WD 2006/ 030961 PCT/ JP2005/ 017426 1 DESCRI PTI ON METHOD FOR MANUFACTURI NG
PERPEDI CULAR MAGNETI C RECORDI NG MEDI UM PERPENDI CULAR MAGNETI C RECORDI NG
MEDI UM AND 5 MAGNETI C RECORDI NG REPRODUCI NG APPARATUS TECHNI CAL FI ELD The
present i RY@Rbds@BIsE! ates to a nmethod for manufacturing gdagrpfARdiabs ar
magneti c recordi ng nmedi um a perpendicul ar magnetic recording nedium and a
10 magnetic recordi ng/reproduci ng apparfatus. In particular, the present
invention relates to a high density recordi ng nedi um havi ng hi gh coercive
force and a magnetic recording/reproduci ng apparatus conprising the sane.
CROSS- REFERENCE TO RELATED APPLI CAESSRIPISOThi s application clains the
benefit pursuant to 35 U S.C. 119 (e) of U S. Provisional Application No.

. 60/ 614,462 filed on Cctober 1, 2004, and prioirity is clained on Japanese
Pat ent Application No. 2004-272071, filed Septenber 17, 2004, and U S
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recordi ng density of magnetic WO 2006/ 030961 PCT/JP2005/017426 2

TECHNICAL FIELD
{ The present invention relates to a method for manufacturing a perpendicular
magnetic recording medium, a perpendicular magnetic recording medium, and a
10  magnetic recording/reproducing apparatus. In particular, the present invention relates
to a high density recording medium ilaving high coercive force and a magnetic

recording/reproducing apparatus comprising the same.

CROSS-REFERENCE TO RELATED APPLICATIONS
15 This application claims the benefit pursuant to 35 U.S.C. §119 (e) of U.S.
Provisional Application No. 60/614,462 filed on October 1, 2004, and prioirity is
claimed on Japanese Patent Application No. 2004-272071, filed September 17, 2004,
and U.S. Provisional Applications 60/614,462 filed on October 1, 2004, the contents of

which are incorporated herein by reference.

20
BACKGROUND ART
Recently, the scope of application of magnetic recording apparatuses such as a
magnetic disc apparatus, a FLOPPY ® disc device, a magnetic tape device, and the like
has advanced remarkably, and the importance thereof has increased. With these

25 movements, effects have been made to increase the recording density of magnetic



recordi ng nmedia used in these devices. For exanple, in accordance with
density growh of nmagnetic recording nedia, since MR heads, GWR heads, and
TMR heads are now used as recordi ng/reproduci ng heads and PRVML (Parti al
Response W\g%hdddogti kel i food) technol ogy has been introdieempasdtgst al
signal error nDdlflcatlon 5 technol ogy, the recording density has increased
remar kably. Recently, recording densi2ty has been increasing at a rate of

60% per year. As described above, it is desired the recording density of
magnetic recording nedia be further increased. In order to achieve this,
enhancengxcbrdiig media asadeinftbesedevinnsl FHogerhmple, ndcserdadtd with Jehdityat i 0) of a
magnetic recording layer, and high resolution is 10 required. In a

| ongi t udgrRahth BRABSIE ré@RGIE nitdi£ AMEE MR ABads, MR SeadBROTMIEhedd8aRY di Ng
density Tncreases, the de-nggnetizing effect, in which adj acent _magnetic

Ther of or BOW IR ’5&%@%9%%3%5%%?%& el T L R Reeeted
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ener%ﬁ barrier for maintainin magneti c domai n reaches the thermnal

f 1 uctuat teehnodogss e regording density aﬁéﬁ%ﬁr@ﬁ’s@d rempakel)yt hRecently, tegondingossi bl e to

i gnore the decay of the magnetization (thermal fluctuation phenonena). It

i s sai d dénaity has lseep hmonensingeat lairafetod 60Vdyeeriyesnr di ng density. 20 As technol ogy
for inmproving the recording density in a |ongitudinal magnetic recording,
AFC (Anti Ferr Qs GeseiibéddhoveEid isadeRBydthe eccdiding deasity sfupg@ttiededordiag der to

sol ve the problem of thernmal decay of nmgnetization, which is a problemin a

| ongi t udjnRah HEBENR ifcréREQ dlnrlﬁdeﬁ%ra@ﬁg&lﬁﬁﬁ QhnAREREH S doBRSoR@ t echnol ogy

has receive mich attention as a 25 useful alternative technol ogy for
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10  required. In alongitudinal magnetic recording conventionally used, when the

recording density increases, the de-magnetizing effect, in which adjacent magnetic
domains decrease the magnetization thereof of each other, also increases. Therefore,
in order to avoid this, it is necessary to make the magnetic recording layer thinner for
increasing magnetic shape anisotropy.

15 However, when the thickness of the magnetic recording layer decreases, energy
barrier for maintaining a magnetic domain reaches the thermal fluctuation energy at
room temperature. Due to this, it is impossibie to ignore the decay of the
magnetization (thermal fluctuation phenomena). It is said that this phenomena limits
the recording density.

20 As technology for improving the recording density in a longitudinal magnetic
recording, AFC (Anti Ferro Coupling) media have recently been suggested in order to
solve the problem of thermal decay of magnetization, which is a problem in a
longitudinal magnetic recording.

Perpendicular magnetic recording technology has received much attention as a

25 useful alternative technology for achieving a higher recording density. Ina



3 conventional |ongitudinal magnetic recording, a nediumis nagnetized in an
in-plane direction. In contrast, a perpendicular magnetic recording is
characterized by magnetizing a nediumin a perpendicular direction relative

to the sur{aEanfbsedsedi um This feature suppress the deppRgpabidi g
effect, which prevents recording densité 5 growth, in a |ongitudi nal

magnetic recording, and is thought to bé nore suitable technology for high
density recording. In addition, since the thickness of a magnetic |ayer can
be mai ntained for high density recording, the thermal decay of

magnet i zatdoomgntionhal lohgihslimal praghéténecording, amgdindiinalagnetipedtin an fveplenedi ng, is

relatively small. As a nethod for manufacturing a magnetic |ayer of a high

density negretios. HhQohRed dhergeriidilatThaghelB tRedinyhedtRraterDsd 8¢ | ayer
contai ning zirconiumor hafniumand a nmagnetic |ayer are stacked as a m xing

| ayer and 4 #il hediilg ih 8 h&i &fm rel [ j se
Unexam ned 1%[&%%?@&?6%1@%% Oﬁ%&?@g@ggﬁ{zl catﬂﬁ%lﬁvglgqgﬁllegglggqé7 (frérg.p(ﬁﬁgwever ,
this manufacturing nmethod is applied tagea etic film havi.ng.a granul ar
structure ?gégahggf‘gggs %ée %’%gg%%ﬁ"%&eﬁ&w P ?’N@"ﬁcﬁﬁlﬁ%dﬁ%ﬂ endi cul ar
magneti.c recordi.ng nmedi a, sputtering CoCr, .al l oy. wth heating . the

substrdte &@Wbé‘b%&@&“@%ﬁl TR3EITHF Eccoptipg.Ging is thewghitody marE GHIRRE Quchi |

Tohoku University, 1984). As explained above, though a perpendicul ar

magnet i c rigelsrodogydorigh dessirsecasdingl | dnadditiopeincedhe thickmasscadrmamagnstic t he
coercive force is still very inportant, simlar to 20 a the case of a

| ongi t udi niayerragbe maintaiaedfotihigh dedity recobding Hhe thenhalndeeay of magndtizetiorgcoer ci ve
force is desired in a perpendi cul ar magnetic recordi ng medium An object of

the presenjhicRi€NproBlen & 4 Iengitiihal enAmBeE RROEHiAH liofeldR@Rednhall, recor di ng
medi um havi ng a hi gher coercrive force by annealing process. 25 DI SCLOSURE OF

I NVENTI ON VO 2008 93R8R4 fS’Sﬂéﬂxﬁ%&QﬁﬁQ & fkpfetic layer of a high density magnetic

10  recording medium, a method, where an oxide layer containing zirconium or hafnium
and a magnetic layer are stacked as a mixing layer and then the mixing layer is annealed,
is disclosed in Japanese Unexamined Patent Application, First Publication No.
2000-79066. However, this manufacturing method is applied to a magnetic film
having a granular structure using oxides. As a method for manufacturing the

15  perpendicular magnetic recording media, sputtering a CoCr alloy with heating the
substrate is proposed (for example, doctoral thesis by Kazuhiro Ouchi, Tohoku
University, 1984).

As explained above, though a perpendicular magnetic recording medium has
excellent properties, enhancement of the coercive force is still very important, similar to

20  athe case of a longitudinal magnetic recording medium. Further enhancement of the
coercive force is desired in a perpendicular magnetic recording medium.

An object of the present invention is to provide a perpendicular magnetic

recording medium having a higher coercive force by annealing process.

25 DISCLOSURE OF INVENTION



4 In order to achieve the object described above, the present invention
provides the follow ng nmethods for manufacturing a perpendi cul ar nmagnetic
recordi ng medium a perpendicul ar nagnetic recording medium and a nagnetic
recordi ng/ d%%ﬁk?ﬁ apparatus. 5 (1) A nethod for manubaglisiosdida

per pendi cul ar magnéetic recording nedium conprising a magnetic record%ng

| ayer on a non-nmagnetic substrate, in wdich at |east a nagnetic |ayer
containing Co and a diffusive |layer are stacked each other, and the stacked
| ayers are anneal ed to produce a nagnetic recording layer. (2) A nmethod for
manuf act uri ng a Iperdezne achibws thewbjeet describaioabdivaghe pfesemdhiontion paswdidesg t o

(1), wherein the diffusive layer is a pure netal filmor an alloy film (3)

A nethod iR falRh@ Rictiddd JorPmBRiRaRH NEGHRE hiagh&fcYedd T
according to (1) og (2), wcﬁer el n the %? f&g)gi ve Iaigfeéirgﬁi S Igdrﬁﬁglgtrgﬁﬂon and/ or

under th ' . -4 f UL N r pendi cul ar
magnet i ¢ RSid enis mbBlc rebddide niRafi, 100 o vilenBRP B IGRAEL PE ! T
di ffusive | ayer contains elenments having an atom c radius of 1.60 angstrons
or |ess, a?Pﬂ?é‘iagqsng poi nt of 2,500C or less, and an enthal py of formation of
an alloy with Co_being - 40 kJ/nole or less. (5). A method for manufacturing
a perpéndi cul ar {khgneth Bethoddprmaguiaotuping p perpeadisnlar mpgneficrepording of (1) to
(4), wherein the diffusive |ayer contains at |least one of H, Zr, Ti, A,
Ta, Nb, Sopediymawthprisingt) mAgmetichrechriimg layen oh acurmagpetic pebgtrated ircwhigh at
magnetic recording nediumaccording to any one of (1) to (5), wherein the

magneti c Ilwama?nsﬁaﬁgt@:f comtainin@ T ardnedidubioy 16fkr LRGtdiked eahr dthds, arfdoCr Ni Pt ,
CoCr, CoCrTa, and CoCrbPtTa. 25 (7) A method for manufacturing a

per pendi Cuh @kt RS drS afeGhRELEd S produce a magnetic recording layer.

(V3] A method for manufacturing a perpendicular magnetic recording

10  medium according to (1), wherein the diffusive layer is a pure metal film or an altoy
film.

3) A method for manufacturing a perpendicular magnetic recording
medium according to (1) or (2), wherein the diffusive layer is laminated on and/or under
the magnetic layer.

15 €3] A method for manufacturing a perpendicular magnetic recording
medium according to any one of (1) to (3), wherein the diffusive layer contains
elements having an atomic radius of 1.60 angstroms or less, a melting point of 2,500°C
or less, and an enthalpy of formation of an alioy with Co being — 40 kJ/mole or less.

5) A method for manufacturing a perpendicular magnetic recording

20  medium according to any one of (1) to (4), wherein the diffusive layer contains at least
one of HY, Zx, Ti, Al, Ta, Nb, Sc, V, and Y.

(6) A method for manufacturing a perpendicular magnetic recording
medium according to any one of (1) to (5), wherein the magnetic layer is made of at
least one alloy of CoCrPt, CoCrPtB, CoCiNiPt, CoCr, CoCrTa, and CoCrPtTa.

25 ¢)) A method for manufacturing a perpendicular magnetic recording



WO 2006/ 030961 PCTI JP20051017426 5 medi um according to any one of (1) to
(6), wherein a maxi num annealing tenperature is 500C or less. (8) A nethod
for manufacturing a perpendi cul ar nagnetic recording nediumaccording to

any one of V\((ﬁout'fas(%? wherein the annealing is carried o Eﬁ%gm”ﬁzyacuum

condi tions 3 Pa or less. (9) A nmethod for nanufacturln

per pendi cul ar magnetic recording nedi uf according to any one of (1) to (8),
wherein the annealing is a rapid annealing having a tenperature rising rate
of 30C/ second or greater. (10) A perpendicul ar nagnetic recordi ng nedi um

produced hyedufiBicbsitinglif ahpondBAUN A6 6)] Whéteid PBERRNEH GHhelin htfire
recordi ng medi um according to any one of (1) to (9). (11) per pendi cul ar

magnetic rgegh r@b&q ededium conprising a magnetic recording layer on a
non- magnet1 ¢ substrate, wherein the magnetic recording | ayer corrpri ses

magnetic crystal ,grain eti.c matrix t he magnetig. crystal 15
grains, the magn( ic rﬁ%ﬁ%ﬂi %%ﬂ%n%ﬂ{'%fiﬁe@gngﬁ@aanag’éﬁ HRFAEn- magnet i ¢
matrix contains at |east one Ti Ta,. and Nb. (12) A

per pendi ¢ Jnegh RASRRINE tp @B PBP ﬁg(laréfwanwb@é@rthp Apnealing isiarriedyAet ider ¢ he

non- magnetic matrix i s an anor, phous material produced by a reaction with
Co. 205( 13jacmupeenditidnef bx 16d@aeriess.r ecor di ng medi um accor di ng to (11) or
(12), wherein an average di aneter of the nagnetic crystal grains is 10 mu

or less. (14) A(@¥rpendmetbodrfonmgnehétaringa pependicoiaemaghacetsiding t o any one
of (11) to (13), wherein the distance of the matrix between the magnetic

grains of hofumaRRSARIUS aRFLRE bRE1) kS () wRertRNEE afbealing i FfpiPaifialing
4 having a temperatuze rising rate of 30°C/second or greater.
(10) A perpendicular magnetic recording medium produced by a method
10 for manufacturing a perpendicular magnetic recording medium according to any one of
(1) to (9).

(11) A perpendicular magnetic recording ﬁ:ledium comprising a magnetic
recording layer on a non-magnetic substrate, wherein the magnetic recording layer
comprises magnetic crystal grains and non-magnetic matrix to the magnetic crystal

15  grains, the magnetic crystal grains contain Co and Cr, and the non-magnetic matrix
contains at least one of Hf, Zr, Ti, Ai, Ta, and Nb.

(12) A perpendicular magnetic recording medium according to (11),
wherein the non-magnetic matrix is an amorphous material produced by a reaction with
Co.

20 - (13) A perpendicular magnetic recording medium according to (11) or (12),
wherein an average diameter of the magnetic crystal grains is 10 nm or less.

(14) A perpendicular magnetic recording medium according to any one of
(11) to (13), wherein the distance of the matrix between the magnetic grains of the

amorphous material is in a range of 1 nm to 5 nm,

25 (15) A perpendicular magnetic recording medium according to any one of



25 (15) A perpendicul ar magnetic recordi ng medi um according to any one of WO
2006/ 030961 PCT/ JP2005/ 017426 6 (11) to (14), wherein the matrix in the
vicinity of the magnetic crystal grains has a Co-enriched conposition. (16)
A per pendiyeiHodéodtBgneti ¢ recordi ng medi um according to apyTRPE®h174dl) to
(15), wherein a perpendicul ar coercive force is 553,000 AAm (7,000 Ce) or 5
greater in a case where a thickness of 6the magnetic recording layer is 20
nm (17) A magnetic recordi ng/ reproduci ng apparatus conprising the

per pendi cul ar magnetic recordi ng medi um according to any one of (10) to
(16) . Acqotytor(4), heletn feasstrik in theanidihip of tHe mhagneis erBta gianelsid y produce a
per pendi cul ar magnetic recordi ng nmedi um having a high coercive force by
anneal i ngr@knridfedlcBMpb§RBsr at ures and/or in a short time. Below, the present
invention wll be exgl alned in detail. The perpendi cul ar magnetic recordi ng

medi um of the ent, LN 1.Qn onprises.,. aet | or.di_.ng | r which
i's produced byq:lspzrnﬁbﬂj?fiéﬁ%%q ?rnraggo{le lFé‘?ﬁ%ﬁcgﬁgwrbﬁg%%ﬁlpUitglaﬂgoﬁgg- based
magneti c er_and a diffusive |layer on a 15 sybstrate. T ross-secti onal
ot St ur 1BV > JoEsEma PERERTicHaG ReT SIS ?%%mﬁl%%gddoré@? RO FG

1. The perpendicul ar magnetic recording nedium1 of the resent invention
conpr Isesgreateitiac dagy whe a thicknesd of kipyropgneticgeeprdingdaysased) mmgnetic | ayer 5
deposited on a non-magnetic substrate 2 in this order. In addition, after

formati on of a (¥VY f uA meghaicaecddmp/rtivedneigy apparatuayemphsingiee surface of the
diffusive 20 layer 6 is covered with a protective layer 7. Mreover, in FIG

1, the ridfoul 2 Y@dgnetic AROrditEmeilidedcyRlin@MedinyCorRI¢T (PURS§NG)Rd separatel y;
however, "after anneall ng, these |layers are changed to a nagnetic recording

| ayer. The subsi@ldin e Ph&eRShPERLhH iAot BRI ity BRALEL 79 medi um 1 is

made of

perpendicular magnetic recording medium having a high coercive force by annealing at
10 low temperatures and/or in a short time.
Below, the present invention will be explained in detail.
The perpendicular magnetic recording medium of the present invention
comprises a magnetic recording layer which is produced by thermally treating a
laminating film comprising a Co-based magnetic layer and a diffusive layer on a
15 substrate. The cross-sectional structure of the perpendicular magnetic recording
medium is shown in FIG. 1. The perpendicular magnetic recording medium 1 of the
present invention comprises a seed layer 3, an underlayer 4, and a Co-based magnetic
layer 5 deposited on a non-magnetic substrate 2 in this order. In addition, after
formation of a diffusive layer 6 on the magnetic layer 5, the surface of the diffusive
20 layer 6 is covered with a protective layer 7. Moreover, in FIG. 1, the magnetic layer 5
and the diffusive layer 6 are presented separately; however, after annealing, these layers
are changed to a magnetic recording layer.
The substrate 2 of the perpendicular magnetic recording medium 1 is made of a
non-magnetic matrix material, and has a disc shape. Examples of the non-magnetic

25 matrix material include Al alloys such as Al-Mg alloys containing Al as a main



non- magnetic matrix material, and has a di sc shape. Exanples of the
‘non-magnetic 25 matrix material include A alloys such as Al -M alloys
containing Al as a main WO 2006/ 030961 PCT/JP200S/ 017426 7 conponent, soda
gl ass, al uy I ] e-based gl ass, crystallized gl ass, siJd <ol I um
ceram cs, (@é@goﬁ}?k@?ithe | i ke. The manufacturing nethod ofﬂ(ftlﬁ@e%orz@yé%?

I nvention conprises a annealing. Metal7substrates such as an Al all oy
substrate and a resin substrate have relatively |ow nelting points.
Therefore, there is a limtation of usage 5 of these substrates. A substrate
made of a GRipBhémt! sdda\GlARE Auhindbiliohlelbatdll @dsNErysBURRd ghiss Gilg®D, Aanil,i con,

Is preferable. An average surface roughness of the non-magnetic substrate 2

s preferalilmils Garkoh B %he iﬁéS’Tﬁéﬂaﬁﬁﬁﬁﬁ}@ﬁgBﬁhﬂﬁM egregéﬁt%vénﬁ&?’ because

such a non-nmagnétic substrate 1s suita or a hig ensity magnetic

recording in which the.flyi ei.ght, of 10 ¢, head is snall. Surface
wavi ness  (CREPHSPEALGATRE b‘g‘ngw"% pigp é‘?cg‘bﬁsfnga%]n@k\m ﬁtra?ee@)éi?a ¥ nore
preferably 0.25 nmor_ |l ess, because of the sa reasqn as .above. The

magnet i ¢ 1S4y EFatehgvedelatiuels lov melyngpeintst i Thasgire: theredt o GaniipoR gt ELE IV
Specifically, exanples of the magnetic material of Co based alloys include
CoCrPt§ @SThera sulstmiesr | Asmbistratemade bf ayatanial hawipg aditghemeslting peintNuch Cr | Pt ,
Ta, W and B added, 15 such as CoCrPtTa, CoCrPtB, CoNi Pt, and CoN CrPtB, and
t hese al | cisglask ohsificor; @nprefirablsuch as Si 2 added. In the present invention,
the magnetic | ayer nade of a CoCrPt-based material containing Pt and Co is

preferably used AegasR srfatdibugREdss of faclPhGRaGRNMic BEbRAK 2 1 profefzly@d W th
this material. The thickness of 'the magnetic |ayer should be adjusted by 20

o ocess, i or (455l Hke PRGBS fin s RERLE e p UGk G) P on | 2

TROnet | ¢ | Y Sl A R SR QoG TR ity AShe R (e 1Tk

10  magnetic head is small. Surface waviness (Wa) also should be low, preferably 0.3 nm

~or less, and more preferably 0.25 nm or less, because of the same reason as above.

The magnetic layer may be made of any magnetic material of Co-based alloys.
Specifically, examples of the magnetic material of Co based alloys include CoCrPt,
CoCrTa, CoNiCr, and these alioys with elements such as Ni, Cr, Pt, Ta, W, and B added,

15  such as CoCsPtTa, CoCrPtB, CoNiPt, and CoNiCrPtB, and these alloys with a
compound such as SiO; added.

In the present invention, the magnetic layer made of a CoCrPt-based material
containing Pt and Co is preferably used because a high coercive force can be easily
obtained with this material. The thickness of the magnetic layef should be adjusted by

20  considering a resultant thickness of the recording layer after the annealing process, and
this is generally in a range of 5 nm to 30 nm. In addition, a magnetic layer containing
oxides, for example, Si0,, Cr,0;, and the like, is proposed as a high density
perpendicular magnetic recording medium, and these magnetic layers can also be used
in the present invention. However, it is not necessary for the present invention to use

256  suchoxides. That is, the present invention does not always require a magnetic layer



per pendi cul ar magnetic recordi ng nmedium and these nagnetic |ayers can al so
be used in the present invention. However, it is not necessary for the
present invention to use 25 such oxides. That is, the present invention does

not al vvays“f(fﬂ,%;ﬁﬁ,gg{ magnetic | ayer WD 20061030961 PCT/ JPWPQ(%%?ﬁzf
cont ai ni ng non-magneti c oxides. As the diffusive layer, a pure nmetal filmor

an alloy filmis used. In particular, & filmnade of a material containing
netal elenents, which have a small atomc radius, a low nelting point, and
a |l arge absolute value of an enthal py of formation of Co alloy 5 (15HCo- X).

Exanpl es @bn@aififl 184-Bldopbti gdigeshaf nium (H ), zirconium (Zr), titanium (Ti),
al um num (Al), tantalum (Ta), niobium (Nb), scandium (Sc), vanadium (V),

ttri . P teri i t 3l el t . [ ti
yLm (0, Pk e g SRR el B Bl B B
I , d Co- X.is.-40 10 k7/ nol I . The, . t i.bed,.ab
oo o AR o 40,00 TR o] S8 T L AR SR S,

the present invention, the diffusive layer is preferably |am nated on,
under, and lpwtmelsing anmt.andarlaigh ebsrptieenlus of|lageathalpyrif formationefdfeallty e t hat
the diffusive layer and the nmagnetic | ayer be preferably in direct contact.
15 I n br d§ABGo~BOr mBxhmpleagfieddhanatayigls asnithftine Hif,fzicoummn @ titaiomvent i onal
sputtering methods such as a DC sputtering nethod, RF sputtering nethod, and

the |ike (q)ealufiftlim (RBNahBRih f1H)NbBiukd {N&)g:étﬁaai‘uai W), padmanei ¢ | ayer and
the diffusive |layer is forned, the substrate may be heated to a specific
terrperatury%-uh{] der to control crystal structure of crystals contained in
t he magnet’i C ageajr', t he underl ayer 4 and 20 the seed layer 3 are often

o Under G R Y GhcEor GRSy R B AR Sbin B B B e

crystal 2,500°C or less, an atomic radius be 1.60 angstroms or less, and AHCo~X is -40

10 kJ/mole or less. The elements described above satisfy these conditions.

In a perpendicular magnetic recording medium of the present invention, the
diffusive layer is preferably laminated on, under, and both on and under the magnetic
layer, and it is preferable that the diffusive layer and the magnetic layer be preferably in
direct contact.

15 In order to form the magnetic layer and the diffusive layer, conventional
sputtering methods such as a DC sputtering method, RF sputtering method, and the like
are used. When the laminate film comprising the magnetic layer and the diffusive
layer is formed, the substrate may be heated to a specific temperature. In order to
control crystal structure of crystals contained in the magnetic layer, the underlayer 4 and

20 the seed layer 3 are often formed under the magnetic layer 5. These layers are made of
metal or metallic alloy, and they are used to align the c-axis direction of an hep crystal
structure of a Co-based alloy comprising the magnetic layer to a perpendicular direction
relative to the substrate.  As the underlayer 4, a metal film having an hcp structure,

such as a Ru film, is often used. As the seed layer 3, any film can be used as long as a

25  c-axis of Ru is arranged in 2 perpendicular direction relative to the substrate surface,



structure of a Co-based alloy conprising the nagnetic |layer to a
‘perpendi cul ar direction relative to the substrate. As the underlayer 4, a
metal filmhaving an hcp structure, such as a Ru film is often used. As

the seed | Qy§500pnsRBy fil mcan be used as long as a 25 C_%?EIE’QJOSW-&OS

arranged in a perpendicular direction relative to the subst e surface, WO
2006/ 030961 PCT/JP2005/017426 9 and edanples of this include a Ti film A
soft underlayer (SUL), which is a |ayer nade of a soft magnetic material,

can be | am nated under the underlayer 4 or the seed layer 3, in addition to

the structifi@xasRAVbetis ﬁ]cﬁd%iaeﬁgﬂmSUL is provided to enhance the efficiency

of the recording 5 nmagnetic of a perpendicul ar magnetic recording
head, and a soft,nagneti ihal ,.such,as CoZr N d Fe i s, widely used
for The sur. 1t A Ret Bt aR RO orricR € AHEn At OF a shl et disebiimg t e
is short. | contrast, if the tenperature thereof is |ow,_ the treatnent
tine is Iotffgl?‘”@?éeQ:B‘PﬁﬂfhedWéleﬂﬂ@F 41om heseh@ Javien d: maddpionde teciiBEe pendi ng on
materials used for the substrate and the 10 other |ayers and desired
process tisheward HiGel.| i Ke SUhigmaeidad jo erhahontheafficitmcypdithoracardieg and shape
of the media are not inpaired, the annealing tine is prefer to be short.

Exanpl &s ohagndiiediegd Dmpd'ﬁ&rmiéd]!ﬁ afet ravgrding hests aad h 36f nhgated marriglar bon
conposite heater, a sheath heater, or the like. In addition, a furnace

anneal usi 3hal CoZkR6! nldFelC¥i a6l f B ddbeheBULSed. In order to prevent the
surface of the lamnate film 15 fromoxidation, it is preferable for the

annealing to be rrjed out er_hj s fid A rd to
prevent the surflgg%g%&pfﬁ@r%gﬁlg EPP%%&&?Q%;%%%gﬁg%l%l&q{}ﬁeelsesﬁgllq'r eﬁ{ process,
aiseries of annealjng is preferabl.y carried out, under, a pressure.of 1 x 10-3
Pa or | es%o,mréﬂdlafﬁ%? gm}ﬂe @Fé‘ﬂﬂrwgdgm’ the ‘5?3&?'5{}%%‘_“8118 lgng. 1’31_?@ Conglitigns| o g

For the sane reasons, 20 the hlghest tenperature is ?referably 500C or | ess.
The | ower for Hheamgalingrandsselgried gepending on materials used for the substrate and the

10 other layers and desired process time and the like. In general, as long as the
performance and shape of the media are not impaired, the amlcali;:l g time is prefer to be
short. Examples of a heater used in the annealing include a lamp heater, a carbon
composite heater, a sheath heater, or the like. In addition, a furnace anneal using an
electric furnace can also be used. In order to prevent the surface of the laminate film

15 from oxidation, it is preferable for the annealing to be carried out under high vacuum
conditions.

In order to prevent the surface of the media from oxidation during the entire
process, a series of annealing is preferably carried out under a pressure of 1 x 10” Paor
less, and more preferably under a pressure of 5 x 10™ Paorless. For the same reasons,

20 the highest temperature is preferably 500°C or less. The lower limit for the annealing
is 200°C. Any temperature rising rate can be chosen, but higher ratio is preferable
from the viewpoint of he productivity. Specifically, the temperature rising rate of
3°C/second or greater is preferable.

Temperature of the heater is not constant during the annealing. Reputation of

29 the process rises the temperature of the heater from room temperature to a saturation



Is 200C. Any tenperature rising rate can be chosen, but higher ratio is
preferable fromthe viewoint of he productivity. Specifically, the
tenperature rising rate of 3Gsecond or greater is preferable. Tenperature
of the healgy 2u'0ﬁ/03b91%1 constant during the annealing. Reput gid@p.@kn143 t he
process rises the tenperature of the heater fromroomtenperature to a
saturation WO 2006/ 030961 PCT/JP2005/ 01426 10 val ue. Wen several nedia
are continuously subjected to the annealing, even if the heater turns off,
the tenperature does not fall to roomtenperature but a relatively higher

t enper at urglelie Wheh B&verd) hedae c@ﬁuamam\shﬁjé&team@ﬁﬁla!nﬁgalmghevamm in the
case of mass production, the annealing fenperature and the annealing tine

shoul d be 4 fea@%ksﬁ&%t&ﬁ fa%a&qéfofe?auo f{j f}gﬁggrgﬁ,gél eyl ne?m\ésf In the

per pendi cul'ar magnetic recb |ng medi um e pr

magnetlcr 0 ssma etic.cr . .

non- magnet FERTHPPPRRG Oph 0 BhAAGERE B 5 Riesjoug harsplind T EbaRBRen B8 o
grai ns cont al n Co and Cr, the _non-nagnetic nmatrix contains at |east one of
HE, zr, Tiof mass preductign, the anngaling ipmperaiare Kb gnrisalipg Heeslipad beagnet i ¢
recordi ng rredi um has perpendi cul ar magnetic anisotropy. In particular, the
non- na@netmodifed byxconsitienngthe isflypnes desetibgd abovenor phous material  produced
by a reaction between Co and precipitated elenents in the nedium

Furt hernor e, t helnThgperipesdiculisinagneticabdeding dhelidhlof theptesenb irfeatiay ehedi anmet er
in arange of 5 nmto 10 nm The distance between magnetic crystal grains

is prefer 4,9 fré&mi&l e? %Ensrbsrn'ﬁgneﬁ@c@g Ffaﬁ}ﬂ; ant:l'&end?loﬁa RGhAtEx ML T i X

material in The vici n| magnet | c grains prefe abI y has a
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10  perpendicular magnetic recording medium has perpendicular magnetic anisotropy. In

particular, the non-maguetic matrix material is preferably an amorphous material
produced by a reaction between Co and precipitated elements in the medium.
Furthermore, the magnetic crystal grains preferably have an average diameter in a range
of 5nmto 10 nm. The distance between magnetic crystal grains is prefer to be from 1

15 nmto5nm. In addition, the non-magnetic matrix material in the vicinity of the
magnetic crystal grains preferably has a Co-enriched composition.

So-called discrete track magnetic recording media, in which recording tracks
are separated physically to suppress the magnetic interference between tracks and to
improve the recording density, have been suggested. The manufacturing method of the

20  present invention can be used as a manufacturing method for this discrete track media.

FIG. 6 shows one embodiment of a magnetic recording/reproducing apparatus
of the present invention. The magnetic recording/reproducing apparatus comprises a
magnetic recording media 10 having the above-mentioned structure, a medium driving
portion 11 for rotating the magnetic recording medium 10, a magnetic head 12 for

25  recording information to the magnetic recording mediuvm 10 and reproducing



20 present invention can be used as a manufacturing nmethod for this discrete
‘track nedia. FIG 6 shows one enbodi nent of a nagnetic

recordi ngtreproduci ng apparatus of the present invention. The magnetic
recording/ﬁﬁﬁﬂﬁgﬂﬁbgg apparatus conprises a magnetic receggjpshodmeys 10
havi ng t he ‘above-nenti oned structure, a nediumdriving portion 11 for
rotating the magnetic recordi ng medi um b, a magnetic head 12 for 25
recording information to the magnetic recordi ng medium 10 and reproduci ng WO
2006/ 030961 PCT/ 3P2005/ 017426 11 information fromthe magnetic recording
medi um 10, inforheatidndrony thieomp@tetit eeoiding medium 10,edendidsiygnshrtiepl hdindiang

signal processing portion 14. The recording and reproducing signal

processi ngrepSidinPandltpRiRERE Shal fiBdssitl@ pdriaid £ et feesamdesd signals to
the magnetic head 12, or processes reproduced data fromthe magnetic head 5

12 and out Al a. I j
cross-sect%gﬁﬁuggﬁ?vﬁgbgﬁg%ﬁﬁgﬂéﬁ%ﬂ %ﬁﬁ%gﬁﬁgﬁ%%@ﬁ r}&(g(r:doerddi ng nedi um
of the present, inyention, 10 Fl.G 2 shows relatio i ps _between th nneal i ng
e and eSS IbR sty Beadidr of pRORSTEBTR e B0t gegetiefeads s hove
a relationship between the annealing tinme and the perpendicular coercive
force it Ek%ﬁ&ﬂ‘é%‘?&@d@@-l& FIG 4 shows rel ati onshi ps between the anneal i ng
time and the perpendicular 15 coercive force in Exanples 19 to 32. FIG 5
shows rel ati onshi ps between the annealing tinme and the perpendi cul ar
coercive force in Exanples 33 to 48. FIG 6 shows one enbodi nent of a

magneti ¢ recordi ng/ r epr oduBRIEF BRESORIPTEONGF DRAWINGENt | nventi on.

( | FIG. 1 is a cross-sectional drawing showing one perpendicular magnetic
| recording medium of the present invention.
10 FIG: 2 shows relationships between the annealing time and the perpendicular
coercive force in Examples 1 to 11.
FIG. 3 shows a relationship between the annealing time and the perpendicular
coercive force in Examples 12 to 18.
F1G. 4 shows relationships between the annealing time and the perpendicular
15  coercive force in Examples 19 to 32.
FIG. 5 shows relationships between the annealing time and the perpendicular
coercive force in Examples 33 to 48.
FIG. 6 shows one embodiment of a magnetic recording/reproducing apparatus
of the present invention.
20
BEST MODE FOR CARRYING OUT THE INVENTION
Below, the present invention will be explained with reference to the following

Examples and Comparative Examples.

25 Examples 1 to 48 and Comparative Examples 1 to 7



20 BEST MODE FOR CARRYI NG OUT THE | NVENTI ON Bel ow, the present invention
wll be explained with reference to the following Exanples and Conparative
Exanpl es. 25 Exanples 1 to 48 and Conparative Exanples | to 7 WD 2006/ 030961

PCT/ JP200548%4#4800612 A crystallized glass substrate was pgimpofeiaguum
vessel, and air 1nside the vessel was evacuated to | x 10-4 Pa. The

followng |layers were lamnated in the 12 ol | owi ng order. (1) Seed layer: Ti
(25 um) 5 (2) Underlayer: Ru (5nm (3) Magnetic |ayer: 68Co-16Pt-16Cr all oy
(20 nmor 10 nnm) (the ratio of each elenent is denoted by "at%) (4)

Di f fusi ve | ayer A awstaliizediglasTsubstiiite @n pit (15) vaeuoeessel carldnieinsidEthd Af t er
the seed | ayer, which was nade of Ti and had a thickness of 25 nm was

| ami nat ed vegsel Wvas swdeshteats 1 Ryl 0 HaC- Ihefolbswing 15k aere lagnatetsithat e was
heated to 350C. Then, the underlayer, which was made of Ru and had a

thi ckness giowingrdd:h® magnetic layer, which was made of 68Co-16Pt-16Cr
all oy and had a-thickness of 20 urn or 10 nm and the diffusive |ayer,
whi ch was de @f e of Hf, Ti, and A .. and had a 15 thickness of 5 nm
were for mgg? Af ;%5?8{]%3{3{-, t hese Ia?%&é%)re anneal ed using a constant power

type | anp heater. (2 for a giveg time. The time for the annealing varied
as shoan {(® Tabl eha d 2. Just gf‘t(é?m):orrpl etion of the annealing, the
protective | ayer made of carbon was fornmed to produce a sanple. These

processes (3er e Magnetielayett under 68Ge-d 6R-tercatiayddg nm or 10 nm)
(the ratio of each element is denoted by “at%”)
4) Diffusive layer: one of Hf, Ti, Al (5nm)
(5 Protective layer: C

10 After the seed layer, which was made of Ti and had a thickness of 25 nm, was
laminated on the substrate by a DC-sputtering method, the substrate was heated to
350°C. Then, the underlayer, which was made of Ru and had a thickness of 5 nm, the
magnetic layer, which was made of 68Co-16Pt-16Cr alloy and had a thickness of 20 nm
or 10 nm, and the diffusive layer, which was made of one of Hf, Ti, and Al, and had a

15  thickness of 5 nm, were formed. After that, these layers were annealed using a
constant power type lamp heater (2kW) for a given time. The time for the annealing
varied as shown in Tables 1 and 2.  Just after completion of the annealing, the
protective layer made of carbon was formed to produce a sample. These processes
were carried out under vacuum conditions.

20 Coercive force in a perpendicular direction relative to the surface of the
substrate of the samples produced in this manner was measured using a Vibrating
Sample Magenetometer (VSM).

The foliowing Tables 1 and 2 show the material used for the diffusive layer, the
thickness of the magnetic layer, the time for annealing, and the perpendicular coercive

25  force of the sample. 1 Qe is about 79A/m.



20 Coercive force in a perpendicular direction relative to the surface of
‘the substrate of the sanples produced in this manner was neasured using a
Vi brating Sanple Magenetoneter (VSM. The followi ng Tables 1 and 2 show t he
materi al ugRshdhehsdohe di ffusive layer, the thickness of toeqFB@e@iises | ayer,
the tinme for annealing, and the perpendjcul ar coercive 25 force of the
sanple. 1 Ce is about 79A/m WO 2006/ 038961 PCT/ JP2005/ 017426 13 Table 1
Mat erial of the Thickness of Tine for the Perpendicular diffusive |layer the
magneti c annealing coercive force |ayer (second) (Ce) (nm Com Ex. | Hf
20 0 5603 Ex.| Hf 20 2 5552 Ex.2 Hfjaztgej 5651 Ex.3 Hf 20 6 5662 Ex.4 Hf

20 10 8119—Fx 5 Hf- 2012 8652 Com

5 —12 o2 —c—2Hi—310—0-3690 —6—H—3102-+121
Ex.7 Hf 10 4 3701 |oMateqilofghe; |4cbuckness & qﬁmb%  Perpendiculay | o
7001 EX!| 11 H 10 |1 diffusige layer | the magnetic annealing coercive force
layer (second) (Oe)
(nm)

Com. Ex. 1 Hf 20 0 5603
Ex. 1 Hf 20 2 5552
Ex.2 Hf 20 4 5651

Ex. 3 HE 20 6 5662 |
Ex. 4 Hf 20 10 8119
Ex.5 Hf 20 12 8652
Com. Ex. 2 Hf 10 0 3690
. Ex. 6 Hf 10 2 4121
'~ Ex.7 Hf 10 4 3701
Ex. 8 Hf 10 6 4822
Ex.9 Hf 10 8 6099
Ex. 10 Hf 10 10 7001
Ex. 11 Hf 10 12 6748
Com. Ex. 3 Lr 10 0 39i8
Ex. 12 Zr 10 2 4041
Ex. 13 Zx 10 4 4307
Ex. 14 Zr 10 6 4898
Ex. 15 Zr 10 8 5927
Ex. 16 C Ir 10 10 6367
Ex. 17 Zx 10 12 6571
Ex. 18 Zr 10 13 6000




Com Ex. 3 Zr 10 0 3918 Ex. 12 Zr 10 2 4041 Ex. 13 Zr 10 4 4307 Ex.14 Zr
10 6 4898 Ex. 15 Zr 10 8 5927 Ex.16 Zr 10 10 6367 Ex. 17 Zr 10 12 6571
Ex. 18 Zr 10 13 6000 WD 2006/ 030961 PCT/JP2005/ 017426 14 Table 2 Materi al
of the T RS Time for the Perpendicular diffusiw ;magnetic
anneal i nrg}bglgerm?/%flforce | ayer (second) (Ce) (MR ComFCE%L(/maif'(?lh%‘)r 0 4851
Ex. 19 Ti 20 2 4628 Ex. 20 Ti 20 4 5022 Ex.21 Ti 20 6 4841 Ex.22 Ti 20 8
5311 Ex.23 Ti 20 10 6089 Ex.24 Ti 20 12 7800 Ex.25 Ti 20 14 7620 Com
Ex. 5 Ti 10 0 4208 Ex.26 Ti 10 2 4012%1 Ex 27 Ti 10 4 4307

Material of the | Thickness of Time for the Perpendicular
diffusive layer | the magnetic annealing coercive force

layer (second) (Oe)

(nm)
Com. Ex. 4 Ti 20 0 4851
Ex. 19 Ti 20 2 4628
Ex. 20 Ti 20 4 5022
Ex. 21 Ti 20 6 4841
Ex. 22 Ti 20 8 5311
Ex. 23 Ti 20 10 6089
Ex. 24 Ti 20 12 7800
Ex. 25 Ti 20 14 7620
Com. Ex. 5 Ti 10 0 4208
Ex. 26 Ti 10 2 4022
Ex. 27 Ti 10 4 4307
Ex. 28 Ti 10 6 4795
Ex. 29 Ti 10 8 4470
Ex. 30 Ti 10 10 5572
Ex. 31 Ti 10 12 6983
Ex. 32 Ti 10 14 6211
Com. Ex. 6 Al 20 0 5211
Ex. 33 Al 20 2 5312
Ex. 34 Al 20 4 5004
Ex. 35 Al 20 6 4992
Ex. 36 Al 20 8 5354
Ex. 37 Al 20 10 5743
Ex. 38 Al 20 12 6852
Ex. 39 Al 20 13 7195
Ex. 40 Al 20 14 7204
Com. Ex. 7 Al 10 0 4530
Ex. 41 Al 10 2 4670
Ex. 42 Al 10 4 4589
Ex. 43 Al 10 6 4547
Ex. 44 Al 10 8 4492
Ex. 45 Al 10 10 4912
Ex. 46 Al 10 12 5652
Ex. 47 Al 10 13 5452
Ex. 48 Al 10 14 5461

The relationships between the perpendicular coercive force and the annealing
time in Examples 1 to 11 are shown in FIG. 2. The relationship between those in
Examples 12 to 18 is shown in FIG. 3. The relationships between those in Examples

5 19to 32 are shown m FIG 4. The relationships between those in Examples 33 to 48



Ex.28 Ti 10 6 4795 Ex.29 Ti 10 8 4470 Ex.30 Ti 10 10 5572 Ex.31 Ti 10 12
6983 Ex.32 Ti 10 14 6211 Com Ex. 6 Al 20 0 5211 Ex.33 Al 20 2 5312
Ex.34 Al 20 4 5004 Ex.35 Al 20 6 4992 Ex.36 Al 20 8 5354 Ex.37 Al 20 10

5743 Ex. 33‘,(8\500%% 6852 Ex.39 Al 20 13 7195 Ex.40 A @Z(Z@%ﬁu 0m6

Ex. 7 A 453 fEx41AI1024670 Ex.42 Al 10 4 458

4547 Ex.44 Al 10 8 4492 Ex.45 Al 10 1Ib 4912 Ex.46 Al 10 12 5652 Ex.47 A
10 13 5452 Ex.48 Al 10 14 5461 The rel ati onshi ps between the perpendicul ar
coercive force and the annealing tine in Exanples 1 to 11 are shown in FIG
2. The r elgé sleRehinoFioesween those in Exanples 12 to 18 is shown in FIG 3.
The rel ationshi ps between those in Exanpl es

As shown in Table 2, and FIGs. 4 and 5, the perpendicular coercive force in the
perpendicular magnetic recording medium comprising the diffusive layer made of
titanium or aluminum in Examples 19 to 48 started to increase rapidly when the time for

5  the annealing was about 10 seconds. In the perpendicular magnetic recording medium
comprising the diffusive layer made of titanium, when the thickness of the magnetic
layer was 20 nm, the largest perpendicular coercive force was 7,800 Oe, and when it
was 10 nm, the largest perpendicular coercive force was about 7,000 Oe. Inthe
perpendicular magnetic recording medium comprising the diffusive layer made of

10  aluminum, when the thickness of the magnetic layer was 20 nm, the largest
perpendicular coercive force was about 7,200 Oe, and when it was 10 nm, the largest
perpendicular coercive force was 5,650 Oe.

In contrast, as shown in Table 1, and FIGs. 2 and 3, the perpendicular coercive
force in the perpendicular magnetic recording medium comprising the diffusive layer

15  made of hafhium or zirconium in Examples 1 to 18 started to rapidly increase when the
time for the annealing was only 6 seconds. In the perpendicular magnetic recording
medium comprising the diffusive layer having a thickness of 20 nm, and made of
hafnium, when the annealing time was 12 seconds, the perpendicular coercive force
reached about 8,650 Oe. In the perpendicular magnetic recording medium comprising

20  the diffusive layer having a thickness of 10 nm, and made of hafnium, when the
annealing time was 10 seconds, the perpendicular coercive force reached about 7,000

Qe.

Comparative Examples 8 to 13

25 Comparative perpendicular magnetic recording media were prepared in a



5 19 to 32 are shown in FIG 4. The rel ationshi ps between those in Exanpl es
33 to 48 WD 2(106/ 030961 PCT/JP2005/017426 15 are shown in FIG 5. As shown
in Table 2, and FIGs. 4 and 5, the perpendicul ar coercive force in the
perpendlcubﬁgﬂm@&ﬂghlc recordi ng medi um conprising the di plygpyRshpyss nmade
of titaniumor alumnumin Exanples 19 to 48 started to increase rapidly
when the tine for 5 the annealing was alfout 10 seconds. In the perpendicul ar
magneti c recordi ng medi um conprising the diffusive |ayer made of titanium
when the thickness of the nagnetic |ayer was 20 nm the | argest

per pendi cuhamnecidetitidal & thar cRExsRple | 3 hePresern thvehitdon, ickceptalsat 1k Magndtioe

| argest perpendi cul ar coercive force was about 7,000 Ce. In the

per pendi cybrdinB YRt Was FasRAY %{pm@ ffhet baidigtd éb‘-’obt‘f&telu%‘éer made

of 10 al um num “when the thic ness 0 e magnéti c | ayer was 20 nm the

argest . RepSnITgYLaing df@éﬁ&ﬁ%h?&%? o IO el BB Re i VoS 10

t he Iargest perpen ar coerci ve orce was rast, as
shown in Tabl e and FIGs. 2 and 3 rpendi cul ar ercive force in
he. per pedGIRELE}h ARRBE P GETIRIRHIE oG B TSFS Aot A8 [OFPadive | ayer
15 made of hafniumor zirconiumin Exanples 1 to 1S started to rapidly
i ncreaBe weagActnlayen and the diffusivedayrs sepavgfelieandshennallydesatina hem.n Tohe
per pendi cul ar magnetic recording nmedium conprising the diffusive |ayer
havi ng a tchntrashds Conipa@iverBxamydesfanel 3gthe thagneiiomgcondfieg layiees weredatmedy ti me
was 12 seconds, the perpendicul ar coercive force reached about 8,650 Ce. In

the perpe fwlsﬁuﬂt@mgﬁ’ﬁ;ﬂfgaillo@' tm%g@rtﬁmg tg@e&.gm@mmrshswﬁgn Zeblehe dibkhubkve
nm an m

| ayer having a thickness of e of hathium when the annealing
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of the magnetic layer in Comparative Example 8 was the material (68Co-16Pt-16Cr)

10 wused in the magnetic layer in Examples. Materials of the magnetic layers in
Comparative Examples 9 to 13 were materials in which Hf or Zr (the matéiial of the
diffusive layer in Examples) was added to 68Co-16Pt-16Cr alloy (the material of the
magnetic layer in Examples). Specifically, 68Co-16Pt-14Cr-2Hf,
68Co-16Pt-14Cr-4Hf, 68Co-16Pt-14Cr-2Zr, and 68Co-16Pt-12Cr-47Zr were used as the

15  material of the magnetic layer in Comparative Examples 9 to 13. The temperature of

the substrate was adjusted to 350°C at which the perpendicular coercive force started to

rise rapidly in Examples. The measurement results are shown in the following Table 3.



25 Conparative perpendi cul ar magnetic recording nedia were prepared in a WO
2006/ 030961 PCT/JP200S/ 017426 16 manner identical to that of Exanple | of
the present invention, except that the nagnetic recording |ayer was forned
by sputteriyigisioidefn all oy target while the substrate V\%T/}}%}E@q 1 g’hi S
nmet hod was conventional. That is, the nagnetic recording l'ayers o HRe

per pendi cul ar magnetic recording nedia ith Exanples were prepared by form ng
the 5 magnetic |layer and the diffusive |ayer separately and thermally
treating them In contrast, in Conparative Exanples 8 to 13, the magnetic
recording |layers were fornmed by sputqwﬁ[;lggg using alloy targets having the
corrpositirQn_s.__sh_OAm In Table 3. Then, the perpendicular coercive force of
the conparative sanp|ddatees] ofiths mmagnieticThe Thitlarssaof thef [t hePerpamditilar | ayer in
Conpar atijve Exanpl e 8 wasretteingpitigsri al (68gRpA@iRilai&Cr )| lébewsediorée th
magneti c || ayer in Exanples. Materials of the Kﬁg@etic ayers t@e)Corrpar tive
Exanpl es TO I3 Were materiats tnm whirchr AHf—or Zr (the jmatertat—of 1t
di f f usi vg Caydix Bn Ekanplb8€p-16Rs-160ded o 68Co206Pt - 16Gr al | 0§85t he nmateri al

of the agheti-ct+ayer—-n—Exarptes)—Speei-i+ealy—68 16P—44Cr—2H -
68Co- 16Pt|-AdtrEABT , S8@RALPEPILMO-AHr , |and 68@g- 16Pt - 12Cr - 4Zp0xmer e used as

the 15 terial of the magnetic layer iin Conparative Hxanples 9 to 1 The

t enper at yr f ea;ub@dﬁv_ V\P4§:E_ adjusted to 330C at ich they
per pendi gu Oéﬁ'%%%@ci e orogie@%tt ar IZ‘%&?O ri se r“gm dly ijn Exanpl €s. The
measurenmgnt, results are_ sho i foll owi ng_ Table 3.| WO 2006/ 030961
PCT] IP200 G ARE> 17 ﬂﬁ%&%ﬁ%@%l Jf the nfgnetic Thi ckne¥¥ of the
Per pendi gular _T€ecor ¢ ng 'ayer nagnetic| I ayer coercive [force nm Ce

; Com. Ex 13 8Co-16Pt-14Cr-4Zr 10 4129

As shown in Table 3, the perpendicular magnetic recording medium in
Comparative Examples 8 to 13, in which the magnetic recording layer was formed by
sputtering while heating the substrate, had a remarkably lower coercive force, compared
5  with the coercive force of the perpendicular magnetic recording media in Examples in
which the magnetic recording layer was formed by forming the magnetic layer and the
diffusive layer separately and thermally treating them.
As shown above, the present invention gives great advantages to the current art
of the manufacturing process of the perpendicular magnetic recording medium. That
- 10 is, higher perpendicular coercive force can be obtained with relatively lower annealing
temperature and/or relatively shorter heat treatment time by using the diffusive layer,
which includes Hf, Zr, Ti, Al.
That is, in the perpendicular maguetic recording media, which were produced
by the method for a perpendicular magnetic recording medium of the present invention,
15 in which the diffusive layers were made of hafnium, zirconium, titanium, or aluminum,
and the laminate film comprising the magnetic layer and the magnetic layer was
thermally treated, it was easy to obtain a higher coercive force at lower temperatures in

ashorter time. These effects are preferable for perpendicular magnetic recording



Corn. Ex 8 68Co-16Pt-16Cr 20 3865 Corn. Ex 9 68Co- 16Pt-14Cr-2H 20 4021
Coin. Ex 10 68Co-16Pt-14Cr-4H 20 3902 Corn. Ex 12 68Co-16Pt-14Cr-2Zr 10
4104 Corn. Ex 13 68Co-16Pt-14Cr-4Zr 10 4129 As shown in Table 3, the

per pendi tic recording mediumin Conparative in
whi ch thgﬂkgénetlcghecordlng | ayer was forned by sputte?ﬁ?gpﬂﬁ%O%q%ea |ng
the substrate, had a renmarkably | ower rfercive force, conpared 5 with the
coercive force of the perpendicul ar nagnetic recording nmedia in Exanples in
whi ch the magnetic recording |layer was forned by formng the magnetic |ayer
and the dififusive layer separately and thermally treating them As shown
above, the present invention gives great advantages to the current art of
t he manuf acturing process of the perpendi cul ar magnetic recordi ng nmedi um
That 10 is, higher perpendicul ar coercive force can be obtained with
relatively | ower annealing tenferature and/or relatively shorter heat
treatnent tinme by using the ARK f€h includes H, zr, Ti, Al.
That is, in the perpendicul ar nagnetic recordlng medi a, whi ch were produced
by the nethod ffbcrcoedimtqdénmwufMurhggnahbmbfor@qnﬁpﬁndg:ummagmtit recosding esent
invention, 15 in which the diffusive |ayers were nmade of hafnium

Zi r cOfi UnhedibibaTithapresdnt lvieriicnyth whikh thbdiffisidelaye ahil ke epmiticthng atde
magnetic |ayer and the magnetic |ayer was thermally treated, it was easy to

obtai n a B gels HOGIE!NEa £, MRIVRE 1 RERE RS SFerlly 'tre@teahé)rter tine.

hét
These effects are pref era&ﬁ ?or per pendi cul ar nmagnetic recor ng WO

2006/ 030961 Pglr 1] Il:')%'(l)aog%étg)cl Iziégl' lllg medlumdflavmg Mlﬂ(f\ %Cl@él‘?f) IT&CCé%l | TY

obtained at lower temperatures and in a shorter time than the conventional conditions.



According to the manufacturing nethod for a perpendi cul ar magnetic recordi ng
5 nmedium of the present invention, in which the diffusive |ayer and the
magnetic |ayer are formed to produce the lamnate film and the | am nate
filmis thermally treated, a perpendicular magnetic recordi ng nedi um havi ng
a higher coercive force can be obtained at |ower tenperatures and in a
shorter tine than the conventional comglitions. 19 CLAIMS 1. A nethod for
manuf acturi ng a perpendi cul ar magnetic recordi ng medium conprising a
magneti c recording |l ayer on a non-magnetic substrate, in which at |east a
magnetic | ayer containing Co and a dLAIMSi ve | ayer are stacked each ot her,
and the stacked |ayers are annealed to produce a nmagnetic recording |ayer;
wherein the diffusive | ayer contains el enents having an atom c radi us of

1. 60 angst r onemethodl &sSmardifahiringitepindiculaf m3ghdio ek dihgaedivand an ent hal py
of formation of alloy with Co being - 40 kJ/nole or less. 2. A nethod for

manuf act GPTORESIAE p 81a8ReH eeardingdasn e p aon-sugpelicriybsteags, imwhigh@bleastag to cl ai m
1, wherei U fHS L S; j 4l y film 3. A
et hod  reeneg fer tialnd €Y 8hd b SiheRY 1ol R Sackdd LOLUER o8 WY, L

accor di ngtackeddhwirsraré aonealed tolpesduicea hagnaicfréasdiug ldyayer is | ami nated on

and/ or under the . etic layer. 4, met hod for manufacturing a
perpendicuIar“&ﬁﬁﬂgﬁggﬁﬁggﬁﬂﬁ%ﬁ§°W%ﬂﬁgkvmﬁf 'Wagﬁ@aWBH%ﬁV“Eﬁﬁlgp claims | to
3, wher eigfodiidgns @ idsh! S ﬁiéltih%ﬁ@iht SONS@ 0% dss, 8@ %k cAARPOLS fdinatidlor T1, A, Ta,
Nb, Sc, V, and Y. 5. A nethod for manufacturing a perpendicul ar nmagnetic

r ecor di nglleewith o eingor4ll ldgmele oaleps.one of clains Ito 4, wherein the magnetic
| ayer is nmade of at |east one alloy of CoCrPt, CoCrPtB, CoCrN Pt, CoCr,
CoCrTa, and CoCrPtTa. 6. A nethod for manufacturing a perpendi cul ar magnetic
recor di n@, mediAuiethod for manufacturing a perpendicular magnetic recording medium

according to claim 1, wherein the diffusive layer is a pure metal film or an alloy film.

3. A method for manufacturing a perpendicular magnetic recording medium
according to claim I or 2, wherein the diffusive layer is laminated on and/or under the

magnetic layer.

4. A method for manufacturing a perpendicular magnetic recording medium

according to any one of claims 1 to 3, wherein the diffusive layer contains at least one of
Hf, Zr, Ti, Al, Ta, Nb, Sc, V,and Y.

5. A method for manufacturing a perpendicular magnetic recording medium
according to any one of claims 1 to 4, wherein the magnetic layer is made of at least one

alloy of CoCrPt, CoCrPtB, CoCrNiPt, CoCr, CoCrTa, and CoCrPtTa.

6. A method for manufacturing a perpendicular magnetic recording medium

according to any one of claims I to 5, wherein a maximum annealing temperature is

500°C or less.



according to any one of clains | to 5, wherein a maxi mum annealing
tenperature is 500C or less. 20 7. A nethod for manufacturing a

per pendi cul ar magnetic recordi ng medium according to any one of clains 1 to
6, wherein the annealing is carried out under vacuum conditions of 1 x 10-3
Pa or less. 8. A method for manufacturing a perpendi cul ar magnetic recording
medi um according to any one of clainggl to 7, wherein the annealing is a
rapid anneal ing having a tenperature rising rate of 30C/ second or greater.
9. A perpendi cul ar magnetic recordi ng nedi um produced by a method for

manuf act Ur i ng Aamgtbog &rdnawfaturinggpetjendicelanmdgetjc redidimg mediamdi ng t o any one

of «clains |Ito 8. 10. A.perpendicul ar . netic recording. nmedi um conprising a
magnet i ca?c@é‘i}fl%?%ﬂ’y qngyggﬁgﬁs ggon%ﬁ’g%ng’giaﬁnia@f}%fsrcé‘fr&d Q%ﬁ&“g‘t' F2THE nagneti ¢
recor di ngohdl&ds FARPIIS@msSor 18RgNeti ¢ crystal grains and a non-magnetic matrix

to the magnetic crystal grains, the magnetic crystal grains contain Co and
Cr, and the non-nmagnetic matrix contains at |least one of H, Zr, Ti, A,

Ta, and Qb; er el - neti LX | n_anos. phous. materi al
pr oduced%]by \ggulrhgtgg‘% ?%%%gpaﬁ%g%heﬁwﬁ&%@?r plg%%}egﬁf‘%? ) rlrlg%lﬁgilflgl recordi ng
medi um aecidihpe dny cdleaif Blaltls 1 WK Meiefeiithe aBNe@liAg e ahapideihaéaldl hatigg pagneti c
crystal grains is 10 nmor |ess. 12. A perpendicul ar magnetic recording
medi um a tig risEedpigioF30) (recond ol gEE#®i n  a di stance of the matrix between
t he magnetic grains of the anorphous material is ina range of 1 nmto 5
nm 13. A perpendicul ar magnetic recordi ng medi um according to any one of
clains 10.to Alfrpestiznkr magheticmatarding nredivneproitededivtyy oéthodtornmagnet i ¢ cryst al
grains has a,Co-.enriched,. . : . .

manufacturing a perpendicular magnetic recording medium according to any one of

claims | to 8.

10. A perpendicular magnetic recording medium comprising a magnetic recording
layer on a non-magnetic substrate, wherein the magnetic recording layer comprises
magnetic crystal grains and a non-magnetic matrix to the magnetic crystal grains, the
magnetic crystal grains contain Co and Cr, and the non-magnetic matrix contains at least
one of Hf, Zr, Ti, Al, Ta, and Nb;

wherein the non-magnetic matrix is an amorphous material produced by a

reaction with Co.

11. A perpendicular magnetic recording medium according to claim 10, wherein an

average diameter of the magnetic crystal grains is 10 nm or less.

12. A perpendicular magnetic recording medium according to claimtQ or 11, wherein
a distance of the matrix between the magnetic grains of the amorphous material is in a

range of ! nm to 5 nm.

13. A perpendicular magnetic recording medium according to any one of claims 10 to
12, wherein the matrix in the vicinity of the magnetic crystal grains has a Co-enriched

composition,



conposition. 21 14. A perpendicul ar magnetic recordi ng nedi um according to
any one of clains 10 to 13, wherein perpendicul ar coercive force is 553,000
Alm (7,000 Ce) or greater in a case that a thickness of the nagnetic
recording layer is 20 nm 15. A magnetic recordi ng/reproduci ng appar at us
conprising the perpendi cul ar magnetic recordi ng medi um according to any one
of clains 9 to 14. 21

14. A perpendicular magnetic recording medium according to any one of claims 10 to
13, wherein perpendicular coercive force is 553,000 A/m (7,000 Oe) or greater in a case

that a thickness of the magnetic recording layer is 20 nm,

15. A magnetic recording/reproducing apparatus comprising the perpendicular

magnetic recording medium according to any one of claims 9 to 4.



