re3ewwLpZ6Tyo MAGNETI C RECORDI NG MEDI UM METHOD OF MANUFACTURI NG THE SANME,
~ AND MAGNETI C RECORDI NG AND REPRODUCTI ON APPARATUS 5 The present invention
relates to a nmagnetic recordi ng medi um enhanced in recordi ng and
reproduction characteristics and capabl e of high-densi ﬂ%ﬂﬂ"ﬂ@ﬁmmmmn
recordi ng and reproduction, a nethod of manufacturing | a
magneti c recordi ng and reproduction apparatus. 10 The recor@ng density of
a hard-di sk drive (HDD), which is one kind of magnetic recording and
reproducti on appar at usSMAGNBTTICCREGORDINEGRMBDITM aMEDNHOI) OBt e of at
least 60% and it is SHANUFACTIRING THESAMEANDNEAGNEFIdE ng the
case, progress is bei feAeD I EN PRTE [ ecordi ng
rIﬁErecorg}I?g ggﬁlﬁg es, qz%z% Ee geA’I‘US

heads suitable for hig vel opnment of
magnetic recording nmedia. Magnetic recording nedia used in nagnetic
recordi ng sand repr gREChi et PRARLILTE Telates oY lay Waghdtfc TREKEnAT RedRim! ¥

i n-pl ane magnetic recording nedia in which the axis of easy magneti zation
in the magnet echénced iis recoedingd apdr sepreduttionheh anaosdnstics. afdecapxdtde odf
easy 2 0 magngtization refgrs tp the axi;s al ong whi ch magneti zatign readily
occlrs. In theigidensity - efrmation amc‘wdl%aen&sr@w%c fs 8f rflﬁ@lqs’cpoafd
structure of " C i o= pl t] L.ng ﬁﬂl . when
it cones to inp%eugegﬁttuﬁlﬁ aﬁ’hl gﬁﬂfrééc%} iﬁgﬁggﬁgﬂ?y%&t‘)ggﬁﬁgéger tdlrvélregho
magnetic 2 5 hpygratael recording bit becomes too small, so the thernal
fluctuation effect_can degr_ade t he recordi ng and reproduction

charact erli%stics. Albere ng deneiteofianyard-disk duye dHRP Y evichiis onedenda
noi se tends to.be increased.hy t ef fact..of the demagnetizi field.
broduced | n { HemRSARAG LR U AR RRRel e HER ARG O i cusfisifh birdsing,
when i npl enengi g BingRal 6GRE dfMat IEAK BBY, Naddat Gaseaial tist- fRdd Bbnd will
per pendi cul ar recording nedia in ich the axis of easy magnetization in
t he magnetic ¢idtimue. neThisy hmngenbe codse,, ppbepmeseis Hweing mdde ewithctthef

the demagnetizing field ip the boundary, .regjong bet, n recording bits is
smal | and a cflev® oamtensoﬁﬁdaaw%c freeoRing n Beads | fut §e£Q¥a?}1 HeEPEIBE .

or eover + & Nefién Qg 3 WL RELAT n b LG9 Phicalens! LY

acconpanying 1 enentation e hrgh recording ensity) so it is
not readily affectMhgheticherdcbedifg! mkdid uabbdn igf frﬁﬁ%‘netﬁ‘@ gede@dirld , and

per pendi cul ar recordi ng nedi a have becone the focus of attention in recent
years, and varepsodupbon .2apnanasusesesumrentheiongthe apavlat aremaindy sornleaet o
per pendi cul ar_recordi ng as_descri bed kel In.regent years,..the use of a
Tagnet | ¢ monoBGRE SHEMEoTHPE T te tih wHIch thel PR Ct 0y M gERetiiioh iF 4Bs

per pendi cul ar y@¢@tidi Alinf id GlientedSH NG UY elle VdubRtFAEPCThe AxtCRH% )
further raise the recordi ng density of magnetic recording nedia. To use the
head, it 20s bmwiagnepizatiopewidrs totheaximghatg whicdc nragnegizativnureaidilyvdccubs.t he

efficiency of_the magnetic flux transfer between the neti c nonopal e head
and the magnel? i Gaeh o & Gothassdcallin, that i i e axisok the BARYreroect the
backi ng Iayercgonsti tuted of what is called a softly magnetic materi al

bet ween the pérpendicul ar recording filmconstituting the recording |ayer
and the substrat e. Withwweh, art ingjagt isageent decugdirglimeditiswhen\it deesi t h
just a backing | ayer does not_ have satisfactory recording and_reproduction
2 0 charact ertosimpleraerting adeighdrecpraing depstyu dheoyelummof ithepagagtics a

magnet i c .ec i LU Wb E ent r di i QN
TRONEL 1€ L COGEDG SIRMBAL H, FURFIAER S5 EL 0%, B SRAGEHI R et
conprises a baakidegrady ehie eeirding e eéprodudtion! diaartaristivsdedlos) when
substrate, an 2 5 orientation control filmthat_orients the axis of easy

magnet i zat i orinaplententiag hégh cetording denpiing, cuedia naise tendsibs bednerensedace,

a perpendi cul.ar tjcorecarding film all oy, .a rqtective film
in that or der}:.{;ly &Ig %ﬁ@gt,of the 383?%%%%8&% %Leégﬁ)ﬁ*adkl%&hgb%%%pﬁ&ﬁgy FEERES ¢
material s forbé%eﬂ%ﬁﬁfkﬂh&‘ﬂiﬁ. magnetic recording elmin order to inprove
the 3 0 recording and reproduction characteristics of the magnetic

recor di ngomedi un) hutomirabt,rehpedmpdbmentimg high agerditg density intthe case
followi ng are - 3 xanpl es. . of. a nunber of oposed. | npr.ovenent

t echni ques. J%fpéﬁ'éslge aPerendiculag suepsy %%g‘i‘@ énn’é(hﬁgg tﬁﬁ arisc At pasy

e e

system magneticC I'I'm and™ a er elenen
under-filmto inprove the lattice matching between the ~ alloy under-film

and the hexagonal system magnetic alloy fil rr)aﬂmm lllmmummuﬁ c axis
orientation of the hexagonal system nagnetic Mm wever, when a Ti
al l oy base is used, the size of the replacenent boqgssewi thin the all oy
magnetic filmincreases) resulting in an increase in nedia noise and 10
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The softly magnetic underlayer 2 is provided to nore securely tix the
~magneti zation direction of the perpendicul ar magnetic recording film2 5 5
on which information is recorded perpendicular to the nonmagnetic substrate
1 and to increase the perpendi cul ar conponent, relative to the substrate,

of the magnetic flux generated by the magnetic head. It is desirable for
this effect to be particularly pronounced Z2sen a nmagneti ¢ nonopol e head for
per pendi cul ar recording is used as the recording and 3 0 reproduction
magneti ¢ headeffect A% the dehakietibgnpetfisidmahethal boeedaiw feptiond Neeteebhl v
magnetic undex-film 2, there can be used material containing Fe, Ni and Co.
Speci fi ¢ mat evdcardingnbits de smeath ahdsa glear| iy bomadayy e formed; noise ineMdaspased

|1 FeNi , FeN i Cr Ni Si, ) FeAl - b |1 5 (FeAl).
Ron 5\ Eon o pE T oy, Mekbkar, Ehérd s 6, 2 BT dBryebe dperording T )
FeCr Cu, tc. )ni+F &1 (E , 5
o oy Fonga Pt 88asRRs Sty Bilvins® e ERffmeltalih & fhi Wi raiBSfAe
FeN- based zal | densifieSio-ivas et aehdily dffdetéddgcdthel theymdidNicthasied effdcoy, As

FeHf - based al | oy and FeB-based alloy. A materjal having a fine 10 crystal
structure, su%hr%t%ﬁt:exne@em@wér FEtandingd redianhavendogcomeg the 380sorofior e

e o, oo, s citteftiol, TEL Sl YEKLO AR ARA JRRAHE' HH S BelhF B,
the softly magiplosed YRaeard shited to berpdfdituRi reBotdifg B3 cribed Ibélisw Co

alloy containing at least 80 at% Co and at |east one sel ected 15 from Zr,
Nb) Ta) Cr) M andin pecenit yearsGabe, useodr N agieticiaonepdetreadsodhivh kamlant her

such allqys are particularly sui.table. It is desjrable for the coercive
Porte ol ThGeDERt| .t N Yor 2: prmer iRl RetoriBie i S dFiHSe)

nore prefer . ADr i i : . cive
force he to aragid? it £oshBE) tehidd) bo fubthled IAERHEMeBrditly HARIBPRED ¥
wi || then be magnetiougtoraing niedine pMacwse thonhead eitas hemd brasosdidstoondecs

froma so-called square wave. The product Bs~t (J~nm of the saturatjon
magnetic fl uxna@gnehicyreprrding medivme igopnch the rEfirengr it magpetisdlvke

less than 40 Bnsf Hergesh 3R e LSRRI oFe NEAE g e 5 RRHS Re Pl
undesi rahlse fedidi BSimprévedoBy! @eSpidABionhef a Backing IAROEHHEItated oﬁ

1y
waveformw || then be distorted and Phe OW characteristics degraded. The
t hi ckness of what fis| palledea soditly b agnesicn atatieyiadbbetwesni dhe v etpeadi@Nar

(transm ssion elegtr m croscope),, It is.also desirable for the nmateri al
of the surfac@cﬁﬁpﬁgﬁé‘bﬁﬁp@tg‘%ﬁqoﬁdmﬁ iapréntg‘e(sc"rbétwf’f ace on the
orientation contr I 3, S 3 L . - al i That
is) it is desi rab?ﬂgoyg&%’h%%na eﬁt}ﬁf@&rﬁlﬁ{gé Eﬁ%‘?ﬁ{‘ﬁgh%?frgﬁle% %ﬁgﬂgsgfgl y
magnet i ¢ unddradkihgn Rayerhdossiriatchave shtisfactayt atéaditgnand| rdprbdudisn de)

and the vicinity thereof to _be partj.all i di zed), or for oxides of the

mat eri al \élpol @%@Pmtﬁo‘i‘éﬁ@&?@é@ﬁdﬂwi %&féhplléozdé’ff&ﬁ’) Pes %Qﬁglﬁ i"%:ﬂqedcltsu%tti on
f th f - . et G -t .0 b i

Peduci g no, aheghekBirEGtding, ARBRA Suth HeRlieht Betrdifle fuf Ry-BuG

t he recordi nahapdcteedtizducti on characteristics of the magnetic recording
medi um Al so) recording and reproduction characteristics can be inproved by
finely granulizi ngAtnegpengisudar gragnesicofecordingrimedivwmiganezaly rcomprises 3

f d th ftly 10 ti der-fjlm 2.\ The .surf f th ft]
mgneti o unadracrng taven (RAREY magnet wnder Bveeh PAIARA B E S SUPFITATS 47 de)
and the ¥iCi NYriehtaBRheQnte@NfTR aliak orRst9thei %88 of RALY irBh g etPEatidiP bf Yhe DY)

for exanple, a nmethod in which the softly magnetic under-film2 is forned
and then expasegnetc dayer pespeedieuldr corthai sabgiratey gerfacer aapempendicular

whi ch oxygen is introduced during.fornmgtion of near-surface portions,of the
sof 11y magnetmeehAterereomms Hlapde G alloy, anflp Prateclye i o chet AEAEH n
whi ch the sur, . ; i ookt b I gen,
it can be naic?ltpglﬁ?lée@:ﬂ 1¥ :Egﬁg{q%h%{%ggg@egcgon Egﬁﬁﬁa%blgk}%ggn%ﬁoqég eé%sgzrsyan
at nospher e i rthehipehpexdigalar? magaetde | téceddinigt Hilat gin exdeni to dgeprovet thean

al so be exposed tgo the air. Particularly when oxygen is diluted wth argon
or nitrogén, tegordingaendr reprofyjction rcharaegristicsf olthgamasnedic FREOIMRAE ace

of the softly netic. under-film 2) enahli st abl e ri j . in
t he case of trﬁg&ﬁg{‘h Htiwqﬁhfe@ﬁ)egiﬁ%seont? ghfe%%ﬁsglé‘bml{l%?ohf%g&g%@@ls%géto
formthe filmof the 2 5 softly magnetic under-film2, if sputtering, for
exanple, is used as the filmgrowh nethod, it is only necessary to

i ntroduce the oxygen into the process gas for just part of the filmgrowth
time. In the case of argon as the process gas, for exanple, oxygen can be
m xed at a volunetric ratio of 0.05%to 50% (preferably 0.1 to 20%. 30 The
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5 desirable, since noise will increase. Wen the perpendi cul ar magnetic
~recording film5 is formed of CoCrPt-based alloy) any el enent other than B
can be added as desired. There is no particular limtation, but Ta, M, Nb,
Hf) Ir, Cu) Ru) Nd, Zr, Wand Nd are anong those that can be nentioned. 10
In addition, for the perpendicular magnetic recording film5, there can be
used an alloy to which has been added ore r nore El enents sel ected froma
group consisting of Zr, Nb) Re, V, N, M1, Ge, Si, 0 and N. The

per pendi cul arexgmgplesiaof a eumherof propesesl imaprayementrtechmigaesst r uct ur e

E‘E?Ercl %;gr g: of ot SR ARG Epb ﬁé-fiél%% LaaBeie: §geihas tnowdich i
compr i Sed of TauerSuEPsropEER et B b AR Gl i HEgtzpnal
Pd-based al | ogystéiBinfreticOdllopt film) awd £uthel selemeht agdinehoded at gid 4k,

such as CoTb and CoNd, and CoCrPt-based material. O, CoCrPt-based 2 o
mat eri al &dan wedewBlindde dmprover she platsivediratchingadetween r shor @i nglloy| m
and CoCr Pt - base erial shaying a different conposi.ti as_a secon

per pendi cul ar T BIRATL IS HeRgedhalavsErE gnagnehpeL oy dUah datuPV e B Cbe
provided as agfisrorieRAtiRanat e ﬂ%xﬂgéi{‘ﬁté, t6:8C Riddnddicl a6y fARd Gehlleder, a
second perpendi cul ar nagnetic recording film 2 It is desirable for the
t hi ckness of whenpeTpeldy balsais magdetlicsize odrthe ngplddementthonds withim 6henm

(more prefera 10 to 40..nm.. A perpendjcul ar magnetic recording.filmb5

t hi ckness of gﬁm&% 1’8@?@?5%#@?“&%&“%%06?%%1%%@ O1§9 %anlcan
be obt ai ned, £4Sa; i : i i and there
s o oddy | ehakEe 1£aliodEEh 68EA £ SR indk Ot KERL BRI BLARLy ST

resul ting in magneJP-A HEI8-di80866 0 op 658sofl utdthed iappitichtais uader-&limosE Co

suitable for higher = - 13 recording density. Also) a perpendicul ar
magneti ¢ r ecoard nBuf iis mised hbetiraens a haenmagnetic newkstraten 286l ran Ce alloy

desirabl e) since it.enables coarseni of, the.magnetic particles in th

por pendi ol arbSTRERAITIAY BREAt g EPrais it g8 i€pre e B Srikbtatipt o,
ri sk of degr ti i I ad j LACl efTh Sl sed
by incr easeda%%i sGe{? ﬂobﬁsﬁ%‘ggflrg%ﬁ%ﬁp%ﬂ gtﬁ%’g@pgg%ig%ééﬁ@ elll? ' rrae%gﬁe}/gﬁ e
recordi ng5f i lumderrfilhafdCaanddtwihas £ hirge crfstadtgrhps didameter 30A0 réQd)s 1\

coercive force that is |ess than 3000., 6 (QOe) is undesiraple, sipce jt
prevents the YbBLHAFE BY t?‘ﬁedlr?@é%tﬁa‘l’fy‘(-}h‘? dragaels d?fﬂ’&cg@néﬁt er £9olleY on,

and al so degr . 0. i L her mal .00 ool digtian) it
s al so des: raRFaet B, 1A ERaSEARR kA Bl and HELURE RIS
(M) and the gitthat indreadgieiécratimndéMdity of the perpendi cul ar magnetic
recording film5 to be not less than 0.9. An M/ M ratio of less than 0.9

i s undesirabl e becHide SHQIH 282517 heroppsehethealuse| of taitarbanicestainimge of
t he magneti c recording dium Jt is,alsp desihraple or ;4 he nucleatiqn
et (- eR) oPEREAIEY HEReER) the aBhdirAte [ 806: Ahng GO 1Y REReR AL o
than 0 and nahapREfc kAP Bl HowbveS WHELS EBbA-dofkainife FRATRR il
recording mediumto have an i nverse magnetic domain nucleation field (-Hn)
that is 2 0 liesssedhahefaussi nbe ¢drbonedonthinmihgatnder-fidmi ditasnas amotphoased.
The upper limt of th%fitnver,se magneti c d(i)(r%ain nuca%e tion field é-H IS
set at 2500 (Testurenthe £t orprdptianriathe prEen A% dNARDARE TECTSHRS n
nul eation Figlfl - R0, ' fepthliin ! thBSdRARGLL CLoPBRLIFALHRRA AN and

i nsufficient magnetic  sepafati-on, Ihcreasing the active magnetic noment

(vl sb) anpd 2 rhakivglitcdifficde to bbtaasefurthepisaredse imgedoedigldagsitynd
reproduction. It is d_esigta |l e for the cryst.al g_rai ng of the perpendicul ar
magneti c recor di nd¥ Yiew of the ahove situatienathe ghierhobitharpresenginyerigonss nm

The average grain. di r n tai . thr o j T AY I
grai ns of th%Okﬁoé’g%%gg%%g%ﬁﬁgr%gf’ﬁgnge@ggﬂl[ Iﬂg}?#\lqgr% %?ﬁopﬁﬁgreﬁ:gﬁ.lg&oﬁ@
(transm ssi onepk6@ldtith MeleAr@eccPticsatlapr eagbles Nhighrdenbingr Yechrdimgesnd -
14 It is desirable for the ~I3c/Hc of the perpendicular magnetic recording
film5 to be neprodustion hfmbraationorc method ofonanvfactuniag thesamedaadrabl e
since it _reduces variatiqn in ahe d(ib(ﬁgcgt er of tage magnetic particles)
produci ng% BRABNEREF ARMFEPF 19MaRRR 4 8P pendi cul ar 5 direction of
t he perpendi cul ar magnetic recording film and therefore deterioration of
the recording and reproduction characteristics and thermal fluctuation

resi stance can be held in check. The protective film®6 protects the

per pendi cul ar magnetic recording film5 fromcorrosion and al so protects

t he nedi um surface from damage 10 when the nagneti c head contacts the

medi um The protective film®6 can be forned of a conventional) known
material, such as one containing C, SiOz and ZrQOz. From the standpoint of
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i nvention of the present invention constituted of these processes, and

. which can be inplenented using the sputtering nmethod or the like, is a
magneti c recording mediumin which the orientation control film3 is forned
of a C 11b structure alloy, inproving the recording and 5 reproduction
characteristics (lower noise, for exanple) when used at higher recording
densities and inproving the resistance to4hermal fluctuation, thus form ng
a magnetic recording nediumthat enables high-density information recording
and reproduction. TFogacleesestivasalsovee objgtetlé prevegteinventionopdonigleand 10
reproducti on appar at us, ich ig the third invention, of the present. . .

i nvention, usMAgnstisagRetding N haiRgi umopmasnaliq siebstrate on ylich isn

e : o T . oo T o
Fecor i ng. andb i N B 1BER L SO i embdcin IEEAN, Wb Giop nTRORRH ©
recordi ng medihan Bontkol¥ednUBkiéhitiion e6ft I:0MIAD difdttly abates at Pergéndipamet i ¢

recording nmedium9, a magnetic head 11 that records information on the
magneti c Pecomdgngtitaeconding £dm hepingiaveaxishd easyondgngtizatibe adiahteddo
section 12 and a r.ecordin nd, r epr gductjon signal processing.,system 13.
The recordi ngb% P&Hﬁ%ﬁfiﬁ#ag‘. € 5K E@?i?’nﬁnéfs%‘?ﬁeitév? | BREFFIN
process i nputfabfedfski & J (o] : . qefg i 11,
and process repro Sc'??%n 2‘?8@}5 rg%afﬁeﬂ?n%gﬁtg?iég e%(lﬁ% aﬁlgﬁ% tagg;taﬂtbhe
data. The magstetctmrbead 11 can, for exanple, be a magnetic nonopol e head
for perpendicular yecqrding applicatiqns. A suitable magneti ¢ nonopol ¢ head
is one having a coﬁ?iélﬁa’?‘iagﬁe FoVeeRTdIRE t Fredinem, nitydise eﬁﬁﬁg% thati ithary
pol e 11b) ,a ¢ 1086, i i 1 C e [ 1d
provi ded)lgn tha cotrgindglgf(?rgtgasg'gpi %}?10@?3510 (liesgﬁrg’g{r;l‘g ioy}fgég%rs %%gtgeqia?\rg)ﬂ ajc
reproduction JapppARtAS AseSul R, DR! 8f Tiegarshddymedi um 9 having the

af orenmenti oned configuration, enabling the recording and reproduction
characteristics tolhetharpmagedticheeqirding omedinmy eithiigh desivabté nthadertbet y.
3 0o Exampl es are shown bel to,.clarjfy.the actign and effect of the
present | nven‘?l}l%t,at’rﬂ?tCc{‘ﬁé&%’éh@i@‘r‘i{f’scﬂﬁb Q1 M%aﬁ%- t hese Exanples. -
19 Exanple 1: A h Hb - act u b I , pan,
wi th an outside dygﬁef%r gl(lr)% §§e§ﬂi %%%%gfné\an@blgﬁg@édifﬁst %ieeqilaf)?ﬁ ftgl(rér-gattﬁgn
chanber aof t heridiGatimaneintesl Sl bedke WonraGaMisalléy.3010 manufactured 5 by

Anel va Corp., Japan). After the filmformation chanber was evacuated until
a vacuum of 1 x 106 the vmagaetr eveeprding npedinwg it 43 dpsiyabley thatt she 89

at% Zr content % Al %Q: v ar.get O-nm softly nagnetic
under-film2 %%r%ﬁoée%)ﬁgﬁ&@téﬁg%gs s%ﬁ’réﬁ%ﬁ%ﬁ/@& sputtering method.
Using a vibrating Eanfle imaghegpersdmitie (Ma¥iumt her As0ddsiraBe-tthat~AHe of
the saturation magnetic flux density Bs &T) of the elmand the film

thi ckness t (amgntagionceontrolfidan be ZdiPonZaTimboy. Next, the substrate was

heat ed tq .240C 3Cu-67Hf .t t d to for. 8- ientati
heat ¢ {9G2A0C e JROLSILLILSHASAIR? Wiiube LT el SHETRS O

magnet i zat i 0Ny 1aki ch@nkpol ilnb¥asi e by ed to be 100 (emu/cc). A
65Co0- 30Cr-5B (Co content 65 at% Cr content 30 at% B content 5 at% target
was used to form alnlOthem mageetiedredoeding mmédiwmg #t G4 Cdekiz@bld 7hiat2Bhé Co

content 64 at% Cr content 17 at% content 17 at% B content 2 at%
target was ttfghe’lféé’(?ntﬁpqtﬁ?lng-knzﬂl%ﬁhﬂé‘i‘ﬁfeﬁd? nessnefyRet lessy Ghg®i 1 m
For the abovea@dﬁoﬁmb%&qhiaﬂgzoo#&qess, argon was used as the filmgrowth

e

process gas, and t INn'mwas Tormed at a pressure of 0.6 Pa. Next) the CVD

met hod was used t dnf oth® amagnstipr sécetinge fddinnm, Nexs, debieableppibag nhkéhod
was used to forma |ubricant filmof perfl uyoropol yether, to theregly bt ai n
a magnetic r RGPERAUIRYi mAEnetie rererding filme ke rfonmedspbvih matemal ¢hat o5

Conparative Eﬁﬁwv%gsﬂﬁgégta@ig%;@ t that 60Ru-40Co, Ti and C targets were

used) Exanpl pasl's for fabricating magnetic recording

nedi a. The cont ent’Bh@peesch@RAventidbathu@tHer Bréifes andetkod bl mARifasticinen
characteristics of the magnetic recordi ng nedia of Exanple 1 and '
Conpar ati ve Bghpnesofl the Bagwetic recopdingevaediat edmprising hearayaig gutoin of
the recording gnd repyoduction characteristic measur enent s, wetke nade with
he RAs 88 MEBIWALL 15%Rh e y3t8p B dOFHENE 19080 ST SIS AR A28 O o8 by
Quzi k- Corp. fPMidly AR OrIGRAHGh AR film that
reproducti angorfgﬂg acti?tersﬁgﬁrggg %gﬁéég?f V\%‘gmu e%ﬁhgﬁﬁg 1a si ngl e-pole for
wites and a reproduction section with a GWR el enent, and neasurenents were
taken using a linear recording density of 600 kFCl as the recording
frequency condition. Test results are shown in Table 1. - 21 xcoovo

HonoOonoeoo... oaa.:. OrvnhnVpMr7GO'HVaav wDa
~.. NU~~"~-gNfllvCLUOaacdFoOOoo0o-~ENrvNNLTFayv




vi.-. vl... V1 vN v(~f Wneyl wl00 h10 hOv YIC ~W oGC_E av ONO
NONONONONONONONONONraE-b fVR7 NR7 fVG/ NC7 fVO7 N~ N~

" fV0.7 NO7 Nn N Vp . ~G::~r Ur~r Ur.~r. T UrN-., r Ur.~'r. .., U
r~ ... vurG.r. ~~ Urr Urr Urr Ur .~ Ur

- 5 -

controls an orientation of a film directly above, a step of forming a
perpendicular magnetic recording film having an axis of easy
magnetization oriented to be mainly perpendicular to the substrate, and a
step of forming a protective film.

5 The invention further provides a magnetic recording and
reproduction apparatus comprising any one of the magnetic recording
media and a magnetic head that records and reproduces information on
the magnetic recording medium, wherein the magnetic head is a magnetic
monopole head.

10 As described above, the magnetic recording medium of the present
invention has the orientation control film formed of a material
composition forming a C11y structure, thereby enabling the recording and
reproduction characteristics to be improved.

The above and other objects and features of the present invention

15 will become apparent from the description made herein below with
reference to the accompanying drawings.

Figure 1 is a cross-sectional view showing a part of an example of a
first embodiment of the magnetic recording medium of this invention.
Figure 2 is a cross-sectional view of a part of an example of a second

20 embodiment of the magnetic recording medium of this invention.

Figure 3(a) is a schematic cross section showing an example of a
magnetic recording and reproduction apparatus of the present invention.

Figure 3(b) is an enlarged view showing an example of the magnetic
head of the magnetic recording and reproduction apparatus of Figure 3(a).

25 Figure 1 shows an example of an aspect of a first embodiment of the
magnetic recording medium of the present invention. The magnetic
recording medium shown in this figure comprises a softly magnetic
under-film 2, an orientation control film 3, an intermediate film 4, a
perpendicular magnetic recording film 5, a protective film 6 and a

30 lubricant film 7 deposited in that order on a nonmagnetic substrate 1.

The configuration is described below in order from the nonmagnetic
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substrate 1 side.

The nonmagnetic substrate 1 can be that of a metal material, such
as aluminum or aluminum alloy or the like, or that of a non-metallic
material, such as glass, ceramics, silicon, silicon carbide or carbon. A
glass substrate can be of amorphous glass or glass ceramics. Amorphous
glass that can be used includes generic soda-lime glass and alumino
silicate glass. The glass ceramics used can be lithium-based glass
ceramics. As a ceramics substrate, there can be used a sintered body
having generic aluminum oxide, aluminum nitride or silicon nitride as the
main component, or a material reinforced with fibers thereof.

To enable low head flotation suitable for high-density recording, the
nonmagnetic substrate 1 should have an average surface roughness Ra of
not more than 2 nm (20 A), and preferably not more than 1 nm.

To enable low head flotation suitable for high-density recording, the
micro waviness (Wa) of the surface should be not more than 0.3 nm (more
preferably not more than 0.25 nm). Also the surface average roughness
Ra of edge chamfered portions and at least one side should be not more
than 10 nm (more preferably not more than 9.5 nm) from the standpoint
of head flight stability. The micro waviness (Wa) can be measured, as an
average surface roughness within a measurement range of 80 nm, using a
P-12 surface roughness measurement system (manufactured by
KLA-Tencor Corporation), for example.

The softly magnetic underlayer 2 is provided to more securely fix
the magnetization direction of the perpendicular magnetic recording film
5 on which information is recorded perpendicular to the nonmagnetic
substrate 1 and to increase the perpendicular component, relative to the
substrate, of the magnetic flux generated by the magnetic head. It is
desirable for this effect to be particularly pronounced when a magnetic
monopole head for perpendicular recording is used as the recording and

reproduction magnetic head.

0
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As the softly magnetic material used to form the softly magnetic
under-film 2, there can be used material containing Fe, Ni and Co.
Specific materials include FeCo-based alloy (FeCo, FeCoV, etc.),
FeNi-based alloy (FeNi, FeNiMo, FeNiCr, FeNiSi, etc.), FeAl-based alloy
(FeAl, FeAlSi, FeAlSiCr, FeAlSiTiRu, FeAlQ, etc.), FeCr-based alloy (FeCr,
FeCrTi, FeCrCu, etc), FeTa-based alloy (FeTa, FeTaC, FeTaN, etc.),
FeMg-based alloy (FeMgO, etc.), FeZr-based alloy (FeZrN, etc.), FeC-based
alloy, FeN-based alloy, FeSi-based alloy, FeP-based alloy, FeNb-based
alloy, FeHf-based alloy and FeB-based alloy. A material having a fine
crystal structure, such as FeAlO, FeMgO, FeTaN and FeZrN, containing
60 at% or more Fe can be used, or a material having a granular structure
in which fine crystal grains are dispersed in the matrix. Materials that
can be used for the softly magnetic under-film 2, in addition to the above,
include Co alloy containing at least 80 at% Co and at least one selected
from Zr, Nb, Ta, Cr, Mo and the like. CoZr, CoZxNb, CoZrTa, CoZrCr,
CoZrMo and other such alloys are particularly suitable.

It is desirable for the coercive force Hc of the softly magnetic
under-film 2 to be not more than 100 (Oe) (more preferably not more than
20 (Oe)). It is undesirable for the coercive force He to exceed the above
range, since the softly magnetic property will then be not enough and the
reproduction waveform will be distorted from a so-called square wave.

The product Bs't (T'nm) of the saturation magnetic flux density Bs
(T) of the softly magnetic under-film 2 and the film thickness t (nm) of the
softly magnetic under-film 2 should be not less than 40 (T'nm) (more
preferably not less than 60 (T'nm)). It is undesirable for the Bs't to be
less than that, as the reproduction waveform will then be distorted and
the OW characteristics degraded. The thickness of the film layer can be
obtained by observation with a TEM (transmission electron microscope).

It is also desirable for the material of the surface of the softly
magnetic under-film 2 (the surface on the orientation control film 3 side)

to be partially or wholly oxidized. That is, it is desirable for the material

~3
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crystal grains of the orientation control film 3 formed on the softly
10 magnetic under-film 2.

The surface of the softly magnetic under-film 2 (the surface on the
orientation control film 3 side) and the vicinity thereof can readily be
oxidized, partially or wholly, by, for example, a method in which the softly
magnetic under-film 2 is formed and then exposed to an atmosphere

15 containing oxygen, or a method in which oxygen is introduced during
formation of near-surface portions of the softly magnetic under-film 2.
Specifically, in the case of the method in which the surface of the softly
magnetic under-film 2 is exposed to oxygen, it can be maintained from 0.3
to 20 seconds in an oxygen atmosphere or an atmosphere in which oxygen

20 is diluted with argon or nitrogen. It can also be exposed to the air.
Particularly when oxygen is diluted with argon or nitrogen, it is easier to
adjust the degree of oxidation of the surface of the softly magnetic
under-film 2, enabling stable fabrication. Also, in the case of the method
in which oxygen is introduced into the gas used to form the film of the

25  softly magnetic under-film 2, if sputtering, for example, is used as the film
growth method, it is only necessary to introduce the oxygen into the
process gas for just part of the film growth time. In the case of argon as
the process gas, for example, oxygen can be mixed at a volumetric ratio of
0.05% to 50% (preferably 0.1 to 20%).

30 The orientation control film 3 controls the orientation and grain

diameter of the above intermediate film 4 and/or perpendicular magnetic
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Thus providing the intermediate film 4 enables the perpendicular
orientation of the perpendicular magnetic recording film 5 to be increased,
raising the coercive force of the perpendicular magnetic recording film 5

10 and further improving the recording and reproduction characteristics and
the resistance to thermal fluctuation.

The axis of easy magnetization of the perpendicular magnetic
recording film 5 is oriented mainly perpendicular to the substrate, and the
film preferably is formed of a material containing at least Co, Cr and Pt.

15 Itis desirable to form it of a material containing at least Cr and Pt, the Cr
content being not less than 14 at% and not more than 24 at% (more
preferably not less than 16 at% and not more than 22 at%), and the Pt
content being not less than 14 at% and not more than 24 at% (more
preferably not less than 15 at% and not more than 20 at%). By mainly

20 perpendicular is meant a perpendicular magnetic recording film in which
perpendicular coercive force He (P) and in-plane coercive force He (L) are
Hec (P) > He (I). It is also desirable to use a material containing not less
than 0.1 and not more than 5 at% B. This enables the exchange
couplings between magnetic particles to be reduced, making it possible to

25 improve the recording and reproduction characteristics. It is undesirable
for the material composition to have a Cr content that is less than 14 at%,
since the exchange couplings between the magnetic particles will then be
increased, increasing the diameter of the magnetic clusters and thereby
increasing the noise. It is also not desirable for the Co content to be more

30 than 24 at%, since that will reduce the ratio Mr/Ms between remanent

magnetization (Mr) and saturation magnetization (Ms). If the Pt content
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When the perpendicular magnetic recording film 5 is formed of
CoCrPt-based alloy, any element other than B can be added as desired.
There is no particular limitation, but Ta, Mo, Nb, Hf, Ir, Cu, Ru, Nd, Zr,
W and Nd are among those that can be mentioned.

10 In addition, for the perpendicular magnetic recording film 5, there
can be used an alloy to which has been added one or more elements
selected from a group consisting of Zr, Nb, Re, V, Ni, Mn, Ge, Si, O and N.

The perpendicular magnetic recording film 5 can be a one-layer
structure comprised of CoCrPt-based material, or a structure comprised of

15 two or more layers of materials having different compositions. In the case
of a structure of two or more layers, a multilayer structure can be used
comprised of layers of Co-based alloy (CoCr, CoB, Co-SiO2, etc.) and
Pd-based alloy (PdB, Pd-SiOz, etc.), or comprised of amorphous material,
such as CoTb and CoNd, and CoCrPt-based material. Or, CoCrPt-based

20 material can be provided as a first perpendicular magnetic recording film,
and CoCrPt-based material having a different composition as a second
perpendicular magnetic recording film. Also, CoCrPt-based material can
be provided as a first perpendicular magnetic recording film, and CoNd as
a second perpendicular magnetic recording film.

25 It is desirable for the thickness of the perpendicular magnetic
recording film 5 to be 7 to 60 nm (more preferably 10 to 40 nm). A
perpendicular magnetic recording film 5 thickness of 7 nm or more is
desirable, since sufficient magnetic flux can be obtained, there is no
decrease in output during reproduction, and there is no eddy leakage in

30 the noise component of the output waveform, resulting in magnetic

recording and reproduction apparatus operation suitable for higher
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It is desirable for the perpendicular magnetic recording film 5 to
have a coercive force of not less than 3000 (Oe). A coercive force that is
less than 3000. (Oe) is undesirable since it prevents the obtaining of the
necessary high recording density resolution, and also degrades the

10 resistance to thermal fluctuation.

In addition, it is also desirable for the ratio Mr/Ms between the
remanent magnetization (Mr) and the saturation magnetization (Ms) of
the perpendicular magnetic recording film 5 to be not less than 0.9. An
Mr/Ms ratio of less than 0.9 is undesirable because it degrades the

15 thermal fluctuation resistance of the magnetic recording medium.

It is also desirable for the nucleation field (-Hn) of the
perpendicular magnetic recording film 5 to be not less than 0 and not
more than 2500 (Oe). It is undesirable for the magnetic recording
medium to have an inverse magnetic domain nucleation field (-Hn) that is

20 less than 0, since thermal fluctuation resistance is degraded. The upper
limit of the inverse magnetic domain nucleation field (-Hn) is set at 2500
(Oe). An attempt to obtain a higher inverse magnetic domain nucleation
field (‘Hn) can result in the magnetic particles having insufficient
magnetic separation, increasing the active magnetic moment (vIsb) and
25 producing an increase in noise during recording and reproduction.

It is desirable for the crystal grains of the perpendicular magnetic
recording film 5 to have an average grain diameter of 5 to 15 nm. The
average grain diameter can be obtained through observing the crystal
grains of the perpendicular magnetic recording film 5 with a TEM

30 (transmission electron microscope) and processing the observed images.
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5 dlrectlon of the perpendicular magnetic recording film, and therefore
deterioration of the recording and reproduction characteristics and
thermal fluctuation resistance can be held in check.

The protective film 6 protects the perpendicular magnetic recording
film 5 from corrosion and also protects the medium surface from damage

10 when the magnetic head contacts the medium. The protective film 6 can
be formed of a conventional, known material, such as one containing C,
SiO: and ZrO:. From the standpoint of high recording density, it is
desirable for the protective film 6 to have a thickness set at 1 to 10 nm,
since this makes it possible to reduce the distance between the head and
15 the perpendicular magnetic recording film 5.

For the lubricant film 7, it is desirable to use a conventional, known
material, such as perfluoropolyether, alcohol fluorine, carboxylic acid
fluorine, ete.

The magnetic recording medium constituted of the layers each

20  having the configuration as mentioned above, which is the first invention
of the present invention, has an orientation control film 3 formed of a C11s
structure alloy, improving the recording and reproduction characteristics
(lower noise, for example) when used at higher recording densities, thus
forming a magnetic recording medium that enables high-density

25 information recording and reproduction.

Figure 2 shows an example of an aspect of a second embodiment of
the magnetic recording medium of the present invention, in which a
permanent magnetic film 8 with mainly in-plane oriented magnetic
anisotropy is provided between the nonmagnetic substrate 1 and the softly

30 magnetic under-film 2 of the first embodiment.
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permanent magnetic film 8 to have a thickness that is not more than 150

nm (more preferably not more than 70 nm). It is undesirable for the
thickness to exceed 150 nm, since it would increase the surface roughness
Ra of the orientation control film 3. It is also desirable for the permanent

10 magnetic ilm 8 to be composed to be exchange-coupled to the softly
magnetic under-film 2, with magnetization oriented in the radial direction
of the substrate.

Providing the permanent magnetic film 8 enables the formation of
giant magnetic domains in the softly magnetic under-film 2 to be more

15 effectively controlled, preventing noise spikes from the magnetic walls and
adequately lowering the error rate during recording and reproduction.

A B2 structure material, such as Cr alloy material or NiAl, can be
used between the nonmagnetic substrate 1 and the permanent magnetic
film 8 to control the orientation of the permanent magnetic film 8.

20 Next, an example of a method of manufacturing the magnetic
recording medium according to the first (and second) embodiments will be
described. First, the softly magnetic under-film 2 is formed on the
nonmagnetic substrate 1 by a method, such as sputtering. Then, if
required, the surface of the softly magnetic under-film 2 and the vicinity

25 thereof are partially or wholly oxidized. Next, a method, such as
sputtering, is used to form the orientation control film 3, intermediate film
4 and perpendicular magnetic recording film 5. Then, the protective film
6 is formed by a method, such as the CVD method, ion-beam method or
sputtering method. Then, the lubricant film 7 is formed by the dipping

30 method, spin-coating method or the like. When manufacturing the

magnetic recording medium of the second embodiment, the step of forming
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If required, the nonmagnetic substrate 1 is washed and the

5 nonmagnetic substrate 1 is placed in the chamber of the film formation
apparatus. Also, if required, a heater, for example, is used to heat the
nonmagnetic substrate 1 to a temperature of 100 to 400°C. Then, the
softly magnetic under-film 2, orientation control film 3, intermediate film

4 and perpendicular magnetic recording film 5 are formed on the

10 nonmagnetic substrate 1 by DC or RF magnetron sputtering using a
sputter target of a material having the same composition as the material
of each layer. The sputtering conditions used to form the films are set as
follows, for example. The chamber used for the formation is evacuated to
a vacuum of 106 to 107 Pa. The nonmagnetic substrate 1 is placed in the

15 chamber and Ar gas, for example, as the sputter gas, is introduced and a
discharge used to perform sputter film formation. The power supplied at
this time is 0.05 to 5 kW, and the discharge time and supplied power are
regulated to obtain the desired film thickness. Specifically, a film
thickness of 50 to 400 nm is desirable.

20 In forming the softly magnetic under-film 2, it is desirable to use
sputter targets (fused alloy targets or sintered alloy targets) made of the
types of magnetic material described above, to facilitate formation of the
softly magnetic under-film.

After forming the softly magnetic under-ilm 2, it is desirable to

25 carry out the aforementioned process of partially or wholly oxidizing the
surface thereof (on the orientation control film 3 side) by, for example,
using a method in which, after the softly magnetic under-film 2 is formed,
it is exposed to an oxygen-containing atmosphere, or a method in which
oxygen is introduced into the process during growth of near-surface

30 portions of the softly magnetic under-film 2.
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In forming the orientation control film 3, it is desirable to use a
5 sputter target made of the type of magnetic material described above, to
facilitate formation of the orientation control film. The sputter target
material used to form the orientation control film 3 is an alloy having a
C11s structure.
As already described, oxygen or nitrogen can be introduced into the
10 gas used to grow the orientation control film 3 with the aim of refining the
perpendicular magnetic recording film.

The perpendicular magnetic recording film 5 is formed after
forming the orientation control film 3. In forming the perpendicular
magnetic recording film, it is desirable to use a sputter target made of the

15 type of magnetic material described above, to facilitate formation of the
perpendicular magnetic recording film.

As already described, an intermediate film 4 can be provided
between the orientation control film 3 and the perpendicular magnetic
recording film 5 to increase the perpendicular orientation of the

20 perpendicular magnetic recording film 5 and increase the coercive force of
the perpendicular magnetic recording film 5, to further improve recording
and reproduction characteristics and thermal fluctuation resistance.

After forming the perpendicular magnetic recording film 5, the
sputtering method or plasma CVD method, or a combination thereof, for

25 example, is used to form the protective film 6, such as a protective film
having carbon as the main component.

Also, if required, a lubricant film 7 of perfluoropolyether or other
such fluorine-based lubricating agent can be applied onto the protective
film 6 by a method, such as dipping or spin coating.

30 The magnetic recording medium manufactured by the method of

manufacturing the magnetic recording medium that is the second
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higher recording densities and improving the resistance to thermal
fluctuation, thus forming a magnetic recording medium that enables
high-density information recording and reproduction.

Figure 3 shows an example of a magnetic recording and

10 reproduction apparatus, which is the third invention of the present
invention, using a magnetic recording medium that is the first invention
and is manufactured in accordance with the second invention. The
magnetic recording and reproduction apparatus shown here includes a
magnetic recording medium 9, a medium drive section 10 that rotates the

15 magnetic recording medium 9, a magnetic head 11 that records
information on the magnetic recording medium 9 and reproduces the
recording, a head drive section 12 and a recording and reproduction signal
processing system 13. The recording and reproduction signal processing
system 13 is able to process input data and send recording signals to the

20 magnetic head 11, and process reproduction signals from the magnetic
head 11 and output the data. The magnetic head 11 can, for example, be
a magnetic monopole head for perpendicular recording applications. A
suitable magnetic monopole head is one having a configuration provided
with a main pole 11a, an auxiliary pole 11b, a connecting section 11c that

25 connects these, and a coil 11d provided on the connecting section 11lc.

This magnetic recording and reproduction apparatus uses the
magnetic recording medium 9 having the aforementioned configuration,
enabling the recording and reproduction characteristics to be improved,
helping to achieve high recording density.

30 Examples are shown below to clarify the action and effect of the

present invention, but the invention is not limited to these Examples.
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y109&' () -5 ylippRAneiva yTCOoRR, (Japdm) c @After the film formation chamber was
evacuated until a vacuum of 1 x 10% Pa was achieved, using an
89Co-4Zx-7Nb (Co content 89 at%, Zr content 4 at%, Nb content 7 at%)
target, a 160-nm softly magnetic under-film 2 was formed on the glass
substrate by the sputtering method. Using a vibrating sample
10 magnetometer (VSM), the product Bs-t (T-nm) of the saturation magnetic
flux density Bs (T) of the film and the film thickness t (nm) was confirmed
to be 200 (T-nm). Next, the substrate was heated to 240°C and a
33Cu-67HS target was used to form an 8-nm orientation control film on
the softly magnetic under-film. The saturation magnetization Ms of the
15 film was confirmed to be 100 (emu/cc). A 65Co0-30Cr-5B (Co content 65
at%, Cr content 30 at%, B content 5 at%) target was used to form a 10-nm
intermediate film 4, and a 64Co-17Cr-17Pt-2B (Co content 64 at%, Cr
content 17 at%, Pt content 17 at%, B content 2 at%) target was then used
to form a 20-nm perpendicular magnetic recording film. For the above
20  sputtering process, argon was used as the film growth process gas, and the
film was formed at a pressure of 0.6 Pa. Next, the CVD method was used
to form a 5-nm protective film 6. Next, the dipping method was used to
form a lubricant film of perfluoropolyether, to thereby obtain a magnetic

recording medium. The contents thereof are shown in Table 1.

25
Comparative Examples 1 to 3:
Except that 60Ru-40Co, Ti and C targets were used, Example 1 was
used as a basis for fabricating magnetic recording media. The contents
are shown in Table 1.
30 Recording and reproduction characteristics of the magnetic

recording media of Example 1 and Comparative Examples 1 to 3 wexre
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Examples 2 to 11:

Example 1 was used as a basis for fabricating magnetic recording
media of Examples 2 to 11, except for the composition of the orientation
control film as shown in Table 2. For the sake of comparison, the

10 intermediate film and perpendicular magnetic recording film were given
the same composition and thickness.

Recording and reproduction characteristics of the magnetic
recording media of Examples 2 to 11 were evaluated. The same
evaluation described above was used. Test results are shown in Table 2.
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Examples 12 to 16:

Example 1 was used as a basis for fabricating magnetic recording
media of Examples 12 to 16, except for the thickness of the orientation
control film as shown in Table 3. For the sake of comparison, the

10 orientation control films were given the same composition. Also, the
softly magnetic under-film, intermediate film and perpendicular magnetic
recording film were given the same composition and thickness.

Recording and reproduction characteristics of the magnetic

recording media of Examples 12 to 16 were evaluated. The same

15 evaluation described above was used. Test results are shown in Table 3.
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