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- 1 MAGNETI C RECORDI NG MEDI UM  MAGNETI C RECORDI NG
APPARATUS, AND METHOD OF MANUFACTURI NG MAGNETI C
RECORDI NG MEDI UM 5 BACKGROWND OF THE | NVENTION Fi el d

of the Invention The present invention relates to a
magnetic recording nediumthat magnetically records
informati on, a magnetic recordi ng apparatus that
MAGMETIES RECORDINGMERIUM ; MFGNRTILL RECORDING (ARPARATUS,

R m ol 0K BRIEARIDRING MREREYIE, SRERRDINE yepTon

t he devel opnent of the information- 15 oriented

society, in addition to the conventional uses for

personal conputers and servers, nmagnetic_ recording
B ANY

nedi uns are noRPBEFRGUPPoRFdE ENTASVi gati on

FS¥3HEBE, thporthabheigwusi ¢ pl ayers, HDD recorders,

nobi ] e phones and the, like Pecaus of their, high

t r ansterPESpEby | FEVRRTARD 39 §F%?a§8 2aPaereras. In
roecdedihg aehliemethatt hegnetiieaatlyr rzatoras dmdormation,
a HabnaREs L3-SRRRRHT % péng% ' 3nde qemang f0f pur t her

i'nCFeases in recorglng ERsiti 65 for nagneti c _
negpet d-ngecbndingwnetiuh s agidt gatmedhod o agemvdpeturing

tREORSEnEESRr dLRE rAs RS WeBSurt Ne devel opment of 25

per pendi cul ar magneti'c recordi ng nedi uns that
magnetically record informati on by nmagnetizing a

DEBgREDtEoheedr €hag REBGILRE Rrtt he thi ckness direction
e el rhSp L0 PED! NEL Y, Bl BHeC L ECERE KRR S
orhahtedssaciesylt iof apke tébheto ablki evademnriamal uses
£GP, 3816818, ERARStcp ! bolo AL gt sttt
medABmE Be NERgREinth Y RebrEs. CA8 Ravégation systems,
pbeshslianggste ptihgeral, hHpicteabirdeyd,S mdtSQe phones and
st rengt hened. Fn dditi,on, .35 in sone cases,a.hackin
tRgy Lh ienBeCriEPuRSs ChoHAr ngg‘aéﬁéﬂs Sratebrk liE g% gnd
storagd eapkhetpespenthcolaer vtagaehieveefardhag
mfﬁgg%ﬁ}iéEquﬂgQnﬁeg%E%E%%e%nqn capacity, there is'a
demand for further increases in recording densities for
magnetic recording. In view of this situation, to
achieve higher recording densities, the development of
perpendicular magnetic recording mediums that
magnetically record information by magnetizing a
magnetic recording medium in the thickness direction
thereof is being actively pursued in recent years.
Perpendicular magnetic recording has the advantage
that, as a result of the effect achieved by an
anisotropic magnetic field of neighbering recording bits,
the higher the recording density is, the more stable the
magnetization becomes. As a result, resistance to
thermal fluctuations is also strengthened. 1In additiocn,
in some cases a backing layer that includes a hard
magnetic material is also formed on the perpendicular

magnetic recording medium. Although recording and
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6. 2 playback are possible even if a backing |ayer is.
not provided, a conbination of a magnetic head and a
backing layer allows a nagnetic field generated from
the magnetic head at a tine of recording to be
anplified to 5 a significantly greater anount of
approximately 1.3 times or nore in conparison to a
plegmeatit izl pdesibforevem-ipf amebacgkngi bayer is not

ova.dee%ena‘t; lcydmﬂatnéél&ﬁjséf bl &4 eﬁi@aﬁéa@ h@herpbacking

oerciVve tTofrce endi cu 8net|c recordlng
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becones | es que ce of n
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or per nagnetlc record medi uns
redeoling msdmentmmthea:,r aduneee r@%@%‘ﬁﬂe{% ¥eplraws

i NRL gk ?@P dff&lgeﬂ§%§h§§1cT?l@ﬁPoﬁ@héﬁﬁtéhlSromtthé

essent to reduce e orlentatlog # EISIO th gso
regeyd g eeddatt oh BXPEP OPARREEr eEBF ﬁg t3Ferd¥ff £
hdd1oa dhedcet Owwgtﬁ@t updermayretiachndibgnanbecomes

S$%ﬁi$£q§§?a B %%nEeBP%r%%¥%ﬁ%P§ %ruck%ggngpgﬁeahay?r

iﬂhteamed@aramﬂ mh@netlketaﬂd domphter nedi ate | ayer
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t he that™ or backi ng Iayer .S
Vi#i@%slw@v¢@ta§9§p@é§§lh@ Pﬁéneomﬁgﬁ?E%FoHEHP§BéP§|on

méélﬁﬁsalﬁﬁnKﬁRMﬁ t fut ﬂéﬁbéﬁ&fﬁﬁléﬁ)mégmémieaﬁ@doﬂdlng
he thickness, of ,each | ayer

gcreaa J? an ﬁé leve
nesA WP FaFQ. CbbniRoSS58051 853586 FPBRESEE
hi@@@fdr@goﬁ@ﬂngndensmmeb ammé ndeconepll Btk thier 1tsls

cSomposed of Ltug.layers. 208,220 086" glidpersIbHe o the
easy magnetization axis of the recording layer. It is
known that forming an underlayer including an amorphous
layer of Ta, W, Mo or the like and é layer having a face
centered cubic structure of Fe, Ni, Pd, or Ag, and the
like and an intermediate layer having a cubic close
packed structure of Ru, Re or the like, in that order on
the backing layer is effective for suppressing the
orientation dispersion. It is also known that the effect
is increased as the thickness of each layer increases.
Japanese Patent Laid-Open No. 2005-353256 proposes a
magnetic recording‘medium in which an intermediate layer
is composed of two layers, and a under layer side of
those two layers consists of a metallic material formed
in the shape of an islet. Forming an intermediate layer
with the structure proposed in Japanese Patent Laid-Open
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those two layers consists of a netallic materi al
formed 35 in the shape of an islet. Form ng an
intermediate layer wth thg structure proposed in
Japanese Patent Laid-Open $°3 No. 2005-353256 is
effective in reducing the nmedium noise. However, in
the case of the internediate |ayer proposed in

Ndapanese 3Baben ilaicdrEraen vido.in? GRhEhIRp G he mddirim
thickness of the internediate |ayer increases and thus

PhESdi st ance between the recording |ayer and the
backilogeVayer ial shei neaseasésthédhéntehmedibéeodayelrar ge

di st t '
PRgBRPRY ayaroting datsniode i bndd 8o S¥ddRs 3256,
theghbticknes sf icdl dhgerertaryediedn tiryardoratiarpdfeand s

£hs! £n8S i@ ste3Y et PR %c?i'ﬂogﬁﬁ]tlr@}ef Nehd the

write-reception perfornmance tha e capability of
berkipggraries aEQAdiarsased -unfihenptheysj becegesy large a

dh 86 8hdkeNBetfve driftMdTBld @Y dih g1 Ald yeaalking deterdnniatmy,
and conxﬁrsely 15 thgég IS a E%fk q;ﬁ%gﬁilnterne iate
1pYgLr HheqFEEERaTS & miey 9 at iRt e /SRy a
fhiegHe gehetartdion f radendid e SN Hafad HE |INENTI &N 20
The.,present _invention .has e i Vi ]
ISBB\}%'Ci% gu@ﬁoéﬁlceéns aéfr%d&r?r %\%ﬁa esng:}ge r‘r"}argrghnteét %I:é#g cgo?r I ng
predormanicst tdiedr tienshe diapradridd thetade e magititdi g

rle@:)S?Eiiﬁ e AR 12 HAWRA MUt eR: QS Al UMKV J¥oi se
erformance, a magnetic récordi ng apparatus that 25
TRadiqn R PHER

P ince,
infermasd onhd smagieaed et sladi Tty
tabremaRuiactiywk RE the negretmead irACord g madiquestion

S S5O T ULASSATL 10§ AP LSRN

deagdty.that is formed on the non-magnetic substrate,
an 30 underlayer that is formed on the backing | ayer,

an internmediate layer that is forned on the
under | ayer; and SUMMARY OF THE INVENTION

The present invention has been made in view of the
above circumstances and provides a magnetic recording
medium that shortens a distance between a recording
layer and a backing layer while retaining low noise
performance, a magnetic recording apparatus that
includes the magnetic recording medium, and a method of
manufacturing the magnetic recording medium.

A magnetic recording medium according to the present
invention has a non-magnetic substrate, a backing layer
that is formed on the nbn—magnetic substrate, an
underlayer that is formed on the backing layer, an
intermediate layer that is formed on the underlayer; and
a recording layer that is formed on the intermediate
layer and that has a perpendicular magnetic anisotropy,
wherein the intermediate layer includes two or more
layers which are formed as film layers such that the
intermediate layer includes two or more layers which are
formed as film layers such that an upper layer of the
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a recording layer that is forned on the internediate
| ayer and that has a perpendi cul ar magnetic
ani sotropy, wherein the Lngecnediate |ayer includes
two or nore 35 layers which are forned as filmlayers
such that the internediate |ayer includes two or nore
| ayers which are formed as filmlayers such that an
twpper hayer laketrbehSsd4a tivhckernfiém apeckness and a
thicker filmthi ckn S a Al g
higieh 7A8 PgegFu g%rﬁgégh th@ ggggrsg% ?gsgéﬁggér
comperishe Upperlaayerunﬂﬂrthéeca§§e@f1@W@rnagnet|c

rec J a,

Lai o tpare NEaeEhe. 2%%2@%SHEEP%h§ﬁ§ﬂ9?EEE.%?a‘ﬁgg
prepesedr éﬂeﬂﬁ@énﬁéeagat'eﬁﬁdélallﬁlyQPerﬁ HO3apdd 35@
aL@hQu@quhéb1n%%%ed§5%%5§)ayb& qeeFeseddoftd ws I ayers

of Ru_and the ress%re and depo itio g@

sses

I
SBHRF havBECh LPagaPaEe o1 6 el Ruad ORee et G
39&255@3@& ?ambaﬁeﬂs odr ewof 1a\y@msudn>gf Siwzesd e hgrs, in
e case _of, Japa e Pat [
P50685583336, SPPORS AP FBUTt YT ndOatA L pach laver are
shiighlubkdpe theodhdtikar swietsh otfhé hosiep ivar da vbFosing Grf

v§g§§ng'BlgggtfaﬁﬁrtQQEOfﬁhnshéocggg sagﬁsbhﬁegeC@a@eaa

Ium o résent i nvention, since

LahdePredi Hee 2@9@€ﬁ5ﬁ@é@udé§ o 3L Frksrd Y &féﬁ§QHﬂRﬂ+Sh
hﬁgﬁ -{enapd @%odﬁ:‘cltmdnam&&h geh sttfl@:tullatelwmﬁpdﬂyteromf

fil
T3h8-a TR GFRRLEASL” phCOSoNg, CanF LR PREDPRYEr Sreoraing
méat oRdoifn thenpatdiseon umvanzﬁdnayeanumd@maﬂmauanadlate
llg?%gdlngﬁu%%%c[t'v}%e%r’ ?[h%%t ei'alyelrjsa'iﬁxrldm atl%e ormed as

nt's secti1on Iay ness of
fihn layersediiahe thayearc APHSE rwden i theadde ks MaRe

lggéE‘@nﬁ%sb%t %@%ﬂe@e f"lq(frprtqlilréﬁcrle@éerarﬁﬂ% Hit ?é&a@@mg

er can be reduced le retajn l.ow 25 noise
Pﬁéﬁfib‘Fﬁaﬁl@eWhllﬁht mhse @,r i tafr?éfﬂ-?gﬂgﬁé} iSRRI Hithd© @
EE@h:Umn@%r the pipgsentl dyetsntasorie sordferdahilny destchi lof
later in %%e embodiments section, the overall layer
thickness of the intermediate layer can be made thin,
and thus the distance between the recording layer and
the backing layer can be reduced while retaining low
noise performance.

In this case, in the magnetic recording medium of
the present invention, preferably each of the two or
more layers included in the intermediate layer is a non-
magnetic layer having a hexagonal close packed structure.
Further, preferably each of the two or more layers
included in the intermediate layer is a Ru layer.

In addition, in the magnetic recording medium of the
present invention, preferably the underlayer is a layer
consisting of a single layer having a face centered
cubic structure, and the underlayer is a Ni-Cr layer.

According to the present invention, the crystal
orientation of the intermediate layer can be enhanced.
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nore layers included in the internediate layer is a
non- magnetic | ayer having a hexagonal close packed
structure. 30 Further, preferably each of the two or
nore layers included in the internediate |ayer is a
Ru layer. In addition, in the magnetic recording
medi um of the present invention, preferably the

THEHEELRYEI ahsS aalolr@ya@ns Q@@r%lrsblfng'aof W $ionglre Hhaydrike
havi ng a, facg ent er 35 cu iC str cture_;3 q)t € pase

CﬁﬁdE?I gpaited ITQm GRS Apderlaxsdo ittty 1 Thé p%esent
ofnyRst uﬁlﬂertnbellcalt)estlalyerorla@m atheomngfertllagyer can be

t diate |
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tgﬁrhgkg&@eq'a%ﬁqg%% run W%ﬂaﬁaﬂﬂgkﬂﬂdﬁﬁﬂaYE¥1ch51sts

provi as only aV|ng a face céntere
oBUBNE Y5 oser datisire Ghers lsmanqﬁd begyesn (e 5agerding

lIE}@E:efaﬁﬁe’th‘éh%c]ﬂn%t rlléggtelir @drs }:@jcﬂﬁcﬁﬂ:ech fahitttes he

under | ayer consis of o one t

bet weeh PﬁéfréEoFg?n@agpﬁgé¥ ﬁﬁgof n@a@ﬁlﬁg%lgfgﬁggﬁﬁg
the thedyeed ntr titaren thier, hgrre fier ey rtegn did akirmer oradi ey

.medi ym accardi My r

18 & glagﬁl %é)&sgﬁécoﬁ éﬂj:rao ﬁ:z%;é Iéé{?elf r}ljtiaiwat s Y
mt:ladﬁmrgstars@fntomgrzad @ateqrelrald meInpiiipgetic layer

f%gwg ized ftari Al s fth Ydmaned i1G Jew,erand of nwcam

rst soft magnetl c layer, and a second, s 1
spgnaeioRgtdrer ata Hhd ddisl Uge s st it s rr?aatferfSa
aﬁgd thiaat iiss foxmprd cﬁm e Wmtla@? By
adopting .a vin [ ur

posg Bl gdPBQéHﬁaﬁc %én@ograé'l h orc [t:lﬁ strudtude’
ireder giosg ileyert mrehfandenarhe rqﬁemﬁel‘r%lﬁ@mq% |Q§/ e
Rl b agga}}'e‘%?fjdwrﬂgrﬂ% ﬂﬁgfr'@f% £ 14b 1 8y ca@se,

when aving t orenent i oned
wetltdarouraand src-‘aaﬂﬂgt%dbf prrefereatt ioeach of the first

soft IHH%%I Cals@y efnand at %%o‘k@ d.a%féfrt havegrettne

Ifa  amant it FEA _tTuarelza s adgni‘fje rgperﬁwyet'&l cof
3 ar@m%tle? | Hyftc P p

the first soft magnetic layer and the second soft
magnetic layer is a Co-Fe-Zr-Ta layer, and the non-
magnetic layer is a Ru layer.

In the magnetic recording medium of the present
invention, the recording layer is a layer having a
hexagonal close packed structure. Further, the recording
layer is a layer that consists of two layers each of
which is a granular layer and a cap layer formed on the
granular layer. When a two-layer structure consisting of
a granular layer and a cap layer is adopted for the
recording layer, preferably the granular layer is a Co-
Cr-Pt-Oxide layer and the cap layer is a Co-Cr-Pt-B
layer.

A magnetic recording apparatus according to the
present invention includes a magnetic recording medium

in which information is magnetically recorded, a
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25 In the magnetic recordi ng medi um of the present

i nvention, the recording layer is a |ayer having a
hexagonal cl ose packed strugture. Further, the
recording layer is a layer that consists of two

| ayers each of which is a granular layer and a cap
| ayer fornmed on the 30 granul ar |ayer. Wen a

mi¥Qat a¥eheHr HakYT 9e§@6§‘m§t mgtafng afg I:Lanrflmlratatllamemo
and a cap.layer is

t or__the recordl .
the crasaahsc: kecgranapapcrayny g geastty d5dgiFarion
ftenethanflabhetdap reayeting aeGiv@,- RndBmoveyent IGaRs

netic recordin par.at.u ordi_n t
of HBRE P thecragLe B RERL BRI e oie, AicERing
mebich sokdamret |r@r1artsvmég'ne¢utclflalrleﬁpﬁé?¢ort@edihea maggetic
?ﬁgQSEh% FL Epah ReLhQr i éMHéddgiﬁH ﬂéﬁdﬂdﬂﬂg(ﬂbdﬁhm
ol Fe P Eeord I ng e uman rea i
haafar n@nrmgnﬁrtém BRESHEGREY| @ REEH gig"%i?dﬁ e tanks
fHPIYxSHtEBh %@n%onafn \é'tggz tshL&slfagit%f | ﬁrh?ﬁﬂﬂ@lcm@ﬁ Hehat
magneti c recordin medi,um surface rel at y.
ipe&pEFET O™ ﬁ@%ﬁ%ﬁ 19 led&drdidty Jﬂstdq]iﬂﬁ ter\g‘larggtrne
tRRgneki & oreeer dﬂnnghrmdimrﬂaqﬁera mﬁ:rtag:mqnﬁmg layer

strate, acki N
tﬁaﬁ Eé’trlméecg |ht aﬁ:ml?n elayerfg at |s formed
pempehellbaﬂelmg\dgargﬁecnc amusmtemmdu and |terinteinpdigte

169620 10 i, URAPId:AYRIne Al d GAOICH Nk d e Nt

I ofrned on the internedi ate tn‘éesa
fhémpaadiedd &udfadihet @nampﬁﬂrro]ﬁ&’ t two or more
lh?b%}[s”‘?fiﬂsgtae tﬂlasal@"r lﬂqmmdlﬁwﬁﬁ ard e |ayghier e h
are forned a ers suc u

PERESIRS G* §rp1 3‘&3 thas® afcﬁ{g%igi;h féijcf}% ]%1 hess °
lape ra nidghertlgasipgerreslsayess.at which the layer is
foranmRQ %g%grh%%ﬂfgg Arih@Y e rdde 1t he 4RRYin

| ayer manu actu Ing a nagnetl C recor Iﬂgp
mneldmmaem:m@ngg i thfe RHasRTH IHNRIMEIUh DS S

o¥:eRS rndhPfa §E¥ﬂ%ﬂwh|ﬁbﬁ¥mé§hétlc substrate,

non- nagnetl ¢ substrat e; rm | t
f@ggwqgg qrhy@}deqlayﬁqqg)rhrﬁue begcklnngl;m ae§exayefogrﬁlln$] an

intermediate layer on the underlayer; and forming a
recording layer having a perpendicular magnetic
anisotropy on the intermediate layer; wherein the step
of forming the intermediate layer is a step of forming
an intermediate layer including two or more layers by
forming the two or more layers as film layers such that
an upper layer of the two or more layers has a thicker
film thickness and a higher gas pressure at which the
layer is formed in comparison to a layer under the upper
layer.

As described in the foregoing, according to the
present invention it is possible to make the film
thickness of the intermediate layer thinner than in the
prior art. Further, it is possible to dispense with
formation of an amorphous layer of Ta, W, or Mo or the
like in an underlayer that is formed on the upper layer
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internedi ate | ayer on the underlayer; and formng a
recordi ng | ayer having a perpendi cul ar nmagnetic

ani sotropy on the internmed ate | ayer; wherein the step
25 of formng the internediate |ayer is a step of
formng an internediate |layer including two or nore

| ayers by formng the two or nore layers as film
olfa)aelt&cSMrm thater anIupper thageposfsitie ttwo redunsr e:he

h th fil
Pg%ﬁ:re aett“(/ﬁﬁrjthi?%rwer I ﬁ[%y@r cﬁ%@%r med 1n Iclggn%%lr on
llaqrear |tayanham tthee vwopiges- re@@mlom@%’é@m%@e@@ he
! 3 t%}%#cﬁ]ﬂrﬁ]ed R ESEhi IWeRd i £nihg i Bow

POSSI to |ckness of the
nmﬁamﬁ@@aw thinner than in the 35 prior art.
Further, it is possible to dispense with fornmation of

an annrphous | a er of Ta 0 ke in an
under | ayer ta%‘é[t Efs&ﬁ;e?é{'% éﬁe%’b‘%e@%@ 7 of a
baCkP&r@fle%)t@d ehibdrc]ﬁntdm& gfoS'Jhlkﬁ @ﬁasemaﬂuu'sregrtaon will
st ance ween, t.he. recordin r
f{iﬁs beencL SNy ed?t}%l &4 oy £ &4l ‘an% ?féuf‘gs

FE=F Coprion pert nce’an
ach| g alhu.gsher wieoo rstiong nde ridiet \L apey (,strret%uﬁmgvﬂ Gw

OF THE DRAW NGS
C%r eferr eogﬁienbo% s%gﬂe pr es%ri]-%lglr}lnvent ion wll
be dE@ri Beds @ dehamatiss €d agTath&hadl ISR R ¥l g ey's

tHe %tgruétmse BN AW SheahEd 1 dee | Bypér Séficnsg Ut Re Olager
convent| ona magnetic recording medium Fig. 2 is a

T WU af thd- cbntral [y shows the structure
of am“llgnte;rrﬁsdlaatvaduapefowmg:nmdam/rerstMMQJr@f a

Shomm%iélgg r&ln §hm 3.4 So ﬁevéﬁwbﬁfﬁgﬁggofh@héayer
ure o gne e recordi ng nedi um as one
Hﬂﬁﬁﬂntnﬁnventlﬁ@ present invention. Fig. 4 is a

schemgiy c 4d'1@raar§él{@r¥at(i%md1€3dﬂén$hﬂy§t défﬁ:.ﬁdll&ﬁtsldcﬁds
égezgkéégfgggdé?tgn fggérgggfgtéhfaye¥ among the layer
structure shown in Fig. 3.

Fig. 5 is a view showing a list that compares the
properties of the prior art (comparative example) as
shown in Fig. 1 and Fig. 2 with those of the technique
of the present invention as shown in Fig. 3 and Fig. 4.

Fig. 6 is a schematic configuration diagram of a
load/unload-type magnetic disk apparatus in a state in
which the top cover is removed.

Fig. 7 is a view showing the schematic structure of

a tip portion of an arm shown in Fig. 6.

DETAILED DESCRIPTION OF THE INVENTION
Hereunder, embodiments of the present invention will
be described.
First, a comparative example as the prior art is
described, and next an embodiment of the present

invention is described.
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20 structure shown in Fig. 3. Fig. 5is a view show ng
a list that conpares the properties of the prior art
(conparative exanple) as _shown in Fig. 1 and Fig. 2
with those of the technique of the present invention
as shown in Fig. 3 and Fig. 4. 25 Fig. 6 is a
schemati c configuration diagramof a | oad/ unload-type
megneiyc di s¥ @p@ﬂéﬂt sRowing shat 2ayer whirohtuhe §pa
i.S oW ng the
CQEHSHEIIPE‘aEt F‘ﬂ@P&Fécofrecgrdl% p(llnn%}éil gﬁn ‘of an arm shown
in Fig.tke 6@5@E@'AI aamq&sc&cpremrcbpngmeﬁwempoﬂhown
nder, i RNY S R 4Re %rrﬁ%ﬁmefl%w i109) wir] |
Ee%gésc?l "hé&d. %rlgl?n l?:? conpar ative exanpl asq?
iptieomegdrieties laysrdddor ish&@ ORI e B ST dmbod rﬂ of
o BE ePAESRNY iV an! 23R IfpaRCIPahat ddddt ®n & irorer

vi ew show ngt he Iayer structure of a conventiona
maggREdicc SP@@&r@itﬁg dium In the case of a nagnetic
feCOtﬂlﬁEenEﬁhMﬁ160sﬁbwnnhete ,Fite bac&ih@cﬂhw@rléﬁer
an under n t Qr 4,
cPasdEdin@t & rf§ 5 r‘f‘g: é\“‘_"gpnré eégﬁldé\fé ﬁeayer alear%@ an
afr@tr@ifdzerfﬂ tﬂwemraier(mn tanrmmasmgrﬁaq-&e—smbs?a at € Ten-
mlg(%rr]ltseh e Shoyn, 4 hphackd o i ayRitdial (in

a flrst o) t nagnetlc Iayer 121 de of

tb@samque:d redtady il famnechian e, fieiFel twf%egn%nlc

1097 TRGNEt i d 8Y e dkids MRdke: Aladhdoic rmrat |3cz3mnme abf
"N thls case %? that, i s . forned on oft
aFp GHSRN13ed, falandh %n‘iﬁ%eofft (ﬁag% % ‘ayer

- skZd 1dey afo tare amiy thi et M gpretal o (lawetlt‘anl:hsiéhat is
, qcog)yg% %}L)te}t%é}sonsgna%naertj_yc n\}{&ﬁ 133 St 8 L /FRARCIIHown

nmed 0 € non-magneti c Iayer
122 heThe mtr cwet ts magnet e thayey rs2l sotd whgnessend soft

rr{a%_}ﬁeé'tljt?ll% thes sgeond; sof tindicate the directions of

- magnetization. By subjecting the first soft magnetic

layer 121 and the second soft magnetic layer 123 to
antiferromagnetic coupling in which the soft magnetic
layers 121 and 123 are magnetized in opposite directions
to each other, as shown in Fig. 1, a magnetically stable
backing layer 12 is formed. The backing layer 12 acts to
absorb the magnetic flux from the recording head and
suppress the spread of a magnetic field from the
magnetic head.

The underlayer 13 consists of two layers that
include an amorphous layer 131 of Ta and a Ni-Cr layer
132 having a face centered cubic structure formed on the
amorphous layer 131. In this case, the Ni-Cr layer 132
is a layer that is oriented in a (1, 1, 1) direction,
and the amorphous layer 131 of Ta thereunder acts to
enhance the crystal orientation of the Ni-Cr.

The intermediate layer 14 consists of a lower layer
141 of Ru and an upper layer 142 of Ru. The lower layer
141 is, for example, a layer of a thickness of about 23
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magnetic |layer 123 in Fig. 1 indicate the directions

of magnetization. By subjecting the first soft

magnetic 20 layer 121 and_te_second soft magnetic

| ayer 123 to antiferromagnetic coupling in which the

soft magnetic layers 121 and 123 are nmagnetized in

opposite directions to each other, as shown in Fig.
nﬂqtﬁbﬁﬂgﬁefbﬁﬁéﬁYUﬁdébl& gbacbtegsbayeoflz Ps .f oPned.

The n a 12 a sqr e
C?Y%?affbﬂ+?ﬁe ¥e%%?ﬂfﬁé ﬁgag aﬁssgngégg ?ﬁgﬂsgpga
pfﬁp@rnﬁggeeecoflehdfécenrbhghnﬁagnéa|§uﬁ£a§e Iﬁéghﬂess

hud
%g%gi %g%%oggﬁsééngglbﬁglhayﬁﬁstBEaEryBQ%&U gzan
1habahgoa SaceCténﬁeﬁédtbabP§P§Fr&éVGFelﬂéﬂnéé &HSPE@d

nBéPFQPﬁlh yfilﬂ3%orhﬁtﬁah5 QaﬁemoHEQaNb Gasl pyressii2.

ayer I's oriented irectio
and'ﬁhﬁa%ﬁﬁﬁ?ﬂkﬂ%@#a& 1312 ?aﬁ% tﬁ%?éﬁ%%%ﬂ acFEY?gal
1§8D§€§63tBErQFE§EQ|1iféﬁ@h&deby?EothatmbﬂFBt 35 sTioar
ntermedi ate | a con S_0Q ayer
fb%mR‘éoaﬁataﬂnuﬁé sygr 14255 g er Rt a2 Son gys
piddstuge f fetgexanphe, a layer of a thlckness of about

23 gIn Pﬂ%h?%a¢§%éoéﬂ@9nufgeflgy ?S PE€S§QESr@En§ Eéyer

The y 1'S ensured ormng a thick fi
land0351ptepeﬁ degrasudprsdeysse 1odugRRes € (§CSGFT§EE

ok24EhNgss At E@b hayew 1gbl eakier o@@budiutpltn@ tfodt he

crysfal 5 isol ation struct re of Eﬁ upper |_ayer §Er
aﬂé“éﬁé&ﬁe&hebycpéFPSFEFN& ﬂrﬁFﬂoP {6n 944N der

1gas pressure. The upper | ayer 142 is a | ayer for

whi ¢ [

For thPEREERE Bve) S0 8F PRnPhekEbY. G, SpEBRl" JE0bY fgarbon
omakseak)adayarhi gb g@gmeﬁoomr@§§um@qg;Q}nqghqﬁer|L§ to
EB%eE{a%ﬂ'er%%%Wth% Eb@erllgtmarecordlng Iayer 15

PEBRSI st s of anular [ayer 151 made. of CE

Oxi dBigand a5capSPb?@at152dhaaéa8ftéﬁtheﬁFr% fg shovs
+8dl 4sthiRg uirle ofe theoartiettndddrne) lefyemangmanulle layer
sk%%%%ure shown in Fig. 1.

In the case of the layer structure shown in Fig. 1,
the thickness of the amorphous layer 131 of Ta among the
two layers that constitute the underlayer 13 is, for
example, 4.0 nm, and the thickness of the layer of Ni-Cr
formed thereon is, for example, 6.5 nm.

Further, in the layers of the intermediate layer 14,
the lower layer 141 is a layer with a thickness of 23 nm
that is formed at a gas pressure of 2 Pa, and the upper

layer 142 is a layer with a thickness of 5 nm that is

formed at a gas pressure of 8 Pa. In this case, a proper

degree of surface roughness is ensured. for the lower
layer 141 by performing thick film formation at a
moderate gas pressure (2 Pa), and this contributes to
formation of an isolation structure of the upper layer
142 thereon. In the case of the intermediate layer 14, a

crystal orientation of & 650 = 3.01 deg. is obtained by
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15 151. A protective layer consisting of carbon (COC
(carbon overcoat) layer) is formed on the recording
layer 15 to protect the regprding layer 15. Fig. 2 is
a schematic diagramthat centrally shows 20 the
structure of the internediate | ayer anong the | ayer
structure shown in Fig. 1. In the case of the |ayer
tBbr Behbifathewn dm thied. loker g drhiloknessl afhd hpper
anDrpqgés | ayer 131 of Ta anmong the two layers that
18¥R<t itGtre the underlayer 13 is, for 25 exanple, 4.0
nm Rodetée, thnckhessaeé bﬁethayeﬁagﬁrNst@mctHQEHedhe

Qn _i.s,. +f Qr t
uPQﬁgﬁS Y§F fhe l|Snt er maé]e are Qlé)n ?rafej'rg %Ld }{)éweﬂr}ﬁcakneerss
of4thies iatleayediwiteh la wet d:lkwésslsoff%ﬁﬂntl't%m sls also

d ss @
chIFId GhnBedasnEl F7oLhE BisEarite BRtweRh ‘&ﬁﬁe{“ﬁ% “eend

Lpgemeanst taaeg@@cmlé@smeéf ig ARraGy 13fld ik, thpugh it
gr aRelempted @@ @hsutd &;Ir% r@@i{iﬁ%‘s 'Cfo leﬂ‘ﬁal@fhdﬁnﬂ’ h:?f
| ower Tay er f orm |
e € IGA EE e DBt o Phi S T
head3®yf @oraiingn anbaa:kmﬁplleatym sthreucd urse a)fpltdrtelejpp@rat
ayer. 142 there e c if t
S Tt e e
vird tebtraioeed itpn perfontrnaomt rdte gR@iet e Tererding
e@¥€ 141 and the upper layer 142. However, in the
case of this layer structure, % underla 13
for nBdgi-n3t WS Payary SRAVERG CHECRAYES %? §ﬁ¥ ot a
maliniRdirdic ARy ridtbiun Sad wme denilbed oent sofl tshoe
t hi ck.. Consequently, the distance between the
PLESS i rﬁ?vqékﬁy’and the backing layer is large, and
evenAt heggetit resocatiegpmeditm Efsshewrhd istfigpnesdas a

By SA AN, Ao & SRS LS hdbye | o anegatec:

e recordlng ormn backi ng
rtehr@rreimsy agstiom gt t3hawn tie %Jt%ephééi'stl? SRS ‘én‘iz‘)—’/
dediddd GHd1ded B OVerddi@rackets. In the magnetic

recording medium 20, a backing layer 22, an underlayer

23, an intermediate layer 24, a rececrding layer 25 and a
protective layer 26 are formed in order on a non-
magnetic substrate 21.

The backing layer 22 has a structure that is the
same as that of the backing layer 12 in the magnetic
recording medium 10 shown in Fig. 1. The backing layer
22 consists of a first soft magnetic layer 221 made of
Co-Fe-Zr-Ta, a non-magnetic layer 222 made of Ru that is
formed on the first soft magnetic layer 221, and a
second soft magnetic layer 223 made of Co-Fe-Zr-Ta that
is formed on the non-magnetic layer 222. Since the
backing layer 22 is the same as the backing layer 12 of
the magnetic recording medium 10 shown in Fig. 1, a
further description thereof is omitted herein.

In the case of the magnetic recording medium 20
shown in Fig. 3, the underlayer 23 that is formed on the
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wite-reception performance of the magnetic recording
medium Fig. 3 is a view showing the |ayer structure
of a 15 magnetic recordlnq_nedlun1as one enbodi nent

of the present invention. A magnetic recordi ng nmedi um
20 shown in Fig. 3 has a layer structure that is
simlar to that of the nmagnetic recording nmedium 10

bé%%wwblib¥§s o4 wbhBikespeet oh® 2@n§69bye98tﬁaelaggda
[ ar rackets. In the magneti recor |ngT di um

C

f%&ﬁ %ﬁ%%@%?%gCV%yérSEEUCEHrEnHEQPa9§r Niz8r.5

améﬁﬁﬁﬁﬁﬁlﬁi efaYQEGQﬁ Ta tﬁéﬁaﬂbngokgﬁdr135taﬁdmagnet1c

ctive re i n,order
rEiralie Sea tF a8 sRoMns SN ek g Pafor 0334 fox
tsérwmd@rhayant2BSOEhEhesmagnaslbhaecoﬁduhg bediiumg20.
t 0

T Vb ool | SEYFROTSL Ge PETBIHLE0ATRELRTLED RRANE LS
tlm@gweys‘cal aqexezzatnrade06f theoNEelzr tigregn. In the
ﬁﬁﬁﬁ?ﬁ@ﬂ@téﬁ LRYSh #24.maderpf Byygha& bil%gtEQﬁﬁﬁdan

st soft nmagnetic layer 22 nd secon sof t

thagherie phyeheopRdRRABYSE €3- ﬁélirt?&dtﬁat rop PEFAEG®S

108 éﬁ@rg@augaga§ér01bayaf 2321 sShaee tolrmedhackowgver,
ne,as, t he bac |ng haéﬁ 12 .of th

bﬁ%%ﬂa?.Eh?eE%gaﬁhgeﬂﬁdﬁaﬁwTolgh de$idpegs to
efitihber tdescriyptabnorhentatibs oﬁ1thed1h&eemﬂdlamethe

LEPSE 81 PRE-ERACER CohBgSi LRy B eheT e venREkAaL", |
eb@mﬂlﬁgshgy@rlQZFégnsﬂst§V@ﬂ éﬁlyh@nérW§$éﬁ craenkasign

fa@ﬁeCﬁﬁléfegfcﬁhbcuﬁHéHQE X nadgtg&tylt@rdrgbe the

anor phous_| ayer il hat formed in %
amﬁﬁﬂEPPé 15568 aPhgoRedruRPIaCSRIR FAOFPS. opdfeior

formed drog éhéémbfwmhﬁlpyGSeﬁs afbddemengpebmission of
CECPLALRBSTECUTLED, 3 T MIDRORNS Loeeh L1 ylay, o
makendl e ihtesvnadihbet heyesnfodimgdntheremn in R §hip,
eihg Sr¥shaleQil eBtakheRt@hing the distance between the
recording layer and the backing layer.

As shown in Fig. 3, in the case of the magnetic
recording medium 20 of the present embodiment, similarly
to the magnetic recording medium 10 of the conventional
example shown in Fig. 1, the intermediate layer 24
consists of two layers including the lower layer 241 and
the upper layer 242 that are both made of Ru. However,
in the present example, the lower layer 241 has a
thickness of 9 nm and the upper layer 242 has a
thickness of 11 nm. Thus the layer structure is such
that the upper layer 242 is thicker than the lower layer
241. Further, the pressure at the time of film formation
is 0.67 Pa for the lower layer 241 and 8 Pa for the
upper layer 242. The intermediate layer 24 is described
in further detail later.

The recording layer 25 that is formed on the
intermediate layer 24 consists of a granular layer 251
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the Ni-Cr of the underlayer 23 will tend to drop
because 10 the anorphous | ayer 131 of Ta is not

formed. However, because_tEQ enmbodi nent shown in Fig.
3 is designed to enhance the crystal orientation of
the internediate |ayer 24 thereon in conparison to
the conventional exanple shown in Fig. 1, even if the
fdystat Gﬁi@iﬁEm$GMLd5 ahdthechp- Cayet £Hh2 mader bAyEp-

R e s S R

maﬂmmﬁn®nrec@nmssgomediumhboaﬂﬁrpheusohﬁ9at198§ ofxg@ple

$m % % % as well as nmaking the internediate
ayer torne ereon in athin 20 filmare useful for
shor tve My atieectdive e het okarned therepyi kg 2hge th
égﬁ%t§§ PREKI 58 £H¥eﬁagﬁét§BOM@chdEhg medi Lt nbeoeasae

he magnetic record g medium 20 of the present
oM FepRa l seRpTREEySh ‘PB th8 Fagnetic recording

medi hLEl"ﬁ]glO pfid (rjae é&[élﬁﬁa’lﬁicorwiaéhfamx‘a‘rﬁmﬂ: eceforlly Fagws
, the internediate | ayer_ 24 .consi of _t I

Pt SFHGEERE PEuERe| SEFBa9 aRa EKETupPer Fagey Saz

sthahceuee bshbwnaile BigRu3.However, in the present

exa r 4 ﬁaﬁj t kness 9 nm

andn‘qhe ul{pér;glr':'l ay esr{%(gg%gels tajhl cﬁ%‘gssgoftg{i nm

ﬂm@grlhneragérlgtﬁg@pes@du§fseeﬁy PR&t 1BHETUSPEr Pafer

@é@e'éewé%srcﬁbﬁa BB@uEQW@é bayRk - c241_TxE@rafnerph¢nhe
fressure at _the tine l g %I on i t?x 67 Pa for
peerohet PhyER ?2lt5ﬁd 8Y95 POFUERBEGpREr SPEyer 242

abﬁveﬂtebﬁEMIakembayeshaﬁnlsndE$gr|heds 86ti pregenfiedn

| t d

Pie iprell Akirare | o oaten By, B3 10 phascht Ted o
bmyedi@éit, ¢2mpamdd &b CbeCPOPWe@Jéﬂ-QéaénGXém@éﬁ SRpER
% Zpﬁadelof 9% d%t&hc@ bekFkkar k¥et @elbedis rlday@& 25

ayer ghetic record| n msdl um 1 h%
é@ﬂvéhﬁ bﬁfakl@ﬁaﬂrﬁwer SRowd FRORCEI, 1 T155FMQ 21, "By

Pret grbliMe bayedn B¢ taenadskheeeod iheahmorpheus layer
of Ta.

Further, the intermediate layer 24 consists of the
lower layer 241 and the upper layer 242 that are each
made of Ru having a non-magnetic, hexagonal close packed
structure. The lower layer 241 is a layer of a thickness
of 9 nm that is made by film formation at a gas pressure
of 0.67 Pa. The upper layer 242 is a layer of a
thickness of 11 nm that is made by film formation at a
gas pressure of 8 Pa. Therefore, in comparison with the
lower layer 241, the film thickness of the upper layer
242 is thicker and the upper layer 242 is made by film
formation at a higher gas pressure.

Thus, with respect to the lower layer 241, a thin
film is formed such that the crystallinity is improved
by formation at a low gas pressure, and with respect to
the upper layer 242, the isolation structure of crystal

grains is facilitated by forming a thick film under a
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same as that of the magnetic recordi ng medi um 10 of
the conventional exanple shown in Fig. 1. Fig. 4is a
schemati c di agram t hat centﬁglly shows the structure
of the internediate | ayer the layer 10 structure
shown in Fig. 3. In the layer structure shown in Fig.
3, the underlayer 23 is conposed of only one | ayer

h& At ghaspreshace .ceptepedagUPLE SLEHCHHERCAE Morfding a
armor phous | ayer 131 of Ta'in the | ayer, structure

Tt LRHE 1 SR dhre NS Yool 6 EiifovkP GaFIA A CE (ERR 24
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havi ng  a non-magneti c, hexadonal c|lose packed 25
r8EPLELiPe laYRE Iéméﬁeﬁaféﬁ 24) i3y yhy dacding layer 22

ikhkBbpessedot o9 m@rtg;@tptm md&é:—)te‘delp’alfdﬂz irp;tqmﬂ@tn@.
gas [ sure aye : | a
oy FUERREET, £k e bPe rieR s ERoL b B nRao1E, thel
pteseati embatiimengas SpPe8ssar 2. 68 8eBa. whbker eher épwen
a 0 A I r..24 f I
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thpperyphgér ozignitativde 15y ifmpreveido dmatdoswpagi serhitghdhe

5 0850 L e$SEi eded NUSE ﬂhéhlﬁﬁéﬁﬁéﬁlheetmﬁ Lewen bayehe
241, gFthl film,is forned s qh t at

e
CRRYER PPﬁEt FRATPLRY SHCEH 1@5 ‘matFoft HESYLFowloV
mga$umrasisee;sab®@m1hbdrespect to t he upper |ayer 242,

faci T acedthy S b Erngtat b b H b, BRELAALAS tae 1y gn
Pyepepkéssurd. the @m@sulatrt deompaireidve fegampdg)a shtan
ihapeh.i 0 LAR ¥ader bay8tnZ3nokle o teRAANS L3V Ot 2he

present invention as shown in Fig. 3 and Fig. 4.

In this case, two kinds of indicators, Hc (coercive
force}) and S (squareness), are shown as magnetic
properties, and two kinds of indicators, OW (overwrite)
and VNM, are shown as RW (read/write) properties. The
magnetic properties are values that are measured
utilizing the Kerr effect.

Hc (coercive force) is an indicator that shows the
stability of magnetization with respect to disturbance.
As the higher that the Hc is, the better the results
obtained with respect to thermal stability and the more
favorable the low noise and high resolution performance
that are obtained.

S (squareness) is determined by the ratio between
residual magnetization and saturation magnetization. The
higher the S walue is, the more favorable the crystal

orientation is.
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can be fornmed as a thin filmw thout degrading the
properties of the internediate |ayer 24. 5 Mre
specifically,. according to Ehe present enbodi nent,

by the dual effects of forn1ng the internediate Iayer
24 as a thin filmand omtting the Ta |ayer fromthe
underl ayer 23, the distance between the recording

| ayepw2foeearhica) 3k QE@etn'%% haeKirg ilansar 122-¢l0 dfs high
shortened to inprove the wite-rece tlondg lﬁéorma(g
IEGRRECY CHTRHEN R RN LTS ND AT PHHC TPresthe

l@ﬁ&dﬂ JWRi¥ncy8 a&itﬂerl v&laﬁzr%gat Vmarmcjlhefi'm\?ncjrayéme
a e u ayer are £o

1Erpe dnb o e TR FTekste S (e
rEee®tdsh prntece afst he i nternedi ate | ayer 14 of
the ﬁ&nggn%hoqul%é%ggl fSQ%%Péf&d?!}aéé A@h@ lower

I'um nol se is obtained. Fig. iIs a
t\heewaﬁmmﬁ@ NN sks i @%d?%%%eth%rb%‘érﬁ?%%e of the

ﬁ@fﬂg}ﬁyﬁcécgymaratlve exanpl e) shown 20 |n Fig. 1
and Fig. 2 with those_of the technique H1r%%$nt

i nveBEFBA 88 $HEWE S lESg ShOVEn g TRE g4 'Iﬁ
thed kdgydss 10f dﬁChIC@tﬂf@J.caHﬁ:n{@OlﬂﬁélN@chrﬁmlﬂ:@)oﬂndhéi

ar.enes are homn as nei{ic .p oper e
R S A SR SO, Sl By et s o P85 At VRperior
tar e:reh(pmmcas RN (fcc—xau#amattnye mmle)esshd‘ms lmaﬁh@t i€
%% r{ies are values that are nmeasured utilizing the
err effect. He (caercive force) I's an indicator that
showShen&oregaiing iy & desGFemtAan &f it l@Sect to

éﬂﬁﬁdﬂﬂ§%¥6¥ tﬁ%ﬁ ﬁéﬁh&“ﬁﬁ&ﬁrdiﬁ@ mé@%¢$ iﬁielﬁe

er esu espect to ther
AT ot P AR, vl B8 { PR T b o LS mpcend
Biicgh 4essaldﬁnmmréﬁrtrmc]eayemamf atlee obd:mneblay@: 241

S ne 35
R0 S R o 0 AR e i 60 Cherbr S o
:LThfeen‘dmcgherhet hentS g diats, lasher e Pavarbayert he

ISR inPTd LM EOb Snore layers in which the film
thickness is thicker in order from a layer on the lower
layer side to a layer on the upper layer side and which
are formed by film fermation at sequentially higher gas
pressures in that order.

Fig. 6 is a view showing one embodiment of a

- magnetic recording apparatus according to the present

invention. The figure shows a schematic configuration
diagram of a load/unload-type magnetic disk apparatus in
a state in which the top cover is removed.

In the magnetic disk apparatus 30, a magnetic disk
32 is provided that is rotaticnally driven in the
direction of an arrow A around a rotating shaft 31 by an
unshown disk control motor (DCM).

The magnetic disk 32 has the layer structure shown
in Fig. 3 and Fig. 4, and is one embodiment of the
magnetic recording medium of the present invention.



10

15

20

25

30

35

- 14 OW(overwite) represents the residual |evel of
hi gh frequency conponents when overwiting is
performed at a |ow frequen after witing at a high
frequency. The |ower the value is, the nore
favorable the wite 5 reception performance is. VNMis
an indicator of the error rate. The |ower the val ue

for YiNg hr&;griehﬁd%é%ﬂsﬂi dftadanndce s perdorpmoesdéd. with
S S

Based
Thatc ofb PR=br T FRET R AR EAY B sa PRt TEbN BORIEY T neds
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L%ﬁétﬁﬁ%ﬁeglédﬁgg&g§3tfﬁ tHéefﬂgﬂéﬁtﬁlkéM€E034of the

shown I n is consists of, two

RAIR LT oheP k| g er Expthing Rt daydhs &@Pgratus
3@“5% dbPgvi@=d heiohesgnictivyealli earbba dssgcaefltatait

|55 inlTh S Eor (R FRInCEal ERRoRD] ShERARBhe ' ©
apslerafuonia hagey svatbe |Rwerhetmayss, si deantp 38 | &yer

on t he upper, | ayer d f
P SRPSnk Y5k SLOPLANCOINLED ophesbouTe Bel L 1o
m&madwdels QBS@lgroﬁlﬂgdalnlbhﬁsm@qpﬁgl@néléﬁbéﬂpﬁﬁﬁﬁus

a nmagnetic recording apparatus according to the

present invention, The figure shows, a é-ra .
conf iRATRY Ik 10l e tt ?dﬁ%’?b‘éo&%ﬁg heffrding
a5k ﬂg@arﬂé Ustbhedaost ahe magnletﬁ:b thekt ap, coner arm 35

f enove

e S e R T L s
ﬂhevmmgmatibedlderZtLsnrotaamoaaibm/Arawennbyathe DCM.
giﬁ%épg%fﬁéftﬁglsggwﬁnkn g§ﬁ°“@ d{ﬁE qent Bel j@ot or
et 3 [ ayer structure
dheommgaged from a state in which 1t is supported by the
ramp 38 and the magnetic head 33 (see Fig. 7) provided
at the tip portion thereof moves (is loaded) over the
magnetic disk 32. Further, the magnetic head 33 is
positioned at ‘a desired track on the magnetic disk 32 so
that, accompanying rotation of the magnetic disk 32,
data is magnetically written in sequence on the desired
track on the magnetic disk 32 or data is magnetically
picked up in sequence by the magnetic head 33. Upon
completion of writing to the magnetic disk 32 or reading
from the magnetic disk 32, the arm 35 is unloaded as far
as the position shown in Fig. & to be supported by the
ramp 38, and the rotation of the magnetic disk 32 stops.
Fig. 7 is a view showing the schematic structure of

the tip portion of the arm 35 shown in Fig. 6.

The arm 35 has a carriage 351 that extends from the
rotating shaft of the arm 33, and a suspension 352 that
has a rear portion which is attached to the tip portion
of the carriage 351 and that extends further from the




1

1

0

wn

35 in Fig. 3 and Fig. 4, and is one enbodi nent of the
magneti ¢ recordi ng nedi um of the present invention. -
15 The magnetic di sk appar Eug 30 is al so provided
with an arm 35 that rotates around a rotating shaft
34 and that includes a magnetic head 33 (see Fig. 7)
at atip portion facing the magnetic disk 32, and a
ﬁ#? & r&Qidn MUY dM¥Madb 9Bl molalsu@pahlsy o i36es
thearm 35 to nove the nagngtlc head 33 in the raﬂial £
igiclacgsor st RanetfgnRede P sRU3SheptiPhEPr e thereot.
THRJ RRigre tdics hhap @ RtHiE BQGimodl B33 Hechad tis asupported
.activ teqﬁparbon desi ccant unLé (,AD uniH%§§7 égrt e
iaitn (iSRG TR HF Mt Bhe 1D Gttt 05 WY
ssits@let s ifeur 356, mare) & sENPE BB IDrthsupporsupperbed thy
rej. f e a 5 e he carm i I i
ta%égI%?§©i&gg“in gﬁé %§%n§ ﬁb%gi§%l§%€§%§t&§%§g6?ﬁhpon
madnEtig diitek (32 t Hdheamgialer B leBrers 3 ey insvhich
8@l & 1tihady P pLOf - O, {ies | £y O3tk e 1 & NEmaL I
35 is rotatably driven by the VCM 36 in a state jn_,
disitemca Heamdgh imaanald 3438k 3 at (TGRS @hv AR 1Ry 18
wrie Mt o Alhd haigridtms dissiseawor r%ﬂg.i_aﬁ,rém B o 3bhe
state in which.it is su

is di,sengage rom orte
MR SOl B PS TP TRt ST has TEORRLY fhe
ar) gmeoviaded cfattHhestidepoii2 omd hehabbfdimyesly i accesses
tlh%a‘?n%tdg?ne%ied aﬁ% :pga.gneti c disk 32. Further, the

nmagneti ¢ hea i's

positioned at a desired track on
t he Bageet ithedmegngsiso reciondingc EGFAIAN | eI Gtatg shisk)
Hfv iR dTRINAL G disk 32, dedabad | witRanetd ety to Fig.
witten in seguqu$ on_the qﬁglred tra;g. n the t
Irdgiteti i dis Ik 3S2WPIRA 47 SHhadhrinea§ l%f R TR TR
Feqiaitca PyediE qagnetd< dteseh 3tn Rippn 6 campl BLg on7 of

wWwditing .to the netic_ di sk or, r '

RO e e St i ol Y v
refld ghmisliittison shown in Fig. 6 to be supported by the
ranp 38, and the rotation of the magnetic disk 32

stops. Fig. 7 is a view show ng the schematic
structure of
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the tip portion of the arm35 shown in Fig. 6. The arm
35 has a carriage 351 that extends fromthe 35
rotating shaft of the arm.3 and a suspensi on 352
that has a rear portion mhlch is attached to the tip
portion of the carriage 351 and that extends further
fromthe - 16 tip portion of the carriage 351. The

spensi @z 3kad is¢l udes the nmagnetic head 33 at the
tip port| aon thereof The net|<§11 head 33 has a

gi nbal 133 MRANSTE SRR 11 P WY hy
nannerdnndﬂumdgneumutsubstﬁatéﬁ 5 suspension 352, and

a slider that Qgteg f%rmé nagne[tr@éal%%g]m%%netlc

When t ebaar over
suies st ader 332 enters a st ate in which the slider 332

{1 0at s 4 thidb Ol ye A IRIE) Sl bn G 1ERIAG O yex;

the magnetic reafter, data is 10 wit

to the amngmasEnet ik S e it s cERFRIS PR Hehe
RELLt 4 Gedi sSknd2 by the magnetic head that is provided
at one part of the slider 332 and_that_ dire tIy

accessés T9HRF Hetfhetd ¥e i i B S FHPREE K nelfet i ¢

tecortedgatedi apetmagdethatdhak) a perpandngufihe magnetic
structure as described with reference to Fig. 3and
?pb adopted in the magnetic di sk appar at us

t hat |9rhﬁm'hrgm1e&j st estmadhiate Flayes hm@fllﬂﬁ S two Or

m& Qrgg%éQQ QﬁﬂcﬁeaE@CQBQﬁgdaEshfgmmd§Q§bE% %hhﬂ ﬂhﬁﬂ an

Is clained is: %
FEE%¥d1ﬂ§eﬁe@ﬁuﬁh§oﬁﬁPl@Fnﬂorealﬁaﬁrﬁaﬁﬁét?cthlc et film

SHbSkhaks; aﬂdbactstggekagee phaksugef ar;rmdmn the layer
trat 3@ an underl
r,

t%rﬁ%ﬁgﬁﬁt tRe SFEERERG Fa ]a%’?rht d| 2’? ‘I”g@er layer.

that is forned on the underlayer, and’

2. The magnetic recording medium according to
claim 1, wherein each of the two or more layers included
in the intermediate layer is a non-magnetic layer having

a hexagonal close packed structure.

3. The magnetic recording medium according to
claim 1, wherein each of the two or more layers included

in the intermediate layer is a Ru layer.

4. The magnetic recording medium according to
claim 1, wherein the underlayer is a layer consisting of

a single layer having a face centered cubic structure.

5. The magnetic recording medium according to
claim 1, wherein the underlayer is a Ni-Cr layer.

6. The magnetic recording medium according to
claim 1, wherein the backing layer is a layer that
consists of a first soft magnetic layer including an

amorphized material, a non-magnetic layer formed on the
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a recording layer that is fornmed on the 10
internmedi ate | ayer and that has a perpendicul ar
magnetic ani sotropy; mhe[eig the internedi ate | ayer
includes two or nore layers which are formed as film
| ayers such that an wupper |ayer of the two or nore

| ayers has a thicker film 15 thi ckness and a hi gher

935S PRI gHe U Ol fdie |a9ch¢ra | Sod K ABELEE magnetic
conparison to a |ayer ‘under the upper |ayer. The

lrygretirat daHIiRP r?éblu%ﬁﬁ’%&?:‘@o%%ﬂ P ker 1t AR 1that is

el preatie fod-headnex 0f Y®fer]) ayers included 20 in
the internmediate | ayer is a non-nmagnetic |ayer having

a hexagonal cl ose packed. structure. 3. The nmagnetic
recor di’ngThedmammatdar e ridd ngc naidiul, asoerrei imge ach

f..the t re ye [ nc [ .
C(i JL(Eemr errstéd ia eg:r layeeac]:ﬂgl &t %Jﬂéla%/]g’?;@fg%erp?éﬁ%%ﬁ Clayer
ameicctm riee avedl Lﬂnﬁtmqnerigiq olaydmiis 12 Gkrererhrthe

1‘é ér?e Ry Stdyr Ofs & z%ﬁnﬂégei»ayef
|ng ace centere cubi ¢ structure. . The
nagnetlc recordi ng nedlun1accord|ng to claiml,

wher ei g, t haeURdghl@Y er rle%o&dwhgcfneldw ac@orﬁmxg to
c&ﬁﬁgﬁtlc rrecordin nedlun1 ccord 51cl n%

Ty PREREKI ThE BRI 4 "That L1evasi Reting a
heﬁdguﬁakuﬁﬂos&up&ﬂkeﬂIsnmuctuméudlng an anor phi zed
material, a non-magnetic |layer formed on the 18 first
soft nagnetlc |l ayer, and a second soft magnetic |ayer
t hat i Ael mdésmagnaﬁc@pplﬂnez:@erdmgemeaillua'n@cﬂmdur@ to

derimed omﬁmlr}prtﬂ@gf@édﬁdiﬁderayér 715 They ppgpeth £t
recordln medi um accor di ng cl/aim 6, wherein each

C@F’St%éiﬁ‘lorfsttw:fbfvfh%ﬂbrﬂéﬁjdlq%%e? ITARP e LaveR PRI

dmoneler |fyeied ot (e Ferafiuilar layer, and the
non-magnetic layer is a Ru layer. 10 8. The nmgnetic
recordi ng nmedi um according to claim1l, wherein the
recor diifg Chgemagsedsikayecomahinggmeédium according to

claim 9, wherein the granular layer is a Co-Cr-Pt-Oxide
layer and the cap layer'is a Co-Cr-Pt-B layer.

11. A magnetic reccording apparatus comprising:

a magnetic recording medium in which information
is magnetically recorded;

a magnetic head that performs writing of
information to the magnetic recording medium and reading
of information from the magnetic recording medium; and

movement means of moving the magnetic head along
the magnetic recording medium surface relatively with
respect to the magnetic recording medium,

wherein the magnetic recording medium has a non-
magnetic substrate, a backing layer that is formed on
the non-magnetic substrate, an underlayer that is formed

~on the backing layer, an intermediate layer that is

formed on the underlayer, and a recording layer that is
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hexagonal cl ose packed structure. 9. The magnetic
recordi ng nedium according to 15 claim 11, wherein the
recording layer is a layer qtfat consists of two which
i ncludes a granular |ayer and a cap layer forned on
the granul ar layer. 10. The magnetic recordi ng nmedi um
according to 20 claim9, wherein the granul ar | ayer

f&ﬁmédCBnC{hé%15%éd@edhayer1apdrthﬁdcapslaygerpgndlcular
magneti ¢ recordi ng apparat us

1. A
m%%%%?%%lﬁ§159¥ﬁﬁ§ﬁet?edrecordlng medi um i n whi ch
i nf or nerid Ql’htéhﬁne@lmlagnbaj?@al iyclhedes dede ar maghet layers

t hat f t
REGherre FREBFd: Ay baarutixdys, SOgf TRarrar Bophs 1ayer
of rohet heonagnabie ﬁeyerélhgsnﬁdtbﬂpkﬁﬁdf#é@eﬁ@ﬁFkﬁﬁéﬁs
aRb gngiﬁgeEh a n??@%%ﬁrﬁeéq ahorg 3@ QB%e&BQ%eEmeed

recor surface relatively with ect to
lﬂh@omﬁgﬁéﬁpé ﬁ@céréﬁﬁ&rwéaﬂﬁﬁltﬂﬁeP@Pﬁrtﬁéy gnetic

recordi ng medi um has a non- magnetic substrate, a

backi ng_| ayer tha for d on _,the_ngn t] .

subst r X Emﬂ%r?gy%?n? %ft?gl?%rﬁﬁﬂaggeg 8tk§COXdlng
méé@&hngohpyeélnqnthetemﬁpdlaﬁe | ayer that is forned

on the underla rgin e kS - 19

For ot SHTTHG § rar hid G E7FE) 8419 ABKChaFHEks
spbepentiecul ar nagnetlc ani sotropy, and the

pst )
In ergf%%rgbg% ?H%niﬂ@fkéﬁg% BM\’OtHé Haeﬁlhgy%?erv\hl c

f
of “thotQupLER ¥Br LnFAYRPALALS MEVRF ckBr ERFI HPPRF LRNELS

apgfd a higher gas pressure at which the layer is forned
n conparison to I t
hethod %?ﬁﬁ%%u?aﬁ?ﬁ??ﬁﬁnguﬂﬁg%gtF§V¥H§ord#g¥SET81gUlér
megeetitec anfsiotiropyt e stheps ndfermectisitey 1@ wedoki ng
| ayer op. 2. ngn; ﬁ@gg€é CofsF9§ﬁiﬂ5ethgoiﬂkﬂgméﬁlate layer

underlayer on i ng
is a step of forming an 1ntermed1ate layer including twe

or more layers by forming the two or more layers as film
layers such that an upper layer of the two or more
layers has a thicker film thickness and a higher gas
pressure at which the layer is formed in comparison to a

layer under the upper layer.

13. The method of manufacturing a magnetic
recording medium according to claim 12, wherein the step
of forming the intermediate layer is a step of forming
an intermediate layer including two or more layers that
each have a non-magnetic, héxagonal close packed
structure.

14. The method of manufacturing a magnetic
recording medium according to claim 12, wherein the step
of forming the intermediate layer is a step of forming
an intermediate layer including two or more layers each

being a Ru layer.
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formng an internediate | ayer on the underlayer; 15
and formng a recording |ayer having a perpendicul ar
magneti ¢ ani sotropy on thenternmediate | ayer; wherein
the step of formng the internediate layer is a step
of formng an internediate |ayer including two 20 or
nore |layers by formng the two or nore layers as film
| ayers such that an upper | ayer of the tmo or nor e

| ayers has ke In1th ckness and a her gas
pressure &t ""V\ﬁ‘i‘ectﬁ" CLeO# uEaCk IR ?nm%% Tfson to
récordyes medﬁﬁmtBECUpﬂenglayeclaiﬁ 13, ¥hereenhtbeoftep

$H u{%ﬁ%&&éﬁgmhggagmggggte 3395 nggEQEBB‘Q%CQBQhE%g

amnimteemediatbayeyers1aCéuépn9ftﬁ@r&ﬁﬁgrsaﬁonSlStlng of
3géﬁégeﬁhaigygﬁygﬁd'gﬁlH?P@Q hﬂolg§e¥0r%y|§b%h§nbh§t

ach ave  a non- nagne hexagonal ose
fsimuasuthe Mwerhéaﬁerh@ad@f Oﬁ?aﬁaf ac&t ar PR arﬁég?ﬁéﬁ

ol £80p4i BHAMEELYRhAECOFdirREnE0aCkailm 42, theehppRrt hayer‘
step 35 of formng the inter g ?te | ayer is a step
m%¢ef%FnFHgaEnalﬁ?érﬁﬁ&?é?éelgge fcl uding two or nore

| ayers each being a Ru layer. -20- 15. The nethod of

Chai i HRe BT ek T B L BPTTCa gReciel 19 10

réodediredi mediumy eccpgdangt &p @ﬂaﬂﬁwﬁﬂngWh@r@ﬁn the step
okn%SEHEHEaEﬁ el d%eEy] %ﬁﬁ%@bﬂga§WQ HQY%r%t%%ﬂ$fﬂﬂdﬂmﬁﬂb
ayer and an up Ru | ayer, form 3
ani llﬁt%m?ﬁéaltéméﬁﬂeéyépcﬁ#ﬁlén&f R aJ §’§315 1ng
le a Qo@@rgﬁua;lﬁeg ekUahlean LppEmGua lfa#yiem afbyt e rmpper a
| ayer e.o u.at a ressure, o
f*ﬁé Egﬁ &Pwﬁﬁn&Fggfu%%ﬁﬁgalﬁa 86 ¢ recorg?pw%’eé’)se
tHEdknﬁsacderelm@ wadg! fumthzr, wﬁ@mmumgthefgﬂ@pas the
upper layer which is made of Ru and whose thickness is
11 mm.

17. The method of manufacturing a magnetic
recording medium according to claim 12, wherein the step
of forming the underlayer is a step of forming an
underlayer consisting of a single layer having a face

centered cubic structure.

18. The method of manufacturing a magnetic
recording medium according to claim 12, wherein the step
of forming the underlayer is a step of forming a Ni-Cr
layer.

19. The method of manufacturing a magnetic
recording medium according to claim 12, wherein the step
of forming the backing layer is a step of forming a
first soft magnetic layer made of an amorphized material,
forming a non-magnetic layer on the first soft magnetic
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of formng the intermediate layer is a step of formng
an internediate |ayer including two Ru | ayers
consisting 15 of a |lower Ru,kayer and an upper Ru

| ayer, by forming a filmas the |ower |ayer which is
made of Ru and whose thickness is 9 nmand, further,
formng a filmas the upper |ayer which is nade of Ru

l@%r}’m%ﬁﬁi tHY GRS |st$ecdrﬂd @Bftﬁ%ﬁine%’ite I@fé@d&@cﬁe of
manut act uri | C recordln nNeal um accor di ng
a0 SECHAR AR R AT L 1 St RF T L FrYer

underlayer is a step of forn1ng an underl ayer

consi shhngygl, Aethidl & AURL ANY R LBGE AT ic

centerée IC structure

' nmuxfchatwme@mn resgpvetding rez e i iy hadi wiesetordiegstep

ﬁr e%l m&:&& rlec}féleplsoi é@éﬁné‘ﬂ f@x.emlng a

a step of formng | ayer .

19.
fllﬁétmﬁcrfdd mﬁgnﬁrm AANRY MRpge rﬁa@r%%u%e Z%c%?du %‘@rmng a
RAIHYRAC di bt tnLddidf 1 aberied nfihet séepr Mignetic
forn1ng HFe backing | a e s a_step of forﬂ1qg a qg £
leviedts <O 9 OfNAFPRET phi¥eq made ©
OiFRy-i 7 < Ta fcm N Heg) raomnagre@trmllajzayer on the first
soft magnetic 21 layer, and form ng a second soft
magnetic | ayer nade of an anorphized material on the
non- magnetic layer. 20. The nmethod of manufacturing a
magnetic 5 recordi ng nmedi um according to claim12,
wherein the step of form ng the backing layer is a
step of formng a first soft magnetic |ayer made of
Co-Fe-Zr-Ta, formng a non-magnetic |ayer nmade of Ru
on the first soft magnetic |layer, and formng a
second soft magnetic |ayer nmade of 10 Co-Fe-Zr-Ta on
t he non-nmagnetic | ayer.




