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WAPRLA/@ALONS Priority is clainmed on JapanesETRRR@OB05764
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BACKGROUND ART A per pendi cul ar magnetic recording
method is the nethod which enploys a magnetic
recordi ng layer in which the easy axis of
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TECHNICAL FIELD

The present invention relates to magnetic recording media,
a production process of such media, and a magnetic recording

and reproducing apparatus using such magnetic recording media.
BACKGROUND ART

A perpendicular magnetic recording methoé is the method
which employs a magnetic recording layer in which the easy
axis of magnetization is directed perpendicular to the
substrate. Compared with the longitudinal magnétic recording
method, in. perpendicular magnetic recording the demagnetizing
field in the vicinity of the magnetization transition region,
which is the boundary between recorded bits, is decreased, so

that the higher the recording density, the more



resistance to thermal fluctuations; hence the nethod is
appropriate for increasing areal densities. In
particul ar, when a soft nmgnetic underlayer, consisting
of soft magnetic material, is provided between the

substrate and the perpendicul ar magnetic r '
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In perpendicular magnetic recording media, generally a
soft magnetic underlayer, underlayer, perpendicular magnetic
recording layer, and protective layer are formed on a

substrate.

Co-Cr system alloys are widely used as the perpendiﬁular
magnetic recording material. When using Co-Cr system alloys,
normally substrate heating during film deposition causes
separation of the magnetic phases and nonmagnetic phases

within the magnetic recording layer.

A carbon protective layer formed by a plésma CVD metheod

is widely used as the protective layer.

In recent years, oxide magnetic materials including Co
alloys (for example Co-Cr-Pt) and SiQ; or other oxides have
come tc be used as the material of perpendicular magnetic

recording layers.



oxide is segregated in such a manner as to surround the
magneti ¢ phase, of Co alloy or simlar, so that the
magnetic crystal grains (magnetic phase) can be

i sol ated and made finer, and the magnetization
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Non-patent reference 2: Matsunuma et al, "CoCrPt alloy;
oxide perpendicular magnetic recording media with a new
structure incorporating an intermediate layer”, Technical
Report of the Institute of Electronic, Information and

Communication Engineers, MR2004-10.

Non-patent reference 3: Ohtsuki and Uwazumi "Development
of perpendicular magnetic recording media for an HDD aiming at

400 Gbits/inch®", Nikkei Electronics, January 19 2004.
DISCLOSURE OF THE INVENTION

However, in magnetic recording media obtained by a
manufacturing method of the prior art, separation of a carbon
protective layer has occurred. Moreover, adhesion of a

lubrication layer to the surface of the carbon protective



ci rcunst ances, and has as an object the provision of a
magneti ¢ recordi ng nedi a producti on process, nagnetic
recordi ng nmedia, and magnetic recordi ng and reproduci ng
appar at us whi ch, when using an oxi de magnetic materi al
rpendlcular magneti c recordi ng | ayper/ s 0688
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lubrrieapénpenaieuiar, magnenibles esaly i fagtoayerecP2iing and

second invention to resolve the above problens is
repreoduction characteristics.

In order to attain the above object, the present

invention adopts the following configurations.

(1) A first invention to resolve the above problems is a
method of manufacture of magnetic recording media in whiéh at
least a perpendicular magnetic recording layer and a.carbon
protective layer are provided on a substrate, and in which the
perpendicular magnetic recording layer contains a magnetic
material which includes a Co alloy and an oxide material, and
is characterized in having a perpendicular magnetic recording
layer formétion process of forming a perpendicular magnetic
recording layer on the substrate; a heating process of heating
the substrate on which is formed the perpendicular magnetic
recording layer; and a protective layer formation process of

forming the carbon protective layer by the plasma CVD method



t he nmet hod of manufacture of magnetic recordi ng nedia
described in (1) above, characterized in that the
heating tenperature in the heating process is higher
than the film deposition tenperature when form ng the
W Ba8Hot ective layer in the protective |RgIIP2006/305764
formation process. (3) Athird invention to resolve the
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(5) Afifth invention to resolve the above problens is
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theOREL RIPNEE (ManufRicRugl 64)madsveic RGN meadai n t hat
the oxide material is any one of, or is tw or' nore
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perpendicular magnetic recording layer formation process, the

temperature during formation of the.perpendicular magnetic
recording layer is less than 80°C, and in that the heating

temperature in the heating process is set such that the film

deposition temperature during formaticon of the carbon

protective layer is 80°C or higher.

(4) A fourth invention to resolve the above problems is
the method of manufacture of magnetic recording media
described in any one among (1) through (3) above,
characterized in that the perpendicular magnetic recording
layer has a structure in which a nonmagnetic layer, consisting
of an oxide material, surrounds a magnetic layer, consisting

of a Co alloy.

(5) A fifth invention to resolve the above problems is

. the method of manufacture'of magnetic recording media

5



A1203 (6) A sixth invention to resolve the above
problens is magneti.c recording nedia, characterized in
havi ng been nmanufactured by the nethod of manufacture
of . magnetic recording nedia described in any one anong
walodsdsgough (5). (7) A seventh invention to RCHSBRPEINSHE
above problens is a magnetic recordi ng and reproduci ng

desgggﬁée@itfﬁ'anc Al [?l?ée‘h)iE‘hP&L%g P{)g\g{%%,with the

C recording i a descri , ‘and a
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nfromt i hg

reproduci ng I nformatio e magnetic“recor
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S H Ik i el e S Oae T TN SR
AL,GN oxi de magnetic material, the substrate is heated
ahid t he plasma CVD method is used to formthe carbon
protective |ayer, so that perpendicul ar magnetic
re¢br di ngi Aty eimueintiicax el repelve ddw dibnyeapgoblems is
reproduci ng characteristics is obtained, and a carbon
magpediecreser diqyemeskia, behtsaaeer iach i drevdegsbegnand
excel | ent adhesi on properties. BRI EF DESCRI PTION OF THE
manDRAVE NGB Ry . the imethodr ofsmavefacmale vifewaghehiiag a
first exanple of magnetic recording media of the
recgrdseatmedlarfdaribRidgin2any aperakanas @) ghaPughewp) .
showi ng a second exanple of magnetic recordi ng nedia

of (then PEEREN | NURRLIeR: t§ VO ZDABMIBSRve problems is
PCT/ JP2006/ 305764 Fig. 3 shows the configuration of a

a mABAUE8CT HEENH ARP AR Yepie8ic iy R @At e ch®acterized
magnetic recording nedia shown™in Fig. 1,
in being provided with the magnetic recording media described

in (6), and a magnetic head for recording information onto and

réproducing information from the magnetic recording media.

According to thg present invention, after forming a-
perpendicular magnetic recording layer from an oxide magnetic
material, the substrate is heated and the plasma CVD metﬁod is
used to form the carbon protective layer, so that
perpendicular magnetic recording layer with excellent
recording and reproducing characteristics is obtained, and a
carbon protective layer can be formed with high density and

excellent adhesion properties.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross-sectional view showing a first example

of magnetic recording media of the present invention;

Fig. 2 is a cross-sectional view showing a second example
of magnetic recording media of the present invention;
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Fig. 4 shows in sunmmary an exanple of a nmagnetic

recordi ng and reproduci ng apparatus of the present

invention; Fig. 5 is a graph showi ng Exanple results;

Fig. 6 is a graph show ng Exanple results; and, Fig. 7

' . ph show ng Exanpl e results. BEST MeDEJFOR/305764
WORMRE ST THE | VENT! ON Fi g. 1 shows a first exanple

of YN8t skoweaHdicdgrigdratiaf dthe meseattiLpYERti on.

This magnetic recording nedia is configured by form ng
appitat8ssupsd riad enahufiaktordethe andgrieati csaklofagngtmédia

| ayer 2; an antiferromagnetic |ayer 3; a second soft
showaghet Ftgl ayer 4; an alignnent control |ayer 5; a

per pendi cul ar magnetic recording. |ayer 6; a carbon

B B 7%@9&&@&@%'0 p Layer B Fio. 2

a second magneti c recdr g nedia of

recgg'%lfj.géeﬁr?@tré 1%'2_; agB%ﬁaW%ef 'the r%rsghgglﬁ@edrl q

ufed STl e nagnetic récor
shown in Fig. 1, except for the provision of a pinning
undégl afers B arrhph ShoRgny alxampileE destaigen t he
substrate 1 and the first soft magnetic layer 2. As the

subgrage;s 'Ifﬁafﬂh %%Q&EB?t Ex &R Sidsg cQf; aAk UM num

an al"um num al or anofher netal materi.al nay be 7
WD 2006/ 098504 PCT/JP2006/305764 used; or, a

nofistal | +8 & UHRARAREEOFARAS| BIATRI O SPUASS - a ceramic
material, silicon, silicon carbide, carbon, or another

nonnet al lBESTNHOSE | POR MEBRRAYENGSEUT SE angtmagonubst r at e,
ei ther an anor phous glass or a

Fig. 1 shows a first example of magnetic recording media

of the present invention.

This magnetic recordiné media is configured by forming on
a substrate 1, in order, a first soft magnetic layer 2; an
antiferromagnetic layer 3; a second soft magnetic layer 4; an
alignment control layer 5; a perpendicular magnetic recofding
layer 6; a carbon protective layer 7; and a lubrication layer

8. T ) ’ B

Fig. 2 shows a second example of magnetic recording media

of the present invention.

This magnetic recording media is configured similarly to
the magnetic recording media shown in Fig. 1, except for the
provision of a pinning underlayer 9 and pinning layer 10

between the substrate 1 and the first soft magnetic layer 2.

As the substrate, a metal substrate consisting of
aluminum, an aluminum alloy, or another metal material may be

7



crystallized gl ass may be used; as an anorphous gl ass,
general - purpose soda line glass or an alumnosilicate
glass nmay be used. As a crystallized glass, a |ithium
crystallized glass may be used. As a ceramc
WQIE96/P%EY, a sinter the main conponent of WRETHP2P/305764
gener al - pur pose al um num oxi de, alum num nitride,
usedh | bEON; ML AL, 19 Sis E@Eat@scﬁﬁéisé¥h4'J%erlass, a
reinforced versions of these, and simlar can “be ' used.

_ s  on Ls arLbit
erifi§c H%éfﬂ%f SSI,&IZlqu?Ir %E%E%{ly%%mn#ﬁieeﬁgd%ﬁ%“ﬂ?i ﬁ?no'ther

substrat es anet er

noHﬁétglfy& R0 Si Y Lax b%agsgﬁhused. When the substrate

as an average surtace roughness Ra of 2 nmor |ess,
and preferably 1 nmor l|ess, then the head flying
hefght ghdshHesubsteaade, 8a8hss ameamexithryss wdBFiSopLi at e
for high-density recording. Further, when surface
cry@ghel hesed VRlass iy Hebysear eassam farerriraishalldste 0. 3
nmor |less, and preferable to 0.25 nm or |ess, then
gengpelhpudressisRfahdiigiet gdaasber| aner kuningfd ldgatehglass
nmedia is appropriate for high-density recording. _
mayShef need - Wi hewy g ldagededheasurad yhifugr cavaypléized
using a surface roughness neasurenent apparatus P-12
glagganay aee WeRH byAKIBACETaRé 6r Pubpbbate e asinted sher Agén
surface roughness over a_ neasurenent range of 80 m 8
compongpbep HIEE PET/AFP2Ee4/ BOSFEae Foimiguipesdsleef aluminum
~maintaining stable flight of the magnetic head, it is
nitgideer abl ¥ty $ighotr §iBiparusey Yol WfiscHiker | east
one surface anong the chanfer surface on the end face
reigferepd el hihesen RRGes dR! bk rade Reunsste
roughness Ra

The substrate size is arbitrary. For example, substrates
of diameter 95 mm, 65 mm, 48 mm, 27.4 mm, 21.6 mm, and similar

can be used.

When the substrate has an average surface roughness Ra of
2 nm or less, and preferably 1 nm or less, then the head
flying height can be lowered, and so the media is appropriate

for high—dedsity recording.

Further, when surface waviness Wa in the substrate
surface are held to 0.3 nm or less, and preferable to 0.25 nm
or less, then the head flying height can be lowered, and so
the media is appropriate for -high-density recording. Surface
waviness Wa can be measured by for e#ample using a surface
roughness measurement apparatus P-12 (manufactured by KLA-

Tencor), measured as the average surface roughness over a

‘measurement range of 80 pm.



of 10 nmor |ess, and nore preferably of 9.5 nm or

| ess. The pinning underlayer is provided to arrange the
crystal structure of the pinning |ayer; as the

material of the pinning underlayer, C or a C alloy
WARHE85%%ed. Exanples of O alloys include BEWR0E@IPH764
Gw GV, OSi, and CNo system alloys. The pinning

lcg¥§:rE P%éé%s S mal'ﬁ%rgoifgﬁ]”g %815‘9%1? 3ts of, ﬁcg%hmgén@tic
hea%erEI 18 %Péié%aoc‘f R AR Q”EGBsL?X@é BS MECHR Y ere%%r ht BN

na netic | ayer, novene

1ea@@'hﬁe“£59f£§%*§%oﬁ§, %eraEPS%%ﬁ %Qyﬁ £k Q% epgrgchb

réssed e coerC|ve

0 h 0 a
and ko inP Pat o N, REre anereriatt ofbdass Tyt Reges, =2
of gbeg&%} 108, Gd %or%pgrrggwggfwo@qyﬁ 49 79 AL

of U magnetfi T’ layers ar So caflled sott magneti c

underlayers and in the exanples shown in F|g 1 and

Fi §he2pigoinespuirds ayert he pregidedfto regpesidec thayerygtal

and the second soft magnetic |layer 4. As the soft
stmegueti of nbhherpiaininged aiyarsoés hagneateridlaydr $heapinning

material containing at |east one anong Fe, Ni, and Co
undegdaberused. oA tGr 2 liwyechal be ansFdCosxAnmdye s( PECET

FeCoB, 9 WD 2006/ 098504 PCT/JP2006/ 305764 or 'simlar),
allgrysFéncluge oyrNee it TiFe RictWp, CFEN ©FS1 FeNISiCrNgr system

simlar), an FeAl alloy (FeAl, FeAl Si, FeAl SiCr,
allpgAl-Si Ti Ru, FeAl O or S|n1Iar), an FeCr alloy (FeCr,

FeCrTi, FeCrCu, or simlar), an FeTa alloy (FeTa,

Fe%ﬁg’pfﬁﬁfﬁb Plysd Mdndlikts@Bf a hard magnetic material,
such as a Co-Cr-Pt-B alloy, or a Co-Sm alloy. Because the
coercive force of the pinning layer is far greater than that
of a soft magnetic layer, movement of domain walls within the

soft magnetic layer can be suppressed.

It is preferable that the coercive force Hc of the
pinning layer be 500 Oe or greater (and more preferable still
that the coercive force be 1000 Oe or greater). One Oe is

approximately equal to 79 A/m.

Soft magnetic layers are also called soft magnetic
underlayers, and in the examples shown in Fig. 1 and Fig. 2
corresponds to the first soft magnetic layer 2 and the second

soft magnetic layer 4.

As the soft magnetic material used in soft magnetic
layers, a material containing at least cne among Fe, Ni, and

Co can be used. As this material, an FeCo alloy (FeCo,'FeCoB,
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FeMy alloy (FeMgO or simlar), an FezZr alloy (FeZrN or
simlar), an FeC alloy, an FeN alloy, an FeSi alloy, an
FeP alloy, an FeNb alloy, an FeHf alloy, an FeB all oy,
a CoB alloy, a CoP alloy, a CoN ally (CoN, CONI,
CoNi P or simlar), an FeCoN alloy (FeCoN , FeCoNi P

VR URIOBSMor sinilar), or others can be usedPCHPHHEIST6

material of the soft magnetic layers, it is preferable

or khAt1arCo A | mNiCRNLAyni(reN8D BéveMs, NG (0. P@NQSl, or
contai ning at | east one anong Zr, Nb, Ta, C, Mo

sim$l Bt} aran heyused.q Thirsa®p abADyi Cafe 085 196 e@‘eﬁds%mu, _
approprlate from anong CoZr, CoZr No, CoZrTa, CoZrCr

Fen®0Zr 8B, s Ofi 14 her 4 lreys. ALBRt eré@t, Whicshr i S FaR el Oy
cont ai ni ng 60 at % or nore Fe (FeAlO FeNgé FeTaN

simf®4EN, & S lAn)oy ardThavFesa@, firdifan ClStahilar), an
structure or a granular structure, my ‘al’'so be used. A

FeMglr NULRT (NP &ilS 185t M WSt BELr | 1 MAY Clr e ogr Y St al
grains  are surrounded by the parent material. It is -

simRi8ter abh erdchatl tdie 2@f FeRBINEL) C dRVEIS NAMGANan Fep
annrphous structure or a fine crystal structure. This

allby, BECANGS &@F@ythﬁwﬁﬂﬁﬁf@QQB9t'§n|@¥Qr§lh@¥e éwboB alloy,
aimor phous structure or a fine crystal structure,

a C%@r5§§8¥rQ¥Qﬂﬂ%§§ﬂJhﬁ(@%N1“Dt§ﬁﬂ§d \CHPIP ik %H%1QE¥§tabn
orientation of the “perpendicular magnetic recording

FeCLRY €A1 1) SERGELN L0 FB-RI86/ B98sPs P JsP%QLQ@/rSO%Q%t hérs

is preferabl e that the coercive force He of the soft
canm@ngtig. | ayers be 20 Oe or |less (and nore preferable
that the value be 10 Ce or less). It is preferable

that the saturation flux density Bs, of o
As the material of the soft magﬁetlc layers, it is

preferable that a Co alloy containing 80 at% or more Co, and
containing at least one among Zr, Nb, Ta, Cr, Mo or similar,
be used. This Co alloy can be selected as appropriate from

among CoZr, CoZrNb, CoZrTa, CoZrCr, CoZrMo, or other alloys.

A material which is an alloy containing 60 at$% or mére Fe
(FeR10, FeMg0O, FeTaN, FeZrN, or similar), and having_a fine
crystal structure or a granular structure, may also be used. A
granular structure is a structure in which fine crystal grains

are surrounded by the parent material.

It is preferable that the soft magnetic layers have an
amorphous structure or a fine crystal structure. This is
because when the soft magnetic layers have an amorphous
structure or a fine crystal structure, the surface roughness
is not worsened, nor is the crystal orientation of the

perpendicular magnetic recording layer worsened.
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the soft magnetic layers be 0.6 T or greater (and nore
preferable that the value be 1 T or greater). It is
preferabl e-that the sumof the products Bst of the
saturation flux density Bs and | ayer thickness t of the
WDhIP6/09Ednet i c | ayers be 20 Tnm or greater, REAAPIHLRP5764
nore preferable that the value be 40 T-nmor greater.

Wen BSt, oy e . QWR" thBanc e @@&v d ALe hgesn Mhe sott

charact Fristics are worse |ch S un

rnaglllétzptlE ejfae)rjal@y%et I}%t O%Zgrl f‘é(% {JHCP%%%S fteggb)??fﬁh the

magnet C ers be nmor |ess, and-more pre er abl
valEQaBe fdubélyrcﬁ%§§§ be 80 nmor less. By holding the
magneti ¢ layér thickness in the above range,
surface properties are nmade satisfactory, .and the
ocEur¥erie o abligr sbeer H8e i LAt Wegriadatlilon dadshby skwi el
of manufacturing properties is prevented. A portion of
thet srefermggraticoflaykasshef Gcle ok ragdsar resd mepet
magneti c | ayer may be oxidi zed. When the nunber of soft
prefeggeld c-hadydihe ivelomebet hel uppernredierdof t magneti c
|ayer is the only soft nagnetic |ayer; when there is a

pl g ald t;yr@ffera%qfet tnagn@ﬁé Cs bRVt Sohe 'E)%oHBE%E”%t t S&f tthe

magneti c | ayer is soft magnetic layer anong these

satﬁ@é?fbﬁsfﬂﬁpQﬁﬂﬁﬁE EQ Lhe ﬂ§¥] 4088504 o ¢ the soft
JP2006/ 305764 exanples own in Fig. 1 and Fig. 2,

magEQghng%%ﬁStbeS%fot$ﬁﬁP%r}e ‘éal;@}‘erahc? é@flf%%d soft

he ant iferromhghe ayer is
ed .in aqrder i g t he magneti zatiq dlrectlon
orePRPARET Wi dticc VDS B ) iGN OErErERtA ool A5 i £F

the soft magnetic layers. It is
lower than the above range, the OW characteristics are

worsened, which is undesirable.

It is preferable that the layer thickness of the soft
magnetic layers be 120 nm or less, and more preferable that
the thickness be 80 nm or less. By holding the soft magnetic
layer thickness in the above range, surface properties are
made satisfactory, and the occufrence of characteristic
degradation and worsening of manufacturing properties is

prevented.

A portion of the entirety of the surface of the uppermost
soft magnetic layer may be oxidized. When the number of soft
magnetic layers is one, the uppermost soft magnetic layer is
the only soft magnetic layer; when there is a plurality of
soft.magnetic layers, tﬁe uppermost soft magnetic layer is the

soft magnetic layer among these which is uppermost. In the

11



preferable that the magnetization direction be the
substrate radial direction. It is preferable that the
material of the antiferromagnetic |ayer be an Mlr
system all oy or an MhFe system alloy. Wen using an
wdtdonsrgysmtiem al | oy or an MhFe system all oy, Pey/JP2006/305764
depositing the soft magnetic layers and the

e net y nRg ic field, nge
exaBghsr £*“5"5‘?;‘21n Sé%naudnd bifuctn T SHE G SPrE
S ant_if 0 yer,_ .and 4SO
magb?ﬁgésé of an éhfecgﬁﬁ QBQEG$A %él flﬂﬁeé after
deposi tion, cooling, and S|n1lar beconme unnecessary,
whifbh astigésdrafsionetic Leypref ®rrbiwdadatint kedeni tknaksgn
of the antiferromagnetic |ayer be 3 nmor greater and
thel@agnebizdism direchdopase sbfarmagriatisydegwral Ebyougnm
the case of an WMhFe systemalloy, a thickness of 10 nm
exchangeeaderl brgl W80 hnpher sof esBagrepreflayeise. Iknis
particul ar, when using an Milr.system alloy, and when
preffroabhe ckinessthof mageesnepf epn odbrgritian |beydhe sybitpate
or greater and 7 nmor |ess, the exchange coupling
radgagndirecti@l d can be made sufficiently strong, yet
problems due to the |ayer thickness do not occur. 12

012006/ 9BR0A RCT/c}R2008L 3RE76A 0| T A hseexampl es. shown

in Fig. and Fig. 2, an antiferromagnetic |ayer is

antEE@¥k9ﬁQgﬁ%¥ﬁbk%ﬂy@%e%etﬁﬁ GhistsysQid JMGRELIC ahaykEe 2
and the Second soft nmagnetic |ayer 4; in addltlon to

sysEEhSaQQB¥|Eﬂﬂéﬂ'dELngaEnaﬂhtfe§§§%€ﬁﬁ3¥ﬂd§|o%y%h fafe

al so be tornmed below the first” soft nagnetic | ayer
sysBRN0epesi by Nk pRfil iRBIRBET Soft |MEgtd ANayers and the
antiferromagnetic layer in a magnetic field, exchange coupling
éan be induced between the soft magnetic layers and the
antiferromagnetic layer, and so processes of annealing in a

magnetic field after deposition, cocling, and similar become

unnecessary, which is desirable.

It is preferable that the thickness of the
antiferromagnetic layer be 3 nm or greater and 10 nm or.less
in the case of an MnlIr system alloy. In the case of an MnFe
system alloy, a thickness of 10 nm or greater and 30 nm or
less is preferable. In particular, when using an MnIr system
alloy, and when the thickness of the antiferromagnetic layer
is 4 nm or greater and 7 nm or less, the exchange coupling
magnetic field can be made sufficiently strong, yet problems

due to the layer thickness do not occur.

12



antiferromagnetic fil mwhich is exchange-coupled wth
the forner, it is preferable that the direction of the
magnetic field during deposition be adjusted in order
that the magnetization directions are different. For
WO when the nmagnetization directions HSTHPRRGSETH
magnetic layers and the antiferromagnetic |layer are in
t hen stils teedne Ireadisdlowdi LacFig@n 1 afntd amitg .par,alanhel ,
manufacturing is facilitated, which is desirable. In
antt fier poresendt inVieijieirons proplded @flyarmetween the first
antiferromagnetic |layer, an internedi ate | ayer can be
sofproagokedic letyerer? tand shét seagnetsefd ayrettie layexr 4; in
demagnetizing field coupling. The internedi ate | ayer
addeobshsts fiRuecrfiguRatabhpyan Sodt i feagredagheltayelsyer can
easily form magneti c domains, and nmagnetic donains are
alsa soufecanad s{lidee thei fersbusofh madierinediagiee Rayer can
suppress the occurrence of domain walls in soft

denigh ettt e Mo tab PR SRR can bo
anci SREFETIHE O £ R0PP Rlgne) SLONET AT raas HeoPoF e
o g ot b S R T RELS W S0bA CORG /T a0Be 28506
el 0an P oo ol sal BEPRECHS RS el Fbfmgnet i o

magng)é?E?gigrpddlI g:lt{i:orn%t arggéiﬁ.fflgggne{i CE‘c!ra?/e %181 ilg',o‘ ?ﬁ%&o\:’l’ée

magnetrc crys né un ayer is prov

. B . e d
mag%m%&%ﬂf‘&? Anltz{get:ttéo 5 %'%etﬁgté{;f% gﬁ’@ge'nkg{dl Jaydts aflitne

i ncrease Xxchange coup
antiferromagnetic layer are in the substrate radial direction

and antiparallel, manufacturing is facilitated, which is

desirable,

In the present invention, in place of an
antiferromagnetic layer, an intermediate layer can be provided
between two soft magnetic layers to form demagnetizing field

coupling. The intermediate layer consists of Ru.or a Ru alloy.

Soft magnetic layers easily form maghetic domains, and
magnetic domains are a source of spike noise; but an
intermediate layer can'éuppresé thg occurrence of domain walls
in soft magnetic layers through the bias magnetic field due to

demagnetizing field coupling, so that noise can be reduced.

A soft magnetic crystalline underlayer consisting of a
soft magnetic material can be formed below the

antiferromagnetic layer. For example, in the examples shown in

13



preferable that the soft magnetic crystalline

underl ayer consist of a material having an fcc or hcp
structure. In particular, N -Fe systemalloys and

Co- Fe system alloys are ideal. Because the soft
WYRYNEPISeMcrystal | i ne underl ayer consists of PGI/EZPR6/305764
magneti c material, exchange coupling occurs between

rigthe A Lﬁieg’ r %”H%”%EE Jné%jﬁétfé‘gc%%ssﬁ%tl-irﬁ%gﬂ%%lé?%’%rcan

provi ded ~on.the Substrafe sid e soft nagne

be E5YRLAIddRdNeL ?xtﬁggerif&ﬁa@éé@im%tye?@t LAk £§¥efjr£§.t

provided to contro al i ghnent of "t he perpendi cul ar

Sofgarggﬁgétcigqca' < Bg layer and the dianeters of crystal
grains. As the material of the alignment control |ayer,

Ru or an Ru alloy is preferable. As-an Ru alloy, an
ox® deo &Yy freameatdce cirab te bhi B¢ Minde R Yednd saproxided cbn
. be used. Oxides may be an%/ one of, or two or nore
imp aap gthesiaay s taldgs i tgr oERt hermt Hify rpaegs e tWsehakst ngnd
an oxide systemmaterial, the alignnment control |ayer
to taprerse e grahenge seppting evagneinicf igldindt is
containing Ru are surrounded by a parent nmateri al
Prefprehle sthat dhiedsokdt Bapaetic tcOyshad Ligesrodesdayer
PCT/ JP2006/ 305764 is desirable that the conposition of
conghgt o f ghritatterd@dt havingayerfge ethamristagcsush - t hat
recordi ng and reproduction characteristics are
PargpeRhar.. g“ﬂ‘t?@gﬁé’tsit@mnﬁﬂéwm an@Cpdausedtemnalhgys are
. alignment control l|ayer, but no stipulations in
idegdrticular are nade. It is preferable that the
saturation magneti zati on Ms of

Because the soft magnetic crystalline underlayer consists
of a soft magnetic material, exchange coupling occurs between
ﬁhe antiferromagnetic layer and a soft magnetic layer préﬁided
on the substrate side of the soft magnetic crystalline

underlavyer.

The alignment control layer is provided to control the
alignment of the perpendicular magnetic recording layer and

the diameters of crystal grains.

As the material of the alignment control layer, Ru or an

Ru alloy is preferable.

As an Ru alloy, an oxide system material containing Ru
and an oxide can be used. Oxides may be any one of, or two or
more among, S3Si0z, Al;05, Cra0;, CoO, ahd Taz0s. When using an
oxide system material, the alignment control layer can have a
granular structure in which grains containing Ru are

surrounded by a parent material which is an oxide material. It

14



the alignment control layer be fromO to 200 enu/ cc.
When the M of the alignnment control |ayer exceeds 200
enmu/cc, noise arising fromthe alignnment control |ayer
may cause worsening of the recording and reproduction
WhHOEEBEMI stics. One enu/cc i s approxi nat el RCIEH2N6/395364
12.57.10-4 W/ nR2. It is preferable that the thickness

is %% sihg Al 1grent, Egﬂ SQltLﬁgeragﬁé Stgb%ﬁe Eeébﬁ£r99t

nm or | ess, and at t

1ayL B SKNESS. 8 11 AR ¢ 5@%&5%% P Und PRl olifSE oyhen

e allgnnent control ayer t Ss

t
Charecordls'agll ayer é%g pﬁrrgﬁq}ﬂétclg! g‘{aé:%gm k"wée ® fged
in E‘R‘Q” @b%‘E%ghfaéQ{t E%Qﬂ%'scclp%ﬁ%ﬁa%r&ﬂg
g can

recor mal |, so that ‘récording and

pargfgﬁgquhaoq1%Qpracterlstlcs can be enhanced W t hout a
e 'Tesol ution of reproduced signals. A seed

Iayer can be fornmed below the alignnment control |ayer.
. 15t W3 200670285 @4 tRET/ JIF2 0967 80878 magnes ipatienahs eof
that the seed | ayer be of an NiTa alloy, N Nb all oy,

the Ne TaghregntoycorNirbaBlalykoybe CoNTD dld AP0 MmBécal | Byen the
Ni FeMb alloy, NiFeCr alloy, N FeV alloy, or N Co alloy.

Ms 8¢ themhigmmendedohayel, layer gxcreds Alileematcon obisde
al i gnnent control |ayer can be nmade satisfactory, and

arisheg trysitdle stligoment efnthel perysahdiaguicanseaygneséring
recording |ayer ctan be adjusted. The easy axis of

of hhgneedordingn aoid rherperpbhe ctharactragitics - r Goer enmiec
| ayer i-s aligned principally |n t he

is approximately equal to 12.57-107° Wh/m?.

It is preferéble-that the thickness of the alignment
éont;ol layer be 3 nm or greater but 30 nm or less, and more
preferable still that the thickness be 10 nm or greater but 20
nm or less.lWhen the alignment control layer thickness is
within this range, alignment of the perpendicular magnetic
recording layer is good, and the distance between the magnetic
head and the soft magnetic layers during recording can be made
small, so that recording and reproduction characteristics can
be enhanced without a drop in the resolution of reproduced

signals.

A seed layer can be formed below the alignment control

layer.
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direction perpendicular to the substrate. For the axis
to be aligned principally in the perpendicul ar
direction nmeans that the coercive force in the

per pendi cul ar direction Hc(P) and the coercive force

W 200685¢4udi nal directions Ho(L) satisfy thBCFHER2896/38564
Hc(P) > Hc(L). A magnetic material containing at |east

a €p akloyeAnd an ﬂﬁé&d%h@h§5?§fi§¥efxﬂé(3¥ %%hgiTa alloy,

oxl de-system nmagnetic nmateri a s used Int

NiNBeﬁ@ﬁegiCNlﬁécngﬂ ,!QHHQEPQQH%@,l%ﬁﬁﬁTﬁTgflo%? NiFe alloy,

per pendi cul ar magnetic recording | ayer has a anul ar
NiFREUEL YE, WYL 129 18,St RYEEYN 8118y Wl Ly anggneti
phase, Tconsisting of "the oxide na¥er|al, surrounds a
na%netic phase (nmagnetic particles), consisting of-the
CoByl feyming pergushdiaygirar thtghdy $ 63} evuireditiag lloayef the
with a granular structure, nunerous magnetic phase
aligapent| eentarel diayser sea PR Mpde sohhslprRidwy .phasethas a
result, the magnetization transition regions that are
crysgtaduptruoiurfedifa tisi peraradatidbar gmagnatiic geoaeasidngl e,
and nedi a noi.se can be reduced. 16 WO 2006/ 098504
laypeTraP2bo6i DB - As the Co alloy, it is preferable
thata Co-Pt systemalloy, and in particular a Co-Cr-Pt

sysheneaky oyx e d&s%-gné%itzggtigﬁi g el &fdr@lendilculd

T
preferable that one of, or wo or nore anong, Si02,

maqﬁ%g?ﬁTEngréqﬂ§Llé?é%oas @ Pgnd@20pin@Ph11ALAR3 the used.

e oxide magnetic material, it is preferable that

direRtibh- Perpid Q142016 tRe- CLBOBrPEe USRS dHe iakis to be
preferable that the C content be 5 at%or higher and

ali%gegt Beohclpyery (BndneopRrperbieEabl e dhalctile Geahenthat
e .

the coercive force in the perpendicular direction Hc(P) and

the coercive feorce in longitudinal directions Hc{l) satisfy

the relation Hc(P) > Hc(L).

A magnetic material containing at least a Co alloy and an
oxide (hereafter called an oxide-system magnetic material) is

used in the perpendicular magnetic recording layer.

The perpendicular magnetic recording layer has a granular
structure, which is a structure in which a nonmagnetic phase,
consisting of the oxide material, surrounds a magnetic phase
(magnetic particles), consisting of. the Co alloy. In
perpendicﬁlar magnetic recording layer with a granular
structure, numerous magnetic phése particles are dispersed in
the nonmagnetic phase. As a result, the magnetization
transition regions that are a source of media noise are made

as small as possible, and media noise can be reduced.
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at% or higher and 15 at%or lower); and it is :
preferable that the Pt content be 10 at % or hi gher and
22 at%or lower (and nore preferable that the content
be 13 at% or higher and 20 at%or lower). It is

WP 20aPEsP4e t hat the oxide material content bBCDIPEYHS764
or higher and 15 nol % or | ower (and nore preferable.

that théh@oCQﬁL it jhe ;4 peldepsnid ghelr andJlabdmldegh

| ower). Wen t Cr or oxide material content is”|ower

a11b§anahliein ADOVE; LANEES _cbh@rezseh@@%&%ﬂdf%ewuts'adt he
magneti ¢ phase (magnetic particles) consisting of the
Co al |l oy -becones strong, , magnetic cluster dianmeters
i nBFebBRIO* MR MRfird dlncAéadesPreipramle shatdesier 8Bl eor
Wen the Cr of oxide material content exceeds the

twoapEvBOF Andferng + HeloeF ePvel ¥emr cér8nd PFOMs E@d i TreOs, Mnd
is the residual -magneti zation, and Ms is the saturation

Alfadifetis28ti on. When the Pt content is |lower than the
above range, the effect of inproving the recording and

reRS0EHE 40 e MmafRA006A282941 PCIY Jﬁ?%é’é}%ﬁﬂl that Co-

characteristics is 1 nadequate, and the M /M declines,

cr-$R-508) off %Sda%;trar@eect:g?; ber pgkqf ! uctuations may be
wor sened. Wen t he. content exceeds the above
range, noi se may be increased. The perpendicular
madhetl B cPFeEdrah iRy tIWethﬁaWh‘a‘?'ét%“t Shgt ei¥qpar higher
structure, or may have a structure of two or nore
ang #Pep§¥oPr bR T al Andhimok ed PEEEPERR LR Or¥Ssi il fentant be 8
t hi ckness for the perpendicul ar na netip_recordin%
at¥nodi Bighes M o}d Atdatodr 1aHBr bondRdrit ok Rreferable that

appropriate (and a thickness of 10 nmor greater and
the FthrrpEenkske | X0 ffr%e or higher and 22 at% or lower (and -,

more preferable that the content be 13 at% or higher and 20

at% or lower).

It is preferable that the oxide material content be 2
mol% or higher and 15 mol% or lower (and more preferable that

the content be 4 mol% or higher and 12 mol% or lower).

When the Cr or oxide material content is lower £han the
above ranges, the exchange coupling with the magnetic phase
(mégnetic particles) consisting of the Co alloy becomes strong,
magnetic cluster diameters increased, and noise increases,
which is undesirable. When the Cr or oxide material content
exceeds the above ranges, the coercive force and Mr/Ms decline.
Mr is the residual magnetization, and Ms is the saturation

magnetization.

When the Pt content is lower than the above range, the

effect of iﬁproving the recording and reproduction
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preferable). When the thickness of the perpendicul ar
magnetic recording layer is 5 nmor greater,
sufficient magnetic flux can be obtained, and during
reproducti on the output waveform is clear wthout a

dro& in_output, so that the nedia is suitable for )
VP GHOEERS ty recording. When the thickness ofCHpR006/305764
per pendi cul ar magnetic recording layer is 20 nm or

chalk888eris0ad SN NGaRfequlteBgngt t Ke PNAAE (dRANGEISG so that
particles) can be suppressed, so that degradation of

reshi8€8hEE NEo Kk /RN Gdueku@BiofBanaEt s I\l deheCRKAR the.
i ncreases in noise do not readily occur. It is

Pt RbRtenebbecddttd tHe apeReCkY¥RgEDI 6619 ddif be increased.
per pendi cul ar magnetic recording | ayer be 4000 Ce or
greater. Wen the coercive force js lower than this
r ambe, PEFRENGILDIARt MGANGRdCr BEFRTAS tayahdPYanave a

. fluctuations are' reduced. When the M/ M of the
singdPpdAdRE ut BT STFfet € PE¥oPAYRG® FTEIRGTHYIE pdévgr a5t BPTe
than or equal to 0.95, good resistance to. thernal

layergcPhiaf? b 3l “d-é;hoﬁitlgifﬁéf‘t 18R 08504
PCT/ JP2006/ 305764 \When the reverse domai n nucl eus

f opmahi @onéBPnRid G Hel letpbnbinduDir tihegmariRendiceotdang
magnetic recording layer is 1000 or greater, good

medi@Sbst 8NER ¢O JeitE ahldueDHAL beNSe €8N Paprdipaiiaed. (hhd
is preferable that in the perpendicul ar magnetic

a theeRhdsB0ot ay®mm tdie gavarageagaal & wh ayetieyss Ast here
magneti ¢ phase (magnetic particles) consisting of a Co

predelraplbp. . WhdintHe tMilk&nBdb 8fNHMOIpdASdibuls ravagageic
grain dianeter can for exanple be determ ned by using

recbEll ofr 2aget Sisd B il @6t g@Bater, sufficient magnetic flux
can be obtained, and during reproduction the output waveform
is clear without a drop in output, so that the media is
suitable for high-density recording. When the thickness of the
perpendicular magnetic recording layer is 20 nm or less,
coarsening of the- magnetic phase (magnetic particles) can be
suppressed, so that degradation -of recording and rep:oductibn

characteristics such_as increases in noise do not readily

occur.

It is preferable that the coercive force of the
perpendicular magnetic recording layer be 4000 Oe or greater.
When the coercive force is lower than this range, the

resolution and resistance to thermal fluctuations are reduced.

When the Mr/Ms of the perpendicular magnetic recording
layer is made greater than or equal to 0.95, good resistance

to thermal fluctuations can be obtained.

18



m croscopy) to observe the perpendi cul ar magnetic

recording |layer, and perform ng inage processing of

the observed imge. A plurality of perpendicul ar
netic recording |layers can also be fornmed. The

“Hé‘ﬁﬁwmﬂPotectlve | ayer prevents corrosi on ofCHHR006/305764
per pendi cul ar magnetic recording | ayer as well as

Priv&ntd g redaPRge dbRat ReniB @ SﬂH}:fn%(i‘iolr'lp%ﬁgﬁQBEéCflé’id
the nedia with the magnetic head, and is fornmed from

(~HE BRI PONehel BQRURLPL REGAMEL d aV&RIo S N0 ABE DY st D00
Fasna évg%rﬁg?hodu It |s&de3|rablé)thgﬁotﬁg fhlgkness °or

greaéef heg&d bt 1 RBALECELVERL AYEY D&k APiBhsIESAL BE and
nmor less; a thickness of 1 nmor greater and 5 nm

obtg[négss is ideal . By setting the thickness of the
carbon protective layer in this range, the distance
bet ween the head and the perpendicul ar nmagnetic
retbrif Mref@frebleaknBE HAdENS RETPeRHicH afr BAPPRBIC
st andpoi nt" of high-density recording is desirable. 19
recoys g 6Y pFe504 heCRV S P26 63 BT g & rcdPpsheprageetice
| ayer can be forned at least in part by the plasma CVD
Phaggt MRRENSHE CaFtAsleaxafphel PelnE o |agl9°eélt18Yh59e4 anm or
first carbon |l ayer fornmed by the plasma CVD nethod and
mora E%Eo%d"%ér”o&ﬁslsaygﬁlﬁoﬁﬁéﬂa%%/ Halguttieresgr RREhHAT
is preferable that the lubrication |ayer use a
exaﬁ@%?l@%r%ﬁﬁﬂﬁﬂﬁﬂ%@rbePEbP?d%E%NEﬁﬂﬂﬂsmqﬂs&épl géectron
carboxylate, or simlar |ubricating agent. Next,  a
mlCﬁ%?ﬁ%ﬂVbftQHQHﬂ%£H€uFBeoPeﬁ%@%%&qQﬁqﬁuﬂﬁqmeﬁgcnéaFardlng

layer, and performing image processing of the observed image.

A plurality of perpendicular magnetic recording layers

éan also be formed.

The carbon protective layer prevents corrosion of the
perpendicular magnetic recording layer as well as preventing
damage to the media surface upon contact of the media with the

magnetic head, and is formed from carbon.

The carbon protective layer is formed by the plasma éVD
method.

It is desirable that the thickness of the carbon
protective layer be 1 nm or greater and 10 nm or less; a
, thickness of 1 nm or greater and 5 nm or less is ideal. By
setting the thickness of the carbon protective layer in this
range, the distance between the head and the perpendicular
magnetic recording layer can be made small, which from the

standpoint of high-density recording is desirable.
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of the present invention is explained. Fig. 3 shows an
exanpl e of a manufacturing apparatus which can be used
in a nethod of manufacture of magnetic recording nedia
of the present invention. This manufacturing apparatus
Wi0s2086/830n deposi ti on system provi ded with a FGT/IER006/3Q5 ¢4
magnetic |ayer formation chanber 22, for formation of a
Fifind 20bbnBIBELLC VEYRLyer QnSWRSLANEaT 1 Afleast in
antiferromaghetic [ayer formation chanber 35, For
par{ QyTiHe0 lggmaaEVﬁnﬁé$ﬁ3&Pqﬁﬂp%khcfb?yggaﬁﬁ%@ s&cond
sof't magnetic | ayer ormati on.chanber 24, for
e i,.C rwé;
cont fUIE B Raud, BorTRey S T RT s SRa RS pf e plasna
CVDfﬁgﬁﬂyH %Qdog @@c@hhgggqggn‘¥§1.rokokﬁggrb?;aas?uttering
per pendi cul ar  nagnetic recordi ng layer formation
metigdignber 26, for formation of a perpendicul ar magnetic
recording |layer 6; a heating portion 28; and a
protective |layer formation chamber 27, for formation
of1ta icapredeprblecthate thy drubzicagipn 20961 098501
PCT/ JP2006/ 305764 The formati on chanbers 22 to 26 are
per Haxnpred viebhgsposivorigerslapdiody Sgyerédpngaspounioatifor or
_ nmethod. Wen enploying a sputtering nmethod, a
simshan tlainigatangeagedhtaining at least in part the
material of the layer to be forned is provided within

t hee f1Or RLIQR A8 FDRE fu Atk L& r Thgneend: Eé88§dﬂfg media
operation when depositing |layers usi'ng -sputtering

of 1R NS ceRN 1hQeneX8APLE de@sidfed | ows. The substrate is
placed in a formation chanber, and the formation

chanber_ is evacuated to a pressure of 10-4 to 10-' Pa.
Arfig- éné@ﬁéﬁ_éﬁu?ﬁ%??%@ @ M@NUERREY it AP o2PPREatus

formation . .
which can be used in a method of manufacture of magnetic

recording media of the present invention. This manufacturing
apparatus is a film deposition system provided with a first
soft magnetic layer formation chamber 22, for formation of.a
first soft magnetic layer 2 on substrate 1; an
antiferromagnetic layer formation chamber 23, for formation of
an antifefromagnetic layer 3; a second soft magnetic layer
formation chamber 24, for formation of a second soft magnetic
layer 4; an alignment. control layer formation chamber 25, for
formation of an alignment control layer 5; a pe;pendicular
magnetic recording layer formation chamber 26, for formation
of a perpendicular magnetic recording layer 6; a heating
portion 28; and a protective layer formation chamber 27, for

formation of a carbon protective layer 7.
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chanber, and a layer is deposited by supplying

electricity to the sputtering target. As the film

deposi ti on nmethod, vacuum evaporation deposition, an

i on beam nethod, and simlar my be used. Below, an
weami198s06f a nmet hod of manufacture of the RCISEM06/305764

invention is explained, taking as an exanple the case

A PORELERE PhehOEr S5 T R6 ERR. PaPanse) S ety
Laydf g, bbBbH Ry et P ur g, McaPS: o Rl BaefRrPor che
ot Smgh PeroFor Rt PEr rb e 25 pRBtoEhpBE dt ofeat an
par A 35 LA s YD o S d PR B bt oo T e i g

form_.t tiferro netyjc layer 3. 21 WD 2006/ 098504
the F’%rr/mfl-r’ég&%g@gg%ﬁs %E?g%c,' ja ‘ter passing through the

formati on chanber 23, the substrate 1 is placed in the

seffenctomdfit inagnef | cpémyterorf ehieat deposhairber l2dersantsing

sputtering or another method is used to formthe
-sputsteamgy sefthodagnethi £ot agpaample Breens dabléowpassi ng

t hrough the formati on chanber 24, the substrate 1 is

PR At iEe2l LOGTERLL SO lo LAXSEn! QLARELON ang sne

cha and ering or anot her ne I's use

for%égfgn %ﬂ%mﬁ%&gﬁggggagﬁggééﬂtg ay &e§5uggr%gg§é?lg%ti?; Pa.

position I'n of mat 1 on chafbers _
ar O &ligliale b 4 NG MRLGLIAL S tgﬁé.ﬁ fe
g Sysrgﬁﬁ%gtSFIg%§¥@$ﬁe&$ayerq%% &gpésF?e MA% f%éé?g
dhmﬁﬂggtE§&Pallayer is deposited by supplying electricity to
the sputtering target. As the film deposition method, vacuum

evaporation depesition, an ion beam method, and similar may be

used.

Below, an example of a method of manufacture of the
present invention is explained, taking as an example the case

of manufacture of the magnetic recording media shown in Fig. 1.

As shown in Fig. 3, the substrate 1 is placed in the
first soft magnetic layer formation chamber 22, and a
sputtering method or similar is used to form the first soft

magnetic layer 2.

Then, after passing through the formation chamber 22, the
substrate 1 is placed in the antiferromagnetic layer formation
chamber 23, and sputtering or another method is used to form

the antiferromagnetic layer 3.
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in a heated state. The heating tenperature can for
exanple be from 100 to 400C. Then, after passing
through the formati on chanber 25, the substrate 1 is

pl aced in the perpendicul ar magnetic recording |ayer
wWonas®m chanber 26, and sputtering or anotA¢aIvIP@s/BEsds4
is used to formthe perpendi cul ar magnetic recording

| ayer 6, -..consistin f_an oxide stem magneti c
nalE?PaFftgﬁcﬁaagl?%rgh%lgﬁbl@qogi%P9§?9§igga%?er 23, the
- Q- Bt - ._The perpendi cul ar netig.recording
sungtidde ' Bldcedotn Rt o sty Youd HBG0eE ik IS ot em
netig. eri,bal has a uttering_target, or, the.
forf QU halBER 28, ie oSy L Y anOL Rt  nff g kst e
LN resence of sputterin as ,contai ni ng oxygen as
to %P?%uﬁﬁgﬁggﬁaﬁ 3?%fh§a &?%%:%h &H Al The process of
formati on of the perpendi cul ar magnetic recording 22 WO
2006IrQ9 8504 rPEI5 3 PAO 06 B0E3I64 hd dypemafiiba chbmeelr the, the
per pendi cul ar magnetic recording layer formation
subprocesd iBepdasedann oxhelea kikgtremt raghedilclapterfamdtsion
used in the perpendicular magnetic recording |ayer 6,
chariieart 13ty @hdt bputsabshg ade dnairamgedépdsisi osed sto form
unnecessary. It is preferable that the tenperature of

the t &k guiesitr @baettotlutapgr fDr mati on of the perpendi cul ar
magneti c recording |ayer 6 be |l ess than 80C, and nore

f[}nﬁﬁsxeiﬁggb'ﬁlﬁr{‘@teptog‘itﬁﬂp?{:aEHé ef%’f%%tg;fo% tchn%%g%‘?:@- 2BY o 25,

ans, € "COércrvd-force, 1 on and of héer

it g%g%‘:leefﬂe“rab‘i'%aﬁ;ﬂgé%héﬁi%iﬁ r}no%%ﬂ%‘i‘% Eg%?f?ﬁér.?r%iccgé”d

ent recordi ng and repr uction characteris

systel) n?aecBe‘}ﬁ;a?sgeghéﬂﬂSyQP "D e S RIRRT Lo " SO ALNG 1

ayer
in a heated state. The heating temperature can for example be

from 100 to 400°C.

Then, after passing through the formation chamber 25, the
substrate 1 is placed in the peréendicular magnetic recording
layer formation chamber 26, and sputtering or another method
is used to form the perpendicular magnetic recording'layer 6,
consisting of an oxide system magnetic material, such as for

example Co-Cr-Pt-5i0; or Co-Cr-Pt-Cr,0s;.

The perpendicular magnetic recording layer 6 can be
deposited using the above oxide system magnetic material has a
sputtering target, or the layer can be deposited by a reactive
sputtering method in the presence of sputtering gas
containing oxygen as a raw material of the oxide materia%. The

"process of formation of the perpendicular magnetic recording
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granul ar structure in which the nonmagnetic phase,
consisting of oxide material, surrounds the nmagnetic
phase (magnetic particles) consisting of a Co all oy.
Next, after passing through the formation chanber 26,
wWohaoo/ewdtrate 1 is placed in the heating pdtQli/xpaces8)s7e4
and the heater 29 is used for heating. The process of

lay?ﬁeéofgnéglle%e%klng kﬂeﬁgf {Eﬁglﬂgﬁj E%IQQE§§d£ﬁ%g @9

heating proce ortion

£ dgg erature of the substrate 1 (hereafter
Orﬁg*fed t "Epln1dep03|t|on tenperature") during

formation of the carbon protective layer 7 in the
prigeoida@n gyadef syabhenoredtetnisemazerijal is used in the
preferabl e that the heating tenperature be set such
perpéndiciar MagmetiépostcooRin@nierett (fr.e heat806g of thgher,
or nore 23 WD 2006/ 098504 PCT/ JP2006/ 305764 preferably
subgooCerl kiugheg, dapdsitioh hprennmasissealyl-y I200E preferable
hi gher. I n consideration of the possibility that the
that ebipertanpegatyfret R Shessvbserat vy duglingwlipkwation of
transporting the substrate 1 fromthe heating portion
the2Betpeidieyinet eaatheeitayetofdimptliagrer Ghagbees27thimesoec,
heating tenperature can be set to a higher tenperature

o TR R S
thi n Rer a ature whi, c?oi s 5¢to gOC hi hqgc
?h%%a ?he i PEA&PaSI 5% te%%eraJﬁVean§p8E FFcArPyYs -4

erature f for a er,..can be used
chaf?%c eri 3h E ﬁ Eacg’élosriyange ofaxf:ﬁ lent

cons eratlon of ™ e
ugsﬁrzg
recording and reproductlon characteristics can be obtained.
The perpendicular magnetic recording layer 6 has a
granular structure in which the nonmagnetic phase, consisting
of oxide material, surrounds the magnetic phase (magnetic

particles) consisting of a Co alloy.

Next, after passing through the formation chamber 26, the
substrate 1 is placed in the heating eortion 28, and the
heater 29 is used for heating. The precess of performing
heating in the heating portion 28 is called the heating

process.

The heating portion 28 is used to raise the temperature
of the substrate 1 (hereafter called the "film deposition
temperature") during formation of the carbon protective layer
7 in the.protective layer formation chamber 27; it is

preferable ‘that the heating temperature be set such that the

film deposition temperature is 80°C or higher, or more
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1 or of the filmdeposition apparatus, the heating
tenperature can for exanple be set to 400C or | ower.
Next, the substrate 1, having been heated in the
heating portion 28, is placed in the protective |ayer
WhHhHBYA chanber 27. . The protective | ayAICTHIGRMaBISOH
chanber 27 is for exanple provided wth a plasm

el ectrode, ,a high-frequency power supply to supply,

Pre‘?ﬁ’gﬁ%’-]fyr g(élge%c?fr %o 3PF; §€é¥\§c‘l‘?6%ie9rea?ﬁ)fa§lyr @Qﬁt ¢ ver
~ gas supply source to supply the starting material for
highe¥e carbon protective layer 7. Wth the substrate 1
pl aced in the protective layer fornmation chanber 27,

t hg, %rnlsqee%e&sst.J;fetﬂl@y;s%rssaﬂiaift?r R Bie t 8l AR
CVD net hod on the substrate 1, at fhe above 24

of‘@Q@Qﬂﬂ%&Q@@épgTﬁgﬁzggﬁfagﬁﬁﬁﬂtr@%%%BEP?ggffﬁQWsubstrate 1

deposition tenperature, with the reactive gas as the

fromi@fd I tTREChbat i oA\S2 8 N& NORCHIrVE e8RS ve 2Da P& P34 Gnation
conmpound- such™ as acetyl ene, ethylene, or toluene iIs

chat$i€d.27TN8 hePRRE SR g Of e FHLNG f RENCREDQBL PESL £C gt
layer 7 is called ?he protective |ayer fornation

temPE OAESS tWARNthBCaPbAS e LMIHIR! B9 8eH88ft Abn | OW
tenperature to deposit the carbon protective |ayer 7

temﬁé&é%ﬂ%@%ﬁ$ﬁ@ﬂigopk@feréﬁﬁénﬂﬁﬂtc%hérhgﬁgﬂﬁ&iEeﬁﬁ%%Hﬂﬂr%gbe
layer 6, it is difficult to 'forma carbon protective

setI (% €MﬂH%r§?B%%CLﬁp%Ayignfg} %&%%.H% SapgtﬁgQ?%g g%ﬁ than

adhesi on; bu rough heating to déposi
protective.layer 7 at the abqve-described fi] m

the GEOIE R it ShAcr SParet S o ber gl Geodbr va TRgrarure
with high density and excellent adhesi on can be

of £y fxs@Pple 100°C or higher can be used.

In consideration of the heat resistance of the substrate
1l or of the film deposition apparatus, the heating temperature

can for example be set to 400°C or lower.

Next, the substrate 1, having been heated in the heating
portion 28, is placed in the protective layer formation

chamber 27.

The protective layer formation chamber 27 is for example
provided with a plasma electrode, a high-frequency power
supply to supply high-frequency power to this electrode, and a
reactive gas supply source to supply the starting material for

the carbon protective layer 7. -

With the substrate 1 placed in the protective layer
formation.chamber 27, the carbon protective layer 7 is formed

by the plasma CVD method on the substrate 1, at the above-
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Next, the di pping nmethod or another nethod is used to
apply the lubricating agent onto the carbon protective
layer 7 to formthe lubrication |ayer 8, to obtain the
above-descri bed magnetic recording nedia. According to
t he above nethod of manufacture, after formng the
WOSMENER% ul ar magnetic recording |ayer 6 cd§INIELA0H0SHTH
an oxide system nagnetic naterial, the substrate 1 is

des%ﬁ?ﬂéﬁiffi%dd%Eﬁs?Lféﬁmké%ﬁ%fggd}%grb%%ﬁsggea e&é%&@ﬂ“ﬁg%

m deposi Tl enmperature to m the carbon
as HLIRGANMG anBéSEiZJr.VX‘se”cﬁeorr@ar&%iﬂrQ.e RE! PERCL £4U A .
magnet i c recor I'ng Tayer 6, by eeplﬁg the tenperature

B e o T bk e
proégggqﬁ?qggﬁ§gé7§ﬁe %%@%ﬁgkﬁQ§ﬁQﬁqv§a&%§E?C§oiy ci%}ed the

recordi ng and’repro aracteristics can
i.ned. c [ netic material is used as
PF°§§§§3ﬂ%aﬂgy?§|@gﬁﬁ?ﬁ£°§§¢{§§1i cul ar magnetic recording
| ayer 6, -in contrast with cases in which a Co-Cr
sydteamtdiel gyasmaotiermetiord dd deednedr lak Fempeeskuteeo
magneti ¢ phase and the nonmagnetic phase can be
depgifartitee ¢ agbohoproeapei @ Urdaer whén sucaeagiemeteditison
protective layer 7 by the plasma CVD nethod, film
perpripbgiuliagn magnpei € oraeerdkna laygly tenpér asudeffiewnldt to
is, at a high filmdeposition tenperature, so that
form heraarbon mirpkaakicar bayeboridimgustfigiant indhagle ateyonity
protective layer 7 with-high density and excell ent
and irsslilent gdbBsapnedout Hene gradneaitiiagr seodelPogl heldiaa
conbi ni ng good recordi ng '
carbon protective layer 7 at the above-described film
deposition temperature, a carbon protective layer 7 with high

density and excellent adhesion can be obtained.

Next, the dipping method or another method is used to
apply the lubricating agent onto the carbon protective layer 7
to form the lubrication layer 8, to obtain the above-described

magnetic recording media.

According to the above method of manufacture, after
forming the perpendicular magnetic recording layer 6
consisting of an oxide system magnetic material, the substrate
1 is heated, and the plasma CVD method is used at the above
film deposition temperature to form the carbon protective

layer 7.

When forming the perpendicular magnetic recording layer 6,
by keeping the. temperature low, degradation of the coercive

i

force, gradation and other magnetic characteristics can be
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and reproduction characteristics and good durability
can be obtained. Fig. 4 shows an exanple of a magnetic
recordi ng and reproduci ng apparatus which uses the
above magnetic recording nmedia. The magnetic recording
w0 ¥pieduci ng apparatus descri bed here i PQIIENGBET64
with magnetic recording media 11, a spindle notor 12

dr di
pre Y e B BT i M R R meRESTREE TR ot 0
Chapy%gﬁ tq%gC%gnl gf 0 %ior?&ﬁf romthe magnetic recordi ng

a head ac and a recordi ng and
reprodu0|ng si-gnal proceSS|ng system 15. The recording
amgecauss eduorndesngoatt p¢ ooxssiing dysuerdlbsptibeesses
i nput data 26 WO 2006/ 098504 PCT/ JP2006/ 305764 and

mateerals afeddvedprgpsndnal bart ongddre tnisgretcocdhegdld@er afd in
processes reproduced signals fromthe magnetic head 13
confarabt outtputcesebeidavhiclf ExdipiG BysSebstilavgsod, owgch
were crystallized glass substrates (dianeter 48 nmm
nonaperdaima tgaribilonsduaset ethed Inagnettin phasssang. 608 nm
aver age surface roughness Ra = 0.5 nn), were prepared.
nonfidgnatuitbehask sanpbessepasrdtzd AtDCovagrebevatspett eri ng
system (Anel va nodel C—3010) was used to deposit filns

O;IWI‘H}‘? f%%ﬁ'i‘{cf:attﬁ cgf‘?]e lfé%cﬂ:'\)emla e\éler?ebgeg‘%ioﬁgégma

I'rst evacuatin ormati on charber to

CVDP e dIen ¢:83K d?e%o’%&t%ﬁ 5 gt ge}PSrrﬁé’&”?E'éj Cdgf" e@%ture,

e sputterln as partla Iress re at
thag f%%t a high film deposition temperature, so that there

is minimal carbon bonding strain, and. a carbon protective

layer 7 with high density and excellent adhesion is obtained.

Hence magnetic recording media combining good recording
and reproduction characteristics and good durability can be

obtained.

Fig. 4 shows an example of a magnetic recording and
feproducing apparatus which uses the above magnetic recording

media.

The magnetic recording and reproducing apparatus
described here is provided with magnetic recording media 11, a
spindle mbtor 12 which drives rotation of the magnetic
recording media 11, a magnetic head 13 which records
information onto and reproduces information from the magnetic
recording media 11, a head actuator 14, and a recording and
reproducing signal processing system 15. The recording and -

reproducing signal processing system 15 processes input data
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A pinning |ayer 10 (thickness 30 nm of Co-Cr-Pt-B was

deposited on the substrate 1. Next, a first soft

magnetic | ayer 2 of FeCo (thickness 100 nn) was

deposited. Next, an internediate |ayer 3 of Ru

WO PERB¥ss 20 nn) was deposited. Next, a pdiGIemdive/Nsac

rmgneti c recordi ng | ayer 6 of Co- Cr-Pt-Si02 (thickness
os t ture o ub ate

and se Q?R ?lshﬁ tﬁﬂpﬁ{ egd ﬁggkz 5&&

urlng or abi 9 e perpe i tic

proceescsoersd r%%rogégcrad(ss afgﬁ‘b J}Pi:th’e Qt%énﬁeg&/%&x{?d

was use eposli a Ca pro Ive Iayer

nm . The tenperature durl ng 27 WO

OUtéL%%%%S?%ZéPCT/JPZO%/ 305764 formation of the carbon
protective layer 7 (filmdeposition tenperature) was
40(Exampdesdi f ace of the carbon protective layer 7 was
subj ected to tape burnish treatnent. The polishing

oi-opa gs %ﬁswﬂkggjﬂg#éqgggﬁﬁﬁyﬁﬁgﬁg5?g?9ys§§@tfgg%s

I nNg orce was atron rate

(dl%égﬁé&DQ% WM 5 BQ %ESdﬁ SN A %ﬁk% |t¥2 %r|cé$|on

a di ppin was use ormt
f lny et y@p
0. 5¢§¥1‘ﬁ'& %’ve?i‘gag-' 8 rk?%% ,%ﬁ“ﬁ%ﬁug{ Op-ooy? r| tatl n% agent

preE? {L&?mfh%th ggdofpgglﬁ]ﬂgs s&be% guere adj usted such

at " thet nesso rlcatlonlayer 8 was 1.8

nm (Exanple 2) As the.substrate-1l, silicon substrates
(d&dﬁbm@@ng@rQﬁ]sputterlng system (Anelva model C-3010)

was used to deposit films on the substrate 1 as follows. Film
s were deposited by first evacuating the formation chamber to
2x107° Pa, then leaking Ar gas into the formation chamber as

the sputtering gas, with the Ar gas partial pressure at 0.6 Pa.

A pinning layer 10 (thickness 30 nm) of Co-Cr-Pt-B was

deposited on the substrate 1.

Next, a first soft magnetic layer 2 of FeCo (thickness

100 nm) was deposited.

Next, an intermediate layer 3 of Ru (thickness 20 nm) was

deposited.

Next, a perpendicular magnetic recording layer & of Co-
Cr-Pt-5i0; (thickness 10 nm) was deposited.
The temperature of the substrate 1 during formation of

the perpendicular magnetic recording layer & was 40°C.

Next, the plasma CVD method was used to deposit a carbon

protective layer 7 (thickness 4 nm). The temperature during
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aperture portion diameter 12 nm thickness 0.508 nm
average surface roughness Ra = 0.5 nn) were used;
otherwise, simlar conditions as in exanple 1 were
used to manufacture magnetic recordi ng nedia.

WOR eMR®Ws 3 to 14) After forning t he per pendtGIuIPAN06/305764
nagnetlc recordi ng Iayer 6, and |nned|ately bef ore

rord U % SR CASRER PR SAALE LBUAE, 1k sA0R Bpbstcad

substrate 1, othermnse conditions simlar to those of .
tempszahnre! 1¥3Ad? Banmpl e 2 were used to manufacture the
magneti c recording nedia. The heating tenperature in

t g healdmge B?r{:hé’nc%.aoo@ dtfé%tfwbnngg@QSbtw@
tenperature when formng 28 WO 2006/ 09850

sub N elP20843R5B ¢ Lher LB 2HEChbYEsh YS! tab1@Nifed

Indicated in Tables 1 and 2. The tenperaturé was

was el BeitRd t%%bnﬂaﬁﬂfégéﬁﬁéc?%} SDeRRLUL8119A49€orce was 30
‘(Ref erence Exanpl e) For reference, | ongi t udi na

gf [PENGIN)C kREOLdLDE; SR A e RIAVIEOD Wohh 8ndROREIESntact
recordlng | ayer not containi ng oxide rmaterial was

veldd8RARGS 0.1 khl/s, exanple, the substrate was heated to
approxi mately 300C bef ore preparing each | ayer, and
the tenmperature was approxi mately 300C when the plasma
C\HeXthetthGd PRASIUBEEN®D Yt Mase teafBsR phet Js%l?w%atlon
| ayer. The 50 sanpl es of each of the exanpl es were

layey a%re&qw&tlmanﬁératm@fl&mﬂﬁ%wheﬁanﬁng?n afogming the
tenperatuyre of 80C and humdity 90% for one hour.

lqu?ﬁﬁququ%@¥9rs§onE§ %%F%%?ﬂ%ﬂﬂ%jagﬁﬁé §PNGePFRRCIAN #nd

spin stand, and a_head was used in ten seek
pulling speed were adjusted such that the thickness of the

lubrication layer 8 was 1.8 nm.
(Example 2)

As the substrate 1, silicon substrates (diameter 48 mm,
aperture portion diameter 12 mm, thickness 0.508 mm, average
surface roughness Ra = 0.5 nm) were used; otherwise, similar
conditions as in example 1 were used to manufacture ﬁagnetic

recording media.
{(Examples 3 to 14)

After forming the perpendicular magnetic recording layer
6, and immediately before forming the carbon protective layer
7, the heater 29 of the heating portion 28 was used tc heat
the substrate 1; otherwise, conditions similar to those of
Example 1 and Example 2 were used to manufacture the magnetic
recording media. The heating temperature in the heating

portion 28, and the film deposition temperature when forming
28



operdations. Table 1 shows adhesion rates, which is the
nunber of. surfaces for which adhesion of |ubrication
material was confirned anong total 50 sanples, when
head slider surfaces were observed using an optica

WA PP¥8Whe. Because both sides of each sani(@/IR406/305764
exam ned, the nunber of surfaces for the 50 sanples

the WS g0 IPEL%%C%%Q %gg@kev a, ke 99&%% 4/ R§, o%%%o& apd 2.

measur e appar a was used, w a Ioa

( pd C {mq%
Thesﬁﬁﬁé%%§kﬁq%5bn$ m%?%% mas raggeg%? SEeé09ﬁ%§ove
gau Jrface;- Table 1 shows scratch rate, 29 WO 2006/ 098504
CT/ JP2006/ 305764 which is the nunber of surfaces for
whi ch scratches in or separation of the carbon
pr Btedsttenee &remp¥ebccurred anong total 100 surfaces.
Fig. 5:and Fig. 6 show trends in adhesion rates and

SCF A Gl Aelefige , aﬁoﬁgp&sa Q{agtrﬁ?eec J.IEe?EEBQdiﬁ‘gFSé@fé” e

in the heating process 1 Substrate

rovifsd LALS ueﬁggﬂetfb'%m% a%rrah? cB?@%iﬂi‘ﬂag oxide

tenperature deposition rate (

I, Exq, r lJz P
mat&e{g)f "aatsu g’g}%janpﬁqmﬁlé:u%’géﬁ&ﬁm%ﬂg %%rgge 1“":l 2

heated to approx;mately 300°C before preparing each layer, and

the temperature was approximately 300°C when the plasma CVD

method was used to form the carbon protective layer.

The 50 samples of each of the examples were placed in a
Temperature & Humidity Chamber at a temperature of 80°C and
humidity 90% for one hour. Then, the 50 samples were placed
one at a time on a spin stand, and a head was uéed in ten seek

operations.

Table 1 shows adhesion rates, which is the number of
surfaces for which adhesion of lubrication material was
confirmed among total 50 samples, when head slider surfaces
were observed using an optical microscope. Because both sides
of each sample were examined, the number of surfaces for the

50 -samples was 100.

For each sample, a Heidon 14 type surface measurement
apparatus was used, with a load of 100 gf (980 mN) applied to
a diamond indenter (conical angle 90° tip R 25 pm) which was

dragged for. 30 mm over the surface; Table 1 shows scratch rate,
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Exanpl e crystallized PMRM yes 50 50 10 6 3 gl ass
Exanple silicon PMRMyes 50 50 5 3 4 Exanple
crystallized PVMRM yes 100 80 0 O 5 glass Exanple
silicon PMRMyes 100 80 0 O 6 Exanple crystallized
woMROgess4 150 130 0 0 7 gl ass Exanpl e sil i c ¢ TRRENG/HS364
150 130 0 0 8 Exanple crystallized PVMRM yes 200 180 O

. - | S | i ] P 2 0. 0
which b ThAORUKBIPLE SULLAY BIRNASR2 - 1088 o 1
chacrm- l-e %l Ligo Fﬁ/mﬂ 9@% 8 1 e
Sepcr-ystz?l P?zgthgﬁ ye§%%§b 3 8%b969e¥37g$8§§§ggaﬁﬁﬁ§g
i 14 P es 400 380 0 O 14 *1: PMRMEperpendi cul ar
t P = \ perp
ot e ng medi - 30 VIO 20067 098504
PCT/ JP2006/ 305764 From Table 1, it is clear that by
adﬁhLiﬁgaadh§agLng show trends_in adhesion rates and
scratch rates, as functions of'the heating temperature in the

heating process.

Table 1
Substrate Media |Substrate| Heating Film Adhesion| Scratch
heating |temperature| deposition |rate (%)] rate (%)
{°Cy temperature
(*C)

Example] crystallized| PMRM*1 no -- 40 43 17
1 glass

Example gilicon PMRM no -- 40 36 12
2

Example] crystallized PMRM yes S0 50 i0 3
3 glass

Example silicon PMRM yes 50 S0 5 3
4

Example| crystallized PMRM yes 100 80 0 0
5 glass

Example silicon PMRM yes ~ 100 80 0 0
6 .

Example| crystallized| PMRM ves 150 130 0 0
7 glass

Example silicen PMRM ves 150 130 0 0
8

Example] crystallized PMRM yes 200 180 0 0
9 glass

Example silicon PMRM yes 200 180 0 0
10 . .

Example| crystallized PMRM yes 300 280 0 0
11 glass

Example silicon PMRM . yes 300 280 0 0
12

Example] crystallized PMRM yes 400 380 0 0
13 glass

Example silicoen PMRM yes 400 380 0 0
14

*|: PMRM=perpendicular magnetic recording media



process in the manufacture of perpendicul ar nmagnetic
recording nedia using oxide system nagnetic materi al,
adhesion of the lubricating agent on the head slider
is dramatically reduced. Further, scratches on the
WO RPEYES0df and separation of the carbon pr W E6PRAPEI05764
| ayer 7 do not readily occur, and the adhesion
properties of the carbon protective layer 7 were found
to be inproved. This is thought to be because the
hardness of the carbon protective layer 7 was an
apprapliaiptle lvalteis| ¢clems frady hdopibheg theeating
substrat.e heating tenperature is set such that the
prodédamidefdei maonfaehpee v liredpgndilgal agambgnepi ot eetdnding
| ayer 7 is 80C or higher, good-quality nmedia can be
medibtud imgd oxlide| sydesmradyret imamaties ibdat edhet eopev it three
be 400C or below, in consideration of the thernmnal
luby s Sitrgn@gengf ohhehéi headeplogiarn as dpparttiaosllyn order
to conpare the quality of the carbon protective |ayer
redyced. Ruraheggnetiretchesrah Mharsdird agk vlfeasdaappesataimh of
of the reference exanpl es, Raman spectroscopy
the neashore peotechere lpeef of mia ndkasaddédwnbscuer eand the
performed for five randomy selected sanples from
adhawninmy privpe3®isanpleshe f oarhdn ggogeichtivealageery W@k i n
the circunferential direction at positions at a radius
foumd 22 hemimpwdvete aAkesape Wfoudhd ttlor be heasusenemt s was
taken. 31 WO 2006/ 098504 PCT/JP2006/ 305764 The 1d/1g
hardieshe fRainen capbonr psecopyt e shaverent yaissanhappaepol afe
the intensity of the sp2 bond G band to the spa bond D
valpand for carbon, and is an index of the carbon bonding
state. :

It was found that when the substrate heating temperature

is set such that the film deposition temperature for the
carbon protective layer 7 is 80°C or higher, good-quality media
can be obtained. It is desirable that the heating temperature
be 400°C or below, in consideration of the thermal resistance
of the film deposition apparatus.

In order to compare the quality of the carbon protective
léyer 7 in the magnetic recording media of the examples and of

the reference examples, Raman spectroscopy measurements were

performed.

Measurements were performed for five randomly selected
samples from among the 50 samples, for three points at every
90° in the circumferential direction at positions at a radius

of 22 mm, and the average of the three measurements was taken.
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In general, the smaller the value of 1d/lg, the greater

the increase in spa bond carbon (with a m croscopic

di anond structure). B/A is defined as the peak height

i ncludi ng the noise conponent divided by the peak
wWoe0go8304nd i s an i ndex of the organic comPETERL0H/BIS764

the Iayer The snaller the value of B/A, the smaller

h Th
Pl B i
S b di b
: EP"9etm é?é grs tDOSI | ohbog%(é) kj{—"Qﬁ‘pé?’a ?((Sond

_rath
|| d
: bagrrda ”PorEx ion 5 30 ESCaRMIRRE L thn Gadbsty bf’“dé?gnﬁltste‘

in %%W%Iyal Ebﬁgﬁ%ﬂ%ﬂoﬁ%o‘%%%é%% 0tk B PR oL
80 .33 1.88. 1
incfis off 88Hdpﬁf¥zﬁ$y%s9“3‘ot§" SobiEteacobsc ‘TG, once

str st a}l lized LMRM ' 2 yes -- 300 1.44 1.9 Exanple gl ass
L*cl M:per pendi cul ar magneti c recordi ng nedi a
B/A is defined as the peak height including the noise

component divided by the peak height, and is an index of the

organic component in the layer. The smaller the value of B/A,

the smaller is the C~-H quantity.

The results of the Raman spectroscopy measurements appear

in Table 2.
Table 2
Substrate Media |[Substrate] Heating Film B/A | 1d/Ig
heating? | temperatur| deposition )
e (°C) temperature
(°C}
Example 1|crystallized] PMRM *1 no -— 40 1.41 0.73
glass
Example 2 silicon PMRM no - 10 1.43 0.7
Example 9|crystallized PMRM yes 200 180 1.4 1.33
glass
Example silicon PMRM yes 200 180 1.42 1.34
10
Example |crystallized PMRM yes . 300 280 1.33 1.88
11 glass
Example silicon PMRM yes 300 280 1.39 1.9
12
Reference |crystallized| LMRM *2 yes - 300 1.44 1.9
Example glass

*1: PMRM=perpendicular magnetic recording media

*2: LMRM=longitudinal magnetic recording media
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*2: LMRMEl ongi tudi nal magnetic recording nedia 32 WD
2006/ 098504 PCT/ JP2006/ 305764 From Table 2, it is seen
t hat upon heating the substrate i medi ately before
form ng the carbon protective layer 7, the B/ A value
WMO0B/AP8WIanges at all. Further, as the heat iREJ/AIP2006/305764
tenperature rises the 1d/1g value increases, and at a
heati ng tenperature of approxinmately 300C, a |evel
conparable to that of |ongitudinal magnetic recording
media is reached. Based on this, it is thought that
when substrate heating is not perfornmed the.ld/lg
value is-extrenely small, and so the layer hardness is

hi gfbm TA¥Ak %trefﬁslgsséurgmhﬁ%m ReQk inlayRe adhasian

properties arée anticipated. \Wen substrat heating 1I's

1mméH¥JﬂET@e%ef%§etgﬁrﬁiﬁénE“gNEHJHdH1p&%%@@E@LQrfayer 7, the

I ncreases the 'g val ue rises, the |ayer becones ’

B/Ar&%fﬁé‘H@ﬁﬂlFSQBEngQQda@-éf%“”?d%%ﬂ%%ragkfghgegéﬁﬁ%ﬁﬁ

| ongi t udi naf magnétic recordi ng nedi

empEARE,d o f%e%h? ghtq) hatyd AYer né?%%%%'VeaR&°9€r£'ﬁE%t1ng

conparable to ose ot current y manuf act Ur e

temﬁ'z"”%upa Haeppoa57e te her 1 Ah “acr ng ab‘é%‘rmbaefab FoEat

oys as the material of the erpendlcula nagnetlc
?Rﬁﬁ%ﬂqﬁﬁ alf8PNBTti¢ nEe FRIGHES @edidcdrdrRgChedi a was
manufactured simlarly to the Exanples 1 through 14.

Evied 46t icon thasyl L8 ﬂ@p@ﬁwught'BﬂﬁtewﬁenSBuU@tE@ﬂ@/K&Eﬁiﬁ@

PCT/ JP2006/ 305764 Table 3
is not performed the Id/Ig value is extremely small, and so
the layer hardness is high, layer stress is high, and so poor
layer adhesion properties are anticipated. When substrate
heating is performed, as the film deposition temperature
increases the Id/Ig value rises, the layer becomes relatively
soft, and a level comparable to tﬁat of longitudinal magnetic
recording media is reached. Hence it is thought that layer
adhesive properties comparable to those of currently

manufactured longitudinal magnetic recording media can be

expected.
{(Examples 15 to 28)

Other than using CoCrPtTa system alloys as the material
of the perpendicular magnetic recording layer 6, the magnetic
recording media was manufactured similarly to the Examples 1

through 14. Evaluation results appear in Table 3.
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Substrate Media Substrate Heating Fil m Adhesi on Scratch
Coercive heating tenperature deposition rate (% rate
force (C tenperature (e) (oe) (C Exanple
stallized PMRM 1 no -- 40 39 15 1002 15 gl ass
WBAPNO®4i | i con PMRM no -- 40 32 10 980 16 HSTARRI06/305764
crystallized PMRM yes 50 50 6 4 1110 17 gl ass Exanple
Sidda@nsPMRM yes-. 50 50 3 2 1101 18 Exanple
crystallized PVMRM yes 100 80 0 O 1200 19 gl ass Exanpl e

silicon P ves 100 80 0 O 1210 20 Exarml e
tra ; =
crly st el i @Qi‘ti@ | garen [ Copreive
. ng el r d ra e ( force
Exjanpl e siljcon [P i ﬁer ku Eax,a Dl Qoe)
criystallized PVRM yes :OO 180 q <3c385 23 gI ass
Eramg L[ E 1 De mw PRy s 2001400791984 2 Bxanpteos:
1scrystala$s| zed M yes 300 280 Q O 1459 | 25 gllass
L~ PSril | ocaon JDN A vy 200..29N N N 1
Example) "MiHcoﬁ' TeeRM [ e YT VS ST Yagr T 32 10 980
16
‘|Example| crystallized| PMRM yes 50 50 3 q 1110
1? glass
Example silicon PMRM yes . 50 S0 3 2 1101
18 .
Example| crystallized| PMRM yes - 100 80 0 0 1200
19 glass
Example silicon PMRM yes 100 80 0 0 1240
20 - -
Example| crystallized| PMRM yes 150 130 0 0 1301
21 glass
Example silicon PMRM yes 150 130 0 0 1340
22 '
Example| crystallized] PMRM yes 200 180 [V 0 1385
23 glass .
Example silicon PMRM yes 200 180 0 0 1384
24
Example| crystallized| PMRM yes 300 280 0 0 1459
25 glass
Example silicon PMRM yes 300 ) 280 0 0 1439
26
Example| crystallized| PMRM yes 400 380 1] 0 1630
27 glass .
Example silicon BMRM yes 400 380 o . [\ 1590
28

*1: PMRM=perpendicular magnetic recording media

From Table 3, it is seen that when a Co-Cr-Pt-Ta system
alloy, which is a non-oxide magnetic material, is used,
similarly to cases in which an oxide magnetic material is used,
substrate heating immediately before carbon protective layer
formation results in good carbon protective layer adhesion and
scratch resistance, and adhesion of the lubricaﬁinq agent on

the head slider can be suppressed.
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Exanpl e crystallized PVMRM yes 400 380 0 0 1630 27

gl ass Exanple silicon PMRM yes 400 380 0 0 1590 28 *1

PMRMEper pendi cul ar magnetic recordi ng nmedia From Tabl e

3, it is seen that when a Co-Cr-Pt-Ta system all oy,
WEeH2884 a non- oxi de nmagnetic material, is RECEGP2006/305764

simlarly to cases in which an oxi de nmagnetic nateri al

| el %ﬁQﬁt wqg%-r&h.;)gi:ﬁgn;mqic%serpﬂ 0{§rlgsgé;ab,0%en

protective [ayer results 1ngood ca

filnggﬁ%;%%ﬁit\igpl ?ﬁ:ﬁ?ﬁgﬁ‘&?ﬁ%&f‘%t %thﬁhggrg;%%ﬂmﬁ d:ga%%e

on o ricating agent 0O ead s

sep AL 0% SHRALRSERY. 1 2% 20 U Q90nB4 BCTLAFA00E/ A/

wever, eén a non-o0xi de nmagneti c ma I'S used,

forc‘,/@eerh&‘ icltmeq'e&%%hgitgg i:ﬁaPQ{:té’le{gﬁH;Efgceﬁﬁieéflohib%h i.nadegklate.

tenperature, phase separatlion w ayer 1s n

ThatP':¥TOLEd QUHSEP%%%%{%&%@ iifsor %%f%?ggSt g_ﬁg%f?tg&%véjigc%on

characteristics naaequa

of %atég%arg?ﬂé%ige§gg$%célrﬁ‘%%a[rqé%{,ﬁ%i%fotlggéngogéi&é%%eoJ c:?'he

net’i c recor ol ogi advant ages ca

be %/)’\g:’re?e&%gg BQt pHé ﬁ%ﬁﬁl@p%@%ﬁ?&@ﬁg‘:?&%nggswc?fseened.

Hence | I'nventron advant ageous

HendESH| ttﬁ‘neagﬁesgg]t: aiﬁ‘@é’n%fbr?%@ﬁ&éﬁ%oﬁ@%?ﬂ@&@ec“' ar

magnetic recording nedia "oy an oxl de-system

obtag:g—[ét%g Q%g%ﬂa{‘ggg??ﬁeﬂ&m éee:&:%fn@ir&%&g?t ﬁEjgﬁ‘é‘Bié EXaml A%g

an pertorm ng advance~substrate

med:‘gagl H3 @F“h%?'it %%){:chf@-téﬂ‘ce‘?rf FRIPRnkRYET 2 £ NRIGA L

ed prehea
recording material.

{(Examples 29 to 36)

Other than performing advance substrate heating prior to
formation of each layer (hereafter called preheating),
perpendicular magnetic recording media were manufactured

similarly to those in Example 1.

The preheating was performed in the formation chamber at

a pressure of 2%x107° Pa, using a carbon composite heater.

Table 4 shows the preheating temperatures and the
temperature when forming the perpendicular magnetic recording
layer 6 {film deposition temperature for the perpendicular

magnetic recording layer).

Table 4 and Fig. 7 show the results of measurements of
the coercive force Hc in the perpendicular direction at
positions at a radius of 15 mm for the samples in each of the

examples.
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per pendi cul ar magnetic recordi ng nedia were
manuf actured simlarly to those in Exanple 1. The
preheating was performed in the fornmati on chanber at a
pressure of 2x10-5 Pa, using a carbon conposite heater.
wo2B6d98506hows, t he preheating tenperat ures aPg@TURH06/305764
tenperature when form ng the perpendi cul ar magnetic
recording layer-6 (filmdeposition tenperature for the
per pendi cul ar rmagnetic recording layer). Table 4 and
Fig. 7 show the results of neasurenments of the
cdatdievd force He in the perpendicul ar direction at
p03|t|ons at a radi us of 15 nn1for the sanples |n each
SbId NP eraneat] SO FIR5E!
Tabl e] 4 Sanpl e |Ry,
Coer c| ve
per pepdi
no --

ExamEs 25p

33 yep 250 230
Exa e 3;3 eS

236
Example 31 yes 150 130 3240
Example 32 yes — 200 180 2790
Example 33 yes 250 230 2287
Example 34 . yes 300 280 1988
Example 35 yes 350 330 1650
Example 36 yes 400 380 1236

From Table 4 and Fig. 7 it is seen that when a
perpendicular magnetic recording layer consisting of an oxide
magnetic material is formed at high temperature, the coercive

force is worsened.

In magnetic recording media based on the perpendicular
recording method, a coercive force of 4000 Oe or higher is
desirable; but when the perpendicular magnetic recording layer
is formed at high temperature the cperciQe force declines, and

recording and reproduction characteristics tend to be worsened.

INDUSTRIAL APPLICABILITY

According to the present invention, after forming a

perpendicular magnetic recording .layer from an oxide magnetic
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From Table 4 and Fig. 7 it is seen that when a

per pendi cul ar magnetic recording | ayer consisting of an

oxi de nmmgnetic material is fornmed at high tenperature,

the coercive force is worsened. In magnetic recording
wirgdled9838sed on t he perpendi cul ar recor di ng PRESAWEG/308764

coercive force of 4000 Ce or higher is desirable; but

wh t perpepdi cul ar tic recording | ' .

matq g Bhed e R BRC ehper mt e haneo hd: fatfar o i dhos, 1o

ure the Co€rcCi C I nes,

recordin nd_repr j .0 racferjistics tend to
usecﬁ)‘g%v\g?g@nég% ?N%@%t%%gﬁeCR@&E?TYS%E%‘?%i ng to the
' r in Lon . form .. pe i ar
perrEREI A THEGhaPRy PSS IENA B s RRERELFE 36 vo
2006/ 098504 _PCT/ JP2006 7 material, : st
reciiRGaEhg LRA-TRLL DTArE b HetReas oo kbR T Y &
t he .protective er., t per pendi cul
cartiels SEPFEtR s AL S P R SR e B BRCBLFY, aney
reproducing.characteristics is obtained, and a carbon
excﬁﬁiﬁﬁ%c%?bggﬂé?eég%éﬁféifﬁlarned with high density and
excel | ent adhesi on properties. 37 CLAIMS 1. A
production process of a magnetic recordi ng nmedi um
whi ch conprises a perpendi cul ar magnetic recording
| ayer and a carbon protective |layer on a substrate,
wherein the perpendicular magnetic recording |ayer is
formed froma nagnetic material containing a Co all oy
and an oxide material, conprising:
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a perpendi cul ar nmagnetic recording |layer formation
process of form ng the perpendicul ar magnetic recording
| ayer on the substrate; a heating process of heating
the substrate on which is fornmed the perpendicul ar
magneti c recording |layer; and, a protective |ayer
formati on process of formng the carbon protective
| ayer by the plasma CVD nethod on the substrate on
c whigh is formed the perpendi cul ar magnetic recording
Lﬁ§§ r, wherein in the perpendicul ar nmagnetic recording
| ayer formation process, a tenperature during
formati on of the perpendicular nagnetic recording
| ayer is less than 80 C, and in the rotective |ayer
forfat i oft PFOREss O PFPFRF 8 ePosd t‘ﬁaéﬁegéﬁp%?%iﬁﬂlé‘g medium,
during formation of the carbon protective |layer is 80 C
whieh GpmpIelrse said PS8Pendl PelrgeMdbBal B¢ TRRPTEHINE Lexer dintg a
| ayer has a structure in which a nonnmagnetic phase
cagbnyi BT ¢ Ry tofvead apri den reatseybisglrate s whenaids thenagnet i ¢
phase consisting of the Co alloy, wherein the oxide
perpesdiallas ragypetne pecdmbingr lapee hatrrreds fsehest ed
fromthe group consisting of SIi2, TiOQ Ti2, ZrQ2,
magn203¢ miofdrialaz26htanthdA\l20@3. a2l 0@ dred el ioxkinecosterigl ,
medi um manuf actured by the nethod of the production
copp@tessg of a magnetic recording nedium according to
Caim1l. 3. A magnetic recording and reproducing
appar gkusend LANRIH ®afgethe rRGIALKLG 186OF didighatRdha
according to Caim2 and

process of forming the perpendicular magnetic recording laver
on the substrate;

a heating process of heating the substrate on which is
formed the perpendicular magnetic recording layer; and,

a protective layer formation process of forming the

carbon protective layer by the plasma CVD method on the

substrate on which is formed the perpendicular magnetic
recording layer,

wherein

in the perpendicular magnet;c recording layer formation
process, & temperature during formation of the perpendicular
magnetic recording layer is less than 80 °C, and in the
protective layer formation process, a film deposition temperature
during formation of the carbon protective layer is 80 °C or

higher; and
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a magnetic head for recording informati on onto and
reproducing information fromthe magnetic recording
medi a. 39

the perpendicular magnetic recording layer has a structure
in which a nonmagnetic phase consisting of an oxide material,
surrounds a magnetic phase consisting of the Co alloy, wherein
the oxide material is any one or two or more materials selected
from the group consisting of §i0Q,, Ti0, Ti0,, Zrd;, Cr;0,;, Co0,

Ta,0s;, and Al,0,.

2. A magnetic recording medium manufactured by the method
of the production process of a magnetic recording medium

according to Claim 1.

3. A magnetic recording and reproducing apparatus,
comprising the magnetic recording media according to Claim 2 and
a magnetic head for recording information onto and reproducing

information from the magnetic recording media.
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