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DESCRI PTI ON

TI TLE OF | NVENTI ON

SPUTTERI NG TARGET AND PROCESS FOR PRODUCTI ON THERECF

TECHNI CAL FI ELD
[ 0001]

The present invention relates to a sputtering target and a
process for production thereof. Mre particularly, the present
inventionrelates to a sputteringtarget with whichit is possible
to forma magnetic thin filmhaving a high coercive force and to
a process for production thereof. Hereinafter, the sputtering

target may be referred to sinply as a "target".

BACKGROUND ART
[ 0002]

A magnetic disk inaharddisk driveutilizes amgneticthin
fil mhavi ng a CoPt Cr - oxi de-based granul ar structure as a magnetic
recording filmthat records i nformati on signals (for exanple, see
Non- Patent Literaturel). Inorder tofurther i nprovetherecording
density of this nmagnetic thin film there is a need to mcronize
magneti c crystal grains containedinthe magnetic recording | ayer
(magnetic thin film.

[ 0003]
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However, the progress of m cronization of magnetic crystal
grains has resulted in occurrence of the so-called thernal
fl uctuati on phenonenon, i n which the superparamagneti c phenonenon
inmpairs thethermal stability of recorded signals and|eads tol oss
of the recorded signals. This thermal fluctuati on phenonenon has
contributed a maj or obstacle to increasing the recording density
of magneti c di sks.

[ 0004]

In order to surnount this obstacle, the nagnetic energy of
each magnetic crystal grain needs to be increased such that the
magneti c energy exceeds the thernmal energy. The magnetic energy
of each magnetic crystal grain is obtained by v x K;,, which is a
product of the volume v of the magnetic crystal grain and the
magnet ocrystal |l i ne ani sotropy constant K,. Therefore, the
magnet ocrystal | i ne ani sotropy constant K, of the nagnetic crystal
grai n needs to beincreasedinorder toincreasethe magnetic energy
(for exanple, see Non-Patent Literature 2).

[ 0005]

Current per pendi cul ar magneti crecordingfil ns haveagranul ar
structure conposed of col ummar CoPtCr crystal grains and crystal
grai n boundaries forned of an oxide that surrounds the col umar
CoPt Cr crystal grains. Inorder toincreasethe magnetocrystalline
ani sot ropy const ant K, of t he CoPt Cr-oxi de fil mhavi ngthis granul ar
structure, an attenpt to performsputtering with the substrate

t enperat ure el evat ed has been made. Sputteringw th the substrate
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tenperatureelevatedisintendedtopronotediffusionof netal atons
(Coatom Pt atom Cr atonm) duringfil mdepositionandthustoobtain
favorabl e magnetic crystal grains.

[ 0006]

However, when the CoPtCr-oxide filmis formed by performng
sputtering with the substrate tenperature el evated, the CoPtCr
magneti c crystal grai ns grownot i nacol umar shape but i nspheri cal
shape, whi ch generates a phenonenon i n whi ch the magnetic crystal
grai ns have al owmagneti c ani sot ropy and t he obt ai ned CoPt Cr - oxi de
fil mhas a reduced magnet ocrystal | i ne ani sotropy constant K, (see
Non- Patent Literature 3).

[ 0007]

Therefore, the inventors of the present invention have
attenpted to i nprove the magnetocrystalline anisotropy constant
Ky by perform ng annealing after form ng a CoPt Cr-oxide film(at
roomt enperature) wi thout rai singthetenperature of the substrate.
However, anneal i ng has i ncreased t he di anet er of the | ower portions
(portions near the substrate) of columar CoPt Cr nmagnetic crystal
grai ns and has caused magnetic coupling in the | ower portions of
the CoPtCr magnetic crystal grains. This has increased the
i nteraction between the grains and has undesirably reduced the

coercive force Hc.

Cl TATI ON LI ST

Non- Pat ent Literature
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[ 0008]

Non-Patent Literature 1: T. O kawa et al ., | EEE TRANSACTI ONS
ON MAGNETI CS, Sep 2002, VOL.38, NO 5, p.1976-1978

Non-Patent Literature 2: S. N Piramanayagam JOURNAL OF
APPLI ED PHYSI CS, 2007, 102, 011301

Non- Patent Literature 3: Shintaro H nata and four others, the

37t h annual conference on magnetics in Japan, Sep 2013, 5aA-1

SUWARY OF | NVENTI ON
Techni cal Probl em
[ 0009]

Inlight of such circunstances, afirst object of the present
inventionistoprovideasputteringtarget wwthwhichit ispossible
to forma magnetic thin filmhaving a high coercive force Hc and
to provide a process for production thereof.

[ 0010]

A second object of the present invention is to provide a
sputtering target wthwhichit is possibletoforma magnetic thin
fil mwhose coercive force Hc can be i ncreased by annealing and to

provi de a process for production thereof.

Solution to Probl em
[ 0011]
Thei nventors of thepresent i nventionhavediligentlycarried

out studi es to sol ve the above-nenti oned problem As aresult, the
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i nventors of the present invention have found that the

magnet ocrystal | i ne ani sot ropy const ant K, can be i nproved by f orm ng
magneti c crystal grains in a magnetic thin film (perpendicul ar
magnetic recording filn having a granular structure by using a
CoPt alloy using no Cr instead of using a CoPtCr alloy, which is
used in current magnetic thin filns (perpendi cul ar magnetic
recording filns).

[0012]

Furthernore, theinventors of thepresent i nventi onhave f ound
t hat an oxi de used when a CoPt - oxide fil mi s formed by usi ng magnetic
crystal grains made of a CoPt alloy is preferably Wo; and Ti G, and
particul arly preferably Wo; i norder to obtaina highcoerciveforce
Hc of the fil mdeposited at roomtenperature andto further increase
the coercive force Hc by annealing the filmdeposited at room
t enper at ur e.

[ 0013]

The present i nventi on has been nade on t he basi s of these new
findi ngs.
[ 0014]

Nanel y, asputteringtarget accordingtothepresent i nvention
is a sputtering target conprising netallic Co, netallic Pt, and
an oxi de, wherein the sputtering target does not contain netallic
Cr, andthe oxideis W3, andwhereinthe sputteringtarget conprises
25 to 50 at%of nmetallic Corelative to atotal of netallic Co and

metallic Pt.
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[ 0015]

In the above-described sputtering target, it is preferable
that the sputtering target conprises 50 at %of netallic Corel ative
to a total of netallic Co and netallic Pt
[ 0016]

It is preferable that the magnetic thin filmformed by using
the sputtering target is allowed to have a coercive force of 11
kCe or higher by annealing the magnetic thin filmat 500°C
[0017]

It is nore preferable that the nagnetic thin filmformed by
usi ng the sputteringtarget has a coercive force of 13 kCe or hi gher
by annealing the magnetic thin filmat 500°C
[0018]

Itispreferablethat themagneticthinfilmaftertheannealing
has a granul ar structure.

[ 0019]

It is preferable that the sputtering target conprises 10to
50 vol % of the oxide, it is nore preferable that the sputtering
target conprises 25to 35 vol %of the oxide, andit is particularly
preferabl ethat thesputteringtarget conprises 30vol %of t he oxi de.
[ 0020]

It is preferable that the sputtering target can be used for
formng a magnetic thin film
[ 0021]

A first aspect of a process for production of a sputtering
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target accordingtothepresent i nventionisaprocessfor production
of asputteringtarget, conprising: astepof preparinga CoPt all oy
powder t hat cont ai ns Co and Pt and does not cont ai n Cr by an at om zi ng
nmet hod; a step of preparing a powder m xture for pressure sintering
by di spersedly m xi ng an oxi de powder and the prepared CoPt all oy
powder ; and a st ep of pressure-sinteringthepreparedpowder m xture
for pressure sintering, whereinthe oxi de powder i s W03, and wherein
t he obtai ned sputtering target conprises 25to 50 at%of netallic
Co relative to a total of nmetallic Co and netallic Pt.

[ 0022]

A second aspect of a process for production of a sputtering
target accordingtothepresent i nventionisaprocessfor production
of a sputtering target, conprising:. a step of obtaining a powder
m xture for pressure sintering by dispersedly m xing a Co powder,
a Pt powder, and an oxi de powder; and a step of pressure-sintering
t he obtai ned powder m xture for pressure sintering, wherein the
oxi de powder is WD;, and wherein the obtained sputtering target
conprises 25to0 50 at %of netallic Corelativetoatotal of netallic
Co and netallic Pt.

[ 0023]

It is preferable that the sputtering target obtained by the
above-descri bed process for production of a sputtering target
contai ns 50 at%of netallic Corelativeto atotal of the netallic
Co and netallic Pt.

[ 0024]
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A volune fraction of the oxi de powder in the entire powder
m xture for pressuresinteringis preferably 10to 50 vol % is nore

preferably 25 to 35 vol % and is particularly preferable 30 vol %

Advant ageous Effects of Invention
[ 0025]

The present invention can provide a sputtering target with
which it is possible to forma magnetic thin filmhaving a high
coercive force Hc and provide a process for production thereof.
[ 0026]

Al so, the present invention can provide a sputtering target
withwhichit ispossibletoformanmagneticthinfil mwhose coercive
force Hc can be i ncreased by annealing and provide a process for

production thereof.

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0026]

FIG 1lis agraphshow ngthe percentage Pi.c of the fcc crystal
structurepresent i nthe CoPt basedal | oy particles(nmagneticcrystal
grains).

FIG 2 is a graph showi ng the nmeasured results of the
magnet ocrystal | i ne ani sotropy const ant K, of a CoPt based al | oy-Si G
magnetic thin film

FIG 3is anetallurgical m croscope photograph of the cross

sectioninthethicknessdirectionof asinteredtest pi eceaccording
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to Reference Exanple 1 (an i mage taken at a magni fication of 100x;
a bar scale in the photograph represents 500 unj.

FIG 4is anetallurgical mcroscope photograph of the cross
sectioninthethicknessdirectionof asinteredtest pi eceaccording
to Reference Exanple 1 (an i mage taken at a magni fi cati on of 500x;
a bar scale in the photograph represents 100 unj.

FIG 5is agraphshow ngthe neasuredresults of the coercive
force Hc of magnetic thin filns (CoPt all oy-oxide).

FIG 6is agraphshowi ngthe MHI oops (nmagneti zati on curves)
of the magnetic thin filnms (CoPt all oy-oxide).

FIG 7 illustrates TEM m crographs of a magnetic thin film
of Reference Exanple 1, where FIG 7(a) illustrates a plane TEM
m crograph of the CoPt-W0; magnetic thin fil mw thout annealing,
FIG 7(b) illustrates aplane TEMm crograph of t he CoPt - WO; magnetic
thin filmwth annealing at 500°C, and FIG 7(c) illustrates a
cross-sectional TEMm crograph of the CoPt-WD; magnetic thin film
wi th annealing at 500°C.

FIG 8 is a figure illustrating, as a graph, the
magnet ocrystal | i ne ani sotropy constant K,%2" and the ani sotropic
magnetic field H% 2" cal cul ated for the CoPt al | oy magnetic crystal

grains in the magnetic thin filmof Reference Exanple 1.

DESCRI PTI ON OF EMBODI MENTS
[ 0028]

Asputteringtarget accordi ngto an enbodi nent of the present
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Inventionis asputtering target conprising netallic Co, netallic
Pt, and an oxi de, wherein the sputtering target does not contain
nmetallic C, and the oxide has WO;

[ 0029]

1. Conponents of Target

The sputtering target accordi ng to this enbodi nent cont ai ns
Coand Pt as netal |l i c conponents and may further contai nother netal s
(for exanple, Au, Ag, Ru, Rh, Pd, Ir, W Ta, Cu, B, and Mb) unl ess
these nmetals interfere with formati on of the magnetic thin film
As denonstrated in Reference Instance described bel ow, the
sputtering target cannot contain netallic C because the presence
of nmetallic C has an adverse effect on the magnetocrystalline
ani sotropy constant K, of the nmagnetic thin film
[ 0030]

Metallic Coandnetallic Pt are conponents of magneti c cryst al
grains (fine nmagnet) inthe granul ar structure of the nagnetic thin
filmformed by sputtering.

[ 0031]

Cois aferromagnetic netal el enment and pl ays a central role
in the formati on of the magnetic crystal grains (fine magnet) in
the granular structure of the nmagnetic thin film |In order to
i ncrease the nagnetocrystalline anisotropy constant of the CoPt
all oy particles (mgnetic crystal grains) inthe magneticthinfilm
obt ai ned by sputtering and to nmaintain the nmagneti smof the CoPt

alloy particles in the obtained magnetic thin film the content

10
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percentage of netallic Co in the sputtering target according to
this enbodinent is preferably 25 to 50 at % and nore preferably 50
at%relativetothetotal netallic conponents (thetotal of netallic
Co and netallic Pt).

[ 0032]

Pl ati num whenal loyingwithCoinapredeterm nedconposition
range, has the function of reduci ng the magneti c nonent of the all oy
and t hus has arol e of adj usti ngthe magnetic strengthof the magnetic
crystal grains. In order to increase the nagnetocrystalline
ani sot ropy constant of the CoPt alloy particles (magnetic crystal
grains) in the magnetic thin film obtained by sputtering and to
adj ust the magneti smof the CoPt all oy particles (nmagnetic crystal
grains) inthe obtained magnetic thinfilm the content percentage
of netallic Pt inthesputteringtarget accordingtothis enbodi nent
is preferably 50 to 75 at%and nore preferably 50 at%relative to
the total netallic conmponents.

[ 0033]

The sputtering target accordi ng to this enbodi nent cont ai ns
WO; as an oxi de conponent. The oxi de conponent serves as a
non- magneti cmatri xthat separatesthemagneticcrystal grains(fine
magnet) fromeach other in the granul ar structure of the nagnetic
thin film
[ 0034]

The sputtering target accordi ng to this enbodi nent cont ai ns

WD; as an oxi de and may further contain other oxides (for exanpl e,

11
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SiQ, TiG, TaxG, G0 CoO, Cosz0y, BGs, Fex0s;, CuO Y205, MO Al 20,
Zr G, NbG, MbG;, Ce,, SmG;, CGd.0;, WO,, Hf G, and Ni ;) unl ess t hese
oxides interfere with formation of the magnetic thin film As
denonstrated i n Exanpl es descri bed bel ow, WO; i s preferably used
as an oxi de because t he use of W05 as an oxi de cani ncreaset he coercive
force Hc of the magnetic thin fil mdeposited at roomtenperature
and al | ows further i nprovenent i nthe coercive force Hc by anneal i ng
the magnetic thin filmdeposited at roomtenperature. As
denonstrated i n Exanpl es described below, WO; is particularly
preferably used as an oxi de because the use of WD; as an oxi de can
significantly increase the coercive force Hc of the magnetic thin
filmfornmed.

[ 0035]

The cont ent percentage of netal I i c conponents and t he cont ent
per cent age of oxi de conponentsintheentiresputteringtarget depend
on the conposition of a desired magnetic thin film Al though not
limted, thecontent percentage of netallicconponentsintheentire
sputteringtarget may be, for exanple, 88to 94 nol % andt he cont ent
per cent age of oxi de conponents inthe entire sputtering target may
be, for exanple, 6 to 12 nol %

[ 0036]

As descri bed above, the oxi de conponent serves as a
non- magneti cmatri x t hat separatesthemagneti ccrystal grains(fine
magnet) fromeach other in the granular structure of the nagnetic

thin film Thus, alarge oxide content in the magnetic thin film

12
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is preferred because it is easy to assuredly separate the nagnetic
crystal grains fromeach other and to nake the nagnetic crystal
grai ns i ndependent from each other. The oxide content in the
sputtering target according to this enbodinment is preferably 10
vol % or larger, and nore preferably 20 vol %or |larger, and stil
nore preferably 25 vol % or | arger.

[ 0036]

However, an excessively | arge oxide content in the nagnetic
thin filmhas an adverse effect on the crystallinity of the CoPt
all oy particles (magnetic crystal grains) because the CoPt all oy
particl es (magneticcrystal grains) arecontan natedw ththe oxi de
whi ch may i ncrease the proportion of structures other than the hcp
structure in the CoPt alloy particles (magnetic crystal grains).
This al so reduces the nunber of the magnetic crystal grains per
unit area of the magnetic thin filmand thus nmakes it difficult
toincreasetherecordingdensity. Inlight of suchviews, theoxide
content in the sputtering target according to this enbodi nent is
preferably 50 vol %or |less, nore preferably 40 vol % or | ess, and
still nore preferably 35 vol % or |ess.

[ 0038]

Therefore, theoxi decontent inthesputteringtarget accordi ng
to this enbodinment relative to the entire sputtering target is
preferably 10 to 50 vol % nore preferably 20 to 40 vol % and stil
nore preferably 25 to 35 vol %

[ 0039]

13
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2. Mcrostructure of Sputtering Target

The mi crostructure of the sputteringtarget accordingtothis
enbodi nent is not particularly limted, but is preferably a
m crostructure i n which a netal phase and an oxi de phase are finely
di spersed i n each other. Such a mcrostructure makes it difficult
t o gener at e def ect s such as nodul es and particl es duri ng sputtering.
[ 0040]

3. Process for Production of Spattering Target

The sputtering target according to this enbodi nrent can be
produced, for exanple, in the follow ng manner. An exanple
producti on process i nwhichW0;i s used as an oxi dew || be descri bed
her e.
[0041]

(1) Preparation of CoPt Alloy-Atom zed Powder

Metallic Co and netallic Pt are weighed so as to obtain a
prescribed conposition(theatomcratioof metallic Cotothetotal
of the netallic Co and netallic Pt is 25 to 50 at%, and a nolten
CoPt alloy is produced. Subsequently, the nolten CoPt alloy is
gas-atom zed to prepare a CoPt all oy-atom zed powder having a
prescribed conposition(theatomcratioof netallic Cotothetotal
of the netallic Co and netallic Pt is preferably 25 to 50 at%.
The produced CoPt al | oy-atom zed powder is classified so that the
particl e size becones not | arger than a predeterm ned particle size

(for exanple, 106 pmor smaller).

[ 0042]

14
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I norder toincreasethe magneti smof the CoPt al |l oy-atom zed
powder, the atomcratioof netallic Cotothetotal of thenetallic
Co and netallic Pt contained in the power is preferably 25 at %or
| arger and nore preferably 30 at% or | arger.

[ 0043]

(2) Preparation of Powder M xture for Pressure Sintering

AWD; powder i s addedt ot he CoPt al | oy-at om zed powder prepar ed
in(l). Themxtureisdispersedlymxedwthaball mll toprepare
a powder m xture for pressuresintering. Bydispersedlymxingthe
CoPt al |l oy-atom zed powder and the WO; powder with the ball mll,
a powder m xture for pressure sintering in which the CoPt
al | oy-atom zed powder and the WO; powder are finely dispersed in
each other can be prepared.

[ 0044]

In the magnetic thin filmformed by using the obtained
sputteringtarget, thevolunmefracti onof the W powder intheentire
powder m xture for pressure sinteringis preferably 10 to 50 vol %
nore preferably 15 to 40 vol % and still nore preferably 25 to 35
vol %i n order to easily nake t he magneti c crystal grai ns i ndependent
fromeach ot her by assuredly separati ngthe magnetic crystal grains
fromeach ot her by WD;, to nakes it easy for the CoPt all oy particles
(magnetic crystal grains) tohavethe hcpstructure, andtoi ncrease
the recording density.

[ 0045]

(3) Mol ding

15
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The powder m xture for pressure sintering preparedin(2) is
pressure-sintered and nol ded using, for exanple, a vacuum hot
pressi ng net hod to produce atarget. Sincethe powder m xture for
pressure sintering prepared in (2) has been di spersedly nm xed with
a ball mlIl and the CoPt all oy-atom zed powder and t he WO; powder
are finely dispersed in each other, defects such as generation of
nodul es and particles are unlikely tooccur during sputtering using
the spattering target obtained by this production process.

[ 0046]

The nethod for pressure-sintering the powder m xture for
pressuresinteringisnot l[imted. The nmethod nmay be a net hod ot her
than a vacuum hot pressing nethod and nmay be, for exanple, a HP
met hod.

[ 0047]

(4) Modification

The exanpl e producti onprocessdescribedin(1l) to(3) invol ves
preparing the CoPt all oy-atom zed powder by an at om zi ng net hod,
addi ng the WO; powder to the prepared CoPt all oy-atom zed powder,
and di spersedly mxing the mxture with the ball mll to prepare
t he powder m xture for pressure sintering. A Co single powder and
a Pt si ngl e powder may be usedi nst ead of usi ngthe CoPt al | oy-at om zed
powder. Insuchacase, threetypes of powder, whichare a Co single
powder, a Pt single powder, and a WO; powder, are di spersedly m xed

withaball ml to prepare a powder m xture for pressure sintering.

16
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EXAMPLES
[ 0048]

Hereinafter, the data that support the absence of netallic
Cr inthe sputtering target according to the present invention are
first shown in Reference I nstance. Specifically, there are shown
the experinmental results indicating that the magnetocrystalline
ani sot ropy const ant K,i sinprovedbyform ngnmagneticcrystal grains
inamgnetic thinfilmhaving a granular structure by using a CoPt
all oy that does not contain C instead of using a CoPtCr all oy,
whi ch is used in current perpendicular nagnetic recording fil ns.
Ont he basi s of t he experi nental results showninReferencelnstance
the sputtering target used for formng the magnetic thin filmis
free of netallic Cr in the present invention.
[ 0049]

| n Ref er ence Exanpl es and Conpar ati ve Exanpl es, studi es were
carri edout using four types of oxides, providedthat the sputtering
target used for form ng the nagneticthinfil mwas free of netallic
Cr (themagneticcrystal grainsinthemagneticthinfil mwereforned
of a CoPt alloy that does not contain Cr). The sputtering target
that realized the magnetic thin fil mhaving a coercive force Hc
over 10 kCe was obt ai ned by sel ecti ng WO; as an oxi de. The coercive
force Hc of a magnetic thin filmrealized at the current techni cal
| evel i s about 6to 7 kCe, and no nagneti c thinfil mhavinga coercive
force Hc over 10 kOCe has been reported at present as |long as the

i nventors of the present invention know.
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[ 0050]

(Ref erence I nstance)

A magnetic recording fil mwas forned by sputtering with a DC
sputtering apparatus. The magnetic recording fil mwas fornmed on
a gl ass substrate. The stacked structure of the formed nagnetic
recording filmincludes, in order of increasing distance fromthe
gl ass substrate, Ta (5 nm 0.6 Pa) / Pt (6 nm 0.6 Pa) / Ru (10
nm 0.6 Pa) / Ru (10 nm 8 Pa) / CogoCr40-26 vol . %Si O, (2 nm 4 Pa)
/| CoPt based alloy-SiG, (16 nm 4 Pa) / C(7nm 0.6 Pa). The nunber
on the left side in parenthesis indicates the fil mthickness, and
t he nunber ontheright si dei ndi catesthepressureof anAr at nosphere
during sputtering.

[ 0051]

Inthestackedstructureof thefornmednmagneticrecordingfilm
CoPt based alloy-SiQ, is a magnetic thin filmthat serves as the
recordi ng | ayer of a perpendi cul ar magneti c recordi ng medium In
Ref erence I nstance, the foll owi ng sanpl es were prepared: a sanple
i n which magnetic crystal grains in the magnetic thin film nmade
of CoPt based al | oy-Si O, wer e f or med of a CoPt Cr al | oy t hat cont ai ned
Cr (a sanple in which the nagnetic thin filmhad a conposition of
Co74Pt 16Cr 10- 25 vol . % Si ;) ; and a sanpl e i n which nagnetic crystal
grainsinthe magnetic thin fil mmade of CoPt based al |l oy-Si O, were
formed of a CoPt alloy that did not contain C (a sanple in which
the magnetic thin fil mhad a conposition of Cogy 4Pt17.6-27.7 vol. %

SiQ). Therefore, the term"CoPt based alloy" in the "CoPt based
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all oy-Si G" inthe stacked structure of the magnetic recordingfilm
in Reference Instance refers to both a ternary CoPtCr all oy that
contains Cr and a binary CoPt alloy that does not contain Cr.
Her ei nafter, theterm"CoPt basedal | oy" al soreferstobothaternary
CoPtCr alloy that contains Cr and a binary CoPt alloy that does
not contain Cr.

[ 0052]

I n addi ti on, sanples were prepared by form ng the magnetic
thin filmnmade of CoPt based alloy-Si O, at different substrate
tenperatures during fil mdeposition. Specifically, the follow ng
sanpl es were prepared: a sanple in which the nagnetic thin film
made of CoPt based al | oy-Si O, was deposited on a substrate t hat was
not heat ed but nmai nt ai ned at roomt enperature; and a sanpl e i n whi ch
the magnetic thin fil mnade of CoPt based all oy-Si O, was deposited
on a substrate that had been heated to a predeterm ned tenperature
until just before fil mdeposition and had been transferred to a
sputtering unit in the apparatus just before the start of film
deposition.

[ 0053]

The prepar edsanpl eswereanal yzedfor their crystal structures
byin-plainX-raydiffraction. Theanal ysisreveal sthat thecrystal
structureof the CoPt basedal | oy particl es(magneticcrystal grains)
i nthe CoPt based al |l oy-Si O, magnetic thinfilmformed in Reference
I nst ance was conposed nostly of the hcp structure and t he remai ni ng

smal | part was conposed of the fcc structurein all sanples. FIG
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lis agraph showing the results of the crystal structure anal ysis
by in-plain X-ray diffraction. The graph shows the percentage Ps¢c
of thefcccrystal structurepresent i nthe CoPt basedal | oy particles
(magnetic crystal grains). The horizontal axis of the graph shown
inFIG lrepresentsthe substratetenperature (°C) just beforefilm
deposition. Thevertical axi sof thegraphshowminFI G 1represents
t he percentage Picc (%9 of the fcc crystal structure present inthe
CoPt based alloy particles (nagnetic crystal grains).

[ 0054]

As shown in FIG 1, in CoPtCr-Si &, which was a magnetic thin
filmthat contained C, P;,c Was substantially constant at about
2.5%unti| the substratetenperaturereached 200°C. The percent age
Picc 1 Ncreased nonotonously with increasing substrate tenperature
when t he substrate tenperature was i nthe tenperaturerange of 200°C
to 470°C. The percentage P;.c was about 5.5% when the substrate
tenperature was 470°C. I n CoPt-Si O, whichwas anagneticthinfilm
that did not contain Cr, P;.,c was substantially constant at | ess
t han about 2%until the substrate tenperature reached about 300°C.
The percentage Pi.c Started to i ncrease with increasing substrate
tenperature when the substrate tenperature exceeded about 300°C.
But, the percentage P;.c was about 4.0% even when the substrate
tenperature was 470°C
[ 0055]

Therefore, it isfoundthat the absenceof Cr inthe CoPt based

all oy-Si O, magnetic thinfilmleads to a | ow percentage Ps.c of the
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fcc crystal structure present in the CoPt based alloy particles
(magnetic crystal grains) and thus to a | ow percent age of stacking
faul ts.
[ 0056]

The magnet ocrystal |l i ne ani sotropy const ant K, was det er m ned
by using a torque nagnetoneter for the prepared sanples. FIG 2
is a graph showi ng the results of determ nation of the
magnet ocrystal | i ne ani sotropy constant K, by using the torque
magnet oneter. The horizontal axis of the graph shown in FIG 2
representsthesubstratetenperature(°C)just beforefil mdeposition.
The vertical axis of the graph shown in FIG 2 represents the
magnet ocrystal | i ne ani sotropy constant K, (x 10° erg/cn?).

[ 0057]

As shown in FIG 2, in CoPtCr-Si G, which was a magnetic thin
fil mthat contained Cr, the magnetocrystalline ani sotropy const ant
K. was substantially constant at about 5.4 x 10° erg/cn? until the
substrate tenperature reached 200°C. The nagnetocrystalline
ani sotropy constant K, decreased nonotonously w th increasing
substrate tenperature when the substrate tenperature was in the
tenperature range of 200°C to 470°C. The magnetocrystalline
ani sotropy constant K, was about 1.7 erg/cn? when the substrate
tenperature was 470°C. I n CoPt-Si O, whichwas anagneticthinfilm
that did not contain Cr, the magnetocrystalline ani sotropy const ant
K. was subst anti al | y const ant at about 6. 5erg/cnfuntil thesubstrate

t enper at ur er eached about 300°C. The nagnet ocrystal | i ne ani sotropy
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constant K,startedtodecreasew thincreasi ngsubstratetenperature
when the substrate tenperature exceeded about 300°C. But, the
magnet ocryst al | i ne ani sot r opy const ant K, was about 2.5 erg/ cn? even
when the substrate tenperature was 470°C.

[ 0058]

Therefore, it isfoundthat the absence of Cr inthe CoPt based
all oy-Si G, magnetic thin filmleads to a |l arge magnetocrystalline
ani sotropy constant K, of the magneticthinfilm Thisis probably
because t he formati on of the CoPt-Si O, magnetic thin filmthat does
not contain C by elimnating C fromthe CoPtCr-Si O, magnetic thin
filmthat contains C results in a | ow percentage Ps.c of the fcc
crystal structurepresent i nthe CoPt basedal | oy particles(nagnetic
crystal grains) and thus in a small anobunt of stacking faults.

[ 0059]

(Ref erence Exanple 1)

The conposition of the entire target prepared as Reference
Exanple 1 is 91.4(80Co-20Pt)-8.6W0; in terns of nolar ratio. The
target was prepared and evaluated in the foll ow ng manner. The
conposition of the entire target prepared in Reference Exanple 1,
when t he content percentage of the oxide (WD;) is expressed as the
volune fractionin the entire target, is (80Co-20Pt)-30 vol % W0;
[ 0060]

To prepare the target according to Reference Exanple 1, an
80Co- 20Pt al | oy- at om zed powder was preparedfirst. Specifically,

metals were weighed so as to obtain an alloy conposition of Co:
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80 at%and Pt: 20 at% and heated to 1500°C or higher to prepare a
nolten alloy. The nolten alloy was gas-atom zed to prepare an
80Co- 20Pt al | oy-atom zed powder.

[ 0061]

The prepared 80Co- 20Pt al | oy-at om zed powder was separately
classified through 150 nesh sieves to obtain 80Co-20Pt
al | oy- at om zed powder havi ngaparti cl edi anet er of 106 umor snal | er.
[ 0062]

To 610. 00gof thecl assified80Co-20Pt al | oy- at oni zed powder,
154. 44 g of a WDO; powder was added. Then, the m xture was m xed
and di spersed by aball m |l to obtain apowder m xture for pressure
sintering. The cunulative rotation nunber of a ball mlIl was
1, 870, 560.

[ 0063]

The obt ai ned powder m xture (30 g) for pressure sinteringwas
subj ected to hot pressing under the conditions of sintering
tenperature: 900°C, pressure: 26 MPa, tine: 30 m n, and at nospher e:
5 x 1072 Pa or lower to prepare a sintered test piece (¢ 30 nm).
Therel ati vedensityof thepreparedsi nteredtest pi ecewas 101. 641%
The cal cul ated density is 10.64 g/cn.

[ 0064]

FIG 3 and FIG 4 are netal | urgi cal m croscope phot ograph of
thecrosssectioninthethicknessdirectionof theobtainedsintered
test piece. FIG 3is aphotographat aphot ographi ng magni fication

of 100 ti nes (a bar scal e inthe photograph represents 500 un), and
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FIG 4is aphotograph at a phot ographi ng nagni ficati on of 500tines
(a bar scale in the photograph represents 100 un.
[ 0065]

As can be seen fromFIG 3 and FIG 4, the 80Co-20Pt-all oy
phase and t he WO; phase were finely di spersedinandmxedw th each
ot her.

[ 0066]

Next, the prepared powder m xture for pressure sintering was
subj ected to hot pressing under the conditions of sintering
tenperature: 900°C, pressure: 26 MPa, tine: 60 m n, and at nospher e:

5x10%Paor | ower toprepare atarget with $164.0 nmand at hi ckness
of 220 mfMmm The rel ative density of the prepared target was 99. 7%
[ 0067]

The preparedtarget was eval uat edfor | eakage fl ux ont he basi s
of ASTM F2086-01. As aresult, the average magnetic | eakage fl ux
ratewas 59. 3% Thi saveragemagneti cl eakagefl uxratei ssufficient
for favorabl e magnetron sputtering.

[ 0068]

Next, a magnetic thin fil mmade of (80Co-20Pt)-30 vol % W5;
was deposited on a substrate by magnetron sputtering using the
prepared target to produce a sanple for determ ning magnetic
properties. The stacked structure of this sanple for determ ning
magneti c properties includes glass/Ta (5 nm 0.6 Pa) / Pt (6 nm
0.6 Pa) / Ru (10 nm 0.6 Pa) / Ru (10 nm 8 Pa) / CogCr4o-26 vol . %

SSG (2 nm 4 Pa) / CoPt alloy-WO; (16 nm 8 Pa). The nunber on
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the left side in parenthesis indicates the filmthickness, and the
nunmber on the right side indicates the pressure of an Ar at nosphere
during sputtering.

[ 0069]

Inthestackedstructureof thesanpl efor determ ni ngnmagnetic
properties, CoPt all oy-WDO;i samagneticthinfil mdepositedby using
thetarget preparedin Reference Exanple 1. Thismgneticthinfilm
was deposited at roomtenperature wthout heating the substrate
during filmdeposition.

[ 0070]

Next, t he obt ai ned sanpl e f or det er mi ni ng magneti c properties
was anneal ed in an anneal i ng furnace (degree of vacuum 5 x 10°*
or less). Theheatingrateandcoolingrateof theannealingfurnace
were both constant at 200 °C/ h. The annealing tenperatures were
200°C, 300°C, 400°C, 450°C, 500°C, and 600°C. Different sanpl es for
determ ni ng magnetic properties were used at different annealing
tenperatures. There was one anneal ed sanple for determ ning
magneti c properties at each annealing tenperature in Reference
Exanple 1, that is, thereweretotal six sanples. Inthe annealing,
each sanpl e was mai nt ai ned at an anneal i ng tenperature for 0 hours
and cooled to roomtenperature. That is, heating was term nated
when a predeterm ned anneal i ng tenperature was reached, and the
sanpl e was cooled to room tenperature.

[0071]

The M H | oops (nagneti zati on curves) were obtai ned by using
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a magnet o-opti cal Kerr effect apparatus for the sanples (total six
sanpl es) for determ ni ng magneti c properties that had been anneal ed
by heating to a target annealing tenperature and cooled to room
tenperature and the sanpl e (one sanple) for determ ning magnetic
properties that had not been anneal ed after fil mdeposition at room
tenperature. The coercive force Hc was read fromeach MH | oop
(magneti zation curve).

[0072]

The nmeasured results of the coercive force Hc are shown in
FIG 5together withtheresultsinother Ref erence Exanpl es, Exanpl es
and Conpar ati ve Exanpl es. The hori zontal axis of FIG 5represents
the annealing tenperature (°C), and the vertical axis represents
the coercive force Hc (kCe).

[ 0073]

I n Ref erence Exanple 1, the coercive force Hc of the sanple
wi t hout annealing was 7.1 kCe. This coercive forceis equal to or
hi gher than the coercive force of a magnetic thin filmrealized
at thecurrent technical level. Thenmagneticthinfilmof Reference
Exanpl e 1, even wi t hout anneal i ng, has a coercive force sufficient
for use as a current perpendi cular nmagnetic recordi ng nmedi um
[ 0074]

In Reference Exanple 1, the coercive force Hc was further
i ncreased by annealing. As can be seen fromFIG 5, the coercive
force Hc reached the maxi num when the anneal i ng tenperature was

500°C. The nmaxi mumcoercive force Hc was 10. 8 kCe, whi ch was over
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10 kCe. As described above, the coercive force Hc of a magnetic
thin filmrealized at the current technical level is about 6 to
7 kCe, and no magnetic thin fil mhaving a coercive force Hc over
10 kCe has been reported as |long as the inventors of the present
i nvention know. The magnetic thin film of Reference Exanple 1
(anneal ed at 500°C) isthefirst magneticthinfil mhavingacoercive
force Hc over 10 kGCe.

[ 0075]

The M H I oop (nagneti zati on curve) when t he maxi numcoerci ve
force Hc was obtai ned (when the anneal i ng tenperature was 500°C)
is shown in FIG 6 together with the results of other Reference
Exanpl es, Exanpl es and Conpar ati ve Exanpl es. The horizontal axis
of FIG 6 represents the strength of the magnetic field applied.
Thevertical axi sof FIG 6representstheval uenornmalizedbydi viding
the rotation angle (Kerr rotation angle) of the polarization axis
of incident |light by the saturation Kerr rotation angle.

[ 0076]

(Ref erence Exanple 2)

The conposition of the entire target prepared as Reference
Exanple 2 is (80Co-20Pt)-30 vol % Ti G,. A target was prepared in
t he sane manner as i n Ref erence Exanpl e 1 except that Ti O, was used
as an oxi de. Sanpl es for determ ni ng magneti c properties were al so
prepared in the sane manner as in Reference Exanple 1 using the
prepared target.

[0077]
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In the same manner as in Reference Exanple 1, the MH I oops
(magneti zati on curves) were obtained by using a nagneto-opti cal
Kerr ef f ect apparat usfor sanpl es (total sixsanples) for determ ning
magneti c properties that had been anneal ed at target annealing
t enper at ures (200°C, 300°C, 400°C, 450°C, 500°C, and 600°C) and cool ed
tor oomt enper at ureandasanpl e (onesanpl e) f or det er mi ni ngmagnetic
properties that had not been anneal ed after fil mdeposition at room
tenperature. The coercive force Hc was read fromeach MH | oop
(rmagneti zation curve).

[ 0078]

The nmeasured results of the coercive force Hc are shown in
FI G 5together withtheresultsinother Ref erence Exanpl es, Exanpl es
and Conpar ati ve Exanpl es.

[ 0079]

I n Ref erence Exanpl e 2, the coercive force Hc of the sanple
wi t hout anneal i ng was 5. 8 kOe. The coercive force Hc of t he sanpl es
wi t h anneal i ng reached t he maxi numwhen t he anneal i ng t enperature
was 500°C. The maxi mumcoerci ve force Hc was 8. 6 kOe. As descri bed
above, the coercive force Hc of a magnetic thin filmrealized at
the current technical | evel is about 6to 7 kGCe. The coercive force
Hc of the magnetic thin filmof Reference Exanple 2 (anneal ed at
500°C) exceeds t he coercive force Hc of anmagneticthinfilmrealized
at the current technical |evel.

[ 0080]

The M HI oop (nmagneti zati on curve) when t he maxi numcoerci ve
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force Hc was obtai ned (when the annealing tenperature was 500°C)

Is shown in FIG 6 together with the results of other Reference
Exanpl es, Exanpl es and Conparative Exanples.
[ 0081]

(Conpar ati ve Exanple 1)

The conposition of the entire target prepared as Conparative
Exanple 1 is (80Co-20Pt)-30 vol % SiG,. A target was prepared in
t he sane manner as i n Ref erence Exanpl e 1 except that Si O, was used
as an oxide. Since the oxide used in the target prepared in
Conparative Exanple 1 is SiQ, the target prepared in Conparative
Exanpl e 1 is out of the scope of the target accordingto the present
i nvention. Sanples for determ ning nmagnetic properties were al so
prepared in the sane manner as in Reference Exanple 1 using the
prepared target.

[ 0082]

In the same nanner as in Reference Exanple 1, the MH I oops
(rmagneti zation curves) were obtained by using a nagneto-opti cal
Kerr ef f ect apparat us for sanpl es (total sixsanpl es) for determ ni ng
magneti c properties that had been anneal ed at target annealing
t enper at ures (200°C, 300°C, 400°C, 450°C, 500°C, and 600°C) and cool ed
toroomt enper at ureandasanpl e (one sanpl e) f or det er m ni ngmagneti c
properties that had not been anneal ed after fil mdeposition at room
tenperature. The coercive force Hc was read fromeach MH | oop
(magneti zati on curve).

[ 0083]
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The neasured results of the coercive force Hc are shown in
FIG 5together withtheresul tsinother Ref erence Exanpl es, Exanpl es
and Conparati ve Exanpl es.

[ 0084]

| n Conpar ati ve Exanpl e 1, the coercive force Hc of the sanpl e
wi t hout anneal i ng was 5.2 kOe. The coercive force Hc of t he sanpl es
wi t h anneal i ng reached t he maxi numwhen t he anneal i ng tenperature
was 300°C. The maxi mum coercive force Hc was 5.5 kQCe.

[ 0085]

The M H I oop (nagneti zati on curve) when t he maxi numcoerci ve
force Hc was obtai ned (when the anneal i ng tenperature was 300°C)
Is shown in FIG 6 together with the results of other Reference
Exanpl es, Exanpl es and Conparative Exanpl es.

[ 0086]

(Conpar ati ve Exanpl e 2)

The conposition of the entire target prepared as Conparative
Exanple 2 is (80Co-20Pt)-30 vol %Al ,0;. A target was prepared in
t he sanme manner as i n Ref erence Exanpl e 1 except that Al ,0; was used
as an oxide. Since the oxide used in the target prepared in
Conparative Exanple 2 is Al ,0;, the target prepared i n Conparative
Exanpl e 2 i s out of the scope of the target according to the present
i nvention. Sanples for determ ning nmagnetic properties were al so
prepared in the sane manner as in Reference Exanple 1 using the
prepared target.

[ 0087]
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In the same manner as in Reference Exanple 1, the MH I oops
(magneti zati on curves) were obtained by using a nagneto-opti cal
Kerr ef f ect apparat usfor sanpl es (total sixsanples) for determ ning
magneti c properties that had been anneal ed at target annealing
t enper at ures (200°C, 300°C, 400°C, 450°C, 500°C, and 600°C) and cool ed
tor oomt enper at ureandasanpl e (onesanpl e) f or det er mi ni ngmagnetic
properties that had not been anneal ed after fil mdeposition at room
tenperature. The coercive force Hc was read fromeach MH | oop
(rmagneti zation curve).

[ 0088]

The neasured results of the coercive force Hc are shown in
FI G 5together withtheresultsinother Ref erence Exanpl es, Exanpl es
and Conpar ati ve Exanpl es.

[ 0089]

| n Conpar ati ve Exanpl e 2, the coercive force Hc of the sanpl e
wi t hout anneal i ng was 0.9 kQe. The coercive force Hc of t he sanpl es
wi t h anneal i ng reached t he maxi numwhen t he anneal i ng t enperature
was 600°C. The maxi mum coercive force Hc was 2.3 kQCe.

[ 0090]

The M HI oop (nmagneti zati on curve) when t he maxi numcoerci ve
force Hc was obtai ned (when the anneal i ng tenperature was 600°C)
is shown in FIG 6 together with the results of other Reference
Exanpl es, Exanpl es and Conparative Exanples.

[ 0091]

(Studi es about Oxide)
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The oxide used in Reference Exanple 1 is W3, the oxide used
i n Ref erence Exanpl e 2is Ti O, the oxi de used i n Conpar ati ve Exanpl e
1is SiQ, and the oxide used in Conparative Exanple 2 is Al ;0.
[ 0092]

I norder tofurther study howt hese four types of oxi des af f ect
the magnetic properties of the obtained magnetic thin film the
nucl eation magnetic field Hn (kGe) and t he sl ope a of the M HI oops
(magneti zation curves) were calculated fromthe MH | oops shown
in FIG 6 (the MH I oops for the sanples for determ ni ng nagnetic
properties that had been anneal ed at the anneal i ng t enperat ure at
whi ch the coercive force Hc reached the maxi nun). The sl ope a of
the M H I oops (magneti zation curves) was cal cul ated i n accordance
with the fornula of 4mx |dMdH using the data in the region near
thepointsindicatingthecoerciveforceHc. Thecalculatedresults
of the nucleation magnetic field Hnh (kCe) and the sl ope a of the

M HI oops ar e showni n Tabl e 1 bel owt oget her wi t ht he maxi numcoer ci ve

force Hc descri bed above.

[ 0093]
[ Tabl e 1]
Coerci ve force Nucl eat i on Sl f th
Oxi de Ho (kCe) magnetic field ?\ﬁeHO;O €
Hn (kOe) 00ps
VO,
(Ref erence 10.8 5.5 1.6
Exanpl e 1)
Ti O
(Ref erence 8.6 4.9 2.2
Exanpl e 2)
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Si O,
(Conparative 5.5 0.4 1.8
Exanpl e 1)

Al »,0;
(Conparative 2.3 1.8 14.5

Exanpl e 2)

[ 0094]

As can be seen from Table 1, the coercive force Hc and the
nucl eati on magnetic field Hh of the nagneticthinfil mof Reference
Exanpl e 1 usi ng WO; as an oxi de are t he hi ghest, and 10. 8 (kQe) and
5.5 (kCe), respectively. As described above, the coercive force
Hc of a magnetic thin filmrealized at the current technical |evel
Is about 6 to 7 kCe, and no magnetic thin filmhaving a coercive
force Hc over 10 kCe has been reported as long as the inventors
of the present invention know. The magnetic thinfil mof Reference
Exanpl e 1 (anneal ed at 500°C) isthe first magnetic thinfil mhaving
a coercive force Hc over 10 kCe.

[ 0095]

The sl opeaof the M HIl oopof thenmagneticthinfil mof Reference
Exanpl e 1 (after anneal ed at 500°C) usi ng WD; as an oxi de i s as smal |
as 1.6, which suggests that a rapid magnetic reversal is unlikely
to occur.

[ 0096]

Since the coercive force Hc and t he nucl eati on magnetic field
Hn are hi gh and t he sl ope a of the MHIloopis small for the magnetic
thin filmof Reference Exanple 1 (anneal ed at 500°C) using WO; as

an oxi de, the thernmal stability of record signals when the nagnetic
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thin filmof Reference Exanple 1 is used as a magnetic recording
filmis considered significantly high.
[ 0097]

As canbe seenfromFI G 5, thecoerciveforceHc of thennagnetic
thin filmof Reference Exanple 1 using WO; as an oxi de i ncreases
wi t hincreasi nganneal i ngt enper aturewhent heanneal i ngtenperature
Is in the range of 500°C or | ess. Thus, the magnetic thin fil mof
Ref erence Exanpl e 1is al socharacterizedinthat the coerciveforce
Hc is inproved by annealing at an annealing tenperature of 500°C
or |ess.

[ 0098]

As canbe seenfromFI G 5, thecoerciveforceHc of thenmgnetic
thin filmof Reference Exanple 1 using WO; as an oxide is 7.1 kCe
even when the magnetic thin filmis not annealed (in the state as
it was depositedat roomtenperature). Thiscoerciveforceis equal
to or hi gher thanthe coerciveforce of anmagneticthinfilmrealized
at the current technical Ievel. Therefore, the magnetic thin film
of Reference Exanpl e 1, even wi t hout anneal i ng, has a coercive force
sufficient for use as a current perpendi cul ar magnetic recording
medi um
[ 0099]

The coercive force Hc and the nucl eation magnetic field Hn
of the magnetic thinfil mof Reference Exanpl e 2 (anneal ed at 500°C)
using TiG, as an oxide are 8.6 (kCe) and 4.9 (kQe), respectively,

whi ch are bel owt hose of the magnetic thinfil mof Reference Exanpl e
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1. However, conmparedw thcurrent magneticthinfilns, themagnetic
thinfil mof Exanpl e 2 has acoerciveforceover therealizedcoercive
force. The thermal stability of record signals when the magnetic
thin filmof Exanple 2 is used as a nmagnetic recording filmis
consi dered significantly high.

[ 0100]

As canbe seenfromFI G 5, thecoerciveforceHc of thenmgnetic
thin filmof Reference Exanple 2 using Ti O, as an oxi de i ncreases
wi t hincreasi nganneal i ngt enper at urewhent heanneal i ngt enperature
isinthe range of 500°C or | ess. Thus, the magnetic thin fil mof
Ref erence Exanpl e 2 i s al so characterizedinthat the coerciveforce
Hc is inproved by annealing at an annealing tenperature of 500°C
or |ess.

[0101]

The coercive forces of the magnetic thin fil mof Conparative
Exanple 1 using SiO, as an oxi de and the nmagnetic thin film of
Conpar at i ve Exanpl e 2 usi ng Al ,O; as an oxi de, regardl ess of whet her
annealing is perforned, do not reach the coercive force (6 to 7
kCe) of amagneticthinfil mrealizedat thecurrent technical | evel.
The t hermal stability of record signal s whenthe magneticthinfilns
of Conparative Exanpl es 1 and 2 are used as magnetic recordingfil ns
cannot be consi dered high.

[ 0102]
(TEM Qoservation of Magnetic Thin Fil mof Reference Exanple

1)
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The mcrostructure of the magnetic thin filmof Reference
Exanple 1 (magnetic thin fil musi ng WO; as an oxi de) that attained
very good nagnetic properties was exam ned by using TEM FIG 7
illustrates TEMm crographs of the magnetic thin filmof Reference
Exanpl e 1.

[0103]

FIG 7(a) illustrates a pl ane TEMm crograph of the CoPt-W0;
magnetic thin filmw thout annealing (the TEM m crograph of the
surface of the magnetic thin filmin the plane direction). FIG
7(b) illustrates a plane TEM m crograph of the CoPt-W); nagnetic
thin filmwth annealing at 500°C.

[0104]

I nthe pl ane TEMm crographs of FIGs. 7(a) and 7(b), the deep
gray regions indicate the CoPt all oy and t he white regi ons i ndi cate
WD;. As can be seen fromFI Gs. 7(a) and 7(b), regardl ess of whet her
anneal ing is performed, the CoPt al | oy magnetic crystal grains are
separated by WO; at a distance of about 1 nmto forma favorable
granul ar structure.

[ 0105]

The area of the region of each CoPt all oy nmagnetic crystal
grain was determ ned at 100 points or nore by using the plane TEM
m crographs. Assum ng that the shape of each CoPt all oy nagnetic
crystal grainis a cylinder, the crystal grain size (dianeter of
the cylinder) was calculated. As aresult, the crystal grain size

was 6.4 nmwhen anneal i ng was not perforned and 8 nmwhen anneal i ng
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was perforned at 500°C. This suggests that annealing causes the
CoPt all oy magnetic crystal grains togrowin acylindrical shape.
[ 0106]

FIG 7(c) illustrates across-sectional TEMm crograph of the
CoPt - WO;magneticthinfil mw t hanneal i ngat 500°C(t he TEMnm crogr aph
of the cross-section in the direction perpendicular to the plane
of themagneticthinfilm. Ascanbeseenfromthiscross-sectional
TEM m crograph, the CoPt alloy nagnetic crystal grains growin a
cylindrical shapeinthe CoPt-W; magneticthinfilmw th annealing
at 500°C.

[ 0107]

As descri bed above, TEMobservati on reveal s t hat t he CoPt - WO,
magneti cthinfil mhasagoodgranul ar structureregardl ess of whet her
annealing is perforned. It is also revealed that annealing the
CoPt - WO; magnetic thinfil mat 500°Cal | ows the CoPt al | oy nagneti c
crystal grains to grow in a cylindrical shape.

[ 0108]

(Sui tabl e Anneal i ng Tenper at ure)

Since the magnetic thin filns of Reference Exanples 1 and 2
attain a good coercive force Hc, studies are carried out on the
anneal i ng tenperature suitable for the magnetic thin filns of
Ref er ence Exanpl es 1and 2ont he basi sof FIG 5(thegraphindicating
the rel ati onshi p between t he anneal i ng t enper at ure and t he coerci ve
force Hc).

[ 0109]
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As can be seen fromFI G 5, when the annealing tenperature
isin the tenperature range of 300°C or hi gher and 550°C or | ower,
thecoerciveforcesHcof themagneticthinfil nsof Ref erence Exanpl es
1 and 2 are about 6.5 kGCe or higher, which are equal to or higher
than the coercive force Hc of a magnetic thin filmof the current
technical level. Therefore, the annealing tenperature for the
magnetic thin filnms of Reference Exanples 1 and 2 is preferably
in the tenperature range of 300°C or higher and 550°C or | ower.
[0110]

As can be seen fromFIG 5, when the annealing tenperature
isinthe tenperature range of 400°C or hi gher and 520°C or | ower,
the coercive force Hc of the magnetic thinfil mof Reference Exanpl e
1 is about 9 kGe or higher, which is a coercive force Hc over the
current technical | evel. Wen the annealingtenperatureisinthe
t enper at ur e range of 400°Cor hi gher and 520°Cor | ower, the coercive
force Hc of the magnetic thin fil mof Reference Exanple 2 i s about
7.1 kCe or higher, whichis a coercive force Hc equal to or higher
than the coercive force Hc of a magnetic thin filmof the current
technical level. Therefore, the annealing tenperature for the
magneticthinfilnms of Reference Exanples 1 and 2is nore preferably
in the tenperature range of 400°C or higher and 520°C or | ower.
[0111]

As can be seen fromFIG 5, when the annealing tenperature
Isinthe tenperature range of 460°C or hi gher and 520°C or | ower,

the coercive force Hc of the magnetic thinfil mof Reference Exanpl e
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1 is about 10 kCe or higher, which is a coercive force Hc that a
magnetic thinfilmof the current technical | evel does not achi eve.
When t he anneal i ng tenperatureisinthe tenperature range of 460°C

or hi gher and 520°C or | ower, the coercive force Hc of the nmagnetic
thin filmof Reference Exanple 2 is about 8 kQOe or higher, which
I sacoerciveforceHc over thecurrent technical | evel. Therefore,
t he anneal i ng tenperature for the magnetic thinfilnms of Reference
Exanples 1 and 2 is still nore preferably in the tenperature range
of 460°C or higher and 520°C or | ower.

[0112]

As can be seen fromFI G 5, when the annealing tenperature
Is inthe tenperature range of 480°C or hi gher and 510°C or | ower,
thecoerciveforcesHcof themagneticthinfil nsof Ref erence Exanpl es
1 and 2 reach substantially the maxi rum Therefore, the annealing
tenperature for the magnetic thin filns of Reference Exanples 1
and 2 is particularly preferably in the tenperature range of 480°C
or higher and 510°C or | ower.

[0113]

(Studi es about Reason for Increase in Coercive Force Hc by
Anneal i ng)

A hi gh coercive force Hc of 10. 8 kGCe was obt ai ned by anneal i ng
the nmagnetic thin fil mof Reference Exanple 1 at 500°C. To study
the reason for obtaining a high coercive force Hc by anneali ng,
t he magnet ocryst al | i ne ani sot r opy const ant K,% 2 "andt he ani sot r opi ¢

magnetic field H%®" of the CoPt alloy magnetic crystal grains in
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the magnetic thin filmof Reference Exanple 1 were cal cul at ed.
Specifically, the magnetocrystalline anisotropy constant K2 "and
t he ani sotropi c magnetic fiel d H% 3" were cal cul at ed by subtracti ng
t he amount corresponding to the effect of 30 vol %of WO; fromthe
aver age magneti c property val ues of the CoPt - WO; nagneticthinfilm
[0114]

The magnetocrystalline anisotropy constant K,92" and the
ani sotropic magnetic field HY®" have a relationship of KJ%" =
(M3 x HIaM /2 wherein M93" is the saturation magneti zation
of each crystal grainandis cal cul ated fromthe average saturation
magneti zati ondeterm nedw thavi bratingsanpl e ragnetoneter. The
saturation magnetization M%" of each crystal grain was
substantial |y constant at about 990 enu/cn? regardl ess of whet her
anneal i ng was perfornmed and the annealing tenperature.

[ 0115]

FIG 8 is a figure illustrating, as a graph, the
magnet ocrystal | i ne ani sotropy constant K,<3" and the ani sotropic
magnetic field H% 2" cal cul ated for the CoPt al | oy magnetic crystal
grains in the magnetic thin filmof Reference Exanple 1. 1In the
graph shown in FIG 8, the hori zontal axi s represents the annealing
tenperature (°C), and the vertical axis represents the
magnet ocrystal | i ne ani sotropy constant K/93" (x 10°% erg/cn?t) and
the anisotropic magnetic field HY¥" (kCe).

[0116]

As can be seen fromFI G 8, when the annealing tenperature
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i ncreases fromroomtenperature to 500°C, the nagnetocrystalline
ani sotropy constant K, 9" increases from7.8 x 10°% erg/cn? to 10. 4
x 10°% erg/cnt, and the anisotropic magnetic field HY3" increases
from15.7 kCe to 21 kQGe. Since the ways the nmagnetocrystalline
ani sot ropy constant K, " and t he ani sotropi c magnetic field HJ%2"
change are the sanme as the way the coercive force Hc changes shown
inFIG 5, anincreaseincoerciveforce Hc by anneal ingis supposed
to be on the basis of an increase i n magnetocrystalli ne ani sotropy
constant K93 ",

[0117]

(Addi ti onal Studies about Conposition of CoPt All oy)

The results of Reference I nstance, Reference Exanples 1 and
2, and Conparative Exanpl es 1 and 2 as descri bed above reveal that
amagneticthinfil mhavingacoerciveforceHcover 10kQCei s obt ai ned
by anneal i ng, at 500°C, a nmagnetic thin filmfornmed by using the
sputteringtarget t hat contai ns Co, Pt, and an oxi de, does not cont ai n
Cr, and has WD; as the oxide without heating the substrate.
[0118]

However, t hechem cal conpositionof CoandPt inthesputtering
targets used i n Ref erence Exanpl es 1 and 2 and Conpar ati ve Exanpl es
1 and 2 is 80Co-20Pt, only one type of conposition.

[0119]

Then, magnetic thinfilns fornmed by using sputteringtargets

havi ng di fferent conpositions of Co and Pt (and cont ai ni ng 30 vol %

of WO; as an oxi de) wi thout heating the substrate were anneal ed at
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500°C. The coercive force Hc and t he nucl eati on magnetic field Hn
of the anneal ed magnetic thin filns were determ ned to study the
range of the conposition of Coand Pt inthe sputteringtarget that
exhi bits advant ageous effects of the present invention.

[ 0120]

The conpositions of Co and Pt in the sputtering targets in
addi tional studies (Reference Exanples 3, 4 and 7, Exanples 5 and
6, and Conparative Exanples 3 and 4) were 90Co- 10Pt in Reference
Exanpl e 3, 85Co-15Pt i n Reference Exanpl e 4, 50Co-50Pt i n Exanpl e
5, 25Co-75Pt in Exanple 6, and 20Co- 80Pt i n Reference Exanple 7.
The netallic conponent in the sputtering target of Conparative
Exanple 3is only Co, and the netallic conponent in the sputtering
target of Conparati ve Exanple4isonlyPt. Thetargetswereprepared
in the sane nmanner as in Reference Exanple 1 except that the
conposition of Co and Pt was changed. The coercive force Hc and
t he nucl eation magnetic field Hn of the nagnetic thin filns were
determi nedi nt hesane manner asi nRef erence Exanpl el. Theneasured
results are shownin Tabl e 2 bel owt oget her withthe neasuredresults

of Reference Exanple 1.

[0121]
[ Tabl e 2]
. Nucl eati on
Conmposi tions | WO; cont ent fcgfrcg' :E magneti c
of CoPt (vol % field Hn
(kCe) (kQe)
Conpar ative
Exampl e 3 100Co 30 0.5 0.0
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Reference | o504, 10pt 30 7.8 3.5
Exanmpl e 3

Ref er ence

Exanpl 6 4 85Co- 15Pt 30 9.5 4.6
Ref er ence 80Co- 20Pt 30 10. 8 5.5
Exanple 1

Exanpl e 5 50Co- 50Pt 30 13. 3 6.7
Exanple 6 25Co- 75Pt 30 11.1 5.2
Reference | 5,0, g0pt 30 6.8 2.3
Exanmple 7 ' '
Conparative

Bxample 4 100Pt 30 0.0 0.0
[ 0122]

As can be seen fromTable 2, the coercive forces Hc, after
anneal i ng at 500°C, of the magnetic thin filns formed by using the
sputtering targets of Reference Exanples 1, 3, 4 and 7 and Exanpl es
5 and 6 were all 6.8 kGe or higher, which were equal to or higher
than the current technical | evel of coerciveforce. Inparticular,
t he coerciveforces Hcof themagneticthinfilnsof Reference Exanpl e
1 and Exanpl es 5 and 6 wer e 10 kCe or hi gher, whichweresignificantly
hi gh coercive forces.

[0123]

The coercive forces Hc, after annealing at 500°C, of the
magnetic thin filnms formed by using the sputtering target of
Conparative Exanple 3 out of the scope of the present invention
inwhichthenetal i c conponent was only Coandthe sputteringtarget

of Conparative Exanpl e 4 out of the scope of the present invention
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i n which the netallic conponent was only Pt were as small as 0.5
kCe and 0.0 kQe, respectively.
[ 0124]

(Addi ti onal Studies about Oxi de Content)

As descri bed above, the coercive forces Hc, after annealing
at 500°C, of the magnetic thinfilnms fornmed by using the sputtering
targets of Reference Exanples 1, 3, 4 and 7 and Exanples 5 and 6
were all 6.8 kOe or higher, which were coercive forces equal to
or higher than the current technical |evel of coercive force and
showed favorable results.

[ 0125]

However, the WO; content in the sputtering targets used in
Ref erence Exanples 1, 3, 4 and 7 and Exanples 5 and 6 was 30 vol %
only one type of content.

[ 0126]

Then, magnetic thinfilns fornmed by using sputteringtargets
(the conposition of Co and Pt was 80Co-20Pt) havi ng different WO
contents wi t hout heating the substrate were anneal ed at 500°C. The
coerciveforceHcandthenucl eati onmagneticfiel dHnof theanneal ed
magnetic thin filnms were determ ned to study the range of the WD;
content inthe sputteringtarget that exhibits advantageous effects
of the present invention.

[0127]
TheWD;contentsinthesputteringtargetsinadditional studies

(Ref erence Exanples 8 to 13, Conparative Exanple 5) were 10 vol %
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in Reference Exanple 8, 20 vol % in Reference Exanple 9, 25 vol %
I n Reference Exanpl e 10, 35 vol %in Reference Exanple 11, 40 vol %
in Reference Exanple 12, 50 vol % in Reference Exanple 13, and 0
vol % in Conparative Exanple 5. The targets were prepared in the
same manner as in Reference Exanple 1 except that the WO; cont ent
was changed. ThecoerciveforceHcandthenucleationmagneticfield
Hn of the magnetic thin filnms were determ ned in the sanme manner
as in Reference Exanple 1. The neasured results are shown i n Tabl e

3 bel ow together with the neasured results of Reference Exanple

1.
[0128]
[ Tabl e 3]
Coer ci ve Nucl eat i on
Conposi tions | W03 cont ent nmagneti c
force Hc :
of CoPt (vol %9 field Hn
(kQe) (kCe)
Ref er ence 80Co- 20Pt 10 7.5 3.2
Exanpl e 8
Ref er ence 80Co- 20Pt 20 9.5 4.3
Exanpl e 9
Ref er ence
Exanpl e 10 | 500~ 20M 2> 104 >0
Ref er ence 80Co- 20Pt 30 10. 8 5.5
Exanmple 1
Ref er ence
Exanple 11 | 00C0-20M 3 109 >3
Ref er ence
Exanpl e 12 | 0000~ 20 *0 100 -
Ref er ence
Exampl e 13 80Co- 20Pt 50 6.9 2.9
Conparati ve 80Co- 20Pt 0 0.7 -1.9
Exanples 5
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[ 0129]

As can be seen from Table 3, the coercive forces Hc, after
anneal i ng at 500°C, of the magnetic thin filns formed by using the
sputtering targets of Reference Exanples 1 and 8-13 were all 6.9
kCe or hi gher, whi chwer eequal toor hi gher thanthecurrent techni cal
| evel of coercive force. In particular, the coercive forces Hc of
the magnetic thinfil nms of Reference Exanples 1, 10, 11 and 12 were
10 kCe or higher, which were significantly high coercive forces.
[ 0130]

The coerciveforceHc, after anneal i ngat 500°C, of t hemagnetic
thinfil mformedbyusingthesputteringtarget of Conparati ve Exanpl e
5 out of the scope of the present inventionin whichthe W cont ent

was 0 was as snall as 0.7 kCe.
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CLAI M5
1. A sputtering target conprising netallic Co, netallic Pt, and
an oxi de,
wherein the sputtering target does not contain netallic Cr,
and
t he oxide is W0;, and
whereinthesputteringtarget conpri ses25to50at %of netallic

Co relative to a total of netallic Co and netallic Pt.

2. Thesputteringtarget accordingtoclai ml, whereinthesputtering
target conpri ses 50 at %of nmetallicCorelativetoatotal of netallic

Co and netallic Pt.

3. The sputteringtarget accordingto claiml, whereinthe nagnetic
thinfilmformed by using the sputtering target is allowed to have
a coercive force of 11 kCe or hi gher by annealing the magnetic thin

filmat 500°C.

4. The sputteringtarget accordingtoclaim2, whereinthe magnetic
thinfilmformed by using the sputtering target is allowed to have
a coercive force of 13 kCe or hi gher by annealing the magnetic thin

filmat 500°C.

5. The sputtering target according to claim3 or 4, wherein the

magnetic thin filmafter the annealing has a granul ar structure.
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6. The sputtering target according to any one of clains 1to 5,

wherei nthe sputtering target conprises 10 to 50 vol %of the oxi de.

7. The sputtering target according to any one of clains 1to 5,

wherei n the sputtering target conprises 25to 35 vol %of the oxide.

8. The sputtering target according to any one of clains 1 to 5,

wherein the sputtering target conprises 30 vol % of the oxide.

9. The sputtering target according to clains 1 to 8, wherein the

sputtering target can be used for formng a nagnetic thin film

10. A process for production of a sputtering target, conpri sing:

a step of preparing a CoPt all oy powder that contains Co and
Pt and does not contain Cr by an atom zi ng met hod;

a step of preparing a powder m xture for pressure sintering
by di spersedly m xi ng an oxi de powder and t he prepared CoPt all oy
powder; and

a step of pressure-sinteringthe prepared powder m xture for
pressure sintering,

wherein the oxi de powder is W0;, and

wher ei n t he obt ai ned sputteringtarget conprises 25to0 50 at %

of metallic Corelativetoatotal of netallic Co and netallic Pt.
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11. A process for production of a sputtering target, conprising:

a step of obtaining a powder m xture for pressure sintering
by di spersedl y m xi ng a Co powder, a Pt powder, and an oxi de powder ;
and

a step of pressure-sinteringthe obtai ned powder m xture for
pressure sintering,

wherei n the oxide powder is WD;, and

wher ei n t he obt ai ned sputteringtarget conprises 25to0 50 at %

of metallic Corelativeto atotal of netallic Co and nmetallic Pt.

12. The process for production of a sputtering target according
toclaiml0 or 11, wherein the obtained sputtering target contains
50 at% of netallic Co relative to a total of the netallic Co and

metallic Pt.

13. The process for production of a sputtering target according
to any one of clainms 10 to 12, wherein a volunme fraction of the
oxi de powder in the entire powder m xture for pressure sintering

is 10 to 50 vol %

14. The process for production of a sputtering target according
to any one of clainms 10 to 12, wherein a volunme fraction of the
oxi de powder in the entire powder m xture for pressure sintering

is 25 to 35 vol %
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15. The process for production of a sputtering target according
to any one of clains 10 to 12, wherein a volune fraction of the
oxi de powder in the entire powder m xture for pressure sintering

is 30 vol %
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