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DESCRIPTION

TITLE OF INVENTION

SPUTTERING TARGET FOR MAGNETIC RECORDING MEDIA

TECHNICAL FIELD

[0001]

The present invention relates to a sputtering targ

magneticrecordingmedia,andinparticular,toas

that contains metallic Co, metallic Pt, and an oxid

BACKGROUND ART
[0002]

Inamagneticdiskforaharddiskdrive,informat
arerecordedinfinebitsofamagneticrecordingm
tofurtherimprovetherecordingdensity ofthemag
medium, itis necessary to increase the ratio of si
which is an index of the information quality, while
sizeofthebitholdingonepieceofrecordinginfo
toincreasetheratioofsignaltonoise,itisess
the signal or reduce the noise.

[0003]

Atpresent,amagneticthinfilmhavingagranular

of a CoPt-based alloy-oxide is utilized as a magnet

et for
putteringtarget

e.

ionsignals
edium. Inorder
neticrecording
gnaltonoise,
reducing the
rmation. Inorder

entialtoincrease

structure
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mediumthatservetorecordinformationsignals(se
Non-Patent Literature 1). The granular structure i
columnar CoPt-based alloy crystal grains and crysta
boundaries formed from an oxide that surrounds the
CoPt-based alloy crystal grains.

[0004]

Whentherecordingdensityofsuchamagneticreco
is increased, it is necessary to smoothen transitio
between recording bits to reduce noise. Inordert
transitional regions between the recording bits, it
to micronize the CoPt-based alloy crystal grains co
magnetic thin film.

[0005]

As the magnetic crystal grains become finer, the i
of the recording signal that one magnetic crystal g
becomessmaller. Inordertoachieveboththemicr
magneticcrystalgrainsandtheintensity ofthere
itis necessary to reduce the distance between the
crystal grains.

[0006]

On the other hand, the progress of micronization o

CoPt-basedalloycrystalgrainsinamagneticrecor
sometimes resulted in occurrence of the so-called t
fluctuationphenomenon,inwhichthe superparamagne

impairsthethermalstabilityofrecordedsignalsa

e,forexample,
s composed of
| grain

columnar

rdingmedium
nal regions

o smoothen the
is essential

ntained inthe

ntensity
rain can hold
onizationofthe
cordingsignal,

centers of the
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dingmediumhas
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ticphenomenon

ndleadstoloss
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oftherecorded signals. Thisthermalfluctuation
contributed a major obstacle to increasing the reco
of magnetic disks.
[0007]

In order to surmount this obstacle, the magnetic e
respective CoPt-based alloy crystal grains needs to
such that the magnetic energy exceeds the thermal e
magnetic energy of respective CoPt-based alloy crys
obtainedbyv xK y,whichisaproductofthevolumevoftheCoPt-ba
alloycrystalgrainsandthemagnetocrystallineani
Ku. Therefore, the magnetocrystalline anisotropy con

the CoPt-basedalloy crystalgrainsneedstobeinc

phenomenon has

rding density

nergy of
be increased
nergy. The
tal grains is
sed
sotropyconstant
stant K  of

reasedinorder

to increase the magnetic energy of the CoPt-based a lloy crystal
grains (see, for example, Non-Patent Literature 2).
[0008]

In addition, in order to grow the CoPt-based alloy crystal
grainshavinglargeK uinacolumnarshape,phaseseparationbetween
the CoPt-based alloy crystal grains and grain bound ary material

must be achieved. Ifthe phase separation between
alloycrystalgrainsandthegrainboundarymateria

to increase the grain interaction between the CoPt-
crystalgrains,themagneticthinfilmhavingtheg

of the CoPt-based alloy-oxide has had reduced coerc
As a result, the thermal stability is impaired, and

fluctuationphenomenonmayoccurwithease. Thus,

the CoPt-based
lisinsufficient
based alloy
ranularstructure
ive force Hc.
the thermal

itisimportant
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toreducethegraininteractionbetweentheCoPt-ba
grains.
[0009]

The micronization of the magnetic crystal grains a
reductionofthedistancebetweenthecentersofth
grains may be achieved by micronizing the crystal g
Ruunderlayer (underlayer provided for orientation
magnetic recording medium).

[0010]

However, itis difficult to micronize crystal grai
Ruunderlayerwhile maintaining the crystal orienta
example, Non-Patent Literature 3). Therefore, the
crystalgrainsintheRuunderlayerofthecurrent
medium is almost the same as that when the longitud
recordingmediaareswitchedtotheperpendiculam
media, and is about 7 to 8 nm.

[0011]

Fromtheviewpointofimprovingthe magneticrecor
instead of the Ru underlayer, an investigation has
advancethemicronizationofmagneticcrystalgrain
an investigation was made to increase the addition
oxideinthe CoPt-basedalloy-oxide magneticthinf
the volume ratio of the magnetic crystal grains to
magnetic crystal grains (see, for example, Non-Pate

4). This technique achieved the micronization of t

sedalloycrystal

nd the
emagneticcrystal
rains in the

controlofthe

nsinthe
tion (see, for
size of the
magneticrecording
inal magnetic

agneticrecording

dinglayer
been made to
s. Specifically,
amount of the
iimtodecrease
micronize the
nt Literature

he magnetic
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crystalgrains,buthasnotbeenabletoreducethe distancebetween
the centers of the magnetic crystal grains because the width of
thecrystalgrainrboundaryincreasesduetcanncr easeinheaddition

amount of the oxide.

[0012]

Inaddition, aninvestigationwas madetoaddase condoxide
inadditiontothesingleoxideusedintheconvent ionalCoPt-based
alloy-oxide magnetic thin film (see, for example, N on-Patent
Literature5). Howeverwhergpluralityooxide materialssadded,
there is no clear guideline for selecting the mater ials, and even
today theinvestigationforsearchingoxidesused asgrainboundary
materialsfotheCoPt-basedalloycrystalgrains sbeingcontinued.
CITATION LIST
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ON MAGNETICS, Nov. 2008, VOL.44, NO.11, p.3492-3495

SUMMARY OF INVENTION
Technical Problem

[0014]

Thepresentinventionhasbeenmadeundersuchcir

and an object of the presentinvention is to provid
targetformagneticrecordingmediacapableofprod
thinfilm in which the magnetic crystal grains are

the distance between the centers of the magnetic cr

is reduced while good magnetic properties are maint

Solution to Problem
[0015]
Theinventorofthe presentinventionhasdiligent
out studies to solve the above-mentioned problems.
theinventorhasfoundthat,inordertorealizeth
ofmagneticcrystalgrainsinamagneticthinfilm
ofthedistancebetweenthecentersofthemagnetic
itis effective tomake asputteringtargetformag
media contain oxides having alow melting pointand
point(specifically, makethesputteringtargetcon
ameltingpointaslowas450

a melting point higher than the melting point of th

(about 1450  °C)).

cumstances,
e asputtering
ucingamagnetic
micronized and
ystal grains

ained.

lycarried
As aresult,
emicronization
andthereduction
crystalgrains,
neticrecording
ahighmelting

tainB ,03having

°Candahigh-melting-pointoxidehaving

e CoPt alloy
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[0016]

The presentinvention has beenmade onthe basis o

findings.
[0017]

Namely, a first aspect of a sputtering target for
recordingmediaaccordingtothe presentinvention
targetfor magnetic recording media comprising meta
oxide,withthebalancebeingmetallicCoandinevi
wherein the metallic Co is contained in a range of
and 90 at% or less and the metallic Ptis contained
10 at% or more and 30 at% or less relative to a tot
componentsinthe sputtering targetfor magneticre
the oxide is contained in a range of 26 vol% or mor
or less relative to a total volume of the sputterin
magneticrecording media, andthe oxideiscomposed
ormore high-melting-pointoxides havingamelting
or higher and 2800 °C or lower.

[0018]

Asecondaspectofasputteringtargetformagneti
media according to the present invention is a sputt
for magnetic recording media comprising metallic Pt
and an oxide, with the balance being metallic Co an
impurities, wherein the metallic Cois contained in
at% or more and less than 90 at%, the metallic Pti

a range of 10 at% or more and less than 30 at%, and

fthisnew

magnetic
isasputtering
llicPtand an
tableimpurities,
70 at% or more
in arange of
al of metallic
cordingmedia,
e and 40 vol%
g target for
ofB ,0s;andone

pointof1470

crecording
ering target
,metallicCr,
d inevitable
arange of 70
s contained in

the metallic



10

15

20

25

Cris contained in arange of more than 0 at% and 1 0 at% or less,

relativetoatotalofmetalliccomponentsinthes putteringtarget
for magnetic recording media, the oxide is containe d in arange
of 26 vol% or more and 40 vol% or less relative to atotal volume
ofthesputteringtargetformagneticrecordingmed ia,andtheoxide

iscomposedofB 2Oz;andoneormorehigh-melting-pointoxideshaving

a melting point of 1470 °C or higher and 2800 °C or lower.
[0019]

It is preferable that a volume ratio of B 20; relative to a
total of the one or more high-melting-point oxides is 0.5 0ormore
and 4 or less.

[0020]

Theoneormorehigh-melting-pointoxidesmaybes electedfrom
the group consisting of TiO 2, SIO 2, Ta 2G5, Cr 205, Al ,0s, and ZrO
[0021]

lispreferablethatheoneormorehigh-melting -pointoxides
are TiO ».

Advantageous Effects of Invention

[0022]

The present invention can provide a sputtering tar get for
magneticrecordingmediacapable ofproducingamag neticthinfilm
inwhichthemagneticcrystalgrainsaremicronized andthedistance
betweenthecentersofthemagneticcrystalgrains isreducedwhile

good magnetic properties are maintained.

2.
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BRIEF DESCRIPTION OF DRAWINGS

[0023]

FIG. 1includes schematic diagrams showing a growt hprocess
whenagranularmediumisformedbysputteringusin gthesputtering
targetaccordingtofirstembodimentofthepresent invention. FIG.
1(A) is a schematic diagram showing an initial stag e of growth of
thegranulamedium(granulamedium10),andFIG. 1(B)isaschematic
diagram showing anadvanced stage of growth ofthe granularmedium

(granular medium 20).

FIG. 2includes schematic diagrams showing a growt hprocess
when a granular medium is formed by sputtering usin g asputtering
target that uses only B 20; as the oxide component. FIG. 2(A) is
aschematicdiagramshowinganinitialstageofgro wthofthegranular
medium (granular medium 30), and FIG. 2(B) isasch ematic diagram
showinganadvancedstageofgrowthofthegranular medium(granular
medium 40).

FIG. 3 is a graph showing examples of the granular medium
magnetization curve of the samples for determining magnetic
properties of Examples 1, 4 to 6, and Comparative e xample 1.

FIG. 4 is a graph showing the measured results of X-ray
diffractometry in the in-plane direction (plane dir ection
perpendicular to the height direction of the column ar CoPtalloy
crystal grains) of the sample for determining magne tic properties

of Examples 1, 4 to 6, and Comparative example 1.
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FIG. 5includes plain TEM micrographs obtained by
a sample for observing texture with a transmission
microscope (TEM), showing (A) Example 1, (B) Exampl
Comparative Example 1.
FIG.6isacross-sectionTEMmicrographobtained
a sample for observing texture of Example 4 with a

electron microscope (TEM).

DESCRIPTION OF EMBODIMENTS
[0024]
(1) First embodiment

A sputtering target for magnetic recording media a
to a first embodiment of the present invention cont
Ptandanoxide, withthe balance being metallic Co
impurities,andischaracterizedinthatthemetall
in a range of 70 at% or more and 90 at% or less and
Pt is contained in a range of 10 at% or more and 30
relativetoatotalofmetalliccomponentsinthes
for magnetic recording media, the oxide is containe
of 26 vol% or more and 40 vol% or less relative to
ofthesputteringtargetformagneticrecordingmed
iscomposedofB

a melting point of 1470 °C or higher and 2800

[0025]

Inthepresentdescription,asputteringtargetfo

10

observing
electron

e 4, and (C)

byobserving

transmission

ccording
ains metallic
andinevitable
icCoiscontained
the metallic
at% or less
putteringtarget
d in arange
atotal volume

ia,andtheoxide

2O;andoneormorehigh-melting-pointoxideshaving

°C or lower.

rmagnetic
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recording media may be referred to simply as a sput
oratarget. Inthepresentdescription,metallic
described as Co, metallic Pt may be simply describe
metallic Cr may be simply described as Cr.
[0026]
(1-1) Component of Sputtering Target
A sputtering target for magnetic recording media a
to this first embodiment contains Co and Pt as meta
anddoesnotcontainothermetalsexceptforinevit
[0027]
MetallicCoandmetallicPtarecomponentsofmagn
grains(finemagnet)inthegranularstructureoft
film formed by sputtering.
[0028]
Coisaferromagneticmetalelementandplaysace
in the formation of the magnetic crystal grains (fi
the granular structure of the magnetic thin film.
increasethe magnetocrystallineanisotropy constant
alloycrystalgrains(magneticcrystalgrains)int
film obtained by sputtering and to maintain the mag
CoPtalloycrystalgrains(magneticcrystalgrains)
magneticthinfilm,the contentpercentage of Coin
target according to this first embodiment is 70 at%
90at%orlessrelativetothetotalmetalliccompo

of Co and Pt).

11

tering target
Comaybesimply

d as Pt, and

ccording
| components,

ableimpurities.

eticcrystal

hemagneticthin

ntralrole
ne magnet) in
In order to
K yofthe CoPt
hemagneticthin
netism of the
intheobtained
the sputtering
or more and

nents(thetotal
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[0029]

Platinum,whenalloyingwithCoinapredetermined composition
range,hasthefunctionofreducingthemagneticmo mentofthealloy
andthushasaroleofadjustingthemagneticstren gthofthemagnetic
crystal grains. In order to increase the magnetocr ystalline
anisotropy constant K v of the CoPt alloy crystal grains (magnetic
crystal grains) in the magnetic thin film obtained by sputtering
andtoadjusthemagnetismoftheCoPtalloygrain s(magneticcrystal
grains)inthe obtained magneticthinfilm,thecon tentpercentage
of Ptinthe sputtering target according to this fi rstembodiment
is10at%ormoreand 30at%orlessrelativetoth etotal metallic

components (the total of Co and Pt).

[0030]

The oxide components of the sputtering target acco rding to
this first embodiment are composed of B »,O; and one or more
high-melting-pointoxideshavingameltingpointof 1470 °Corhigher
and 2800 °C or lower (hereinafter, sometimes simply referred toas
high-melting-point oxide). The oxide component ser ves as a
non-magneticmatrixthatseparatesthemagneticcry stalgrains(fine
magnet) from each other in the granular structure o fthe magnetic
thin film.

[0031]

FIG. 1includes schematic diagrams showing a growt hprocess
when a granular medium (hereinafter, a magnetic thi n film may be
referred to as a granular medium) is formed by sput tering using

12
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thesputteringtargetaccordingtothisfirstembod

is a schematic diagram showing an initial stage of

granularmedium (granularmedium 10),and FIG. 1(B)

diagramshowinganadvancedstage of growth ofthe
(granular medium 20).

[0032]

Themeltingpointofthehigh-melting-pointoxide

sputtering target according to this firstembodimen

iment. FIG.1(A)
growth of the
isaschematic

granularmedium

usedinthe

tis1470 °Cor

higherand2800  °Corlower,whichis higherthanthe melting point

oftheCoPtalloyservingasthemagneticcrystalg

in the film formation process by sputtering using t
targetaccordingtothisfirstembodiment, the high
oxidel4isdepositedontheprojectedportionsof
12,whicharepointswheretheCoPtalloyislikely
priortothe depositionofthe CoPtalloy. Therefo

of the CoPt alloy is grown in a form divided by the
high-melting-pointoxide 14 as schematicallyillust
1(A)and1(B),wherebygraingrowthoftheCoPtall
(magneticcrystalgrains)16inthein-planedirect
direction perpendicular to the height direction of
CoPtalloy crystal grains 16) is suppressed. There
alloy crystal grains 16 grow into the CoPt alloy cr
22inacolumnarshape andaremicronizedinthei

[0033]

Amongthe oxide components, the oxide componentwh

13

rains. Therefore,

he sputtering
-melting-point
theRuunderlayer
tobedeposited,
re,thecrystal
deposited
ratedin FIGS.
oycrystalgrains
ion(intheplane
the columnar
fore, the CoPt

ystal grains

n-planedirections.

ichisnot
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ahigh-melting-pointoxideis B 2O (indicated by reference numeral

18nFIGSland2) andB 2Oshasdowmeltingpointof450 °C. Therefore,
inthesputtering-basedfilmformationprocess,the depositiontime
of B ,0; is delayed, and B 2O is present in a liquid state between
thecolumnarCoPtalloycrystalgrainsduringthec olumnarcrystal
growthofthe CoPtalloy crystalgrains (duringthe crystalgrowth
oftheCoPtalloycrystalgrains16totheCoPtall oycrystalgrains
22). Therefore, B 20z isfinally deposited so as to form a crystal

grain boundary which separates the CoPt alloy cryst al grains 22
growninacolumnarshape,andservesasanon-magn eticmatrixwhich
separatesthemagneticcrystalgrains(finemagnets )inthegranular

structure of the magnetic thin film.

[0034]

FIG. 2includes schematic diagrams showing a growt hprocess
whenagranularmediumisformedbysputteringusin gthesputtering
target that uses only B 20; as the oxide component. FIG. 2(A) is
aschematicdiagramshowinganinitialstageofgro wthofthegranular
medium (granular medium 30), and FIG. 2(B) isasch ematic diagram
showinganadvancedstageofgrowthofthegranular medium(granular
medium 40).

[0035]
When sputtering is performed using a sputtering ta rgetthat

usesonly B ,0; as the oxide component to form a granular medium,

since the melting point of B 203, which is the oxide component, is

aslowas450  °C,theCoPtalloyhavingameltingpointofaboutl 450°C

14
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is first deposited on the projected portions of the Ruunderlayer

12. Therefore,one CoPtalloycrystalgrain32is depositedonone
projected portion ofthe Ruunderlayer 12, and the deposited CoPt
alloy crystal grains 32 (see FIG. 2(A)) grow like t he CoPt alloy
crystalgrains42(seeF1G.2(B)) sothatthegran ulamediumfurther
grows.
[0036]

When sputtering is performed using a sputtering ta rgetthat

usesonly B ,0; as the oxide component to form a granular medium,

oneCoP1alloycrystalgrain32isdepositedandgr ownononeprojected
portion of the Ru underlayer 12. Therefore, it is difficult to
micronizetheCoPtalloycrystalgrains42inthei n-planedirection
beyondhedistributionotheprojectedportionso theRuunderlayer
12.
[0037]

In FIG .2(B), reference numeral 18A denotes B 20O; which has
beendepositedtobecomeasolid,andreferencenum eral18Bdenotes

liquid-state B 20;.
[0038]

The upper limit value of the melting point of the

high-melting-point oxide used in the sputtering tar getaccording
tothisfirstembodimentis 2800 °C. Amagneticthinfilmproduced
usingasputteringtarget(Comparative Example 10i ndicatedinthe
tablel)formagneticrecordingmediathatusedMgO havingamelting

point(2852  °C)exceeding 2800 °Casthe oxide componenthad nogood

15
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magnetic properties, although the reasonwas unknow
theupperlimitvalueofthemeltingpointoftheh
oxideusednthesputteringtargetaccordingtah

was defined to 2800 °C.

[0039]

Inthesputteringtargetaccordingtothisfirste
thetotal content percentage ofthe metalcomponent
content percentage of the oxide components relative
sputtering target are determined on the basis of th
compositionothetargetmagnetiahinfilm anda
limited. However, the total content percentage of
components relative to the entire sputtering target
example, 88 mol% ormoreand 94 mol%orless,andt
percentageoftheoxidecomponentrelativetothee
target may be, for example, 6 mol% or more and 12 m
[0040]

Asdescribedabove,inthegranularstructureoft
thinfilm,theoxidecomponentsserveasanon-magn
separatesthemagneticcrystalgrains(finemagnets
Therefore, itis preferable to increase the content
in the magnetic thin film because the magnetic crys
be reliably and easily separated and the magnetic ¢
can be easily made independent of each other. From
view, the contentofthe oxides containedinthe sp

according to this first embodimentis preferably 26

16

n. Therefore,
igh-melting-point

iffirsembodiment

mbodiment,

sandthetotal
tothe entire

e component

renofparticularly
the metal
may be, for

hetotal content
ntiresputtering

0l% or less.

hemagnetic
eticmatrixthat
Yiromeachother.
ofthe oxides
talgrains can
rystal grains
this point of
utteringtarget

vol% or more,
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more preferably 28 vol% or more, and further prefer
or more.
[0041]

However, if the content of the oxides in the magne
film becomes too large, the oxides are mixed into t
crystal grains (magnetic crystal grains) and advers
crystallinity of the CoPt alloy crystal grains (mag
grains). Asaresult,the proportionofstructures
hcpinthe CoPtalloy crystalgrains (magneticcrys
increase. Thisalsaeduceshenumbemthemagn
perunitareainthemagneticthinfilm,andthusm
toincreasetherecordingdensity. Fromthese poin
contentofthe oxidescontainedinthe sputteringt
tahidirsembodimenispreferablyd0vol%oi
35 vol% or less, and further preferably 31 vol% or
[0042]

The contentofthe oxidescontainedinthe sputter
accordingtothisfirstembodimentrelativetothe
target is preferably 26 vol% or more and 40 vol% or
preferably28vol%ormoreand35vol%oriess,and
29 vol% or more and 31 vol% or less.

[0043]

As described above, the oxide components contained

sputtering targetaccordingto thisfirstembodimen

of B ,0; and one or more high-melting-point oxides havinga

17

ably 29 vol%

tic thin
he CoPt alloy
ely affectthe
netic crystal
otherthanthe
talgrains) may
eticcrystagrains
akesitdifficult
tsofview, the
argetaccording
essmorepreferably

less.

ingtarget
entiresputtering
less, more

furtherpreferably

in the
tarecomposed
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point of 1470 °C or higher and 2800 °C or lower. The volume ratio

of B ,0srelativetothetotal ofthe one ormore high-melt ing-point
oxides s preferably 0.5 or more and 4.0 orless, m ore preferably
0.7 or more and 3.5 or less, and further preferably 0.8 or more
and 3.0 or less from the viewpoint of depositing th e
high-melting-point oxide on the projected portions of the Ru
underlayer by anappropriate amountpriortothe de positionofthe
CoPtalloytomakethe CoPtalloycrystalgrains (m agneticcrystal

grains) appropriately fine.
[0044]

Examplesofthehigh-melting-pointoxidethatcan betheoxide
componentofthesputteringtargetaccordingtothi sfirstembodiment

includeTiO ,,SiI0 ,,Ta ,&,Cr 2G;5,Al 205,andZrO  ,. Fromtheviewpoint

of micronization of the magnetic crystal grains in the magnetic
thinfilmandreduction of the distance betweenthe centersofthe
magnetic crystal grains, the high-melting-point oxi de contained
in the sputtering target according to this first em bodiment is
preferably one or more types of oxides selected fro m the group
consisting of TIO 2, SI0 5, Ta 2G5, Cr ,03,Al 505,andZrO  ,, andis more

preferably TiO 2.
[0045]

(1-2) Microstructure of Sputtering Target

Themicrostructureofthesputteringtargetaccord ingtothis
first embodiment is not particularly limited, but i s preferably
amicrostructureinwhichametalphaseandanoxid ephasearefinely

18



10

15

20

25

dispersedineachother. Suchamicrostructure mak esitdifficult

togeneratedefectssuchasnodulesandparticlesd uringsputtering.

[0046]

(1-3) Process for Production of Spattering Target
Thesputteringtargetaccordingtothisfirstembo dimentcan

be produced, for example, in the following manner.

[0047]

(1-3-1) Preparation of CoPt Alloy-Atomized Powder

CoandPtareweighedsoastoobtainaprescribed composition
(the atomic ratio of metallic Co to the total of th e metallic Co
and metallic Ptis 70 at% or more and 90 at% or les s),andamolten
CoPt alloy is produced. Subsequently, the molten C oPt alloy is
gas-atomizedtoprepareaCoPtalloy-atomizedpowde r. Theproduced
CoPtalloy-atomizedpowderisclassifiedsothatth eparticlesize
becomesnotlargerthanapredeterminedparticlesi ze(forexample,

106 pm or smaller).

[0048]
(1-3-2) Preparation of Powder Mixture for Pressure Sintering
AB ,Ospowderandhigh-melting-pointoxidespowder(fore xample,

TiO ; powder, SiO  ,powder, Ta .G powder,Cr  ,0; powder, Al ,0; powder,

andZrO jpowder)areaddedtotheCoPtalloy-atomizedpowde rprepared
in (1-3-1). The mixture is dispersedly mixed with a ball mill to
prepare a powder mixture for pressure sintering. B y dispersedly
mixing the CoPt alloy-atomized powder, the B 20Os powder, and the
high-melting-pointoxidespowdewiththeballmill apowdemixture

19
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for pressure sintering in which the CoPt alloy-atom ized powder,
the B ,0; powder, and high-melting-point oxides powder are f inely

dispersed in each other can be prepared.

[0049]

In the magnetic thin film formed by using the obta ined
sputteringtarget,thevolumefractionofthetotal oftheB  Ospowder
andthehigh-melting-pointoxidespowderintheent irepowdemixture
for pressure sintering is preferably 26 vol% or mor e and 40 vol%
or less, more preferably 28 vol% or more and 35 vol % or less, and
stillmore preferably 29 vol% or more and 31 vol% o rlessinorder
to easily make the magnetic crystal grains independ ent from each
otherbyassuredlyseparatingthemagneticcrystal grainsfromeach

otherby B ,0; and high-melting-point oxides, to makes it easy fo

the CoPt alloy crystal grains (magnetic crystal gra ins) to have
the hcp structure, and to increase the recording de nsity.
[0050]

(1-3-3) Molding

Thepowdermixtureforpressuresinteringprepared in(1-3-2)
is pressure-sintered and molded using, for example, avacuum hot
pressing method to produce a spattering target. Si nce the powder
mixture for pressure sintering prepared in (1-3-2) has been
dispersedlymixedwithaballmillandtheCoPtall oy-atomizedpowder
and the oxides powder (the B »O; powder and the high-melting-point
oxides)arefinelydispersedneachotherdefects suchasgeneration
of nodules and particles are unlikely to occur duri ng sputtering

20
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using the spattering target obtained by this produc
[0051]
The method for pressure-sintering the powder mixtu
pressuresinteringisnotlimited. Themethodmay
than a vacuum hot pressing method and may be, for e
method.
[0052]
(1-3-4) Modification
The example of production process described in (1-

(1-3-3) involves preparing the CoPt alloy-atomized

tion process.

re for
beamethodother

xample, a HIP

3-1) to

powder by an

atomizingmethod,addingtheB 2Ospowderandthehigh-melting-point

oxides powder to the prepared CoPt alloy-atomized p
dispersedly mixing the mixture with the ball mill t
powder mixture for pressure sintering. A Co single
PtsinglepowdermaybeusedinsteadofusingtheC

powder. Insuchacase,fourtypesofpowder,whic

owder, and
o prepare the

powder and a

oPtalloy-atomized

hareaCosingle

powder,aPtsingle powder,aB 2O;powder,andahigh-melting-point

oxide powder are dispersedly mixed with a ball mill
powder mixture for pressure sintering.
[0053]
(2) Second embodiment

A sputtering target for magnetic recording media a
to asecond embodiment of the presentinvention con
Pt, metallic Cr, and an oxide, with the balance bei

andinevitableimpurities,andischaracterizedin
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to prepare a
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tains metallic
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thatthemetallic
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Coiscontainedinarange of 70 at% or more and le
the metallic Ptis contained inarange of 10 at%o
than 30 at%, and the metallic Cr is contained in a
thantat%andlOat%oless relativetoetotal
in the sputtering target for magnetic recording med
iscontainedinarangeof26vol%ormoreand40v
to a total volume of the sputtering target for magn
media, and the oxide is composed of B
high-melting-pointoxideshavingameltingpointof
and 2800 °C or lower.
[0054]
(2-1) Component of Sputtering Target

A sputtering target for magnetic recording media a
tothissecondembodimentcontainsCo,Pt,andCra
anddoesnotcontainothermetalsexceptforinevit
[0055]

Therolesothemetallic®CaandhemetallidPi
target for magnetic recording media according to th
embodiment are the same as the roles of the metalli
metallic Ptin the sputtering targetfor magneticr
according to the first embodiment, and therefore a
thereof is omitted here.
[0056]

Crhasafunction ofreducingthe magnetic moment

alloyed with Co within a prescribed composition ran

22

ss than 90 at%,
rmore and less

range of more

ofmetalliccomponents

ia,the oxide

ol%orlessrelative

eticrecording

»,0O; and one or more

1470 °Corhigher

ccording
smetalcomponents,

ableimpurities.

nthesputtering
is second
¢ Co and the
ecording media

description

of Cowhen

ge and plays
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aroleincontrollingthe strengthofthemagnetism
crystal grains.

[0057]

In order to increase the magnetocrystalline anisot

ofthemagnetic

ropy

constantK , of the CoPtCr alloy crystal grains (magnetic cryst

grains) in the magnetic thin film obtained by sputt
maintain the magnetism of the CoPtCr alloy crystal
obtained magnetic thin film, the content percentage
sputtering target according to this second embodime
ormoreandlessthan90at%relativetothetotal

(thetotal of Co, Pt, and Cr), the content percenta
sputtering target according to this second embodime
ormoreandlessthan30at%relativetothetotal

(the total of Co, Pt, and Cr), and the content perc

in the sputtering target according to this second e
more than 0 at% and 10 at% or less relative to the
components (the total of Co, Pt, and Cr).

[0058]

The oxide components of the sputtering target acco

this second embodiment are composed of B

high-melting-pointoxideshavingameltingpointof

and 2800 °Corlower. Theoxidecomponentservesasanon-ma

matrix that separates the magnetic crystal grains (
fromeachotherinthegranularstructureofthema

[0059]
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ering and to
grains in the
of Cointhe
ntis 70 at%
metalliccomponents
geof Ptinthe
ntis 10 at%
metalliccomponents
entage of Cr
mbodiment is

total metallic

rding to

»,O; and one or more

1470 °Corhigher
gnetic
fine magnet)

gneticthinfilm.
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Themeltingpointofthehigh-melting-pointoxide
sputteringtargetaccordingtothissecondembodime
higherand 2800
otheCoPtCualloyservingasghemagneticcrystal
in the film formation process (the growth process o
medium)bysputteringusingthesputteringtargeta
second embodiment, the high-melting-point oxide is
theprojectedportionsoftheRuunderlayer,which
the CoPtCralloyislikelytobedeposited, priort
of the CoPtCr alloy. Therefore, the crystal of the
isgrowninaformdividedbythedepositedhigh-me
wherebygraingrowthotheCoPtCralloycrystar
direction (in the plane direction perpendicular to
directionotthecolumnarCoPtCralloycrystalgrai
Therefore theCoPtCralloycrystalgrains(magneti
grow in a columnar shape, and are micronized in the
directions.

[0060]

Amongthe oxide components, the oxide componentwh

ahigh-melting-pointoxideisB
of450 °C. Therefore,inthesputtering-basedfilmformati
thedepositiontimeofB 2Osisdelayed,andB

state between the columnar CoPtCralloy crystal gra

columnar crystal growth of the CoPtCr alloy crystal

Therefore, B

24

usedinthe

ntis1470  °Cor
°C orlower, whichis higher than the melting point

grains. Therefore,

f a granular
ccordingtothis
deposited on
arepointswhere
othedeposition
CoPtCr alloy
lting-pointoxide,
aingrthein-plane
the height
ns)issuppressed.
ccrystalgrains)

in-plane

ichisnot

20s,andB  ;0O;hasalowmelting point

onprocess,

2Osispresentinaliquid

ins during the

grains.

2Gzisfinally deposited so as to form a crystal grain
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boundary which separates the CoPtCr alloy crystal g
acolumnarshape,andservesasanon-magneticmatr
themagneticcrystalgrains(finemagnets)intheg

of the magnetic thin film.

[0061]

The upper limit value of the melting point of the

high-melting-point oxide used in the sputtering tar

tothissecondembodimentis2800

usingasputteringtarget(Comparative Example 10d

for magnetic recording media that used MgO having a

(2852 °C)exceeding2800
properties,althoughthereasonwasunknown. There
limit value of the melting point of the high-meltin
used inthe sputtering target according to this sec
was defined to 2800 °C.

[0062]

Inthesputteringtargetaccordingtothissecond
thetotal contentpercentage ofthe metalcomponent
content percentage of the oxide components relative
sputtering target are determined on the basis of th
compositionothetargetmagnetiahinfilm anda
limited. However, the total content percentage of
components relative to the entire sputtering target
example, 88 mol% ormoreand94 mol%orless,andt

percentageoftheoxidecomponentrelativetothee

25

rains grown in
ixwhichseparates

ranularstructure

getaccording

°C. Amagneticthinfilmproduced

escribedlater)

melting point

°Castheoxidecomponenthadnogoodmagnetic

fore,theupper
g-point oxide

ond embodiment

embodiment,
sandthetotal
tothe entire
e component
renofparticularly
the metal
may be, for
hetotal content

ntiresputtering
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target may be, for example, 6 mol% or more and 12 m
[0063]

Asdescribedabove,inthegranularstructureoft
thinfilm,theoxidecomponentsserveasanon-magn
separatesthemagneticcrystalgrains(finemagnets
Therefore, itis preferable to increase the content
in the magnetic thin film because the magnetic crys
be reliably and easily separated and the magnetic c
can be easily made independent of each other. From
view, the contentofthe oxides containedinthe sp
accordingtothissecondembodimentis preferably 2
more preferably 28 vol% or more, and further prefer
or more.

[0064]

However, if the content of the oxides in the magne
filmbecomestoolarge, the oxidesare mixedintot
crystal grains (magnetic crystal grains) and advers
crystallinityofthe CoPtCralloycrystalgrains(m
grains). Asaresult,the proportionofstructures
hcp in the CoPtCr alloy crystal grains (magnetic cr
mayincrease. Thisalsoreducesthenumberofthe
grains per unit area in the magnetic thin film, and
difficulttoincreasetherecordingdensity. From
view, the contentofthe oxides containedinthe sp

accordingtothissecondembodimentis preferably 4

26

0l% or less.

hemagnetic

eticmatrixthat
Yiromeachother.

ofthe oxides

tal grains can

rystal grains
this point of
utteringtarget

6vol%ormore,

ably 29 vol%

tic thin
he CoPtCralloy
ely affectthe
agneticcrystal
otherthanthe
ystal grains)
magneticcrystal
thus makes it
thesepointsof
utteringtarget

Ovol%orless,



10

15

20

25

more preferably 35 vol% or less, and further prefer
or less.
[0065]
The contentofthe oxidescontainedinthe sputter
accordingtothissecondembodimentrelativetothe
target is preferably 26 vol% or more and 40 vol% or
preferably28vol%ormoreand35vol%oriess,and
29 vol% or more and 31 vol% or less.

[0066]

As described above, the oxide components contained

sputteringtargetaccordingtothissecondembodime

of B ,O; and one or more high-melting-point oxides having a

ably 31 vol%

ingtarget
entiresputtering
less, more

furtherpreferably

in the
ntarecomposed

melting

point of 1470 °C or higher and 2800 °C or lower. The volume ratio

ofB ,Gsrelativetothetotal ofthe one ormore high-melt
oxidesis preferably 0.5 ormore and 4.0 orless, m
0.7 or more and 3.5 or less, and further preferably
and 3.0 or less from the viewpoint of depositing th
high-melting-point oxide on the projected portions
underlayerbyanappropriate amountpriortothe de
CoPtalloytomaketheCoPtCralloycrystalgrains
grains) appropriately fine.
[0067]

Examplesofthehigh-melting-pointoxidethatcan
component of the sputtering target according to thi

embodiment include TiO 5, SI0 5, Ta G, Cr ,0;, Al

27

»,0;, and ZrO

ing-point
ore preferably
0.8 or more
e
of the Ru
position ofthe

(magneticcrystal

betheoxide
s second

>. From
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the viewpoint of micronization of the magnetic crys
the magnetic thin film and reduction of the distanc
centersofthemagneticcrystalgrains thehigh-me
contained in the sputtering target according to thi
embodimentis preferably one ormoretypesofoxide
the group consisting of TiO

and is more preferably TiO 2.
[0068]

(2-2) Microstructure of Sputtering Target

Themicrostructureofthesputteringtargetaccord

second embodiment is not particularly limited, but
amicrostructureinwhichametalphaseandanoxid
dispersedineachother. Suchamicrostructure mak
togeneratedefectssuchasnodulesandparticlesd
[0069]
(2-3) Process for Production of Sputtering Target
Theprocessforproductionofthesputteringtarge
to the second embodiment differs from the process f
ofthe sputteringtargetaccordingtothefirstemb
aCoPtCralloy-atomized powder having apredetermin
is prepared instead of the CoPt alloy-atomized powd
predetermined composition, but the other points are
thoseottheprocessfomproductionothesputteri
to the first embodiment, and therefore descriptions

omitted here.

28

tal grains in
e between the
Iting-pointoxide
s second

sselectedfrom

2, SiO 2, Ta 2G5, Cr ,0;, Al 20;, and ZrO

ingtothis
is preferably
ephasearefinely
esitdifficult

uringsputtering.

taccording
or production
odimentinthat
ed composition
er having a
the same as
ngtargetaccording

thereof are
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[0070]

In the process for production of the sputtering ta rget
accordingtothissecondembodiment,aCosinglepo wder,aPtsingle
powder, and a Cr single powder may be used instead of producing
theCoPtCralloy-atomizedpowderhavinggpredeterm inedcomposition.
Insuchacase,fivetypesofpowder,whichareaC osingle powder,
a Pt single powder, a Cr single powder, a B 20s powder, and a
high-melting-point oxide powder are dispersedly mix edwithaball
mill to prepare a powder mixture for pressure sinte ring.
EXAMPLES
[0071]

Examples and Comparative Examples are described be low.
[0072]

(Example 1)
The composition of the entire target prepared as E xample 1

is (80Co-20Pt)-15v0l%B 203-15vol%TiO ,, and is represented as

89.3(80C0-20Pt1)-3.6B 203-7.1TiO » in terms of molar ratio.

[0073]

To prepare the target according to Example 1, an 8 0Co-20Pt
alloy-atomized powder was prepared first. Specific ally, metals
were weighed so as to obtain an alloy composition o f Co: 80 at%
and Pt: 20 at% and heated to 1500 °C or higher to prepare a molten
alloy. The molten alloy was gas-atomized to prepar ean 80Co-20Pt

alloy-atomized powder.

29
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[0074]

The prepared80Co-20Ptalloy-atomized powderwass eparately
classified through 150 mesh sieves to obtain 80Co-2 OPt
alloy-atomizedpowderhavingaparticlediameterof 106 pmorsmaller.
[0075]

In order to obtain the composition of
(80Co0-20Pt)-15v0l%B  ,05-15v0l%TiO ,,aB ,0; powderand a TiO 2 powder
were added to the classified 80Co-20Pt alloy-atomiz ed powder, and
mixed and dispersed with a ball mill to obtain a mi xed powder for
pressure sintering.
[0076]

The obtained powder mixture for pressure sintering was
subjected to hot pressing under the conditions of s intering

temperature:920 °C pressure:24.5MPa time:30min,andatmosphere

5 x 10 2 Pa or lower to prepare a sintered test piece ( @30 mm).
Therelativedensityofthepreparedsinteredtest piecewas97.419%.
The calculated density is 9.39 g/cm 3. The cross section in the
thicknessdirectionoftheobtainedsinteredtestp iecewasobserved
withametallograph,anditwasfoundthatthemeta Iphase(80Co-20Pt
alloy phase) and the oxide phase (B 203 + TIO , phase) were finely
dispersed.
[0077]

Next,the preparedpowdermixtureforpressuresin teringwas
subjected to hot pressing under the conditions of s intering

temperature:920 °C pressure:24.5MPa time:60min,andatmosphere

30
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5 x10 " Paorlowertoprepareatargetwith $153.0 x1.0mm+ $161.0

x 4.0 mm. The relative density of the prepared targ
[0078]

Amagneticthinfilmmade of(80Co-20Pt)-15vol%B
TiO , was deposited on a glass substrate by sputtering w
sputtering device using the prepared target to prod
for determining magnetic properties and a sample fo
texture. Thestackedstructureofthesesamplesin
ofincreasing distance fromthe glass substrate, Ta
INi 9oWo (6 nm, 0.6 Pa)/ Ru (10 nm, 0.6 Pa)/ Ru (10 nm, 8
CoPt alloy-oxide (16 nm, 4 Pa)/C (7 nm, 0.6 Pa).
theleftsidein parenthesisindicatesthe filmthi
numberontherightsideindicatesthepressureof
duringsputtering. Themagneticthinfilmformedu

thatis preparedinthis Example lisformedofaC

(B2Gs + TIO ») and is a magnetic thin film serving as a recordin

layerofaperpendicularmagneticrecordingmedium.
thin film was deposited at room temperature without
substrate during film deposition.
[0079]

Avibrationtypemagnetometerandatorque magneto
used to determine the magnetic properties of the ob
for determining magnetic properties, and a polar Ke
measuring apparatus was used to determine thetherm

resistance of the sample for determining magnetic p

31

etwas 98.4%.

>O3-15v0l%
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uce a sample
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The number on
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addition,anX-raydiffractionapparatusandatran
microscopewereusedtoevaluatethestructureoft
for observing texture (evaluation of the grain size
of the magnetic crystal grains).

[0080]

Anexample ofthegranularmediummagnetizationcu
sample for determining magnetic properties of Examp
inF1G.3togetherwiththeresultsofotherExampl
Examples. The horizontal axis of FIG. 3 represents
of the applied magnetic field, and the vertical axi
represents the strength of magnetization per unit v
[0081]

In addition, the saturation magnetization M

smissionelectron
heobtainedsample

and the like

rveofthe
le 1is shown
esandComparative
the strength
s of FIG. 3

olume.

s, the coercive

forceH c,andtheinclination aatthepointcrossingthehorizontal

axiswereobtainedfromthemeasuredresultsofthe
magnetization curve of the sample for determining m
properties. The magnetocrystalline anisotropy cons
measured using a torque magnetometer. These values
TableltogetherwiththeresultsofotherExamples
Examples.
[0082]

FIG.4showsthemeasuredresults of X-ray diffrac
thein-planedirection(planedirectionperpendicul
directionofthe columnar CoPtalloy crystalgrains

fordeterminingmagneticpropertiesof Example 1to
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results of other Examples and Comparative Examples.
measuredresultsoftheX-raydiffractionshownin
equationwasappliedtothemeasuredresultofthe

of the hexagonal CoPt (11.0) to calculate the grain
(nm)oftheCoPtalloycrystalgrains. Thecalcula

shown in Table 1 together with the results of other
Comparative Examples.

[0083]

In addition, it was confirmed from the measured re
the X-ray diffractometry of Example 1 in the in-pla
thatalltheCoPtalloycrystalgrainswereoriente
[0084]

Inadditionthethermalfluctuationresistancewa
and the magnetized regions inverted by thermal ener
the grain size GD
consideringtheinterchangecouplingbetweengrains
ThemeasuredresultsareshowninTable 1together
of other Examples and Comparative Examples.
[0085]

Inaddition,the samplesforobservingtexturewer
byatransmissionelectronmicroscopy(TEM)onapl
perpendicular to the height direction of the column
crystagrains. TheplaneTEMmicrographsotheo
are shown in FIG. 5 together with the results of Ex

Comparative Example 1.
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[0086]

Further,intheplane TEMmicrographsobtained, th ediameter
(circumference corresponding diameter) determined b y specifying
each CoPt crystal grain by image-processing and rep lacing the
circumference thereof with a perfect circle was def inedasGD 1em
Thecentersofgravity oftherespective particles werecalculated
by the image-processing, and the distance between t he centers of
gravity of adjacent particles was obtained as GP tem Themeasured
results are shown in Table 1 together with the resu Its of other

Examples and Comparative Examples.

[0087]

In addition, thin grain boundaries were observedi n some of
theCoPtcrystalgrains,ascanbeseenfromthepl aneTEMmicrograph
ofthisExample 1thatusedTiO 2asahigh-melting-pointoxide. As
described above, this thin grain boundary is consid ered to be a
high-melting-pointoxide TiO »deposited priortothe deposition of
the CoPtalloy. Note that, in FIG. 5(A), the CoPt crystal grains
inwhichthingrainboundariesof TiO swereobservedaresurrounded

by a dotted line.
[0088]

(Examples 2 to 27 and Comparative Examples 1 to 16)

Samplesfordetermining magnetic propertiesand sa mples for
observingtexturewerepreparedinthesamemanner asthatinExample
lexceptthatthetargetcompositionwaschangedfr omthatofExample
1, and evaluated inthe same mannerasin Example 1 . Themeasured

34



resultsareshowninTable 1togetherwiththetarg etcompositions.
ConcretemeasuredresultsforExamplesdto6andC omparativeExample
1 are also shown in FIGS. 3 and 4.

[0089]

Ascan be seenfromthe plane TEM micrographinFl G.5(B) of
Example4dthatusedCr »Ozasthehigh-melting-pointoxide,thingrain
boundarieswereobservedinsomeCoPtalloycrystal grainsinExample
4asinExamplel. InFIG.5(B), the CoPtalloy cr ystalgrainsin
whichthethingrainboundariesofCr 2Oswereobservedaresurrounded

by a dotted line.

[0090]

ForthesampleforobservingtextureofExample4, acutsurface
that was approximately parallel to the height direc tion of the
columnar CoPt alloy crystal grains was observed by TEM. A
cross-sectional TEM micrograph of the observationr esultisshown
inFIG.6. Asshowninthe cross-sectional TEM mic rograph of FIG.
6, it is observed that a plurality of CoPt alloy cr ystal grains

grow on one Ru crystal grain.

[0091]

20

25

35



[Table 1]

Ll 99 Ly G9 |61 g9 1.8 'L I 0¢ €¥81 [GL | ¢OL [GI [€Oca | 0 [OF |06 LT a1dwexg
L'L 99 Ly L9 |61 0L 0e8 vL I o€ €¥8l | GL | ¢OL [ GL |€oea | 0 |Gl |G8 9¢ o|dwex3y
LL 99 Ly L9 |8l €L 618 gL I 0¢ €¥81 | GL | ¢OL | GL | €oea | 0 |GZ|GL Gg o|dwexg
Lt 99 8y 99 |61 'L 108 GL I o0¢ €¥81 | GL | ¢OL | GL |€oea | 0 |0€|OL g 9|dwexy
L'L 99 oY ve | L1 gL 06L GL I o€ €¥8L | GL | ¢OL | GL |€oed | G |02 |GL €¢ oldwex3y
8L L9 (4 €9 | 91 9L LLL A I o¢ €¥81 | GL | ¢OL | GL | €0ca | 0L | 0Z | OL ¢ 2ldwexg
gL g9 vy 9 | g1 29 6L 0L I ot €¥81 | 0z | ¢OL |0z | €0oca | 0 | 0Z | 08 1g o|dwex3
9L 99 97 e | 91 L9 0LL vL I 9¢ €¥8l | 8L | ¢OL [ 8L |€oea | 0 |0Z| 08 02 d|dwex3
6L 89 67 89 |61 vL Ges '8 I 9 €¥8L | €L | ¢OL [ €L |€oca | 0 |0z |08 61 odwexy
6L L9 Ly 8L | 0T LG 1GL 19 G0 0¢ 0Lyl | 0z | Gozel | oL | €0za | 0 | 0Z | 08 81 o|dwex3y
6L L9 97 vL |2t (e 9LL 69 G0 o¢ 009l |0Z | ¢O'S [oOL |€oea | 0 |0z 08 L1 d|dwex3
08 L9 €Y 89 | 1T 7’9 G6L 7L G0 o0¢ €¥8L |0z | ¢OL |01 | €0ca | 0 | 0Z | 08 91 o|dwexy
08 L9 (A4 8L | te e GIL A G0 o€ Gevz | 0Z | €02/0 | 0L | €oca | 0 | 0Z | 08 Gl o|dwex3
08 L9 (4 08 |82 9y L69 7’6 G0 o¢ Gevz | 0z | €02V | OL | €oca | 0 | 0Z | 08 1 sjdwexg
6L L9 Gy €8 | 1'e 6¢ GL9 9y G0 0¢ 00,z |0z | 204z | 0L | €0ca | 0 | 0z | 08 €1 o|dwex3
8L L9 s 1'g |91 69 G6L 69 ¥ o¢ oLyl 9 |goceL|ve | €oza | 0 |0z | 08 Z1 9|dwexg
L't 89 LS 9L |61 L9 z18 vl ¥ o¢ 0091 9 | zols |ve | €oza | 0 |0z |08 L1 odwex3
6L L9 Ly re | L1 €L 618 9L ¥ o¢ €781 9 | zolL |2 | €oza | 0 |0z |08 0l sjdwex3
6L L9 8y L |9l 'L 718 vL ¥ o€ Geve 9 | €020 |2 | €oza | 0 |0z | 08 6 oldwex3
6L L9 67 L |61 29 vLL 99 ¥ o€ Geve 9 | €oev | ve | €oca | 0 |0z | 08 8 a|dwex3
'8 L9 8y 9L |61 89 €28 vL ¥ 0¢ 00L2 9 | ¢0iz | vz | €oza | 0 |0z |08 L 9|dwex3
18 69 A 6L |81 69 6oL 69 I o€ 0Lyl | GIL | Gozel | GL | €oga | 0 | 0Z | 08 9 9|dwex3
8L L9 8'G €L | 0T 29 G6L €L I o¢ 0091 | GL | ¢O'S |[GL |€oea | o |0Z| 08 G o|dwex3
LL 69 87 99 |81 'L 908 LL I o¢ €¥81 | GL | ¢OL | GL | €oea | 0 |0z |08 | 9|dwex3
6L L9 Ly 9L | 2T 6G €L 69 I o0¢ Gevz | GL | €020 | GL | €0ga | 0 | 0z | 08 ¥ o|dwex3
08 89 (34 6L | te € GoL LS I o¢ Gevz | GL | eoav | GL | €oca | 0 | 0Z | 08 € o|dwex3
78 L9 9y 18 | Ge 0'G 689 67 I 0¢ 002 |Gl | 204z | GL | €eoza | 0 |0z |08 ¢ 9|dwexy
8L 99 [ 69 |71 S 20L 6G I 0¢ €¥8L | GI | ¢O'L | GI | €0¢d | ¢F | 0C | 89 |9+ oI9wex3 anpeieduiod
L'L 69 LS 'L | 2e ey LeL 9 I o¢ €¥81 | GL | ¢OL | GL | €028 | O | 2€ | 89 |G} °ldwex3 anneieduiog
L'L 69 v'e 89 | 1 4 688 (e I o¢ €¥81 | GL | ¢OL | GL | €028 | O | 8 | 26 |v} °ldwex3 saneiedwog
6L 69 96 oL |61 L9 0v8 7L I 124 €¥81 | ¢l | ¢OL [ ¢l | €028 | O | 0Z | 08 |¢} °ldwex3 saneiedwog
vL 69 A L9 | 0% A 0LL 29 I 142 €781 Iz | ¢OL | 12 | €029 | 0 | 0T | 08 |2} sduex3 aaneseduioy
1'g zL 7’6 oL |Gt €6 669 A I o¢ G6L GL | €OOW | GI | €028 | 0 | 0Z | 08 |} °1dwex3 saneseduog
€8 1L €6 G8 | LT 9¢ 029 6¢ I o€ 2687 | GL | O3W | GL | €028 | O | 0Z | 08 |0} o1dwex3 eaneiedwog
98 L'L 60L | 611 | &S [N 0%9 4 - o€ 2682 0 - 0€ | OSW | 0 | 0Z | 08 | 6 3Idwex3 sapeseduog
68 9L Lol | gL |06 0l GoL 8y - o¢ 00L2 0 - 0€ | 204Z | 0 | 02 | 08 | 83Idwex3 sapeseduog
68 GL 901 | gLl |0V 91l L9 8¢ - o¢ Geve 0 - 0€ | €0240 | 0 | 02 | 08 | L ®Idwex3 sapeseduog
€8 €L oKL | 911 | 8¢ L0 GI9 9¢ - o€ 2L02 0 - 0€ | €0TV | 0 | 02 | 08 | 9 slduex3 sapeseduioy
18 L9 GG e | 91 66 veL 8 - o€ €v81L 0 - 0€ | 2Ol | 0 | 07 | 08 | § oldwex3 sapeseduog
1'g 89 7’9 6L | 1T 9Y oL 66 - o¢ 0091 0 - 0€ | 20!S | 0 | 02 | 08 | ¥ slduex3 aaneseduoy
'8 69 €9 L'L |0 4 0L €9 - o¢ oLyl 0 - 0€ | GOZEL | 0 | 0Z | 08 | € aIduex3 sapeseduog
18 89 9 8L | VI €6 069 €3 - 0¢ G6L 0 - 0c | cooW | 0 | 0z | 08 | 2 eidwexg eanesedwog
1'8 L9 96 G9 |81 4 818 VL - 0¢ 0S¥ 0 - 0¢ | €028 | 0 | 02 | 08 | | s1dwex3 sapeseduiog
(wu) (wu) (wu) (wu) (30%) AmEo\szv AnEo\mcw wo— X)) apIXQ %’|OA |e30 | o) %|OA [uorysodwog| 4’ |OA |uomsodwog| 93 | 93e | g1e
puoosg 01 s8pIXQ apIXQ
Walgp | Wilgp | =g | ¥*go | p °H W "y 3pIXQ 384 JO| PUODIG | PUODAS |PIXQ PUOVSBS| BpIXQ IS4 | 4D | id | 00
oney SWN|oA | pueisiid | 40 dIW

36



10

15

20

25

[0092]

AsisclearfromTablel,inExamples1to27whic
thescopeofthepresentinvention,themagneticth
the micronization of magnetic crystal grains and th
thedistancebetweencentersoimagneticcrystalgr
were obtained, and the magnetic thin films obtained
1 to 27 exhibit good magnetic properties.
[0093]

Onthe otherhand, in Comparative Examples 1t0 16
not within the scope of the present invention, any
film was not obtained in which the micronization of
crystal grains, the reduction of the distance betwe
ofthemagneticcrystalgrains,andtheexpression
properties were simultaneously achieved.
[0094]

Here, fromthe viewpointofbeingagood magnetic
the magnetocrystalline anisotropy constant K
preferably K u>4.6
preferablyK  ,>6.0
magnetighirfilmsobtainednExampleslta? 7sa
conditions (K u>4.6
ofthemagneticthinfilmsobtainedinExamples1t
the more preferable conditions (K u>6.0

< 4.8 nm).

[0095]

37

harewithin
infilmsinwhich

ereduction of

ainswereachieved

in Examples

whichare
magnetic thin
the magnetic
enthe centers

ofgoodmagnetic

thinfilm,

u and GD inp|ane alre

x 10 ®erglcm *and GD inpane < 5.1 nm, and more

x10 ®erg/cm 2andGD inpiane <4.8nm. Mostofthe

tisfythepreferable

x10 ®erglcm *and GD inpiane < 5.1 nm), and some

027alsosatisfy

x10 ®erg/cm 2and GD inpiane
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It should be noted that the above-mentioned prefer able

conditions (K w>46 x10 ®erg/ecm ®and GD inpane < 5.1 nm) and the

above-mentioned more preferable conditions (K v>6.0 x10 %erg/lcm 3
and GDinpiane < 4.8 nm) are criteria for judging that the thin f ilm
is a good magnetic thin film, and it does not mean that a sample
that does not satisfy these conditions straightforw ardly falls

outside the scope of the present invention.
[0096]

Forexample, the values of GD inplane  Of Examples 5and 11 that
usedSiO ,asthesecondoxidewere5.8nmand5.7nm,respec tively,
andtheconditionforGD inplane  @mongtheabove-mentioned preferable
conditongK .6 x10 %rg/cm *andGD inpiane <5.1Inm)andthecondition
for GD inpane @mong the above-mentioned more preferable conditio ns

(Ky>6.0 x10°erglcm *and GD ipane < 4.8 nm) were not satisfied.

However thevaluesweresmallerthanGD inplane  (6.4nm)ofComparative
Example 4 that used only SiO » as the oxide, and thus the effects
of the present invention were exhibited. K u'S of Examples 5 and

1iwere7.3  x10 ®erg/lcm 3and7.4  x10 ®erg/cm 3 respectively,which
werelargerthanK «(5.9 x10 %erg/cm 3)ofComparativeExample4that

used only SiO  , as the oxide.

[0097]

Thevaluesof GD inplane  Of Examples6and 12 thatused Ta 2G5 as
the second oxide were 5.2 nm and 5.4 nm, respective ly, and the
condition for GD inplane  @mong the above-mentioned preferable

conditiongK 4.6 x10 %rg/cm *andGD inpiane <5.1Inm)andthecondition
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for GD inpane @mong the above-mentioned more preferable conditio ns
(Ky>6.0 x10°ergilcm *and GD ipane < 4.8 nm) were not satisfied.

However thevaluesweresmallerthanGD inplane  (6.3nm)ofComparative
Example 3thatusedonly Ta 2G5 asthe oxide, and the effects of the

present invention were exhibited. In addition, K u'S of Examples
6and12were6.5 x10 ®erg/cm *and6.9  x10 Serg/cm 3 respectively,
whichwerelargerthankK wofComparativeExample3(6.3 x10 Serg/lcm %)
that used only Ta 2G5 as the oxide.

[0098]

Further, K w of Example 13 thatused ZrO 2 asthe second oxide
was4d.6  x10 %erg/cm “andtheconditionforK «amongtheabove-mentioned
preferable conditions (K w>4.6 %10 Perg/em 2andGD inpane <5.1nm)
andthe conditionforK vamongthe above-mentioned more preferable

conditons (K~ ,>6.0 x10 °erg/lcm *and GD inpane < 4.8 Nm) were not

satisfied. However, GD inplane  Of Example 13 was 4.5 nm, which was
remarkably smaller than GD inplane  (10.7 nm) of Comparative Example
8thatused only ZrO » asthe oxide, and the effects of the present

invention were exhibited.

Industrial Applicability

[0099]

Thesputteringtargetformagneticrecordingmedia according
to the present invention is capable of producing a magnetic thin
filminwhichmagneticcrystalgrainsaremicronize dandthedistance
betweenthecentersofthemagneticcrystalgrains isreducedwhile
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good magnetic properties are maintained, and has in

applicability.

Reference Signs List

[0100]

10,20,30,40 granular medium

12 Ru underlayer

14 high-melting-point oxide

16,22,32,42 CoPt alloy crystal grain

18 B .0

18A B ,0; which has been deposited to become a solid

18B liquid-state B 203

40
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CLAIMS

1. Asputteringtargetfor magneticrecording media
metallic Pt and an oxide, with the balance being me
inevitable impurities, wherein

themetallicCoiscontainedinarange of 70at%
90 at% or less and the metallic Pt is contained in
at¥omoreand30at%oiesselativetcetotal
in the sputtering target for magnetic recording med

the oxide is contained in a range of 26 vol% or mo
vol% or less relative to a total volume of the sput

for magnetic recording media, and

comprising

tallic Co and

ormoreand
arange of 10
ofmetalliccomponents
ia,
reand 40

tering target

theoxideiscomposedofB »Osandoneormorehigh-melting-point
oxideshavingameltingpointof1470 °Corhigherand2800 °Corlower.
2. Asputteringtargetfor magneticrecording media comprising

metallicPtmetallicCr andanoxide withtheba
Co and inevitable impurities, wherein
themetallicCoiscontainedinarange of 70at%
less than 90 at%, the metallic Pt is contained in a
at% or more andlessthan 30 at%, and the metallic
in a range of more than 0 at% and 10 at% or less, r
totalof metalliccomponentsinthe sputteringtarg
recording media,
the oxide is contained in a range of 26 vol% or mo

vol% or less relative to a total volume of the sput

41
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for magnetic recording media, and

theoxideiscomposedofB »Osandoneormorehigh-melting-point
oxideshavingameltingpointof1470 °Corhigherand2800 °Corlower.
3. Thesputteringtargetformagneticrecordingmed laaccording

to claim 1 or 2, whereinavolumeratio of B
of the one or more high-melting-point oxides is 0.5

4 or less.

4. Thesputteringtargetformagneticrecordingmed
toanyoneofclaimslto3,whereintheoneormor
oxides are selected fromthe group consisting of Ti

Cro0;, Al 505, and ZrO 5.

5. Thesputteringtargetformagneticrecordingmed

to claim 4, wherein the one or more high-melting-po

TiO ,.

42

-,O; relative to a total

or more and

laaccording
ehigh-melting-point

G,SI0 ,,Ta G,

laaccording

intoxides are



