* 1 PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM AND METHOD OF MANUFACTURI NG
THE SAME 5 This application is based upon and cl ains the benefit of
priority from Japanese Patent Application No. 2009-087763, filed on
March 31. 2009, the disclosure of which is incorporated hereininits
entirety by reference. Technical Field 10 This invention relates to a
per pendi cul ar magnetic recording nmedium adapted to be nounted in a

per pendi cul ar magnetic recording HDD (hard disk drive) or the like and
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drive) or the like and further relates to a method of manufacturing the same.

Background Art

15 Various information recording techniques have been developed
following the increase in volume of information processing in recent years.
Particularly, the areal recording density of a HDD using the magnetic recording
technique has been increasing at an annual rate of about 100%. Recently, the
information recording capacity exceeding 200GB has been required per

20  2.5-inch magnetic recording medium adapted for use in a HDD or the like. [n
order to satisfy such a requirement, it is necessary to realize an information
recording density exceeding 4OOGbitinnch2.

In order to achieve the high recording density in a magnetic recording

medium for use in a HDD or the like, the perpendicular magnetic recording

25 system has been proposed in recent years. In a perpendicular magnetic
recording medium for use in the perpendicular magnetic recording system, the
easy magnetization axis of a magnetic recording layer is adjusted so as to be

oriented in a direction perpendicular to the surface of a substrate. As



" fluctuation phenonenon in which the thernmal stability of a recorded
signal is degraded due to superparamagneti smso that the recorded signal
is lost, and 5 thus is suitable for igcreasing the recording density. As
t he perpendi cul ar magnetic recording nmediumfor use in the perpendicular
magneti c recording system a CoCrPt-S102 perpendicul ar magnetic
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packed) structure, thereby achieving both 15 mniaturization of the
magnetS ¢ thuaiisisuitabde for ingrpasing tentecordisgdensiye force Hc. It is known
that an oxide is used for form ng nonmagnetic grai n boundaries
(nonmagnet i ¢ pdAs themerpendiedar magnetic recgrding s)ediumdorn tsd i\ theoposed to
use, for exanple, one of Si®2, G203, Th , T1Q2, and Ta205
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snal | -area recording bits. The inprovenent in SNRis perfornmed mainly by
reduci ng fapned detwedh magnetic grains in the form of continuously grown columnar Co

crystals with a hep (hexagonal closest packed) structure, thereby achieving both
15 miniaturization of the magnetic grains and an improvement in coercive force Hc.
It is known that an oxide is used for forming nonmagnetic grain boundaries
(nonmagnetic portions between magnetic grains), and it is proposed to use, for
example, one of Si0y, Crz0,, TiO, TIO,, and Taz0s (JP-A-2006-024346),

20  Summary of the Invention
Although the magnetic recording medium has been increased in
recording density as described above, a further improvement in recording
density is required for the future. As factors important for the increase in
recording density, there are an improvement in magnetostatic properties such
25 as coercive force Hc and reversed domain nucleation magnetic field Hn and an
improvement in electromagnetic conversion characteristics such as overwrite
characteristics (OW characteristics), SNR (signal-to-noise ratio), and track width

narrowing. Among them, the improvement in SNR is important for accurate



" magnetized transition area of a magnetic recording |layer. Effective

el ements for reducing the noises include inproving the crystal
orientation of the nagnetic 5 recordi®g |ayer, miniaturization of

di anmeter of the magnetic grains, and isolation of the nmagnetic grains.
Anmong them acceleration of the isolation of the nmagnetic grains
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the present inventors have paid attéention to the fact that the anount of
4 oxygenoxideit to be contained as an oxide is small according to a
conponent

However, the indiscriminate accelection of isolation of the magnetic

grains is in danger of degradation of the crystal orientation of the magnetic
15 recording layer. If the crystal orientation of the magnetic recording layer is
degraded, it is impossible to achive the improvement of SNR that is originally
objective. In the manner which is descrived above, in order to further achive
an increase in recording density of the magnetic recording medium, the
establichment of a new technique presents a challenge to make compatibility
20 between the attainment of high coercive force H¢ and a further improvement of
SNR.
Under these circumstances, it is an object of this invention to provide a
perpendicular magnetic recording medium that can achieve an improvement in
SNR of a magnetic recording layer, thereby achieving a further increase in
25 recording density, and further to provide a method of manufacturing such a
perpendicular magnetic recording medium.
As a result of intensive studies for achieving the above-mentioned

object, the present inventors have paid attention to the fact that the amount of



*anal ysis of a magnetic recording layer. Herein, it is unclear as to
whet her the oxide is deconposed into an elenent such as Si or Ti and
oxygen during sputtering or oxygen i# deficient in a target fromthe
beginning. At any rate, if 5 oxygen is deficient in the fornmed magnetic
recording layer, it neans that the excess elenent exists as sinple
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can be forned into an oxi de and segregated at the grain boundaries as
ori gi rial | gxygepds deficiehiarthe forpedmaagnetid recoriigiaiyer itrreeangiihagthedi um was
15 manufactured by incorporating an oxidi zing agent as a conponent of a
magnet i ¢ exesssdilernentguists assimple abmst h&hewnfit iscoonsiderechthad theHbtoenser , it
has been found that although the SNR of the perpendicular magnetic
recor di ngeXeliNAAs asimple:swbstanss arerpat exneladte grain boendariesd i nproved
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However, only by changing the I ncorporation anpunt the oxidizi'ng

agent, i taddifig BRegeretel suppRinienstithé defitienéyy the Brmentdiidthg bEe Sigghid i on
anount of oxygen. Therefore, in order to add the proper anount of
oxygen, téubstareceeddn e formed into an oxide and segregated at the grain boundaries
as originally expected. Then, a perpendicular magnetic recording medium was
15  manufactured by incorporating an oxidizing agent as a component of a
magnetic recording layer and the SNR thereof was evaluated.

However, it has been found that although the SNR of the perpendicular
magnetic recording medium using the above-mentioned technique is once
improved following an improvement in crystal orientation of magnetic grains due

20 to the incorporation of the oxidizing agent, it starts to decrease when the crystal
orientation reaches a certain level. As a result of closely examining the
perpendicular magnetic recording medium for locating the cause of it, it has
been considered that since the amount of oxygen in the magnetic grains
changes significantly, an oxygen excessive state appears this time, thus leading

25 to the reduction in SNR as a resuit.

However, only by changing the incorporation amount of the oxidizing

agent, it has been extremely difficult to finely adjust the addition amount of

“oxygen. Therefore, in order to add the proper amount of oxygen, the present



" inventors have continued further studies and, as a result, have conpleted
this invention. According to this invention, there is provided a

per pendi cul ar magnetic recordi ng nedum havi ng, over a substrate, at

| east a magnetic recording layer 5 with a granular structure in which a
nonmagneti c grain boundary is forned between magnetic grains continuously

grown int HARLE m&_@r i I1C W Qv Al ntai.n Co, Cr,
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sel ect ed ihyomfigh, group A conprising Si 02, T102, and Cr203, at |east one
oxi de selected froma group B consisting of oxides each 10 having a
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free eneregordi@ meaiun havipgooveri sulstrateiat (pds atrhagredievrecorditig laped
configuration, the magnetic recording layer is formed by contalning the
oxi degS( grwitipagramsat stouciuredn gedvichl s nGninagnétiegraim bogrydakais fonmetdhe oxi de
(group A) adapted to be contained in the grain boundary of the nagnetic
r ecor di ngoatwpen magnetie graias cgplinypusly growniintg a eglurrinar sbaps iwhgreigent i s
further contained for, controlling the amount of oxygen of the group B
adapt ed tHeRIANete araies gepian &o, FrangiRYy and the magpelie resoeding layefpr ove t he
m ni aturi zati.on,,jso] ation, an | ectromagneti c conversi on. .20
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[ ncorporaérie(pgy ABHEhH teé gidup Broup B itsel f. Accordingly, by securely
expel ling the el enent o’? the oxide of the group A fromthe nagnetic

grai ns (deposi tAdegrdihg teethenabaiveahentiheddanfigofativhethgrmagneticat t he grain
boundar y)rer:ording layer is formed by containing the oxide (group B) having a larger
15 Gibbs free energy AG than the oxide (group A) adapted to be contained in the
grain boundary of the magnetic recording layer. The oxide (group C) serving
as the reducing agent is further contained for controlling the amount of oxygen
of the group B adapted to oxidize the group A. Therefore, it is possible to
improve the miniaturization, isolation, and electromagnetic conversion
20 characteristics of the magnetic grains by the oxide of the group A and, even if
oxygen deficiency occurs in the oxide of the group A, the oxide of the group B
serves as an oxidizing agent to supplement the oxygen deficiency. Further, by
the reducing agent in the form of the oxide (group C) having a smaller Gibbs
free energy AG than the oxide of the group B, it is possible to adjust the amount
25 of oxygen to be supplied from the group B to the group A, more finely than by
changing the incorporation amount of the group B itself. Accordingly, by

securely expelling the element of the oxide of the group A from the magnetic

grains (depositing the element of the oxide of the group A at the grain boundary)



"6 to prevent degradation of the crystal orientation of the nmagnetic
grains otherw se caused by the oxide remaining in the crystals of the
magnetic grains, it is possible to pfovide a perpendicul ar magnetic
recordi ng nmediumthat can achieve an inprovenent in SNR of the nagnetic
recording |layer, thereby 5 achieving a further increase in recording

density. fherevshtdedrhditith &R I i ;td on in which
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reduci ng Hisepossditde de pamidesa patpendicularanagriicrecoring mediume thatzahng
entrapped into the crystals of the magnetic grains. Therefore, it is
possi bl e achigy@&paimpravement in SbRefdhemagnetiz yeeordingtlayen thesélyect i ng t he
crystal orientation of the magnetic grains. The relationship between the
groups® A aghieringadurther inereasedmEarasdingdeneidh t he groups B and C are each
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reduced littl y little The oxi de of the group may preferably

be each aThérefrd, ioepdsible topropers adpst e Amoantofwxggen aspLt sing Si O
TiO Cr202, and C&r3G3. Si, Ti, and Cr are the elenents included in the

group A dffectiagdhentystdl oriertagion wpthe’magnetipgiairsd t o t he grain boundary of
the magnetic recording |ayer.
The relationship between the groups A and B and the relationship
between the groups B and C are each a relationship in Gibbs free energy AG.
15  There is no limitation in magnitude between the groups Aand C. On the other
hand, in the relationship between the groups B and C, the oxygen number in a
molecule preferably differs between the oxide of the group B and the oxide of
the group C. This makes it possible to finely adjust the final number of oxygen
when the oxide of the group B or C is added per unit amount (e.g. unit mol%).
20  For example, when the oxide of the group B is Co30, with an oxygen number of
4 and the oxide of the group C is SiO with an oxygen number of 1, part of
oxygen largely increased in number by Co30,4 can be reduced little by little by
Si0.
The oxide of the group C may preferably be each at least one
25 compound selected from a group comprising Si0, TiO, Crz0;, and Crz0a. S,
Ti, and Cr are the elements included in the group A.  The element of the group
A is expelled to the grain boundary of the magnetic recording layer.

Accordingly, it is possible to prevent degradation of the crystal orientation of the



" Accordingly, it is possible to prevent degradation of the crystal
orientation of the 7 mnagnetic grains otherw se caused by the reducing
agent entrapped in the nmagnetic graimns and thus to supply the reducing
agent while ensuring the SNR of the magnetic recording | ayer. The oxides
of the group B may preferably be each at | east one 5 conmpound sel ected
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magneti c bftherrda tloﬂ‘ké@érdirgm seferably, the magnetic recording layer is
made of CoCrPt-T102-Si 02- Co304-Si O. According to this configuration, the

mi ni at uri zat i onThedxides béithiecgroop BInGy Preferibhgbé kachag eist 6n@r ai ns can be
facilitated by Si 02 and, further, the el ectromagnetic conversion

char ad? er temposnd gelecteddtoml grousRnpasing o0 nPosde Cuty, AG,02andur t her, by
Co304, it _is possible 15 to supply oxygen to Si 02 and T102 wi t hout

degr adi ngW®e &upstibentsannestiathe arystals abtbernagnetic grainshtbe, elsineotofsi O
serves as a reducing agent for Co304, Is possible to finely adjust

it
t he amounYetangyige inck dearade;the crystal onigatatipn of themagnetimorsing. he
magneti c i ps. .Jhis es It possible to provjde a r pendi cul ar
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conpr i si NGoSR2TIOLN0,-Ctid, 1003 AcabrdirRpithRdrfiyLftiorelhgct ed from a

group B 25 consisting of oxides each having a | arger G bbs free energy AG
t han t he mirdaturizétjoreawet soldtiensf CaGrPbbeidg tise reaghetic hrains sagbeup C
consisti nfgaci?i{atgc)i( ibgcrlessio-f ggg. further, the electromagnetic conversion characteristics
(particularly, SNR) can be improved by TiO2, Further, by Cos0;, it is possible
15  to supply oxygen to SiO; and TiO; without degrading the crystal orientation of
CoCrPt and, further, since SiO serves as a reducing agent for CoaQy, it is
possible to finely adjust the amount of oxygen while ensuring the crystal
orientation of the magnetic grains. This makes it possible to provide a
perpendicular magnetic recording medium improved in SNR.
20 According to this invention, there is also provided a perpendicular
magnetic recording medium manufacturing method comprising forming a
magnetic recording layer over a substrate by the use of a target containing a
metal containing Co, Cr, and P, at least one oxide selected from a group A
comprising SiOz, TiO3, and Cr;03, at least one oxide selected from a group B
25  consisting of oxides each having a larger Gibbs free energy AG than the group
A, and at least one oxide selected from a group C consisting of oxides each

having a smaller Gibbs free energy AG than the group B.

The components and the explanation thereof based on the technical



" having a smaller G bbs free energy tG than the group B. The conponents
and the expl anation thereof based on the technical 8 idea of the

per pendi cul ar magnetic recordi ng nedi @n descri bed above are al so
applicable to the nmethod of manufacturing such a perpendi cul ar magnetic
recording medium 5 Effect of the Invention According to this invention,
It Is posgifl i nqi r neti c recordi ng _nmedi um t hat
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r ecor di ngremidinmediumf Description of the Drawings Fig. 1 is a diagram
for explaining the structure of a perpendicular magnetic recording

medi um according to an enbodi ment of this invention; 15 Fig. 2 is an

El I i ngham di agram showi ng free energies of formation of oxides; Fig. 3

i s a dd agEffectfafthekpleationng t he anount of sinple el enent oxygen to be

di scharged when an oxi di zi ng agent and a reduci ng agent are m xed

t oget her; 20 Fi/ggcordingde thigBventonliitigrrmssibleoto propidaiaperpendieular
effectiveness of Exanples each in which Si O serving as an_oxide of a
group C wBgagherecosding mediwm that cancaahisveran imprgvement isrSNBaf mer

expl ai ning the _ effectiveness of Exapples each in which Si O serving as an
oxi de of gﬁa@rne%r%' 80 Ja¥eE dhereby aoblevingod ?@wm%awn reprdingsent i on

e e 8bhe. SAFBAERE SRR TRnSh ol Byl gl e droBRarigae! | o2
spem{dc H'n%@ﬁéﬁc??éco\@hb’ﬂ?edi@rﬂq so on shown in the enbodi nent are only for

Brief Description of the Drawings

Fig. 1 is a diagram for explaining the structure of a perpendicular
magnetic recording medium according to an embodiment of this invention;

15 Fig. 2 is an Ellingham diagram showing free energies of formation of
oxides;

Fig. 3 is a diagram for explaining the amount of simple element oxygen
to be discharged when an oxidizing agent and a reducing agent are mixed
together,;

20 Figs. 4A and 4B are diagrams for explaining the effectiveness of
Examples each in which SiO serving as an oxide of a group C was added; and
Figs. 5A and 5B are diagrams for further explaining the effectiveness of

Examples each in which SiO serving as an oxide of a group C was added.

25 Maode for Carrying Out the Invention
Hereinbelow, a preferrad embodiment of this invention will be described
in detail with reference to the accompanying drawings. Sizes, materials,

specific numerical values, and so on shown in the embodiment are only for



9 illustrative purposes for facilitating understanding of the invention
and are not intended to limt this invention unless otherw se specified,
In this specification and the draw ngs, conponents having substantially
the sane functions and structures are assigned the sanme synbols to
thereby omt duplicate explanation 5 and, further, illustration of
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first wunderlayer 118a, a second underlayer 1 onnmagnet ¢ granul ar

| ayer Sl120and,Jumhér Hlastratkgnsftdornpcretsthagis! it AiredtiPriatad $6805d magnet i c
recording layer 122b, an auxiliary recording |ayer 124, a protective

| ayer 126invemtibraislomitted.ati ng | ayer 128. The first soft nmagnetic |ayer
114a, the spacer |ayer 114b, and the second soft magnetic |ayer 114c
cooper ati vel y f(mhodyoent)magnetic | ayer 114. The first underlayer 118a
and the second underl| ayer 118b cooperatively forman 20 underlayer 118.
The first magndPe@endicsiatiMagnetipdrecording igmE second magnetic

recordi ng | ayer_, b cqoperatively forma ma%netic recor di n??dl ayer 122.

As the disk suﬂ:éé-rzélsé" pgram 4 IBRg tag ire¢tute off 3, arr@ndiculast ai ned by
ol 930 SRaGRR IR HBAR b BB Els e e ert STRES BT
e o) et Cacn8lc RS ke MR oo eges o e
al um nosid\nsthfe ¥R % adhesive layer 112, a first soft magnetic layer 114a, a spacer
layer 114b, a second soft magnetic layer 114¢, a pre-underlayer 116, a first
underlayer 118a, a second underiayer 118b, a nonmagnetic granular layer 120,
15  afirst magnetic recording layer 122a, a second magnetic recording layer 122b,
an auxiliary recording layer 124, a protective layer 126, and a lubricating layer
128. The first soft magnetic layer 114a, the spacer layer 114b, and the second
soft magnetic layer 114c cooperatively form a soft magnetic layer 114. The
first underiayer 118a and the second underlayer 118b cooperatively form an
20 underlayer 118. The first magnetic recording layer 122a and the second
magnetic recording layer 122b cooperatively form a magnetic recording layer
122.
As the disk substrate 110, use can be made of a glass disk obtained by
molding an amorphous aluminosilicate glass into a disk shape by direct press.
25 The kind, size, thickness, and so on of the glass disk are not particularly limited.
As a material of the glass disk, use can be made of, for example,

aluminosilicate glass, soda-lime glass, soda aluminosilicate glass,

aluminobarosilicate glass, borosilicate glass, quartz glass, chain silicate glass,



" alum noborosilicate glass, borosilicate glass, quartz glass, chain
silicate glass, 10 glass ceramc such as crystallized glass, or the

i ke. This glass disk is ground, polfghed, and chem cally strengthened

i n sequence, thereby obtaining the snooth nonmagnetic disk substrate 110
in the formof a chemcally strengthened glass disk. 5 On the disk
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met hod. | smob WenrRagritiaiisk ibitiatei110/in the thitn B SenBRALAKaD! € Lo use an

in-line type filmformng 10 nethod. Hereinbelow, the strfuctures of the
respecti vgtréreg(ﬁé@ed/\gqbbs bdikdescri bed. The adhesive layer 112 is formed in
contact with the disk substrate 110. The adhesive layer 112 has a

functi®n of incDealsé digkishbsirateedOptheslhyersdidin techdiesiive Rges 912 tofagnet i C

| ayer 114 forned thereon and the disk substrate 110 and a function of
m ni at ur i aixidargmecardingl lays miP4cargfomhedjinsemmiente bha DEapagndtrom 15 | ayers
formed over the adhesive_|ayer 112. Wen the disk substrate 110 is nade
of anor phepisteginggsethpe Ahe psotectivedayer 12 carsbe farmeday g CAD mathphous
alloy filmfor _adaptation to the anorphous glass surface. The adhesive

| ayer 112Tkefeafier s Wbricating layer 125 canbefarmedby adin coatisgmethedphbus
e 2 B SRR S e Sl B3RS RSP ERR oS S
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Y, B 2,7 AR 1% SIAE BT W IR LY, ™
et on, THBMAClaer 20k QRS R meboncial srablth, 2
di oxi de, between the soft magnetic layer 114 formed thereon and the disk substrate 110
and a function of miniaturizing and equalizing crystal grains of the respective
15 layers formed over the adhesive layer 112. When the disk substrate 110 is
made of amorphous glass, the adhesive layer 112 is preferably an amorphous
alloy film for adaptation to the amorphous glass surface.
The adhesive layer 112 can be selected from, for example, a
CrTi-based amorphous layer, a CoW-based amorphous layer, a C*W-based
20 amorphous layer, a CrTa-based amorphous layer, and a CrNb-based
amorphous layer. Among them, a CoW-based alloy film is particularly
preferabie because it forms an amorphous metal film containing microcrystals.
The adhesive layer 112 may be a single layer made of a single material, but,
alternatively, may be formed by laminating a plurality of layers. For example, a
25 CoW ayer or a CrW layer may be formed on a CrTi layer. Preferably, the
adhesive layer 112 is formed by sputtering a material containing carbon dioxide,

carbon monoxide, nitrogen, or oxygen or is exposed to such a gas at its surface

layer.



" carbon nonoxi de, nitrogen, or oxygen or is exposed to such a gas at its
surface layer. 11 The soft magnetic layer 114 is a |ayer that
tenmporarily forns a magnetic path durithg recording for causing the
magnetic flux to pass through the recording |layer in a perpendicul ar
direction in the perpendi cul ar magnetic recording system By interposing

119 and the scurebitnpprytiater B R A RTE Bat Mippdrad Bs g BRd e teay or
114 can Doath ofitihg s astaing RS iebb i RERHELE ShrofifiBg00e Coupling)

Wth this configlUration; nmagnetization soft magnetic

| ayer 1l4regamimlagbt ﬁ@?ﬁ?@ﬁﬂ&u@ﬁGirmﬁhitﬁﬁ%gwg{d@ﬁéﬁg&ﬁtﬁ rcuit) with

hi gh accuracy and’t hus per pendi cul ar co

nmagnet i zatecontliny systémon Bydntergostmethe richrafitic 3patéiahyér 1148 HadwekRl € to
reduce noise generated fromthe soft magnetic |ayer 114. As the

conposi t i tha fist softenadretistiayeft dawmdehe cetaydksofl indanaticl ldyke 154 ahel sof t
magnetic | ayer 114c, use can be nade of a cobalt-based alloy such as
CoTazZr, scfionagneticsilavierall4osarshe honfigureh @ Fave AFC (aftifEerdmagastit - Fe- based
alloy like a [Ni-Fe/Sn) n nultilayer 15 structure, or the like. The

pr e- underéxehanga ceuplings nWithdbisconfiguation, mageetization Wirectiortsiofdcheon  of
protecting the soft nmagnetic |ayer 114 and a function of orienting, in a
di sk per pgnetic layen Hd gasnbe ?Wé‘%”aé?" Ppgaalis eath{magngtic a hexagonal

For mod. lt RS blaf st R Bp 854 HePer RO G relahtiB e or :i)‘{‘éf the
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structure and™an anor phous structure a

pr e- underfrab/ift rhafnetid ||agéfn1_1b;% &l heteeohd Q6% Mhagriehic |der 18e, He cdlf . Nb,

and Ta. 25 Alternatively, it may be an alloy containi'ng such a netal as a
mal n conbE®ate of a cobalt-based alloy such as CoTaZr, a Co-Fe-based alloy such as

CoCrFeB or CoFeTaZr, a Ni-Fe-based alloy like a [Ni-Fe/Sn] n multilayer
15 structure, or the like.

The pre-underlayer 116 is a nonmagnetic alloy layer and has a function
of protecting the soft magnetic layer 114 and a function of orienting, in a disk
perpendicular direction, the easy magnetization axis of a hexagonal closest
packed structure (hcp structure) included in the underlayer 118 formed thereon.

20 Itis preferable that, in the pre-underlayer 116, the (111} plane of a face-centered
cubic structure (fce structure) be parallel to the main surface of the disk
substrate 110. The pre-underlayer 116 may have a structure in which such a
crystal structure and an amorphous structure are mixed. As a material of the
pre-underlayer 116, it can be selected from Ni, Cu, Pt, Pd, Zr, Hf, Nb, and Ta.

25  Alternatively, it may be an alloy containing such a metal as 2 main component
and one or more additional elements from Ti, V, Cr, Mo, and W, For example,
it is possible to suitably select NiW, CuW, or CuCr as an alloy having a fce

structure.



and one or nore additional elenents fromTi, V, C, M, and W For
exanple, it is possible to suitably select NNW CuW or CuCr as an all oy
having a fcc structure. 12 The undei2ayer 118 has a hcp structure and
has a function of growing Co crystals with a hcp structure of the
magnetic recording layer 122 into a granular structure. Therefore, as
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under | ay egrahlfarisyuttupé.c al herefdie, duhe dryétar sdritatfin/of thainBerggpdregiged from
RuCr and RuCo, Since Ru takes a hcp structure and has a crystal lattice

interval islerdanted, ilhat toé (0001) plemencfangstale of e underihyeny ¢8 béedmesnposed
mainly of Co can be 10 well oriented. In the case where the material of

t he urider maye parallel todh&main isurfacenditheadisl subistraten 1 Bydt/is possible toayer
structure made of Ru by changing the gas pressure during sputtering.
SpecificalmWPVQ\momeﬁﬁilqrgoﬁfgé magneticuaerrding/layert2fa  Aomateral obther | ayer
side, the gas pressure of Ar is set to a predeterm ned %5 pressure, i.e.
a | ow pr e¥adariavenhi§ is typically Brnbwlyaitersalivaly r@nkruseleatpd from BCTamd: he
formng  RHES | PhceRuiesrcn siibdie atthisachsaRios el cBse 18t (o
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m ni afdjri &l Hﬂgﬁ'ﬁ" c 20 grains of the magnetic recording |ayer 122 by
the second underlayer 118b. As the gas pressure increases, the nean free

path of sput terjyge Bhgs herd MmERFBFERRS PARHNAUIS1181E Ky g for i ng rate

decreases to make the film coarse, it 1s possiblle to facilitate
separ at i ogndetayst MBS Eav havd b AWodaydristruefrs intddedsfoR M By REngiRg hé gas

m niaturize the Co crystal grains.

pressure during sputtering. Specifically, when forming the first underlayer 118a
on the lower layer side, the gas pressure of Ar is set to a predetermined

15  pressure, i.e. a low pressure, while when forming the second underlayer 118b
on the upper layer side, the gas pressure of Ar is set higher than that for forming
the first underlayer 118a on the lower layer side, i.e. set to a high pressure.
This makes it possible to improve the crystal orientation of the magnetic
recording layer 122 by the first underlayer 118a and to miniaturize magnetic

20 grains of the magnetic recording layer 122 by the second underlayer 118b.

As the gas pressure increases, the mean free path of sputtering plasma
ions decreases and thus the film forming rate decreases to make the film
coarse, so that it is possible to facilitate separation and miniaturization of Ru
crystal grains and thus to miniaturize the Co crystal grains.

25 A very small amount of oxygen may be added to Ru of the underlayer
118. This makes it possible to further facilitate the separation and

miniaturization of the Ru crystal grains and thus to achieve further isolation and

miniaturization of the Co crystal grains of the magnetic recording layer 122.



"~ 25 A very small anount of oxygen may be added to Ru of the underl ayer
118. This makes it possible to further facilitate the separation and
m ni aturization of the Ru crystal grai®s and thus to achieve further
i solation and mniaturization of the Co crystal grains of the magnetic
recording layer 122. 13 Oxygen nmay be added by reactive sputtering, but
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formati on. e nonnagneti c “granul ar a nonmagnet| Cc er
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120 on the hcp crystal struCture of the underlayer 118 and by grow ng

a granul ar |aye'_rh@iﬁoﬁrhﬂgﬁétrc%raﬁ@lﬁﬂ%%ﬁ12@?&05 Hbﬁﬂlagﬁé‘l‘i’d |a9829a\£i9%at he
magneti c recording |ayer 12 t her éon, the nonmagnetic granular |ayer

120 has agranolaristroctate, s eppformingpthielbnmeiret igfariliatEyé 120098 thd hegn an
initial growh stage (buildup). By this, it is possible to facilitate

i sol at§ oncrystat steustargnafithe updesiayer dfl 8tand byegromrigea geanuiali lagerld thayer 122.
The conposition of the nonmagnetic granular |ayer 120 can have a

granul ar st megoetic weording iyar 1 AZa fortbe magnetic cecardipgdaysy 122)f orm grai n
boundari es between nonmagnetic crystal grains made of a Co-based all oy.
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nonnagnet C substance . . ong.as | I'S a subst ance
that can BeundatiebBassieEHmMagnaticustar@aitetrmaddbpa Co-basedBallgy. suppr ess

or block the exchange interaction between the magnetic grains and that
may be a nonmadnéhis embddirment; thenmdrrhagreticajranalar lyepl 20 issmade ofbal t  ( Co) .
CoCr-8i0,. Accordingly, SiOz (nonmagnetic substance) is segregated to form
1S  grain boundaries between Co-based alloy crystal grains {(nonmagnetic crystal
grains) so that the nonmagnetic granular layer 120 has a granular structure.
CoCr-SiO; is only one example and may be replaced by another. For example,
CoCrRu-SiO, can be suitably used instead. Further, instead of Ru, use can be
made of Rh (rhodium), Pd (palladium), Ag (silver), Os (osmium), Ir (iridium), or
20 Au(gold). The nonmagnetic substance may be any substance as long as it is
a substance that can form grain boundaries around magnetic grains so as to
suppress or block the exchange interaction between the magnetic grains and
that may be a nonmagnetic substance which is not solid-soluble to cobalt (Co).
For example, silicon oxide (SiOx), chromium (Cr), chromium oxide {(CrO2},
25 titanium oxide (TiOy), zirconium oxide {(ZrQ-}, and tantalum oxide (Ta;Os) can be
given as examples.

In this embodiment, the nonmagnetic granular layer 120 is provided on

the underlayer 118 (second underlayer 118b), but not limited thereto. The



" For exanple, silicon oxide (SiOx), chromum (Cr), chrom um oxide (Cr02),
25 titaniumoxide (Ti®2), zirconiumoxide (ZrQ), and tantal um oxide
(Ta2Cb) can be given as exanples. In14his enbodi nent, the nonnagnetic
granul ar layer 120 is provided on the underlayer 118 (second underl ayer
118b), but not limted thereto. The 14 perpendi cul ar magnetic recordi ng

layer  120PePREdRES ErbdreRE Sereiy gl B Colle PRt e
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boundaries aro grarns’of @ hard magnetic substance
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t hereof . The magnetic recording |ayer 122 may be a single |layer but, in
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smal |l in thickness but secures a coercive force He by increasing the size
of nmagnelayer gGithese\mapnetia anains casn he epiaxiallyrgrawn continousdy fromitbesecond

magneti c recoyrding | ayer 122b_serving as a nain recording |ayer has a
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magnetic grains with a relatively small amount of oxides. The second
magnetic recording layer 122b serving as a main recording layer has a large

15 thickness to secure a coercive force He and contains a relatively large amount
of oxides to achieve isolation and miniaturization of magnetic grains, thereby
achieving an improvement in SNR,

In this embodiment, the first magnetic recording layer 122a may be

made of (CoCrPt)-(Cr20s) or (CoCrPt)-(Cra05)-(Si02).  Their compasitions can

20 form a granular structure in which Crz0s and SiO; (oxides) being nonmagnetic
substances are segregated to form grain boundaries around magnetic grains
made of CoCrPt and grown into a columnar shape. These magnetic grains are
epitaxially grown continuously from the granular structure of the nonmagnetic
granular layer 120. As the nonmagnetic substances for forming the

25 nonmagnetic grain boundaries of the first magnetic recording layer 122a, oxides
such as silicon oxide (SiOx), chromium (Cr), chromium oxide (CrxOy), titanium
oxide (TiQ,), zirconium oxide (ZrO,), tantalum oxide (Ta20s), iron oxide (Fe,0a3),

and boron oxide {B,03) can be given as examples. A nitride such as BN and a



" epitaxially grown continuously fromthe granul ar structure of the

nonmagnetic granul ar |layer 120. As the nonmagnetic substances for
form ng the 25 nonmagnetic grain bount@ries of the first nmagnetic
recording |l ayer 122a, oxides such as silicon oxide (SiOx), chrom um
(Cr), chromumoxide (CrxQOy), titanium oxide (MX), zirconium oxide

(Zr), té&%@d%&?‘é@&é&?&{) Lo b.b)r&s%ﬁ?@?:%‘éd.( Fe2Q3), and boron oxide

(B203) can be given as €exanples. € such as BN and a 15 carbide

such as BiC3_camee@rigmaghéttrerolsinglaydh 22 CANGInERaY RbhmagRegy di ng

| ayer 122b contains, as nohmagnetic ‘substances, at | east oné oxi de
sel ected $ulsstanced! atileadt drecdxidé BeleStedXromidEroup MiflcibEfHgBI®) dTiEs,, | east one

oxi de selected froma group B including oxides, 5 such as CoO Co3M4,
CuO, Ag2CandCu.Q¥nd atleastuna exida sélacigdrfrdah hlgrobp GeincloBimgoXidEs,
(hereinafter sinply referred to as AG than the group AL As a specific
exampl®, $WGPCP, ticed).-CEDRY-Q,GreidOacaactbbavisgd. iarges Gibbs free  second
magneti c recordi ngg} ayer 122b, a granular structure can be formed in
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of the oxide™ of the group B, such as, ftor exanple, SiQ "Ti Cr202, or
Cr303, i.sepatated sl Pound O)aHarginICE enters the maghetio\grais @eygen is

deficient fromthe oxide adapted to be contained in the grain
boundar i ediscHdrged from tHeemagnetivdgraimghand © supplements oxygen deficiency in
Si0O, and TiO, being the oxides of the group A.

15 The second magnetic recording layer 122b further contains an oxide
{reducing agent) of a group C adapted to reduce the above-mentioned oxide of
the group B.  As the oxide of the group C forming the reducing agent, us;e can
be made of a compound whose AG for oxygen is smaller than that of the oxide
of the group B, such as, for example, Si0, TiO, Cr20z, or Cra0s, i.e. a

20 compound having a composition in which oxygen is deficient from the oxide
adapted to be contained in the grain boundaries. That is, the second magnetic
recording layer 122b is formed by using a target containing a metal containing
Co, Cr, and Pt, at least one oxide selected from the group A including SiO;, TiO,
and Cr;0;, at least one oxide selected from the group B including oxides each

25 having larger AG than the group A, and at least one oxide selected from the
group C including oxides each having smaller AG than the group B.

Accordingly, when the reducing agent obtains oxygen, its composition

becomes the same as that of the oxide present at the grain boundaries and thus



recording layer 122b is fornmed by using a target containing a netal
containing Co, Cr, and Pt, at |east one oxide selected fromthe group A
including SiQ2, 110,, and Cr2038, at 1@ast one oxi de selected fromthe
group B including oxides each 25 having |arger AG than the group A and
at | east one oxide selected fromthe group C including oxides each

havi ng sl sTeaéfermine fuhioh 8449 nhoneds SEUINITG idyer IORB: ddFaliggluci no agent

obt ai ns oxygen, its conposition becones t ne as t e oxide
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as a magnetic recording layer is not degraded.” The reducing agent 1Is

bonded t cthexgrgem B(scethatitisopdssitsip 2 atijgt fhecambist ofoikggerpio bé Bepgligdup B so
that it is possible to adjust the anpbunt of oxygen to be supplied from

t he gr oupir@ntthe gheupyB do thergronprie noredingiyt than byychangingi the indoeporation
i ncorporation 5 amount of the group B itself. Further, since the el enent
adapt & t@mpentafithe groupaB itselburfiuthesssinee theerlement adapted te form thgent , t he

i s discharged fromthe magnetic grains so
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of the group B iS discharged as sinple atohs and entrapped into the
nagnet i ¢ guides)s As'sownlinigy2, the oRideghof the gaupd® (@lidiking dfeptd) dfei s not

required to inprove the properties of the magnetic recording |ayer as an
oxi de, a regairedto baveslaogdrd® tharesi©, sy, Cinds, Ev@s TabOq anidPiCx bdirgent i s
entrapped into the magnetic grains, the crystal orientation thereof is
not degr dhedxides (graupsAl aachouseful dacformingthe graio bouodadessof the has been
found that an el enment of an oxide of L
magnetic recording layer. Further, there is a possibility that the element of the
15  oxide of the group B is discharged as simple atoms and entrapped into the
magnetic grains. Accordingly, aithough the oxide of the group B is not required
to improve the properties of the magnetic recording layer as an oxide, a
selection should be made such that even if a simple element is entrapped into
the magnetic grains, the crystal orientation thereof is not degraded. As a result
20 of examining various oxides, it has been found that an element of an oxide of
the group B can be any one of Co, Cu, Ag, W, and Ge.
As the oxide of the group B, a selection can be made from CoQ, C0304,
Cu0, Ag:0, and WO;. In this case, one or more oxides can be selected from
them. As the oxides of the group A, oxides such as silicon oxide (SiOy),
25  chromium (Cr), chromium oxide (CrxOy), titanium oxide (TiOs), zirconium oxide
(ZrO2), tantalum oxide (Ta20s), iron oxide (Fez0a}, and boron oxide (B203) can
be given as examples like the oxides of the first magnetic recording layer 122a.

Among them, it is preferable to contain SiOz, TiOz, or Cr20a.



- the group B can be any one of Co, Cu, Ag, W and Ge. As the oxide of the
group B, a selection can be made from CoO Co3™4, CuO Ag20 and WEB. In
this case, one or nore oxides can be 1§el ected from them As the oxides
of the group A oxides such as silicon oxide (SiOx), 25 chromium (Cr),
chrom um oxi de (CrxQOy), titaniumoxide (Ti), zirconiumoxide (ZrQ2),
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group A i2gepkatthedtioup G ¢an be selacted ram theexides includingy B, t016rQex or di ng
| ayer, Therefore, LI.iS possible t reven egradati on of fhe crystal
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nor e promtﬂaw?é@imﬁwb rhagnetitytains Aindake ensiigplp thef dedating Aepewmlled. Fig. 3
is a diagram for explaining the anount of sinple el ement ‘oxygen

ensuring the SNR.

It is preferable that the oxygen number deficient in the reducing agent of
15  the group C (e.g. the oxygen number deficient in SiO with respect to SiO; is 1)
be smaller than the oxygen number of the oxide of the group B as an oxidizing
agent (e.g. in the case of Co304, the oxygen number is 4). This makes it
possible to more properly adjust the amount of oxygen to be finally separated.
Fig. 3 is a diagram for explaining the amount of simple element oxygen
20 to be discharged when an oxidizing agent and a reducing agent are mixed
together. It is assumed that the oxidizing agent (oxide of group B) is C0104
and the reducing agentis SiO. In this case, assuming that 1mol% C03;0, is
added and all oxygen is separated, 4mol% simple atom oxygen is discharged.
Then, if the addition amount of SiO as the reducing agent is increased per
25 1mol% from Omol%, since SiO captures oxygen so as to be SiOy, it is seen that
the amount of simple atom oxygen to be discharged decreases per 1mol%.
Actually, separation and bonding are not completely carried out and thus the

numerical values are only illustrative, But still, it is true that excess simple



20 to be discharged when an oxidizing agent and a reduci ng agent are

m xed together, It is assuned that the oxidizing agent (oxide of group
B) is Co3Q4 and the reducing agent 1$8SiO In this case, assum ng that |
nol % Co304 is added and all oxygen is separated, 4nol % sinple atom
oxygen is discharged. Then, if the addition anount of SiO as the

reduci ng L Sard 25 Inmol % from Orol % since Si O captures
oxygen S0 pxider Gt ECARRE]
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oxygen can be captured. I'n this enbodi nent, use i's de of one Kind of

oxi de in teuuchig agent irathecsscond eesyrétio gedciiing 1dystal 2280 bof ndthimiey des of
the groups A and B and the reducing agent in the second magnetic

recor dd ngthesgter 1132 posdible toase theroxidds of theegretps Aldndi B apddise Rdducing use
the oxides of the groups A and B and the reducing agent in either or
bot h of tagentiin sithemenimth of thecfrstinagnetin/recomdhig layed 122 and tmsecomignet i ¢
recording |ayer 122b, Therefore, in the case where the magnetic

r ecor di ngMagpetic resprding fayerdd2by Therefasecinithy easewhete thermageetic from t hi s

enbodi ment, sych, a etic recording layer 122 is preferably nade of 10
CoCx Pt - i (850Ki0 12¥55042 & tarmed bY.A inpledayerasds diffare e this2 s a
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material of theriuixinid Yottt 12218 hadndliaps mbghetRXiyP!

CoCrpPt, CoCrPtB, or a stancé containing a“very anount of an
oxi de in alfsfet Bontafucug @ Hebin-pilise aivétlonadnthé Redn dLiAdcd 8V@k sbbdtrBrs the

pur pose of adjusting the reversed domain nucl eation nmagnetic field Hn
and the clhéysecassary that the auxiliary recording layer 124 be adjacent to or in vicinity
to the magnetic recording layer 122 so as to have a magnetic interaction
16  therewith. A material of the auxiliary recording layer 124 may be, for example,
CoCrPt, CoCrPtB, or a substance containing a very small amount of an oxide in
CoCrPt or CoCrPtB. The auxiliary recording layer 124 has the purpose of
adjusting the reversed domain nucleation magnetic field Hn and the coercive
force Hc, thereby achieving an improvement in anti-thermal fluctuation
20 characteristics, OW characteristics, and SNR. In order to achieve this purpose,
the auxiliary recording layer 124 preferably has high perpendicular magnetic
anisotropy Ku and high saturation magnetization Ms. The auxiliary recording
layer 124 is provided above the magnetic recording layer 122 in this
embodiment, but may alternatively be provided below the magnetic recording
25 layer 122,
Aterm of "magnetically continuous" means that the magnetism

continues. A term of "almost continuous" means to include the case where the

auxiliary recording layer 124 is not a single magnet when observed in its



force Hc, thereby achieving an inprovenment in anti-thermal fluctuation 20
characteristics, ONcharacteristics, and SNR In order to achieve this
purpose, the auxiliary recording |ay8® 124 preferably has high

per pendi cul ar magnetic anisotropy Ku and high saturation magneti zation
Ms. The auxiliary recording |ayer 124 is provided above the magnetic
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continuous” neans to include the case whefe the xiIrary recording

| ayer 124dissontivity of & egystalbaeso Maybeofosmed & sedrédaliohDf CYribyet y so
that the magneti sm nay be di scontinuous due to grain boundaries of
crystal gsegregation ofran dxitie coMbimegrinianverp smddiamawntt, oBlen ifgpaiasent s t he
discontinuity of a crystal, but also may be formed by segregation of Cr
or by 5 seckpunglaries sootaining the axide are formed in thenawdliary seedrdingriayert124cven i f
grain 5 boundaries containing the oxide are formed in the auxiliary
recor di nghe#fas ol the grainoundaries s prefergblyismalien (thacontent of thecoxideis v

smal ler (the content of the ,oxide is Lower) than that, of the grain
boundar | JOWE) thae Hatghthe SraithenAres of he Magnelit carding iayesd 2an
oper at i on.of auxiliary. recarding.layer 124 are t negessarily
cPear. " bud fndfod Bt ohBfatigh st e eiidiadFtarting Birf argelyer 124" has a
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I nteraction) connected to the granular nagnetic grains is 15 greater than
Cross sedi¢ and thug tedmprevetharantiethamh alflugtuaition charapieridgticg andnhe SNRr sal

tends to occur due to reception of nuch magnetic flux froma nagnetic
head, t herurtheri ihisrapnsidgredthaOsinch dheatemr ofthe ceystdl graias \(bryktal graing
having a magnetic interaction) connected to the granular magnetic grains is
15  greater than cross section of the granular magnetic grains, magnetization
reversal tends to oceur due to reception of much magnetic flux from a magnetic
head, thereby improving the OW characteristics of the whole.
The protective layer 126 can be formed by film formation of carbon by
the CVD method while maintaining a vacuum, The protective layer 126 is a
20 layer for protecting the perpendicular magnetic recording medium 100 from an
impact of a magnetic head. Since, in general, carbon formed into a film by the
CVD method is improved in film hardness as compared with that by the
sputtering method, it is possible to protect the perpendicular magnetic recording
medium 100 more effectively against the impact from the magnetic head.
25 The lubricating layer 128 can be formed of PFPE (perfluoropolyether)
by the dip coating method. PFPE has a long chain molecular structure and is
bonded to N atoms on the surface of the protective layer 126 with high affinity.

By the function of this lubricating layer 128, even if the magnetic head is



The protective |ayer 126 can be fornmed by filmformation of carbon by

the CVD nethod while maintaining a vacuum The protective |layer 126 is a
20 layer for protecting the perpendi @l ar magnetic recording nmedi um 100
froman inpact of a magnetic head. Since, in general, carbon fornmed into
afilmby the CVD nethod is inproved in film hardness as conpared with

that by t t ' g ' ' ' t_the,.
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chai n noliggitl126, structure and is bonded to N atonms on the surface of the
protective layer 126 with high affinity. By the function of this

lubri cating | aBgrthd 2Boveweantivhed htangmeing pleassdss thdperperdigilari nt
contact with the surface of the perpendi cul ar magnetic recording nedium

100, bt iagresiciretarding mediven10Gicambe obtaifed akded, the rhagnaticot ect i ve

|l ayer 126. By the above-mentioned manufacturing processes, the

per pendi fe¢Aingdaya(gi22 being theofeaturg ofithis invention wilkberdestsibedried. Next, the
magneti c reccz_{q%ipfg | ayer 122 being the feature of this invention will be
descri beduther “her detail. As described above, the magnetic recording
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and the geslycA ngndithentedbeng agestaddpted &Gddies théexige @f thegrouprBler AG
In other words, the magnetic recording layer 122 is formed by
containing the oxide (group B) having larger AG than the oxide (group A)
15 adapted to be contained in the grain boundaries of the magnetic recording layer
122 and the reducing agent having smaller AG than the group B. Larger AG
means that an element and oxygen tend to be separated from each other, while
smaller AG means that an element and oxygen tend to form a stable oxide.
Accordingly, if sputtering is carried out with the oxides of the groups A and B
20 and the reducing agent mixed together, since the oxide of the group A tends to
be oxidized more than the oxide of the group B, the oxide of the group B is
reduced and the oxide of the group A is oxidized. Specifically, oxygen
separated from the oxide of the group B is bonded to the element of the oxide of
the group A to form an oxide. Further, excess oxygen is bonded to the
25 reducing agent. Thatis, the element of the oxide of the group B serves as a
carrier that supplies oxygen to the element of the oxide of the group A, while the
element of the reducing agent serves as a carrier that recovers excess oxygen.

Accordingly, even if oxygen deficiency occurs in the oxide of the group A, such



means that an el ement and oxygen tend to be separated from each ot her,

while smaller AG neans that an el enment and oxygen tend to forma stable
oxi de. Accordingly, if sputtering is2tarried out with the oxides of the
groups A and B 20 and the reduci ng agent m xed together, since the oxide
of the group A tends to be oxidized nore than the oxide of the group B,
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oxide of the group B so that the el enment of the oxide of -the group B is
di scharged as dDmtHecothébhatd)peatéhexygensdeficierryidecUistin thé akidewsthein

el enrent of the oxide of the group B
group B so that the element of the oxide of the group B is discharged as simple
15 atoms. There is a possibility that such an element of the oxide of the group B
is entrapped into the magnetic grains, However, by selecting one of Co, Cu,
Ag, W, and Ge as the element of the oxide of the group B, the crystal orientation
is not degraded even when entrapped into the magnetic grains,
Since the reducing agent to be bonded to excess oxygen is selected
20 from the group C including the oxides each having a composition in which
oxygen is deficient from the oxide adapted to be contained in the grain
boundaries, such as, for example, SiO, TiO, Cr,02, and Cr30a,, the reducing
agent with the excess oxygen is expelled to the grain boundaries. Therefore, it
is possible to prevent degradation of the crystal orientation of the magnetic
25 grains otherwise caused by the reducing agent entrapped in the magnetic
grains and thus to supply the reducing agent while ensuring the SNR.
(Example)

Using an evacuated film forming apparatus, the [ayers from the



I's entrapped into the nagnetic grains. However, by selecting one of Co,
Cu, Ag, W and Ge as the elenent of the oxide of the group B, the
crystal orientation is not degraded gyen when entrapped into the
magnetic grains, Since the reducing agent to be bonded to excess oxygen
Is selected 20 fromthe group C including the oxides each having a
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Usi ng an evacuated filmform ng apparatus, the layers fromthe 22

adhesive theymagddtit recotdivey layer 12211 YTieeesrhposition 8yt akitesiwerigydrorized in
sequence on the disk substrate 110 in an Ar atnosphere by a DC nmagnetron

sput t er i ngas S8CREATI Adnmgairdthemoftsnagretaniayer tidn the tempodition ofthe
sputtering, 0.6Pa was used except where specifically noted and 3Pa was
used for first aofhmagnetic layer d145anth thersepoadisoftroagneticigydratidic wa2. The
conposition of the adhesjve layer 112 was 50Cr-50Ti 6110nrr). In the soft
magnet i ¢ PAPECo140Fe)S4E-3daripach £Pam) and theecompesition of therapgset layer ayer
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the predeigimiwia¥ormed, using a target containing oxygen, in an Ar atmasphere at a
pressure (high pressure: e.g. 4.5Pa to 7Pa) higher than the predetermined
15 pressure, The composition of the nonmagnetic granular layer 120 was
nonmagnetic 88(50Co0-50Cr)}-12(Si03). In the first magnetic recording layer
122a, grain boundaries contain Cr,0, as an example of an oxide and
95(70Co-12Cr-18Pt)-5(Cr20s) of 2nm was formed. In the second magnetic
recording layer 122b, grain boundaries contain the oxides of the groups A and B
20 and the oxide (the reducing agent) of the group C. By changing the
composition and presence/absence thereof as described below, Examples and
Comparative Examples were prepared. The composition of the auxiliary
recording layer 124 was 62C0-18Cr-15Pt-5B (5.5nm). The protective layer
126 of 4nm was formed using CzH, and CN by the CVD method. The
25 lubricating layer 128 of 1nm was formed using PFPE by the dip coating method.
Now, examining will be made about the effectiveness of Examples in
which the oxide (reducing agent) of the group C according to this embodiment

was added. In the manner which is descrived above, in the perpendicular



15 pressure. The conposition of the nonmagnetic granular |ayer 120 was
nonmagneti ¢ 88(50Co-50Cr)-12(Si2). In the first magnetic recording | ayer
122a, grain boundaries contain Cr2C3 28 an exanpl e of an oxide and
95(70C0-12Cr-18Pt)-5(Cr2a3) of 2nmwas forned. In the second magnetic
recordi ng |layer 122b, grain boundaries contain the oxides of the groups A
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t he oxide of the group C serving as the reducting agent ware contei ned
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at ons where 1mol% Co30, is added, namely, at a point where 4mol% oxygen atoms
are added to the second magnetic recording layer 122b passes a peak where
15 the value of the SNR delineates with increase of the addition amount of Co3Q4,
it is considered that is is possible to improve, by adding SiO, the value of the
SNR upte the value near to the peak by decreasing the addition amount of
oxygen atoms to the magnetic recording layer 122,
The compositions, the peak positions, and so on provided in the
20 above-mentioned description are only illustrative and are properly changed
depending on the composition of the entire magnetic recording layer. However,
what is important here is that the desired amount of simple atom oxygen can be
discharged into the film by jointly using the oxidizing agent of the group B and
the reducing agent of the group C. This makes it possible to properly
25 supplement, neither too much nor too little, deficient oxygen, i.e. oxygen which
becomes insufficient due to oxygen deficiency, and thus to allow the originally

expected function of the magnetic recording layer 122 to be sufficiently

exhibited.



are added to the second magnetic recording | ayer 122b passes a peak where
15 the value of the SNR delineates with increase of the addition anount
OF C0304, it is considered that is i34possible to inprove, by adding
SiQO the value of the SNR upto the value near to the peak by decreasing
t he addition amount of oxygen atons to the nmagnetic recording |ayer 122.
The conposition
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too little, deficient oxygen, i.e. oxygen which becones insufficient due

t o oxy@endetafil} acesrding tarEkanipies and Sldmparafhe Bxargplealand meaggeted function
of the magnetic recording layer 122 to be sufficiently exhibited. 24
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as one of Ex&fpleaTBethetExdnpl EX aiEMmaizatRin dfitRe Bxampledsusdddts i@ asi on of

t he Exanpl es uses its val ue as
the reference value. In Fig. 4B, the abscissa axis represents the addition
amount of Co304 added as the oxide of the group B and the ordinate axis
15 represents the SNR,

As shown in Fig. 4A, tests ware perfomrd so that the compositions of
the Examples ware (89-x)(70C0-13Cr-17P)-5(Si04)-5(Ti02)-x(Co304)-1(Si0)
and the addition amount (x = mol%) of CozO3 was changed in succession.
Tests ware prerformed $0 that the compositions of the Comparative Examples

20  ware (80-x)(70C0-13Cr-17Pt)-5(Si05)-5(Ti02)-x(Co304) and the addition amount
(x = mol%) of Co10, was changed in succession as with the Examples. The
fitm compositions except for the second magnetic recording layer 122b ware
compositions similar in both of the Examples and the Comparative Examples.

First, referring to Comparative Examples in Fig. 4B, the SNR was

25 improved by adding 1mol% Cos04.  This is considered to be because, in film
formation using a target containing an oxide such as SiOz, by adding Co304

having larger Gibbs free energy AG (unstable) than SiOz, Co304 is separated so

that O (oxygen atoms) is supplied in the film and oxidizes Si and Cr in the form



" the reference value. In Fig. 4B, the abscissa axis represents the

addition anount of Co3O4 added as the oxide of the group B and the
ordinate axis 15 represents the SNR 28 shown in Fig. 4A, tests ware
perfonrd so that the conpositions of the Exanples ware
(89-x)(70C0-13Cr-17Pt)-5(SI R2)-5(TAR) -x(Co3HA)-1(SIO and the addition
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ware conpositions simlar in both of the Exanples and the Conparative

Exanpl es. magnetic recefding laygrt1@2Conpar ati ve Exanples in Fig. 4B, the SNR
was 25 inproved by adding 1 nol % Co304. This is considered to be because,
in fildn formatHowever whea thexaddition emosint pHgosdy odame 2uoolfoas nBHréR, by
addi ng Co3™ _having |larger G bbs free energy AG (unstable) than Si Q2,
Co304 i s Hefisa tandepcy thatthe SNRyas shamhreyered.s ubiis issepnsidarad t9i | m and
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lowered than the reference value where the addition amount of Co30,4 is Omol%.
Since the peak of SNR appeared when the addition amount of Coz04
15 was 1mol%, the true peak was considered to exist at 0 to 1mol%. In other
words, it can be considered that the addition amount is already excessive at the
time of adding C0304 at 1mol%.
On the other hand, referring to the Examples, the SNR was improved
by adding 1mol% Co0304 as with the Comparative Examples. However, there is
20  more, the value of SNR in the Example where the addition amount of Co30, is
1mol% beyonds the value of SNR in the Comparative Example where the
addition amount of C0o204 is Tmol%. In the Examples, although Co3;04 was
added by 3mol%, the value of SNR thereof is higher than the reference value of
17.3 dB by about 0.8 dB and has 18.1 dB which satisfies condition that the SNR
25 is more than 18.0 dB requried for high recording dencity in general. Even if
Co;04 was added by 5mol%, sudden reduction of SNR as with the Comparative

Examples did not present. These are considered to be because, by making

SiO serve as the reducing agent for Coa04, supply of O to the magnetic grains



| owered. At the tine of adding Co3O»4 at 3nol % the value of the SNRis
| onered than the reference val ue where the addi'ti on anount of Co3™4 is
Omwl % Since the peak of SNR appeared2ghen the additi on anount of Co304
15 was I nmol % the true peak was considered to exist at O to Inmol% 1In

other words, it can be considered that the addition anount is already
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t he val ue1@bl®iekdrnddie Conparative Exanple where the addition anount of
Co3™¥ is 1 mol% In the Exanples, although Co3™ was added by 3nol % the

val ue of SNR t h&s describedhibher frémamigs. i akd BER RCudré®olfthatliis3 dB by
about 0.8 dB and has 18.1 dB which satisfies condition that the SNR 25 is
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o Figs. 5A and 5B are diagrams for further explaining the effectiveness of
Examples each in which SiO serving as the oxide of the group C according to
15 this embodiment was added. Fig. 5A is a table showing compositions of the
magnetic recording layer 122 (thee second magnetic recording layer 122b)
according to Examples and measured vaiues of the SNR thereof, Fig. 5B is a
graph showing the measured values of the SNR of Fig. 5A. In Fig. 5B, the
abscissa axis represents the addition amount of SiO added as the oxide of the
20 -group C and the ordinate axis represents the SNR, In Figs. 5A and 58, as with
Figs. 4A and 4B, the measured value of SNR in a case where C030, is 0mol%
is used as a referece value and respective values of SNR are normalized.
Figs. SA and 5B show transition of the values of SNR by changing the
addition amount (y = mol%) of SiO in regard to the Example in a case where
25 Co030, was added by 3mol% in Figs. 4A and 4B. The compositions of the
Examples were (87-y)(70C0-13Cr-17P1)-5(Si02)-5(Ti03)-3(C0304)-y(Si0O) as
ilustrated in Fig. 5A. In Fig. 5A, a Comparative Example was a case where

the addition amount (y = mol%) of SiO was Omol%.



formng the filmof the magnetic recording |ayer 122 and on producing the
per pendi cul ar magnetic recordi ng nmedi um 100. Figs. 5A and 5B are di agrans
for further explaining the effectivemss of Exanples each in which SiO
serving as the oxide of the group C according to 15 this enbodi nent was
added. Fig. 5A is a table show ng corrpositions of the magnetic recordi ng
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are normalized. Figs. 5A and 5B show transition of the values of SNR by
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in a case where 25 Co304 was added by 3nmol % in Figs. 4A and 4B. The
conposi t i haadditionramaeuntof SéQ ismBmel%. This is considered to be because
(87-y)(70C0-13Cr-17Pt)-5(Si Q2)-5 TlCJZ)-SECoSOZL) y(SiQ as illustrated in
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separation acce eratlon action of e magnetic grains due to Co3™4 is
| ost when the sddiseribed abot bﬁMﬁample@xmmRQvﬁTmbvefwmel gs, 5A

and 5B, it is understood that, in a target in which

only adding Co304 serving as the oxidizing agent but also addlng SiO serving
as the reducing agent. This is considered to be because, by adding SiO

15 having smaller Gibbs free energy AG than C0a0;, the SNR can be further
improved by adsorbing excess O produced from Coz04 to SiO to thereby
minimize oxidation of Cr forming magnetic grains.

As described above, by containing, in a target for forming a magnetic

recording layer, the oxide of the group A adapted to mainly form grain

20 boundaries, the oxide of the group B including the oxides each having larger
Gibbs free energy AG than the group A, and the oxide of the group C including
the oxides each having smaller Gibbs free energy AG than the group B, it was
possible to improve the crystal orientation of a magnetic recording medium and
to improve the SNR. Herein, the oxide of the group C preferably has oxygen

25 deficiency smaller in number than the number of oxygen to be released from the
oxide of the group B, In particular, in the case where the number of oxygen to

be released from the oxide of the group B and the number of oxygen to be

adsorbed by the oxide of the group C differ from each other, it is possible to



10 is added by 3nol % it is possible to inprove the SNRif the addition
anount of SiOlies in at |east a range between Omol % and 2nol % As
descri bed above, in the Exanples, thegNR was i nproved by not only

addi ng Co3OM4 serving as the oxidizing agent but al so adding Si O serving
as the reducing agent. This is considered to be because, by adding Si O 15
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oxygen to be released fromthe oxide of the group B, In particular, in

t he case clhigrscanchit isundesstood tiatythese also naturally baloag to therechaicaki de of t he
group B and the nunber of oxygen to be adsorbed by the oxide of the
group C digoperofthisinveatianot her, it is possible to 28 finely adjust the
final nunber of oxygen when the oxide of the group B or Cis added per
unit amount (e.g. unit nmol% . While the preferred enbodi nent of this

i nve%‘?‘gg%aﬁsstf't@)fe%%ﬁ@é) bed with reference to the acconpanying

dr aw to say that this 5 invention is not limted

thereto. It | rPateRfiod RUnofichE 168 epdddiclibrimbife facofifily t N k. of

vari ous changes and no ons int ategory described | cl ai ns

and it i Smﬁaféﬁ{ 5&9&§d f(t)@nsé mdRiéd # & RefindictidnmsgitietetordidgeHbechni cal
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(hard disk drive} or the like and to a method of manufacturing such a

perpendicular magnetic recording medium.



10 Industrial Applicability This invention is applicable to a

per pendi cul ar magnetic recording nedium adapted to be nounted in a

per pendi cul ar magnetic recordi ng HDD 2§ hard di sk drive) or the |like and
to a method of manufacturing such a perpendicul ar magnetic recording
medium 29 WHAT IS CLAIMED I'S: 1. A perpendi cul ar magnetic recording
medi um having, over a substrate, at |east a nmagnetic recording |ayer
with a granular structure in which 5 a nonmagnetic grain boundary is

formed beywsnISTBUARMED 18F @i Ns continuously grown into a columar shape,
wherein said magnetic grains contain Co, Cr, and Pt, and said nmagnetic

recor di ng | ayerq, Cqﬂ@béwéﬁd%hldr@l@%ne%?e&%dﬁl@ rﬁ@&ﬁﬁiﬁ&uﬁ% gr oup A
10 e se

conprising Si, TiQ2, and | €ast one oxi ect ed froma

group B csubstrate, mleﬁstammmaebordh@waw@tﬂ argg@mmé? Shsctireas wtigh 9y AG
than said group A and at |east one oxide selected froma group C

consi st i ng noﬁmgnelﬁmgmhoummy soformedbletvegerGniaaefic gmirenedrginudGsiyhan
said group B. 15 2. The perpendicul ar nmagnetic recording nedi um according
to cl ai marownypteracalumnar skapas of said gr oup C are each at |east one

conpound selected froma group conprising SIQ TiOQ Cr202, and Cr303. 3.
The per pendi cul\’merﬁﬁ‘gﬁf?é‘ﬂ F@W&H@Q&Wﬁ;c@ﬁaﬂﬁ@a@b@dlmgﬁm% claim 1,

wherein the oxi des of said are each at |east one conpound
sel ect ed 20_frc% %ﬂ&ﬁ&%ﬁb@ﬂ&iﬁ%{&f@ﬁ@a'f@wm cuO, Ag20, and V\DB 4.
Iﬂirﬁfﬁpié‘l?hc‘ﬁﬁﬁﬁ%ﬁﬁﬂﬁek@ﬁ AR R SR A CERpNSRY 1B, 1B,

CoCr Ry T | 2-Co3M4-Si O 5. A perpendicul ar nagnetic recordi ng nmedi um
manuf act uri‘n ! met hod

at least one oxide selected from a group B consisting of oxides each
having a larger Gibbs free energy AG than said group A, and

at least one oxide selected from a group C consisting of oxides each
having a smaller Gibbs free energy AG than said group B.

15 2. The perpendicular magnetic recording medium according to claim 1,
wherein the oxides of said group C are each at least one compound selected
from a group comprising SiC, TiO, Cr:0;, and Cr303.

3. The perpendicular magnetic recording medium according to claim 1,
wherein the oxides of said group B are each at least one compound selected

20 froma group comprising CoO, C0304, CuO, Ag20, and WGC;,

4. The perpendicular magnetic recording medium according to claim 1,
wherein said magnetic recording layer is made of CoCrPt-TiO2-Si02-C0304-SiO.
5. A perpendicular magnetic recording medium manufacturing method
comprising forming a magnetic recording layer over a substrate by the use of a
25 target containing
a metal containing Co, Cr, and Pt,
at least one oxide selected from a group A comprising S$iO;, TiO», and

Cr203.



conprising formng a nmagnetic recording |ayer over a substrate by the use
of a 25 target containing a netal containing Co, C, and Pt, at |east
one oxide selected froma group A conggising SiQ2, Ti®2, and Cr203, 30
at | east one oxide selected froma group B consisting of oxides each
having a | arger G bbs free energy AG than said group A, and at |east one

oxi de sel ected fir a. ar C nsi.sting _of gxi des,.ea having. a small er
G bbs free en erwg%gqnﬁaoﬁﬁjcgea?%gﬁpﬁl@ngg%roup 8 consisting GF OXIHgS each
having a larger Gibbs free energy AG than said group A, and
at least one oxide selected from a group C consisting of oxides each

having a smaller Gibbs free energy AG than said group B.



