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MAGNETI C RECORDI NG MEDI UM AND MAGNETI C RECORDI NG AND REP APPARATUS
BACKGROUND OF THE | NVENTI ON 5Fi el d of the Invention RWHMMHWW
invention relates to a perpendicul ar magnetic recordi ng ne a

magneti c recordi ng and reproduci ng appar atus whi ch are—used-fotisohar d_di sk
‘drives (HDD) or the Ilike. Priority is clainmd on Japanese Patent

Appl i cat i on porpRQBR-BRTARAGETEE REANVSIG REEDRAANT hesGRBTRAL Of whi ch

i's incorpora rein by reference. Description of Related Art The
met hod of perpe”diCmﬁﬁ%ﬁﬁ@ﬂﬁﬁh&nﬂR%?N@dﬁbﬁﬁSﬁ PERRpdgsui tabl e for

i nproving surface recording density since, In tEIS netﬁod, axes of

magneti zation in the magnetic recording |ayer, which were aligned in the
in-plane direction of the mediumin 15the past, are aligned in the

per pendi cul ar direction to i ' demagnetizing fields in
the vicinity of nagnetic&¥$§§§§?ngﬁ5?ﬁ§*%%gN%gﬁﬁﬁ are the borders between
recor di ng_bi becone small; and therefore, the nedi um becones nore stable

ts ,
magnetoost Beldefithen¥entiohe recording density increases, and thus the thermal
fluctuation resistance is inproved. 20A perpendi cul ar nmagneti ¢ recording

medi um i s manuf BRetpigser ipyenfiendelaes th g PasRERYAGRENgES recordingardiyayad | an
~internmedi ate | ayer, and a perpendi cul ar nmagnetic recording | ayer

sequent i atd ymagnetic resprdinggind rércodighngtapaaratus Whih argesep feriharddiplageévesi ncl udi ng
a soft magnetic material is provided between the non-nmagnetic substrate and
t he per pedPDybethe ilgneti c recording | ayer, the nediumacts as a so-called
per pendi cul ar 25two-| ayered nmedium and thus can obtain a high recording
capability. At Prhuriy isiciamed treJapadekd PatkitlAdbliddtich@GIO QO PG-18F728ofiled magnet i ¢
backi ng |l ayer plays the role of reversing the recording magnetic field from
a magnet i aubeads, 2000 thhetmtenass whigh viecdrperated teveth Bigrefefishce.epr oduci ng
efficiency. In addition, since the underlayer is a dom nant el enent that

det er m nepetipiibAbE R&AEd Atizes or orientations of the intermediate |ayer and
t he perpendi cul ar magnetic 5recording | ayer provided thereon, selection of

the material i STRGhERERNpebiehlicGRt maPnetic recording is a method suitable for
improving surface recording density since, in this method, axes of magnetization in the
magnetic recording layer, which were aligned in the in-plane direction of the medium in

15  the past, are aligned in the perpendicular direction to a medium easily, so that
demagnetizing fields in the vicinity of magnetic transition régions, which are the borders
between recording bits, become small; and therefore, the medium becomes more stable
magnetostatically as the recording density increases, and thus the thermal fluctuation
resistance is improved.

20 A perpendicular magnetic recording medium is manufactured by laminating a
backing layer, an underlayer, an intermediate layer, and a perpendicular magnetic
recording layer sequentially on a non-magnetic substrate. When the backing layer
including a soft magnetic material is provided between the non-magnetic substrate and

~ the perpendicular magnetic recording layer, the medium acts as a so-called perpendicular

25  two-layered medium, and thus can obtain a high recording capability. At this time, the
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determ ning the recordi ng and reproduci ng characteristics of a magnetic
recording nedia. Therefore, a variety of materials are available as the

. underl ayer. For exanple, it is.possible to use an hcp-structured materi al
or an fcc-structured material, such as-a Ti alloy (for exanple, see
Japanese Patent No. 2669529) or a N FeCr alloy (for exanple, see

* 10JP- A- 2003-123239), or an anorphous structured material, such as Ta. In
addi ti on, soltftn#n20d :cRing 24y eelplags thb ede bheversiagolie @oording maghet] fiedd frgm as t he
under| ayer, one of Ni, Cu, Pt, and Pd as the main conmponent and additive

el enents ohagiec Qéadnm&hﬁsf cahi 1mp}*6ve-ﬁﬂ} re€drdinnd edpebddéink bffickensyiggest ed t hat
Ru be used as the internedi ate | ayer (see JP-A-7-244831). 15ln addition, it

i's known that, 18bidiBodRink@theABE 5538 8 AoRiint &8ORShd QEEREn e he top
portion of columar crystals, Ru has an effect of grow ng the crystal

particl esyt)aﬁgclé Bed &%Béﬁhﬁ&ls'o@}’tﬁrm@ﬁnéd‘ﬁe g%ﬂmﬂrﬁé ;glfpé?l'af?:hfak'ﬁag i pr onoti ng

the i sol structure of the grown cryst parti i'solating the

cryst par I ro t ol ummar shape
(see Tp-A° %’s%giivféﬁt&gldte%%%m%@%@%ﬁ%/%ﬂk by i § TN
appli cant est er.pendi cul ar ne di ng_redi um w t h,.a high
recordi ngdz it % ere(T% JiRe o Cireﬁmglrlmr ouscresr EKSSC 5 BERIACEY fngrrné%drlletl c film
t hat conpgses, t he backl I sin i W al I for the under | ayer,
-t on LRESse £yt oERabEl e B R b e B oy B SRRPERT IS f or rod on
t he underl ayer and includes, 3 for exa Ru or a al | oy, are reduced
and beconBOSRIS 8 At brE-RyRYrdaseyAl ok %éﬁ&?w{eétneat%g? SheRs s 1 alpg
internediate |layer is increased, an isolated structure is pronoted in
growi ng cHPusnsERle: ppdepangse Ratent Nou2§a9a7 Mo e, Nikglgialoy ¢fop sxarmmie.é€e f or ned
thereon are isol ated (see JP-A-2007-179598). 5However, the demand for the
r ecor &9 ngIRéni08yl 252 ¥ ot @fammlwghmc@rﬁéwé%ﬁlnglm Term Ingddigiani nuous| y
rising, and thus there is demand for a magnetic recordi ng nmedi um whi ch can
realize thR-ARRYIHERSEEdecdbasghelesesif ey alidyaincleding, as the underlayEhenk nfBnt i on has
been made in consideration of the above circunstances in the related art,
and t he oljuekt amaf Pd dsehd mumntonponsrs ahdadlitoxel edkementpefione ndmord efiTi,Mdhet i C
10recordi ng nmediumin which, by refining the crystal particles and maki ng
the parti drgvisjand Wi stri bution uniformin the underlayer including a NN W
all oy, crystal particles are refined, a particle size distribution is

uni forned, and Ris AEb@RdahAtRY BeSustdRY tAY Bfferidiattdaydn(RE IR-ADe4dxyer and the
recordi ng |layer formed on the underl ayer; el ectromagnetic conversion

char agker ifs hidigor2 itSs B0l theNbincAREndshRneNBRG (rofustidiB férg@bdngogensi ty
growt h” 15can be achi eved, and an nmagnetic recordi ng and reproduci ng

appar at us pBﬁfb\ﬁ'o‘ﬂ%&xﬂ%&#’br&ﬁﬁs REI RERH A BF /SRGAEHE %rxfsﬁpfa’rgél&goffiﬁéj' um (1) A

per pendi cul ar nmagnetic recordl ng medi um having at ['east a backing layer, an

under | ayereco?cﬂn% &7 Jragh 1%90&1 7Y Efotrﬁgﬁﬁjs n@gﬁ%‘n@% ngLt@tI stIEIREII?@Bh%eI ecor di ng

| ayer sequentiafly | amnate t strat

© grown crystal particles, isolating the crystal particles, and thus growing magnetic
particles in a columnar shape (see JP-A-2007-272990).
20 o
SUMMARY OF THE INVENTION
The present applicant suggests a perpendicular magnetic recording medium with
a high recording density by forming an amorphous structure in a soft magnetic film that
composes the backing layer, and using a NiW alloy for the underlayer, in which the

25 crystal sizes in the intermediate layer, which is formed on the underlayer and includes,



20i n whi ch the backi ng Payer includes at |east a soft magnetic film having

an anor phous structure, t he underl ayer is conposed of a first
_underl ayer and a second underlayer |am nated fromthe non-magnetic
substrate side, the first underlayer is an fcc-structured all oy

| ayer including an fcc-structured 25egement and a bcc-structured el enent,
4 the second underl ayer includes a NWalloy, and the internediate |ayer

i ncl udes fRuexampte, Ru oakRayalloy, are reduqed and hecomsdingfofrorthpemsisteicx il ar magnet i c
recordi ng according to the above (1), in which the first underlayer is any
of a PdV caystayatire sieeCin/tha littaynedbi{eIpycT einnmedsed, 4roisolpted preundiire id ar nagneti ¢
recordi ng according to the above (2), in which the anmount of V included in
t he PdV airb@ytell $n growing chgenadtrydtaBl ant/fiirthefiboraf aghetic particles forfndd The nedi a
for perpendicul ar magnetic recording according to the above (2), in which

t he andunhedn 3¢ iddkdidast jmatine7-Cudyogh |l oy is in a range of 1 atontboto 40 10
at ono (5) An magnetic recording and reproduci ng apparatus provi ded

Wi th tshe per penguylafhe YRR fof tHe6Q@h P deBY W AGE R FALAG 8. Al one of
t he above (1) to (4), d

and a single magnetic pole head that wites

| nf or mat i g0y 04 i% ‘%b‘iltig@{)%@g}?%rf%hﬁthﬂ?&%t% ferh&RO0AL g{agllg@girw&di& According to

t he i nventron, to provide a perpen r magnetic recording

e um | ) 6. B QLI DG ARSI ANELe LY Rafolapo- | avered structure

conposed O ayer©being air Tcc-"structured alloy |ayer
including an fee-structured el ement and.a bece-structured el ement .. and a
second under | aydF ST EdE R 2P Bgefafirorthe YRl RO md s
refined in an internedjate layer and.a perpendi cul ar 20magneti c recordi ng
| ayer .t oFIFG BatEe Qe Ir SR eriop i o PEPROES DEPAcEE BURRGHF 15 un f of m
and an orientation.is,inproved; .el ectromagnetjc conversion characteristics
are elbel TN AN WaITRRY TFEHNE Hig oy PaTttsS a%CE@fﬂflpg JEARIFICHA be
achi eved. BRI EF DESCRI PTI ON OF THE DRAW NGS 5 recordi ng mediumto which
t he i nvendiphutian wpferm égthe underlayer ipglading aiNy Waallnyy arpeteltnatticlssiasovesngdhi ng an
exanpl e of a magnetic recording and reproduci ng apparatus to which the
i nvent i ona pastielp pize digtritBOET Al UnEDMBESOR PIorENtaton THEDHNGE TN
Herei nafter, a perpendicul ar magnetic recordi ng medi umand a magnetic
r ecor di ngintemedieteiguuendipe agrpuiing lagsr fommediringhe tidsrlayerealedtomaigsetippl i ed,
will be described in detail with reference to the draw ngs.

conversion characteristics are excellent; and the demand for the recording density growth

15  can be achieved, and an magnetic recording and reproducing apparatus provided with the
perpendicular magnetic recording medium.

(1) A perpendicular magnetic recording medium having at least a backing layer,
an underlayer, an intermediate layer, and a perpendicular magnetic recording layer
sequentially laminated on a non-magnetic substrate,

20 in which the backing layer includes a‘; least a soft magnetic film having an
amorphous structure,

the underlayer is composed of a first underlayer and a second underlayer
laminated from the non-magnetic substrate side,

the first underlayer is an fcc-structured alloy laver including an fee-structured

25  element and a bee-structured element,



In the drawi ngs used in the description below, in order to provide an

easi er 10 understanding of the features, there are cases in which featured
_portions are enlarged for convenience, and therefore the dinmension ratios
or the like of the respective conponents will not necessarily reflect the
actual size. (Perpendicular magnetic Mecording mediun) The per pendi cul ar

‘ magnetic recordin di to which t invention is applied 15has a
configuration, ﬂ?eo*%@ée&ﬁ%y%%ﬁmﬁf‘ﬁaﬁ%mi, in which an adhesi on | ayer
11, a backing layer 2, a first underlayer 3 (underlayer), a second

under | ayer 4 ( thfdetermgiisty laygiincludes hpal aRealleyer 5, a perpendicular
magnetic recording layer 6, and a protective |ayer 7 are sequentially

| ani nat ed on e&dhlhsimdsién for perpendiedarghagnetiviscordpsacsadisghethegbevell).and a

| ubricant film (not shown in FIG 1) is forned on the top layer. FIG 1
shows onliy wdiieh the fivst fuadeelapdr is émy oferPdiaginetare @istieyate 1. Anong
them as the non-nagnetic substrate 1, for exanple, a netal substrate nade
of a etallic Bt Brimddia fupbrpasdiallammagmtiorecandingl accordmmtatieapovarR).a
non-netallic substrate nmade of a nonnetallic material, such as gl ass,
ceram c, ifiwhicoMe asblnt@dV iadulddia, thoPd\¢ andos in amyigbelf Lsteth® 25450 addi ti on,
as a gl ass substrate conposing the non-magnetic substrate 1, for 6

exampl e, didmd¥s possible to use anorphous glass or crystalline glass, and,
furthernore, as the anorphous glass, it is possible to use soda line glass,

al um nosi | i cat ?4%%@&9?0*)%311&15@&: ¥hbhc foBrds R AYBEI 1S 8t abb¥e e ot her

hand, as the crystalline glass, it is possible to use [ithiumbased
crystalli: : t i T IR i ef erably
has an avlésgldgl @E?{pgg%t ﬂg‘ﬁﬁ?&lﬁh{gﬁﬂ. 8 nr@n%géﬁggrgpffeé@%/ﬁéoﬁef erably
0.5 iy or np;(l) | er fromthe standpoint of grow ng the recording density. In
addi tion, Hé* non- magneti c substrate 1 preferably has a fine wave (Wa) on
t he surface of nm or. snal lL.er, and eferably 0. 25 rimor.,.smaller from
t he standpoi nt (gh‘g{’ n}?ﬁﬁ‘?{wrrgcco(gglagﬁﬁ@&egﬁ(gﬂ{ Vel B%aé%/t‘dsl %rév%lg%%tg Berformed with
a magnetic head 10 slightly floated. As such, by flafitenjn e surface of
t he- non- nBgH %’}%HH@P %‘Etrégof‘,hngﬁée%éﬂéf%ﬁr&{% foeafﬁ a8 tile Fho‘%r{irﬁor{ er medi at e
| ayer 5 and the perpendicul ar magnetic recording |layer 6 are increased, the
recor di nga%irﬂjsm%lﬁl‘r@é%icrﬂj’&]eckﬁéﬁé}@? B! g q ‘FB%/TB‘H‘,dI MR ones
possible to performrecording with the head slightly floated. In addition,
si nce t hereRINEHPEYNC substrate 1 is in contact with the backing 15l ayer 2
including Co or Fe as the mai n conponent as described bel ow, corrosion may
occur lYue to thacsordingtorhe inyentins itds Pagsibt Qmeovide apdmesndicylar agaslicf aces, the
di ffusion of substrate conponents, or the like. Therefore, it is preferable
to provi decbtigngmbdivingn whigheby fiormives wewnderliner ivma fegrlayeled ssutieer ate 1 and
t he backing layer 2. Meanwhile, as a material for the adhesion | ayer 11,
f or exanptempoésediofa s snderleydrdemgpmdpe-stnatirgd slisvdeyer @reludd@marcr al l oy, Ti, a
Ti alloy, or the like. In addition, the thickness of the adhesion |ayer 11
i s prefer delgru2tuned demémngds beastchomred elpmefiteaaid sec3@ unidenlagyrer swhidingra.
The backing layer 2 has a structure in which a first soft magnetic film8,
a Ru fil maw &ng layes eewt patitles aRgBRheCinfan litterh(dakela g qué atpemehdicdlam nat ed.
That is, the backing layer 2 has a structure in which the Ru film9 is
i nt er pes echRREHWERPrHME 15RE tfordIRGNEBE Lddrial¢Fba Sarfdld sikf dBGiHukiah istuhefosqf t
magnetic films 8 and 10 on and below the Ru 7 '

and an orientation is improved; electromagnetic conversion characteristics are excellent;

and the demand for the recording density growth can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

S
wn

FIG. 1 is a cross-sectional view showing an example of a perpendicular magnetic



film9 forman anti-ferro coupling (AFC) bonding. Thereby, it is possible
to enhance the resistance agai nst external nagnetic fields and the

. resistance against the wide area tack erasure (WATE) phenonmenon, which is
~an intrinsic problemof perpendicular magnetic recording. 5The first and
second soft nmagnetic filns 8 and. 10 ihclude, for exanple, a CoFe alloy. By
using a CoFe_alloy for. the soft magnetic filnms 8 and 10, it is possible to
real i ze HRIHR %glﬂmét)ﬁvé‘??hﬁh%%?‘}t@nﬂ?%?18%nsi ty Bs (1.4 (T) or higher),
and, by using the first underlayer 3 and the second underl ayer 4 as

descri bed bel oWIG.i2tis & perppssyehyiew skovibe an xampbeel mmagnstie Fagpidzand

reproduci ng characteristics. Meanwhile, when the first and 10second soft
magnet i ¢ réprodmigs apparatld teawkich trerredkntipn isiappldef er abl e t o f orm CoFe al | oy
films by the sputtering nethod in a state in which the magnetic field is
applied in the radical direction of the non-magnetic substrate 1. In
addition, it is preferable to add any of Zr, Ta, and Nb to the CoFe all oy.
Thereby, it becones IBRIDED DESERIMIONOETHEINWENHON of the CoFe al |l oy
becom ng 15anor phous and inprove the orientation of a NNWalloy. In

addi tion, the appuMieRh ppendidularditbnblc AdelAthetRediltf abDE thagddioy i S
preferably in a range of 3 atonfoto 15 aton?g and nore preferably in a

range of réco?&iﬂg%& &Eéoqggﬁggﬁ'iar&ﬁ@ 1 SRR M ifenftén 1 rhp%)lh\%, wafee dkéredi s

.S
preferably in ran tomboto 60 atonPe When the content of Fe is

| ess tha olay:10 t Liansmgnetic flux 20density Bs of the backing
| ayer 2 ?géaégreas%%F&\?\i}%éﬁé%“ncﬁs’ preferable. On the other hand, when the
content of Fe exgeeds .60 atonts : [ QF i stance, of t:ne backing

S5 O550TuRE: Gk e LORHFOGT Q3400 RS 8106 Bles

| ayer 2 is det s no e thickness

of t backi ng l.ayer. .2 i referably in a..r of 15 nmto and nore
pr ef gﬁabl‘ﬁl Fﬁgaﬁdpér?&gleg‘fa%‘fgs’ i gegéeﬁ?ﬂwwgge%ﬁﬁ%c{ ?%ﬁ% Snaé%%nlaggedt% backi ng
25l ayer 2 is l.ess than 20 nm .it i.s not possi.ble.to sufficiently absorb
magnet i ¢ ‘%olnﬁ?é%ncﬁ%’gm %e PWég]‘?rQ’é‘}‘Fﬁf‘P‘&rar‘ilé’égr é‘Sﬁ“?ﬁB{tﬁlﬁéﬁSg@C@é{ﬁﬁﬁpoﬁ "ritten
sufficiently, and thus the recording and reproducing characteristics are
det er i or aVBHROtRRTEsriicreheat ther skt B e. On the ot her hand, when the

t hi ckness of the backing |ayer 2 exceeds 80 nm the productivity is

si gni f i cafetpendiceleemagngtic epring Medw) preferable. 5l n addition, in the
backing layer 2, by form ng an anorphous structure in the first and second
soft magnetic fThemsrBndindari®agretic resorsirgmediemtte whichfeninventien i arphetk
roughness Ra from coarsening. Thereby, it becones possible to reduce the
degr €& of hdsl oamniiggratdn, fdrexamplesdsi sbowe &df1Gahdn vihieh dotadbesiarniexsr pbssi bl e to
further increase the recording density. 10Here, when "Hbias" is defined as
an i ndex battireAtyarg, 1 fisst cerieger Gf(utded apdtl; alsesvdid mgddriayetve(ufdareyerhrad second
soft magnetic films 8 and 10 whi ch conposes the backing |ayer 2, the

backi ng | ay&mediaps lafe 5adpatpdmiscutnr walghieticakcdriing fayef 6,80d 6 Petecdre lagergler , and
preferably 300 (Ce) or smaller. Thereby, it is possible to increase the
external ARGBGIdnEally @inthatedDnHac6FboatSlra0es oA Tonfeginstiedubsratd 1) ahdhe " Hoi as, *
since the saturation nmagnetic 15flux density is defined as Ms, and a
magnetic filcthtMitn& @A inaiaue) i9forideg of Metbpidyen Ma@Nedhb®s bhiyynelensity Ms
is defined as Ms/2, it is possible to satisfy the above val ue of Hbias by
usi ng»d he teri irst and second soft magnetic filns 8
and 1%6 sosvtﬁﬁ%%é%{%@hi%?ﬂee‘[{s%ug%&%hfé Ru film9 provided between the soft
magnetic fil ms m;sg trge%ﬁhfm@%@!ﬁ.n&a%naﬁ QbRIRILUET (RRE, b etk AR3Sat f OF

exanple, 0.6 nmto

made of a metallic material, such as aluminum or an aluminum alloy, or a non-metallic

substrate made of a nonmetallic material, such as glass, ceramic, silicon, silicon carbide,

or carbon, may be used.

R
W

In addition, as a glass substrate composing the non-magnetic substrate 1, for



20l n addition, the first and second soft nmagnetic filns 8 and 10 preferably
have a Hbias of 10 (Ce) or snumller, and nore preferably 5 (Ce) or smaller.
~Meanwhile, 1 (Ce) is equivalent to about 79 A/m The first
under| ayer 3 and the second underlayer 4 are provided to control the
~orientations and crystal sizes of theginternediate |ayer 5 and the
per pendi cul ar magnetic 25recording |ayer 6 provided thereon, and are
provi ded examplediérs ossibla ¢y egsmorpteus glapeer serstilling gass codprtbenmond. as he
magnetic flux generated fromthe magnetic head to the substrate surface and
i n order th®arhophduarglass,ivie@gbssilfle 1o tshsodarlinengladsi dnmofostliogte girgs et iheat i on i n

t he perpendi cul ar magnetic recording |ayer 6, on which information is
- recor ded,likeN'whicH iafeR8inin@nlyP@ed e NOh ¢hd dlierhand, Aethaerystatigieailass, isighst rate 1.
That is, the reason why it is b5difficult to achieve a perpendicul ar

ori entat iJQJ's‘siBl@ 16 & 1MERSSEE &roaRigid\dadsay B 1R¥en when the internediate
| ayer and the magnetic recording | ayer. are provided directly on the second

soft magnetic frigl MhlfhashdieQubdiiSLHRRtdPhds 2AR0A8Ed Gurfabd MudfhdoRagh
anor phous structure. Srnce a NNWalloy i's used for the underlayer, it is

ossi bl e opar. i ) i Qi ng,: GELOW N
one st rac B b B o Bt g
along the ¢ axis _on t er | aye P- A 7- . sult of
st u d)g/i ng TREQKS kngscisg%ntpr e\l;lgl Btldﬁlglog. tg¥ (r)n-gnsa}g_ﬁ“ertl%fsu&tragol pr%‘ié%ﬁ?}aﬂas a%negvarvg :

d ona ef rnenent’, ofrm si Z
di stribution, and inpray orientation of.t st al ti.cles in the
per pendi c(:}x?agronﬁ}&egﬂ’é ec&rogg%rf’d)lr ﬁ@aﬁ%yaénrra Rrefera Jioﬁ%nr{nf%srf{% $t ifrﬁ‘B’r%?/errent in
t he under!l ayer. 15i ncl.uding.a NiWall oy, the present,inyentors.found that
Lhe above ot hensER SEurig deBr Tt g C P LyBEd PR BAEae T or o4

structure of an fcc-structured alloy layer including an fcc-structured -

el enettt afightly featedt ARER-&Y Qﬁ“@ﬁ’é‘ﬁ%ﬁ‘ ace qfithgnanrgdency stbstratads tieason i s
considered that, by providing an fcc-structured alloy |ayer including an

f cc- st r uctrystelcprishisienstin Hrednigrpediatg davac? addde apreprditulds anagaelic reprdiffor phous
structured 20second soft magnetic film 10, which conposes the backing | ayer
2, and t hiayed 6/graincopsddathe rearding gndvgptodyciagcliagactasistieioare iraprovafeanshiipes of
the fine crystal particles of the NWalloy mainly having an fcc structure
ar e furt hiescosteapbspibieap medornaredotdireg vpidle the bkasl Sightly foated.i buti on of the
crystals of the NWalloy is also nade to be uniform As such,
by i nproving t He addiyist,aincs tireumntnagnefic sutbstrae ¢ dnid condetrwigythe bdckingc| udi ng 25a
" NiWalloy, it becones possible to realize a perpendi cul ar magnetic '
recor t§ ngiavect eluding@d dt Pefak eie Gy Sbdbofat 4d deb@ibed Belbhpcdritshimayi at e | ayer
5 and the perpendicul ar magnetic recording |ayer 6 | am nated on the second
under | ayepbcdh Gué ®f théaduencd oPp asst drhdistbicZ@taglied td ho Winifaas, ithe diffuéion 63 and an
orientation is inproved; electromagnetic conversion characteristics are

excel | ent suRhskelchRpsRIRNG tholikd. herHeRgomdit RprétenBblety pifvetthe £Bsibe
5achi eved. Specific exanples of the fcc-structured el enent that conposes

the first Lafderayen IQJn-llthEnéti?\é@&ruja&rl A8 dBackitl 1ayBN2. Pdleadihile! 4 Pt Au,

and Al, and specific exanples of the bcc-structuréd el enent are V, Cr, Fe,

No, Mo, ngna}{!ria??&t@ adhddiéh 1‘%9&'1%% fogg;(é{ﬁ}tﬁg, £l BURIie {ogigﬁﬁiaf&é%])?staletéﬂhgﬁent

formng t CC structure 1n"a stable state, , 1 ar

bce- 356 uc%"&r%ﬂog l’lei,rzgeﬁ tallcl;y('?fo%a R lltkg af)y aedldﬁ{g?xptthe th%lme&%ftﬂ?eead%gﬁoé fagié%'cltl ure in a

is preferably 2 nm or larger, and more preferably 30 nm or smaller.

The backing layer 2 haé a structure in which a first soft magnetic film 8, a Ru
film 9, and a second soft magnetic film 10 are sequentially laminated. That is, the
backing layer 2 has a structure in which the Ru film 9 is interposed between two soft

25  magnetic films 8 and 10 so that the soft magnetic films 8 and 10 on and below the Ru



stable state. Although it has been known that Ti fornms the hcp structure in
an equilibriumstate, when the layer is fornmed in a non-equilibriumstate
~(rapid cooling state) by, for exanple, a sputtering filmform ng nethod, Ti
may formbcc structure as 13-Ti .to be in a stable state. 15Preferable
al l oys conbining the above el enents are a PdV alloy or a CuWall oy having
the fcc structure, in which the anmount of Vin the PdV alloy is

parti cul afimy forefeesdifatrd coulii@IRC)Gondingt OThertlsy, A% RssibRoto aiitdntost
preferably in a range of 40 atontoto 50 atontgy and the amount of Win the

CUW al | oy Rsiddhdd dabindd dxYerRA1 ARk fieldshnd theRGiStalle sba@biARYIR AL at ontg and
most preferably in a range of I0 atontoto 15 20 atonto : The

thi Cknesstaﬂéerm?e VA pRBAGhe RN Shish 1ssan9ﬁ@1fn§1r @Amm Bf GrpedBRelapf 1 nmto 5

nm Wen t thic ness of the first underlayer 3 i1s less than 1 rim the
effects ﬁéhﬂ gﬂllon become insufficient, and thus the effect of naking
t he crysta? |ane of the N|VVaIon | ayer in the second underl ayer

refi n%d and un grﬁISt SCC %PS Xga%.lrgﬁl(tf Eﬁléo§ QI'?C[ annfélﬂe %c?r%en %é C%péCkneSS of

the first unde?%ayer crys ST 7es Of second 11
derl 4 i, i t f bl th
mder| g § e e PASE MG I eggﬂemfrﬁéaagd%owwwle%e Content o

Win the N W al r ef er abl 3.ato /6to 10 .at nwb When
the cont &l 126@1\4@1 W%@WW)&P? ég}k fensigy BREF4 (BN Waher) e bbRyA® or e St han
10 atontg _the effect of controlllgg%the orientation and crgstal S|ze of the
per pendi clifsandgagyised red heceradAgIsHRYRIRS desergr Ralod: tiHrosHbledo Abet

preferable. Meanwhi | e, for the purpose of reducing the crystal si zes
and i ncr eawPiy redoedieg prd @pmyng\pmﬁaa&rww Megntwhgle wdiepdhe st are
intermediate layer 5, it is possible to add other elenments to the NNW

al | oyl0 Foseceodaa@ﬁlreasznemﬁlmﬁeii i Posefoomed. dths pireferablago formpdioke alpy Bkms B, 10Mh,
or the like may be added, and, in this case, the content of B and M is

pr ef er abl iy the apme%xg)met}mdsin aantt immfe:hpheﬁmgmhicﬁe]ld iatppidal dn thewadical | n
addition, for the purpose of increasing the consistency with crystal

| atti ce sdizerdowbdf thbRon-fiaghdtRbubsttd layer 5, it is possible to add Ru, Pt,
Mo, Ta, or the like. In this case, the content of Ru, Pt, My, and Ta is
preferably 40 aghao®nied, il i peferable 1o addamBoof Zr, ML £nd NbHhBe CHFcAgss of the
second underl ayer 4 is preferably in a range of 2 nmto 20 nm When the

t hi cknessTRérclNR be@RRIGoskTSEIE id 2e¢Eleratt th@ Fid@é@ dfiiCaleniby bddnid ect s becone
insufficient, and thus the effect of i ning the crystal dlaneters cannot

be obiai n@&l@ ane &xﬁ@mﬁx’o‘v@'ﬁﬁ@éﬂeﬁﬂtlbx%ﬁl Nmrchﬁbﬁr | 181234166, (MYUrEdunk Sf
er

pr ef er abl e. the ot hand, when the thickness of the second underlayer

4 exceeds 20,350, Aiies GIASEBEe BIAGS pRISAPLNCEEROBEh VOB 5%, and

preferable.’ e interned ate | ayer is a layer ormng the

per pendi c £ 0 o Crystals oriented along the c
axi s, andﬂ{gémg?%& H5§Ur ég.haéﬂéqgone ape Such an |nterned|ate | ayer 5

can be f or med |nc f. the, Ru all oy can
i ncl ude a RuCoby con e of’l%'&fl ae] {lol*ae alloy %remllz‘x%r?r q%b / to 6§nd
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20  density Bs of the backing layer 2 is decreased, which is not preferable. On the other
hand, when the content of Fe exceeds 60 atom%, the corrosion resistance of the backing
layer 2 is deteriorated, which is not preferable.

The thickness of the backing layer 2 is preferably in a range of .15 nm to 80 nm,
and more preferably in a range of 20 nm to 50 nm. When the thickness of the backing

25 layer 2 is less than 20 nm, it is not possible to sufficiently absorb magnetic fluxes from



atonfo or | ess. The thickness of the internediate layer 5is 30 rim
or smaller, preferably 16 nmor snaller, and preferably 5 nmor |arger.

. Wien the thickness of the internediate layer 5 is thin, the distance
.between the nmagnetic head and the backing |ayer 2 becones short, 5and thus
it is possible to nake the nagnetic f%ux fromthe magneti c head steep. As a
result, it is possible to further reduce the thickness of the backing | ayer

2, and t RlSmhinele GOMES tRAASh Rhthot Be WHRER VETLBRIDEROMUES ik irdcbrdiddend _
per pendi cul ar magnetic recording |ayer 6 is conposed of magnetic filns in

uhi ch 1 NG GaRA SR lrTRI BRI dfRoL A0, eIl h&gfgeéaelet NBHREL BEAdLAY] ar
direction ot substrate surface. The perpendi cul ar magnetic recordi ng
| ayer 6 incl udes. . t her . . QX1 . Cr, B,
R T R e LR T
character'stica.,hn addktifn gxanpl es of the oxide can include Si02, SO
Cr 203, CoETeANSo%NIh iV PSIEE | i ke, The vol ume fraction of the oxide in

t he perpendi cul ar netic recordin ayer .15 6 is preferabl 5 volume%to
40 voBunsts  ands FERETH LS R 195 do P HEHEG S8 SRR SR AT B he ol ure
fraction of the oxide is |ess than 12 vo] ume% the SNR characteristics
becone | n¥staLsEeoRg sothpagreticdime e apd P.db Bpeesiblede RpnbReH¥end, when t he
volume fraction of the oxide exceeds 40 volume% it is not possible to
obtai n a tevghnepsRa fromcearssangg h Therepsd peasamenpospiplgro respes thedgeraensi ty, which
i's not preferable. 20 The new creation magnetic field (-Hn) of the

per pendi cliidaging phitheendgoeticdsad. dhd ghus dyhecommey ppsgiblefie futheyinpregse(tk©e) or hi gher
and 3.0 (kOe) or lower. When the -Hn is less than 2.0 (kOe), thernal

f | uct uat i mpordmgulessitywhi ch is not preferable. The thickness of the
per pendi cul ar recording layer 6 is preferably in a range of 6 nmto 20 nm
For edanpl e, wiare tvwient‘Hbzkhie dsfindd maandxdedéndjcating thardepeeg ef thesARM t hi n t he
25above range, a sufficient output can be secured, and no deterioration of
OW 13 chgdndgiggh iigd fireiSan0 §€doh& sofMhiagieticSilime 8fad abivliich composes Hbacking

per pendi cul ar magnetic recording |ayer 6 can have a single-layer structure
or a strugleie tfbatiBg BierDprefetdYehs dwle: ITHHRIERD ab8) dflargéd 4imar ent
conpositions. The protective layer 7 is provided to prevent the corrosion

of the peppendieYdRIOY oFBENRE | CTHREY! i 1DsEble N cRhRANS SxtBmEMEibheslaMage to
t he nedi um surfiace whén the nagneti ¢ head contact with the nedium It is

possibl e L4y t&cgaﬁgh%gmmkmhw an YR! LBk OWh B BleRhh R tion Indoh&id el at ed

art, for exanple, , or Zr02. The thickness of the protective |ayer 7

'S depd 1 aBly DI lchE: 1AI0Gn0h nholid £18 WAL Ge BARARALA! of a hi gh

recordi ng density, etween the magnetic and the

medi um 10sur f ace, can _be \red e FQLs [ t Ll ated on
the top | amférrlef%lci W gnsﬁtgsl\é? gllégﬁg%l aﬁ%s' %’ I&éslq%gsﬁéllg\?\%gaﬁa élgr%eia%hovlg #‘lﬁgpr el at ed
uoy i nat.ed.al cohol quorHBated

car boxyl | BT wopE Tt BRI it BRLEPR R B RR gt R
cpparalus), BEFLOLAS SERTON 10, S crall e o1 8 IROEL £, 15507 O o

is made to be a predetermined thickness (for example, 0.6 nm to 0.8 nm).

20 In addition, the first and second soft magnetic films 8 and 10 preferably have a
Hbias of 10 (Oe) or srhaller, and more preferably 5 (Oe) or smaller. Meanwhile, 1 (Oe)
is equivalent to about 79 A/m.
The first underlayer 3 and the second underlayer 4 are provided to control the
orientations and crystal sizes of the intermediate layver 5 and the perpepdicular magnetic

25  recording layer 6 provided thereon, and are provided in order to increase the



The magnetic recording and reproduci ng apparatus is provided with a

per pendi cul ar magnetic recordi ng medi um 50 havi ng the configuration shown
in FIG 1, a nediumdriving section 51 that rotary drive the perpendicul ar
magneti c recordi ng nedium 50, a magnetic head 52 that records and
reproduces information on the perpendigul ar magnetic recordi ng nmedi um 50, a
*head driving section 53 that noves the magnetic head 52 relative to the

per pendi Ccpdrpénditalin @brhforeRCENtEE MPgiiatid ifufgbikratad Gom the Rkt headd the
reproducing, signal processing section 54..1n addition, the recording and

repr oduci ffhs$ate Bakach ERERSH ARG £RGE QRondly Hodhe PFHOASSH &tat@m lefibatiofl 1 Nput
fromthe outside 25and then transmt a recording signal he magnetic

head gl d d
then t 1 antms PABFERSLR pigRIRIUSBRg "‘ﬁéré?@dﬁﬁ"@é*“ﬂ@%ﬁgﬁ%&%ﬁﬁ5 o o
repr oduct g, ARRALALUS.AS ISR AB LAY ERLEAD) spgag@r, edead ALGAL Lo

satisfy t ran a i0 a gro I'ng denS|ty of the
| t et I d that
s Boxter PR P e PR GRRo R R Beaiiele 2 lrtghéf%gy%e' Acul ar
t di d. Addit | | ndi cul
Taonet | ¢ PEUPERG BT e ol e et SRl R gnet f o pol e

head, the bac | ayer provi ded en t he. non-magneti c substrate 1
and t he péffcs%ﬁfaqu’gt} t‘ﬁﬁg‘ﬂég sgcy é@éﬁ%ﬂnﬁao Fpgrets g lhas gnpmpgmboes t he
efficiency of the transportation of nagnetic fluxes between the single 10
magneti c p&IEBead and the perpendi cul ar magnetic recording | ayer 6.

In addition, in the nmagnetic recording and reproducing apparatus, it is
possible to useSmP@aNa\gr@Bt)Y@qﬁefhﬂ)rﬁzﬁ widedayenaisis passitde todprmduci ng el enent, a
gi ant magnetoresi stance (GWR) elenent or the like with the GVWR effect and

i s not@ spempeidliaildronagnétec tecqtingdayer ty gy vwdenbip-sirucibéthmagreds eaticlenvent i on i s
not necessarily limted to the above enbodi nents, and a variety of

nmodi f i cat hevisg e aighbendetged ovietthiing dlwe he opeis@h thdnwnderiventseon. For
exanple, the invention can also be applied to a perpendi cul ar magnetic
recor di ng JredRoom-i719598) cAsthesuaf pridding bbarto BelgaRithe addtsnalicfigerth@yer 6 has
a magnetic recording pattern, the magnetic recording pattern being

nmagnet i calhiforse§iad @bteiButict) SRERiprowaloriéntafén 6f tHeEREk] Sarfi@ehdhdg Medi um
having a magnetic recording pattern, it is possible to use so-called

pat t er ned pEREhd@culhr ¥k GNreBorABGNSdr ¢n ARGRIHD ek iBRkdRETRnd 5 1 SReasd Wi th a
specific regularlty for each bit, nedia in which a magnetic recordlng

pattefs '%néﬂﬁcﬁ%&ﬁﬁw'aﬂoﬁ the l_@%é%ﬁfh%@;ﬁors%d%&%ﬂé Mv@?éﬁavﬁalﬁeg'ﬂ | pattern,

or the like anpl es el nafter, the effects e 1nvention wll be

further cl lttagu?téér&g RIS ayerd s lRErP bPSFALrBMERE LA fafernOf 1M L ed

to the exanp can be appropriately t he scope of

the i nvemnllccfﬂ'dl{tf In RE @‘&%&t&x@k eldBnt and a bcc-strtx&u{eG% e%e?xﬁgtdt dﬁ@"ﬁ Iavf : r St Ly,

g
as a non-nagne C substrate, a g ass substra

i nches) pl aced | etron sputter
(& 5030, "mheRraRE i afkidsi o da b PR o f‘%%ﬁ&rﬁa < ifl “‘?%ng Shamber
was exhau ted to uuntof 1.,x 105 Pa, On t ass substrate, nmt hi ck
adhesi on TS EFCHES %aﬁl ) SR Y % elfetedfioih Moy SReroleis s dednmt. and
t he cg ent of T was aton@%ﬁﬁe 20 nmthick first soft magnetic film

i nclu Png s9aqng s f@ﬁ%ﬁﬂc fﬂ?rlo ceeﬁeseeétﬁ £ingfavep2 488 thelNgy aie% t he

cont ent of Fe was 20 aton?g the content of 10 Zr was 5 atontgy and the

cont ent oflayds maidy havinsoamdee seuqurs. hershapee ol theifing ervstalpsetichesad thaihi ck
second soft magnetic filmincluding 71 Co - 20Fe - 5Zr - 4Nb were forned so
as to for rallay b@éRy heyinggreice sirpctygg graciorhern siebly foymodpnd Hetpartiede Bzey st al

structures of the soft magnetic films were .an anorphous structure.
distribution of the crystals of the NiW alloy is also made to be uniform.

As such, by improving the crystal structure of the second underlayer 4 including

25  aNiW alloy, it becomes possible to realize a perpendicular magnetic recording medium,



Next, on the backing layer, a 2 nmthick first underlayer having each of
the 15conpositions and the crystal structures shown in Table 1 was fornmed,
.and, on the first underlayer, a 10 nmthick second underlayer including a
Ni Wall oy having each of the conpositions shown in Table 1 was fornmed. On
t he second underlayer, a 12 nmthick jonternmedi ate | ayer including Ru was
*forned, and, as a perpendi cul ar magnetic recording |ayer, a 10 nmthick
60Co - 1@Cwhich2BRtal parfiCiEs ixhe aytetnediack layed Srand the mkpenbicolar migetic- 2014Pt -
3B layer were fornmed. In addition, on the perpendicul ar. magneti c recording

| ayer, ardeoRithd Riveds Iamdiael dnviBle kétwad uhdRelhytdiafgre6aéb Apan@se digy med by the ion
beam net hod, and then a lubricant |ayer including perfluoropol yether was

formed by;dutidh PPIRSHEIHACR, orlcRRFERY i&?m‘b&i dMtrAmABk R REEHiG hagneti c
recordi ng medi um of each of Exanples 1 to 22. 25In addition, on the nedia.

for per p%ﬂ&ljaﬁ?tla'x'is%{cs E%QQ%Hieﬁt- 5RE HeHeREn®for BT ER g deg{xs:?tg ( % 2an bd1€

eval uation of recording and reproduci ng character SNR) and
resoI?ti%g g racteristics (Res, which is a ratio of a | owfrequency out put
(y) at 620 to a high-frequency output (x) at 372.39 Mz ((x/y) X

sivgnal & 1 mor SPRer iRl MR PEL ROk bR B c L L re
S AR SRR IR, KPR SR
examples of the bee-structured element are V, Cr, Fe, Nb, Mo, Tg, W, and Ti. The
fec-structured element refers to an element forming the fcc structure in a stable state, and,
10 similarly, the bee-structured element refers to an element forming the bec strucfure ina
stable state. Although it has been known that Ti forms the hep structure in an
equilibrium state, when the layer is formed in a non-equilibrium state (rapid cooling
state) by, for example, a sputtering film forming method, Ti may form bce structure as
B-Ti to be in a stable state.
15 Preferable alloys combining the above elements are a PAV alloy or a CuW alloy
having the fcc structure, in which the amount of V in the PdV alloy is particularly
preferably in a range of 1 atom% to 65 atom%, and most preferably in a range of 40
atom% to 50 atom%, and the amount of W in the CuW aﬂoy is particularly preferably in
a range of 1 atom% to 40 atom%, and most preferably in a range of 10 atom% to 15 |
20  atom%. |
The thickness of the first underlayer 3 is preferably in a range of 1 nm to 5 nm.
When the thickﬁess of the first underlayer 3 ié iess than 1 nm, the effects of the invention

" become insufficient, and thus the effect of making the crystal diameters of the NiW alloy

layer in the second underlayer refined and uniform is degraded. On the other hand,

N
w

when the thickness of the first underlayer 3 exceeds 5 nm, the crystal sizes of the second
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underlayer 4 are increased, which is not preferable.
In the invention, the second underlayer 4 is including a NiW alloy. The content
of W in the NiW alloy is preferably in a range of 3 atom% to 10 atom%.
When the content of W in the NiW alloy is either less than 3 atom% or more
5  than 10 atom%, the effect of controlling the 6rientation and crystal size of the
perpendicular magnetic recording medium is degraded, which is not preferable.

. Meanwhile, for the purpose of reducing the crystal sizes and increasing the
consistency with crystal lattice sizes of the intermediate layer 5, it is possible to add other
elements to the NiW alloy. For example, for the purpose of reducing the crystal sizes, B,

10 Mn, or the like may be added, and, in this case, the content of B and Mn is preferably 6
atom% or less, and more preferably 1 atom% or more. In addition, for the purpose of
increasing the consistency with crystal lattice sizes of the intermediate layer 5, it is
possible to add Ru, Pt, Mo, Ta, or the like. In this case, the content of Ru, Pt, Mo, and
Ta is preferably 40 atom% or less and 1 atom% or more.

The thickness of the second underlayer 4 is preferably in a range of 2 nm to 20
nm. When the thickness of the second underlayer 4 is less than 2 nm, the effects
become insufﬁ.cient, and thus the effect of refining the crystal diameters cannot be
obtained, and the orientation is also deteriofated, which is not preferable. On the other
hand, wheh the thickness of the second underlayer 4 exceeds 20 nm, the crystal sizes are
20  increased, which is not preferable.

The intermediate layer 5 is a layer for forming the perpendicular magnetic layer
into columnar crystals oriented along the ¢ axis, and the growth surface has a dome shape.
Such an intermediate layer 5 can be formed by including Ru or a Ru alloy. Examples of
the Ru alloy can include a RuCo alloy, a RuAl alloy, a RﬁMn alloy, a RuMo alloy, and a

25  RuFealloy. The amount of Ru in the Ru alloy is preferably 50 atom% or more and 90
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atom% or less.

The thickness of the intermediate layer 5 is 30 nm or smaller, préferably 16 nm
or smaller, and preferably 5 nm or larger. When the thickness of the intermediate layer
5 is thin, the distance between the magnetic head and the backing layer 2 becomes short,
and thus it is possible to make the magnetic flux from the magnetic head steep. Asa
result, it is possible to further reduce the thickness of the backing layer 2, and thus it

“becomes possible to improve the productivity.

The perpendicular magnetic recording layer 6 is composed of magnetic films in
which the easy axes of magnetization are aligned in the perpendicular direction to the
substrate surface. The perpendicular magnetic recording layer 6 includes at least Co
and Pt, and, furthermore, an oxide or Cr, B, Cu, Ta, Zr, or the like may be added for the
purpose of improving SNR characteristics. In addition, examples of the oxide can
include SiO,, SiO, Cr03, CoO, Tay0s, TiO,, or the like.

The volume fraction of the oxide in the perpendicular magﬁetic recording layer
6 is preferably 15 volume% to 40 volume%, and more preferably 25 volume% to 35
volume%. When the volume fraction o.f the oxide is less than 15 volume%, the SNR
characteristics become insufficient, which is not preferable. On the other hand, when
the volume fraction of the oxide exceeds 40 volume%, it is not possible to obtain a
coercive force enough to respond the high recording density, which is not preferable.

The new creation magnetic field (-Hn) of the perpendicular magnetic recording
layer 6 is preferably 2.0 (kOe) or higher and 3.0 (kOe) or lower. When the —Hn is less
than 2.0 (kOe), thermal fluctuation occurs, which is not preferable. |

The thickness of the perpendicular recording layer 6 is preferably in a range of 6
nm to 20 nm. For example, when the thickness of an oxide granular layef is within the

above range, a sufficient output can be secured, and no deterioration of OW

Elic 1
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(;haracteristics occurs, which is preferable.

The perpendicular magnetic recording layer 6 can have a single-layer structure
or a structure of two or more layers made of materials of different compositions.

The prbtective layer 7 is provided to prevent the corrosion of the perpendicular

5  magnetic recording 6, and also to prevent damage to the medium surface when the
magnetic head contact with the medium. It is possible to use a material including a
well-known material in the related art, for example, C, SiO,, or ZrO,. The thickness of
the protective layer 7 is desirably within the range of 1 nm to 5 nm from the standpoint of
a high recording density, since the distance between the magnetic head and the medium

10 surface can be reduced.

For the lubricant film coated on the top layer, it is possible to use a well-known
material in the related art, for example, perfluoropolyether, fluorinated alcohol,
fluorinated carboxylic acid, or the like.

(Magnetic _recording and reproducing apparatus)
15 FIG. 2 is a view showing an example of a magnetic recording and reproducing
apparatus to which the invention is applied.

The magnetic recording and reproducing apparatus is provided with a
perpendicular magnetic recording medium 50 having the configuration shown in FIG. 1,
a medium driving section 51 that rotary drive the perpendicular magnetic recording

20  medium 50, a magnetic head 52 that records and reproduces information on the
perpendicular magnetic recording medium 50, a head driving section 53 that moves the
magnetic head 52 relative to the perpendicular magnetic recording medium 50, and a
recording and reproducing signal processing section 54. In addition, the recording and
reproducing signal processing section 54 can process dafa which is input from the outside

25  and then transmit a recording signal to the magnetic head 52, and process a reproducing
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signal from the magnetic head 52 and then transmit data outside.

In the magnetic recording and reproducing apparatus to which the invention is
applied, in order to satisfy the demand for an additional growth of the recording density
of the perpendicular magnetic recording medium, a single magnetic pole head that is

5  excellent in terms of a data-writing capability on the perpendicular magnetic recording
layer 6 is used. Additionally, in the perpendicular magnetic recording medium, in order
to support such a single magnetic pole head, the backing layer 2 is provided between the
non-magnetic substrate 1 and the perpendicular magnetic reéotding layer 6 so as to
improve the efficiency of the transportation of magnetic fluxes between the single

10  magnetic pole head and the perpendicular magnetic recording layer 6.

In addition, in the magnetic recording and reproducing apparatus, it is possible
to use the magnetic head 52 which has, as a reproducing element, a giant
magnetoresistance (GMR) element or the like with the GMR effect and is more suitable
for the high recording density.

15 The present invention is not necessarily limited to the above embodiments, and a
variety of modifications can be added within the scope of the invention.

For example, the inventién can also be applied to a perpendicular magnetic
recording medium in which the perpendicular magnetic recording layer 6 has a magnetic
recording pattern, the magnetic recording pattern being magnetically separated.

20  Specifically, as a magnetic recording medium having a magnetic recording pattern, it is
possible to use so-called patterned media, in which a magnetic recording pattern is
disposed with a specific regularity for each bit, media in which a magnetic recording
pattern is disposed in a track shape, media having a servo signal pattern, or the like.
[Examples]

25 Hereinafter, the effects of the invention will be further clarified using examples.
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Thé present invention is not limited to the examples below and can be appropriately
modified within the scope of the invention for practical use.

In the present example, firstly, as a non-magnetic substrate, a glass substrate
(with a diameter of 2.5 inches) was placed in the film forming chamber of a DC
magnetron sputter (C-3010, manufactured by Anelva Corporation), and the film forming
chamber was exhausted to vacuum of 1 x 10° Pa. On the glass substrate, a 4 nm-thick
adhesion layer including 50Cr — 50Ti (the content of Cr was 50 atom%, and the content
of Ti was 50 atom%), a 20 nm-thick first soft rnagnetic_ﬁlm including 71Co — 20Fe — 5Zr
—4Nb (the content 6f Co was 71 atom%, the content of Fe was 20 atom%, the cohtent of
Zr was 5 atom%, and the content of Nb was 4 atom%), a 0.8 nm-thick Ru film, and a 20
nm-thick secogd soft magnetic film including 71Co — 20Fe — 5Zr — 4Nb were formed so
as to form a backing layer. It was confirmed by XRD that the crystal structures of the
soft magnetic films were an amorphous structure.

Next, on the backing layer, a 2 nm-thick first underlayer having each of the
compositions and the crystal structures shown in TaBle 1 was formed, and, on the first
underlayer, a 10 nm-thick second underlayer including a NiW alloy having each of the
compositions shown in Table 1 was formed. On the second underlayer, a 12 nm-thick
intermediate layer including Ru was formed. and, as a perpendicular magnetic recording
layer, a 10 nm-thick 60Co — 10Cr — 20Pt — 10SiO; layer and a 6 nm-thick 65Co — 18Cr —
14Pt — 3B layer were formed. In addition, on the perpendicular magnetic recording
layer, a 4 nm-thick protective layer including carbon was formed by the ion beam method,
and then a lubricant layer including perfluoropolyether was formed by the dipping
method, thereby obtaining a perpendicular magneﬁc recording medium of each of
Examples 1 to 22.

In addition. on the media for perpendicular magnetic recording of Examples 1 to
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22, the evaluation of recording and reproducing characteristics (SNR) and resolution
characteristics (Res, which is a ratio of a low-frequency output (y) at 62.07 MHz to a
high-frequency output (x) at 372.39 MHz ((x/y) x 100), and shows that, as this value

increases, the reproducibility of signals is more excellent) were performed. The

5  evaluation results are shown in Table 1.



100Ru

46. 44

100Ru Two 100Ru r11100 1 100Ru 100Ru 100Ru

17

uonuaAU SS'Ly o8l - | ™00 MIINY6 a9 _ASTIOSS €1 opdmexy
opdurexa 18°0p 19°61 ny001 MOINY6 00 MOPNO09 | Tl Ajdwexg
TONUOAU]
dcuiEa 851 st 0001 MOIN6 00q MSSTOSY | - T ajdue
sanerduto) . - P
oidurexa £Sby z0's1 001 MYINFG 00q AOLPOE | 01 o[durxg
aaneredwo)) . S
ojduexa 18°SP €r°S1 001 MIINY6 29} AS9PASE 6 oldwexy
uonudAUj _— —
SICUTEXD 6V Ly 16761 w001 MIINY6 20y ASSPASY g 2|durexg
| uonuaany . . -
olduexa SL'L 86°G1 nYoo! MOIN6 00 ASEPASS  aduwexy
uonuaAu] .
UOTIU2AU] o o _ . —_
sjdurexo : 5 n INV6 20 AOEPJOL ¢ ajduexy
S Ly £8°G1 4001 M - _
O—Q—CNXD 10° L LLST 01 MOINT6 29] AOZPI08 14 D_QPEGYM_
UOTJUIAU] . . - . ] J
ordwexs 6170V LSl my0o1 MIINY6 29 AOLP06 ¢ ojdwexy
uoLUIAUY - : .
ordurexa o . o MOINF6 29) AIPd66 7 osjdwexyg
— 15°9% $9°GT 001 Ih ) A B
%E% e 85°sy 1EST 001 MIINF6 %9 Pd | opdurey
aAneRIWIOD N
(%) sog (ap) NS uorisodwo)) uomsodwo)) ampnig uonisodwo))
20N SO1ISLIDIORIBYO .._womm_ Jakepapun Iakepapun
UOIST2AUOD dNAUFLWONIIH Je1pauLIaIuy puo20g ISIL]
| L1 a1qeL]




94Ni 6W

ca, LCz .71- ca., LCz -7 r c.
18

. 1-

., VD z
00

c
1

33.

94N 6WLC Z ' -
94Ni 6W 33]

- aduwe S9'LY $6°S1 m001 MIINYG 00y 0InD06 |z ordwexy
uonuaau] A A A S _ — -
Plduzexa ELY LLST 001 MOINY6 %0 sHPdss | 1z oldurexg
uornuaAu] . _ S .

Plénmexa - S9'LY 68°ST Yoo MOINY6 00 1D0EPdOL | 0T oduexg
UOnUIAU] : o -

| opduiexs . ¢ n i ) IDSIPASE | 61 dqdumxy
. WLy €LSI 00T MOINY6 ) ¢ o1 adumxy
sjdumexs . - ny 1 % IDSPS6 81 ajdwexy
UOTIUSAUY vy v 1951 ) 4001 .B.c.va 1 ) . —
srdurexa : . ! 509 AOSTD0S | LT opdwexg

onedwoy | SEVY Wl 0001 MONFG
ajdwexa . . 1 291 no 91 ajdwexy

oanereduro)) L4 . sl 00t .l.|>>.o.Zvo. i __ -
ojdurexa . . : 1 29 MSRDSE g1 ajdwexyg
HonuAu] 10°9% 1561 001 MIINY6 J . 5
ojdwexd . o n INV6 % MOTBO06 | I opdwexy
wonuaAug 0Ly %5t D o o A
ojduexa




...cc...., O¢c.,.. 00) 03.121 C 1 z- - 50Cu50V 95Pd5Cr 85Pd15Cr

70Pd30Cr 1.1.01 9D06 i Exanple 14 Exanple 15 91 11111113X3 Exanple 17
. Exanpl e 18 . _

19

In the evaluation of recording and reproducing characteristics, recording
frequéncy conditions were measured with a linear recording density of 1000 kFCI using
a magnetic head provided with a single pole magnet in the recording section and a GMR
element in the reproducing section. |

5 As shown in Table 1, among Examples 1 to 22, for Examples 1, 10, 11, 16, and

17, \%/hich corresponded to comparative examples, it was evident that the recording and
reproducing characteristics (SNR) and the resolution characteristics (Res) were low m
comparison to other Examples, which corresponded to invention examples.

Therefore, it was found that Examples 2 t0 9, 12 to 15, and 18 to 22, which

10 corresponded to invention examples have excellent recording and reproducing
g:haracferistics (SNR) and resolution chara_cteristics (Res).

| According to the invention, it is .possible to lbfovide a perpendicular magnetic
recording medium in which, by forming an underlayer into a two-layered structure
composed of a first underlayer being an fcc-structured alloy layer including an

15 fce-structured element and a bee-structured element, and a second underlayer including a
NiW alloy layer, crystal particles are refined in an intermediate layer and a perpendicular
magnetic recording layer, formed on the underlayer, ,a particle size distribution is
uniform, and an orientation is improved; electromagnetic conversion characteristics are
excellent; and the demand for the recording density growth can Be achieved.

20 | While preferred embodiments of the invention have been descfibed and
illustrated above, it should be understood that these are exemplary of the invention and
are not to be considc_ered as limiting. Additions, omissions, substitutions, and other
modifications can be made without departing from the spirit or scope of the present

invention. Accordingly, the invention is not to be considered as being limited by the

]
wn

foregoing description, and is only limited by the scope of the appended claims.



Exampl e 21 19 In the evaluation of recording and reproducing
characteristics, recording frequency conditions were neasured with a |inear
“recording density of 1000 kFCl using a magnetic head provided with a single
pol e magnet in the recording section and a GVR el enent in the reproducing
section. 5As shown in Table 1, anpbng fexanples 1 to 22, for Exanples 1, 10,
11, 16, and 17, which corresponded to conparative exanples, it was evident
that the wgeaes dipgdand reproduci ng characteristics (SNR) and the resol ution
characteristics (Res) were low in conparison to other Exanples, which
corresponded to invention exanples. Therefore, it was found that Exanples 2
to 9, 12 to 15, and 18 to 22, which 10 corresponded to i nvention exanpl es

have excel | gn [ : [ eL

resol ut i n chishEHRRhRL PRl LERGROUELAR CHAARLFR 1Bk £ BpcdhBleep M
possi bl e t rovide a perpendi cul.ar magnetic recardi ng.medi umin which, by
f or mi ng é‘r?g &b Iaﬁﬁmeﬁ?gquetrﬁﬂlaﬁg’regac lﬁﬁ%@l‘fﬁ@ '8 Igl&berof a first
under | _ayer bei, an fcc-structured . alloy |ayer including an -

15f cc2st rsﬁ%‘feﬂpglgy @Wmtonmnamﬁ%l’?y%f‘fhﬂ%?t&r ed el ement, and a second

underl ayer including a NiWalloy |ayer, crystal particles are refined in an
i nt er medi at e | AShsreitaihg barking laxsrdnelides at leaty A eeft magais mMAEvIng#8r | for med on
the underlayer” a particle size distribution is uniform and an orientation
i s i mpr ovasPrplqus struasiregnet i ¢ conversi on characteristics are excellent; and
the demand for the recording density growh can be achieved. 20Wile
preferred embodbaendesaysf inchides m{iesh tndenlayeinad beeqend endariaperdaraineted | | ust r at ed
above, it should be understood that these are exenplary of the invention
and are rfotm the doe-rcggusiicdsibettatasidej mi ti ng. Additions, om ssions,
substitutions, and other nodifications can be made w t hout departing from
the dpirit or shofietwfletidyer praasfeastrianveddliayriayeddmdudnngl fec-stimeuredivent i on i s
not to be considered as being limted by the 25foregoi ng description, and
is only ldlgmédndY btdgrstofrelohedthe appended clains. 20 Wiat is clained
is: 1. A perpendicular magnetic recordi ng nediumconprising: at |least a

backi ng layer, adsddbstidenBier idfudefh BiWadb@taad! ayer, and a perpendi cul ar
magneti c recording | ayer 5sequentially | am nated on a non-magnetic

substrate, the iMMREGLD 14201 RAGKS RA of ARGRIbYICI udes at | east a soft
magnetic film having an anorphous structure, t he underl ayer includes

a first underlayer and a second underlayer |am nated fromthe non-nmagnetic
substrate side,

15 2. The media for perpendicular magnetic recording according to Claim 1,

wherein the first underlayer is any of a PdV alloy or a CuW alloy.

. 3. The media for perpendicular magnetic recording according to Claim 2,
wherein the amount of V included in the PdV alloy is within a range of 1 atom%

20  to 65 atom%.

4. The media for perpendicular magnetic recording according to claim 2,
wherein the amount of W included in the CuW alloy is in a range of 1 atom% to
40 atom%.

25



10t he first underlayer is an fcc-structured alloy |ayer including an
fcc-structured el enent and a bcc-structured el enent, the second underl ayer
~includes a NNWalloy, and the internediate |ayer includes Ru or a Ru all oy.
152. The nedi a for perpendicul ar magnetic recording according to Caim]l,
wherein the first underlayer .is any off a PdV alloy or .a CuWalloy. 3. The
“medi a:for perpendicular magneti ¢ recordi ng according to Claim2, wherein
the anourst @ nYadnBed 1ededirighntl hepriilVinglabpatatus piivided wit range of 1 at ono 20
to 65 atonto 4. The media for perpendicular magnetic recording according to

claim2, wherejp p% ﬁ@ﬁ%a@feuy\fécﬂﬁhdb%@xtrﬁ ak &R dibH W alyl Y of Sldids @ range of

1 aton@bto 40 ato An hagneti c recordlng and reproduci ng appar at us
provi ded wnt the per pendi cul ar magnetic recordi ng medi um accordi ng
to any one bof dains 1 to 4; and a single magnetic pol e head

that writes infofaRY Qg@leé?@p&lyﬁeala%mqﬁés%o%aéomsbérgel{a?&@arrd' ng medi um

5  magnetic recording medium.



