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RECORDI NG MEDI UM METHOD OF MANUFACTURI NG THEREFOR AND MAGN

- APPARATUS CROSS REFERENCE TO RELATED APPLI CATI ONS The present appbd*cati on
is filed under 35 U.S.C. 111(a), and clains benefit, pursu

US C 119(e)(1l), of the filing dates of Provisional Appli cmﬂmﬂﬁmmmm

60/ 295,819 filed June 6, 2001, pursuant to 35 U S.C. 111(b). OF

THE | NVENTION Field of the Invention The present invention rel af®&to a
magnetic recordi ng medi um a method of manufacturing therefor, and a

magnet i ¢ r epl MAGINBEIGRECQRIANG MEDIVIsMEIGIRD iQF ACTYRRG um
Description of the Related Art A perpendi cul ar magnetic recordi ng nedi um
in which the axis oTHERBEFOR@NBNMAGNETICRERLAY ARPARATESI c filmis
oriented generally perpendicular to the substrate, have received a great
deal of attention because the effect of the demagnetizing field at the bit
boundaries is small even when high recording density has been realized,

and it is possible tegg @rMM?WORE?W’IJ‘EﬁXPii ERAPIcNig stics and noi se

reduction due to the tormation of magnetic recordi ng domai ns which have
di stinct boundaries. In recent. LS. .8 1:Cq {18GOr O di has been
proposed wher ei eBreéﬁ)xfttappﬁ%agﬂgﬁlﬁl%ﬂHag?égg(?.gﬁ.l%l(l&c}a?nq%c@g{ngﬁﬁg a backi ng
film conprisin t e terjal tween the substrate and the
per pendi cavrévarr&ﬁém-cr Eﬁ%@%b o e Wine dates ﬁ’w\ewo’eﬂémflsww ®he
magnetic flux between the magineti ¢ head and the magnetic recording nedium
i s i mprovE&@29T8&9 &ibsd June §n2Q01¢ parsuant ¢ UsS.Cnd hhKb).or ned t hereon extrenely
| ar ge magnetic
BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to a magnetic recording medium, a method of

manufacturing therefor, and a magnetic replay apparatus that uses this magnetic

recording medium.

Description of the Related Art

A perpendicular magnetic recording medium, in which the axis of easy
magnetization within the magnetic film is oriented generally perpendicular to the
substrate, have received a great deal of attention because the effect of the demagnetizing
field at the bit boundaries is small even when high recording density has been realized,
and it is possible to improve thermal stability characteristics and noise reduction due to
the formation of magnetic recording domains which have distinct boundaries.

In recent years, a magnetic recording medium has been proposed wherein a soft

magnetic undercoat film (what is termed a backing film) comprising a soft magnetic



domai ns having a small coercive force and an easily changeabl e direction of
magneti zation. The magnetic wall at the boundary of the magnetic domain is
- a cause of the occurrence of spike noise. Thus, to prevent the occurrence
of spi ke noise due to the formation of these nagnetic domains, there have
been investigations of providing a hard nmagnetic film conprising a hard
magneti zing material between the substraci,e and t he ft magnetj ¢ undercoat
film for &atgial hetweewy thersubsteate and the perpen lﬁmm%%sneﬁﬁéﬁetw tgﬁ‘q CEHEY filmto
face the radial direction of the substrate by the magnetic exchange

coupl i ng béthedtaw of the snagaetit fluxjpasween the magnetit head and the magpatic reso r coat
film Japanese Unexam ned Patent Application, First Publication, No. Hei

5- 277687 nthdash isSiagprévedagnet i ¢ recordi ng nedi um provi di ng such a hard
magnetic film The magnetic recording medi um di sclosed in this publication

provi des an i nTpp ls@ﬂﬁxdgﬁétm&meﬁcom&%és%ﬁhém&@memémy( g edicl oy or
CoCrTa. The thickness of the soft magnetic undercoat filmis, Tor exanple,

a5 10200 aBifbinkRabill B SHRANBLICHe JB%)%/%E@Eﬂgﬁﬁ?‘l%_%aﬁlgﬁir%&%{fence of noi se

descri bed anve can preven I's 1n: e permanent magnetic film

I n the. manuf act ur.e of. a magnetic. r di i U usual ly. a_sputtering

ot hod | & RgaE At o dhf pets vk S6Chot g o el Phentit Rombitls BRANE 5 o
conpared to other filmformation nmethods, a sputtering nmethod is a nethod
with a pr&fRecrBencsofispikgnelses nat easily becomes |ow. In the conventional
magneti c recordi ng medi um descri bed above, inprovenents in the production
effici ency can Thes.tapreventthe dcdnprenes off spikeanoisgidye sothe formptioniof theserder coat
film but in this case, there is the problemthat the noise characteristics
of the olnagnetéddomajns ithere havedvedn mmyestigitions ofgirevidmgathardimaghatictfiim noi se
fromthe in-plane permanent magnetic fil m provided under the soft nagnetic

under coat chinbfising @ hafihgietiaing atérial beEveeh €Y RBErAOMEhE e6f ahetic It 1s an
obj ect of the present

undercoat film, forcing the magnetic direction of the soft magnetic undercoat film to

face the radial direction of the substrate by the magnetic exchange coupling between
this hard magnetic film and the soft magnetic undercoat film.

Japanese Unexamined Patent Application, First Publication, No. Hei 5-277687
discloses a magnetic recording medium providing such a hard magnetic film.

The magnetic recording medium disclosed in this publication provides an in-
plane permanent magnetic film comprising an SmCo alloy or CoCrTa. The thickness of
the soft magnetic undercoat film is, for example, 25 to 200 nm. In this magnetic
recording medium, the occurrence of noise described above can be prevented by this in-
plane permanent magnetic film.

In the manufacture of a magnetic recording medium, usually a sputtering

method is used on the film.



I nvention to provide a magnetic recording nediumthat can inprove the
production efficiency without the noise characteristics deteriorating, a
- manuf acturing nmethod for the sane, and a magneti c recording replay
apparatus. SUMVARY OF THE | NVENTI ON The present inventors have di scovered
that the problem of noise characteristic deterioration that occurs during
the formation of a thin_soft nagneti ¢, undercoat filmi ue to the noise
caused by the rBecausshgmBim formafign spegd ‘%L;‘QWeﬁomﬂa’éﬁditﬁl‘?m?f %Pﬁgomﬂge
characteristics due to the soft magnetic undercoat film being made thinner
i s caused mgthodsna spitteding smethod:in @ methadewith a praguctioneffieieneythateasitar d magneti c
film which is due to the distance between the magnetic head and the hard
magnet i ¢ fbietomésdoorri ng smal |l during replay. The present invention has been
conpl eted based on this insight. Specifically, the magnetic recording

medi um of the. Iptigs@RVentibnahgietit e¢ddEdifgmetlinPde3tigbed Hbov €, amprdvetnghend an
I n-pl ane hard magnetic filmwhose soft nagnetic axis generally faces the

ool . S2 i aat i g . and 4
e 4 R WG oy TSR et 2

soft magnetic ‘un pl ane uno Il mconprises O or a

Cr all oy, nd I n-pl har d _nagnpet | LI .1.S I 1 oy
Conor e X G Sakdfim. R ¥iE ot BeRRR' sl MR RG ARpbalifboring | 0
N). The magnetic recqvery factor, of the soft magnetjc_undercoat filmis

pr ef er abl PotaiRgdInagnstip recgrding mediupydeteriogate dye to the apise from &‘é‘p[aBesquareness
ratio S* of the in-plane soft magnetic filmis ,preferabI?/ equal to or
greater t ngrmanest mpgnetigdilmeprauided undes ghegofignasngtic andsrcaahBlmy esent

i nvention, the coercive force He of the in-plane hard nagnetic filmis
equal to or grdacensiddrationl@h¢ preplemsabovadescrbadoit is amobjectiof the mrasens equal
to or greater than 200 (nmenu/cnB) and | ess than 600 (nmemu/cnB), and the

t hi ckness ihgenfibg teprbide aatiagietit eecordigy madiam thittoan IRprove dlidprodsdionhan 100
rim The thickness of the soft nagnetic undercoat filmis preferably 50 to

200 nm efficiency without the noise characteristics deteriorating, a manufacturing method for

the same, and a magnetic recording replay apparatus.

SUMMARY OF THE INVENTION

The present inventors have discovered that the problem of noise characteristic
deterioration that occurs during the formation of a thin soft magnetic undercoat film is
due to the noise caused by the hard magnetic film. The deterioration of the noise
characteristics due to the soft magnetic undercoat film being made thinner is caused by
an increase in the noise that originates in the hard magnetic film, which is due to the
distance between the magnetic head and the hard magnetic film becoming small during
replay. The present invention has been completed based on this insight.

Specifically, the magnetic recording medium of the present invention forms an
in-plane undercoat film and an in-plane hard magnetic film whose soft magnetic axis

generally faces the in-plane direction are formed between a non-magnetic substrate and



In the manufacturing nmethod for the magnetic recordi ng nedi um of the
present invention, an in-plane undercoat filmis provided between the
non-magneti c substrate and a soft magdetic undercoat film and an in-plane
hard magnetic fil mwhose soft magnetic axis generally faces the in-plane
direction is provided thereon. The in-plane undercoat filmconprises Cr or
a O alloy, and the in-plane hard magnetic film_ conprijses a C%Crpftx al | oy
(where X Rgofimagaetigndercopt flm.7The ineplang undggeoatfiim ¢gmpriggs Cr epa Caplloyy
N). The magnetic recording replay apparatus of the present invention

provi des and thegneldne hastwmaghetig filmdiompriassr GoGRyX allpy: (Where Xt is @ne pepl ays t he
information on this magnetic recording nedium In the nmagnetic recording
medi um afndreopBaTe Cu)dieyNbRe, Nij M) 68 Bia®, orNpl ane hard magnetic film
whose soft magnetizing axis generally faces the 5 in-plane direction are
formed between e %@%&e&wﬁ £l oF HeSoR MhgheSOhideFREANEIN f prefREMICOat
film The in-plane undercoat filmconprises C& or a O alloy, and the in-

pl ane har i j rises a CoCrPtX alloy (where X is one or nore
of B, Ta, gq@%'%ér%ﬂ%”h%%%? Mh, Ge, Si, 0, or . Brief Description OF

N)
The Draw Fig. 11 i al = ' I i haowi fi
embodi mont of 010 SO doRE  Mlrrtganeer kiaephas SR et B on R g

2 is an explanatory drawi ng fqor explaining the magnetic recovery factor.
Fig. 3 ispéFfﬁ"&g]tyieaPaléPﬁﬁgteé%ﬂ}aB@ - drawi ng showi ng a second enbodi nent of
the magnetic recording nmediumof the present invention. Fig. 4 is a
partial cross- detheimagnetierecaiding madinmef the pigseny invieptien, thegoersive foece magnet i c
recordi ng medi um of the present invention. Fig. 5is a partial

cr 0ss- sectHoafahe th-planehard nmgnetir filnd Blegtd te obgdaterthian d00 {Oe), thesgtuedtion

recordi ng medi um of the present invention. Fig. 6 is a partial

Cr 0Ss- SeCimdpnalizationd difhaFlomghshter thanf 200 (RiEhRAINTY Bhd REs thak 60omgnet i ¢
recordi ng medi um of the present invention.
(memw/cm?), and the thickness is preferably equal to or greater than 10 nm and less than
100 nm.
The thickness of the soft magnetic undercoat film is preferably 50 to 200 nm.
In the manufacturing method for the magnetic recording medium of the present
invention, an in-plane undercoat film is provided between the non-magnetic substrate
and a soft magnetic undercoat film, and an in-plane hard magnetic film whose soft
magnetic axis generally faces the in-plane direction is provided thereon. The in-plane
undercoat film comprises Cr or a Cr alloy, and the in-plane hard magnetic film
comprises a CoCrPtX alloy (where X is one or more of B, Ta, Cu, Zr, Nb, Re, Ni, Mn,
Ge, Si, O, or N).
The magnetic recording replay apparatus of the present invention provides a
magnetic recording medium and a magnetic head that replays the information on this

magnetic recording medium. In the magnetic recording medium, an in-plane undercoat

film and an in-plane hard magnetic film whose soft magnetizing axis generally faces the



Fig. 7 is a partial cross-sectional draw ng showi ng a sixth enbodi nent of
the nmagnetic recording nmediumof the present invention. Fig. 8 is a

- schematic structural drawi ng showi ng aR enbodi nent of the nagnetic
recording replay apparatus of the present invention. Fig. 9 is a structural
drawi ng show ng an exanple of the nmagnetic head used in the magnetic

recordi ng, repl ay, apparatus shown in g!ﬂ_? 8. 6 EETAI LED %Fﬂ(?l_HCRI PTI ON OF THE
| NVENTI ONinplgne diregign are foemed between,a efi-magretisrsubsfiaty aPPHE nagnetic
recording nedium shown here has a structure in which the in-plane

under coat ufiderenapfilmh@he in-plansrandercoatifilve gemptisss Criorp €1 allpy agdthe Wagnet i ¢
undercoat film4, the orientation control filmb5, the perpendicular

magnet i ¢ plaherhfrd mdgnetic fitne comprsesial CoCtPCa alioyt (véhetaXiis et éranoreidf B, Fahave
been fornmed successively on a non-magnetic substrate 1. Exanples of the

non- magneCucZs WS ReaNE Mn,ab&; SalosrMdm al | oy substrates, glass substrates
(crystallized glass, reinforced glass, and the like), ceram c substrates,

carbon substrates, silicon substrates, and silicon carbi de substrates that
have a NLP plating generally used as a magnetic recordi ng nmedi um

substrate. In addition, exalgmt% s&ti tic L{?g%@ Mgg be given in which the
rat y a plati

NiP filmis fornmed on these subs es g nethod, sputtering
nmet hod, or the_like. Th an surface roughness f the substrate 1 is
preferably 0.0l& {182 nﬁ&a(%fséseﬁ?%ﬂiﬁ@mgg!wtﬁ g%is?ﬁnﬁpr&meﬁﬁgﬁ he mean
surface roughness Ra falls below this r ang%,e, adhesi on of the magnetic head
to the ne#agasticrgcordingangdiumof thenreseat m¥entiodr i ng repl ay occur easily. In
addi tion, when the mean surface roughness Ra exceeds this range, the glide
char act eri st i cFige2d9s hyexplamnwy drawing fariesplainitgibe magpétionecovedetactoat film 2
is for increasing the crystal orientation of the in- plane hard nmagnetic
film3 that isFipngsiisapatidl chosseictional deandngshoaving 4 keconLembodimetit oftheoy is
used.
magnetic recording medium of the present invention.
Fig. 4 is a partial cross-sectional drawing showing a third embodiment of the
magnetic recording medium of the present invention.
Fig. 5 is a partial cross-sectional drawing showing a fourth embodiment of the
magnetic recording medium of the present invention.
Fig. 6 is a partial cross-sectional drawing showing a fifth embodiment of the
magnetic recording medium of the present invention.
Fig. 7 is a partial cross-sectional drawing showing a sixth embodiment of the
magnetic recording medium of the present invention.
Fig. 8 is a schematic structural drawing showing an embodiment of the magnetic
recording replay apparatus of the present invention.

Fig. 9 is a structural drawing showing an example of the magnetic head used in

the magnetic recording replay apparatus shown in Fig. 8.



Exanples of O alloys used in the in-plane undercoat film2 are CM, CTi,
W M, OV, S, and OCNbo alloys. 7 The content of the Cr in these Cr
-alloys is preferably equal to or greatér than 60 at% (nore preferably equal
to or greater than 75 at%. Wen the C content falls below this range,
the crystal orientation of the in-plane hard magnetic film 3 deteriorates,

and the magnetic characteristics such Qerci decrease in the

i n-plane hard magnet REF DEW@RH@F?%@%W#‘@&éﬁ-pI ane under coat

|l ayer 2 is preferably 1 to 1000 nm (nore preferably 2 to 50 nm. The

i n-pl ane hard Figydehpws the firsRembodiroentof gheripvention. Fhe magneticrseerdmer or mat i on
in the soft nmagnetic undercoat |ayer 4 and preventing the occurrence of

spi ke noi sgedivanshovitihere has astooture in whichlthe inFplavie widetcoat filxi 2, thé ireplaye
magneti zation is generally oriented in the in-plane direction (the

di recti on naldoRprchie fitdBS iHeAbf rﬁd{%hfetﬁ'&&)derdoﬁt filhe 488 BAEMEt el fin SBdi um of
the present enbodi nent, the in-plane hard magnetic film3 conprises a

CoGrPtC a ' ivBelm Y, ffbri fiffe 8 hile M,
Go 5 onieerpgaitifr bndsheBOInCE, AP PaIa, afdhe bicaliph A8 e [T |
constituent. reover., .the term"main. co L{pent"” denotes the constituent
I ncl uded %’89’ gébninsc?&l}(cgg%sbve 0°L¢ %n-m'gglé%grsggﬁﬁe(gq PtB all oy, CoCrPtTa all oy,
or CoCrPtBCu al]o re_included as CrpPtX alloys. In the in-plane hard
et ¢ F11 m EXSPLEOf S8 ApvcmgErene sSTH gy o At Al St A Nt o P a
1to 16 at% and X at 0.5 to 10 at% and the renminder, i s CoCrPtX
subst ant i ahbsyrates erystalliged gless, mirforeed glass,fand therlikedrcgramic sebstratesfappnt he Cr
content within the above range is that when the content falls below this
range t he sbstnegs slicin substrates, iwed siigomatarbiidé subsgat8s thatkhave s NiPtpatetigf f i cul ty
and the scattering of magnetic particles is insufficient, and
generally used as a magnetic recording medium substrate. In addition, examples of
substrates can be given in which the NiP film is formed on these substrates by a plating
method, sputtering method, or the like,
The mean surface roughness Ra of the substrate 1 is preferably 0.01 to 2 nm
(more preferably 0.05 to 1.5 nm).
When the mean surface roughness Ra falls below this range, adhesion of the
magnetic head to the medium and magnetic head vibration during replay occur easily.
In addition, when the mean surface roughness Ra exceeds this range, the glide
characteristics easily become insufficient.
The in-plane undercoat film 2 is for increasing the crystal orientation of the in-
plane hard magnetic film 3 that is positioned directly thereon, and thus Cr or a Cr alloy
is used.

Examples of Cr alloys used in the in-plane undercoat film 2 are CrMo, CrTi,

CrW, CrMo, CrV, CrSi, and CrNb alloys.



t hereby noi se increases. Wen this range is exceeded, the coercive force He
decreases. The reason for preferably nmaintaining the Pt content within the
- above range is that when the content ffalls bel ow this range, the coercive
force He becones |low, and when this range is exceeded, there is a tendency
for the noise to becone |arge. The reason for preferably maintaining the X
content within the above range is that when the content falls belowthis
range, there i ghacbmestcofale €nin thise Grailleys ispréfamblyaspal to angreatee thani60s r ange
i s exceeded, the coercive force He becomes |ow. The coercive force to

squar enes o dnbfe préfefibly éftial 1o d?|gditer lidind7 S@%) S Wikenithe Gt Coritént falisBetovabl y
equal to or greater than 0.6 (m)re preferably equal to or greater then

0.7). WeRst eCtH@E t‘éFoﬁ&ftzﬁ onldt MG &SR ?ﬁéﬂx&lcgﬁmfﬁaét&l&ﬁﬂe@%ﬂh' S

range, the magretic ecovery act or of the so magneti c undercoat film4

decr eases The co Fe of qfilm3is

pr ef er abl 3}h r&ﬁ%ﬁe "?cgﬁ ?teﬂ‘% g?‘éﬁllefsﬁgﬁ}c%&hﬁf@e‘)q %el?l?g%pl y equal to or
greater than ZOOgl )). When the coercive force He falls beI ow t hi s range,
the in- plé‘?‘?tgn ghetic film3 is easily subject to nagnetic reversal
due to external _magnetic fields, and the spike noise mcreases The
saturation magrideithigknesnofhisin-plane undergpateyen d isprefesahly 1 to 19000wm j s
preferably equal to or greater than 200 nenu/cnB, and |ess than 600

menmu/ cnB (morecpreferablye? &bFndPO t o 500 nmenu/cnB). When t he saturation
magnetization Ms is less than this range, the coupling magnetic field of
the soft magnetThe in-piide dadl migretic filinds fdisuppressirphagnetic domginefoirgationl m 3

becomes snal |, and spi ke noise occurs easily. In addition, the noise due to
nmagnetic jf kﬁé%bﬁ%dg%n@ﬁn&e?&éM&éﬁ@&dﬁir&i@enﬁﬁ Eﬂé%cé&frénc%ﬂﬁkﬁké foise) ARA coat
film4 increases. 9 addition, when the sat uration nmagneti zation

exceeds 1 hig it ?,gaggﬁmﬁﬁl i B o ey e DBl BBy GFRARAEC Films

i ncreases. hess Of e 1 n-pl ane magnet | I's preferably

equal ;%%Wgﬂeatcgm B nd Girkd B et BYnd SHEclAhskP N (ore preferably 45

In the magnetic recording medium of the present embodiment, the in-plane hard
magnetic film 3 comprises a CoCrPtC alloy (where X is one or more of B, Ta, Cu, Zr,
Nb, Re, Ni, Mn, Ge, Si, O, or N).

In particular, preferably the CoCrPtX alloy is the main constituent. Moreover,
the term “main constituent” denotes the constituent included so as to exceed 50 at%.

Preferably CoCrPtB alloy, CoCrPtTa alloy, or CoCrPtBCu alloy are included as
CoCrPtX alloys.

In the in-plane hard magnetic film 3, preferably the Cr is incorporated at 10 to
26%, the Pt at 1 to 16 at%, and X at 0.5 to 10 at%, and the remainder is CoCrPtX
substantially comprising Co.

The reason for preferably maintaining the Cr content within the above range is

that when the content falls below this range the Cr segregation in the magnetic films



thickness falls below this range, the coupling magnetic field of the soft
magnetic undercoat film4 and the in-plane hard magnetic film 3 becones
- snmall and the spike noise occurs easily. In addition, when the thickness
exceeds this range, the noise originating in the in-plane hard nagnetic
film3 increases. The soft magnetic undercoat film4 is provided in order
to establish nore fjirmy he nagneti zati on, of the per di cul ar magnetic
filme6, woreHs %@d‘:‘é@“ﬁéﬁ%éi’ ppg)ﬁfmag?Ftla P&W@éﬂ?ﬁ\ﬁ‘?@g}eﬁéﬁa cular to the
substrate 1. An Fe alloy having an Fe content equal to or greater than 60
at % can bdherehyonaise ineriagses.o Whemihis eanige inencesded) the pegreive forse g‘ﬁée%ﬁe&rmgnet ic
undercoat film4. Exanples of this material include FeCo alloys (FeCo,
FeCoV and t he |Theegasoir€dyiprefetablyamiinahiing thedicodtentFeithifCthe dbokk Bingaisd t he
i ke), FeAl alloys (FeAl, FeAlSi, FeAISICr, FeAlSiTiRu and the like), FeCr

al I oys ( Fekdt.whef @iel¢ontdne EllebeRMEIthid1angd, kR)coefcivbaofe HYSecotnkeloav, ah@ TaC and
the like), FeC alloys, FeN alloys, FeSi alloys, FeP alloys, FeNb alloys,

and FeHf g} eaxﬁisr%{)gr%_issatc%e %ﬁgéigg%%?ﬁégﬁfﬂ{eidoﬁh%ﬁ%n%ﬁfUCtUred by

m crocrystals co I sing Fe TaN, FeZrN or th I ke. In

I X e e
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exampl e, CoZr, CoZrNb, CoZrTa, CoZrCr, and CoZr Mo can be used

advant agednd When this zz8r 15 exeeederlcths geercive foree He baemassdew: film 4 nay
conprise an alloy having an anorphous structure. The nagnetic recovery
factor of the Sfetcommipedbice tosalrrenesstrafip Stofl thesnplant daulrnggnetiefilm@ual to or
greater than 0.85 (nore preferably equal to or greater than 0.9). Wen the
magnet i ¢ reeforablyyequalcto @i gfcater $hapdl. ®ihdmd ipteferablyequalab segieart tef ©s7)due to
magnetic domain formation within the soft magnetic undercoat film 4.

When the coercive force to squareness ratio S* falls below this range, the

magnetic recovery factor of the soft magnetic undercoat film 4 decreases.

The coercive force He of the in-plane hard magnetic film 3 is preferably equal to
or greater than 1000 (Oe) (more preferably equal to or greater than 2000(Oe)).

When the coercive force Hc falls below this range, the in-plane hard magnetic
film 3 is easily subject to magnetic reversal due to external magnetic fields, and the
spike noise increases.

The saturation magnetization Ms of the in-plane hard magnetic film 3 is
preferably equal to or greater than 200 memu/cm?, and less than 600 memu/cm® (more
preferably 300 to 500 memw/cm?).

When the saturation magnetization Ms is less than this range, the coupling
magnetic field of the soft magnetic undercoat film 4 and the in-plane hard magnetic film
3 becomes small, and spike noise occurs easily. In addition, the noise due to magnetic

fluctuation of the surface side of the soft magnetic undercoat film 4 increases. In



This magnetic recovery factor will be explained below. As shown in Fig. 2,
on the hysteresis curve, Mm denotes the nmagnetization fromthe state in
-which the magnetization is saturated (the position indicated by reference
synbol a) to the position b, where, during the process of decreasing the
external magnetic field, the external magnetic field becones 0. Wen the
ext er nal netic field is further decreased, at the position indi¢cated by
ref erence asigmol when thp gaturation sfagnetipation MsXepeda this BEEHOISEIIZINAEHEM |
undercoat film 4 beconmes high, and at the position indicated by reference
synbol d, thhin-plagmiserd neghetic filof 3 ideeeasesf t nagnetic undercoat film4 is
conpletely reversed (magnetic reversal position). At this position, the

magneti zati on Ofhetthiekhdss pf theeén-prane haransinetic filrh MiSpreferalsly eqyatto monpl etely
reversed. Mt denotes the magnetization where the external magnetic field

I's incr easﬁé’aterftﬁé}{‘id fthSanti [84sGhdrP18D drh (RoRDttfetdbly 490 RALRY. Whenqher ence

synbol e).” The magnetic recovery factor can be represented by Mm/NMn. In

addi tion, r etic

reversal dé\ggﬁsgggﬁg’ elog"g%‘a)nm oluﬁhlé)@%? %’gg%(% éfgfr}e Séﬁ%ﬁﬂﬁt he ext ernal
magnetic field begonges . , by

decr easi nd"“ﬁﬁ'@ %tgﬁ’é‘rr%%ﬂdltﬁﬁbrhggf‘%"% %ﬁl‘e‘ﬂ?ﬁﬁé Mgg%?fﬁ&aﬁfg‘gﬁetﬁpilﬁ on
position a to -100 (Qe), and then increasing the external _  magnetic field
to 0 (Oe) noissocswsgisily; dmaddition tvhenthe thickpessiexgeeds this range thoRaisemgnet i ¢
undercoat film4 is preferably equal to or greater than IT (nore

pr ef er abl yoriginptiag in thedn-plane haxdrmagnetic film 3Tihcreas¢hien t he saturati on magnetic
flux density Bs falls below this range, the control of the replay waveform

becones di f f i culHe,softhragheticnuidesdoabfilnid deprokided in euder folestablishvmbeditdyer i ng
of the production efficiency. The coercive force of the soft magnetic

under coat thé Higﬁetizﬁtlﬁ{ &f tE pp¥ndisiilaY mﬁ efiE ﬁldl%sﬁ'hicm@co?@)ﬂlé WEbration8x103

Alm. Wen the coercive force falls ow this range, the efficiency of

the flow gf td*ﬂr%cﬁ@%én&éuﬁéﬂ’fohﬂsh@&:a@ psed magnetic circuit forned

An Fe alloy having an Fe content equal to or greater than 60 at% can be used as
the soft magnetic material that forms the soft magnetic undercoat film 4. Examples of
this material include FeCo alloys (FeCo, FeCoV and the like), FeNi alloys (FeNi,
FeNiMo, FeNiCr, FeNiSi and the like), FeAl alloys (FeAl, FeAlSi, FeAlSiCr,
FeAlSiTiRu and the like), FeCr alloys (FeCr, FeCrTi, FeCrCu and the like), FeTa alloys
(FeTa, FeTaC and the like), FeC alloys, FeN alloys, FeSi alloys, FeP alloys, FeNb
alloys, and FeHf alloys.

The soft magnetic undercoat film 4 can be structured by microcrystals
comprising FeAlO, FeMgO, FeTaN, FeZrN or the like. In addition, it can also have a
granular structure in which the microcrystals are dispersed in a matrix.

The Co content of the soft magnetic undercoat film 4 is equal to or greater than

80 at%, and a Co alloy incorporating at least one or more of Zr, Nb, Ta, Cr, Mo or the



bet ween the magnetic head and the soft magnetic undercoat film4 decreases,
and thereby the recording characteristics deteriorate. The thickness of
- the soft magnetic undercoat film4 canl®e set at 50 to 200 nm Wen the
t hi ckness falls below this range, the efficiency of the flow of the
magnetic flux in the closed magnetic circuit fornmed between the magnetic
head and the soft ma%netic ndercoat _film4 decrﬁées, g:ng thereBg t he
recor di ng like&ambe Byeds tor example.£roZsy Qo2 41Ta, ColFi T RRLSOZEME &BYES ¢ hj s
range, a long tine is necessary for the film formation, and this invites a
r educt i on used gdvadtagedusly. ef fi ci ency. The thickness of the soft magnetic
undercoat film4 can be appropriately set depending on the saturation
magnet i ¢ densi tly additibmahersdfemagdetic uatlertoat fimtdwaay cdrprisceagradipy bavingen coat
film4. Specifically, Bs-t, which is the product of the saturation magnetic
density Bsnf¥rohduleti@teri al that forns the soft nagnetic undercoat film4
and the fil mr?hickness t of the 12 soft magnetic undercoat film4, is

preferably equaf btidfeat ek sb 66 und¥r & Fifth Vs prtedhly 0 O
greater than 1061#%}%&. l%\‘éen ﬁf‘%t%st aﬁ P{smé)%?éwu? hi's range, Fhe ef ?i ci ency
of the flaow of the magnet, X 1n t I | s Uk or med
bet ween t K& efgéxal;t&olrgr%geahéaﬁaﬂ '%gn@n%rgfp {efgrﬁglgnegﬁiﬁgo gﬁg%rg{glbg}aﬁfo idlim’\&t’lhe&ecr eases,
and thereby the recording cha{,aﬁcéer istjcs deterjorate., The Bst is
pr ef er abl }Kﬁ%g?"éms‘%’v?ﬁ’ﬁiact% f&eloncthisrAnge, pojse icreases dUg {0 MABELCH| e t hat
exceeds this range, the filmmnust be nade thick, and the productive
ef fi ci encydompinfosmetien within the seft magneticivnderset A film 4 can be forned
such that the constituent mnmaterial in the surface (the surface on the
ori entati on corfhiomagndtinrécovegefhctoswilhbe explldigedbelowonpl et el y oxi di zed. The
t hi ckness of this oxidized portion (oxidized film is preferably equal to
or greater thans éhotvnifFigl@, be dfe Hys@resi cife, Mm' denotes the magnetization
from the state in which the magnetization is saturated (the position indicated by
reference symbol a) to the position b, where, during the process of decreasing the
external magnetic field, the external magnetic field becomes 0.
When the external magnetic field is further decreased, at the position indicated
by reference symbol c, the rate of magnetic decrease of the soft magnetic undercoat film
4 becomes high, and at the position indicated by reference symbol d, the magnetization
of the soft magnetic undercoat film 4 is completely reversed (magnetic reversal
position). At this position, the magnetization of the in-plane hard magnetic film 3 is not
yet completely reversed.
Mm’ denotes the magnetization where the external magnetic field is increased
from this state to 0 (the position indicated by reference symbol e).
The magnetic recovery factor can be represented by Mm/Mm®.

In addition, when measuring the magnetic recovery factor, the magnetic reversal

position d is considered to be the position at which the external magnetic field becomes



The condition of oxidation of the soft nagnetic undercoat film4 can be
confirnmed by Auger el ectronic spectroscopy, SIMS, or the |like. The

. thickness of the oxidized portion (oxidized film of the surface of the
soft magnetic undercoat film4 can be found, for exanple, by a

transm ssion el ectron m croscope (TEM phot ograph of a cross-section of
the medium _ The orientation control fil m5 S atglala{ptg vi ded, f

control | i nPo(@e). @PfléﬂmdM%rFané’ﬁdn@ﬁ‘}‘ﬁl Ly d parasing %‘Pg’Eﬁ“%fPo?id

per pendi cul ar magnetic film®6, which is positioned directly thereon. An
hcp st r uc friomethe magneticsatusationcpasitionar te -b9:Qs) canddhen inereasing tegxtareal t he
orientation control film5. 13 Exanples of materials that have an hcp

st ruct ur e magnétied@eld ko8 ¢Oé)avi ng a content equal to or greater than 50 at % of
one or nmore of Ti, Zn, Y, Zr, Ru, Re, Gd, Th, or Hf. Specific exanples are

RuCr, HfB, Hf Cqhe Eﬁt@‘aﬂoﬁhﬁgﬂ&l&fﬁb@&mﬂ BSbDRe saft ehaghetfsl@{dBrcoabilaplies of

materl als that have an fcc structure include those having a content equal

to or gre : A4 ,1_4Ir[-_ or
A spec e?%ra%Q%ﬁp%esﬁéé“ Q%r%gﬁl%a%"éﬁa%?a% 4y BP'%IF b 14 Des e
thickness rLentation or | ess
than 100 tﬁ%f‘%‘%ﬁ%‘?g’lﬁ%ﬁ elns h%fgll?ggl%“ﬁ C%%en the film

t hi ckness exceeds .this ran e di aneter the ¢ particles in the
orientati 6?P>E%V0‘H?‘P°6‘I’m¥ ?Wgagﬁ&‘ﬂé ﬂi‘eaﬁlé‘ém trhf‘l’?fg th’&g q'b’éd“ ticles in
the perpendicular magnetic film6 can easily becone coarse. In addition,

t he di st aheweringafikeproduationediiciency. head and the soft magnetic under coat
film4 becones |arge during replay, and the resolution of the replay signal
decreases and fThe coercive farce pfithe soft magoetic wielemoaihilat 4 js prbfecdbly equabto or

preferable. The orientation control filmb5 is preferably forned so that its
t hi ckness 14ss t1R@280 (OkP(1618xJ0EAlR), Whanthd coercive dares Galisfbeldw this faage, thd n, t he

crystal orientation of the perpendicular magnetic film®6 deteriorates, and
the repl aLrfhialcpok el fidvi 56the FlaghbtR! AbEin the closed magnetic circuit formed
between the magnetic head and the soft magnetic undercoat film 4 decreases, and
thereby the recording characteristics deteriorate.
The thickness of the soft magnetic undercoat film 4 can be set at 50 to 200 nm.
When the thickness falls below this range, the efficiency of the flow of the magnetic
flux in the closed magnetic circuit formed between the magnetic head and the soft
magnetic undercoat film 4 decreases, and thereby the recording characteristics
deteriorate. When the thickness exceeds this range, a long time is necessary for the film
formation, and this invites a reduction in production efficiency.
The thickness of the soft magnetic undercoat film 4 can be appropriately set
depending on the saturation magnetic density of the material that forms the soft
magnetic undercoat film 4.

Specifically, Bs-t, which is the product of the saturation magnetic density Bs of

the material that forms the soft magnetic undercoat film 4 and the film thickness t of the



The perpendi cul ar magnetic film®6 is a magnetic fil mwhose axis of easy
magneti zation is generally oriented perpendicular to the substrate, and
-using a Co alloy in the perpendicul arlzt?ragneti c filmo6 is preferable.
Exanples of a Co alloy are CoCrPt alloy and CoPt alloy. These alloys can be
doped with at | east one el enent selected fromanong Ta, Zr, Nb, Cu, Re, Ru,
V, N, M, Ge, Si, B, 0, N or the like. 14 In addition, a material that
has a nonseft yagagticiusdersogt flm 4, ds preferablyequal fosgregreateritharc3® o (MOtEoy | i ke a
TbFeCo al | oy, can be used on the perpendi cular magnetic film®6. The

per pendi cpteférablfagaed] it€ of grearebthaRMOGT-re@n have a single layer structure that
is uniformin the thickness direction, or can have a nmultiple |ayer

structure in Woheh 1his Hsf [:Si Lo i al | oy)
and a | ayer conpri st?lﬁg ngﬁgsblfég&wne%g*ﬁg?’%% é%g,ﬁh{:))? thlﬁgﬁhajkoe) al}ngg{&g?ri nat ed.
In the trgnsitjion netal |ayer, ¢ can,al so_be used,. or , a all oy such as
Cocr Pt al IS it B SIORE Piagnéii SiieultRorgied Hahvagn Hir BAEohn Bod ARLIBREE of ¢ o

per pendi cul ar pagnetic film 6 can be_appropriately optimzed according to
the tar geMmagegicaipdesopifilm hdecreases, pad tigkeby dhe repording charisysiécs| ayer
structure or a nultiple layer structure, in the case that the perpendi cul ar

magnet i ¢ flgteriomdte.i s t oo thick, problems such as the deterioration of noise
characteristics and a decrease in resolution occur easily, and thus the

thi ckness is pThé Bsal prefReubly 1000toB00T- @Al & tHeltase thOGhe BEY (S8t & dvadheer abl y 3
to 100 nm. In addition, the reverse magnetic domain nucleation field of

the per peggi ﬁ%ﬂe@&s th{FBERE tHe At Mt ve Snddle &hi ’%h%%%ﬁt{ygfegﬁig{c ater than 0

(Ce). Wen t reverse - nmagneti c domain nucleatio elow this
range, thg ! heresrral stability resistance decreases. The reverse nagnetic
domai n nucFEEPTBn field is the nunerical val ue represented by the distance

Exanpl o, t ho pAG B MAENICKERo, b BHELG) IMOFIFFRIBFY. 2) 1o ( he
poi nt at which the rate of magnetization decrease rapidly becones high (for
exanpl e, erial in the surface (the surtace on the orientation control film 5 sid)é) is partially or
completely oxidized.
The thickness of this oxidized portion (oxidized film) is preferably equal to or
greater than 0.1 nm and less than 3 nm,
The condition of oxidation of the soft magnetic undercoat film 4 can be
confirmed by Auger electronic spectroscopy, SIMS, or the like. The thickness of the
oxidized portion (oxidized film) of the surface of the soft magnetic undercoat film 4 can
be found, for example, by a transmission electron microscope (TEM) photograph of a
cross-section of the medium.
The orientation control film 5 is a film provided for controlling the orientation
and crystal particle diameter of the perpendicular magnetic film 6, which is positioned
directly thereon.

An hcp structure or an fce structure are examples of the material for the

orientation control film 5.



position indicated by reference synbol ¢ in Fig. 2) in the process of the
magneti zation decreasing froma saturated state. 15 Moreover, the reverse
- magneti c domain nucleation field t akesld positive value in the case that
the point at which the rate of magneti zati on decreases rapidly becones
high is in a region in which the external nmagnetic field becones negati ve,

and contrariwse, fakes a n tive value in the that this point is in
a region in whi ﬁmPF‘F 0?83% atrhaym et neP frushye B@@@%&“ﬁg‘aﬂ?&?&&m
protective film7 is for preventing corrosion of the perpendicul ar nagnetic
filme, asaualtopnereaghithanShat% of enconmogoidyeln, . ZrcRwdts Géh Shrarddle when
the magnetic head cones into contact with the nedium and preserves the

| ubri cat i iSpecifiaexanples areiRuCr, HEB,ilo, HifEr, knQ Rw-SiOh &HeSiOn dnd Hf-Ak0s.um
Conventionally well-known materials can be used. For exanple, a

conposi tion of Bxamplesof fiatdtialsthatHall a® fecafr@ctuftiinclude thobd RBEnSS corithre Mai n
constituent while 1 ncorporating other elenents can be used. The thickness

of the pr QL& o MlegrE&tEfTith 56 af®% 8F BAAHY thofelbfNi! CRIR, Sng, Bt 10 ALO0P Y. A

wel | - known 'l ubricant such as perfluoropolyether, fldorinated al cohol,

fl uori nat I ke [ dn the lubrication

film8. Th e‘?@%ggﬂaﬁgﬁxﬁﬁgﬁg’g@dgﬁﬁ dé’exg%%?gﬁﬁfzag Z' 32(23ét dependi ng on the
rotective filmand the bri.cant tha sed. .1 n.the nuf.acture of the

Pmgnet i o1 ecor ARy B8 orFgatoretdtef e 53 Pistacthty Sl BLoBS et

i n-pl ane undercoat film2, the in-plane hard magnetic film3, and the soft

magneti c dﬁﬁ@ﬁb@&{fePqu‘FF?WYzfﬂBa]ﬁ%Pﬁgﬂﬂ@ﬁ5PH1¥1)substrate 1 shown in Fig. 1 by

a sputtering nethod or the like, next an oxidizing treatnment is carried

out on the surVében thefilmithickugss exaggdncthisrangesd thecliametér drithelcybtalpanidessar y,

and then the orientation control film5, the perpendicular magnetic film

6, and t hén fheairieatative codntrahfiimay ecome arde,iand tigafagmetigedoparticlepmtther i ng net hod

or the like. 16 Next, the lubrication film8 is forned using a deep

coati ng mMpehRAdiglilaPmafidtic film 6 can easily become coarse. In addition, the distance

between the magnetic head and the soft magnetic undercoat film 4 becomes large during
replay, and the resolution of the replay signal decreases and the noise characteristics
deteriorate, which is not preferable.

The orientation control film 5 is preferably formed so that its thickness is equal
to or greater than 2 nm because if it is too thin, the crystal orientation of the
perpendicular magnetic film 6 deteriorates, and the replay characteristics deteriorate.

The perpendicular magnetic film 6 is a magnetic film whose axis of easy
magnetization is generally oriented perpendicular to the substrate, and using a Co alloy
in the perpendicular magnetic film 6 is preferable.

Examples of a Co alloy are CoCrPt alloy and CoPt alloy. These alloys can be
doped with at least one element selected from among Ta, Zr, Nb, Cu, Re, Ru, V, Ni, Mn,

Ge, Si, B, O, N, or the like.



coating nethod. In the case that an oxidizing treatnment is carried out on
the surface of the soft nmagnetic undercoat film4, after formng the soft
- magnetic undercoat film4, a nethod ik which the soft magnetic undercoat
film4 is exposed to a gas that includes oxygen or a nethod that

i ntroduces oxygen into the process gas when form ng the portion of the
filmat the surface of the soft magnetic undercoat film4 can be used. Due
to the surfacelmbadditien, gnmaserial that bag a nonreRystalline saetiCosichms p g cafth o
magnetic fluctuation of the surface of the soft magnetic undercoat film4
can be suplemessatby likech ThFe€ oatllbratan bausédorothe perpendiekler magnetigdilmd. se
characteristics are inproved by making the crystal particles of the
orientation cofhe@erpbhditulibr nBgietic filh@ smBdbeean hive Ssifigle taygnsthiceure thater coat
film4 nore fine. Due to the oxidized portion (oxidized |ayer) of the

surface ofs ififor®Gh thd WMRALYs AiretiHHE bE Qathave b Muhtiple Myef StARRIEIn Whickar r osi ve
materials fromthe soft nagnetic undercoat film4 to the nmedium surface

can be pr Moereaapt @Y whlf AR O RoMllof LR cBinpfidfg aRflcifRaL T oce
et hod cafPbE gt 17 eriamimted Th e o Gonsll i OF Sohtsq BaBRr mot nod

is used, because a _ protective film7 having an extrenely high hardness can
be for med?2 Gaalloysughbas@eferPt alies, GoRt abieyror thelike¢anheiuseh to a protective film
formed by a sputtering nmethod. Thus, the spacing |loss during replay is

smal |, and hi gfthd#rickneys ofthe agrpendicujer magnetie filr Gtcan ba appreprigtglyet | ¢

recordi ng medi um of the present enbodi nent, between the non- magnetic

subst r at e optimimd abeprding tto thegarget replap detpoy dut ihithercae of bicher a-splghnlayernder coat
film1l7 2 and the in-plane hard magnetic film 3 are provided. Thus,

magnet i c guGdaRaR a rdltipleilir budhire finl the fd tHue thegRfpenbRulal niakAGR filad 6
magnetic film 3 and the soft magnetic wundercoat film 4, and thereby the

magnetic adis @ﬁiéﬁ,irﬁm%s 5‘?}?;?‘*‘3% déf@:%}ﬁt"i&&?% rc‘ﬁ%%&texigtiés Thd a GREkei ih OF C1 DI Y

made to align wt era rection of the substrate.
resolution occur easily, and thus the thickness is preferably equal to or greater than 100

nm (more preferably 3 to 100 nm).

In addition, the reverse magnetic domain nucleation field of the perpendicular
magnetic film 4 is preferably equal to or greater than 0 (Oe). When the reverse
magnetic domain nucleation field falls below this range, the thermal stability resistance
decreases.

The reverse magnetic domain nucleation field is the numerical value represented
by the distance (Oe) from the point at which the external magnetic field becomes 0 (for
example, the position indicated by the reference symbol b in Fig. 2) to the point at
which the rate of magnetization decrease rapidly becomes high (for example, the
position indicated by reference symbol ¢ in Fig. 2) in the process of the magnetization

decreasing from a saturated state.



Thus, magnetic domains are not fornmed in the soft nmagnetic undercoat film
4, and thereby the occurrence of spike _noise can be prevented. In this
magneti c recordi ng medium the in-pland3hard magnetic film 3 incorporates
a CoCrpPtX alloy (where X is one or nore of B, Ta, Cu, Zr, Nb, Re, N, M.
Ge, Si, 0, or N, and thus in conparison to conventional products that have
a hard magnetic filmconprising an SnCo, al | oy, t?ﬁ %égstal,orie tation in
the in-plane diMeweventhemeyssse magnstia dempinycleationticld takes g pgsifixe yalyg iy e,
and at the same tine the magnetic particles can be made finer. Thereby,

t he occur rtbncase dliat thsi printrat athicdr the rate o Emagnetization; decisrsassamidiybepemeretic  film
3 can be greatly suppressed. In addition, because the in-plane undercoat
film 2 is higloisiidadegion in whichslsd dxternalanagheti¢ field becomesamegatives and y st al
orientation of the in-plane hard nmagnetic film3 in the in- plane

di recti on,copttskiwise; tAkesSeMBRafive Walud inh'&30 BHak thiPpdihi iS e S répich pewhitititheeven
finer. Thereby, the noise can be further reduced. Thus, an increase in

noi se can | . case that the soft magneti ¢ under coat
Seriitl MRARSEC AR ELorh el PoRtive: g

film4 is as to be 't Therefore, by form ng the soft magnetic

undercoat film4d so I o=he-thi n he. i [.C] e

I ncreased, and ’élfﬁ)er?feg?\t'en%li%%%tlsc zrap %cle}:/_.rg}nl {o?rggl Séggﬁg?eH%?f;p%gl%@{ng I n
addi tion, afﬂccgrdi ng.to the manufact Hri Q&; met hod,.descrj bed ab&\ée, because
the i n-pl SHE Criiid AE g Same times Preyents dampge. 19 1 mediym surtags when.themagnetic, - o
provi ded between the non-nmagnetic substrate 1 and the soft nagnetic
under coat leafl gpmes inkecontacs avithitheymediuny iand preserves t%m@hmatymaﬁ@r%%mu%gnet ic
film3 can be suppressed. Therefore, by form ng the soft magnetic undercoat
film4 so msween thenagnetic Helad anptheduatiunn Cehvéntionaltyywelkknéwn materiabestad, and
superior noise characteristics can be obtained. Fig. 3 is a draw ng

show ng a aseddFemdxagiple; atcopiposition ob@l U, 8i0£60ZM, one that uses these as

the main constituent while incorporating other elements can be used.

The thickness of the protective film 7 is preferably in a range of 1 to 10 nm.

A well-known lubricant such as perfluoropolyether, fluorinated alcohol,
fluorinated carboxylic acid, or the like can be used in the lubrication film 8. The type
and thickness can be appropriately set depending on the protective film and the
lubricant that are used.

In the manufacture of the magnetic recording medium having the structure
described above, the in-plane undercoat film 2, the in-plane hard magnetic film 3, and
the soft magnetic undercoat film 4 are formed on the substrate 1 shown in Fig. 1 by a
sputtering method or the like, next an oxidizing treatment is carried out on the surface
of the soft magnetic undercoat film 4 when necessary, and then the orientation control
film 5, the perpendicular magnetic film 6, and the protective film 7 are formed in

sequence by a sputtering method or the like.



medi um of the present invention. The nmagnetic recordi ng medi um shown here
differs fromthe magnetic recording mediumshown in Fig. 1 in that a seed
-film9 is provided between the non-madfetic substrate 1 and the in-plane
undercoat film2. This seed film9 is for increasing the crystal
orientation of the in-plane undercoat film2 fornmed directly thereon, and
thus, as a material therefore, one or nore of NNA, FeA , CoFe, CoZr,
Ni Ti, Al Co, Al Riext,therlubrigatipndilies isdformed wingh despronatinganethod hasPPuent . | n
t he present enbodi nent, by providing the seed film9, the crystal
ori ent at i @patingf methed.i n- pl ane undercoat film 2 and the in-plane hard
magnetic film3 is increased, and the nedi um noi se can be further

suppressed. Fi gn tif daSe thatlardukiaizinpteatmient & édmfiédlorobakl siefice of thelseftmagnet i ¢
recording nediumof the present invention. The magnetic recording nedium

shown her ﬁnégnf:{i@ﬁﬁder%{gf’glr% ih]e%ﬁe?mihgﬂfe%ﬁr Ggﬂ&imew%ﬁﬂm, dfhefilod- 1 1N

that the in-plane m O 1s provided between the in-plane

under coat .filF n i.n-nl d i i . | - m ddl e
i m 01 dn Pfon THE RO bt fnboBi e s FRRRGeH T  e indiied B BE T
magnetic film 3, .and a .nonmagnet, c all oy can be used.as the erial. 19
An-al | oy ARERPL AL IERANESS B HoGHE PResgeg WBen ming;the ppriogpr ks, Re,
Ru, Ni , M)y, G, Si, O, N and B can be used as this Co alloy. Anpng
these, a diwratshq sylare oftheselt magyeticundercoptdiling eambesuseds t he i n- pl ane
mddle film10 is preferably 1 to 20 nm In the present enbodi nent, by
provi di ng t he iDugtbdhnesurfade bridafiomofitbe safhmaguaticamdercomdilind, theempagnepic ane
hard magnetic film 3 can be inproved, and the nagnetic characteristics

such as t Hcaneon bf thefsafface dfithé soff Magriefic mhdsreods il mgetsuppréssedpandcan be
increased. Fig. 5is a drawing showing a fourth enbodi nent of the nmagnetic

recor di ng th&TBdcd BhrPbe SBi&inBd Ghefein the WSI3E cRAtactdriRiciBRNRIpkcvel By Mdkinpthgedi um
shown here differs fromthe nmagnetic recordi ng mediumshown in Fig. 1 in

that the %}s‘?zﬁ tp@:{tic?ég of %Y Srfdntation control film 5 that is formed on the soft magnetic

undercoat film 4 more fine.

Due to the oxidized portion (oxidized layer) of the surface of the soft magnetic
undercoat film 4, the transfer of corrosive materials from the soft magnetic undercoat
film 4 to the medium surface can be suppressed, and the occurrence of corrosion of the
medium surface can be prevented.

As a formation method for the protective film 7, a sputtering method that uses a
carbon target, a CVD method, or an ion beam method can be used.

In the case that the CVD method or the ion beam method is used, because a
protective film 7 having an extremely high hardness can be formed, it can be made
much thinner. in comparison to a protective film formed by a sputtering method. Thus,
the spacing loss during replay is small, and high-density replay can be carried out.

In the magnetic recording medium of the present embodiment, between the non-

magnetic substrate 1 and the soft magnetic undercoat film 4, the in-plane undercoat film



undercoat film 11l is provided between the soft magnetic undercoat film4
and the orientation control film5. The orientation control undercoat film
-11 is for increasing the crystal orienthtion of the orientation control
filmb5, and a material having a B2 structure is preferably used. An alloy
havi ng one or nore of NNA, FeAl, CoFe, CoZr, NiTi, A Co, AlRu, and CoTi
can be used as this material. Jn_addition, a materi al c.ongri si ng these
al | oys dopgetd the inrplanehasd magasticilas3 ae prayjdeds; Thugmaggetiggxchange 7. g o, or
N can be used. The thickness of the orientation control undercoat film11

i s pref er abuglinggs establishedbetiveersthe upplad® hanth maghetic filne 3tand thavwofcmagnetieds t hi s
range, the distance between the perpendicular magnetic film6 and the soft
magnet i ¢ wadetendmid, hnd thebeby alieemagretio @rientatien ofthe boft mapgneteamdasest, and t he
noi se characteristics deteriorate. The thickness of the orientation

control ufiRrEQatbeltbiciBly Mads tds1fmakPthe radibladirdcfoPbf the ealistratet han 0.1 nm 20
In the present enbodi nent, by providing the orientation control undercoat

filmil, the origataldian AbmbHE alfiof Mol B uR QSR ipntid thdirdasis,

per pendi cul ar magnetic can be I ncreased, a e magnetic

characteri_sti,cs  such as the encive f i.h,the perpendicul ar
magneti c A FHeéechgﬁe B%uFﬁE?eeo ssg&e"ﬁ?sﬁ.‘:g%g?g}gge'gr'%m ng showng the fifth
enbodi nent of the present invention, The . neti ¢ recording, medi um shown
here differs f&%mlfﬂ’ég?ﬁi’gjﬁé‘fqr ng WHitg® Hel g’ﬂﬁﬁm H@&Hetf“rﬁ]f—‘?@. 1 in that
the non-magnetic mddle film12 is provided between the orientatijon
control fiingarporatesia CeErPiet plkaydivhereaX inergrtmerefof Bnle, Cohii, NonReelhdMn.c
mddle film12 is for increasing the crystal orientation of the

per pendi cGeaSi, iy an ) andf thbsrinGongratsan toconventiopdliprodistsahathave ahatde used as
this material. An alloy conprising the Co doped with one or nore of Cr,
Ta, Zr, Ninagaetic ffEn coirprisihg alBmCetallo$] the Orysfil ofiént&tiohdf tieinysléek as this Co
alloy. Among these, in particular a CoCr alloy is preferably used. The

thi ckness gfectdifof RO i PIAREhArd nHgHEtiEfilnd 3 18 thdorablePirl  iiNaneQfiH@thet 0 Or | ess
than 20 nm and nore preferably €qual to or |ess than 10 nm because when it

I's too thiglnetic particles can be made finer.

Thereby, the occurrence of noise that originates in the in-plane hard magnetic
film 3 can be greatly suppressed.

In addition, because the in-plane undercoat film 2 is provided, it is possible to
further increase the crystal orientation of the in-plane hard magnetic film 3 in the in-
plane direction, and at the same time, the magnetic particles can be made even finer.
Thereby, the noise can be further reduced.

Thus, an increase in noise can be suppressed even in the case that the soft
magnetic undercoat film 4 is formed so as to be thin.

Therefore, by forming the soft magnetic undercoat film 4 so as to be thin, the
production efficiency can be increased, and superior noise characteristics can be

obtained.



t he di stance between the perpendicul ar magnetic film6 and the soft

magneti ¢ undercoat film 4 becones | argse and thereby the resol ution

- decreases and the noise characteristic deteriorate. In the present

enbodi ment, by providing the non-magnetic mddle film1l2, the orientation
of the perpendicul ar magnetic film®6 can be irrproved and the magnetic
characteristic ch as the coercive orce I ncreased. Fig. 7 is a
dr awi ng show nZP %AJdétil%’ Re B&lt‘h@ﬁtm%‘f“ “ﬁﬁ@"ﬁg‘f‘f‘&esf% a&’oﬁﬁ%"ﬁ%‘ﬁFum of the
present invention. The magnetic recordi ng medi um shown here differs from
t he magnethedniplansruadengo mﬂ’@l!dfbm-Phﬂngd magngtic fila 3 RFRPTeKigR&t i zi ng 21
stabilization film13 is provided between the perpendi cul ar magnetic film®6

and the petmeen theumntmagnetic sibiseratedlt andithé soft magnetie undeycoat filmst, dheamgisees - used
in the soft magnetic undercoat film4 can be used as the material for the

magnet i zi ﬂﬁtshgﬁhﬂes fitthe @iLplank Mhrli3naghic iR B Can Be bipipeesséd of the magneti zi ng
stabilization film13 is preferably equal to or less than 200 (QGe) (nore

preferably 50 ggz@.%e}ore rtﬁé Stk .{gg%mt? hﬁdérbwf fille Qséota‘é t68e &in lthe

magneti zi ng st |zat|on m 13 1 erably equal to or great er than

0.4 T (mot ?c%cﬁct%n %f?igie c}?%aﬂe threged 6&1 notrrﬁ[%ﬂe %)a%tﬁréét%s I@%%{ ion, the

product of uratron gnetic ’f ensi hi ckness Bst
i's preferaBI ﬁqual to or Iess t han 7 2 Tnm V\hen this Bst exceeds this
range, h&QO, é’ﬁ ay output decreases. The magnetizing stabilization film 13
can have a structure in which the constltuent material in the surface is
partially or c&igPds adjaving shovdag aseendembodimantaf the magpetic wrordmg

magneti zing stabilization film 13 (the surface of the protective film7 or
t he per pemtidown af thegyesent iovénitiom Ths mighetiondcarding pnastiuishgwa hesedliffer a r egi on
which is a predeterm ned depth fromthe surface), the structure is such
that the ¢oasthemipatticrcerding mediGmEhovhan Fig. 0lin thatpheddiln Disipioviéedl |1 n the

present enbodi nent, by providing the magnetizing stabilization film 13,
between the non-magnetic substrate 1 and the in-plane undercoat film 2.

This seed film 9 is for increasing the crystal orientation of the in-plane undercoat
film 2 formed directly thereon, and thus, as a material therefore, one or more of NiAl,
FeAl, CoFe, CoZr, NiTi, AlCo, AlRu, CoTi, and CrTa can be used as the main
constituent.

In the present embodiment, by providing the seed film 9, the crystal orientation
of the in-plane undercoat film 2 and the in-plane hard magnetic film 3 is increased, and
the medium noise can be further suppressed.

Fig. 4 is a drawing showing a third embodiment of the magnetic recording
medium of the present invention. The magnetic recording medium shown here differs
from the magnetic recording medium shown in Fig. 1 in that the in-plane middle film 10
is provided between the in-plane undercoat film 2 and the in-plane hard magnetic film 3.

The in-plane middle film 10 is for increasing the crystal orientation of the in-

plane hard magnetic film 3, and a nonmagnetic Co alloy can be used as the material.



the fluctuation of the nmagnetization in the surface of the perpendicular
magnetic film®6 can be suppressed. Thereby the | eakage flux is not
-influenced by this fluctuation, and th&repl ay output is increased. In
addition, by providing the magnetizing stabilization film 13, the

magneti zati on of the perpendicular magnetic film®6 in the perpendicul ar
direction and 22 the magnetization of the soft tLc ng;er 0 film4
and the magnet |Pg}ﬂ5>ycgpmsmg dopgd pyith ne-orimore Hgagrq[eapkéﬁg’ it B‘c’t %n forma
closed circuit. Due to this action, the thermal stability resistance

i ncr eases Nisdudee, Shd,MgndB eantbieqisedts hiscCoallgyendi cul ar  magnetic film 6
is established nore strongly in the perpendicular direction. In addition,
in the case of Aameig theseys €oOn ailby isipréfamblytused.sur f ace of the magneti zi ng
stabilization film 13 is oxidized, the magnetic fluctuation of the surface

of the magnet Imﬁmcm&@bbfméﬁ@aﬂehhﬂdwﬁﬁnqanspﬁfaatnpuesaedm and t her eby
the noise that originates in this magnetic fluctuation can be reduced, and

the repl ay Chaﬁ@&{egfres%h{ &ﬁb&flmﬁzﬁ't‘?bf’gfmst h e G [aﬂb RilddE FimmocaR be

i nproved. Fi a Cross-sectl ctur draw ng show ng an exanpl e

of the reco;d n L a ar.a c in I t 10 t|on The
magnetic rep '“°‘ng‘§?5‘% é@gﬁm'ﬁ‘%‘e ﬁ@“? B%P‘Ee%é ‘ﬁg‘?‘fé‘g@%‘ﬂé L'\éﬁ

recordi ng di um 20 havi ng the struct escr| be ove, iumdrive
unit 21 tI¥ ?IaCtFﬂfté&SéBca*l 'g e RRRIF¥E force 86‘? ﬁ@'ﬂ?é‘ﬂ?‘&%b ﬁgneH°ﬁ§§§e"taPcPehead 22
that carries out recording and replay of the information on the nagnetic
recor di ng ingseAsedn 20, a head drive unit 23 that drives the nagnetic head
22, and a replay signal processing system24. The replay signal processing
syst em 24 sendFig isadiraieiig showmiag atfourtihembadiment af thymagneZicaédoedingr ocessi ng
the input data, and outputs the data after processing the replay signal
from t he rhginghiof tHegesedRinvElitRing The Inyaghetid REdingapEdimGhbwAterediffered as the
magnetic head 22. Fig. 9. is a drawi ng showi ng an exanple of a single

magneti ¢ HRAH the ifnti® 8dcBrding medium shown in Fig. 1 in that the orientation control

undercoat film 11 is provided between the soft magnetic undercoat film 4 and the
orientation control film 5.

The orientation control undercoat film 11 is for increasing the crystal orientation
of the orientation control film 5, and a material having a B2 structure is preferably used.

An alloy having one or more of NiAl, FeAl, CoFe, CoZr, NiTi, AlCo, AlRu, and
CoTi can be used as this material. In addition, a material comprising these alloys doped
with elements such as Cr, Mo, Si, Mn, W, Nb, Ti, Zr, B, O, or N can be used.

The thickness of the orientation control undercoat film 11 is preferably equal to
or less than 30 nm. When the thickness exceeds this range, the distance between the
perpendicular magnetic film 6 and the soft magnetic undercoat film 4 becomes large,
the resolution decreases, and the noise characteristics deteriorate. The thickness of the

orientation control undercoat film 11 is preferably equal to or greater than 0.1 nm.



magneti c head 22 has a sinplified structure conprising a nagnetic pole 25
and a coil 26. The magnetic pole 25 is approxi mately C shaped when vi ewed
-fromthe side, and has a main magneti 0pole 27 having a narrow wi dth and
an auxiliary maghetic pole 28 having 23 a wide width. The main magnetic
pol e 27 generates a magnetic field that is applied to the perpendicul ar
magnetic film®6 during recording, and ¢can detect a nagnetic,flux from the
per pendi cul ar ABgSTEEENt emMBodimaitk by grov P%la‘.e %Eﬁ“@%f’&lﬂ‘ﬁ&“@ﬂ?oa}té‘@ﬂrdi ng on
t he magnetic recordi ng medium 20 using a single magnetic head 22, the
magnet i c fliluthejosientatign pf themoriatatipr ecntrob film Stand e peapendiqwiaymagnetigine 27
magneti zes the perpendi cular magnetic film®6 in the direction

per pendi cd @h bedndréased, dnd themagrietic Aharhéteristics such dsahacoeecivé foremHe imthgnet i ¢
undercoat film4 is provided in the magnetic recording nmedium 20, the
magneti c yegggna{cgmhﬁgnaﬁimmd ifcleaded. 27 of the single nmagnetic head
22 is guided to the auxiliary magnetic pole 28 by passing through the

per pendi cul ar er%é]ﬂ?its ia(ﬂréﬂng?sﬁo@fﬁg t%xégﬁifﬂ(?) SinbodRRBAEHS the PRAS GRRMtibA.| Thé. and

t hereby a cl os magneti1 c Circul rmed. By this closed nmagnetic

circuit being fornmed.between the singl. nef, ¢ magneti c
recordi ng rﬁﬁf N b ,%%‘8\'9@% st&ogﬁévreg#l?ff %WQW %%E‘?ﬁ%wr%réﬁ%gg?%& ux

i ncreases, ,and hjgh-densi recording a I bec, ossifle. In

addi ti on, Sl’“ﬂ“’?l’fék%r éé‘éﬁl“’t %\P@HT@W?“‘%@%‘M%@E’Elggsfﬂf’@%ggagt&e% ead, for
exanple, a lamnated thin filmmagnetic recording head providing a giant
nmagnet or edirgntatior contrqlfiime) andethe perpendieularguagnetic ﬁﬂlﬂrepl ay unit. In the
magneti c recordi ng and replay apparatus of the present enbodi nent, the
magnet i ¢ r ecor ditegnomadagneti@ thiddie film Ultisifor dncyeasing the cnystal/orkntatioa df thepl ane
undercoat film 2 and the in-plane hard magnetic film 3 between the

non- mgnetgefpendietlak alagnéticfileh bhmd aSntmaggtie Colldndan b asedids ithis fateatl t hus
noi se that originates in the in-plane hard nagnetic film 3 can be

suppressed. 24 Ap alloy comprising the Co doped with one or more of Cr, Ta, Zr, Nb, Cu, Re,

Ru, Ni, Mn, Ge, Si, O, N, or B can be used as this Co alloy.

Among these, in particular a CoCr alloy is preferably used.

The thickness of the non-magnetic middle film 12 is preferably equal to or less
than 20 nm and more preferably equal to or less than 10 nm because when it is too thick,
the distance between the perpendicular magnetic film 6 and the soft magnetic undercoat
film 4 becomes large and thereby the resolution decreases and the noise characteristics
deteriorate.

In the present embodiment, by providing the non-magnetic middle film 12, the
orientation of the perpendicular magnetic film 6 can be improved, and the magnetic
characteristics such as the coercive force Hc can be increased.

Fig. 7 is a drawing showing a sixth embodiment of the magnetic recording
medium of the present invention. The magnetic recording medium shown here differs

from the magnetic recording medium shown in Fig. 1 in that the magnetizing



Thus, by meking the soft magnetic undercoat film4 thin, the production
efficiency can be increased, and furthernore, superior noise
-characteristics can be obtained. Ther@flore, high-density recording and
repl ay becone possible. Exanples Below, the operational effect of the
present invention will be clarified in exanples. Exanple 1 A washed gl ass
substrate 1 (Onhara Co.; circunference 2.5 inches) is accomodated in the
fi | m for mestabibization fiberl 395 peovibdhetyvren it pespendicalar mpeapticfile 4nd thener uva
Corp., C3010), and after expelling air in the filmformation chanber up to
a near vqmuunﬁwﬁﬁ&m10,5 Pa, the seed film9 (thickness, 50 nm conprising
50Ni 50AI, the in-plane undercoat film2 (thickness, 15 nm conpri sing

94Cr 6M, t he i i marritls titht wepggieén & dxatiples usédrincthie sefb mafhktierndeeogr i si ng
61Co022Cr | 2Pt 5B, and the soft nagnetic undercoat film4 (thickness, 150 nm

conpr i si g RPeesT Bédded adtife thteARGoPthe M@ ASS stabiiBitiondtim 8. As a result of

measuring using a vibration-type magnetic characteristi cs measuri ng

apparatus (Vibr V. t

magneti c under cgﬁ ﬁ%@L%a%@g%ﬁFH%%ﬁf% %Mlkz%@ fﬁﬁlh ﬁjhff 38! | ectricity
characteristics of t t netl c un film4 were nmeasured using
a Kerr eff tﬁé’é%"{??l“??é‘ 69n§ glﬁé%c( §P)C| ve force was 4570 (Ce)
and the reverse nagneti ¢ donain nucI eatl on field was 750 (Qe). 25 During

the film for mat Teasateated magnetinbyedensignRs pfthe geagngtizing pabi songfalgll%nd t he

gas pressure was set at 0.5 Pa. In addition the tenperature condition
during fi lispraferablyteiqual toms greer GanNek T (moreprofesatdy equabtd or gredter thi & ).
conprises carbon, was forned using a CVD nethod. Next, the lubrication
film8, which clnrqdditimsthp pedducosfithe katedatien ma'gﬁetfcdtmménsiqsmha fittrep coati ng
met hod, and the magnetic recording nediumis obtained (refer to
thickness Bs-t is preferably equal to or less than 7.2 T-nm. When this Bs-t exceeds this
range, the replay output decreases.
The magnetizing stabilization film 13 can have a structure in which the
constituent material in the surface is partially or completely oxidized. That is, in the
surface of the magnetizing stabilization film 13 (the surface of the protective film 7 or
the perpendicular magnetic film 6 side) and the proximity thereof (a region which is a
predetermined depth from the surface), the structure is such that the constituent material
is partially or completely oxidized.
In the present embodiment, by providing the magnetizing stabilization film 13,
the fluctuation of the magnetization in the surface of the perpendicular magnetic film 6
can be suppressed.
Thereby, the leakage flux is not influenced by this fluctuation, and the replay
output is increased.

In addition, by providing the magnetizing stabilization film 13, the

magnetization of the perpendicular magnetic film 6 in the perpendicular direction and



Tabl e 1). Moreover, in the above description of the alloy material, aAbB

I ndicates a(at% A-b(at% B. For exanple, 61 Co22Crl 2Pt5B denotes 61

at %Co-22att %UCr - 12ar %t -5at 9B (a Co coBZent of 61 at% a O content of 22
at% a Pt content of 12 at% and a B content of 5 at%. Conparative
exanple 1 Except for using the material shown in Table 1 as the materi al
for the in-plane hard magnetic film3, the magnetic recordi ng medi um was
f abri cat edhewegnetizatipn of the sefhpagnetic underepat filmrbandthe mageglizing at i ve exanpl e
2 Except for using the material shown in Table 1 as the material for the

i n-pl ane stabilezatiomfilh i1 B im the ih{planewlipeetioncforme aclaed giremitli Due toctbisfaghion,cat ed
according to exanple 1 (refer to Table 1). Conparative exanple 3 26

Except f orthélernidl @udbilit} gesidihcs @geakéd tociusa itk tbgnetiBatibncotehe petpermidailarf i | m 2
and using SnmCo in the 1 n-plane hard nagnetic film 3, the magnetic recordi ng

medi UM wasn,dnafi hﬁﬁ%ﬁ?eé@&ﬁﬁ% Mere KroREHTR R perfendicalar dteckihl egl) :

Conpar ati ve exanpl e cept for not prfoviding the seed film9, the

Ex
i n-pl d i n- : - o
magnet o rocor it Abciatth e BB pL e frockite i GHien 1l I RPREL b mahelizitg'e |
Tabl 1). l, t f f ' I l.ent af i tr ol d t
{1l 11" ( cHRoLIRGa b | 5¥ Srigfeei BF Mgethsi SieRetion REbGFPLRRATSh cont rol 11 m
5 (thickness 10 nm conprising Ru, = and the perpendjcul ar nmagnetic film®é6
(t hi cknesdnametizijg s@hibization Ging Eeanyley suppressed, anﬁéerﬁ’aﬁgﬂ@m%se ordi ng medi um

was fabricated according to exanple 1 (refer to Table 2).
originates in this magnetic fluctuation can be reduced, and the replay characteristics of

the magnetic recording medium can be improved.

Fig. 8 is a cross-sectional structural drawing showing an example of the
recording replay apparatus according to the present invention.

The magnetic replay apparatus shown in this figure comprises a magnetic
recording medium 20 having the structure described above, a medium drive unit 21 that
rotates this magnetic recording medium 20, a magnetic head 22 that carries out
recording and replay of the information on the magnetic recording medium 20, a head
drive unit 23 that drives the magnetic head 22, and a replay signal processing system 24,

The replay signal processing system 24 sends a recorded signal to the magnetic
head 2 after processing the input data, and outputs the data after processing the replay
signal from the magnetic head 22.

Preferably a single magnetic head is used as the magnetic head 22.

Fig. 9.is a drawing showing an example of a single magnetic head. The single
magnetic head 22 has a simplified structure comprising a magnetic pole 25 and a coil 26.
The magnetic pole 25 is approximately C-shaped when viewed from the side, and has a

main magnetic pole 27 having a narrow width and an auxiliary magnetic pole 28 having



As a result of neasurenents using a transm ssion electron mcroscope (TEM,
the average crystal particle dianeter in the perpendi cular nagnetic film®6
-was found to be 9 nm Conparative exa?ﬁ)le 5 Except for using the nmaterial
indicated in Table 2 for the material of the in-plane hard magnetic film
3, the magnetic recordi ng nmedium was fabricated according to exanple 2

(refer to Ta arative a 6 Except r, ysing.t mat eri al
i ndi cat edal"Y’n Hf"% }%‘FB\‘“"(‘H leeaelng‘rﬁ.grlaﬁé al“i‘PEBFﬁ gelaﬁmtj %‘g’é’tegsql m 2,

t he magnetic recordi ng nmedi um was fabricated accord to exanple, 2 (refer
to Table the pemsagisnter magneticafilp) @ durimreeprdings andhean 4 %g?maagettqr@%@@a filmo
and the in-plane undercoat film2, and wusing SnCo in the in-plane hard
magnet i ¢ the pergendicalar meagnetid filnr € during reglayedi um was fabri cated according to
exanple 2 (refer to Table 2). Conparative exanple 8 Except for not
providing the 3esh dairyiigbut tdeerding ¢n theendgnelits oardirfg hedidm 2ndige i n-pl ane
hard magnetic film 3, the magnetic recordi ng nedi umwas fabricated

accor di nggin ngférﬁ AEhE ﬁea%iizrﬁ{e%a%ﬁuaf Ak Esshihg ffondiheldiftalent Of &k dRkaept for

using the materials shown'in Table 3 for tﬁe material for the in-plane

hetor ar g egfieds poR 37 e FROBE rofneh SR LGpIR I #ipe WIS 50 (
malngt e N etlcr coye actor of the soft nagnetic undercoat ilm4
k h ﬁgfﬁ éﬁ?l \{’Fﬁé f f th f d fil

as i ndi caPg@endicHag o €agnetic recordi ng medi um was fabricat ed

accordin to exanple 1 (refer to Table, 4
g At thrps) time, bécause the soft magnetic u)ndercoat film 4 is provided in the

magnetic recording medium 20, the magnetic flux from the main magnetic pole 27 of
the single magnetic head 22 is guided to the auxiliary magnetic pole 28 by passing
through the perpendicular magnetic film 6 and the soft magnetic undercoat film 4, and
thereby a closed magnetic circuit is formed.

By this closed magnetic circuit being formed between the single magnetic head
22 and the magnetic recording medium 20, the efficiency of the flow of the magnetic
flux increases, and high-density recording and replay become possible.

In addition, in the present invention, besides a single magnetic head, for example,
a laminated thin film magnetic recording head providing a giant magnetoresistance
(GMR) element can be used in the replay unit.

In the magnetic recording and replay apparatus of the present embodiment, the
magnetic recording medium 20 is structured so as to provide the in-plane undercoat film
2 and the in-plane hard magnetic film 3 between the non-magnetic substrate 1 and the
soft magnetic undercoat film 4, and thus noise that originates in the in-plane hard

magnetic film 3 can be suppressed.



28 Exanples 17 and 18 Except for making the coercive angle to squareness
ratio S* of the in-plane hard magnetic film3 as indicated in Table 5, the
-magnetic recording nediumwas fabricat@ according to exanple 1 (refer to
Tabl e 5). Exanples 19 to 28 Except for nmaking the materials and thickness
of the materials for the soft magnetic undercoat film4 as indicated in
Tabl e 6, the magnetic recordin% medi um was fabricated according to exanple

2 (refer to Tabihusghy makingihesoftanagneticandereaapfilm 4 thifete REPduEEOR Rt eri al s and
t hi ckness of the orientation control wundercoat film 11l and the orientation
control fidfficiencyscan beimcatased,iand Tiatleemdre, superiommugsesthatactesistiesciandpemedi um was
fabricated according to exanple 2 (refer to Table 7). Exanples 41 to 49

Except f orobdisdd) Tieborephighidehsityaaebriing alid egptayHecbine ppssibiendi cul ar magnetic
film6 as indicated in Table 8, the magnetic recordi ng nmedi um was
fabricated according to exanple 2 (refer to Table 8). Exanples 50 to 53
Except for carrying out oxidizing treatnent on the soft magneti c under coat
film 4 by eXp(ﬁlaﬂ-%éshe surface of the soft magnetic undercoat film4 to an
oxygen cont ai nifig é gas (exposure gas), the magnetic recordi ng nedi um was

fabricated acc ing,to_ exanpl . an exposuyre ure ,oxygen (100%
02) or an oxyggle?%‘?’ ﬁomr%%nr%g@ec%c)ﬁm?sgnflﬁy ?’gl.onﬁ%ﬂjjglc&rg%dtl% 50 vol % Ar)
was used. The structure of this magnetic recordi ng medium and the thickness

of the oxi%¥amplesyer forned on the surface of the soft nmgnetic undercoat
film4 by the exposure described above is shown in Table 9. Exanple 54

Example 1

A washed glass substrate 1 (Ohara Co.; circumference 2.5 inches) is
accommodated in the film formation chamber of a DC magnetron sputtering apparatus
(Aneruva Corp., C-3010), and after expelling air in the film formation chamber up to a
near vacuum of 1x107° Pa, the seed film 9 (thickness, 50 nm) comprising SONi50Al, the
in-plane undercoat film 2 (thickness, 15 nm) comprising 94Cr6Mo, the in-plane hard
magnetic film 3 (thickness, 50 nm) comprising 61C022Cr12Pt5B, and the soft magnetic
undercoat film 4 (thickness, 150 nm) comprising 92Co4Ta4Zr, are formed on the glass
substrate 1.

As a result of measuring using a vibration-type magnetic characteristics
measuring apparatus (Vibrating Sample Magnetometer: VSM), the Bs of the soft
magnetic undercoat film 4 was confirmed to be 1.3 T.

The static electricity characteristics of the soft magnetic undercoat film 4 were
measured using a Kerr effect measuring apparatus, and the coercive force was 4570

(Oe) and the reverse magnetic domain nucleation field was 750 (Oe).



Except for using Ar (100% as the process gas (filmformation gas) when
formng the soft nagnetic undercoat film4, and then using an oxygen-argon
mxed gas (mixture ratio: 10 vol % 02 2® 90 vol % Ar), the magnetic
recordi ng mediumwas fabricated according to exanple 2. By using the
oxygen-argon m xed gas, the oxide layer is fornmed in proximty to the
surface of the_soft etic undercoat, film4. The thickness of this oxide
| ayer is shompm@g%&‘ gﬂ?mwe%ﬂw@gb%awe greop s WS 25 8 Progess #asi Y t he
non-magnetic mddle film 12 and the materials and thickness of the
non- nmagnethecgasiporssure Mas setiat 0i 1RE. dataddition thestemperapire copditienydrsingdilny ecor di ng
medi um was fabricated according to exanple 2 (refer to Table 10). Exanples
63 to 67 Jermativa ek 200Y Cprovi ding the nagneti zing stabilization film 13 and
the material and thickness of the magnetizing stabilization film 13 shown

in Table 11, t % : i I i g to
exanple 2 (ref '(iakfe xt’o abfeg“‘l’élﬁﬁ’qWd&ﬁ%ﬁg{i‘bg?s@%@cﬁgﬁéﬁ%ﬁ%’?ng t he

coerct ve WARR, ok e MEAARST TS S IREOShEAR MBI RS,
raonet ¢ \Ssandlns, T U aes ohrl cabed. SeCon R SRS Aellel o (0

medi a was _ neasured using a Vibrating Sanpl e Magnet oneter (VSM, the
read-w it daBl§d)yzer RWA 1632 by GUZIK Co., and a spin-stand 51701 MP. The
measurenent results are shown in Tables 1 to 12. The eval uation of the

t her mal st abi | iIMyreoes; intthmatwveassaniption bfj thealloy materialy aAhB indisatesase rat e

(% decade) of the output of the replay output after witing at a track
rfecor di ng a¢eyIA th(atdé)BS Fok bXdmpit ! EICo22at12PESB Benotssiilar’aCe-22at%(Cr- C one second
after

pd

12ar%Pt-5at%B (a Co content of 61 at%, a Cr content of 22 at%, a Pt content of 12 at%,

and a B content of 5 at%).

Comparative example 1
Except for using the material shown in Table 1 as the material for the in-plane
hard magnetic film 3, the magnetic recording medium was fabricated according to

example 1 (refer to Table 1).

Comparative example 2
Except for using the material shown in Table 1 as the material for the in-plane
undercoat film 2, the magnetic recording medium was fabricated according to example

1 (refer to Table 1).

Comparative example 3



-wwiting based on (So-S)x 100 / (Sox3). In this equation, So denotes the
replay out put when one second has passed after the signal recording onto
-the magnetic recording mnedium and S @notes the replay output after 1000

seconds. 31 N ~" 1 1 1 1 11 ~-QW MCO Owo, U ~-MN p" 1 I 1 1 Uo
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Except for not proviging the seed glm 9 and the in-plane undercoat film 2 and

using SmCo in the in-plane hard magnetic film 3, the magnetic recording medium was

fabricated according to example 1 (refer to Table 1).

Comparative example 4
Except for not providing the seed film 9, the in-plane undercoat film 2, and the
in-plane hard magnetic film 3, the magnetic recording medium was fabricated according

to example 1 (refer to Table 1).

Example 1

Except for forming the orientation control undercoat film 11 (thickness 8 nm)
comprising SONi50Al, the orientation control film 5 (thickness 10 nm) comprising Ru,
and the perpendicular magnetic film 6 (thickness 25 nm) comprising 65Co17Cr16Pt2B,
the magnetic recording medium was fabricated according to example 1 (refer to Table
2).

As aresult of measurements using a transmission electron microscope (TEM),

the average crystal particle diameter in the perpendicular magnetic film 6 was found to

be 9 nm.

Comparative example 5
Except for using the material indicated in Table 2 for the material of the in-plane

hard magnetic film 3, the magnetic recording medium was fabricated according to

example 2 (refer to Table 2).
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Comparative example 6
Except for using the material indicated in Table 2 for the material of the in-plane
undercoat film 2, the magnetic recording medium was fabricated according to example

2 (refer to Table 2).

Comparative example 7
Except for not providing the seed film 9 and the in-plane undercoat film 2, and
using SmCo in the in-plane hard magnetic film 3, the magnetic recording medium was

fabricated according to example 2 (refer to Table 2).

Comparative example 8
Except for not providing the seed film 9, the in-plane undercoat film 2, and the
in-plane hard magnetic film 3, the magnetic recording medium was fabricated according

to example 2 (refer to Table 2).

Examples 3 to 14
Except for using the materials shown in Table 3 for the material for the in-plane
hard magnetic film 3, the magnetic recording medium was fabricated according to

example 1 (refer to Table 3).

Examples 15 and 16
Except for making the magnetic recovery factor of the soft magnetic undercoat
film 4 as indicated in Table 4, the magnetic recording medium was fabricated according

to example 1 (refer to Table 4).
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Examples 17 and 18
Except for making the coercive angle to squareness ratio S* of the in-plane hard
magnetic film 3 as indicated in Table 5, the magnetic recording medium was fabricated

according to example 1 (refer to Table 5).

Examples 19 to 28
Except for making the materials and thickness of the materials for the soft
magnetic undercoat film 4 as indicated in Table 6, the magnetic recording medium was

fabricated according to example 2 (refer to Table 6).

Examples 29 to 40
Except for making the materials and thickness of the orientation control
undercoat film 11 and the orientation control film 5 as indicated in Table 7, the

magnetic recording medium was fabricated according to example 2 (refer to Table 7).

Examples 41 to 49
Except for making the materials and thickness of the perpendicular magnetic
film 6 as indicated in Table 8, the magnetic recording medium was fabricated according

to example 2 (refer to Table 8).

Examples 50 to 53
Except for carrying out oxidizing treatment on the soft magnetic undercoat film

4 by exposing the surface of the soft magnetic undercoat film 4 to an oxygen containing
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gas (exposure gas), the magnetic recording medium was fabricated according to
example 2. As an exposure gas, pure oxygen (100% O,) or an oxygen-argon mixed gas
(mixture ratio: 50 vol% O2 to 50 vol% Ar) was used.

The structure of this magnetic recording medium and the thickness of the oxide
layer formed on the surface of the soft magnetic undercoat film 4 by the exposure

described above is shown in Table 9.

Example 54

Except for using Ar (100%) as the process gas (film formation gas) when
forming the soft magnetic undercoat film 4, and then using an oxygen-argon mixed gas
(mixture ratio: 10 vol% O, to 90 vol% Ar), the magnetic recording medium was
fabricated according to example 2.

By using the oxygen-argon mixed gas, the oxide layer is formed in proximity to
the surface of the soft magnetic undercoat film 4. The thickness of this oxide layer is

shown in Table 9.

Examples 55 to 62

Except for providing the non-magnetic middle film 12 and the materials and
thickness of the non-magnetic middle film 12 indicated in Table 10, the magnetic

recording medium was fabricated according to example 2 (refer to Table 10).

Examples 63 to 67
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Except for providing the magnetizing stabilization film 13 and the material and
thickness of the magnetizing stabilization film 13 shown in Table 11, the magnetic

recording medium was fabricated according to example 2 (refer to Table 11).

Examples 68 to 70

Except for changing the coercive force of the in-plane hard magnetic film 3 by
changing the temperature conditions when forming the in-plane hard magnetic film 3,
the magnetic recording medium was fabricated according to example 1 (refer to Table
12).

The magnetic characteristics of each of the magnetic recording media was
measured using a Vibrating Sample Magnetometer (VSM), the read-write analyzer
RWA 1632 by GUZIK Co., and a spin-stand S1701 MP. The measurement results are
shown in Tables 1 to 12.

The evaluation of the thermal stability resistance was made by calculating the
decrease rate (%o/decade) of the output of the replay output after writing at a track
recording density of 50 kFCI after heating the substrate to 70° C one second after
writing based on (So-S)x100 / (Sox3). In this equation, So denotes the replay output
when one second has passed after the signal recording onto the magnetic recording

medium, and S denotes the replay output after 1000 seconds.
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From Table 1 and Table 2, it can be understood that in comparison to the
comparative examples that use CoPt and SmCo in the hard magnetic film, the example in
which the in-plane hard magnetic film 3 comprising the CoCrPtB is provided between the
non-magnetic substrate 1 and the soft magnetic undercoat film 4 obtained superior noise
characteristics.

In the example using the Cr alloy in the in-plane undercoat film 2, it can be
understood that in comparison to the comparative example that used V in the undercoat
film, superior noise characteristics can be obtained.

From Table 3 it can be understood that by maintaining the saturated magnetism Ms
of the in-plane hard magnetic film 3 in a range equal to or greater than 200 (memu/cm’)
and below 600 (memu/cm?), and maintaining the thickness of the in-plane hard magnetic
film 3 in a range equal to or greater than 10 nm and less than 100 nm, it was possible to
obtain a noise reduction.

From Table 4 is can be understood that by making the magnetic restoring factor of
the soft magnetic undercoat film 4 equal to or above 0.85, it was possible to obtain a noise
reduction.

From Table 5 it can be understood that by making the coercive force to squareness
ratio S* equal to or greater than 0.6, it was possible to obtain a noise reduction.

From Table 6 it can be understood that by making the saturated magnetic flux
density Bs of the soft magnetic undercoat film 4 equal to or greater than 1 T (in particular,
equal to or greater than 1.4 T), the read/write properties could be improved.

By forming the soft magnetizing undercoat film 4 so as to be thick and maintaining
the Bs-t equal to or greater than 50 T-nm, particularly superior read/write properties can be

obtained.
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Table 1 and Table 2, it can be understood that in conparison to the

- conmparative exanples that use CoPt and SntCo in the hard magnetic film the
exanple in which the in-plane hard nmagdetic film 3 conprising the CoCrPtB
I's provided between the non-magnetic substrate 1 and the soft magnetic

undercoat fil nF@nPPaBle 1§CcanbRIUNUEKS100 tIf in he Jafaking lai rdteridlzhowa iexanpl e
using the C alloy in the in-plane undercoat film2, it can be understood

that in cpppanisafe Bﬂex&t@@o&%@[ finh %S5 (@éﬁgi%é‘dé%i’épx’d pétlescdn'bel dbRaingigler Coat

film superior nolse C aracterls I'CS tained. From Table 3 it can

be under st ood n at ed

i n-pl ane hard #ﬁ? 'g?béllﬁ %gqnﬁgrégopgﬁ}bagirg &4 oﬂgéirEZa Mﬁa S%BOMS&)
(menmu/cnB), and beI ow 6()0 menu/ ¢ and nai nt II’IJ ng the thlckness of the
i n-pl ane Higr & fordhmpsrpendigyl ‘I’Irﬂ‘%fieﬂggl"f‘énﬂ@eﬂﬂﬂéﬂ‘% ngP‘é‘ﬁfE?'“l?%an 10 nm
and | ess than 100 nm it was possible to obtain a noise reduction. From
Tabl e 4 iebtained.be understood that by nmaking the nmagnetic restoring factor
of the soft magnetic undercoat film4 equal to or above 0.85, it was
possi bl e t o obFmimTable8iisean beanidersiood that by wxifiihgthe soft metﬁxeundcdmast ood
that by nmaking the coercive force to squareness ratio S* equal to or

great er tHRA40superiort red@Srit®propéities t4n dbiined noi se reduction. From Table 6
it can be understood that by makl ng the saturated magnetic fl ux

From Table 10 it can be understood that by providing the non-magnetic middie

film 12, superior results for the read/write properties and the thermal stability
characteristics can be obtained.

From Table 11 it can be understood that by providing the magnetization stabilizing
film 13, superior results for the read/write properties and the thermal stability
characteristics can be obtained.

From Table 12 it can be understood that by maintaining the coercive force of the
in-plane hard magnetic film 3 equal to or greater than 1000 (Oe), a magnetic recording
medium having superior read/write properties can be obtained. In addition, by
maintaining the coercive force equal to or greater than 2000 (Oe), results that are even
more superior can be obtained.

According to the explanation described above, in the magnetic recording medium
of the present invention, an in-plane undercoat layer and an in-plane hard magnetic film
whose axis of easy magnetization is generally oriented in the in-plane direction are
provided between the non-magnetic substrate and the soft magnetizing undercoat film, the
in-plane undercoat film comprises Cr or a Cr alloy, and the in-plane hard magnetic film

incorporates a CoCrPtX alloy (where X is one or more of B, Ta, Cu, Zr, Nb, Re, Ni, Mn,



density Bs of the soft nagnetic undercoat film4 equal to or greater than 1
T (in particular, equal to or greater than 1.4 T), the read/wite
properties could be inproved. By form ng the soft magneti zi ng under coat
film4 so as to be thick and naintainid§ the Bst equal to or greater than
50 Tnm particularly superior read/wite properties can be obtained. 44
From Tabl ge,/5ii 0, 6aN). DEheretle it riond thdi@kiginatds i tHedn plane hdfd MggrtioTH@Idaa

shown in Table 7 for the orientation control filmb5, superior read/wite
properti eﬁeﬁ%Breﬁ?ed?bt ained. From Table 8 it can be understood that in the
case of using'the materials shown in Fig. 8 for the perpendicul ar nagnetic

film®6, superi read/.wite opertigs can.be obtai ..FromTable 9 it
can be underst@%%f’ fiF 1 e%%??magﬁ’ﬁgwﬁﬁ%agg?)%m é‘}agﬁﬂﬂéﬁet?’%%ﬂ SO 85 m 4,
superi or %eet?l%vgi.te grQBerti es can be obtained. From Table 10 it can be
under st 00 {NSNICIERSG 1N BOFSE CAh eﬁ&i’-“'r?ﬁ"gjineti c middle film12, superior
results for the read/wite properties and the thermal stability

char act eri st i cEherefiors; ¢heqproduation effigieney vambe increaped byamalking theddlmseldbel t hat by
provi di ng the magneti zation stabilizing film 13, superior results for the
read/ wr i t sofpmegretizinginderdoat{fdm thmnem hnd fuathetmaorg, supbRorawiserdhatactesistiasn be
obt ai ned. From Table 12 it can be understood that by maintaining the
coercive @rmeabidinddie in-plane hard magnetic film 3 equal to or greater
than 1000 (Oe), a mmgnetic recording nedium having superior read/wite
properties can be obtained. In addition, by maintaining the coercive force
equal to or greater than 2000 (QCe), results that are even nore superior
can be obtained. According to the explanation described above, in the
magnetic recordi ng nedium of the present invention, an in-plane undercoat
| ayer and an in-plane hard magnetic film whose axis of easy nmagnetization

is generally oriented in the in-plane direction are provi ded between the
non- magneti ¢ substrate and the soft magneti zi ng undercoat film the



i n-pl ane undercoat filmconmprises & or a Cr alloy, and the in-plane hard
magnetic film incorporates a CoCrPtX alloy (where X is one or nore of B,

. Ta, Cu, Zr, Nb, Re, Ni, M, 45 Ce, Si, 0, or N. Thereby, the noise that
originates in the in-plane hard nmagnet4é filmcan be suppressed. Thus,
even in the case that the soft magnetizing undercoat filmis formed so as
to be thWﬁatifglgg‘iﬂl&p{Sgase in noise can be suppressed. Therefore, the
production efficliency can be increased by naking the filmof the soft
magneti zi ng undercoat filmthinner, and furthernore, superior noise
characteristics can be obtained. 46 What is clainmed is: 1. A magnetic
recordi ng, nedi um fornmeq. on_a.non- magneti c subst r.at onprising: at |east a
soft magnet’ MAgRHE e mﬂi“?ﬁ?ﬂf%ﬁ?megi%i I?“?B?Qnehﬁé%ﬁ?{}ipcﬁﬁlpﬁ'ﬁ&‘gri al; an
orientation control filmfor controlling the orientation of the film
directly abovedt least paafhmagneticiuaderqog) flm; comprisipg ARofidnagaetizige material;

magneti zation is generally oriented perpendicular to the substrate; a
protective filanorigntation contrll filmefon ponsradling the orientatiemeltthe Slmingctiynabove;

non- magneti ¢ substrate and the soft nagnetic undercoat filmand an

i n-pl ane har d apgpaidiculdrirhagnetiofilm avhiose afis ebengy magaetizhtiamisigenerally gener al | y
oriented in the in-plane direction; wherein the in-plane undercoat filmis

conpr i sedorintedl fekpedtdicalatlio tels@bstraggdd t he in-plane hard magnetic film
conprises one or nore than two alloys selected fromalloys represented by

CoCr Pt X (wher te2ti0 I.gore of B, Ta, Cu, Zr, No, Re, Ni, M, Ce, Si,
0, and N. 2. %A&%%ﬁeglﬁgﬁ’r ecordi ng nedi um according to claiml1 wherein the

or ar eat er ¢ hedt B mu s AnEroPRed bR I bR A bl ghd 4R 1 1
wherein trgggrfe%g ruﬁiié’rgogt %’h(t:leand an in-plane hard magnetic film whose axis of easy
magnetization is generally oriented in the in-plane direction;
wherein the in-plane undercoat film is comprised of a Cr or a Cr alloy; and
the in-plane hard magnetic film comprises one or more than two alloys selected

from alloys represented by CoCrPtX (where X is one or more of B, Ta, Cu, Zr, Nb, Re, Ni,

Mn, Ge, Si, O, and N).

2. A magnetic recording medium according to claim 1 wherein the magnetic recovery

factor of the soft magnetic undercoat film is equal to or greater than 0.85.

3. A magnetic recording medium according to claim 1 wherein the coercive force

squareness ratio S* of the in-plane hard magnetic film is equal to or greater than 0.6.

4. A magnetic recording medium according to claim 1 wherein the coercive force Hc of

the in-plane hard magnetic film is equal to or greater than 1000 (Oe), the saturated



squareness ratio S* of the in-plane hard magnetic filmis equal to or
greater than 0.6. 4. A magnetic recording nmediumaccording to claim1l
- wherein the coercive force He of the in-plane hard nagnetic filmis equal
to or greater than 1000 (Qe), the satugated 47 nmagnetism M is equal to or
greater than 200 (nmemu/cnB8) and | ess than 600 (nenu/cnB), and the

thi cknes %L@grﬁgﬁl{%s fs%gﬁél t§'of g%?%f {HaRR0d @n@mgﬂﬁz\#@fﬁsé fad 6@ fndii/erry’), A

magnetic re ng medi um ac ng to claim ein the frlmthickness
of the sofit 1.C coat filmi] A manuf act uri ng
met hod fo@déh?:ﬁ‘gcﬁ(g%%sés ?@%ﬁ(’d&a 9 'atlmﬁ"m§9 g‘?‘ﬁ‘é‘g ]%S%Q%&nwgr?%mrrdgneti c substrate
conprising at |east a soft magnetic undercoat film nmade of a soft magnetic
material, an orientation control filmfor controlling the orientation of
the filmdirectly above, a perpendicul ar, magneti ¢ | ayer whose axis of easy
magnet i zal-iAomagretigapearding ymedsm aprosding o ¢lan ?mhsr%@lecﬂlwbt gss ofthe a
protective |layer, the manufacturing nmethod conprises the steps of: formng
i n sequensoft magnetic phdercoat fidaris Hto 300 nm.and an i n-pl ane hard magnetic film
whose axis of easy magnetization is generally oriented in the in-plane
direction, wherein the in-plane undercoat filmis forned by G or a Cr

all oy, and the in-plane hard magnetic filmis fornmed by a CoCrPt X al |l oy

(where X ¢ RiaRufabtufiRg thefodBor d thaghdtic ré€ordiig mddfum Mbrmed¥a a féh-miknetie, Of
N). 7. A magnetic recording and replay apparatus provided with a magnetic

. A regn d répl a .
|t or mat 1 Skt PimPRng ol TBAR EbA riBAdc Wikrch BRRTReA0Y 4 B AUEekl’

A A A e Ee

d
orientatiqn control, filmfor contrqglling the orientation . of the film

di rectly 2RO¥6e P%P%’QF;S‘L%&'P%BF%& laygy Wh?&g,ﬁgw?ewmﬁsmwoaﬂ %eDSTaﬁé!asy
magneti zation is generally oriented perpendicular to the substrate, and a

pr ot ect i verianigddn the in-plane direction, and a protective layer, the manufacturing method
comprises the steps of:
forming in sequence an in-plane undercoat film and an in-plane hard magnetic film
whose axis of easy magnetization is generally oriented in the in-plane direction, wherein
the in-plane undercoat film is formed by Cr or a Cr alloy, and the in-plane hard magnetic
film is formed by a CoCrPtX alloy (where X is one or more of B, Ta, Cu, Zr, Nb, Re, Ni,

Mn, Ge, Si, O, or N).

7. A magnetic recording and replay apparatus provided with a magnetic recording medium
and a magnetic head that records and replays the information on the magnetic recording
medium,

wherein, the magnetic recording medium comprises a non-magnetic substrate, at
least a soft magnetic undercoat film comprised of a soft magnetic material, an orientation

control film for controlling the orientation of the film directly above, a perpendicular



wherein an in-plane undercoat filmand an in-plane hard magnetic film

whose axis of easy nmagnetization is generally oriented in the in-plane
~direction, are fornmed between the non-magnetic substrate and the soft

magneti c undercoat film and an in-pl ad® undercoat filmconprises Cr or a

Cr alloy; and an in-plane hard nmagnetic filmthat incorporates a CoCrPtX

al | ﬁg’ (Whiighetfc Fism Qitfose &Xis BPERY HlagRetizhfion fslgendtally bHentE® pebfendiviilar fFthe Si . O,

or :

substrate, and a protective layer,

wherein an in-plane undercoat film and an in-plane hard magnetic film, whose axis
of easy magnetization is generally oriented in the in-plane direction, are formed between
the non-magnetic substrate and the soft magnetic undercoat film; and

an in-plane undercoat film comprises Cr or a Cr alloy; and

an in-plane hard magnetic film that incorporates a CoCrPtX alloy (where X is one

or more of B, Ta, Cu, Zr, Nb, Re, Ni, Mn, Ge, Si, O, or N).



