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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 method 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



whi ch is the boundary between recorded bits, is
decreased, so that the higher the recordi ng density,
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and can improve the recording and reproducing efficiency.

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 plasma CVD method

is widely used as the protective layer.

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

recording layers.



is widely used as the protective layer. In recent
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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



400 Goits/inch 2" |, Nikkei Electronics, January 19
2004. DI SCLOSURE OF THE | NVENTI ON However, in nmagnetic
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The present invention was devised in light of the
aBbee PEiesels Lavees, i candalsasieas saal dbj ddtghthef the above
provi sion of a magnetic recording media production
circpmetessesnagnet hasr ecordi ol jeedi aheampdoveEgietn of a
recordi ng and reproduci ng apparatus whi ch, when using
magngft igx irg¢eomelgnet imedimt @rioaiuciti onmh @ rpefepandintignaitic
magneti c recording |layer, and when form ng the carbon
recopddhgctedéal, aped mpgnke ip! aswe ra¥Rgmankio d.e prari upriene nt
separation of the carbon protective |ayer and head
appaadhesi ehioch,| whencating et exidl, magteenabeerial in the
satisfactory recordi ng and reproduction _
perpehdiaaferi shgaetrikcn recdedihg ablair) the abBeve fAR@ely the
the present invention adopts the follow ng
carboanpirgueationslafty Byf ithet plavaat con tethesg! vant Beevent
above problens is a nethod of manufacture of magnetic
separacapdi b ohdi aarbowhpebtattheast agepebpandieadl alhesion of
magneti c recording |layer and a carbon
lubricating material, and enables satisfactory recording and

reproduction 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



protective |ayer are provided on a substrate, and in

whi ch the perpendi cul ar magnetic recording |ayer
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and an oxide material, and is characterized in having
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magneti c recording |layer; and a protective |ayer
f o2 rahi sacpnacensent ibar tongesbeveathenapboteproblems is
| ayer by the plasma CVD net hodon the substrate on

the MBtEbdi 6tfRanadatbarpecpendynstac ragbetiegr aeaidi ng
| ayer. (2) A second invention to resolve the above

descPib8liens i(s)tBBote} heHaohctBRutaat UhetfhtmagBehatin
recordi ng nedla described in (1) above, characterlzeg
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is higher than the filmdeposition tenperature when
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| ayer formation process. (3) Athird invention to
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nanufacture of magnetic recording nedia descrlbed in

( % 2) above, characterized in that in th
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process, the tenperature during formation of the
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800C , and in that the heating
described in (1) or (2) above, characterized in that in the

perpendicular magnetic recording layer formation process, the

temperature during formation of the perpendicular magnetic
recording layer 1is less than 80°C, and in that the heating

temperature in the heating process is set such that the film

deposition temperature during formation 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
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tenperature in the heating process is set such that
the filmdeposition tenperature during formation of
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nore anong, Si2, TiQ TiM, ZrA, G203, CoO Ta20p,

magna@BicAr2eBrdity Aesiidt hchavastieenzed Leselave nigh®eciove
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the above problens is a magnetic recordlng and
par atus, characterized in being provided

d
Qﬁ?&oﬁﬁ%gggﬁﬁgtPBVF8$6P8|ﬁ@ KEdP4vEesBri pogve problems is

a magnetic recording and reproducing apparatus, characterized
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 the 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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in (6), and a magnetic head for recording information

onto and reproducing information fromthe nagnetic
wonewmosiomg nedi a. According to the present inPemuPmNg/305764

after formng a perpendi cul ar magnetic recording |ayer

f riokg and osheles nelymetont heueat adn dhea sm@ﬁhfa&eurﬁn%

heated and the plasma CVD nethod is used to formthe
APPARBON Pred et inant fyetryrsochdatapes peadi68baiing media

magnetic recording |ayer with excellent recording and

showrepiodiied ngl thar acteri stics is obtained, and a carbon
protective |layer can be fornmed with high density and

: j ties, BRI EF DESCRI PTI ON OF
T BrAn T S A ST 2 haap Shi ng

i ISt |.e of magnetic recording nmedia of the .
recog:rd;fsr{ tan%\%ﬁoo(ﬁqcﬂ% BPPRLALHS (Qfs st RIVTRAL viryention;
showi ng a second exanpl e of magnetic recordi ng nedi a

ofFitghe Spries entgriaprentiaving Exahghowedg s ;
configuration of a manufacturing apparatus used to

a re.the netic recording nedia shown in Fig.
2%?%Ligqu éhéﬁ%gﬁﬁfgﬁWHﬁwy%ﬁﬁ SWitsy rdhet i c
recordi ng and reproduci ng apparatus of the present
| Bignt ifods Bi graph shawdhapmxeh@vengdxamy e resul ts;
Fig. 6 is a graph showi ng Exanple results; and, Fig. 7

's a 9" el S A G S AR IS WO TiE TNVENTION |
Fig. 1 shows a first exXample of magnetic recording media

of the present invention.

This magnetic recording 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. ”

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
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BEST MODE FOR CARRYI NG OUT THE I NVENTION Fig. 1 shows
a first exanple of nmagnetic recording nedia of the
WEe@seyss04 nvent i on. This nagnetic recordi ng MeRQEIR2806/305764

configured by form ng on a substrate 1 , in order, a

first soft ma i.c |layer ;o an antlferrona
usedy nBr 3 NORMELAGHACs SHPSEGHE: COTPapei s Slaflass, a

al i nnent contr ol er 5 a perp dlcular nagnetl
cerainéeo}na. ﬁglﬁiyeﬁlém%rca.l&aﬁ SBr GPERLrFe CaFOOT Ofaggother

igrlcatlon | ayer 8. . % 2 shows a second exanple

nonm@Fa QﬁeW?EeFééérGPHgbﬁe&§ dof the present invention.

This magnetic recording nmedia is configured simlarly

t ast Begmagetupskeaeedi Bdthed anshewrphduki glaks or a
except for the provision of a pinning underlayer 9 and

crysPhninadl gyaesslRahebeeanetihe asubst babe ﬁo@adguagsflrst
soft magnétic layer 2 . As the substraF a et al

gene§5@3bﬁ§E8s608§H§tHﬂﬂeoﬁlﬁhﬁwb@uﬁh a&uﬁhﬂggaquakbonaass
or anot nmetal material may beused; or, a

may penpekal | he §UE§§%€5§19968'§EEQQ o Qh%ﬁ%umﬁc&%&%ﬁhqlzed
material, silicon, [icon carblde car bon, or "anot her

glasgoﬂg?tﬁglhgeﬁatﬁé'glc@?&m@% Q%%gtrét§ aaggﬁﬁ%er the main
substrate, either an anmorphous glass or a crystallized

compB8h@ss 8§ywH§cHS§g @ﬁe%@laggEBBg%Saghﬁ§ﬁum ox1de, aluminum
genera - pur pose soda [ nme g ass or an alumnosilicate
nitr9H8SSsilicon nitride or similar, as well as fiber-

reinforced versions of these, and similar can be used.

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—deﬁsity 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 example 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.



may be used. As a crystallized glass, a lithium
crystallized glass nay be used. As a ceram ¢

WGRIoe9sa0L, a sinter the main conponent of whiRGT/IPR006/305764
gener al - pur pose aluninun1oxide al um num ni tride,
silicon nitride or simlar, h as . fiberreinforced
vE?éuBH§P8FG§h@§emaéﬁ8aéPﬁP9aFt68 epéligBy. ofhghe magnetic

substrate size is arbitrary. For exanple, substrates
headof 1§j 2RePEPLO52RAE BBRFMP ﬂgbﬁﬁfaﬁ? Qenﬁﬁeéllé Wt Chnat
simlar can be used. Wen the substrate has an average
leas§yprgceurbaghnadenatbe 2haR{8r FEESacgna@npFBrePRBI fate
nmor |ess, then the head flying hei ght can be
and thoeféde AABCsBOrhéchelpdei 3NapprEpEFafbrfgFe roughness Ra
hi gh-density recording. Further, when surface wavi ness
of l%nmnorhéegabsan@lt@ogarpaeéeaﬁbiwiepé PeS0nB AM 4pSS.-
| ess, and preferable to 0.25 nmor less, then the head

f&Ménglnﬁasatuﬁaerﬁﬁ éQM@gegroameeaotghsrgsﬁb@ ke crystal
appropriate”for denS|ty recordi ng. Surface

stru&@ﬁ¥@eéf VB C ggnhfn asu?éfd Dy £Re ﬁé@gﬁhgluéfngh@ pinning

surface roughhess enent apparatus P-1

unde£T§ HE?C&Prﬁg QVC§L§ 1o nEQﬁ)be Hgéagrﬁgaﬁélggeof Cr

average surrace roughness over a neasurene range o

allo? EHE1585 89%8038§T9f 8§Wht kv'B?r§&abgﬁdfbkgstrggtem

magneti ¢ head erable that a su
allogg used in which at Ieast one surface anong the
anfer surface on the end face

The pinning layér consists of a hard magnetic material,
such as a Co-Cr-Pt-B alloy, or a Co-Sm alloy. Because the
éoercive 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 one among Fe, Ni, and

Co can be used. As this material, an FeCo alloy (FeCo, FeCo0B,



and the side face portion have an average surface

roughness Ra of 10 nmor |ess, and nore preferably of
wW®2@6n9850¢ | ess. The pinning underlayer is prorQTELE6B05764

arrange the crystal structure of the pinning l|ayer; as

or sHIF LG bant berEuLds ERtmof B4t of {60 BT oftfer ule sk, ©F
smmiﬂ g V‘é@éﬁ aféységegf AR E%?Fe%t EpALLTiRY,

use
FeAl?he°Eo%+%f %rforéﬁ 5?8Fh%¥b?¥nlﬁﬁgbay ?8FglfaFe§F§HtePr
than that of a soft nm netlf ta¥ nnvenent of . gonaln
Slml%%¥ls S RPRa L ALLSH! ( Rbgnel PEat ayBpTEn B similary,
fgressed It is preferable that the_coercive force
FeMgFE ?ytﬁge%gﬁnPﬁgsFﬁyéﬁrbe aBoFeRr ol §P¥al ERZENNA  nor e
. _preferable still that the coercive force be_ 1000 Ce or
Slmlg@%bteﬁﬂ e@héltﬁyrsaﬁpﬁ?%x?ﬁ%?éryaéqﬁﬁﬁlté FOYa AP FeP
Soft magnetic | ayers are alsq called soft magnetic
alloyindar| B§¥Psalary i Ant AeHdx adpioys okl rIAiy, » &P alloy,
ig. 2 corresponds to the first soft magnetic |ayer 2
a CO%n@ll%%rs@c%ﬁglséi@YnééﬁgiiCCPEy%r GoNiR ert Remaepr), an
magnetic material used in soft magnetic |ayers, a
FeColatatlay cbatalNhi nGeaeNiBasteopdiBnpay FEMINRI) angr others

can be used.

As the material of the soft magnetic 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
(FeAlO, FeMgO, 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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Co can be used. A s this material, an FeCo all oy

(FeCo, FeCoB,or simlar) , an FeN alloy (FeN
wOo-zith/MB504eNi Cr, FeN Si, or simlar), an FeA &T/IR006/305764

(FeAl, FeAl Si, FeAlSiCr, FeA SiTiRu, FeAl O or

simlar Cr eCr
S8 dreg2Reheg aﬁﬁ{a OtpfeGhep o0 ThpcEed Uy Phe sort
F I
magngFi by Tt FEsENGr 20: AP GF) LS80 CRBE BPFoyPrhReraRLe Fogt the
an Fef% ||Oé an FeP aIon, an FeNb all oy, an FeHf
valug gy 4BF8Y: a CoB alloy, a CoP alloy, a CoN
ally (Cle CoN B, CoNi P or simlar), an FeCoN all oy

(FeCodi prEecobbPe ERSENcBe ont&EHthah) 1K atheisyCcan of
be used. As the material of the soft magnetic |ayers,

the bbftsmPpygéeiablaythatpa Gosalrl gy geshakRi NENBOmak& or
nore Co, and containing at |east one anong Zr, Nb, Ta,

pref&fabM Phati fhtata1pe peed. TThksgERa8LEPY can be
sel ected as appropriate fromanong CoZr, CoZrNb,

CoZr Ta, CoZrCr, CoZrM, or other alloys. A nmateria
mhtchs Braferpbby EBAtarREngUB0CAt 658 PREFECES BReAl Of the

FeMyO, FeTaN, FeZrN, or simlar) and having a fine
satugayien| fiuxugenFétyr Ba gpﬁnbﬁaﬁrsthaekaﬁés fapfatbe peft
used. A granular structure is a structure in which
magnéthe taysral bgralng rar @rs@rneakednad dnd t9tel Jameme
material. It is preferable that the soft magnetic
preféByBLE PRYE B8ReaBRIPBOPE 80I UGIE Yreatfdme wHerstR -t is
structure. This 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 occurrence 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, the uppermost soft magnetic layer is the

soft magnetic layer among these which is uppermost. In the
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because when the soft magnetic | ayers have an

anor phous structure or a fine crystal structure, the
W0os2006/098804 oughness i s not worsened, nor is theearipRo@i305764

orientation of the perpendi cul ar magnetic recording

r ened._).t i ferable that the coercive
exan g%gesﬁﬁ&gflphgl§0f§ %§§n§?%6 ?éyg S BEPSETES Yo 9tds s
n pref erabl e that t al ue he 10 Ce agr |ess)

nagnt¥1E TVErERE! BhRe SERat e CalGEAEEg FPYRTadsi (y Bs

of the soft magnetic |ayers be 0.6 T or greater (and

nBhe pnéfiéeabbeathet ithéayelruésberbvided gheatreler td talign

is preferable that the sum of the products Bs t of the
the matneatizenibhudidensiby Bs aodtl apehethicchagss st tofrough

“the soft magnetic |layers be 20 T-nmor greater, and

exchahgkl coupéipgefvetablkaet Baftt hagvaltue hey4@sT- 1w ars
greater. Wien Bs t is |ower than the above range, the

prefeabhar anher ki fagace ivatrsencdi rekitcbni peurdeSisideate
It is preferable that the |ayer thickness of the soft
radigmgaetrkeethiayers be 120 nmor |ess, and nore preferable
that the thickness be 80 nmor |less. By holding the
soft ,magneti c | ayer thickness in the above range,
ngféEeg F%Eé??i@stg?é fRGeM85ErdPacPér Fh®and the
ccurrence of characteristic_degradation_and worsening

anti BT EORRBREL Ui NGV oBer BReUnTE PHEVER 8410y of an nre

system alloy. When using an MnIr system alloy or an MnFe
system alloy, by depositing the soft magnetic layers and the
antiferromagnetic layer in a magnetic field, exchange coupliﬁg
can be induced between the soft magnetic layers and the
antiferromagnetic layer, and so processes of annealing in a
magnetic field after deposition, cooling, 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 MnIr 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



A portion of the entirety of the surface of the
upper nost soft nmagnetic |ayer nay be oxidized. Wen

wa twemessber of soft magnetic layers is one, theCT/JP2006/305764
uppernbst soft magnetic |layer is the only soft

MBGN@hisC elx% gﬁesm@%%wﬁqh%e Fli alp'ﬁ%a'ﬁ tﬁgt of soft

magnetic | t he upper nost t" mag id l"ayer is

ant1%@?r%ﬁgbn%%g%eﬁa§e&a¥%rg@%@qgegh%%ﬁ% '%héé% tEe f%fst

upper nost S shown

softtﬁg H@Q?En9§ e%o ta$ﬁg%%%'% c%%%rso% tﬂ%gﬁZ&%%gl%o%& 4; in

etic ant er ronmagnet |

addl_raagw gsdtmsorcg%rfl 03090 the magneLizat o dieqtion oo

ers ough ex

t tic.la referabl e _that the
alsonggnzgﬁéa gg%&lrgbtyglrﬁg Fﬁ 589??595 ﬁgglg

dlrectlon It is preferable that the material of the

aWhehedepoaghénigc sbdyemabaean cMiiidmsy aheimaal | oy or an

MiFe system all oy. Wen using an Whlr system alloy or
antifinrkbRegspstiemfallmoyhiby depesichianget-keupded waghethe

| ayers and the antiferromagnetic layer in a nagnetic
formbrrel dt éxcbhanferabupl thgtcahebeiradyced bet waenmbhgetic

soft magnetic layers and the antiferromagnetic |ayer,
fieldndusdonpr depssesioh BBnealusgednia Brgeet ikdati ehd

after deposition, cooling, and simlar becone
magnenheaessar yirebtebnksadesdtglbbeentt Forpesbapabl ewhbat the

the thickness of the
magnetization directions of the soft magnetic layers and the
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 prbvided
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 magnetic domains, and
magnetic domains are a source of spike noise; but an
intermediate layer can suppresé the 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



antiferromagnetic |ayer be 3 nmor greater and 10 nm
or less in the case of an Mhlr systemalloy. In the
w@2ame/0e8504an MhFe system al l oy, a thickness of BAOr/smmwar305764
greater and 30 nmor less is preferable. In
. particuLar, en. using an Lr syste .1 oy, and_when
Fig. PRettfi Ekeser of FREL SHERPEFLGraOREEAL LAgLrnRaeASHET can
or greater and 7 nmor | ess, the exchange couplin )
be fﬁﬁ@%%tP%tV?%PthanaBElﬁﬁaﬁogaﬂFFE%gnEPyggtSoﬁaé §8€ first
probl ens due to the |ayer thickness do not occur.In

soft{HRIRKEHPI €8Y8Fotn in Fig. 1 and Fig. 2 , an antif
erromagnetic layer is provided only between the first

saf soraongghethayerystandi hbeusaeondysef t snpeBetiHEd to
layer 4 ; In addition to this configuration, an

impr@@éiEﬁéreﬂygﬁsihthayeéfceneabﬁ@ib@rieﬁagﬂeeghombyee and
first soft magnetic Tayer 2 . Wen depositing soft

to iABPBSEECthe! BRCRAAgANCANbL i RET AEBABE L ECEi B/ WhkChsi S
exchange-coupled wth the fornmer; it is preferable

preféPQﬁléh€h9£r€ﬁéiQBfomBBﬁeH@gnékggtgh?hgedHﬁhgglayer
deposition be adjusted in order that the magneti zation

consf5f e6Fi QnR 8681 di TAQLERY. aFOE-8X8PPhep WREN-ENSe. 1n
magneti zation directionsS of the soft nagnetic | ayers

part 88 15?? ROLFLesLomBangt i 6yLaypn aberknsiBeefURsibPLCare
radi al direction and antiparallel, nmanufacturing s
afacilitated, which is desirable. In the present

ide i. . .
I nvention, in place of an
Because the soft magnetic crystalline underlayer consists
of a soft magnetic material, exchange coupling occurs between
the antiferromagnetic layer and a soft magnetic layer provided

on the substrate side of the soft magnetic crystalline

underlayer.

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, Si0O,, Al,0;3, Cr;0;3, CoO, and Ta;0s. 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



antiferromagnetic |ayer, an internedi ate | ayer can be

provi ded between two soft magnetic layers to form
walzwegyssod zi ng field coupling. The internmedi atBCt/aers/305764

consists of Ru or a Ru alloy. Soft magnetic |ayers

s a8 TEabts bREnPRE ROPEaTThosafti ALer RLGBAREA oy Br ey

th f d i,r [ls i ft .
Layepp bRt EeFlyRPS FHFBUGRAE hESGPASLRAGRBE ESPEERHCHAEM o
d i Zi field, [ t hat [ b
cnargERRISHL AL 0 LY SheCRlE!LrfaSRrt Aohy BRI, 080 e used
cons'sting of a soft netic material can be forned
5 Jne B

in the| Wi PRECHRt FPREFBImgREET ¢ PUyePC B&APUXERPPBS A the

exangles shown inFig. 1 and Fig. 2 , a soft magnetic
particyLel) fFReMaffer | ayer can be formed between the
antiferromagnetic layer 3 and the first soft nmagnetic

| ayeis2prefes@blempnet theChyshzhtiBa MAGRELAYBEibD Ms of
provided to inprove the crystallinity of the

the ADLGhREROMBERELHE hLayer BRdriemi DCEBagEOt BRUFXENAREEN the
coupling magnetic field. It is preferable that the

Ms oﬁotﬁenagmﬁhhgnerMéh@kbhnﬁa adeekax8HsCco08i 8huftcd noise
material having an fee or hep structure. In

arispﬁ?tkgghafheh%ifsnﬁgﬁieabakkeys1a?ercﬁa§ep§ﬁ§EGWbrsening
all'oys are ideal. Because the sofi magnetic

of tREYSLabLiNRqURHET Layebdaaershat 8natadtaefibtiBINEbhe emu/cc
mat eri al , exchange coupling occurs between

is approximately equal to 12.57-107* Wb/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. When 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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the antiferromagnetic |ayer and a soft magnetic |ayer

provi ded on the substrate side of the soft nagnetic
w@e0psne8sh4 ne under | ayer. The al i gnnent contr ol PAEYRR006/5764

provided to control the alignnent of the perpendicul ar

netic recording, |ayer. and the.di anetfers _of crystal
TS AR et chak thE S ret i Py RRche BEnEPoNiTa alloy,
... layer, .or an_Ru allay is preferable. As Ru
ninb A 567, Al 3RrhE 10pat et A IO Godta g MPendViRe alloy,
. oxide_can he used. Oxides.may be_any one of, or _two or
NlFe%Br@fé.%ngI?ls“?@r, apfowy Negre :ﬁéea),r 8RdN¥5°02 1 1ien
usi ng an oxide systemnaterial, the alignment contro

| Byefogmingayesacdr anykal sheuekykailnowhicsRa@iannsf the
contai ning Ru are surrounded by a parent materia

alighhksh bén@ﬁo@xhggeﬂabgﬁiBb-thbSsQ€§bEaEk6rghaanthe
conposition of the alignnment control |ayer be

crysfigi esprnegusdcBrt bak peepedbnguand freBhadyet re@Bording
characteristics are optinmal. A magnetic material may

layebechsedei Bayigtakignment control layer, but no
stipulations in particular are made. It is preferable

that the saturation magnetization Ms of the alignnment

C@h?r@PSYa?§FSb@ffméﬁﬂﬁtﬂéaﬁeeneﬁﬁ/EE? PRERSRHE CNE a&f

the alignnment control |ayer exceeds 200 enu/cc, noise
magnaFF§iﬁ@cﬁFGHﬁghéaﬁﬁFghﬁeﬁ@lgﬁﬁ?rEFlPQyEﬁlﬁﬁyl@aGQQ

Wor seni n
directionApegpendicular to the substrate. For the axis to be
aligned principally in the perpendicular direction means that
the coercive force in the perpendicular direction Hc(P) and
the coercive force 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
perpendicular magnetic recording layer with a granular
structure, numerous magnetic phase 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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of the recording and reproduction characteristics. One
enmu/cc is approximately equal to 12.57-10 4 W/ m 2. It

WO sopossser abl e t hat the thickness of the ali gnreEniP2006/305764
control layer be 3 nmor greater but 30 nmor |ess,

d bl till _that ick 10
PE TBECEP 88050 nin oF PESSC-ORoR FHEtar: rment SYSEem
trol .| t hi ck ' i thin thi :
211047 Hifeht SREEhEUSEF pBnaP oGt &P CnaYREET Laos: BEngeed
| ayer is good, and the distance between the nmagnetic

hradthadokheesnbhternghetit Layprsfduabng taaer dhagotanor
be made snmall, so that recording and reproduction

two €hamecé eamshiyEsseay, bEi@NEIwsd 2wid, hoat,@;,drayw i mrd,be, and
resol ution of reproduced signals . A seed | ayer can be
Al,04 @emedelel ow the alignment control layer.It is
preferable that the seed | ayer be of an Ni Ta all oy,
Ni Nb. al l oy, N TaC all oy, N TaB_all oy, CoN Ta all oy
NAEetBf | oF1dRi FaRBChEFojat R EREr 4FI &F, PRPESYARILEOFhAt Co-
or NNCo alloy. By formng a seed |layer, the crystal
cr‘PBfﬁéﬂtéFi&PiﬁrTgﬁfgﬁﬁﬁngﬁnPsﬁgntroI | ayer can be nade
satisfactory, and the crystal structure of the

pet peadpedtarapRgnehhe tBEOCdi Bentayer beas Bes or higher
adj usted. The easy axi s of magnetization of the

and Perpepdbeul afePRgARYI RobeCprdEBgaba¥etnks @hkdBBHtent be 8
principally in the

at% or higher and 15 at% or lower); and it is preferable that

the Pt content be 10 at% 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 fhan 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 improving the recording and reproduction
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direction perpendicular to the substrate. For the axis

to be aligned principally in the perpendicul ar
walzoentsson nmeans that the coercive force in theECT/JP2006/305764

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

char¢e%g59§£i§?L¥g'%3%%%%@% PR arer PP Moilihi APRQ AP 088 that

nd i de ereafter aIIed an
resi 8y iRty it ﬂegiecﬁﬁ§E}Paﬁ)mﬁg SelfSFAcrpd: Mhen the
endi cul ar, netjc recording | ayer.

Pt cRBFpBRAPEGPSTS TRBRetPEYFoEBREPNGPPA S hRYoDE 4PaRGRERY-

structure, which is a structure in which a nonmagnetic

phR&epeepBtSELNIr Chabhet 0¥i decBrbighyalaysur hayndsva a
magneti c phase (magnetic particles), consisting of the

singfe-ahle¥. stpupenpendbeuhay ABGBELI sti-aeetdenef! 88l or more
with a granul ar structure, numerous magnetic phase

1aye9§rbfch§§e@£§l§|§D€BS§§fE€rEH€ e@ﬁﬁagme&bﬁsphase As a
result, the magnet i zation transition regions that are

a_source of nedia noise are nade as small as possibl e,
aﬁdtﬁéakaeﬁ§|§%r05hebEeFEHU€é8u#§rtWégéﬁtéFl69C°F91P§
_preferable that a Co-Pt systemalloy, and in

medipapfi eul@roh QﬁeéieF&a§93¥@ﬁWaPFo}eEé ti§e@PPASPLRBte (and
oxide material, it is preferable that one of, or two

a thickppre akohd, NG ep, gTPELeTi epd ZPORM EF 2EBSSCAS, MOre
Ta205, and Al 20 be used. As the oxide magnetic

prefﬁﬁ@@}ﬁép Whgn,§h9r§héggﬁﬁ§stﬁgttbg perpendicular magnetic

recording layer is 5 nm or greater, 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 reproductibn
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.
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Cr-Pt-SiO2 or Co-Cr-Pt-Cr 203 be used. It is

preferable that the & content be 5 at% or hi gher and
wamoandsser | ower (and nore preferabl e that thePCDImem 305764

be 8 at % or higher and 15 at%or lower) ; and it is

@efer | e_t hat ﬁaPt.contegt be_10 at % or

£ . and
aEoE8t CreF ot e bl c B bPRPSEPEmahAPn; RAOHA R EatLeld
3. at % or her_and 20 at % or
‘H“gr%%eFﬁﬁlBGFR%P8%ﬁ816£| BaoRatLbr ke RbTL b Lpkes i) 3900 o
her, and.15 nol % or gg d nore referab%
grea?ﬁat Sﬂ%dc6ﬁ§éﬁPaB@e4tﬂnF BRens BRETRRG 1858  SRaCE
Wien the O or oxide material content is

Obtai% r than the above ranges, the exchange coupling
with the magnetic phase (magnetic particles)

copsistppgretabhe ratl haythecpaepestii o0%armagattec
cluster dianeters increased, and noi se increases,

recoligg léyéﬁﬂeﬁhéabbsra&@earamﬁ §iaRetexi dg Hﬁbehhghetlc
content exceeds the above ranges, the coercive force

phasén@m%gﬁé@lgeﬁékﬂ§c1@@ )| 8ohbesteapdyal anegngtng tb@n4 nm or
is the saturation nagnetization. Wen t Pt

moreCQﬁEegtnhSokowgésth@ﬂlghsv699¥5 §28498, dEQﬁe%EEeébnOEor
I mproving the recordi ng and

exam%f@rQQUSEtQBﬁBﬁéaCB?rh§£h§STEﬁ E?Qﬁgﬂ§5§10ﬁngléa€ron
/M5 decl I nes resi stance to thernal

mlcrégégﬁy?tt9n§b§@¥vgetﬂgrﬁ@?ﬁgndY@ﬁmaEhﬁaEBeEQEt§QEord1ng
exceeds the above range, nolse may be | ncreased

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 CVD
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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The perpendi cul ar magnetic recording | ayer may have a
single-layer structure, or may have a structure of two
w®200r098304 ayers of materials with different PCT/JP2006/305764

conpositions. A thickness for the perpendicul ar
n?gnetic recordin reater and 20nm
0

medi a_of 5 nm or ,
FeSerPaNaBEPERFFalE LANATaCER BRneSE6E 26 MRS in
g%eater aﬁd 16 nmor Igs i's gnre preferablei . . \When -
PartrR¥ HhP cRhas82of VPnEeh PéenaP ufFaP fRgnEXPEPLECBFdI ng
|ayer .is 5 nmor greater, sufficient _magnetic flux can
confpaupgfalAed2vand 4uFPhgCrERPBdLBY FontPRBSGuPYuthe pPlasma
wavefQormis clear wi thout a_drop in output, so that
CVD pekhadgrad; @ §999§6|@aFBPnh#@M@geSQFW9dr@aoﬁdﬁﬁgtt@ﬁéﬁg
t he thickness of the perpendi cul ar magnetic recording

methPﬁyer is 20 nmor |ess, coarsening of the magnetic
phase (magnetic particles) can be suppressed, so that

degr adapepe phpiecohdtNnghandupepeadyshi 28yer use a
characteristics su c h , as increases in noise do not

perfig88bbY1pEEHEY, | E11:8PHET 81 8BHB1L hatl ybhegeoeheb¥]yiate, or
force of the perpendicul ar magnetic recording | ayer be

Simifgpolggrggagggatg?enyben the coercive force is |ower
than this rangé, the resolution and resistance to

thermal fluctuations are reduced. Wien the M/ M of .
tNexper pepatRafapfragnefpretreeoPdi Rgonayer rscpudéng media
greater than or equal to 0.95, good resistance

of the present invention is explained.

Fig. 3 shows an example of a manufacturing>apparatus
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 oan
first soft magnetic layer 2 on substrate 1; an
antiferromagnetic layer formation chamber 23, for formation of
an antiferromagnetic 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 perpendicular
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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to thermal fluctuations can be obtai ned. When t he
reverse domai n nucl eus formati on magnetic field (-Hn)
w®boobhessper pendi cul ar magneti c recordi ng | ayerP@BIPROGB0S764
or greater, good resistance to thermal fluctuations
ined. It is in the

c be obt ai ferahl.e that, in ,
s o RRPBAE LY raOABPPEST B0, G PA§eHeSLABSRy EPagEPOsit
1 rain,.di anmeter in the nagng%%c ghg e (magnetic .
ayegﬁrFF%P%STPEBF§F§PQn§roF gtest al'f §°8e_w AR §FPABYdNg a
oou B45is Fbhabe s remuhtog e 05:Jebi PorsaTamcds o 1635c in
el ectron mcrosco X) to observe the perpendi cul ar o
partnﬁ@ﬁe??EeFééérG?ng Fay8¥erahd BerfeFRfAgisnRgevided within
the grocessing of the observed image. A plurality of

erpahiPeurBrmhagRetictPeéBrding | ayers can al so be
formed. The carbon protective | ayer prevents corrosion

ofht heopel pesdicykabpaRaRebhCwh8A0HEHBY 1k aANg 1898l Lising
as preventing danage to the nmedia surface upon Contact

sputfbrihg H@gh@dﬂﬁkﬂnthgrnﬁgﬁﬁﬁlé heads aBd1b%sf ormed
from carbon. The carbon protective |ayer is formed by

the plasma CVD nethod. It is desirable that the

t ihekpeBsteptehéscRiBERIpiBt BcEPYBaFAgBr Chémpesm gpd the

greater and 10 nmor less; a thickness of 1 nmor =
formgk eéaRefhaRBeE afm BVare3sefstpdaapregyure of 107 to 107 Pa.

Ar or another sputtering gas is leaked into the formation
chamber, and a layer is deposited by supplying electricity to
the sputtering target. As the film deposition method, vacuum
evaporation deposition, 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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setting the thickness of the carbon protective |ayer

in this range, the distance between the head and the
w@anpersdocul ar nagnetic recordi ng | ayer can bePQEIR006/305764

small, which fromthe standpoint of high-density

recording,is desirabl e, The carbon_protective, | ayer n
LEEehr BcaE PesstitnEnipioftRRecBrRRoeyBrnibRea Y the
and can for exanple be configured to have a.first
subsEEEEAT 45 ep T AP Re i bLPEnaCHP e OE T LR RdCana YT
second carbon |l ayer forned by.a sputtering method. It
tormSEEON e ERNRPE 2hnt pfiosPUbEREARBORY| Bparhdzangthod 15 used
erfluoro olxether fluoride al cohol, fluoride
to fgamb6§9|a€%° dr Sefhi PaPNPhLbFi La¥PRglagent. Next, a

met hod of manufacture of magnetic recordi ng nedia of

theep| esebéri pyEBLhgNthsotyhnl 8heedormh8iod shambean24, the
exanpl e of a manufacturing apparatus which can be used

substﬁa@enﬁth@dppécaanyﬁaéhér§lQ§nﬂBﬁBeEbﬁtE§90ﬂQ&@9 B¢hation
of the present invention. This manufacturing apparatus

chamb&razbl | shdepgstttPingysteanpeA¥kdgdtublihia ikEat t80kbrm
magneti ¢ | ayer formation chanmber 22, for formation of

the &1iyh@EngObbntRgNeihGelayer 2 on substrate 1 ; an
antiferromagnetic | ayer formation chanber 23, for

formation of an antiferromagnetic layer 3 ; a second
sBrripgghetPcdprpEr tiopndni dhec Harpst ion ghpmbers 22 to 25,

. _formation of a second soft magnetic _
it is preferable that when using materials other than oxide

‘system materials, thé layer be deposited with the substrate 1

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 perpendicular 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-S5i0; or Co-Cr-Pt-Cr;0;3.

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 material. The

" process of formation of the perpendicular magnetic recording
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| ayer 4 ; an alignnent control |ayer formation chanber
25, for formation of an alignnent control layer 5 ; a
w@epeysddLul ar magneti c recordi ng | ayer for mat PONJIP2006/305764
chanber 26, for formation of a perpendi cul ar magnetic
recordin ayer .6 : a heatin ortion 28; a .
Layefr §r bt FobL Py ERSr BRRRETGA CERAROER9D7t 1for SR fPFodaver
£ g a_carbon grotective | ayer 7.The formati on chanbers
orm351PB BE°&FE desi gned to deposit |ayers using
sputtering or another nethod. Wen enpl oying a
sputhasengnnekhad, sgsspht naghegitamngekréant asnusgdatin the
| east in part the material of the layer to be forned

perpefdpeavhdelaghthin trheof-aimgt lageehanbaest2Adgt 0f26he
The condi tions of operation when depositing |ayers

subsHehBg spdbtengnaepBkhedsncas haheexa’plk§.betass preferable
foll ows. The substrate is placed in a fornation

thatCEaabeémpaadthB@ ber epki gdbshaaker 1i gueiaguabemat@od of
pressure of 10 4 to 10 7 Pa. Ar or another sputtering

the Eé?aéﬁdkééﬁ éHeEFE E@Egﬁhiﬂgi ?g?e%’ %”Qeés'@ﬁgh 80°cC,

ep05|te upplyi ng el ect
sputtering target As the f|In1dep05|t|on nmet hod,
and maéeuﬁreﬁasébéﬁu5haaeﬁ8§|F?@ﬁeraﬁurenbseéﬁﬁﬁeﬁhéa S8n@- By
simlar may be used. Bel ow, an exanple of a nethod of
thismmaahact the oberheéevpr éoene,i gvedaitdrni eandxpthemetagnetic
taking as an exanple the case of manufacture of the
chargagaetsticecondi hg medeasshowfiactoEyg. ahd excellent

recording and reproduction 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 portion 28, and the
heater 29 is used for heating. The prbcess of performing
héating 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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As shown in Fig. 3, the substrate 1 is placed in the
first soft nmagnetic |ayer formation chanber 22, and a
WG pwbneEsoang nethod or simlar is used to formeEEIF20066305764

soft magnetic layer 2 . Then, after passing through

the formati on chanber 22, the substrate 1 is pl aced in
prefenabhnt 19@1G ormngrieahiar | At Forhamare aesbrralply 20RfC or

sputtering or another nmethod is used to formthe
highantiferromagnetic |layer 3 .Then, after passing through

t he fornation chanber 23, the substrate 1 is placed in

i §€r8%’%”e? gft megpetic Laver forpntign, E%‘Fo frfgature
ti Th
of tRE eusRtERteIDoRaY: Balindhate ThSRenBttihelPaRL Hoprrate 1
d th I f .
cron B ES R COSRAEL BT £ IEN e
th I t trol ) [ fil
chan@pod] 11 bhS | fot z‘;r?%(?m%a??s%t‘:’eaaﬁ%apsggzs% 58 a; pLiber
greferable t hat when u5|n ot.her than oxi de
e N eaegbiwtgapaffﬁlPﬂe
substrate 1 in a heated state The heatlngﬁ erature

tempeEAtyEeS exhipte BESfFEAPIBOTRRt 4BDBC 2 ¥hER, taFPgFature be
passi ng through the formati on chanber 25, the

set tobsttemeelatgrpl wbédhi hst her pexpendichl &P AAgRdrigher than
recordi ng

the film deposition temperature. Specifically, a temperature

of for example 100°C or higher can be used.

In consideration of the heat resistance of the substrate

1 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 héating
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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| ayer formation chanber 26, and sputtering or another
nmet hod is used to formthe perpendi cul ar magnetic
WO swengkisoyg | ayer 6 , consisting of an oxi de sSyBUEIR2006/305764
magnetic material, such as for exanple Co-Cr-Pt-Si O 2
di cul ar,
descfpST B i 45he 5% of Bsﬁ EBSPEEd Bethgiife apsyave gas
oxi de s¥sten1na nethc g ial has.,a sputteri g
as thgrgeertorIthetFayet - can ©JEFBSTLER BFSa RBa FE@BlC
sp utterlﬁg method in the gﬁﬁience of sputterlng
compeBRtaPHFRAg2BxFG8RY 4SS I § EBFY aPTof OLHENEXLde Sed. The
material. The process of formation of _th
Proc%é?p%ﬁdf@EWéPgnﬁ@ﬁe??ébPBCBFaFﬁﬁFéV@rlGYF§ dafiFegatpgd the
per pendi cul ar _magnetic recordi ng | ayer formation
PrOt%F5é§§slaB@EaQQémaﬁ16§|Hé°§9§ﬁen1nagnetlc material is
- used in the perpendi cul ar magnetic recording | ayer 6 ,

hgaEhNEnef pl BemauBebr Akenddduki Rgedenesi biyoRetn erature to
unnecessary. It is preferable that the tenperature of

depokhe €HBSEhab6nl ngEé891§8rmﬁyé9n7°EntBﬁc@%%@@Bﬂ'@B'%he
magneti c recording |layer 6 be |ess than 80C, nore -

perp@ﬁ&iéﬁﬁQkem&?ﬁ&t&éerEEHPéiﬁﬁu&Sy@? %es§tt9§nd§@@icﬁit to
hi's nmeans he coercive force, gradation and of her

fOrm”EQEQEbSnCBQB%&E%Ebét18§e9awlgﬁ gﬁg?léééhﬁﬁ?CBQQM défdity

excel l ent recordi ng and repr oduction characteriStics

and %QEe??eHPtQaﬁggloﬁheb86r9399h§H|ﬁéaﬁﬁHBeEdeESSQE@'Eﬁe

ayer 6 has a granular structdre in whic

carbgﬂnﬂ?gegét9v8h§§§erc9n§£SEhggabove 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

force, gradation and other magnetic characteristics can be
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of oxide material, surrounds the magnetic phase
(magnetic particles) consisting of a Co alloy. Next,
w@baoensgsessi ng t hrough the formati on chanber 2BCT/1#2006/305764

substrate 1 is placed in the heating portion 28, and

t he geater 29 i s_used for heating. TBE process  of
prevgpFedr iy AeisAGOrRTYNESHERERAY PBFt FORTOSUFEIER! | ed

t he heatln% grocess .. The heating portion 28 is used
chargGteni SE1FReCeBnper QPHRAL 6F -t he substrate 1 (hereafter

called the "filmdeposition tenperature") during

f BegAtEONanf okh@eCREBABL REOMBERIYALI A¥elisédi Bst e
protective |ayer formation chanber 27; it is

matePiglesabtBet patpbhaibgabkngayaepecatde8rig@ngetiageehe, in
that the filmdeposition tenperature is 80C or higher,

cont PhstOwePhetgsabl Yn1QACcRr ahteber, s@Bdeft bl ofPb® other
preferably 200C or higher. In consideration of the

non-8R88bbhbhteyikhnat st fgetienpREARHEROf ct BRagHPahHAL B
may fall while transporting the substrate 1 fromthe

nonmﬁﬁﬁétﬂg g@é&é°8a38bé9séB8r9EQBeSE'Y%w'%EﬁbeEQEﬁﬁbbgn
chanber 27, the heating tenperature can be set to a
hi gher tenperature than the above-described film
déhesi fPERLIREnpEPaFaFRS? PECFSCHLEPeralPE ThRY the pPlasma
heating tenperature be set to a tenperature which is
CVD pgehedanpleéms depos@bconi difePalfarmate a4 |an kfepostempprature,

tenperature. Specifically, a tenperature
that is, at 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
reproducing 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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of for exanple 1000C or hi gher can be used. In
consi deration of the heat resistance of the substrate
wd.2mn6/028504 he fil m deposition apparatus, the hertT/IRP006/305764
tenperature can for exanple be set to 4000C or | ower.
Next, the substrate 1_, hav'gg been heated in_the
and ﬁ%%??nﬁeﬁaFa%Bﬁ ?89“P§spF80t i RRPRECpFohERH &1 aper
formati on chanber 27. The protective Ia¥er formation
Proc%ﬁ%ﬁﬁeFeE7°?§CF6rSé%ﬁﬁﬁ?engﬁvFBEdmﬁEPﬁ a°phg8fal3 and
el ectrode, a high-frequency power supply to supply
OutpREFntheed@bhcy power to this el ectrode, and a reactive
gas supply source to supply the starting material for
t hexsapbeniprotective layer 7 . Wth the substrate 1
placed in the protective |ayer formation chanber 27,
the carbon protective layer 7 is_fornmed by the plasma
CYBPREFABAS oh- t KB1SHLYRFEL ETYStaAligRE ghBVEdERRFIBRFSS
~ filmdeposition tenperature, with the reactive gas_as
(dlaPﬁEe§t$§tmﬁg AREEEVAR. PAStLAR déameres éasmmantgﬂgéﬁ?és
conpound such as acetyl ene, ethylene, or toluene is
0.508sm@, Frerpeeceysfacef sPHPRGSEReRaarbBn o pPBY ectEVE
layer 7 is called the protective |ayer fornmation
preppredesthe\panpbeReohl aamalevyD'ABt BB is used at | ow
tenperature to deposit the carbon protective |ayer 7

| B BUCKE§SELPoROshREL BT RENLSHERT (RRENGH! RobeEordhngo)
layer 6 ; it 1s difficult’to

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 6 of Co-
Cr-Pt-Si0; (thickness 10 nm) was deposited.
The temperature of the substrate 1 during formation of

the perpendicular magnetic recording layer 6 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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forma carbon protective layer with sufficiently high
density and excel |l ent adhesi on; but through heating to
wa@lapesysso4 he carbon protective |ayer 7 at the PCT/JP2006/305764
above-descri bed filn1deposition tenperature, a carbon
rotective layer. 7 with, hi densi t excel | ent

fornBhhet B Eun Harbp aPHOHSCRRYE. LeHELdl pafng e RBE bion

anot her nethod is used to apply the lubricating agent
tempenaburde ¢asbdHA’Protective layer 7 to formthe

| ubrication Iayer 8 , to obtain the above-descri bed

TRIICLLELEEor 8 00 B Aon ASEOLUEPg LI LTS hoNe

manu ormn e per pengl cul ar

subjsg%%é&#§a§%é$i%ﬁﬁﬁéaﬁ¥§%?9¥ﬁéﬂﬁhiéb 2B 1B S uees

t CcV j

was %gﬁ%éPgigﬁ%ﬁQﬁﬁ%Pg%gFérgg b, it %a?sz%%sszﬁgc Pydas 30
e GBI e T LR A0S PRIPSRGLCHL TRBTELLC
de radatlgn of the coercive force, gradation and ot her

veloghbRet R hgr%@(ﬁrlstlcs can beprevented, and
satisfactory recordi ng and reproduction

chakagrt erdsppiagcmethedobhai 1edd Becdusm aheOXubBeication
magnetic material is used as the material of the

layepespesdhsibaingngneti per€toodbpgllayrert when €ophiagt the
with cases in which a Co-Cr systemalloy or other

lubrication layer 8, the lubricating agent concentration and

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 to 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
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non-oxi de material is used, the magnetic phase and the
nonnmagneti ¢ phase can be separated at | ow
wa speysaddr es. When form ng the carbon prot ect PUBEIH208062305764
7 by the plasma CVD net hod, filn1deposition i's
erforned at ahlhtamraUHe at i gh
the BRFRAnoBOSTEroR EanpUrar dre 2160 it atact & SHH el and
car bon bonding strain nd a carbon rotective | aye
The SEpEOMLDON N SLLEln, And 2 caLbon protect | ve barer T
Hence magnetic recordi ng medi a conbi ni ng good
gaugfecordi ng and reproduction characteristics and good
durability can be obtained. Fig. 4 shows an exanpl e of
a(rRegaetheer egangiag and reproduci ng apparatus which
uses the above magnetic recording nedia. The magnetic
recordi ng and reproduci ng appar atus descri bed here is
pF6€|H%HeﬁﬁﬁﬁenagﬂégﬂEuPéeé dWﬁ@nﬁEaFar§T0r§1§§|ﬁﬂpéa
motor 12 which drives rotation of the magnetic
providedruiky feliraneticarfagretns ﬁéﬁﬂrlsoﬁhF@HtFéEéPas°X1de
information onto and reproduces information fromthe
matephdheVRE PEEBREPHAg ABdFBi%1eXaMRé8d hBEuAtBEtIateandsa
recordi ng and reproduci ng signal processing system 15.
heatdtdetoeeppdorgmahdlyepd O0ULcheose gradpgor Dressacly kyweem and
~15 processes i nput dataand sends recording signals to

L.C a C
the ??@ﬁ??ﬁgsﬁsgﬁ§$i§ %ggé§@9t959 85985 ISHH oS eoh SiRNakFD

N

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 used 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 um) which was

dragged for. 30 mm over the surface; Table 1 shows scratch rate,
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scrat@fOr&tBs5¢kagsguhBOiBAl WaStHepPAshteHdy MNexber@fure in the
| ayer 3 of Ru (thickness 20 nn

heatg8§0ptbedssNext, a perpendicul ar nmagnetic recording
| ayer 6 of Co- Cr-Pt-Si O (thickness 10 nn) was

In

deposited. The tenperature of the substrate 1 during
formati on of the perpendicul ar
| ayer 6 was 40C. Next,

t er nedi at e

t9,deposit a carbon

was

magneti ¢ recordi ng
the plasnma CVD net hod was used

Media

Substrate Substrate] Heating Film Adhesion| Scratch
heating |temperature| deposition |rate (%)] rate (%)
(°C) temperature
(°C)

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

Example silicon PMRM no - 40 36 12
2

Example| crystallized PMRM yes 50 50 10 [
3 glass

Example silicon PMRM yes 50 50 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 yes 150 130 0 0
7 glass

Example silicon PMRM yes 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

Examplef crystallized PMRM yes 400 380 0 0
13 glass

Example silicon PMRM yes 400 380 0 0
14

*1: PMRM=perpendicular magnetic recording media
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protective layer 7 (thickness 4 nnm) . The tenperature

duringformati on of the carbon protective layer 7 (film
walzpesssoon t enperature) was 40C. The surface BET/IH2006/305764

carbon protective layer 7 was subjected to tape

burni sh treatnment. The polishing table used was

al um na tape manufactured by 3M the rolling force was

30 gf. (290 mN) , the rotation rate was 1000 rpm and

theomonkate vel 9ei LY wWasa®. 8hawl by Na¥btiagdhppedding
met hod was used to formthe l[ubrication |ayer 8 ,

proc€88sist thg ﬁénafaetﬁrbuafoF@kpeha@tulawhﬁaghg&&EHGebB%ding
| ubrication layer 8 , the lubricating agent

medi§OASEAYT akigs §9QtBM|hbgﬁeﬁﬂeeﬁaﬁ@EQaQQJH&h@@i%HCBf the
that the thickness of the lubrication [ayer 8 was 1.8

lubrDBht ( EFaHBERt 2oh £hé hBRASYbsHER! €slarapblieanly
"substrates (dianeter 48 mm aperture portion dianeter

redudddMurtREekngss0-FA8 HH]tﬁ&eéég%aéHrB%anBO%QBQ§§§ion of
Ra = 0.5 n were used; otherwi se, simlar conditions

the 88rbBneyageLerivueigyused hg ABRULAGHYRG BREASLI Gnd the
recordi hg nedi a. (Exgnples 3 to 14) After formng the

adheB?BHeﬁﬁ6ﬁekége 8@e§h8 ESEBEHI BIotB¥RivE 12984 7 were
I mredi ately before formng the carbon prote tlve'layer
foun%otﬁégg DRBLEGedd fhikhesheabLAHLPRb! baNLEeBaVRS ¥heEd

hardness of the carbon protective layer 7 was an appropriate

value.

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
layer 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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tenperature in the heating portion 28,
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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 - 40 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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of each sanple were exam ned, the nunber of surfaces

for the 50 sanples was 100. For each sanple, a Heidon
wdZoobymsosur f ace neasurenent apparat us was useRCT/IR2066/35764

| oad of 100 gf (980 nN) applied to a di anond indenter

(conical angle 90, tip R 25 mm) which was dragged

for. 30 nmover the surface; Table 1 shows scratch

rate, which is the nunber of surfaces for which

scratches in or separation of the carbon protective

| ayer 7 occurred anong total 100 surfaces. Fig. 5 and

FLLg. 6._.show trends.in adhesjon rates and,scratch
o T 380F het FbnsSoF SPHRER: FRGTT BRBGLASuFEY: AUPRETate
, eati rocess. Table 1 * 1. PMRMeper pendi cul ar
el hel ] coF EEEr aF ARG hBHI BRFORETRNNePTOECEEL Ve dugF 7, the
that by a ting a heating. process in the nuf acture
B/A E?lB%rééﬁgiguFB?nﬁﬁﬁnéFiég}echHFﬁﬁrnea?atHgiHﬁaEiPSe
system magnetic material, adhesion of the Iubricating )
tempggahirent{ AgShEAE éﬂ(aerV?iuarAHﬁFﬁeéﬁﬁy PBHUBEGE heating
Further, scratches on the surface of and separation of
tempehatgaebof pppresingteluydPO07C doa nbevebackhmyanzele ,to that
and the adhesi on properties of the carbon protective

of lbayetudinelembonaditorbeordpngveddidhiis rsathedght to
be because the hardness of the carbon protective |ayer

7B§@gdagna€H£gPrggt%svgkggght that when substrate heating
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 that 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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It was found that when the substrate heating
tenperature is set such that the fil mdeposition
wa swpeysaddir e for the carbon protective | ayer 7PABIROGB0S764
good-qual ity medi a can be obtai ned.

or

Bei i

hi gher,

It is

e that the heating tenperature be 4000C or
n consi deration of the thernal
the fil mdeposition apparatus.

resi stance of
In order to conpare the

qliabuckseand [MeelaCardomtgl OteeChy VE T ayier fadhBsibff@cratch] Coercive
gnetic rgcordi ngeaﬁﬁau AP HE | B5P8 Jd-dadyf ”fEfe force
temperature % {Oe)
ref erence € Ranan éf)ect 0S easur gnent s
nts uwele pprfnrm:r‘l fdr fivd
Exa“‘p]re HARRLY “SHFET od s¥iplles f7om fnond thq 50 sdnpies [ 2%
r three fdoints] at evegry 90 injthe cirqunferdnti al
ExamPJG redticon gt sl tions jat a-radfus ¥ 24 mi3 gndit hd %89
of Htho tlhree cfghlzor%'l'lr'olrlllg
E 1 d} PMRM 5 . 4. 1110
"y 01°th S RATgn "SPelct 8% copy measufenents ils the |rati o |of
the intensijty of|l the spg2 bond Jband to|the sd3 bond D
Examplghncsitigen cdr B, | anvds | 5] an °ndek of 5 he |car¥bor] béndijngiiol
18 g1ate 1n adneral the qomller the valuelof 1dillg.__tHe
srameigt SAL Y Pitrleas®® i sp3®bonfl catbon [(wi%th fa ° 1200
r\rnc-r\ 1 6 _BII\ |c- rl::'F|n hgz
E 1 1co R .yes X 1240
xamoish Ak he Phelluditiy the noi se| conponedt di vi de?by
Exampiehecypteamzénel iR, | ands |1 S| anisndeX ofl3e he jor ganifc 1301
21 conpdt®®at_iln thel | aver.| The smaller the lval ue |of B//,
Example silicon PMRM yes 150 130 0 0 1340
22 )
Example| crystallized} PMRM yes ‘200 180 0 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 1430
26
Example| crystallized| PMRM yes 400 380 0 0 1630
27 glass .
Example silicon PMRM yes 400 380 0 0 1590
28

*1: PMRM=perpendicular magnetic recording media

From Table 3,

alloy,

which is a non-oxide magnetic material,

is

used,

it is seen that when a Co-Cr-Pt-Ta system

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,

the head slider can be suppressed.
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the smaller is the CGH quantity. The results of the

Raman spectroscopy neasurenents appear in Table 2 .
waalbess@o# 1. PNVRMeper pendi cul ar magneti ¢ r ecordi/IR2006/305764

medi a *2: LMRVEl ongi tudi nal magnetic recording

diaFrom Table 2 , it is seen that upon he Lng th
Qﬁgg?vafe FARBaR AP RNy OBTS, BAPBF R o ERET SaTboH used, when
. rotectjve |aye e B/ A val ue ha dl y changes at
£11mb0ebSELF fiar S aBof nbehoSETRG PbrePadl: bLFPSsacERg, Phase
val ue.increases, and at_ a heating tenperature of
Sepaﬁ%ﬁ%%&uﬁﬁFEF? 88B0oERYes FavBPtcBRBEPLGFe £B tﬁgF gpercive
| ongi tudi nal nmagnetic recording nmedia is reached.
forcgaaid BHkFﬁl pagnetile RGdGIt etr%eﬁtlxﬂ%ﬁ%s‘i? @ lnadequate.
heatlng is not performed the Id/1g value is extrenely
Thatshar|w 3ﬂdS§€SFﬁ@tPa9@ﬁthBEdhésger§0ﬁm§ﬁ aﬁé?érd§PPéé§l°n
IS and so poor | ayer adhesion properties are
of t%ﬁtWéGbﬁFé@ r?ﬁ@ﬁdéﬁﬁsiﬁaﬁé hEé#PﬁéOBéCBérFGVﬁ§8a98§ can
t he f|In1deE03|t|on tenperature increases the Id/lg
be eypegked; skt the mageetpecehasaFtpaipléry aset Wozagngad-
| evel conparable to that of |ongitudinal magnetic
Henceegbr BHRAgPREEFAt| snVenEhed. aABAREapEOoNs FREUGKRE BKEt
| ayer adhesive properties conparable to those of
obtaeuﬁdehﬂlyaﬁﬁhgﬂgérufé@ml@ﬁgp@aépﬁaﬂaﬁagﬁéﬂe@lpeé@p@rﬁgng

medi a can be expect ed.
media which employ an oxide-system perpendicular magnetic

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 2x10™° 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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(Exanples 15 to 28) O her than using CoCrPtTa system

all oys as the materi al
WO sweneisng | ayer 6

of the perpendicul ar
the magneti c recordi ng MeRliBIROG/305764

magnet

i C

manufactured simlarly to the Exanples 1 through 14.

Eval uation results app
PMRM=per pendi cul ar
3, it

ear

in Table 3 .Table 3 *
magneti c recordi ng nedia From Tabl e
is seen that when a Co-Cr-Pt-Ta system all oy,

whabbei 8 a non- oxi de magnetic material,

1:

i s used,

simlarly to cases in which an OXIde nagnetlc mat eri al

S S0 a a flh"il he hon
Sa ) i P A i <
B 6t ¢ rtffd’reﬁat 1 Ft an; ?%tﬁrﬁ of ScaF®
prot s BEGHES AHEh Tes| St&Rce” and
adhegi on of theg Iub?Fbatluﬁqgggn;rgQQ&hg ead slidér
can He suppres ed. However | when Q:QQB OXIOe nagnet c
Exambér Erned at a hlgh tenpe ature, phase seoaratlon
wi t hiln t he Nt annt od =Yala hel o
Examglsr ¢4 and’SGt her rmgh%otl C "har act &0 st | cs. enag?% ba
Exmmﬁgrg%rne&’after dep05|t|01 of t hé nagnetl récg%di1g
Examglge 5%agné’f|c c arac%erlst cs. arelhbrsened] HEACE i b
tho (s [AP=Y-F=YX. |n\ .. d a aao Q e
ExampJ‘K?tguned 55 parfti cu X frpm per pé dlcular maghdtic
Examﬂl%b3‘4 Ul "Uye' CUI na U'“ §35 Ellp Oy a“ 9%6 UC DyD CI”].988
per pdndi cul ar ghetic
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,

force is worsened.

the coercive

In magnetic recording media based on the perpendicular

recording method,

desirable;

is formed at high temperature the coercive force declines,

a coercive force of 4000 Oe or higher is

but when the perpendicular magnetic recording layer

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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recording material . (Exanples 29 to 36) O her than
perform ng advance substrate heating prior to
wo ooagssen of each | ayer (hereafter call ed prerEEdr2065)305764

, perpendi cul ar magnetic recordi ng nedia were

manuf actured sim | ar o thase in ample 1 . _The _
mateﬁ}gﬁ Fﬁﬁgsﬁﬁ§tﬁ@FFoFﬁebthegh nﬁoFE%tP‘ﬁs@ﬁaﬁBQrmﬁFhﬁd 1s

essure of 2xl O-5 Pa, using a carbon conposite

usedhEﬁté?rmTﬁ FecﬂrgﬁﬁmBrPﬁﬁcﬁggﬁei?Vﬁ§ 't 8Rpéhatures and

' rgerature when forg1 erpendlcular

perpﬁﬁ h%P' T BREREFAG FEGEFC Gngf eﬁ6§PtP6ﬁellent
tenperature for the endlcular magneti c recordi ng

recoF%&%ﬁ)andTéﬁPéoﬂuﬁthFFEar?c§ﬁB&FFﬁésré§uPP§aéPed' and a

measurenents of the coercive force Hc in th
carbpar BEAEPELL¥E dRYEEt FBR BE §e§m€ﬂowétathaghaéﬁa§lév #5d
mm for the sanples in each of the exanples .Table 4
exceFl oAt TAGNES10ANBIFPGItISFt i s seen that when a
per pendi cul ar magnetic recording | ayer consisting of
an oxi de magnetic material is fornmed at high
tenperature, the coercive force is worsened. In
magnetic recordi ng nmedi a based on the perpendi cul ar
recordi ng nmet hod, a coercive force of 4000 Ce or
hi gher is
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desi rabl e; but when the perpendi cul ar nmagnetic
recording layer is forned at high tenperature the
w@own/0988et f or ce decl i nes, and recordi ng and  PCT/JP2006/305764

reproduction characteristics tend to be worsened.

| NDUSTRI AL APPLI CABI LI TY ding to the present

i nvention, after form ng %ggﬁbendicular magneti c

recordi ng layer froman oxide magneticmaterial, the

substr at prbdubeabadpasdekbeopl asfmg¥bidetrbed rdsngseddium,

to formthe carbon protective |ayer, so that
whicpeepepdisdkas pagpehbccueaer hgdeckayercvbiriiayceblent and a

recordi ng and reproduci ng characteristics is obtained,

carb@ﬂdpﬁoﬁébbﬂﬂepﬁﬁ?éﬁtbMea|@Méétﬁaﬁebewﬁé&gﬁﬂ wheh hi gh
density and excell ent adhesion properties.CLAIMS 1 . A

perpBh@dHGl hONmPEAEESS fbcarAREBEl hGekeqar dbRBcledirdm a
whi ch conpri ses a perpendi cul ar nagnetic recording

magnk8YermakdraatarbAnaPhoheChi ¥8 hayey QRdAapuUbRttAt Raterial,
wherei n the perpendi cul ar magnetic recording layer is

compt@ETRE:.froma magnetic material containing a Co alloy
and an oxide material, conprising: a perpendicul ar
magnetic recording |ayer formation process of form ng
t AePpEPPBAUFrBLRAr MAERRELFCc TRECEAdNAg LREPEr fopmaRaon
substrate; a heating process of heating the substrate
procgaswAfchorsingr fed PﬁéPS@ﬂhéﬁéﬁéumagnﬁggﬁeﬁﬁéordlng layer

recordi ng |ayer; and,
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.

2. A production process of a magnetic recording medium
according to Claim 1, wherein a heating temperature in the
héating process is higher than a film deposition temperature
when forming the carbon protective layer in the protective

layer formation process.

3. A production process of a magnetic recording medium

according to Claim 1, wherein
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a protective layer formation process of formng the
carbon protective |l ayer by the plasma CVD net hod on
wa bwesset rat e on which is forned the perpendi BUl/E2006/305764
magnetic recording layer. 2 . A production process of
_ a magnetic recording nediun1accotding to daim1 ,
in thpeperpeRdheal shgneenpkt at HFECTAinHelA¥aE| R§IPREEEES
is higher than a filmdeposition tenperature when
process ni agteRRcEAEBER Proiedt fOETRAyeR PR the pespepdigular
| ayer formation process. 3 . A production process of a
magneafjoetécoreécnygdiagenetsubeascbhdnng§ot® Caim1 ,
wherei nin the perpendi cul ar nagnetic recording | ayer
X formatjon process, a_tenperature during faroation of .,
in tRACPERFPERUVE Ul 3V SRaGABEREL PRCBFAFRGS! agef 118 FgBgsition
than 80C, in the protective |ayer formati on process, a
temp?F?Fﬁlﬁ%p%‘éFfP%nf?éﬁﬁE?‘QPu?g Bﬁ\gi ﬁ@rP8PnﬁFPBﬁCBF"?hzayer 1S
carbon protective layer is 80C or higher. 4 . A
80°C producthieon process of a magnetic recordi ng medi um
according.to Caim2 , wherein in the perpendicul ar
ordi | ayer forgation rgces

gnetéc reg L8 a¥ 50 Sgcarg'ng medium

t énperat DF 874G 3G PoPHErPon  of TAE"perpendlcufaf
nagnet{c éfcord'ng b%%er is less than 800C , in the

acconPhr@ctPve Fillefr f 8PHRETBn process, a fil m deposition

in the perpendicular magnetic recording layer formation

process, a temperature during formation of the perpendicular

magnetic recording layer is less than 80°C,

in the protective layer formation process, a film deposition

temperature during formation of the carbon protective layer is

80°C or higher.

5. A production process of a magnetic recording medium
according to Claim 1, wherein 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.

6. A production process of a magnetic recording medium
according to Claim 1, wherein the oxide material is any one of,
or is two or more among, SiO,, TiO, TiO,, 2Zr0,, Cr;03, CoO, Ta,0s,

and A1203 .
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tenperature during formati on of the carbon protective
| ayer is 80C or higher. 5 . A production process of a
WOorzmneesse4 r ecor di ng medi um accordi ng to C ai mBCT/JP2006/305764
wherei n the perpendi cul ar magnetic recording | ayer has
a_structure in which a nonnagaetic | a zr, consi ting
of *an DxPAEPRhLEr FEFOTLHPY olifigS U Wﬁ&ﬁ gcturgdepy the
cgnsist#ng of a Co a||0é. 6 . A groduction process of
methgd @fnehfcPFREBrEiAg REDFERTalordlMRgP LS 16 ZRAPEIINT
.Wherein the oxide material is any one of, or is two or
mediyg, aCGABAGNISED CL13il lTi R, zZr@, 20, CoO Ta20s,
and Al 203.7 . A nmagnetic recordi ng nmedi um nmanuf act ured
by.theanmhhadt ot theopaoHyChhanrppeeaseifly appagatis;
recordi ng nmedi um according to Claiml1. 8 . A magnetic
compfgsgﬁgiegeaﬂﬂgﬁee&edyebagd@ﬁ@améaﬂg,aeeagehﬁgnﬁoth@aim 6
magneti c recordi ng media according to Caimé6 and a
and He@RghLE1BeREafOkEeeREELAINGNE AFBRIEER cANLALBNENd
reproduci ng information fromthe magnetic recording

repr889t8ng information from the magnetic recording media.

40



