than 14 at%, the
exchange coupling between magnetic grains tends to
increase, and this increases the medium noise. If the
20 Cr content exceeds 24 at%, the coercive force and
perpendicular squareness ratio lower.
If the Pt content is less than 10 at%, the effect
of improving the recording/reproduction characteristics
tends to become unsatisfactory. In addition, the
25 perpendicular squareness ratio tends to lower, and the

thermal decay resistance tends to worsen. If the Pt

content exceeds 24 at%, the medium noise tends to



When, in addition to that, the layer, crystallization by are taken into
consideration, the layer is preferably crystalline, presumably independent
of its Also, simlar effects were obtained even though Ru and Cr were
nonmagneti ¢ and FeWh was antiferromagnetic. Therefore, the interlayer is
probably i ndependent of 10 its magnetismas long as it is not
ferromagnetic. Furthernore, perpendicular npgnetic recording nedia were
formed follow ng the sane procedures as above except that the thickness of
the four types of interlayers was changed from1l to 10 nm 15 The
recording/reprodyg&kggsgharacteristics of the obtained perpendicul ar
magneti c recordi ng nedi a’were eval uated. As a consequence, the S/ Nm

gradual Iy decreased, rgoghdhessnOtoWaet hat Lbgitbheknessmehttheahnher ! ayer
was i ncreased or decreased, fromthe maxi mum 20 val ue when the thickness

was 2 to 5 nm | aq3ddi tb0the S@HDLRE-MEEEAT QL IBY, f Oh L EMbAGht BReSEMTE
procedures as above except that the thickness of the four types of

interlayers was ghanegtsfaps Aol perldcurmangd Dompeeapndksmp des nagaeta s
recording |layer was 25 formed. The hysteresis | oop of each sanple was

measured by usingoa Nbpraf} ngrsatp) eRupgheéf obei eW, (&Maf) NdConsequent |y, even
when the thickness was 20 nm - 41 by which the exchange coupling does
not easily act, the fAssthandespendicudbr magnetic kagerdingvéeged, not

i ndependent|y but together, and no phenonenon indicating division of the
magnetic couplingtwag slepskeesetblepte whatacVedrwhese®Ruabyowhni ch the
exchangi ng coupling between the first and second soft nmagnetic |ayers are
readi |y obtai nab®e“BERaeedazltP¥: i e BEPaye?PP BRECt et h ckﬁésgoﬁggFBé.g.,

0.8 i ther 10 anti t] 1 i ndependent | of

Uhe T11st and scCoRaLEbEVREGROTFEUF HyEF Lo haco oRSs FachT ExsbR Eopv var i ous
di i i dj f or ned, £ol L owing t

o7 ovedur 6k0 as | ndBCEvahgy oat1 Path elscnt Sredt N1 505eS ke R P e

NiTa |ayer, was £8£$?gtfﬁ t@f.@%ﬂﬁg%?tﬁﬁn SRB R la%EYESCrJEECPPtai”ed

per pendi cul ar nmagnéti c recordin ia were eval lated ' Tn the sane manner as

above. 20 As a cegseadsNCsr EH6/Rh ”&B%af?é&ngg{aééfﬂ§dé9 ﬂ?néftdmﬁ5 500

kFCl was equivalent to that 1 n each exanple. s shows that even en the

Ni No alloy is usegdeashéhe mhlentayépsdcoptheturayer, an effect of reducing
25 magnetic grain size in the magnetic recording |ayer and reducing the

medi um noi se can be obhai terdckkasshefnbhe, ppepprddcalbarmaggeetcc recordi ng
- 15 recording layer can be 5 to 60 nm, particularly, 10 to
40 nm. If the thickness of the perpendicular magnetic
recording layer is 5 nm or more, the reproduction
output is not too low and hence is not buried in noise
components. If the thickness of the perpendicular
20 magnetic recording layer is 40 nm or less, the
reproduction output is not too high and hence does not
distort the waveform. This allows the perpendicular
magnetic recording medium to easily operate as
a magnetic recording/reproduction apparatus more
25 suitable for high recording density.

The coercive force of the perpendicular magnetic

recording layer can be 3,000 (Oe) or more. If the



media were simlarly fornmed by using materials each obtained by conbining
Ni and Ta, Nb, C, or Co as the orientation control |ayer. The obtai ned

per pendi cul ar magnetic recording 5 nmedia were simlarly eval uat ed.
Consequently, simlar effects were obtained although the S/ Nm changed by
0.2 dB fromthat in each exanple. Exanple 9 Various perpendi cul ar magnetic
recording nedia 10 were fornmed follow ng the same procedures as in Exanples
1 to 4 and Conparative Exanples 1 and 2 except that no CoCrPt nonmagnetic

| ayer 31 was fornmed. The recordi ng/reproduction characteristics of the

obtained per pendigail At aaneld o J QLULiia -5 TRl Ay e ialuaed in the

sane nmanner as above. a consequence, sim I"ar ect's were obtalned even

though the S/ Nmfecreased el aRutt O LB gy aavhole fromthat in each

exanpl e. Exanple 10720 Various perpendi cul ar nagnetic recording nmedia were

formed fol | owi ng the AR HIRGREEES RS dUbEY estdid oA @ Conparative
Exanples 1 and 2 except that neither the CrM alloy |layer 21 nor the CoCrPt

hard magnetic | geeipeddiwrs dfrommeehe ti% e orederdileg/grep=ed et QB or
characteristics of the obtained perpendicul ar magnetic recording nedia were
eval uated 5 n t hacsane MeEnrmdre Fergeovd cular 4JuaAene onsaquernce,less
plurality of spike noise conponents of about the sanme magni tude as a
reproducti on si gian WeBe dibserhhedmalhidedawiresticd anitat tsecsuse® no

| ongi tudi nal hard magnetic |ayer was forned, the 5 direction of the easy
axi s of magnet i ggttiegiogfatiethe soft magnetic backing |l ayer was not fixed in
the radial direction.of the disk, so magnetic domain walls were forned.
However, the S/ Nm at.R9 iaVeda9% Gadihg den St o5 Bdo Jge@nshedr the
substantially e o,.that in 10 each exanp].e. This shows th%t t he

| to .t
formation of a E‘%%@% 2ThEPg e ieCNN ST HEAY Sdn B £& “of-©

suppressi.-ng spi noi se..Addi_tj onal advant ages. an dificatiaons wl|
readily (%@cur tgt%t hGse "ST%l% & elrr?%ehg art’. STHé& ecfaglre[tr)f23 fétta%téle:&n%é/hti on in

i ts broader aSpgﬁggdi%b@%&vhkguﬁﬁgﬁggéég%aﬁggcH%i%k&@&ﬁ%ﬂﬁéﬂ@¥$ular

representative i ments sh ribed herein. cordingly, various

modi fi cations Ny e tMRde Moy (i%g%rﬂ WG Hf O RemSRISLIh a1dscape of
t he general inventive concept as 20 defined by the appended cl ai ns and

their equival en@Scroscofpd (MHAT | SndArEasisSngl thA REJsRERWIC Undlgemagnet i ¢
recordi ng medi um conpri si ng:
Any conventionally known material can be used as
15 a protective layer in order to prevent corrosion of the
perpendicular magnetic recording layer, and prevent
damage to the medium surface when a magnetic head comes
in contact with the medium. Examples are materials
containing C, Si0Op, and ZrOp. The thickness of the
20 protective layer is desirably 1 to 10 nm for the sake
of high recording density, since the distance between
the head and the medium can be decreased.
As a lubricant, it is possible to use
any conventionally known material, e.qg.,
25 perfluoropolyether, alcohol fluoride, or fluorinated

carboxylic acid.

A longitudinal hard magnetic layer, e.g.,



a nonmagnetic substrate; 5 a soft nagnetic backing | ayer formed on the
nonnmagneti ¢ substrate; an oxidized | ayer formed by oxidizing a surface of
.the soft magnetic backing |ayer; a soft magnetic underlayer having a
three-layered 10 structure including a first soft nmagnetic |ayer fornmed on
the oxidized layer, an interlayer forned on the first soft nmagnetic |ayer,
and a second soft magnetic |ayer formed-onsphe_interlayer, and a

per pendi cul ar magnetic recording |ayer forned on 15 the second soft
magnetic layer. 2. A nediumaccording to claim11, which further conprises

an orientation QOSBLQBDEQXﬁ&n Oﬂbﬁggkﬂ@iBEQKQErBeh I%Eﬁpelﬁﬁggggc§ﬂfk

magneti c | ayer and the perpendicu magneti c recor aye

medi um accordi ng1k8 gkaitBraedMBRLRERBN! BB OhbEREAH@R CRbERkatRY ghdf urt her
contains at |east one elenent selected fromthe group consisting of

tantal um niobi gme eaFRORagaREicOBakking. 1AveRdi um aceerdt BRI1LY ekai m 1,
wherein the 25 soft magnetic backing |layer and the first and second soft

magneti c | ayer scesht aillogokaht basusedibibg ¢dhipgonenyigndihunt hat-dcont ai n at

| east one el enent selected from - 45 the group consisting of zirconium
haf ni um Ai obi umaghential dayeti.t afhencoamdiyet foume 5f Aheedongi&addanding to
claim1, wherein the interlayer is substantially nade of a materi al

sel ected 5 fromheld grgopticondeyeirngaof ba BOANHGRet P& mareri al and an
antiferromagnetic material. 6. A nmediumaccording to claim1, wherein the
interlayer has Ragificrasirdy, mgRe0i 28€) oRToMOK6r nBPe Chafkpegsemi/ €8s 10
7. A nediun1accordingpto claim1, wherein the interlayer is made of at

| east one na;er#&Pgé gdpad PFSH]Wﬁ€n§F66p1€8ﬁ§i§9Pn§eoﬂ5pupﬁeﬁFuﬁFS§'
cobaltcht om uall oy o Uil 80,20l on ERngagEse oLey s AL
| ayer COTbainS 899%h¥ation in the longitudinal hard magnetic layer, a
Cr alloy material or Bp structure material can be used
between the nonmagnetic substrate and the longitudinal
hard magnetic layer.

FIGS. 6, 7, and 8 are schematic sectional views

15 showing examples of the structures of the perpendicular
magnetic recording media according to the first,
second, and third aspects, respectively, in each of
which the longitudinal hard magnetic layer is further
formed between the nonmagnetic substrate and the soft

20 magnetic backing layer.

As shown in FIGS. 6, 7, and 8, perpendicular
magnetic recording media 60, 70, and 80 have the same
structures as shown in FIGS. 1, 2, and 3, respectively,
except that a Co~containing longitudinal hard magnetic

25 layer 13 is further formed between a nonmagnetic
substrate 1 and a soft magnetic backing layer 2.

By forming a soft magnetic backing layer on



chromum and platinumas a main conponent. _ 9. A medium according to
claim1, which further conprises an alloy |ayer containing cobalt and
.chromum 20 as a nmai n conponent between the soft magnetic underl ayer and

t he perpendi cul ar magnetic recording |layer. 10. A nedium according to claim
1, which further conprises a |ongitudinal hard magnetic |ayer containing 25
cobalt between the nonmagnetic substrate amsl the soft magnetic backi ng

| ayer. 11. A perpendicular magnetic recording nedium - 46 conprising a
nonmagneti ¢ substrate, a soft magnetic backing |layer fornmed on the

nonmagneti c subghpalgng@bulxhdl ZRErbanggnb el Fedaburoxhdi ahhdedjsunface of
the soft magnetic backing |ayer, a soft magnetic underlayer 5 forned on the

oxi di zed | ayer, tReCE¥Stahhinet0ci BAERLhgn1608kr 0h hayesiteamadrentibg, sof t
magneti ¢ underl ayer, and a perpendi cul ar magnetic recording |ayer formed on
the orientationecgnirohel ayek. radiaA aedeumiancotdengaktg ekasnmpfl, wherein
the 10 orientation control |ayer contains nickel. 13. A nediumaccording to
claim 12, wheremaghbtipaténhabfonhheoadbfbl mhgyetitubthkingohagenscan beast
one el ement selected fromthe group consisting of tantalum niobium

carbon, ahd cob&iredi5 14. A nmedium according to claim 11, wherein the soft
magneti c backing | ayer and the soft magnetic underlayer contain cobalt as a
mai n conponent and f &Rt BéAOFoRBHER BEiRé¥sEobhalpfiefdeRPCEeratt B8 fromthe

group consi sting of_ zirconium hafniunL ni obium 20 tantaluym _titanium and
yttrium 15. A FBAFRRT atebrafingetyceRraFhf 189 thnBreNAtEReUperpeRUPEURER

ti dj I t ai bal t h ' d pl atipur [
Conponent 16, ARcHE BRFRACOR AR hoPEBneF AP ST HANEN T UP Ehor T2 S GRBFPSes
| I L Qi t j . ' t bet
fhe soft magnet Fe oRaebPayEr gt o2 fndt Sy kPR LR B BT B e g
47 layerg 17. fygedbugbaceRt dbRochosChaigyliay uhi €8 Surthesocopprises a
| ongi tudi nal hard magnetic |ayer contalning cobalt between the nonnagnetic

substrate and thgqseht B1mBgnehi;erbagki navkaysr ucd8 (néxpgoRgNdi cul ar
magneti c recordi ng medi um conprising a nonmagnetic substrate, a soft

magneti ¢ backi ngibayet Peewred) ostihietnpaagneei ehsukakEsat 6f 8hseft magnetic
under | ayer forned on the soft magnetic 10 backing |l ayer, a

ni ckel - cont ai ni agjloyi kavati oancbat B0l nhayer 1ésspedaphitheasdy 2égnmetic
under| ayer, and a perpendi cul ar magnetic recording |ayer forned on the
orientation controlebayein dgdeA hedpueveactoddtagiovatiannpi8th@herein the
15 orientation control layer further contains at |east one el ement selected
from t hel§roup EBRIFIinafrePreanthiom chabprtariehiesncaupgdcbbalt. 20. A

medi um according to claim 18, wherejn the soft magnetjc backin lag r and
the soft megnetfE SPCERBBRI W) cP=GRRFArnJEobal PLAS AAnkiR EERBERGHELLAT

further contain at |east onerglenept sglecteg frgn1tg %r$Uﬁ¥consis£ing_of
zi rconi um haf niaf S ht obf GRPEPaRPara¥t o ti Panrany’T5ha gt r 8 €23 A'nedi um

according to C'Eggb%$i%§2?§§£f%%g8?ﬁgaég%§ ﬁgg&ﬁtiﬁcPéggéngn'8¥§éahée

substantially na neti ¢ underl ayer
substantial ly mpde,0f, CPHa8Zhagnetic head and the soft magnetic

20 underlayer 2. When this alloy layer mainly containing
CoCr is formed, the perpendicular orientation of
the perpendicular magnetic recording layer can be
improved. This makes it possible to further improve
the magnetic characteristics such as the coercive force
25 and perpendicular squareness ratio, improve the
recording/reproduction characteristics such as the

medium noise and recording resolution, and increase



- 48 22. A nmedium according to claim18, wherein the soft magnetic
under |l ayer has a three-layered structure including a first soft nagnetic
.layer, an interlayer forned on the first soft nagnetic |ayer, and a second
5 soft magnetic layer forned on the interlayer. 23. A nedium according to
claim 22, wherein the soft magnetic backing |layer and the first and second
soft magnetic |ayers contain cobalt as a magn conponent and further contain
at | east one el enent selected from 10 the group consisting of zirconium
haf ni um niobium tantalum titanium and yttrium 24. A medium according

to claim 23, whefei pphe 50k el Racki ng layer and the first soft
magnetic | ayer are substgfntlacg'l'ig’g %l IéZrNb and the second 15 soft

magnetic layer is subgfrantinald »thrr%d%:o@fr Ga Ry 1a%/53r ?a’?ie JURAARY ding to

claim?22, wherein the interlayer is substantiall a materia

sel ected fromthayghewp eeRsieshi ﬁﬁeofsoatnﬁﬂa@a%%l @nla%tr%'y@r and @R
antiferromagnetic material. 20 26. A medium according to Claim 22, mhereln

the interlayer bespén@atuﬂatlmagﬁ&gﬂetté&bmaﬂanlﬁ@erDéegtbaﬁe%Q@eﬁ”U/CC
27. A nmedium according to claim?22, wherein the interlayer is nmade of at

| east onednat er the self&chednesitr ondelréageosupndotbiesbrignattiohheni um a
cobalt-chromumall oy, chromum and an iron-mnganese all oy. - 49 28. A
nedlun1accord|ngoﬂér@ﬂaﬂﬁwﬁgl ahebeitneehe ther peaentataonmagnérbd dlegerdi ng

| ayer contains cobalt, chromum and platinumas a main conponent. 29. A
medi um accor di ngnflo tBRaPRFPENANANERLT BROREELS Eerprddas Aavarloy | ayer
containing cobalt and_chrom um as a mai n_conpgonent between the soft
magneti c underl ayer aR&Sthé 68r6én&?@uﬁ§heﬁﬂ§ﬁ€tﬁ@cﬁéééﬁélﬁ@eM§yer 30. A

nmedi um according,to.claim18 %h Lurt er 10 co rises a |longitudinal
hard magnetic I§98V188nF§FﬂPﬁas oL t Puctures bf perpendicilar

10 magnetic recording media in each of which the CoCr
alloy layer is formed between the soft magnetic
underlayer and the perpendicular magnetic recording
layer.

As shown in FIG. 9, a perpendicular magnetic

15 recording medium 90 has the same structure as the
perpendicular magnetic recording medium shown in FIG. 1
except that a CoCr alloy layer 14 is formed between
a second soft magnetic layer 6 and a perpendicular
magnetic recording layer 8.

20 As shown in FIG. 10, a perpendicular magnetic
recording medium 100 has the same structure as the
perpendicular magnetic recording medium shown in FIG. 2
except that a CoCr alloy layer 14 is formed between
a second soft magnetic layer 7 and a crystalline

25 orientation control layer 11.

As shown in FIG. 11, a perpendicular magnetic

recording medium 110 has the same structure as



cobalt between the nonmagnetic substrate and the soft magnetic backing

| ayer. 31. A magnetic recording/reproduction apparatus conprising: 15 a
-per pendi cul ar rmagneti c recordi ng nedi um whi ch conprises a nonnagneti c
substrate, a soft magnetic backing |layer formed on the nonnagnetic
substrate, 20 an oxidized |layer fornmed by oxidizing a surface of the soft
magnetic backing |ayer, a soft magnetic.unglerl ayer having a three-|ayered
structure including a first soft magnetic layer fornmed on the oxidized

| ayer, an interlayer 25 fornmed on the first soft nagnetic |layer, and a

second sof t magREki pekpyRn:LALTEIRABnbRe I BLEPLAYRE. nBRYLA BECRENGHCU! ar
O f ng soP ma

magneti c recordi ng [ayer -5 ornmed on the sec gnetic | ayer;

a driving mechaniem heqhepuPPRALSaaRdcEORALES LRYaERgACE LCELBRORTI NG
medi um a magnetic head having an elenment to record 5 intformation on the

per pendi cul ar npgoREEa éﬁCNidbﬁgeﬁﬁgtﬂahaagnﬁﬂo§|@Hﬁ@k 19 RgQroduce the
recorded information; and ,a carriage assenbly which supports the nagnetic

head such that ahpenpgnéitulbeadagsetbyabkeovtiiAglOayespect to the magnetic
recordi ng medium 32. A magnetic recording/reproduction apparatus
conprising: a perpendiccardingagnethe feuotdjngifed ummdhkchthorppkses a
nonnmagneti ¢ substrate, a soft nagnetic 15 backing |ayer fornmed on the
nonmagnet i ¢ sub®fr&he Pagsent dizeentiger tbenedaby pxodidedgmagsetiace of
the soft magnetic backing |ayer, a soft magnetic underlayer formed on the
oxi di zed | ayer , F&CRFYERE FPRECHRF bhont sPPatahEses Copprisbngethen the soft
magneti c underl a .20 and a. perpendjcul ar magnetic recording | ayer forned

er, | (
on the orientat? %?%Bh?rB?CT%§ I BEH R VRGO RdERENF nt MR ERrstippor ts and
rotates the nag@&é&ﬁdfeggédfﬁ rémggﬁggts, respectively. Each magnetic

10 recording/reproduction apparatus further comprises
a driving mechanism which supports and rotates the
magnetic recording medium, a magnetic head having
an element to record information on the perpendicular
magnetic recording medium and an element to reproduce
15 the recorded information, and a carriage assembly which
supports the magnetic head such that the magnetic head
is movable with respect to the magnetic recording
medium.
According to each of the fourth to sixth aspects,
20 a magnetic recording/reproduction apparatus capable of
high density recording can be obtained by promoting
reducing of the size of magnetic grains in the
perpendicular magnetic recording layer and reducing
the medium noise, without increasing the magnetic
25 spacing between the recording head and the soft
magnetic backing layer.

FIG. 12 is a partially exploded perspective



a magnetic head having an element to record 25 information on the

per pendi cul ar magnetic recordi ng nmedi um and an el enent to reproduce the
.recorded informtion; and - 51 a carriage assenbly which supports the
magneti ¢ head such that the magnetic head is novable with respect to the
magneti c recording nmedium 33. A magnetic recording/reproduction apparatus
5 conprising: a perpendicul ar magneti c recggdi ng nmedi um whi ch conprises a
nonmagneti c substrate, a soft magnetic backing |layer formed on the
nonmagneti ¢ substrate, a soft magnetic underl ayer fornmed on the soft

magnetic 10 backj;ng, Is@%g,rimga Y gg(%lm-pq%nto%i RO H%rgin%iagi on control |ayer

formed on the soft magneti ¢ underl ayer, and a perpendi cul ar magnetic
recording |ayer rfe%B'f%Qn%UrTe?Qo@U&ﬂfo%t 2@ 26 AHIOla da@ ih @ t& | Vi Ng
mechani sm whi ch supports and rotates the 15 nmagnetic recordi ng nmedi um a
magneti c head hawengrakepitedBRlentdongcord informati on on the perpendicul ar
magneti c recordi ng medium and an el enent to reproduce the recorded
information; and 20 & eargidageqassenbldt skildl sigppadcoidiegragnet i ¢ head
such that the nmagnetic head is novable with respect to the magnetic

recor di ng5nedi uinformation according to the present invention is

A, .A9h . A9h . ALUs. ALA". A" . A . A&{L.AL9. A .s.A's.As.L.AL. AU . AL. A" . As. AsL. A
C.s.As. As. . A ATiAgEd sgAR Apdnadle AlZRL and Attt eshatAQUIPrAdeASMiAGH. AShs
A . A9h9. AL. AQU9. A" . ALL. AL. ALU9. AL. AsL. A9AL. A" . L. ALA9. A&UL. AU . A{ L2STUt *+TE
zst' }xsni d_Z] cafedpEdpealc SPESLc &Y & sRiedCaFedrda) @Wltc She4da] ca] ca] ca] ca

]Ca]Ca]Ca]ca]ca%F%h%%L%ah%%]%% % '%ga! ;%%%le p%ﬁe!%éé%fgikgph%ah ?or

accessing the magnetic disk 121 to record information

10 and an MR head for reproducing information is attached
to the end portion of a suspension 124 which is a thin
leaf spring. This suspension 124 is connected to one
end of an arm 125 having, e.g., a bobbin which holds
a driving coil (not shown).

15 A voice coil motor 126 as a kind of a linear
motor is attached to the other end of the arm 125.
This voice coil motor 126 includes the driving coil
(not shown) wound around the bobbin of the arm 125, and
a magnetic circuit having a permanent magnetic and

20 counter yoke opposing each other on the two sides of
the driving coil.

The arm 125 is held by ball bearings (not shown)

formed in two, upper and lower portions of a fixed
shaft 127, and pivoted by the voice coil motor 126.

25 That is, the position of the slider 123 on the magnetic
disk 121 is controlled by the voice coil motor 126.

Reference numeral 128 in FIG. 12 denotes a 1lid.
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}xsni d_Z] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]l
.ca]ca] ca]ca]ca] ca]ca]ca] ca]ca] cRa!l =CJ

JKw} 56$BCg9} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]c
aJ ca] ca] ca]ca] calca]cal ca]ca]ca] calca]ca]cal 9:}~0_9f6gkl, b

'} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] calcapga] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
]calca]ca] ca]ca]calcalcalcalcajcall2l=tplITTI"E z""""#' #7HHHH#HHASSZSpSSSUE b
% 988084 xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] calgg] ¢aleatalicRle?i%n will be described in more
&&&'"'(((-(((()))))**J*§§§+9+0+4,:,;

K, > 2o - .} xspefafh cakealicalcabsabeali¢a] eabapheal cal ca] ca] cal cal ca] ca] ca]
ca] ca] ca]ca]ca] ca]ca]ca] ca] caJca] ca] cal]ca]ca!..g/h/#03$0[ 0b000051j 112@y2222
3#3P333334444" S#anpienind_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! - 5a5h5555556<6n6v6667T7
U778P88888 As a nonmagnetic substrate, a cleaned glass

9999, 9¢9999: } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] éa] ca] capetkaskcdinealitaktalred] bg] OHRRA/ IYCN;, : outside

;@G H w; <K<{<<<<<<! =h=i =} =~======} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c
a] ca] ca] ca] ca] cdjieaptakca] éapcaptapes) pappaked]).ca] ca) ca] ca] ca] ca] cal =======
. >d>z2>>>?1L.?y??~@\ BCDDDEEEE+FYFFFF ‘ .

GBG} xsni d_Z] ca] ca] caffbdpc dL@spc SPesteatCales) Pdpcarcdrcd ¢411®a] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ¢a] ca}aca ca] ca! BGGGHKHHHHI G 11 1 | ,

J#I$J. J] JIIIIKSKRRIEEERRVFRERPETZPEaPc Rf c RPEREEAPRAFRHIFESFARPCa] ca] ca] ca] ca

Frrl e et e
i eaa e S SR T 29 IRt et T A S i L A

| cal cal cal cal calcal cgl aabcakoakes] sel cabsalgal fal halcaboal oabod) cabgel cal TT
Y=YYYY- Z. ZI Zn2Z4442€b%3nhduékCcakeabenkaal naknaheahadl eakcakcal gakcal cal cajc
aJca] ca] calcal caJca]calcalca]calcalca]calcalcalcalcal ZZ[[W™[ _[g[t[u[[\
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca! " Xaaaaaaabbcbbb
bGcHccddedf dAeBeSeef Faggcgghdxam dhilckaCadloc alldalyc dyahc abcalfoames] ca] cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! hPhwhhhhhhhi
<iliziiil¥jjj"rBkkkhbNnbhbheklintithdenildyZrcahcsheahoaheghedslca] ca] ca] ca] ca]
ca] cal ca] ca] ca] cach] cg] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal %n m nmmm
m nnnnnooqqqHr weRPssE3det: u;
u uu>v?vnvvUw} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] cajc al’ca C . XWX XAy YyY'zz52bzzz{
9}1 &PPaPd }téé]s BPORPOREEAC @&w R £8P

t ~ . .
EEELX{LL%id_Z]CE?&gfcgféafégl%gfééfégIégfcgfﬁg]gaﬁgﬁfég]&aygﬁ]8§Fca]ca]ca]c
a]calca]caJcalc alc L \U_ ]l a L. cal ca] c
2] cal cal oal oal ooTeoFEd] £8] SarRCpCIpaa ity L AT TLReE) RELETHERNERIEDI 21 C
a] cal 8?559K&\ cMAGELxsNi d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] caJ ca] ca] ca] ca] ca] ca] ca] ca] ca] cal 9n2j %4 IM-
W N?6} xsni d_Z] ca] ca] ea] ¢al sahezhc akgak¢alcaksal¢abcalkeahsaktal&al cal cal caj ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 6f <hoD[ | VOO} P} xsni d_Z] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca} ealcakeabea] erpcal tajcahgajcaheafeahed] ea] eake@kcal ca] ca]
cajca]cal P&B} O f!.]n}txsnid_Z]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] mapnatta] batkdhgalaegkea] cBheakeahtahas! ReX3b4f Rakxsnkcd Z] cal
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
ca] ca] ca] ca] ca] taken! ovtyfor8Zth€)} ¥vspudmZEbainbakcapcaheahtapepheakcépca] ca]
caj ca] ca%ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Dz$VUr JQ
GA 5 oxidize the surface layer of the soft magnetic backing
}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] éay¥e&} ca] ca] ca] cal EFMIH} X&- 4d6f
D e ool ool cal cal ol Bahiahe ghoiea i B kRe! SRhoshreketlad Gakaghed oo ool
Bc:j, bs<FM M #Yq} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! / Fg+d&AnFsK% ~} xsni d_Z] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
calcalca]calcalcalca!.ry4Brl}l}"L}x}xsnid_Z] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
caj] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]calca]lcalcaStiK-,s
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a gas pressure of 0.6 Pa. First, a 10-nm th1ck CoZrNb
alloy layer was formed as a first soft magnetic layer.
5 A 5-nm thick Co-40at.%Cr alloy layer was then formed as
an interlayer. After that, a 10-nm thick CoZrNb alloy
layer was formed as a second soft magnetic layer,
thereby obtaining a soft magnetic underlayer having
a three-layered structure. 1In addition, a 5-nm thick
10 Ni-40at.3Ta orientation control layer was formed on
the second soft magnetic layer, and a 15-nm thick
nonmagnetic layer made of a Co-37at.%Cr-8at.%Pt alloy
was also formed. After that, a 20-nm thick
Co-20at.%Cr-10at.%Pt-1at.%B alloy layer was formed as
15 a perpendicular magnetic recording layer. Finally,
a 5-nm thick C layer was formed on the obtained
perpendicular magnetic recording layer, and
a perfluoropolyether lubricating film was formed by
dipping, thereby obtaining a perpendicular magnetic
20 recording medium.
FIG. 13 is a schematic sectional view showing
the structure of the perpendicular magnetic recording
medium.
As shown in FIG. 13, a perpendicular magnetic
25 recording medium 120 has a structure in which a CrMo
alloy layer 21, a Co-22at.%Cr-13at.%Pt hard magnetic

layer 22, a Co-5at.%Zr-8at.%Nb alloy soft magnetic
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S10%& () - #4$$Z$p$SSAEDC L 10% @0%& ()-Y +Gl0%& ()- @ 10%& ()-
10028 ()~ YLOYEEik hott1 AQUE826) - SUVGIRRMIERCI ayer 24 of the soft

magnetic backing layer 23, a soft magnetic underlayer
28 having a three-layered structure including a first
soft magnetic layer 25 made of a CoZrNb alloy,
5 an interlayer 26 made of a Co-40at.%Cr alloy, and
a second soft magnetic layer 27 made of a CoZrNb alloy,
an Ni-40at.%Ta orientation control layer 29,
a Co-37at.%Cr-8at.%Pt nonmagnetic layer 31,
a perpendicular magnetic recording layer 32 made of
10 a Co-20at.%Cr-10at.3%Pt-1at.%B alloy, a C protective
layer 33, and a lubricating layer (not shown) are
stacked in this order on a substrate 1.
After the perpendicular magnhetic recording medium
thus continuously manufactured in the vacuum chamber
15 was taken out into the atmosphere, a magnetizing
apparatus having an exclusively formed electromagnet
was used to apply a magnetic field of 15 kOe outward in
the radial direction of the disk-like substrate,
thereby magnetizing the CoCrPt longitudinal hard
20 magnetic layer in the radial direction. All
perpendicular magnetic recording media to be described
below were thus magnetized unless otherwise specified.
The recording/reproduction characteristics of
the thus manufactured perpendicular magnetic
25 recording medium were evaluated by using a read/write
analyzer 1632 and spin stand S1701MP available

from Guzik Technical Enterprises of U.S.A. As a
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magnetoresistance effect as a reproduc1ng element
was used.
5 In the evaluation of a reproduction signal
output/medium noise ratio (S/Nm), a value obtained at
a linear recording density of 50 kKFCI was used as
a repioduction signal output S, and a value obtained at
a linear recording density of 500 kFCI was used as
10 S/Nm. As a consequence, no spike noise was observed on
the entire disk surface, and the S/Nm was as high as
24.2 dB.
A hysteresis loop was evaluated by changing the
sweep time from 300 to 15 sec by using a polar Kerr
15 effect measurement apparatus. The magnitude of
an activation magnetic moment (v Isb) as a reversal
unit of magnetization was calculated from a coercive
force Hc in the hysteresis loop and the sweep time.
As a consequence, 0.9 X 10-15 emu, i.e., a small value
20 was obtained. The S/Nm as described above was obtained
presumably because the activation magnetic moment thus
reduced, i.e., the size of magnetic grains in the
magnetic recording layer decreased, and the magnetic
interaction between the magnetic grains reduced.
25 Also, when the sectional structure of the medium
was observed with a transmission electron microscope

(TEM), a thin white film was observed between the
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CoZrNb soft magnetic backing layer and the first soft

magnetic layer. This indicates that an oxidized layer

was formed in the surface layer of the CoZrNb soft

magnetic backing layer since the medium was exposed to
5 the atmosphere during the process.

Furthermore, the crystal structure of the NiTa
orientation control layer was evaluated by a TEM
diffr?ction image. Consequently, although Ni was
the main component, a ring not found in an FCC

10 (Face-Centered Cubic structure) was observed.
Therefore, the structure of this NiTa layer was
presumably an HCP (Hexagonal Closest Packed structure).

When a medium was formed by using amorphous C
instead of the NiTa orientation control layer, the

15 magnetic characteristics and recording/reproduction
characteristics obviously deteriorated. Therefore,
perhaps the crystal structure of the NiTa layer greatly
helps improve the crystal orientation and grain size of
the CoCrPtB recording layer.

20 When no heating was performed, the S/Nm of the
soft magnetic underlayer having the three-layered
structure did not improve. Accordingly, not only the
CoCr interlayer which is originally crystalline but
also the CoZrNb soft magnetic layer which easily turns

25 into amorphous probably crystallize by heating and
affect the grain size of the NiTa layer. This possibly

allows the NiTa orientation control layer to be
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Even when a crystalline nonmagnetic CoCrPt layer

was stacked on the soft magnetic underlayer having the
three-layered structure without forming any NiTa
5 orientation control layer, a high S/Nm was obtained
although the value was not as high as that when the
NiTa layer was formed.
The dependence of the CoCr interlayer upon the
saturation magnetization Ms was checked by changing the
10 composition. Consequently, the S/Nm worsened when the
Ms exceeded 200 emu/cc. Therefore, perhaps the
saturation magnetization Ms of the interlayer can be
set to 200 emu/cc or less.
Comparative Example 1
15 A perpendicular magnetic recording medium was
obtained following the same procedure as in Example 1
except that no soft magnetic underlayer 28 having
a three-layered structure including a CoZrNb layer 25,
CoCr layer 26, and CoZrNb layer 27 was formed.
20 The obtained perpendicular magnetic recording
medium was evaluated in the same manner as in
Example 1. Consequently, the S/Nm at a linear
recording density of 500 kFCI was 22.2 dB, i.e.,
the S/Nm in Example 1 was higher.
25 Also, when the activation magnetic moment was
evaluated, the value of v-Isb was 1.1 X 10-15 emu,

i.e., larger than that in Example 1. Accordingly, the
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S/Nm deteriorated probably because the magnetization
reversal unit increased, i.e., the grain size in the
recording layer increased.

The S/Nm further lowered when a medium was formed

5 following the same procedure as in Example 1 except
that no soft magnetic underlayer 28 having
a three-layered structure including a CoZrNb layer 25,
CoCr layer 26, and CoZrNb layer 27 was formed, and no
NiTa orientation control layer 29 was formed. The S/Nm
10 was higher when no NiTa orientation control layer 29
was formed in Example 1.

From the foregoing, it is possible to reduce the
size of the magnetic grains in the magnetic recording
layer and reduce the medium noise by forming the soft

15 magnetic underlayer having the three-layered structure
between the soft magnetic backing layer and
the orientation control layer.
Example 2
A perpendicular magnetic recording medium was
20 formed following the same procedure as in Example 1
except that a 10-nm thick Co-5at.%Ta-5at.%Zr soft
magnetic underlayer was formed instead of the soft
magnetic underlayer 28 having the three-layered
structure including the CoZrNb layer 25, CoCr layer 26,
25 and CoZrNb layer 27.
The recording/reproduction characteristics of the

obtained perpendicular magnetic recording medium were
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evaluated. Consequently, the S/Nm at a linear

recording density of 500 kFCI was 24.0 dB, i.e., as
high as that in Example 1.
Also, when the activation magnetic moment was
5 evaluated, the value of v*Isb was 0.9 X 10-15 emu,
i.e., as small as that in Example 1.
From the foregoing, even when the single-layered
CoTaZi soft magnetic underlayer is formed between the
soft magnetic backing layer and the orientation control
10 layer, the effect of reducing magnetic grain size in
the magnetic recording layer and reducing the medium
noise can be obtained.
Example 3
A perpendicular magnetic recording medium was
15 formed following the same procedure as in Example 1
except that no oxidized layer 24 was formed by exposing
a CoZrNb soft magnetic backing layer 23 to the
atmosphere.
The recording/reproduction characteristics of the
20 obtained perpendicular magnetic recording medium were
evaluated. As a consequence, the S/Nm at 500 kKFCI was
as high as 23.4 dB.
Also, when the sectional structure of the medium
was observed with a transmission electron microscope
25 (TEM), no thin white film was observed between the
CoZrNb soft magnetic backing layer 23 and a first soft

magnetic layer 28. That is, no oxidized layer was
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formed because the CoZrNb soft magnetic backing layer
23 was not exposed to the atmosphere.

Furthermore, the crystal structure of an NiTa
orientation control layer was evaluated by a TEM
diffraction image. Consequently, although Ni was the
main component, a ring not found in an FCC
(Face-Centered Cubic structure) was observed.
Therefore, perhaps the structure of this NiTa layer was
an HCP (Hexagonal Closest Packed structure).

When an amorphous C layer was formed instead of
the NiTa orientation control layer, the magnetic
characteristics and recording/reproduction
characteristics obviously deteriorated. Even when no
oxidized layer is formed, therefore, perhaps the
crystal structure of the NiTa layer greatly helps
improve the crystal orientation of the magnetic
recording layer and decrease the grain size of the
layer. When no heating was performed, the S/Nm of the
soft magnetic underlayer 28 having the three-layered
structure did not improve. Accordingly, not only the
CoCr interlayer which is originally crystalline but
also the CoZrNb soft magnetic layer which easily turns
into amorphous probably crystallize by heating and
affect the crystal grain size of the NiTa orientation
control layer. This also shows that it is presumably
important that the NiTa orientation control layer be

crystalline.
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A perpendicular magnetic recording medium was
obtained following the same procedure as in Example 3
except that no soft magnetic underlayer 28 having a

5 three-layered structure including a CoZrNb layer 25,
CoCr layer 26, and CoZrNb layer 27 was formed.

The recording/reproduction characteristics of the
obtaihed perpendicular magnetic recording medium were
evaluated. Consequently, the S/Nm at a linear

10 recording density of 500 kFCI was 22.0 dB, i.e.,
the S/Nm in Example 3 was higher.
Example 4

A perpendicular magnetic recording medium was

formed following the same procedure as in Example 1

15 except that a 10-nm thick Co-5at.%Ta-5at.%Zr soft
maghetic underlayer was formed instead of the soft
magnetic underlayer 28 having the three-layered
structure including the CoZrNb layer 25, CoCr layer 26,
and CoZrNb layer 27.

20 The obtained perpendicular magnetic recording
medium was evaluated in the same manner as in
Example 3. Consequently, the S/Nm at a linear
recording density of 500 kFCI was 23.2 dB, i.e., as
high as that in Example 3.

25 From the foregoing, even when no oxidized layer 24
is formed, the effect of reducing magnetic grain size

in the magnetic recording layer and reducing the medium
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10 noise can be obtained by forming a single-layered

CoTaZr soft magnetic underlayer between the soft
magnetic backing layer and the orientation control
layer.
5 Example 5

Perpendicular magnetic recording media were
obtained following the same procedures as in Examples 1
to 4 ?xcept that the soft magnetic backing layer 23 was
changed to a Co-5at.%Ta-5at.%Zr alloy layer.

10 The obtained perpendicular magnetic recording
media were evaluated in the same manner as above. As a
consequence, the S/Nm at a linear recording density of
500 kFCI decreased only by 0.2 to 0.4 dB as a whole.

This shows that even when a CoTaZr alloy layer is

15 used as a soft magnetic backing layer, the effect of
reducing magnetic grain size in the magnetic recording
layer and reducing the medium noise can be obtained.

Also, perpendicular magnetic recording media were
obtained following the same procedures as in Examples 1

20 to 3 except that a CoTaZr alloy layer was formed as the
second soft magnetic layer 27.

The obtained perpendicular magnetic recording
media were evaluated in the same manner as above. As a
consequence, the S/Nm at a linear recording density of

25 500 kFCI increased by 0.2 to 0.4 dB as a whole.

This shows that when a CoTaZr alloy layer is used

as the second soft magnetic layer, the effect of
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Examples 2 and 4 except that a CoZrNb alloy layer,
instead of the CoTaZr alloy layer, was formed as the
soft magnetic underlayer.

‘The obtained perpendicular magnetic recording
media were evaluated in the same manner as above.

10 Consequently, the S/Nm at a linear recording density of
500 kFCI decreased only by 0.2 to 0.4 dB as a whole.

This indicates that even when a CoZrNb alloy layer
is formed as a single-layered soft magnetic underlayer,
the effect of reducing magnetic grain size in the

15 magnetic recording layer and reducing the medium noise
can be obtained.

In addition, various perpendicular magnetic
recording media were formed by using soft magnetic
layers each made of Co and one of Zr, Hf, Nb, Ta, Ti,

20 and Y as the soft magnetic backing layer, first and
second soft magnetic layers, and soft magnetic
underlayer, and evaluated in the same manner as above.
As a consequence, the same effect was obtained although
the S/Nm varied by *0.4 dB.

25 Example 6

Various perpendicular magnetic recording media

were formed following the same procedures as in
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of the first soft magnetic layer 25, second soft
5 magnetic layer 27, and single-layered soft magnetic
underlayer were changed from 1 to 20 nm.
The obtained perpendicular magnetic recording
media;were evaluated in the same manner as above.
As a consequence, the S/Nm of the soft magnetic backing
10 layer increased as the thickness increased. On the
other hand, the S/Nm of each of the first and second
soft magnetic layers and single-layered soft magnetic
underlayer gradually decreased, regardless of whether
the thickness increased or decreased, from the maximum
15 value when the thickness was 10 nm.
Example 7
Various perpendicular magnetic recording media
were formed following the same procedures as in
Examples 1 to 3 except that Ru, Cr, or FeMn, instead of
20 the CoCr alloy, was formed as the interlayer 26.
Consequently, a high S/Nm equivalent to that of the
perpendicular magnetic recording medium using the CoCr
interlayer was obtained regardless of the type of
interlayer.
25 Although the crystal structures of Ru and Cr were
an HCP and BCC (Body-Centered Cubic structure),

respectively, and FeMn was a compound, the same effect
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5 and the interlayer is presumably independent of its
crystal structure.

Also, similar effects were obtained even though Ru
and Cr were nonmagnetic and FeMn was antiferromagnetic.
Therefore, the interlayer is probably independent of

10 its magnetism as long as it is not ferromagnetic.

Furthermore, perpendicular magnetic recording
media were formed following the same procedures as
above except that the thickness of the four types of
interlayers was changed from 1 to 10 nm.

15 The recording/reproduction characteristics of
the obtained perpendicular magnetic recording media
were evaluated. As a consequence, the S/Nm gradually
decreased, regardless of whether the thickness of the
interlayer was increased or decreased, from the maximum
20 value when the thickness was 2 to 5 nm.

In addition, samples were formed following the
same procedures as above except that the thickness of
the four types of interlayers was changed from 0.2 to
20 nm and no perpendicular magnetic recording layer was

25 formed. The hysteresis loop of each sample was
measured by using a vibrating sample magnetometer

(VSM) . Consequently, even when the thickness was 20 nm
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independently but together, and no phenomenon
indicating division of the magnetic coupling was
5 observed.

Note that even when Ru by which the exchanging
coupling between the first and second soft magnetic
layepé are readily obtainable was used as the
interlayer and the thickness was, e.g., 0.8 nm, neither

10 antiferromagnetic coupling nor independent reversal of
the first and second soft magnetic layers was observed.
Example 8

Various perpendicular magnetic recording media
were formed following the same procedures as in

15 Examples 1 to 4 except that Ni-30at.%Nb, instead of
the NiTa layer, was formed as the orientation control
layer.

The obtained perpendicular magnetic recording
media were evaluated in the same manner as above.

20 As a consequence, the S/Nm at a linear recording
density of 500 kFCI was equivalent to that in each
example.

This shows that even when the NiNb alloy is used
as the orientation control layer, an effect of reducing

25 magnetic grain size in the magnetic recording layer and
reducing the medium noise can be obtained.

Furthermore, perpendicular magnetic recording
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I mlo%e& () - media were similarly formed by using materials each
obtained by combining Ni and Ta, Nb, C, or Co as the
orientation control layer.

The obtained perpendicular magnetic recording
5 media were similarly evaluated. Consequently,
similar effects were obtained although the S/Nm changed
by £0.2 dB from that in each example.
Example 9
Various perpendicular magnetic recording media
10 were formed following the same procedures as in
Examples 1 to 4 and Comparative Examples 1 and 2 except
that no CoCrPt nonmagnetic layer 31 was formed.
The recording/reproduction characteristics of
the obtained perpendicular magnetic recording
15 media were evaluated in the same manner as above.
As a consequence, similar effects were obtained even
though the S/Nm decreased by only about 0.5 dB.as
a whole from that in each example.
Example 10
20 Various perpendicular magnetic recording media
were formed following the same procedures as in
Examples 1 to 4 and Comparative Examples 1 and 2 except
that neither the CrMo alloy layer 21 nor the CoCrPt
hard magnetic layer 22 was formed.
25 The recording/reproduction characteristics of

the obtained perpendicular magnetic recording media

were evaluated in the same manner as above.
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were observed. This indicates that because no
longitudinal hard magnetic layer was formed, the

5 direction of the easy axis of magnetization of the soft
magnetic backing layer was not fixed in the radial
direction of the disk, so magnetic domain walls were
formeﬁ. However, the S/Nm at a linear recording
density of 500 kFCI was substantially equal to that in

10 each example. This shows that the formation of a
longitudinal hard magnetic layer has an effect of
suppressing spike noise.

Additional advantages and modifications will

readily occur to those skilled in the art. Therefore,

15 the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, wvarious
modifications may be made without departing from the
spirit and scope of the general inventive concept as

20 defined by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A perpendicular magnetic recording medium
comprising:

a nonmagnhetic substrate;

5 a soft magnetic backing layer formed on the
nonmagnetic substrate;

an oxidized layer formed by oxidizing a surface of
the soft magnetic backing layer;

a soft magnetic underlayer having a three-layered

10 structure including a first soft magnetic layer formed
on the oxidized layer, an interlayer formed on the
first soft magnetic layer, and a second soft magnetic
layer formed on the interlayer, and

a perpendicular magnetic recording layer formed on

15 the second soft magnetic layer.

2. A medium according to claim 1, which further
comprises an orientation control layer containing
nickel between the second soft magnetic layer and the
perpendicular magnetic recording layer.

20 3. A medium according to claim 2, wherein the
orientation control layer further contains at least one
element selected from the group consisting of tantalum,
niobium, carbon, and cobalt.

4. A medium according to claim 1, wherein the

25 soft magnetic backing layer and the first and second
soft magnetic layers contain cobalt as a main component

and further contain at least one element selected from
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the group consisting of zirconium, hafnium, niobium,
tantalum, titanium, and yttrium.

5. A medium according to claim 1, wherein the
interlayer is substantially made of a material selected
from the group consisting of a nonmagnetic material and
an antiferromagnetic material.

6. A medium according to claim 1, wherein the
inter;ayer has a saturation magnetization of not more
than 200 emu/cc.

7. A medium according to claim 1, wherein the
interlayer is made of at least one material selected
from the group consisting of ruthenium, a
cobalt-chromium alloy, chromium, and an iron-manganese
alloy.

8. A medium according to claim 1, wherein the
perpendicular magnetic recording layer contains cobalt,
chromium, and platinum as a main component.

9. A medium according to claim 1, which further
comprises an alloy layer containing cobalt and chromium
as a main component between the soft magnetic
underlayer and the perpendicular magnetic recording
layer.

10. A medium according to claim 1, which further
comprises a longitudinal hard magnetic layer containing
cobalt between the nonmagnetic substrate and the soft
magnetic backing layer.

11. A perpendicular magnetic recording medium

10°°12"10% & ()-X12"10% [ & ()- X 0109%g& () -
1109%g& ()- !:110%e& ()- >ogH 10 'Y 10% ()-F 10%& ()-Y

10
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comprising a nonmagnetic substrate, a soft magnetic
backing layer formed on the nonmagnetic substrate, an
oxidized layer formed by oxidizing a surface of the
soft magnetic backing layer, a soft magnetic underlayer

5 formed on the oxidized layer, a crystalline orientation
control layer formed on the soft magnetic underlayer,
and a perpendicular magnetic recording layer formed on
the o;ientation control layer.

12, A medium according to claim 11, wherein the

10 orientation control layer contains nickel.

13. A medium according to claim 12, wherein the
orientation control layer further contains at least one
element selected from the group consisting of tantalum,
niobium, carbon, and cobalt.

15 14. A medium according to claim 11, wherein the
soft magnetic backing layer and the soft magnetic
underlayer contain cobalt as a main component and
further contain at least one element selected from the
group consisting of zirconium, hafnium, niobium,

20 tantalum, titanium, and yttrium.

15. A medium according to claim 11, wherein the
perpendicular magnetic recording layer contains cobalt,
chromium, and platinum as a main component.

16. A medium according to claim 11, which further

25 comprises an alloy layer containing cobalt and chromium
as a main component between the soft magnetic

underlayer and the perpendicular magnetic recording
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17. A medium according to claim 11, which further
comprises a longitudinal hard magnetic layer containing
cobalt between the nonmagnetic substrate and the soft
5 magnetic backing layer.
18. A perpendicular magnetic recording medium
comprising a nonmagnetic substrate, a soft magnetic
backihg layer formed on the nonmagnetic substrate, a
soft magnetic underlayer formed on the soft magnetic
10 backing layer, a nickel-containing orientation control
layer formed on the soft magnetic underlayer, and a
perpendicular magnetic recording layer formed on the
orientation control layer.
19. A medium according to claim 18, wherein the
15 orientation control layer further contains at least one
element selected from the group consisting of tantalum,
niobium, carbon, and cobalt.
20. A medium according to claim 18, wherein the
soft magnetic backing layer and the soft magnetic
20 underlayer contain cobalt as a main component and
further contain at least one element selected from the
group consisting of zirconium, hafnium, niobium,
tantalum, titanium, and yttrium.
21. A medium according to claim 20, wherein the
25 soft magnetic backing layer is substantially made of

CoZrNb, and the soft magnetic underlayer is

substantially made of CoTaZr.
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22. A medium according to claim 18, wherein the
soft magnetic underlayer has a three-layered structure
including a first soft magnetic layer, an interlayer
formed on the first soft magnetic layer, and a second

5 soft magnetic layer formed on the interlayer.

23. A medium according to claim 22, wherein the
soft magnetic backing layer and the first and second
soft @agnetic layers contain cobalt as a main component
and further contain at least one element selected from

10 the group consisting of zirconium, hafnium, niobium,
tantalum, titanium, and yttrium.

24, A medium according to claim 23, wherein the
soft magnetic backing layer and the first soft magnetic
layer are substantially made of CoZrNb, and the second

15 soft magnetic layer is substantially made of CoTaZr.

25. A medium according to claim 22, wherein the
interlayer is substantially made of a material selected
from the group consisting of a nonmagnetic material and
an antiferromagnetic material.

20 26. A medium according to claim 22, wherein the
interlayer has a saturation magnetization of not more
than 200 emu/cc.

27. A medium according to claim 22, wherein the
interlayer is made of at least one material selected

25 from the group consisting of ruthenium, a
cobalt-chromium alloy, chromium, and an iron-manganese

alloy.
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28. A medium according to claim 18, wherein the

perpendicular magnetic recording layer contains cobalt,
chromium, and platinum as a main component.
29. A medium according to claim 18, which further
5 comprises an alloy layer containing cobalt and chromium
as a main component between the soft magnetic
underlayer and the perpendicular magnetic recording
layer.
30. A medium according to claim 18, which further
10 comprises a longitudinal hard magnetic layer containing
cobalt between the nonmagnetic substrate and the soft
magnetic backing layer.
31. A magnetic recording/reproduction apparatus
comprising:
15 a perpendicular magnetic recording medium which
comprises

a nonmagnetic substrate,

a soft magnetic backing layer formed on the
nonmagnetic substrate,

20 an oxidized layer formed by oxidizing a
surface of the soft magnetic backing layer,

a soft magnetic underlayer having a
three~layered structure including a first soft magnetic
layer formed on the oxidized layer, an interlayer

25 formed on the first soft magnetic layer, and a second
soft magnetic layer formed on the interlayer, and

a perpendicular magnetic recording layer
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medium and an element to reproduce the recorded
information; and
Jé carriage assembly which supports the magnetic
head such that the magnetic head is movable with
10 respect to the magnetic recording medium.
32. A magnetic recording/reproduction apparatus
comprising:
a perpendicular magnetic recording medium which
comprises a nonmagnetic substrate, a soft magnetic
15 backing layer formed on the nonmagnetic substrate, an
oxidized layer formed by oxidizing a surface of the
soft magnetic backing layer, a soft magnetic underlayer
formed on the oxidized layer, a crystalline orientation
control layer formed on the soft magnetic underlayer,
20 and a perpendicular magnetic recording layer formed on
the orientation control layer;
a driving mechanism which supports and rotates the
magnetic recording medium;
a magnetic head having an element to record
25 information on the perpendicular magnetic recording

medium and an element to reproduce the recorded

information; and
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a carriage assembly which supports the magnetic
head such that the magnetic head is movable with
respect to the magnetic recording medium.

33. A magnetic recording/reproduction apparatus
comprising:

a perpendicular magnetic recording medium which
comprises a nonmagnetic substrate, a soft magnetic
backiﬁg layer formed on the nonmagnetic substrate, a
soft magnetic underlayer formed on the soft magnetic
backing layer, a nickel-containing orientation control
layer formed on the soft magnetic underlayer, and a
perpendicular magnetic recording layer formed on the
orientation control layer;

a driving mechanism which supports and rotates the
magnetic recording medium;

a magnetic head having an element to record
information on the perpendicular magnetic recording
medium and an element to reproduce the recorded
information; and

a carriage assembly which supports the magnetic
head such that the magnetic head is movable with

respect to the magnetic recording medium.



