1 1 6 FEB 2007 DESCRI PTI ON PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM
MANUFACTURI NG METHOD THEREFOR, AND MAGNETI C READY WRI TE  APPARATUS USI NG THE
SAME Technical Field The present invention relates to a parti C|ﬁ c‘ga@tp@ﬁfl on
type magnetic storage nediumused in hard disk drives, to a ma &f i ng
met hod threrefor, and to a technology which is suitably used in a nmagnetic
read/ wite apparatus. This application clainms the benefit of Japanese Patent
Application No. 2003-347192 filed Cctober 6, 2003, and U.S. Provisional
Application No. 60/5 09,996 fi Iﬁ% gﬂﬂg}@@' 10, 2003, the contents of which
are incorporated herein by reference. (%T(ground Art Magnetic storage

devi ces (HDDs) which is capable of reading and witing infornmation have
been conmonly used in conmputers. Recently, advantages of such hard disk
drives, including | arge storage capacity, a relatively |low prices, fast data
access, and hi gh rrERRENDIGYLAR MAGNERCRECORDING MEDIGsGened t hei r
application to various areas, such as household VCRs, audi o appliances, or

vehi ¢l e- moundANUEAGHRING MEBHORSTHEREFQR, ANPIVIAGNEBIC REARAWRIGEsKk dri ves
di versified, a demand for stronger, and recently,
efforts to devel op hi gher- dgﬁ%mefﬂ%dﬁgﬁi‘iﬁ?@ﬁ@ have been intensified.

At present, magnetic recording nedia generally nounted in a commercially
avai |l abl e magnetic read/wite apparatus are in-plane magnetic recording
media. In this 1 6 FEB 2007 WD 2005/ 034095 2 PCT/ JP2004/ 015007 techni que,
the easy npapgdal Fald on axis in the magnetic filmis oriented parallel to the
substrate. As used herein, the term "easy nmagnetization axis" denotes the
axi s along which magneti zation is easily directed, and in the case of a Co
al | oy, denotes fThe presentinvention i€hatdsde k pertiele dispprsenrtyyet magnetit stoeagei n- pl ane

magneti c recordl ng .medi u when t he
medium used in hard disk drives, to a manufacturing method threrefor, and to a

technology which is suitably used in a magnetic read/write apparatus.

This application claims the benefit of Japanese Patent Application No.
2003-347192 filed October 6, 2003, and U.S. Provisional Application No. 60/509,996
filed October 10, 2003, the contents of which are incorporated herein by reference.

Background Art

Magnetic storage devices (HDDs) which is capable of reading and writing
information have been commonly used in computers. Recently, advantages of such hard
disk drives, including large storage capacity, a relatively low prices, fast data access, and
high reliability of data retention, have broadened their application to various areas, such
as household VCRs, audio appliances, or vehicle-mounted navigation systems. As the
application of hard disk drives diversified, a demand for increased density became
stronger, and recently, efforts to develop higher-density hard disk drives have been
intensified. |

At present, magnetic recording media generally mounted in a commercially
available magnetic read/write apparatus are in-plane magnetic recording media. In this



recording density is increased, the volune per bit of the magnetic film
becomes too small, and thus there is the possibility that the{rield Wi te
performances wil| deteriorate due to thermal fluctuati fect In
addi ti on WORAWYOHMI r ecordi ng density i% increased, therggf’@mgﬁqlg?%ency f or
t he medi um noi se to increase due to the influence of the demagneti zi ng
field at the boundary area between recording bits. In contrast, what are
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Accordi ngly, this perpendicul ar nagnetic recording nedium has becone the

focus of Go having amhdprtueiment Invedngplae megeetisterording melidmoviegythof t he
I n-pl ane magnetic recording technique. In general, a_perpendicul ar nmagnetic
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provi ded. Even Tn a perpendi cul ar magnetic recordi ng nediu reducti on
i s requi rfi¢ld avdak beurtaiydrad bitweer eesrdingtbite) | ity in order to achi eve higher
recordi ng density. A conmmon net hod of noise reduction is reducing the size
of magnetic crydhsbntmat, whet ars termod “a porperpliailarimagnbiéc €o@ding asedilmmB gmet i ¢

| ayer which, is wdely used, at present, the size of magnetic particles are
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Cr and magnetic crystal particles not belng
S pgt i aldl yl_are#neag!eedr'uhg ibith &' sl OAcdoedingl§, this peipesidiodacasgietic Reodiig sfactory
reduced. is, in turn,

medium has become the focus of attention in recent years as a substitute technology of the

in-plane magnetic recording technique. In general, a perpendicular magnetic recording
medium includes a substrate, an orientation control underlayer for orienting a magnetic
recording layer, a magnetic recording layer made of a hard magnetic material, and a
protective layer which protects the surface of the magnetic recording layer. Furthermore,
between the substrate and the underlayer, a soft magnetism backing layer which may be
responsible for gathering magnetic flux generated from the recording head may be
provided. '

Even in a perpendicular magnetic recording medium, noise reduction is required
while maintaining thermostability in order to achieve higher recording density. A
common method of noise reduction is reducing the size of magnetic crystal particles. For
example, in the CoCr-based magnetic layer which is widely used at present, the size of
magnetic particles are reduced by adding Ta or B, or by making non-magnetic Cr
segregated at grain boundaries by heating the particles to a suitable temperature.
However, since the size of the magnetic particles has yet to be satisfactorily achieved by



causes anot her problem of being unable to sufficiently reduce transgg hpp

noi se between recording bits. One technique for reducing this nmagnetic

i nteractig sossAf@stion of SIOX to a n,{]ecordi ng | ayer S?C%?Piﬂﬁ:ﬂéﬁw a
magnetic recording | ayer having a granular structure in I'ch magneti c
crystal particles are surrounded by the additive (see Japanese Lai d- Open

Pat ent Application No. 2002-83411, for exanple). Another technique to add an
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crystal pansesahether pieblem of being tpatde focsufficidntigireduceotransitidnawisedetvirenn
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crystal pf&?‘tfﬂ’@gﬁﬁ,s- which |l owers the crystallinity and orientation of the
magneti c cryst
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exhi bits an excellent” SNR performance and enabl es hi gh-density recording

Wi t hout hPatért @pblicatios Ny, 200258 %4 1, for swaiglld)i nity and orientation of the
magnetic crystal particles, and magnetic recorder enploying such a nagnetic
recor di ng medi venotiRrdechnique teeidantoxiske of Alegst eceofi alkalive partthometaktodi rected to a

per pendi cul ar magneti ¢ _recordi ng medium including: a substrate; at |east
ohe underPﬁ%‘@F‘%ﬁLﬂ‘%ﬁ"j@e@ frolabosst LaichOpeadatent Rppiceton Boo7 o

2005/ 0340%39_6 / JP20041015007 a perpendi cul ar magnetic recording | ayer
formed ab at | east one underlayer, an easy nagnetization axis of the

perpendi cul ar MBSt Gircl MR RS A% SiO, in a film is low, a sufficient amount of
81Oy cannot be segregated at the boundaries of the magnetic crystal particles. Asa

result, a part of SiOy which has not been precipitated may form a super-saturated solid
solution with the magnetic crystal particles, which lowers the crystallinity and orientation
of the magnetic crystal particles, resulting in a decreased signal-noise ratic (SNR) of the
reading/writing (R/W) performance.

Disclosure of Invention

The present invention was conceived in view of the above-described background,
and an object thereof is to provide a perpendicular magnetic recording medium which has
magnetic crystal particles with smaller diameters and exhibits an excellent SNR
performance and enables high-density recording without having the deteriorated
crystallinity and orientation of the magnetic crystal particles, and magnetic recorder
employing such a magnetic recording medium.

The first aspect of the present invention is directed to a perpendicular magnetic
recording medium including: a substrate;

at least one underlayer formed above the substrate; and



being oriented perpendicular to the substrate, the perpendicul ar magnetic
recording layer including magnetic crystal particles and gral Ny pEERdayi es
surroundiwe Jofsosi@gneti ¢ crystal particles, wherein thg i 41% aries
contain an oxide of silicon and at |edst one el ement F romthe
group consisting of Li, Na, K Rb, Cs, Ca, Sr, and Ba, and a rat|o of total
anount of substance of Si, Li, Na, K Rb, Cs, Ca, Sr, and Da in the
e el o o HiRRhAEuRPRRE B kR 1k f&%éd%ﬁvéﬁ%u% Lo and no nore
e perpen ar

than 20 nol % i'C recordl ng nedi um descri bed
above, a lﬁﬂéﬂl@eﬁfan byahagneiBioh agik oS pbpesdciér thagneli@recksdidglaydes, Ca, Sr,
and Ba contained at the grain boundaries in the perpendi cular nmagnetic

r ecor di ncpeingyoriented petpendiculincte shet substrate, thel perpendiculabmagnatictreaondifg layet % | n t he
met hod faor produm ng, a per pendl cuI ar magnetic recording nmedi um described
above, t Haclpgig gtl& prd grainheundasies surrpundingshe magneicn conponent
and may furt er p nta| n Pt and Cr. In the perpendi cul ar magnetic recording
descri bed P& > | east one of the at | east one underlayer may contain at

I I T Pt, Pd,
ezt one el erg, con%%reéﬂﬁ %%%J]&)Bgénpend& Gt 3ol dn B 158 one el
descr i bedeRbRY Fronfihe othw@K,Rba@ssbag)s@aﬂmﬁs,r yer may be made of

non- magneti c cryst al pa tIC es COI’]t al ni ng at leasf one€ el enent sel ected

from the group axanisbftbiah@nodnt B8 subbiancey1.Si,Ai, NEK, Rt Cs| Ca, B3, aud/Bi iR the
conponent, and grain boundaries surrounding the non-magnetic crystal
particl espemdlcmaen@gmm ripodinglayerss nedessthan dinmol¥randnodeorethaat | east one
el enent selected from the group consisting of Si, C, and Ti. In the
per pendi &91891/Mgnet [ c recordi ng nedi um descrl bed above, the gr ai n

and at | east ol teciemEnE eEPEettly oo Bk mEm et ePlie Aot todl Ok
RO, S, Ginouit of ai% of i A RERBOEY Ca,VQ, 24054 034951 5 REdP2004) 015007

boundaries in the perpendicular magnetic recording layer may be no less than 1 mol% and

no more than 30 mol%.

In the method for producing a perpendicular magnetic recording medium
described above, the magnetic crystal particles may contain Co as the main component
and may further contain Pt and Cr.

In the perpendicular magnetic recording described above, at least one of the at
least one underlayer may contain at least one element selected from the group consisting
of Ru, Ti, Rh, Pt, Pd, and Ir as a main component.

In the perpendicular magnetic recording described above, at least one of the at
least one underlayer may be made of non-magnetic crystal particles containing at least
one element selected from the group consisting of Ru, Ti, Rh, Pt, Pd, and Ir as a main
component, and grain boundaries surrounding the non-magnetic crystal particles, and

the grain boundaries may contain an oxide of at least one element selected from
the group consisting of Si, Cr, and Ti.

In the perpendicular magnpetic recording medium described above, the grain
boundaries in the at least one underlayer may include an oxide of silicon and at least one

element selected from the group consisting of Li, Na, K, Rb, Cs, Ca, Sr, and Ba.



In the perpendi cul ar magnetic recordi ng nedi um descri bed above, a ratio of
total anount of substance of Si, Li, Na, K Rb, Cs, Ca, Sr, 3/%&? nwthe
under | ayer 3/ be no less than 1 mol % and no more than 20 nol e

per pendi cUP#PIHEYMRti ¢ recording medi 8m descri bed abovePCHIPHI/HSHT t ot al
amount of substance of Li, Na, K Rb, Cs, Ca, Sr, and Ba contained at | east
one of at the grai n boundari es |n t he at Ieast one under | ayer may be no

| ess than | / and_no re n._30 .l % asp he pr esent
nvention is it e PEReREPReToathSle rebrr MR b §eREORLRRE Ble B ol gt o
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substrate, formng a perpéndi cul ar nagnetic recordin ayer over an

under | ay ¢gss han 1e4aPPaiRE nogoR tha 28mélls.Whi ch cont ai ns an oxi de of silicon and
at | east one elenent selected fromthe group consisting of Li, Na, K Rb,
Cs, Ca, Sr, anthiapetphadipdameagheteiceordingagetium descaibed aliovg, 4 mtieof forat! udi ng
magneti c crystal particles and ral n_boundaries surrounding the magnetic

crystal pavouniafsubstanse phli, Me: kolh. e CarcundiBrpcoatained st leastont af attbgnet i ¢

recordin i u des ri above contain an oxide
of sili c%ﬁa’%ﬁ gli f’gﬁf@“ ]ia e‘ﬁ%ﬁ’ I?’?SBH‘HL %ﬁ%&ﬁ%‘?sti ng of
Li, Na, '%n 54, Ca Sr, and Ba. In the nethod for producing a

perpend| S R magneti c recor di ng medi um descri bed above, a ratio of total

anmount  of SUbSt[ﬁ@E&':oﬁdas%bcto?'ﬂxeﬂ?@senﬁnvéﬁﬁon%e@@dt&me%ﬁfoﬁﬁ adtiddhe

per pendi cul ar magnetic recording |ayer may be no less than 1 nol % and no
nor e t ham petpendiciat Magiedic REoRideh hediwprindudihg theatepeopendi cul ar magnetic
recordi ng medi um descri bed above, a ratio of total anobunt of substance of
Li, Na, K, Rb, faggyingcan widetlayen aveBa substiateai ned at t he grain boundaries in the

perpendl cul ar gr,\etlc recordi ng | ayer no less, than 1 nol % and no
nore than 30 gﬁP?rH@l qaaegmcr Eﬁ)ar?(ﬁf%veﬁéﬁlmllaﬁ‘?ﬂbér nmagneti c

recordin um_ d [ bove, the el e st al | es may
contain %ga étf%ea'ﬁgtg‘?i v cogffi'fns ang etr"I’Eg m@%ﬁ tone%fén?fﬁg
selected from the group consisting of Li, Na, K, Rb, Cs, Ca, Sr, and Ba, the perpendlcuiar

magnetic recording layer including magnetic crystal particles and grain boundaries
surrounding the magnetic crystal particles.

In the method for producing a perpendicular magnetic recording medium
described above, the grain boundaries may contain an oxide of silicon and at least one
element selected from the group consisting of Li, Na, K, Rb, Cs, Ca, Sr, and Ba.

In the method for producing a perpendicular magnetic recording medium
described above, a ratio of total amount of substance of Si, Li, Na, K, Rb, Cs, Ca, Sr,and
Ba in the perpendicular magnetic recording layer may be no less than 1 mol% and no
more than 20 mol%

In the method for producing a perpendicular magnetic recording medium
described above, a ratio of total amount of substance of Li, Na, K, Rb, Cs, Ca, Sr, and Ba
contained at the grain boundaries in the perpendicular magnetic recording layer may be
no less than 1 mol% and no more than 30 mol%.

In the method for producing a perpendicular magnetic recording medinm
described above, the magnetic crystal particles may contain Co as the main component,
and further contains Pt and Cr.



1 6 FEB 2007 WO 2005/034095 6 PCT/JP2004/ 015007 In the nethod for producing
per pendi cul ar magnetic recordi ng descri bed above, at |east one qfﬁpf;@%@p

| east oneywlgyisédauar My contain at Ieaﬁst one el enment selected from the
group consisting of Ru, Ti, Rh, Pt, Pd,%and Ir as a mai A CORPYAERT | n the
met hod for producing perpendi cul ar nmagnetic recordi ng described above, at

| east one of the at | east one underlayer nmay be nade of non-nagnetic crystal

particles cont g Qi . .

Consi ot ng of Rib e 1 roasERE pEpERERaRAREh S bBD el e,
boundar i esyt $AEH g iRkt 136 MR AndSHIPEtrhay Conydin &Y leasParid di6haR sel8téd kb Or ai n
boundaries may contain an oxide of at |east one el enent selected from the
group consghégiong corsisting ofRu, TR, TRt Pd, and Irexs aeidim dothpenept. oduci ng a '
per pendi cul ar magnetic recordi ng nmedi um_ described above, a ratio of the

oxi de of at | eadt themetbbdfraproducing peendiewan magneye weprdingdeséridedabowsf Si, O,
and Ti may be no less than 1 nol % and ng nore than 20 mol % I n the nmethod

for producatiggstonea gherndieash one undgslazerimay kewads of pordensnaiic esalmapidesabove,
th inb dari in t t | [ der | . i nclud id f
i i con arfPRipEaidgat e clermi seice] 0P dbe HPERSOIStE BUR chnkh- Sy of Li,
Na, K, Rb, . | . ' . di cul
mgnet i o rBSids o & eindmpBRhy B oty bR ftobind B HUEpARETRAN L C11 &

subst ance @ftidids, afp, K Rb, Cs, Ca, Sr, and Ba contained at |east one of at
the grain boundaries in the at |east one underlayer may be no |ess than I

mol % and no nor ghé¢ frath RAndardmad cohthindmasideaif ableadt bae plemepitcleted € on is
directed to a magnetic read/wite apparatus including the perpendicul ar
magnet i ¢ rtbe grogp sonsising ofiSt€ycamdddd above and a read/wite head. In the
magnetic read/w.ite apparatus descri bed gbqve, the read/wite head may be a
si ngl e magneti c Ipdreme E@E%iﬂ@“ﬁ’@&&.m’é‘ﬂﬂﬁ%ma%ﬁéﬁmﬁé“& %ﬁﬂ‘?’esent

| nvention ployled2Bote, REARUIMEHMA of TRRAKohE element selected from the group

consisting of Si, Cr, and Ti may be no less than 1 mol% and no more than 20 mol%.

In the method for producing a perpendicular magnetic recording medium
described above, the grain boundaries in the at least one underlayer may include an oxide
of silicon and at least one element selected from the group consisting of Li, Na, K, Rb, Cs,
Ca, Sr, and Ba.

In the method for producing a perpendicular magnetic recording medium
described above, a ratio of total amount of substance of Li, Na, K, Rb, Cs, Ca, Sr, and Ba
contained at least one of at the grain boundaries in the at least one underlayer may be no
less than 1 mol% and no more than 30 mol%.

A third aspect of the present invention is directed to a magnetic read/write
apparatus including the pérpendicular magnetic recording medium described above and a
read/write head.

In the magnetic read/write apparatus described above, the read/write head may
be a single magnetic pole recording head.

The first aspect of the present invention provides a perpendicular magnetic
recording medium including: a substrate; an underlayer formed above substrate; a

perpendicular magnetic recording layer formed above the underlayer, an easy



recordi ng nmedi umincluding: a substrate; an underl ayer fornmed above
substrate; a perpendicular nmagnetic recording |layer fornmed ab Wg K07
under | ayer, _an easg 1 6 FEB 2007 WD 2005/ 034095 7 PCTIJP20041015 B
magnet i zAYP 3MSAMO2S of the perpendi cul & rmagnetic recor dEGHITAGAISWL; g
oriented perpendicular to the substrate, the perpendi cul ar nagnetic
recording layer including nagnetic crystal particles and grain boundaries

surroundi ng the magneti¢ crystal .particl.es, wherein fhe grain boundaries
cont ai n JRAEBKIEEOB §P’$&€Bﬁ%§ﬂ‘§c‘§ ‘P@%@Pcmﬁé‘}éﬁﬁ@e@&o&'@{“@@l fromthe
group consl.st s ' G : Ba. The cond aspect of
the pr esé’% Selmrill\?glﬁ? goéiﬁé gburb%‘?/?t%?sle Eé}ﬂg@ﬁcgldag?%algﬁ ét}corg%bgﬁiﬁ layer Bl(g di cul ar
nmagnet i c ehdle &alﬂéﬂi'dl@ajrﬂ%}éiﬁ'b dahes suireRfdiRY the B{aRUL(H p%HR rate
above V\hi%ﬁ@an uﬂrsl}derl ayer 1is forrrglgl; and form ng g pdeéirﬁggﬂndg?%%l ar friregxafgnetic

r ecor di ngwhéréiy e grhinboundaciesicuh@sih ay oxidbyf slamand at legst dandibpehtaklentdd ch

“contains an oxide of silicon and at | east one el enent selected fromthe

group corfgars therggouf coppistingsof 1k, N&IS, Rts Cs(3a, Serand Band Ba, the perpendi cul ar
magneti c recording layer including nagnetic crystal particles  and grain
boundari es sur rid§serong asneet efdbspreseat BVeRtoN proydesiadpethod Kr peadueing aspect  of

th t _inventi I d gnet, G. d/wri t | ncl udi

the per pelTReCHICLIAr PRgRiB Recori PafHG: MEUR HoLP OF Qo dBs  SUPFl T cad/ w1 e

head. The;ael R G thali.gade %d{@‘&%:%iﬂ@a Lﬁ%&&%ﬁ&é@e@@m&& e present
tirayered structure 1 n-wilch an un ayer and a

L€

i nvention bEas a mu

per pendi Clg{@aboviRdghdeflaye® b9 edhmRati@dehatafif WHHREtARARxReDEBHESAL €, and
t he easy nagneti zation axi s of the perpendi cul ar magnetic recording |layer is

ori ent ed gdraplastione klemenisclichied Stols the @tap condigingef P& N, &y Rby Csydanst, i C
recording | ayer contains magnetic crystal particles and grain boundaries

sur r oundi g B, therpemeadicdamegnetic resardinglaper inchpdingymageetic sorstibpartieles ncl ude
oL oon oxl e, 2SR ] el Uik 2| coslon el S, e ected Trom the group
R e R o S
including the perpendicular magnetic recording medium described above and a read/write
head.
The perpendicular magnetic recording medium according to the present
invention has a multilayered structure in which an underlayer and a perpendicular
magnetic recording layer are formed above a substrate, and the easy magnetization axis of
the perpendicular magnetic recording layer is oriented perpendicular to the substrate.
( The perpendicular magnetic recording layer contains magnetic crystal particles and grain
boundaries surrounding the magnetic crystal particles. The grain boundaries include
silicon oxide and may include at least one element selected from the group consisting of
Li, Na, K, Rb, Cs, Ca, Sr, and Ba.
In the present invention, as an additive (material to be added) for breaking down
the magnetic crystal particles into minute particles, a composite oxide in which at least
two predetermined component elements are contained so that the melting point or the
glass transition temperature of the composite oxide becomes lower than that of SiOy is
used.

Such a composite oxide can lower bulk modutus or viscosity thereof at



two predeterm ned conponent elenents are contained so that the nelting point
or the glass transition tenperature of the conposite oxide be?grﬁgj[gwer
than t ha ' | S used. Such a conposite oxide can ul us or
vi scosi t&‘?&%’?@%‘”’%t 1 6 FEB 2007 WD8005/ 034095 g PG#%B@%%@@B?
tenperatures lower than the nelting point or the glass transition
tenperature, conpared wth materials having a higher nelting point or glass

transitign tenperature than the conposite oxide. Particul arl such a
conpos! t deReTER dnver i B melePRLPY B eline e ion hpée e GorRrFd ng vol urre
di ffusi onguaRdi-Ga8 hitigRh b | Rendi ' ¥ ccordi ngly,

I f such gmcorrpggfa?e oxggy%ﬁ%%lg?%gﬁggéf%a%vaporﬁ#% &?g#@ orntt\ldr?g grain
boundari %n@bﬂﬁdﬁd@@%ﬂ&l?,&u&nm dsite oRide CROIMel theGEtWdh ety i Cl s, the
conposite oxide rapidly diffuses and is sufficiently precipitated at grain
boundar i exf diffusidneduring veluine diffusjat, ahd garsignificantlyircteass thh diffusgpnretei dual oxi de
within the magnetic crystal particles. Thus, according to the present

i nvent i onAcaeydingly,nfisuché cemppsitsioxidedssuliccted i ayappragion fer forming gtaim ni ned
conponent, el enents descri bed_above .as .an additiv mpjerjal to be added) to
br eak dovh?w‘??@cﬁagﬁgﬁa{l@uélm% mafgrigliof FEgnFti Y aéfﬂe{eﬁéh FRIPRRSIte| ¢ | s

possi ble to,for. Khut e granu ar .S ctures without,a super-saturated solid
o ut o St raEHy i fndls Ao Rpuy biskieytel Bt Bhaedior HPGR PR 05 Che
oxi de of Sidsl s o : ks : “&ﬁm- tﬁf‘m ; Afaen ed to
silica gl‘gggst%l%t ggegﬁéﬁgﬁteﬂﬁ@g%dﬂﬁ% the g asaéietn?gﬂ’ssltﬂ? %rﬁmtg'e%ggature of
silica gla6edinib thefreseatinvintos| Wy RiNgIhSédingdsite didde éontdnidlg e These

el enents particularly have a strong effect of decreasing the gl ass

t ransi t i opredetermivedtcompondnt elSimonts deyceibert atimvy as arhalditatei (materiabiotherstidet)
substance of the additive in the perpendicular pagnetic |ayer is between 1

mol % and todreskidosn thy magnstip eysfakrarigles intormiaptegrrticlespit inpessibleitafayi ng t he
o oss. Ry SBRA Fecmhi oo B RIb ezrdetee

perfornan&;aaltpgﬁg&s_to decrease if the anmpbunt exceeds 20 nol %

Preferable additives to the oxide of silicon include Li, Na, K, Rb, Cs, Ca, Sr and
Ba. When added to silica glass, these elements can reduce the glass transition
temperature of silica glass. More preferable elements are Li, Na, K, and Ca. These
elements particularly have a strong effect of decreasing the glass transition temperature of
SiOy.

Preferably, the ratio of amount of substance of the additive in the perpendicular
magnetic layer is between 1 mol% and 20 mol%. This is because the effect of
remarkably improving the SNR of the read/write performances tends not to be observed if
the amount is less than 1 mol%, whereas the reading output of the read/write
performances tends to decrease if the amount exceeds 20 mol%.

The ratio of the total amount of substance of Li, Na, K, Rb, Cs, Ca, Sr, and Ba in
the composite oxide is preferably between 1 mol% and 30 mol%. If the amount is less
than 1 mbl%, the effect of remarkably improving the SNR of the read/write performances
tends not to be observed.  If the amount exceeds 30 mol%, not all of the element can
form a solid solution with Si0,, and the residual element tends to bind to the magnetic
particles, adversely affecting the magnetic properties of the perpendicular magnetic
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For the underlayer of the perpendicular magnetic recording layer, Ru, Rh, Pt, Pd,
Ti, or Ir, for example, may be used. These elements are preferable since they exhibit an
excellent lattice matching with the above-described CoCrPt alloy and can improve the
crystal orientation of the perpendicular magnetic recording layer.

- The underlayer may be two or more layers stacked together, if necessary.
Examples of the stacked structure of the underlayer may include, for example, NiTa/Ru,

, NiTa/Rh, NiTa/Pt, NiTa/Pd, NiTa/Ir, NiTa/Tt, NiNb/Ru, NiNb/Rh, NiNb/Pt, NiNb/Pd,
NiNb/Ir, NiNb/Ti, NiTa/Pt/Ru, NiTa/Pt/Rh, NiTa/Pd/Ru, NiTa/Pd/Rh, NiNb/Pt/Ru,
NiNb/Pt/Rh, NiNb/Pd/Ru, NiNb/Pd/Rh, or the like, which are stacked from the substrate
to the top.

The read/write performances of the perpendicular magnetic recording medium
can be further improved by adding an oxide to the above-described underlayer so that
granular structures are formed. Preferable oxides to be added are an oxide of Si, Cr, or Ti.
The read/write performances can be further improved if a composite oxide, i.e., an oxide
in which at least one element selected from the group consisting of Li, Na, K, Rb, Cs, Ca,

Sr, and Ba is added to an oxide of silicon.
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A soft magnetic layer may be provided between the underlayer and the substrate.

By providing the soft magnetic layer having a high magnetic permeability, a
structure in which the perpendicular magnetic recording layer is formed on the soft
magnetic layer, known as perpendicular double layer medium, is defined. In this
perpendicular double layer medium, the soft magnetic layer allows magnetic fields from a
magnetic recording head, for example a single pole magnetic head, to pass through
horizontally and to return to the magnetic head. The soft magnetic layer may be
responsible for applying a sharp and sufficient vertical magnetic field to the recording
layer of the magnetic field so that the reading/writing efficiency is improved.

As materials of the soft magnetic layer, CoZrNb, FeSiAl, FeTaC, CoTaC, NiFe,
Fe, FeCoB, FeCoN, or FeTaN may be used.

Furthermore, a bias-imparting layer, such as an in-plane hard magnetic film and
an antiferromagnetic film, for example, may be provided between the soft magnetic layer
and the substrate. Since the soft magnetic layer easily forms magnetic domains and

spiked noise is generated from these magnetic domains, generation of a magnetic domain
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or CN,, for example, may be used.
For manufacturing the perpendicular magnetic recording medium of this
invention, a single-target sputtering technique using a composite target, or a
multiple-target simulfaneous sputtering technique using targets of respective materials

may be employed.

Brief Description of Drawings

FIG. 1 is a cross-sectional view of a first embodiment of a perpendicular
magnetic recording medium according to the present invention;

FIG 2 is a cross-sectional view of a second embodiment of the perpendicular
magnetic recording medium according to the present invention;

FIG. 3 is a partially exploded view of one example of a magnetic recording
apparatus according to the present invention;

FIG. 4 is a graph which shows the relationship between the amount of additive
and SNRm values of Example 1;
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Best Mode for Carrying out the Invention

A first embodiment of the present invention will be explained with reference to
the drawings.

FIG. 1 is a cross-sectional view illustrating an example of a perpendicular
magnetic recording medium according to this embodiment, and in this figure, reference
numeral 10 denotes a perpendicular magnetic recording medium.

The perpendicular magnetic recording medium 10 of this embodiment includes a
multilayered structure in which underlayers and a perpendicular magnetic recording layer
in which easy magnetization axis of the perpendicular magnetic recording layer is
oriented perpendicular to the substrate are stacked above the substrate, More
specifically, as shown in FIG. 1, a soft magnetic layer 12, a second underlayer 13, a first
underlayer 14, a perpendicular magnetic recording layer (perpendicular magnetic layer)
15, and a protective layer 16 are stacked on substrate 11, in this order.

In this embodiment, the perpendicular magnetic recording layer 15 includes
magnetic crystal particles and grain boundaries surrounding the magnetic crystal particles,
and these grain boundaries include an oxide of silicon and at least one element selected
from the group consisting of Li, Na, K, Rb, Cs, Ca, Sr, and Ba.

The grain boundaries contain a composite oxide containing an element described

above since the magnetic crystal particles are broken into minute particles, and the oxide
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performances tends to decrease if the amount exceeds 20 mol%.

(

The ratio of the total amount of substance of Li, Na, K, Rb, Cs, Ca, Sr, and Ba
within the composite oxide in the perpendicular magnetic layer 15 is preferably between
1 mol% and 30 mol%. Ifthe amount is less than 1 mol%, the effect of remarkably
improving the SNR of the read/write performances tends not to be observed. If the
amount exceeds 30 mol%, not all of the element can form a solid solution with SiO,, and

l the residual element tends to bind to the magnetic particles, negatively affecting the
magnetic properties

Preferable materials of magnetic crystal particles in the perpendicular magnetic
layer 15 are alloys containing Co as a main component, and Pt and Cr.  More preferably,
CoCrPt, CoCrPtB, CoCrPtTa, CoCrPtNd, or CoCrPtCu, and the like are used. These
alloys have a high crystal anisotropy energy and a high resistance to thermal fluctuation.
In addition, addition of additive elements, such as Ta, Cu, or B, may improve the
magnetic properties of the alloy systems.

The perpendicular magnetic recording layer 15 may have a muitilayered
structure including two or more layers, if necessary. If the perpendicular magnetic
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Ni Nb/ Pt , NiWUXRd, RENbAE, NaWb/T;, ditiddike] whioh atelstackedk fronvthe stbsizate testhaedged from t he
substrate to the top. Furthernore, the underlayer 14 may not be provided
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i f a conpafieGuther Hprove®by adifing®at di&de to the underlayers 13 and/or 14 so that
granular structures are formed. Referable oxides to be added are an oxide of Si, Cr, or Ti.
The read/write performances can be further improved if a composite oxide, i.e., an oxide
- in which at least one element selected from the group consisting of Li, Na, K, Rb, Cs, Ca,
Sr, and Ba is added to an oxide of silicon.

The amount of the additive added to the underlayers 13 and/or 14 is preferably
between 1 mol% and 20 mol%. If the amount is less than 1 mol%, the effect of
remarkably improving the SNR of the read/write performances tends not to be observed.
If the amount exceeds 20 mol%, the orientation of the perpendicular magnetic recording
layer 15 deteriorates, and the SNR of the read/write performances tends to decrease.

Preferably, the ratio of a total amount of substance of Li, Na, K, Rb, Cs, Ca, Sr
and Ba in the composite oxide in the underlayers 13 and/or 14 is no less than 1 mol% and
no more than 30 mol%. If the amount is less than 1 mol%, the effect of remarkably
improving the SNR of the read/write performances tends not o be observed. If the
amount exceeds 30 mol%, not all of the element can form a solid solution with SiO,, and
the residual element tends to bind to the magnetic particles, adversely affecting the
orientation of the perpendicular magnetic recording layer 15.
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domain wall can be prevented by applying magnetic field to one direction of a radial
direction of the bias-imparting layer so as to apply a bias magnetic field to the soft
magnetic layer 12 formed on the bias-imparting layer. The bias-imparting layer may
have a stacked structure so that anisotropy is distributed in a small unit and the formation

( of magnetic domain is inhibited. As materials of the bias-imparting layer, CoCrPt,
CoCrPtB, CoCrPiTa, CoCrPtTaNd, CoSm, CoPt, CoPtO, CoPtCrO, CoPt-SiO,,
CoCrPt-5i0;, ot CoCrPtO-SiO; may be used.

As the non-magnetic substrate 11, a glass substrate, an Al-based alloy substrate,
or a Si single crystalline substrate having an oxide film on the surface thereof, ceramics or
plastic may be used. Furthermore, a similar effect may be achieved if the
above-mentioned non-magnetic substrate is plated with, for example, NiP alloy.

The protective layer 16 is provided on the perpendicular magnetic recording
layer 15, and as materials of the protective layer 16, carbon, diamond-like carbon paper
{DLC), SiNy, SiOy, or CNy, for example, may be used.
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appar at usimpiéveg. t he sanme can be provi ded.

Japanese Laid-Open Patent Application No. H09-204651 described above
discloses adding an oxide of at least one alkaline earth metal to a magnetic thin film, and
optionally having SiO in the alkaline earth metal oxide. However, unlike the present
invention, JP 09-204651 does not teach composition ratio of SiO to the alkaline earth
metal oxide, or composition of the oxide in the magnetic film; thus the effect of
remarkably improving the SNR cannot be achieved only with the teachings of JP
H09-204651.

A second embodiment of a perpendicular magnetic recording medium according
to the present invention will be explained with reference to the drawings.

FIG. 2 is a cross-sectional view illustrating an example of the perpendicular
magnetic recording medium 20 of this embodiment.

This embodiment is similar to the above-described first embodiment, except that
the underlayer is made of three layers, as shown in FIG. 2, Like reference numerals
indicate corresponding elements, and the description of similar elements will be omitted.

In this embodiment, the underlayers 13, 13A and 14 are made from three layers
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r ecor di n@PRUENS Acwrdipg fo the presend iysatiohent , t he per pendi cul ar magneti c
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invention includes a box-shaped housing 61 with top thereof open, and a top cover (not
shown) which is fixed to the housing with a plurality of screws so that the top opening of
the housing is closed.

Within the housing 61, are disposed a magnetic storage medium 62 employing
the perpendicular magnetic recording medium 10 described above, a spindle motor 63 as
driving means to support and rotate the magnetic storage medium 62, a magnetic head 64
which writes or reads magnetic signals on the magnetic storage medium 62, a head .

( actuator 65 which has a suspension having tﬁe magnetic head 64 at one end and movably
supports the magnetic head 64 with respect to the magnetic storage medium 62, a rotary
shaft 66 which rotatably supports the head actuator 65, a voice coil motor 67 which
rotates and positions the actuator 65 via the rotary shaft 66, and a head amplifier circuit
68.

As shown in this example, the perpendicular magnetic recording medium 10
according to various embodiments of the present invention may be uéed in the magnetic
storage medium 62 of the perpendicular magnetic recording apparatus 60.

As described above, according to the perpendicular magnetic read/write

apparatus of this embodiment, a magnetic read/write apparatus which enables high



FIG3 is a partially exploded view of one exanple of a nmagnetic recording
apparatus according to the present invention. As shown in FILL 3,6 BEB 2007
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Ta layer having a thickness of 8 nm was deposited as a second underlayer using a Ta

target under an argon atmosphere of 0.67 Pa. Then, a Ru layer was deposited to a
thickness of 15 nm as a first underlayer using 2 Ru target under an argon atmosphere of
3 Pa

Next, a magnetic recording layer having a thickness of 15 nm was formed using
a composite target (Co - 10 at% Cr - 14 at% Pt, Si0Oy, and Li;O) as a material of magnetic
crystal particle material. Carbon was deposited to a thickness of 7 nm as a protective
layer under an argon atmosphere of 0.67 Pa. After forming the layers, perfluoro
polyether (PFPE) lubricant was applied to a thickness of 1.3 nm (13 A) by a dip method
on the surface of the protective layer to obtain each magnetic storage medium. The input
power to each of the targets was 1000 W. In the magnetic recording layer, the mole ratio
of (CoCrPt alloy):(oxide of SiO; + Li,O) was set to (1-x):x, and the mole ratio of
Si0,:Li,O in the oxide was set to (1-y):y, and “x” and “y” were varied in ranges of from 0
to 0.3, and from O to 0.4, respectively.

Furthermore, various kinds of magnetic storage media were made using Na,O,
K30, Rb;0, C;0, Ca0, SrO, or BaO instead of Li;O.

The read/write performances of each magnetic storage media were evaluated
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Table 1
Additive SNRm (dB) dPW50 (um)
Si0, 18.0 104
Si0y+Liz0 201 74
Si02+NayO 20.0 76
Si0,+K,0 202 72
SiOHRb;0 19.5 84
( Si0,+C8,0 19.3 80
$i0,+Ca0 19.9 7
Si0z+S10 19.7 78
Si0,+Ba0 19.4 79

As shown in Table 1, from the comparison of The SNRm values and dPW50,
favorable SNRm was obtained when Li;O, Na,0, X;0, Rb,0, Cs;0, Ca0, SrO, or BaO
was added in addition to SiO, compared to only when SiO, was added.

In FIG 4, a graph illustrating the relationship between the amount of additive “x”
and SNRm values when 8i0; + Li;O (y = 0.05) was used is shown. This graph indicates



As SNR of nedium the output of signal noise ratio after processed in the
differentiating circuit (SNRm S stands for an output at a track griEgoh ng
density of 119 kfci, and Nm stands for a rns (root nean sgéjare at 716

kfci) wadV@IMPEY, and as an indic@bor of recordi ng FESHAVYAOTa full

wi dth at half maxi mum of differentiation waveform (dPWO0) was neasur ed.
Val ues of SNRm and dPWs0 of each recordi ng nedi um having additives when x =

0.08 and 0. 05 arellstedlnt IIo \g Table 1. Table 1 Additive SNRm
(dB) dP thmmoweﬁadﬂem@f{m meo g8 prefgablesFies RNBE ¥t 0 76

Si 2+K20 20. Si 0] 19 5 84 0.19.9 77

Si 02+Sr O gg)rqvegls A%F'%“@’é ﬁnﬁlﬁg@i@ﬂ% 2'%10%‘?% e compari son
of The S %PS%EQ favorabl e SNRm was obt ai ned when Li 20, Na20
K20, %2%@% E 'BaO was added in addition to Si G2 conpared to
only when Si Q2 m1aﬂ&t@$puem&h%amu@“97mi 11,05 BINFGA vhiies @l at i onship

bet ween the anount of additive and SNRm val ues when SiQ2 + Li20 (y =

0. 05) wasshes@dn FKisShﬂlm.thédeamgbﬂmﬂm\mdn =ea0&.s ThistgrapgiHindiearés “Woffosih/ 034095
20 PCT/ JP2004/ 015007 that the anmpount of additive from1 npl%to 20 nol%is

pr ef er abl @05 ton&2 isgneferablesince BpFow swas impreved. | A similag frgndvyes obrerredavhenhen Na20,
el at 1 onsHED, BeDWBBD. (e Gath $165 0 B0 whwiied Bead it bk val s ar ¢
Then, the microstructure in the recording layer when the amount of additive
Si0; + Li;O of x=0.08 and y = 0.05 was observed using a transmission electron
microscope (TEM) with an accelerating voltage of 400 kV. Magnetic crystal particles
and crystal grain boundaries were clearly observed under TEM, indicating the granular
structure in which magnetic crystal particles are surrounded by grain boundaries.
Furthermore, elemental analysis of grain boundaries using energy dispersive X-ray
analysis (EDX) confirmed the presence of Si and Li at the crystal grain boundaries.
Next, magnetic storage media with Si0, + Li,O having the structures listed in
the following Table 2 were made and were evaluated in a manner similar to the above
example, except that the second underlayer was substituted with Ta, Ni - 40 at% Ta or Ni
- 30 at% Nb, and the first underlayer was substituted with Ru, Rh, Pt, Pd, Ir or Tj,
respectively. ,
SNRm values with the amount of additives of x =0.08 and y = 0.05 are listed in |
Table 2 below.
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"y" of from 0.01 to 0.3 is preferable since SNRM was i mpr oved. 1 A F§iBril07ar
trend wa when Na20O, K20, O GCs20, CaQ Sr s added
I nst ead wgﬁgé%ﬁ%n the mcr ostru?gﬁre in the recor cf%?éﬁ%%?@&o en the
amount of additive SI Q2 + Li20 of x 0.08 and y 0. 05 was observed using
a transm ssion electron m croscope (TEM with an accel erating vol tage of

400 kV. (l&){hgln?tic crystal particles and crystal grain boundaries were
clearly &fved under TEM i ndicati ng the granular _structure in which

I ohent JL LABBU ORGS0 i Nl S L BRSO
el enent 4l vVsis. of grai-nlhoundari ' ] 1y

anal ysig (EDX) copgdi rmed the presencgyof Si and Li at thegijcrystal grain
boundar ifes—Nexts-—reghet-e—g$torage—eda—w-th—S-o2——+Hi20having-the
structurles listedTan the fo¢llow ng thl e 2 werje made and.8were evaluated in
a manner—stfatrtar—to—the—aboy € exanpte—except—tihrat—the—second—tmnder | ayer
was substituted wiah Ta, Ni |- 40 at%Pfa or Ni |- BO at %M, and the first
under | ayer—was supstituted Wt Ru, R, Pt Pd, 7 fr—or 11, _Tespectively.
SNRm vailues with The amount |of additPdes of x o 0.08 and®$ = 0.05 are Iisted
in TablleZ below_ I 6 F E B 2007 WD 2005/ 034 007 Tabl e
2 Second Underl ay First Unpderl ayer I5nNRm (dB) | Ta Ru 2 99 Ta Rh 19.8 Ta
Pt 19.6| Ta Pd 19..8 Ta Ir 19.5 Ta TIL 19.4 NifTa Ru 20 6 Nl Ta Rh|20. 2
Ta i 19.4
NiTa Ru 20.4
{ NiTa Rh 20.2
NiTa Pt 19.9
NiTa Pd 19.9
NiTa Ir 19.4
NiTa Ti 19.4
NiNb Ru 20.3
NiNb Rh 20.0
NiNb Pt 20.0
NiNb ‘ Pd 19.6
NiNb Ir 19.3
( NiNb Ti 19.4

Table 2 indicates that each of the underlayers is preferable since they provided
excellent SNRm values. A similar trend was observed when each of Na,O, K50, Rb,O,
Cs,0, Ca0, Sr0, or BaO was added instead of Li;0.

Next, magnetic storage media having the structures listed in the following Table
3 were made and evaluated in a manner similar to the above examples, except that a third
underlayer was provided between the second underlayer and the soft magnetic layer, as
the perpendicular magnetic recording medivm 20 in FIG. 2.

SNRm values with the amount of additives of x = 0.08 and y = 0.05 are listed in
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Table 3 . yer Second-Underlayer First Underlayer SNRm (d
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Ta Pt Ru 20.5
Ta Pd Ru 204
Ta Ir Ru 20.0
Ta Ti Ru 19.7
Ta Pt Rh 204
Ta Pd Rh 20.5
Ta Ir Rh 20.1
Ta Ti Rh 19.7
NiTa Pt Ru 20.6
NiTa Pd Ru 20.6
NiTa Ir Ru 19.8
NiTa Ti Ru 19.6
NiTa Pt Rh 20.2
NiTa Pd Rh 20.1
NiTa Ir Rh 19.5
NiTa Ti Rh 194
NiNb Pt Ru 20.5
NiNb . Pd Ru 20.6
NiNb Ir Ru 19.7
NiNb Ti Ru 19.7
NiNb Pt Rh 19.9
NiNb Pd Rh 20.2
NiNb Ir Rh 19.7
NiNb Ti Rh 19.8

19.4 N No Ru 20.3 N No
19. 41 6TRHY B2

ded
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magneti c
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except that a
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Ta Pd



Ta lr R 20.1 Ta Ti Rhn 19.7 N Ta Pt Ru 20.6 N Ta Pd Ru 20.6 N Ta Ir Ru
19.8 NTa Ti Ru19.6 N Ta Pt Rh 20.2 N Ta Pd Rh 20.1 N Ta ITY5RE3BH75
Ni Ta Ti %%ﬁm& 0IEIF%Nb Pt Ru 20.5 N No . Pd Ru 20.6 NNb Ir 19.7 N Nb
Ti Ru 19. U9 R 19.9 NiNb Pd BB 20.2 NiNo Ir RIFHERVPRY T Rn
19.8 1 6 F E B 2007 WD 2005/ 034095 23 PCT/JP2004/ 015007 Table 3 indicates
that each of the underlayers is preferable since they provided excellent
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provi ded. After evacuating a chanber for sputtering équip om
at nospher COPSExs 8tBRO Wi added iaseadr F120.2x 10°5 Pa or | ower, a Co84Zr6Nbl o

soft magnetic | ayer having a thickness of 200 nmwas deposited as a soft
~ magnet i c KByample®bng a Co84Zr6Nobl o target, and then a
For Example 2, a non-magnetic glass substrate in the shape of a 2.5-inch hard
disk was provided.
After evacuating a chamber for sputtering equipment from atmospheric pressure
to a pressure of 2x10°® Pa or lower, a Cog4ZreNbyo soft magnetic layer having a thickness
of 200 nm was deposited as a soft magnetic layer using a CogeZrgNbg target, and then a
5 Ta layer having a thickness of 8§ nm was deposited as a second underlayer using a Ta
target under an argon atmosphere of 0.67 Pa. Then, a Ru layer was deposited to a
thickness of 15 nm as a first underlayer using a Ru target under an argon atmosphere of
3 Pa
Next, a magnetic recording layer having a thickness of 15 nm was formed using
a composite target (Co - 10 at% Cr - 14 at% Pt, 8i0;, and Li,0) as a material of magnetic
crystal particle material. Carbon was deposited to a thickness of 7 nm as a protective
layer under an argon atmosphere of 0.67 Pa. After forming the layers, perfluoro
polyether (PFPE) lubricant was applied to a thickness of 1.3 nm (13 A) by a dip method
on the surface of the protective layer to obtain each magnetic storage medium. The input
{ power to each of the targets was 1000 W. In the first underlayer, the mole ratio of
Ru:SiO; was set to (1-a):a, and “a” was varied in a range of from 0to 0.3. The
composition of a magnetic recording layer was varied in the same manner as Example 1.
Furthermore, various perpendicular magnetic recording media were made by
using Na,0, K;0, Rb,0, Cs;0, Ca0, Sr0, or BaO instead of Li;O in the magnetic
recording layer, and using Cr,Os, TiO2, or TiO instead of Si0, in the first underlayer.
The read/write performances of the resultant media were evaluated by the same
method as Example 1, Values of SNRm and dPWS50 are listed in the following Table 4
with x =0.08, y =0.05, and a=0.05.
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dPWs0 (nn)
Ru-Ti O 20.8 70

Ru

was addeqqompared when the first underlayer was only made of Ru.
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The relationship between the amount of additive “a” and SNRm values are

shown in FIG 6 when SiO; was added to the first underlayer. This graph indicates “a” of

from (.01 to 0.2 is preferable since SNRm was improved. A similar trend was observed
when Cr,0s, TiO2, or TiO was added.

Next, magnetic storage media having the structures listed in the following Table

5 were made and evaluated when Si0O, was added to the first underlayer in a manner

similar to the above examples, except that the second underlayer was substituted with Ta,
Ni - 40 at% Ta or Ni- 30 at% Nb, and Ru of the first underlayer was substituted with Rh,
Pt, Pd, Ir or Ti. The SNRm values when the amount of additive a = 0.05 are listed in

Table 5.
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havi ng the structures listed in the foll ow ng Table

ues are

shown ilr§ F
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[ngtg] when
rom
was

magneti c storage nedi a
5 were nmade and

eval uat edram@ Si2 was added to the first underlayer in a manner simlar
to the ahove exanples, except that the second underlayer was substjtuted
with Ta,| NgerofiOURieHaya O | N - %t%%@ﬂ}g;erand Ru of dNmRmfddBst underlayer
was substituted-wi-th-Rh— Pt Rd—r—or—FH—Tha-SNRm-val-ues—when t He anount
of additlive a = OT®5 are |isted i nRul8ighe 5. 1 6 FEB 20Q8.7 WO 2005/[034095 25
PCT/ JP2064+-61560+—Tabl-e—5—Second—Undertayer—First—tndertayer—SNRmi(dB)  Ta
Ru-Si2 0.7 Ta Bh-Si2 20/6 Ta Rh-$id2 20.5!| Ta Pd- SR@®B 20.6 T4 Ir-Si 2
20.4 T Ti=Sr0220- 3N TaRI-Sro2 208 N Ta R=-Sre2—20-6—NrTaf{t-Si 2
20.6 Nilta Pd-S10%220.7 NiTa Ir-SiRiBi@p. 4 N Ta Ti-Si02030.2 N Nj Ru-Si @
20.8 N Nb RA-SIiOZ 20.38
] Ta Pd-Si0, 20.6
Ta Ir-Si0; 20.4
Ta Ti-Si0, 20.3
NiTa Ru-8i0, 20.8
{ NiTa Rb-Si0, 20.6
NiTa Pt-Si0, 20.6
NiTa Pd-Si0, 20.7
NiTa Ir-810, 20.4
NiTa Ti-Si0, 20.2
NiNb Ru-Si0, 20.8
NiNb Rh-Si0, 20.8
NiNb Pt-Si0O, 20.4
NiNb Pd-Si0, 20.4
NiNb Ir-SiO, 20.1
‘ NiNb Ti-SiO; 202

This table indicates that each of the underlayers is preferable since they provide

excellent SNRm values.

A similar trend was observed when Cr,O;, TiO2, or TiO was used as an additive

to the first underlayer.

Next, magnetic storage media having the structures listed in the following Table

6 were made and were evaluated in a manner similar to the above example, except that a

third underlayer was provided between the second underlayer and the soft magnetic layer
The SNRm values when the amount of additive a = 0.05 are listed in Table 6.



NiNb Pt-Si02 20.4 N Nb Pd-Si02 20.4 N Nbo Ir-Si02 201 NN Ti-SiO2 20.2
This table indicates that each of the underlayers is preferablel§ifk8e0§7hey

provi de
Ti 02, or

)

SNRm val ues. A simlar trend was obs
g\7'\(121:\'2&‘ased as an additive 280 the first undg)ﬁfg'ger.

ZMﬁﬁé’)% 203,

magneti c storage nmedia having the structures listed in the follow ng Tabl e
6 were nade and were evaluated in a manner simlar to the above exanpl e,

except ttl%%l a third underlayer was provided between the second underl ayer _
and the soft magnetic layer The SNRm val ues when the anpunt of additive a =
g-c(%% ngE* 'ﬁhﬁh‘?ﬂldéﬂihly_&ab s eLondlURieftifer 200ifirst\®d2.9£3%£ 03409 %ngéh (dB)
e 0D 3 P RS e e e Ty 1
Rh-Si02{20.4 Ta Ti Rh{Si02 2Pd3 N Tla Pt RuSEM02 21.1 N2ZDF Pd Ru{Si 02 21.0 .
Ni Ta Jr Ro=Sr6220-5—NTa T Ro=Sr02 206 NrTa Pt Rh=S+82—204
Ta Ir Ru-S5i0, 204
Ta Ti Ru-58i0, 20.5
Ta Pt Rh-Si0, 20.7
Ta Pd Rh-8i0, 20.7
Ta Ir Rh-8i0, 20.4
Ta Ti Rh-58:0, 20.3
NiTa Pt Ru-Si0O, 21.1
NiTa Pd Ru-Si0, 21.0
NiTa Ir Ru-SiO 20.5
NiTa Ti Ru-§i0, 20.6
NiTa Pt Rh-S810, 20.4
NiTa Pd Rh-SiO, 20.8
NiTa Ir Rh-S8i0; 20.7
NiTa Ti Rh-8i0, 204
NiNb Pt Ru-S8i0, 211
NiNb Pd Ru-Si0O; 21.0
NiNb Ir Ru-Si0; 20.6
NiNb Ti Ru-8i0, 20.7
NiNb Pt Rh-S8i0, 209
NiNb Pd Rh-5i0; 20.7
NiNb Ir Rh-8i0, 20.3
NiNb Ti Rh-Si0, 204

This table indicates that each of the underlayers is preferable since they provide

excellent SNRm values.



NiTa Pd Rh-Si02 20.8 NiTa Ir Ri-Si02 20.7 NiTa Ti Rh-Si02 20.4 N Nb Pt
Ru-Si02 21.1 N Nb Pd Ru-Si02 21.0 N Nb Jr Ru-Si02 20.6 N Nb Ty (REEESIR
ém_;_o.s Ni Nb

20.7 N -S5102 20.9 N Nb Pd Rh-Si02 20.7 N Nb - S
Ti Rh- Si%%s@]o?"hi s tabl e indicates2fhat each of the Jﬁé@??“?@grs S

preferable since they provide excellent SNRmvalues. 1 6 FEB 2007 WO
2005/ 034095 27 PCT/JP2004/ 015007 A simlar trend was observed when Cr203,

Ti 02, or T10 s.used as an additjyv Ot ir under l.ayer. .Eurt her nore,
The et fect of NG TRy T e o JE06" 11 WBF P SR A o

descri bed, g Mﬁ&lﬂ/‘eﬂj | arly observed when Na20O, K20, Rb20O, Cs20, CaO, SrO
or BaO was used In the magnetic recording |layer instead of Li20. <Exanple 3>

For Exanpl e 3, Farthéthoi®dedffeet 6l impovindBNR@tS thoaddigvesbdtivefief a 2. 5-i nch
hard di sk was provi ded. After evacuat ng a chamber for sputtering equi pnent

f r om at nosyedayerdgscrisesh abeve was similady sheerred fvh2n Nagd, K85 RinO)] Gnex;, CaQ,
Co84Zr 6Nbj oft magnetic |ayer having a thickness of 200 nm was deposited

0 S

as a sof télorﬁ?efgr&aﬂwaswyémthsm@lqim@n ing Ryeonsteadefil:@Qnd then a Ta | ayer
havi ng a t[;e]i ckEFe§s of 8 nmwas deposited as a second underl ayer using a Ta
target un rgon atnosphere of 0.67 Pa. Then, a Ru-Si OLi20 | ayer was

?:PS:L t ?ﬁcl bgi ﬁ«“é)} %%@?%Za R(fm— SagEe 1cag?as?stisﬂ§E: mutﬂg gﬁalp%%ﬂl z%s_iinglgh%dcorrpos ite

disk was provided.

After evacuating a chamber for sputtering equipment from atmospheric pressure

g to a pressure of 2x10” Pa or lower, a CogsZ1eNbyo soft magnetic layer having a thickness

of 200 nm was deposited as a soft magnetic layer using a CogsZrgNbyo target, and then a
Ta layer having a thickness of 8 nm was deposited as a second underlayer usinga Ta
target under an argon atmosphere of 0.67 Pa. Then, a Ru-Si0,-Li;O layer was deposited
to a thickness of 15 nm as a first underlayer using a composite target including Ru, SiO,,
and Li;O under an argon atmosphere of 3 Pa.

Next, 2 magnetic recording layer having a thickness of 15 nm was formed using
a composite target which contains Co - 10 at% Cr - 14 at% Pt, 8iO;, and Li,O as
magnetic crystal particle materials. Carbon was deposited to a thickness of 7 nm as a
protective layer under an argon atmosphere of 0.67 Pa. After forming the layers,
perfluoro polyether (PFPE) lubricant was applied to a thickness of 1.3 nm (13 A) by a dip
method on the surface of the protective layer to obtain each magnetic storage medium.
The input power to each of the targets was 1000 W. In the magnetic recording layer, the
mole ratio of Ru:(oxide 510 + Li;O) was set to (1-a):a, and the mole ratio of 8105:Li;O
in the oxide was set to (1-b):b, and “a” and “b” were varied in ranges of from 0 to 0.3, and
from 0 to 0.4, respectively. The composition of a magnetic recording layer changed same
as Example 1.

Furthermore, various perpendicular magnetic recording media were obtained by
adding Na,0O, K,0, Rb,0, Cs;0, Ca0, SrO, or BaO instead of Li;O in the magnetic
recording layer, and using Na;O, K>0, Rb,0, Cs,0, Ca0, SrO, or BaQ instead of Li,O in



and Li 20 under an argon atnosphere of 3 Pa. Next, a magnetic recordl ng | ayer
having a thickness of 15 nmwas forned using a conposite tar@;é;t REhi0trh

cont ai NSwiePausdfdosd %0 O - 14 at % Pt, ?goz and Li 20 as p¢aneisiegsger yst al
particle materials. Carbon was dep03| d to a thickness of 7 nmas a
protective | ayer under an argon atnosphere of 0.67 Pa. After form ng the

| ayers, perfluoro polyether (PFPE) |ubricant was applied to a thickness of
1.3 nm (13 Adst Bid §l=h'p nmet hod on the surface of the protective |ayer to
obtain eacﬁ nmagnetic storage nedium  The input power to each of the targets
was 1000 W I n THaqeddharive peffofniieecioiie lesylant medie wefddvaluatidity thé sdms (oxi de
Si02 + Li20) was set to (1l-a):a, and the nole ratio of SIQ2:Li20 in the ,
oxi de wasmsthod axﬁ(atnpk)lbVahnsiofSNRamhd‘dBWSMeﬁstadindhefoilommleﬂ fromO to
0.3, and fromO to resBectlveI . _The conposition of a magnetic

recor di ngwltbyao%andé@ﬁ%n% &ﬁ-e 1. Furthernore, various

per pendi CJgab? magneti c recordi ng nedia were obtained by adding Na20, K20,
Rb20O, Cs2 E'C%lo SrO or BaOinstead of Li20 in the nmagnetic recording

| ayer, apd usin O K20, [Rb20 , O Srpo or hnpstead off Li20 in
16FEB200Y 288%%4095 28 PCT/ %3@5007 ! e (B0 fRERT O e
t

Cx

read/ wite perfor nces of tthe resul jgat nedia pere eval yated by the same
met hod ap_Exanple Val ues lof SNBm and - dPWs0 . ake |ist prL| n the folll ow ng

Table 7 W|th 31@2@12@3 y =(0.05, a=P; 85, andb=p.05. Tabke 7 Additilve SNRm

(dB) dPWsO Si02 20 7 72 . SiQR+1120 21 6 67 -SiR+Na20 214 6
Si 2+K20 21 7 S'D2+ﬂh£@+Rb20 21.1 69 25402+C820 1.0 68 68

S10,+K,0 21.7 67
Si0;+RbO 21.1 69
SiOx+Cs0 21.0 68
Si0,+Ca0 21.5 67
Si0,+8r0 21.2 70
Si0,+Ba0 21.0 70

This table indicates that adding of Li;O, Na;O, K0, Rb,0, Cs,0, Ca0, SrO, or
Ba0 in addition to SiO; is preferable since it improves SNRm, compared to when the first
underlayer includes only Ru-Si0,.

The relationship between the amount of additive “a” and SNRm values are
shown in FIG. 7 when SiO; + Li;O (b = 0.05) were added to the first underlayer. This
graph indicates that the amount of additive “a” of from 0.01 to 0.2 is preferable since
SNRm was improved. A similar trend was observed when NayO, K20, Rb;0, Cs;0, CaO,
Sr0, or BaO was added instead of Li,O.

The relationship between the mole ratio “b” in the oxide and SNRm values are
shown in FIG. 8 when Si0; + Li;O (a = 0.05) was added to the first underlayer. This
graph indicates that the mole ratio “b” in the oxide of from 0.01 t0 0.3 is px“eferable since
SNRm was improved. A similar trend was observed when Na;O, K0, Rb,0, Cs;0, CaO,
SrO, or BaO was added instead of LiO.



Si R2+Ca0 21.5 67 SiR+SrO 21.2 70 Si2+BaO 21.0 70 This table E(rﬁbcz@hes
t hat addi ng of Li20, Na20O, K20, Rb20O Cs20, CaO SrO or BaOin hadic8i to
S is fer since it inproves SNRm conpared to ybhg do-St

under | ay§8i2‘§05ﬁ8{?§§ only Ru-Si @. The 4%l ati onshi p bet vveengl{ Qﬁoalfrsmoﬁnt of
additive "a" and SNRm values are shown in FIG 7 when SiQ2 + Li20 (b = 0.05)
were added to the first underlayer. This graph indicates that the anount of

additive "a" ofyfro0 ' f i . [ oved. A
simlar trend Vggmb%fggr}e\%aﬁﬁ) gm%%%égpﬁ%élg@dnﬁ%lé‘% A BaO was
added i nsgqag phad-drdvailied WhkRBIONS 1,0 WALIE&I o RS PhlelAdr 2 0" i N the
oxi de and SNRm val ues are shown in FIG 8 when SiQ2 + Li20 (a = 0.05) was
added t o ihagndristifillartio the raboyessxamples sexcepit dipin thesdiond uedertdyeat whswbsmiedr ati o "b"
in the oxide of from0.01 to 0.3 is preferable since SNRmwas inproved. A
simlar tmwathdayis- 4bats Teet Nikdh alaNh, ard By irbe Orst caddlay@aas substitutedr BaO was
added instead of Li20. 1 6 FEB 2007  WD_2005/034095 29 PCT/JP2004/ 015007
Next, maghefifh, Bt.ddaljer kb dThe Pikm mlues vhen theamauptof additivg 375:0.9hand ol | owi ng

Table 8 \,Q'e-“".r‘ﬁ()g?r%ﬁiaﬁﬁgv‘fiﬁ#at ed when Si02 + Li20 was added to the first

under| aye |l ar to the above exanples, except that the
second unq%lhgyer was substituted with Ta, N - 40 at% Ta or NN - 30 at/6

Nb, and RI_iAd the first underlayer was substituted with Rh, Pt, Pd, It or
Ti. The SEnoisbyeenliefc he [amuntipetraddijerve a[= 0. Gonmaraly= 005 are
Ru- Si 02- L1 20 21. 6 Tia Rh-Si OF- Li 20RiS#0,-ITig0OPt - Si 02- Li 20 21.40
3 Ta Rh-8i0,-Li,0 214
Ta Pt-Si0,-Li,O 21.0
Ta Pd-810,-Li,0 21.0
Ta Ir-S10,-Li; O 20.8
Ta Ti-8i0;-Li,O 20.7
NiTa Ru-Si0,-Li;O 21.8
NiTa Rhb-8i0,-Li;O 21.6
NiTa Pt-Si0,-Li,O 21.0
NiTa Pd-8i0,-Li;0 21.1
NiTa Ir-S10,-LiyO 20.9
( NiTa Ti-Si0,-LizO 20.9
NiNb Ru-8i0,-Li;O 21.9
NiNb Rh-Si0,-Li,0 21.7
NiNb Pt-510,-Li,0 213
NiNb Pd-Si0,-LiO 21.0
NiNb Ir-Si0,-LiO 21.0
NiNb Ti-S10,-Li;,0 20.7

Table 8 indicates that each of the underlayers is preferable since they provide
excellent SNRm values.



Ta Pd-Si02-Li2021.0 Ta Ir-Si02-Li20 20.8 Ta Ti-Si2-Li20 20.7 N Ta
Ru-Si O2-Li20 21.8 N Ta Rh-Si 2-Li20 21.6 N Ta Pt-Si O2-Li 20 ZJJ.EJFEQ\I'Q%F
Pd- Si 02- Lj Ni Ta Ir-Si Q2-Li2020.9 N Ta Ti-Si O2. L N Nb
R 5 oo, NEBUEHs | \o R S oo L 20 30 7 N b Pt S 0FVERGIGT
Pd-Si 02-Li2021.0 N Nb Ir-Si02-Li2021.0 N Nb Ti-Si02-Li20 20.7 Table 8
i ndi cates that each of the underlayers is preferable since they provide

S A e e U BB GRE ER LR 00 1,
added i nﬁ%ﬁm&bgﬂiﬁg%%&g@%thé&a%t ﬁﬁ@ﬂﬁ &St underlayer. Furthernore,

the effe I NPr ovi Itiveto the first underl ayer
descri bed aboveuwhemsdrs] theéffact SRR SRR DiehPaddiBfe tofi fist C520, CaO,  SrO -
or BaO was used in the nmagnetic récording |ayer instead of LiZ20. Next,
magnet i ¢ widerlsgedeserbal atoverwas SiatlY GbdeawadnohenNa,©f K1Q,tRisO5 CeiBtCxD,i n t he
following Table 9 were made and evaluated in a manner simlar to the above
exanpl e, Stéxurdin0 whnused in thie mepgoefitanecarging layes instead pllidObet ween t he second
under | ayer and _the soft , magneti ¢, | ayer. The SNRm val ues when, t he &rmunt of
addi tive a = 0 Nestdpeensticstoragemerlia with Y0sHLi() pyng Shegtrucures lsted in the

following Table 9 were made and evaluated in a manner similar to the above exampie,

except that a third underlayer was provided between the second underlayer and the soft
magnetic layer The SNRm values when the amount of additive a = 0.05 and b= 0.05 are
listed in Table 9.



1 6 FEB 2007 WD 2005/034095 31 PCT/JP2004/ 015007 Table 9 Third Underl ayer
Second Underl ayer First Underlayer SNRm (dB) Ta Pt Ru-Si O2- Li 4 BER @07 Ta Pd
Ru- Si O2- Li éo %} 8 Ta lr RU-Si2-Li2021.6 Ta Ti Ru-Si Oé-Li 2021.6 Ta Pt
Rh- Si - LY23XPBE5 14 pd Rh-Si 02-Li 2031.7 Ta Ir Rh-Si BSTHTRENE  Ta Ti
Rh-Si O2-Li20 21.5 N Ta Pt Ru-Si02-Li2022.1 N Ta Pd Ru-Si O2-Li 20 22.1

NiTa Ir Ru-Si02-Li2021.9 NTa Ti Ru-Si@2-Li2021.8 N Ta Pt Rh-Si @-Li 20
21.7 Ni T% Pd Rh-Si2-Li2021.9 NTa lr Rhi-Si2-Li2021.9 N Ta Ti

Rh- Si 02- Li Q@?l. 9 NN Pt RuU-Si2-Li2022.2 N No Pd Ru-Si @2-Li 20 22.0

005 1 B g el B SRR o1 Sk 1 20
Rh- Si 2- ki 20 24,5 Thi $ tabl 21; ndi cafes tRalsieaehof the undeplpayersiis
preferablle since theylpraovi
Ta Pd Ru-8i0,-Li;0 21.8
Ta Ir Ru-Si0,-Li;0 216
Ta Ti Ru-8i0,-Liz0 21.6
Ta Pt Rh-8i0,-Li,O 21.6
Ta Pd Rh-Si03-Li;O 21.7
Ta Ir Rh-8i0,-Li,O 21.6
A Ta Ti Rh-Si02-Li,0 215
NiTa Pt Ru-8i0,-Li,0 22.1
NiTa Pd Ru-8i0,-Li;O 221
NiTa Ir Ru-Si0,-Li,O 21.9
NiTa T Ru-Si0,-Li,O 21.8
NiTa Pt Rh-8i0,-1i,0 21.7
NiTa Pd Rh-8i0,-Li,O 21.9
NiTa Ir Rh-8i0;-Li;O 21.9
NiTa Ti Rh-Si0,-Li,O 21.9
NiNb Pt Ru-Si0,-LizO 222
‘ NiNb Pd Ru-8i0-Li0 22.0
NiNb Ir Ru-8i0,-Liz0 21.8
NiNb Ti Ru-8i0,-Li;0 21.9
NiNb Pt Rh-8i0,-LirO 21.8
NiNb Pd Rh-Si0,-LizO 21.8
NiNb Ir Rh-8i0,-Li;0 21.6
NiNb Ti Rh-8i0,-Liz0 215

This table indicates that each of the underlayers is preferable since they provide
excellent SNRm values.



excellent SNRm values. 1 6 FEB 2007 WO 2005/034095 32 PCT/JP2004/ 015007 A
simlar trend was observed when Cr203, TiQ2, or Ti O was used as gg@jiti ve
to the fWwpHshoswRsps! ayer. Furthernore, the effect of ir’rpf:@ﬁ,ﬂﬂykﬁ% t he
additive to the first wunderl ayer des@fi bed above was simlarl y observed
when Na20 K20, Rb20O, Cs20, CaO, SrO or BaO was used in the nmagnetic
recording | ayer instead of Li20. A perpendicular magnetic recording nedi um
accor di ngato.: ek ;EE i C PYicHGau o ghetic
recordi ngAr?e I%%re?%ﬁ%?%sh t ﬁe}el;@é%%ﬁbej%perfor nangggﬁg?ﬁwga‘%g%endi cul ar
magneti c figceidérlagernmedi umis i nproved, the dianeter of magnetic crystal
particles are reduced, and an excellent SNR performance is achieved wthout
havi ng t he det efirthennerd, the gffect bf inmgroving SNRm betheatditive tof the iest magnet i ¢
crystal particles, and a magnetic read/ wite apparatus usi r&g t he sane.

| NDUSTRI Atnderipyar degsribedraboxs was sy observed whenNasOpKeQelRb20, hseitGath, a
ey RSt B R e WA FERR e 07,2205,

f 0.25 d ‘ Lent out put
of read o gnal Argeaidioiihaic fdtil e ARl LRk 1 € pBen fiRGE™ OV P

2005/ 03408 p%_éviﬁginéxﬁgxﬂﬁ&ﬂ&%ﬁ%%%ﬂﬁtg medivin REWRRAGhLh SR INEL I C

recordi ng medi um conprising: a substrate; at |east one underlayer forned

above t hepafiiiancds of the pérpandictlpemaiett sscorfgatdiamie tayrdvat) tealihetéor med
above the at |east one wunderlayer, an easy magnetization axis of the

per pendi cof magnetignstabparices @t neglubed; end arbeicelient SN pesfdrpangednatihtayedr to t he
substrate, .the perpendjcul ar pagnetic recording |layer including magnetic

crystal p¥ithpwhawingthe detesiopptesherretallinibsand orieytation ahibe maghelif@ysie

particles, and a magnetic read/write apparatus using the same.

INDUSTRIAL APPLICABILITY

As an application of the present invention, a perpendiéular magnetic recording
medium of the present invention cén be applicable to a magnetic recorder which has a
narrow magnetic track width of 0.25 pm and a track width of 0.15 pm, and exhibiting an
excellent output of read signal and a high track recording density.



crystal particles, wherein the grain boundaries contain an oxi de, qt)f:ﬂi'zdn}con
and at | east one elenent selected fromthe group consisting of 'Li, K,
Rb, Cs, Ba, and the ratio of a total anount e of Si,
Li, Na, %0@5}0&?9?0& Sr, and Ba in Yhe per pendi cul arp@ng'éﬁnlg%gd}gcor di ng

| ayer is no less than I nol % and no nore than 20 nol % 2. The perpendi cul ar
magneti c recordi ng nmedium according to claiml1l, wherein a ratio of total
amount of substance of Li, Na, K Rb, Cs, Ca, Sr, and Ba contained at the
grain boundaries in the perpendi cupgamganetic recording layer is no |ess
than 1 nol % and no nore than 30 nmol % 3. The perpendi cul ar magnetic

recordi ng medium according to claiml1, wherein the mgnetic crystal
par ti cl es 1cont aApefendisulth@agtio reordionmedivmdnfpdsinger contains Pt and Cr.
4. The perpendi cul ar nmagnetic recordi ng nmedi um according to claim1l1, wherein
_at least one o#suhstater | east one underlayer contains at |east one el enent

selected fromthe roup consisting of , Ti, Rh, Pt, Pd, and Ir as a main
conponent. 1 6 fl Owalfleﬂw%e?} Gm%e@;s ;A8$2004/ 015007 5. The

per pendi cul ar magneti ¢ recor di rre%igfgg‘: acecordi.ng tq, claiml wherein, at
"east one of  t né Paperdicl TaeeliRerbrimelive et abie gl i crystal
particles gl ast: tn%%n p

consi sti némg QII,’ Eﬁh&&y%&@%&%ﬁgﬁs gén_ gﬁé}b%@%éﬂﬁal %:tgcqmg)%arl{gﬁ ?gﬂ;ﬁd grain
boundar i epefmglorientad bérferidicul 95 tHIXRHPRiates thep¥feAdicul RahAdretie fecor@lk Thjte grain
boundari es contain an oxide of at |east one el enent selected fromthe group
consi st i ngnadbdify magietic @natalparti€les dduegrpiabpentiries tuaounding theinaghetior di ng nmedi um
according to claimb5, wherein the grain boundaries in at |east one of the
at | east omstalpygeledyer contain an oxide of silicon and at |east one

I I f he, i Sti i .. Na, K , ,
:ngmég sel ect egvheltegnnhlte g?a.mg gc?u%%ar?gsnc%h’tsé}ﬂ arlllgoxﬂe ol'flsﬂmo'\llilal:lc;< dt lceagt on%selemce%f Sf

selected from the group cousisting of Li, Na, K, Rb, Cs, Ca, Sr, and Ba, and

the ratio of a total amount of substance of Si, Li, Na, K, Rb, Cs, Ca, Sr, and Ba in
the perpendicular magnetic recording layer is no less than 1 mol% and no more than
20 mol%.

2. The perpendicular magnetic recording medium according to claim 1, wherein a
ratio of total amount of substance of Li, Na, K, Rb, Cs, Ca, Sr, and Ba contained at the
grain boundaries in the perpendicular magnetic recording layer is no less than 1 moi%

{ and no more than 30 mol%.

3. The perpendicular magnetic recording medium according to claim 1, wherein the
magnetic crystal particles contain Co as the main component and further contains Pt and
Cr

4, The perpendicular magnetic recording medium according to claim 1, wherein at
least one of the at least one underlayer contains at least one element selected from the

group consisting of Ru, Ti, Rh, Pt, Pd, and Ir as a main component.



7. The perpendi cul ar magnetic recordi ng nedi um according to C|El ghal wherein
a ratio of total anmpbunt of substance of Si, Li, Na, K Rb, F i and
Ba in the at | east one underlayer is no | ess than 1 | 9 rethan
20 ol % W8 2095{834P88; pendi cul ar magneti 84recordi ng nedi E%n ﬁ:‘@g&é ?sg o claim
6, wherein a ratio of total anount of substance of Li, Na, K Rb, Cs, Ca,
Sr, and Ba cont ai ned at the grain boundaries in the at | east one underl ayer
is no less tha D(V.adn re 3 9 for roduci ng
a per pendi-cul ar ‘{‘&8&%@ ﬁﬁecf’({@f%e% F/(’Ifi'n’&t@fzﬁgﬁgt Ee"&f form ng
at | east B&%oﬂé‘@ﬁﬁé REdst SHeindBriSHePRUhitleof nBfihapREE i pARIRRNCI cul ar

magneti c recordi ng layer tornme ove the at | ¢€ast one un erl ayer

evapor at i @igitanii@atcedstbne/dMrbdht S€ledted fiomake grsuplCorsisting bea,ﬁIiaRHl, Rt,th east one

el enent selected fromthe group consisting of Li, Rb, Cs, Ca, Sr, and
Ba, the wmerlpesainainlcampoegyhend grairbamdanes shapmldmglthbmdn-mp.gm@mystal cr yst al
particles and grain 1 6 FEB 2007 WD 2005/ 034095 35 PCT/ JP2004/ 015007
boundar i epartigles; 8athdi ng the nagnetlc crystal particles. 10. The nethod for

produci ng a perpendj cul ar, net i c recor medi rd| claim?9,
wherein the gra"fi g‘@Hﬁ?ﬂ‘}H ?'ﬁmflﬁgoﬁkdfeﬁgﬂtgg% éi?f'&ﬁ‘ﬂ E'gg’otgﬁl ng |ayer
contain a at | east one el enent sel ect ed fromthe
group con |§§(| ng 0 gﬁfél ﬁggmf{Tde Cs, Ca, Sr, and Ba. 11. The nethod for
produci ng a perpendi cul ar magnetic recordi ng nedi um according to claim?9,
wherein the ratio of a total amount of substance of Si, Li, Na, K Rb, GCs,
Ca, Sr, apd Ba The peliRndicilacmnagett dcordgabdiamscartitigng claby 6] whérein@h¢ €ss t han
1 nol% and no nore than 20 nol % 12. The nethod for producing a

per pendi cgrabrborndpmies imﬂmmmﬁgle@lﬁaﬂmneandﬁﬂamrmgnmmwdq & silidopr ei n a
ratio of total anmpbunt of substance of Li, Cs Ca, Sr, and Ba

cont ai nedansat{q3g oge slemepbigigiediftom the grove cﬁéﬁlﬂg’r&ﬂf&ﬂlﬁ% Kl £8i 2. S or di ng

| ayer is nodéess than I nol % and no nore than 30 nol %

7. The perpendicular magnetic recording medium according to claim 6, wherein a
ratio of total amount of substance of Si, Li, Na, K, Rb, Cs, Ca, Sr, and Ba in the at least

one underlayer is no less than 1 mol% and no more than 20 mol%.

8. The perpendicular magnetic recording medium according to claim 6, wherein a
ratio of total amount of substance of Li, Na, K, Rb, Cs, Ca, Sr, and Ba contained at the
grain boundaries in the at least one underlayer is po less than 1 mol% and no more than
30 mol%.

9. A method for producing a perpendicular magnetic recording medium comprising
the steps of:

forming at least one underlayer over a substrate, and

forming a perpendicular magnetic recording layer formed above the at Jeast one
underlayer by evaporating a material which contains an oxide of silicon and at least one
element selected from the group consisting of Li, Na, K, Rb, Cs, Ca, St, and Ba, the
perpendicular magnetic recording layer including magnetic crystal particles and grain



13. The method for producing a perpendi cul ar magnetic recordi nglngrggﬁtz@g
according to claim9, wherein the magnetic crystal particles contarn as
the main_ _conmponent and further contappns Pt and Cr. 14 JaBbivaeh f or

pr oduci n\joamfg)@?"’ﬁ%gﬁdi cul ar magnetic re%%r di ng nmedi um a(l:)g?rjg% ng to claim?9,
wherein at | east one of the at |east one underlayer contains at |east one
el ement selected fromthe group consisting of Ru, Ti, Rh, Pt, Pd, and Ir as
a nmain  GRIR : ﬁgé&g ,f},gtré] cing a perpendi cul ar magnetic
recordi ng ne |umgu%6cig§glrn§?§eg to c?gi m 9, \Aﬁggrcei n at |east one of the at |east
one underl ayer is made of non-magnetic crystal 1 6 FEB 2007 WD 2005/ 034095
36 PCT/ JP2004/ 015007 particles containing at |east one el enent sel ected
from t he 1§ oup Themssithnd foypwiudng a pérperrbiculapmmagpefic goaerding negdivmmai n conponent
and grain boyndaries suryoundjng _ttkeq non- npgneti c %ﬁr stal particles, and
the grai AeEHARE? Flaun @owherein the Eraim houndspries i the parpe FRHBAYC sel ect ed from

the group censisting.of Si,..Cr..and Ti,. J16. The nethod for. producing a

per pendi ggf(gﬁm %’ﬁ%?(&ém?%%lgle HES‘ﬁ‘é"&iaﬂﬂFt %%8?%?1ﬁ88?tose@f:t§$m°%5,&emherei n a
rati o of QE]@) t erel sel ected from the group

consi st n%-t}@é%:s (,gﬂ'gh L‘??’S%lz’@t}hgg’gsri;@ﬁ Soundaries in the at |east one
underlayer is no less than 1 nol % and no nore than 20 nol % 17. The net hod
for producing a perpendicul ar nagnetic recording medium according to claim
15, wher elln t hdlgmadthodofor prdncies a perpaiditudashagnatic totiing médilreast one

under | ayer contain an oxide of silicon and at |east one el ement sel ected

from t he aconding te glaisn 8; wherewrthe ratio ha total ameuntf sulggancepf Siahil N3a K. R8, The

met hod fo oguci a perpendj.cyl ar netic. recordin di um cording to
Cf ai m 17, Coy S o i e PPl TaeBE LA s AS F G | RaloK Rb. s
Ca, Sr, a i the grain boundaries in the at |east one

under | aye%@%ﬁgﬁ%agsﬁ%ﬁ%l% 1 nol % and no nore than 30 nol %

12. The method for producing a perpendicular magnetic recording medium
according to claim 9, wherein a ratio of total amount of substance of Li, Na, K, Rb, Cs,
Ca, Sr, and Ba contained at the grain boundaries in the perpendicular magnetic recording

layer is no less than 1 mol% and no more than 30 mol%.

13. The method for producing a perpendicular magnetic recording medium
according to claim 9, wherein the magnetic crystal particles contain Co as the main
component and further contains Pt and Cr.

14. The method for producing a perpendicular magnetic recording medium
according to claim 9, wherein at least one of the at least one underlayer contains at least
one element selected from the group consisting of Ru, Ti, Rh, Pt, Pd, and Ir as a main

component.

15. The method for producing a perpendicular magnetic recording medium
according to claim 9, wherein

at least one of the at least one underlayer is made of non-magnetic crystal



19. A magnetic read/wite apparatus conprising the perpendi culldFipgpetic
recordi ng nmedium according to claiml and a read/ wite head. 20. The

magnet i C\\F(?%é)pﬂo;se appar at us accordi ng to claim19, Wﬁﬂoﬁﬁﬁﬂ{o“?adlv‘“ te
a g

head is single magnetic pole recor di head.

particles containing at least one element selected from the group consisting of Ru, Ti, Rh,
Pt, Pd, and Ir as a main component, and grain boundaries surrounding the non-magnetic
crystal particles, and

the grain boundaries contain an oxide of at least one element selected from the
group consisting of Si, Cr, and Ti.

16. The method for producing a perpendicular magnetic recording medium
according to claim 15, wherein a ratio of the oxide of at least one element selected from
the group consisting of Si, Cr, and Ti at the grain boundaries in the at least one underlayer

is no less than 1 mol% and no more than 20 mol%.

17. The method for producing a perpendicular magnetic recording medium
according to claim 15, wherein the grain boundaries in at least one of the at least one
underlayer contain an oxide of silicon and at least one element selected from the group
consisting of Li, Na, K, Rb, Cs, Ca, Sr, and Ba.

18. The method for producing a perpendicular magnetic recording medium
according to claim 17, wherein a ratio of total amount of substance of Li, Na, K, Rb, Cs,
Ca, Sr, and Ba contained at the grain boundaries in the at least one underlayer is no less
than 1 mol% and no more than 30 mol%.

19. A magnetic read/write apparatus comprising the perpendicular magnetic
recording medium according to claim 1 and a read/write head.

20. The magnetic read/write apparatus according to claim 19, wherein the read/write
head is a single magnetic pole recording head.





