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DESCRIPTION

TITLE OF INVENTION

SPUTTERING TARGET

TECHNICAL FIELD

[0001]

The presentinvention relates to sputtering target

particular, to a sputtering target that contains me
metallicPt,andanoxide ,andwithwhichamagneti

a high coercive force can be fabricated.

[0002]

Inthepresendescriptionthesputteringarget
metallicCo,metallicPtandanoxidemaybedescr
basedtarget. Further,amagneticthinfilmthatc
Co, metallicPt,andanoxidemaybedescribedasa

based magnetic thin film.

BACKGROUND ART
[0003]

Amagneticdiskforaharddiskdriveutilizesam
film having a granular structure of a CoPt-based al
one example of magnetic recording films that serve

information signals (see, for example, Non-Patent L

s,andin
tallic Co,

cthinfilmhaving

thatcontains
ibedasaCoPt-oxide
ontainsmetallic

CoPtalloy-oxide

agneticthin
loy-oxide as
to record

iterature 1).
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The granular structure is composed of columnar CoPt -based alloy

crystal grains and crystal grain boundaries formed from an oxide
that surrounds the columnar CoPt-based alloy crysta I grains. In
ordertofurtherimprovetherecordingdensityoft hemagneticthin
filmhaving the granular structure of the CoPt-base dalloy-oxide,
there is a need to micronize the CoPt-based alloy ¢ rystal grains
contained in the magnetic recording layer (magnetic thin film).
[0004]

However theprogressofmicronizationoftheCoPt -basedalloy
crystalgrainshasresultedinoccurrence ofthe so -calledthermal
fluctuationphenomenon,inwhichthe superparamagne ticpohenomenon
impairsthethermalstabilityofrecordedsignalsa ndleadstoloss
oftherecorded signals. Thisthermalfluctuation phenomenon has
contributed a major obstacle to increasing the reco rding density

of magnetic disks.

[0005]

In order to surmount this obstacle, the magnetic e nergy of
respective CoPt-based alloy crystal grains needs to be increased
such that the magnetic energy exceeds the thermal e nergy. The
magnetic energy of respective CoPt-based alloy crys tal grains is
obtainedbyv xK y,whichisaproductofthevolumevoftheCoPt-ba sed
alloycrystalgrainsandthemagnetocrystallineani sotropyconstant
Ku. Therefore, the magnetocrystalline anisotropy con stantK  of
the CoPt-basedalloy crystalgrainsneedstobeinc reasedinorder
to increase the magnetic energy (see, for example, Non-Patent
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Literature 2).
[0006]

Examples ofthe measuresforincreasing K
alloy crystal grains may include one in which stack
respective CoPt-based alloy crystal grains are decr
inwhichthe periodicity of the stacking structure

Ptatoms is improved (see, for example, Non-Patent

,ofthe CoPt-based

ing faults in
eased, andone
of Coatomsand

Literatures 3

and 4).
[0007]
Ontheotherhand,inordertogrowtheCoPt-based alloycrystal
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,
toreducethegraininteractionbetweentheCoPt-ba
grains.
[0008]

Inordertosatisfytheforegoingrequirements,va
have beeninvestigatedforuseasgrainboundary ma

CoPt-based alloy crystal grains (see, for example,

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

sedalloycrystal

riousoxides
terialsforthe

Non-Patent
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Literatures 5 and 6). However, there is no clear g
selectingmaterials,andeventoday theinvestigat
oxides used as grain boundary materials for the CoP

crystal grains is being continued.
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[0010]

In light of such circumstances, an object of the p resent
inventionistoprovideasputteringtargetwithwh ichitispossible
to form a magnetic thin film having a high coercive force Hc.

Solution to Problem

[0011]

Theinventorsofthepresentinventionhavedilige ntlycarried
out studies to solve the above-mentioned problems. As aresult,
the inventors have found that the oxide suitable fo r increasing
the coercive force Hc of the magnetic thinfilmis anoxide having
amelting pointof 600 °C orlower and a standard Gibbs free energy
of formation AGfwithrespectto 1mol O 2 being -1,000 kJ/mol O 20r
more and -500 kJ/mol O 2 Or less.

[0012]

The presentinvention has beenmade onthe basiso fthisnew
findings.
[0013]

Namely, an aspect of a sputtering target according to the
present invention is a sputtering target comprising metallic Co,
metallic Pt, and an oxide, wherein the sputtering t argetcontains
no metallic Cr except inevitable impurities, and th e oxide has a
melting point of 600 °C or lower and a standard Gibbs free energy
of formation AGf ofthe oxide with respectto 1mol O 2 being-1,000
kJ/mol O , or more and -500 kJ/mol O 2 Or less.
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[0014]

It is preferable that the oxide has B 20s.
[0015]

It is preferable that the oxide is B 20s.
[0016]

Itis preferable thatthe sputtering target compri ses10to
50 vol% of the oxide, it is more preferable that th e sputtering
target comprises 20 to 40 vol% of the oxide, and it is still more
preferable that the sputtering target comprises 25 to 35 vol% of
the oxide.

[0017]

The sputtering target can be preferably used for f orming a
magnetic thin film.

Advantageous Effects of Invention
[0018]

The presentinvention can provide a sputtering tar get with
which it is possible to form a magnetic thin film h aving a high
coercive force Hc.

BRIEF DESCRIPTION OF DRAWINGS
[0019]

FIG.lisasetofgraphsshowinghysteresisloops ofmagnetic
thin films (CoPt alloy-oxide based magnetic thin fi Ims).

FIG. 2 is a graph showing a relationship between a melting
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point Tm of oxide and a coercive force Hc of magnet
(CoPt alloy-oxide based magnetic thin films).

FIG. 3isagraph showing arelationship between a
Gibbs free energy of formation
O,andacoerciveforceHcofmagneticthinfilm(CoP

FIG.4isametallurgicalmicroscope photograph of
sectioninthethicknessdirectionofasinteredte
to Example 1.

FIG.5isametallurgicalmicroscope photograph of
sectioninthethicknessdirectionofasinteredte

to Example 1.

DESCRIPTION OF EMBODIMENTS
[0020]

Asputteringtargetaccordingtoanembodimentof
invention contains metallic Co, metallic Pt,and an
characterized in containing no metallic Cr except i
impurities, and in that the oxide contains B
description, the metallic Co may be simply describe
metallic Pt may be simply described as Pt.

[0021]
1. Components of Target

The sputteringtargetaccordingtothisembodiment
CoandPtasmetalliccomponentsandmayfurtherco

(forexample,Au,Ag,Ru,Rh,Pd,Ir,W,Ta,Cu,B,

ic thin film

standard

AGf of oxide with respect to 1mol

talloy-oxide).
thecross

Stpieceaccording

thecross

Stpieceaccording

thepresent
oxide, andis
nevitable
20s. In the present

dasCoandthe

contains
ntainothermetals

Mo, etc.)unless
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these metals interfere with formation of the magnet
Asdemonstratedinthe earlierapplicationofthei
presentinvention (Japanese Patent Application No.
PCT/JP2015/061409),the sputteringtargetcannotco
Cr except inevitable impurities because the presenc
Cr has an adverse effect on the magnetocrystalline
constant K, of the resulting magnetic thin film.
[0022]

MetallicCoandmetallicPtarecomponentsofmagn
grains(finemagnet)inthegranularstructureoft
film formed by sputtering.
[0023]

Coisaferromagneticmetalelementandplaysace
in the formation of the magnetic crystal grains (fi
the granular structure of the magnetic thin film.
increasethe magnetocrystallineanisotropy constant
alloyparticles(magneticcrystalgrains)inthema
obtained by sputtering and to maintain the magnetis
alloy particles in the obtained magnetic thin film,
percentageoiCarnthesputteringtargetaccording
ispreferably20to90at%andmorepreferably25t
to the total metallic components (the total of Co a
[0024]

Platinum,whenalloyingwithCoinapredetermined

range,hasthefunctionofreducingthemagneticmo

ic thin film.
nventors ofthe
2014-95566 and
ntainmetallic
e of metallic

anisotropy

eticcrystal

hemagneticthin

ntralrole

ne magnet) in
In order to

K yofthe CoPt

gneticthinfilm

m of the CoPt

the content
tathissmbodiment
o85at%relative

nd Pt).

composition

mentofthealloy
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andthushasaroleofadjustingthemagneticstren gthofthemagnetic

crystal grains. In order to increase the magnetocr ystalline
anisotropyconstantk woftheCoPtalloyparticles(magneticcrystal

grains) in the magnetic thin film obtained by sputt ering and to
adjustthemagnetismofthe CoPtalloy particles(m agneticcrystal
grains)inthe obtained magneticthinfilm,thecon tentpercentage
of Pt in the sputtering target according to this em bodiment is
preferably 10 to 80 at% and more preferably 15to 7 5 at% relative

to the total metallic components.

[0025]

The sputteringtargetaccordingtothisembodiment contains
B.O; as an oxide component. The oxide component serves as a
non-magneticmatrixthatseparatesthemagneticcry stalgrains(fine
magnet) from each other in the granular structure o fthe magnetic
thin film.
[0026]

The sputteringtargetaccordingtothisembodiment contains
B,O; asanoxide and may further contain otheroxides ( forexample,

Si0,,TIO ,,Ti 205, Ta 2G,Cr 205,C00,Co 3Ou,MNO,Mn 3Ou,Fe 20;,CuOY 70,

MgO,Al zQ,ZrO 2,Nb 2Q:,,M00 3,CeO 2,Sm 2Qg,Gd zQ,W02,WO3,HfO z,NiO 2,

etc.)unlesstheseoxidesinterferewithformation ofthemagnetic
thinfilm. AsdemonstratedinExamplesdescribedb elow,usingonly
B,O; as an oxide is preferred because using only B 20; as an oxide
can significantly increase the coercive force Hc of the magnetic

thin film deposited at room temperature.
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[0027]

Thecontentpercentageofmetalliccomponentsand
percentageofoxidecomponentsintheentiresputte
on the composition of a desired magnetic thin film.
limited,thecontentpercentageofmetalliccompone
sputteringtargetmaybe,forexample,88to94mol
percentage of oxide componentsinthe entire sputte
be, for example, 6 to 12 mol%.

[0028]

As described above, the oxide component serves as
non-magneticmatrixthatseparatesthemagneticcry
magnet) from each other in the granular structure o
thin film. Thus, a large oxide contentin the magn
ispreferredbecauseitiseasytoassuredlysepara
crystal grains from each other and to make the magn
grains independent from each other. The oxide cont
sputtering target according to this embodiment is p
vol% or larger, and more preferably 20 vol% or larg
more preferably 25 vol% or larger.

[0029]

However, an excessively large oxide contentinthe
thin film has an adverse effect on the crystallinit
alloy particles (magnetic crystal grains) because t
particles(magneticcrystalgrains)arecontaminate

whichmayincreasethe proportion of structures oth

10

thecontent
ringtargetdepend
Although not
ntsintheentire
%,andthecontent

ringtargetmay

a
stalgrains(fine
fthe magnetic
etic thin film
tethe magnetic
etic crystal
ent in the
referably 10

er, and still

magnetic

y of the CoPt

he CoPt alloy
dwiththeoxide,

erthanthe hcp
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structure in the CoPt alloy particles (magnetic cry
In addition, an excessively large oxide content in
thin film reduces the number of the magnetic crysta
unit area of the magnetic thin film and thus makes
toincreasetherecordingdensity. Inlightofsuc
content in the sputtering target according to this
preferably 50 vol% or less, more preferably 40 vol%
still more preferably 35 vol% or less.
[0030]
Therefore theoxidecontenirthesputteringtar
to this embodiment relative to the entire sputterin
preferably 10to 50 vol%, more preferably 20 to 40
more preferably 25 to 35 vol%.
[0031]
2. Microstructure of Sputtering Target
Themicrostructureofthesputteringtargetaccord
embodiment is not particularly limited, but is pref
microstructureinwhichametalphaseandanoxide
dispersedineachother. Suchamicrostructure mak
togeneratedefectssuchasnodulesandparticlesd
[0032]
3. Process for Production of Spattering Target
The sputtering target according to this embodiment
produced, for example, in the following manner.

[0033]

11

stal grains).
the magnetic
| grains per
it difficult
hviews,theoxide
embodiment is

or less, and

getaccording
g target is

vol%, and still

ingtothis
erably a
phasearefinely
esitdifficult

uringsputtering.

can be
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(1) Preparation of CoPt Alloy-Atomized Powder

CoandPtareweighedsoastoobtainaprescribed
(the atomic ratio of metallic Co to the total of th
andmetallicPtis20to90at%),andamoltenCoPt

Subsequently, the molten CoPt alloy is gas-atomized

CoPt alloy-atomized powder having a prescribed comp

atomic ratio of metallic Co to the total of the met

metallic Pt is preferably 20 to 90 at%). The prod

alloy-atomizedpowderisclassifiedsothathepar

not larger than a predetermined particle size (for

pm or smaller).

[0034]
InordertoincreasethemagnetismoftheCoPtall

powder,theatomicratioofmetallicCotothetota

Co and metallic Pt contained in the power is prefer

larger and more preferably 30 at% or larger.

[0035]

(2) Preparation of Powder Mixture for Pressure Sint

AB ,0OpowdeisaddedaheCoPtalloy-atomizedpowder

in(1). Themixtureisdispersedlymixedwithaba
apowdermixtureforpressuresintering. Bydisper
CoPtalloy-atomized powder and the B

a powder mixture for pressure sintering in which th
alloy-atomized powder and the B

each other can be prepared.

12

composition
e metallic Co
alloyisproduced.
to prepare a
osition (the
allic Co and
uced CoPt
ticlesizebecomes

example, 106

oy-atomized
lofthemetallic

ably 25 at% or

ering
prepared
[Imilltoprepare

sedlymixingthe

2Oz powder with the ball mill,

e CoPt

2O; powder are finely dispersed in
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[0036]

In the magnetic thin film formed by using the obta
sputtering target, the volume fraction of the B
entire powder mixture for pressure sintering is pre
50 vol%, more preferably 20 to 40 vol%, and stillm
25t0 35 vol% in order to easily make the magnetic
independent from each other by assuredly separating
crystal grains from each other by B
CoPt alloy particles (magnetic crystal grains) to h
structure, and to increase the recording density.
[0037]
(3) Molding

The powdermixtureforpressure sintering prepared
pressure-sintered and molded using, for example, a
pressing method to produce a spattering target. Si
mixtureforpressuresinteringpreparedin(2)has
mixed with a ball mill and the CoPt alloy-atomized
B,O; powder are finely dispersed in each other, defects
generation of nodules and particles are unlikely to
sputteringusingthespatteringtargetobtainedby
process.
[0038]

The method for pressure-sintering the powder mixtu
pressuresinteringisnotlimited. Themethodmay

than a vacuum hot pressing method and may be, for e

13

ined
20; powder in the
ferably 10 to

ore preferably
crystal grains

the magnetic

20;, to makes it easy for the

ave the hcp

in(2)is
vacuum hot
nce the powder
beendispersedly
powder and the
such as
occur during

thisproduction

re for
beamethodother

xample, a HIP
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method.
[0039]
(4) Modification
Theexampleproductionprocessdescribedin(1)to (3)involves
preparing the CoPt alloy-atomized powder by an atom izing method,

addingtheB  ,0O; powdertothe prepared CoPtalloy-atomized powder,

and dispersedly mixing the mixture with the ball mi Il to prepare
the powdermixture for pressure sintering. ACosi ngle powderand
aPtsinglepowdemaybeusedinsteadofusingthe CoP1alloy-atomized
powder. Insuchacase,threetypesofpowder,whi chareaCosingle
powder,aPtsinglepowder,andaB 2Ospowder,aredispersedlymixed
withaballmilltoprepareapowdermixtureforpr essuresintering.
EXAMPLES

[0040]

Asdemonstrated inthe earlier application of the inventors
ofthepresentinvention(JapanesePatentApplicati onNo0.2014-95566
and PCT/JP2015/061409), since the presence of metal lic Crhas an
adverseeffectonthemagnetocrystalline anisotropy constantK  ,of
the resulting magnetic thin film, sputtering target s for use in
formation of magnetic thin films are free of metall ic Cr except

inevitable impurities in the present invention.
[0041]
InExamplesandComparativeExamplesdescriedbelo w,studies

were carried out using 13 types of oxides in total, provided that

14
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the sputtering targets for use in formation of the magnetic thin

films were free of metallic Cr except inevitable im purities (the
magnetic crystalgrainsinthe magneticthinfilmw ereformedfrom
a CoPt alloy that did not contain metallic Cr excep t inevitable
impurities).

[0042]

(Example 1)

Amagneticrecordingfilmwasformedby sputtering withaDC
sputtering apparatus. The magnetic recording film was formed on
a glass substrate. The stacked structure of the fo rmed magnetic
recordingfilmincludes, in order ofincreasing dis tance fromthe
glass substrate, Ta (5 nm, 0.6 Pa) / Pt (6 nm, 0.6 Pa) /Ru (10
nm, 0.6 Pa) / Ru (10 nm, 8 Pa) / Co 60Cr 40-26v0l%SiO , (2 nm, 4 Pa)

/ CoPtalloy-B 203 (16 nm, 8 Pa)/ C (7 nm, 0.6 Pa). The number on

theleftsidein parenthesisindicatesthe filmthi ckness,andthe
numberontherightsideindicatesthepressureof anAratmosphere
during sputtering. CoPt alloy-B 20; is @ magnetic thin film that
servesastherecordinglayerofaperpendicularma gneticrecording
medium.
[0043]

The composition of the entire target prepared as E xample 1
is91.4(80C0-20Pt)-7.5B 2Qsintermsofmolarratio. Thetargetwas
prepared and evaluated in the following manner. Th e composition
otheentiretargefpreparednExamplel wherth econtenfppercentage
oftheoxide(B 2Oz)isexpressedasthevolumefractionintheentire

15
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target, is (80Co-20Pt)-30vol%B 20s.

[0044]

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.

[0045]

The prepared80Co-20Ptalloy-atomized powderwass eparately
classified through 150 mesh sieves to obtain 80Co-2 0Pt
alloy-atomizedpowderhavinggparticlediameterof 106 pmorsmaller.
[0046]

To1150goftheclassified80Co-20Ptalloy-atomiz edpowder,

74.78 gofa B 2O; powder was added. Then, the mixture was mixed

anddispersedbyaballmilltoobtainapowdermix tureforpressure
sintering. The cumulative rotation number of a bal | mill was
2,805,840.
[0047]

Theobtainedpowdermixture (30g)forpressuresi nteringwas
subjected to hot pressing under the conditions of s intering

temperature:720 °C pressure:24.5MPa time:30min,andatmosphere
5 x 10 2 Pa or lower to prepare a sintered test piece ( @30 mm).
Therelativedensityofthepreparedsinteredtest piecewas99.009%.

The calculated density is 9.04 g/cm

16
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[0048]

FIG.4andFIG.5aremetallurgicalmicroscope pho
thecrosssectioninthethicknessdirectionofthe
testpiece. FIG.4isaphotographataphotograph
of100times(abarscaleinthephotographreprese
FIG.5isaphotographataphotographingmagnifica
(a bar scale in the photograph represents 100
[0049]

As can be seen from FIG. 4 and FIG. 5, the 80Co0-20
phase and the B
each other.
[0050]

Next,the preparedpowdermixtureforpressuresin
subjected to hot pressing under the conditions of s
temperature:720
5 x10 "2 Paorlowertoprepareatargetwith
x4.0mm. Therelative density ofthe preparedtarg
[0051]

Thepreparedtargetwasevaluatedforieakageflux
of ASTM F2086-01. As aresult, the average magneti
ratevas30.9%. Thisaveragemagnetideakageflux
for favorable magnetron sputtering.

[0052]
Next,amagneticthinfilmmadeof(80Co-20Pt)-30v

depositedonasubstratebymagnetronsputteringus

17

$153.0 x1.0mm+

tograph of
obtainedsintered
ingmagnification

nts500 pm),and

tionof500times

pm).

Pt-alloy

2O; phase were finely dispersed in and mixed with

teringwas

intering

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

$161.0

etwas 101.0%.

onthebasis
c leakage flux

ratassufficient

ol%B,O;was

ingtheprepared
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target to produce a sample for determining magnetic
The stacked structure of this sample for determinin

propertiesincludes,aswasdescribedearlierjno

properties.
g magnetic

rderofincreasing

distance from the glass substrate, glass/Ta (5 nm, 0.6 Pa) / Pt
(6nm,0.6Pa)Ru(10nm 0.6Pa)Ru(10nm 38 Pa)YCo 60Cr40-26v0l%SiO
(2 nm, 4 Pa) / CoPt alloy-B »0; (16 nm, 8 Pa) / C (7 nm, 0.6 Pa).

Thenumbemrthdefsideinparenthesisndicate
and the number on the right side indicates the pres
atmosphere during sputtering.

[0053]

ghefilnthickness,

sure of an Ar

CoPt alloy-B 20; is a magnetic thin film deposited by using

the target prepared in present Example. This magne
was deposited at room temperature without heating t
during film deposition.

[0054]

Thehysteresisloopwasmeasuredusingamagneto-o

effectapparatusfortheresultingsamplefordeter
properties thereof. The coercive force Hc was read
hysteresisloop. Asaresult,thereadvalueofth
Hcwas 8.8kOe. Itshould be noted that the coerci
magneticthinfilmsavailableonthebasisofthec

are about 6 to 7 kOe.

[0055]

The hysteresisloop of Example 1isshowninFIG.

withtheresultsofotherComparativeExamples. Th

18

tic thin film

he substrate

pticalKerr
miningmagnetic
from the
ecoerciveforce
ve forces Hc of

urrenttechnology

1ltogether

ehorizontalaxis
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of FIG. 1 represents the strength of the magnetic f ield applied.

TheverticabxisofFIG Irepresentsthevalueno rmalizedbydividing
the rotation angle (Kerr rotation angle) of the pol arization axis
of incident light by the saturation Kerr rotation a ngle.
[0056]

FIGS. 2and 3showthe measuredresultofthe coer cive force
HctogetherwiththeresultsofComparativeExample s. Thevertical
axis of FIGS. 2 and 3 represents the coercive force Hc while the
horizontalaxisofFIG.2representsameltingpoin tTm( °C)ofoxide
andthe horizontal axis of FIG. 3representsastan dard Gibbsfree
energy of formation AGf (kJ/mol O ;) with respect to 1mol O 2 when

oxide is formed.
[0057]

(Comparative Example 1)

ThecompositionoftheentiretargetpreparedasC omparative
Example 1 is (80Co-20Pt)-30vol%WO 3. Atargetwas preparedinthe
same manner as in Example 1 except that WO 3was used as an oxide.
Samples for determining magnetic properties were al sopreparedin
the same manner as in Example 1 by using the prepar ed target.
[0058]

Thehysteresisloopwasmeasured,usingamagneto- opticalKerr
effectapparatus forthesamplefordeterminingma gneticproperties
in the same manner as in Example 1. Then, the coer cive force Hc
was read fromthe hysteresisloop. Asaresult,th eread value of
thecoerciveforceHowas7.1kOe. Thehysteresis loopofComparative

19
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Example 1 is shown in FIG. 1 together with the resu
Examples and Comparative Examples. FIGS. 2 and 3 a
measuredresultofthe coerciveforce Hctogetherw

of other Examples and Comparative Examples.

[0059]

(Comparative Example 2)

ThecompositionoftheentiretargetpreparedasC

Its of other
Iso show the

iththeresults

omparative

Example 2is (80Co0-20Pt)-30vol%TiO 2. Atargetwaspreparedinthe

same manner as in Example 1 exceptthat TiO
Samples for determining magnetic properties were al
the same manner as in Example 1 by using the prepar
[0060]

Thehysteresisloopwasmeasured,usingamagneto-
effectapparatus forthesamplefordeterminingma
in the same manner as in Example 1. Then, the coer
was read fromthe hysteresisloop. Asaresult,th
thecoerciveforceHowvass.8kOe. Thehysteresis
Example 2 is shown in FIG. 1 together with the resu
Examples and Comparative Examples. FIGS. 2 and 3 a
measuredresultofthe coercive force Hctogetherw
of other Examples and Comparative Examples.
[0061]
(Comparative Example 3)

ThecompositionoftheentiretargetpreparedasC

>was used as an oxide.

sopreparedin

ed target.

opticalKerr
gneticproperties
cive force Hc
eread value of
loopofComparative
Its of other
Iso show the

iththeresults

omparative

Example 3is (80Co-20Pt)-30vol%SiO 2. Atargetwaspreparedinthe

20
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same manner as in Example 1 exceptthat SiO
Samples for determining magnetic properties were al
the same manner as in Example 1 by using the prepar
[0062]

Thehysteresisloopwasmeasured,usingamagneto-
effectapparatus forthesamplefordeterminingma
in the same manner as in Example 1. Then, the coer
was read fromthe hysteresisloop. Asaresult,th
thecoerciveforceHowass.2kOe. Thehysteresis
Example 3 is shown in FIG. 1 together with the resu
Examples and Comparative Examples. FIGS. 2 and 3 a
measuredresultofthe coercive force Hctogetherw
of other Examples and Comparative Examples.
[0063]
(Comparative Example 4)

ThecompositionoftheentiretargetpreparedasC

>was used as an oxide.

sopreparedin

ed target.

opticalKerr
gneticproperties
cive force Hc
ereadvalue of
loopofComparative
Its of other
Iso show the

iththeresults

omparative

Example4is(80Co-20Pt)-30vol%Al 20;. Atargetwaspreparedinthe

same mannerasin Example 1 exceptthatAl 2O;wasused asanoxide.

Samples for determining magnetic properties were al
the same manner as in Example 1 by using the prepar
[0064]

Thehysteresisloopwasmeasured,usingamagneto-
effectapparatus forthesamplefordeterminingma
in the same manner as in Example 1. Then, the coer

was read fromthe hysteresisloop. Asaresult,th
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thecoerciveforceHowvas0.8kOe. Thehysteresis loopofComparative
Example 4 is shown in FIG. 1 together with the resu Its of other
Examples and Comparative Examples. FIGS. 2 and 3 a Iso show the
measuredresultofthe coercive force Hctogetherw iththe results
of other Examples and Comparative Examples.
[0065]
(Comparative Example 5)

ThecompositionoftheentiretargetpreparedasC omparative
Example5is (80Co-20Pt)-30vol%MoO 3. Atargetwaspreparedinthe

same manner as in Example 1 exceptthat MoO
Samples for determining magnetic properties were al
the same manner as in Example 1 by using the prepar
[0066]

Thehysteresisloopwasmeasured,usingamagneto-
effectapparatus forthesamplefordeterminingma
in the same manner as in Example 1. Then, the coer
was read fromthe hysteresisloop. Asaresult,th
thecoerciveforceHowvasb.1kOe. Thehysteresis
Example 5 is shown in FIG. 1 together with the resu
Examples and Comparative Examples. FIGS. 2 and 3 a
measuredresultofthe coercive force Hctogetherw
of other Examples and Comparative Examples.
[0067]
(Comparative Example 6)

ThecompositionoftheentiretargetpreparedasC
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Example 6is (80Co0-20Pt)-30vol%ZrO 2. Atargetwaspreparedinthe

same manner as in Example 1 exceptthat ZrO
Samplesfor determining magnetic properties were al
the same manner as in Example 1 by using the prepar
[0068]

Thehysteresisloopwasmeasured,usingamagneto-
effectapparatus forthesamplefordeterminingma
in the same manner as in Example 1. Then, the coer
was read fromthe hysteresisloop. Asaresult,th
thecoerciveforceHowvasl.6kOe. Thehysteresis
Example 6 is shown in FIG. 1 together with the resu
Examples and Comparative Examples. FIGS. 2 and 3 a
measuredresultofthe coercive force Hctogetherw
of other Examples and Comparative Examples.
[0069]
(Comparative Example 7)

ThecompositionoftheentiretargetpreparedasC

>was used as an oxide.

sopreparedin

ed target.

opticalKerr
gneticproperties
cive force Hc
eread value of
loopofComparative
Its of other
Iso show the

iththeresults

omparative

Example 7is(80Co-20Pt)-30vol%Co 3Oy. Atargetwaspreparedinthe

same mannerasin Example 1 exceptthatCo 3Oy wasusedasanoxide.

Samples for determining magnetic properties were al
the same manner as in Example 1 by using the prepar
[0070]

Thehysteresisloopwasmeasured,usingamagneto-
effectapparatus forthesamplefordeterminingma

in the same manner as in Example 1. Then, the coer
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was read fromthe hysteresisloop. Asaresult, th
thecoerciveforceHowvas4. 7kOe. Thehysteresis
Example 7 is shown in FIG. 1 together with the resu
Examples and Comparative Examples. FIGS. 2 and 3 a
measuredresultofthe coercive force Hctogetherw
of other Examples and Comparative Examples.
[0071]
(Comparative Example 8)
ThecompositionoftheentiretargetpreparedasC
Example 8is (80Co-20Pt)-30vol%MnO. Atargetwasp
same manner as in Example 1 except that MnO was use
Samples for determining magnetic properties were al
the same manner as in Example 1 by using the prepar
[0072]
Thehysteresisloopwasmeasured,usingamagneto-
effectapparatus forthesamplefordeterminingma
in the same manner as in Example 1. Then, the coer
was read fromthe hysteresisloop. Asaresult,th
thecoerciveforceHowvass.6kOe. Thehysteresis
Example 8 is shown in FIG. 1 together with the resu
Examples and Comparative Examples. FIGS. 2 and 3 a
measuredresultofthe coerciveforce Hctogetherw
of other Examples and Comparative Examples.
[0073]

(Comparative Example 9)
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ThecompositionoftheentiretargetpreparedasC omparative

Example9is(80Co-20Pt)-30vol%Cr 20;. Atargetwaspreparedinthe

same mannerasinExample 1 exceptthat Cr 2O;was usedasanoxide.
Samplesfor determining magnetic properties were al sopreparedin
the same manner as in Example 1 by using the prepar ed target.
[0074]

Thehysteresisloopwasmeasured,usingamagneto- opticalKerr
effectapparatus forthesamplefordeterminingma gneticproperties
in the same manner as in Example 1. Then, the coer cive force Hc
was read fromthe hysteresisloop. Asaresult,th eread value of
thecoerciveforceHowvas3.3kOe. Thehysteresis loopofComparative
Example 9 is shown in FIG. 1 together with the resu Its of other
Examples and Comparative Examples. FIGS. 2 and 3 a Iso show the
measuredresultofthe coercive force Hctogetherw iththe results

of other Examples and Comparative Examples.
[0075]

(Comparative Example 10)

ThecompositionoftheentiretargetpreparedasC omparative
Example10is(80Co-20Pt)-30vol%Y 20;. Atargetwaspreparedinthe
same manner as in Example 1 exceptthat Y 203 was used as an oxide.
Samples for determining magnetic properties were al sopreparedin
the same manner as in Example 1 by using the prepar ed target.
[0076]

Thehysteresisloopwasmeasured,usingamagneto- opticalKerr
effectapparatus forthesamplefordeterminingma gneticproperties

25
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in the same manner as in Example 1. Then, the coer
was read fromthe hysteresisloop. Asaresult, th
thecoerciveforceHowasl.2Oe. Thehysteresis
Example 10 is shown in FIG. 1 together with the res
Examples and Comparative Examples. FIGS. 2 and 3 a
measuredresultofthe coerciveforce Hctogetherw
of other Examples and Comparative Examples.
[0077]
(Comparative Example 11)

ThecompositionoftheentiretargetpreparedasC
Example 11is(80Co-20Pt)-30vol%WO
same manner as in Example 1 except that WO
Samples for determining magnetic properties were al
the same manner as in Example 1 by using the prepar
[0078]

Thehysteresisloopwasmeasured,usingamagneto-
effectapparatus forthesamplefordeterminingma
in the same manner as in Example 1. Then, the coer
was read fromthe hysteresisloop. Asaresult,th
thecoerciveforceHowvas3.3kOe. Thehysteresis
Example 11 is shown in FIG. 1 together with the res
Examples and Comparative Examples. FIGS. 2 and 3 a
measuredresultofthe coercive force Hctogetherw
of other Examples and Comparative Examples.

[0079]
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(Comparative Example 12)

ThecompositionoftheentiretargetpreparedasC
Example 12 is (80Co0-20Pt)-30vol%Mn
the same manner as in Example 1 except that Mn
oxide. Samples for determining magnetic properties
prepared in the same manner as in Example 1 by usin
target.

[0080]

Thehysteresisloopwasmeasured,usingamagneto-
effectapparatus forthesamplefordeterminingma
in the same manner as in Example 1. Then, the coer
was read fromthe hysteresisloop. Asaresult,th
thecoerciveforceHowvass.3kOe. Thehysteresis
Example 12 is shown in FIG. 1 together with the res
Examples and Comparative Examples. FIGS. 2 and 3 a
measuredresultofthe coercive force Hctogetherw
of other Examples and Comparative Examples.

[0081]
Discussiomaboutypesofoxides ExamplelandC
1to12) -

Thefollowingtablelliststhemeltingpointsand
Gibbsfreeenergies
oxidesusedin Example 1 and Comparative Examples 1
valuesofthecoerciveforcesHcofthemagneticth

as the samples for determining magnetic properties
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and Comparative Examples 1 to 12. Note that the co ntent of each
of the oxides used in Example 1 and Comparative Exa mples 1to 12

is 30 vol% relative to the entire target.
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[0082]

[Table 1]

oxide

oxide
content
(vol%)

melting
point Tm

(°C)

AGT
(kJ/mol O )

Coercive
force Hc
(kOe)

B.O;
(Example 1)

30

450

-795.8

8.8

W@
( Comparative
Example 1)

30

2473

-509.4

7.1

TiO»
( Comparative
Example 2)

30

1843

-885.0

5.8

SiO;
( Comparative
Example 3)

30

1600

-856.7

5.2

Al 205
( Comparative
Example 4)

30

2072

-1054.6

0.8

MoQ
( Comparative
Example 5)

30

795

-445.3

5.1

ZrO»
( Comparative
Example 6)

30

2700

-1042.8

1.6

CosO
( Comparative
Example 7)

30

895

-397.1

4.7

MnO
( Comparative
Example 8)

30

1945

-725.8

5.6

Cr.G;
( Comparative
Example 9)

30

2435

-705.3

3.3

Y203
( Comparative
Example 10)

30

2425

-1151.3

1.2

wWe
( Comparative
Example 11)

30

1700

-533.9

3.3

MrsOy
( Comparative
Example 12)

30

1564

-641.5

5.3

[0083]
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As can be seen from Table 1 and FIGS. 2 and 3, the value of

the coercive force Hc of the magnetic thin film ten dstoincrease
as the melting point Tm of the used oxide becomes | ower, and the
valueisremarkablylargewhenthe meltingpointis 600 °Corlower.
Ontheotherhand,whenthestandardGibbsfreeene rgyofformation
AGTf of the oxide with respect to 1mol O 2 IS considered, the value
ofthecoerciveforceHcofthemagneticthinfilm tendstoincrease

if the standard Gibbs free energy of formation AGf of the oxide
falls within the range of -1,000 kJ/mol O 20rmore and -500 kJ/mol

O or less.

[0084]

Thus, the oxide suitable for increasing the coerci ve force
Hc of the magnetic thinfilmis consideredto have amelting point
of600 °Corlowerandastandard Gibbsfreeenergyofform ation AGf
withrespecttolmolO 2being-1,000kJ/molO 2ormoreand-500kJ/mol
O or less.

[0085]

Apresentisuncertairwhytheoxidesuitable forincreasing
the coerciveforce Hcofthemagneticthinfilmhas ameltingpoint
of600 °Corlowerandastandard Gibbsfreeenergyofform ation AGf
withrespecttolmolO 2being-1,000kJ/molO 2ormoreand-500kJ/mol
O, orless. However, whythe value ofthe coercivef orce Hcofthe
magnetic thin film tends to increase as the melting point Tm of
the used oxide becomes lower can be explained as fo llows.
SpecificallytheRuayerdocatedathdoweray etthanthemagnetic
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thinfilm(closertathesubstratehasasurfacew
Duringthecoolingprocessaftersputtering,the Co

hasarelativelyhighmeltingpointof1460

deposited on the projected portions of the Ru layer

ithirregularities.

Ptalloy,which

°C,isfirstselectively

(Co 60Cr 40-26v0l%SiO , layer on the surface of the projected portion

ofthe Rulayer)togrowinacolumnarshapewhile
thelowmeltingpointisstillinaliquidstate.
thattheoxideintheliquidstateispresentbetwe
particles growinginacolumnar shape. Asthe cool
further,theliquid oxide presentbetweenthe CoPt
issolidified, andthe oxide becomeswallbodytos
the CoPtalloy particles havinggrowninacolumnar
a granular structure.
[0086]
Thus,theuseofanoxidehavingalowmeltingpoi
separates the CoPtalloy particles by the wall body
As the result, the interaction between the CoPt all
becomessmall. Thus,itisassumedthatthemagnet

the oxide having a low melting point has a larger c

Hc.
[0087]

Note that the smaller the standard Gibbs free ener
formation  AGfofanoxide with respectto 1mol O

value),themorestabletheoxideisasanoxide.

ofthis, itisassumedthatthe smaller standard Gi
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offormation AGfofanoxide(

to Imol O ; is preferred.
[0088]

Further,ascanbe seenfrom Table 1, the oxide B
the sputteringtargetof Example 1hasameltingpo
which is equal to or lower than 600

energy of formation AGf with respect to 1mol O

O, which is -1,000 kJ/mol O
Thus thesputteringtargetofExamplelisencompa
invention. The coercive force Hc of the sample for
magnetic properties produced in Example 1 is 8.8 kO
remarkablylargerthanthose of Comparative Example
otheroxides,andthesampleproducedinExamplel
that has the coercive force Hc exceeding 8 kOe.
[0089]
Therefore, itis assumed thatthe most appropriate
increasethecoerciveforceHcoftheCoPtalloy-ox
thin film is to use the CoPt alloy-oxide based targ
as in Example 1.
[0090]
- Additional studies about content of oxide (Exampl
Asdiscussedabove thepreviousstudiessuggestt
appropriate means to increase the coercive force Hc
alloy-oxidebasedmagneticthinfilmistousethe

based target using B 2Oz as in Example 1.

32

> or more and -500 kJ/mol O

AGfoflargerminusvalue)withrespect

,Q;usedfor

intTmof450 °C,

°C, andthe standard Gibbs free

> 0f -795.8 kJd/mol

2 Or less.

ssedbythepresent
determining
e, which is

sltol2using

istheonlysample

meansto
idebasedmagnetic

etusingB 20

es 2to8) -
hatthemost
of the CoPt

CoPtalloy-oxide



10

15

20

[0091]
However, the B 205 content in the sputtering targets used in

Example 1 was 30 vol%, only one type of content.

[0092]

Therefore, additional studies were carried out by producing
apluralityoftargets (thecompositionofCoandP twas80Co-20Pt)
inthe same manner as in Example 1 exceptthatthe content of B 205

was changed. The B 205 contents in the sputtering targets in

additional studies (Examples 2 to 8) were 10 vol% i n Example 2,
15 vol% in Example 3, 20 vol% in Example 4, 25 vol% in Example 5,
35vol% in Example 6,40 vol% in Example 7,and 50 vol% in Example
8. Samples for determining magnetic properties wer e prepared in
the same manner as in Example 1 by using the prepar ed target.
[0093]

Thehysteresisloopwasmeasured,usingamagneto- opticalKerr
effectapparatus forthesamplefordeterminingma gneticproperties
in the same manner as in Example 1. Then, the coer cive force Hc

was read from the hysteresis loop.
[0094]
Thefollowingtable2liststhesemeasurementresu ltstogether

with the measurement results of Example 1.
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[0095]

[Table 2]
oxide Coercive
oxide content force Hc
(vol%) (kOe)

B.O;

(Example 2) 10 55
B2Gs

(Example 3) 15 [
B2Gs

(Example 4) 20 7.6
B2Gs

(Example 5) 25 8.2
B2Gs

(Example 1) 30 8.8
B2Gs

(Example 6) 35 8.5
B2Gs

(Example 7) 40 8.1
B2Gs

(Example 8) 50 6.2

[0096]

As can be seen from Table 2, all the coercive forc es Hcin
Examples1to8exceed5kOe,showingfavorableres ults. Thus,when
theCoPt-oxidetargetusingB 20Os;astheoxideisusedandthecontent
ofB ,Osrelativetotheentiretargetis10vol%ormorea nd50vol%
orless,itisassumedthatthefavorablemagnetic thinfilmhaving

a coercive force Hc exceeding 5 kOe can be obtained
[0097]
Furthermore, as can be seen from Table 2, when the content

ofB ,Osrelativetotheentiretargetis20vol%ormorea nd40vol%
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orless, thefavorable magneticthinfilmshavinga coerciveforce
Hcof7.6kOeorlargerareobtained. Thus,itis assumedthatthe
contentofB 2QOsrelativetotheentiretargetshouldmorepreferab ly

be 20 vol% or more and 40 vol% or less.

[0098]

Furthermore, as can be seen from Table 2, when the content
ofB ,Osrelativetotheentiretargetis25vol%ormorea nd35vol%
orless, thefavorable magneticthinfilmshavinga coerciveforce
Hcof8.2kOeorlargerareobtained. Thus,itis assumedthatthe

content of B 2G; relative to the entire target should particularly

preferably be 25 vol% or more and 35 vol% or less.

Industrial Applicability

[0099]

The sputtering targetaccording to the presentinv entionis
a sputtering target with which a magnetic thin film having a high
coercive force can be fabricated, and thus has indu strial
applicability.
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CLAIMS
1. AsputteringtargetcomprisingmetallicCo, meta llicPt,and
an oxide, wherein
thesputteringargettontainsnametallicCrexce pinevitable

impurities, and

theoxidehasameltingpointof600 °Corlowerandastandard
Gibbs free energy of formation AGT of the oxide with respect to
1mol O ; being-1,000 kJ/mol O 2 or more and -500 kJ/mol O 2 Orless.
2. Thesputteringtargetaccordingtoclaiml1,wher eintheoxide
has B 2@.
3. Thesputteringtargetaccordingtoclaiml1,wher eintheoxide
is B 2C)3.
4. The sputteringtargetaccording to any one ofcl aims1to3,
whereinthesputteringtargetcomprises10to50vo |%oftheoxide.
5. The sputteringtargetaccording to any one ofcl aims1to3,
whereinthesputteringtargetcomprises20to40vo 1%oftheoxide.
6. The sputtering targetaccordingto any one ofcl aims1to3,
whereinthesputteringtargetcomprises25to35vo 1%oftheoxide.
7. The sputtering targetaccordingto any one ofcl aims1to6,
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wherein the sputtering target can be used for formi ng a magnetic

thin film.
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