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y ; e3e<’ < DpL6T A ~~~~~~~~ i ~o~~ouru MAGNETI C RECORDI NG MEDI UM METHOD OF
MANUFACT AND MAGNETI C READY WVRI TE APPARATUS CROSS- REFERENCE TO
« RELATED @mmﬂmhl s application clains the benefit pur mmmm“mm\
UsS C 11 e*G%é% of U S. Provisional Application, No. GOIBRNm
Sept enber 26, 1. BACKGROUND COF THE I NVENTI ON Fi el d of the inygpbi on The
present invention relates to a nagnetic recordi ng nmedium a nethod of
manuf acture therefor, and a nmagnetic read/wite apparatus that uses the
magneti c recordi ng medi um Description of the Related Art A magnetic

recordi ng i h i Ci val i c I an

i n-pl ane ngggﬁﬁgilkeggFS%HE%ﬁéﬁﬁﬁﬁﬁkheg@hﬁ°@h§Fg§?§%§PC§§§é #@%ﬁétlzétion
ina mgnetic filmis ganenldNeTad REze)wrar IagipArRa TR substrate. In the
i n-pl ane magnetic recording nmedium there is a possibility that the vol une
of bits becones too small when the recording density is increased and
magnetic read/wite CkEFERENES AFE ggfg?hgrgﬁ teXTiHgt hermal stability
effect. Al so nediun#%%?%% %%%?%%sgg under the inf?%ence of di amagnetismin
t he boundary of, recordin It en [ r.ci:ng I i S dengreased. In
a so-called pe&Béﬁd?Ea é?agﬁaﬁe |%l?%2§FH?%§e%égi8§?§§5§%i%§:¥%g'§k?§ of
easy magnetizatiqn in _the magnetic filmis, general or r.pendi cul ar
to a substrat'&) (ﬁﬁ ‘Bgrﬂ‘rSasFFgV1\71§n?é@83r%]ilrf%trf‘a°d}Te{q¥c %‘iﬁ%&ﬁéﬁﬁgve

cl ear boundaries can be forned due to |less influence of diamgnetismin the
boundar y SePtea®sidia®y KA%& -even when the recording density is increased,
and t herefore noise can be reduced. Mreover, since the recording density
can be increased even if the volunme of bits is conparatively |arge, strong
thermal stability effectsB%% Gﬁé%&bﬁgF o8 u&hb@ﬁT&Bp”“Ch attention to the
per pendi cul ar magnetic recording medium nsequéently, a structure of a
medi um sui ted for use in perpendi cul ar nagnetic recordi ng has been
proposed._ Recent | t her e hasbeeni ncreasi ng demandfor hi gh-density
recordin&lﬁ dtﬁé et di ng medium For this reason, such a

magneti c reconfent JRH UMM DEER NERRASESa % gh ltaYeF o FBWELEL 1 mBA SO}
magnetic material, called a soft back |layer, is provided between a

per pendi @urgthedgedt mamifanting henpdoras and éc SHPgnNGF Ycayem g ike
substrat e 50,83 ,L0 chiIRr O\ & he, LI fleney Al L8 ny RWLhurd he magnetic f1ux
bet ween a“single pole type head and the nmagnetic recording nmedi um in order
to use the single pole type head that has high capability of witing in the
per pendi cul ar_, netic film_ However, even when the soft back |layer is
provided%eﬁﬁélgggﬁ&jéir%&%n%ﬁ%ﬁf%ﬂuﬁﬁ&wndoes not have satisfactory
performance i nat hagheadicwrielce raiagaakdingl, i ehatt Ber Aalw sbabkliciuiagd t he

resol ution Qf recording, andtherefore ,a nagnetic recording nediumthat is
better iAVEAEER1Emat CERTHETIERINAD bRER!PREUIGHEET IC recording medium

wherein the axis of easy magnetization in a magnetic film is
generally oriented parallel to the substrate.

In the in-plane magnetic recording medium, there is a
possibility that the volume of bits becomes too small when the
recording density is increased and magnetic read/write
characteristics aredeterioratedby the thermal stabilityeffect.
Also medium noise increases under the influence of diamagnetism
in the boundary of recording bits when the recording density is
increased.

In a so-called perpendicular magnetic recording medium of
which the axis of easy magnetization in the magnetic film is

generally oriented perpendicular to a substrate, in contrast,
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Japanese Patent No. 2669529 proposes to enhance |attice matching properties
between a Ti undercoat filmand a Co alloy nagnetic filmand to inprove the
.orientation of the ¢ axis of the Co alloy magnetic filmby introducing the
other element into the Ti undercoat film2 However, when using a Ti alloy
undercoat film the magnetic cluster size in the Co alloy magnetic film

i ncreases aRetdriE ndBeH $He ok 88mh NEE@ASES a ddET €bybBBkEAgi bl dirfid Ekinedio
further increase the recording density. 3 Japanese Pat ent plication,
First Publ ide& t @A eRs. inel usnasoedi HrapRiessn Niths Boendasy &fi Eacarfdnd of
the c axis Qf j [ ' r t
conpri si ng b&sa%ge%{%%\?g? ggﬁ}ggﬂéadnéncér%‘cx SF r&gf'cg%kn I a'rr%?l girtltcl)%ktg)ﬁgre
under coat fidimecoaprdess reguCedandM®ueoner casiease Bse ag@mding tdeesndignean c
grain diameter in the Co alloy nmagnetic fiHPfj ncr,eases andtt helrregi um noi se
i ncr eases, PEnéPERGARERI AT 2 Wit CQHEMECT drttiierSi fiRFBALATLKE Y etdF EF ng
density. JapaeegecRatRAl Appbi Loty U ditsshrBubld satd O Nl tShe 63-RidH 17
proposes to use a carbon-containing undercoat film However, when using the
car bon- coniaitentgonnder ¢bgt peirpgnddicidart RRgneLlim KesoadiagomgAsUS -
structure, Lentatiqn Qf i - : dicgul netic film
deteri orat gtgggﬁghteﬁgl he%nglgrgicggﬁr% ?é ge?{g??grﬁa?gé?gtahgrggbggﬁanggng it
difficult perbenthenliemcmagaettilte reeoaddngghdenbeey. pogesetihe

above-descri bed circupstances, the _present invention_ h been nmade nd an
bj 6ot ther eof i SEFBIpT 0l IFE HAG REER o TR TR R F oA SIEAH00N o of
recordi ng aedokaadgbaskichg mageerat Q@c@&d&p?!ﬂ@@iuﬂensﬂ‘dﬁ/hﬂhiéfpféé@d}g, the
read/ wite characteristics and thermal stability, a nmethod of manufacture

therefor, &Hgha2nBafeerécr saarRAing BpParatkas SammrorRFsaHRS NVENYECN To
achieve thga0l) opCL dosCr 2P0\ £ 1B 1P €38k gvsakkoﬂaﬁgpip r &f, the

foll ow ng constructions. e magnetic recording nmedi um of t sent

i nventi on psovhdedcbetwezed anpehpendheudat endgiétoihc chintm dihdt |serwesede of

a non-nmagnetic ma whi ch  cont %i ns ‘%’3 t0_80_ at.o of N _and Lhe or nore
& &

erial
ki nds of eF‘errFe%?%éJsréq 3&3’ ¢ PPIR SBPSYFATE SUAS by 1S oxggt SFHHEY
ori ent ati opfcerd rfdlow bl RE ahegmdt Vo A :xABe BUpeitd WAny1e pdhe ©fpetiard on
control filmcan be made of at |east one kind selected fromthe group
consi sti ng2Bfl NRFamagn8yicNFRECAALBY, MRAFIMal I RYCEIRE N ZrUsg IT)e single

per pendi culgi s MRgPEt hZghi PRaBNHhAAt h9BK E9PSHaNt ¢ fUspf W Des RET PENEh LUl ar
magnetic filmis preferably equal to“or higher than 1 X 06 erg/cc. In the
magnet i ¢ reespdndgcubdrunaghethe fiément invention, it is preferable that

t he perpendi cul ag ti i1 Y i 1, on t.ai ni.ng . Pt_.as the
maj or consti tueﬁ%ovg%gggf S%V%{ivgkggcﬁh%o%?g?é ‘%éq%a afeglnol%’ Rglrgcﬁ'elr%)et%far;c and
| ower t hanm2dnatbcaretar FEtngonatiént degmhot dhaore baghefathany bk rafudrdamuer

than 24 at .o, and a ercive force (Hg) i.s equal to.or higher than 3000
A e T R A R AT B SR LA S LA S N
and | over 83918606608 re @l nd Ahha tOfe fe@SirdUnha RENEL r2abiraingMoa il

saturation nagnetization (M , M/Ms, is equal to or higher than 0.9. A
mean cryst BhagrafnPafbatt ep bhefRechpreataridhiedntasd|been nreguprederabl y

L, o Do FIpA B0 IO eSO e LD SHORRS TalEe
| oner t hanm20chimg properties between a Ti undercoat film and a Co alloy
magnetic film and to improve the orientation of the c axis of
the Co alloy magnetic film by introducing the other element into
the Ti undercoat film.
However, when using a Ti alloy undercoat film, the magnetic
cluster size in the Coalloymagnetic film increases and the medium
noise increases, thereby making it difficult to further increase

the recording density.



It is preferable that the perpendi cul ar magneti zati on have a B content
equal to or higher than O . 1 at o and lower than 5 at% and 0 850 is within
.a range from2 to 10. 5 A hard magnetic fil mnade of a hard nagnetic

mat eri al can be provi ded between the nor$ magnetic substrate and the soft
magneti c undercoat film The nmethod of manufacturing a nmagnetic recording
medi um of the pragank skNPRRN?N AGPRIHdat8% |, 0TI #up183%Ht idrSWd. MRanetic
undercoat filmmade of a soft nagnetic material, an orientation control
film that 8cd8t036I0s pirise aeise fcatiimpr cofe £e lomigndeitden wcifghhealgop&lsaot

per pendi cul ar ~.magnetic fil m.of Lch. t axi i i ﬁ
gener al | y% i g?\t e op‘érmﬁgr?(ﬁrpclu g\ri\qf"gb% Jsgé'bnsg[ ?gt'ge)%d%ﬁg %@&%8??‘&%9?%}“% on
a non- nagmet atidgswastrate, while controlling so that the orientation control
filmis nmade of a non-magnetic material which contains 3 o 80 .at% of N

and one or nor efRPRUSTof TRE dMRA SR §42F PRt ABST]E O the UNPEICRBL g

Ta. The magngl kempeading €6 ArPa ALk rehskle PAeseHedIMENHRNNEgABE LEES @
magneti c recordi ng medi tm and a magnetic head t hat records information on

t he magneuireineddpruehgrniddi theabd pl gy naundtifodidm dncrfases aAnghehe
magneti c recordi ng. oedi (S . fiy: i, C . un film
made of am§§$P%h§gﬁg?i%H%%§g$?%f,ggﬁgé?#Zﬁ%%?ﬁ%nqbgﬁggg%%ﬁfl&?tﬁg%ggg%trols
t he ori entiakireasef taef irdemopddwigdedndiirtgct | y t her eabove, a
perpendicularnagnetic filmof which_ the axis neti zation

f eas i
general |y ori ent@82pEPBeRBrERrafPPSI525dR8 ﬂE?taﬁnggﬁPGPQEtNQe ﬁﬁPnl

that are prayhded70pr8pBeBsMRENELELC aSERSbHAL8on¥hlhenihEnakreBLat ko,
control filmis nade OP a non-magnetic material which contains 33 to 80 at

% of Ni and oneHerewepre WieRisising bhecfarhon Cwdaigtigp ungerseatyfiim, zr,

o, o andifge BRLEFe DERGR OH N chide DREBUNERLE! O enl b2i8nRaELLAl LY

sectional Vview show ng the Tirst e amadneti c recordi ngnmedr unof
t he presenhel nvexnisontf tHe.pedrpendircwl s tmagmediiicf fadmi datemdgeadbésaand

orientati control. film, Fig. 3.is.a _graph showi ng an exanple,pof.a

curve. Fi ohelffetat dndBiunsh AR eetiBrar ety P EeRY s Can a R gt |
an expl anaboryryhew fiacrexpkaithiengeaofelihgddehsiegsuring 0 B 50. Fig. 6 is
an explanatory view for exglaining a met hod of nmeasuring 0 9 50. Fig. 7 is
a graph showi ngUBASExERPI 8BOBFadPEEKkIREACERYEUMBENCESy sSERepRFEFENFY
sectional ;yiew:SBAWLAE bOenSREQEY SO Mo tRBLAG! G LECREH NG pdi UM

of the present 1nvention.
magnetic recording medium that is capable of recording and read

backinginformationat ahigherdensitybyimprovingthe read/write
characteristics and thermal stability, a method of manufacture

therefor, and a magnetic read/write apparatus.

SUMMARY OF THE INVENTION

To achieve the object described above, the present invention
employed the following constructions.

The magnetic recording medium of the present invention is
characterized in that the oriéntation control film is made of
a non-magnetic material which contains 33 to 80 at% of Ni and
one or more kinds of elements selected from Sc, Y, Ti, Zr, Hf,

Nb and Ta.



Fig. 9 is a partially sectional view show ng the third enbodi nent of
amagneti c recordi ng nedium of the present invention. Fig. 10 is a schematic
structural view showi ng an exanple of a nmagnetic read/wite apparatus of
the present invention; Fig. 10 (a) shows the entire structure, and Fig. 10
(b) shows a magnetic head. DETAI LED DESCRI PTION OF THE I NVENTION Fig. 1
shows the first enbodi nent of the present invention. 7 The magnetic
recordi ng nmedi u h r.e .has ctyne i j iC

under coat fiIn1gygagwgﬁpgﬁﬁégﬁbﬁégﬁﬁﬁgbﬁﬂﬁﬁﬁﬁ$§¥ﬂgﬁﬂpﬁigg%%5¥g?gﬁ%iIn14, a
per pendi cul ar qag%etic filmb5, a protective film6 and a lubrication film?7

are fornmed "6 <& A6n- magneti c substrate 1. As the non-nagnetic substrate 1,

a metallic substrate_conprising a petallic material such as . alun num or

al uni num al | oy hh? B’élﬁggaf:'lgﬁd%nﬁgﬂ?ntf%ﬁ Fen skﬁleos[?a}é;% eOfgéaerrliegls g a°
non-netal li.c material such as glass, ceramc, siligon, .sili catbi de or
carbon mayiBd IRERF TR IMFIEh o FTONE ‘Q‘F%%Jss%{m%f’rfaf{'leioai' ﬁ&ﬁﬁé@% 85128¥' gl ass
substrate and crystallized gla %.substrate. As t he anorphous gl ass,
gener al - pbitpdséld8daanchd a§§,9¥'uwinate gl ass and al umi nosilicate gl ass
can be used. As_the crystallized %Iass, | it hi um based crystallized glgss
can be used. AsPtRBTRBPEATHISELTAPREELZELPRt BPEFOREAYYCcERPELAPRgRY ©
general - purpose al um num oxide, alumnumnitride or. silicon nitrjde as the
maj or consPPtRRFRENGECALRT Faanediiff idB simbedisF abiet 881 adae K& Bizeler aAs
the non-magnetic substrate 1, there can al so be used substrates wherein the
Ni P film f&anokngd ¢h €K8<4Esubstrates by a plating nethod, a sputtering
met hod, or the |ike. The soft magnetic undercoat film2 is provided in
order to increas®e thReragmsdientcperpendimadidm p8 the PI@SSNtai BVORt i Pl
magnetic flux fromthe nagnetic head and to establish nore firmy the
magnet i zattohsoPreferpbdgendiadulthe pegrendd culpm Bagnedd o dddrdhavRea
information, in a direction perpendicular to the 8 substrate 1. This
action becompgsibienrepmiRableg\irGrRisiasgthegnaiipe qulst ithyepnthaead 4bgo

per pendi cul ar recording as a read/wite nmagnetic head. The soft nagnetic
under coat hevene 2CF scomdenbf eauabf o ragidighe nmithan 416, ans Lhwepateanal4
thereof, a material containing Fe, Ni and Co can be used. Exanples of the
mat eri al 8f3t Ardnaghet¢onpgnistedial A iagh hiligh@ro thasl ddeaRdChowet oylsari FeCo,
FeCoV and the like), FeN alloys (FeNi, FeNi Mo, FeN Cr, FeN Si and the

| i ke), FeAH agRkl iy & FeArciFreA@ice Al Ss@quakeyd SF TiiRhe rRdE I GoR(Pele,
like), FeCr alloys (FeCr, FeCrTi, FeCrCu and the like), FeTa alloys (FeTa,
FeTaC, Femafebhdetmeclékelon FHeNy d-Hoysig ReMpQ &ndor HeidhderhanFeelal | oys
(FezrN and the like), FeC alloys, FeN alloys, FeSi alloys, FeP alloys, FeNb
al | oys, Ferfl kdveysthamd FeB(Q¢) oyand Ehepsicanfaresidealseagrenbtaticr
havi ng an Fe content equal to or higher than 60 at% conposed of

mi crocr yst¥Fs tooat i sd hgoraalgOe tEeRtfOonFaTaN, MEARs N ioreqiel Ebke. higher
addition, it can also have a granular structure in which the mcrocrystals
are di spetbead Pn%a matri x.

A mean crystal grain diameter of the orientation control
film is preferably equal to or higher than 2 nm and lower than
20 nm.

A thickness of the orientation control film is preferably
equal to or higher than 0.5 nm and lower than 20 nm.

It is preferable that the perpendicular magnetization have
a B content equal to or higher than 0.1 at% and lower than 5 at%

and A 650 is within a range from 2 to 10°.



As the material of the soft magnetic undercoat film2, a Co alloy having an
anor phous structure, which contains 80 ate or higher of Co and al so
.contains at |east one or nore of Zr, No, Ta, Cr, Mo or the like, can be
used. For example, CoZr, CoZrNb, CoZrTa,s5CozZrCr, and CoZrM alloys can be
used advantageously as the material. 9 The coercive force He of the soft
magneti c undercoat film2 is preferably equal to or |ower than 200 (Ce)
(preferably equal .t I r. 5 ) T (o} i

exceeds the abovllé hragrndg;énalgglvéﬁtojtct gr%gfnegégﬁeafbf ?Eégflg%%g\?ﬁ%%gggg%iT ar% is,
soft magnefic _ch erLsti o] L Lcie e a a ve 1S
not o sor car | BAOPLEFA BLPALET PRECBn RS L B PRt R e
magneti c denskgﬁ.gs oéeghg §o tlgagnetic undercoat film2 is preferably
equal to o?aﬂlg er ThaR™0%8 T %préferably equal to or higher than 1 T) . Bs

that is lower than the above_range.is not preferable for_ the follow.n
reason. That ishﬁﬂ%én?‘é}é b%%lf“?l\%&%a?%uﬁﬁé)aa IS IGY Iy TS an}evéﬂvlva@ne,
but a distorted wave. Specifically, Bs~t, that,is he produ of the
saturat i onoﬁég‘ﬁéﬁecsedb%gf‘f’ﬁnééof} Y& L& c?rd'lmi%gftlteﬁsﬁsa Fﬁggé'}?fg(negal&eti c
undercoat film2 and the fi]lmthickness t of ,the soft neti c under.coat
film o, | SSPPEFEPRbIGH hymacs BEoe S7ighBRIPREACARTSRIRL ot HrETUAt o
equal to or higher_than 60 T~nn%r Bs~t that is |ower_than . the abaove range
is not preferabPe FoimiHRAt ofP% ?IQS reR AFISARAt i 9hé (701’4 is
sonetinmes distorted and CNVcharactﬁristics_éover;mwite chakacterisiics
det eri or at E* 91t qROVFefePEEPENARSUIARRING LS OFt RE ¥BEF BRIt S ©
undercoat film2 (the plane of the orientation control film 3 side) that
forms the S¥%Y TRt eauhoRr £DadePerad bY ¥ IR ESD RS RN TPl 2% 19 @
oxi di zed. Consequently, magnetic fluctuation of the surface of the 10
soft nagnetRstrriet cGHtd & PRCEeCEd ViSe T B pr @R seonTda gnfdrist su@stradgiwrit e
characteristics of the nmagnetic recording nediumcan be inproved by
reduci ng nohske GNP i nhe hadiddt thef PLEEUERTHPR FPRr @ kaldy Mk iltseMmade
characteristics can be inproved by refining crystal grains of the
ori ent at i ot GoRPROMapgNEMiS PAERBHA VR sentakagnddite §Rdatdoaf Ni prd2.
The oxi di zed portion (oxidized |layer) of the surface of the soft magnetic
under coat $1¢ rAR mese e ndsy pdd eBemanst pederhedhi xomtIry sof tTiradvet HE,
undercoat film2 is exposed to a gas that includes oxygen after formng the
soft magnei®h canmhdet coat film 2, or a nethod that introduces oxygen into the
process gas when formng the portion of the filmat the surface of the soft
magnet i ¢ under cddte nagneRicaread/ wiske agpacpthedl yheipresrnicasyensiehi ch
the surface of the soft magnetic undercoat film2 is exposed to an
oxygen- corteiRt FReatnPagn@td c recoadibps nedbwedrd & MEehs i oXggeh thkdne,
or a gas atnosphere obtained by diluting oxygen with argon or nitrogen for
about 0. 3 Xer@pis dadidEna tiap arhéhgenagie bic exgosidignd mediom amsgpéays
undercoat film2 to atnospheric air can be enployed. Particularly, when
usi ng a gashebnicnadthpndi wheregn chegergngttic aegonddéngmadiogesomprabee
manuf act ure can be conducted because it becones easy to control the degree
of oxi di zatt dreagit sheodtriagee bl c thrddesufdatndgist hedendtraeatf tf megngtitn t he
case in which oxygen is introduced into a filmformng gas of the soft
magnet i ¢ umdeRcicalt, far m2ierftort orangdre;, rodhefi los ithg ta cspuintadrs nghenet hod as
the filmform ng nethod, sputtering may 11 be conducted using a process
gas cont aion ign tedigen ohta otiuloe dotdrerded ddurdatd yordhe rae ghartd ,ora of t he
filmformng tine. As the process gas, for exanple, a gas obtained by
m Xi ng ar geerpdrndi abicut m&gNs¥d td 13606yt bflet abbyi@.dlif ¢dsP&@netiaxygen i s
preferably used. The orientation control film3 is a filmprovided for

is generally oriented perpendicular to a substrate, and a

protective film, that are provided on a non-magnetic substrate,
while the orientation control film is made of a non-magnetic

material which contains 33 to 80 at% of Ni and one or more kinds



“controlling the orientation and crystal grain diameter of the internediate
film4 and the perpendi cul armagnetic filmb5 provided directly thereabove,
and is made of a non-magnetic material which contains 33 to 80 at%
(preferably 50 to 80 at% of N and onegor nore kinds of elenents selected
fromSc, Y, Ti, Zr, H, Nb and Ta. The content of one or nore kinds
selected fromSc, Y, Ti, Zr, H, Nb and Ta is preferably set to equal to or
hi gher th % AN is | r am, 33 %, ot
preferabl%Qbéggﬁégkfhguéfﬁg%%Fg%x%ﬁ%%Bv?ﬁg%ﬁﬁeZg?r@F7r§?£é%¥§§gbears. n
the other hand, the NI content that exceeds 80 at%is not preferable
because the orientation control film3 is magneti zed and nmedi um noi se
i ncreases. The orientation control film3 is preferably nade of at | east
one selected fromthe group consisting of NiTa alloy, NiNb alloy, N Ti
alloy and NiZr alloy. Aspihe Befarabhopn 8p ehkoprAMifal comprising Ni and
Ta may be used, and also an alloy, which contains this alloy as the ngjor
constituent and al so contains the other elenment, can be = 12 used. As the
Ni No alloy, an Bigeyl(hNsNB)paskprildvngemtiandlNyiadyshewisgdthandiarso an
all oy, which contains this alloy as the mgjor constituent and al so contains
t he ot her embediémentcdn begnstdc rAsardd nimgdigin of themprggent {nyenyion.
conprising NN and Ti may be used, and also an alloy, which contains this
al l oy as the maFbg. cdrst enuehecandnal 6L raet Bomsimdae oifthen ereepbetiean be
used. As the N Zr alloy, an alloy (N Zr) conprising NN and Zr may be used,
and al so apnnadkbdyfinhi.ch contains this alloy as the major constituent and
al so contains the other elenent, can be used. The orientation control film
3 preferably haBian Bcpssérgcapheshdhéngsenoéxahmpler oéntaMHonucwatrol film
3 having an hcp structure nmakes it possible to inprove the orientation of
t he perpendi cul Bignmegniet i dridph Shand rig anopheve exeaglwr bfeachidractesi sti cs
and the thernmal stability.

Fig. 5 is an explanatory view for explaining a method of

measuring A 6 50.

Fig. 6 is an explanatory view for explaining a method of
measuring A 650.

Fig. 7 i1s a graph showing an example of a rocking curve.

Fig. 8 is a partially sectional view showing the second
embodiment of amagneticrecordingmediumof the present invention.

Fig. 9 is a partially sectional view showing the third
embodiment of amagnetic recordingmediumof the present invention.

Fig. 10 is a schematic structural view showing an example
of a magnetic read/write apparatus of the present invention; Fig.
10(a) shows the entire structure, and Fig. 10(b) shows a magnetic

head.
DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 shows the first embodiment of the present invention.



It can be confirmed by exam ning an el ectron diffraction i mage whet her or
not the orientation control film3 has an hcp structure. Fig. 2 shows an
el ectron diffraction i mage of the orientation control film 3 made of
60N - 40Ta (which nmeans 60 ato Ni-90% Ta)7. A diffraction inmge
corresponding to hcp-Ni was confirned by Fig. 2 and it is found that the
orientation control film3 13 has an hcp structure. The thickness of the

ori entati of, £ oAt ifd F8E3rhisnRrid LN Pk oRAUA rd Balla Rit@ek urRain nidh Nm
and lower than 20 nm (nore preferably from1 to 10 nm. Wen the film

t hi ckness fséﬁfyﬁéféﬁé‘é?éi%&%é Plefihm 3 45 MidHehd JrARd M AQah to

20 nm (prefera oml1l to 10 nm, the perpendicular orientation of the
per pendi cukar_ magnetic §41m OfTES, £d ] v Nigghele rand e, @i stance
bet ween th%’ naagnetl C ‘ﬁeeadé angft e sof?p%al née:rﬁlc under cgg{e fil le%becorres

| arge durin . bac n ref or i r .Skl €S be
enhanced W ltg%%eﬁ%‘g%eﬁlor?agiéﬁggt eﬂ#kgg%?%ﬁ% %fllfﬂg a?‘g%?‘h‘zﬁ&s?'g?m. When
the thickness falls bel oye range, the perpendicular orientation of
t he per pen?ﬁ’%ur?aa?rl'err%gcneé)%éé]lf??ng;i s lowered, and therefore read/wite
characteristics and.the thernal .stabjlity deteriqrate. ;Al.so _when the

t hi ckness excee(f%st hee rné)r?ggnao%nsectr]i esd'lﬂastntorva%,e t%HeOapglreg:gnl |lé:uls\zg{?’s%rriagﬁt ation
of the percgendi cul ar _ma nefic fial m Sails 1Imwere alnd therelfonqe rea;jl/vvri te
char act er | ST St £HE Yher haMaSEABa TV ECH B O& HoA Y HE 8l dPnce
bet ween t he magneti ¢ head and the ?oft maqnetic undercoat film 2 bﬁgorres
large durifRy PeddcHadbd s RV BESAALFSTY & ST 10 %T GRRITMGERF&4Ses
and the noise characteristics deteriprate,.which.,i.s not preferable. Since
the surf adt tRIcH 1 206k 2PRM 275 erT SPTbH SOAEFED” FAACSPEARAESSr FAFPRBNCE
on the surfac rofi|es of the perpendicul ar 14 magnetic filmS and

prot ecti vé'¥y ﬁ?ﬁpé",set e nean surface roughness Ra of the orientation control
film3 is preferably set to gﬁpmor | ess in order io | ower the floating

hei ght of the n&GREERESHEfd td&r i9G 5% CHPSItAG tand FeRHCHIBRTBYOPEdELRRAT t he
surface unevenness of the magnetic recording nedium Control of the nmean
surface r ORI REND FHhorl 1283 HASS siq{bsﬁd?ﬁeol eBBothedarerpPhgus
surface unevenness of the magnetic recordi ng nedium thereby to

suf fi ci ent94?29owdeSTE FIRIHHIRF tf’é?%h'thd‘?e t‘ﬂ@%gﬁéﬁ“&% H@sisngnd
recordi ng and read back anq t o enhance thg recor glﬁng density. The

ori ent at i G-I HGA5R ¢ E8Rt QFNUSEdt ed tOReCEYSERYGeAeANELAFEr ogen.
A nmet hod that introduces oxygen or nitrogen into the filmform ng gas
(process gadn TR G GHY Sttt 'orasshtHaTh CohtolUseid-m As chRebeStBES For
exanpl e, when using a sputtering nethod as the filmformng nethod, a gas
obt ai ned BPAREGATE argdANWRERAADRLY FPNtTVARD ISHSFEprBREPEBRYabUMIRURy 20
0 ) of oxygen or a gas obtained by mixing argon with about 0 . Ol o to 20%
(pr ef er ablgrige, PR UHYE Frbfeqt $olyetrt 81 bF tferalhe iaskar aenshituent,
filmformng gas. Crystal grains of the orientation control film 3 can be
refined b4 it féPEE G IBEAFEE DR G AT Sy e e nRvdn cele Per Se4- grain di anet er
(rmean grain dianeter) of the orientation control film3 is too small, the
orientation of PBetp&r PERIMEONEIL iFagHEEILEALR| dy 5ENEre oGRR e@ll SENPE hesed her
hand, when the crystal grain dianeter is too |large, crystal grains in the
per pendi c RS tHagest Whelielm $Shsedigie faday 46. fPhBeEf epethepe substrates

by a plating method, a sputtering method, or the like.

The soft magnetic undercoat film 2 is provided in order
to increase the component perpendicular to the substrate of the
magnetic flux from the magnetic head and to establish more firmly
the magnetization of the perpendicular magnetic film 5, that

records the information, in a direction perpendicular to the



15 crystal grain dianeter is preferably equal to or larger than 2 nm and
smal l er than 20 nm The nean grain dianeter can be determ ned, for exanple,
. by observing crystal grains of the orientation control film3 by a

transm ssion el ectron mcroscope (TEM @&nd i mage-processing the inage
observed. It is preferable to use, in the internediate |ayer 9, a materi al
havi ng an hcp structure. It is preferable to usQ in the internedi ate |ayer
4, a CoCr Qld®hare @Cr Xl alloy or a CoXl alloy (X1: one or nore kinds of

el ements selected fromPt, Ta, Zr, Ru, Nb, Cu, Re, Ni, M1, Ce, Si, 0, N and
B) . The Co contiggt gk.tBg bet:%@%dh%tr% @)ﬁs&kébué %@E%@%lj Wi "sE‘h@lé

range from30 to 70 at% The thickness of the internediate | ayer

pr ef er abl L i BOa B FLRT, zgyéﬁrd( £ Srablya eayalk o Lo 08 /| PYEE nb ﬁet;Q nm
in order %%t@&g%t %eterlor ti 3 reaé?mm?tg&characterlstlcg Eue to
coarsenln% gf magnetic grains in the perpendi cul ar magnetic film5 and

| oweri ng of “tHe resol ution of recordlng due to an increase in dlstance

betveen t he MRORGLI & 1AL, A0G1 b 16 RO dodRENGR 103 SALREGSEL JddhZgnptpmt | on

of the internediate layer ossi to en ance the per |cular

ori entati gn of ;the p {:g R uLay s p&lgpsi@kggy |0 Rarlps 8 hégﬁsam?ngog%c' ve

perpen magne her oV
readIWW|tS charagterl CS an% the thermal stability. The perpendlcular
magnetic Ti1 A5 8 §2FafRet®€%iIm of

Examples of the material of the magnetizing stabilization
film S inc_lude FeCo alloys (FeCo, FeCoV and the 1like), FeNi alloys
(FeNi, FeNiMo, FeNiCr, FeNiSi and the like), FeAl alloys (FeAl,
FeAlSi, FeAlSiCr, FeAlSiTiRu, FeAlO and the like), FeCr alloys
(FeCr, FeCrTi, FeCrCu and the like), FeTa alloys (FeTa, FeTaC,
FeTaN and the like), FeMg alloys (FeMgO and the like), FeZr alloys
(FeZrN and the like), FeC alloys, FeN alloys, FeSi alloys, FeP
alloys, FeNb alloys, FeHf alloys, and FeB alloys.

There can also be used a material having an Fe content equal
to or higher than 60 at% composed of microcrystals comprising
FeAl0, FeMgO, FeTaN, FeZrN or the like. In addition, it can also
have a granular structure inwhich themicrocrystals are dispersed
in a matrix.

As the material of the soft magnetic undercoat film 2, a
Co alloy having an amorphous structure, which confains 80 at%
or higher of Co and also contains at least one or more of Zr,
Nb, Ta, Cr, Mo or the like, can be used.

For example, CoZr, CoZrNb, CoZrTa, CoZxCr, and CoZrMo alloys

can be used advantageously as the material.



16 I | which axis of easy magnetization is generally oriented perpendicul ar
to the substrate, and preferably has a conposition which contains CoCrPt as
.the major constituent and has a Cr content equal to or higher than 16 at%
and lower than 24 at % (preferably equal9to or higher than 18 at% and | ower
than 22 at% and the Pt content equal to or higher than 14 at % and | ower
than 24 at% (preferably equal to or higher than 15 at% and | ower than 20
at%) . The G GoMu enl 0f JOPsE Lhga é@t%te‘yosbﬁtnesgrpé@t@r&meeré&rt them

foll ow ng reason. That is, since exchange coupl'i ng” between magnetic grains
ot eases.o YACUBANBLbE LH PR b F | EE SARES GGOL IR Sy ||
foll ow n t tio of resrdual magneti zation (M) to
saturati gngosraaozf(r)re Cr)";lz- tHaS? I\it?ﬁo%;/ra’ and the coer crgve force He(ar)e
|owered. The Pt gontent ol puBE LRaN 1k k%S0l cPL ;st%{ttngé Ys he

follow ng reaso hat ect of i nproving rea
characteristi

S |ns ficient and the r resi.dua
magnet i zatﬁroetce(lt\?rb%%et 0 ysart ura o|loln<)""'rrLr';1n e|azsal}’| onﬁ‘ﬁg i /sﬁ)/ég gpgv\é?ed and

t he thernal sta i deteriorates ont ent . of hi r than 29 at%rs
not pref erARED dlgel%so?)e@or“}?crlé] lCAse s&ﬁ’dhépgr ﬁeaghg H?V

consti tuent rreans the copstituent .incl uded in the unt 0 her than 50
at% The P&pénhdi% a:lrler?ggrr?&tra@q‘%arﬁ 3% e’ru:}blay tl§drf: t equal or
hi gher than 0.1 _at % and | ower than at % adgrtrg to Co Cr and Pt. The
use of B makes |t% p8§§|ut5la 1eg F‘@&U@ ltchéieﬁﬁéﬁé’t ukP8&r SSF L eMaARSE&C

i nprove read/wite J{]lg[ erlstlc 17 V\he usin Cr Pt alltéylnthe
per pendi cSE TreGitet rhSSpr& ter & |$l§ éd than f4&itlion to

B. Exarrpl es of_t el enments incl but are not limted t

Hf, (ﬁ?r&fﬁrﬁﬁ’ly ?ﬁeaﬁtet%é%rdﬂ ghg? HRghet iTe - frPﬁt@“%"ar}%é\?@eg Eli‘ﬁfgl e

| ayer structure made of the CoCrPt material described above, or it _can have
a two or A% PRPES ITARGS LB MRt BFETPREPLEI TRF &PPaARIL oS r&RsGNt heTlenier Pt
alloy material and a | ayer conprising a material different fromthe CoCrPt
al | oy nat éSiraFhearead %Pcﬂérwﬁé’r‘?drléuPag Fretfiicta il 9 FRCEARINAPE HaKA! tPpE e

| ayer structure in which a Co alloy (CoCr, CoB, Co-Si02 or the like) |ayer
and a Pd & Pdyteedsd P@Vsi-az or the |ike) layer are |aninated, or can have
a multiple layer structure including an anmorphous material |ayer conprising
TbFeCo and a Co€PPELALF8ylimieital thayers, the RFPkFess shersrturation

per pendi cul ar magnetic film5 is
magnetic density Bs of the material that forms the soft magnetic

undercoat film 2 and the film thickness t of the soft magnetic
undercoat film 2, is preferably equal to or higher than 40 T-nm
(more preferably equal to or higher than 60 T-nm). A Bs-t that
is lower than the above range is not preferable for the following
reason. That is, the read back wave is sometimes distorted and
OW characteristics (over-write characteristics) deteriorate.

It is preferable that the surface of the soft magnetic
undercoat film 2 (the plane of the orientation control film 3
side) that forms the soft magnetic undercoat film 2 be partially
or completely oxidized.

Consequently, magnetic fluctuation of the surface of the



hpreferably set within a range from3 to 60 nm (preferably from5 to 40 nn).
When the thickness of the perpendicular magnetic filmb5 falls bel ow the

. above range, sufficient magnetic flux cannot be obtained and the read back
output is |lowered. The thickness of higher than the above range of the

per pendi cul ar magnetic filmb5 is not preferable because magnetic grains in
t he perpendi cul ar magnetic film5 becone coarse and read/ wite

char act er iggtd . | QI o JINE £4A8T 814k, bar Sled henPetpepdispbar
magnet i c fsl%ffrtﬁ @agggggt to eeE%J:OCOOO Oé'c)q or hiaghérg.&%zgﬁ?rag%e% c ‘recordi ng nedi um
18 havi ng Lhe Coqrel xfia LOECE, PL .k 0vess LhaNn IR0 { OVed 5 dtlq RRlighAbLA
because it I'S’'not surted to Increase the recor I'ng d%n3|ty and 1s also
inferior in ther L raf.l r.es| I et i.on. ) to
ot ur at 1 oferHREr SSErore ThEds RS tafs P S Eh iR IR EBLLRR b 18
is preferably equal, to,.or higher than.Q._. . wWIh tic.r r: i medi um
havi ng M??/E%ofg' g g tlﬁgn Cgégafzgetr]f&t%Qﬁr%ésf gr%zri’blb;é géngggg%di %in gggﬁﬂéggor in
thermal stability, The negative nucleation field (-H f .t he perpendi cul ar
manet ¢ FEPREAL SERRBperant b et rar b e ey % EbfRalcoRohEs “than
2500( Oe) . T?g nagne&Lc re%ording gegiug1having t he negative nucl eation
field (-HAiPT6f "PEREFENLRAGEEET N s nbt “pref erabl e because of poor ther mal
stability. The pegative.nucleatjon field (-Hp).will now be described._As
Shown 11 Fi g 3IE nE L QAP VRORhOPRal BRI FER ALY ER) OE The SRREATEdt val ue
represented b he di stance (Qe) bet n the int_"a" d the point, "c" in
LM cur vEnenhat E B o On AT M. SE R cioetes! Bt 8 HEE TGt |
field becopes. 0 in the process of decreasing the external nmagnetic field
from a satliencSrats BrORREs AT oans Saim fd pEREPSCH Lo & GaBaHAC at

whi ch the_nagnetization bg&ﬁges 0, and the paoint "c" is a point of

i nt er sect tBRTHACE PERGRAtA IR H P dUME L e SOKH BAFDBLAE tREehorat Fldmand a
|l i ne which shows saturation r_ragneti zation. Moreover, the negative

nucl eat i of’ fPEIH e thRESIATHBLRERTOXNIR Nt frEecRERCRASWHA S HYhaTe
point "c" is in a region_in which the external magnetic field becones
negati ve ESEBiIpgghe Pegtipn ofzhle fElwedkébpe synkace 2 ndyuerfs Magnatis t he
case in which the point "c" is in a region in which the external magnetic
field becBRESTpBaFt f¥ém(3e6aRi §& UyedA perpendi cul ar magneti zation

ani sotropy constant  Ku of _the perpendicul ar qagnetic film5 is preferably
equal to or hi ghRECihhrril% H06téegrese Fhebikehhble stusiasarPtngne meft

per pendi cul ar magneti zati on ani sotropy constant Ku will now be descri bed.
When a suPfPREBAEI YnAargeakmbheri ¢ LFePdPPSedphPi 28 PBYFRR-SARPRENIRI NG a
magneti c torque device, thereby form ng a single domain as a magnetic

domai n of 2BMABBRGEEc ¥t MAY Rerdt bpyepdve sl apki R W YIRE alpneaxPs dfdasasy

magneti zation to correspond to the
atmosphere obtained by diluting oxygen with argon or nitrogen

for about 0.3 to 20 seconds. Also the method of exposing the
soft magnetic undercoat film 2 to atmospheric air can be employed.

Particularly, when using a gas obtained by diluting oxygen
withargonornitrogen, stablemanufacture canbe conductedbecause
it becomes easy to control the degree of oxidization of the surface
of the soft magnetic undercoat film 2.

Inthe case inwhich oxygenis introduced intoa film-forming
gas of the soft magnetic undercoat film 2, for example, when using

a sputtering method as the film-forming method, sputtering may



direction of the magnetic field, is applied in the magnetic film Torque T
can be represented by Kucos4cp, where cp is an angle between the direction
.at which the nagnetic field is applied and the direction of the axis of

easy magneti zation. As described above, jjorque becones a periodic function
of cp and the perpendi cul ar nmagneti zati on ani sotropy constant Ku can be

deci ded by Fourier analysis of the curve by which torque is represented. In
t he magnet.i reﬁggdin nediLw% when tye orient%;i n._caontrol ril”%?ﬁ%%d”ade

of a non-tr%cnce?n TR Cr A O I CERT AT £ 80T P 1A
A L e S T e et e T T e
oer S SEEL AR, S S R B B
the e IRAE R 935 56 S0 PFRTERRALY HES GRRGr 5 OPSeCot POETPEPNE and
t he perpendi cul ar magneti zati on ani sotropy constant Ku is set within a

range from3¥d7 X 106 to 0 . 9 X 106 erg/cc (Exanples 1 to 3) and

characteristics of the case where the perpendi cul ar magneti zatjon
ani sot ropy constdift RierEadeiomidMGTH fadde ¥ dema £1140 praygded £org x 106

erg/cc (Exanples 9 to 6). _ i _ _
controlling the orientation and crystal grain diameter of the

intermediate film 4 and the perpendicular magnetic film 5 provided
directly thereabove, and is made of a non-magnetic material which
contains 33 to 80 at% (preferably 50 to 80 at%) of Ni and one
or more kinds of elements selected from Sc, Y, Ti, Zr, Hf, Nb
and Ta.

The content of one or more kinds selected from Sc, Y, Ti,
Zr, Hf, Nb and Ta is preferably set to equal to or higher than
20 at%.

A Ni content that is lower than 33 at% is not preferable
because the effect of improving the error rate disappears. On
the other hand, the Ni content that exceeds 80 at% is not preferable
because the orientation control film 3 is magnetized and medium
noise increases.

The orientation control film 3 is preferably made of at
least one selected from the group consisting of NiTa alloy, NiNb
alloy, NiTi alloy and NiZr alloy.

As the NiTa alloy, an alloy (NiTa) comprising Ni and Ta
may be used, and also an alloy, which contains this alloy as the

major constituent and also contains the other element, can be



[ Tabl e | J ORI ENTATI ON CONTROL UNDERCOAT FI LMVAGNETI C FI LM (at $) ERROR RATE
(10X) THERVAL STABI LI TY ($/ DECADE) Ku (er /cc) EXAMPLE
. INi Ta66Co- 20Cr -1 2Pt - 2B-5. 1-1. 80. 9 X 10sEXAMPLE
2Ti 66Co- 20Cr - | 2Pt - 2B- 3. 8- 2. 50. 8 >C 10sEXAMPLE
3C66Co- 20Cr -1 2Pt - 2B-4. 2-2. 90. 7 X 10sEXAMPLE
4Ni Ta6l Co-20Cr-1 7Pt -2B-5.6-0.51. 7 X 10sEXAMPLE
5Ti 61 Co-20Cr-| 7Pt -2B-3.2-0.41. 8 X 10sEXAMPLE 6C6l Co-20Cr-| 7Pt-2B-3.5-1.81.5
X 1Cs 2%SREis apparent from Table 1, as conpared with the case of using
Ti or Cin the ogrientation c ntr ol d
read/ write chara&t EPPsMLNS @ FPMV F‘Bt@?1l d(PhggshSPﬁﬁFl§fﬁglpﬁt %erg
i mproved when using NiTa in the orjentation control fil ﬁfanples 1 and
4). As isTappaeehi€dr Gt adsRpari &Py m WHcs FPrBFB\]/Pﬁgt%Weac]t Petrebhet he
medi um having small Ku of the perpendi cul ar magnetic film5 (Exanples 1 to
3) and th®afgedi GRNREHNGTaPge R&SCERARPREESOLEE BFNeTa®lERERE i ABPoFFNg
effect could be obtained in the case where Ku is large (Exanple 4). As is
apparent PE8frthis fact, the effect of inprovi ng negnetic
characteristicsobtained by using Ni Tain the orientation control film3
becomes nore subertbe HsTkuabéepnean| atbey. (HBibocerrrheiper Penaneulhr
magnetic film5 is preferably within a range from2 to 10. 0 8 50 of | ower
than 2 | Bagdee p)r%ﬁﬁgr aipideabeeari ¢ lebshakilé Choepht abn B et e @ Ingyh @6i ehgyr ai ns
increases and read/wite characteristics deteriorate. D 850 of higher than
10 i s notmpiefterabbtibeeatisentdhalep rentdins whgnethent pdament) ¢an be
saturation magneti-zation (Ms), M/ M, deteriorates and the thernal
stabilityudeteri orates. As used herei n, the term 0 6 50" neans inclined
distribution of the filmand specifically refers to a half-value of a peak
of a rocking cuksethel MiZngatdoyheagpeltldy c(biiehtatmpniplagpeNbnandeZr
surface of the film The smaller the nunerical value of D 850, the higher
t he crystmhydré ersteat,i endoélsheari idhhoy, RBish exatnelms dfhisheliwyhad tie
measuring D B50 will now be described. (1) Determ nation of peak position
As shown majérgconStinudnskaidd ahsehcchtaiperpeaddthearebhagert ccdnllve 5 has
been formed in the surface side, is irradiated with an incident X-ray 21
and a diffsadtion X-ray 22 is detected by a diffraction X-ray detector 23.
The position of the detector 23 is set so that the angle of the diffraction
X-ray 22 detectBde byridetaeiectoonfBol ofihe 3 nerefatabiyayaflafthepangl e of
the diffraction X-ray 22 to an extension |line 24 of the incident X-ray 21)
becones twortchesel arger than an incident angle 8 of the incident X-ray 21
to the surface of the disk D, that is, 28. The intensity of the diffraction
X-ray 22 i s nedbhe egdsdyof heheed etdora2B3onsiangt o B- 281 s chnma ningredihdep
wherein, during the irradiation with the incident X-ray 21, the incident
angl e 8 oftthetuneidekésXitayol4dibse chaniyesrdye ctiaen gb et et ton et i tdie

perpendicular magnetic film 5 and to improve read/write
characteristics and the thermal stability.

It can be confirmed by examining an electron diffraction
image whether or not the orientation control film 3 has an hcp
structure.

Fig. 2 showsanelectrondiffraction image of theorientation
control film 3 made of 60Ni-40Ta (which means 60 at% Ni-40% Ta}.

A diffraction image corresponding to hcp-Ni was confirmed

by Fig. 2 and it is found that the orientation control film 3



of the disk D and, at the sane tine, the position of the detector 23 is
charged while maintaining the angle of the diffraction X-ray 22 to the
.incident X-ray 21 at 28 (the angle that is two tines larger than the
incident angle 8 of the incident X-ray 2). Consequently, a relationship
between 8 and the intensity of the diffraction X-ray 22 is exam ned,
thereby to determ ne the position of the detector 23, where the intensity
of the d'fBE§CEhOHc§ EeyYuleubgcomes maxi num The angle 28 of the
diffraction X-ray 22 at this position of the detector to the 24 incident

X-ray 21 ref erse{éﬁ? %ﬁﬁckilit%@s%fyfﬂébrebﬁ@stlbn%dtsch’f&ﬂ@@tlg Prd herdddym

can be determn romthe resulting angle . (2) Determ nation of

rocking Cué&ﬁ%f‘scosgpﬁf} gh i fan 6. StS}FahHCl&Fé}tt Hlﬁ) @Qb&ﬂ%%féﬁé%

X-ray 21 i5sS anged changi ng the direction o t he e st
t hat the dgt t9rt§31gsn$ xed to the position where the angle 26 of the
dlffractlon -ray eca 26p, thereby to nake a rocklng curve showi ng a

I hip b h
i1 1raor ?ohpx.fé%ﬁ% HE B e RAE o B SR AR el st (e
det ect ' ed to th Wl th of -th ff t
etector 23 12 IR 0 LIS SISl on s St he FlgLecgoR Mro,ﬁ glif{ raeti on

X-ray 22 b cal cdarve s dr st ron of gradlent

f th | f th face gf th ; he pl f the disk D.
Fio 7 s i g%ﬁaé‘%aﬁm SHTEk A e %tﬁéaa%e%)&gﬂ%% TSRS 6

"o thi s robkiMg BEFVECY HoFhsChdr e KERr %%%ﬁilﬁé‘%%?ﬁ%rﬁ%ﬂ%a%% Sraim
The mean gRFIR Gl heRe T AbEe <a€€ BPAPREAS rbcl” i ra?ifmt?@g%‘s?@%%.l%g%m
crystal grains of pen Iar netl 5 by a transni ssion
Gl ot r on IRLTTAL gAY PER-ARBe FHECCEPORCEtt R T HER IS GV TS TR
protective (L1 08 for, preventing corros] on o0 ber g tﬂecyésa pRgnetic
signal.
When the thickness falls below the above range, the
perpendicular orientation of the perpendicular magnetic film 5
is lowered, and therefore read/write characteristics and the
thermal stability deteriorate.
Also when the thickness exceeds the range described above,
the perpendicular orientation of the perpendicular magnetic film
5 is lowered, and therefore read/write characteristics and the
thermal stability deteriorate. Since the distance between the
magnetic head and the soft magnetic undercoat film 2 becomes large
during read back, the resolution of the read back signal decreases
and the noise characteristics deteriorate, which is not
preferable.
Since the surface profile of the orientation control film

3 exerts an influence on the surface profiles of the perpendicular



" 25 damage to the medi um surface when the magnetic head cones into contact
with the nedium Conventionally well-known materials can be used and, for
_exanple, a material containing C, Si02, or Zr02 can be used. The thickness
of the protective film®6 is preferably mthin a range from1 to 10 nm It
is preferable to use, as a lubricant 7, perfluoropolyether, fluorinated
al cohol, fluorinated carboxylic acid, or the like. In the nagnetic
recordi ng LU Wit h Sty HEL L N, L SLNGE A &Nt Al d ik $ONt 1 ol
film3 ism%gggyg?%allﬁ%ﬁ-%a(g gr;éi%g%(r%gt er?af‘{n%i Eﬁ cont a?ﬁggég to 80 ate of N
and al so gont ai one. o e kin f ol nt r N

NBaa(r)]Jg {I}ze’ 1er';tz-pP{on .ecc%n%rool l@l?nn% E%aﬁg%g%ggl&/r %%ESEO ._ynm

|

Zr, Hf, e coerci orce iI'sen I'S T nproved,

v
t her eby naki i.t.possible to, increase e_nhegati ve nucl i ield (-Hn).
Ther of or o5t ekt sROSEHE ot CLou TRRE LS OE et d e Shddf

read/ wite cgaracteri stics ,can lB)

[ d. . The th I bilit f t
L ohenoneiGROWGT iR FRESTATAG e s BadoRBenRY abF e anas: FaFnarRPESi ng of
recorded data occurs. IQ t he ma%?eti c recgrdi nrg (rénsdi um apparatus, it
appears as"GRFRTRTSoVEr CRF PREVGFIEI RECOFO RS FeAtBack out put of recorded
data. In th t ] tion, when t di cul tic filmh
il tiple |ayer STt b Coipasad rofeGrarora)arss B FRati ¥ dtThese

| ayers may be provi deﬂ%vvith the constructjon of the gerpepd;]cul ar nggnetic
film5s inm@kes fitRSHpbY L et duce b NGt i 3Rt UBBEGRNCEF PT BNEMARS

second enbodi nent of the magnetic recording nediumof the present |

i nvent i on"eFPTEHRE HRGhERi cthetsryi hg PRbt et ent hartevrgnets cf +93 W% nade
of a hard magnetic material is provided between a non-magnetic substrate 1
and a sof iehighett ChidaX Gt g e durdinEsrBrefdingl @ d of $R% Pagk @e har d
magnetic film8, a CoSmalloy or a CoCrPt X2 alloy (X2: one or nore kinds of
el enent s 5@l eeh¥RCeE rofe Precasding dapsity; Re, Ni, My, Ge, Si, 0, N and B)
. The coercive force He of the hard magnetic film®8 is preferably equal to
or hi gher than Boo(@e)eipteidt ANt efualiim dean qeataimart10edctePre The

t hi ckness of the hard magnetic film®8 is preferably equal to or |ower than
150 nm (pPEf ¥Ry AN LEHIRN | ofeme ThagmintxodyicEn €3ISM 98t e t han
150 nm of the hard magnetic film8 is not preferable because the nean
surface roligheee’ Ftofthed e aring et RFodESsmaR e ddveds flogpdag. The
hard magnetic film8 is preferably provided with such a construction that
exchange %%m#w%&mmm@r%r%lfmg%eqm B¢ |lugethd the soft nmagnetic
undercoat film2 is forned and the magnetic filmis magnetized in the

radi al directi diPofexamelsybsthren a1siByw @ @puditey inte Methedragndthec film 8,
formation of extrenely |arge magnetic domains in the soft magnetic

under coat f #immioreng ethqshr ésgas pbtaiapfely initing @arArhetidfropdoulie
occurrence of 2? spi ke noi se due to magnetic domai ns can be prevented and
the error0r@%e toupPhg(PeeberRpyy dhd teadlbhckf cxydea sufd igdenbltpineder ed.
To enhance the orientation of the hard nmagnetic film 8, an undercoat film
made of aYmigingyasgon wRtktahwttuPalliaterdtdl (papfbsabdyn@d0Datondéf) a
non- magneti ¢ substrate 1 and a hard magnetic film8. Fig. 9 shows the third
enbodi memt ofitiwgemghetpre feoary ngsed as the film-forming gas.

Crystal grains of the orientation control film 3 can be
refined by introducing oxygen or nitrogen.

When the crystal grain diameter (mean grain diameter) of
the orientation control film 3 is too small, the orientation of
the perpendicular magnetic film 5 is lowered. On the other hand,
when the crystal grain diameter is too large, crystal grains in

the perpendicular magnetic film 5 become coarse. Therefore, the



medi um of the present invention. In this nmagnetic recording nedium a
magneti zing stabilization film9 nade of a soft nagnetic material is

.provi ded between a perpendi cul ar nagnetic film5 and a protective film®6.
Exanpl es of the material of the magnetizjsng stabilization film9 include
FeCo all oys (FeCo, FeCoV and the like) , FeN alloys (FeN, FeN M, FeN Cr,
FeNi Si and the like), FeAl alloys (FeAl, FeAl Si, FeAl Si C, FeAlSi Ti Ru,

FeAl O and e_lLike . al |l oys T, d i eTa
al | oys (Fe%g,%ﬁéjkraéaiﬁ%@%‘a%’f A ﬁﬁ%ﬁ“f‘ea%}e*@eﬁ%%% ? e&/é%sg%dgﬁ%rel 3 ke)
, Fezr all ays ‘({gle N%%‘g IL:Ee I gbe}lm_FeC al l oys, FeN alloys, FeSi alloys,
FeP al | oys, F8 are VS, Bf | oys, and FeB al |l oys. There can al so be
used a material having an Fe content, equal to or higher than 60 ato
conposed of ni cr@%‘?ﬂ‘?%rl‘sg]&%)rﬂ)r Js?rﬁ'fgt%’gA?ﬁl %A% ,exl%élfhﬁé' O NHR M
like. In addition, it can al sp have a granular structure in which_the

mi crocryst2Y sOBFeT B RPerEBTFn A FREF gf WS PRI PRI SRRl n%’gﬂ%t:f zi ng

stabilization film9, 28 a Co all OX havi n a&q%gorggo_us structure,, which
cont ai ns 8BY & LHABFAF FhRP e EF UhBLSFS6CeERt Bt ard | RS TN TS TN of
Zr, Nb, Ta, Cr, Mo or the like, can be used. For exanple, CoZr, CoZrNb,

CoZr Ta, CoZh®riMage €9fMEe4l | oys can be used advantageously as the
material. The coercjve force He of the magnetizing stabjlization film9 is
preferably equallt o-drPTshEraR it 2005¢ 0e)” (td?eef‘é'?gt:f’rﬂ“}ﬁc@cﬁ% Yaysr 4over
than 50(0e)). The_saturation magnetic density Bs of the magnetizing

st abi | i zatTdRe¥13 RV AT FDIS)F RGFIT -0 iF kP ghrepte 9. %o use, in
(preferably equal to or higher than 1 T). Bs~t, that is the product of the
sat ur at i ont g Enegkadiq agerofl » t AL X el 1Y aAdCPREX S [dlhdhicgkAdSeXt  of
the magnetizing stabilization film9, is preferably equal to or higher than
7.2 T~-nm $Bsleyvthat erecedsmehe kbode pingbementmdtsehetigdbiromdtauda t he
read back output is |owered. By providing a magnetizing stabilization film
9 made of &rsdtd, MYNSRYc Red Mbet¥RerGCer pek pedditdng Bagnetic film5 and
a protective film®6, an inprovenent in thermal stability and an increase in
read back out putTheafpeocatensved. thpi infessediate playewdd it pyefaratdiyl ows.
That is, the fluctuation of the nagnetization in the surface of the

per pendi cBthimghetdangd frem 3G e ab? laked by the magneti zi ng

The thickness of the intermediate layer 4 is preferably
set to 20 nm or lower (preferably equal to or lower than 10 nm)
in order to prevent deterioration of read/write characteristics
due to coarsening of magnetic grains in the perpendicular magnetic
film5andloweringof the resolutionof recordingdue toanincrease
in distance between the magnetic head and the soft magnetic
undercoat film 2.

Formation of the intermediate layer 4 makes it possible
to enhance the perpendicular orientation of the perpendicular
magnetic £film5, to enhance the coercive force of the perpendicular
magnetic film 5, and to further improve the read/write
characteristics and the thermal stability.

The perpendicular magnetic film 5 is a magnetic film, of



stabilization film9, so that |eakage flux is not influenced by this
fluctuation and the read back output increases . In addition, by providing
.the magnetizing stabilization film9, the 29 magneti zation of the
. perpendi cul ar magnetic film5 in the pergendi cular direction and the
magneti zati on ofthesoftmagneti c undercoat film 2 and the magneti zi ng
stabilization film9 in the in-plane direction forma closed circuit. Due
' to this actjon, excellentthermal stabiltyisobtaij ca
' magnet | zatvfahc%f thd P r%ae?lﬁir&ﬁ?ﬁ?gﬁﬁé%%ﬁlcl?i %nggg?gfﬁsgggﬁ]gﬁgd nor e
strongly in the perpendicular directioon. In the manufacture of the magnetic
recordi ng ﬂ%ﬁ?ﬁﬂgﬁﬁgﬁﬁﬁ ﬁ%gggo‘qﬁgﬁtﬁ: N a&‘gjs%??%%%ar%%%vg,s gz;Csoo"fl%osn’latglne ic
undercoat film 2, an .orien ion control film3, an internediate film4 and
a per pendi ‘6}8&%‘ Cr‘?é’&ﬁé‘t"‘isc&?éﬁﬁ Ssatr(i'be WSP%&QW?&W&%@%%% %?Iﬁs(f?%tteénl by
a sputtering nethod, vacuum deposition, i | ati or  the Ijke._An
oxi di zi ng B¥eat fEhPIcRRIBRT Ch3R df BGE Bﬂgﬁrfg“%ﬁgEeEéfaE%eg%ﬁﬁqueti c
undercoat film?2, if necessary. In the formation of the grientati ocp ont r ol
film3, a ?owheERedt hElheriEhan wf ittt ives theBFahdr a8 40 al o
contains one or nore kinds of elements selected fromSc, Y, Ti, Zr, H , Nb
and Ta, |sPuseRnteae SRiadnitat PENhEBREF oFhan |1 2t&aAndoheueR Bhan th@tdhe of
oxygen and nitrogen. A nethod that introduces oxygen or nitrogen into the
filmform hergberablvesyslghe rrhéahesrthalylom: brrentebi@entP AL %1 m 3
can be used. In the formation of the perpendi cul ar magnetic film35, the
materi al and fil|The Snicagtentdpfi besenrtdan difepsBl ¥s sepedraf s iatf athe
per pendi cul ar magneti zati on ani sotropy constant Ku 30 beconmes 1 X 106
erg/ cc or thgHarllawincheepspnat | BmabfigheipeependhanyarcIryhiary betiveans,
the material and filmformng conditions are preferably selected so that O
B50" is senaghehiq grmige finemeR ses .10heNaggnet he pruttern isied iInamases
preferably forned by a plasna CVD nethod, an ion beam nethod, a sputtering
met hod or am@ th&anedionf qorhsg Logriegses .7, Teonvemaorgient o ivdlilgharowhan
met hods such as dip coating nmethod and spin coating nmethod can be enpl oyed.
I n the mand adtuie oft tohree feagrdte €oretbe didlglawidicumessomn | Bh&tgis 8the hard
magnetic film8 is forned between a substrate 1 and a soft nagnetic
under coat fatiw 2fbyesi dpal megned irethod. (Mn) thesatamH Bicdumegok ttilza tiwgnet i ¢
recordi ng medi um shown in Fig. 9, a magnetizing stabilization film9 is
fornmed bet (iéen Mpipemhad e ceepnetive fotor Harmka prveimstive film6 by a
sputtering method. Fig. 10 is a sectional structural view showi ng an
exanpl e of the gt coneadtwn  t Eowgmpartatrud 4daetdr ds nptt @rdfe yadsefor
invention. The magnetic read/wite apparatus shown in this draw ng
conpri ses therdghébwcngercasdnng Bbdiurm,1théefifrgtidfeinpnsting riean /dedicei bed
above, a nmediumdrive unit 11 that rotates this magnetic recordi ng nedi um
10, a nagnEiaadiead 2 ¢shdte coarers e souftf iicéeatdangd anel ragaic lvefc kesfidubhie
information on the magnetic recording medium 10, a head drive unit 13 that
drives thenamgnetiat twad M2, tandaaureadbw maégnst gnat i g odes)s,i Mr /Msst ém 19.
The read back signal processing system 19 sends a recorded signal to the
magnet i ¢ hisawkdet afnidet hprooessa g tdid IiitputedataporandsoutPh Pt cdhtehe data
after processing the read back signal fromthe magnetic

of higher than 24 at% is not preferable because noise increases.

As used herein, themajor constituent means the constituent
included in the amount of higher than 50 at%.

The perpendicular magnetic film 5 preferably has a B content
equal or higher than 0.1 at% and lower than 5 at%, in addition
to Co, Cr and Pt. The use of B makes it possible to reduce the

magnetic cluster size and to improve read/write characteristics.



head 12. Exanples of the magnetic head 12 include a single pole type head
for perpendicular recording. As shown in Fig. 10(b), as the single pole
.type head, a single pole type head with a construction conprising a main
magnetic pole 12a, an auxiliary magneticypole 12b and a coil 12d provi ded
at a connection unit 12c that connects these magnetic poles can be
preferably used. According to the nagnetic read/wite apparatus described

above, since the. magnetic recordi iuym 10,_, he r .
stability and rggla?&/r‘i] le“%h%ré%?%??s#géycgﬁ tbﬁeégiﬁ%neé .C%Je]lreenﬁ%nee,tﬁ is
made possible t reven robl e such as,data m ssing and to increase high
recorgi ngI géﬁ@if’y%lf\é?gﬁﬁp%‘?]‘ th”g%ggVa%‘?do% I l@f?é%ltt% nttr?egprleés]xeanr?palses 9
i ti il b | ari fi b f | es, ,th t
iventi on PE T Qe SBCLRger PV E Tty et anpRaEed e YoA VBGH

gl ass substrate 1ﬂ1(1&ara Co. ; dianeter: 2.5 inches) was accommodated in

the filmfbFmtto Bitber of a DC magnetron sputtering apparatus (ANELVA,
C-3010), and after expelling air in the filmformation chanber up to an

ul ti mate vacuum bre PerRensisplar agonefdGnéi iR uiiddt 883€ ‘F‘i?‘rﬁ‘%l%)t]‘rﬂycﬁ&ess:
100 nm was forned on the glass substrate 1 using a target conprising 32
8 9Co-9 ZrSTRBCRUED RAiR oht the £ Lft gateFiadoesntibed afove, oRpitsftent 7
at9%9 at a substrate tenperature of 100C or |lower. Using_a vibrating sanple
magnet omet 23 Ve g0 O MU LkE leokFY $ T §TRRAR T B CIUAIng 2 LRHST G RHS IHi%duct
of the saturation nmagnetic density Bs (T) of this filmand the film

t hi ckness ¥h¢ fp§CrPY salloy (Mmakpyial pppdra hbayPhoComRr S8HRY rateaterdobc, an
orientation control film3 having a thickness of 8 nmwas formed on the
sof t magnediEfeFeret cHaPMfihen Qo¢EPhga bl BSPNR34®TRat ar get and an internedi ate
| ayer 4 having a thickness of 5 nmwas formed thereon using a 65Co-30Cr-5B
target, and therPls®erd artiRai i Heigh 619 It 1 on 15 Iyndamy ha vehiac wdgd pde 25
nm was formed thereon using a 6l Co-20Cr-17Pt-2B target. In the sputtering
step, a filawswass¥orearanidewhd gy és&or @1dpy0.(§0Pa, uUSPRg GPUdOaratheocess
gas for formng a film Next, a protective film®6 having a thickness of 5
nm was forkEtebylayveavenseehBd. alloy (PdB, Pd-SiO; or the like) layer are

laminated, or can have a multiple layer structure including an
amorphous material layer comprising TbFeCo and a CoCrPt alloy
material layer.

The thickness of the perpendicular magnetic film 5 is
preferably set within a range from 3 to 60 nm (preferably from
5 to 40 nm). When the thickness of the perpendicular magnetic
film5 fallsbelow the above range, sufficient magnetic flux cannot
be obtained and the read back output is lowered. The thickness
of higher than the above range of the perpendicular magnetic film
5 is not preferable because magnetic grains in the perpendicular
magnetic film 5 become coarse and read/write characteristics
deteriorate.

The coercive force Hc of the perpendicular magnetic film

5 is set to 3000(0Ce) or higher. The magnetic recording medium



Next, a lubrication film7 made of perfluoropol yether was forned by a dip
coating nethod to obtain a magnetic recordi ng nedium (see Table 2). To
.confirmthe crystal structure of the orientation control film3, a soft
magneti c undercoat film2 (89Co-4Zr-7Nb)g was forned on the substrate 1 and
an orientation control film3 (thickness: 8 nn) nmade of 60N -40Ta was
formed thereon, and then the electron diffraction imge of the orientation

control L '?Jtﬁglgw@ﬁ XRPAGL feﬁf P%wré%thgn%(ﬁw found Isbéfew}sle

crystal orlentatlon con as an hcp structure.

Exanpl es £ta, L3 LR (08, SRR, [BONGLo 3% .M SHATRIE rLoo2HERAT alhal ghgn

COWpOSItIOﬂ or thickness of e orientation control was changead,

magneti c r.ecardin C e Table 2) Conparative
Exanpl es 1 St 8139 qngerl%éﬁg n&g%gﬁ a1 E% %g%&% I'e 1, except that the

film3 f d f 0Co
e e T R P S el pibafleatBe
Co t t
Com SRR THT S SRR

85Ni - | ST 75T t d tur ed
Tabl ¢ 2) | %%e#%gm@ SRS Fﬁﬁﬁée'ﬁ%eﬂﬁ%d%d‘?’ﬁ%@% $I ESET S and
Co t Ex d/ t h t t

char act er TEEREE RavAngyF (M cf S CVFLAL o SwB CORRRET B0l SATRPU5% cad

wite anal¥zer RMA1632 nanuf ctur é GEZIK Co. and a spin stand S1701MP.
In the evatuadfi éREEFINEGABL FOSERS aEF Pidit¥s, the neasurenent was
conducted at a recordlng f requenc of 520 kFCl u3|ngﬁa?nagnet|c head
wherein a si ngl ENfalyReE FEvpdt at B Ohr RS IR

GW\R el enent is used at the read back portlon 34
magnetic film 5 is preferably equal to or higher than 0(Oe) and

lower than 2500(0Oe). The magnetic recording medium having the
negative nucleation field (-Hn) of lower than 0(Oe) is not
preferable because of poor thermal stability.

The negative nucleation field (-Hn) will now be described.

As shown in Fig. 3, the negative nucleation field (-Hn)
is the numerical value represented by the distance (Oe) between
the point “a” and the point “c” in a MH curve, where the point
“a” is a point at which the external magnetic field becomes 0
in the process of decreasing the external magnetic field from
a saturated state of the magnetization, the point “b” is a point
at which the magnetization becomes 0, and the point “¢” is a point
of intersection of a tangent which touches the MH curve at the
point “a” and a line which shows saturation magnetization.

Moreover, the negative nucleation field (-Hn) takes a

positive value in the case in which the point “c” is in a region

in which the external magnetic field becomes negative (see Fig.



The eval uation of the thermal stability was made by cal cul ating the
decrease rate (o/decade) of the output of the read back output after
witing at a track recording density of 50 kFClI under the conditions of 70C
one second after witing based on (So - 9 X 100/ (So X 3) . In this
equation, So denotes the read back output when one second has passed after
the signal recording onto the magnetic recording nmedium and S denotes the

e o O TR UL PECTAI O R e 18 P

t he perpen was € ted fromthe rocking curve. It

is expressed by a half,-value width ( .D 8 50 f ximum intensity. These
test resul Flgeé%/oel%tf'uoﬁn & Tab Jée%}org l[nrggllg%z%%%f?‘aﬁ\ﬁ@ETF&%%ﬁ%E NI=RRY
| Bs~T COMPOSI TI ONI %T~nn}lCRI ENTéTIC]\l ROL FI LM COMPOSI TI ON THI CKNESS
(at$) (nmPTRAERRERPATE FPLAPPERPENDI CULAR MAGNETI C FI LMEXAMPLE 1CoZr Nb ~
11060Ni - 40Ta8* 1* 2EXAVPLE, 2CoZr Nb_ ~ 11060N ; 40Hf 8% 1* 2EXAVPLE 3Cozr Np 11

' 55N - 45Nb8* 1* 2 EXAMPEREASLFT NBT TIRILBBNF 2 5B+ AR DESHRRRE SRA N Ku ©

11 075Ni - 257Zr 8* 1* 2EXAMPLE 6CoZr Nb %%1065 j - 35Ti *1*ZEXAIVPL 7CoZr Npb (
11060Ni - 30RBE PETRSNALAAVPLEIBED F Nig LT 0 I5NP L SRE 325Y §127 ESARBLE FtZr Nb
11060Ni - 30Hf - | OCr 8* 1* 2EXAMPLE 10CoZr Nb 11065Ni - 30Ta- 5Zr 8* 1* 2EXAMPLE

11CoZr No 180%0N - 20F480. §¥9#9EXAMPLE 12C0Zr Nb 11060Ni - 40Tal8* 1* 2EXAVPLE
13CoZr Nbo 11060Ni - 40Ta40* 1* 2COMPARATI VE EXAMPLE 1CoZr No o

110Ti 20* 1* 2COVPARET ™AL oL ISRy NS 16 (IR FRRITEHSt 12D R iA A on
EXAMPLE 3CoZr Nb 110C10* 1* 2COVPARAT| VE EXAMPLE 4CoZr Nb

11085Ni - | SR Qs DeRK/PAFRATT &t BaveL EL stewr kg deg3pdBRE: 75Ta8*1*2 co Cn *1)
| NTERVEDI ATE FI LM 65Co- 30Cr - 5B (thi ckness: 5 nm ’_*2‘)L PERPENDI CULAR
MAGNETI C FI LM éfh@n 2osxffypienBlytlargsmaggnetdcnfjeld[ipppelapd( Eorithenued)

READ/ VRl TE
sample using a magnetic torque device, thereby forming a single

domain as a magnetic domain of a magnetic film, a rotary power,
which allows the axis of easy magnetization to correspond to the
direction of the magnetic field, is applied in the magnetic film.

Torque T can be represented by Ku*cos4p, where ¢ is an angle
between the direction at which the magnetic field is applied and
the direction of the axis of easy magnetization.

As described above, torque becomes a periodic function of
® and the perpendicular magnetization anisotropy constant Ku can
be decided by Fourier analysis of the curve by which torque is
represented.

In the magnetic recording medium, when the orientation
control film 3 is made of a non-magnetic material which contains
33 to 80 at® of Ni and also contains one or more kinds of elements
selected from Sc, Y, Ti, Zr, Hf, Nb and Ta, excellent error rate
and excellent thermal stability can be obtained.

Thiseffectisparticularlyexcellent whentheperpendicular



CHARACTERI STI CS ERROR RATE (10 ) THERVAL STABI LI TY ($/ DECADE) MAGNETOSTAT He
(Oe) M/ MslC CHARACT ~-Hn (Oe)ERISTICS Ku (erg/cc) PERPENDI CULA R MAGNETI C
950 () EXAMPLE 1-5. 6- 0. 540640. 967361. 7X1066. 1EXAMPLE

. 738280. 935261. 7X1065. SEXAMPLE 3. 4- 0. 536070. 934301. 8X1066. 1IEXAVPLE
. 639340. 965561. 6 X1066. SEXAVPLE

. 53791 0. 95- 7081. 7X1065. 7EXAVPLE

e SSedblon At R R §F ane ko 182 4R SpdAiend IR0, ZEHAILE
o A B3 E Bt eyt ianer than 1 10° erolce.

oocno-u.Fm-h

1
TonoaaoT

[colololoNoNoX

10-5. 9-

11-5. 5-0. 635900. 79 7X1066 EXANPLE . 1 5760. 91230

X1005. 6EXAMPLE THEIS T ‘e A G Tasfigs e P AL B ST, T
1-3.2-0.43180Q0. 99102Q1. 8X1064. 8CCNPARAT E

2.4.2-0. 63@%%6‘@%%% f”ﬂ%TB@élﬁééﬁﬁA&Rﬁ éﬁﬁegﬁﬁgé”§i%hﬁp§§ﬂﬁﬁ§%§§lfr5

X10612. 8COVPARAT] VE EXANVPLE 4 439900. 949161. 7X1066. 2COVPARATI VE
EXAVPLE 5- 19t baaEben ﬂ?ﬁﬁtrﬂ@bégnétéa U rEQUEBE ARENF? 15@nge from
65Co- 30Cr - ckness *2), PERPENDI. CULAR NAGNETI C FI LM

6| Co- 20Cr - %:%3 g‘é’ ‘i‘hﬁ ?gs%m%gﬁﬁf \EXZFPASS § L QpPa? RACPAFGM PEBE 155
Exanpl es using a non- magnetl c material, which contains 33 to 80 at% of Ni
and al so OntEAIHIP at %r%rtfpﬁ PRIPGIA ISR RIS 1 A7dst T AV SREROPY
selected fromSc, Y, Ti, Zr ., Nb and Ta in the orientation control film

3 exhi bit %(l:“eqa}rétr]f(“rje%@ﬁ%‘?]tté“éhérr&"@tg@rf%?‘i“(,ls %% 1srisat el ¥i LA esEp&Eat i ve

Exanpl es. Exanples 19 to 22
P (Exanrerles 4 to 6).



In the same manner as in Exanple 1, except for selecting the conditions the
per pendi cul ar magnetic film5 as shown in Table 3, magnetic recordi ng nedi a
.were manufactured (see Table 3). Wth respect to magnetic recording nedia
of these Exanples and Conparative Exanples, the evaluation test was
conducted. The results are shown in Table 3. Tabl e 3 SOFT MAGNETI C
UNDERCCOAT FI LM COWCSI TIONi Bs-t (at% (T'nm ORI ENTATION CONTROL FI LM
| NTERVEDI ATE  FI LM PERPENDI CULAR MAGNETI C FI LM ~ COWPGCSI TI ON THI CS NES

(ate) (nm) EXANPLE 1]CoZr Nb| 110* 1¥26I1 Co- 20Cr - | 7Pt - 2B25EXAMPLE 14CoZr Nb
110* 1* 264Co- | 7/Cr - 7[R’ Z5EXAMPEESE5CoZr Nb i 110* 1* 258Co- 24Cr - | 7Pt 25EXAMPLE
16CoZr No ~ 110*1;& 5Co- 200 - M4Pt{25EXAMPLE 17CoZr Nb |
110* 1* 257Co- 20C&- a3Pf 25 EXANPEE*18CoZr Nb
110* 1* 26| Co- 24Cr - B 7Pt -P | TRSEXANPLE 19CoZr Nb i
110* 1* 26| Co- 20Cr - T 7|P? -2 CARRSEXANPLE 20CoZr Nb !
110*1* 26| Co- 20Cr-1 IPt 25EXANPLE 21- CoZr Nb ~ 110* 1* 255Co- 20Cr - 25Pt 25EXAMPLE
22CoZr Nb | I10*é*256C0- 25Cr -1 7Pt}25 cu *1) ORI ENTATI ON CONTROL FI LM
60N - 40Ta (thilckness: 8 nf) *2) |I NTERVEDI ATE FI LM 65Co-30Cr- 5B (t hi ckness:
5 nm M
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Tabl e 3 (continued) READWRI TE CHARACTERI STI CS ERROR RATE (10 ) THERVAL
STABI LI TY ( / DECADE)~GN He (Oe)ETOSTATI C CHARACTERI STICS M /M -Hn (O e)
.Ku (erg/cc) EXAMPLE 1-5. 6-0. 54064 |0.967361. 7X106EXAMPLE

14-5. 0- 0. 340490. 9814882. 7X106EXAMPLE 1524. 4- 1. 133690. 911081. 2 X106EXAMPLE
16- 5. 1- 0. 936100. 912331. 1X106EXAMPLE 17-5. 0- 0. 835110. 923301. 5 X106EXAVPLE
18- 5. 5- 0. 435570. 965372. 1X106EXAMPLE 19- 5. 4- 0. 344210. 9910402. 1X106EXAMPLE

20-4.9-1. 836990.,83-; 17 0. a8 60w KLOB R AME
22.5. 4 2, 926800750, AXLBE"7T) - CRIENTATT O GONTREL “FLM' G0N - 40Ta~ °°

thi ck ! : .72 JE F 5 0 Lck : 5
ﬁm)l i ZSSZ%S}%Q%lp(aé%eE?lPr%kﬁ% %@@&%éﬁgoﬁe%} [ %Iéng%rlﬁlgb%ﬁeir]'gis% t he

o comemsidngdy Hfe fedd ANSrcd AL AR AUIOANL] BN SNAL G Unc e e

Pt content”is equal to or hi at” 0 and | ower

hi bi t | t.i h teristi L W 4 I
wher o n e na bR AR Tasy FoIE BRPERKELFRAts SRIRRIE AT kO it o0 |,
i I t, t I i h i f He i I
Lo o hi GRS TEh Bob 3 A SIREET 1E Fadar) e nucl eat Lon fi el d - Hy re-

|t hi th 0 d | th 2500 _(0e). and, .

e 12 Chum 905 5" RPpREh E) 68 4 Uireb e P e Y 4R
characteristics as_conpared with Conparative ampl es 4. and, 5. ExanQLes 23
£0 20 | ' (HRESRTS he AL B8 N4 thes ABPE LikU 7. BhE Hesbed Lot oty neraetic

conposition of the soft magnetic undercoat film 2 as fhown
film 5 (Examples I to 3) and the medium having large Ku (Examples

4 to 6), a larger improving effect could be obtained in the case
where Ku is large (Example 4).

As is apparent from this fact, the effect of improving
magneticcharacteristicsobtainedbyusingNiTaintheorientation
control film 3 becomes more superior as Ku becomes larger.

A 650 of the perpendicular magnetic film 5 is preferably
within a range from 2 to 10°.

A 650 of lower than 2° is not preferable because exchange
coupling between magnetic grains increases and read/write
characteristics deteriorate. A 050 of higher than 10° is not
preferable because the of residual magnetization (Mr) to
saturation magnetization (Ms), Mr/Ms, deteriorates and the
thermal stability deteriorates.

Asusedherein, theterm“ A 6 50" means inclineddistribution
of the film and specifically refers to a half-value of a peak
of a rocking curve relating to the specific orientation plane
on the surface of the film. The smaller the numerical value of

A 650, the higher the crystal orientation of the film.



in Table 4, magnetic recording nedia were manufactured (see Table 9) . Wth
respect to magnetic recordi ng nedia of these Exanples, the evaluation test
-was conducted. The results are shown in Table 4. [ Table 4 ] SOFT MAGNETI C
UNDERCQOAT FI LM COMPCSI TION Bs~t (at% i g3T~nn) ORI ENTATI ON CONTROL FI LM
COWPOSI TI ONI THI CKNESS (ats) (nm) | NTERMVEDI ATE FI LM COMPGSI TI ON THI CKNESS
(a ~)~ (nm EXAMPLE 1CoZrNb | 11060Ni - 40Ta i 865Co- 30Cr - 5BSEXAMPLE 23CoTaZr

11060Ni - 40Ta865 i - 11 b
11060Ni - 40Ta865 %@@E@Eﬁﬁ?@fﬁ%@@%ﬁ measuring 4 650 will now be
11060Ni -40;%865%e§00r 5B5EXAMPLE 26FeAl O ~
11060Ni - 4075865 0Cr - 5BSEXAMPLE 27CoZr Nb i

560Ni -40Ta§ﬁ c§ 30Cr - BBSEXAMVPLE zﬁgoa Nb, = 2060Ni - 40Ta865C0- 30Cr - 5BSEXAMPLE
29CozZr Nb j '4b0 %RF“%‘?% 1885 BBs* HS’ PERPENDI CULAR MAGNETI C FI LM

PAGET! G 7 LVEATS SRPTE 63 T éEﬁﬁgﬁ‘é ﬁ%&g%grggt(i’%%?ﬁépm%m BL Ty
film 5 has been formed in the surface side, is irradiated with
an incident X-ray 21 and a diffraction X-ray 22 is detected by
a diffraction X-ray detector 23.

The position of the detector 23 is set so that the angle
of the diffraction X-ray 22 detected by the detector 23 to the
incident X-ray 21 (the angle of the diffraction X-ray 22 to an
extension line 24 of the incident X-ray 21) becomes two times
larger than an incident angle 6 of the incident X-ray 21 to the
surface of the disk D, that is, 26.

The intensity of the diffraction X-ray 22 is measured by
the detector 23 using a 6-26 scanning method wherein, during
the irradiation with the incident X-ray 21, the incident angle
8 of the incident X-ray 21 is changed by changing the direction
of the disk D and, at the same time, the position of the detector
23 is charged while maintaining the angle of the diffraction X-ray
22 to the incident X-ray 21 at 26 (the angle that is two times
larger than the incident angle 8 of the incident X-ray 21).

Consequently, a relationship between 6 and the intensity
of the diffraction X-ray 22 is examined, thereby to determine
the position of the detector 23, where the intensity of the
diffraction X-ray 22 becomes maximum. The angle 28 of the

diffraction X-ray 22 at this position of the detector to the



( $ / DECADE ) ~GNETOSTATI C CHARACTERI STICS He (0e) M /M -Hn (Ce) EXAMPLE
1*1-5. 6-0.540640. 96736EXAMPLE 23*1-5. 5-0. 639890. 98669EXAMPLE
.24*1-5.3-0.640110. 95609EXAMPLE 25*1-5. 7- 0. 538S90. 95790EXAMPLE
26*1-5. 8-0. 739920. 95660EXAMPLE 27*1-5. 340. 640090. 97590EXAMPLE
28*1-5.5-0. 539550. 97692EXAMPLE 29*1-5. 6- 0. 691020. 96701 *1) PERPENDI CULAR
MAGNETI C FI LM 6l Co-20Cr-1 7Pt -2B (thickness: 25 nm 42 As is apparent

fromTable 4, .in 1 Exagpl es. excellent read/wite characteristics could
be obt ai néﬂ?i%‘iaﬁpa%é?%OEFor%EeFﬁ (FJ egsrbaprr‘e manner as in Exanple 1, except
that the soft netic ungdercoat film 2. was oxi dized e sing. th

sur f ace thereo%’?% Y K e?'nf%rbeh‘t At M gt YA o%}é%e (1"00% %ﬂn e%% oz
- 50% Ar, or air), netjc recordjng nedi manuf actured (see Table 5).
W t h resp%%?ef’&lﬁ)‘rﬁﬁggg?re #%ﬁofﬁ?ﬂgkﬁaﬁi ‘3“%?‘3;,\?3?6 Exanpl es, the eval uati on
test was conducted. The results ar sho}\é/n in Table 5. Table 5

SOFTMAGNETI CUNDERCOET I M AR MREEE EBVEOSI TI ONi Bs~t  EXPOSURE

OXI DI ZED COMPOS| TI ON THI.CKNESSI NTERVEDI ATEFI LM at %  ~( T~nn). GASLAY
(nm) (at % ( ~) EXANPISERBYr iR F19109: 6BIRE - 4K mmémﬁ% lﬂfﬂ%ﬁoozl
260Ni - 40Ta8* 1EXAMPLE31CoZr Nb ' 11050$QR- 50%Ar 160Ni - 40Ta8* LEXAMPLE32CoZr Nb
~110Ai r 269NF2B0Fhgks chpngadrimvEDRRPEDS) LRE 85E8c8ber -8B thhididle i nm

*2) PERPENDI CULAR MAGNETI C FI LM 6l Co-20Cr-1 7Pt -2B (thickness: 25 nn) Table
5 (conti nkfegl)state that the detector 23 is fixed to the position where

the angle 26 of the diffraction X-ray 22 became 2 6p, thereby
tomake a rocking curve showing a relationship between the incident
angle 6 and the intensity of the diffraction X-ray 22 detected
by the detector 23.

Since thepositionof thedetector 23is fixedtotheposition
where the angle 28 of the diffraction X-ray 22 became 2 8 p, the
rocking curve shows the distribution of gradient of the crystal
plane of the surface of the film to the plane of the disk D.

Fig. 7 is a graph showing an example of the rocking curve.
The term “A 6 50” refers to a half~-value width of a peak that shows
the orientation plane in this rocking curve.

Intheperpendicularmagneticfilm5, themeangraindiameter
of crystal grains is preferably within a range from 5 to 15 nm.

The mean grain diameter can be determined, for example,
by observing crystal grains of the perpendicular magnetic film
S5byatransmissionelectronmicroscope (TEM) and image-processing
the image observed.

The protective film 6 is for preventing corrosion of the

perpendicular magnetic film 5, and at the same time, prevents



READ/ WRI TEORI ENTATI ON

CONTROLFI LMPERPENDI CULARCHARACTER! STI CSTHERVALSTABI LI TYMAGNETI C FI LMERROR
-RATE | % DECADE) He (Oe) M/ Ms - Hn

( Q) (10x) EXAMPLEL* 2- 5. 6- 0. 540640. 96736EXMVPLE30* 2- 5. 9- 0. 641030. 98689EXAMPLE
31*2-5. 8- 0. 639080. 96801EXAMPLE32* 2- 5. 8- 0. 538990. 99778 cu *1) | NTERVEDI ATE
FILM 65Co-30Cr-5B (thickness: 5 nm *2) PERPENDI CULAR MAGNETI C FI LM

61 Co- 20Cr-1,7Pt - 2B i ck .25 4 ' f .
xcel [ ent FETARR PetBRaraater; St Eace it B S sRaRES by B e Brng: The
soft magneti c

il . EX I 33. I [
Exampl 6 1. OREERC For el O MRGIE nEPBIPAL aRa: Phen hi CKNGUS BFCTRES (S |

i nt diate film4 h in Table 6, ti di d
manuf act ur 687( B8 T80 ¥1%) L0 WP LeasBeBE LT DI AU TEL ELbi i 11g edt B of

t hese Exanpl es, the evaluation test was conducted. The results are shown in
Table 6. Z¥8pI @B ROFFSKRAGNETI CORI ENTATI ON CONTROL UNDERCOAT FI LM

FI LM NTERMEDI ATE_FI LM CQVPQSI TLONS Bs- TTHI CKNES S| TI@%NTHE(EKNES ,
COVPQSI TI ON( at $) The (thifiei et SMR B O8EAR VRn) BXMRPLEPTES2FRE LY within

11 060Ni - 40Ta865Co- 30Cr - 5BSEXANVPLE 33CoZr Nb ~

11060Ni - 40%a86566- 38eM- SPESEXAMVPIE 34CoZr Nb i

11060Ni - 40Ta854Co- 28Cr - | OPt - 8BSEXAMPLE 35C0Zr Nb ~

11060Ni - 40Ta860&L 150 BT 356871 A%A L UPTHEONE -4 BHH - RS BEESANAL £
37CoZrtVb , 11060Ni - 40Ta8- - EXAMPLE 38CoZr Nb ~ . , _
11060Ni - 40¥4885E82806r 2 EEABEXAMPLC BIRANS 2 roPrEcNd 24012885 Co80drksB40

Inthemagnetic recordingmediumwith the above construction,
since the orientation control film 3 is made of a non-magnetic
material which contains 33 to 80 at% of Ni and also contains one
or more kinds of elements selected from Sc, Y, Ti, Zr, Hf, Nb
and Ta, the coercive force Hc is enhanced and Mr/Ms is improved,
thereby making it possible to increase the negative nucleation
field (-Hn).

Therefore, excellent thermal stability can be obtained.
Furthermore, read/write characteristics can be improved.

The thermal stability refers to a phenomenon wherein
recording bits become unstable and thermal missing of recorded
data occurs. 1In the magnetic recording medium apparatus, it
appears as damping over elapse of time of the read back output
of recorded data.

In the present invention, when the perpendicular magnetic
film has a multiple layer structure composed of plural layers,
at least one of these layers may be provided with the construction

of the perpendicular magnetic film 5 in the first embodiment



*1) PERPENDI CULAR MAGNETI C FI LM 6l Co-20Cr-1 7Pt-2B (thickness: 25 nm Table
6 (continued) PERPENDI CULA R MAGNETI C FI LMREAD/ WRI TE CHARACTERI STI CS ERROR
.RATE (10 ) THERVAL STABI LI TY ( g/ DECADE) MAGNETOSTATI C CHARACTERI STI CS He (Ce)
M/ M -Hn (Oe) EXAMPLE 1*1-5. 6-0. 540640. 9736EXAMPLE

33*1-5. 4-0. 640300. 971020EXAVPLE 34*1-5. 9-0. 640210. 951100EXAMPLE
35*1-5.6-0.539910. 961210EXAMPLE 36*1-5. 8- 0. 642880. 931260EXAMPLE

37+1- 5. 2- 0, 940100, 94 MPLE 38*1-5. 2-0. 445150. 971350EXAMPLE
39*1-4. 6- &ef%%?cgﬁfg%jogcw *1) PERPENDI CULAR MAGNETI C FI LM |
61 Co- 20Cr -1 7Pt - 2B (tHlGKNESS: . §B N emist) ifer] o?Q@xaerlﬁ%‘%n%téf’%‘gzéBkﬁéﬁg 'n

all Exanples, excel'lent réad/Wite characteristrcs cou tal ne

inder coat T (1 CRIRETET0 RN Bt odes B RS S a0 ASCRStigen the
s TS A rn IHr LS S BB B R BoPBEa oo
Todi a of | CHOBES ELAR IR YaTe A0R TS HoStb SRE KAt B HHBaPBEREES ar e
shown in Tab!e 7.tLﬁ%ﬁEble 7] HARD MAGNETI CFI LMSOFT MAGNETI CORI ENTATI ON

CONTROLUN MR CKNES! | NTERVEDI ATCOVPOS| TI ONCOVPOS! TI ON

~B~TCOUE-OSI T1 QTH, GOESSE LM 2t ) S(=(9) (1-nm (3 AN S0 o,

CoSm alloy or a CoCrPtX; alloy (Xz: one or more kinds of elements
selected from Pt, Ta, Zr, Nb, Cu, Re, Ni, Mn, Ge, Si, O, N and
B).

The coercive forceHcof thehardmagneticfilm8ispreferably
equal to or higher than 500 (0Oe) (preferably equal to or higher
than 1000 (Ce)).

The thickness of the hard magnetic film 8 is preferably
equal to or lower than 150 nm (preferably equal to or lower than
70 nm). A thickness of more than 150 nm of the hard magnetic
film 8 is not preferable because the mean surface roughness Ra
of the orientation control film 3 becomes larger.

The hard magnetic film 8 is preferably provided with such
a construction that exchange coupling between the hard magnetic
film and the soft magnetic undercoat film 2 is formed and the
magnetic film is magnetized in the radial direction of the
substrate.

Byproviding thehardmagneticfilm8, formationof extremely
large magnetic domains in the soft magnetic undercoat film 2 can

be suppressed more effectively, and therefore the occurrence of



' EXAMPLE 1- ~- CoZr Nb !l 1060Ni - 40Ta8* 1EXAMPLE
4064Co- 20Cr - | 4Pt - 2B150CoZr Nb11060Ni - 40Tag8* 1EXAMPLE
. 4164Co- 20Cr - | 4Pt - 2B150C0Zr Nb ~| 1060Ni - 40Ta8* 1EXAMPLE 4284Co- | 6Snb0CoZr Nb
| 11060Ni - 40Tag8*1 *1) | NTERVEDI ATE FI LM 435C0-30Cr-5B (thickness: 5 nm) *2)
PERPENDI CULAR MAGNETI C FI LM 6l Co- 20Cr - 1“7Pt - 2B (t hi ckness: 25 nn) *3)
SLI GHT SPI KE NO SE GENERATED AT OUTER PERI PHERY [ Tabl e 7] (conti nued)
READ/ VR TEMAGNETOSTATI CPERPENDI CUL ATHERMAL CHARACTERI STI CSC~~CTER| ST| CSSPI KE
R MAGNETI c%?ggﬂ{‘?wﬂ BRER PAFEES$! DECAPET I %ﬁﬁfgﬁﬁ?ﬁ@v?ﬁﬁg%cﬁ?ﬁokgé( 10

) EXAMPLE 1*2-5. 6-0, 540640. 96736* 3 MPLE 40*2-5.5-0. 640090. 97810NON MPLE
41*2-5. 5- 0254253525569 KEREEXRRRL EL A9+ 3G Begy] 35@%0?% mﬁfl%ise“%%

| NTERVEDI ATE FI LM 65Co- 30Cr-5B (thickness: 5 nm *2) PERPENDI CULAR

MAGNETI C FERNBX8f€0- 20Cr -1 7Pt - 2B (thi ckness: 25 nn) *3) SLI GHT SPI KE NO SE

GENERATED AT QUTER PERI PHERY 48 As is, apparent from Table 7, spike-|ike
noi se caused by T nbpRRFe Waf|oriertrt it tohddifethar dimpanedac 15148 Bcoul d

be suppressed w thoutdeterioratingthe read/wite characteristjcs. As
descri bed abodergratrdgddt MadpeebralChig2 hEelY (18 & BEnet preker ! imtdiidn
conprises at |east a soft magnetic undercoat film nmade of a soft magnetic
materi al , Bay &eifkrmead BATESAR AICTNGANSHEC vt F B ke LR DR NBREMABIETGC a
filmprovided right above, a perpendicular nagnetic film of which axis of
easy magnefi¥at$on is generally oriented perpendicular to a substrate, and
a protective film that are provided on a non-nmagnetic substrate, wherein
t he orientation Bght Poshews rahiest b egbogd imgntnal e Bagne bl ¢ gleosidimg
contains 33 to 80 at% of N and one or nore kinds of elenents selected from
Sc, Y, Ti,m&ljumfof NbhandrdaentThenednteon + eddy wihiitse Mmalgareddice mestdnssiae
thermal stability can beinproved. 49 CLAIMS: 1. A magnetic recording
medi um conpediimg adtadrest zbng stebiagaetionunider 8 ratde O a safie meignetdcs t
magnetic material, an

material is provided between a perpendicular magnetic £film 5 and

a protective film 6.

Examples of the material of the magnetizing stabilization

film 9 include FeCo alloys (FeCo, FeCoV and the like), FeNi alloys

(FeNi, FeNiMo, FeNiCr, FeNiSi and the like), FeAl alloys (FeAl,

FeAlSi, FeAlSiCr, FeAlSiTiRu, FeAlQO and the like), FeCr alloys

(FeCr, FeCrTi, FeCrCu and the like), FeTa alloys (FeTa, FeTaC,

FeTaN and the 1like), FeMg alloys (FeMgO and the like)}, FeZr alloys

(FeZrN and the like), FeC alloys, FeN alloys, FeSi alloys, FeP

alloys, FeNb alloys, FeHf alloys, and FeB alloys.

There can also be used a material having an Fe content equal

to or higher than 60 at% composed of microcrystals comprising

FeAlO, FeMgO, FeTaN, FeZrN or the like. 1In addition, it can also

have a granular structure inwhich themicrocrystals are dispersed

in a matrix.

As the material of the magnetizing stabilization film 9,



orientation control filmthat controls the orientation of a film provided
directly thereabove, a perpendicular nmagnetic film of which the axis of

. easy nmagnetization is generally oriented perpendicular to a substrate, and
a protective film that are provided ongg non-magnetic substrate, wherein
the orientation control filmis made of a non-magnetic material which
contains 33 to 80 ate of Ni and one or nore kinds of elements selected from

Sc, Y, Ti, Zr, 2. The t di t
cfaiml'@hﬁﬁeflmx oAt i BOR D PP Rge 4ht R “"rhe

magnetic recordin qd mac ord|n %clalml 2c h 7
ori entati &F i of~ Ak allélé:’stator}gal? (i’néeeloécf“éjﬁ fPSm the
group consj sti ng of Ni Ta aI I NI Nb al | o(yp Ni T| alloy and Ni Zr alloy. 4.
The magnetNi e Técordind et U codrdi gt &P e of claims 1 to 3,

wherei n a perpendi cul ar pagneti zati on_ ani sotropé const ant . Ku_ of gi
per pendi cul ar MAGRARFF B nPéredCATNe 2 YhEPLEREAn ANAEADRMIRRYF R¥S

The magnetic recordi ng nedi um according to any one of clains 50 1 to 4,
wher ei n t K@Np&ep &Rt ABRTHRFRAYT Y i35 TS T ' &dnisdsi ti on cont ai ni ng CoCr Pt
as the maj or constituent and also has a C content eqcual to or gher t han
16 and | ower thZRSXPECH'AAGTESPIC LEMIENP2ERAR! 2E5I0TE H Pherd tidhI 14mand

| ower than 24 at% and a coercive force (Hc) is equal to or higher than
3000 (Ce) 9 1ﬁé@%ﬂm@b&mwwalohwwl@w(emh;‘ané% ) tipreferiapreregnah 0

(Ce)
to or lower than 50(0e)).

The saturation magnetic density Bs of the magnetizing
stabilization film 9 is preferably equal to or higher than 0.4
T (preferably equal to or higher than 1 T).

Bs-t, that is the product of the saturation magnetic density
Bs of the material and the film thickness t of the magnetizing
stabilization film 9, is preferably equal to or higher than 7.2
T-nm. Bs-t that exceeds the above range is not preferable because
the read back output is lowered.

By providing a magnetizing stabilization film 9 made of
a soft magnetic film between a perpendicular magnetic film 5 and
a protective film 6, an improvement in thermal stability and an
increase in read back output can be achieved.

This reason is believed to be as follows. That 1s, the
fluctuation of the magnetization in the surface of the
perpendicular magnetic film 5 is stabilized by the magnetizing
stabilization film 9, so that leakage flux is not influenced by

this fluctuation and the read back output increases. Inaddition,

by providing the magnetizing stabilization film 9, the



and | ower than 2500(0e), and a ratio of residual magnetization (M) to
saturation magnetization (Ms) , M/Ms, is equal to or higher than 0.9. 6.
. The magnetic recordi ng medi um according to any one of clainms 1 to 5,
wherein a nmean crystal grain dianeter ofgthe orientation control filmis
equal to or higher than 2 nm and | ower t%an 20 nm 7. The magnetic

recordi ng medi um according to any one of clains 1 to 6, wherein a thickness
of the orientation control filmis equal to or_higher .Pﬁ%p %.5 n(g}and | ower
than 20 nife3etifd teghets Ehe R HY Heli Um (s 'Chgglt ahy*bnéof cl ai s
1 to 7, wherein the perpendi cul ar nmagneti zatjon has a_B content equal to or
i gher " ¢ halif KPPk T BEF LPREACELE 85 St SO7T LORPER A 2°F RGETPRSM 2 Lo
10. 9. The nmgnetic r.ecordir}r%g medi um accordin 0 .any one ?:f, clgi,ms é to 8,
wher ei n a WEF GRENELILE £iand rRGemBINGt hatyd LiZatdgy fAfm tge
provi ded between the non-magnetic substrate and the soft nagnetic_undercoat
film 10. imRltaisd 9o aadrdemadoam ﬁgCéOﬁaan%%¥%U+"ecorfm%g}°rr§g‘ilﬁn?CMPEh
conprises formng at |east a soft magnetic undercoat film nade of a soft
magnet i ¢ rencalilEnt the vre batabiidd tyokt pBraineabesatsedHie BRINERaZation
orientation of a film provided right above, a perpendicul ar nmagnetic film
of which mstigfpeemm&a:gﬂm pagnehirsfiganérig eyteblénhed Mt EraPRALEr to
a substrate, and a protective film on a non-nagnetic substrate, while
control | i g gde perpenedionilan ai@etdonrol filmis nade of a non-nmagnetic
material which contains 33 to 80 at o of NN and one or nore Kkinds of

el enents sel ect 8 themasmfagtume ofrtheimagretafdr qeerding magigehpging
read/ wite apparatus conprising a magnetic recordi ng nedium and a nagnetic
head t hat thecopdstinEbiaatdencoibacheborgneat isofitenvagnl hiyc modienacatdf plmys
the information, wherein the magnetic recordi ng nedium conprises at |east a
soft magnek,i enurndérosatibnl ppradelofidmsdf tamegrietimedigtar ifdllm 4nand a
orientation control filmthat controls the orientation of a film provided
directly tdeepeahidvel ax peypenic CalarS angdetrnedfiin seglienmte o & bebakiratof
easy magnetization is generally oriented perpendicular to a substrate, and
a protectilveyfalsput tatimy engirhod ,dvd conmadepos iragor} i icors yhsttriatge orwbhé e t he
orientation control filmis made of a non-magnetic nmaterial which contains
33 to 80 ati%eof Ni and one or nore kinds of elenments sel ected 52 from Sc,
Y, Ti, Zr, H, Nb and Ta. .AL.A .AA . AUY. AFYE. A{Y. A

F. AA3E. AF. AU3E. Anl cAKAZIBgAE Ye ABhe AE| ca3 oAIDA AT cBAL) AnatAe surface
32. A3F. Al . AFl . AU . A3. Ahl . Ah. AY. A{| . Ah. AFl . AU R£A Yy, A R
of the soft magnetic undercoat film 2, if necessary.

In the formation of the orientation control film 3, a
non-magnetic material, which contains 33 to 80 at% of Ni and also
contains one or more kinds of elements selected from Sc, Y, Ti,
Zr, Hf, Nb and Ta, is used.

The orientation control film 3 can contain at least one
of oxygen and nitrogen. A method that introduces oxygen or
nitrogen into the film-forming gas (process gas) when forming
the orientation control film 3 can be used.

In the formation of the perpendicular magnetic £ilm 5, the
material and film-forming conditions are preferably selected so

that the perpendicular magnetization anisotropy constant Ku
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construction described above, a medium drive unit 11 that rotates

this magnetic recording medium 10, a magnetic head 12 that carries
out recording and read back of the information on the magnetic
recording medium 10, a head drive unit 13 that drives the magnetic
head 12, and a read/write signal processing system 14. The read
back signal processing system 14 sends a recorded signal to the

magnetic head 12 after processing the input data, and outputs
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Examples of the magnetic head 12 include a single pole type
head for perpendicular recording.

As shown in Fig. 10(b), as the single pole type head, a
singlepoletypeheadwithaconstructioncomprisingamainmagnetic
pole 12a, an auxiliary magnetic pole 12b and a coil 12d provided
at a connection unit 12c that connects these magnetic poles can
be preferably used.

According to the magnetic read/write apparatus described
above, since the magnetic recording medium 10 is used, the thermal
stability and read/write characteristics can be enhanced.

Therefore, it is made possible to prevent problems such
as data missing and to increase high recording density.

[Examples]

The operational effect of the present invention will now
be clarified by way of examples. However, the present invention

is not limited to the following examples.

Example 1

A washed glass substrate 1 (Ohara Co.; diameter: 2.5 inches)
was accommodated in the film formation chamber of a DC magnetron
sputtering apparatus (ANELVA, C-3010), and after expelling air
in the film formation chamber up to an ultimate vacuum of 1X
107° Pa, a soft magnetic undercoat film 2 (thickness: 100 nm) was

formed on the glass substrate 1 using a target comprising
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7 at$%$) at a substrate temperature of 100°C or lower. Using a
vibrating sample magnetometer (VSM), it was confirmed that Bs-t
(T-nm), that is the product of the saturation magnetic density
Bs (T) of this film and the film thickness t (nm), is 110 (T-nm).

After heating the substrate to200°C, anorientationcontrol
film 3 having a thickness of 8 nm was formed on the soft magnetic
undercoat film 2 using a 60Ni-40Ta target and an intermediate
layer 4 having a thickness of 5 nm was formed thereon using a
65Co-30Cr-5B target, and then a perpendicular magnetic film 5
having a thickness of 25 nm was formed thereon using a
61Co~-20Cr-17Pt~2B target. In the sputtering step, a film was
formed under a pressure of 0.5 Pa using argon as a process gas
for forming a film.

Next, a protective film 6 having a thickness of 5 nm was
formed by a CVD method.

Next, a lubrication film 7 made of perfluoropolyether was
formed by a dip coating method to obtain a magnetic recording
medium (see Table 2).

To confirmthe crystal structure of the orientation control
film 3, a soft magnetic undercoat £ilm2 (89Co-4Zr-7Nb) was formed
on the substrate 1 and an orientation control film 3 (thickness:
8 nm) made of 60Ni-40Ta was formed thereon, and then the electron
diffraction image of the orientation control film 3 was examined.
As a result, it has been found that the crystal of the orientation

control film 3 has an hcp structure.
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Examples 2 to 13

Inthe samemanneras inExamplel, except that thecomposition
orthicknessoftheorientationcontrol film3waschanged, magnetic

recording media were manufactured (see Table 2)

Comparative Examples 1 to 3

Inthe samemanner as inExamplel, except that theorientation
control film 3 was formed using a target made of Ti, 60Ru-40Co

or C, magnetic recording media were manufactured (see Table 2).

Comparative Examples 4 and 5

InthesamemannerasinExamplel, except that theorientation
control film 3 was formed using a target made of 85Ni-15Ta or
25Ni-75Ta, magnetic recording media were manufactured (see Table
2).

With respect to magnetic recording media of these Examples
and Comparative Example, read/write characteristics and
magnetostatic characteristics were evaluated. The evaluation
was conducted using a read write analyzer RWA1632 manufactured
by GUZIK Co. and a spin stand S1701MP.

In the evaluation of magnetic characteristics, the
measurement was conducted at a recording frequency of 520 kFCI
using a magnetic head wherein a single magnetic pole head is used

at the writing portion and a GMR element is used at the read back

portion.
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based on (So - S8) X 100/(So X 3). In this equation, So denotes
the read back output when one second has passed after the signal
recording onto the magnetic recording medium, and S denotes the
read back output after 1000 seconds.

The dispersion degree of the ¢ axis of the perpendicular
magnetic film 5 was calculated from the rocking curve. It is
expressed by a half-value width (A 6 50) of a maximum intensity.

These test results are shown in Table 2.
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As is apparent from Table 2, Examples using a non-magnetic
material, which contains 33 to 80 at% of Ni and also contains
20 at% or higher of one or more kinds of elements selected from
Sc, Y, Ti, Zr, Hf, Nb and Ta in the orientation control film 3
exhibit excellent read/write characteristics as compared with

Comparative Examples.

Examples 14 to 22
In the same manner as in Example 1, except for selecting
the conditions the perpendicular magnetic film 5 as shown in Table
3, magnetic recording media were manufactured (see Table 3).
With respect to magnetic recording media of these Examples
and Comparative Examples, the evaluation test was conducted. The

results are shown in Table 3.
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deviate from the above range.

It is also apparent that Examples wherein the coercive force
(Hc) is equal toor higher than 3000 (Oe) and the negative nuclieation
field (-Hn) is equal toor higher than 0(0Oe) and lower than 2500 (Oe)
and, moreover, Mr/Ms is equal to or higher than 0.9 exhibit
excellent magnetic characteristics as compared with Comparative

Examples 4 and 5.

Examples 23 to 29

In the same manner as in Example 1, except for selecting
the composition of the soft magnetic undercoat film 2 as shown
in Table 4, magnetic recoxrding media were manufactured (see Table
4).

With respect tomagnetic recording media of these Examples,
the evaluation test was conducted. The results are shown in Table

4.
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As is apparent from Table 5, excellent read/write

characteristics could be obtained by oxidizing the soft magnetic

undercoat film 2.

Examples 33 to 39

In the same manner as in Example 1, except for electing
the material and the thickness of the intermediate film 4 as shown
in Table 6, magnetic recording media were manufactured (see Table
6).

With respect to magnetic recording media of these Examples,

the evaluation test was conducted. The results are shown in Table

6.
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read/write characteristics could be obtained.

Examples 40 to 42

In the same manner as in Example 1, except that an undercoat
film (thickness: 20 nm) made of 94Cr-6Mo was provided between
the non-magnetic substrate 1 and the soft magnetic undercoat film
2 and a hard magnetic £film 8 shown in Table 7 was provided thereon,
magnetic recording media were manufactured (see Table 7).

With respect tomagnetic recording media of these Examples,
the evaluation test was conducted. The results are shown in Table

7.
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1. A magnetic recording medium comprising at least a soft
magnetic undercoat film made of a soft magnetic material, an
orientation control film that controls the orientation of a film
provided directly thereabove, a perpendicular magnetic film, of
which the axis of easy magnetization is generally oriented
perpendicular to a substrate, and a protective film, that are
provided on a non-magnetic substrate, wherein

the orientation control film is made of a non-magnetic
material which contains 33 to 80 at% of Ni and one or more kinds

of elements selected from Sc, Y, Ti, Zr, Hf, Nb and Ta.

2. The magnetic recording medium according to claim 1, wherein

the orientation control film has an hcp structure.

3. Themagneticrecordingmediumaccordingtoclaimlor 2, wherein
the orientation control film is made of at least one kind selected
from the group consisting of NiTa alloy, NiNb alloy, NiTi alloy

and NiZr alloy.

4. The magnetic recording medium according to any one of claims
1 to 3, wherein a perpendicular magnetization anisotropy constant
Ku of the perpendicular magnetic film is equal to or higher than

1 X 10°% erg/cc.

5. The magnetic recording medium according to any one of claims
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containing CoCrPt as themajor constituent andalsohas aCr content
equal to or higher than 16 and lower than 24 at% and a Pt content
equal to or higher than 14 and lower than 24 at%, and

a coercive force (Hc) is equal to or higher than 3000 (Oe),
negative nucleation field (-Hn) is equal to or higher than 0(Oe)
and lower than 2500(0Oe), and a ratio of residual magnetization

(Mr) to saturationmagnetization (Ms), Mr/Ms, is equal toor higher

than 0.9.

6. The magnetic recording medium according to any one of claims
1l to 5, wherein a mean crystal grain diameter of the orientation
control film is equal to or higher than 2 nm and lower than 20

nm.

7. The magnetic recording medium according to any one of claims
1l to 6, wherein a thickness of the orientation control film is

equal to or higher than 0.5 nm and lower than 20 nm.

8. The magnetic recording medium according to any one of claims
1l to 7, wherein the perpendicular magnetization has a B content
equal to or higher than 0.1 at% and lower than 5 at% and A6

50 is within a range from 2 to 10°.

8. The magnetic recording medium according to any one of claims

l1to8, whereinahardmagnetic filmmade of a hardmagneticmaterial
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