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DESCRI PTI ON PERPENDI CULAR MAGNETI C RECORDI NG MEDI A,
PRODUCTI ON PROCESS THEREOF, AND PERPENDI CULAR MAGNETI C
WREHORRIMNG AND REPRODUCI NG APPARATUS CROSS REFERENOB0CIED1929

RELATED APPLI CATIONS Priority is clained on Japanese
Pat ent Application No. 2005-24946, filed February 1,
2005. This application is_an application filed under
35 U.S.C. 111 (a) cl ai m%%ﬁl@ﬁ@h\\l to 35 U.S.C
119(e) of the filing date of Provisional Application
60/ 650, 534 on February 8, 2005, pursuant to 35 U.S.C
[11(b). TECHNI CAL FIELD This invention relates to

per pendi c PERPENIBICEILL AR MAGNETIC RECOR DINGREDIA, of
manuf act uri ng such nedia, and a magnetic recordi ng and

reproduci ng apparatus using the perpendi cul ar nagnetic

" SEBOMUGT KN PROCEASERBBRIOERAN PERE NI I A RMAGNETIC
magneti ¢ recordi ng method, the easy axis of

magnet i zat i BECORDING ANI» REPR ORUJCINGPPARATUS NI ch

in conventional nedia is directed within the plane of
the nmedia, is directed in the direction perpendicul ar

to the nmedia; as a result, the demagnetizing field in

t he vi cini %RO]C the magneti zation transition reqion,

which is t HeR@8Y CRIEREEAS R PRLIGAT]

decreased, so that the higher the recordi ng density,
t he nPrierityaimn elainsedatonc dMpapest Rblent tApplicatior dbd 200424946, filed
with inproved resistance to thermal fluctuations; hence

F%Hiﬁaﬁe_l,hQUOS.STIﬁﬁﬁbpﬂédti@heisf&I abplidatiof i filgd aneiet 35 U.S.C. §111(a)
ensities.
claiming pursuant to 35 U.S.C. §119(e) of the filing date of Provisional Application

60/650,534 on February 8, 2005, pursuant to 35 U.S.C. §111(b).

TECHNICAL FIELD
This invention relates to perpendicular magnetic recording media, a method of
manufacturing such media, and a magnetic recording and reproducing apparatus using

the perpendicular magnetic recording media.

BACKGROUND ART
In the perpendicular magnetic recording method, the easy axis of magnetization of
the magnetic recording layer, which in conventional media is directed within the plane of
the media, is directed in the direction perpendicular to the media; as a result, the
demagnetizing field in the vicinity of the magnetization transition region, which is the
boundary between recorded bits, is decreased, so that the higher the recording density,

the more magnetostatically stable the recorded state, with improved resistance to thermal
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When a soft magnetic underl ayer, consisting of soft
magnetic material, is provided between the substrate

wa@paehsm4per pendi cul ar magneti c recordi ng | ayePCT/g#2606/301929

functions of so-called perpendi cul ar doubl e-1 ayer

medi a are obtai ned, and exceld ent recording

performance can be obtained. At this tinme, the soft
flyedgationschangel themagibed sapproprigts fpy gregsing apesf densitisst h

for the recording magnetic field fromthe magnetic

hea®heardsofamagmetic omderi dyer, rcenostitignaf safidnagstio cuatgriabnis provided

efficiency. In general, perpendicular magnetic

betRe& dien@ibsRalt andl She pofpeaditEar Miabhetit RobidinARRNES kife functions of
under| ayer provided on a substrate, on which are

sol-QfifERd gelitp@ncﬁ&ﬁ%r dodBleSi@fdr HRERACLE d’fﬁ%ﬁﬂi 2yl MLt recording

direct he magneti zation easy axis O e magnetic

| ayer to b rpendi.cul.ar. to.the.pl ane.of th .

perfiipes et b PRRh AT it o 60 TS et prapipes to provide
consisting of a Co alloy, ,and a protective, |ayer. )

a rebeviath forthe gecopding mpegetiq Held \wopr the, magpetic head.ang, cpmdmprove
Erasure, or Wde Adjacent Track Erasure) phenomenon

thh agcording andrdpeodustiog efficeaticns a probl emin
per pendi cul ar magnetic recordi ng nedia. The WATE
phenogenanl, i gergendicobir enagipsici bearding pedpeindconfigated with a soft
magnetic recording media, and is a phenonmenon in

mAPHAHR, uRBRy & HbOiABH onSa 'SABRMAEE bnl WhithPak! fofHERNin order, an soft
track, signals are demagnetized over a broad area

R P A AR SRLIEH A8 e v o
b BB e IS SRS S Rbabl Gl rconting ayer

exanpl e Patent Reference 1). It is al so proposed that
copsisting af a tGeealloyy and 3 piotestive fayerrdlfveavier 48 resgnicyesis, the WATE (for
of the
Wide Area Track Erasure, or Wide Adjacent Track Erasure) phenomenon has come to be

recognized as a problem in perpendicular magnetic recording media. The WATE
phenomenon is a problem specific to perpendicular magnetic recording media, and is a
phenomenon in which, when a signal is recorded in a particular track, signals are
demaénetized over a broad area extending for several um from the recorded track.

Methods for,alleviating the problem, mainly through the structure or magnetic anisotropy

“of the soft magnetic underlayer, have been proposed (see for example Patent Reference

1).

It is also proposed that aligning the direction of the magnetization easy axis of the
soft mégﬁetic underlayer in particular in the substrate radial direction is effective for the
above problem. Following methods are proposed for realizing this magnetic structure;

1) depositing the soft magnetic underlayer under a magnetic field in the radial direction

2) stacking a soft magnetic layer and an antiferromagnetic film as a soft magnetic
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soft magnetic underlayer in particular in the

substrate radial direction is effective for the above
w@e@blogans Fol | ow ng net hods are proposed for rREI/IR2001301929

this magnetic structure; 1) depositing the soft

magneti ¢ underl ayer under a rMagnetic field in the

radi al direction 21) stacki ng a_soft magnetic | ayer and
uglerlayari(sesripopragiie Patens Refprgace2 apd PatgpiRelescacsdler | ayer

(see for exanple Patent Reference 2 and Patent

Ref Eoamom 3)ethadonoroaligme thieoshaguetizatiom ‘aabe axisgdaedtiat odrithe soft

easy axis direction of the soft magnetic underl ayer in
mhfesticagidalaydt ittkirgdial dirdeBlotl &pesdeposinthesofttmapagtie hderlayer in a

underl ayer in a magnetic field froma magnetron, which

L A8e RN P BRARE! Whidh YenePies kflidl AssRtic t'ﬂux and is placed

m )
concentric¢c to thesubstrate.“This nethod 13 no

effective for a small substrate artd cul ar .
ocsre a9 S Slutn di REGE i Sraftisfob R SR dutsDhte, particutarty
When filns are deposited sinultaneou 0 he .
fop |comumer¢iplized %ereh gﬁw@%&%fs%é @gba%?% %Bﬂ-nWﬁ?e% filigs, are deposited

uni form magnetic field is difficult and consequently
sitnudtankouskytondhe pluralliy ofragalbsubstiatesriepasijiomunder gh upiferm magnetic
soft magnetic underlayer is directed in various
fieldrie aiffioilsandPatmsedueRef ehieadinetidn of dranegetiitonseasy exis of the soft
Pat ent Application, First Publication No. S58-1 66531

mEt & tunBefl ef Nhredicd IARMARRIINBRY@Y ned Pat ent
Application, First Publication No. HO6-1 03553 Patent

R SRS g s s

pr (1) It is difficult to control the nmagneéetic
Npj g%ﬁ@&ﬁ%lormin the entire radial direction. (2) The

magnetic field is smaller_in the inner-periphery_. L.
por Prisnt Beferanse 2ubdepanese Unexamined Patent Application, First Publication

No. H06-103553
Patent Reference 3: US 2002/0028357
In addition, film deposition in a magnetic field entails the following problems.
(1) It is difficult to centrol the magnetic field uniform in the entire radial direction.
(é) The magnetic field is smaller in the inner-periphery portion of the substrate.
As media sizes continue to grow smaller in future, (2) is anticipated to become a
serious problem.

Annealing process under a magnetic filed is also proposed for this problem,
including the stacking of Mnlr antiferromagnetic. layer in the soft magnetic underlayer.
However, this process needs relatively high temperature and results in the degradation in
the magnetic properties of the soft magnetic underlayer and the perpendicular magnetic
recording layer. When the soft magnetic underlayer, which is magnetized uniformly in

the radial direction, is used, read-write characteristics, especially for the SNR



As nedia sizes continue to grow smaller in future, (2)
is anticipated to becone a serious problem Annealing
wpe@ess®4ginder a magnetic filed is al so proposedr/irm06/301929
this problem including the stacking of Mlr
antiferromagnetic layer in the soft magnetic
underl ayer. However, this process needs relatively
(stgnghta-edipreretiplite dgatrdedsul ts in the degradation in the
magneti c properties of the soft magnetic underl ayer
and Thiseinpentrandiag Wewisedrag hight of thec ebaiengrdumptances\Vead has as an
the soft magnetic underlayer, which is magnetized
objeéti e Fraviditn bb pefprbdiddlatinagadticorcoidingimedia ehablthg\dcbRling and
characteristics, especially for the
re?nven{tclf&gﬁhvvads}n%g\éﬁ?e % He%ﬁlg‘fft?mg‘fgt he aboofve facture and magnetic
circunst ances, and has as .an _object.th rovi sion of .
5 resafihand drampaniinapae BF aielh Siin 268 ihg Heafilysis of the
recordi ng and .reproduction of inforpation at high
agioRf magBetiFHsUrpI IR 81 soft agnshe 8pdsreysihd magneti ¢
recordi ng and reproduci ng apparatus for such nedi a,
drawi ng on a reanalysis of the action of magnetic
ani sotropy in the soft magnetic underlayer. DI SCLOSURE
OF I NVENTI ON | n or DESCLOSUREDOV ENVIBNEIQDN/ e pr obl ens,
the followi ng inventions are provided: (1) A

per pepicft REo1VB R0 e H8bRIMA 1 BRW g IFRIMBOhSARPrévided:
di sc-shaped nonmagneti c substrate, a soft nmagnetic

10 (HIRSEhRNEEP e SPARRE sAORTRIREH LBk USLARY nonmnete
l.ayer of or Re between the.t ft ti ' .
syL&iFaes @ sofh dragnpils PRGRIRYTI o 2 fisgricid HBBRAF I syl comprised
wherein, an easy axis of magnetization of the soft
ofratdesst bvaisalrmagastichlgyery a@gsa daigr of Ru or Re between the two soft

magnetic layers, and a perpendicular magnetic recording layer;

wherein, an easy axis of magnetization of the soft magnetic underlayer has a desired
15  direction, and is substantially distributed in a direction except radial direction of the

nonmagnetic substrate, and a bias magnetic field of the antiferromagnetic coupling in the

directién of the easy axis of magnetization of the soft magnetic underlayer is 10 Oersteds

(790 A/m) or greater.

(2) The perpendicular magnetic recording media of (1), wﬁerein the easy axis makes
20  an angle 6 with the radial direction of the nonmagnetic substrate, and

a percentage of an area of a portion in which 5° < 6 < 90° to an area of the entire soft

magnetic underlayer is 90% or greater.

(3) A perpendicular magnetic recording media according of (2), wherein

the percentage of an area of a portion in which 5° <6 < 85° to an area of the entire soft

25  magnetic underlayer is 95% or greater.
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direction, and is substantially distributed in a
direction except radial direction of the nonmagnetic

wGaaivsosate, and a bias magnetic field of the PCT/JP2006/301929

antiferromagnetic coupling in the direction of the
easy axis of magnetization of5the soft nmagnetic
underl ayer is 10 Cersteds (790 A reater.,
(4The TherpseprideanlarmigngHe treortivgonedia @C?Pégmg tor (2 1‘7herem the easy
wherein the easy axis nmakes an angle g with the radia
axds pEmbgmmtizatior iselistdnred)iveparalled ibthersame diraettbna
percentage of an area of a portion in which 5 < g < 90
(%0 Apabedii@ilat Mgkt irk@riaf tmétig debiding ROE)] whi@kini the easy axis
O@bor greater (3) A perpendicular nmagnetic recording
[ r I f
ogﬁgg%tl?glg% %r%&glﬁﬁtiecg] oA 18 ié‘ﬁﬁ shh <f5b thg npgtdg[%gﬂri]&gl;‘icengl a &hter portion
t ent tic under. a 1S 95% or
“bﬁ@g?@?éfﬂla1%%“%%%35%BP%ﬁ?gFmﬁﬁéﬁg?lC recordlng nedi a
according tg (2) wherein the easy. axis
(@agné P%@Fﬁldiﬁmﬁ% magastG ePeting ﬁl%éﬁ afep mg fo Rk Whergin the easy
direction. (5) A perpendicular magnetic recordin
axie of anagnetizationgis tdisuyted wher @role séntorethepe. awhereipf the center of the
magnetization is distributed in a spiral shape, and in
settdtilo@tds mar tHeoditcamta@nhiidl poetida eftht sulstater @uwtddeof thalsubstrate
portion of the nonmagnetic substrate. (6) A

A oﬂl%m@ﬂgtﬁelceﬁteﬂﬁ&ﬂ&tbpthte%asgtﬁut@g medi a according to

(2), wherein the easy axis of magnetization is

i striyh
(Bomt o ISpBRHIOUR Bl rEREARE SIoRP RecolMiEk B Bnf 8B amons (1) o
ion of the substra e si de f t he substrate
(@ HbsrSfBntegaet svbits of B55 SFotisoBuber rat e (7)
A perpendi cul ar magneti c recordl ng nedi a according to
&ny oﬁdoegmdgcu(lqg)mz;@etlc recording media according to any oné among (1) to

(7), wherein the total film thickness of the soft magnetic layers constituting the soft

magnetic underlayer is 20 nm or greater and 120 nm or less.

) A perpendicular magnetic recording media according to any one among (1) to

(8), wherein the diameter of the nonmagnetic substrate is 26 mm or less.

(10) | A method of manufacturing a perpendicular magnetic recording media
comprised of a disc-shaped nonmagnetic substrate, a soft magnetic underlayer on a
disc-shaped nonmagnetic substrate having at least two soft Iﬁégﬂetic layers and a layer
of Ru or Re between the two soft magnetic layers, and a perpendicular magnetic
recording layer; comprising step I of deposition. of the soft magnetic underlayer, and
step II after step 1 of aligning the easy axis of magnetization of the soft magnetic
underlayer in one direction across the nonmagnetic substrate, by cooling the
nonmagnetic substrate from the heated state while in a state in which a magnetic field is

applied in one direction.
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(6), wherein the nonmagnetic substrate is of glass or
of silicon. (8) A perpendicular magnetic recording

wore@saszadxording to any one anong (1) to (7), REEIRN065/301929

the'total filmthickness of the soft magnetic |ayers
constituting the soft nagneti@ underlayer is 20 nm or
reater and 120 nmor less. (9) A perpendicul ar . .
gnet i & msthoddphgnardaciuring ¢ appgndisulan ynagnstia Feeryding media
(1) to (8), wherein the dianeter of the nonmagnetic
canrided adfea | disc2haped apninegmsetic( Abpirdenetdofidmagnetic underlayer on a
manuf acturing a perpendi cul ar nmagnetic recordi ng nedi a

diSO@5ped @dnPhgiRtid isEBstRRaRSanH ONIRERY BEb is6ft Sdpmklielersand  a layer
soft ‘magnetic underlayer on a disc- shaped nonmagneti c

Of;fﬂk&s&f @teel?é}%élp %eaEw SRR nfa¥0 tﬁ:ofagfeﬁag gélﬁ%ﬁlﬁ%&lﬁnﬁlagnetic

ayer o etween"the two so

| ayer and a end cu tic rec ng J.aver;
repHifHe oyt PmBTnGR AN ne By C%Sﬁgxgsoqfd gli@ip of te son
underlayer and step Il after step | of aligning the
magrsficaipdsrigyer aﬁa@rr«fedlrefapn 8fross  thealoggragnetifgRibstrgle by deposition of
under| ayer in one direction across the nonnmagnetic
ths sbBtmagnetic bydarlaper while frea statmagwkich @ magstic dteld HSrapplied in one
the heated state while in a state in which a magnetic
dikdceibd. i s applied in one direction.(11) A nethod of
manuf acturing a perpendicul ar magnetic recording media

, lQ?nprTl%,e dnéhod ot AfenahRREMHNANPRGARTEarS WREAE Gecdrding media

soft magnetic underl ayer on a di sc-shaped nonmagnetic

ac%gfcﬁ%?ot @ flfl%ﬂ gergn E{ %@?vg\%lgn\f?lhgﬁ%%ﬁg%p? e soﬁf@é‘u@ﬂgderlayer
1S@§ cf é}( and 2 geps(sjlg ]r-‘ﬁ?@ﬁg ] Q,oesgt%rgf E]gweg1 %y cooling in a

magnet | zatl on of the soft magnetic underlayer in one
mggnatistiiebthdimedteskia onpdigeiimgnet i ¢ substrate by

deposi tion of
(13) A perpendicular magnetic recording media manufactured using the method of

any one among (10) to (12).
(14) A magnetic recording and reproducing apparatus, comprising

the perpendicular magnetic recording media of any one among (1) to (9), and (13).

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a cross-sectional view of perpendicular magneﬁc recording media of the
inyention;
Fig. 2 shows an example of the conﬁguration of a magnetic recording and
reproducing apparatus of the invention;
Fig. 3 shows profiles of tracks in Embodiment 1 and Embodiment 6, wherein (A)
shows the initial state, and (B) shows a state after recording;

Fig. 4 shows profiles of tracks in Embodiment 2 and Embodiment 7, wherein (A)
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the soft magnetic underlayer while in a state in which

a magnetic field is applied in one direction. (12) The
woredokoskoes nmanuf acturing a perpendi cul ar nMagnerCTIP2006/301929

recordi ng nedia according to (11), wherein the easy

axi s of magnetization of the,soft magnetic underl ayer

is aligned by neans of a process of heating after film

J i | .ened FeNGrel netic field
Shg??ggétlgé%ipﬁgtgh&e di résgfg\i)vgg.@da% 13)e gecg{edr?%%ndi cul ar

magnet Lc, recor di n dia. ' ' ' . )
of glgigyg g}ﬁ%wsa ro%%es?%gfackg lltn’%%%géilﬁeﬁl; ﬁ%nﬁ%rﬁ&dﬁlggnt@%o&em (A)
recordi ng and re duci ng appar atus, ..conprising the

shgws Hsrigitial state. tsﬁ%“’? gé@%&%ﬁ@ reeRifingof any one
among (1) to (9), and (13). BRI EF DESCRI PTION CF THE
DRAEABI\%BSZIWQPTOﬁ?qSSDf aragkvioEmleastimnenal and Bwbediment 10, wherein (A)
per pendi cul ar magnetic recordi ng nedia of the

showy el infia] stbiegand(Blsawws astagxadiep kezoading;he
configuration of a magnetic recording and reproduci ng

app@patush@bs tpherles\eENirhékR; inFtﬁmp%ri%}P\@(a\Eli\%&f i1l @8%d @omparison
tracks in Enbodi nrent 1 and Enbodi nent 6, erein (A

Exd %3}\%8?&1&:(}9&5 @1510\2 %&gni’sglgs It%,?édi??%&%&%%ﬁﬁ@lf Je%rding;

recor di

Enbadi nent 2 and. .Enbqdj nent. 7., wher.ei A)sho t .
i EiEal® Shabs PRI () raiu CoBRRE e ahb e dopl fpmparison
Fig. 5 shows profiles of tracks in Enbodiment 4 and
Exarmpdeiftmahereig (Ahpkoves the infialssmoand kB) shavs aftate afierareceidmng;
(B) shows a state after recording;
Fig. 9 shows schematic view of the planar structure of the direction of the easy axis

of magnetization of a soft magnetic underlayer;

Fig. 10 shows profiles of tracks in Embodiment 11 and Embodiment 14, wherein
(A) shows the initial state, and (B) shows a state after recording;

Fig. 11 shows profiles of tracks in Embodiment 12 and Embodiment 15, wherein
(A) shows the initial state, and (B) shows a state after recording;

Fig. 12 shows profiles of tracks in Embodiment 13 and Embodiment 16, wherein
(A) shows the initial state, and (B) shows a state after récording;

Fig. 13 shows profiles of tracks in Comparison Examplg 5, wherein (A) shows the
initial state, and (B) shows a state after recording;

Fig. 14 shows profiles of tracks in Embodiment 18, wherein (A) shows the initial
state, and (B) shows a state after recording;

Fig. 15 shows the state of placement of target and substrate in Embodiment 19
and Embodiment 20, wherein (A) is a side view and (B) is a top view;

Fig. 16 shows schematic view of the planar structure of the direction of the easy

axis of magnetization of a soft magnetic underlayer;
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Fig. 6 shows profiles of tracks in Enbodi mrent 5 and

Enbodi nent 10, wherein (A) shows the initial state,
wanwepBP4shows a state after recording; Fig. 7PGHoRe06/301929

profiles of tracks in Conparison Exanple 1 and

Conpari son Exanple 3, wherei M (A) shows the initia

state, and (B) shows a state after reco%db'n ; Fig. .8 )

shoWig: §7 shpWa schsmaticad of gheclapa stiyighirathy iregtion ghan easy axis

Conpari son Exanple 4, wherein (A) shows the initia
ofsmagmeetizativeh (fB) softhroagnetic sbdarkeryef;taed recording; Fig. 9

shows schematic view of the planar structure of the

di r ggd i183hews kileneasviex of tef plaigetucaad therlirttion 804k easy axis
magneti ¢ underl ayer; Fig. 10 shows profiles of tracks

' ' : ' t 14, wherein (A) shows
O{I%g&gﬁ?%?a s%%@géﬁggﬁgg?glsaﬁgp\i\s a state afteg )

recording; Fig. 1 1 shows profiles of tracks in
Enbodi nent 12 and Enbodi nent 15, wherein (A) shows the

initial state, and (B)_ shows t t I ng;

g 12 st BROPETER brswiyd o elsoShntia ana

Enbodi nent 16, wherein (A) shows the initial state,

and ThiB) inv¢ndien 1glatesatoemagnetic disscoedipraglopifigya pedesfisukar magnetic
profiles of tracks in Conparison Exanple 5, wherein
récHydishmethot hia vhithi al state, and (B) shows a state

after recording; Fig. 14 shows profiles of tracks in

Enbeg B 841t ﬁﬁgné‘ﬁ@ﬁ&ieﬂa%re?‘)hﬁ RQWscthRein! vihith 8d le8dt @6 soft magnetic
and ('B) shows a state after recording; Fig. 15 shows

A B s PRI i 8 B Bt gy s o
m\éigrelgltliz%ggn cgtB tl‘le isg’ft %gg%gtie/ Lnecigrﬂayer has a desired direction, |

(2) the easy axis is substantially distributed in a direction except radial direction of
the nonmagnetic substrate, and

(3) a bias magnetic field of the antiferromagnetic coupling in the direction of the
easy axis of magnetization of the soft magnetic underlayer is 10 Oersteds (790 A/m) or
greater.

further, a percentage of an area of a portion in which the easy axis is distributed in
a direction except radial direction of the nonmagnetic substrate, to the area of the entire
soft magnetic underlayer, is 50 % or greater. It is preferable fhat the percentage is 75 %
or greater. It is more preferable that the percentage is 90 % or greater.

Further, as shown in Fig.17, when the angle 17 made by the easy magnetization
axis direction 16 of the soft magnetic mderlayer 3 with the substrate radial direction 18
is 0, a percentage of an area of a portion in which 5° < 6 < 90° to an area of the entire
soft magnetic underlayer is 90% or greater. By this means the WATE phenomenon which

is a problem particular to perpendicular magnetic recording media is effectively
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Fig. 16 shows schematic view of the planar structure
of the direction of the easy axis of nagnetization of
wa@:2@oehs2omagnet i ¢ underl ayer; Fig. 17 shows scheP&l/iR2006/301929
view of the planar structure the direction of an easy
axi s of magnetization of a sdft magnetic underl ayer;
and Fig. 18 shows schenmatic view of the planar
suppresiedur e the direction of an easy axis of
magneti zation of a soft nmagnetic underl ayer. BEST MODE
FORAGARRYSINGTOUTFIgHE inh MVENMeip i theipapsndicular meigaetisrecording
to magnetic disc nedia adopting a perpendi cul ar
meagNht ieasy &4 bflimagnétization 16 ofisofhnelanétic) uidedagefit in parallel in the
magneti c underl|l ayer has a structure in which at |east
sdnoginefibn.magnetic layers and Ru or Re between the two
soft magnetic |ayers are provided, the easy axis of
nma ti i .0f. t . A ti r . .
ol BT big 1€ 55 B BB SEmRAPeh ERl WtBufl reconding
distributed.in a direction except radial . djrection of
mepi e Rk Pmagistigstiand b is AL ding pisah Highes | o
field of the antiferromagnetic coupling in the ) )
di Adex peahewn imBigels yn tis Bivertioreinide ipewmendiguler nragaetic recording
soft magnetic underlayer is 10 Cersteds (790 A/ m or
mgdiaathe reasyFaxit lo€ magaetiatior lbagdistfibwed ar 2 eirdf sactposhapenwherein
in which the easy axis is distributed in a direction

theXembt of thel kédtordiobfed haun tef citcitrfEreAFE POt InCofIHE StiisBhR, or outside
to the area of the entire soft magnetic underlayer, is

oif’@e g%b%g%at%ro?ﬁér%an atlthd (t?en&"r %Bﬁ{o%bdﬁh(% Em,g%{nge percent age

or greater. Is"nore preferable that the

i 0
Per gfd tfgﬁoe\xfinsg 1%oa @e?arileg re?(%fa%aﬁon to this invention of the perpendicular

magnetic recording media.

Fig. 1 shows an example of a first aspect of perpendicular magnetic recording
media 1 of this invention. The perpendicular magnetic recording media 1 shown here is
configured by forming, in order on a nonmaénetic substrate 2, a first soft magnetic layer
4, Ru layer 5 and second soft magnetic layer 6, as a soft magnetic underlayer 3; on top of
this an underlayer (alignment control layer) 7; perpendicular magnetic recording layer 8;
protective layer 9; and lubrication layer 10.

As the nonmagnetic substrate 2, a metal substrate coﬂsisting of a metal material
such as aluminum or an aluminum alloy may be used, or, a nonmetallic substrate,
consisting of a nonmetallic'material such as glass, ceramics, silicon, silicon carbide,
carbon, or similar, may be used.

Glass substrates include amorphous glass and crystallized glass; as amorphous
glass, a soda lime glass or alumino-silicate glass can be used. As crystallized glass,

lithium-containing crystallized glass can be used.
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Further, as shown in Fig. 17, when the angle 17 nade
by the easy nagnetization axis direction 16 of the
wa odob/osmgmet i ¢ under| ayer 3 with the substrat ePCHI2006/301929
direction 18 is g, a percentage of an area of a
portion in which 5 < g < 90 tlé an area of the entire

sof t netl c under | is 90% or greater. By .th
mea g ﬁ@ﬁgﬁt‘w@r ch 8185S 2SYPPBHE e psyaqqnc @%?Frate are

to perpendlcular magnetic recording nedia is
pafi¢Way prsifgrablopressed. Al so, as shown in Fig. 9, in
this invention of the perpendicul ar magnetic recording

meditds desimbbathyt theindnofagnegnaibsz#it 2diavd Gn @lern@é turface roughness
magnetic underlayer is in parallel in the sane

RELF Rt AR br léﬂssﬁ’nd BRfEAIWMD. 4 AmFdidess1Bom the lstindpoint of high-density
i nvention of the perpendicul ar nagnetlc recording

fion 16 is
re r(a %%ﬁl{g%ﬁ)%ﬁg%é'h%@ft &ﬁg({phgé hég 'so, as shown in Fig.
i.n thi nventjon of.the p i cul
ek ﬂﬁ@rqf?kdﬁha G SRipess M 451 0. ﬂﬁﬁh S tngpregaply 025 am
distributed in a circle sector shape, wherein the
ordess; Epmothe staadpeint efhighdansiy raeiding singarlewnfling-height recording
portion of the substrate or outside of the substrate

haatlher than at the center portion of the substrate. The
following is a detailed explanation to this invention

of Hhe pﬁ&‘éﬂ@ﬁl&dh@tu hidr tER@ARL eam@MmO M Bebri@dd@facEréighhess Ra of
shows an exanple of a first aspect of perpendicul ar

thgasgﬂﬁfda& bk &F P Y F@%@graan%l 93 Al 1 V?Pﬁhﬁi’? 0.1, the effect of

perpen i cul ar nagn e recording ne here

<SP e e I Feyoh gosneic

and second soft magnetic |ayer 6, as a soft nagnetjc
uRgisHayqr a3, devigtes o hhis ifugifon 1s undes1rable A roughness exceeding 0.8 nm is

undesirable since the low flying height of the magnetic head 13 cannot be achieved. In
addition, a decline in the SNR is reduced by the degradation of the alignment of the
perpendicular magnetic anisotropy.

The soft magnetic layers 4 and 6 consist of soft magnetic material; examples of
such ;naterials include Fe, Co, and Ni. As examplés of such materials, FeCo alloys
(FeCoB, FeCoSiB, FeCoZr, FeCoZrB, and similar), FeTa alloys (FeTaN, FeTaC, and
similar), and Co alloys (CoTaZr, CoZtNb, CoB, and similar), can be given.

Also, a fine crystal structure of FeAlO, FeMgO, FeTaN, FeZrN, and similar,
containing 60 at% or more Fe, as well as materials with a granular structure, in which
fine crystal grains are dispersed in_ a matrix, may be used.

It is preferable in particular that the soft magnetic layers 4 and 6 have an
amorphous structure or a fine crystalline structure. This is because, by means of an

amorphous structure or a fine crystalline structure, the effect of texturing becomes more
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this an underlayer (alignnment control |ayer) 7,

per pendi cul ar magnetic recording |ayer 8; protective
WO 2aye/0894#8 and | ubrication |ayer 10. As the nonPEIRNIE301929

substrate 2, a netal substrate consisting of a netal

mat eri al such as al um num or 1&n al um num al | oy may be

used, or, a nonnetallic substrate, consisting of a
PieBAWRSCdl | i ¢ material such as gl ass, ceramics, silicon,

silicon carbide, carbon, or simlar, may be used.

A altsis putfemablatteat thercoandize doroe Plead sheysefb magmetic layers 4 and 6 be 30

crystallized gl ass; as anorphous glass, a soda |ine
() 3z 9eR| ardtl ANAIAO 0L 10 (O8) 6r 1ghsais Stilt atorb@refbble. Bae Oersted is equal

crystallized glass, lithiumcontaining crystallized

: d. As the nonmagnetic substrate 2, a
to?!@i%“é%%??@a}tqgﬁor silicon substrate are particularly
er abl t hat.. t

pre .kt is . desirahbl e .t he. nan t .
D ubd el it 1Sy E riofoc, A% QRBTRCEE bihe ot magneti
0.8 nmor less, and preferably 0.5 run or _less, fro

layrs 4sandfipsod-Atl Brhigfiegrnden Wfrlef Gl ﬁlighsr igstil groze Pisiftable.
flyi ng-hei ght recording head. It is desirable that )
sur ftais ereferablecthat the tofel Ryer thivkoessioddbe sefhthagneticeleydss y and 6 in
0.25 nmor less, fromthe standpoint of high-density

theaofirdagigtio sihdglaget dWef129img ohksg aind rséiil anoliengefomatt. thht the total
is preferable that, after texturing treatnment, the

thAMGIea06e 30/ hhPSeort AHOBRERD M8 of lesk NE tBAIRAINEYE thiRkAbsd of the soft
nmor greater and 0.8 nmor less. If under 0.1 nm the

h
t t rd € t. 4 SN | a ot
S 6 PR, 18 TR S0 P
ddev' tes. . This,situation is undesirable. A roughness
%%%‘Lez]diw

g Bndeirae:

As the method of formation of the soft magnetic layers 4 and 6, a sputtering
method can be used.

In order to.align the direction of the easy axis of magnetization of soft magnetic
underlayer, heat treatment can be employed, in which a substrate is heated after the
deposition of the soft magnetic underlayer 3 and then cooled under a uniform magnetic
field. |

It is desirable that the temperature to which the nonmagnetic substrate 2 is heated
is in the range from 100°C to 250°C. Further, it is preferablé tha;t the magnitude of the
magnetic field be in the range from 20 Gauss to 500 Gauss, and still more preferable that
the value be between 20 Gauss and 300 Gauss. One Gauss is equal to 100 pT.

It is preferable that the soft magnetic underlayer 3 have a configuration in which at
least two soft magnetic layer layers 4 and 6, and Ru or Re between the soft magnetic
layers 4 and 6, are provided. This is because, by providing Ru or Re with desired

thickness, the soft magnetic layers 4 and 6 provided above and below is subjected to
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undesirabl e since the low flying height of the

magneti ¢ head 13 cannot be achieved. In addition, a
walewbiosz48 n the SNR is reduced by the degradatP@rerzm6/301929

the alignment of the perpendicul ar magnetic

ani sotropy. The soft magneti ¢2l ayers 4 and 6 consi st

of soft magnetic material; exanples of such materials
antHeIrQiEaSsEC complings ByNTCanss e%uahﬁi copfigpraiigahthaaV AT E ihgnomenon

FeCo all oys (FeCoB, FeCoSiB, FeCozr, FeCoZrB, and
whichii$ apjobldae fa mtpenglicu(aﬁm'édi‘ﬂ, inlf)aﬂtaﬂlar &g bs h]mdvﬁ&ted. , and

Co alloys (CoTaZr, CoZrNo, CoB, and simlar), can be

gi VEhe uligye(dli ieheff yeid] la§efUL istioecodfroF el o stdfelgtinent and

FeTaN, FeZrN, an imlar, containing 60 at% or nore

cr\%ﬁt V@f* J[he?é rP@rfcﬁ‘édlﬁJ ﬁlaﬁﬁé‘tf& ?ecgfdg?%h%;ersg HALid€on! Bp. It is

|nec gralns are dISp rmtrlx

P%E%%btiﬁéﬁ sl 856 B e Sndeaa i o MucklE or an fe

structure or a fine crys alline structure. This is
StB’éE‘HEsI@Paﬁiﬁu}?ééﬁélsd?e&F? rphous structure or a fine
crystalline structure, the effect of texturing becones
mor 8gs preferable dhatithe thickmesstofithbiedertager ahgnmerscontrel layer)layer 7
force Hc of the soft magnetic |ayers 4 and 6 be 30
bd €8 hnDor less If thenilicknyssl| afeho tindddlafy € falighmerisconirsl Biyed)|7 exceeds
nore preferable. One Cersted is equal to approxi mately

3(7 ﬁmA{H@let&nc'e %eﬁﬁ&h%@ﬂﬂa@n&tﬁ dead R&d ﬁl@tsﬁf@ﬁég%@tlé"ﬁ%%y@r 3 during

l'ux density Bs of the soft magnetic |ayers 4 and

re?r%xfréléngpgﬂec} mipgcgﬁ{ctlo??sd f@réé?ée er gé?té‘thghog{er\b%t%w h a?h@&&t&hsuc and
repiibei et Feolifinare gar i ipubichd? FidesttolEss . and e
st ITlhe rergsryeaxrf; gtt r%;gl?eltlezattlcr)]nagf tthg %e}“p%tngllcular magnetic recording layer 8 is
directed in the direction perpendicular to the plane of the nonmagnetic substrate 2. As the
constituent elements, at least Co, Pt, and an oxide are included; and Cr, B, Cu, Ta, or Zr
can be added in order to improve the SNR  characteristic or for other reasons.

Examples of oxides for use in the perpendicular magnetic recording layer 8 include
Si0,, SiO, Cry0s, Co0, Tay0s, and TiO,. It is preférable that the volume fraction of
oxides be from 15 to 40 volume percent. If the volume fraction of oxides is less than 15
volume percent, the SNR characteristic is inadequate, which ié undesirable. If the volume
fraction exceeds 40 Volﬁme percent, the coercive force necessary for high-density
recording cannot be obtained, which is undesirable.

It is preferable that the nucleation field (-Hn) of the perpendicular magnetic
recording layer 8 be 1.5 (kOe) or greater. If the magnetic field (-Hn) is less than 1.5

(kOe), thermal fluctuations occur, which is undesirable.

It is preferable that the thickness of the perpendicular magnetic recording layer 8



t hi ckness be 30 nmor greater but 100 nmor less. If
the total |ayer thickness of the soft magnetic |ayers
wa2@em8P48 s | ess than 20 nm the overwite (OMNCT/JP2006/301929
characteristics are degraded, which is undesirable. As
the method of formation of tHé soft magnetic |ayers 4
and 6, a sputtering nethod can be used. In order to ..
bayfioght tnkS amr Hcthe ghclgess Hdbe asipendiculapmaghggicaerordinedayer 8 is in
of soft magnetic underlayer, heat treatnent can be
thesrpingy eaiffi¢ientyhitpit candesmsurad caidstheesatsaw whrsening joé the overwrite
deposition of the soft magnetic underlayer 3 and then
(OWO chgrattaflstic, avhic fs@esirablegnetic field. It is desirable
that the tenperature to which the nonmagnetic

subsiyg %E&)eﬁdiicﬁla_p BRid RcbliddByE2 6 h4eB SRS 1aRr structure, or
250C. Further, 1t I's preferable that the magnitude of

5 cHBBYISHG Bt B PD ol BT B, DR By it

bet ween 20 Gauss and 300 Gauss. One Gauss is equal to
CQPPOFHIONS| t js preferable that the soft magnetic

under |l ayer 3 have a configuration in which at |east .

t wo Tef protestive tlayer| Qyierproeged do 4prgrent acorrpsignRol dhe Rerpendicular
bet ween the soft magnetic |layers 4 and 6, are

npigostichedordiity layérs8 bad ausreyerttydaprage itd ithegm&lia sorfRe wpanhcontact of
desired thickness, the soft magnetic |ayers 4 and 6

RS ﬁié'?ﬂ&ﬂ: BERV €3 apHh BB AVedis SoRERESRY materials, such as for example
toanti ferromagnetic coupling. By neans of such a

10 nfa?&faﬁgwnﬂigl?lgh?,;@@&e\ég;ﬁg@ge%mdv‘ﬁi i§ BrdfSraBlehAthE Mickness of

of perpen i'n particul ar can be

b B 6 LB AT, 0B Gl rducing
of the perpendicul ar magnetic recording |ayer 8
ther Gstperedbebreandisad ppd media to enable hlgh-densi?y recording.

As the lubrication layer 10, it is preferable that conventional materials, such as for

example perfluoro-polyether, an alcohol fluoride, carboxylic acid fluoride, or similar, be
15  used.

Fig. 2 shows an example of a magnetic recording and reproducing apparatus 11
using ;che above perpendicular magnetic recording media 1. The magnetic recording and
reproducing apparatus 11 shown here is provided with perpendicular magnetic recording
media 1, a spindle motor 12 to drive in rotation the perpendicular magnetic recording

20 media 1, magnetic heads 13 to record and reproduce information to and from the
perpendicular magnetic recording media 1, a heqd actuator 14, and a recording and
reproducing signal . processing system 15. The recording and ‘reproducing signal
processing system 15 can process input data and send recording signals to the magnetic
heads 13, and can process reproduced signals from the magnetic heads 13 and output

25  data.
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preferable that the material used in the underl ayer
have an hep structure or an fee structure. In

w@arobiogaosar, Ru is preferable. It is preferabl BCT/E4006/301929

the thickness of the underlayer (alignment contro

| ayer)layer 7 be 30 nmor leskt If the thickness of

t he underl ayer (alignnment control |ayer) 7 exceeds 30

nm Behaw.dhs tehiseleanseadnentageans raaiseafi thisHpuentigncare [gtarified through
soft magnetic underlayer 3 during recording and

embpdiottntst Horwevsr, ithis isastion isswottlmited toehe Yeiowing en{bGilnents. For
characteristic and reproduced signal resolution are

efafpladadectithhs Cékcept thad@dial alfettiod BE BEOnasHetds substrate in this
magneti zati on of the perpendicul ar nmagnetic recording

VAR gndlﬁdég' raﬁ Gt 4 8 1rr£1eslﬁbé E%t él'R)Qvin%O elg 51?#1'&?1 nh&nt in one

the pl ane e nénna netlc strate

stit. el .ene t nd an oxi de
dg‘F loPr%ll (%}beplﬁﬂ%lo@és Strﬁ? as'?gowgrmp%g @an be added in
order to_inprove the SNR characteristic or for other
r eadBmbodimenigandCompasispy Examplesise i n t he
per pendi cul ar magnetic recording |ayer 8 include Si O,
Si OAfEr 2gsshin@ e FlassGBibstatd (TryGRllidetl substprteflS1QE3X, diameter 2.5
that the volune fraction of oxides be from 15 to 40

inchbs) mempeicaged by OhatalTac.),ahel gRisd substrate Wad plae¥d etheifim deposition
| ess than 15 vol unme percent, the SNR characteristic is

chiRsie 3t Be ﬁﬁgﬁéﬁdnsspﬂ&&%ﬁ EARAR - (Anbvh *t@org OldaE C:3010), and the

fraction exceeds 40 vol ume” percent, the coercive forcé

cﬁﬁgﬁ%gn \clz\ﬁglnﬁérgxpasde%ggﬁattgd Eﬂeg 5 %{g?cgun%l?;ﬂn Osturebgf lx{q1 a}t’a On this

I'S undesira era

gLaE ﬁ%t%?%%r%ﬁfphé%eﬁgygf@%é%g AR 51 e digontent 5 at,

Ifthe magnetic field ( llelessthan15 kq e),
Nbresmiat 44190 laveri tor68 twe esithe st shitimagnaie HyeatRwto 0.8 nm, and a

91Co-5Zr-4Nb layer to 60 nm as the second soft magnetic layer, to form the soft

magnetic underlayer. Then, this soft magnetic underlayer was subjected to heat treatment
and cooling in a magnetic field. When using this system, the easy axis of magnetization
of the soft magnetic underlayer was fixed at a direction 45° from the radial direction of
the substrate under the influence of the magnetic field of the sputtering cathode.
Thereafter, by adjusting the conditions of the heating and the following cooling treatment,
the direction of the easy axis of magnetization can be change(i. A samples with different
easy magnetization axis directions were fabricated by different conditions of heating and
cooling process,, and after retrieving the samples from the vacuum chamber, the easy
magnetization axis direction and the bias field Hbias in this direction were measured. The
heating and cooling times of these samples, the angle © made by the easy axis of
magnetization with the substrate radial direction, and the bias field Hbias in the easy axis

direction, are summarized as Embodiments 1 through 5 in Table 1.
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It is preferable that the thickness of the
per pendi cul ar magnetic recording |ayer 8be from6 to
wda onos20uf t he thi ckness of the perpendi cul ar PEHIRDIC301929
recording layer 8 is in this range, sufficient output
can be ensured, and there islho worsening of the
overwite (ON characteristic, whichis deS|r bl e. Pg
per pladplen frminggh selt anagnetie dndeslavsy, erepared by ﬁ’ﬁ«ﬁémﬁ abrication
singl e-layer structure, or can have a structure of two
methodras m Emiaedmentsrisﬁhscnugth afspntitring raéthodnial uged toeleperit 6 nm of
conpositions. The protective layer 9 is provided to
a Pd S3eAMhyes Ffif D Ghd¥ila9ér) | TEndesiparRl eidealaysragsent anderlayer), 10 nm
recording layer 8 and to prevent danmage to the nedia

of 54! g%@? @\o? @ﬁ@ co?(fhn% e'ira&faleS ntn bEAT %goﬂé\étfv@ A8, Then, a
=" “con

ona mat e such as for exanple
t S CcO ta n 02 or b S

pgecfiopr 89t oL neﬁtﬂqorﬁw@xeﬁ}ee s e s ol B plbendicutar

Iayer 9 be 1 nmor nmore and .5 nmor less, fro .
magrighg sRAoRding mediadiias oRjained Thess %ﬁ%?éeso\@?wé?%%qﬁﬂ‘aodlmems 6

medi a to enabl e high-density recording. As the
thtaxighCoeitZireld Nbagre ded@ijbeiltin Tablp A e SloatpasiserhExamples 1 through 4.

conventional materials, such as for exanple

per WATE anggueicher wae pdréehetl fdruBnibddimerds boxidough 10 and
acid fluoride, or simlar, be used. Fig. 2 shows an

géﬁéoﬁ E%fan%léﬁ%f‘&dgﬁ 4. RO b GFRYLLERSIOHHS b @llows.

arat us usi ng the above perpendi cul ar magnetic

g 8 8L PRI SR 5

per pendi cul ar magnetic recording nedia 1, a s IE
ot 8} Tho ayesagh PWiaN, for eathairaWahRepRrk Rt Al tEcks, and was taken
magneti c recording nedia 1, magnetic heads 13 to

torbeathe ttadﬂplroﬁ@dmhmmétialrstaw.rmt ion to and fromthe

3) A 937 kfci signal was recorded repeatedly for 10,000 times on one track in the
center of the area:

4) The track profile was once again measured, the result was compared with the
initial state.

The track profiles obtained in this way are shown in Fig. 3 through f‘ig. 8 for all
the samples except Embodiment 8. For all the track profiles, the maximum attenuation in
the profile after recording of 10,000 times, relative to the initiél profile, was calculated.

Table 1
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per pendi cul ar magnetic recording nedia 1, a head

actuator 14, and a recording and reproduci ng signal
WEe@eas®isg system 15. The recordi ng and repr oRCIINRG06/301929
si gnal processing system 15 can process input data and
send recording signals to thdémagnetic heads 13, and
can process reproduced signals fromthe nmagnetic heads
13 and out put| dat a. Bel ow the dffect |and apvE&mM agdequse
results of this inventi”Bn Ei"a&“gcl%f‘f’]i‘“ﬂl Bids el BEGH!| maximum | Track
enbodi nents. |HOREVR th‘% 13 %ié‘?fventtl |i somop FEH tleeution |profile
the followingd embodi At St |exXEHplle, di rel<(r:e Eogrs %)

oveont +ho » i ol H
CTATCPT L A | t—aq U|| C\,Ll L IIC IILIIIIugII.,LI U

suBEPHReR i n |t PiCeSEnvent i pn d ndl udes,| at2 | pasts, 4 o Fig. 3
Cpod as showh Figl 18 dnd al Hgnwent—in—ode
di Embodimgri2wi t|hpPigothre| pkang of thezosulcstfeat b ag showny Fig. 4
i nEmpodime 7 ( BnbotPneht s ahd Conparisdn Exapples) |After
washbadgneithe ¢l ass-ssupstyate (crlysjal lli zgd substrgte _
TSE@@Mentdi anet efNe2. b 1'nches, nmanufadt ured| by OChdgra

I Nnemdodiddcht® 0l lags.sebptrate was [placeq in the film
depRBidircan cHambes of & DC rfagriet 10n [sptitt eri Ag gystem

(A@S ViPhetedT P-| GRUEL. - 30IP), and the [f11m feposi t|i on _
oﬁﬁ;\{\ﬂﬁ evgqgmgted 6 @ Backgr8nd ptessuré of| 1x20 Fig. 6

o 1S ass_pubstTate were dgposi teda
go %;ﬂgﬁg (%ﬁ nfeest P 10at|% oZr [comtent B at|% 'Mb |Fie?
N

Fig. 5

myP\@r 1S

\JUIIL TTTT Ay C1 CO U I o CHCrrrat SUT L

h‘é?ﬂ%@"i‘f r85‘1’mzrt b 6 8| nmp gndeca 91Ce- 5¢r - 4Nb |l ayer | Fig s
QyripAHOn Fpap he secohd sott nmagneticilayer tofdrm

the soft magnetic underlayer. Then, this soft magnetic
under| ayer was subjected to heat treatnent and cooling

in a magnetic field. Wien using this system the easy

axi Frexh thegihetd,ziatis ateadfthathd thefdasyreyize bf anagnelizatiay esf the soft
was fixed at a direction 45 fromthe radial direction

m‘aénetic underlayer is oriented to a desired direction, and still more preferably the bias

|n orl + ~ o n/ o +ha £ ot onf t

field Hbias is 10 Oersteds or higher, the tolerance against the WATE (Wide Area Track
Erasure, or Wide Adjacent Track Erasure) can be improved.

Next, as Embodiments 11 through 13, soft magnetic underlayer was fabricated by a
method similar to that of Embodiment 6, except for .applying a magnetic field in the
cooling process in a single direction within the substrate plane. It was found that the
direction of the magnetization of soft magnetic underlayer was aligned in a single
direction 16 within the substrate plane, as shown in Fig. 9. The hysteresis in the easy
magnetization axis direction was measured to determine the bias field Hbias; the results
are summarized in Table 2. As Embodiments 14 through 16, track profiles and
attenuation were meésured for perpendicular rﬂagnetic recording media déposited on soft
magnetic underlayers fabricated under the same conditions. The results appear in Fig. 10

through Fig. 12.



t he substrate under the influence of the magnetic

field of the sputtering cathode. Thereafter, by
w@ejoessiongy t he conditions of the heating and tPer/JpP2006/301929

fol lowing cooling treatnent, the direction of the easy

axi s of magnetization can belZhanged. A sanples with

di fferent easy magnetjzatign axis directions were .

f abAisdnscen fiop thess egsulit, by gHaning dheseasy axis of mpagnaiieption of the soft

cooling process,, and after retrieving the sanples
mhgmetictundenagyen imthehanteen; pladeadisatign mathee than an ithmraslial slirection of

direction and the bias field Hoias in this direction
theBuBstiia St sesbssibleetpidii deChedeah d@lri thgeretitrescopding meska with an

sanpl es, the angle q nade by the easy axis of

g SR Al 4 . .
fERABRNAR, (el Tt BEL R i A gt LB bRl @M.
summari zed as Enbodi ments 1 through 5 in Table 1. Al so,
after formng a soft magnetic underl ayer prepared by
the_same fabrication nmethod as in Enbodinents 1
thrd8¥B25, a sputtering method was used to deposit 6
nmof a Pd seed |ayer (first underlayer 20 nm of an
Ru underl ayer |(second |upger| @ugl)| cdinn of g WATE
CoCr Pt - Si O2 mHgnghdial | @Gatesli NGad Ay etime afiies Belfinpgfmupn ¢ Track
protective layer. Then,sman)|ubgdcat i @) ! py@&P) df reduction | profile
o p=|

0,
norfl iuarn n Vot haoe H andlt baon it L.A(A))
CT T I OUT CTITCT v S Urg- vuoudadtl U, arTu] CITeiIT {oiice

ol
~ I
peEpeineedl ar |mtpaeEt ¢ reacdr disng [nedica Waszobt ai med. | Fig 10
ThEskodseptit o5 lwer & °pr épared as Enbodi ments 6
t hEsbgih€o-12Zr -|| bide;szane descri bed i EooTa bl 6,1 |as
CoRpbedingwris Exanpl-#% 1t hr ough Jf WATE neasurenents wele
pekmesdrRat 18 or |[Egdizpents § through 10 and_Canpar.i sovl\ Fig. 12

oot

Fig. 11

Ex arpddagnttt hr qughan. The®ndt had of &Pal pat'f onl wad as

folTOWS. T)A basic pattern was recorded at 156 kici
t hroughout the area of, 6 nm 2) The average out put
for each track was neasured over all tracks, and was

t ak%qsot, 9 setl)n%p ehv?}ast Igl%f):éll(re&) %gfﬂllel s?anllenmtettpl%dlag IE'fnlb‘rfl)lclinﬁ’etnac‘%,e other than the

10  fact that heating and magnetic field cooling were not performed, and this was taken to be
Comparison Example 5. The easy axis of magnetization of the soft magnetic underlayer
of this sample did not have a specific direction, but was substantially isotropic (random)
within the plane. WATE characteristics were evalﬁated for this sample, similar to
Embodiment 6.

15 The results of evaluations appear in Fig. 13. When the soft magnetic underlayer
does not have a magnetic anisotropy, an extremely prominent WATE phenomenon is

observed.

Table 3

20
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3) A 937 kfci signal was recorded repeatedly for

10,000 tinmes on one track in the center of the area.
W@ 200dk082988 ack profile was once agai n neasur ed, PCT@2006/301929
result was conpared with the initial state. The track
profiles obtained in this way8are shown in Fig. 3
thrnlmh Ei g S for all th? samles ex nnf@nhnrh ment
8. For all the track prilaf | Heging th@limaé [51 asé HI%WATE Track
in the profilp Mdvidr thidool ding |of im0, 0QF,t reduction |profile
relative to the initialmprobil e, W85 [cal cu @h@@m Talle

Fromthe q JQ;coLstzr [ seézl aarothat [ f thg 3S>énd‘2r%(i S o1f2

RSP A% | of-mehe | s&T t | malinetti ¢ unider'l ayef™ s

oriented to a desired direction, and still nore
preferably the bias field Hbias is 10 Qersteds or
PBigeh@Eulat Hﬁgﬁ&icefe@&ﬁﬁlgaﬁédlﬁ Stast faBri ¥IEGM S ﬁi@%&ﬁ: proa&dare as in

Erasure, de Adjacent Track Erasure) can

En{m)rd %‘36 t!r)\]? t 18 egﬁc&@ (ﬁprﬂé eiliga (Ely 4 rreo]fﬁ ﬁ’étfc grerlayer in

manelc u ayer sfabrl sim

to _that of odi nent .6, ex t for i Ng.4a.

theaBhn F?‘ﬁlolnl @EB)H that 15 i 4 ?‘ﬁ’égﬁﬁeo‘@gé%ﬁﬁéﬁ)%lﬁﬂ? as taken to be
direction within the substrate plane. It was found
CohgarisdneExtimuple 6 and the reddeandayritetdharactepistiest wergfopmpared with those
magneti ¢ underl ayer was aligned in a single direction

of 6thei mhapieticheecudiagr afediap fabiivateds i1 hBmbodimehtsg 6, 98 difie 9. The
hysteresis in the easy magneti zation axis direction

ni’éﬁ&u@iﬁ@tﬁk‘ kgl b@rf&%e%ﬁﬁid@ﬁth‘é h:%n@i'h%ﬁs Bf eAdle kﬂbl\@‘ésurhlﬁélit results for

results are summari zed in Enmbodi nent s

tﬁ é‘gur reg 6 dt \;vﬂ{;e g&’rér%efe# eérea{ﬁﬂuﬂ ferclulﬁtTa%g: WIS 15 clear from the

for perpen ar gne C recor

SRS 20 S Tt e aiecs, (B e,

10
SNR characteristic was degraded in Comparison Example 6. As is seen from this result,

Fig. 13

if the easy axis of magnetization of the soft magnetic underlayer is directed in the
substrate radial direction, the WATE characteristic is good but the read and write

characteristics, in particular the SNR, is bad.

Table 4

Tester Guzik RWA2550++A
Spin stand : S-1701B
Substrate rotation rate 4200
Test radius 2221 mm

, Freque.npy during high-frequency . 166.24 NHz

|recording (HF)
Frequency during medium-frequency
' 83.12 MH,

recording (MF) z
Frequency during low-frequency 13.85 MHz

recording (LF)
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wWOore@nes19¢8 under | ayer
rather than in the radi al

t hrough Fi g.

12. As is seen fromthese results,

by

aligning the easy axis of magnetization of the soft

It

in the sane in-plane direptT/ar2006/301929
direction of the substrate,
is possible to provide perlffendi cul ar nmagnetic

recording nedia with an excell ent WATE(W de Area Track

Téhle8ure, or Wde Adjacent Track Erasure)tol erance.

Table 2 Also, a sanple was prepared by the sanme nethod

as Enbodi nent 6, other than the factglhginefeahiodthe®NBomparison
magnetic field cooling yer@beiipenperformpd, @and hi s| examples6
Lwas—t akento-be Conpari-$on—Exanple—b—Fhe—epsy—axstof
Directjeref pageaxisoh of the soft magpetic undeysl aygr of thjs o
magpatizetion ieg) not have a specific diregtion, blt was
Bg,aygeﬁ(@g)tl ally isotropic|(randgm w thi msthe|pl ane. 23
WATE - characteristies—wete—evaluatedor—thi-$—sanpte
Reprgpqed sl PRk i nent 6] Thergmsul t ofozeval uatimns| 1117
%quﬂcyrﬁcoﬁrﬁ HREVMhenlt he soft magnet i c upderl ayel
Rep@isce ggnahapet for nagneti ¢ ani $@Lr opy Xt fenmph-y 2.945

npdimwﬁmmymmgm{mmenon i s observed.

abl ¢

R%;P&iﬁ&@ Q%rlapdﬁ{pﬁtrfomg netic

recordi ng medi a was

fabri cat ed

I8kt ndy RRoRRAFR FPEAT €AUr € as. #5Embodi net 6|t o*Hitrept 4283
i A YaEk il Tagnetization of tie sof t_jagneric
WP ﬁ%}(}sgc)l n the 0 dirgctiorf{q=0)] tHat i $, i%0 the 66
OSerwrlte ) c)in )lazggi:nl gl reecilﬂgnf s iS:a\éva(:né \M' R O Bfs 44.89
&aﬁv&f@m@mdgtgnaé@%‘rte cofrpar egy i t h { hoggg of th§7.8 255
npigey PR {(F peruMEinpies) 9B @ f abri cated|i n Enbodi nents 6,

8 and 9. The neasurenents were perfornmed under t he
congifter GRgshifg fRbEIBssAsubbR@s (eaRRMIzed @8bstife TH10-SX, diameter 2.5

inches, manufactured by Ohara Inc.), the substrate was subjected to mechanical texturing

in the circumferential direction using a diamond abrasive. The average surface roughness

Ra of the substrate after this texturing treatment was 0.30 pm.

The substrate was placed in the film deposition chamber of a DC magnetron

sputtering system (Anelvé Corp. model C-3010), and the film deposition chamber was

evacuated to a background pressure of 1x107 Pa. On this glass substrate were deposited a

91Co-5Zr-4Nb (Co content 91 at%, Zr content 5 at%, Nb content 4 at%) layer to 60 nm

as the soft magnetic layer 1, Ru to 0.8 nm, and a 91Co-5Zr-4Nb layer to 60 nm as the

soft magnetic layer 2, to form the soft magnetic underlayer. Then, this sample was

removed from the film deposition chamber, and the soft magnetié characteristics were

measured. The results are summarized in Table 6.

Table 6
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the main read and wite paraneters are sunmarized in
Table 5. As is clear fromthe neasurenent results of
waawbesd48 anong the read and wite characteri seCTIP2006/301929

par amet ers,

the SNR characteristic was degraded in

Conpari son Exanple 6. As is 86en fromthis result, if

the easy axis of nmagnetization of the soft magnetic
underl ayer is dirlecag i p the subbtr&@¥ ragi aVATE
direction) HheiyATEchar acPif fidd | pnageetigaion | pexippe |  Track
read and Write charggieristi®s) ipPiairstion| arcdidien gnRprofile
is h_ad Tabhle 4Tdbl e ’:.) After wash ng@eﬁb gl ass(%)
Lghedimenttld | QtGoyBrgl | i ged subsbg ate| TS| g SX, |di ameter| Fig 14
Embrdimgrd & < uflacturedlhy Charal lnc. ) the substriate

was subj ected to mechanical texturi ng in the
circunferential direction using a dianond abrasive.
The average surface roughness Ra of the substrate

af t B sucBéssioney talotiBagdnetiaufi@dtlayvedepdsidll dimilailh€o Embodiment 17,
substrate was placed 1n the filmdeposition chanber of

a %L%lfg?%&ﬁﬁsz&g? Itt(r?n H%{ébgit%)/rﬁﬁ 8 PAREL YV RYLOfRst Ui Elver), 20 nm

osi t1 on chanber " was evacuate

0 ackgr ound pr.essur.e o 10 Pa, [ I . .
ol § 5% PRE SR BEBHGTED &) B QD BSOS PRicrecording
1 at% Zr contept 5 at%, Nb ntent, 4 at% | ayer to_ 60
laeh, 484 SRR 1 CEEREVE IP¥RFe LOOF, aripPIBEOTBbAR, Wasrpeq to form a
91Co-5Zr-4No layer to 60 nmas the soft magnetic |ayer )
lupricatipnf layen eftrerSedro-nobyptleri © elridsthaperpendifelar maghedic recording
sanpl e was renoved fromthe film deposition chanber
madid. t he soft nmagnetic characteristics were neasured.
The results are summarized in Table 6. Table 6In

SUCQESIH OdhatRtcisE twirBIBRilifted) NSiiladlye o IBRBSHiLREt 6, for the

simlarly to Enbodi nent 17,
perpendicular magnetic recording media obtained in this way. The results appear in Fig.
14. As is seen from the figure, even when the easy axis of magnetization of the soft
magnetic underlayer is directed in the circumferential direction, when the soft magnetic
underlayer has a two-layer structure with Ru enclosed there between and if the bias field
Hbias arising from antiférromagnetic coupling is sufficiently high, excellent WATE
characteristics are obtained.

Further, perpendicular magnetic recording media was fabricated using silicon
substrates of diameter 22 mm (0.85 inches). Two substrates were placed in a sputtering
chamber and films were deposited simultaneously onto the two substrates from a single
target. At this time, the arrangement of target and substrates was as shown in Fig. 15.
Other than the substrate size and substrate-target positional, the film deposition

conditions and evaluation conditions were the same as in Embodiment 6. At this time, it

was confirmed that the easy axis 16 of magnetization of the soft magnetic underlayer,
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a sputtering nmethod was used to deposit 6 nmof a Pd
seed | ayer (first underlayer), 20 nmof a Ru base
wo 200e/0803cond under | ayer), 10 nm of a CoCr Pt - BITIE2006/301929
magnheti c recording layer, and 5 nmof a C protective
| ayer. Then, a dipping nethodlwas used to forma

lubrication | ayer of perfluoro-polyether, to obtain .

undee thednfleenge efithermagngtiediug Hose thedpiggt. regidistriyigeEin a circle sector
characteristics were evaluated, simlarly to

shiaptyocherein tthebcenterrof theeseptor freatts outsale ofdbn attistatn &g o5 shiaven in Fig.
medi a obtained in this way. The results appear in Fig.

16L& heAssil® oTemvestisAonk RE thd WATE, clRyRferiviies fdriBe 886 Ynedia samples
axi s of magnetization of the soft magnetic underl ayer

aﬁgog?lgh{ 4919, me&lh@si%w% 125 S0 shalledlifaffetdrOBftenRBR dePSsition is

magneti c under yer as a two-layer structure

th Ru.encl osed there bet n d.i he.hias field, .. .
Qe oS RHGRPS S PR, P B PR g er el pof nBE  wsf rSduction in
.sufficiently high, excellent WATE characteristics are .
ingpiteplRradugtion: Wethis gree.hnBetiome! thegHbstrates igrliyve fntpe sputtering
nmedi a was fabricated using silicon substrates of

cafhatee tupt th2 2nagnetio fighl diseivetion fiowoths wbthodetase ofvepuse different for
pl aced in a sputtering chanber and filns were

eadIshd arbsghtedbitanelaus lsimdaheousTint depositiontis pdrésnietd oHence it is
a single target. At this tine, the arrangenent of

edsfly %&ic@aféd%% iHAHRENRSN BT HBWMRy | difbH makRetifkiBRIof the soft
than the substrate size and substrate-target

L4 Ly, the fi i fign i1 . . .
oS Rk et e R p RIS flic recording media
sagfg)léqtr, otﬁg)lg%g{chgfﬁmsg\%er\g?cfep‘%%tgé Iggxp L E@%ly,gvggs Fa%&glma}:)yeﬁ within the

under | ayer, under the influence of the magnetic f] ux
plepe af thesubyratrernd et thi easy peigdisiribyion woyld also sdierent for each

shape, wherein the center of the sector |ocates
subistrated élovfeveh dt daileddar ahat $hemshe lsofinmagnedtcgunderlayer satisfies the

conditions stipulated in the claims of the invention, sufficient WATE tolerance is

obtained.
Table 7
Substrate Film . Ea§y . WI}TE
. . . Bias field. |magnetization| maximum
diameter | Material thickness o ge . .
(nm) (Oe) axis direction| reduction
(mm) o (deg) %)
Embodiment 19 22 9 C:r\]EZr- 60 25 sector shape 0
Embodiment 20 . 22 91C:I;:Zr- 60 25 sector shape 0
INDUSTRIAL APPLICABILITY

According to this invention, in magnetic recording media adopting the

perpendicular magnetic recording method, the soft magnetic underlayer (soft magnetic
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16. The results of investigations of the
WATEchar acteristics for the two nedi a sanpl es appear
WO p00sakdoes 7. VWhen using substrates of smaller PCHIENG301929
often filmdeposition is performed sinultaneously onto
a plurallty of substrates foR2the cost reduction in
ustr production. .In this case,_ the position of
uqcf%gaséeab bR A{HRCRE R IS o oA Sy 8efk rRaggcialarstte 204 Rp or Re
the magnetic field distribution fromthe cathode, are
betiveanoihe $&o doft ragaetic kaers.cae hrasfideds shesealss exiaé sagnetization of the
whi ch sinmultaneous filmdeposition is perforned. Hence
soift miagnegiaQinkdyriayek ihas padesided Biaéctione tith edsyidxist ofomagietizhgon of the
easy axis of magnetization of the soft magnetic

sofNE8EdAY @hddrhyeh %Sﬁlbm&dllyﬁlﬁﬁﬁﬁﬁﬂ iR %rdi’l%&‘ijdrpéﬂc% t radial direction
magnetic recording nedia sanples, onto which s

£ t I t
of P D&E[fegg%o@g . ugét% O[Hé B{a d‘@@%ﬁ%@ ﬁgﬁﬁe g—;@é&a‘)@’f Saﬂ'n?erromauc
trlbu%_ woul d Plso be dlffe ent fqor each
coipeg 5, RES0B of jthe easy. gy OF HRRENFHEANOP L by oft magnetic
glnetl c underl ayer satisfies the conditions

unglerlpyar 48 awde equiletocragrpaieothan HE Oesstads i(69) Adm).fsocthahthe WATE
WATE tol erance is obtained. Table 7

pHehiSTdRl #hidBHk [aGfBblenT Warficalar ¢ pgrpendittlas mapweitt feomding media
in magnetic recordi ng nedia adopti ng the perpendicul ar

caB@NEfdceivele (‘sﬁpgﬁe%dnﬁi pateulh Fﬁﬂfu%e RAgNebdlCdiameter substrates of
under | ayer (so magnet i cunderl ayer) has a structure

heas
e o S ARy iR g S eI eld SRR Rh noar the
subt eas aéls of magnetization of the soft nagnetic
AT (SR ﬁ%@ a desired direction; the easy axis of
magneti zation of the soft magnetic underl ayer is
substantially distributed in a direction except radia
direction
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of the nonmagnetic substrate, and, the bias magnetic
field Hoias of antiferromatic coupling in the

walreoensi9esr of the easy axis of magnetizati on OPCT/NE2006/301929

soft magnetic underl ayer is nade equal to or greater
than 10 Cersteds (790 A/n), €3 that the WATE
phenonmenon which is a problemparticular to

per pendi cul ar magnetic r ecorail nmedi a can be
effectively suppressed. In particular, upon use with
1. s med\ peiendietler neghsticratozdingfmetiiaeomgprisi’g nm or | ess,
difficulty in controlling the magnetic field
diasdisd-$Habb®Romaagnetibeutstthel rat e i s suppressed. CLAI MB
1. Aperpendi cul ar magnetic recordi ng nedia, conprising

3%&9@%@9@ ﬁn&ﬂﬁ}&%ﬁ% it URSHEPE AN SRS $ubBBER EddnSprised of

erl on the"di sc-shaped nhonnagneti c substrate,

conprj.sed. of | east .t wo t magnetic layers and a
| ayeft 18?39%0 8‘% ﬁgggeg%cv@éeﬁss 4d two soft magnetic

| ayers, and_a perpendi cul ar magpetic recordin ayer;
wher fayer g B&éﬁegﬂv@%ﬁmﬁﬁyﬁégﬁmgnsﬂc “Sai gn‘io%/t
magneti c underlayer has a desired direction, and is

s uyserpendicalldrymagingtie repondéng lagiera directi on except a
radi al direction of the nonmagnetic substrate, and a
wbhegs,magnetic field of the antiferromagnetic coupling
in the direction of the easy axis of magnetization of

2 ?dngeragg %}El? @%@h&t@zaﬁ&gﬁf dad¥ S6ft hiagh&licQRIASH S hay @ dedielildirection,
and is substantially distributed in a direction except a radial direction of the nonmagnetic
substrate, and

a bias magnetic field of the antiferromagnetic coupling in the direction of the easy
axis of magnetization of said soft magnetic underlayer is 10 Oersteds (790 A/m) or
greater.

2. A perpendicular magnetic recording media according to Claim 1, wherein said easy
axis makes an angle 0 with the radial direction of said nonmagnetic substrate, and

a percentage of an area of a portion in which 5° <0 < 90° to an area of the entire soft
magnetic underlayer is 90% or greater.

3.  Aperpendicular magnetic recording media according to Claim 2, wherein

said percentage of an area of a portion in which 5° <6 < 85° to an area of the entire soft

magnetic underlayer is 95% or greater.

4.  Aperpendicular magnetic recording media according to Claim 2, wherein said easy
axis of magnetization is distributed in parallel in the same direction.
5.  Aperpendicular magnetic recording media according to Claim 2, wherein said easy

axis of magnetization is distributed in a spiral shape, and in a direction from a center
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2. A perpendi cul ar magnetic recordi ng nedi a accordi ng
to Cdaiml, wherein said easy axis nakes an angle q

waowrdok/os2ees radi al direction of said nonmagneti CPCT/JP2006/301929
substrate, and a percentage of an area of a portion in
which 5 < g <90 to an area @# the entire sof t
magneti c, underl ayer i.s 9Q0% or greater

POHER fom eireumisrentalpration of @@WW@HW&PBSt%or ding to
Claim 2, wherein said percentage of an area of a

6.por tA oarpendighlac magnetiq) reco8ding onetha ac@ading toh@lagnt2, méherein said
soft magnetic underlayer is 95% or greater. 4. A

e3¢ RBIGH Magtizakane [digribeied gl h grcltedt@r 83hqRr dwhdeihahe center of
Claim?2, wherein said easy axis of magnetization is

th@i kdok QHéa%js hBarPAE %nlcﬁ{nfélgnttlahg[l)o?rﬁ@i? oflithe %hbﬁf&te or out81de of the

Aper pendl cul ar magneti c recor ng nmedi a accord Ing t

su?s@%ts. s LREL 0 ef R R0 i et ."Qn' ?r om
ﬁoﬁﬁa%w&& iy fn?agpet% %e"c%%%ée”t 5?34@9{%%@' ?FQ iy Q wherein said

recordi ng nmedia according to Claim2, wherein said
nesurAgnEl¢ substratgdypieglassariodgilicendi stributed in a circle
sector shape , wherein the center of the sector
81 ocat Apensadidulze ntagneticrfredoeding ahedio ntdonding fto tClaim 1, wherein the
substrate or outside of the substrate other than at

totdl efile MhedknBsY toff AP fsobtN enabubed Naye®s constftuting said soft magnetic
per pendi cul ar magnetic recording nedia according to

u:geﬁh régr,z%\'?ﬁ{su et 4, r]@gqﬁggpfegé: substrate is of

as con perpendlcular nagnetlc

o1 o0 o1 Al 30066 "ot g piodh ResobiRk S LT 1, wherein the

constituting said _soft magnetic underlayer is 20 run
digmeter ehsaid ngpmagnetic swhshiate is 26 mm or less.

10. A method of manufacturing a perpendicular magnetic recording media
comprised of a disc-shaped nonmagnetic substrate, a soft magnetic underlayer on a
disc-shaped nonmagnetic substrate having

at least two soft magnetic layers and
a layer of Ru or Re between said two soft magnetic layers, and
a perpendicular magnetic recording layer; comprising
step I of deposition of said soft magnetic underlayef, and
step II after step I of aligning the easy axis of magnetization of said soft
magnetic underlayer in one direction across said nonmagnetic substrate, by cooling
said n(;nma;gnetic sqbstrafe ﬁom the heated state while‘in a state in which a magnetic
field is applied in one direction.
11. A method of manufacturing a perpendicular magnetic recording media

comprised of a disc-shaped nonmagnetic substrate, a soft magnetic underlayer on a



9. A perpendi cul ar magnetic recordi ng nedi a accordi ng

to Cdaiml, wherein the dianeter of said nonmagnetic
wGeuvsosate is 26 mMmor |ess. 10. A nethod of PCT/JP2006/301929

manuf act uri ng a perpendi cul ar magnetic recordi ng nedi a

conpri sed of a disc-shaped nddmagnetic substrate, a

soft magnetic underlayer on a di sc-shaped nonmagnetic
disgishanedinonmagnaig sabstrdabavibg o soft nagnetic | ayers and

a layer of Ru or Re between said two soft magnetic

| ayer sat leastitveo spdt pegutiticUbyars amignet i ¢ ‘recor di ng | ayer;

conprising step | of deposition of said soft magnetic

under | ayer of oSk € PethlecAkii tws b&P nlaghéticlay@s] Nghd he
easy axis of magnetization of said soft nmagnetic

; ' ' trhQ. a @ﬁ% i d nonmagnetic
a?gﬁgﬂ}lg%ﬂg? n{ggnéglggfﬁﬁgﬁgé?%?’noﬁ gnélf?c substrate from
5 thte h&aaﬁed sfate whi.l eqin atstfate fnd\héﬁh a n tilc .
# P8P 9T PESURR MESASY s RF miePeiap g of ¢ SHT megRgly tyietldyer in one
manuf act uri nfg a perpendi cul ar magnetic recordjng nedja
dpechon aggsoel &
soft magnetic underlayer on adi sc-shaped nonmagnetic
usddsbyerawhilhia stafe dn whichst magwstis dietd ivagplked in dngyeegiamd
a layer of Ru or Re between said two soft magnetic

aid; seumBRgIsHE Ok Myt Aepasiiigy phald spft magnetic

12 ayer $he amethad peff pedamifatlriiig B gapendicilac andgmetc | @yeding media

conprising a step of aligning the easy axis of

alTROMAL 118 atlhial 1 0f whédeth $48 lealPEAS Of GnaTHRAFARMEST daltl 96¥8 magnetic
di rection across of said nonmagneti c substrate by

10 ug&g&%} f.soaﬁ]igﬁéd whgaﬁggf a Bﬁ)%gsestdf%eating after film deposition followed by

cooling in a magnetic field directed in one direction.

13. A perpendicular magnetic recording media manufactured using the method of

Claim 10 .

14. A perpendicular magnetic recording media manufactured using the method of

15 Claim11.
15. A magnetic recording and reproducing apparatus, comprising

the perpendicular magnetic recording media according to Claim 1, and

a magnetic head to record information onto and reproduce information from said

perpendicular magnetic recording media.
20 16. A magnetic recording and reproducing apparatus, comprising

the perpendicular magnetic recording media according to Claim 13, and

a magnetic head to record information onto and reproduce information from said

perpendicular magnetic recording media.
17. A magnetic recording and reproducing apparatus, comprising

25 the perpendicular magnetic recording media according to Claim 14, and



underl ayer while in a state in which a magnetic field
is applied in one direction. 12. The nethod of
wOorRevaNsaoltIir i ng a per pendi cul ar magneti ¢ recor dP@LJrOek/301929
according to Claim1ll, wherein said easy axis of
magneti zati on of said soft m@gnetic underl ayer is
al i gned by _neans of a _process of heating after_film
depowqgaﬁl@f bradgqeacasd 1%%61&?&9@1 QIfo énilrﬁ@%‘i Yeg infogpgtion from said
directed in one direction. 13. A perpendicul ar
perpgmditila magretidirengrdivginedimnuf act ured usi ng the net hod
of aim10 . 14. A perpendicul ar nagnetic recording
nmedi a manuf actured using the nethod of Caimi1l . 15.
A magnetic recordi ng and reproduci ng appar at us,
conprising the perpendi cul ar magnetic recordi ng nedi a
according to Caiml, and a nagnetic head to record
i nformati on onto and reproduce information from said
per pendi cul ar magnetic recording nedia. 16. A magnetic
recordi ng and reproduci ng apparatus, conprising the
per pendi cul ar magneti c recordi ng nedia according to
Claim 13, and a nagnetic head to record informtion
onto and reproduce information from said perpendi cul ar
magnetic recording nedia. 17. A magnetic recordi ng and
reproduci ng apparatus, conprising the perpendicul ar
magneti ¢ recordi ng media according to Caim 14, anda
magnetic head to record information onto and reproduce
i nformati on from sai d perpendi cul ar magnetic recording
medi a.



