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DESCRI PTI ON MAGNETI C RECORDI NG MEDI UM
MANUFACTURI NGVETHOD FORTHE MAGNETI C RECORDI NG MEDI UM
WQRRNDSNHBGNETI C READ/ WRI TE APPARATUS CROSS- REFERBNZIEP2002/019781
RELATEDAPPLI CATI ON Thi s application clains the benefit
pursuant to 35 U.S.C. 119(e)(l) of U S. Provisiona
Application, No. 60/533,250 filed Decenber 31, 2003.
Technical Field The present invention relates to a
magneti c recordi ng nmedi um using a nmagnetic recording
technol ogy, which can be used for a hard disk drive
and the like, to a mniPBSCRITIGNret hod for the sane,
and to a nmagnetic read/wite apparatus. Background Art
A magnetic recording device (HDD), which performs
MEBNIHTRORBEE {0 PARRIRISBANVETHOD FOR THE
ormation naln y Used for conputers,
|am&&G@%ﬂﬂSRECCM&UWMHh@@DHQﬂQ@N@%&AGNETESREQQHGHUTE
reliability of data-storage and the like, and
therefore, the scope of RAH{Y on of the magnetic
recordi ng device has been expanding gradually in
recent years. The nagnetic recording device is used in
various fields, such as househol d vi deotape recorders
and pl aye@o%@F@P@N@EQO BEpATED/ASRRLI OMh-

vehi cl e navigatiagn systens. I n accordance wth

h
.ncr@a@ea icgfioantlaimsathg begefipissuang do éér%é§ocf§>1r19?e3<l)%? U.s.

Progpuial ABRLcele; Nart 5C00] BBl opiht of LOD

for obtalnlng hi gher density is thriving in recent
ears. . An in-plane nagnetic recording systemis a
TechpicebRielded for the magnetic read/write apparatus

whi Cjilhe re%enmrx?ve%hgn% J f%' Ell%g fetl% &3 ﬂ{edldnpu&l*} magnetic
P Sf i Bheag 2Eams

syst ey HaghetT ¢ erys grain e conp

recSrdiBgRehhdloge hidh 8 Yeaked fdﬁﬁﬂud 8ikk BAGOARH e hkb o a
i nformati on, have a nagnetic easy axis thereof in

mapuefastukiok mashachr ghetremeanms] toHemegnetin ecadbyiietappareisy
axis neans an axis to which the direction of
magneti zati on tends

Background Art
A magnetic recording device (HDD), which performs recording and

reproduction (write and read) of information and is mainly used for computers, has large
capacity, low price, good data access speed, reliability of data-storage and the like, and
therefore, the scope of application of the magnetic recording device has been expanding
gradually in recent years. The magnetic recording device is used in various fields,
such as household videotape recorders and players, an audiovisual apparatuses, and
in-vehicle navigation systems. In accordance with such an increase of usable range of
HDD, the demand for obtaining the record capacity having high density is also
increased, and as a result, development of HDD for obtaining higher density is thriving
in recent years.

An in-plane magnetic recording system is a system used for the magnetic

read/write apparatus which is commercially available at present. In the system,
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to be oriented easily. For exanple, in the case of a
Co- based all oy, a magnetic easy axis thereof is the

w0 e0o5ms4587 of the hep structure of Co. The i n- pP@N&P2004/019781
magnetic recordi ng medium as an ability that
read/wite characteristic thereof degrade due to
so-called thermal fluctuation effects, wherein a
magneti zation reversal unit dianeter of the nmagnetic

magn@i€ Erdy'btm %@ﬁhs,%ﬁ&l?ﬁ%%Qm%ﬁﬁécﬁﬁ&%égﬁwictrébo@'@iﬁg e8%L8sed for
record bit which is nmade snmall in order to Increase a

recaréing il infprohetisr, hyve amdgmdic@asyersad therdofien parfldel ratlieambstrate.
recorded therein is thernally | ost. Furtherpore, when
Here,/{Be magpitis ot reans angxisda ddich thegidisctigh ofmagnetization tends

<L rom t dj ' .
to b SHRHE Bk Por N GubBL M LRRGTp R SR REAF, Ao 1
axisABEYBEIRIE Yhetfce axib of e @ip k@6 oFiChs . THR ih pnetrieheidR@ording
there is a so-call ed perpendicul ar magnetic recording
mediyrathasan abilityi tbat readimgieshamcteristic theiesf degradmdupiotspealled

St e P s T S
g S SR EATRBIEH 10 AR

smalleflotd8r kdincReseensestdingindilyearyStaerosils, the information recorded
magnet ost atical |y stable even when recording density

therpig 1 thermalbelgst. Fohrtheniners, sden the re¢prdsisngibhidiiaweased, noise

il A Eperited FEdh e 3B LB By g err B beerie GG
deniagﬁét%% 841 thRrdill tﬁé‘ﬁox{rﬁ&:&r A EEraet fRi%rd Brsgeneral
t he perpendicul ar magnetic recordi ng nedi um conpri ses

a suhsthe atter han, thetedn b ad4calbedomnpendlidulargnagndtic eswatdingsystem
| ayer for obtaining the orientation of a magnetic

in PRgRptic §9syraxistp @ TpagEREE Tesordmeolaypriig origyted tawm fisertion

. : . . . . oot |
o B bRy, TR, TEAYLplon I Bt v
denmaBR&HZaH okeldl Bt ken Rcs@ltits FRGRAL dven RAkike leddi@ingEsiBeof the

provi ded between the substrate and the undercoating _
mediayeés increhsadeind thieysteae is tagpetostatieadiy siaﬂgle fwen when recording

concentrating, the magnetic flux which is,generated
dengipyoigreis e ios g gy tIFWSYRGPﬁ%EQF MAgRB Gcfigrdingystem has
beed6f REAGLCHAL "EE QT th U bSuliSfstead of th
T eq%%r ed tor ééaqélg{zlgéagscﬁsoaw ﬁgll sdggv‘ﬁilﬁl e natl) nt ai n?%%a a
in-ph@atrecdbdibg kystem. 11n gonalal; tHepegshaiollas magnbii@lecoiiny tledium
density thereof.. . . . o
comprises a substrate, an orientation controlling undercoating layer for obtaining the
orientation of a magnetic recording layer, the magnetic recording layer which is formed
with a hard magnetic material, and a protective layer which protects the surface of the
magnetic recording layer. A soft magnetic back layer may be provided between the
substrate and the undercoating layer, wherein the back layer functions for concentrating
the magnetic flux which is generated from a magnetic head at the time of recording.
The perpendicular magnetic recording medium is also required to realize a low
noise while maintaining a heat stability, in order to establish a high record density

thereof.

As amethod generally used for decreasing noise, there is a method in which size
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As a nmethod generally used for decreasing noise, there
is a method in which sizeof the magnetic crystal

w@e@snetspt sel f i ncluded in the recording | ayerPCHIIAGK019781
fine. For exanple, CoCr based nagnetic recording |ayer
which is widely used i n general is explained bel ow
Magnetic grains for the nagnetic |ayer are nmade fine,
due to a segregation of nonmagnetic C in the grain

of tROMRHREY cWRRI BiathstiREIr RRAIRAR ﬂferfedo%diﬁ%a%aqs BYa@IGhd1d For
Ta ahd B or by heating to a suitable tTenperature.

exahiplseCoCr basad tagnatgecarfling 1per pahivdiic widely wad fintgeaeral is
recordi ng medi um magnetic interaction between grains

explainedheloper MMegnctie REinSHRYHE fpagnelclsy didFymadaiing fus to a

decreased insufficiently,. since it.i|s: suffi.cient
seuE BT g RE At et s ey b8 itbpdyfont baused
by RRHEHAd M oPBhdaliBe BPAkiRbleI8RBERiukON HRFIMNBE N the case of a
magneti c crystal grains is inperfect. Therefore, the
perpadizeladinagheatic raeagdieg inedivee,onafinetic mbataation bhetsv-eempgrains émthe
that the transitiogn noise jtgiween recqrd bi't& .
perpeadiculs megnglicypqarding medium mwdegregsadipitiidentye gincedyis vk

ol . 1t e , . | t
sutf R R RRMTLE et A B bR ol (R
sepdatiBiObeivbdh hegRlicbAstal 3%als iNANPRRcR JThaRrarthstyetSehicalar
wherei n magnetic crystal grains were enclosed with an
magdietic fecanfigig mediumPws agrehigrh ¢hat thecizansitivr heise betvieepanesd bits
Unexam ned Eptent Application, First Publication No.
dectsgees BSFAICINtY NGy eover, there is a method in which TiC
| s addedalod o Ife&ﬁé?{#{h@%féréﬁﬁéﬁﬁ R4 ARbAIR iﬂtefﬁ@ﬂf@)%m%re isa
recordi ng layer having a granular structure in I ch
methddievhich S1Q.sit adldedriah Rsconding lagacioabetn ahiapndtheretdfding layer
addi tive. For exanple, please refer to Japanese )
havingespiadtipgivewhespipimasaetioerystel grains pigrs ek sed wifpan SiO;
00 1-43526. . However here is r obl i hat Si )
ddfd. FE Sl PareaRey it GeresyS eRnirr s Andeappfarin
PublitaticanN @ bobrgbyideposit in the magnetic crystal grain
boundary, and for this reason, a part of Sig 2 which
canvioteodlepthsid is hanatiodainsvipel $Hd-Ls added tsatdcdrdiok Uayeo o obtain

with the ghetic crystal grains, and.a crystallinity .
a magnetia FECOFAIRM 1a4en hgvingra %rﬁla}lﬁra%wswecmeﬁv& ’&Pé,rg?t&i fysial grains
| :Qr or
e B e O oL R Bp s e ke
Uné&hmiRdtPatdns AbplidaRbNYFitss PlislibatiesNo. 2001-43526.

However, there is a problem in that SiO; has a slow diffusion velocity in a film
and therefore it cannot fully deposit in the magnetic crystal grain bounndary, and for this
reason, a part of SiO, which cannot deposit forms a supersaturated solid solution with the
magnetic crystal grains, and a crystallinity and an orientation of the magnetic crystal
grains cause disorder or distortion, and as a result, the signal to noise ratio (SNR) of
read/write characteristic (R/W) is reduced.

Moreover, there is a problem in that TiO; has high heat stability and therefore it
does not fully deposit at the magnetic crystal grain boundary, and for this reason, a part
of TiO, forms a supersaturated solid solution with the magnetic crystal grains, and a

crystallinity and orientation of the magnetic crystal grains causes disorder or distortion,
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Moreover, there is a problemin that Ti C*2 has high
heat stability and therefore it does not fully deposit
wa@eooshetsaagneti ¢ crystal grain boundary, and fPRCT/Ii064/019781
reason, a part of Q2 forms 4 supersaturated solid
solution with the magnetic crystal grains, and a
crystallinity and orientation of the nmagnetic crystal
grai ns causes disorder or distortion,and SNR of the
hstd.c 4 . Disclosure of Invention
and‘%@efégﬁégw(%h%%agﬁeﬁsg%{s\%g@%g%hi eved based on the
af orenenti oned circunstances, and an object of the
present invention is to provide a magnetic recording
Discteslireinf baveintzoomagnet i ¢ recor di ng apparatus using the

magneti c recording nmedi um wherein the nmedi um has

exc .qrgﬁften@melewr%wél}em b@e%ﬂaﬁ? OrEEMAOPohPFHmstances,
and%ﬁ%%Lech of i€ g{egérﬁ%ve% 10{? 1sQY g%vfi‘& d i{nﬁgné%][r%k&édﬁ]gg%@&ﬁhea[nd a

to the magnetic crystal grains w ut formn

maghefi © FedFdify apbafedt@y ddigthe maghatitetdrilitictnyetingh, wherein the
orientation of the nmagnetic crystal grains. In order

mediwmdeh exoelentiiNR tharacteristice aedicapbjoadect highedensigy eerording, by
i.nvention oyide the_foll owin dia and_the.like. ..
proYl%nlgr}Ing é)ﬁgfcﬁecglp@@&r prel ‘ﬁ)ﬁ %a?tm#y pIng gél‘_[hog? forming disorder
3 ok i -f.ormed
o B B B AR o Ay e L
f orieddeano hdtgewentie afvoahéntignédytsectathd prasehtig@sntion provide the
magnetic crystal grains and a grain boundary field
follgwwingrnesie ansktbe likpe nagnetic crystal grain; wherein the
grai.n,boundary field includes Ti oxide, .and.the ratjo
o R TR ekt sy S el B ohEt
undBREAE 16ydree @i d1Pthk 3 BrateSa MmaBRéticRerd Y 18y@RehidR isMtmed
% or less, and the Ti oxide conprises at least TiO
on thedhdarcobitin® GFer 412) intThidenagagietic crystd giims)amba gram boundary
ccording to (1), wherein the Tj oxide conprises 2,
ﬁe@w@@r@d@wa%gwgn?%qrzssﬁgfgr%lﬂ;ew Dinthe Ti oxide is
90 I T ' [ '
acc? i fogfy el HloygRE TTRARE o o3ab de ik SECLHER graou

of ti & dkiddiiahé SRAgndtic refstding layer &dlinbl Bortmofelardis] BmBRYor less,
con¥_onent; and an orientation of a magnetic easy axis
and glie Tiraxidy eonpprisss pidegseAl? end/enrTiOs.t he substrate. (4)

(TQf(zﬁﬂ{‘%ﬂ’gﬁqx{;fgggc{rﬁfng%e’ﬁ?u‘%ﬁ 0BRSS ) Ik Fre i Mhe 19 Sl
comprises TiO,, and the component ratio of the TiO; in the Ti oxide is 90 mol % or less.

(3) The magnetic recording medium according to (1) or (2), wherein the
magnetic crystal grain comprises Pt and Cr in addition to Co as a main component; and
an orientation of a magnetic easy axis of the grain is perpendicular to the substrate.

(4) The magnetic recording medium according to any one of (1) to (3), wherein
at least one layer contained the undercoating layer comprises nonmagnetic crystal grains
which contain at least one element selected from the group consisting of Ru, Rh, Pt, and
Pd as an main component.

(5) The magnetic recording medium according to any one of (1) to (4), wherein
the undercoating layer comprises: nonmagnetic crystal grains, which contains at least

one element selected from the group consisting of Ru, Rh, Pt, and Pd as an main
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at | east one |ayer contai ned the undercoating |ayer

conpri ses nonmagnetic crystal grains which contain at
wo e@sheesae el enent sel ected fromthe group conBCHIR2004/019781

of Ru, Rh, Pt, and Pd as arf main conponent. (5) The

magneti c recordi ng nedi um according to any one of (1)

to (4), wherein the undercoating |ayer conprises:

nonmagneti c crystal grains, which contains at |east

l he S .

confifily SELGroEEERER el M CH Rl A E A S Bloalratns
andhesludisray okide! of at shitohe elalentgdectdiefrdin MiNAGOaH konsistivg bS],

grai ns and includes an oxide of at |east one el enent
Cr,ged Eeted fromthe group consisting of "Si, Cr, and Ti

) e OB 6 LT 68 B
the ?&?%;Hftthé)gubtstﬁlgc% t bfhk %@idérig %e‘(i%ﬂ@#ﬁ%ﬂﬂ@éﬁéertl% 2 o794 or

nore and 15 nol % or |ess.
moreandrndinng %edlesgsn according to any one of (1) to (6),
wherei n the oxide contained in the undercoating |ayer
i s (7) Thsmganctiggacarfiag maedym decosding £4 aysongtof|(Ehist(6)Twperein

and/or Ti 2083 8) The neti.¢c regcordj redi.um )
the 808 Binthlned T m Mt ERERT g e L AE T B Dmprises at
least TS EAQSL TiNG,| ayer conprises 2 as at |east one of the
Ti oxide, and the ratio of the H®2 in the Ti oxide is
90 @dThé&smpndtesscordid} Anatium haotding ganyedrteart (bf tod7), wherein

magneti c recordi ng nedium conprises the steps. of: |
the B’F‘g%%ﬂaiﬂﬁé layex eayaprisgs &1Qups\ghicas ong of el oxide Ayl thgyatio of the
PN r ; r- ositing a material for
Tlolﬁgrb%lgtrl?‘égrgfz %goaﬁgg%a?rﬁgﬁhd a material conprising TiO
andiopA mlanu?sdBurin® hethsd af ABERRIticGedoRGiAE ehadfirh 2061 pridéY th

i ncl udes magnetic crystal grains and a grain boundary
stepsiofl d, whi ch encl oses the magnetic crystal grains.

105 5y BB ARl
o BT anL A8 gt it Sl sty oy
TiOmadbe Ti pO4 tocform g medgnetic eeondiigigydr aytich insludes magnetic cry stal
grains and a grain boundary field, which encloses the magnetic crystal grains.

(10) The manufacturing method of a magnetic recording medium according to
(9), wherein the grain boundary field in the magnetic recording layer includes Ti oxide,
and the ratio of the substance amount of the Ti oxide in the magnetic recording layer is
5 mol % or more and 15 mol % or less.

(11) The manufacturing method of a magnetic recording medium according to
(9) or (10), wherein the Ti oxide in the magnetic recording layer comprises TiO,, and
the component ratio of the TiO; in the Ti oxide is 90 mol % or less.

(12) The manufacturing method of a magnetic recording medium according to
any one of (9) to (11), wherein the magnetic crystal grains in the magnetic recording
layer comprise Pt and Cr in addition to Co as a main component; and an orientation of a

magnetic easy axis of the grain is perpendicular to the substrate.

(13) The manufacturing method of a magnetic recording medium according to
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5 nml %or nore and 15 nol % or less. (11) The

manuf acturing nmethod of a magnetic recordi ng nmedi um
waewsndisey to (9) or (10), wherein the Ti oxi deCT/8P206u019781

magneti c recording |ayer conprises 2, and the

conmponent ratio of the T1IO2 in the Ti oxide is 90 nol

% or less. (12) The manufacturing nethod of a magnetic

recor di ng medi um according to any one of (9) to (11),

[ \Vi :

ony 08 BE LD 18 O B o e R Red B S SIS Byer

1nclaﬁesa10ﬁmlagnelmlmymeﬁ Rfdinawticaromalren st et dment RElgaEd from
easy axis of the grain is perpendicular to the
the gmmce@ﬁu%mg@ig)u ePtnath@téft @maﬁgcqmcm@t of a magnetic

r ec r dl lilg? rrt]uglﬁg%{ g, a otﬂ"’l‘ Qgec?a{ﬁhrﬁg]%leﬁmm accgfdlng to

anym CE@? Sh {1@% e R P R g e

inclgdestiforemapnied cygtabfrais, which célitainaatleRd oas eBmAt selected from
conponent. (14) The manufacturing nethod of a nagnetic

the gawp F@ﬁlﬁﬁﬁmﬁ@é cRlopd Reas smanycosmpongnt; pod a grgin hampdary

seld it Euelen B B mREne R e R A ab PdsCpayag of atleast
one%![éi‘ﬁé%selé@i’éc?ﬁ‘oﬁ‘%ﬂé &lot) CaltlSI:l,tﬁl%%tf Song, slenent sel ected
fromthe group consSisting of Ru, Rh, Pt, and Pd as a

nmai (A Sy Binpaaerfactuangimathgpd aif a ntnguﬂlniareyoxfdlr%i rediwhiactording to
R AT NI AR
undglrcgyt?ggi?ﬂ‘? '1531 hﬂﬁ’ ‘Vof)rdrﬁk)F A 15%@91 oh-or ﬁe]sg) The

a magnetic recordi ng nmedi um

ac QGﬁTﬁh@nh&fQ&Mm@g‘ﬁleﬂfod(&h niagnétléﬁecomh@rrﬁédiuﬁlmecdramgoco
of the subst ance amount of the oxide in the

any wndef (04 (19y Wherein thesoxiderodntsinedt intbe sndenebatibg taykr Hlpoxide,
|l es The facturing method of a magnetic
andﬁlé%ﬁ%%sql?ggom}sﬁﬁ’gg@gﬁ%#ﬁéaf ‘0o any one of (9) to (15),
7) T Rl ccfin BRUBUREH phdinb BRI Gr ol o
anym of N 19 (IBhevimeinfiredide aentamédimthe indercmagnglayer comprises

recordi ng medi um according to ané@one of (9) to }(116)
TiOppwftdrast erreofohe droxidnaar feratin of A TiRuereprienhig thaiepxide

1s9§ r{ﬁ)({l SER HO2 as at | east one of the Ti oxide, and the
4% 6° O “the @ conponent in the Ti oxide

(18) A magnetic read/write apparatus comprising a read and write head and the
magnetic recording medium according to any one of (1) to (8).

(19) The magnetic read and write apparatus according to (18), wherein the read
and write head is a single pole type recording head.

In the present invention, TiO and/or Ti,O3 are used as additives for dividing
magnetic crystal grainé and providing fine size thereto.

The presence of Ti oxide such as TiO, Ti;O3, TiO, and the like which are
described from an oxide having a low oxidation number are known. Among these Ti
oxides, a phase of TiO, having an oxidation number 4 is thermodynamically most stable
under normal temperature and atmosphere. TiO and Ti;O3; which have small oxidation

number have unstable phases as compared with the aforementioned TiO,. Therefore,
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is 90 mol %or less. (18)A magnetic read/wite
apparatus conprising a read and wite head and the
wWOore@ae64587 r ecor di ng nmedi um accordi ng to any oneCDIP20d4/019781
to (8). (19) The nagnetic read and wite apparatus
according to (18), wherein the read and wite head is
a single pole type recording head. In the present
invention, TiO and/or H2O3 are used as additives for
in 16 Al RONRLR Bx{f%e)’l%(ﬁ%lts, 9ERLRRABL AN Y BodlGeaction
Si ze thereto esence o OXI e suc )

fonﬂ&lﬁprdﬁk%f@d&tﬂlém&)ﬂlglke whi ch are described from an
oxi de haV| ng a | ow oxi dati on nunmber are known. Anobng

these Ti Q@esl/2@: pHa@z of HOR having an oxi dation
nunber 4 i r n ally nost stable under nornal
terrperaturjgggr %%_afééé Ti O and 233 whi ch have
S Mt eQ%h 824k ‘Bﬁwﬂg Wéﬁ{allhﬁ‘i’cﬁtl%‘ ﬁ{uﬁg&esugﬁ‘ 5T &xr/or Tl%(%g,eis

conpared wth the aforenentioned 2. Therefore,in
provtiebapdieadelitive foha ehparxigpesitieextbgétber witlchantetial foreatignetic
in the foll ow ng reaction fornmula proceeds from]|eft

crysta) graigrhe oxidem sitgl te obtaiipoxygermgus to the apfluencerpiapsidual
\Wh i.dat nb

oxyite il B SFmBAYed ik PRt derB iR LB ROE g TS5 s Bfpec

in tlgaeéiﬁﬁl Bduﬁﬂar'yo gpLbey th‘é"eﬁ@ctathwﬁfﬂg%rofe%r Asgp &t Gnd/or

crystal grain, the oxide is deposited to obtarn oxygen
Ti, Qpuietct the pgnéetnd d:rysiabgamfbom@r;zi vl 11mwg@mmﬂchbtyh e chlmhngly,

Y R VLK LT N
beelil Eged%s é:}ég?]&léloﬁgl%%d tﬁfeadﬁ{)faﬂg T @ -Ehlpb@ﬁfhéu%d 1]'1' azélximl ngﬁdary

rairn ary can I ncrea

at hfgﬁ@é&ﬁﬁi@cmﬂ@]@wﬁduﬂ@&&nﬂyﬁﬁ tlﬁ@gl’éﬁhftﬁﬁinmry df the magnetic crystal

ther nodynam cal |y stabl e oxides such as SiQ2 and Ti Q2
graipp vtthoWaemabeegintbe thageeticonyetal igran ahlikeibiCn jané the hlkieo In this
dar

wasE gl e o Gabare G Re sl e oh ng ety wherd i
can P YO Mvitlout REnTTRYA SllefsaffrMted %hcgsro%tﬂﬁ d‘f"tﬁe,hﬁ%netw crystal

remaining I n the magnetic crystal grain unlik

graiagidiut e theiuse of TIO tund/sr Tig®; astaaditivee fenlividing mﬁgmeﬂl‘c m“gstal
eraing ond providing fhe Srain size of tsgnatic crystal gramsd o 1 T

The ratio of the substance amount of the Ti oxide, which also includes TiO; in
addition to TiO and/or Ti» O3, in the magnetic recording layer is preferably 5 mol % or
more and 15 mol % or less, and more preferably 7 mol % or more and 12 mol % or less.
The ratio less than 5 mol % is not preferable since there is a tendency that improving
effects of SNR of the R/W characteristic cannot be obtained remarkably. The ratio
more than 15 mol % is also not preferable since there is a tendency that the crystal axis
orientation is influenced unsuitably and reproduction output of the R/W characteristic
decreases.

Here, the ratio of the substance amount of the Ti oxide in the magnetic layer can
be analyzed with, for example, Auger electron spectroscopy (AES), X-ray photoelectron

spectroscopy (XPS), energy dispersion type X-ray spectroscopic analysis method

(TEM-EDX) using a transmission electron microscope, and the like.
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can be formed without form ng a supersaturated solid
sol ution of the magnetic crystal grains, due to the
W@ e®s5064571 O and/ or Ti 203 as additives for diviRPCHgP2004/019781

magnetic crystal grains and® providing fine grain size

of magnetic crystal grains. The ratio of the substance
amount of the Ti oxide, which also includes TiQ2 in
addition to TiO and/or Ti 203, in the nagnetic

%
e Tl G L e L e

90 théel ¥wr 1945 0dndl 18618 prefrabliydt is@Ohﬁ@lS%bh aldrSandb0 fol B o1 édss.
preferable since there is a tendency that inprovin

As ggspradsabeive, IR aofl Tidkk tendio bie axitizash whan the &dm mbfonb , and

therB R R G RN éoﬁﬂ& oane s i B g Jotiy fsjd ot
the ﬁfawﬁétgl 1a§ef, sgﬁé smdaﬁ d'I{% u glr &%%kih&ﬁmabén@ﬁd If
re uctil on C ar a

Br o ut put terlstlc

the aiponEaseFiOHehmontrh adaiait exce@r 90t el %, bsdetlante mpimdiny effécts of
the Ti_ oxide in the nmagnetic |ayer can be anal yzed

SNBMOf the R/QY cléaracﬁmsélc cmg% pe eblained 65 ceppared vEddRASY WESEin

mergly ity & BB L Pl cotop o anal voi s met hod

( TEMLERM) 0TI Lothpoh&t SR ST @Ride! Bk bE Qﬂalfﬁéar\i?ﬂ? %}eexample
and the like. The ratio of TLIQ2 conponent in the

XPS;xab(taIaadéd]Xtﬂay ahsagpmm find stryieture EXPAES)e D(aialy;abgﬁpnmi ne%—edge
and nor ig?rably it is 40 nol %or nore and
ﬁne@@’uﬁt&re %@Nﬁ&éndt i¥escri bed above, TiO and 203 tend

to f s, f

L0 OO U 000 08 b Blins 0Ty 0 HIgREI
graigl§,as flsd asuadaitibly ifed tHe RlaghdiR @GR Infedi@} OF thel frestl ihPention,

of adding Ti O and T12Q3 as vapor deposition materials.

sincefCoPer-bassd alley hds high @r@stphn@gnetla ddisotrepic esetg andherefgre the

therEL e B LD AU AT S P o HEHCD e A Srpfrtssuch
as Ta28 \Mc”ﬁ? QbR 2 ﬁg%@ Iaéfde-ﬁjtgfhé 3109968 es nlil %rd'eﬁtorﬁﬁprove th,

pr ef’er ab ratio HO2 " conponerit
maghatic bﬁ)pamal yeek prefebablyf, GoCeRia CpCeRPtBXPSCrieeTh aDe@eNG, r ay
absorption fine structure (EXAFS), X-ray absorption
Co(ﬁ@g%u,@a@éherlnlﬁ:ecagtbﬁ usad asdhq ARES) * and the |ike. CoPtCr

ﬁg;lﬁhgetrlnéé Hic r%cgfcﬁng f]yer oqetﬁep pr%ge% ifRnf orﬂ%%? lhla\% a muﬁllatyrf]:re

structure of two or more layers if necessary. In such a case, it is sufficient for the

present invention that at least one layer included in the multilayer be a layer having the
characteristics as described above.

Ru, Rh, Pt, Pd, Ti, and Ir which can be used for the undercoating layer of the
magnetic recording layer has a good lattice matching with the aforementioned CoPtCr
based alloy, and therefore, these elements can improve the degree of the crystal
orientation of the magnetic recording layer when they are used.

The aforementioned undercoating layer may be a laminated layer of two or more
if necessary.

The R/W characteristics of the magnetic recording medium can be further

increased when an oxide is added to the undercoating layer in order to form a granular
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grains, is also used suitably for the magnetic

recordi ng nedi um of the present invention, since
w@ems@s4sbased al | oy has high crystal magnetic PCT/JP2004/019781

ani sotropi c energy and ther®fore the thernmal

fluctuation resistance thereof is high. Furthernore,

addi tional elenents such as Ta, Cu, and B, can al so be

added to the alloy if necessary, in order to inprove

i t d I .
seublfs, TG SRR M RLESLAR o GO Ry
thoseaR degribe@ A&, thaeis BMi@dsiolSi, M®i, ARQ fRtlike, ArmdcXidl ¢TI

| ayer of the present invention nay have a nultilayer
inclgding diQ ard/of ThGpisqartiatazlyl prgkerablé fineretbe REWroparacteristicstare
case, it is. sufficient for the present invention
furtheramprgved avhen itya¥59dayer i ncluded in the multilayer

be

I . S . o

R, P it bpe uifeiORICAEh BilaR o6 AU RRIGRER: RYRE
prefeBer Lol g heieindab of s ARy PEtahg ke pretirilgdy Baylr% has
a good lattice matching wth the af orenenti oned CoPt Cr

mongased0 ardl §9or lessd Whenetigdess thamelsmokee peastlentdmpraviep efeass of
he d of th ryst ori.entation.aof the eti
SNR gt e 3 G hepase i bl G gl <Sids np el onken
it isHhsle tsi r d.am: I :
T S Ry o P AT LEthe B Rlec e Toyer
tendyag deteticratecandrSNR gf the Q/WWrtleasac tdrdstic wisohards it detedsetd, and is
when an oxide is added to the undercoating layer in
thergfogepotirsefesblp a granul arstructure. Preferabl e exanples
of @J@g )éi e afjglg)dcto ghetun erocoetci n .Ié;\ ierthi ne udet.
t hoRdS ECaae o1 Bla camBYR™ PhAF oFLe coypgaat fyihgpmieggoating
layellis 9BME1 $ 1bdskdnpravitlg exbdr SNRTbf the R/ WinaghctbriQi@ndh 86
28 is parti cul arl y preferable since the RRW
obtaiheal; and theredtrie ¢isis areferbblet h&heinrthe titieds dhevol ¥4 orirpongsied 60

The anpuynt of th forenmenti.oned .oxi de ad tq.the
mold?a&é TSt 3 APIE R rapie Sﬁlﬁeﬁwgw%ﬁ&% %t?ﬁﬁ% obtherkiW 5
chal%gtehiglfc%a%&e[n;i ﬁaegd nore preferably 3 nol % or nore and

sS. Wien it is less than 1 nol %

ex CEid w@idercomfigo et vtfiélehisahe gfanBRstriictlird énd/hdie a multiple
characteristic tend not to be obtained, and it is not
layesedestaicttse ef twaherrmerne laysrsrend thehmderrsating layegr maydegelgyae

whiglfl d(t)egeho Con Qctt %Vti%hqcﬂe glfagrtle e rrergcgﬁﬁltgllgyerr W% yl. ng layer

By providing a soft magnetic layer having high magnetic permeability between

the aforementioned undercoating layer and the substrate, so-called double layered
perpendicular magnetic recording medium, in which the perpendicular magnetic
recording layer is provide above the soft magnetic layer, is prepared. The soft
magnetic layer of the double layered medium carries one function of the magnetic head,
such that record magnetic field from the magnetic head, for example, from the single
magnetic pole head, is carried horizontally in the layer to the side of the magnetic head
for conducting reflux, when magnetization of the perpendicular magnetic recording
layer is conducted. The soft magnetic layer can function for providing sufficient and
sharp perpendicular magnetic field to the recording layer in the magnetic field and

improving the read/write efficiency.
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tends to deteriorate and SNR of the RRWcharacteristic

also tends to deteriorate, and is therefore not
wpe@beeabt e. When the ratio of O2 conponent i nP@TI&P2004/019781

oxi de conprised in the unddfcoating layer is 90 nol %

or less, inproving effect of SNR of the RRW

characteristics can be obtained, and therefore it is

preferable. Wien the ratio is 40 nol % or nore and 60

ol ExfAn@iled &SBieh b boft fnabRétR 18yeR il 18yevs BECoLIMND, FeSiAl,
i mproving effects of SNR of the R'Wcharacteristics is

FeTeGeoTH(gMEF e, FEh EcUrididrat tva, m@%’&t}ér whi ch has the
I t t . h I tiple

O PVletehier b blas aBpIgina by Y & & okl b dese dWmeRAgn

anu%e%%a HBYc £fn 3 gjl%é!ﬁ eg%ﬁ%%{x?e%@?ﬁn@&‘f@%&%%ﬁ%ﬁa L Ly ﬁu@e

nagne BT ecor soft

substR@ et Tie %ﬁ%ﬁign@ﬂ& 1398 fingBriagnghetc Qende abslly; éﬁd spike-like
bet ween the aforenmenti oned undercoating |ayer and the

noissup genezated from-theagoetolomain.| allerefdrep dugpiorapphicdtian of one
ti c recordi di um ..i n whi er endl uI ar
way{YHEE0R BF § BRgPeHoorid By tbf Mt it GO bhE bR REDGisrliy et a bias

PR 1 BB R B
and igbreratignef 4 Mafresid watluzh belpadvenedor I isragnpodsibld toghrdvide the

fromthe magnetic head, for exanple, fromthe single
blawgkyémg laygiise Inainsted; %méaw sosthateisomreny i distripyted ﬁl@ely, and a

bie pEFe el sSBRaRio et ToReiS ob SPisaE ol ot dpPing

layeFBeh@lel Co1P¢X DB, I@@PtTaSFaier@é@ltP%ﬁaNdTla;%sﬁpfdoPt CoPtO,
magnetic |ayer can function for providi ng sufficient

CoF@rD dbatttiSi0e rGuéhBi-8idaandEg@tOSiOel d to the
g A IS By i SRE s,
Al-l%@@%idyc&uhiﬁt{a% ﬁhﬁ%lﬁgﬁlgiey%% sﬁ&st%g{l&ﬁ%ﬁ%ﬁﬁ«%]ﬁk?ce thereof is

oxid¥idde ostiicsaplastes, @idnhy likg | RAyEm&ECibisatsodpdstiBlead@se a
har d rragnetl c filmand an antiferromagnetic film can

subgieatgywherainetlie penmegnstic Nerfapsfof theepgeremicotionedenbsirate isipdated

wit Sl VP ol PRI o T PR e b R gfove

the §1Hﬁ“1af@1%l§%@1 tHAER e é'iﬁfe‘hfefn%ﬁed fb&rdQ application of

one
A protective layer may be provided on the magnetic recording layer. Examples

of the protective layer include those of C, diamond-like carbon (DLC), SiNy, SiOx, and
CNx. The X is a number suitably selected optionally.

Examples of the sputtering method include a mono-target sputtering method
which can use a composite target and a multiple-target simultaneous sputtering method
wherein targets for each substance can be used. Moreover, oxygen may be added to a
sputtering gas such as Ar, if necessary.

The magnetic recording medium of the present invention make it possible to
make the particle diameter of the magnetic crystal grains smaller without disturbing
crystallinity and orientation of the magnetic crystal grains, conduct high density

recording, and exhibit excellent SNR characteristics.
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way direction of a magnetic field to the radius
direction of the bias applying |ayer, a bias nmagnetic
wo c@bm64597 appl ied to the soft magnetic | ayer fPRCTERROGI019781
the bias applying |ayer, andl generation of a nmagnetic
wal | can be prevented. It is also possible to provide
the bias applying layer as a |am nated structure so
that anisotropy is distributed finely, and a big
magnetic domain is difficult to form Exanples of
materials for the bias applying |layer include CoCrPt
BRKEP(EE’SBRIR‘HOI\PO‘F@REWGSCoCrPtTaI\Id CoSm CoPt ,
CoPt.O, . CoPtCr O, . CoPt-Si. @2, CoCr Pt - and
Coglg’t 1058 RESPeRHivEP BV ISTEIR RS BHBS mwe phivhe pragactict
0
recd (G ANt dp R BTaS SR O (R BB RTR Y
expldded.surface thereof is oxidized, ceramcs, plastics,

and the like. Furthernore, it is also p055|ble to use
a diips? isat tgpighleseetionat wéwn@mmaghmvs acafighation of an hmple of

af or ene ned substr.ate | at ed for exa
the magpqsi éf %@m@ﬁaﬁ% Weorrifr}géne %%}Eﬂpeg‘ @Elbﬁieﬁaeg@eeg caréhng

gimlar effect with those of the
]Bm9§8 %@ﬁ?&%ﬁ@gwgdigg%ate. Aprotective |ayer may be
pr oM dRf$ aafpichieseomgiablies wisClosltiwith ¢aayiguration affphaberof
the protective |layer include those of C, dianond-1ike
exawaleshe pegyeticsing(magnepicsccariwgansdiuthelsioped withihepeencii
ecte tion Exanpl es of the

reccgglﬁ‘gtr%ﬁ‘ﬁﬂ%rﬁgpﬁrg S %ngll:lg hono-t arget sputtering

m?tli‘lgoh whi t?ﬁcﬁlasrécﬁ’cﬁﬁl FieRONRERS S Rvd AL BRIouARidn ¥F another
mul trpl e-target sinultaneous sputtering nethod wherein

exam@fegifftthe magneatiacliskyuiaghetivcecardimgheedrsmylequbypedovigh the magnetic
gen nmay be added to a sputtering gas such as Ar, if
rec%@é‘é§%3é]/‘§/m€“ﬁﬁ’8aﬁ‘%ﬁ@ﬁh‘?%“¥%‘éo}d| ng nmedi um of the

re];”"gn# is agt}’/gl%lt s%@tléﬁi(?]ﬁ{évtvyr@&?] gl#%se% éo%ﬁgﬁ%ﬁ%oh %? a magnet1c disk

(ma@ﬂ&id 18€ordink eddiudl) 6t tHe Bddded @ﬁl%ﬁ&lﬁidnt of thy p?e@gnt invention.
orientation of the magnetic crystal grains, conduct

hi ghigdensi grgrphr wbishahenys thamelateodshipi hetesanethe ShRnsNRue and the
4d @ar act er (g BRIIEF DESCRI PTI ON OF DRAWNGS Fig. 1
adde aIBO'HEP&LJS K21 GEARISk wherei n one part of an exanpl e

of Flg fégag%%e&rhfcﬁ REWE 1Y rEISACHWY BeBwARRE 8NUSn Yhiul BRI the

firs nt of the present rnvention iIs
ratio of TiO, component comprised in Ti oxide in Example 1.

Fig. 8 is a graph which shows the relationship between the SNRm value and the
added amount of TiO in Example 2.
Fig. 9 is a graph which shows the relationship between the SNRm value and the

ratio of TiO, component comprised in Ti oxide in Example 2.

Best Mode for Carrying Out the Invention

The preferred embodiments of the present invention will be described below with
reference to drawings.
(First embodiment)

Fig. 1 is a perspective view, wherein one example of the magnetic recording
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exploded. Fig. 2 is a typical sectional view which
shows a configuration of an exanple of the magnetic
waele®k/o¢4sagnet i ¢ recordi ng nmedi unm) equi pped W t PCT/B2004/019781
magnetic recordi ng read/ wilze apparatus shown in Fig.
1. Fig. 3 is a typical sectional view which shows a
configuration of another exanple of the nagnetic disk
(magnetic recordi ng nedi um equi pped with the nagnetic
read/RERY Hbatgtus KRN HLARPRABAEMENt DTN prentindentibn i§b&tialfy
Is a typical sectional view which shows a
disassendtilgglir &ig. @ns atypaced s¢ntiona xagvpl véheodin bhe exemgpie vf the diagketic
. .(magnetic recordi ng nediunm), equjpped wWth the nmagnetic
dlslq(@ta@pﬁr%@cqr@aamﬁdw@ eERpEd IS tas BRGNS tpsqyding reagvgite

| ti Vi eW: Whi .
A R R e
exaMBR 0ffle B4gnehe dBR ¢PaghetithesbirdiBs ne@funt)n e FRi@S £ Rita typical

invention. Fig. 6 is a graph ich shows the
sectramahyipwndichpshowss waether ¢ran®iRrf thamagnetisdlitkngaguetzdecording
mount of TiOin Exanple 1. Fig. 7 is a graph which
medd¥Phs the rel ati onship between the SNRm val ue and t he

Cat] . : R - . i
ooy IR TR EORB B e Pyt Bbpi'eD of the present

embodiraérit onaprifes Behswas) whivh HabRshael ofe ragtahdldBoxalsttl@ts an upper
amount of TiOin Exanple 2. Fig. 9 is a graph which

opesingwkrfadeand angt-illysisaied iopeowerdiar e¢rdudingthe waperend gpeningof

rati f .conponent, co [sed in Ti oxide in

the {836 A7 Pt RN SR | SN E R | nvent i on
ThepREEd8E 6 £ &ERRA] BRI Al skiPSVRER RS haddd¥6 RlcbRing
wi |l be described below wth reference to draw ngs.

medimrastording adihaprdsgntingentibnj sspindienepedBias @ dviveng,means for
wher ei n. one exanpl e of the magneti

SuppestiBg m%?aéiafaﬂwm@@eﬁs G %Wmtl%}% head pfavhighregpducts
o TR oflink B SRR PO A 2 BB 2 e

actubfiR 168 hidh1fis @%asiRhSof bqlipfed BN Bicinkagnetic head 64 on the top

thereof and which can support the magnetic head 64 movably with respect to the
magnetic disk 62; a rotation axis 66 which can support the head actuator 65 rotationally;
a voice coil motor 67 which rotates and determines the position of the head actuator 65
via the rotation axis 66; and a head amplifier circuit 68.

As shown in Fig. 2, the magnetic disk 62 (magnetic recording medium)
comprises a substrate 11; a soft magnetic layer 12 laminated on the substrate 11; a
second undercoating layer 13 (undercoating layer) laminated on the soft magnetic layer
12; a first undercoating layer 14 (undercoating layer) laminated on the second
undercoating layer 13; a magnetic recording layer 15 laminated on the first undercoating
layer 14; and a protective layer 16 laminated on the magnetic recording layer 15.

The substrate 11 can be formed with a glass substrate, an Al based alloy substrate,

a Si single crystal substrate wherein the surface thereof is oxidized, a ceramic, a plastic
or the like. Plating of a NiP alloy and the like may be provided on the substrate 11. .

As the soft magnetic layer 12, those having high magnetic permeability is
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di sk (magnetic recording nedi um equi pped with the

magnetic recording read/ wite apparatus of Fig. 1 is
wWebwde45F1 g. 3 is a typical sectional view whiPCT/$irR00019781

anot her exanpl e of the magnétic di sk (magnetic

recording nmedium). Figure 4 is a typical sectiona

vi ew whi ch shows anot her exanple of the magnetic disk

(magnetic recording nedium). As shown in Fig. 1, the

prefoR@Ret uz%aﬁr;g&@ o8 b3k 8P Wirhdify @R P@%@fﬂeﬁm@%zfmb hFe&Al

present enbodi nent conprises a case 61, which has

FeTs@aApeTatt, NaF¢, det Be((dl® HetloNyand Fiejladh Uﬂm&hlcmﬂ ioffithe soft
surface and a not-illustrated top cover for occl uding

magngidc layprel? is peefeghly 1ﬁéh%¥an€%%f WiteS08 nvherein it is

o1, 53 Ry bt 08 sSER BBl 2 b Pt S LR R e
13 dn@ R HibSigats® i 145-a1ea rdemsle ldyerddhRrRhERARE n{aBM&R e din
spindle notor 63 as a driving nmeans for supporting an

medlm_tlast fonged ewhiel et pearpetidsdul B 2nagactagnetding lhpeads 6dmprised on
e TN XA T TN
N e L

typd‘%ﬂ & ¢1Fcuhﬁaﬂb}5‘6elfi@ Y&l hyrivdritdly'ia siRelaeritd tﬁe’hﬁagﬂtﬁﬁ @badCside.
di sk 62; a rotation axis 66 which can support the head

actThetfist Leﬁercoafang lcamd ]4yqndéhf&/$ﬁ|09@d wwlercaating tayelllwsnntehn

rot at es det er ‘{Pe posi t.ion of the
nONZAERENC 67 S8 SAIES TSR ARgIUdS A5 ANgia CRBPORHY afale?ﬁéaae kind of

ele | SE&I%%&{ G TEY I, $8-an dSh?c"i@gfe?e rr%z:tklg thaf maw?ﬁllﬂ%gfh%tsb&nd

magnetl c reécor |ng ne rrses

underebatingdayer 13 ;and tisofidst vRAiating lagyreld H&d&fammﬁbmobwlm other.
the substrate 11; a second undercoating | ayer 13

Thethigkease efthie rf@stltwgléncyatumwlﬁ)ﬁtléds prisfersdy svthe rmrfé”tfﬂ te 20 nm,
l.a i st [ n VA under coat |

and (Bicknss of it sBfont RSB ok S Prede PP e 3 «

20 mn.Tagneti c recording layer 15 lam nated on the first
undercoating layer 14; and a protective |ayer 16
| amnshiosa indrig. Bethwﬁbinéuhdﬁrccaﬁng thyeg23 sopgbe pEovidduebetween

the PO BstesFiBg ARG Pl B¢ ool meeuslisgresT a2y s FHthemiore, 35
shox?ié ﬁ%g?%,%%@%ﬁé@@glé&&tﬁé‘fa@&% A ShE Rhurth SmB&c Gtk daye? 33
may be provided between the second undercoating layer 13 and the soft magnetic layer
12.

The magnetic recording layer 15 is structured such that the layer comprises the
magnetic crystal grains and the grain boundary field which surrounds the magnetic
crystal grains. The thickness of the magnetic recording layer 15 is in the range of 3 to
20nm. The magnetic crystal grain comprises Co as a main component, and Pt and Cr;
and a magnetic easy axis thereof is oriented perpendicular to the substrate. CoPtCr
based alloy, which forms the magnetic crystal grains, is suitably used for the magnetic
recording medium of the present invention, since the alloy has high crystal magnetic
anisotropy energy and therefore has high thermal fluctuation resistance. It is also

possible to add additional elements such as Ta, Cu, and B, to the alloy if necessary, in
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or the like. Plating of a NP alloy and the |Iike may
be provided on the substrate 11. As the soft nmagnetic

WO 20081064527 t hose havi ng hi gh nagneti c per meabi PCT/§P2004/019781
i spreferable. Exanples of méterials for formng the
| ayer include CoZrNb, FeSi Al, FeTaC5CoTaC, N Fe, Fe,
FeCoB, FeCoN, and FeTaN. The thickness of the soft
magnetic layer 12 is preferably in the range of 50 to

ordé’?QQuﬁmov@me%Qgﬂeqw ﬁeﬁe stbte pRERAI, “Cd(ﬂ)ﬁﬁ gﬁgts,

bet ween t he second undercoating |ayer 13 a
CoGritiiiay CaCePtNi, CaCaiCaadnidehle ke itrnebel gy nethepdditienal efameaits.
netic, recordlng mediumis forned in which the
pe%a@

i poyp %@ﬁ@tqoeta#r&?é lessthBO andéor le,an anpliQdtalon

h f I 12
conf g3 b R b P bt O R B
reccRdiab 14yRal 5 H}?ro{/ﬁé@ agis FRYDESH Bofel Bl 5THAIM. b fess H@lftio of
magnet’i ¢ pol'e type head is circul ated by being sent

TiOh oomparnainl the ﬂ“nomﬂelslmyvadedasﬂ(]mohﬁgordegsc head si de.
The first undercoat] n%él ayer_14 and the second
u ndQ‘E’&%PF"n@f Pegewhich hayhemalh Oﬁ@ﬁﬂﬁgﬁ@pbe seely g% B0 and/or

le(%,ran 3%0?1% aré{1 &I)rg?oneﬁts g?(?;r whic h%g % eﬂ%?ctheg{ saa t o ne

conparedvAEETi@PAR] TihO] is T®hRA iR ke grﬁ’ﬂh dohgd#.c OAQcordlng to the effect,
undercoating layer 13 and the first undercoating |ayer

TiOkad Je(Wichh diféise i thermasactic gaheboundny at highlkapess dfhetehg, the

first. undercoat 14 is ref er ab n the r.an
graifyPogidaty DO R TG LI SiTHeR T eSS, Witiots
fornlﬁﬂg % Sﬁﬁéﬁe{tﬁg’cé a0t S(I}lﬁtli@'?wpcﬁ ?ﬁ%g@l&lﬁ chSEan if C%g?é) raﬁl
bouh@@tﬁareas may be provi ded between the second

undercoating layer 13 and the soft magnetic |ayer 12.
Fuﬂih@éatltm@%t eagbsémmmphnmféﬁ oyide tuch #ilesg than 5 mol % is not

rcoat er 23 and the .fourth u
preffBOET S88 108k 15 BMSHsGR BR i S il SESSRAIE Ry
chaﬂd@t‘éﬁﬁt%h‘ﬂ@)@ b!: @M’ﬁfne& gerﬁ‘ﬁﬂaﬂli?‘e BIRY fatiBBY ﬂ%téuﬁsthl%éeaﬁnojdﬁt of Ti
he magnetic recording layer 15 is structured such
ox1dehad>rettlm1 15ayel Ycis aiso neeymreferubleragre there rayshddncy thai the
sﬁagd the grain g undar field which_surrounds the
cry @ﬁlétorlenf@Pg)%P egmagpﬁ%c crysal grgindR hedaflysncedansyiighle and

oA Bk OBl 1 Ll I BB Py 20 T The
CONIeYR6r, whetthBtratR6f 160; component in the Ti oxide exceeds 90 mol %,

excellent improving effect of SNR of the R/W characteristics is not obtained as

compared with the case where only TiO; is used and therefore it is not desirable.

The ratio of the substance amount of the Ti oxide in the magnetic layer can be
analyzed with, for example, Auger electron spectroscopy (AES), X-ray photoelectron
spectroscopy (XPS), energy dispersion type X-ray spectroscopic analysis method
(TEM-EDX) using the transmission electron microscope, and the like. The ratio of
TiO; component can be analyzed with, for example, XPS, extended X-ray absorption
fine structure (EXAFS), X-ray absorption near-edge fine structure (XANES) and the
like.

The protective layer 16 is formed with, for example, C, diamond-like carbon
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and a magnetic easy axis thereof is oriented
perpendi cul ar to the substrate. CoPtCr based all oy,
waiosiefsoT ns t he magnetic crystal grains, is SPCT/alog4/019781
used for the magnetic recondling medi um of the present
i nvention, since the alloy has high crystal nmagnetic
ani sotropy energy and therefore has high thernal
fluctuation resistance. It is also possible to add
(DIRHAEIN, OB, &IENBAE theIHED BY plovidind th@p@tdBtivd Rybh, the
al'foy Tf nécesSary, inordef to Inprove the magnetic
magretip escoydindiayer 1fr @hdegbdtycteColecRinicallyCr Pt B, CoCr Pt Ta,
CoCrPtNd, CoCrPtCu, and the like can he used as the
addWies Hhs megnstie disk of thearepent smbrslimeniy menwfagturednitas ns

east_Ti O and/ 2 nd Ti.C2 is.als nt ai ned.
orefe 3o Ry rE mSlhod bE oo BRTurRing pl PRl B RO 8 e
the hﬁgné’fﬁ:%@drﬂﬁl% RSN sl NG oty @ilarl® mohoRARM s%@eﬁg% RetiBd wkich
or nore and I5 nol % or |less. The ratio of
uses @ nppeEsite tarpettand aThultpliedergessimubtenaies s@stefifg methodowdrerein as
| ess. e to use of oxide which has a spall oxidatign
a taggg ﬁ%sagcm%bSNa? re piggsl prefegably. i (X850 My Be added to
Is xcel l ent heat stability as
the g@ﬁ%ﬁ%%%ﬂ%%lgﬁe&g%&pl s formed in the grain
(Sebadrgdodimégrording to the effect, Ti O and H2G3 can

diffuse in the magnetic grain boundary at high speed.
TheFigbyis athipicgrsstitonabuimwantythd inguktisaiisk BF (maghetic recording
ranul ar .structure having a_.fine structure, wthout
el s 38 e ueehe S 1 el SRR  t ho
T el Rl 72 BLAtC rBodr e i OHAE Bl hercibodiment
inclnésssa dubstmatd 1 el sofbrhagnietit layeet Blaatihsted on teaubiignelli; 9 sdcond

tendency that inproving effects of SNR of the RVW
undgregpting laysrdupdereosting byend 3dpmiiatedpry there ik e getic taeer 12; a

rati f the tance .amount, .of . Ti oxide nore than 15
first rrl%}de%)olgt ngalﬁg%sjr%lg(?m(ge « aélpggzryg.’) lgllrnr%aéed? q{letgg s?cgn(i ungercoa%’mg
laydrand£RagndtiRabedridg ty%e | flanfikhed QhRNMiBE hiRRrRhtid Ryer 24: and

magnheti c crystal grain to be influenced unsuitably and

a protgptiodiagen lérlamintapdtondhe iagndRianecordimgdeyerilst i cs

Com R e LR o PRETE ORI B e By SRR Rt i
Y AR 81 808 Pl Bl s oo Lo
Therefores @ sabiratElr, eeoft rhigretic MBfer IR She sdebAd undercoating layer 13,
the magnetic recording layer 15, and the protective layer 16 of the present embodiment
are the same as each structural component having the same number explained in the first
embodiment. Therefore, explanations of these structural components are omitted.

The first undercoating layer 24 which is comprised in the magnetic disk 72
(magnetic recording medium) of the present embodiment includes nonmagnetic crystal
grains which include at least on kind of element selected from the group consisting of
Ru, Rh, Pt, and Pd as a main component, and the grain boundary field which encloses
the nonmagnetic crystal grains. The grain boundary field comprises oxide of at least

one kind of element selected from the group consisting of Si, Cr, and Ti.

In this way, the R/W characteristic of the magnetic recording medium can be
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The ratio of the substance anmount of the Ti oxide in
the magnetic | ayer can be analyzed with, for exanple,
wa\e@sneeshect ron spectroscopy (AES), X-ray phot PEl/&e004419781
spectroscopy (XPS), energyl6i spersion type X-ray
spectroscopi ¢ anal ysis nmet hod (TEM EDX) using the
transm ssion el ectron mcroscope, and the |ike. The
ratio of HO2 conponent can be anal yzed with, for
ﬁmﬁéqmgk&»ed%%ddﬁgtsﬁaﬁﬁ%%dé Rh@ Bﬁ@ér@&dtﬁ@ 1£ye9€o forthUCdriffar
(EXAFS), X-ray absorption near-edge fine’ structure
strutANE D heatesiraiieoxidk edde“dhea pKldB of 8i,\(, dralyerTi k6 déssribed above.
formed with, for_ exanp di anond- | i ke  carbon(DLC)

Espegipbly, wdeq the Tigide %ﬂ’ﬁéﬁlli*lH%T}Q red/on{i:@ wiseds ke RAY
chapa %glgggéaneq |ﬁ¥ﬁ%lﬁ§r Jde magnetic recording |ayer 15

Nani cal | y. Wien the magnetic disk

of 1R aRIREEHM the BfRsthéRidhed SxidB MK IaH b8 Adddd toltBe first
preferable that a sputtering nethod be used for

undﬁmpaﬁngjaw% ib prederalglfy 1trhel %ios knaseieid &% miohéo cmaigssearilcbis more
560 Sk e Sk i SRR 0 v
moln%! éﬂc@ﬂ&tﬁr@ﬁ%)o L gZéaffEE{s oF SRS thE ﬁ/ﬁﬁ%ﬂa%t ?gh@%ﬂd%&gg e

a targe substance can

obteﬁﬁ@f @ﬁcﬁhhyno’c@%@l&ﬁleﬁam thelgheduiitds hivee HRHUE &idl19g tH@8egree
such as Ar, if necessary. (Second enbodinent) Fig. 5

of thﬁsomaerlta}mncé thesaagrietin a¢covdingager Ileh@s ivedgtesiorate andRNRDf the

R/ R P L AECEMELS AV fodher T FRGHATECa: sk

72 t t
- S R 0 e ey

implramieg effédt vaaﬂfnrm;te(do GNR heths REBL crlﬁte&telﬂstlc aarsecmBikrably
under coati ng é (undercoat i ngol ayer) 13 | am nated
etP

obt%aect he h§cmo %E @ppwéwh@b is 40 mol $p oy marsrandHimgl % or
less 1?%1%% C%ré{eg%ng ? Bgeofrﬁ% ix%grovgg glgfc):ct o gN‘ikacgfetﬂeal ny ﬁ%graégarli%c 1S

nagheti ¢ recor
eveh 8iphBat ed on the f| rst undercoat| ng | ayer 24, and a
protective |ayer 16 | am nated on the nagnetic
recording |l ayer 15. The difference between the present
eEEOdi ment and the first enbodinent is that the first
Ex rcoating |ayer 24 has a granul ar structure.

Hereinafter, the present invention is more concretely explained with examples.

Example 1 |

A nonmagnetic glass substrate having a hard disk form and 2.5 inches was
prepared.

Next, an inside of a vacuum chamber of a sputtering device was evacuated until
it was 2x10” Pa or less. Then, the pressure inside the chamber was made 0.67 Pa
under an atmosphere of Ar, and a soft magnetic layer which consists of CogsZrsNbjg and
has a thickness of 200 nm was formed on the substrate by using a target of CogsZrgNbyg.
Next, a second undercoating layer which is a layer of Ta having a thickness of 8 nm was
formed on the soft magnetic layer by using a target of Ta. Then, the pressure inside the
chamber was changed into 3 Pa under the atmosphere of Ar, and a first undercoating

layer which was a layer of Ru having a thickness of 15 nm was formed on the second
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Therefore, the substrate 11, the soft magnetic | ayer

12, the second undercoating |ayer 13, the magnetic
wo e@ondisey | ayer 15, and the protective | ayer RGI/@if2004/189781

present enbodi nent are thel%ane as each structural

conmponent havi ng the sane nunber explained in the

first enbodi nent. Therefore, explanations of these

structural conponents are onmtted. The first
undériderigory ety saigel tadsdt WhRGH is conprised in the

magneti ¢ di sk 72 (magnetic recordi ng nmediunm) of the

pr eNexit a snapedicrectrdingddyed baving atheglmess of t3 yatveds fomaddns

whi ch i nclude.at | east on Ki nfd of el enment selected .
therepy Hiipka CHPBRTICCRET 1A Rgtenpl iRpmagheticrrystal gapimgy veherein the

] . . | o

tardSF s SRROTEP koA HI0 PEAIER ARUPE AN Sl clffififhe 10 a6
of GwoatdBr 394 dfell  TarhetrRs agrbletiwf lapdr Mﬁa}swa@&ﬁ%ﬂfdsw oPE

el ement selected fromthe group consisting of Si, Cr,
(carkpan) and havingratthickogsy of 6 men Rasormad ap ther iesendingdéyer meder the

net.i c _recordi di.um can befurther i nproved by
confRR5 > SRR AT (7 A A HABIRIGE 54 nd B YePreter N ar
| . . . .

wa SRR AD R SRS (PP B8 Rog o A B Bayer
surfEsprediaat hyhicktesnof 18 Tli.3 ami) dethcodipping inf@hdd, @hdad Rkult, a

H233 is used, the R/Wcharacteristic can be further
magnege skeeElingmedigppishown in Kig. 3fvesabiamedoned oxi de whi ch

can. be added to the first. undercoat, I r 24 1is .

o PR SRR ot e AL VAR SE TR0 %, ¥Sfealds: Sipppsition

f thé i Hodr: | ¢

e B W oo b s Py L B8 002
whénrthe owilargatef ¢fCaGrPoAllGNR TO wisexBreddainmn(hadar i he c

t ends not tomtie %bt ined, and it is naot preferable.
compesitiop fes sopstRtied by changng themixtresatioogt thegode allay ppwder

3 j B ' Xoll ay, ds
o THOSBELERUR Pl S ERAR LRI RG] Y obRg:
recdréing $ndddurtl @fherdioS A eand N0, At SsddSndtORr ROV ARProduced for

preferable. Wien the ratio of T1O2 conponent in the Ti

compriign. i JTugbemmsire % wagreds sccordipg viiivgn whs else pridubed wherein
the FERRTERTo Sbi LA C RS fg e PRI L BRI ONBREd e
oo 0 0Ll U o9, 0L Bl i e
c haFlaedt/AY clstraaterissice ufthe obglvesd. magnetic recording media were

evaluated using the spin stand. A head wherein a single magnetic pole type head
having a record track width of 0.3 pm and a MR head having a reproduction track width
of 0.2 pm were combined, was used as a magnetic head. Measurement condition was
such that the disks were rotated at 4,200 rpm and measurement was performed on the
fixed position at the radius position of 20 mm.

A signal noise ratio (SNRm) (here, S means an output of track recording density
of 119 kfci and Nm means a root mean square (rms) value at 716 kfci) of the differential
wave form after passing through the differential circuit as a SNR medium was evaluated,

and a half width value dPW50 of the differential wave form was also evaluated as an

index of record resolution.
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Exanpl es Hereinafter, the present invention is nore

concretely explained with exanples. Exanple 1 A
woorsmeset i ¢ gl ass substrate having a hard di SRCT/airz04/019781

and 2.5 inches was prepared8 Next, an inside of a

vacuum chanber of a sputtering device was evacuated

until it was 2><105 Pa or |less. Then, the pressure

i nsi de the chanber was nade 0.67 Pa under an

at NOSRP&NiRorPSS Abh oAAE iRths HdgnBRIRBLIde 1§y@rrwa@4yn§1§zed using

consi sts of Cg84Zr Nb io and has a thickhess of 200 nm
TEMalsDXovheeein anceldretisnubsltaga tlerdnf wasid00 k¥. t Theedtioodf TiO, Tiz 03,

4Zr 6Nbi 0. Next, second undercoating | ayer which

andicﬁ(s)a I Ahranagretiv eaEding dpysr VRS WRded tyra eomprtisas of wiqesated

. . nat | ing.a target qf Ta.

inteffb0\F RE LR Lilore At ordy b B Goning 18 each,

phage(ﬂﬂaiﬁéwBy)@lse at nrosphere of Ar, and a first
undercoating | ayer which was a | ayer of Ru having a

t hi ThendW 50 valtiss andh tha SNRon valdesowh¢rhench additive was charged under
secondunder coati ng | ayer, by usi.n target of Ru.
the Reigitionohiers AIbieEe Fhwht th iy 19RFEAE RS g t hi ckness of

13 nni was fornmed thereon using a conposite target as

a material for magnetic crystal grains, wherein the
t arpdle was obtai ned by m xing Ti O powder and CoCr Pt

Ca and 14 ot 0L ~F Cx

1 | - A Ee At ol g o~y 1N A+ 0L ~F
ar 1T Uy pPuvwutcl culmna 1irimrg 11U at 70 Ul \ .V nmMa——I= at 70 Ol A I

Fur Metariady aslded priot ect | S&Rma(dd) whi ch| was cdPodumpf

C (car D§].g>) and having a t3]|e70 ness of nm was f or med
on the éordi ng | ayer under:the cond|tion of

pressurgyf 0.67 Pa and anl{?a§ nospher e| of Ar. Af8t7er t he
protect1Vé& |ayer mas forned,” a perflupropol yet her

(PFPE) frugpri cant was appliggdgon the pyotective Mgayer

avin oce nf 12A (11 2 m \vl\vl;fh a

di ppi ng nethod, and as a result, a magnetic recording
medj um as S in Fig. 2 was obtained. |pput eleciric
ot heBmg b Hher b b a0 the WOSAP vebEetwerin THO was
RQC S .
waSpRRSL AR (BRI SOCOr AR BBl ¥l

subdtheenol ar ratio of CoCrPt alloy to Ti O was expressed
as (1-x):x. The conposition was controlled by changri.gg
10 was

t heA mlstiaskiprbgtwaesndhe SNROstprandithe agdgdameiaint x when

added was shown in Fig. 6. It can be seen that SNRm was preferably improved when
the added amount was 5 mol % or more and 15 mok % or less.

A relationship between “y” and the SNRm value was shown in Fig. 7 wherein
the ratio of (TiO+Tiy03+Ti0,): TiO, was expressed by (1-y):y, and the additive material
was TiO and x was 0.8. It can be seen that SNRm was preferably improved when y
was 0.9 or less.

Furthermore, the fine structure of one portion of the magnetic recording layer,
wherein x = 0.08, y = 0.6, and the additive component was TiO, was observed using
TEM. Asaresult, portions of the magnetic crystal grains and portions of the crystal

grain boundary were observed clearly, and it turned out the granular structure in which

mother material enclosed the magnetic crystal grains was formed.

Next, the magnetic recording media, wherein x = 0.08, y = 0.6, and the additive



to Ti O powder at the tinme of the production of the
conposite target. A magnetic recording nmedi um wherein
wee@sacand HO2 was used i nstead of Ti O was pr oPCERR06440r19781
conpari son. Furthernore, alfagnetic recordi ng medi um
was al so produced wherein the conponent ratio of
(Tio+tT2q 3): Tig 2 in the magnetic | ayer was changed by
addi ng oxygen into the sputtering gas (Ar) at the tine
conPonéRWHs NGO 1HE HBOAET IS HaB TR EHnMElnAHESFvaliBs AW coating
Characteristics of the obtained magnetic recording
layemeshioaviviartie follakieg EadblaX iwege proelus@l by the amdle condibat as
wherein a single nagnetic pol e type head having

f a
desqrhed aBoYe SeRPIN#R Qfftheysesondimdraceatng faysl Waathangedto Rb, Pt,
repr Lon tra | f.0.2 r [ , S
Pa, RN ARl Dol Bfell, PR SRRt
5 eaclbufderddaghg ldyer Gasted Wy Sohvatiatiasleal 4, 200 rpm and
measur enent was performed on the fixed position at the
radi us position of 20 mm A signal noise ratio (SNRm
&lh re, S neans an output of track recordi ng density of
Tableg kfci and Nm neans a root nean square (rms) val ue

7 ' f 1 he dj (o el form

Sgéosngﬁ%éig{cﬁér‘%n@gqﬁy‘%rhe lﬁﬁ ec{regérg)talhgé la%%r/cuit asggkg{\ﬁm
medi umgwgs eval uatjed, and 1@ daal f wi dth val ue dPWO0 of
H H el co-orkral ot od—ac —an

i ndex oflarecord resol uti on.Kionpositioh of eacH8dki de
M the magnetic recording ayer was apal yzed Using
TEM EDX Mher ei n accel er at i vol t age [ her eof vids 400
kV. The aatio of Tio Ti2 and TiO|n the g tic
recording |ayer s identified by a conparison @

integratgd intensities of tfe peaks which exigiged in

t+thn Aannrnvy nNnact +14 ne ecarrocnandir na + Al Aananh Nhacn
tHC— i CT Gy oSt HS—C O oS p oty O Catt—priast

obt ai nedaby XPS. The dPWs0 Iral ues and| t he SNRi8Wal ues
wWhemnm each additive was chargedunder theconditiom of
X = 0.08 are shown in the followng Table 1. Table 1

VBt £L 18 Sar8i 4t AR D) ARYR ednl Wi i EFod SR Vatdd Phre

10  obtained even when any undercoating layer was used.

Next, magnetic recording media as shown in Fig. 3, wherein a third
undercoating layer was provided between a second undercoating layer and a soft
magnetic layer so that the undercoating layer had a three-layered structure, and
therefore the media had a combination of various undercoating layers shown in the

15  following Table 3, were produced and evaluated. The SNRm values wherein the added

amount x = 0.08, y = 0.6, and an additive component are TiO were shown in Table 3.

20
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TiO 18.0 74 As shown in Table 1, the SNRm val ue and

t he dPW0 val ue wherein Ti O was added were superior to
W b@see4sases in which SiQ2 or Ti 2 was added aBCEHJIP2004/019781

sinpl e substance. A relati@hship between the SNRm

val ue and the added amobunt x when Ti O was added was

shown in Fig. 6. It can be seen that SNRm was

preferably inproved when the added anount was 5 nol %

or Tapie3z and 15 nok % or less. A relationship between

oy wWh—H—F-g—F—whererr—t-he
Thitd andefcobfingDH TS e@qnd wildedR)atihig (R Fisstandanposiaged ISWRm (dB)
(I-y):y, and tlhe additive material was Ti O apd x was
0.8. @®¥Tcan be seen {3Y8f SNRm|was prA®ferabl y|i nproved
V\hengynﬂ{vas 0.9 or less,. Furthernore he fing
structure of ane porfion of the magnetic recaording
| ayer pawherein x = 0.8, y = 0.6, angythe additivg |
cofpenert—wasHO—was—observadustrg—TEM —As a2

resul ffa portians of thé magnet|ic cry8ual graijns a8

)

A\ K™ I |

portions of tife crystat—grar nmjpoundary were observed
clear®, and i|t turned out the granuRdr strugturel9-®
whi ch ther nmaterial ,enclosed the netic ¢ryst

gr ai ns?was f or|ned. Ne}z , _the nagnetiC recording UYa,
wherehn x = 0.|08, y =p®. 6, and the aggiti veconpon
_vxasﬁ?é)_and_each—medi_ﬂj@n_had_Lhe_cgm%%atinn D f \mfragi?&uc
under @aati ng llayers sown in tihe fol Rawi ng Table &R.6
were—produced-by—the—sanme—condit+ons—as—desctibed
above except that Ru of the second undercoating |ayer
was, changed t Pt,.Pd, .or Ilr.respectively, an .
v B PHTEE TeBlrcliticah b Frr RV e Sy pBfsrooating
lay @358 oHOHSKRARLAING ahayShadiRereridd are shown in Table 2.
Tabl € 2 Second undercoating |ayer First undercoating
| aylexanBEh (dB) 8 rnn 15 nm Ta Ru 18.7 Ta Rh 18.5

A nonmagnetic glass substrate having a hard disk form and 2.5 inches was
prepared.

Next, an inside of a vacuum chamber of a sputtering device was evacuated until
2x10” Paorless. Then, the pressure inside of the chamber was made into 0.67 Pa
under an atmosphere of Ar, and a soft magnetic layer consisted of CogsZrgNb;o and had
a thickness of 200 nm and a second undercoating layer consisted of Ta and had a
thickness of 8 nm were formed in a similar manner as in the Example 1.

Then, the pressure inside of the chamber was changed to the 3 Pa under an
atmosphere of Ar, and a first undercoating layer having a thickness of 15 nm was
formed thereon by using a composite target wherein Ru was mixed with any one of
Si03, Cry03, TiO and TiOs.

Next, a magnetic recording layer having a thickness of 13 nm was formed
thereon using a composite target wherein 8 mol % of TiO powder was mixed with
CoCrPt alloy powder containing 10 at% of Co and 14 at% of Cr.  Then, the inside of
the vacuum chamber was changed to 0.67 Pa under an atmosphere of Ar, and a

protective layer consisting of C and having a thickness of 5 nm was further formed
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Ta Pt 18.5 Ta Pd 18.6 Ta Ir 18.0 As it apparent from

the Table 2, it can be seen that the good SNRm val ue
wowres/0efshai ned even when any under coati ng | ayePCTaE2004/019781

used. Next, magnetic recoré@ing nedia as shown in Fig.

3, wherein a third undercoating | ayer was provided

bet ween a second undercoating | ayer and a soft

magneti c | ayer so that the undercoating | ayer had a
thetlebii.e A oy B @ebt&dtive Gdyer Sas Bitthel NEPEPR 1@ richS: WRUIpALARE Have a

conbi nation of various undercoating |ayers shown in
thickhessfos 1 B Awil Aquilady the Syrfage of thermdiectvt lapet eitlatheaipping

%h SNRm val ues wherein the added anobunt x = 0.08, y =
me 9%, and an additive conponent are Ti O were shown in

T Thi [ nd e i

L PP o s ARAEBORLP PSRBT o
undeftodtngd Iy diew ¥ chiRbigei%udh that Ber ik ch@ngedTRorh!0 t80.219hdh the

Pt Rh 18.7 Ta Pd Rh 18.8 Ta Ir Rh 18.6 As is apparent

molpr o T Rvetoach exidawapexpessed andta)any Thegatiaus TiE: aopponent
comfF o s i e o ipagRET PGB sSed P ttgrein
el ol 200, 200 L REICS19 B 5
chadgadi wich wasetiodatmilined thust ifdr the ratio of TiO, component in the magnetic
recording layer of Example 1.

Each characteristic of the produced magnetic recording media were evaluated

with methods similar to those of the Example 1. The SNRm value and dPW50 value

wherein a = 0.09 and each oxide is used are shown in the following Table 4.

Table 4
Second undercoating layer | First undercoating layer | SNRm (dB) dPW50 (nm)
8 nm 15 nm
Ta Ru 18.7 72
Ta Ru-SiO, 19.5 72
Ta Ru-Cr,0; 19.3 72
Ta Ru-TiO, 19.2 73
Ta Ru-TiO 19.8 70

As shown in Table 4, it can be seen that the media inculding the first
undercoating layer, in which any one of SiO,, Cr,03, TiO; and TiO was added, had the
SNRm values superior to that of the medium including the first undercoating layer in
which only Ru was contained.

A relationship between the additional amount a and a SNRm value is shown in
Fig. 8, wherein an additive material added to the first undercoating layer is TiO. It

turned out that the SNRm is further improved preferably when the additional amount




2c | O'5 Pa or |less. Then, the pressure inside of the
chanber was nmade into 0.67 Pa under an atnosphere of

wagosand9rn soft magnetic | ayer consisted of CoBdRaP2004/019781
Nbi oand had a thickness of 2200 nm and a second
undercoating | ayer consisted of Ta and had a thickness
of 8 nmwere forned in a simlar manner as in the
Exanpl e 1. Then, the pressure inside of the chanber

‘48R BOARAEEr 9145823 RicURHEien@th RIS fhe heAhe

first undercoating layer having a thickness of 15 nm

addvm rhaterid do thedirstomdeycoasngyyer mmhaﬁgeﬂeo S0 9 Er,Ovher EiD3.

Ru was m xed with any one of Si2, Cr203, Ti O and

Ti ch relnagashipeofthg SR andibe ratiorhyofl Hije omagnant veherein a = 0.09

f d.th
o AR A TSR By, .
5 canme)égéh it e SRR vag h&ﬁ%v@@%ﬁraﬁ? Wh’éh Bivpg ol oft36 of Co

and 14 at% of C. Then, the inside of the vacuum
c halNixary tlmmagnbm@edrdurtg fediz whareimakeaddativesddatod phibe dirsf

(Qr, and a protective |ayer consisting of C and havi ng
un, r@ﬁ@%ﬁ@@éhem%wﬁ# ifhadrthey bada ?%?l?%ﬁ%itorﬁ’é}féféﬂou%&mdéfcoaﬁng

{
layérg' %Mﬁfﬁaﬂe\éﬁs %Je%yg?{%cli%%ﬁ gélg id g?gﬁﬁf{) gﬁ%ﬁmﬁ%@& %l?%exwgﬁt that
SBHPCB‘Z-)Q [10kastiRed Ps@a@ OFf RuohipYieéd M thdfifsh Bndbir@RtiAgG layer, and
met hod. | nput electric power to each target was set to

10 thenwawkua@dnp &b SNRm whluehwhén the additides] eomuintay= 0d)pere

h ‘fhlﬂ %ed such that "a" was changed fromO to 0.2

S OWHé’P] E€°nolar ratio of Ru to each oxi de was expressed
as (l-a):a. The ratio of Ti C* conponent conprised in Ti
oxide in the first under coating |ayer was expressed
by Tatbles\/vherei n b was expressed with a fornul a of
(T O 2g3+Trq 2) T 2— (=) b, —andrthe—b—wnas

Se@qmén@éqrcmng layemet h@erstsmrrﬁerc@atmgalamos for tARm4dBL
of H(I% conponent |n the gnetl c recofrding |ayer of
Exampl’é™. Each characteri'8ffc of the| produced

magnet tig recordi ng nmedi a ygRfHeval uated with hods
simlar -to those f the Ex ]

dPWs0 Wal ue where ORlﬁlCh(and each oxi de i siysed
are—showr—Tmthefot-towng—Tabte4—Tabte 4
Ta t-TiO 19.3
Ta Pd-TiO 19.3
Ta Ir-TiO 19.1
15 As shown in Table 5, it turned out that good SNRm values were obtained

preferably even when any undercoating layer was used. Similar tendencies were also
confirmed when SiO,, Cr,03, or TiO, was used as an additive to the first undercoating
layer.
Next, magnetic recording media which had the combination of various
20  undercoating layers as shown in Table 6, wherein a third undercoating layer was
provided between a second undercoating layer and a soft magnetic layer to form
three-layered undercoating structure, and evaluations thereof were conducted. The

SNRm values, wherein the additional amount a = 0.09, and an additive added to the first



Second undercoating |ayer First undercoating |ayer
SNRm (dB) dPWs0 (nm) 8 nm 15 nmTa Ru 18.7 72 Ta
WORB0SI6E9I719. 5 72 Ta Ru-Cr203 19.3 72 Ta Ru- Ti Q2CT/9R2804/B9781
Ta Ru-Ti O 19.8 70 As shown2sn Table 4, it can be seen
that the nedia inculding the first undercoating | ayer,
in which any one of Si2, G20, TiO and Ti O was
added, had the SNRm val ues superior to that of the
undBRGLEHD 1296 b Fi\Gs §iRwd i @blelglder coating | ayer in which
only Ru was contained. A relationship between the
addi tional anmount a and a SNRmvalue is shown in Fig.
8, wWherein an additive material added to the first
ﬁcoating layer is TiO It turned out that the SNRm

N e S A R

tendgpey was pl so cogfd,r med when thejgdditive materi al
to tHe first undercoating |ayer was changed tg Siq 2,
C C8&nmr HXR2.| A rel @ nmnshi p ¢of the ISNRm and thhe ratio

b—of TiCh—conpprent;—whererm a0 09 —and an—additive

addedato the first unercoating |ayBu-Ti€s TiQ| is 20.1

sho in Fig.[9. Tt be seen thaf, the SNRm[was
i nproffed preferably nb ws 0.9 ’ﬂg)ss. Next | @(ilré

magngti ¢ recofding megia wherein an{R%gIﬁbt i ve gdded;$ @

yer thereof was Ti O gnd they

had gaconbi nati on of ®ari ous yndercgatTiog | ayers shoen

: T ol ol | A ot N e + ~ + b Af Ay At o~ A
1T 'dr© O W1 T prouuuctcu ST iral CU 11T Aarorcnciit T oricad

medi daexcept that Rh,PdPt, Pd, |or |rRheBOused i|nst ed®9

of R conprised in T fiTsSt Undercqating ayer, an
they%ﬁ/ere eval uat ed. hIg‘ﬂ‘he SNRm| val ueﬁﬁdﬁ‘@n t he 16.7

addi tional anpbunt a = 0.09 are shown in Table 5. Table
5 Second undercoating |ayer First undercoating |ayer

5 SNRAY ¢hB)vn in Table 6, it can be seen that the good SNRm value was obtained
preferably, even when any undercoating layer was used. The same tendency was also
seen when SiO,, Cr,03, or TiO, were used as an additive added to the first undercoating
layer.

Recording media as shown in Fig. 4 wherein a fourth undercoating layer was
10  provided between a third undercoating layer and a soft magnetic layer to form a
four-layered undercoating structure was produced, and evaluations thereof were
conducted. Combinations of undercoating layers were determined in accordance with
the following Table 7. The SNRm values wherein a = 0.09 and an additive to the first
undercoating layer is TiO are shown in Table 7.
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8 nm15 nmTa Ru-TiO 19.8 Ta Rh-Ti O 19.6 Ta
19.3 Ta Pd-Ti0 19.3 Ta Ir-TiO 19.1 As shown
W®G 2005064507 ned out that good SNRm val ues were
preferably even when any undercoating | ayer
Simlar tendencies were al so confirmed when
or
under coati ng | ayer.

cr2q 3,

Next ,

Si

Pt -
in Table
OPC HITRO0H/019781
was used.

Ti O

q 2,

HO?2 was used as an additive to the first
magnetic recording media

whi oﬁablf@yi the conbination of various undercoating

shown in Tabhle 6 wherein a third
ul%iﬁfh:oat ng |ITawer was prsscodéd betweeFired secqndSNRm (dB)
undercoat|ng | ayer ang a soft magnetic |ayer tjo form
underasetingy pr eeflerdoating oat Prdgrenating t yr endezemdtingal|uat i ons
tgereof wer e onductej. The SNRm val ug1 wheregi n t he
i ona =[0. 098%4nd ah add¥§ive added to
i rstunder t| ng|l ay ks TiQ i own ijn Tabl e
6_ Tahle 6 Thir [ﬁnndn r-gatqlsrlwlgls‘ipp hnd |s|3n ercoatli ng
Fi rlat under coasti ng SNRm (RdB) Ia/er R@;{e@ | ayer 82nr0
5—rmt5rmTaPt—Re=—H 0261 TaPgdRae=—TFi6-26- Ta—t+
Ru-I#i 0 19/ 9 TaPdt Rh-Ti O 1®wW Ta Pd RRu-Ti® 19./9 Ta 2l
Rh-T1 O 197 AS shown [ n Table 6, IT can seen thnat
t hd®good SNRm VAl ue was obt&i ned R 20.8
Ta Pt Rh Ru-TiO 20.5
Ta Pd Rh Ru-TiO 20.5
Ta Ir Rh Ru-TiO 20.3
Ta Pt Ru Rh-TiO 20.8
Ta Pd Ru Rh-TiO 20.8
Ta Ir Ru Rh-TiO 20.7
Ta Pt Rh Rh-TiO 20.4
Ta Pd Rh Rh-TiO 20.3
Ta Ir Rh Rh-TiO 20.3

As shown in Table 7, it can be seen that the good SNRm values were obtained

preferably, even when any undercoating layer was used. The same tendency was seen

when Si02, Cr,03, or TiO; was used as an additive to the first undercoating layer.

Industrial Applicability

A magnetic recording medium and a magnetic recording apparatus using the

magnetic recording medium are provided by the present invention, and the magnetic

recording medium can conduct high density recording and has superior SNR

characteristics, and the particle diameter of the magnetic crystal grains is made small

without causing distortion of the crystallinity and the orientation of the magnetic crystal

grains.
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The sanme tendency was al so seen when Siq 2, Cr2q 3, or
w@R00m6459used as an additive added to the firsSPCT/JP2004/019781
undercoating | ayer. Recordi2fhg nedia as shown in Fig. 4
wherein a fourth undercoating | ayer was provided
between a third undercoating |layer and a soft nmagnetic
| ayer to forma four-layered undercoating structure
vas Whikd Y edire@ Nenaah et | sMehet MBI WRYE KeeRdd6dctibed and
Combi nations of undercoating |ayers were determned in
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ef ¢oa

I'ng Undercoa ayer
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Ta Pd Ru Ru-TiO21.0 Ta Ir Ru Ru-Ti O 20.8 Ta Pt
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Ta Ir Rh Rh-Ti O 20.3 As shown in Table 7, it can be
seen that the good SNRm val ues were obtai ned
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preferably, even when any undercoating |ayer was used.
The sane tendency was seen when SiQ2, Cr2q 3, or HQ2
woRPs06se7 as an additive to the first under coapCTigP2004/019781
| ayer. Industrial Applicab2bity A magnetic recording
medi um and a magneti c recordi ng apparatus using the
magneti ¢ recordi ng nedium are provi ded by the present
i nvention, and the magnetic recordi ng nedi um can
conduct high density recording and has superior SNR
characteristics, and the particle dianmeter of the
magnetic crystal grains is nade small w thout causing
q&stortion of the grystalljnity and the orientation of
L i eagagfitaer e dingyrediim GOMMSINGhi | e preferred
enPg&%gg ts of the invention have been descri bed and
il ustrateéed above, it should be understood that these
ar gt 18x€6R¢ 8f Yndefcoblifs laPMebih@orRhe sabsrf@lanio be
considered as |imting. Additions, oni ssions,
s ubstagheftd reperdingray eptwhéch inbetinfedoatthe nederaeating lapatend

. W.thout departi ffromthe spirit or ope. of the

inclyfesampgnety SYI %ralm@@oﬁfﬂ&&?}m%% el shichamcloses e
: ider. being limted by the foregoing

ma eggﬁpgg?gﬁgﬁéﬁgﬁgg only limted by the scope of the

apfpengdsid belnadap ficldAhdrdel . Ti ARig Neid the r&e06the gubbsedics @nount
conprising: a substrate, at |east one of undercoating

of theyeexidointhe mugnetirarcsuBmglayee is Zmgl o pagees gl 15 mol % or less,
recar di. | ayer ich.is fornmed on the undercoating
andlt%/g]ro ﬂ*’g"‘ifﬂ%ﬁﬁaa eapt }h(zﬁ%cﬁ?rgﬁép?st al grains and a

grai n boundary field which encloses the nagnetic
crystal grain; wherein the grain boundary field

2. i'Telmaestid recordiniemedinch dcherdirgf toelaifn 1,heheseihshaTicexide
anpunt._ of the Ti oxide in the magnetic recording |ayer

compgises 'hibl, apddhe fompongatratig ofriie Bhein thesk oxigeds OHanoti%o or less.
oxi de conprises at least TiO and/or Ti 203. 2. The
magneti c recordi ng medi um according to claim1,

3. WRMBidheti® fechidifXmdinf0tbridsfRSto ldfdfm BRh &R tROMBSRRR crystal
ratio of the @2 in the Ti oxide is 90 mol % or |ess.
graig compeiserafraat (s in edditieh todCoesth mainaeopatienty and ag baemation of

wher.ei n the netic. crystal
a magnetic easy axis gﬁﬁe grain 1s pe enc%cular to the substrate.

4. The magnetic recording medium according to claim 1, wherein at least one layer
contained in the undercoating layer comprises nonmagnetic crystal grains which contain
at least one element selected from the group consisting of Ru, Rh, Pt, and Pd as an main

component.

5. The magnetic recording medium according to claim 1, wherein the undercoating
layer comprises: nonmagnetic crystal grains, which contains at least one element
selected from the group consisting of Ru, Rh, Pt, and Pd as an main component; and a
grain boundary field, which encloses the nonmagnetic crystal grains and includes an

oxide of at least one element selected from the group consisting of Si, Cr, and Ti.
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grain conprises Pt and Cr in addition to Co as a nmain
conponent; and an orientation of a magnetic easy axis
w@booshetsgr ai n i s perpendi cul ar to the substratBCT/4P2004789781
magneti ¢ recordi ng medi um &tcording to claim1,
wherein at | east one |ayer contained in the
undercoating | ayer conprises nonmagnetic crystal
grai ns which contain at |east one el ement sel ected
6. fTHemigdneti @reootdirgomsdiain aegordingRu cldrh, 1, Rihereindhdchtidsofalne
mai n conponent. 5. The magnetic recordi ng medi um
substercsragiogyt efche p&lidmmt,heméerépﬁmgﬂéyemdém%&(om gdraged 15
cotg)r{)?ggses: nonmagneti c crystal grains, which contains
molo ¥t one el enent selected fromthe group
consisting of Ru, Rh, Pt, and Pd as an mai n conponent;
and a grain boundary field, which encloses the
7. riemgpnetic fcordyisyt mkdigmedcosrdanpttoichrihudeshaeinaké deidotomthined
~ least one elenent selected fromthe group consisti ngim
in thy urdercoating lawer irill exidgpad ihgyhaide oapriises g leaginngpf 110 and
Ti §ccordi ng to claiml1, wherein the ratio of the
25¥bst ance anount of the oxide in the undercoating
layer is 1 nol %or nore and 15 nmol % or less. 7. The
magneti c recordi ng nmedi um according to claim1,
8. \ierreagnetihieecondinemedintaiceedingtotchemuln dehareiatthe gndeagmting

is Ti oxide, and the Ti_oxjide conprises at |east one .
layegroomptisegldOTas aidgast goe ofifae %@?ﬁé%‘aed the Bt crfjg}h?rit%ﬁwthe Ti

.aC I g aim1l, wherein the undercoating |ayer
OX1@%%¥)?J§%3A)%’J|O]5§%S at |l east one of the Ti oxide, and the

ratio of the TiO2 in the Ti oxide is 90 nol % or |ess.
9. Amanufacturing nmethod for a nmagnetic recording
9. nidiaowfactugng nieghadfor hmagnetissreedrdingmegditing gompsisine thesteps
_on which an undercoating |layer is forned; and
Of'vapor-depositi ng a material for nmagnetic crystal

gr .x_!i_?a:r & ApSRkEbh WhichORIHdsicBRkif 1ay EAR foRR&I; @hd TI O

an(c’j}}5 %g 3 tgoﬂa%orm a magneti cC rélggf)?%i ng ?ayer whi ch

I NcvapdeSepoBiting tai roateriyl Sovinagietic csystah draing aad a nkoeredar y

field, which encloses the magnetic crystal grains. .
comprising at least one of TiO and Ti ;O3 to torm a magnefic recording layer which
includes magnetic crystal grains and a grain boundary field, which encloses the

magnetic crystal grains.

10. The manufacturing method for a magnetic recording medium according to claim 9,
wherein the grain boundary field in the magnetic recording layer includes Ti oxide, and
the ratio of the substance amount of the Ti oxide in the magnetic recording layer is 5

mol % or more and 15 mol % or less.
11. The manufacturing method for a magnetic recording medium according to claim 9,
wherein the Ti oxide in the magnetic recording layer comprises TiO,, and the

component ratio of the TiO; in the Ti oxide is 90 mol % or less.

12. The manufacturing method for a magnetic recording medium according to claim 9,
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10. The manufacturing nmethod for a magnetic recording
medi um according to claim9, wherein the grain
whowsdetsy? fi el d in the magnetic recordi ng | ayepPCT/JP2004/019781
includes Ti oxide, and the28atio of the substance
amount of the Ti oxide in the magnetic recording |ayer
is 5 ml %or nore and 15 nol %or less. 11. The
manuf act uri ng net hod for a magnetic recordi ng nmedi um
whe&if AichinAghdtio cBystdl Btabhs iWARS Bagindtheredordigl ldgericonipiige Pt and Cr
magneti c recording |ayer conprises TiO, and the
in additipo o a atmain edmpdpentT p@Pan Rrichietitn obx nenetys GOy awpis of the
%.0or less. 12. The manufacturing nmethod for a nagnetic
graip dz prraeficHude dhs YEEEHYi ng to clai m 9, wherein the
magnetic crystal grains in the magnetic recording
| ayer conprise Pt and C in addition to Co as a nain
13. camip amantactaiig methed fog atmdddnen c @tcordifig @eling aeeslingXb laim 9,
of the grain is perpendicular to the substrate. 13.
wheT¢ia atrteasifone fayer pentainechindh¢ vrdercostingdeye indedasdiongagnetic

ory PEhpette SRR b & et Mo er O i B S B Hasisting of

Ru Ww%gphgsgrrﬂ%ﬁ?gm%&ms whi ch contain at |east one
‘el émént sel ected fromthe group consisting of Ru, Rh,

Pt, and Pd as a mai n conponent. 14. The manufacturing

nmet hod far a nmagnetic recording medi um accor di nél to
14. 3 riye gppmugrctusing masthod fon 8 magactie recosding giediym gegording to any one
ntal ned.inthe underc ing . ayer L. X —
of A R oA G0 B o LB e amprises:
nonfBRSn& CFPALI F8hsGHEch doneiihd N3ttt OHP eleaiint Slléddell RbmRHe group
Rh, Pt, and Pd as a main conponent; and a grain
confistingneirBu, fRbe Py andRid eh a et ogepondnd; andrngrgimeidundanyyfstid|
.grains and includes an qxi de of  at _|east one el epent
whigh Paclessa Wﬂﬁ%ﬁﬁmﬁﬁﬁ@mﬁ apd H@fhtsﬁsglpx of ghigast one
“]‘éﬁ [ f etic recording
cle ne is%i?n&g%#%@%%ﬁ%%g?glﬁ%n&%?s\}hg?’ealﬂﬁq?he ratio of the
subst ance anount of the oxide in the undercoating

layer is 1 nol %or nore and 15 nol %or less. 16. The
15. manuipcirmnereethetiolsf magnetigieeqrdingenedivmmgeerdiigimelaim 9,

w6 PP ob e oG i et i s MG R SR gl 1
molORBRhicte sl 5 8RGHora8g. Of TiO and Ti 2C8.

16. The manufacturing method of a magnetic recording medium according to claim 9,
wherein the oxide contained in the undercoating layer is Ti oxide, and the Ti oxide

comprises at least one of TiO and Ti,Os.

17. The manufacturing method of a magnetic recording medium according to claim 9,
wherein the oxide contained in the undercoating layer comprises TiO, as at least one of

the Ti oxide, and the ratio of the TiO, component in the Ti oxide is 90 mol % or less.

18. A magnetic read and write apparatus comprising a read and write head and the

magnetic recording medium according to claim 1.



17. The manufacturing nethod of a magnetic recording

medi um according to claim9, wherein the oxide
w@omvsas4sed i n the undercoating | ayer conpri sesPqUO20a£019781

at least one of the Ti oxi@d2, and the ratio of the H»2

conponent in the Ti oxide is 90 nol %or less. 18. A

magnetic read and wite apparatus conprising a read

and wite head and the nmagnetic recordi ng nmedi um

according to claim11.19. The nmagnetic read and wite

apparatus according to claim 18, wherein the read and
19.wr'Thegndmmatic ieed and ivmige epparhtas byeding tocldimd 8hwhekein the read

and write head is a single pole type recording head.



