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 perpendicular nagnetic recording type HDD .
(hard disk drive) or the like and to a manufacturing nmethod thereof.
Background Art [0002] 1In recent years, the information-oriented society
has continued the rapid advance and thé information recording capacity
exceedi ng 60CGhytes has been required per 2.5-inch nagnetic disk in magnetic
recordi ng apparatuses represented by HDDs (hard disk drives). In order to
obtain a magnetic disk satisfying SsteOpfpriendi renent, 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 recording density magnetic disk, it |s§£eferable to enpl oy
a perpendi cul ar magr%EREEhEHGUﬂARd\ﬂéﬁE‘{EHCa%E@OHR{yﬁeDI AND

recordi ng/ reproduci ng system For in t r pendi cul ar nagnetic
recordi ng system a CoCr PM@NHEA(%?%@ E#E‘%%Eﬁﬁﬁcgﬁged as CCP-S!02)

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 styefniRgVitelgeen proposed as nagnetic recording nmedia in

Non- Pat ent Docunents 1 and 2. Herein, Non- Pat ent Docunents 1 and 2 are
contributed by T. [@d0iqwa et al. to | EEE 2

This invention relates to a magnetic disk adapted to be mounted in a
perpendicular magnetic recording type HDD (hard disk drive) or the like and to a
manufacturing method thereof.

Background Ari

[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-SiOz) perpendicular magnetic recording
medium and a CGC perpendicular medium both of 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



Transactions on Magnetics, vol. 38, 1976-1978 (2002) and by Y. Sonobe et
alto |EEE Transactions on Magnetics, vol. 37, 1667-1670 (2001),
respectively. In addition, CGC is an abbreviation of Coupled

G anul ar/ Conti nuous and, as described in Non-Patent Document 2, this
perpendi cular nediumis forned by a conbination of an exchange-coupl ed
continuous |ayer for obtaining high thermal stability and a granul ar CoCrPt
| ayer for noise reduction. [0004] Further, Japanese Unexam ned Pat ent
Application Publication (JP-A) No. 2002-334424 (Patent Docunment 1),

Japanese Unqigicegth 5! HiignoflpRlyor 61 997 Pea}d 0P98I 15~ bohe 2081 123245

(Pat ent Docunent ke propose a p I cu magnet 1 ¢ recordi ng

medi um whi chEBEG3amsadtios 68 Mdgnetitsl&bl. 871667 16P020TAY| r@Bpa¢tiviyt hih t echni que
described in the foregoi ng Non-Patent Docunment 1 or 2 in order to inprove

the S/ N rat iadditibn, ©G€ isidnmabbireviaiiorofCaumed Cehmiar/Contratoestanbogsinent 1 or 2,
a high Ar gas pressure sputtering process is nornally used for the purpose

of reduci ngdepeibgdze Nan-PaigghBeremgpta.iais ngrw%q!aremé@ium@ fprmeachly an

Pr obl to b | ved t he | ti 005 t. of .t.h di
o o0 e D LN 50 LOROS) LB RSl e <011
transition irtrfé?h%'ﬂsfé(‘oﬂi hda 5 GoG A% Wy RS ndidy Rlquchioy, the noi se

reducti on, I'S necessary to inprove the crystal orientation of the
nmagnetic recordi npopayer or reduce the crystal grain size and the nmagnitude
of magnetic interaction. [0006] Wth respect to the CCP-Si 02 perpendi cul ar
magneti ¢ recor di nBurtherdlapanteedindxacined RatenPapglivati®o Cubbcetiob, (JB-Ai ze of
magnetic or ?\10?2065—334424 (Patent Document 1), Japanese Unexamined Patent
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 GCP-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,



reduced by using the high Ar gas pressure sputtering process.

Si mul taneously, 3 S102 is segregated at the grain boundaries to reduce the
magnetic interaction between the crystal grains of a magnetic recording

| ayer. The crystal grain size and the magnitude of the magnetic interaction
are affected by the thickness of Si2 segregated at the grain boundari es.
By increasing the anount of SiQ2, the SN ratio in high density recording
is inmproved. On the other hand, degradation occurs in perpendicular

magneti c ani sotropy when the amount of SiQ2 is increased. This causes

degradati on & t il 1 Ly i NCrease. | Yol Ly, AS Shown
in Non-Paten ! &%ﬁ%ba%ﬁ? ﬂié béuﬁ@gun?cﬁiglegﬁ%ﬁed&& © tggs %rngggmtgl%g%%@ter! ng
process is Usétflech AR Sry8GS Yrainkea RabheHT ictoriingRlat | Ohe @fsthhgalmmanetic
recording |layer and degradation in a surface propérty of a~ nedium [0007]
On t he ot hersitsand the mhgsitudzest the uradjnetiatntéiaetien areeatfacted by thentbickhesd

m ni aturizing magnetic crystal grains only by adopting the CGC structure as
the nagneti® $0c&eaicagtadatdhe praie bpuedarss- sPyingreagaa die amaunhefdditm

descri bed | - . ent 2. [ 0008 i ' f thi

Cvent i on Itgthﬁr'%g@ifpﬁé %”ﬁaﬁ?ﬂ%ﬁgﬁ”%pew%ﬁ 'ﬁ"l’éo"letﬁalng}@@???ﬂi’?e{é‘t%?g‘e héd' that can
v e " . . t hat

hossi bl o to depdargtaitly b AR diferk eudil Ailn BEmAdHor | S

(100Ghi ts/i @i%?is in¥Rafded! OThiddavisB8 dbfradBli@PinaRernhA@Militfana if@ssdd inof

continuing studies to solve the foregoing problens, the "present inventors
have conpl etraisd. heFurthler,ad stpwminaNdn-BatenEDbcsmkeri hor 2heincé tireciggh Ag pr obl ens,

this invention has the follow ng structures.
gas pressure sputtering process is used, there occur degradation in orientation
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 ¢an 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

[0009]

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



[0010] (Structure 1) A perpendicular magnetic recording disk for use in 4
per pendi cul ar magnetic recording, said perpendicul ar magnetic recording disk
conprising a base, an underlayer forned over said base for controlling a
crystal orientation of an upper |ayer, a nonnagnetic granular |ayer of a
granular structure forned on said underlayer, and a magnetic recording

| ayer conprising a ferromagnetic |ayer of a granular structure fornmed on
said nonmagnetic granular |ayer, wherein said nonmagnetic granul ar |ayer
conprises an inorganic oxide matrix and nonmagnetic netal crystal grains

whi ch are di ' b &hi T s Sraud h&ti i yer and
Whi oh have B T B B P T g RO SRy 2 on

t hat dependscomprising & basé, a1 uRivrayeorabd ovel shitbees kayontralidg sairgstal
ferromagnetic |layer conprises an i1norganic oxide matrix and nmagnetic
crystal gr aiorenigiionrof aneipies fayes ednenmagnedic geanular layersefiadgrahelar omagnet i ¢
| ayer and whi ch have an easg, magneti zation axis directed in a predeterm ned
ori ent at i on YREIUESYEREORFALHETEHBYR AN MAANSHE HREBEING ARXT SRMRIISING, y st al
grains. [0011 I for,ex e ferr etic r, 1.s for directly on
an under| aﬂjerwn{%ﬁc E%Weﬁgp 4 gﬁ%ﬂ%rgﬂré{%@ggqrg}ﬁﬂ ér%ﬁ%pé)ﬁma%ngﬁ magneti c
crystal grai f & b b g . Is a
case wher o B ARMIEE B, WHekd R R Mo e 8o AR mbRBNE. 2
grains, for eidawagix anteasnhigndtictnetbegsial %ﬂaiﬁé\@hiuﬁ@@é bRyersedlin shidi s case,
for exanple, there is a possibility that the magnetic crystal grains
i ncrease i n malrie aieaid ndnmagnetic igaarmlamaydr andewhiokl dalvaparystglorteméationhe
magneti c interaction occurs between the magnetic crystal grains. Further,
when for m nglitasted i8ra predgirsmined qripstatigntial dgpengp onrfecrypigbprientation ehere is a
case where it .iS nefessaré to i gh.Ar )%as g@r.essure sputtering process
re & 8 ©

h
' whi ch the- RAETAPEALd, o 920 ferftudedherh s 585 & Tnotahic B

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.

[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.



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 nediumsurface properties, or the like. 5
[0012] On the other hand, according to Structure 1, the nmetal crystal grains
in the nonmagnetic granular |ayer are substantially uniformy distributed
near the interface wwth the ferromagnetgc |ayer even if a disturbance
occurs in distribution thereof near the interface with the underl ayer.
Therefore, with this structure, it 1is possible to inprove the crystal
orientation of thgxﬁggnetic crystal grains in the ferromagnetic |ayer and
to properly reduc size of the magnetic crystal grains. [0013]

Further, by causi ih theethéyieind)atyseingtth Strustes Hayermard clygel gfifig ipnagnet i ¢
| ayer to be nonnmagnetic, it is possible to prevent occurrence of influence

on the magndte sonuagnelc ganuaniayee aresubsantiallNonigomintistrdnted near tbe
includes, in addition to a conpletely nonmagnetic case, a case of having a
magneti smt Haterfpge %@Bﬁh%wwﬂagﬂﬁt'cﬂ%y%&ﬁ(% i @%‘lﬁh’@ﬁedwowﬁequﬁfﬁwtm of the

Tagnet | om t HEErePL G@Re SRR PN BEF P ErRIARET a T ERROG aum s e °
Fer romgne i eyt 1ol ARLAL inEUhH brie SRt of ﬁﬁ%ﬁﬁa ﬁetwa%ﬁgﬁgg?ﬁqsﬁﬁp{eegat ed

state where IC Crys graln are

segr egat ed b&rrbh@gh@ﬁ&ﬁ?@ﬂ &ncPie ﬂ@per’l&ﬁiéduée thd sikzé opﬂ*@smabﬁeﬁ@crpﬁduce the
magnetic interaction between the magnetic crystal grains. Therefore, it is

possi bl e to graidece noise in a nagnetization transition region of the
magneti c recordi ng@l} %ﬁ/er (medi um noi se) by the reduction in magnetic
interaction. Furt the SINratio of the nagnetic disk

Further, by causing the layer between the undertayer 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 ratio 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.



can be inproved. [0015] Further, according to Structure 1, the nonnmagnetic
granul ar layer and the ferromagnetic |ayer can be fornmed by a

| ow-t enperature process. 6 Therefore, it is possible to prevent degradation
in orientation of the nmagnetic recording |ayer, degradation in nedium
surface properties, and so on. [0016] For controlling the distribution and
size of magnetic crystal grains, it my6be considered, for exanple, to nmake
an underl ayer have a granular structure and to forma ferronmagnetic |ayer
on the underl ayer. However, the wunderlayer being a |ayer to serve as a

crystal ori emh@iefdra, it Widsdlblé &Yfevit ddgaditiondn bfeh@tibA bMeR mb%ﬁé’tw than a
nonmagneti c granular layer in order to exert a crystal |ographically

suf fi ci ent i rdcouding @yen delgeadatipstimmediune stdadeopropertidscandippen. | ayer .
Therefore, even if the underlayer has the granul ar structure, the distance
bet ween metal crydPAI6lgrai ns becones too large and, thus, it is difficult

¢ Peybe Lons dortl Ggtlete HSNEHBENY Spe el manata e gang T e
f ti t ' ' | e, CoCr
LT oy o cociay B CorBiaied 96 SARMIE, DA Hf Bndidhalh Rive AP . 2 D00
However, in &iicu@asfi tol fbrrh & fBRERRZABHC lafefl G e (IRINAPERI MRIcveliReU! ar

| ayer and the ferromagnetic |ayer by a high-tenperature process in order to
cause the ooodartagecbeinf aclapposiderinad a sestal arientatiogentrbiHeydrds r omagnet i ¢

| ayer and so on are fornmed by the high-tenperature process, there is a
possi bi |ty wHuired éube dererechihickeythanaa nemmagnalicigsanuar lieon aidersignet i c
Focording T ayelta o RRERLRL T BT PSSR SR ot S5l bishkalin i’
upper layer. Therefore, even if the underlayer has the granular structure, the
distance between metal crystal grains becomes too large and, thus, it is difficult
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) alloy, 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.



On the other hand, according to Structure 1, the magnetic crystal grains
can be properly reduced in size using a | owtenperature process at a
tenperature | ower than that in which cobalt and chrom um cause | ayer
separation. Therefore, it is possible to prevent degradation in orientation
of the magnetic recording |ayer, degradation in medium surface properties,
and so on. 7 [0019] (Structure2) A perpendicular magnetic recording disk
for use in perpendicular magnetic recordi ng, said perpendicul ar nagnetic
recording disk conprising a base, an underlayer fornmed over said base for
controlling a cryq@gqg orientation of an upper layer, a nonmagnetic -granul ar
| ayer of a granul ar tructure fornmed on said underlayer, and a nagnetic

recording |ayer cqsputtaie®y I&pél@éh@lﬂﬂl@ﬂﬁtalgﬁeh@mbrdlﬁg disrfenudedin structure
formed on said nonmagnetic granul ar wherein said nonmagnetic

granul ar | ay@rpewwlasmgaem:acmdmg;m erpagdlsullar o@gnetic sddordiogdiski de and
nonnmagnetic netal ,crystal grains which are dispersed in sajd matrix of said

nonmagnet i ¢ GBRIAING A é?%sra%'&p%ﬁ%hf%@§€ over %@'9?@&@ forqoé'HPQFQ@rFrWtﬁ‘ect ed in

Cinder | ayer e T B o FETRROS e BV ofcd MRt ol i g
silicon or siyjfaB f&ﬁc—?foﬁ@&d%‘éﬁ%yé} ShY 8hidg rﬁé’hé'ré‘c?or%pqggfe? g%mp%ﬁ]@er.sed in

said matri x of said omagneti c [ayer so as to be con sai d

metal cryst ah fegfomdignetio I?@r@f AQramgacitietge domiat onh axigincrnthgMetich have an
easy magnetization axis rected in a predeterm ned orientation that depends

on the cr yst@rlanolar l@nyeawmnelnfsasjanmmagrmtlccgrg{mlan lageratamsprisastehmatrixs
structure, it is possible tg obtain the same effect as that of Structure 1.
The silicon %ﬂt%lémgésl“cﬂﬁroréﬂ'ﬁ%Pé'degf‘@’['o”l%eﬁc "bﬂ@k%!ﬁjﬂ' grainsgvhighaci t ed

Lt e OB B ek L] RO B e BB B AN e
(TiO, chrom umsex bﬁgntﬁ%gﬂﬁécteﬁ in & BPedditiiR&d BleRaliBlt fa: Abp&iRad Gipano solid
crystal orientation of said underlayer and said 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.
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 sificon or
silicon oxide, use may be made, other than the silicon oxide, titanium oxide
(TiO), chromium oxide (Cr.QOs), or the like being a material having no solid
solubility with CoCr.
[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



solubility wwth CoCr. [0020] (Structure 3) The underlayer is forned by a
| ayer containing at least ruthenium (Ru), said matrix of said nonmagnetic
granul ar | ayer contains at least silicon oxide, said netal crystal grains
of said nonmagnetic granular |ayer are crystal grains containing at |east
cobalt (Co) and chromum (Cr), said matrix of 8 said ferromagnetic |ayer
contains at |east silicon oxide, and sai& nmagnetic crystal grains of said
ferromagnetic | ayer are crystal grains containing at |least cobalt. Wth
this structure, the underlayer, the nonmagnetic granular |ayer, and the

f er r omagnet i gaid Ry RIM &R Pyl @BAIING A106a R dilicb9BRilb, afiEAienagmtich this
structure, the Co alloy crystal grains being the magnetic crystal grains of

t he ferromagnpstalgrhmngent saial felrpnmpgoetiolayehaereQugstal grainstantajniagas ldast ng t he
metal crystal grains of the nonmagnetic granular layer. The silicon oxide
bei ng the neaobalt: Withithis streieiusemtln enperiaygy.dhe penmagngtioarnglar layes afd i con

oxi de being the matrix of the ngnmagneti rgnul ar layer. [0022] Therefore,
Ru of the uﬁhsf?fé%?gf‘%&&y%fcaf‘&@ %@Hﬁ%ﬁ’é&fe ~granul ar |ayer, and the Co
all oy of the ferrﬁéﬁa‘;_gl:?et ic layer are crystallographically coupled to each
other. Further, the crystal orientation of the Co alloy of the

ferromagnetic | ay@yrhar afhithR! dtetly, the GY alldyecristdrgramsdieimgitheCoCr of the
nonmagneti c granul ar |ayer. Therefore, with this structure, the thickness of

Ru of the undgmétimyeystakbgraims of ek teedmagnetio tayer tidisly gedve snithe Qofsi bl e to
significantly reduce the cost of the nmagnetic disk. The‘nonma%rgetic granul ar
layer is, foiysiakarping beinththennglabeiystabpainagpidhe ngpeegnetiegrasuiesighet i c

layer s, f1°r§e gﬁc?or?cl)ﬁde %eicn:g?ﬁes imoa%rixngtgiﬂgtf(ier(r:m‘lnggr?ertic IL)(()grzmSLinly grows on
the silicon oxide being the matrix of the nonmagnetic granular layer.

[0022]

Therefore, Ru of the underlayer, CoCr of the nonmagnetic granular
layer, and the Co alloy of the ferromagnetic layer are crystallographically
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 granular
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
underfayer 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]

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

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



Further, by interposing the nonmagnetic CoCr-Si 02 | ayer between the
under | ayer and the CCP-Si 02 nmagnetic | ayer, the magnetic crystal grains can
be properly reduced in size. Further, by segregating Si Q2 between the
magnetic crystal grains, the SINratio can be inproved. [0024] Moreover,
with this structure, the nonmagnetic granular |ayer and the ferromagnetic
| ayer can be fornmed by a |ow Ar gas pressure sputtering process. 9 Using
the low Ar gas pressure sputtering process, it is possible to suppress
degradation in nmedium surface roughness caused in the nmagnetic disk.

Further, thigg H@ioWArS%s%r@b@uerspﬁﬁéhﬁgﬁﬁﬁdééQs tif'§ pEREIBRY fosuipRdsst hat can

achi eve stable head fli The | ow Ar gas pressure sputtering process is a
sputtering pegraddiontinmediumeutfaceeaghness eaasea ia themagmetlc dighs pressure of
1 to 20mlorr and preferably at an Ar gas pressure of 2 to 10mforr. [0025]
(Structure Aurthes tgﬁdaakwépossgbla tp awwfaqﬁurﬁﬂh@maanetl@gak thalecati nd of

subst ance sel %&'Eted fro i s added to ruthenium

Won thie etadiaeaebisReandnt o Tos louf AT BBSs{Te Snutih G BERESS 2 &1 anal o
|aver can g BEG Bibdsle i pEHSTIR forBtallis:oy CROVTBANSELE STy Figl orai ns

in the ferromagne ayer ca be reduc roper

(Structure Sonfivir R4 al eféfabﬁﬁ'argmage{bs RbsFaigl onenRereet i ¢ granul ar  layer
are crystal grains containing at |east one kind of elenment selected fromthe

group consisting ¢6035] Ta, No, and Ru, cobalt, and chrom um [0027]
(Structure 6) The matrix of said nonmagnetic granul ar |ayer contains at
| east silicon and (Btiectoendlent hetinderdayenis a laysaindvitioh ahtpast ore Windwlil ar | ayer

is 4dat%to 20at %
° substance selected from SiO;, AlxOs, ZrQs, and Cr:0; is added to ruthenium.

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 8) The matrix of said nonmagnetic granular layer contains
at least silicon and the content of silicon in said nonmagnetic granular layer 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 ferramagnetic layer contain at least silicon and,

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

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



[0028] (Structure 7) The matrix of said ferromagnetic |ayer contains at

| east silicon and the content of silicon in said ferromagnetic |ayer is
Bat%to 15at% [0029] (Structure 8) The matrix of said nonmagnetic 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 silicon in said ferragagnetic layer is B at% A/B, a
ratio of A 10 to B, falls within a range of 0.7 to 1.5. [0030] According
to Structures 5 to 8, the ferromagnetic |ayer can be properly fornmed on the

nonmagnet i ¢ @rERHiAithiA¥iangEf blvelo.1 §he magnetic crystal grains of the
ferromagnetic l'ayer can be properly reduced in size. [0031] Herein, if the

content of silicornod30]the ferromagnetic layer is less than 8at% the effect
of reducing the nediumnoise is small and thus the S/INratio in high
density recordi ng Asgarding keSkuste fesi 2iet 8,ythe fesramagnetiolayeaisaoteapropeil, if it

is nore than 15at% deqradation starts to occur in, perpendi cul ar nmagnetic
ani sot r opy  ai9EReY SN tBSARRMANETG GiABUIGE YR d dariesin® MATnel SPYstal OGaD | | ¢y
and increa i 1 SQ. | i ensi ! For the sane reason,
t he Icontenf&&bgéé?ﬁ'ﬁ%gﬁ&ﬁlI&%%@r&o@éé@‘f fe?%?é@'(laﬂrﬂ'giz%. nor e per er abl yslo to

15at% The thi ckr!?@@ of the ferromagnetic layer is preferably 20nm or | ess
and nore preferably EJ to 16nm [0032] The thickness of the nonnagnetic

granul ar |ayer i s Hurefngifale goRehbofdlivon iatik ferbeaynefie iyl is 1Bsd thaaOnm
Further, the content of silicon in the nonmagnetic granular layer is 4 to
20at % and pr8diéy, dine ¢ffad of cedginthewmedium 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 less 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 propetly 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]



this structure, the ferromagnetic |ayer can be properly grown on the
nonnmagneti c granular |ayer. [0033] (Structure 9) An anorphous seed | ayer is
provi ded between said base and said underlayer. [0034] (Structure 10) An
anor phous soft magnetic |layer is provided between said base and said
under | ayer. [0035] 11 (Structure 11) The base is an anorphous gl ass.

[0036] Wth Structures 9 to 11, the nmagnetic disk for use in perpendicul ar
magneti c recording can be properly nmanufactured. [0037] (Structurel?2) The
magneti c recording |layer further conprises an exchange energy control |ayer

whi ch has an easy GRg&atd 76! i THE BadeSis @ sGPhosybEsantial ly in the same
direction as that of said ferromagnetic |ayer. The magnetic recording | ayer

may further conpri[@@86} nmagnetic coupling control [|ayer forned on the
ferromagnetic |ayer. The exchange energy control |ayer mnmay be forned on the
magnet i ¢ coupl i ng WithSirgetureg/Ria 11,008 8lagngtie disk deratagcinaespendicidan r ol | ayer
has magnetically coupl ed crystal rains therein and i s nagnetically coupl ed
to the ferrdH&g HrECPWC%WEmP%QVW%C%@Ht to the ferromagnetic |ayer
or through the ma ?'c coupling control layer. By this magnetic coupling,
t he exchange energg&f:gntrol | ayer aligns easy magnetization axes of the

mutual layers subsggntilidioy MhelhggRdtBecstn@aby& further comprises an
exchange energy control layer which has an easy magnetization axis aligned
substantially in the same direction as that of said ferromagnetic layer.
The magnetic recording layer may further comprise a magnetic coupling control
layer formed on the ferromagnetic layer. 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 magnetically coupled to the ferromagnetic layer while
being adjacent to the ferramagnetic layer or through the rhagnetic coupling
control layer. By this magnetic coupling, the exchange energy control layer
aligns easy magnetization axes of the mutual fayers 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 alfoy 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 control layer can be

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



[0039] In ternms of.the ferromagnetic | ayer nade of the Co-based magnetic
material, it is preferable that, specifically, the exchange energy control

| ayer be in the formof alternate-layered filns of cobalt (Co) or an all oy
thereof and palladium (Pd) or alternate-layered filns of cobalt (Co) or an
alloy thereof and platinum (Pt). [0040] Since the alternate-layered filns
made of such materials have |large nmagnegic Ku, the domain wall width in the
exchange energy control |layer can be reduced. The thickness thereof is
preferably 1 to 8nmand nore preferably 2 12 to 5nm Even when use is nade

of CoCr Pt cogtspinili Nl Jvﬁérgﬁsé‘[?;tﬂaae of cBErPt &%ininﬁ%ﬁé&gfﬁﬁ&unt@?ﬁ,& or

CoPd3 as a material of the exchange energy contro I nstead of the

foregoi ng mEsrt, @pPd, FEPMCIME v @IPRfakecharaial biethe @xthamfrendrgP41]

Further, in order to achieve suitable perpendicular magnetic recording
properties el Byeeixsieadgd thofopedoing multilayer figo cibesmamea effestcan bpr oper

t hi ckness rati o between the ferromagnetic |ayer and the exchange energy
control | ayePti08® that when the thickness of the ferromagnetic |ayer is

i ncreased, the thi@;{ﬁss of the exchange energy control layer is increased,
or when the thici of the ferromagnetic |ayer is reduced, the thickness

of the exchange ; I e Wﬂ?‘" i ckness
of the ferromgngﬁgg%é@gw@é ?@%ﬁé ?W?%ﬁ%"@%ﬂg?@gy t elég"?({:%%ﬁ%é&energy
control | ayegsropésieBbaéédon @xtidnde &u ?,Qt iB.necessrgtesetd gropar t he range of 2

to 5 and nore preferably 3 to 4. [0042 Further, the magnetic coupling
control | ayehicksess rtie bebigerptheviettenhagnetic layer and the exchange energy
conirol layer such that when the thickness of the ferromagnetic layer is
increased, the thickness of the exchange energy control layer is increased, or
when the thickness of the ferromagnetic layer is reduced, the thickness of the
exchange energy control layer 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 control 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 conirol 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 2mm
or less and more preferably in the range of 0.5 to 1.5nm. The ferromagnetic
layer and the exchange energy contro! layer are disposed adjacent to eabh
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]



between the ferromagnetic | ayer and the exchange energy control |ayer. By
provi ding the magnetic coupling control |ayer, the exchange coupling between
the ferromagnetic | ayer and the exchange energy control |ayer can be
suitably controlled. As the magnetic coupling control |ayer, use is |
preferably made of, for exanple, a Pd |layer or a Pt |ayer. The thickness
thereof is preferably 2mm or less and n3re preferably in the range of 0.5
to 1.5nm The ferronmagnetic |ayer and the exchange energy control |ayer are
di sposed adj acent to each other or through the magnetic coupling control

llayer interposed yhp;@hR! MHENA rﬁ?ﬂ;féétuﬁr? :%ﬁfo%lﬁf’f%! magﬁetﬁd SBRRA UsBe exchange

energy control Iayer above the Tterromagnhetic |ayer as seen fromthe base.

[0043] 13 (@irpendicular d3pnéticrstafdied, waidwanetabndingfmethod goaiprisindi sk for use
i n perpendicul ar magnetic recording, said manufacturing nethod conprising
forni ng, oveormingagesr abasm@erunsedaydrdor eaniollivigla exystal ong@awn gkarent ati on of

an upper layer, for on said underl a a nonmagne ul ar | ayer
of a granul'él?peéﬁyl?é{PBF’g'“So%ﬁﬁ'Ql%eaﬂyqrn%%%'ﬁﬁan%g& H%ﬂ'fal ﬂ

uni cn nave drergter sfbcifle ot abitcide 6 S ISR AR Priche T Metd 1 o

t hat dependsc fﬂggr‘amé%ﬁbh aPéal%Bél%bU‘?r'i‘séiB riattid aHg éﬁimea% gdlormng, on

sai d nonmagne ranul ar layer, a magnetic recording [ayer conpr|5|ng a

ferromagnet i @ndrwaetﬁrn difectediihanpledeterdinadcdrightativnrtnat deprmdsni nemygiani ¢ oxi de
matri x and magnetic crystal grains which are dispersed in said matri x and

whi ch have aoriesdationmfgaiet undariayar, andsorming.eut #aid inanamagneiieg@nian éayer,
orientation that depends on the crystal orientatign of said tal crystal

grains. Wt hafmaggets rererding laver coonHsiag iarEomadnsliGianet flea gamelaref fect as

that of Str ugh G eonhillan FStaHid Side Mk uAE RUGASHY AR BRHEY ©F 2

which are 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



per pendi cul ar magnetic recordi ng, said manufacturing method conpri sing
formng, on a base, an underlayer for controlling a crystal orientation of
an upper |ayer, formng, on said underlayer, a nonmagnetic 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
matrix and which have a crystal orientanion directed in a predeterm ned
orientation that depends on a crystal orientation of said underlayer, and
form ng, on said nonmagnetic granular |ayer, a magnetic recording |ayer

conpri si ng aydy hHQ%ﬁfiﬁ@Eh&gdrl%)sﬁlépta%n Bt sagwmry&a%mﬁwmmﬂ sing a

matrix contalning silico I con oxlde and " na tic crystal grains

whi ch are digpensedi ispasile testhx the sametatfcbeas ozt a¢ Bedctuvd th said net al
crystal grains in said nonmagnetic granular |ayer and which have an easy
magnet i zati on axi $0@f&]lected in a predeternined orientation that 14 depends

on the crystal orientation of_said netal crystal grains. Wth thi
structure, it is pokustie1do TR Hetal crstal g n%Pfﬁng’ "&E“W&?“‘E)gra@f‘}%ﬂcture 1.

i
oyer are crisdtiare S| SalE bBhaling aftendibaR st i ERPE SR fim and cara-
nonmagnetic gy ridfic| ?%(rﬁflaij Ié}é&% ithedlat t%@{jﬂggétﬂiié%gletﬁ‘r/%{at han a

tenperature of causin ayer Separation o t an mumin said netal

crystal graitampeeatorCoficaubPgd8yer sephratioh wf eo4) add enrsrgin@tih ealriistafl gr ai ns
of said ferromagnetic |layer are crystal grains containing at |east cobalt

and chr om unorgstdl graing tofoecuromagnetic | ayer is formed at a tenperature | ower
than a tenperature of causing |ayer separation of cobalt and chromumin
sai d magnetic cry$®@46lgrains to occur. [0047]

(Structure 16) The magnstic crystal grains of said ferromagnetic layer
are crystal grains containing at least cobalt 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
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.



According to Structures 15 and 16, the nonmagnetic granular |ayer and the
ferromagnetic | ayer can be fornmed by a |owtenperature process. Therefore,
it is possible to prevent degradation in orientation of the nagnetic
recording |ayer, degradation in nmediumsurface properties, and so on. Effect
of the Invention [0048] In this invention, by providing a size-reduction
pronoting | ayer between an under| ayer amB a magnetic recording |ayer having
a ferromagnetic layer of a granular structure, magnetic crystal grains in
the ferromagnetic | ayer can be properly reduced in size. Further, by

di sposi ng a ERMRGEBALHch &tA8 Wrakingdyer under the ferromagnetic layer as the
si ze-reduction pronoting |ayer according to this invention, the

ferromagnetic | ay@049n be forned by a relatively | owtenperature process.
15 Brief Description of the Draw ngs {0049] [Fig. 1] An exanple of the
structure of a maffrigtilc An §xamplea@dgearw§uwoof amagnpliidistdP aseordingsto

i nventi on. [Fig. 2]. A diggramfor explaining in further detail a part of the
magnetic di¥kSBReMMENEOHYS INYentas. g 3] A graph conparing the results of

[0050] ver oi nbel ol Ol chBERTRIE egn o b HFie? Rl B fmagifprgavent ! o

described widigk siivi pNGg. §0 the drawings. [0051] Fig. 1 shows an exanple of
the structure of a nagnetic disk 10

[Fig. 31 A graph comparing the results of examples and comparative
examples.

Best Mode for Carrying Out the Invention

[0050]

Hereinbelow, an embodiment according to this invention will be
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 [ayer 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 hep crystal structure.

[0053]

The base 12 may be a glass substrate for forming the respective [ayers
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.



according to the enbodi nent of this invention. In this enbodinent, the
magnetic disk 10 conprises a base 12, an adhesive |layer 14, a soft magnetic
| ayer 16, an underl ayer 18, a size-reduction pronoting |ayer 20, a magnetic
recording layer 22, a protective layer 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 mggnetic |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 fornmed by Ru,

A A \ . her b ey . : ¢
the see amﬁwlong%éfﬁ,sth@%lLﬂ'ni[ngé@g?tfe%%ésggg&%%ﬁ% ArfaMStghods gfdtsdrlOn O

the hcp crysta tructure. y be a ass “substrate for

formng the ¢rpstakieéd grisk2gane usel dise wbsetticsdli mlagdtid lageetdis G ass of the
base 12 may be, for exanple, alumnosilicate glass, alum noborosilicate

gl ass, soda ampwphguashe basetiRds praderablyenaderofithetanaonphohe glasani Heisigla cat e
glass is preferable. An anorphous glass or., a crystallized, glass, can be used
al so. Wen tHEeRealy skepiianed giges May bp prefgratie Rpcrusethe rigiciy is bighs
preferably nmade of g%ﬁ anor phous glass. Using a chemcally strengthened

gl ass may be pref «i? e because the rigidity is high. [0054] The surface

roughness of the nmerblﬁfé%%g@g%%@g%ﬁgml&ﬂaggﬁﬁ{e%()%% y% 1152& eqébd,ess I n

Rmax and 0.6nmor less In are apanese

I ndustrial Sandatgtsid RRax e D.cansonietdinskaf aRmaxeindeRa bfe d6fied B gap
bet ween the magnetic recording |ayer 22 being a perpendi cul ar magnetic

recordi ng | ayierJapatesehiadusifial Sagdatd (013)ay Such @ somonth antfacarseryes ia kéep
possible to forma suitable nagnetic circuit across a head, the magnetic
recordi ng | &% 8ap petweesiherpronadicrecridingtlayer22kging g perprixligular magnetic

recording layer and the soft magnetic layer 16 constant. Thus, it is possible to
form a suitable magnetic circuit across a head, the magnetic recording layer 22,
and the soft magnetic layer 186.

[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. In view of
practical use, the thickness of the adhesive layer 14 is preferably set to 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 cersteds. Further, it preferably has as a magnetic property a saturation

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



The adhesive layer 14 is a layer for inproving the adhesion between the
base 12 and the soft magnetic layer 16 and is forned between the base 12

and the soft nmagnetic |ayer 16. Using the adhesive |ayer 14 is effective to
avoid peeling of the soft magnetic layer 16. As a material of the adhesive

| ayer 14, use can be nade of, for exanple, a Ti-containing material. In
view of practical use, the thickness ofi# he adhesive layer 14 is preferably
set to 1 nmto 50nm [0056] The soft magnetic |ayer 16 serves as a | ayer
for adjusting a magnetic circuit of the nagnetic recording |ayer 22. The

sof t magneti goft ﬁ%@heﬂ@lakér ®m gﬂ?eréiF%LBa%HYnétbﬁ&iE 8 ABadeMafttial tor;u?e made of

a magnetic substance that exhiBits soft nagnetic properties and, for

exanmpl e, pr efiey. atHoy eRampls saciradieebased gofiopageticangeeiatinag beor ce (Hc) of
0.01 to 80 oersteds and nore preferably 0.01 to 50 oersteds. Further, it
pref er abl y hbeTa{s-basemhghiey FeTaNdased plley, FeNirbasedalloywhghoBriased alodensi t y
(Bs) of SOOeWé%é o1l qu?rm cc. The terial of the 17  soft gnetic | ayer
16 may be a PeF®aQoasaaakey while gueha Goasersolmagnetigmaigral MAKEE For

exanpl e, suc - e f ti [l ! Tac- . al | oy,
FeTaN- based P?%%eb%%ﬁl 5’82&5?0&&%@%@%‘%%—?’ EQ?&?B:%%?, al%&rsﬁe@@ﬁe&ged al | oy
whil e such a sRispdhsgid. magnetic material may be CoTaZr-based alloy or
CoNbZr - based all oy, an FeCo-based alloy soft magnetic material, or the

|i ke. [0057] The [pbsrgkness of the soft magnetic layer 16 is, for exanple,
30nmto 1000nm and preferably 50nmto 200nm When the thickness is |ess
than 30nm there The thickages ohibessoittmagradicdayedi16fis.cdal exaropleo8tnm tgui t abl e
magnetic circuit across the head, the magnhetic recording |ayer 22, and the
soft magnet i ¢009ray @pd peefe(ghly a0nfife rROPH- + Mihantbedhigkressds 'eE@dBWPn there is

a case wher eS(tJr?r%, 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



surface roughness increases. Further, when the thickness exceeds 1000nm
there is a case where the sputtering filmformation becones difficult.

[ 0058] Wien nagnetic field annealing is necessary for controlling magnetic
dormai ns 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 tenperature can be raised up. [18059] The underlayer 18 serves as a
| ayer for controlling the crystal orientation of the size-reduction
pronoting |layer 20 and the nagnetic recording |ayer 22 and contains, for
exanpl e, rutdranulamayBk) -In ks Ebodpibmdingaite-rddu@tion petandtaiaaydredig fornmed by
a plurality of layers. The underlayer 18 may include an interface which
cont acs t he sperdieddgue hommagnativoCoQuSiQrylayer2d asggrdnulahsitbcture. f or mred by Ru
crystal grains. [0060 The size-reduction pronoting |ayer 20 is one exanple
of “a nonmagnetic 1896%ranular layer. In this enbodinment, the size-reduction

' I 20,1 ified.b ti Cr - Si I f
Gr anul ar st r et ur dPBBRNGIE "oha R ARe] 22 {ateans o ayaorsge i Brces s
: t . _ _
exchange. ench 89 sorping cofF815Jer 34 BBgh BioFANY Qe eGiirgifyetas o

si ze-r educt | QHCKEIIADHIS PEdAraethe 2fze-rEabclidr profiolihgdaydr@0r omhanRist@iddayer 32
is specified by a CCP-Si Q2 | ayer of a granular structure and contains

CoCr Pt crystietrogragnetic Byen8® isesperificdyst aCOf-8iGrday¢rafi@2granilae smacjort i C

coupling control |ayer 34 serves as a coupling control [ayer for
cont rol I'i ng angherstiains EOGEPE aysisd pladenas Magnelie eiyalighetdins.| ayer 32 and
[0062]

The magnetic coupling control layer 34 serves as a coupling control
layer 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 layer 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 properiies of the magnetic disk 10. The exchange energy
control layer 36 is formed by a multilayer film composed of alternate-layered
films ([CoX/Pd]n) 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



t he exchange energy control |ayer 36. The magnetic coupling control |ayer 34
Is fornmed, for exanple, by a palladium (Pd) |ayer or a platinum (Pt) |ayer.
The thickness of the magnetic coupling control |layer 34 is, for exanple,
2nmor |less and preferably 0.5 to 1.5nm [0063] The exchange energy
control layer 36 is a magnetic |layer (continuous |ayer) which has an easy
magneti zation axis aligned substantially9in the sanme 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 prr%E@Fd‘id'(?eI%%/(é’rfzé ﬂ@m@rgi?ﬁédc?wiﬂ?é(mégnet@ﬁeﬂchange energy control

| ayer 36 is forne a nultilayer m conposed of alternate-layered filns
([ CoxX/ Pd] n) of coladas](Co) or an alloy thereof and palladium (Pd) or
alternate-layered filns ([CoX/ Pt]n) of cobalt (Co) or an alloy thereof and
pl ati num (Pt). Théurthieskhebbricadénglayer 26 isralogenlor yncreasing@ubrigitd nor e
preferably 3 to 6nm [0064%6 The protective film24 is a protective |ayer
for protectiRRjvene thangaenelic head ard Kiegnagngtieydisk 9. f rom an i npact by the
magneti ¢ head. [(f@@é%] Further, the lubricating layer 26 is a |ayer for

I ncreasing | ubrici bet ween the magnetic head and the magnetic disk 10.

0066 As a meth rd ; Y magneti c
[ ] 2 WB%EH¥f58ﬂurlh§%é F‘ﬁ%ﬁgﬁ"ﬁ n@{/é@éﬁ%@et agh@ﬁ’c g

disk 10, it is preferable to performthe fi I on Sputtering
met hod.  Pardisie b at Isyprefehsgh| & padoet rrerfilgfoirkfidnmigy etdpatietisg pregtics. abl e

because the wuniformfilmformation is enabled. For the sane reason, it is
pref er abl e tRarisgarly,ike DG magoetrgpepdtidrimgfroethiodds preférable because the

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 metal 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
crystallographically 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



[0067] Fig. 2 shows a detailed structure of the underlayer 18, the

si ze-reduction pronoting |ayer 20, and the ferromagnetic |layer 32. In the
under | ayer 18, the interface contacting the size-reduction pronoting |ayer
20 is nmade of Ru crystal grains 102. The size-reduction pronoting |ayer 20
has a granular structure in which netal crystal grains 104 fornmed by CoCr
crystal grains are dispersed in a sili@0n oxide (SiOx) matrix 106. The
nmetal crystal grains 104 are separated fromone another by the matrix 106
and each forma columar shape so as to be crystallographically coupled to

the Ru crystaig, tiemagnet®gropeRi@qHc, Iherdile! ERBIMNGS maghali§tiska of(@ess a
gr anul ar structure in which rragnetlc crystal grains 108 forned by Co al l oy

crystal graiffig. Breandbesipeproeed.in a silicon oxide (SiOk) matrix 110. The

magneti c crystal gral ns 108 are separated from each other by the matrix 110
and each forma c @Qﬁﬁ]ar shape so as to be crystal | ographically coupled to
the netal crystal S 10%%[Therefor h| S . enbodl ment, the

magnetic crystal f"'ﬁ‘ Slpyig t H“’Sat'?ﬂ ﬁlet?q @esc'rl IglgggeQaH iGN Fur t her, by
t he size red%trﬁ@%\rg dEQﬁﬁpHPz{mS ! §ta| grains 20 108, the m_agnetl C

properties ( atro e magnetic disk 10 (see Fig. 1) can
be i nmproved. [006Yyg ei nbel ow, th| s invention will be described in detail
by giving exanples and conparative exanples. Exanple 1 [0070] Anorphous
al um nosi |l i cate gl[@s&]was nol ded into a di sk shape by direct press, thereby
producing a gl ass Adnhgrl:)hogshlalsun%kg;ﬁca?é Eiﬁsﬁisgrﬁgﬁgg into a disk shape by
direct press, thereby producing a glass disk. This glass disk was ground,
polished, 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
s0 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



pol i shed, and chem cally strengthened in order, thereby obtaining a snooth
nonmagneti ¢ di sk-shaped base 12 in the formof a chemcally strengthened
gl ass disk. The surface roughness of the main surface of the base 12 was
nmeasured by an AFM (atomic force mcroscope). As a result, it has been
found out that the main surface was a snmooth surface specified by Rrax of
4.8nm and Ra of 0.42nm By using an evaguated filmform ng apparatus, an
adhesive layer 14 and a soft magnetic |ayer 16 were successively formed on
t he obtained base 12 in an Ar atnosphere according to the DC magnetron

sputtering '“‘&érBQﬁ’dimﬁIQPI%Jalr;neﬂid"retchcﬁn@‘fﬁemum Bk sﬁggﬁét}e‘(ﬁaé ﬁlé?éuz%é inthe

deposited by using a Ti farget so as to forma Ti layer o nm On the
ot her hand, damee seihhemagmetd subdstmty hdda swrdtid sprtesdiet gubcliedusi Rgag ofoTaZr

target so as to forman anorphous CoTaZr (Co:88at% Ta:7at% Zr:5at% |ayer
of 200nm [ G®Tap arthda of 8148nmagnidie magnatic properdiad of et disk subsiratewpeendi cul ar
magneti c recording nedb§gtan§s_finished W th the gilalfornation up to the
soft magnet i Beasyed by s I AING gamPlhMageetometen ape a2 A8k Hieus and
pl aced in an : [ sphere. _Thg surf ro : obt ai ned
21 per pendi%oﬁ?éggﬁcggﬁéﬁl@cﬁéggggﬁ?ﬁ% %%ﬁl?nﬁ%cw%ﬁgg Uﬁgﬁgﬁaﬁén%&?ﬁ ed in
Lhe same mogfiingdd thikesuili i ulidb SorfARGhSIoMobBRRvsSPECT T ed by Rmax of
5.1 nm and Ra of 0.48n%1 The ghetic proper?ﬁeé %ﬂ&% e di sk substrate were
measured by a VSM[gofd)rating Sanpl e Magnetoneter) and, as a result, the
coercive force (Hc) was 2 oersteds and the saturation magnetic flux density
was 810enu/ cc, thginganevacuatéd single-ablee statibnanydgeiag itypepiilopfermings. [ 0073]
Usi ng an evacuat ed single-wafer stationary facing type filmformng
apparaius, an underlayer 18, a size-reduction promoting layer 20, 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 hep
crystal structure was formed using a target made of nonmagnetic CoCr-SiO;
(CoCr:88mol% (where Cr:40%), SiO2:12mol%). 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%, SiOs:12at%. Further, there were formed the magnetic



appar atus, an underlayer 18, a size-reduction pronoting |ayer 20, a
ferromagnetic | ayer 32, a nagnetic coupling control |ayer 34, an exchange
energy control layer 36, and a protective |layer 24 were fornmed in order on
the obtained disk substrate in a |ow Ar (50sccn) atnosphere according to
the DC nmagnetron sputtering nethod. In this Exanple, the underlayer 18 has
a two-layer structure with a first |lay@2 and a second layer. [0074] In
this process, at first, on the disk substrate, a | ayer nmade of anorphous
Ni Ta (N :40at% Ta:10at% and having a thickness of 10nmwas fornmed as the

first layer @upliRgcomesnaye idShatimaoiBuPd fiver aRd Md8xchahbe @kerps of 10 to

15nm was forned as the second | ayer. [0075] "Then, the size-reduction
pronot i ng | agertroRlyef 3@ irt theXOmmohaVCoB/Paljim&ayer.crystal structure was fornmed
using a target made of nonmagnetic CoCr-Si 02 (CoCr:88npl % (where Cr:40%,
Si 2: 12mol % . Thi 40@%8]lget made of nonmagnetic CoCr-Si02 was prepared by

i xi ng Si @ int Cr and sjnteri them Further. the f ic |
3201 15nm havi ng Moy SPYLT 4 CRPaRARIoE! Velad AaPire Sas cRptal P (Ammgnet | ¢

target nade f it f 1.hg the
ferromagneti @dlra@er ﬁ%ﬁs t{%ﬁp réc&@&%ﬁ %Eﬂﬁé%g@t&drﬁ&f%%{ g;;?l“ogﬁ %Slfggrﬁ%g
Further, thegiacugierifrPRidesdR iMpesiRLiif thetforRQ! Plytiftgefatid @rbdmyes 34 in the
formof a Pd | ayer and the exchange energy control 1ayer 36 in the form of
a [ CoB/ Pd] n pessile td poTEdt thelimagnetiyregprdinglayag22 froar o impaot gta usi ng a m xed
gas containing 30% hydrogen in Ar, the protective film 24 nade of

hydr ogenat ednégnetihegss formed. Since the filmhardness is inproved in the
f orm of hydrogenat&gpgar bon, it is possible to protect the magnetic
recording | ayer 3 m an i npact by a

Thereafter, a lubricating layer 26 made of PFPE (perflucropolyether)
was formed by the dip 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 Hec 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 tayer CoCr-SiO; stacked thereon was changed, and a plot point



magneti c head. [0077] Thereafter, a lubricating |layer 26 made of PFPE
(perfluoropol yether) was fornmed by the dip coating nethod. The thickness of
the lubricating layer 26 was 1 nm Through the manufacturing processes as
descri bed above, there was obtained a magnetic disk 10 being a

per pendi cul ar magnetic recording nedium [0078] The static magnetic
properties of the obtained magnetic diskg 10 were evaluated using Kerr. For
conparison with a conventional CoCrPt-Si02 nmediumwith only a Ru
under | ayer, nedia free fromnonmagnetic CoCr-Si02 filmwere prepared as

conparal i ve ia3RETASy a bARK Handd Eoprdsdrts 8 IR RORALLRE vt thegitht s of the

exanples with the réesults I the conparative exanples. In Fig. 3, a plot
poi nt i ndi cathiitnbss ofrtapFrsendetlager was tigedfo HEDABAS theellmihiknbdeof them

t hi ckness of the Ru underlayer was fixed to 150A while the filmthickness
of the nonnaprEmagNaiicananuar lnygeeo@oBiO:Sitackeddharsoevaneiangedwakudheringed, a

pl ot point indicated by a bl ack sguare represents al ue of He asured
When the fi11High SierRleloeint inficated by nierespes a NabierdhHine S23 0P o t he

was changed. & ENgeR R BT AD PohagHbdeRlar " s e Bachbd Wiikokocnt s
val ue of He Wﬁgﬁﬁgﬂym@m}mwbgﬁ@emnﬁ&eﬂa@& &vagcﬁan%ugemsayﬁdwﬁfvas fixed

to 100A and t ess o nonmagnét |1 ¢ granu | ayer CoCr-Si Q2

stacked t heriadfig. @t is Bapgetht whentthetotal fili thiciness ofaheIRu uddriaed &8 cat ed by
X represents a value of He in the case of only a Ru underlayer with no

nonnagnet i ¢ ieawniagnetiy granbistlaygir 62250 Adher it obtaded a cabksivel faraetly t he fil m
thickness Ofwﬁirc]:ﬁ ingbcl)Jur%(%ﬁrrele%%ﬁés [Ye\ll?gser(t:r?gnn %(tjbf tﬁse c%rrll%\rﬁ]tional 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. [t is obvious to a
person skilled in the art that various variations or improvements can be added
to the foregoing embodiment. Itis 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.



in Fig. 3, it is seen that when the total filmthickness of the Ru
under |l ayer and the nonmagnetic granular layer is 250A, there is obtained a
coercive force He which is about three tinmes larger than that of the
conventional nediumonly with the Ru underl ayer of the conparative exanple.
Further, the RYW characteristics of both were exam ned and there was
observed an inprovenent in S/N ratio by4about 10dB to 15dB. [0080] While
this invention has been described in terns of the exenplary enbodi nents,

t he technical scope of the invention is not limted to the scope of the
description of the foregoing exenpl ary enfpedi ments. It is obvious to a
person skilled in the art that various variations or inprovenents can be
added to the foregoiAgepehdidulaentagnktic recoediegdiskrfonuddia meperidigulaon of
clainms that the nodes added with such changes or inprovenents can al so be

i ncl uded i n mAgneticiesarding, saisbperpendicuias magnetic iesarding digktcomyrisingpl i cability
[0081] This inventjon is suitably applicable to a nagnetic disk, for
exanpl e, adapted PR nounted in a per pendi cul ar magnetic recordi ng type

recording di sk ford G RyRiBrnkBuee shia bt K P UG ARGl fpuRO" ! ©

per pendi cul agg W%ﬁéri' drecording di sk conprising: a base; an underlayer
formed over said ase&% or controlling a crystal orientation of an upper
| ayer; a nonmagnetd gorgthagnstiargrhayier lagér & pganularsirattive tonmedforrgadl on sai d

under| ayer; and

underlayer; and

a magnetic recording layer comprising a ferromagnetic layer of a
granular structure formed on said nonmagnetic granular layer;

wherein said nonmagnetic granular layer comprises:

an inorganic oxide matrix; and

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

said 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. Aperpendicular magnetic recording disk for use in perpendicular
magnetic recording, said perpendicular magnetic recording disk comprising:

a base;

an underlayer formed over said base for controlling a crystal orientation
of an upper layer,

a nonmagnetic granular layer of a granular structure formed on said



a magnetic recording |ayer conprising a ferromagnetic |ayer of a granul ar
structure fornmed on said nonmagnetic granul ar |ayer; wherein said
nonmagneti c granul ar | ayer conprises: an inorganic oxide matrix; and
nonmagnetic netal crystal grains which are dispersed in said matrix of said
nonmagneti c granul ar |ayer and which have a crystal orientation directed in
a predetermned orientation that depends2®n a crystal orientation of said
under| ayer; and said ferromagnetic |ayer conprises: an inorganic oxide
matri x; and magnetic crystal grains which are dispersed in said matrix of
said ferronggagidyer! aker and which have an easy magnetization axis directed
in a predetermnéed orientation that depends on the crystal orientation of

said nmetal cryst ah ngagnietis recébrdifgp@yapeodipeigingra feagneignetic &ner di ag di sk for
use in perpendicular magnetic recording, said perpendicular magnetic
recordi ng di grensdarmtiustuigformedoerseaid anmageeliag@nuiasiamsd; over sai d base for

controlling a crystﬁl ori e_at ation of an E‘p er Iaﬁ‘%r,; a nonmagnetic granul ar
| ayer of a granul aVNSEINEAENONTHAREHC BIRNLET AYES CO(RAERS ayer ; and a magnetic

Fecording | aver couiat B AL EMAAI AR R 3 oranular ot ucture
e T i O
nonnmagnet i ¢ ga@mdnaiagdnayie grandambayaiandavisicla havy atorystalrdrzntaionairedigddat ed i n
a predetermined orientation that depends on a crystal orientation of said
underlayer; and
said 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. Aperpendicular magnetic recording disk according to claim 1 or 2,
wherein:
said underlayer is formed by a layer containing at least ruthenium,
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 and chromium,
said matrix of said ferromagnetic layer contains at least silicon oxide,
and
said magnetic crystal grains of said ferromagnetic layer are crystal
grains containing at least cobalt.

4. A perpendicular magnetic recording disk according to any of claims



a predeterm ned orientation that depends on a crystal orientation of said
under |l ayer; 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 |ayer so as to be contacted with said
metal crystal grains in said nonmagnetic granular |ayer and which have an
easy magnetization axis directed in a @gedetermned orientation that
depends on the crystal orientation of said nmetal crystal grains. 3. A

per pendi cul ar magnetic recording disk according to claim1 or 2, wherein:

sai d under| ayes 3i §héminssld lamae-né@f% a%@w #hicd ledseBfb kindt dtatbyahce sai d
matri x of said nonmagnetic granul ar | ayer contains at |east silicon oxide,

sai d netal cselstiad figmaBiB,, 81032 Nand @@y isadded o hithehiasrer are cryst al
grains containing at |east cobalt and chromum said matrix of said

ferromagnetic |ayér o%nemendlcatar|rraﬁ16tl@r¢q0¢@ng@ljakce&corChm@itOsamdofrm@ﬁ@t| c
aid ferroma are crystal cont ai ni ng at

crystal grain f netic ai ns
Ie)e/lst cobal tﬁgﬁ wﬁ%f@f'b%%"&}ﬂg? beétreé@frsétgd?Qﬂ ”tﬁt'glgg B aYSABo any of

clainms 26 1 e east one
i nd of subs? Yiteboralifein g i Ehe REELay e Bt XM (B B8 Boufaca (o
rut heni um 5eor&:§?i@nb&ﬁ@rr‘a‘ul‘\lﬁrar‘iﬂagﬂeédtféltr gﬁ@bﬁl,ldﬁgum sk according to any of
clains 1 to 4, whérein said netal crystal grains of said nonmagnetic

granul ar layer ares. oA psipahdigurir ntaghett aédordigg aliskl axestding® &mynet adimel enent
selected fromthe group consisting of B, Ta, Nb, and Ru, cobalt, and
chrom um 1 to 5, wherein:
said matrix of said nonmagnetic granular layer contains at least silicon
and
the content of silicon in said nonmagnetic granular layer is 4ai% to
20at%.
7. A perpendicular magnetic recording disk according to any of claims
1 to 6, wherein:
said matrix of said ferromagnetic layer contains at least silicon and
the content of silicon in said ferromagnetic layer is 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
o B, falls within a range of 0.7 to 1.5.
9. Aperpendicular magnetic recording disk according to any of claims
1 10 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



6. A perpendicul ar magnetic recording disk according to any of clains 1 to
5, wherein: said matri x of said nonmagnetic granular |ayer contains at |east
silicon and the content of silicon in said nonmagnetic granular |ayer is
4dat%to 20at% 7. A perpendicular magnetic recording disk according to any
of claime 1 to 6, wherein: said matrix of said ferromagnetic |ayer contains
at least silicon and the content of sildZon in said ferronmagnetic |ayer is
Bat%to 15at% 8. A perpendicul ar nagnetic recording disk according to any
of claims 1 to 7, wherein: said matrix of said nonnagnetic granular |ayer

and sai d nat giiy bafsemuctad endergenet Ic layer contain at |east silicon and,
when the content of silicon in said nonmagnetic granular |layer is A at% and

t he content of si I11corAperpeadldulfaemagmag¢1maoodlh@¢akacsoBilmag%aWtB aratio of
A to B, falls within_ a range of 7.to 1.5. 9. A perpendicul ar nagnetic

recordi ng di §E"”&%&6‘Pdpnﬂh?'@'%ﬁ@ﬂd@ﬁs@I'%ﬁ%molphqysﬁla%ﬁaere| n an anor phous seed

| ded
e ol oy e thPE@SPS\CHE‘%?e@%% ¢ (5Ring UK aldRlino feml o 1 1o o,
Wher i 1 an agO9YS 1794 hefEHAUSH Wind B TedRRl YA FSRS URRRGEd pnsal d base

and said underl ayer magnéti’c recor accordi ng
to any of chkriihgd drerdylcortitflflePwhththddaifedsy mBgRetaRbRusisHlighed 12. A

per pendi cul ar nagnetlc recordi ng disk according to any of clains 1 to 11,
wher ei n sai dsatesjadtallg in theosama dirkctioarad that dfesaid tmagretiatayer.

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

forming, over a base, an underiayer for controlling a crystal orientation
of an upper layer;

forming, on said underlayer, a nonmagnetic granular layer of a granular
structure comprising an inorganic oxide matrix 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 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 orientation
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;

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



exchange energy control |ayer which has an easy nmagnetization axis aligned
substantially in the sane direction as that of said ferromagnetic |ayer. 13.
A manufacturing method of a nmagnetic disk for use in perpendicular magnetic
recordi ng, said manufacturing nethod conprising: formng, over a base, an
under| ayer for controlling a crystal orientation of an upper |ayer;

form ng, on said underlayer, a nonmagne®8 granul ar |ayer of a granul ar
structure conprising an inorganic oxide matri x and nonmagnetic netal crystal
grains which are dispersed in said matri x and whi ch have a crystal '

orientation halid ekt bReftaRbR dRESEATINE Preddiemiinbd BRektBAbdn GRPABEISNEN a
crystal orientation of said underlayer, and form ng, on said nonmagnetic

granul ar | ayen a cayst@gnientationex gaidi umgletrlayar, andonpri sing a ferronagnetic | ayer
of a granular structure conprising an inorganic oxide matrix and magnetic
crystal grains whifefniageoripaigaosnamdnatie granuiaidayer, amagnahe Beording layer easy
magneti zation axi.s directed irh,fa]ﬁgre eterm ned orientation that depends on
the crystal SRTRIRIAY pIGrOnagae T 89raapiar SEUCIRCOMpIISing A% ct ur i ng

ot hod of 2 CRARRGS o' Fiooh 35ick ncRERRIN GULEl o IRANAEE afecor di ng, s d

manuf act uri ng e conpri , an underlayer for

control ling @sEérsall® sABInPatiRb R t8he RRtAERREWIth §¥i€lrﬁ1etfapéﬂ§7§ﬁ9?ra‘iﬁh gai d
under| ayer, a nonmagnetic granular layer of a granular structure conprising

a matrix congaid monmagnbiicgranalar fayer and wividhdieavanah eagnmagnetiiationaixal cryst al
grains which are dispersed in said matrix and which 28 have a crystal

ori entati on dirgated da predeterminrd erentalian bal dependsan thrarysiasuieatationwf a
crystal ori ent,gti on of said, underlayer; and form ng, on said nonnagnetic
granul ar | ay®Rid meRlytal QraiNscor di ng | ayer conprising a ferronmagnetic |ayer

of a granular str Us urAem%ﬂHﬁrc:{Lﬁfna%gthggtof ;L:l)ﬁnagnetic 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

said nonmagnetic granular layer is 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 of said ferromagnetic layer are crystal
grains containing at least cobalt 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.

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

comprising, between said underlayer and said ferromagnetic layer, a



containing silicon or silicon oxide and magnetic crystal grains which are
dispersed in said matrix so as to be contacted with said netal crystal
grains in said nonmagnetic granul ar |ayer and which have an easy

magneti zation axis directed in a predeterm ned orientation that depends on
the crystal orientation of said netal crystal grains. 15. A manufacturing
nmet hod of a nmagnetic disk according to &%im 13 or 14, wherein: said netal
crystal grains of said nonmagnetic granular |ayer are crystal grains
containing at |east cobalt and chrom um and said nonmagnetic granul ar | ayer
is forned atsigerédmEbapisRolinyRyet for FeduringedBies af wal mageaticsirpgal ayer
separation of cobalt and chromumin said netal «crystal grains to occur.
16. A manuf agtainsi coptareed busaifl ferroraggreaticdaydirskheretosaid sizetredactionof cl ai ns 13
to 15, wherein: said nmagnetic crystal grains of said ferromagnetic |ayer are
crystal  gr aPieatipadayssisipraed by nowpagnaticiandar B¥etnm and said
ferromagnetic layer is forned at a tenperature |ower than a tenperature of
causing | ayer separation of cobalt and chromumin said nmagnetic crystal
grains to occur. 17. A perpendicul ar magnetic recordi ng nedi um conprising a
magneti c recording | ayer having a ferromagnetic |ayer of a granul ar
structure and an underl ayer for controlling a crystal orientation of
magnetic crystal grains of said ferromagnetic |ayer, said perpendicul ar
magneti c recordi ng nmedi um conprising, between said underlayer and said
ferromagnetic layer, a 29 size-reduction pronoting |ayer for reducing a
size of said magnetic crystal grains contained in said ferromagnetic |ayer,
wherein said size-reduction pronoting |ayer is formed by a nonnagnetic
granul ar | ayer.



