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DESCRI PTI ON METHOD FOR MANUFACTURI NG PERPEDI CULAR

MAGNETI C RECORDI NG MEDI UM PERPENDI CULAR MAGNETI C
WORBIGERRIONG MEDI UM AND MAGNETI C RECORDI NG REPREDIADI2NIG/017426

APPARATUS TECHNI CAL FI ELD Tlie present invention

relates to a nmethod for manufacturing a perpendicul ar

magneti ¢ recordi ng nedi um a perpendi cul ar nmagnetic

recordi ng medi um and IC..recordi ng/ reproduci ng
apparatus. In particuliﬁgﬁﬁﬂg&hﬁgéent i nvention
relates to a high density recordi ng nmedi um havi ng hi gh
coercive force and a magneti c recordi ng/reproduci ng
apparatus conprising the sane. CROSS- REFERENCE TO
MREHRFEBRRAVIASET G BpRPERETVEARMVAGRETIGRECORDING
benefit pursuant to 35 U.S.C. 119 (e) of U S.
PME/DEJME BERRENDICALT A MyGNEIN6 REGBRDINGEdEDIUM, AND
Cctober 1, 2004, and prioirity is clained on Japanese
Pat ent RAGNEAIC RECORDRIGAREPRODUCING AEPARTEISLEr
17, 2004, and U.S. Provisional Applications 60/614, 462
filed on Cctober 1, 2004, the contents of which are
i ncorporated herein by reference. BACKGROUNDART

Recently, the scope afgcapgidgekFimgpof nmagnetic
recordi ng apparatuses such as a magnetic disc

appafigd ﬂfg%egfl?ﬁjgﬁ?(?{rgﬁés 1 $FetHSYVHof SranBrRRONE Y SrfdBRular

devi ce,

magnetic recording medium, a perpendicular magnetic recording medium, and a
magnetic recording/reproducing apparatus. In particular, the present invention relates
to a high density recording medium having high coercive force and a magnetic

recording/reproducing apparatus comprising the same.

CROSS-REFERENCE TO RELATED APPLICATIONS
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.

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

movements, effects have been made to increase the recording density of magnetic
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has advanced remarkably, and the inportance thereof

has i ncreased. Wth these novenents, effects have been
wOorawe/0816i ncr ease the recording density of PCT/JP2005/017426

magneti crecordi ng nedi a useg in these devices. For

exanpl e, in accordance with™density growth of magnetic

recordi ng nedia, since MR heads, GWR heads, and TMR

heads ar.e now used .as recqrdi ng/ reproduci ng heads and
recyltie ThaliF predin i dRaeesak PRETRIIR o ArEtaRCe AGRSPE)

has been i.ntrodyced as digital signal erraor
o P T RETiOFEO B Bieq gy FeR g M frodsiong TMR heads are
i ncreased remarkably. Recently, recording density has
novp s a8 rrqording/rpreducing heads aid artiab Respoase Maximum
_described above, it is desired the recording density
Likelifopd)gaetniologydws be¢migtmdatied ab digital sipwnl eiroc medifdtionn
order to achieve this, enhancenent of coercive force
teclmotbgy] e atcording derssity has inerdaSiidYenailiably. 0fRe@ertBgRRbidng
recordi ng layer, and high resolution is required. In a
denbionistticeh teatitgaeh rfic bE6OY:PePgegonvent i onal 'y used,
when the recording density increases, the
de- Lo F g’ . . . .
dormr il bR (S Uesed Bpebiotl AR} ol REpRH Tpcording
| e r ' er avoi d
mec%’léI Pg Fur’rl{& lrda¥d €33 %?detr g(p %hgev% ttﬁicse’ énﬂaﬁcre?nent 5P coeF%xlfehfé)rce

I'S necessary magneti c reco
I t N nnek i por easin netj.c shape .. ..
end 8 8 [ O ST ARGl B3PS resotuions
magneti c.recor.ding | ayer decreases, .energy barrier for
roafiiity i G EL RS IEA SrRRT NS EORRNOTAY Wedb vihgn the
fl uctuatiqn ener at roomtenperature. Due to this,
recqriling densfiyJugpaies the de-grgpeiizingcifros 4y vhich aacent magnetic

magneti zation (thermal fluctuation phenonena). It is
domginsylecrease thy magpeiezatiae ther¢of 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.

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 impossible to ignore the decay of the
magnetization (thermal fluctuation phenomena). It is said that this phenomena limits
the recording density.

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

useful alternative technology for achieving a higher recording density. Ina



10

15

20

25

the recording density. As technology for inproving the
recording density in a |longitudi nal nmagnetic

wo ewondliong, AFC (Anti Ferro Coupling) nedi a haRer/JP2005/017426
recently been suggested in grder to solve the problem
of thermal decay of magnetization, which is a problem
in a longitudinal magnetic recordi ng. Perpendi cul ar

et i ing technol has..recei ved jmuch .
coTPHRG) FEREREA e BRPPR, et i Shamartsired G e in-plane
..achievin hi gher recqrdi ng density. |n_aconventi onal
dirgtEih 1 [RACRIPSk ABBEREC erBRheds recordiasgis fhaastorized by

na

netized in an in-plane direction. In contrast, a
maghelizing pedigm ipggserendicalas diestiog relativeitorthe senfacesd agyedium.
magnetizing a nmediumin a perpendicular direction
This deatere sappresstthedemapadizing effectydiichpreTints rdcerding density
suppress the de-magnetizing effect, which prevents
grometle,dn dilongitidingl mygrptiowedording, and|io tigughtdo balmoragmeibic
recording, and is thought to be nore suitable
techredbgyofoe ighfdensityl igtordigsi Ty addien, @ined thd thickeedslof @Magnetic
since the thickness of a nagnetic |ayer can be
lay8fdan bR ini@ktain®d fi1HEh aREY tecof BRSO R MBrmilR e HBdnetization,
decay of magnetization, which isS a problemin a
b0k bR In SRR ol TERAEHL Alord: KR! snaiTel |-
W ,&s a het Lod for ndd 2é\(:t Fﬂ%@o%éﬂe@aﬁ'vé@e%na?f a
hi gh [ D&t SulEs Q1 ding. Mediu a et hod .
AQQH?e'tﬁo‘éde i qyer %g g'ngagﬂgucnig %roo:ﬁau}}’fglb erﬁg?' magpgtic

wher'e” an oxl contai ni°ng" zI
_and a netic.layer are stacked as a.m xi ng. | ayer and
reoding pritenh & sl hereian oty gontating Grogisy Of Fpfitum
U i ned. Pat ent i ion, First
s RS 155t 0 B EE Mk o thep Hhegmining layer i anncaled,

. Mmanufacturing method is _applied to a magnetic film
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
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
a the 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.

DISCLOSURE OF INVENTION
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havi ng a granul ar structure using oxides. As a nethod

for manufacturing the perpendi cul ar magnetic recording
wore@sa3zossputtering a CoCr alloy with heating tPer/Jp2005/017426

substrate is proposed (for gxanple, doctoral thesis by

Kazuhiro Quchi, Tohoku University, 1984). As expl ai ned

above, though a perpendi cul ar magneti c recordi ng

medi ym has excel | ent . propert.| enhancenent of .the .
coer D e FEETe R oo BShybeiper e dat brosaaptighpgvides
t case of ongi tudi nal magnet.ic recordi ng nmedi um_.
the»igﬁ?‘wé‘s H&gmgéj%@%e“fg‘fm{lﬂ%a BBI%P%GE%aIf pREnstic secgeding grgdium, a
in a perpendicul ar magnetic recording medium An
pergppdiclargpagngtic preerding Medipan epd A nagnels jseordingdreproducing
per pendi cul ar magneti c recordi ng nmedi um having a
appsiajeer coercive force by annealing process. DI SCLOSURE
OF INVENTIONIn order to achieve the object described
abov@) t heA preéisenfor inauefatiueing p perpedisutahmabedticavési@ing
met hods for manufacturing a perpendicul ar nagnetic
metReDEdpineindshetk rperd@pdiyet b b nﬂﬂ@lﬁ%ﬁbﬁc §iR@A1E] iMGvhich at
medi um and a magnetic recordi ng/ reproduci ng

leaStRRA4GHEHS lalyééléon@aiﬁﬁ lrePaddof diffBAYVE BGEME 3B cRed each other, and
per pendi cular magnetic recordi ng nmédi um conprising a

i i - ' bstrat e,
the :E%Qgﬁ lggerg GfAUniLA8d {o%%fiu&.na Iﬁf‘%&g? ?&gﬂﬁ%$ fayapostra

t least a gnhetic con nhnghCo and a
di ffysi ked h_at her nd the .
st ackbd | dyBeRlog o uRh IR Bl d bl Mg Fproraing
meélglﬁagaré:%éqﬁgqﬁl tgy(?);rd@%é%g ﬁmegﬁ Oxgq gér 58 rf)lljufrealggt%{ hﬂ‘g ofa an alloy

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.

4) 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 alloy with Co being — 40 kJ/mole or less.

6)) A method for manufacturing a perpendicular magnetic recording
medium according to any one of (1) to (4), wherein the diffusive layer contains at least
one of Hf, Zr, 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.

) A method for manufacturing a perpendicular magnetic recording



medi um according to (1), wherein the diffusive |ayer
is a pure netal filmor an alloy film (3) A nethod

w0 enoemsoef act uri ng a perpendi cul ar nmagneti c r eROT/aR2005/017426
medi um according to (1) or §2), wherein the diffusive
| ayer is | am nated on and/or under the magnetic |ayer.
(4) A nethod for manufacturing a perpendicul ar

netic. recordi ng i um accordi ng to any one of (1)
meSHB%(aﬁ?rgméP éth 0{1‘?1%{%91‘9 @»i Weereigrdpadgiunsalingisappiature

. _having an atom c radius of 1.60 angstrons or |ess, a

is 5ARG p1lgsspoi nt of 2, 5000C or |ess, and an enthal py of
formation of an alloy with Co being - 40 kJ/nole or
| esq8) (5) Axmethioddor hanufacmingie perpemicuapeagretidirenokding
magneti c recordi ng nedi um according to any one of (1)

mediom(a¢ordidgeao ahy ohdref @) td (73, wieerbiathe amealisg isatied ov@siider
one of Hf, Zr, Ti, A, TabNb, Sc, V, and Y. , (6) A

5 vact®hhkoadifions eeingfled Pkt kgs.a per pendi cul ar magnetic
recordi ng nmedium according to any one of (1) to (5),

wher@gy n t RemERRA e GahidY@hrih Endiful@t mh. i
Al Loy of Comrmpd dol Hande Co%ﬁi&gt, i magRBt 1@ofling

mediR a%&%lﬂiéng(tg hn{oll® é{'@g tci @2,&’%?&@1%& MWdeBGn s a]%id atméealing

per pen I ar gn ngnedl um actor ding

b P Rphut Pk o0 PR o BB o ror
L R A S s

annealing is carrjed out under . . .
10  for manufacturing a perpendicular magnetic recording medium according to any one of

(1) to 9).

1 A perpendicular magnetic recording ﬁledium 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, Al, 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
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vacuum conditions of 1 x 10 Pa or less. (9) A nethod
for manufacturing a perpendi cul ar magneti c recordi ng
wore@sasnoaccordi ng to any one of (1) to (8), WhRCEIRR0OINET426

annealing is a rapid annealbng having a tenperature
rising rate of 30C/ second or greater. (10) A
per pendi cul ar magneti c recordi ng nedi um produced by a
t hod for manufactuyring . a perpendi cul ar nagnetic
ﬂl?&@?ﬁ i“ﬁ@r%n&em% & i Gt O TRAgacti Crystl graing gps a
(11). A perpendicul ar magnetic recordi ng nmedi um
Coegrighedsompositifgnet i ¢ recording | ayer on a
non- magneti ¢ substrate, wherein the magnetic recording
| ay el 6k onpk pependiagaranagnetic yspaling mailive agvdrding to any one of
non- magnetic matri x to the magnetic crystal grains,
(11) he(16pgrietdic a perpshditular aerdve fnesis 555000AGnE7,00810%) bhe
non- magnetic matri x contains at |east one of Hf, Zr,

gredier i asd Whe@RthidRness b2 heAn RBIEHE Rt Edth@layBBiE PO tint

recordi ng medi um according to (11), wherein the

o Bt R R i Bl o
rerb SRR AT SO it B4R ogilEr
10 S e G SRS TS Fofigean
pertggn%éq%. Sftn?a?g%gticoiecct)rtgl?ngnrggéihr)é h%\e/}n\geae}ﬁgltl Egergi?/g r%oertccia lgy %Irn?éalnifc{g at
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
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
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

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



10

15

20

25

anor phous material is in arange of 1 nmto 5 nm (

15) A perpendi cul ar magnetic recordi ng nmedi um
wa@ewensliong t o any one of (11) to (14), wherei n PCEIP2005/017426

matrix in the vicinity of the magnetic crystal grains

has a Co-enriched conposition. (16) A perpendi cul ar

magneti ¢ recordi ng nedi um according to any one of (11)

congabiabin st o BB e Pk PR L s i,
t hi ckness of the magnetic recording |ayer is 20 nm_
cerqmiq, cabapgidig like: oc dnﬁglfac@pmgda@%ﬁ% 0§%ﬂ@@@@nventwn
conprising the perpendi cul ar magneti c recordi ng nmedi um
compeigesrarinmgaling. adletahsubeifat¢sigich apay Abjlloy abstrate agd & cesithe
present invention, it is possible to easily produce a
subgimtepleavd irdatiely hevgnetting podaar dIxgefosdg thene isaimiationhifgieage
coercive force by annealing at |ow tenperatures and/or
of the3e sutstiates. t ARBbstiE6d @Hde sfhemacasidalingriMdph h@iting pdintbuch
expl ained in detail. The perpendi cul ar magnetic
as glRS 6F H1id, IHserepLdd. the present invention conprises a
magneti c recording |ayer which is produced by
t hor . : . ) . o
o RaEbgtack SETcelp@uicab A hfniaph A GIRELED Top@ierably 0.8
nm SRSE LA Sore RERSAAT B 5580 L ANA be SILUGIM G Al anh St sybstrate
perpeén i cul magneti"c recording nediumis sShowi in
. FI . Th er.pendi cul ar netic. ordi n ium 1
i siffableat pPizB s P Pets et e fibbich BehHhRpERl of )
underl ayer 4, apnd _a Co- base netic |ayer 5
ma%‘é%g?"l%éﬂs%ﬁﬂ-a %@@ng&@awgﬂ%@l@q 1qw preferghly 8 nm

In addition, after

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 alloys with elements such as Ni, Cr, Pt, Ta, W, and B added,
such as CoCrPtTa, 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 layeir should be adjusted by
considering a resultant thickness of the recording layer after the annealing process, and
this is generally in a range of S nm to 30 nm. In addition, a magnetic layer containing
oxides, for example, SiO,, Cr,Os, 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

such oxides. That is, the present invention does not always require a magnetic layer
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formation of a diffusive layer 6 on the magnetic | ayer
5, the surface of the diffusive layer 6 is covered
WQOWG0k/0309pr ot ect i ve | ayer 7. Moreover, in FI G BRCT/i1e05/017426
magnetic |ayer 5 and the diffusive |ayer 6 are
presented separately; however, after annealing, these
| ayers are changed to a nmagnetic recording |ayer. The
substrate 2 of the perpendicul ar magnetic recordi ng
CONRARNG AP MAgNGHEREIS. a non- magnetic matrix nateri al
and has a_di sc shape. Exanpl es of the non-magnetic
mat rAsthaditisivallayenc pite mattal dilingy sn sllon fiks ivwiseNy & pastieular,
contai ning Al as a mai nconponent, soda gl ass,
a filoh orade ofa hiatcaibeedréainit g gheatgle]lentenys twali¢H zvd aghadlsatomic radius,
silicon, titanium ceramcs, carbon, or the Iike. The
a lowaineltiag point, pgd aeinge db@flutt Relup o€ 8€ Biithalpy @h tdriHation of Co alloy
conprises a annealing. Metal substrates such as an Al

(AFREA-9Y). SEREhPRE 6f ARH BatbSal RreHalSlhTLe), Qﬂ&%ﬁﬁxﬁ!(zgf Mah¥im

low melting points. Therefore, there s a limtation

- . JQ . .
(TR PHRRER (R0, e P LT B SHRRE TS0, YRR (D o,
tuﬁ#&kﬁyn, is preferable. An average surface roughness
S @ non-magnetic substrate 2 is preferably 0.8 nm

or les ndg nore preferably 0.5 run or |ess, hecause
oucHPTER kbR Chabieris B Sorihe et ledebliara el pelag gvm be
density magnetic recording in which the fgéing heuﬁpt
2,5 Coriess sy atemicaadiup §e d il angsteging erdessyand MRS~
al so should be low, preferably 0.3 nmor |ess, and
kl/mepledr fnsef eFheilgments deseribed aavs satisy thesseonslitiatlie sane
reason as above. The magnetic | ayer nmay be nmade of any
magretiperpeadieniramagiheticoetading naddiwy of tiSpredeht imatdtion, the
exanpl es of the nagnetic material of Co based alloys
diffusiot lager iCpfafdhbly 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.

In order to form the magnetic layer and the diffusiv¢ 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
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 hcp 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 hep structure,
such as a Ru film, is often used. As the seed layer 3, any film can be used as long as a

c-axis of Ru is arranged in a perpendicular direction relative to the substrate surface,
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CoCrTa, CoMCr, and these alloys with el enents such as
Ni, C3Pt, Ta,W and B added, such as CoCrPtTa,
w@e@sPsBe1 CoNi Pt, and CoN CrPt B, and these al | PgBIRNOIN17426
a conpound such as Si O addeg. In the present
i nvention, the magnetic | ayer made of a CoCrPt-based
material containing Pt and Co is preferably used
because a high coercive force can be easily obtained
and gxapplasiof tisinshidgle Tifik@. t hi ckness of the magnetic
| ayer shoul d be adjusted by considering a resultant
t hi chneft anddrlayée(SUEowblichds 4 layer madd @ffa dofiemagietia lmateyial, can
process, and this is generally in a range of 5 nmto
be Bhimted hmlea ddivndedayeas magreseed ldyay®in a@ditian tY 1hg structure
oxi des, for exanple, SiO, C O, and the like, is
shoRmORFgEd1 . asTiR SUDR sFevigkd 1 dhaReNdk 68 ncPBENRbéording
recordi ng medium and these magnetic |ayers can al so

maBfetieSRA by %é?ﬁe%rﬁﬁc%%%agnt@ﬁ@fgcb%g FRWEHRS a st mhéneﬁetmaterial

necessary f e present I nvention t0 use suc

suclsk gf)irNJ,hﬁh PieE{)ﬁ Qfdey Ss%ﬁq'{)r t0%eRt1 on does not al ways
require a magnetic | aye

rcontal ning non-nmagnetic

oXi . As th di{lélusive | ayer., ure metal filmor

an o s CRprRr oL bE g g e dpEpteallRy frmenaibros

mat eri al containin tal elenments, which have a smal |l
confiaginit Ehs sgpgEeiu teaspbieio Hy tafment tipdisdongar dde conditions

absol ute value of an enthal py of formation of Co allo
for thorampeating qn hapeleded fleppndingmatrastragls usaddontie shbsivaiend the

zirconium (Zr), titanium (Ti), alum num (Al'), tantalum
oth¢rflayers anddisird pidsdss tinaadi thmliksc) In geamatias hon@\gs,the

yttrium (Y). Preferable characteristics of. the netal
performaney daheapecofithd nedig apondttimphirdd, shieanbealing 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
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 107 Pa or
less, and more preferably under a pressure of 5 x 10 Pa orless. For the same reasons,
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

the process rises the temperature of the heater from room temperature to a saturation
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2,5000C or less, an atom c radius be 1.60 angstrons or
| ess, and DHCo~X is -40 kJ/nole or less. The el enents
waele®ensdded above satisfy these conditions. |n BCT/JP2005/017426
per pendi cul ar magnetic recoyging medi um of the present
invention the diffusive |l a is preferably | am nated
under, and both on and under the nagnetic Iayerh
and IS referablethat the djffusive layer and the
valfieyg nWiher sevsyal p MesEa Fe eoupurpsly subiasted i the nealing. qvign if the
order to formthe netic |ayer and the diffusive
hegteqyains oflp thedemperatre 8@@@9&1’&1& Iiig remem esapersturstbug g relatbely
sputtering method, RF sputtering nmethod, and the Iike
highertemperiureantot the il fhxheeefs preVmu&:ampa]mg ndlHefedore, in the case
magnetic | ayer and the diffusive layer is fornmed, the
of masgirodictionptiic hencdaliag ethietatare 2né che émeﬂﬁiglﬁﬁahhﬁtﬁi bd N
order to control crystal -structure of crystals
modiitdyedsiteriid e WlRAtd destAb&I abovbe underl ayer 4 and
the seed layer 3 are often fornmed under the magnetic

| ayem the pdipeSdicliad BhsheRE ?ec%?(ﬁﬁg ﬁfedﬂﬁﬂ 8t thQ %‘!fénﬁon the

all oy, and'they are used to alTgn the c- a |rect|on

magﬁeﬁ%'}e&frﬁ’in‘é rl%%} %mﬁﬁ&:g ﬂ#g&éféqﬁalsﬁﬂ@%&? %on— 1: Igne’uc matrix

onprising-t etirc perpen icu I
[ Lon re atlvet thesbstr t nder, r
to it EEER R SatatS | bl Eraiieontii o qad SR
fi s often used, e ay any filmcan
norsinafets @i gt asleestgiars of EI? ST 8107 Mo S Vo and ¥ and the
per pendi cul ar, directi on relative to the substrate
Pe@?ﬂ‘f%\%@ magnetiq Eﬁ?BIdé%g wedipg @Summeaé@ular magpsticanisatrepy.t In
under| ayer (SUL), which is a layer nade of a soft
parﬁﬁgarethedlmnmeac maganmptsrinbisipreferably anchemorpheis material

underl ayer 4 or the seed layer 3, in addition to the
produceddtylr 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
nm to 5 nm. 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
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

recording information to the magnetic recording medium 10 and reproducing



10

15

20

25

shown in FIG 1. The SUL is provided to enhance the

efficiency of the recording nagnetic field of a
w@ewpesidscul ar magnetic recordi ng head, and a BOF/#P2005/017426

magnetic material such as rNb, and FeCo is w dely

used for the SUL. If the tenperature of the annealing

is high, the annealing tine is short. In contrast, if

. 1 erature thereof..is | aw e.tregt.nent tinme._is
inte o IR B thsiiel PG meSiin LRt BB ooty fug
dependi on materials used for, the substrate and_ the
Tect a‘!‘ﬂ‘%@’i‘@“&ﬁ& S’&Bg]i Hreepsyng pediontldne Thageoording pmd. | n
general, as long, as the performance and shape of the

TEPFRCYCHISHEnah BIOCESHg ROEPN fmoam@sampwgﬁata anel sendyyeedrded

.to be short. Exanples of a heater used in the

sigais tathis mepgingiad etd 12, oraprpcdsessireprodecedatatrofiiom dinpmagretic head
heater, a sheath heater, or the like. In addition, a

12 fnd ondtpetsdatacal using an electric furnace can al so be
used. In order to prevent the surface of the |am nate

filmfromoxidation, it is preferable for the
annealing to be carried out under high vacuum

condi tions. | NBRIFEDESCRIFEINORDRASHNGSEe of the

medi a from oxidation during the entire process, a

oL 0 AR RS RRLSHAY HRE R g
rectid m@dﬁ{“ﬁ%ﬁﬁ%gﬁgéqt%}%nt]f@n-“ Pa or |ess. For the sane

reasons, enperature is preferably 5000C

or | The | r l.imt for the annealing is 2000C,
Any 1S3 &PaY R felatianshing beyeen tbs pipgaling dioustdghy Dpeigular
ratio i s, preferable fromthe vi ewpoint of he

coeRpgines B xpmplesel-torlleal |y, the tenperature rising

rat e of
FIG. 3 shows a relationship between the annealing time and the perpendicular

coercive force in Examples 12 to 18.

FIG. 4 shows relationships between the annealing time and the perpendicular
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.

BEST MODE FOR CARRYING OUT THE INVENTION
Below, the present invention will be explained with reference to the following

Examples and Comparative Examples.

Examples 1 to 48 and Comparative Examples 1 to 7
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3C/ second or greater is preferable. Tenperature of the
heater is not constant during the annealing.

woe@an3son of the process rises the tenperat UPET/@if200316 7426
heater fromroomtenperaturgto a saturationval ue.
When several nedia are continuously subjected to the
annealing, even if the heater turns off, the

fal : t i but
o SEDiacCaRs Rhotela P TR T et dhoas e
veso B PR R b 2ee | e toBing: Ay siees lomanated i the

nneal ing tinme should be nodified by considering the

ﬁﬂoﬂﬂﬁ%@ﬁ%& descri bed above. In the perpendicul ar
magneti c recordi ng medium of the present invention,

(Dt he Peegraere recor di ndik2y@m) conpri ses magnetic
crystal grains and a non-nagnetic matrix to the

@) magnEnderlayey st al grai M (5T magnetic crystal grains
contain Co and Cr, the non-nagnetic matrix contains at

(3)| easMagnaticdbiyddf , Zr, B8CoAlGPt-T6CT Mivy @0.0nVor FgY. and
t he perpendi cul ar magneti c recordi ng nedi um has

per pendi cul ar magnet i ¢thaRtiPSH QBN clehiinPRIdch&il BY <aidh§
non-magnetic matrix material is preferably an

(4) anor PSR &' | Rk oPH?,dH%P%ﬂ%SRa reaction between Co

and precipitated elenents | e medi um Furt hernore,

5 the i .yst al ains preferably have an average
()diaégﬁggﬁ%%ﬁggéange of 5 nmto 10 nm The distance

bet n net.ic crystal grains.is prefer.to be om 1
o ¢ HRFAR eenlifh s thedle RET: Freindia hickiips og 25 i, was
material, in the vicinjty of the magnetic crystal
lamé?aé?i%“ hespbstags Oy %Q@*%H@Sﬁ%%@@}?@dﬁe SHpH@fe Wasrheated to
So-cal led discrete track magnetic recording nedia, in
350k ¢ Hhewdhe Bndsslaygrawhish was made of Ru and had a thickness of 5 nm, the

magnetic layer, which was made of 68C6-16Pt—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
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.

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 following 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

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



are separated physically to suppress the magnetic
interference between tracks and to i nprove the

w0 ewensliony density, have been suggested. The PCT/JP2005/017426
manuf acturing method of thegpresent invention can be
used as a manufacturing rret]hod for this discrete track
nmedia. FIG 6 shows one enbodi nent of a nagnetic
recordi ng/ reproduci ng apparatus of the present

i nvention. The magnetic r&bd tli ng/ reproduci ng

appar atlupM&eRallof #RS |a Thekneds'of 1| eCanse fe tHEdI § ﬂ'&lrpendwular

havi ng |t y&ent&mggfe&&u tur%.nne%llﬂ§d' us geib@ﬂ)rce

portion 11 for rotat|ing fa?@r etlc( ?1 di ng

10 a nagnetic head (12 f reconding 1n mat if on t

natr i ~ arnner Aitne~ m-10——and

Corp Ex,ild o i Ml et o £ r2in t he | raanet Lo _recoldingo603
Ex. rlnrh umli10; 391'%H¢ drlii vi rszmLtl (mw?’% and a recor 855@
Ex.2nd regroducitfy sigral pr¥tessing portfon 14. | The 5651
Ex.Becor dilng anddfr epr oduci ng2G&i gnall proceési ng porti ofeeR4
Ex.@rocesses in@#ft datg and Xends fecordei@ si gnals togtige
Ex.magnetijic headqfl2, orf pr oc;q;;ses feproduced data Troggsy
CothEx magnetic gygad 13 ‘lrldJ prputs data. BRIEF 3690
Ex. TON iy DRAVINGS Fg f.. I g Wi TP
Ex. fodi umlot_t hdior esent invihtionl FIG. 3 shows| 3701
Ex. 80| at | dnshi ndfhet wedn t heltinnealling tife and {he 4822
Ex.fer pendi cul aflfcoer cilve fokte in|Exanpl 8s 1 to|11. 608,
Ex.30showd a rellftionshi p betGween {he anridal i ng time 7200d
Ex.tlhe perlpendi &fl ar cqercivi force in Bxgamples 12 t ogAfR
Com. Ex. 3 Zr 10 0 3918
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 Zr 10 10 6367
Ex. 17 Zr 10 12 6571
Ex. 18 Zr 10 13 6000




FIG 4 shows relationshi ps between the annealing tine

and t he perpendicul ar coercive force in Exanples 19 to
W@2006880361 5 shows rel ati onshi ps between the anPERIR2005/017426

time and the perpendicul ar f4oerci ve force in Exanples

33 to 48. FIG 6 shows one ‘enbodi nent of a magnetic

recor di ng/ reproduci ng apparatus of the present

i nventi on. BEST MODE FOR TARRYI NG OUT THE | NVENTI ON
Bel ow, |t MMatefifiofiitie ||NVEAdKneSs of ||l DEmeXel @kned Wedlndicular
r ef er encejiffasitdRyéo!l || qid Hﬁg@fﬁ”ﬂ' es aRchliERPal aE+eY&ve force
Exanpl gs. Exanples 1 to oAnd (,orrp\%rg@gohg Exanp eiO%P
to 7A crystallized gl ass strate S put inta vacuum
vesse antd—ar—nstide—theressel—was—evacuated—+o-J3—x
Cotly B33 “The Hoktowilng—tadbrs were t anPhated in t ha85L
Exf19) | owilng ordbr (1) Seed?Qayer:| Ti (28 nm () 4628
Ex.39%er | ayer: B (5nm| (3) Mhgnetilc | ayef: 5022
Ex.6dCo- 16Pt - 16 alloy (20 2 or 10 nm) 6the rafli o o#841
Ex.@ach ellenment Tis denated b30"at %)) (4) Biffusivye | agert
Ex@3e of H, TITAl (5nm (5o Protdctive jmyer: C ATt gHgo
Ex.[JA€ S€gd layef;, wWhi ¢h waspgrade af Ti apid had 7800
Fx D% cknessof FO T [Wars 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

19 to 32 are shown in FIG. 4. The relationships between those in Examples 33 to 48
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| am nated on the substrate by a DC-sputtering nethod,
the substrate was heated to 350C. Then, the
wapwens@yer, which was nade of Ru and had a t hPCRME965/017426
of 5 nm the magnetic |ayer,,. which was made of
68Co- 16Pt - 16Cr al | oy and hélg a thickness of 20 nm or
10 nm and the diffusive |ayer, which was nade of one
of Hf, 'Ei, and A, and had a thickness of 5 nm were
are SRR Fl%k 3-or that, these layers were anneal ed using a
constant paower tépe | a heater (2kW for a given

t i mehs shewntin fable gy andd Ggnthand prige paperdicular edessipe fasce in the

Tables 1 and 2. Just after conpletion of the

perpandisalar mpgneticerepordinganédiem| cayprisingdee diffusive bayer wade of
formed to produce a sanple. These processes were

titaiiamr oredhmintimiin dxampkes U Qo 48 stlirted cnmcre@aerapidhewher the tinme for
a perpendicular direction relative to the surface of

the bit@alibPshs sbcuit 00 séddads arpliespdpetilias rhiprichit SecBRiifiEmedium
was neasured using a Vibrating Sanpl e Magenet onet er

condpYree: thd BEfERE 188 BRdd 8Pti@siul, 3 4hSRNnERHMRE Bbkikic

used for the diffusive layer, the thickness of the

lay per pg(])lcilﬁnc’ l}ﬁ%@%g%%de ?o%%ge%wﬁﬁighg%ﬁpf e. q&%d |W§1 enit
t 79 bl I . Th ti ' t
wad A AL TR AR & BRI B! HERD
pecp R ol SRR Lo e e e o
shown in FIG .3. The rel atiaonshi ps between those in

aluipinggg, when thy thigkness of theqpagnistic ayer was 40 nmy, the largest

rel ati onshi ps between those in Exanples 33 to 48are
perpsidignlar gogreiee 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
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
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

QOe.

Comparative Examples § to 13

Comparative perpendicular magnetic recording media were prepared in a
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As shown in Table 2, and FIGs. 4 and 5, the

per pendi cul ar coercive force in the perpendicul ar
wWOora@emsi961 r ecor di ng nmedi um conpri sing the diffRGT/¥E2005/017426

| ayer made of titanium or q}uninun1in Exanples 19 to

48 started to increase rapigly when the tine for the

anneal i ng was about 10 seconds. In the perpendicul ar

magnet |.c .recor di.ng di um_conprising the diffusiye .
mapise enicaldo Tt of xRl QR PIERET IRFUigHe SXocpt thafbe magnetic
magnetic | ayer was 20 nm the |argest perpendicul ar
recrgedRXFE Vs fuEeddy sputienacesinganpligydarert Wi thegubsigate was
the | argest perpendi cul ar coercive force was about
heave,dootht.SJen.lethwP whecqwepléondl.c uThat isthgrraagnetie eecording tpyers of the
medi um conprising the diffusive |ayer made of
perpdndivulan magnbtenretdrdinghhedia és Exafiplehwereggemtred by forming/ths
20 nm the | argest perpendicul ar coercive force was
magtetid layér 20DthOdiffisivg lwhe BepdratélsanliGharmally h@atigd Gest In
per pendi cul ar coercive force was 5,650 Ce. In

conGaft! aSdmpaagiveFWmples SMabI3e the mahetiE tdedrdine Rfers3Iverd Rfimed

per pendi cul ar coercive force in the perpendicul ar
oy ARB8H4 48 QRS TR OTREL S0 0 0 A4 Oy
pergénnﬁgcglfag b8t %1%%: éf Jgfé%ﬁ%%glg% ?%n}%lgg vs%é Hl%agugéd.t hﬁle material

INg was on sec erpen I Cular

or (RE AR 175 PLCoMPue ERRBEY i B matiablessiel e
usef B e ReReoEH Py B TEPPBIor A BR e ABGRRLCGRESDITe

hi the perpendi cul ar magnetic_ recordi ng medi um:
CO@B%?Y%EWR@%‘) i ¥3 weteveateriglein whigh Kl of Zr Kthe mepseripl of the
10 nm and nmade of hafnium when 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-4Zr were used as the
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.



10

15

annealing tinme was 10 seconds, the perpendicul ar

coercive force reached about 7,000 Ce. Conparative
wE2@apsmsl 8 to 13 Conparative perpendi cul ar neRECEIR2005/017426

recording nmedia were prepared in amanner identical to

that of Exanple 1 of the pr1 sent invention, except

that the magnetic recording layer was formed by

sputtering using an alloy target while the substrate

was heat ed. ThIS met hod V\Mec nventional. That is, the

magnetT CTgrok Cﬁghé é E[ﬂﬁ: DELRETH cy d'PerpeBd cular

magnetic| recqy a |n S Were pre
form ng the rragne ayer andmf1 S |1?yfelr15| F%

. 1 . . I'C@
( )
sepbatrate u anrl fhnr n‘nl | \I tr ’_'lfl nn m—In nnnfr
Sepalat el }

Corh_nE,g:gn'parat [ ggcgn@pph@@r 8 tp 13, tm magneti c 3865

recording layers were formed by sputteringlusing allo

C‘”{fha%’%gtt navd Se9.- ﬂgﬁ gﬁit ons shﬁyvn in Tabl e 34021

P perpendi cu ar coercive force of the

l)

Cortulghtd Yi@ﬁiﬁfﬂﬁ%&ﬁ%}r&eaiér‘éﬁanﬁi 5 vap the 3902°

mat er | al 8Co- 16Pt - used I n the maghetic Tayer

CompBExdan es68%¥@’rtrlé1c§2& the magnflic Iayers in4104

Conparat| ve Exanples 9 to I3 were material s i m whiich
COIHfEXJﬁ Zr (t&&?@qﬁtlﬁfmﬂr% the di ffl&ive | ayer in4129

laXoVa) all

{L he
Exanptes)—wasadded—to68Co-16Pt=—16C—altoy—(the

mat exs shbwafin Thisle Bagrekeipentivylar mapndicasiirémp. medium in
Specifically, 68Co-16Pt-14Cr-2Hf, 68Co-16Pt- 14Cr - 4Hf

CorpdeativeGiamiAds's 43, 1rﬁﬂﬁ1cﬁ$l§59m5:grﬁﬁk 1dcdrding Ze[yei"%@fdi‘ﬁlﬁﬂi by

as the material of the nmagnetic |ayer in Conparative

sSSP Rl S S ARSI Lo 5 A ALl
with eerehRbed of the perpendicular magpetic 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
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 magnetic recording media, which were produced
by the method for a perpendicular magnetic recording medium of the present invention,
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

a shorter time. These effects are preferable for perpendicular magnetic recording




rise rapidly in Exanples. The neasurenent results are
shown in the following Table 3. Table 3 As shown in
waawb®e3®61 t he per pendi cul ar magneti c recor di ngPOEIR2005/017426
in Conparative Exanples 8 tg 13, in which the magnetic
recording | ayer was forned B& Sputtering while heating
the substrate, had a remarkably | ower coercive force,
conpared with the coercive force of the perpendicul ar
megiggnet i ¢ recording media in Exanpl es in which the
magneti c recording |ayer was fornmed by form ng the
magnetic | ayer and the diffusive |ayer separately and
thermally treating them As shown above, the present
I nvention gives GVPASTRINANRIJICABILITE current art of
t he manuf acturing process of the perpendicul ar

mag nAI:dd_ﬁdiﬁ? eothe mitghu R EirHR meth&d for 8. pefiedBRlar magnetic recording
per pendi cul ar coercive force can be obtained wth

meﬂﬁh@&ﬂ tHE F%sén@ WelenAON§R Whit the Hﬁﬁ{sf%q I_%%r SR {HRm z;jgnteﬁcé layer are

relative y shorter heat treat ment usi n

forﬁjl'eﬁ Edﬁr‘o& ce tﬁé’ Faﬁmn%g lfﬁ t|h%I ga%?m!ﬁ'g ’flh% i% gl-ghnalﬁétaez;{gfta

er en | C recor
d h th di
Perﬁ%fgf A Bl Re %%1? s r‘a%f%gad‘aaﬁegé‘ﬂ? PIGHEBRE 1

h the dlffu3|ve | ayers were made of hafnlu
Obt%nP BPYRT tCEPEHITERD aa‘%haﬁ?rrfﬁﬂ? thgh dhe erave Rt haaditions.
filmconprising the magnetic |ayer and the nmagnetic
| ayer was thermally treated, it was easy to obtain a
hi gher coercive force at |ower tenperatures in a
shorter tine. These effects are preferable for
per pendi cul ar magnetic recordi ngnedi a.
| NDUSTRI ALAPPLI CABI LI TY



10

15

20

25

According to the manufacturing nethod for a

per pendi cul ar magneti c recordi ng nedi um of the present
w0 poveqsioen, in which the diffusive [ayer and tPer/JP2005/017426

magnetic | ayer are forned toq produce the | am nate

film and the lamnate fil ERS thermally treated, a

per pendi cul ar magneti c ‘recordi ng nedi um having a

hi gher coercive force can _be obtained at | ower

tenperatures and in a shéltdM&ine than the

conventional conditions. CLAIM5 1. A nethod for
1. ranuh aethad faymanyleeiyeng e petnrendigalghmeeeticaeenrdinggnedium

medi um conprising a nmagnetic recording |ayer on a
compnisingpamegnaicsalsdingiayer on awbh-oimgatti¢ sdstrata, inmgieh hideast a

| ayer containing Co and a diffusive |layer are stacked
mag@dtio lateh esntaiaing Chanda ditheire layeens stdckedombaliied, 4rd the

produce a magnetic recording layer. 2. A nmethod for
stadkRO Wy di¢ hittbaRedRE PRIINGE & WaBhetiB@BGHInG 1hRgOr di ng

medi um according to claim| wherein the diffusive

| ayer is a pure netal filmor an alloy film 3.

Anmet hod for manufacturing a perpendi cul ar magnetic

recox di ' [ L.0q.clai reif
2 ¢ pe AP TBERHIAEEAR e B R U adnde sbeqnifiE il
netic.l ayer. 4. aod for .manuf act uyj a
ace R o b s R B g AL TOHALE R PRk glavefim.
any one of clainms 1 to 3, wherein the diffusive |ayer
contains elenents having an atom c radius of 1.60
angstrons or less, a nelting %oi nt of 2,5000C or |ess,

3. and Anctinddar poneipctugpgapemendieular magnsifctrpeanding apadipm

40 kJ/mole or less. 5. Amethod for manufacturing a
accpusiingstocilaiml laor Jyargreetin ther &iffosivé fayerris dingimated 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 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 alloy with Co being — 40 kJ/mole or less.

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

of Hf, Zr, Ti, Al, Ta, Nb, Sc, V, and Y.

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

alloy of CoCrPt, CoCrPtB, CoCrNiPt, CoCr, CoCrTa, and CoCrPtTa.
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according to any one of clains 1 to 4, wherein the
di ffusive | ayer contains at |east one of Hf,
wQ@e®é¢/0308bB8Ta, Nb3 Sc3Vv3and Y. 6. A nethod for PCT/JP2005/017426
manuf acturi ng a perpendi cul ar magnetic recordi ng
medi um accordi ng to any one?df claims 1 to 5, wherein
the magnetic layer is made of at |east one alloy of
CoCr Pt 3CoCr Pt B3 CoCrNi Pt, CoCr, CoCrTa, and
CoCr Pt Ta. 7. Anethod for manufacturing a perpendicul ar
magnetic recordi ng medi um according to any one of
7. ¢l ai fenethqdsfos m, siringa pependicrannagadtingcdrdinpanadiume
is 5000C or less. 8. Anethod for manufacturing a
accplipetodiny uinarof Khine 1 ite 67 whaeidiangaximaindnealigs Winpgrabie is
any one of clains 1 to 7, wherein the annealing is
50@°argdrile’d. out under vacuum conditions of 1 x 10 3 Pa or
| ess. 9. Anmethod for manufacturing a perpendicul ar
magneti ¢ recordi ng nmedi um according to any one of
clainms 1to 8, wherein the annealing is a rapid

8. annegl.i g, éﬂ%}’ L2 Gu b % @%%«Zirc{ﬂglz gﬁgn{tﬁ:t Bedfin ing medium

30C/ secon r greater. magn

ec [ rodu net h
e R L S e T
medi um ccor f5 one of cI ains 1 to 9. 11.
Vachi o8 ir gng ﬁ]é’t 1 ®Sf-ecor di ng medi um conprising a
magnetic recordlng | ayer on a non-magnetic substrate,
wherein the magnetic recording |ayer conprises
gnetlc crystal ains and a non-magnetic matrix to
9. the r g&gﬂn@g aiparpendigelar magnetic recording medium

according to any one of claims 1 to 8, wherein the annealing is a rapid annealing having

a temperature rising rate of 30°C/second or greater.

10. A perpendicular magnetic recording medium produced by a method for
manufacturing a perpendicular magnetic recording medium according to any one of

claims 1 to 9.

11. 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.

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

the non-magnetic matrix is an amorphous material produced by a reaction with Co.
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magnetic crystal grains contain Co and Cr, and the
non-magnetic matri x contains at |east one of H, Zr,
wargoelso96iTa, and Nb. 12. Aperpendi cul ar nmagnetPCT/JP2005/017426
recordi ng nmedi um according o claim1l, wherein the
non- magnetic matrix i s an r phous material produced
by a reaction with Co.13. Aperpendi cul ar magnetic
recordi ng medi um according to claim11l or 12, wherein
an average di ameter of the magnetic crystal grains is
10 nmor less. 14. Aperpendicul ar magnetic recordln?
13.ne di Apersadicalan agestisngcasdiag stcdaim pesording toclaiy 11 or 12,
wherein a distance of the matrix between the nmagnetic
wheel ansavefagelidanaeter oflibemagmetiecrstal iggainnisd Onrmmgelesd. 1 nm
to 5 nm 15. Aperpendi cul ar magnetic recordi ng nmedi um
according to any one of clains 11 to 14, wherein the
matrix in the vicinity of the magnetic crystal grains

14.has A pEpetdiculahadohtitResrding edhfin adiRRding Whﬁ}%xﬁarof claims 11

magneti ¢ recordi ng nmedi um according to any one of

to 18|, dihBReird distnd® of #E %{aﬁﬁ)ﬂb&%&?ﬂfé'lﬁéﬂr@ﬁc eI e %g{n‘bgous

is 553,000 A/m (7, Ce) or greater In"a case t
maieﬁhﬁ‘é%‘?é%ar%feotfli gl ¢ recording layer is 20 nm
I C recor |nglreprodu0|ng appar at us

conprising the perpendi cul ar magnetic recordi ng nedi um
according to any one of clainms 10 to 16.

15. A perpendicular magnetic recording medium according to any one of claims 11
to 14, wherein the matrix in the vicinity of the magnetic crystal grains has a

Co-enriched composition.

16. A perpendicular magnetic recording medium according to any one of claims 11
to 15, 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.

17. A magnetic recording/reproducing apparatus comprising the perpendicular

magnetic recording medium according to any one of claims 10 to 16.



