1 DESCRI PTI ON PERPENDI CULAR MAGNETI C RECORDI NG DI SK AND MANUFACTURI NG
METHOD THEREOF Technical Field [0001) This invention relates to a magnetic
di sk adapted to be nounted in a ( perpendicul ar magnetic recording type HDD
(hard disk drive) or the like and to a nanufacturing nethod thereof.
Background Art [0002] In recent yeark, the information-oriented society
has continued the rapid advance and the information recording capacity
exceedi ng 60CGhytes has been required per 2.5-inch nmagnetic disk in magnetic
recordi ng appar at uses representeddﬁﬁéﬁﬁ?régﬁrd disk drives). In order to
obtain a magnetic disk satisfying H irenment, it is necessary to
realize an information recording density exceeding 100Ghits per inch2
(100Ghits/inch2). For stably performng recording/reproduction with respect
to such a high recorgigRENBISULXRMMAGRETIC REGHRDING BISK ANgr abl e to enpl oy
a perpendi cul ar magnetic recording systemas a magnetic

recor di ng/ repr oduci ng sysMANUFAODERINGMETHOD THEREQr pendi cul ar nmagneti c
recordi ng system a CoCrPt-S102 (hereinafter abbreviated as CCP-Si O2)

per pendi cul ar magnetic recording nediumand a CGC perpendi cul ar nmedi um both
of which exhibit high thermal stability and excellent recording

char act er i stedHigal\éeldeen proposed as nagnetic recording nedia in

Non- Pat ent EbcuneR%ﬁ t and 2. Herein, Non-Patent Docunments 1 and 2 are
contributed by T Rhwa et al. to IEEE 2 Transactions on Magnetics, vol.
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( perpendicular magnetic recording type HDD (hard disk drive) or the like and to a

manufacturing method thereof.
Background Art

[0002]

In recent years, the information-oriented society has continued the rapid
advance and the information recording capacity exceeding 60Gbytes has been
required per 2.5-inch magnetic disk in magnetic recording apparatuses
represented by HDDs (hard disk drives). In order to obtain a magnetic disk
satisfying such a requirement, it is necessary to realize an information recording
density exceeding 100Gbits per inch® (100Gbits/inch?). For stably performing

{ recording/reproduction with respect to such a high recording density magnetic
disk, it is preferable to employ a perpendicular magnetic recording system as a
magnetic recording/reproducing system.

[0003]

For use in the perpendicular magnetic recording system, a CoCrPt-SiO,
{hereinafter abbreviated as CCP-SiO,) perpendicular magnetic recording
medium and a CGC pérpendicular medium both cf which exhibit high thermal
stability and excellent recording characteristics have been proposed as
magnetic recording media in Non-Patent Documents 1 and 2. Herein,

Non-Patent Documents 1 and 2 are contributed by T. Oikawa et al. to IEEE



addition, CGC is an abbreviation of Coupled G anul ar/ Continuous and, as
descri bed in Non-Patent Docunent 2, this perpendicular nmediumis forned by a
conbi nati on of an exchange-coupl ed continuous |ayer for obtaining high
thermal stability and a granular CoCrPt.layer for noise reduction. [0004]
Further, Japanese Unexam ned Patent Appl2cation Publication (JP-A) No.

2002- 334424 (Patent Docunment 1), Japanese Unexam ned Patent Application
Publication (JP-A) No. 2003-123245 (Patent Docunent 2), or the |ike propose

a per pendi CufahsARGAE bhdMAaGHeticdi (. S8 digya jsqbog% @bW%R@oﬁOM%'wef

in conbination wth the tethni que described int or egol ng n- Pat ent

Docurment 1 qEEE TranSadidhsion Magretics, Va1e3%/ 1867218 70. (2001}, hesgdctivelyf ofm ng
process shown in Patent Docunent 1 or 2, a high Ar gas pressure sputtering
process i s radditen, GG édar abbrelvatipn b Coepled Gedutar/@pntinecss ardods nmagneti ¢
grains. Disclosure of the Invention Problemto be Solved by the Invention

[ 0005] | npr slasedbed bx Nomd aterd diapumend @ntis perpendiguiar ynedivorip faratesdoynsy

reduci ng noi se |i Wi ghetic

N a magnetization transition regi on hin a
ecordi ng - |GyRRINATRS O ATEeXF DR aHBBR; oRtinGQUS 19y SIdeb SOTYG Bcfpr ove ¢ he
crystal ori ian_..of e net i ' |.ayer . reduce the crystal
grain size gﬁéﬁ"ﬁﬂeﬁ""‘?@&r%%pl?d@%gf‘%%ﬁf%%ﬁ@g%{@ irSHL.%tWOOG] Wth respect
to the CCP-Si 02 pﬁ?mdi cul ar magnetic recording nmedium described in
Non- Pat ent Documne 1, a size of magnetic grains is reduced by using the

high Ar gas pressrigthepWapghésURERARIDEd FRitehtl Appliesits Bublizati®h QP-iag
segregated at the grain boundaries to reduce the magnetic interaction

bet ween t he No.y200@-33p4d4n@atdnt Dovagrest i1, Japanest Ygexayieed Pitentcr ystal grain
size and the magnitude of the magnetic interaction are affected by the
t hi ckness  Application Publication (JP-A% No. 2003-123245 (Patent Document 2), or the
like propose a perpendicular magnetic recording medium which uses a Ru-SiO;
underlayer in combination with the technique described in the foregoing
Non-Patent Document 1 or 2 in order to improve the S/N ratio. In the film
forming process shown in Patent Document 1 or 2, a high Ar gas pressure
sputtering process is normally used for the purpose of reducing the size of
magnetic grains.
Disclosure of the Invention
Problem to be Solved by the Invention
( [0005]

Improvement of the recording density is mainly accomplished by
reducing noise in a magnetization transition region within a magnetic recording
layer. For the noise reduction, it is necessary to improve the crystal orientation
of the magnetic recording layer or reduce the crystal grain size and the
magnitude of magnetic interaction.

[0006]

With respect to the CCP-SiO; perpendicular magnetic recording

medium described in Non-Patent Document 1, a size of magnetic grains is

reduced by using the high Ar gas pressure sputtering process. Simultaneously,



of Si 2 segregated at the grain boundaries. By increasing the anount of
Si2, the SINratio in high density recording is inproved. On the other
hand, degradation occurs in perpendicular magneti c ani sotropy when the
anount of SIQ2 is increased. This causes degradation in thermal stability
and increase in noise. Further, as show in Non-Patent Docunent 1 or 2,
since the high Ar gas pressure sputtering process is used, there occur
degradation in orientation of the magnetic recordi ng | ayer and degradation

in a surfac ropert has been
found ¢ hat ﬁtﬁt §%hltg AR RauirEands 1g Sabe Tre Rhghe Mkl o

grai ns onl i t g i ng | ayer
i ke the Qév%% pgrés’g"nélrtﬁa%f% rﬁé‘@rﬁrﬁt@ggcr dL@?ay&a i C&é%tglrctc?é%ocunent 2.
[0008] It k@edihdaBkesdgrifude i thd l'ﬁ‘égﬁétl@lﬂtérgctmrpafﬂed@fe%tém@tﬁlcﬂhé& and its
manuf act uri ng net hod that can reduce the size of magnetic crystal grains to
an extent slEIO4duyregated st fhesgiabl soundaries) i By irameasifigthesdmonntr&fSiOgi ng
density exceeding 100Ghits (100Ghits/inch2). Means for Sol ving the Problem
[ 0009] As atheeS{N tatigfin digtt dengitygecardingds lmnroyedveomﬁbefomeégtamdg probl ens,
the present inventors have conpleted the follow ng |nven i on. For sol ving
t he foregoﬂﬁgr%’@ﬁﬁ'ﬂ@ﬁ%“"st"hPErHW@HH’@F\a%'Ctaﬁ‘@Oﬁ’@ V(‘Meﬁd §ta|mLR§t"t§PEs [ 0010]

di d d
bor pend cul SIOHENEEREY-ccHrarAp st e Aufdra sl el bor ek ng ai o
conpr i si ng ﬂofgasemﬂﬂevag%hb@x%:\{ﬂrﬁaenpﬁsceurﬁ@hﬁ A &A@ 106 AL 110 a

crystal orientation of an nonnmagneti ¢ graanI% 'ayer of a
gr@anul ar  syhyetedsard %mttétm@rpréeést ignded ) ARy eccin dedraRUBR A briéeafdifli ng

| ayer conprising
of the magnetic recording layer and degradation in a surface property of a
medium.

[0007]

On the other hand, it has been found that there are limitations about
miniaturizing magnetic crystal grains only by adopting the CGC structure as the
magnetic recording layer like the CGC-SiO; perpendicular medium described in
Non-Patent Document 2.

[0008]

It is an object of this invention to provide a magnetic disk and its

( manufacturing method that can reduce the size of magnetic crystal grains to an
extent such that it is possible to realize an information recording density
exceeding 100Gbits (100Gbits/inch?).

Means for Solving the Problem

[C009]

As a result of continuing studies to solve the foregoing problems, the
present inventors have completed the following invention. For solving the
foregoing problems, this invention has the following structures.

[0010]

(Structure 1) A perpendicular magnetic recording disk for use in



a ferromagnetic layer of a granular structure fornmed on said nonmagnetic
granul ar |ayer, wherein said nonmagnetic granular | ayer conprises an

i norganic oxide matrix and nonnagnetic netal crystal grains which are

di spersed in said nmatrix of said nonmagnetic granular |ayer and which have
a crystal orientation directed in a pregeterm ned orientation that depends
on a crystal orientation of said underlayer and said ferromagnetic | ayer
conprises an inorganic oxide matrix and magnetic crystal grains which are

ﬂ%éﬁii oa | BT @@fﬁémf il AT BIRERUR T ¥ Borl? it S cnis “on”
xaml b, 5 (OEE aBReE) af Ghdolblowm BT a8 Tor soteling A sl o

using a nonngahGition EaANUPEYT [AyRY e nomhagmtwaﬁmhﬂa%m@brarﬁna?ri ns can grow
fromany positions on the underlayer, there 1s a case where a disturbance

occurs in disttuctiretforomedbdn shie uradgniayerc and pshagnadicatosrdirfgilayexenmprising near
the interface with the underlayer. In this case, for exanple, there is a
possi bi ity & festomagneiiadapeariof agrgsular siguciunedormed ensaid morynagnatisar t he
interface wth the underl ai{éesr .. SO that the magnetic I nteracti on occurs

I

bet ween thelgrﬁﬁ@ﬁéﬁyéf’d’\‘r}%ﬁ e BpwBagneticgrapulaniayRr PRTRII#RP gminorganic o
necessary. t SAET AT B ibnbagSs BB FRRE Bhs WhER A e B AT B The o
gas pI esSUr &b icd Bfhod AadificafaiFE Eahd bk alhvBas S BT HE AapaL Ler i ng
process 1S used, there 1s a PosS Irrty of occurrence o egradati on 1 n

orientation dﬁec@edmgepgitéd@térﬁﬁ@édibﬁmhtmfﬁmat dESEHARASH & @Rysitd] ofieAiaiBh oyr f ace
properties, or the like. 5 [0012] On the other hand, according to Structure

1, the met alsaid yatiedaygrands i saidféreomagnetgnayérccomprisesan ihasganicoxide
substantially uniformy distributed near the interface with the
f er r omagnet i malrixyand reagneticf crystal grainsbwinicl aoe dispersed idisaidrmbluiixiadisaick her eof
oA e N agnatic [ayer and Which have an easy magnstization axis directad ina = '
predetermined orientation that depends on the crystal orientation of said metal
crystal grains.
[0011]
If, for example, a ferromagnetic layer is formed directly on an
underlayer without using a nonmagnetic granular layer, since magnetic crystal
grains can grow from any positions on the underlayer, there is a case where a
( disturbance occurs in distribution of the magnetic crystal grains, for example,
near the interface with the underlayer. In this case, for example, there is a
possibility that the magnetic crystal grains increase in size near the interface
with the underlayer, so that the magnetic interaction occurs between the
magnetic crystal grains. Further, when forming the ferromagnetic layer directly
on the underlayer, there is a case where it is necessary to use a high Ar gas
pressure sputtering process in which the Ar gas pressure is raised. In the case
where the high gas pressure sputtering process is used, there is a possibility of
occurrence of degradation in orientation of a magnetic recording layer,

degradation in medium surface properties, or the like.



is possible to inprove the crystal orientation of the magnetic crystal
grains in the ferromagnetic |layer and to properly reduce the size of the
magnetic crystal grains. ( [0013] Further, by causing the |ayer between the
under| ayer and the ferromagnetic |ayer to be nonmagnetic, it is possible to
prevent occurrence of influence on thegmgnetismof the ferromagnetic

| ayer. Note that nonmagnetic includes, in addition to a conpletely
nonmagneti c case, a case of having a magnetismthat is weak enough not to
cause a problen108¥ﬁgﬁ function of the magnetic disk. The nonmagnetic
granul ar | ayer, f anple, may have a magnetismthat is weak enough to be

gr anul a . ny have a_| oug|
here i provi dedon taoterTng: ShecpdRgREstEel®Y fl e et prvslalalf o &1 Vot

grains are FRIAGAMEGhetic GraAlIRERlyeFaRYsUb earitRMNY Gﬁiftirﬁﬂf&is%uté@héé%theit s
possi ble to reduce The nagnetic’interaction between the magnetic crystal

grai ns. Theiméddee with thefepansagretic layer edec i adisisebdnteavoragniatdigtebiiion
transition region of the magnetic recording |ayer (medium noise) by the
reducti on i thereghraardhe interfaes with therundertlayer. t Hdesgnre, atithathiststeueturanignet i ¢

di sk can be inproved, [0015] Further, according to Structure 1, the
nonmagnet i c isgpessifiato inagreve fhricrysiad ofientabpmelibeireagngliscrydial gainsdr el by a

| ow-tenperature process. 6 Therefore, it S possiple to prevent degradation
1" or | ent at ISTPBROBHIE kR 1 ProEE ekt 11k 876 B s made sy Ataed: um
surface pr Oﬁ?éiﬁé es, and so on. [0016] For controlling the distribution and
size of magreliC crystal grains, it nay be considered, for exanple, to nmake

ary under | ayer havg)oq(;granul ar structure and to forma ferromagnetic |ayer
on the underl ayer. However, the

Further, by causing the layer between the underlayer and the
ferromagnetic layer to be nonmagnetic, it is possible to prevent occurrence of
influence on the magnetism of the ferromagnetic layer. Note that nonmagnetic
includes, in addition to a completely nonmagnetic case, a case of having a
magnetism that is weak enough not to cause a problem on the function of the
magnetic disk. The nonmagnetic granular layer, for example, may have a
magnetism that is weak enough to be ignored as compared with the
ferromagnetic layer.

[0014]

(’__ Further, since there is provided a segregated state where the individual
magnetic crystal grains are magnetically segregated by the inorganic oxide
matrix, it is possible to reduce the magnetic interaction between the magnetic
crystal grains. Therefore, it is possible to reduce noise in a magnetization
transition region of the magnetic recording layer (medium noise) by the
reduction in magnetic interaction. Further, the S/N ratic of the magnetic disk
can be improved.

[0015]

Further, according to Structure 1, the nonmagnetic granular layer and

the ferromagnetic layer can be formed by a low-temperature process.



under | ayer being a layer to serve as a crystal orientation control layer is
required to be fornmed thicker than a nonmagnetic granular layer in order to
( exert a crystallographically sufficient influence on the crystal
orientation of the wupper layer. Therefore, even if the underlayer has the
granul ar structure, the distance betweapn netal crystal grains becones too
| arge and, thus, it is difficult to properly reduce the size of the
magnetic crystal grains. [0017] Further, it may be considered to forma

nonmagneti c s ; ; r k : d t ed
Structure | nERare s PEECIORYD ordcriloORRANGh i olictEfortl e SHAOEIE 3 | o,

or the like rbSoraMignapdrt dograbibios PPRABAURsurfddRVsYBEries Nadd's§oRase, it is
necessary to form'the nonmagnetic granular layer and the ferromagnetic

| ayer by a high-t ¢0p&]ature process in order to cause the occurrence of
conpositional separation. When the ferromagnetic |ayer and so on are forned
by the high-tenpefar corirgling thesdistrihetien and sizp of sidginetic grystal goaiosirit ence of
degradation in orientation of a magnetic recording |ayer, degradation in
medi um sur f J6aY pe 6pesideied, fasexample,itg makermy)deriayet haverd g&anWiadind, accor di ng

o S B M B BRI bR 7 0
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A perpendi cu magneti c recording disk for use’in perpendicular nmagnetic
recording, wxef deysRNGY@BhREIYBENEEACINGOWedMthetirgdtal GldMAticH 6fghe base, an
under | ayer forned over sald base for controlling a crystal orientation of
an upper | awpper Ryaonniwgnefore, ayeariithaundestayerdfasahegeanulan strusturacther e f or med
on said underlayer, and a naﬂnetic recordi ng | ayer conprisin

f er r omagnet idistaRgacbetyieea retahenysial gt&i%@%ﬁ@q%ﬁoﬁé@fg@rﬂ%ﬂ@%gﬁﬁg@‘mti c

to properly reduce the size of the magnetic crystal grains.

[0017]

Further, it may be considered to form a nonmagnetic granular layer and
a ferromagnetic layer by a segregated structure in which, for example, a CoCr
alloy, a CoCrPt (i.e. CCP) alioy, or the like is compositionally separated.
However, in this case, it is necessary to form the nonmagnetic granular layer
and the ferromagnetic layer by a high-temperature process in order to cause the

( occurrence of compositional separation. When the ferromagnetic layer and so

on are formed by the high-temperature process, there is a possibility of
occurrence of degradation in orientation of a magnetic recording layer,
degradation in medium surface properties, or the like.

[0018]

On the other hand, according to Structure 1, the magnetic crystal grains
can be properly reduced in size using a low-temperature process at a
temperature lower than that in which cobalt and chromium cause layer
separation. Therefore, it is possible to prevent degradation in orientation of the

magnetic recording layer, degradation in medium surface properties, and so on.



granul ar | ayer, wherein said nonmagnetic granular |ayer conprises a matrix
containing silicon or silicon oxide and nonnmagnetic netal crystal grains
which are dispersed in said matrix of said nonmagnetic granul ar |ayer and
which have a crystal orientation directed in a predeterm ned orientation
that depends on a crystal orientation of said underlayer and said
ferromagnetic |ayer conprises a matrix containing silicon or silicon oxide
and magnetic crystal grains which are dispersed in said matrix of said
ferromagnetic |aygyo1®p as to be contacted with said netal crystal grains in
sai d nonmagnetic granul ar |ayer and which have an easy nmagnetization axis
directed in a pre(etetaie®dd Agperpanditilanmagacticererdisg dsk foheseciny st al
orientation of said nmetal crystal grains. Wth this structure, it is

possi bl e t o pereendicularemsaneticeererting saichparpendiculgt magnglierecording diskl i con
oxide is, for exanple, Si Q2. rein, although it is recited that the
oniagnet i c GGG bage AT WiGRBKE LN ES Ovehaif ReRg '&ianuoNgE ol con

oxi de, use @ . n | 1 | i i oxide (TiO),
chrom um oxi "%@P%%f‘ ‘@’S’Qf [?éfgkﬁ%&ﬁﬁ?@ge“&cgﬁﬁ?‘gﬁ 'gﬁe’héfﬁ ﬁ'&"ﬂ!?fsm i d
solubility w Jdd0O283i u ; ' by a

| ayer cont a:glrt{lhﬁtgu%ﬁ r[neast Q%‘St%é%flyn%r’(%?ﬁ%tlﬂgﬁrgmé? é?&?&%ﬁﬁ@gnet I C

granul ar | ayeferrefitigaiens idjer beagfrandan steefureXordesd sRkaidTRindadieyist al grains
of said nonmagnetic granular |ayer are crystal grains contalning at |east

cobalt (Co) gnamliahlager, wine¢dn )saidseorainagrtaticogradul8r lager cbmprisesreognadix ¢ | ayer
contains at |east silicon oxide, and said magnetic crystal grains of said
f ef r omagnet icontaiyieg siicen of dicen oydaiand nasmagnetinmetal artskgramspaich Wt h
L o S st et 5 SPROS ardroErR) ie °
Lt B Gl DA R AP B BT BB oot ns
metal  cryst ghydg813Rptdtiont 1 SaRPINERIRGE! Snd5ABYEREmhN&ic layer comprises a

maltrix containing silicon or silicon oxide and magnetic crystai grains which are

dispersed in said matrix of said ferromagnetic layer so as to be contacted with

said metal crystal grains in said nonmagnetic granular layer and which have an

easy magnetization axis directed in a predetermined orientation that depends

on the crystal orientation of said metal crystal grains.

With this structure, it is possible to obtain the same effect as that of
( Structure 1. The silicon oxide is, for example, SiO,. Herein, although it is

recited that the nonmagnetic granular layer forms a matrix containing silicon or

silicon oxide, use may be made, other than the silicon oxide, titanium oxide

(TiO), chromium oxide (Cr.03), or the like being a material having no solid

solubility with CoCer.

[0020]
(Structure 3) The underlayer is formed by a layer containing at least
ruthenium (Ru), said matrix of said nonmagnetic granular layer contains at least
silicon oxide, said metal crystal grains of said nonmagnetic granular layer are

crystal grains containing at least cobalt (Co} and chromium (Cr), said matrix of



{ The silicon oxide being the matrix of the ferromagnetic |ayer mainly grows
on the silicon oxide being the matrix of the nonmagnetic granul ar | ayer.
[0022] Therefore, Ru of the underlayer, CoCr of the nonmagnetic granul ar

| ayer, and the Co alloy of the ferromagnetic |ayer are crystallographically
coupl ed to each other. Further, the cry8tal orientation of the Co alloy of
the ferromagnetic layer is controlled by Ru of the underlayer and CoCr of
the nonnmagnetic granular |ayer. Therefore, with this structure, the

thi ckness ofyilRberrthadhQicIBHE dohYahs BBRabESRRAUSES, dnd'ddi®ma ihgilié makes it

possible to signifiTantly reduce the cost of the magnetic The

nonmagnet i Corgsiangladis of si¢ ferramadrivticexyinare crytah graihg bentamingarlesst02 | ayer .
The ferromagnetic layer is, for exanple, a CCP-Si 02 magnetic |ayer. [0023]
Furt her, bycobalteWithsthisgstruaduneothengderlageCtier na@irnoagneligegrabwanayer, ahd

under| ayer and the CCP-S102 magnetic | ayer, the magnetic crystal grains can
be proper | ythedaiie®aanatic|layer canbe Regperlyyfoegftegati ng Si 2 bet ween t he
magneti c crystal Béﬁq ns, the S/INratio can be inproved. [0024] Moreover,
with this structd : k he nonmagneti c granul ar |layer and the ferromagnetic

|ayer can be Tor guily fuh 6 Sl MEERUIS) RN SAngpRadges, O Usino

the I ow Ar gas press i g Pprocess, 0SSi t o suppress

degr adat i onmiaansgcdwgm gréir’r@gf Hheyshoragnaruasst haintygroWPenid Codh sk.

Further, this makes it possible to nantfacture the gnetic disk that can

achi eve st aglystahgshd béiahthe irivtallcpyetdiigrging optirssonrragmatict@anular yecess is a
sputtering process that 1s perforned, for exanple, at an Ar gas pressure of
1(to 20niTofhe ailidoppriflertsting thetmainix/Af theferomeagnetie layer ainy goowon. [ 0025]
(Structure 4) The underlayer is a_layer in which at |east one kind of (
subst ance sWledsdlicon eidmbeinathe medisof the opnmagaetis gERuiay layfied to rut heni um

[0022]

Therefore, Ru of the underlayer, CoCr of the nonmagnetic granular
layer, and the Co alloy of the ferromagnetic layer are 6rystal|ographically
coupled to each other. Further, the crystal orientation of the Co alloy of the
ferromagnetic layer is controlled by Ru of the underlayer and CoCr of the
nonmagnetic granular layer. Therefore, with this structure, the thickness of Ru
of the underlayer can be reduced. Further, this makes it possible to
significantly reduce the cost of the magnetic disk. The nonmagnetic granutar

( layer is, for example, a nonmagnetic CoCr-SiO; layer. The ferromagnetic layer
is, for example, a CCP-SiO; magnetic layer.

[0023]

Further, by interposing the nonmagnetic CoCr-SiO; layer between the
underlayer and the CCP-SiO, magnetic layer, the magnetic crystal grains can
be properly reduced in size. Further, by segregating SiO, between the
magnetic crystal grains, the S/N ratio can be improved.

[0024]

Morecver, with this structure, the nonmagnetic granular layer and the

ferromagnetic layer can be formed by a low Ar gas pressure sputtering process.



Wth this structure, the nmetal crystal grains in the nonmagnetic granul ar

| ayer can be reduced in size. Further, by this, the magnetic crystal grains
in the ferromagnetic |ayer can be reduced in size nore properly. [0026]
(Structure 5) The netal crystal grains of said nonmagnetic granular |ayer
are crystal grains containing at |east @ne kind of elenent selected fromthe
group consisting of B, Ta, Nb, and Ru, cobalt, and chrom um [0027]
(Structure 6) The matrix of said nonmagnetic granular |ayer contains at

| east silicop; t b | | & ; [ ul ar | ayer
S 4at%to_@'[§me lf\gég%%%&?%%t% B!r‘% %br.‘irﬁgé%é? r'?geg?gggﬁc?%f) gfe%grragnet I C

| ayer cont aigagrarfatib® #%medhinh saASc@RlighRessedlisetin ele Maghefd disk. sai d
ferromagnetic layer is 8at%to 15at% [0029] (Structure 8) The matrix of

sai d nonmagretther, ¢hiamdies il possiblatdmaauticturatine maghebadbkitearcamagnetic | ayer
contain at least silicon and, when the content of silicon in said

nonnmagnet i c aghigneistable head flight. A Eievpwhidyashuessie sputtering pracessis a sai d
ferromagnetic | a rf';\tioo A 10 t

er is 8 at% A/B a f oB, falls within a
range of 0. $PYELINGProLesBHAL 'SAQ‘%{E?’ medgiar 8*3?‘Plﬁz@&?@§r§aﬁcpr8§31{’ﬁ8¥m1 to
f erromagnet i,¢_layer n.b roperd y. _ formed he ngnmagneti c granul ar
| ayer. Furt ﬁ@P“T%i/’rPé'“ﬁﬁr&ReégP@ a@%r}sl{ragasgqjgﬁge %g?tt? ﬁg”ﬁgf’r omagnetic | ayer can
be properly reduc&#@sg size. [0031] Herein, if the content of silicon in
the ferromagnetic layer is less than 8at% the effect of reducing the

nmedi um noi se is s@hdct@dd)t Mitse GikerRlyt isa lagerd iR hith abledenshd Kingegor di ng
cannot be sufficiently inproved. On the other hand, if it 1is nore than
15at % degr adbstance sélectes ftam GOAlIQs, ZeDpandi CuOais addgtetoi rathenium.
With this structure, the metal crystal grains in the nonmagnetic granular layer
can be reduced in size. Further, by this, the magnetic crystal grains in the
ferromagnetic layer can be reduced in size more properly.
[(0026]
(Structure 5) The metal crystal grains of said nonmagnetic granular
layer are crystal grains containing at least one kind of element selected from the

group consisting of B, Ta, Nb, and Ru, cobalt, and chromium.

[0027]
(Structure 6) The matrix of said nonmagnetic granular layer contains
( at least silicon and the content of silicon in said nonmagnetic granular tayer is
4at% to 20at%.
[0028]

(Structure 7) The matrix of said ferromagnetic layer contains at least
silicon and the content of silicon in said ferromagnetic layer is 8at% to 15at%.

[0029]

(Structure 8) The matrix of said nonmagnetic granular layer and said
matrix of said ferromagnetic layer contain at least silicon and,

when the content of silicon in said nonmagnetic granular layer is A at%

and the content of silicon in said ferromagnetic layer is B at%, A/B, a ratio of A



ani sotropy and, following it, there occur degradation in thermal stability
and increase in DC noise in high density recording. For the sane reason,
the content of silicon in the ferromagnetic layer is nore preferably 10 to
15at% The thickness of the ferromagnetic |layer is preferably 20nmor |ess
and nore preferably 8 to 16nm [0032] jghe thickness of the nonmagnetic
granul ar layer is preferably 2 to 30nm and nore preferably 5 to 20nm
Further, the content of silicon in the nonmagnetic granular layer is 4 to

20at % and preferably 10 to 15at% Wt this structure, the ferromagnetic

| ayer can b&’ %r%ﬁ%ﬁﬂr}'rb?éwgeo Q'Zég\q#;nnagneti c granul ar layer. [0033]
(Structure 9) An Q]ohous seed |l ayer is provided between said base and
sai d underl ayer. @gg 4] (Structure 10) An anorphous soft magnetic layer is

provi ded between A@ﬁhdm@aaem@adnégsdoBnd@nbaﬁﬁﬁ@nbﬁﬁﬁﬁbréénbéfﬁémﬁﬁure 11)
The base is an anor phous gl ass. [0036] Wth Structures 9 to 11, the

magneti ¢ di &¢eniedroruthe nonmnpagnedodraruliarlayerag Ratther, trecoiadnetic crgstabgragimoper |y
manuf actured. [0037] (Structurel2) The magnetic recording |ayer further
conpri ses agf theerramggnetielaygr ewnbe oropeslygedvgadin siges an easy magneti zati on
axis aligned substantially in the same direction as that of said
ferromagnetic Iay[é)|0.31 he magnetic recording |layer may further conprise a

gDt COUP! | OB Phe o of 405 e B BRRTRNE b e
control |ayghie, the effect of reducing the medium noise is small and thus the S/N ratio in
( high density recording cannot be sufficiently improved. On the other hand, if it
is more than 15at%, degradation starts to occur in perpendicular magnetic
anisotropy and, following it, there occur degradation in thermal stability and
increase in DC noise in high density recording. For the same reason, the
content of silicon in the ferromagnetic layer is more preferably 10 to 15at%.
The thickness of the ferromagnetic layer is preferably 20nm or iess and more
preferably 8 to 16nm.
[0032]
The thickness of the nonmagnetic granular layer is preferably 2 to 30nm
and more preferably 5 to 20nm. Further, the content of silicon in the
( nonmagnetic granular layer is 4 to 20at% and preferably 10 to 15at%. With
this structure, the ferromagnetic layer can be properly grown on the
nonmagnetic granular layer.
[0033]
(Structure 9) An amorphous seed layer is provided between said base
and said underlayer.
[0034]
(Structure 10) An amorphous soft magnetic layer is provided between
said base and said underlayer.

[0035]



[ 0038] The exchange energy control |ayer has nmagnetically coupled crystal
grains therein and is nmagnetically coupled to the ferronmagnetic |ayer while
bei ng adjacent to the ferronmagnetic |ayer or through the magnetic coupling
control layer. By this nmagnetic coupling, the exchange energy control |ayer
al i gns easy magnetization axes of the mitual |ayers substantially in the
sane direction. [0039] |In terns of the ferronmagnetic |ayer nade of the
Co- based nagnetic material, it is preferable that, specifically, the

exchange energy qefrutlre HayeThd®ase & ahembashoueigiadd. er nate- 1 ayered fil ms of
cobalt (Co) or an alloy thereof and palladium (Pd) or alternate-|ayered
films of cobalt ([@@36lor an alloy thereof and platinum (Pt). [0040] Since

the alternate-layered filnms nmade of such materials have Iarg_e magneti c Ku,
the domain wal | wWVihStiugturae 9de dhahganagnatigydigolor bse in pg@entiglase  r educed.

The thickness thereof is preferably 1 to 8nmand nore preferably 2 12 to
5nm Even mﬁ@ﬂ"ﬁ%rchr‘iﬁﬁgaﬁ 3@5@%{3’ 'Eaﬂ‘t‘fé‘Fﬂ‘]ir?Fg a large amount of Pt, CoPt,

CoPd, FePt, CoPt?I g-};] CoPd3 as a material of the exchange energy control
| ayer instead of Pﬂ foregoing nultilayer film the sanme effect can be

obtai ned. [0041] (sfugiiieT2) I ThefdBhefraRBRIRY fayBHiHaY BoRBFiBESgHoUl ar

magneti c recording properties baSed on exchange coupling, 1t I's necessary

to set a preatiangt kineldiessntroiidyer beichaen dheadyemagnetyagibh aixlsaligheand t he
exchange energy control |ayer such that when the thickness of the

f er r omagnet substantiatly irsthel seme dectjont dsethahofcdand égrarhagradicdaydrange ener gy
control layer is increased, or when the thickness of the ferromagnetic
| dyer is retieawrgnete regardingdayer gnay fghees@RBRAYRA SMANG)IC COHPING COrdfpér i s
reduced. G I\é%]r ftorr]r%tedtorpaethte %r?(l)(rﬂg&?et%fiawr.e The exchange energy control layer
may be formed on the magnetic coupling control layer.
[0038]
The exchange energy control layer has magnetically coupled crystal
grains therein and is magneticaily coupled to the ferromagnetic layer while
being adjacent to the ferromagnetic layer or through the magnetic coupling
control layer. By this magnetic coupling, the exchange energy control layer
aligns easy magnetization axes of the mutual layers substantially in the same
direction.
{ [0039]
In terms of the ferromagnetic layer made of the Co-based magnetic
material, it is preferable that, specifically, the exchange energy control layer be
in the form of alternate-layered films of cobalt (Co) or an alloy thereof and
palladium (Pd) or alternate-layered films of cobalt (Co) or an alioy thereof and
platinum (Pt).
[0040]
Since the alternate-layered films made of such materials have large
magnetic Ku, the domain wall width in the exchange energy controt layer can be

reduced. The thickness thereof is preferably 1 to 8nm and more preferably 2



ferromagnetic layer is A and the thickness of the exchange energy control
layer 1is B, A/IB, aratio of Ato B, is preferably in the range of 2 to 5
and nore preferably 3 to 4. [0042] Further, the magnetic coupling control
| ayer is preferably provided between the ferromagnetic |ayer and the
exchange energy control |ayer. By provjgling the magnetic coupling contro

| ayer, the exchange coupling between the ferromagnetic |ayer and the
exchange energy control |ayer can be suitably controlled. As the magnetic

or 5 b1 ayBrn YRR it s B PREERaBige o oo HABUS B ror o
pref erably b8pt RSPt 0B 5ot Cofu R rERERAYIBIRGS erefr and the

exchange energy cont 1ayer’ are dispose acent to edac er or

t hrough t hecdren &lyiet irfddsdd bNBledorRigblg haliRkivet RO SaMeldiRcebat been and it
is preferable to dispose the exchange energy control |ayer above the

f erromagnet olstaln@gder as seen fromthe base. [0043] 13 (Structure 13) A
manuf act uri ng met hod of a nmagnetic disk for use in perpendicular magnetic
recordi ng, said r@8étlcturing nethod conprising forming, over a base, an

under | ayer for controlling a crystal orientation of an upper |ayer,
forming, on said F?Hfmﬂri 'Q%gﬁj‘?”& Fﬁ\’&gﬁ\’gﬁp@ Rereendigylar WEF‘Q@? regordi%hnul ar

St e OB RoHR SRR SO T P R AOPARIREAE, L
O SrL Pt s BB TSI ARG R o OB o0 0
B 9T TSI s ORI AT | By
crystal grainsseaset| thie thickndssspiethe etchangeaenkrgptontxoldayk nidinchedsedeoan easy
magneti zation axis directed in a predeterm ned orientation that depends on
t he cryst al wbenéhg thigksnessof thesfegromagnetie ayer isi reguesdch dhe Wiekneshiok thet r uct ure,
't I's poss le3)|<cehatn(g);eoebnte{f}gi;ynccgnhtreol?:%lr(g? is reduced. Given that the thickness of the

ferromagnetic layer is A and the thickness of the exchange energy control layer

is B, A/B, a ratio of A to B, is preferably in the range of 2 to 5 and more

preferably 3 to 4.

[0042]
Further, the magnetic coupling controt layer is preferably provided
between the ferromagnetic layer and the exchange energy control layer. By
( providing the magnetic coupling control layer, the exchange coupling between

the ferromagnetic layer and the exchange energy control layer can be suitably

controlled. As the magnetic coupling control layer, use is preferably made of,

for example, a Pd layer or a Pt layer. The thickness thereof is preferably 2nm

or less and more preferably in the range of 0.5 to 1.5nm. The ferromagnetic

layer and the exchange energy control layer are disposed adjacent to each

other or through the magnetic coupling control layer interposed therebetween

and it is preferable to dispose the exchange energy control layer above the

ferromagnetic layer as seen from the base.

[0043]



effect as that of Structure 1. [0044] (Structure 14) A manufacturing nethod
of a magnetic disk for use in perpendicular magnetic recording, said

manuf acturi ng nmet hod conprising formng, on a base, an underlayer for
controlling a crystal orientation of an upper |ayer, formng, on said
under| ayer, a nonmagnetic granular |ayergof a granular structure conprising
a matrix containing silicon or silicon oxide and nonmagnetic netal crystal
grains which are dispersed in said matri x and which have a crysta

ori ent ati on di 1 ecisqlel o 3.3pr AIBLAUALAAAG MREA B b Wadrbit SSOBRHSe w1 2

crystal orientation of sai ayer, rmng,” on sai d nonfagnetic

granul ar | agefpendicliR heddrietit e66rdingJsdia YeanUtARfing Mghad E@nparsIRgnetic |ayer
of a granul ar structure conprising a matri x contalnlng silicon or silicon

oxi de and foagiveg,iovecapase) aguadertayehior lwoatrelling ameystaicriemtatmndframt ri x so as
to be contacted wth said netal crystal grains in said nonmagnetic granular
| ayer and whpper layer oraing asysaithyndar|ayat, icoronaxagnedic gsanar layesofa edet er nmi ned
orientation that 14 depends on the crystal ,orientation of said netal

crystal gr aBFUARSINCIUTE SOMBriSig A IBOrgaNIG axigR,Bain nd BowBRaNAIC Mt ane

ffect that, of St t 1. 0045 { t 5) . Th t al t al

orains of saoaalareHEld g sasrsnd gt At ybeh B ATt Xi i ng at

| east cobal bygndnghbpalid P breddidimined BREMELoS 11t ABHbASs bR%ryda T or red at
than a enper at I O

a tenperature | ower rature or causling yer separ n of

cobalt and ehemationbi $aid @inBeBjer! andfayind, oflfsaid SorirBagieatié grafulbPRYEN,
(Structure 16) The nagnetic crystal grains of said ferromagnetic [ayer are

crlyst al gr annsagraticaecodingahyéreastprisiizph tereomagrietioriayencdadgraaildr

ferromagnetic layer is forned at a tenperature |ower than a tenperature of

causi ng | ayeirugiE[eaeQmpising AN dulyannic xidednabixiant magreticerisighgrains cryst al

grains to % (i:cwére dispersed in said matrix and which have an easy magnetization axis
directed in a predetermined orientation that depends on the crystal orientation of
said metal crystal grains. With this structure, it is possible to obtain the same
effect as that of Structure 1.

[0044]

(Structure 14) A manufacturing method of a magnetic disk for use in
perpendicular magnetic recording, said manufacturing method comprising
forming, on a base, an underlayer for controlling a crystal orientation of an

[ upper layer, forming, on said underlayer, a nonmagnetic granular layer of a
granular structure comprising a matrix containing silicon or silicon oxide and
nonmagnetic metal crystal grains which are dispersed in said matrix and which
have a crystal orientation directed in a predetermined orientation that depends
on a crystal orientation of said underlayer, and forming, on said nonmagnetic
granular layer, a magnetic recording layer comprising a ferromagnetic layer of a
granular structure comprising a matrix containing silicon or silicon oxide and
magnetic crystal grains which are dispersed in said matrix so as to be contacted
with said metal crystal grains in said nonmagnetic granular layer and which

have an easy magnetization axis directed in a predetermined orientation that



[0047] According to Structures 15 and 16, the nonmagnetic granul ar | ayer
and the ferromagnetic |ayer can be fornmed by a | owtenperature process.
Therefore, it is possible to prevent degradation in orientation of the
magnetic recording |ayer, degradation in nediumsurface properties, and so
on. Effect of the Invention [0048] Injhis invention, by providing a

si ze-reduction pronoting | ayer between anh underl ayer and a nagnetic
recordi ng |layer having a ferromagnetic | ayer of a granular structure,

magnetic crystal, grajns i he ferro netic |layer can .. properly reduced
i ze. Fuepaids sy tng cylal ffentsiinss tharemet) RSl p 2 tidnder ¢ he

f erronmagnet | er, . | Z@s T cid ta ccording to this
mvent ton.  PRTES IS Rehlie b PEAT AR REA MBS SYEIE el

| owt enper at ur e p[pggg}ss. 15 Brief Description of the Drawi ngs [0049] [Fig.
1] An exanple of the structure of a magnetic disk 10 according to an

enbodi ment of t hi@tiuausetispn Thefetal &ystal giadty sindidhosmabaetit drenular f ur t her
detail a part of the nmagnetic disk shown in Fig. 1. [Fig. 3] A graph
conpari ng t lager autrystabfrainsacmpitaisingred leastpabait and chexaEowl &l sdidst Mbde for
Carrying Qut the Invention [0050] Hereinbelow, an enbodi ment according to
thi s i nvent NeMMagnetioaranyias yepisdorned ai atempa@duredowaeth@nani ngs. [ 0051)

Fig. 1 shows an exanple of the structure of a nagnetic.disk 10 according to
the embodi mBPESALITE O CAYS/aG VSR SeRaTaien of CaRYATERromiyfa In said melal

crystal grains to occur.
( [0046]

(Structure 16) The magnetic crystal grains of said ferromagnetic layer
are crystal grains containing at least cobait and chromium and said
ferromagnetic layer is formed at a temperature lower than a temperature of
causing layer separation of cobalt and chromium in said magnetic crystal grains
to occur.

[0047]

According to Structures 15 and 16, the nonmagnetic granular layer and
the ferromagnetic layer can be formed by a low-temperature process.
Therefore, it is possible to prevent degradation in orientation of the magnetic

(4_ recording layer, degradation in medium surface properties, and so on.
Effect of the Invention

[0048]

In this invention, by providing a size-reduction promoting layer between
an underlayer and a magnetic recording layer having a ferromagnetic layer of a
granular structure, magnetic crystal grains in the ferromagnetic layer can be
properly reduced in size. Further, by disposing a nonmagnetic granular layer
under the ferromagnetic layer as the size-reduction promoting layer according
to this invention, the ferromagnetic layer can be formed by a relatively

low-temperature process.



magnetic di sk 10 conprises a base 12, an adhesive |ayer 14, a soft magnetic
| ayer 16, an underlayer 18, a size-reduction pronoting |layer 20, a nmagnetic
recording |ayer 22, a protective |ayer 24, and a lubricating |ayer 26
stacked in ( this order. The magnetic disk 10 may further conprise an

anor phous seed |ayer between the soft imagnetic |ayer 16 and the underl ayer
18. The seed layer is a layer for inproving the crystal orientation of the
under| ayer 18. [0052] For exanple, when the underlayer 18 is formed by Ru,

t he seed | dor inproving the c-axis orientation of
the hcp cragr?éng%ﬁ'éﬁ?nur thé ?%%@% The base 12 may be a gl ass substrate for
form ng the resp$@(§4g]e Iayers of the magnetic disk 10 thereon. d ass of the
base 12 may be, for exanple, alumnosilicate glass, alum noborosilicate

gl ass, soda |ine [Bigask, Aarexahgplé bkihe stictubeohg mdygatictdisk €0 actardinglio cat e
glass is preferable. An anorphous glass or a crystallized glass can be used
al so. When arhembodimarighthis invieatier. 16 i s am)rphous the base 12 is

preferably made of the am)rphous | ass, g chem cal | stren t hened
gl ass may be preflEifaBl e Astiagiageior ﬁ@'?i”@%f‘tfy hay qﬁt@'ha pafioy B8UGr f ace
roughness c& t he maln surface of the base 12 is pref erably 6nm or l ess in
Rmax and O. ﬂ?r?'b? ﬁ Ra. Rmax and Ra are defined by the Japanese

| ndustrial St andgg.ﬁa éf'ﬁgraﬁﬁeawga PG TeSHid BCSRAINE Sl BolkReaied 02D

bet ween t he magn erng a perp en I'cu nmagneti c
recording | |gsd the soft magnetic layer 16 constant. Thus, it is
possible to orma suitable magnetic circuit across a head, the magneti c

recordi ng | BystMadh for @anyineOsbfie Imagntiehi ¢ | ayer 16. [0055) The adhesive
| ayer 14 is a layer for inproving the adhesion between the base 12 and the

soft magnetic | ay@d50l6 and is forned between the base 12 and the soft
megnetic layer 18, erﬁlbg?w; 21% eargggdsiim\eﬁt Lc?c%?criinéétlo ithsis (iarfv]e(ra\ﬁéril \v/vﬁl éé’
described with reference to the drawings.

[0051]

Fig. 1 shows an example of the structure of a magnetic disk 10
according to the embodiment of this invention. In this embodiment, the
magnetic disk 10 comprises a base 12, an adhesive layer 14, a soft magnetic
layer 16, an underlayer 18, a size-reduction promoting layer 20, a magnetic
recording layer 22, a protective layer 24, and a lubricating layer 26 stacked in

( this order. The magnetic disk 10 may further comprise an amorphous seed
layer between the soft magnetic layer 16 and the underlayer 18. The seed
layer is a layer for improving the crystal orientation of the underlayer 18.

[0052]

For example, when the underlayer 18 is formed by Ru, the seed layer
serves as a layer for improving the c-axis orientation of the hcp crystal structure.

[0053]

The base 12 may be a glass substrate for forming the respective layers
of the magnetic disk 10 thereon. Glass of the base 12 may be, for example,

aluminosilicate glass, aluminoborosilicate glass, soda lime glass, or the like.



avoid peeling of the soft magnetic |ayer 16. As a material of the adhesive

| ayer 14, use can be made of, for exanple, a Ti-containing material. In
view of ( practical use, the thickness of the adhesive layer 14 is
preferably set to 1 nmto 50nm [0056] The soft magnetic |ayer 16 serves
as a layer for adjusting a magnetic cil@uit of the magnetic recording |ayer
22. The soft nmagnetic layer 16 is not particularly limted as long as it is
made of a magnetic substance that exhibits soft magnetic properties and,

for exanpl eanfirgftRembine AamimssiRatPgass isgareférr&ﬂé.rtﬂn% h6liy Blak8bfg (Hc) of
0.01 to 80 oersteds and nore preferably 0.01 to 50 oersteds. "Further, it

preferably bgstailized gtassnexri e psepalksdy Wheatthe abftomagratign@yterd 6fisux density
(Bs) of 500emu/cc to 1920emu/cc. The material of the 17 soft nagnetic |ayer
16 may be aamerplnsisdtheshass 2 is prefesaty swdernittbe amorphous glass.| i Wsing Bor

exanpl e, such a Fe-based slg%ij magnetic materjal may be FeTaC- based all oy,
FeTaN- basedchgmisally sisangtherediolast slay hepisterphledecabise the rigigity-isciobased al | oy
whi l e such a Co- t;@ggg]nsoft magnetic material may be CoTaZr-based alloy or
CoNbZr - based al | oy, FeCo- based all oy soft nagnetic material, or the

e D00 oo TGSt R ol el Bl

30nmto ( 1000nm an nm en the kness 1s | ess

than 30nm BREIG 16Ss A RMaR anBe.6nrhlor RRGIATHR. diFrhag Hhd HaCarkQefinad byi t abl e
magnetic circuit across the head, the magnetic recording |layer 22, and the

sof t magnet the Jdpayese Ifdushial IStandaing (UIShe Suuhck smestesurtaeesehdorReephere is
a case where the surface roughness increases. Further, when the thickness
exceeds 100amap betweer thesmagbekiereshedtieg tayer 22 beingra perpenticutas magriein becones
difficult. [0058] Wien magnetjc field annealing is necessary for
cont rol | i ngrefEHBE {ayer apadie solbmagnetic yver Frﬁ@ﬁ@%%ﬁﬂt-l ayus, i és pogsiblg to
preferable Fo?muas Sui ab(?elz %ﬁsasgn%c tclrh(:aui%D §cr6ss a head, the magnetic recording layer 22,
and the soft magnetic layer 16.
[0055]
The adhesive layer 14 is a layer for improving the adhesion between
the base 12 and the soft magnetic layer 16 and is formed between the base 12
and the soft magnetic layer 16. Using the adhesive layer 14 is effective to
avoid peeling of the soft magnetic layer 16. As a material of the adhesive layer
14, use can be made of, for example, a Ti-containing material. [n view of
( practical use, the thickness of the adhesive layer 14 is preferably setto inm to
50nm.
[0056)
The soft magnetic layer 16 serves as a layer for adjusting a magnetic
circuit of the magnetic recording layer 22. The soft magnetic layer 16 is not
particularly limited as long as it is made of a magnetic substance that exhibits
soft magnetic properties and, for example, preferably has as a magnetic
property a coercive force (Hc) of 0.01 to 80 oersteds and more preferably 0.01
to 50 oersteds. Further, it preferably has as a magnetic property a saturation

magnetic flux density (Bs) of 500emu/cc to 1920emu/cc. The material of the



12. Since the glass base 12 is excellent in heat resistance, the heating
tenperature can be raised up. [0059] The underl ayer 18 serves as a | ayer
for controlling the crystal orientation of the size-reduction pronoting
| ayer 20 and the magnetic recording |ayer 22 and contains, for exanple,
ruthenium (Ru). In this enbodinent, thej7underlayer 18 is forned by a
plurality of |ayers. The underlayer 18 may include an interface which
contacs the size-reduction pronoting layer 20 and which is formed by Ru

I ins. i ze- i i I Ny I
RN IGr: T el T ST A N e
promoting |gyer =g éx?m(ﬁl%cﬁl'aeﬁe-%s@q BOP HRGNEHE Mt nriyge | aver of a
granul ar structure. ] he magnetic re orélng ayer 22 conprises a

ferromagnet F@Té@étﬁrse@%llo?} FeTasRsided A8y dNichazeatdel, FayEB-baded asy, an
exchange energy control layer 36 stacked in this order on the

si ze-r educt boRe@odrasedraliol ashle skoh albebasédisoft atagdeti¢ aratenalgmet be | ayer 32
is specified by a CCP-Si 02 | ayer of a granular structure and contains

CoCr Pt crys€alTagrbasad alloynerdeehibZr-kasestalioypraFego-baspd@dey sothamagagtiet i c
coupling control Iaryer 34 serves as a coupling control |ayer for

cont rol Ii ngMaiefial: icthedBi i ng between the ferromagnetic |ayer 32 and the
exchange ener gy Cﬁ@%%ﬁI | ayer 36. The magnetic coupling control layer 34 is
formed, for exanpt€;-'ny a palladium (Pd) layer or a platinum (Pt) |ayer. The

| LeKnees o o e SROEPRASRP it CRBhER! g6 o carfls AR e, 2 or
3§ i s a magAebOsm!amdgirefcr oy ISOHAHD 200AVET IWHEH Bhk thickneBs RAleYs IRNet | zat i on
axi s aligned substantially in the sane

30nm, there is a case where it becomes difficult to form a suitable magnetic

circuit across the head, the magnetic recording layer 22, and the soft magnetic

layer 16, while, when the thickness exceeds 1000nm, there is a case where the

surface roughness increases. Further, when the thickness exceeds 1000nm,

there is a case where the sputtering film formation becomes difficult.

[0058]

When magnetic field annealing is necessary for controlling magnetic
domains of the soft magnetic layer 16, it is preferable to use a glass as the base
12. Since the glass base 12 is excellent in heat resistance, the heating

( temperature can be raised up.

[0059]

The underlayer 18 serves as a layer for controlling the crystal
orientation of the size-reduction promoting layer 20 and the magnetic recording
layer 22 and contains, for example, ruthenium (Ru). In this embodiment, the
underlayer 18 is formed by a plurality of layers. The underlayer 18 may
include an interface which contacs the size-reduction promoting layer 20 and
which is formed by Ru crystal grains.

{0060]

The size-reduction promoting layer 20 is one example of a nonmagnetic



direction as that of the ferromagnetic |ayer 32. By exchange coupling with
the ferromagnetic |ayer 32, the exchange energy control |ayer 36 inproves
the magnetic recording properties of the magnetic disk 10. The exchange
energy control layer 36 is formed by a nmultilayer film conposed of
alternate-layered filnms ([CoX Pd]n) ofi1g8obalt (Co) or an alloy thereof and
pal l adium (Pd) or alternate-layered filns ([CoX/Pt]n) of cobalt (Co) or an
all oy thereof and platinum (Pt). The thickness thereof is preferably 1 to
8nm and nor f bl : 3 . ' fii is a

oot octi ve BEyRIF NG, oy this SnBBfimet 8 s el BNt SEM ARG I 285 Pom an
i npact by t BSedaBY athdMaRdhnetit CRIETISIBY 4@ bf aldhgndiamstifdideng | ayer 26 is a
| ayer for increasing lubricity between the nagnetic head and the nagnetic
di sk 10. [0066] [B964] met hod of manufacturing the respective |ayers of the
magnetic disk 10, it is preferable to performthe filmfornmation by the
sput teri ng met hodThe Peagnetaresdrgingtayer 32 apmprises afeypmageetiaipyerBhodl is
pref erabl e because the, uniformfilmformation is enabled. For the sane
reason, it [MAGHEHE EPERING qantigtlayer gd andl an gEchange anergy ?Qﬂtfﬁ'ﬁ?ﬁgyeﬁgﬁhod.
[0067] Fig.,2, shows.a detailed structure of the underl.ay {

S 26 educt PG BhBIS RGBT Byafe sEb HivetoRatonbalirERbs Thsdisubes, , (1e
under | ayer Waldy=1p act Sz es t g | ayer
2015 mde o BIRlgr e SRRLARL b COP SO Ralch e draRBl SRR SV 0
has a granghgicoftaittcCHCEPt diyMhl GRindRisAhaghatt éHystalr graifs. 104 formed by CoCr
crystal grains are dispersed in a silicon oxide (SIOx) matrix 106. The
metal crystal gr@o6g} 104 are separated fromone another by the matrix 106

and each forma (_columar shape so as to be crystallographically coupled to
the Ru crystal gr&hesagnetic coupling control layer 34 serves as a coupling control

fayer for controlling magnetic coupling between the ferromagnetic layer 32 and
the exchange energy control layer 36. The magnetic coupling control layer 34
is formed, for example, by a palladium (Pd) layer or a platinum (Pt) layer. The
thickness of the magnetic coupling control fayer 34 is, for example, 2nm or less
and preferably 0.5 to 1.5nm.

[0063]

The exchange energy control layer 36 is a magnetic layer (continuous
layer) which has an easy magnetization axis aligned substantially in the same

{ direction as that of the ferromagnetic layer 32. By exchange coupling with the

ferromagnetic layer 32, the exchange energy control layer 36 improves the
magnetic recording properties of the magnetic disk 10. The exchange energy
control layer 36 is formed by a multilayer film composed of alternate-layered
films ([CoX/Pdln) of cobalt (Co) or an alloy thereof and palladium (Pd) or
alternate-layered films ([CoX/Pt]n) of cobalt (Co) or an alloy thereof and
platinum (Pt). The thickness thereof is preferably 1 to 8nm and more
preferably 3 to 6nm.

[0064]

The protective film 24 is a protective layer for protecting the magnetic



102. [0068] The ferromagnetic |layer 32 fornms a granular structure in which
magnetic crystal grains 108 fornmed by Co alloy crystal grains are dispersed
ina silicon oxide (SiOx) matrix 110. The magnetic crystal grains 108 are
separated fromeach other by the matrix 110 and each form a col umar shape
so as to be «crystallographically coupljgd to the nmetal crystal grains 104.
Therefore, according to this enbodi nent, the magnetic crystal grains 108
can be properly reduced in size. Further, by the size reduction of the

magnetic crysta ain Q0 1 rties (Hc, S/INratio,
etc.) of t ﬂ@&éh@@?i@mﬁ'q %%CQ%ﬁq@g"%gnég‘ﬁhg gl nproved. [0069]

Her ei nbel ow, thi z ention will be described in detail by giving exanples
and conparative exanples. Exanple 1 [0070] Anorphous alum nosilicate gl ass

was mol ded into g ginek tﬁé‘fh.ﬂﬁlcﬁi{réd |a§/\ersstis BIHRS forliNere8sing m&fbﬂ?' ng a glass
di sk. This gl ass di sk was groun pol i shed,” and chem cally strengthened in

order, thertpdiyweohtiize maggeﬁchen@tahdtmmmaggemmskdl)sk shaped base 12 in the
form of a chem cally strengthened glass disk. The surface roughness of the
mai n surface of t{A@flase 12 was neasured by an AFM (atonic force

m croscope). As a result, } has, been tEﬂund oyt hat t mai n surface was a

smoot h sgr;afe sp&@ﬂ%ﬁo%ﬁ’ megufagiuring, ﬁ?%t'% ?f&)oat ﬁ(rjﬁ‘aw 'ES| ng an
Cayer 16, vt ek 1ot BLlR2RBRIE baprg the ALexfon B e S Elging b, Mot ©
at mospher e Igﬁf]lgﬁlg glh&‘bé Pﬁ@%r?ﬁ%&aﬁé@@pmémt S e 4P ngalus(e thQ0711 I'n

this event, eswe osIted using a target
( uniform film formation is enabled. For the same reason, it is preferable to use

the in-line type film forming method.

[0067]

Fig. 2 shows a detailed structure of the underlayer 18, the
size-reduction promoting layer 20, and the ferromagnetic layer 32. In the
underlayer 18, the interface contacting the size-reduction promoting layer 20 is
made of Ru crystal grains 102. The size-reduction promoting layer 20 has a
granular structure in which metat crystal grains 104 formed by CoCr crystal
grains are dispersed in a silicon oxide (SiOx) matrix 106. The metal crystal
grains 104 are separated from one another by the matrix 106 and each form a

( columnar shape so as to be crystallographically coupled to the Ru crystal grains
102.

[0068]

The ferromagnetic layer 32 forms a granular structure in which
magnetic crystal grains 108 formed by Co alloy crystal grains are dispersed in a
silicon oxide (SiOx) matrix 110. The magnetic crystal grains 108 are separated
from each other by the matrix 110 and each form a columnar shape so as to be
crystaliographically coupled to the metal crystal grains 104. Therefore,
according to this embodiment, the magnetic crystal grains 108 can be properly

reduced in size. Further, by the size reduction of the magnetic crystal grains



so as to forma Ti layer of 20nm On the other hand, the soft magnetic |ayer
16 was deposited by using a CoTaZr target so as to form an anor phous CoTaZr
(Co:88at% Ta:7at% Zr:5at% |ayer of 200nm [0072] The di sk (magnetic disk
10) substrate for a perpendicular magnetic recording mediumthus finished
with the filmformation up to the soft 2fagnetic |ayer 16 was renoved from
the filmformng apparatus and placed in an atnospheric atnosphere. The
surface roughness of the obtained 21 perpendicular magnetic recording

medi um di skygailRé hiigheVie prapRisel @4, IS riifo, @151 thiBM&Gnalicdisih 0 f3test rat e had
a snooth surface specifi gd by Rrrgf(t of 5.1 nmpgfnd Ra@gof 0.48nm The nmagnetic

properties Bify. theardbskmprovedr ate were neasured by a VSM (Vi brating Sanple

Magnet oneter) and, as a result, the coercive force (Hc) was 2 oersteds and
the saturation nd80€8li ¢ flux density was 810enu/cc, thus show ng the

sui tabl e soft magneti eF)r operties., LOQ?S% Usi ng an evacuat ed singl e-waf er

stationary facin Q"?b‘&’ qw. i dnvantign wilbba desereddn detribhy Gyl 18, a

si ze-reduction _pronoting | ayer 20 ferromagnetic |ayer 32, a magnetic
coupl i ng Cogﬁarrggﬁepgggrcogp’ar thee%quﬂ%% energy control layer 36, and a
protective |ayer @X%fﬁ‘]@éq formed in order on the obtained disk substrate in
a low Ar (50sccm a sphere according to the DC magnetron sputtering
method. In this eppl e, the underlayer 18 has a two-layer structure with a
first layer and a second layer. [0074] 1In this process, at first, on the
di sk substrate, aAmayshouswiieninbsilicategdssusas\nbidedNntodd diskoshape byat %9 and
having a thickness of 10nmwas forned as the first |ayer of the underlayer
18 and a Rudirep}@ressathargbypraducingesglasetlisko Tbhisigasa diak wasrgredndis t he second
| ayer. [0075]. Then, the size-reduction pronoti ng | ayer .20 of 2 to 20nm
havi ng a hcpplished, and chemically strengthened in order, thereby obtaining a smooth
nonmagnetic disk-shaped base 12 in the form of a chemically strengthened
glass disk. The surface roughness of the main surface of the base 12 was
measured by an AFM (atomic force microscope). As a result, it has been
found out that the main surface was a smooth surface specified by Rmax of
4.8nm and Ra of 0.42nm. By using an evacuated film forming apparatus, an
adhesive layer 14 and a soft magnetic layer 16 were successively formed on
the obtained base 12 in an Ar atmosphere according to the DC magnetron
sputtering method.
( [0071]
In this event, the adhesive layer 14 was deposited by using a Ti target
so as to form a Ti layer of 20nm. On the other hand, the soft magnetic layer 16
was deposited by using a CoTaZr target so as to form an amorphous CoTaZr
(Co:88at%, Ta:7at%, Zr:5at%) layer of 200nm.
[0072]
The disk (magnetic disk 10) substrate for a perpendicular magnetic
recording medium thus finished with the film formation up to the soft magnetic
layer 16 was removed from the film forming apparatus and placed in an

atmospheric atmosphere. The surface roughness of the obtained



crystal structure was forned using a target made of nonmagnetic CoCr-Si 02
(CoCr:88ml1% (where Cr:40%, Si2:12nmol% . This target nmade of nonnmagnetic
CoCr-Si 02 was prepared by mxing SiQ into CoCr and sintering them
Further, the ferromagnetic |layer 32 of 15nm having a hcp crystal structure
was fornmed using a hard nagnetic target gmde of CoCrPt-Si 02. The
conposition of the target for formng the ferromagnetic |ayer 32 was
Co:62at% C:10at% Pt:16at% Si O2:12at% Further, there were forned the

TRgnet i C 22 pERRRULNG: SRESL ré@¥Ghg Heditin! it daRaRl yas ibdE iARd, L0C

exchange energy contro ayer ormof a [ 0076]

Then, by spugdrRé inithrizr GAHRRE stBStERS hHE iadmEotRisuAdc8 8peEiftéd BY Mnidk 80%
hydrogen in Ar, the protective film 24 made of hydrogenated carbon was

fornmed. Si ngdnirhand Rarof lia48imes sThe magpetiy prbpertigshef the diskafubbiydieogereat ed
carbon, it is possible to protect the magnetic recording layer 22 from an

i mpact by a meagwedity a¥& (\ibratiog Hampile Magnetometer) anst iasa iesyltithger 26 nade
of PFPE (perfl uo_ro;?ol yether) was forned bg/ the dip coatjng nmethod. The

t hi ckness of CQHEIVE ipyeR dHE) Was 2Rrssteds angdle satypationpagrgtic: e danly %@sur i ng
processes as scrij bed above., there. s _pbtained a magnetic disk 10 being a
per pendi cul agﬂfﬁ{@r’{lg?’i tﬁ“?éﬁB\”lﬂgﬁge SH@%I?V‘%WRMC pmerg?%t I C magnetic
properties of the[ 8 i ned magnetic disks 10 were evaluated using Kerr. For
conparison with a‘conventional CoCrPt-Si2 nediumwith only a Ru

underl ayer, nedi a (f$igg ah'evacnMBARMHS-WaldithtionadZ tacird type Whh foriiggar ed as
conparative exanples. [0079] Fig. 3 is a graph conparing the results of the

exdnpl es wi t pparatuseaniunderiafertiBeaczepadatiiorepmxaotipigdayerl20,& g. 3, a pl ot
poi nt indicated by represents a
ferromagnetic layer 32, a magnetic coupling control layer 34, an exchange
energy control layer 36, and a protective layer 24 were formed in order on the
obtained disk substrate in a low Ar (50sccm) atmosphere according to the DC
magnetron sputtering method. In this Example, the underlayer 18 has a
two-layer structure with a first layer and a second layer.

[0074]

In this process, at first, on the disk substrate, a layer made of
amorphous NiTa (Ni:40at%, Ta:10at%) and having a thickness of 10nm was
formed as the first layer of the underlayer 18 and a Ru layer having a thickness

( of 10 to 15nm was formed as the second layer.

[0075]

Then, the size-reduction promoting layer 20 of 2 to 20nm having a hcp
crystal structure was formed using a target made of nonmagnetic CoCr-SiO;
(CoCr:88mol% (where Cr:40%), SiOz:12mol%). This target made of
nonmagnetic CoCr-SiO; was prepared by mixing SiO; into CoCr and sintering
them. Further, the ferromagnetic layer 32 of 15nm having a hcp crystal
structure was formed using a hard magnetic target made of CoCrPt-SiO,.  The
composition of the target for forming the ferromagnetic layer 32 was Co:62at%,

Cr:10at%, Pt:16at%, SiOz:12at%. Further, there were formed the magnetic



val ue of He neasured when the filmthickness of the Ru underlayer was fixed
to 150A while the filmthickness of the nonnmagnetic granul ar | ayer

CoCr-Si 02 stacked thereon was changed, a plot point indicated by a black
square represents a value of He nmeasured when the filmthickness of the Ru
underl ayer was fixed to 125A while the f4gd mthi ckness of the nonmagnetic
granul ar | ayer CoCr-Si Q2 stacked thereon was changed, and a plot point 23

i ndicated by a black triangle represents a value of He neasured when the

film thickn ' =TS

t hi ckness of "% ﬁéﬁﬁ%lwﬁ%%wmr@%ur I%bgﬁg%o&%dégg?xstag;%@ h%r eon was
changed. Furédm,rm |ayle|i]3glngthe"3fonﬂ dhla gt;oggapd]h layidi cated by x represents a val ue
of He in the case of only a Ru underlayer wth no nonnmagnetic granul ar

| ayer CoCr-Si 02 st[agkgld thereon, wherein only the filmthickness of the Ru
under| ayer was changed. As shown in Fig. 3, it is seen that when the total
filmthickness of Tien, Ry sputiefindag earbandargeh singrinmiiestdas epndainingr30ayer is
250A, there is obtajned a coercjve force ich is about three timnes

l'arger than RYfeg%t in Ae tia RtdeRtivedim %ﬂﬁﬁﬁngY@'oﬂﬁ'ﬂﬂedﬂﬂéb%W%Hﬁmeéiyer of
t he corrparat the, R W  char rist h were

exani ged and 'Pﬁ%?rée aﬁéﬁﬁr §5%3§@°Y%‘de%ﬁ%’ﬁl°ﬁ‘ @%’grléif:%'fbﬂgoéﬁb?t ﬁOdB
15dB. [00
tegerrpl ary[ eﬁ%&m%b&éaﬁﬁeﬁhﬁ%%a OE@QBE%EQ?QFO%I \Bgntolagin |ésmrslo? I;[met ed

to the scopepng gneﬁd"lﬁeé&)scrl ption of the foregoing exenplary embodi ments. |t
is obvious to person skilled in the art that various variations or
i mgrovenents can egarded to the foregoing enbodinent. It is clear fromthe
description of clainms that the nopdes added with such changes or
i mprovenents can alhsesedfter aduhrigating layeh26 mastehofi REFPE ¢rerfleoropolykther) nvent i on.
I ndustrial Applicabilit 00811 This invention is suitably applicable to a
magnetic di sWas fmme@@mﬁg\p Jip coating method. The thickness of the lubricating layer
26 was 1nm. Through the manufacturing processes as described above, there
was obtained a magnetic disk 10 being a perpendicular magnetic recording
medium.
[0078]
The static magnetic properties of the obtained magnetic disks 10 were
evaluated using Kerr. For comparison with a conventional CoCrPt-SiO;
medium with only a Ru underlayer, media free from nonmagnetic CoCr-SiO;
( film were prepared as comparative examples.
[0079]
Fig. 3 is a graph comparing the results of the examples with the results
of the comparative examples. In Fig. 3, a plot point indicated by ¢ represents a
value of Hc measured when the film thickness of the Ru underlayer was fixed to
150A while the film thickness of the nonmagnetic granular layer CoCr-SiO,
stacked thereon was changed, a plot point indicated by a black square
represents a value of Hc measured when the film thickness of the Ru
underlayer was fixed to 125A while the film thickness of the nonmagnetic

granular layer CoCr-SiO; stacked thereon was changed, and a plot point



adapted to be nounted in a perpendicular magnetic recording type HDO (hard
disk drive) or the like. 24 CLAIMS 1. A perpendicular magnetic recording
disk for use in perpendicular magnetic recording, said perpendicul ar
magneti c recording di sk conprising: a base; an underlayer forned over said
base for controlling a crystal orientat2®n of an upper |ayer; a nonmagnetic
granul ar layer of a granular structure fornmed on said underlayer; and a
magneti c recording |layer conprising a ferromagnetic |ayer of a granular

structure foj i j I ' WF?‘H \ |

under | ayer i@ %Fﬁ?gﬁ&gﬂﬁ% r%g?ﬁt?%@ea?%e Omymea}snc uﬁgggzﬁ% ﬂltm erface

| ayer cont acthikneks bf {HeeRM QREBUNRY was fieanse180A andahe AN thigkriEgd dPYhéu
crystal grains; wherein said nonmagnetic granul ar |ayer conprises: an

i nor gani ¢ oxnolemagnetiogranuldr AyenBg0eiSiO; siackeéd theyasdtrawagichangedihi Further,e
dispersed in said matrix of said nonmagnetic granular |ayer and which have
a crystal orindrifad.dplotpeiatindicaied by yrepresentaianaiue pf Baimthiegasetdianiydepends

compr i sea: - R WAGIBPEWER rGdIRRAIEIC MR GO S RuTaghad BeradR oh ar e
o oper sed | Rl BRb4 Bl PR AREABh AR &V BBl Al PRYR o oo
the crystal priigns af is¥eeftha@hteBiedbtdt fils iitkrids& b fhe Ru underlayer and
the nonmagnetic granular layer is 250A, there is obtained a coercive force He
( which is about three times targer than that of the conventional medium only with
the Ru underlayer of the comparative example. Further, the R’W
characteristics of both were examined and there was observed an improvement
in S/N ratio by about 10dB to 15dB.
[0080]
While this invention has been described in terms of the exemplary
embodiments, the technical scope of the invention is not limited to the scope of
the description of the foregoing exemplary embodiments. It is obvious to a
person skilled in the art that various variations or improvements can be added
to the foregoing embodiment. |t is clear from the description of claims that the
( modes added with such changes or improvements can also be included in the
technical scope of this invention.
Industrial Applicability
[0081]
This invention is suitably applicable to a magnetic disk, for example,
adapted to be mounted in a perpendicular magnetic recording type HDD (hard

disk drive) or the like.



2. A perpendicul ar magnetic recording disk for use in perpendicul ar
magneti c recordi ng, said perpendi cul ar24 magnetic recording di sk conpri sing:
a base; an underlayer forned over said base for controlling a crysta
orientation of an upper |ayer; a nonnmagnetic granular |ayer of a granular
structure fornmed on said underlayer¢LZait$ 25 a magnetic recording | ayer
conprising a ferromagnetic |layer of a granular structure fornmed on said
nonmagnetic granular |ayer; wherein said underlayer is forned by a
plurality of 1l ayefs Ve TIETIdicbaE an Maanekiace Irggerdermt acdédkwi t Hforhe

nonmagngLi ¢ lara@u&génafa@farandnafga{e@g by R4 GEYSt al QLRI NS WhEE &N S5ai d
nonrragnet| C granu ar | ayer conpri ses: a matri x contal ni ng sifrcon or

si | i conmasiefe:c ZRrECRBHMAGHEN €ompTB¥ingd:ystal grains which are dispersed in
said matrix g9f,sal d nonmagnetic granular layer and which have a crysta
orientation direct'ed in a predeternined orientation that depends on a
crystal oriefdbatetefavedi d fgnted| agyeer ol dsaib@sker fommgrerteolldyper a

conprlsg§ysggﬂnyfggﬁtggggﬁudy 19 §hbd£0onRL,silicon oxide; and magnetic
crystal grains which are dispersed in said matrix of said ferromagnetic

| ayer so as Bolbemesntlict egiranutlfrsalayeretel aceyapalagrairisctiyresafarmed
nonmegngh i &, apukaiai@yery@nd which have an easy magnetization axis
directed in a predeternlned orientation that depends on the crystal
orientation ®f ds@cachEtal reepyding gravds. SOMRY Prmgendd cukarr aragnatic

record'ﬂgyggsgf a granular structure formed on said nonmagnetic granular

layer;

wherein said underlayer is formed by a plurality of lavyers
which include an interface layer contacted with the nonmagnetic
granular layer and formed by Ru crystal grains;

wherein said nonmagnetic granular layer comprises:

an inorganic oxide matrix; and

nonmagnetic metal crystal grains which are dispersed in
said wmatrix of said nonmagnetic granular layer and which have
a crystal orientation directed 1in a predetermined orientation
that depends on a crystal orientation of said underlayer; and

gaid ferromagnetic layer comprises:

an inorganic oxide matrix; and

magnetic crystal grains which are dispersed in said matrix
of said ferromagnetic layer and which have an easy magnetization
axis directed in a predetermined orientation that depends on

the crystal orientation of said metal crystal grains.

2. A perpendicular magnetic recording disk for
use 1n perpendicular magnetic recording, said perpendicular
magnetic recording disk comprising:

a base;

an underlayer formed over said base for contrelling a
crystal orientation of an upper layer;

a nonmagnetic granular layer of a granular structure formed

on said underlayer; and



according to claim1 or 2, wherein: said matrix of said nonmagnetic granul ar
| ayer contains at l|least silicon oxide5said netal crystal grains of said
nonmagnetic granular |ayer are crystal grains containing at |east cobalt
and chromum said matrix of said ferromagnetic |ayer contains at |east
silicon oxide, awgnsaid nagrerftngrydentr gr aPMBr bfinmmi daf efesregrandtdcl ayer

are crystal, g5al Bs oCopkfd Nl Q&@étdr%aséor%%lﬁa'oh s%udAnl%%FnQSHQ{fdv” é’fa %]'}et i C

recording disk according to any of clains 1 to 3, wherein said ayer
is a layegre¥n which at |east one kind of substance sel ected fron1S|02

A1203, Zr0" ,ape{Gr 203i4 Suaddethfa rid hepidin g6 5. pﬂm RENALCU Aferg
magnetic recordi ng disk according to any of clalns 1 to 4, wherein said

metal cHysthal 1gFandR 6n §dﬁ&rfﬁ6ﬂnd@ﬁ€Fldxgﬁéﬁﬁﬁér“Pé&%rua?en@ﬂW%SQﬁtagralns

contaln QSh@%mJQQ§Er one tdndaohbyeremaniscael gesads from the group consisting
of b, d Ru, cobalt, and chromum 6. A perpendicular nmagnetic

recordlng d|§Re%ﬁkﬁnﬁﬁlﬁgn?Bma%ﬁﬁF%ﬂ=9€P%P¥ﬁ¥'ﬂ306r500WWﬁ#%ﬁﬁT said matrix of

sai d_nonmagngt h g GH-aRWHAE h BYSs109RbAI 85 sali dogaskigt] iR and the content
of silicon in said nonmagnetic granular |ayer is 4at%to 20at% 7. A

per pendi cul aRFORBRANENIE r BEbRYI ngr it afEdEF ngvtish amyeof défperaed tig 6,

“here'nsa§@'QwﬁgEkl&npfsé%&dxﬂﬁﬁkgﬁégﬂ?t@%ahﬁY§£ QQ§%§'W§u§tu%§@ﬁt havel 1 cONn
and the content of silicon in said ferromagnetic |ayer is 8at%
a crystal orientation directed in a predetermined orientation

that depends on a crystal orientation of said underlayer; and

sald ferromagnetic layer comprises;

a matrix containing silicon or silicon oxide; and

magnetic crystal grains which are dispersed in said matrix
of said ferromagnetic layer so as to be contacted with said metal
crystal grains in said nonmagnetic granular layer and which have
an easy magnetization axis directed in a predetermined
orientation that depends on the crystal orientation of said metal

crystal grains.

3. A perpendicular magnetic recording disk
according to claim 1 or 2, wherein:

salid matrix of said nonmagnetic granular layer contains
at least silicon oxide,

said metal crystal grains of said nonmagnetic granular
layer are crystal grains containing at least cobalt and chromium,

said matrix of said ferromagnetic layer contains at least
silicon oxide, and

said magnetic crystal grains of sald ferromagnetic layer

are crystal grains containing at least cobalt.

4., A perpendicular magnetic recording disk according to
any of claims 1 to 3, wherein said underlayer is a layer in which
at least one kind of substance selected from Si0O,, Al,05, Zxr0,,

and Cr,0, is added to ruthenium.



to 15at% 8. A perpendicul ar magnetic recording disk according to any of
clains 1 to 7, wherein; said matri x of 26ai d nonmagneti c granul ar | ayer and
said matrix of said ferromagnetic |ayer contain at |east silicon and, when
the content of silicon in said nonmagnetic granular layer is A at%and the
content of sid-i cén PATBAIY FerronfgaRetEc |'@yFerdisgB &Y ABOrdinatie of A

to B, falks W thidird rangs 40f Hefel® 3aBa Qerdt PeLpONGi pgiﬁirnmeﬁéfd
recordi ng di sk according to _any of claims 1 to 8 Wwherein an anorphous seed
| ayer i $1opragnelelr %’éﬁtl%%@ﬁ seY¢hase Ayssald arades| aperainng pat least

per pendigul ag; fRIBEL i £14RGQT dibgdikk 266AT diag gFQ,AN¥-ofki &L AldTB oF 19, 9,
wher ei n an anor phous soft magnetic layer is provided between said base and

sai d undér| Bperan®@Ru, 1 eobal hergdeh@hEalaE™ nagneti ¢ recordi ng di sk accordi ng
to any of clains 1 to 10, wherein said base is an anorphous glass. 12. A
per pendi cul ar magnetic recording di sk according_ to any of clainms 1 to 11,
wher ei n sai d fmagftet PETPRROGTWILRG | BpeRet ¥ur tIePTESRDr | S5 arrERERARGe Eher gy

control J3yet WGl Raso an Lasyeipmgnetization axis aligned substantially in
the same "direction as that of said ferromagnetic laﬁ;%' 13. A manufacturing

nmet hod of a Madfet MRLHI%Kk °F orsaide PANFRINFEAG cOFARLRRHNStIAYETT eCORERFRE sai d
manuf actyr h ags+ nethedncangri sing; form ng, over a base, an underlayer for
controlling a_ crystal orientation of an upper |ayer, said underlayer

i ncl udi ng artfientcentaee Phy &Ll iephedt b2 Rl eeysrcaietdraionsdnulaf niaLer ok t he

i nterfacgihaygro@fcesai d underl ayer, a

7. A perpendicular magnetic recording disk according to
any of claims 1 to 6, wherein:

said matrix of said ferromagnetic 1layer contains at least
silicon and

the content of silicon in said ferromagnetic layer 1s 8at%

to 15at%.

8. A perpendicular magnetic recording disk according to
any of claims 1 to 7, wherein;

said matrix of said nonmagnetic granular layer and said
matrix of said ferromagnetic layer contain at least silicon and,

when the content of silicon in said nonmagnetic granular
layer is A at% and the content of silicon in said ferromagnetic
layer is B at%, A/B, a ratio of A to B, falls within a range

of 0.7 to 1.5.

9. A perpendicular magnetic recording disk according to
any of claims 1 to 8, wherein an amorphous seed layer is provided

between said base and said underlayer.

10. A perpendicular magnetic recording disk according
to any of claims 1 to 9, wherein an amorphous soft magnetic layer

is provided between said base and said underlayer.



nonmagneti c granul ar |ayer of a granular structure conprising an inorganic
oxi de matri x and nonnmagnetic netal crysfal grains which are dispersed in
said matri x and which have a crystal orientation directed in a
predeterm ned orientation that depends on a crystal orientation of said
under | ayer, add f &y nmi PREPOHISALAT nofREGABEF c gPEATALRT | afbbk a2RBQHEIIT

recor di kg hayesr GARRKESE NG a f enheregneldia hayer i ofap ag{oaepﬁbag gBiducture
conprising an inorganic oxide matrix and magnetic crystal grains which are

di spersed in said matri x and which have an easy nagnetization axis directed

in a predetenpined, Opéfmticanathatadapends eBcbRi & yskabk or ia@Bé_ﬁiji_rggP of
said netal crystal_ grains. 14. A manufacturing nethod of a magnetic sk
for use™n 3 pEndF LA haffetilec MEEERETNGa1daM@IRBRLE a EEPTHEY nEd¥esd

conpri sisNgend Or "AdMpriQRsa HasexdAnyadestaysr tehreont rolJdNgwiichy sia
orientation of an upper |ayer, said underlayer including a plurality of
| ayers @i chehavdePRetaEabidte d%dyer a1 8P ByPRAANEFSal igr aths; $&Ni ng,

on the ignterf AGe d-ayahe Obr S it YRdeshayitica188er NONMAgNEti c granul ar |ayer
of a granular structure conprising a matrix containing silicon or silicon

oxi de and nonmagnetic netal crystal grains which are dispersed in said
matri x and whkch Rave rarerystaliyi entéiidn digect ed i npagRéedet ergidied
orientation that depends on a crystal orientation of said underlayer; and
for m ngfo8n &F diRoMEGRBELE ELHFanBRERe YL eF e car Fishet P14 r SRS ARAEUT s
conpri sineghad feienegngt i c layer of a granular structure conprising a
matri x containing silicon or silicon oxide
forming, over a base, an underlayer for controlling a
crystal orientation of an upper layer, said underlayer including
an interface layer formed by Ru crystal grains;
forming, on the interface layer of said underlayer, a
nonmagnetic granular layer of a granular structure comprising
an inorganic oxide matrix and nonmagnetic metal c¢rystal grains
which are dispersed in said matrix and which have a crystal
orientation directed in a predetermined orientation that depends
on a crystal orientation of said underlayer, and
forming, on said nonmagnetic granular layer, a magnetic
recording layer comprising a ferromagnetic layer of a granular
structure comprising an inorganic oxide matrix and magnetic
crystal grains which are dispersed in said matrix and which have
an easy magnetization axis directed in a predetermined

orientaticn that depends on the crystal orientation of said metal

crystal grains.

14. A manufacturing method of a magnetic disk
for use in perpendicular magnetic recording, said manufacturing
method comprising:

forming, on a base, an underlayer for controlling a crystal
orientation of an upper layer, said underlayer including a
plurality of layers which have an interface layer formed by Ru
crystal grains;

forming, on the interface layer of said wunderlayer, a



and magnetic crystal grains which are dispersed in said matrix so as to be
contacted with said netal crystal grai#%s in said nonmagnetic granular |ayer
and whi ch have an easy nmagnetization axis directed in a predeterm ned
orientation that depends on the crystal orientation of said netal crystal

gr ai ns. "¥ENaREHEK[Uf dERRr Ay AeYREd of 2 mEgRerLer di S EdeErdi RGP iE%ai m 13
or 14, whenfifix SabriBhfhg Crafatiabngr &t Nsiaficsai dopoiuraghst i Goghddidade

| ayer are crystal grains containing at |east cobalt and chromunm™ and said
nonnagn@?F%lg?%NﬁH%L IRyEF ifhr B8 AfSEeYEfbetat Bkl PovieX tafgh wich
tenper ahuy€ ofa causiyBeal ayesrisepatabhon ffrec@bal t i @nd L£hr Qb d My iSaigd

metal crystal grains to occur. 16. A nmanufacturing nethod of a magnetic disk
accor di RFLER G oftP@lai F§PEZ9E0 98, RheCEiAtabai 8F MeREtic® crifst Haigr ai ns
of saidyhesFonmrgnethg | ayer are crystal grains containing at |east cobalt
and chrom unm_ and said ferromagnetic layer is formed at a tenperature |ower
than a tenpef@¥Wig .of FausPhg | AYEIREESAFat PHRN B2 codd@Yerand® cRrUHItIM i n

sai d mMagRet+din Yshpdr JIcdnPsis thPCaUr ferkbmaBnhel Pendivew! asr MaINgtiGi1ar
recording nmedi um conprising a magnetic recording | ayer having a .
ferroma§ Eﬁ?%?rq éVEPrBP1899PaﬂWF§FXSFPBE?h?%W§aﬂlhﬂﬂ%¥!%&e?l¥kROQuﬂﬁ%iﬂ i ng
a cryst ahd OhlagRbet & ORr9E L FBORLLII 6sCrySicdl Ll ASsPdrsA dinf elaiamagnetiikc

| ayer, and a soft nmagnetic |la er,underhglng said 29 wunderl ayer, said

per pendfeul®® hagriét i €°F i Nt edPart B sTHGt Pet WERH S a8 (RRder | ayer
and sai gofidrragnedidlayeriayed Shd®- Waduet haReproothsg hayeet { at rgduci ng
a size of said nagnetic crystal %rains contained in said ferronagnetic

| ayer, axis direct®d 1in a~ predetermined orientation that depends on

the crystal orientation of said metal crystal grains.

15. A manufacturing method of a magnetic disk according
to claim 13 or 14, wherein:

said metal «crystal grains of said nonmagnetic granular
layer are crystal grains containing at least cobalt and chromium;
and

gsaid nonmagnetic granular layer 1is formed at a temperature
lower than a temperature of causing layer separation of cobalt

and chromium in said metal crystal grains to occur.

16. A manufacturing method of a magnetic disk according
to any of claims 13 to 15, wherein;

said magnetic crystal grains o¢f said ferromagnetic layer
are crystal grains containing at least ccbalt and chromium; and

said ferromagnetic layer 1is formed at a temperature Ilower
than a temperature of causing layer separation of cobalt and

chromium in said magnetic crystal grains to occur.

17. A perpendicular magnetic recording medium
comprising a magnetic recording layer having a ferromagnetic
layer of a granular structure, an underlayer for controlling
a crystal orientation of magnetic crystal grains of said

ferromagnetic layer, and a soft magnetic layer underlying said



wherein said underlayer includes a plurality of |ayers which have an
interface |l ayer forned by Ru crystal g¥ains contacted with said
si ze-reduction pronoting |ayer; and wherein said size-reduction pronoting

| ayer is formed by a nonmagnetic granular |ayer on said interface |ayer of
t he un&@ﬁp§§%yqr, said perpendicular magnetic recording medium

comprising, between said underlayer and said ferromagnetic layer,
a size-reduction prometing layer for reducing a size of said
magnetic crystal grains contained in said ferromagnetic layer,
wherein said underlayer includes a plurality of layers
which have an interface layer formed by Ru crystal grains
contacted with said size-reduction promoting layer; and
wherein said size-reduction promoting layer is formed by

a nonmagnetic granular layer on said interface layer of the

underlayer.



