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TITLE OF THE INVENTION Magnetic Recording Medium and a Method of
Manufacturing the Same 5 CROSS-REFERENCE TO RELATED
APPLICATION This application is based on, and claims priority to,
Japanese Patent Application to No. 2006-070492, filed on March 15,
2006, the contents of which are incorporated herein by reference.
BACKGROUND OF THE INVENTION 15 1. Field of the Invention The

TITPIESSAtTIRVENNOVERIZIESNO magnetic recording media installed in various
magnetic recording devices, and to a method of manufacturing the media.

2%@@@%&%&@%@&&% %?&%%tiﬁ@%fmﬁﬁfﬂéﬁﬁﬂﬁg AeESame

recording system" has been applied to practical use in place of

conventional "longitudinal magnetic recording system" for enhancing the
CROBORECH REMUIO ORIy A DE reaprengeaagestzation is perpendicular

25 to the medium surface in the perpendicular magnetic recording system.

A {eHtf n RAMRE GrE GV Ngims YuBrith e inalielea¢sPa3RP N pplication

No. 2066890295 #ﬁga%ﬁmﬁi%ﬁqu,@@@%% D MENNYOFWRRISEE: Héorporated herein
by r&f@gnedic recording layer of a hard magnetic material, an underlayer for

perpendicularly orient the recording magnetization in the magnetic

BACROROHURYEOR PIateeiMeHRYEIRY protecting the surface of the
magnetic recording 30 layer, and a backing layer of a soft magnetic

1. Fleriefshiomsenaeptrating a magnetic flux generated by a magnetic head

used for recording onto the magnetic recording layer. In both longitudinal

a%@q?'f@?&ﬁi SRN BB PE AN ES BBV (TN ALEHRIMB R ANASARKA in various
ma G 1A%y fRLRSs APV PHRINGHEE nid YrchuieH® MagRedia grains

are 35 separated by a nonmagnetic component. Preferentially used
2. Reprelig sergdalsiasgiCoPICr alloy and this alloy with an additive of oxide

for example CoPtCr-SiO2 (Japanese Unexamined Patent Application

P Rlelieatisn ‘NMperperdiGabhagiea paiesid gy sgsrantlings bethispplii to
pradt&aP 065N p238df and viapiiate dngikadimschRgiaic Aqoidatigsystem” for
enhitddligatiemdgn el dTHH N etlifih eTier pectstiding ningaeetiniesd degendicular
to tiygiediuins sifabeadvihetpegrtidadihg mpgrelizaiondihgwiaaiable pépendicular
magieir diegdieng ivddeconiaerbighfer sistamgtytoc firesthed Hucuipbgieisdicular
medieite?) ibanamp lengipedidad Sy stersn eticireighdiagleysiob\a Maadiaipe@tic material,
an we\dilay anfal pegsadicubiidy by o eltburrof digzgragutaizitisel inechdmagnetic
recodtiiiy 4bysiza isrotuttiotidayey for prsteciang thentidie: vegdietiaghysiatecording
layeg)y aidgr GackipdngeOEs Y en oyetad giaitriol fod todoAGAEHE a magnetic flux
gendpitea tion bakvRa0 heagdnstd gsais cidingohed eecther peedicivgodansitiayer.

as disclosed in Japanese Unexamined Patent Application Publication No.

200%d1905hgiandima pate papeasutd Rgsie iy shestaddys) materials of the
mag2Re/fEb623Mg, linfeexakeplea granular structure” in which ferromagnetic grains are
separated by a nonmagnetic component. Preferentially used specific materials are
CoPtCr alloy and this alloy with an additive of oxide for example CoPtCr-SiO, (Japanese
Unexamined Patent Application Publication No. 2005-190552 and a patent
corresponding to this patent: US 2005/0142387 and Japanese Unexamined Patent
Application Publication No. 2004-227740).

The perpendicular magnetic recording system has such advantages that the
magnetization is more stable when recording density becomes higher, resistance to
thermal fluctuation is better than in a longitudinal system, and signals are stably
maintained even in small recording bits. In a medium of the granular structure, the grain
size is controlled by an underlayer, and one magnetic crystal grain grows on one
underlayer crystal grain to reduce magnetic interaction between magnetic grains and
enhance the recording density, as disclosed in Japanese Unexamined Patent Application
Publication No. 2005-190552 and a patent corresponding to this patent: US
200570142387, for example.
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50 1 However, since one bit is made up of a plurality of grains, "transition
noise" due to a zigzag configuration between the bits along the grains
causes a significant problem of degradation in signal quality. This
problem is common in both longitudinal and perpendicular systems, and a
critical factor to limit recording density in the perpendicular 5 magnetic

r%@%é%%@oﬁ@lﬁt%ﬁ%%ﬁ@f&%ﬂﬂ? of %Pel‘?ﬁ@; "paterned noise” due to
a zﬁﬂﬁg'@onﬁg\ﬁﬂﬁ&%&%éﬁ%‘é tﬂf@ﬂlb@%& iR %&f&%'%{éﬁiﬂéﬁﬂi'ﬁ&lem of
deglRAABREHY ?ﬂefﬁ&ﬂ&ﬁﬂr?fﬁﬁﬁ ﬁ%ﬁﬁ?ﬁr@&ﬁﬁmﬁﬁ%ﬁ% P¥egifinal and
per;fe?i@f&%ﬁ%? tehts ,dﬁid_tﬁ'%ﬂi’ﬁ‘é R ek IR B BRI Rg l&eﬁ@ﬁ%ﬁt%’e ppendicular
magheiRRAUGBaY Feedia are expected to achieve higher recording density.

Several techniques appeared recently for manufacturing the patterned

mﬁ@'Q-rﬁeatﬂﬁ_’Wb%ﬁ%ﬁ'@ﬁﬁ@'ﬁéﬁﬁﬁﬁm@ﬁﬁ%ﬂﬂeﬁ%aﬁ‘qliﬁtWhich one dot (one
graiRyaeBseiBg, MriviinRiiagearaifianh ABraonRYtdiis hednikedareiAdkt generation.
BecHNEShe M BEBIRPLYSHSF & RESiBE HH SO LU AASRIANAIZ s eliminated.
So, me%%éﬁw;ﬁﬁ@cﬁelﬁle'@gp&mwﬁeﬁi@emﬁ& medidmsdundyced

(Japanese Unexamined Patent Application Publication No. 2003-16623,

foS@@HP@@mﬁﬁféﬁ‘%ﬁ@%%@efﬁf%ﬁﬁﬁ%{ﬁﬁi&ﬁm@'ﬂﬁ@é%&t(@ﬁ@hﬂl@&?a. A
typi@éldeﬂﬂﬁﬁﬁé“ﬁ’{ﬁﬁ\é@t&cmﬁq{ig'ﬁl@@ﬁﬁﬁ@hEﬁl@W?ﬁHﬁ 5 klapanetRirate or
a miBRXRARR G RAREABBY EH U RARIGRHER-NRor? 048l P64 ARG PAENRrough a
plarfa?%%gawaags%ﬁﬂsa&g@ﬁm{é 3%%%&0&%% R 9911834202,
(Jap b SE0MIRnfil dpePRALR APPSR TRENCAEM REY A5BESL 90t raSample).
AndiRAUEREH GROYS Y AMEe RS IRYAINBRIC M 4R SRE IR RHEPRIVENOHYRS 8RN
magheieFhalligaPEBGH T iTnheNe LR RS0 BRH ALRNIRNAHRRI P ASIMRYShlication
PubBtQERISNB. 209K SR Ae REATIESI SBRIRKEIAMS PIRSRNI Y IS
200720088165 1:48 169 Yla0y AUSIgss e dQlspfiycumferential and radial

directions. The semiconductor process mentioned above is not impossible

to AP PHERR rRedAheatieRA v S RLREF a RANEUL IS GE SR AIIAEAAYT e involve
a seRBUODIHRE RS SHOHIR MBI Blolless YREY DTGt BB YER6 NG form and
arra?@k RAYIAG @AY SigfHleTdPaR St HilR s BRRRIGs Wil ek @hployed at
presRREURIW ST RESHO G Bghaselic B rises @ B ehlamadBRtal and radial
diretROFRIAHRN RHMAINANS R PRIV IHEHRIREEMB $R 19 2SR 1 PBRGBR TS make such
a dJIRRRRIES P dNS oRESS N WG O dBgs Eﬁﬁeﬂkﬁfbﬁé'i}’e@q@&%@%&%\{ng time.
MoReRVeeeR RN ZHRURMS f&9H ié‘é?cl%f R8BI, ANEPRGRSS) nm, for
exalfile PR CRERUSE AR PHHA HEAOTE MAIndhie AHHASRE 26R66fm of

egPBIHIANS 1SS MIBRGUNRIG MRITHA SAselassHRSHIRLE bR les at the

prefAReRRb AN AUES O I TIREGR A s R BRIReEn RAAIMIL#Bn and regular
arratYRLARICE AR RYA MY B PORIGIBR M (pptiacl %’Béﬂ&r%ﬂ%@@ﬂment of
the SieAiITs HERY QRISTRHAAN ol AORISS Al bk REEgENt invention to

provide a 40 magnetic recording medium having magnetic dots achieving

high densiteteaniding, A-opRRU IeAdRAIACI A RRHIAGBH RSEAE S Rerned
medRAEH %6%1@5@&%?1@ Y dive SHRBIS PLOGfetRs in manufacturing the patterned

medium.

In view of the foregoing, it is an object of the present invention to provide a
magnetic recording medium having magnetic dots achieving high density recording, and
to provide a method of manufacturing such a magnetic recording medium in a simple
process.

SUMMARY OF THE INVENTION

To attain the objects, a magnetic recording medium according to the invention
comprises a nonmagnetic substrate, and at least an underlayer, a magnetic recording
layer, and a protective layer sequentially laminated on the nonmagnetic substrate;
wherein the underlayer is composed of ruthenium or an alloy of mainly ruthenium and
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SUMMARY OF THE INVENTION 45 To attain the objects, a magnetic
recording medium according to the invention comprises a nonmagnetic
substrate, and at least an underlayer, a magnetic recording layer, and a
protective layer sequentially laminated on the nonmagnetic substrate;
wherein the underlayer is composed of ruthenium or an alloy of mainly

has E&E%@Wﬁtﬁ%@@d@ﬁr@%ﬂﬁﬂz‘d c@é%{ﬁﬁ&fﬁﬂﬁe&&%@%ﬁ@@ﬁfwﬁbﬁ the
surfRFESE @A DR, AN hta SHHRGR @rHiR g DR YAk IS AP RARERGTOomagnetic
crysISCEFSIRGAAYSY FORIRIRN AlIRRThIRHeMARNRie R VDAl AHRIPSRADAthe crystal
grail® IMAANGUGCARPRNERH INAUMANCAANNS fOMMPseshefithrcoyaiab BRaiPare aligned
on aV‘é'_H?fﬁ*cg refMiRiAthaet a3 AritiBd Title dﬁé%j@ﬁ%ﬁ%‘é%ﬂ@d@ﬁf@ dsteis
sepa@H%@E‘yﬁl@é‘rﬁ)ﬁH{@iﬁl‘i’é H&%@@Hﬁﬁ%@d&%&dge line; and each of

the magnetic dots is separated by the nonmagnetic component from each

otige. diRMRGET S/RItRERIREBIR ANey e RilAIM¥AUIhe (Hdfeinafter also
refefRI e afte] AltRerpigireAdaRGer Y WhaBlemRUIdeHRed ISR 8RB ystal or a
polyc@RRIERH Qflﬁ:ﬁh'i‘él IRy S a0k %ﬁgda?iyw}éﬁl@@ﬂﬁo?twféb'f i S HRIN The
undRRIREAR KT oF Al ligehiBAN R GeRaY clRAMAQUREIRG B/ Hay @ ebHMBuration
in whiQe BRIt an sledRiR¥eh aUiaRe oF %QVW&M&WMdWMB@ Bcfhecting a
top 2RI RSPYRESARIANR LS NANNAGO8lia SHOR!KRIRIBNAPINAR perpendicular to
the AEBEGRIG ArdRPaBRAiA RIARER 6f 0erd'B0HRIRGSIrYGRIRHh JLIRSSidge lines is
premlgqaltﬁgﬁg@wﬁwﬁﬁp the ridge line is preferably in a range of

10 to 60 degrees. The pitch of the ridge lines is 15 preferably in the range

OF fh Otk Btic B8 JRAHP YAivelCs! QBItdAY Sl fap £RMABnetic grains that have
turnedRSrRAPRFARALG ShetssUiRthaveatdrosd e REXRArBAHIBBABHE line of the
undaHREIBRERIBRACH: @ﬂ@ﬁﬁéﬁﬁﬂﬁuﬁﬁ@eﬁ@?@f@ﬁffﬁ&f the undulatmg

structure of the ruthenium underlayer surface. 20 The nonmagnetic

Suﬂ%rﬁé%ﬁﬁigﬁ’&i@ SiBkrat: %@ﬁrb@_fatlﬁgk,sé!ﬁféﬁéﬁ of WE@J%E&%%IBE formed
are THEYRRHETT AR YLy e RAGASHEHE O A 8 YA e A P FRIREEMSe layer; and
the 1AYRERANA L{ﬁ&éi%'_?@f‘wﬂ Wﬂ%&ﬂﬁtﬂ?@{@ﬁﬁ@tﬁf@fﬂﬁ%ﬁ Bl ¥td¥EQines of
con@Wc@él@Q%ﬂ'ﬂ?ﬁl@ﬁ&@ﬂﬁ%ﬂ%ﬁ@ﬁlgﬁ W'&hﬁa@é"(ﬂﬁiﬁ‘é "ﬂl'f_l?éiuﬁﬁﬁ UAde&layer.
TheSid @ti@frﬁl%f&'iﬂgWiéﬁltﬂﬁ%@%ﬁl}zﬁlmﬁﬁ&%ﬂﬂ%'&§%%ﬁ%‘Egié%‘aekmg
laycR'SisvRY BHikpeEs HRRiRaS AactBaBdelie RAaNRE rAkeh RFAVIRR Hayer.

between the nonmagnetic substrate and the ruthenium underlayer. Such

a QM@H&M@%@&@H@H&@&% é?ﬁ@%ﬁ%l?%a'ﬂ Heulaaiuresdea by a
metH&i%%WﬁQ%%ﬁ%}?%?ii@@ﬂ?'ﬁ?é'&'e?sr §§ﬁl§a%é8ffﬁf@sgﬁtﬁ?a§ﬁgﬁc backing
layeMROMRBHE thaGIY Vel BhihR YnplaiBa B Yo i RIS SNTARS: through
refl&itHhe tHERBRAER ideraYELIEPYER bHRISEH NS e S WRsE HRATYHANA Ghn of the
rutHS BAGKRG IAYRE A RE s uYagRoG N RN EoRh JeRinE NS Rip B WRYSIEaNg
pro@ieinat et 3reriiRsh A BRESINGIBsEISR /) AR ORIV RIS @@ cture on the
surfabEBE e IR RRMIBNRIG PO SR A ERIP RS WRAYAHRE SHTZHIERIN of the
nonﬁﬁﬁ%ﬁHﬁf@Q@oﬁ’frmg HReNWR LNESHRY e s AUINe e ating iR S iBtS er; or a
metRBATPHAIRME IREF2 PPMBRANG Y SHRSIRIG WihRSvHare cendigAl®iderlayer
to f¥r R EHRERINH P RAGLANR R tRe surface of the ruthenium underlayer itself,

A magnetic recording layer in the invention has magnetic dots of ferromagnetic
crystal grains that are surrounded by a nonmagnetic component. Magnetic dots each
bearing one bit of record in the magnetic recording layer are composed of crystal grains
having a grain size not smaller than 4 nm, more preferably not smaller than 10 nm, and
arranged on the ridge lines of the undulating structure formed on the surface of the
ruthenium underlayer. Superparamagnetic grains that are nonmagnetic at around the
room temperature and have a grain size less than 4 nm can exist on the bottom line of the
undulating structure.

The undulating structure formed on the ruthenium underlayer is provided for the
magnetic dots to form and align on the structure. The undulating structure on the
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method comprising a step of physically processing a surface of the
ruthenium underlayer to form the undulating structure on the surface of
the ruthenium underlayer itself. A magnetic recording layer in the invention
has magnetic dots of ferromagnetic 40 crystal grains that are surrounded
by a nonmagnetic component. Magnetic dots each bearing one bit of

ruth(e?ﬁﬁ_iﬁii ﬁh&éﬂ@éﬂﬂﬁtﬁli@ﬁﬂ@}ﬂgéﬁ&ﬁé atRsCnPRIBAREC DB I EiRINE forming an
undbRYing s@iieEe ihetswrale rome ﬂ&f&d@@éﬁ@iﬁf@f@dw 1,0 RiNedehg the
strutfige 48 FHB ndfeh AfRpRad B HIe HOgR YOes @f dhenenthiaHAYSIrUAIHE case a soft
magR¥esheritpa S ae profided  vHeamamtndestaverre WReRaramaanatunderlayer
for egfg‘ﬂﬁﬁgwg’i{@ti@%ﬁa&ﬁ?ﬁ@ ﬁirﬁ{@&"b? Bl@ﬁ@aﬂgofﬁﬁmﬂ@qﬁ%‘atﬂ@ﬂﬂ?yﬁucmre
on tRcH@Hh L6 |ﬁr%5351@1£irfg Ny &eheehieitifiethoigurHne Qﬁtf}ﬁ: bﬂ@&@'&?er in the
surfRSUSTYHR. Ul MAKH AT SRRSO SREEtEre KA RINICHIUBTMBERIIANRII®N the
ruthBfRyidediRcHRs dmaaneliGHRifhih PsueRdQHgR BBt USIWRatIBF direct
patteHHRHNE SHEEHER Plathe BRYHiETeMoHIHRsRMRF $abatgRINGMABNERIGnetic
bacllfis1696r by iRrenahey Ry sigalyl49ening an undulating structure on the

surface of the nonmagnetic substrate and reflecting the structure on the

nm@%ﬁi&gi@ﬁétféé%ﬂﬂiﬁgel fasgidbieedr B%ﬁﬂfé)i% &F $petaftsdpefe like on
the me%wf@@é:bmﬂaaﬁrnlﬁlﬁ{@%@ﬁam WAREH AR O rFACEB I HIfON of the
und AR YIEREE 13RI THE RHBBIR] MASHIRNICHNISGRIHDE fRATRadZe)ot smaller
tharPpysiealigAowal 'Eﬁeélﬁu'g@dﬁl@ilﬂg tﬁ%dﬁid[ﬁaﬁﬂg@&tﬁﬂf?&eﬂ{éfiﬁe@ﬁﬁhi@ﬁl can be
coniﬁi@”e&'ﬁﬂaﬁﬂ@%ﬁ%fﬁ@g_ﬁ‘éﬂ@%ﬁ&ﬁﬂe&%@@fé‘%ﬂg@éﬁ% i@d@ﬁliﬁg are efdee the
ruth@ﬁﬁﬁﬁ?iﬁﬂief[ idm&‘é%atfhét&'{mﬁf&@f'@ﬁéﬁ{%%t@é@&ﬂk% #Bve through
surfﬁ@gﬁﬁﬁ@iﬁ‘@iéﬂr &ﬁﬁﬁqﬂb%awgﬁgﬂé@%@mH@Wﬂm underlayer,
and 'PRIER R £lIeaioPeiewings YAINE B8 T PR RaII R Y QEIBRIRONIPAANRASth of the
graiﬁlﬂbilfﬂﬁ;yﬂﬂ‘?t?@f%ﬁ‘i‘ﬁﬁ!é%gibﬂ B@Hfé"ﬁdﬁkfﬁ{uﬁf ﬁhﬁéﬂﬂ@%@'ﬁ%#ﬁ@@ﬁ@ﬁﬁfgration
of tﬁé’ﬂ%@ﬁéﬁ@%ﬁitﬁé@%ﬁ%@&& b dﬁﬂﬁ%ﬁ@@&m&@%ﬂ@@@qﬁ@ﬁ'ﬂﬁ Qlsingle
crysEBFﬂ_l'fﬂ‘ i@'i_d&laﬁfﬁ&hﬂié ﬁﬁd&q&}@t.ammﬂmsymgewﬁamﬂg ﬁlﬁ&ﬂi&ﬂ?a grain
bouRARHGWRHR MO 1@ et BiElagi BB UCHINS AfodRiEbed above, magnetic

grains with a grain size not smaller 15 than 4 nm aligns on the ridge lines

offthe %@%‘ﬁ'ﬁﬁéﬁ@tﬁﬂlﬁf- il'cﬁl%t@lﬁﬁ%@ @Elﬁéf_h@ﬁb@@ﬁﬁdéi enedhahiQeparated
by tf@%ﬁ&@%ﬁl@ﬁﬁi‘é@%ﬁ% HiBs'ﬁ%é‘.etlildﬁdlqéiﬂ%ﬂ%@gﬂ@ﬁébéﬂ?des can grow on
one Wﬂ'%iﬁﬂﬁﬁﬂ@%ﬁﬂ%ﬁfﬁﬁ?}ﬁ{&f%&%%ﬂé s Eﬂ‘rfﬁﬁfg%fié RANLEE grow
ovef‘i@ﬂ&f@i@ﬂﬁbﬁﬁfﬁéﬁiﬁﬁg (BHRIIRFRECTHP rﬁf@%ﬁ& By iR IfRESagnetic dots
on tBBe18YcAiiBe /HhE Citingeadsy ey shoiAB A RERtRIGAlBHY dan R4 fhdSiABnetic
comfiR:A! N SIHLIRBEE HGL P (Ao G FE BRI DD GAREng
cond? o?ﬁrfﬂﬁz?_fﬁg @éb@ﬁﬁ*i!@r{ WHIBEIHER %‘éfliﬁé%ﬂ@h ReIgRHARLAL structure.
ThetBﬁ;B@%QiF‘dlé Héﬂﬁﬁl!ﬁﬂ@%&‘ﬁf?éja%’ dhRiknein BRI4B4RRE 13NRRM ng
confesitigifl FhY! ;ﬁ@%&)ﬂﬁﬁéfﬁfeﬁlﬁ, %ﬁ?ﬂﬁ}tﬁé- psvesbgless, a .

polycrystalline film with a grain boundary width not larger than 0.5 nm is

algp @lowiabico 2ad Hﬁr&%ﬁ)ﬁr&o@ﬁ%ﬁw&d%@&@ﬂ mﬁéﬁﬁlﬁig%& processing
am &?&?@%H&?ﬂﬁéﬁ%@r%?%%@ﬁl &g VRSN ERREANRtR 1y, the magnetic
propatbRiescteR c_inéila FoPlilagaed b patidamage %@Wﬂﬁe%@&@éﬁ%‘. O{Riien the
diffqkite {Htﬂﬁmém%ﬂ%}i@&dﬂ ﬂlftﬁﬁ%&ﬁ’ﬁﬁ%&?‘&@%ﬂ&lﬁm%@&mre is
con&BﬁEﬁ"h!{ o A sHiheqvm N 1daHayNevERS fige ﬁﬁ‘i‘lﬁ'&t@ﬁ@ﬁ QE&Bent such
as pBIABEH s dRBneeded and coverage with the protective layer is secured, thus no
problem of corrosion is caused. Flying performance is also good in employing a flying
magnetic head that is used in normal magnetic recording systems. Processing of the
undulating structure can be simplified by employing direct patterning by EB, which does
not include steps of coating and removal of resist. Batch patterning on a large area can
be carried out as well by employing a stamp technique of a master disk.

The substrate texturing techniques commonly used at present do not carry out
accurate control of the line pitch but cause crossing of grooves. The technology in
Japanese Unexamined Patent Application Publication No. 2005-190552 and a patent
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on the ridge line can be changed by changing an amount of additives in
the magnetic 30 component, deposition conditions of the magnetic
recording layer, and annealing conditions after the deposition
corresponding to the line pitch of the undulating structure. The processes
of deposition and heating are similar to those used in manufacturing

corrEPMRNHGNB I RIS PAELIGTEOIDNS/ TRHIZZ RAH STRPAN VO LHIEREMIPed Fatent
Appli&iied PhibiRdB¥antien Zs09t46| vHSuaM Sfep sefub@GRINRthlar in some
exteRf 6 BANF ATRENSHGAPERIINIUSEMhERE fasMing Ahe UBaY Ralia RS echniques
and fRNRATUENHY e ieuRaenelieh PIRRRAILHP i iRMHtn AraARY! fegradRe ¥ gnetic
dots heifamagr e iviiripreassndMbigedie difference in height

between the top and bottom lines of the undulating structure is controlled

inAha Jenae: Farpeiss HRBih D heaOERlYR aRIABRF BIEH dEe8ifeB¢ording, in
whi@teR4bies RataBgits @a¢ LOMRIRDS MK WIEh YRGHSARYIBE smaller
thanid $REVIRIh & e SR RRISFAIAL JRTQSIOL IS TaHRRAeR NG RRHEANAN G iRrlayer
havifse0eadikaMMIAER Bitte Magnelimaead that is used in normal

magnetic recording systems. Processing of the undulating structure can

bgwHmRliAGRYie PeRI IR QAR EE M T bYnEBn WhiCh et tured by a
simpRCpidRsieRswhieaatingrRid/iensoial @hite sisto Badelopalier ing &N GF thkge

ruth@ﬁ%ﬁ%ﬁh&@rﬁ%&adﬂ&q g peetbyraimp Rag; d RpBPEE e sat Rce.
master disk. The substrate texturing techniques commonly used at

BRIPIE$SRS AR MPTEONY ORI TRECUNHA o nilelof the line pitch but cause

crossing of grooves. The technology in Japanese Unexamined Patent

APRICRIOR RUBHEAIIOREN IR RRZARE SHRRIERE 4 CRPERANMETaOmagnetic
recofdihPHRAIUH AR L3Rl AbH JRRanEsg tevaniese &iatRhich an
undIRAYGAHATCRIHE S HRA P RAHAZ F4Bf RS ARYRE S EU6YH R Sa%il e ected in
the dB ea@@;mﬁ@ethﬁa@ﬁgy@ﬂ@ﬁg@é;mventlon, uses these commonly

e .t@@ﬁ%éﬁ%[&%@ﬁoﬁ@ﬂvﬁ@(ﬂ)ﬁfe%ﬁé'B%t_ﬁf&l‘iﬂér e0f B&ﬂ%&lﬂﬂ? magnetic
recolt HEGHRAAS GF Fegdbn i e MIRANRIIN P LR BR N B PIRSERBIY & UIch an
und &R ﬁﬁ;@ﬂ”ﬂﬁﬂ fOrhed 6%%&%@9?9&9;%%@@}%@%&9@ RERIEYRS
reflebigh ﬂﬁ?&dﬁ&%ﬁ%@ﬁ)ﬂ%f‘ﬁﬂ@%@@ﬁéﬂﬂ&f%&ﬁ@@ne“c _dOt composeo_l of a

cuygas FEA MR I RELiDYS Q%ﬁ%@inﬁ@@tﬂl@fﬁré%m Aeiular magnetic
recofﬁ%’g%kgﬂﬁ)ﬁbMHﬁJ?éBﬁ%Eﬁ%@ﬁtﬂxéHH?ﬁﬁig% @HQ%‘@M&&oﬁ PHIEh A
undHﬁ@h‘igfd RaSHiHeT 'i%l‘?ﬂeﬁ‘ QifeRCEHREQQERISTHY AMAsSigyeco rd Ing

Mediumnof RedRYARIBE GRHGENRR IMIWARE BY 8n MRS PE0RRIE on an
und¥HGBrAT HRHRIAECAIH GiHEns: 10 rarell RR e auItAGS AhtBmpsdeRI A ccording
to theny %ﬁﬁ%lhg g/ magnetic recording layer is deposited on this surface. 15

BRIE s RESfrRidd AN e atitis Fnle RAMBN GBS ienliie 3 8808MANGtructure on the
und&?W@Pﬁlﬁf‘f&é’_ eﬁﬁ@Yﬂ@QtﬁﬁHﬂEtHﬁﬁg AESIPGE %@Hlﬂﬁﬁ@%?@ﬁ'ﬁl Heicular
magMatiyer Sl By ?ﬁ@dl\ﬁﬁ%ﬂﬁ%ﬁﬁﬁﬂiﬁﬁ&i%@@rmﬂgﬁmﬂéqwmn 0

undulating structure is formed on the surface of a nonmagnetic substrate

DEPAGreTe et nRirersondigyratipnrofiRanpegRyer surface; Fig. 2 is a

schematic sectional view showing a structure of a perpendicular magnetic

Some preferred embodiments according to the invention will be described in the
following with reference to the accompanying drawings.

Figs. 1 through 3 are schematic sectional views showing structures of perpendicular
magnetic recording media having a soft magnetic backing layer in first through third
embodiments according to the present invention.

Each of perpendicular magnetic recording media of these embodiments comprises a
soft magnetic backing layer 2, an underlayer 3, a magnetic recording layer 4, and a
protective layer 5 sequentially laminated on a nonmagnetic substrate 1. A lubricant layer
can be further formed on the protective layer 5. The soft magnetic backing layer 2 can be
eliminated. The soft magnetic backing layer 2, the underlayer 3, the magnetic recording
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recording medium of a second embodiment according to the invention in

which an undulating structure is formed on the surface of a soft magnetic

backing layer and 25 reflected in the configuration of the underlayer

surface; Fig. 3 is a schematic sectional view showing a structure of a

perpendicular magnetic recording medium of a third embodiment
laye@QFQ’fﬁQﬁé 1HRMVeNHpR 15 ¢ihigh B%HBEH'@H_QH&HMW&EJ@WP%% _
nonx‘ﬁ_‘i%ﬁ@ﬁ@ﬂ; at fﬁ%&i@ﬂﬂ&%@%ﬁhﬁlﬂe figarasschematic perspective

view showing an undulating structure on an 30 underlayer of a

PEY .el_‘@}%k'@ MF&?&)&%&&@%@@%{%H@@@W Hﬁﬁﬁﬁﬁ@‘i@ﬁi@@maﬂy
formt€dd Meeniiebeatdidhonif A HERW IR HHREAlNgItheTStRER T PalyvaeN
sequittiHg WG RIUSILIR QEBEGa i derlayelear SRR d e HodeHER O hich the
surfzﬂ@@%ﬁﬁ‘i@ﬁ@ﬁ%ﬁﬁ?ﬂ:d@/mﬁ@qﬁ’@ﬂ FHEH dft 55 18R NI IR HERC
backih@ThGEIROHNMRE hBRFRASHGIEs IR daYENtR BRIPEAAS LR structure is
physREBFRIZKOMQR THENYENTIQON SepieReieHedamRedNENiSved by
sequesERIjnarndhedpaBteReril R desgribeehingg dallewinBouinsaiereRtich a
soft AZBEREAMPRRBINEATWHNGS: IRl d BHNEOMAILEN A hmagnetic
subsBeHQNALHENTISINGW 1Y SIUAUKRS S RERPRNGISHIAL ANFUBEHHESR MO Surface of
the WREIE YRV IFHSHEMRPERIFRAGHY thiAyRA i 4 ik IHFRMOR JBid

embodiments according to the present invention. 45 Each of

PESRSRE G R SOMRIMRGPIFRS Media Q4 INESS RIIBRIINGRIS RSP IIRS Sligned
withth PPEHEISEREHIG BARHRO {SYRE S a8 IHWR HRYSE 4 P RUARIAL CaUE REdulating
strudBYRY ifh AADR RUQIEEHY iR PerpeRAUIIIHALY REVRAICH RN ARINPIFIRLIC
confBBRHRE Jf AbRHigaNkANEGHERA DM Bt TeigRer R Y Ot RENE MG Fing
strudutd i $ALE BN LGiBASKINGVANES £ CHRG AIBNRARH i $rSRflsle between a
plan@89RRISARAKEIEIRY QIR LR YRFerByetonHRe RIS HRE A BRI BY Be
und@afing %Eﬁ?ﬁ@ﬁ'ﬁ?ei@mfég P4 1%%’6 AfF8dPE0 e REeT SHHEARRQitER (a
distdHUBERIREHE SHASHE Mk Ll PHO R ARLSASMME) 109GeRSly Fitthk $RRYSH 5 to 50
nm. TELEMRAHMEMD Roahide it NRERhRE Wsizafysically S formed

on the surface of the nonmagnetic substrate 1 and the other layers are

sequentpiy \LariRaAtad AMhe SHealpiFlgu? RO WBtRSREYMtic recording layer
4 seSROARSE MR R ARG Rae® qt{heInpnmagnelisrssiaiddadlatMagnetic
dots24l, 24eh ¢eRINES PtbAAE ARG PISHHRYS AR HNGIRAMARRS Srain size
not SMAREAIRh 2nMNHalinm [RYS SIHCHY B SR Xe A lY P BYSH R a gnetic
co 2RE42D P S0 RAARLIGPAREShI AYE b SrefAiQiech Pyt ABALRH @lucture.
But, 394R38n8, 8¢ {eAY Ghferfddert- e RONIP B HECLETRO BRI IRAYUEE Ane, those
partR9E TRINRAGHACKRIDAL A AREAR PRIRYER AR {PRAIOGFellBls than 4 nm
so tHRTMAENEHEeSHRABSUPLIRGE ARG HEEE AR NG Refization.

physically formed on the surface of the underlayer 3, followed by

seqnBAtMYARIGRRERY Nl lWEH IS SHIBERAEHS magnetic
recorPHie A¥a in 3 4'BE Y A0 BB M I EC WD HRQE e PAIEREa luminum alloy, glass
or crystallized glass that are used in usual magnetic recording media. If a temperature of
substrate heating is controlled under about 100°C, plastic substrate of a resin such as
polycarbonate or polyolefin can be used, too. A silicon substrate can be used as well.

A soft magnetic backing layer 2 is preferably provided to control the magnetic flux
from the magnetic head and improve recording and reproduction performance in the case
of an existing perpendicular magnetic recording medium, for example. The soft
magnetic backing layer can be omitted. The soft magnetic backing layer 2 can be
composed of, for example, crystalline NiFe alloy, a Sendust alloy (FeSiAl), CoFe alloy or
the like, or microcrystalline FeTaC, CoFeNi, CoNiP and the like. Large saturation
magnetization is favorable for enhancing recording capability.

The optimum thickness of the soft magnetic backing layer, depending on the
structure and characteristic of a magnetic head used for magnetic recording, is preferably
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with a predetermined pitch is formed as shown in Fig. 4, for example. The
undulating structure in a cross sectional view perpendicular to the ridge
line preferably has a configuration of sinusoidal waveform as shown in
Figs. 1 through 3. The undulating structure in this cross sectional view
has a configuration in which an angle between a 20 plane of the

in tOAMAIBET0 BpSY 3T an @ e saanestinghrpeR eaepaitem Ridh®ntinuously
depoithdiiE tHestlipeis preferably in a range of 10 to 60 degrees. The line

pitch (a distance between a ridge line and the next ridge line) is

PrEfRN 36y i fifefiRNgRiahy 19yeP2van BdFimpediBitie kecsrelatiel method as
wel BRUpHeiehEcaRtiaal (#h fsigefesaByvensphigmati caly Ay aBeaP o ft magnetic
layeS OIS R esMAtNedmias WaIRGIRY gEnd Beepdrpendbang Bifnponent of
maghRERARREI T oWl atfsiieHiereasm 0f tdiskesichRiering Msapetiadipislude an
antiftrboRREGHEATREH A AdERASHNE Ri{oArMmagHHRIAJ® TTHsiahaRIrsMAEhatic layer
can BEaispBEdRh HBAREH andenThaneRi@N Gver Bievifan inesisangfeediayer. A
lamMaHh BIVHAOHRNS SORROB Y GsIblRH6|eMeRBoREIS A8 IRalfeetic backing
layeR QR 1 afitifidRthd 3G Siie 6 F T 3PaBhétiBAB O MPEbMAUBREC layers.

interference with the recording bits on the ridge line, those particles are

prateativRRe P HBEGIAYC D ATIEN & B apiibr: R e digsadhidredording
layeRd, waitiaislaeRatidSe il iRteNPEtRARPSEARE R Ghde B} material of
the (RRIPARYEAIOBo MAEN 3O PElIRaFHD T EHent U NEREATHINE EPRRES 6f a
polyReyRRMGRUEHRATRLIE 3 IRAMNEHIY PREIADERRIS Malisk SUlalrater undulating
strubRFPRRAE 1 Niftnklad BlusnimR slithe GlassayerystalicesslapsliBament is
appASBrintel ifonskAl N EpeHARCORNRG iaeiall batempesalieE RtsTdRsl Rifer 4
provigadnm igheanieRies b dBhabaw, HORGapissACcRyRaliRieeia tRRIRItRp) and its
(00BRURAYEFRRMRETRONAINIRRES 418 prdesdPR. A 5Ikena R HIRSAMent, an
alighfeisecbasrialydd As ol PraciaetG Rckins ¢y ahddp dretriabin pepgided

to control the magnetic flux from the magnetic head and improve

regorelipd ARcreepraghictisRne Hasmanee divéN@ AfIRiIAE AaBXieifdots 4-1 of
ferrORIDAEIE WA MagREHEHRRYKIAE CoftemeiPnOXAMend e SR magnetic dots as
shoWReetis. Backingdaysierndess anitedailfie-goflonaanetic paaidagiygé Lon the
surfeeéd dFheainaedadee3 for example, crystalline NiFe alloy, a Sendust alloy

(FeSiAl), CoFe alloy or 45 the like, or microcrystalline FeTaC, CoFeNi,

CaNiPnanshtR - 4-2rasmeali iR sMANSHESHIAN isdRIRIRIET, and preferably
exhBIRAREIRG FRCSHAINY istiRRiEBpe ADR QRYAMEHBIC KM Seffb @ R lly, preferred
matII0 I RICKIRENRYAL BBREAHPANGYBEIEHYCtU] FEPHAHHT Because
the FhApARAREARAhYIRHH0L MRYNRIGHECP R 1S BRFRRBRIN nfa B (R d@RYS Loy
exh®idAg1arie RRRAdHY G DRIBRGSR W WaHHERély when it is continuously

deposited with other layers. The soft magnetic backing layer 2 can be

fonmech&N REEESRFIHGMEINS Prfera bIfF bR Fos Y BE R BINAfde. It is
preféable : ﬁﬁg()@{ﬁ{j welrBualyethigk SoH-TREBSH d3VBL Y FREBe
depBRRgNEHedAmRI BV aLe AAthg SRRAILR/PATSEAL AR caBRRREATRE depositing the
magRe@R REZANBRs TR ¥LICRS RRIRBLARE. lRdRA! I RasKIng RV A The
heatBUER BB ARHSS PRRIASING PR 1L RH GHOB (8P BORCMRARAIIGRY Productivity.

The antiferromagnetic layer can be disposed immediately under,
IMrRediatebeAMEla S IR BeSRlt ANNRlG ffedtional protective film and

composed of mainly carbon. The protective layer is not necessarily a single layer, but
also possible are two carbon layers with different properties, a laminate of a metal film
and a carbon film, and a laminate of an oxide film and a carbon film.

Processing of the undulating structure can be carried out by various techniques
including direct patterning using an electron beam (EB), patterning using a resist film,
and stamping using a master disk.
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io lamination of both types of layers is possible, too. Moreover, a soft
magnetic backing layer 2 can take a laminated structure of soft magnetic
layers and nonmagnetic layers. An underlayer 3 is necessary to align the
magnetic dots of the magnetic recording layer 4, which is deposited
immediately after depositing the underlayer 3. A material of 15 the
Examdierlayer is composed of primarily ruthenium, and a single crystal or a
oPycrystalllne film with a grain boundary width not larger than 0.5 nm. An

”'a“ s T ’8“%&13%%{{{}6" 8%&1 S“ra"%r%fsthe ﬁ%%& Rt the first
|$ a e
%erl oFﬂa%{% etft: ? IC’dP 31? ]ﬁ(jf &%ﬁ/ci n%?‘ ie“fg%rThe
aS|ca y, A heXago al atose % é/ﬁ}ruc ure cp) and its 20 (002)

aI| Eefi parallel to the film surface are preferable. To enhance this
g ment, an alignment control layer can be provided immediately under

th nderl er 3 Am t| recordin er4ha a strugcture, comprisin
%Hrie 5[%/ T;lﬁerr Cégr&e?%él@iln SUb tgg%nemuéa (g LI'( eh% toev alflg smooth
sur 2.(5 0 ar (S)ld,ll,‘] ce r nes Cﬁg nge ate was 1ntr0duced

c dots as

into dolgsijg e ar}‘% 5"85%?“ rI(sjmg lnes Pnauc e %@tbe ssflll’E)stra?e? ace The
PGSV 53 G¢ &sst e%?lco%%ﬁn%l B the

Mﬂ s fz@%@zﬁ%@% (e

= i

atus and
a soft [ lfargsﬁ& 85%@ yus Wt g &S of 100
nmr’ilé?'}?ﬁ Fgl e r%‘?e?’ ;ﬁl&,g%‘gg]@ orr Subsequently, a
Fa]k%efor ?gmgt?h ﬁs ﬁ%_ Yglﬂ%gtrﬁll enium

E%ﬁﬁ W s § gty FoL g ol ed4 ;
Colie L m&at.n b w f?e Zﬁf ' P’%ﬁ%egc s of 8
y%rf Rt é‘% Frg, ‘Pé‘n%&% i te A 40%538

e
f;frt %gnp Sr%?tﬁa %: o & Lo gclc?% ooy gigyer S of
takgy 5 % o g AR %“%ﬁ’w&% AV,

Per %%ﬁ?g i i b i e Rhgidincayting
RS SR emg% mggﬁaagﬂ
C

%%ijtbo ed’% W£ﬁ§8§‘ 88&
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3%ster disk. 7 Examples Examples 1 through 3, which correspond to
E and more specifically explain the first through third embodiments,
Xarggﬂ‘é ively, will be described in the following. The 5 invention, however,

@bﬁ not be I|m|ted t e Exagrﬂr]}pl(ésw%g?&éleﬁ%;he nonnﬁ%%tﬁie 1 After
ring

cleamng, esu strate was intr uce Into a sputte apparatus and a soft magnetic
backing layer 2 of CoZrTa having a thickness of 100 nm was formed in the same manner
as in Example 1. Introducing the substrate into an EB apparatus, a line processing was
conducted on the surface of the soft magnetic backing layer 2. Concentric circles were
formed in the line processing in the same manner as in Example 1. The distance between
the ridge lines was controlled to 25 nm and the difference in height between top and
bottom lines of the undulating structure was controlled to 3 nm. After that, sequentially
formed in the same manner as in Example 1 were a ruthenium underlayer 3, a magnetic
recording layer 4 of CoPt-SiO,, a carbon protective layer 5, and a liquid lubricant layer.
Thus, a magnetic recording layer of Example 2 was manufactured.

Example 3

The nonmagnetic substrate 1 used was the same as that in Example 1. After
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10 surface of a surface roughness Ra = 0.5 nm. After cleaning, the
substrate was introduced into an EB apparatus and line processing was
conducted on the substrate surface. The processing was carried out
fixing the position of the electron beam and moving the substrate
horizontally in the radial direction while rotating the substrate to make

| tr .
lc)fgé%%feélg %gﬁjft% %%Elgt%@ﬁ%&)iﬁ Wﬁe%%;aﬁ Wﬁ%ﬁﬁrh %F@ %ﬂetlc

LAY th {E%Su% ayer 3
hav E'a“ éttugﬂrﬁemrs i %9 dame ss%rr

Intr %' 'A% u%¥§& on the
surf g 0 % ? Bjcgntttt] Hst'ﬁ'gh% line
pro Eacﬁ%%" n the ridge lines
was R, g N dtteﬁr@aes of the
und ﬂﬂ'g &Y ?H%fﬂa %r %u?\ 5{ aqrgg 3 eﬁfg?ﬁyﬁ% the same

maril IO 9@@&8 (é X&Sr B?ngr r 5, and a

At
hquvﬂ\%g1 p05|te ran argo gas pressur 0%9 mTorrﬁﬁ?l rﬂ%’am“ actured.

E’;‘Eeﬁn fter that, vacuum heating treatment was conducted at
a temperature OC After cooling the substrate down to 100C in a

C%'ﬁf @ et S iﬁutﬁ éo% lgelp&‘sa'gerﬂ&ﬁtﬁactured in the
%ﬂ Tp KR :ﬁ%eqv rlca élﬁg%? {?a (]‘fpa?)% ratus was

eaacuum ap aratus y a |qu
oropolyether having a thlckness of 2 nm was formed by means of a
C nq chqgt 199. Thus a magnetic recording medium of Example 1
© V\Pa%s man actu ed. Deposition of every layer was conducted by a DC

MARGHRN RAUIGHNE MR EARRIebRMMe ?e'%%?ﬁﬂé fkd in the
sam@‘ﬁqﬁﬂ 5'981 ol %31"&& @ﬂ&'tciﬁ Vc%‘é d ol er 3,a

tita lfyﬁP Y & m target
und® fﬂ{]ﬂ% ri }g agced |nto a sputt rng appar tus an
ne c acking layer oZrTa having a thickness of 100 nm
Evan%b? (Plrmed in the same manner as in Example 1. Introducing the
strate into an EB apparatus, a line processing was conducted on the

sufpce,g FE‘E)' YRGS BREKRIRE. R ORER NG EIER B M cicutar
L ew?v‘f%%ﬂ%%aeé I fo 25 nm and th

er ge |nes was controlled to 25 nm and the
difgrenCo N RS

St ctRHe IR:O Hﬁ?&lﬁf fedid les w
cong &%%%"‘?ﬁl@f’& "Qih g gﬁ‘% %%88 LEl tﬂé ‘Freuscrure
el

R0 -Xarw) é% RG&T aevn'um}? . &‘r? éggx MpNelGng
Braif s e Lt
contirme H& Xa '%es

a oneoro ec |ve a er
(g or N ero e énes was
(1:1 %(!l rucrHPe was ormed on the

nmagdrlte IC SU%¥

surfmce O tl#]r |1:11m u%[?e ay, WB[S ob, CI’VC(% t'l §I‘ I]tS re s&attermg
S S t f af:nﬁ) A?ﬁ% eanin ?’] Stra V\i1 S In
bIOO {o a spu?terlrllnes 5 ?%ut%iuresu R lliltug Stl({ %(i ?I’ 0 gleZﬁpa
ttﬁ)aVII’] a t?'llCﬁ( SS or 100 nm an C?’Ufh%nlum un er

In Comparative Example 1 having a flat ruthenium underlayer without an
undulating structure, in contrast, randomly distributing grains were observed, that is, a
structure of a usual granular film. In Comparative Example 2, which uses an undetlayer
material of titanium, despite that an undulating structure was formed, the observed
structure was a usual granular structure like in Comparative Example 1.

Table 1 summarizes the results of these TEM planar observations. The data on
Examples 1 through 3 are shown separately for top lines and bottom lines of the
undulating structure. For the data on the top lines, an average dot distance (width of the
nonmagnetic component) was also given, where the dot distance is defined by the gap
between the adjacent dots at the narrowest place. As for the data on Comparative
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having a thickness of 5 nm were formed in the same manner as in
Example 1. Introducing the substrate into an EB apparatus, a line
processing was conducted on the 5 surface of the ruthenium underlayer
3. Concentric circles were formed in the line processing in the same
manner as in Example 1. The distance between the ridge lines was

Exaf] T Ef)22§ dntg'%lgé.fxtgﬁe&‘igﬁiiﬁ'u%% &eéw?e%é&p zﬁ%tﬂ%@ grain size
and iff %élﬂ '&@ %Hﬁ&%@eﬁ%ﬁ%@gp 19 4 ﬁélﬁei yen. The
aveﬁ%@ U %?'

idtl!?le\@?s%%t FAUhE R Sid ¥5dE ries on the

Obtjr[}l%g, b E%%eﬁﬁ ) I@I{S Saffal 9‘59 i3 ycf‘erﬁ%’lﬁ%% 88 Sefidary width t
;I‘E(l(l 9 Qaratw? Example &a aag%gét%% gc%?ﬁw%@n?% |u1r¥n¥%f g?m a?r #rvle ter of

Example 1 was manufactured in the 15 same manner as in Example 1
Tafi¥GePt that a line processing using an EB apparatus was not conducted.
Comparatlve Example 220A magnetlc recording medium of Comparative

I:Xd.”lple 2 \{Vd.b I ldllUIghlltg‘B(jlﬁeélle SAite H(Sﬁl\:lé%rlﬁ? Hl I:X&l”lplgrf.bottom lines

4+ 4l + 41
cxcepluiat nrtri pIUL,l:‘ %UI IU-IIIIII alll unu%na)&:' \? hld.ll Uftl]
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T LILIL) 2 orT O |If
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G

i
¢p B L b dod I FEM(

QF?WH;:E&Z (‘f)ll"ﬁ T it g”i T P

lnawvisyal— |
(*) Begawse @b REnstan afdis ﬂgmlaaésewa@&azsﬁfébr}ﬁstﬁr@f@atom lines, the
average YRS BTG RIRTa8a8 Ay Eh dgaqlﬁé@ewa@eléon?hﬁé@wﬁm@grfsponds toa
graith oy aryivigiieh an undulating structure was formed on the 35 surface
of the ruthenlum underlayer. It was also observed that fine grains were
%Wﬁdhﬁfe%faﬂ%eﬁrﬂe@w%@ diivR iR SSie SEUSHGmutth the dot
Slzemet!?ferl geiagnpfiphont IRt Ressapd SRt disirnms iahaupg nm.
Sectipgad TEN phseoreionatian condusicdea:hs piiaapeonfighrajian af the ruthenium
undgrlayes ivnmediaiely delore dgpatitrethe apaans G Iraordng Boist i the Examples,
exh@ﬁa@rﬁw distRpeRiBgrERsAhEdidas san) dnemat 25 ansandthe Gflargagg n height
betwzgh ths PRIRS FamvhnteRiABRYS 3 e Vv L eiisany diference
betvigsrothg Ef(ﬁ{aalefm Iy é% e ﬂ?&ﬁéﬁﬁﬁ?d’ihéﬁﬂ& §fryefyr§w£§hs ARenafigrecording
layegs)of ARG IS Really a%?% erapsethasiatines foelsHEAignRS the
ruthepippnderayes prassupianand dhagendiipes Gfifhssahragqushfgposition of
magheticeaRIfing R L e xAeNEs The A6ERES SRIBEHATES fheieR nm on the
bottﬂfflthgqﬁnwmssaa%thﬁb@swwaﬁ [BHRG SR SR PREIRISRE G Bate-
the top lines, an average dot distance (width of the nonmagnetlc
ket al Hae AeBftavEHon et undsrkes dad itha dnakat Q‘%ﬁ m) have
T8HS

cohhif
beelbé%we@@ﬁth@ m&%ﬁbabfbeaﬁtm@mmmséén@xﬂﬁpﬂ%w was not
seerdigryoapRavatye Examples 1 and 2 as described previously.

To examine whether each dot behaves as one bit or not, observation of a
magnetized state was conducted using an MFM (a magnetic force microscope) while
applying a magnetic field in the direction perpendicularly to the film surface. The
evaluation was made after two type of magnetic field application, namely, after DC
demagnetization in which a magnetic field was applied in one direction, and after AC
demagnetization in which the polarity of the magnetic field was alternated and the
amplitude was gradually decreased.

In the evaluation on Examples 1 through 3, output signal was detected only from
the dots on the top lines (ridge lines). It was revealed that every dot was magnetized in
one direction in the DC demagnetization and the dots were randomly magnetized in
both positive and negative directions in AC demagnetization. No signal of
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Examples 1 and 2, in which no uneven distribution was observed, only

average grain size and average grain boundary width averaged over

whole view field are given. The average grain boundary width was

obtained by tracing the grain boundaries on the obtained image using an

image analysis system, defining: average grain boundary width t 5 = ((total

area qf grain bqu nu gsure / ave p ter
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struch orresponds fo a gr in" boundary width Ta OWS
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in aI%RrOXI{Hem n r1 a alpre n&_} el |a entrlc c1rc ) ona strate,
w1th an avet F ﬁr f an f'hver §1 H< an average dot
dlstan&e o ay 5 r0ln e ’1tc ff) ?t sute 1s z%nceI1 and the
'Tﬁse i ecan i e ?{2““6%'” i %g@ﬁrgr fojkicss
dep%m IOIftS’ rface C gl*uat {u gn%y e anda
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thlckness n f mrB? St on ?1 b o oe er.
These %?.ramg{e % fe¥ nnasrill}z}?re reﬂ31{ S TeCot den51ty
lon of the tfl was stila a econllo%
an h Iﬁ t netic hea ﬁ d or he
mven 1one csflu 54 ep 5&(!10 R 0 Iot NS Lg%rlam e tr 1 g tem to a write
r aver rarn e wa Hon o e %iy

g;g;% R S A o T i

ofs?ﬁe cor%lguraetlon of the underlayer and the material
(ruthenium) have been clarified by the fact that the structure as observed
in Examples 1 through 3 was not seen in Comparative Examples 1 and 2
as described previously. 30 To examine whether each dot behaves as one
bit or not, observation of a magnetized state was conducted using an
MFM (a magnetic force microscope) while applying a magnetic field in the
direction perpendicularly to the film surface. The evaluation was made
after two type of magnetic field application, namely, after DC
demagnetization in which a magnetic field was applied in one direction,
and after AC 35 demagnetization in which the polarity of the magnetic field
was alternated and the
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amplitude was gradually decreased. In the evaluation on Examples 1
through 3, output signal was detected only from the dots on the top lines
(ridge lines). It was revealed that every dot was magnetized in 40 one
direction in the DC demagnetization and the dots were randomly
magnetized in both positive and negative directions in AC
CL gnetization. No signal of 10 magnetization was detected from the
ottom I|ne It can be considered that the grains in this location have
whabined to sarﬁ)erparamagnetrc state because of their minute grain size. In
omparative Examples 1 and 2, on the other hand unlform magnetization
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each ﬁe}se parame ers esigned consideting primarily the reguire

recordlng density and the maximum write magnetic field of the magnetic
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come>c()sS<’ed1 %f Olt%m ar/1 erry tg(ﬁl%e sr ? g% qundary width
not 14 ﬁ} -0 rec Ing, in A magnetic property of Coercivity is
1t ma %/ ecreased using a laser. 11 CLAIMS What is claimedis: 51 A
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st:ruc?ure Q e(rfg n wh 1c ea(f:llgl’el% between a plane
sequen n)é aml on e.n Eis
of then t1 1ne CODR ec i 1 of th the undulating

an
struc#ure an uné)ufa Fﬁglgﬁuﬁﬁzr%efgrr%’eg Wctﬁlrldge%eéd% a predertlerm négl o110 to 60

de glrpﬁch on the surface of 10 the underlayer; the magnetic recording layer

C htalns atI ast ferr e%trg cr stal alntsoanda VE}HA?

aqne | NGHS bitch of the
rldge ?mgs N gﬁer ﬁr g8m1%ose e crysfnf af grams With 4 gPain

Sizeho fin he magnetic recording layer are aligned on

5. éf?r%ziegr?(fagllceréjcrg)q ﬁra rehreﬁlorrlg a{chor ”d ¥ Izﬁ%il wherein the magnetic

recording layer contains superparamagnetic grams that have turned to a
superparamagnetic substance and are located on the bottom line of the undulating
structure of the underlayer surface.

6. The magnetic recording medium according to claim 1, wherein the nonmagnetic
substrate is a disk, on each of both surfaces of which formed are the underlayer, the
magnetic recording layer, and the protective layer; and the underlayer has the undulating
structure formed by ridge lines of concentric circles with a predetermined pitch on a
surface of the underlayer.

7. The magnetic recording medium according to claim 1 further comprising a soft
magnetic backing layer provided between the nonmagnetic substrate and the underlayer.

8. A method of manufacturing the magnetic recording medium defined by claim 7,
the method comprising a step of physically processing a surface of the soft magnetic
backing layer to form the undulating structure on the surface of the underlayer through
reflecting the surface configuration of the backing layer in the surface configuration of the
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and each of the magnetic dots is separated by the nonmagnetic
component from each other. 2. The magnetic recording medium
according to claim 1 wherein the underlayer is 20 composed of a single
crystal or a polycrystalline structure with a grain boundary width not larger
than 0.5 nm. 3. The magnetic recording medium according to claim 1
und\gﬁlae};glin the undulating structure of the underlayer surface has a
configuration in which an angle between a plane 25 of the nonmagnetic

9. Su‘&%{f@t&? ﬁ%%ﬁ%‘ﬁﬁ @m&u&% claim 1, the
metﬁ'SH(E.I 'Hs?n 19!1 P@E@s‘% 8fr{ﬂ Ria kg “ger%ﬁ‘c substrate
to fORRIRE PIQJ ﬁﬁ B A g the
surfﬁ%g@dm' Ay ) % Hgﬁ ﬁl'g‘ §Hr Ge’ é&gf?g?l f the

und i yvRr T e magnetlc recor n me |um accor ng to claim 1, wherein the
magnetic recordlng layer contains superparamagnetlc grains that have

10. ta@%‘i{g{@d of Elcrr? ?Qc% SOGRIRE R0 BYUREm 1, the
Q&% %r %"H ﬁ%‘u@xd-g ﬁyer to form the
andARE G G i

ereln t

nonm gnetlc su trate IS a |gﬁ%§1 eac o both surfaces of which
formed are the underlayer, the magnetic recording layer, and the
protective layer; and the underlayer has the undulating 40 structure
formed by ridge lines of concentric circles with a predetermined pitch on a
surface of the underlayer. 7. The magnetic recording medium according to
claim 1 further comprising a soft magnetic backing layer provided
between the nonmagnetic substrate and the underlayer. 45 8. A method
of manufacturing the magnetic recording medium defined by claim 7, the
method comprising a step of physically processing a surface of the soft
magnetic backing layer to form the undulating structure on the surface of
the underlayer through reflecting the surface configuration of the backing
layer in the surface configuration of the 12 underlayer. 9. A method of
manufacturing a magnetic recording medium defined by claim 1, the
method comprising a step of physically processing a surface of the
nonmagnetic substrate 5 to form the undulating structure on the surface of
the underlayer through reflecting the surface configuration of the
nonmagnetic substrate in the surface configuration of the underlayer. 10.
A method of manufacturing a magnetic recording medium defined by
claim 1, the 10 method comprising a step of physically processing a
surface of the underlayer to form the undulating structure on the surface
of the underlayer. 13
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