111111111111111112112111111111 *159159* DESCRI PTI ON MAGNETI C RECORDI NG
MEDI UM MANUFACTURI NG METHOD THERECF, AND MAGNETI C RECORDI NG REPROBUCI NG

DEVI CE 5 TECHNI CAL FI ELD [ 0001] The present invention
magneti c recordi ng medi um and a manuf acj uring net hod thereojmmmmwmmMM@mE
magneti c recordi ng/ reproduci ng device. 10Priority is clainmed on Japa

Pat ent Application No. 2008-306655, filed Decenber 1, 2008, the'Pdrtent of
which is incorporated herein by rdPBPEREETIOMMCKGROUND ART [0002] 15The
recording densities of hard disk devices (HDD), which represent one type of
magneti c recording/ reproduci ng device, are currently increasing at a rate
of 50% or nore every year, and it is said that this tendency is |likely to

conti nue. ACAGNITNICIRECORPINEWIEDIURN M ANUBOOEURINGEVETHOD! THEREDSE, C

recording nedia suitable for these high recording densities also continues
to progress. 20[00 Pﬁﬁﬁéﬁﬁﬂﬁ ' Z$EF§ i FRg nmedi a
installed within nos %%#ﬁercial y %ggpﬁg' e nggﬁgﬁyg?ggggpging/reproducing
devi ce_are so-call ed perpendi cul ar magnetic recording nedia in which the
axis of easy magnetization within the magnetic filmis mainly oriented
-perpendi cularly. In these magnetic recordi ng nedia, even when the
25recording density is increasedTE@HEHQﬁ@égﬁié} the demagnetizing field at
t he boundary

[0001]
.The present invention relates to a magnetic recording medium and a
manufacturing method thereof, and to a magnetic recording/reproducing device.
10 Priority is claimed on Japanese Patent Application No. 2008-306655, filed

December 1, 2008, the content of which is incorporated herein by reference.

BACKGROUND ART

[0002]

15 The recording densities of hard disk devices (HDD), which represent one type of
mé.gnetic recording/reproducing device, are currently increasing at a rate of 50% or more
every year, and it is said that this tendency is likely to continue. Accordingly, the
development of magnetic heads and magnetic recording media suitable for these high
recording densities also continues to progress.

20 [0003]

Currently, the magnetic recording media installed within most commercially
available magnetic recording/reproducing device are so-called perpendicular magnetic
recording media in which the axis of easy magnetization within the magnetic film is
mainly oriented perpendicularly. In these magnetic recording media, even when the |

25  recording density is increased, the effect of the demagnetizing field at the boundary

IRERERG

*G00002*




11111%¥111E11111121111111111E11111111 *@G00002* 2 regi on between recordi ng
bits is small, nmeaning a clear bit boundary is fornmed, and therefore any

i ncrease in the noise can be suppressed. Mreover, the reduction in the .
recording bit volune acconpanying the igcrease in recording density can be
kept to a mninum neaning the nmediumi$ also resistant to the heat
fluctuation effect. As a result, these magnetic recording nmedi a have been

t he' f ocus region befeeerregbtdingbitssin smel, mpanieg @ pleas kihbeundarydis dermeds erdict ur es
have been proposed for nedia that are suitable for perpendicul ar magnetic

r ecor di ngthefréfofdnyfinerearerin themaisedmn becuppriesssl.y Mieemved $hé meduetv@aninithgher
recording densities wthin 10 nagnetic recordi ng nedia, the use of

si ngl e- pok&ohHAg Bit Woluede £%biBhdyiSX fRlih@elseWh kdcbRfing daalty chi beRept®o a

per pendi cul ar nagnetic layers i's also being investigated. In order to

enabl e thg; ,f mEQErZ%BthEXIP fis ﬁ%@%s&’ca?l?g)emg‘ﬁggsﬂucﬁﬂﬁgﬁlehg&. t _JCQME r
magneti c recordi’ng nmedia have been proposed, I n which, by providing a soft
magnet.Lc under| ayer conposed of . a soft tmgnetic materjal between th

per pendi ¢ Q1T TRREFIS R mpdRedin b e ROREUSES cpp iR ateRtoh B PSR, and
the non-magnetic substrate, the_efficiency of the novenent of magnetic fl ux
bet ween t FEATS; 3G TBAYTIRICRESS AN A QeI ORRRFHLPY @ecﬁléé}&t grey ARt i s i nproved.
[0005] In other words, in this type of two-layer magnetic recordi ng nedi um
t he m rr opedendivelgemegiaictreadrdinge soft nmgnetic underl ayer has the function
of strengthening the recording magnetic field fromthe main magnetic pole
of the magneti ¢ooegor di ng head, thereby spatially concentrating the
recording magnetic field and increasing the gradient of the recording

magnetic fiel dpr 808 orddr to satisfy demands for even higher recording densities within

10 magnetic recording media, the use of single-pole heads which exhibit excellent writing
capabilities to perpendicular magnetic layers is also being investigated. In order to
enable the use of these types-of single-pole heads, so-called two-layer magnetic recording -
media have been proposed, in which, by providing a soft magnetic underlayer composed
of a soft magnetic material between the perpendicular magnetic layer that functions as

15  the recording layer and the ﬁon-magnetic substrate, fhe efficiency of the movement of
magnetic flux between the single-pole head and the rhagnetic recording medium is
improved.

[0005]
In other words, in this type of two-layer magnetic recording medium, the mirror

20  image effect of the soft magnetic underlayer has the function of strengthening the
recording magnetic field from the main magnetic pole of the magnetic recording head,
thereby spatially concentrating the recording magnetic field and increasing the gradient
of the recording magnetic field. |

[0006]



However, sinply using a magnetic recording nmediumin which a soft nagnetic
under | ayer has been provi ded does not yield entirely satisfactory
properties in terns of the recording and reproduction properties during
recordi ng and reproduction, the resistance to heat fluctuation and the
recording resolution, and a magnetic re%ording 5medi um t hat exhibits
excellent |levels of these properties is still sought. [0007] For
exanpl e, Pat enfHoDeyvensinmply uding elnagastiareserdiemuicdiuimin wikigne soft magoasicdi ng
medi umin which a backing nagnetic |ayer is provided on a non-magnetic

subst r at e undéithyar Rerbeen giosidedrdosngatafidld ehiitely Qiticfadtopy plopertiey & fetihs of ant
filmare then provided on the 10 backi ng nagnetic | ayer, wherein by

mare then prov the 10 backi ng . erei n .

i om ¢ Py Sot ol R EraR S RE RIS ofd [ cupEted, Jronet ! ©
d fr ' h duci head, ..and t.h ' . h

Gt ot v ¢ i g tAh 8] B Py B b B oo AR el Ve

enabling a perpendicul ar magnetic recording nediumw th | ow noi se

char ac? er madiwn thay eglubiipexcelien levels| (fdlrsE PEORSTPRS S Stﬁﬁnﬁ%bt- Document 2

di scl oses that by form ng the soft magnetic layer froma plurality of

| ayers and proWW#7hg a separating | ayer between each of the soft magnetic
| ayers, the magnetic perneability of the soft nagnetic |ayer can be
enhanced, and FoeexaaieParayDecumert ledisclbsesm pefendivglae tiagedtictreeordinigi on
region of the magnetic 20 recording | ayer and the magnetic field fromthe

magneti ¢ head i awARhG BARInk MA2nbiela$& ik pFRINGL difa héPhagndideuBdateaad! | ng

stabilization of the nmagnetization recorded within the magnetic recording

| ayer and f ' ;pg;' f L L LGkl romthe
magneti c ﬁggép.%nﬁlﬁg%gﬁagﬁﬂ@(ﬁl gﬁo%ggﬁn@\g{c% fgl?lsag?g{ségtsphgvugégﬂﬂr}r%gnet iC
all oy jn ich Fe:Co. = 65:35, and al.so disclas the.additigqn of Ta to this
al | og.leI %WE%GPCSIMT rﬁfﬁy qrbqﬁlﬁjlca?lsy coupling {[iletbaaqng magnetic

layer, leaked magnetic flux emitted from the domain walls of the backing magnetic layer

is prevented from entering the reproducing head, and the domain walls that exist within
the backing magnetic layer are fixed to prevent eésy movement, enabling a perpendicular
magnetic recording medium with low noise characteristics to be obtained.
15 [0008]
_ Further, Patent Document 2 discloses that by forming the soft magnetic layer
- from a plurality of la}?ers and providing a separating layer between each of the soft |
magnetic layers, the magnetic permeability of the soft magnetic layer can be enhanced,
and the leaked magnetic field from the magnetized transition region of the magnetic
20  recording léyer and the magnetic field from the magnetic head can be drawn into the soft
magnetic layer, thereby enabling stabilization of the magnetization recorded within the
magnetic recording layer and more effective extraction of the writing magnetic field from
the magnetic head.

[0009]



[*Pat ent Docunent 1] Japanese Unexam ned Patent Application, First
Publ i cati on No. 2001-331920 [Patent Docunent 2] l10Japanese Unexam ned

Pat ent Application, First Publication No. 2001-250223 [Patent Docunent 3]
Japanese Unexam ned Patent Application, First Publication No. 2008-135137
DI SCLOSURE OF | NVENTI ON 15PROBLEMS TO B# SOLVED BY THE | NVENTI ON [ 0011]

In a magnetic recordi ng/reproduci ng device using the type of perpendicul ar

magneti c recor Gakgt Doclinient datisolosesd safd avgneticalloyde which Ps:€vends:3 akéd
magnetic flux emtted fromthe domain walls of the soft magnetic underl ayer .

from ent enjpQidcNRedRe88HiBH ¢ TA% NEdslloyand fix the domain walls that exist
wi thin the soft magnetic underl ayer to prevent easy novenent, thereby

produci ng | ow noi se characteristics, the soft magnetic underlayer is
preferably conposed of a plurality of |ayers, and each of these |ayers is

preferably antiferromagnetically ¢ I inafter abbreviated as AFC).
[0012] 5 On the ot her hand, &ﬁpﬁﬁﬁé\{}j&sdraw the | eaked nagnetic

field fromthe magneti zed transition region of the magnetic recording.|ayer
and t h& nagneﬂHAé%Nﬁ&W?GEhﬂﬂﬁESnagnetic head into the soft nmagnetic |ayer
t hereby enabling stabilization of the magnetization recorded within the
magneti c recor Jooid]l ayer and nore effective 5 extraction of the witing
magnetic field fromthe magnetic head, the magnetic perneability of the
soft magneti c ypgesd By@imest'$f be enhanced. [0013] The conditions for
perform ng AFC of the soft nagnetic underlayer and the conditions for

enhancing the rRgpetd GnhGhRaAPbAt A RHickith, PR PUBRGRARI 160 WieI3aysy do
[Patent Document 2]
10 Japanese Unexamined Patent Application, First Publication No. 2001-250223 -

[Patent Document 3]

Japanese Unexamined Patent Application, First Publication No. 2008-135137

DISCLOSURE OF INVENTION
15 PROBLEMS TO BE SOLVED BY THE INVENTION

[0011]

Ina magnefic recording/reproducing device using the type of perpendicular
magnetic recording medium described above, in order to prevent leaked magnetic flux
emitted from the domain walls of the soft magnetic underlayer from entering the

20  reproducing head, and fix the domain walls that exist within the soft magnetic underlayer
to prevent easy movement, thereby producing low noise characteristics, the soft magnetic
underlayer is preferably composed of a plurality of layers, and each of these layers is
preferably antiferromagnetically coupled (hereinafter abbreviated as AFC).

[0012]



10 not* necessarily coincide. For exanple, in the structure disclosed in
Pat ent Docunent 2, the magnetic perneability is enhanced by formng the
soft magnetic underlayer froma plurality of |layers, but this structure
does not necessarily mean that the nmultilayer soft magnetic underl ayer has
under gone AFC. [0014] 15The present invéntion has been devel oped in |ight
of the current circunstances descri bed above, and has an object of

provi di ng a nad@hetheothes hand]imgrdeet drawtthaleaked magrehit dietf frormahe zi ng bot h
hi gh magnetic perneability and antiferromagnetic coupling for a soft
magnet i ¢ wRdekliAdaransiolRéo8 ohe MRBHERClUbdE 1hE AN aRehhEnelit FRITrod

medi um and a magneti c recordi ng/ reproduci ng device that is equi pped with

this t t i redi . LEMS
[0015] " Phdft EBEAR el o HERORARATRY M NEN ol B bt P50 (1)
A ti I ium..ncl udi .at | t - [ bstr at
whioh s PRGN Se BT TR S B TR Ere e EH B ee RS r onmonet | ¢
coupling of a plurality of soft magnetic l|ayers, and a perpendi cul ar

nmagnet Pc leafrestionsd thweiting magesticdiedd freastiic magheitq bogdi a magnelis ent ed mainl y

perpendi cularly to the non-magnetic substrate, 5 wherein t he soft
magnet i ¢ Ipayesabdilityof diersoRanagetic destayeranust boeploaneed., Co as a second nain
conponent, and al so contain Ta, and the soft magnetic underlayer is

anti ferromagnet[pged]l y coupl ed using the second peak or a subsequently
appearing peak of the antiferromagnetic coupling force, which 10 changes

according to t*’i%e%%h&i'ﬁﬂ%ﬁ;r?ferf@mﬁﬁ@m &ﬁ}i@éoéﬁﬁgi{\étf‘chﬁféeﬁﬁe%@ﬂ{ehe
plurality of soft magnetic layers, and the nmagnetic perneability of the

soft magneti ¢..under | [ hah.. |- . gnetic
recordi "ng%ﬂ’écgluﬁ?ﬁ %5 S@aglf}?&%%&%q‘l)‘eﬁgg’gé%%%mgg%ﬁ StO#eIgés%’fe Pc %ﬁa%eﬁlg ?rc ayers
contain a Fe:Co ra,&i o.(atom.c ratio). wwthin a range fro%60:40 to 70: 30,
15and 181 s #oEBTesieRI itgide g ofespmply, rthe structyrg)disefpsed ipyhatent DIUEGRHEng

medi um according to (1) or (2) above, wherein the soft magnetic underl| ayer

i s anti f etheomagresicineaneapilits iptrdancedihyformingdbe spftmagnasigrinderlayeniromsa t he
antiferromagnetic coupling force. (4) A nethod of manufacturing a magnetic
r ecor di ng pherdiityrofilayely dundisatruttasesdoea not necessarily mean that the multilayer soft

magnetic underlayer has undergone AFC.
[0014]

15 The present invention has been developed in light of the current circumstances
described above, and has an obj ect of providing a magnetic recording medium that is
capable of 'realizing both high magnetic permeability and antiferromagnetic coupling for
a soft mégnetic underlayer, a method of manufacturing the magnetic recording medium,
and a magnetic recording/reproducing device that is equipped with this type of magnetic

20  recording medium.

MEANS TO SOLVE THE PROBLEMS
[0015]

The present invention includes the aspects described below.



20 non-magnetic substrate on which is lam nated a soft nmagnetic underl ayer
formed by antiferromagnetic coupling of a plurality of soft magnetic |ayers
and a perpendi cul ar magnetic layer for which the axis of easy nagnetization
is oriented mainly perpendicularly to the non-magnetic substrate, the

met hod i ncl udi ng: form ng thefsof t magnetic |ayers cont ai ni ng Fe
as a first main conponent and Co 25 as a second main conponent, and al so
cont ai ni nd1)ra, A vhagnetic feoordinggnediemsndludingghlesste nonedragnatie sulisyraqgemf orm ng
antiferromagnetic coupling using the second peak or a subsequently

appear i ng witeikisdiminaedandoifif reignetia gnédrlagyecfompbd by afittfefomapddticlivoaplinposta
according to the thickness of a spacer |ayer sandw ched between the

plurali tyr}g&aﬁ%&fsﬁﬁ fa l@r atoé%qlgess tibﬁfi‘na%%ﬂc LHeYet %é&ﬂﬁ@!&@%?r

with ab Cc per an1,000"H m an

appl yi ng a,neg %e;( t? nai§ one}l dma%’ﬂg%?% d1cy?kraprl¥ré e bdn- z§8’euc Ll

€as
non- nagnet’ ol S RRESES A, gnet ¢ nearest to the
per pendi cul ar .magnetic | ayer by sputtering. (5)A nagnetic
recor dPng/W¥PBduci ng devi ce,. containing the magnetic recording 10 medi um
according to any one of (1) to (3) above, or a magnetic recording nmedium
manuf act ur ed byhe seit megnsig laxesoeantain Fe @s p firstawaiy eomperent, Co asa seagibt i ¢ head
that performs recording and reproduction of information to and fromthe
magnet i ¢ meaincompgnemedind aiso tohfairE(d, a0F THE | NVENTI ON [ 0016] As
descri bed above, the present invention enables both a high nmagnetic

perneability ange élﬂiinﬁ@ﬁdti@fiﬁﬁé‘t@iy'eﬁ1s%ﬁ%dd?ﬁhgh@t1&ﬂy%ﬂplé& ﬁﬁn RHe debshdsof t
magneti ¢ underl ayer, and therefore | eaked nagnetic fl'ux emtted fromthe

d

entor i ng. (g e leditblty 2 aRAR Bl OO SR @K o e SRR AT e
ft d d.t t t . I

ol se IBnarhutess ?lg%@g%?%&%é%a%é%? REASPAREF FREr o R DR g RLER Pl

fromthe magneti zed transition region of the perpendicul ar magnetic Ia er

and the magReragaets Byerss andihe magnelisRormeaty %{d)fébeeso(ﬂfrraweélﬁaméfrr;ayphe@% he

soft magnetic 25l ayer, thereby enabling stabilization of the magnetization
recorded Wssiian 1,6@0 Hin.

(2)  The magnetic recording medium according to (1) above, wherein the soft
magnetic layers contain a Fe:Co ratio (atomic ratio) w1thm a range from 60:40 to 70:30,
15  and also contain 13 to 16 atomic% of Ta.
(3)  The magnetic recording medium according to (1) or (2) abeve, wherein the soft
magnetic underlayer is antiferr_omagnetilcally coupled using the second appearing peak of
the antiferromagnetic coupling force. |
4 A method of manufacturing a magnetic recording medium including at .least a
20 xio_n-rnagnetic substrate on which is laminated a soft magnetic underlayer formed by
-antiferromagnetic coupling of a plurality of soft magnetic layers and a perpendicular
magnetic layer for which the axis of easy magnetization is oriented ;nahﬂy
perpendicularly to the non-rnaghetic substrate, the method including:
forming the soft magnetic layers containing Fe as a first main component and Co

25  asasecond main component, and also containing Ta,



per pendi cul ar magnetic Iayer'and nore effective extraction of the witing
magnetic field fromthe nagnetic head. BRI EF DESCRI PTI ON OF THE DRAW NGS

5[ 0017] FIG 1 is a characteristics diagramillustrating the
rel ati onship between the thickness of a_Ru |ayer of the soft nagnetic
under | ayer and the AFC force. FIG 2 is a cross-sectional view

illustrating on exanple of a magnetic recordi ng nmedi um according to the
present i nvent ifomming 0l sGft Bagnstia undarkgerskyparfomuingAntiferrdragoetiacoupdingn
enl argenment of the lam nated structure of a magnetic |ayer and a

non- magnetuksigig tigy®kond peak orfalsGbsefuérfilyippedriipasdak b€ thel a@uferloiaghétdl i ng one
exanpl e of a magnetic recording/reproduci ng devi ce. 15EMBODI MENTS FOR

CARRYI NG €[5 Evofaé',\/%g{&%%g %@Jordm%to thPehiRkn s oﬁ@%a"céﬂﬁ&é?@%&ﬁcﬁ&?

magneti c recordi ng medi um t manuf act uri ng net hod 't hereof and the

magneti c recordingl,reproduci-ng devi ce accor.di.ng te the present invention
v e or eceREtreD ARl RO Sl aelt PR eRh B AR 28 Bl EREA AT Doeo
in the follow ng descri.ptions, in order to facilitate conprehension of the
features G?agPﬁtéCWéﬂilgi?ﬁf@ﬁiqsﬁa%mtlwgéﬂﬁb@wons of the drawings that
illustrate particular features may be enlarged for the sake of convenience,
and t heref or e eRplygRRrgRByRbias m%@sa rnge fram 115Q &0 18P Wetorthe nen-magnetiss
structural elenents may not necessarily be the sane as those found in the
actual st sulsstratecshenolfilibShe sdft magneticASyed ne@8stltd tief perpenditalay enagnstikst i gat i on
ai mred at achieving the object described above, the inventors -of the present
i nventi ongiesBPY¥MitRAnghat by using a specific soft magnetic naterial, and
antiferromagnetically coupling the soft nmagnetic underl ayer

(5) A magnetic recording/reproducing device, containing the magnetic recording
10 mediﬁm according to any one of (1) to (3) above, c;r a magnetic recording medium
manufactured by the method according to (4) above, and
a magnetic head that performs recording and reproduction of information to and

from the magnetic recording medium.

15 EFFECT OF THE INVENTION

[0016]

As described above, the present invention enables both a high magnetic
permeability and antiferromagnetic coupling to be achieved for the soft magnetic
underlayer, and therefore leaked magnetic flux emitted from the domain walls of the soft

20  magnetic underlayer can be prevented from entering the reproducing head, and the
domain walls that exist within the soft magnetic underlayer are fixed to prevent easy
movement, enabling low noise characteristics to be obtained. Further, the leaked
magnetic field from the magnetized transition region of the perpendicular magnetic layer
and the-magnetic field from the magnetic head are drawn sharply into the soft magnetic

25  layer, thereby enabling stabilization of the magnetization recorded within the



under ‘conditions different fromthose conditions that yield the strongest 5
antiferromagnetic coupling, a conbination of high nmagnetic perneability and
. antiferromagnetic coupling could be achieved for the soft magnetic

- under | ayer, and they were therefore able to conplete the present invention.
[ 0020] For.exanple, the results of sand&ﬁching a spacer layer formed from
Ru between 10 two soft magnetic | ayers conposed of 55Fe-30Co-15Ta and then
i nvest i gaperpgndinelar magndtisrayer pnéd storeeffedtive extraationef sheodritingemegratiefieldy er

and the AFC force of the soft magnetic layer are illustrated in FIG 1. The
55Fe- 30Co fibbl theahdgayti¢ Beadn al | oy having a Fe:Co ratio (atomic ratio) of
65:35 to which 15 atom c% of Ta has been added. [0021] 15As illustrated in
FIG 1, the AFC force of the soft magnetic |ayer varies according to the

t hi ckness of the Ru layer, and as the Ru layer thickness is gradually

i ncreased, a first peak I ! ce, a subsequent
second peak, and a thirdmgggﬂb§§¢§ﬂﬁv%ﬁﬁS%agﬁgiﬁbﬁﬁﬁ§@g¥diagran1appear.

[ 0022] _20In magpetic recording nedia, usually a soft nagnetic underlayer is
used that has Eﬂﬁgbgone AFC under conditions corresponding with the first
peak, but in the present invention, in order to enhance the magnetic
perneabi | ity offlEhbissosharaetpsisties dagnameillusiyating the redationphip Between theder | ayer

t hat has undergone AFC under conditions corresponding with the second peak
or a subsdddlatess pfaRuilsyerisfithe sa3fi nfipASdc udddrlayer andshadl&BCrfofeed above, there
is no direct relationship between the AFC conditions for the soft nagnetic

| ayer and the FRgNeid Lcrb@rdEeadhdl vicw ﬂﬁasﬁh&g&ﬁxfétex%?lé&ifia%a{g%}éﬁé recbillifyd her
wor ds, strengthening the AFC of the soft nagnetic [ayer does not

BﬁfessariB%ﬁggﬁgaﬁggkgﬁ)ﬁ@q@&%ﬂgnﬁﬁggﬁabiIity'of t he soft magnetic |ayer,

in contr ni ng f the soft magnetic |ayer al so does

not necessaril nhance t he neti c.. perneabil i of the sqft. nmagnetic
layer One a reXiFts e CpHaesbre megyube el ibde siaferaens ot (R loniv gna
magneti c recording nmedia, only the achi evenent of superior AFC properties
was consi SEREHre of Ransgpctie Y PHRIdA RYNMAGRESII3¥HE t 0 enhancing the magnetic

pernmeability of the soft nagnetic | ayer.
FIG. 4 is a perspective view illustrating one example of a magnetic

recording/reproducing device.

15 EMBODIMENTS FOR CARRYING OUT THE INVENTION

[0018]

Detéiled descriptions of the magnetic recording medium, the manufacturing
method thereof and the magnetic recording/reproducing device according to the pfesent
invention aré presented below with reference to the drawings.

20 In the drawings used in the following descriptions, in order to facilitate
comprehension of the features of the present inventioh, those portions of the drawings
that illustrate particular features may be enlarged for the sake of convenience, and
therefore the dimensional ratios and the like bétween the various structural elements may
not necessarily be the same as those found in the actﬁ_al structures.

25 [0019]



10[ 0024] Accordingly, in the present invention, attention was focused
on enhancing the magnetic perneability rather than increasing the AFC of
the soft magnetic underlayer, and as a result, a magnetic recordi ng nedi um
is able to be provided which exhibits | ow noise characteristics, and which
is capable of sharply drawing the | eake® magnetic field 15 fromthe

magneti zed transition region of the nagnetic recording |ayer (the

per pendi cul ar pagnetilcof iateasiye avdstidadomamet atachieeing the ahjedt ldescnihgdet i ¢ head
into the soft nmagnetic layer. [0025] In other words, a nagnetic recording
medi um acgpdvdl 1 iheentdls oPRREent iﬂV@ﬁianﬂsc%Qer@@%a@bﬁ@ﬁhg aSpedifié Sufe
including at [east a non-nagnetic substrate on which is |amnated a soft

magneti c underl a for i i i : ality of
B R S T A
of easy magneti zat,ion ..s ori.ented mainl) r pendj cul ar | o the

non- magne Eeré’BB 1p8} @ﬁ%ﬁ@f’h&f’ﬁe‘m g’ftiimgralfﬁ&efdc&r’ﬁ 81?%’5 npl oy a
CoFeTa-based alloy that contains Fe as a first main 25 conponent, Co as a
second’ napntifeoapesrsiic coapling psombinatian of high magsetepameabiify andk ¢ 11

magneti c underlayer is antiferromagnetically coupled (AFC) using the second
peak or aastiforemagmdticycoapiieacduldibepachievel fohthe aoft nfagnets dayer, aduthéy ng
force, which changes according to the thickness of a spacer |ayer

sandwi Chedve?@ﬂié@f&etabﬁtB'cBﬁx?ldté&e@?es&@ﬁihvéfﬁﬁ)ﬂ.eti c layers, and as a result,
the magnetic perneability of the soft magnetic 5underlayer is not |ess than
1,000 Hm [00£@d 0] Further, in the present invention, an alloy
containing a F :80 ratio (atomc ratio) within a range from 60:40 to 70: 30

SEIC R T RERERLY, H4% ks B R s
por medby | 19 S0l PRGBS SIgT PBPREGSF oy L 0P BUSTF SRUER SIS EIE S ho pr esent
invention, the second apgear_i ng peak within the : ' f
relationship between the thickness of the spacer layer and the AFC force of the so
magnetic layer are illustrated in FIG. 1. The 55Fe-30Co-15Ta alloy is an alloy having a
Fe:Co ratio (atomic ratio) of 65:35 to which 15 atomic% of Té has been added.
- [0021]

15 | As illustrated in FIG. 1, the VAF C force of the soft magnetic layer varies according
to fhe tﬁickness of the Ru layer, and as the Ru layer thickness is gradually increased, a
first peak which yields the largest AFC force, a subsequent second peak, and a third peak
which is not shown in the diagram appear.

[0022]

20 In magnetic recording media, usually a soft magnetic underlayer is used that has
undergone AFC under conditions corresponding with the first peak, but in the present
invention, in order to enhaﬁce the magnetic permeability of the soft magnetic underlayer,

a soft magnetic underlayer that has undergone AFC under conditions corresponding with

the second peak or a subsequent peak is used.

25 © [0023]



antiferromagnetic coupling force is preferably used for the
antiferromagnetic coupling of 15 the soft magnetic underl ayer. This enabl es
a conbination of a high magnetic perneability and a favorable AFC force to
be achi eved. [0028] FIG 2 is an illustration of one exanple of the
magneti c recordi ng nedi um according to the present invention. 20As
illustrated in FIG 2, this nmagnetic recordi ng nmedium has a structure

containing a Nk d8aEriedd dbowelnbére & Ko dirédd ralliciRhiprietwegubn AFd donditves nat ed a
soft magnetic underlayer 2 containing two soft magnetic layers 2a that have

under gone l;fﬁx‘: fhe Wb nﬁgﬁ@@&ﬁ&elj ﬁﬁi%e %’a guetit Cﬁhh%l%'o@ ﬁlecs%ﬁtrﬁé’éneh@ﬂ%'rer 3m a

per pendi c nagnetlc ayer 4, tive layer 5, and a l.ubricant |ayer

6. 25[ 0029 cordln endi cul ar
magnet i o IR oRds 8%?%@%%@8@9@3 s SRt B e haighE R Bayer e a
m ddl e nagnetlc | ayer 4b and an. upper magnetic |ayer 4c, arranged in
sequence fRBRACERle Brgretisrperheabily of thywetl magnshe iaryse dutin conHasoweakspiRgt i c
layers 7a and 7b are di sposed between the |ower nagnetic |ayer 4a and 5 the
m ddl eSmagheAFE€ dfdyesoftimagnatic layer wise doeheotmedessazilyragaace thel mggnetic4b and t he
upper magnetic | ayer 4c respectively, yielding a |lam nated structure in

whi ch t he peagebilite off theevodt Magrietic ZayeanAs h hesuttpin-th@ gpfemiagndtimymderlaiersefd 7b
are arranged in an alternating manner. [0030] 10As the non-magnetic

subst r at & chnyiiohBiméitRb MeoRliie iedlacodigAPAH A SRLALrdFURC] &l such as

alum numor an alum numalloy may be uséd, or a non-netallic substrate

formed fr gﬂ%ﬁenn&r{vﬁe(}oﬂ dbfed o' Bhs g&%@ur t%hag :gﬂf%ﬁ 10 gxgﬁmﬁ g‘tﬁe m3fhdiEon.

silicon ¢ de“or carbon nhy use e prepared by
using a plating.nethad or s utte met hod or- the like to forman N P
| ayer or I‘Heﬁneaar%ﬂw o?gif’ iql're?ace of 15one of the above netal

substrates or non-netallic substrat es can al so be used. [0031] An

anor pRBus gl asd08#4lcrystal |ized glass or the like can be used as the gl ass
substrate, and for exanple, general-purpose soda |ine glass or
al um nosi | i cat Agbedisglyaipn thepresad inventiomettention wasfooused agedhanojsg thel i zed
glass or the |ike can be used as the
magnetic permeability rather than increasing the AFC of the soft magnetic underlayer,
and as a result, a magnetic recording medium is able to be provided which exhibits low
noise characteristics, and which is capable of sharply drawing the leaked magnetic field
15  from the magnetized transition region of the magnetic recording layer (the perpendiculai
magnetic layer) and the magnetic field from the magnetic head into the soft magnetié
layer.
[0025]
In other words, a magnetic recording medium according to the present invention
20  has a basic structure including at least a non-magnetic substrate on which is laminated a
soft magnetic underlayer formed by antiferromagnetic coupling of a plurality of soft
- magnetic layers, and a perpendicular magnetic layer for which the axis of easy
magnetization is oriented mainly perpendicularly to the non-magnetic substrate, wherein

the soft magnetic layers employ a CoFeTa-based alloy that contains Fe as a first main

25  component, Co as a second main component, and also contains Ta. Moreover, the soft



20 crystallized glass. Exanples of ceram c substrates that may be used

i ncl ude general - purpose al um num oxi de, sintered ceram cs contai ni ng
alumnumnitride or silicon nitride or the |like as the main conponent, as
well as fiber-reinforced versions of these substrates. [0032] 13 The
average surface roughness (Ra) of the nldn-magnetic substrate 1 is typically
not nore than 2 nm (20 A), and preferably not nore than 1 nm in terns of
pr oduci ng nmgnetigeidedayeraoantifagomeghietinaliyhatuples (SHQG)aising thosecandpepkatriac head
having a low flying height. Further, the m crowaviness (Va) of the surface
i s typi cakhbseg@intifibedring ek Bfmaﬁnﬁfeh@ﬂﬁgﬁéﬂ@coﬂbﬁﬁ%fowé,m@clﬁ&aﬂ sor | ess)

in ternms of producing a magnetic recording nediumthat is suitable for a

magnet | o BEARgYs B8 fick s by LBRePGL B CHREISLIREF e BBy despRSt rate

whi ch at |east dne of t ortrons of 't the side
surfaces have an average surface roughnpess ). of ~not re than 10 nm (and
pr ef er abl {Pa&‘%“%‘/ g7 arngsag)arpgﬁtpﬁlgfrg?gglﬁﬁ%p?rﬁge?g%lﬁ%o eégﬁ[)%flﬁ& favorabl e
flying_ stability for 10 the nmagnetic head. The m crowavi ness (Wa) can be
measur&d, upderlaygnismoblesyhand.090d{rr ace roughness profiler P-12
(manufactured by KLM Tencor Corporation), and is neasured as the average
surface roughndéé®6dcross a measurenent range of 80 [0033] Further, because
t he non-nmagnetic substrate 1 contacts the soft nmagnetic 15 underl ayer 2

t hat- cont ai ns CGartherdinFihe peesemiinventiohameiloy cohtathigd h Feil rafio Gisaichradopas or
noi sture at the substrate surface, or diffusion of the substrate conponents

may cause vy #74n@8 flogh 65:40%0 70:50 SAE RS BGRBinirdM PRNSNRichPYEra isS
preferably provided the noenmagnetic substrate 1 and the soft magnetic

nder | aye i f v [ ' ] t vpes of
gor r osi gn%&%%@&ﬂ%@r%%‘th%ﬁ%g% %%SJ;@ %%éﬁ}{r‘%{ @P Vﬁa]%r&ﬁza&eig%‘g@%%ﬁdhesi ve
| ayer be sel.ected_.appropriately from apon .. O .alloys, Ti and Ti
o oy Lo O RESHiG @ SoR ARARA R G RFSEle) 5102 oG OREIVIRG: 1 SOmpares ALl BRS¢ at

least 2 nm (30 A). [0034] As described above, the soft magnetic underl ayer
2 cont ai npereeahity withrasfavergbls AFC force.

[0027]
Furthermore, in the present invention, the second appearing peak within the
antiferromagnetic coupling force is preferably used for fhe antiferromagnetic coupling of

15  the soft magnetic underlayer. This enables a combination of a high magnetic
permeability and a favorable AFC force to be achieved.

[0028]
FIG. 2 is an illustration of one example of the magnétic recording medium
according to the present invention.

20 As illustrated in FIG. 2, this magnetic recording medium has a structure
containing a non-magnetic substrate 1 on which are sequentially laminated a soft
magnetic underlayer 2 containing two soft magnetic layers 2a that have undergone AFC
via a spacer layer 2b, an orientation control layer 3, a perpendicular magnetic layer 4, a
protective layer 5, and a lubricant layer 6.

25 [0029]



conponent, Co as a second main conponent, and al so contains Ta. Further,
the soft 25 magnetic underlayer 2 is antiferromagnetically coupled using
the second peak or a 14 subsequently appearing peak of the :
antiferromagnetic coupling force, which varies according to the thickness
of the spacer layer 2b sandwi ched betwekh the plurality of soft magnetic

| ayers 2a. Moreover, the magnetic perneability of the soft magnetic

under |l ayer 2 i $nhiefmapgadicyrecmatiingasaditthathe pefpefiditiilay mapukticdayapdeoptagfser abl y
within a range from 1,000 5 to 3,000 Hm [0035] As the soft magnetic
layers 2au@be ldyersSRirhelyRABRE BasReieNdyRY 84, admiddhembisRtiollay@R48hh®¥n GpeEai ni ng
a Fe: Co (aton‘iég&; atio ?va thin %&?ang% from 60: 40 ?% 70:}%0 and al s%m

contai nin : t ol 0 ' fer -

antiferr o?fna ng{lé)lg}%o‘ﬁcp I'n 85 (S)%fhte hc} @%‘?ttﬁn%g%%ﬁ éﬁg "n&)ﬁ eaﬁgir1 g@%srubﬁtr?tg L
preferably perforned.using.the cond a rin egk of the..

antiferr oﬁﬁ@ﬂ%‘?’ﬂag@ fo'Ry ¥ 7?8?%2. af%‘g%igg‘fﬁetﬁ’ﬁg‘? ﬁ'\egﬂw?romf‘%nﬁ&yeb%a%dd Ta,
the material for the soft magnetic underlayer 2 may al so include not nore
than 16 atammisHomsgrriicdsyaidbeand hehwueansihe Alddle mRCRRbmaYe “rAsddhe upRer Nb, O
and Mo and the like. These added el enents nmay be added as appropriate for

t he pur posmgottid layetder respestivady ngelding atagimtédcstpeture dbwhich phehagregic s of t
magneti ¢ underlayer 2. [0037] The coercive force He of the soft nagnetic

under | ayelayérd 4a o400 A YorRhghdicdayds Tham 1ie(Bahgddindnatieaief er abl y
not nore than 20 [Oe]). 1 [Ce] represents a value of 79 A/m If the
coercive force. Hc exceeds the above limt, then the soft nmagnetic
properties tend to be inadequate, and the reproducti on waveformtends to
change froma i@%ﬁ' | ed square wave to a | ess desirabl e waveformthat

i ncl udes disto 9 s. [0038]

10 As the non-magnetic substrate 1, either a metal substrate formed from a metal
material éﬁch as aluminum or an aluminum alloy may be used, or a non-metailic
substrate formed from a non-metallic m;iterial such as glass, a ceramic, silicon, silicon
carbide or carboﬁ may be used. Further, a substrate prepared by using a plating method
or sputtering method or the like to form an NiP layer or NiP alloy layer on the surface of

15  one of the above metal substrates or non-metallic substrates can also be used.

[0031]

An amorphous glass or crystallized glass .or the like can be used as the glass
substrate, and for example, general-purpose soda lime glass or aluminosilicate glass ma};
be used. Further, a lithium-based crystallized glass or the like can be used as the

20  crystallized glass. Examples of ceramic substrates that may be used include general-
purpose aluminum oxide, sintered cermics containing alunﬁgum nitride or silicon
nitride or the 1ike as the main component, as well as fiber-reinforced versions of these
substrafes.

[0032]



15 * The saturation magnetic flux density Bs of the soft magnetic
underlayer 2 is preferably not less than 0.6 T (and is nore preferably 1 T
or greater). If this value of Bs is |ess than the above limt, then the
reproducti on waveformtends to change froma so-called square wave to a

| ess desirabl e waveform-that includes didstortions. 5[0039] The
arithnetic product Bs.t (T.nn) of the saturation nagnetic flux density Bs
(T) of the sof Theawregs surfaoel erdghyess (Rajpofthe hen-tdagndtivesaibstraté hig typicallpe sof t
magneti c underlayer 2 is preferably at least 15 T.mm (and nore pref erably

25 T.nmM OhofihgRahan 2 hin @013, ¥@l fe?iblfﬁottmbfe th&s B nih atelNE o ARB H@cﬂldg

then the reproduction vvaveform nds 1o devel op 10distortions,

(OverWit r nLQr [0040]
The sof t egERIEborURE MASER' BRIl b ibnb el BelBR S OPRE |07

| ayers, f|Im|s r ef er abl as. a s cer Ia er bet ween
cach ot HeeBbrturhep s PiPRpEREsalaD pf teibttadh s Bl ot i Rt PR <
approximately 5 A or |ess, then the 15 strongest AFC wil| occur, so in.
those tas&ndaperedrefgrably).2hammrdesshin tﬁmwﬁnrgﬁlcmm@n@mwewé@gri ng peak
of the antiferromagnetic coupling force is to be used, the thickness of the
-Ru filmi mediugd ehraatsl spitable iorra raagmetigdaezidrm@mﬂyﬁngébgghﬂ.SFurdlemaone, [ 0041]
In the present invention, when the upper soft nagnetic |ayer 2a (on the

side of tQgngQ sHestReNE vetikist 18358 684 bfCtht dHAhfefdd Op&n@k%nﬁ&hé &fll fayesdpMthieer i ng,
a negative bras within a range from-150 to -400 V is preferably applied to

tgﬁfﬁf Rggng?l??: a S?Pa?lfié‘ﬁfff%eﬁfa&% plitth ?ﬂ%egffﬁla%i}dmer 2b
the coupl PIREBIYSAAETS %s%}%"a%arﬁﬁ 1 ol 68 SR Pk B R, 20 o

AFC. 25[0042] 16 t he uppernost surface of the soft magnetic

under 1@y efhexnpgnec dead: a&e THIgFQIaYReSs QWaheandhe mpashicdeor CXANPISI USIBERr 3), the
material that constitutes the soft magnetic underlayer 2 is preferably
parti al | y senfaceaoygboess profiler Bt 12eehanmfactuesdbpKeM-dencaré osperttaenn, afd ishe sof t
magneti c underlayer 2 (the surface adjacent to the orientation control

| ayer 3) hneeashred ahihe atérage sartxde edughuéssiadiosy a hitasieerhenttringgenaft80riml t hat
constitutes the soft magnetic underlayer 2 is preferably either partially
oxi di zed, or ammxijde of the material has been formed. This enables
magnetic fluctuati ons at the surface of the soft magnetic underlayer 2 to

be suppressed, g hELERY. oL GHE hOTBhat diihark § SAUEhLb S HEARINEL i C

fl uctuati ons,

15  underlayer 2 that contains Co and Fe as main components, the effects of adsorbed gas or
moisture at the substrate surface, or diffusion of the substrate components may cause
corrosion to occur. In such cases, an adhesive layer is preferably provided the non-
magnetic substrate 1 and the soft magnetic underlayer 2, and this type 6f adhesive layer
can suppress the types of corrosion problems mentioned above. The material used for the

20  adhesive layer may be selected appropriately from among Cr, Cr alloys, Ti and Ti alloys
and the like. The thickness of the adhesive layer is preferably at least 2 nm (30 A).

[0034]
As described above, the soft magnetic underlayer 2 contains Fe as a first méin
component, Co as a second main component, and also contains Ta. Further, the soft

25  magnetic underlayer 2 is antiferromagnetically coupled using the second peak or a



and inproving the recording and reproduction properties of the magnetic
,recording 10 nedium [0043] The orientation control layer 3 forned on
top of the soft magnetic underlayer 2 can reduce the crystal grain size of
t he perpendi cul ar magnetic |ayer 4, thereby inproving the recording and
reproduction properties. Al though therd4are no particular 15 linitations on
the material for this layer, a material having an hcp structure, fcc

st ruct ur e sghisequeRklp ABPearimipesk bf BeabtiRHrofREhett coRghfafeck, alhicdyarieN - based
al  oys, Co-based al Foys Pt - based all oys and Cu-based alloys are

parti cul aaéabr@&ﬁ% kd ARltFick AR offtﬂetsgmy SHEPSh HndiWiaRE batweRY $hd RulliBPofiRsi bl e.

For exanpl e use of a yer Structure conposed of ‘a N based all oy

and a Ru-base 0 er structure 419} | oy
20 and a ﬁt?gﬂ‘%écal& #ngl\f&?ovgr %‘ﬁ? F’iag%%}l&pe@ﬁpéﬁ% gﬁ%e Sﬁ%‘d&%%icg? g‘i‘-"?‘ly ased
al l oy and a Ru ased aIon wherein the forner i S .di spose e
subst r at e 245 Fefcrbly mat lestiiham! {090 éygha@cggs(gnoqeyr%lgqagfg'c ﬂH—PIWE‘Eﬁ%‘%’r&BI’@%

[ 0044] For exanple, in the case of a N -based alloy, an alloy
conposk&d &f 3800 Hémst one 25 material selected fromanongst NiWalloys, N Ta
alloys, NNNb alloys, N Ti alloys, NiZr 17 alloys, N M alloys and N Fe

al l oys which c¢eo3sin from33 to 96 at% of N is preferred. Further, a
non-magnetic material containing 33 to 96 at% of Ni, and al so containing

~one or nore el aRAE SoffRheRdtRAayer9PA SMBYSH maGnetio un'l'i'erlay%&,z e usdlBf anfa and C
may al so be used. In this case, in order to ensure that the effect of the

or 1 ent 2t Qflof B0l HEEo RubHicTallB) WighOE A B 6240 R 2080k s0 2nge that

ensures no magnet| conten I's pre range from 33

to .96 at% [0045 t dhm o, 1 odi ment
the t hi ckFRSETGR LHe A aRiedh PhRE BaFFBF Cgvﬁergmgg?ﬁ foPegielc b ehess | h

the case of- a nultilayer structure, is 10 preferably within a range fromb5
to 401&m eﬁﬂ& sefireagyets undmslayer spreferblyrrianned priag therRecond PREFE of t he
orientation control layer 3 satisfies the above range, the perpendicul ar
ori ent at i peakodéf théentferrpmaghieticlcanplimgfoetel ¢ | ayer 4 is particul arly superi or,
and the di stance between the nmagnetic head and the soft nagnetic underl ayer
2 during recordpoppjcan be reduced, thereby enabling the recording and -
reproduction properties to 15 be enhanced without |owering the resolution.

of the reprodugf baditish ﬂﬂﬁle Fel@@ﬁ@ Ta, the miaferial for M@ MaRRtic ubddrSet i ckness

of the orientation control ayer 3 1s less than the above nment i oned range,
e BRI aeho T oM PO BRI e g | v
15  amongst Zr, Nb, Cr and Mo and the like. These added elements may be added as
appropriate for the purpose of further enhancing the magnetic permeability of the soft
magnetic underlayer 2. |
[0037]
The coercive. force Hc of the soft magnetic underlayer 2 is preferably not more
20  than 100 [Oe] (and more preferably not more than 20 [Oe]). 1 [Oe] represents a value of
79 A/m. If the coercive force Hc exceeds the a’bove limit, then the soft magnetic
properties tend to be inadequate, and the reproduction waveform tends to chai_lgé from a
so-called square wave to a less desirable waveform that includes distortions.

[0038]



20and 't he resi stance to heat fluctuation also tend to deteriorate. Further,.
if the thickness of the orientation control |ayer 3 exceeds the above
range, then the size of the magnetic grains within the perpendicul ar
magnetic |layer 4 tends to increase, and there is a possibility of an
‘undesirabl e deterioration in the noise léharacteristics. Furthernore, the

di stance between the magnetic head and the soft magnetic underl ayer 2
during recor di Mhe sdtdration mepaetc fluwh dedsitg Bsof sheeso fumdgsetic abd@laget 21si or at i on
in the resolution of the reproduction signal and a reduction in the

reproduct ?%fexﬁb‘l&%& lest Bfad Ol6 TSN HRE §re$étam9 10T of BrRaRF). ENthdd vabit S8y I ol
| ayer 3 affects the surface shape of 5the perpendi cul ar magnetic | ayer 4

and the PEOLEGhLY fhelBYOL 1 HA AdSHELALR Na RS 1chfs fotHlAE: Both haGe

unevenness W gnetrc reco ng nedi um and enable 'yl ng
hei ght of the magnetic head to .be | ower.ed during .recording and :
repr oduct ic@)lﬂe,dslq eé\’/aé'reé@é?%gétdf%@gler%%@ﬁ% a{féélcglldeiﬁlé{%?cf‘gnt ation control
| ayer 3 is preferably not nore than 2 nm This reduces unevenness at the

surface of thel®R&Phetic recording nedium and enables 10 the magnetic head
flying height to be |owered satisfactorily during recordi ng and

reproducti on, Mbanritigndtiveprodues Bdit (Enog of theysatmatidpemagnetie flus densitg @S| Oxygen
or nitrogen or the like may be introduced into the gas used for deposition

of the orbetHeabitQRagnenié derlag¥eY antl thEeHicle¥adPinen) dfthedsofuidrrtit 0gderRiyBod i s
used as the 15 deposition nmethod, then a m xed gas conposed of argon

cont ai ni ng ;0 ggﬁergﬁggp%?gtqur.%%ﬁ& ﬁ}gkéf%rgf%a%g 2t3 Q% m RY nieAEY B Ris vaKEdEN,  Or

a m xed gas tonpos argon cont al ni 0 20% (and preferably 0.02

to 10% b | f.ni : f | ' ‘gas.

[ 0040] | 20ty S wgn s R RikE Bitn 36 PR RYLHAT RS Rl BVEBECS 70
which netal particles are dispersed within an gxide, a netal njtrjde or a
met al 1@ar Gisrrtions, apd terOWo(QyieeYaite) propestiosy(preophing Propertigsidendie defqrigyate.

material containing the oxide, nmetal nitride or netal carbide is preferably

used. Specificl | es of oxides that may be used include Si 02, Al 203,

Ta205, Cr203, MgO, Y203 and Ti 02, exanples of netal nitrides that may be
The soft magnetic underlayer 2 is composed of two or more soft magnetic layers,

and a Ru film is preferably provided as a spacer layer 2b between each of the soft

rﬁagnetic layers 2a. If the thickness of the Ru film is approximately 5 A or less, then the
15  strongest AFC will occur, so in t.hose cases where, as in the present invention, the second

appearing peak of the antiferromagnetic coupling force is to be used,. the thickness of the

Ru film is preferably within a range from approximately 13 to 18 A.

> [0041] |
In the present invention, when the upper soft magnetic layer 2a (on the side of the

20  perpendicular magnetic layer 4) is deposited by sputtering, a negé.tive bias within a range

from -150 to -400 V is preferably applied to the non-magnetic substrate 1. By applying a

negative bias to the non-magnetic .substraté 1, the Ru or the like of the spacer layer 2b

diffuses slightly into the soft magnetic layer 2a, thereby strengthening the coupling of the

two soft magnetic layers 2a, and achieving more stable AFC.

25 [0042]



25 used include AIN, Si3N4, TaN and CrN, and exanpl es of netal carbides
that nmay be used 19 include TaC, BC and Si C. Moreover, materials such as
Ni Ta- Si 02, RuCo- Ta205, RuSi 02, Pt-Si3N4 or Pd-TaC nmay al so be used. [0050]
The anount of the oxide, nmetal nitride or netal carbide within the
orientation 5control layer 3, relative @ the alloy, is preferably not |ess
than 1 nol % and not nore than 12 nol % |f the anpbunt of the oxide, netal

nitride or metatteanictRoisiffade dfhke Soft apAdticamdenayer Ql(tHeaufMicehdpxemeds t he
above range, then residual oxide, netal nitride or nmetal carbide tends to

be retai n?@tﬂ@dﬂéhﬁti%ﬂ%ox%l%yegg RS matdiia Cihat Qns@ttel theddbieRaghetiess i n the

crystallinity and orientation of the nmetal grains, but may al so cause an
undesi rabl e, 10det i orati.on_i he crystallinit d qQrientati t he
manet | ¢ MEGEREL? FBeRHPDpRrty fr SRR Rl Spipl B uflce
contrast, if the anmount o he oxjde, metal nitride or nmetal carbide within
Che. or | enCAfeCHRCBHNEDY Undgyiayers [ibe ﬁ@%e@aaﬁer%tﬁ%thgmatapaﬂg@}trﬁﬁ%v f fhe
effects obtained by adding the oxide, nmetal nitride or nmetal carbide tend
not beSobtapd matdin thiiimmedintavicimitytbkreof; disi materid [ty sopstitutes themoft mipgneticy

non- magneti c underlayer 8 is preferably provided between the orientation
control | apderlayendds profergbdy piched ipartialy oxidizesl ocan ayide ofithe Tinteriahhis tlen
portions of s perpendicular magnetic |ayer 4 formed i nmediately on top of

the ori entrghldn T4 Ea8]es nRELSIE@RA NS aPBeRIFAR JfhdéicH MbbRMic GndsFtr

grow h, which can cause noise. By 20substituting this initral disturbed

porL1 on Wil b GyanzTAEYY feaBfletha e & il BPGUELRRGEIChudRiRgs0an be

suppr essed. magnetic U IS prefera

conposed of ,a material th contains, Co as the majn conponent, .and al so

cont ai ns 4RI GRPRETELhe 1958 ERE CUHERREUF o EPETEb Yy A8 SARBEHY e i Hian 25 at %

'(atomlc% argid not nore than 50 at% As the oxide 41, the use of an 20
medium. - '

[0043]

The orientation control layer 3 formed on top of the soft magnetic underlayer 2
can reduce the crystal grain size of the perpendicular magnetic layc_ar 4, thereby
improving the recording and reproduction properties. Although there are no particular

15  limitations on the material for this layer, a material having an hcp structure, fcc structure
or amorphous structure is pfeferred. Ru-based alloys, Ni-based alloys, Co-based alloys,
Pt-based alloys and Cﬁ-based alloys -are particularly desirable, and multilayering of these
alloys is also possible. For example, the use of a multilayer structure composed of a Ni-
based alloy and a Ru-based alloy, a multilayer structure composed of a Co-based alloy

20  and a Ru-based alloy, or a multilayer structure composed of a Pt-based alloy and a Ru-
based alloy, wherein the former alioy is disposed on the substrate-side of the medium in
each case, is particularly desirable. |

- [0044]
For example, in the case of a Ni-based alloy, an alloy composed of at least oﬁe

25  material selected from amongst NiW alloys, NiTa alloys, NiNb alloys, NiTi alloys, NiZr



oxide*of C, Si, Ta, Al, Ti, My or Co or the like is preferable, and of
these, the use of Ti02, C203 or Si02 or the like is particularly

desirabl e. The ambunt of the oxide, relative to the total nunber of nols of
the alloy conpound that constitutes the magnetic grains, wherein the alloy
of Co, Cr and Pt and the like is calculldted as a single compound, 5 is
preferably not | ess than 3 nol % and not nore than 18 nol % [0053] Further,
t he non- magogs, NiMurudleys ayENiER dlloypwafohreahtayn fromB3ste @6ait%afdnppeiaredoxi de
containing two or nore added oxides. O such conposite oxides, Cr203-Si02,

Cr 203- Ti OzyaRet %89%_5%5&% ﬂ]h@%a?éo%t&ﬁhgbg Wb 96 b, Ae N T80 aBs0 JYRiaBONEERe
CoCr-Si 02, 10 CoCr-Ti 2, CoCr-Cr203-Si02, CoCr-Ti02-Cr203 and

CoCr - Cr203- T1 02-.SI i I -b f I er nor e,
Pty be LIRS fis Rt Bl SoRRNSE Vorinfr SR R RIEC i A

The thickness of the non- netic underl ayer i s_.preferabl ot less than
05 nim 35956 GRS e GraR 18 chire LAt e Heet edthe SuBLEUGLARS! ¥ 1 Ron 1
and Fin tend to decrease, which is undesirable. [0055] . The magnetic

| ayer fa impintaingdsdile sttidyingthe tange thabensures mimagneibsmdhe he corfe®f igonponent -
-and al so contains the oxide 41. As the oxide 41, the use of an oxide of Cr,
Si, 20Ta, pddferably, witljn ara@e foomt3Rdéo Pbktdoi s preferable. O these, the use of
Ti 02, Cr203.or Si02 or the like is particularly desirable. Further, the

magnetic | ayer(gé@usqr eferably contains a conposite oxide containing two or
mor e added oxi des. "Of such conposite oxides, Cr203-Si02, Cr203-Ti02 and..-.

Cr 203- Si 02- Ti 02, ar e parti : ok 3PS oy netic
| ayer 4a, magne '?{ceqagg{eﬁgg‘%g?‘{/dgﬁ%@% ns t%rlg@ﬂgghtb%% ﬂhlgléé]égflof;ﬁ%g 42 are
pr ef er abl

Phese magherretgr sl et rutrdfeis Siamebt bt e Sep Bl AL alhch 1 © >

enetrate vertically through the magnetic | ayers. 4 d 4b and the _magneti
Ipayer 10c. pesferablbypvithi atrﬁmg,egff%é to 40%m (and mord preferaglyai?om% 1030 nmt) SWhea? ' ©

the thickness of the orientation control layer 3 satisfies the above range, the

perpendicular orientation of the perpendicular magnetic layer 4 is particularly superior,

and the distance between the magnetic head and the soft magnetic underlayer 2 during

recording can be reduced, thereby enabling the recording and reproduction properties to
15  be enhanced without lowerin_g the resolution of the reprociuction signal.

[0046]

On the othgr hénd, if the thickness of the drientatibn control layer 3 is less than
the above-mentioned range, then the perpendicular orientation within the perpendicular
magnetic layer 4 tends to deteriorate, meaning the recording and reproduction properties

20 and th_e resistance to heat fluctuation also tend to deteriorate. Further, if the thickness of
the orientation control layer 3 exceeds the abové range, then the size of the magnetic
grains within the pefpendicular magnetic layer 4 tends to increase, and there is a
possibility Qf an undesirable deteriofation in the noise characteristigs. Furthermore, the

‘distance between the magnetic head and the soft magnetic underlayer 2 during recording



5 of structure, the orientation and crystallinity of the magnetic grains 42
Wi thin the nmagnetic | ayer 4a can be inproved, which results in a
signal-to-noise ratio (S/Nratio) that is ideal for high-density recording.
[0057] In order to obtain this type of structure, the anount of the oxide
41 incorporated 10 within the | ayer and8 he deposition conditions enployed
for the nmagnetic |ayer 4a are very inportant. In other words, the anmount of

t he oxi deiftisaséwidnV@ubsd anidesiable deerRiticd iniBe essllitishef @k keprod@tipaund
that constitutes the nagnetic grains 42, wherein the alloy of Co, O and Pt

and the IF-0gkgdgggthﬁhqgﬁgﬁqugﬁgﬁés, | ound, is preferably not |ess

than 3 no not nore t s anount of the oxide 41 is nore
15 preferably r&i iess than 6 nol % and not nore than 13 nol % [ 0058]

The reason tha A anount of the oxide 41 within the nagnetic |ayer 4a
preferably satisfies the above-nentioned range i s pecayse such an apount
enabl es the oxil&e surfaqeshpre ofdhe erientation enmiel fper Hallents the syrtagershapeolyyri ng
formati on of the nmagnetic 20 | ayer 4a, thereby enabling superior isolation
and m i atherpezpendomlapimagheticriagercet amd the protectiv2 layen 5t 4nel therefore rmerder tof  t he
anount of the oxide 41 exceeds the above range, then the oxide 41 tends to
be ret ai nesiuet slfacetufievenngssevitiin Gieanagneti recviding meditse sndiedablesthe flyinge
orientation and crystallinity of the magnetic grains 42, and the oxide 41

may al so Hﬁgﬂ@éﬂﬁé hegnaRNad 30 He RRIPW &l RENINsGnE rré’ﬁirﬂ&uc@i%n, tWBhGdtage

prevents the magnetiC grains 25 42 fromform ng the columar structures

whi ch pen _ ' . h €. . ‘
Fur her oy iaterolinkiei®s bk BHealol DR IREL s fopeterg M BoomdR b Hhin,
then the resulting isolation and Jninigfurization of.the nagnet,jc grains 42
Lend to ba B TaSRES RS N Ghthe SUTRGOL IR THERLi BT et 30 S2lBs di ng
.and reproduction, and naekes it inpossible to obtain a signal-to _noise ratio
(S/ N 16t i &)e mpenetic head flyiap heighbio be lgwered satisfpetgrilycugingirererdipg amd)| The
anount of Cr within the magnetic layer 4ais preferably not | ess than 4 at%
and not negpeoduetion ifieaiing thametopdiag demslidycanbt incesased.han 6 at % and not nore
than 17 at% . The reason for specifying an anobunt of Cr that satisfies the
above range is[f®@guse such 10 an anount does not cause an excessively
| arge reduction in the magnetic ani sotropy constant Ku of the magnetic

grains 42 and (HLALNS: ABEd ol RY ke Hay RIS ZE] 18 the Fa&N5dd%or deposition
of the orientation- control layer 3. For example, if a sputtering method is used as the

15  deposition method, then a mixed gas composed of argon containing 0.05 to 50% (and
preferably 0.1 to 20%) by volume of oxygen, or a mixed gas composed of argon
containing 0.01 to 20% (and preferably 0.02 to 10%) by volume of nitrogen can be used
favorably as the process gas.

[0049]

20 Further, the orientation control layer 3 may have a structure in which fnetal_
particles are dispersed within an oxide, a metal nitride or a metal carbide. In o;‘der to
prepare thlS type of structure, an alloy material containing the oxide, metal nitride or
metal carbide is preferably used. Specific examples of oxides that may be used include
Si0,, AL, Os, Tay0s, Cr,03, MgO, Y,0; and TiO,, examples of metal nitrides that may be |

25  used include AIN, Si3Ns, TaN and CrN, and examples of metal carbides that may be used



recordi ng and reproduction properties that are suited to high-density
recordi ng and satisfactory heat fluctuation properties can be obtai ned.
[0060] 150n the other hand, if the ambunt of Cr exceeds the above range,
then the magnetic ani sotropy constant Ku of the nagnetic grains 42 tends to
decrease, causing a deterioration in tH® heat fluctuation properties, and
the crystallinity and orientation of the nagnetic grains 42 also tend to
det eri or afiRludedd, BOWhd SiCaMoredes| materialswoels &y WNiG-8i0,1 ReCo-dagdgRag and
reproduction properties. Further, if the anount of Cr is less than the
above 20 gﬁﬂgpbsﬁﬂ§grpgqg9§ﬁa§Q@bgggggﬁic ani sotropy constant Ku of the
magnetic grains 42°is very high, the perpendicular coercive force tends to
becone too hiaﬂ? ﬁﬂd therefore the magnetic head is unable to achieve
satisfactory qﬁ g when recordi ng data, neaning the overwite properties

(ON are not appropriate for high-density recqrding. 06 .23 .The anount
of Pt within t&geﬁ@aﬁ%ttqféhqw » T} 'fgtfﬁ’:eé?r' |°9fhﬁfg%wl['g@§&%°%ﬁfgf8%?ﬁd not
nore than 20 at% The reason fin:specifying an anount of Pt that satisfies
t he abbveconrdayies 3 trelative to ihe allpy iapreferablyfmopless thahdgsolfhand ®taoys thaRen t he
magneti c ani sotropy constant Ku required by the perpendi cular magnetic

| ayer 4 dé2ned%edf thenmvant ofthe pxide, mbial hidmdeortmeth] darbids vathdsth20 at % t hen
stacking faults tend to occur within the interior of the magnetic grains

42, causi pHemati@fintoPRyti B EhReAPMHB abd e ARk HenaBideN BRI Mnetdlnitride or
Accordingly, in order t0 ensure heat fluctuation properties and recording

and T T Ofieh BRI ORI bE FerhiABl 8 Gital Rin Dl BIHIESITY chSEO i e

anount of prefera y satl es e range nt’i oned abo 10[ 0062
Furthernore, if t.he anpunt of Pt. exceeds the range .mentioned abov t hen
fce st ruc#m@%tﬁb@?%a%r@waewwwfﬁﬁw Brae g e?lf%cﬂ’isaf’ﬂgn%fl,ra@ﬁi ch can
cause a deterioration in the crystallinity and orientatign and is therefore
undesi® abPeterigygtion in e Kestablimity, androrientatigned Hie pagnetic {ayer kumed RALPR Me above

range, then the nagnetic ani sotropy ) o
the orientation control layer 3. In contrast, if the amount of the oxide, metal nitride or

metal carbide within the orientation control layer 3 is less than the above range, then the
effects obtained by adding the oxide, metal nitride or metal carbide tend not be obtained,
. .which is also undesirable,
15 [0051]
Further, a non-magnetic underlayer 8 is preferably i)rovided between the
orientation control layer 3 énd the pefpendicular magnetic layer 4. The initial portions of
s perpendicular magnetic layer 4 formed immediately on top of the orientation control
layer 3 tend to be prone to disturbed crystal growth, which can cause noise. By
20  substituting this initial disturbed portion with the non-nfagnetic underlayer 8, the
occurrence of noise can be suppressed.
[0052]
The non-magnetic underlayer 8 is preferably composéd of a material that contains
Co as the main component, and also contains an oxide 41. The Cr content is preferably

25  not less than 25 at% (atomic%) and not more than 50 at%. As the oxide 41, the use of an



15const ant Ku necessary for obtaining heat fluctuation properties suitable
for high-density recording tends to be unobtainable. [0063] I n
addition to Co, Cr, Pt and the oxide 41, the nmagnetic |ayer 4a may al so
contain one or nore el enents sel ected: fron1annngst B, Ta, Mo, Cu, Nd, W
No, Sm Tb, Ru and 20 Re. Including on&0or nore .of these elenents pr onot es
mniaturization of the magnetic grains 42 and can al so i nprove the

crystal | i pkidy ofi0g, Sir Tgm1aTi, Mg oeBabt thedikeds prefiralgle cand afeiesedhe useof
properties and heat fluctuation properties that are better suited to

hi gh- densirey, (a% &0, bPthL¢ike N girfi@arly 888dble. Zthe amount' bxhé Skide, amount  of
t he above-nentioned el ements is preferably not nore than 8 at% Tf this

amunt ex?qut% 8 18 a1 hilGBe (9%(\%% o?ﬁl@é‘aﬁlo& r@'@gﬁ){i&ﬁd &P ?ﬁﬁ%?&sm %%é&:or m

wi thin the gnetic gral ns 4 crys Inity

orientation of h tlc 4 Lt ult .tg obtain

r ecor di ng R SHOB 8p mdeét%’gfﬁﬁ ﬁ'g?ifs Cfaf‘iﬁ‘i‘it?fgﬁ Eoltna 88@99\“513 t hat
are suitable for h| gh- den3| ty recording. [0065] Exanples of materials that
are su:’rtammefemblyn@tlﬁségh@ﬁewﬂ"éw@dnnbmorﬂ:qhe@é gwitol 4Cr 1 8Pt ) - 10( Si 02)
{wherein the nolar concentration of crystal grains conposed of Cr: 14 at%
Pt: 18 at % and[@$3]t he remai nder, which are calculated as a single 10
conmpound, is 90 nol % and the concentration of oxide conpositions conposed

f 502 is 10 wokid, e RABIAGERIE bEPLbBIsiS( Cr 203
26 wel | oy (Conmt) (Fas0a) (ot by (O 303 (1 03) HPOELET209),

R T N S H)

and (CoGr %rg%g)-’l‘lb% anc21)Cr2&3-§19)9§153b2 are particularly desirable. Moreover, CoCr-SiO,

10  CoCr-TiO,, CoCr-Cr;03-Si0;, CoCr-TiO;-Cr;05 and CoCr-Cr,03-Ti0;-SiO; and the

like can also be used favorably. Fﬁrthermore, Pt may be added in terms of achieving
favorable crystal growth.
[0054]
The thickness of the non-magnetic underlayer 8 is preferably not less than 0.2 nm
15 and not more than 3 nm. If the thickneés exceeds 3 nm, then Hc and Hn tend to decrease,
which is undesirable. |
[0055]
The magnetic layer 4a is composed of a material that contains Co as the main
component and also contains the oxide 41. As the oxidé 41, the use of an oxide of Cr, Si,
20 Ta, Al, Ti, Mg or Co or fhe like is preferable. Of these, the use of TiO;, Cr,03 or SiO; or
the like is particularly desirable. Further, the magnetic layer 4a preferably contains a
composite oxide containing two or more added oxides. Of such composite oxides,
Cr;03-Si0,, Cr,05-Ti0; and Cry03-Si0,-TiO; are particularly desirable.

[0056]



The magnetic ‘layer 4b is preferably conposed of a material that contains Co
as the mai n conponent and al so contains an oxide 41. As the oxide 41, the
use of an oxide of Cr, Si, Ta, Al, Ti, My or Co or the like is preferable.
O these, the use of Ti02, Cr203 or SiQ2 or the like is particularly
desirable. Further, the magnetic |ayer 2 preferably 20 contains a
conposite oxide containing two or nore added oxides. O such conposite

oxi des, Cr 203- & 0 mggneig layechs, mrgnciogeingi(oystal grinsitkatgghibitanagetism)
desirable. [0067] .In the magnetic |ayer 4b, magnetic grains (crystal

grai ns t hdp asxprieferiblyrdigpersédwithin the lager. afather, ek éllwintateddn FP@r Zebkesai t hi n t he
| ayer. Further, as illustrated in FIG 3, these 25 nagnetic grains 42

preferabl yfoLEe SAlnd A0 refetabHClolh @8 1uitat BrRQRRS Which peabirite 3kiitallgd t hrough

the magneti ¢ | ayers 4a"and 4b and the nagnetic |ayer 4c. By formng this

type of s upe, o .01 L entat | r L hnj . grains
45 % Chi n PR e Py R4 b0 3 80T o Bkl et e By bR

signal -to-pnoise ratio.(S/Nratjo) that ig.deal f.or high-densi recordi ng.
190087 | TRE SRR e e MNP Sl HioR R gl G AR 1 ol at | ve
to the total amount of the conpound of Co, Cr and Pt and the |ike, that
const i t ut EAEnelc lagegriatcas bgimpreyed,pwhich results iy awERalrienolse §atia (SAN ridn| % and
not nore than 18 nol % This anmount of the oxide 41 is nore preferably not

| ess t han that nidesldochiphtdensdtyaetdrdingl3 nol % 10[ 0069] The reason that

t he ambunt of the oxide 41 within the magnetic |ayer 4b preferably

satisfies the apgsg-nentioned range is because such an amount enables the
oxide 41 to be deposited around the nagnetic grains 42 during formation of

the magnetic | ﬂg#defﬁw oﬂtﬁﬁ&ﬁ@}‘yg@lﬁg{rh&%é Hfégarxﬁc%{rqxt %)ﬁﬁﬁ%%ki]dgrmlq{worpor_a%ed

m ni aturization o e magnet grains 15 42. e ot hand, 1t the
aount f iy e A BRSSO RS RS AR LB Rty e i once o
mayal S0 BEDGBRISAYedh BT BORIMISREIT ABHRGIHeA e e Betot e
preyents the nmagnetic grains 42 fromform ng the columar structures which
penet r at e of mols efgthe glleyheamepsrund kat sanmidates the ohagpetic gwinsidd, whereiuthe Bleyror e,
if the amount of the oxide 41 is |less than the above range,
of Co, Cr and Pt and the like is calculated as a single compound, is preferably not less
than 3 mol% and not more than 18 mol%. This amount of the oxide 41 is more
15  preferably not less than 6 mol% and not more than 13 mol%.
- [0058]
The reason that the amount of the oxide 41 within the magnetic layer 4a
- preferably satisfies t_he above-mentioned range is because such an amount enables the
oxide 41 to be deposited around the magnetic grains 42 during formation of the magnetic
20 layer 4a, thereby enabling superior isolation and miniaturization of the magnetic grains
42. On the other hand, if the amount of the oxide 41 exceeds the above range, then the
oxide 41 tends to be retained within the magnetic grains 42, which causes a loss in the
orientation and crystallinity of the magnetic grains 42, and the oxide 41 may also be

.deposited above and below the magnetic grains 42, which prevents the magnetic grains

25 42 from forming the columnar structures which penetrate vertically through the magnetic



then t'he resulting isolation and mniaturization of the nmagnetic grains 42
tend to be inadequate, which results in increased noise during recording
and reproduction, and makes it inpossible to obtain a signal-to noise ratio
(S/'Nratio) that is suitable for high-density recording. 25[0070] 26

The amount of G within the magnetic | r 4b is preferably not |l ess than 4
at % and not nore than 18 at% (and preferably not |ess than 8 at% and not

nor e t han laygredatp dcTHarthemrarn, if the ampawt pf/ihe gxide 4dris lass than tigrabovarangs: i sfi es
t he above range is because such an anbunt does not cause an excessively

| ar ge r edukdn tha résaltingdsolaipreindmiaiitadiation wf theanagietio prais 42ftehdtd beagnet i ¢
grains 42 and retains a high |level of nmagnetization, neaning recording and

repr oduct i;HeREAR Vi feshiddn iAERaseHinbRE dufnp r@Brdieald ¥pFaetdH, Aad and
satisfactory heat fluctuation properties can be obtained. [0071] On the

ot her han £ st ] : . g ; .
magnet i o ke BRI ofting s GBFREASTsd BRORIAV Bulod 1A R ittig
decrease, causin .deterioration in the heat fluctuation properties, and
“the cr?sté@P?ﬁP?&“EW@'orientation of the magnetic grains 42 also tend to
deteriorate, resulting in an undesirable worsening of the recording and
repr oducti on pr[B?ﬁegr]ties. Further, if the anmount of C is less than the
above range, then because the nmagnetic ani sotropy constant Ku of the
magnet i ¢ gr ai nsThé2maent 6f @ewithini théimagheticdeyqrekads prefeaably aet lessvthard dat?e t ends
to becone too high, and therefore the magnetic head is unable to achieve

sati sf act hyl n¥f inbidtlanvid® Bt% eGdIpiléfothbliahct. csTRIN O@% ARl MOt fioke tHad 1TradBr ti es
(ON are not appropriate for high-density recording. [0072] The anount of

Pt within 131%?%#?}()3 ?%]s‘g@cﬁlg}gg%%n ?\Jgoﬁrﬁ R R 3R B He B9 rafl'i%%t A Hheaigd sqfh not

nore than r specifyirng an anount o that satisfies
the abqve range | s because if the.anmount of, Pt is less than 10,at% then
the maineenatinntdad S50 HR5n ot sltsufrIp ey Ranclish DS Rl drlrgNY agnet i ¢
| ayer 4'decreas%$.ﬁ%£ contrast,.if th amnuné%?h Pt ?xceeds 22 at% .t hen
st acki ng feanfiee welthe magaetis saing A2 And Faing p dighde velof PREDSHAGHOT I TREATHnE ns
42, causing a reduction in the magnetic ani sotropy constant Ku. |n order
25t 0 ensurrecanding ahd tepreduction properies thas aresyited tclighidansitrdcardipgdadct i on

properties that are 27 suitable for high-density recording, the amount of
Pt pr ef er ahfisfacalyi bt Ssctidinrpaceetiesaiahibeodchisddove. [ 0073]

[0060]
15 On the other hand, if the amount of Cr exceeds the above range, then the
magnetic anisotropy constant Ku of the magnetic grains 42 tends to decrease, causing a
deterioration in the heat fluctuation properties, and the crystallinity and orientation of the
magnetic grains 42 also tend to deteriorate, resulting in an uﬁdesirable worsening of thé
recording and reproduction properties. Further, if the amount of Cr is less than the above
20 range, then because the magnetic anisotropy constant Ku of the magnetic grainé 42 is
very high, the perpendicular coercive force teﬁds to become too high, and therefore the
magnetic head is unable to achieve satisfactory writing when recording data, meaning the
overwrite properties (OW) are not appropriate for high-density recording.

[0061]



Furthernore, if the anmount of Pt exceeds the range nentioned above, then
fcc 5 structure layers tend to formw thin the nagnetic grains 42, which
can cause a deterioration in the crystallinity and orientation and is
therefore undesirable. On the other hand, if the amount of Pt is |ess than
the above range, then the magnetic ani s&tropy constant Ku necessary for
obt ai ni ng heat fluctuation properties suitable for high-density recording
tends to be undieanmabt e PthafHif T magnetic layendalistpreferabty fist,lessi8, atRtandnd t he
oxi de 41, the nmagnetic |ayer 4b may al so contain one or nore elenents

sel ect ed hoPRoAMBARISY af®. The rddbon for spddiifyind/ anNdmouBiiof FhthafYatisfuh thReabove

I ncl udi ng one or nore of these el enents pronotes m niaturization of the

e AR R B T

enabling r rding an on proper ion

properties that .are betier suited.to high- density.recordin 0 _.b

Dbt ned. SpBRKY a8 PsPass AT TR TP AR TREN SHRRUE oM s i s
preferably not- nore than 8 at% |If this anmount exceeds 8 at% then, phases
ot her $hasmoyat ¢id}s expreda 20 aite, then stacking trulis tand o oprur yathie thednigrigs ofdhe o

whi ch disturbs the crystallinity and orientation of the magnetic grains 42,
maki ng it nfightfic giainstdd, chmsimigra nedwatiodiin theamagnetip pnidotrepyosongianipléut i es and
heat fluctuation properties that are suitable for high-density recording.
[0076] The\deegingily,dnlogdegtto dtsuteshdat Shauadinypropsriesad etordingaindr i al t hat
contains Co as 25 the main conponent but contains no oxide. As illustrated

in FIG 3%pr5&?cti'gﬁ%gc§§}ﬁés KA 8 RS RigMdehiiny G dlmdY e RifhesAR! y have a

structure that rep nts columar epitaxial ‘gromh Tromthe magnetic

grains 42 w h'F tpefm% netic |ayer g’ In this case, the magnetic grains
42 of theP arr?kyisg P ée;?e S M %negfa PEFabl y undergo col.umar epitaxi al
gromh in a 1: 3[ 6@5' o wWwthin each layer. Further,  because the nmagnetic
gr ai nd042 of tHE magnetic | ayer 4b grow epitaxially fromthe nagnetic
grains 42 within the magnetic |ayer 4a, the magnetic grains 42 of the
magnet i c | ayer Fapthemmoreqihthetamduabel Pleaxgerds tley range mentionedraboeardiangcs n t he
crystallinity and orientation.

structure layers tend to form within the magnetic grains 42, which can cause a

deterioration m the crystallinity and orientation and is therefore undesirable. On the
other hand, if the amount of Pt is less than the above range, then the magnetic anisotropy
15  constant Ku necessary for obtaining heat fluctuation properties suitable for high-density
recording tends to be unobtainable. |
[0063]
In addition to Co, Cr, Pt and the oxide 41, the magnetic layer 4a may also contain
one or more elements selected from amongst B, Ta, MO,_ Cu, Nd, W, Nb, Sm, Tb, Ru and
20  Re. Including one or more of these elements promotes miniaturization of the magnetic
grains 42 and can also im;.)rovle the crystallinity and orientation, enabling recording and
reproduction properties and heat fluctuation properties that are better suited to high-
density recording to be obtained.

[0064]



['0077]° The anmount of Cr within the nmagnetic |ayer 4c is preferably not |ess
than 10 at% 10 and not nore than 24 at% The reason for specifying an
anount of Cr that satisfies the above range is because such an anount

enabl es a satisfactory output to be ensured during data reproduction, and
al so yields favorable heat fluctuation 2;51ropert| es. In contrast, if the
amount of Cr exceeds the above range, then the nagnetization of “the

magneti c | ayer The totahatsouns oftheaheve-mentiensd elemgnite is nreferahbienstmagse ghaniur t her |
if the amount of Cr is |less than 15 the above range, then the resulting

i sol at i onagpdIfithisiadicunt adeedsB aths, then phagesdther tharathe hicg ghdsenehdito fren

i nadequat e, which results in increased noise during recording and

reproduct i@hin &@%@'éﬁ@ ia‘ins' @%ﬁh%&lﬁ}ﬁ tRDEDEtARIS bAD BferdtRididiSBe I At i O
(S/'Nratio) that is sw hi gh-density recordi ng. [0078] 20Further,

t he magne & t in
addi 11 on e5epre Eaink 3”%“% RERRT oBlaifye Bl &lo EIRLUERILARIE, "0 1
prefer bly ess § at% and not nore th % Prov .ded the anount of
ot § ot vl e diERatiof prngaes (oL et ouriable o Qb AFIY SOHEE ¢ hat | o 1 deal
for hi gh recordin %ﬂdensml es can be obtained, and a high reproduction
out put can be ai ned during recording and 29 reproduction, resulting
in recording and reproduction properties and heat fluctuation properties
that are suit aflxembtes offinglertiésrthattaye swtablatfon the thafieds ldyer éoimchedst , if t he
amount of Pt exceeds the range nentioned above, then a phase 5 having an
fcc struchoicoiuentspt)- mo@@@{p{Whtem;ﬂﬂfehﬁolaa&m&mtfatﬂoaw&134@11 giifscdonpaged ause a
deterioration in the crystallinity and orientation-and is therefore

undesi r ablygcr.FU 9Pt 11879 T WY re! EH(anﬁer IwhibIPSe chidafatddNg Qe range,

]Elhen the magnetic ani sotropy confstan Ku necessary fordobt ai ning heat
Fm‘iﬁi O nabrbo %8?&%3?0@“ i R R e
Vo o e oo SREE TR Yaitaha %ﬁ?@%@hﬁ%ﬁ%&& SR hESJa’

el ements pronotes mniaturization of the magnetic grains 42 and can al so
i nprove t KeoCrRs (T Ok (CeCrRB Cor®x(TH2:) oo CaPiCrbly) -t ¥ 0ok, (ColgrPand

15reproduction properties and heat fluctuation properties that are better
sui ted t o (OrLgR)(SORS(TiP-,); ECalitvVIg)-{ THO)e(CuitirBiWiRdli0;), (CoCrPtB)-(Al,03),

© (CoCrPtTaNd)-(MgO), (CoCrPtBCu)-(Y203), and (CoCrPtRu)-(Si0,).

15 [0066]

_The magnetic layer 4b is preferably composed of a material that contains Co as
the inain corﬁponent and also contains an oxide 41. As the oxide 41, the use of an oxide
of Cr, Si, Ta, Al, Ti, Mg or Co or the like is preferable. Of these, the use of TiO,, Cr,0;
or SiO;, or the like is particularly desirable. Further, the magnetic layer 4b preferably

20  contains a composite oxide containing two or more added oxides. Of such composite
oxides, Cr,03-Si0;, Cr,03-TiO; and Cr,03-Si0,-T10, are particularly desirable.
[0067]

In the magnetic layer 4b, magnetic grains (crystal grains that exhibit magnetism)

42 are preferably dispersed within the layer. Furthe;, as illustrated in FIG. 3, these

25  magnetic grains 42 preferably form columnar structures which penetrate vertically



[0081] The total amount of the above-nentioned elenents is preferably
not nore than 16 at% |If this anmount exceeds 16 at% then phases ot her than
the hcp phase tend to form 20within the magnetic grains 42, which disturbs
the crystallinity and orientation of the magnetic grains 42, nmaking it
difficult to obtain recording and repr@duction properties and heat
fluctuation properties that are suitable for high-density recording. [0082]
Exanpl es throuphtthé iralgRetidiayerane anddb andithermhapgnstic laged 4c. By fariningthistepe ¢ | ayer
4c 25 include CoCrPt-based materials and CoCrPtB-based materials. In the

case of CofFtRicBire, tROoRSRSEbr BT M1Bnity BEthe MHYhBES untwigin @e and B is
preferably not |l ess than 18 at% and not nore than 28 at% [0083] As the

e Cota- eputBdnfer plloah B ERNEL, LR URIL 0 GREIIORORE/TUNSRY? UGS
0- 240 6 2081 B4 QR GTGH FeeoT TR 24 at% Pt content: 8 to 22 at% B
other rat or i al WUGRE! ude. CoOr Pt Ta. baged mat et i al s such as T e
Co10-24Cr 8-22Pt 1-5Ta {Cr content: 10-to 24 at% Pt content: 8 to 22 at% Ta
(r:rg'? te(rain:[ai slguclzhﬁ‘gzagguimgfﬁigﬂg? ggﬁ%%i%g}??dcﬁﬂﬁfmﬁ%4 at% Pt

content: 8mbantdf i démpunt @FTBNCT add Ptoarid thé Yke thateutistutes the inagddlicat % Co
content: remainder}, as well as CoCrPt BNd- based materials, CoCrPtTaNd-based

materi al s 5 I 1Al Thi
G0 Pt W B2 e R n TSI oA I TR TSN s

mat er.i al Sbf t[hg%gﬁlle 41 is more preferably not less than 6 mol% and not more than 13 mol%.

10 [0069]

The reason that T:he amount of the oxide .41 within the magnetic layer 4b
preferably satisfies the above-mentioned range is because such an amount enables the
oxide 41 to be deposited around the magnetic grains 42 during formation of the magnetic
layer 4b, thereby enabling superior isolation and miniaturization of the magnetic grains

15 42. On the other hand, if the amount of the oxide 41 exceeds the above range, then the
oxide 41 tends to be retained within the magnetic grains 42, which causes a loss in the
orientation and crystallinjty of the magnetic grains 42, and the oxide 41 may also be
deposited above and below the magnetic grains 42, which prevents the magnetic grains
42 from fornﬁng the columnar structures which penetrate vertically through the magnetic

20 layers 4ato 4c. Furthermore, if the amount of the oxide 41 is less than the above range,
then the resulting isolation and miniaturization of the magnetic grains 42 tend to be
inadequate, which results in increased noise during recording and reproduction, and

~ makes it impossible to obtain a signal-to noise ratio (S/N ratio) that is suitable for high-
density recording.

25 [0070]



The perpendi cul ar coercive force (Hc) of the perpendi cular magnetic |ayer 4
is preferably 3,000 [Ce] or greater. If the coercive force is |less than
3,000 [Ce], then the recording and reproduction properties, and
particularly the frequency characteristics, tend 20 to deteriorate, and the
heat fluctuation properties al so worse®6 neaning the mediumis undesirable
as a high-density recording nmedium [0085] The reverse magnetic domain
gener ati ng nmagTae amofutedfdCr{within thef magrestip dayeedticprefarabipgotdessahamgy et®%4 i s
preferably 1,500 [Ce] or greater. If the reverse 31 magnetic domain

gener at i NgndAetBblehdn B £% (bl brdférabl§ St 138 thah, 4P dfdsot nob@thah N8 at%).

resistance to heat fluctuation deteriorates. [0086] In the perpendicul ar

magneti c ' e i I . i : i j

or of or abl S {0y ey ALt R Br 81 B OhisFRE DR ipCistBIRE b,
determ ned, for exanple, by obseryvi t he perpendicul ar magnetic | ayer 4
Using & TERAEORHH SR DO OSSR e BrEEaRtion B F PREIUCAERQEIPhg t he
observed image to i nage processi ng. [0087] 10The thickness of the
per pentli c aprstaniEgrdfithempgnaic stains 4 prd wiany § hightlpyeh ofmagrejization mosning 20
nm |f the thickness of the perpendicular nmagnetic |layer 4 is |less than

t hi s r angegcotdiegand atddet et propertiepthetiaretsivided totightdenssty werobdiag aadl e, and
the heat fluctuation properties tend to deteriorate. Further, if the

t hi CkneSSsgﬁfsfdct&ymeﬁtﬁ‘ﬁj&diaﬁuh?fopeﬁﬁﬁeﬁﬁBemeﬁfed_Ar exceeds the above range,
then the magnetic grains withirn the perpendicular 15 magnetic | ayer 4 tend

to becone norergpegise, and the noise during recording and reproduction
tends to increase, neaning the recording and reproduction properties

7o T o b e b0 b L AVl i ¢ (o
10  magnetic anisotropy constant Ku of the magnetic grains 42 tends to decrease, causing a
deterioration in the heat fluctuation properties, and the crystallinity and orientation of the
magnetic grains 42 also tend to deteriorate, resulting in an undesirable worsening of the
recording and reproduction properties. Further, if the amount of Cr is less than the above
range, then because the magnetic anisotropy constant Ku of the magnetic grains 42 is
15  very high, the perpendicular coercive force tends to become too high, and therefore the
magnetic head is unable to achieve satisfactory writing when r'ecording data, meaning the
overwrite properties (OW) are not appropriate for high-density recording.
[0072] |
The amount of Pt within the magnetic layer 4b is preferably not less 10 at% and
20  not more than 22 at%. The reason for specifying an amount of Pt that satisfies the ébove
range is because if the amount of Pt is less than 10 at%, then the magnetic anisotropy
constant Ku required by the pe’rpendiéular magnetic layer 4 decreases. In contrast, if the
"amount of Pt exceeds 22 at%, then stacking faults tend to occur within the interior of the
magnétic grains 42, causing a reduction in the magnetic anjsotfopy constant Ku. .I_n order

25  to ensure heat fluctuation properties and recording and reproduction properties that are



20The *protective layer 5 prevents corrosion of the perpendicular magnetic

| ayer 4, and al so prevents damage to the surface of the nedi um when the
magneti ¢ head makes contact with the nedium Conventional materials can be
used for the protective layer 5 and for exanple, materials containing C,
Si 02 or Zr02 can be used. Setting the tHi ckness of the protective |ayer 5
to a value within a range from1l to 10 nm enabl es the distance 32 between
t he head anatléforiigli-density rdverdimgithe amduntwifiiPt preferably stesfresdhé mnger ns  of

achi eving high-density recording. [0089] For the lubricant |ayer 6, a

| ubri cant psdtgidn@babveer fl uoropol yether, a fluorinated 5al cohol, or a
fluorinated carboxylic acid or the like is preferably used. [0090] I n
t he present inx@@ﬁ on, it is preferable that the magnetic |ayer on the side
of the non-nmagne |c1 substrate 1 is formed as a nagnetic |ayer with a
granul ar structure, wher.egs the magpetic er on_the si of 1he
protective | ayttépuﬂ'“@e’ir%orf"d? mQun, 0 W;Aéﬁcd%ge Wepﬁoq@daiop{gﬁﬁa}%ﬁm ar
structure that contains no oxide. By enploying this type of configuration,
t he vaPi os§ugittsjayers eadde fermewithigribe n@gn@&o%r@pﬁ@%@@i%ﬁ%%ﬁe &s the heat
fluctuation properties, the overwite (ON properties and the SN ratio and
the |ike dateriomtionrie theagystsllivionandotiedationcandds therefore yndegmblel Shutheher, in
the present invention, the perpendicular nagnetic |ayer 4 described above

may al so leher QRAE G BiE afrRuht GFPLIPIes {HAF RS dbove Bi@E Sthefrthe rBX@RTL enisbtfopy _
addition to the magnetic |ayers 4a and 4b descri bed above, a third nagnetic

layer w t Roastaiitadibheessaby #¢ bblathii®Hed SluR@Nbifis@pertiet Buitdb® RANBLdSsiRYEr 4cC
cont ai ning no oxide provided on top of this third magnetic | ayer.

Al ternativel v,. the etig. |l [ 4c containing no oxide 20 rmay be forned
as a two-I" %%qm %?Sg?%g%ﬁnmg%ﬁ?'s provi ded on top of the magnetic |ayers

4a and _4b. [00%5@ Further, in the present invention, a non-nmagnetic
| ayer 19 (illust {4d by synbols 7a and 7b in FIG 2) is preferably provided
between the three or nore magnetic | ayers 25that constitute the

per pendi cul ar FagAditipe to @9cr, Xt awd Bgicidedt latheanagngtie &ayice 4b By alsp cgntain
one or more elements selected from amongst B, Ta, Mo, Cu, Nd, W, Nb, Sm, Tb, Ru and
Re. Including one or more of these elements promotes miniaturization of the magnetic
grains 42 and can also improve the crystallinity and orientation, enabling fecording and
15  reproduction properties and heat ﬂuctuation properties that are better suited to high-
density recording to be obtained.
[0075]
The total amount of the above-mentioned elements is preferably not more than 8
at%. If this amount exceeds 8 at%; then phases other than the hcp phase tend to form
20  within the magnetic grains 42, which disturbs the crystallinity and orientation of the
magnetic grains 42, making it difficult to obtain recording and reproduction properties
and heat fluctuation properties that are suitable for high-density recording.
[0076]
The magnetic layer 4c is preferably composed of a material that contains Co as

25  the main component but contains no oxide. As illustrated in FIG. 3C, the magnetic



33 an -rappropriate thickness facilitates magnetization reversal of each of
the filnms, and enables a reduction in the dispersion of nagnetization
reversal across all of the magnetic grains. As a result, the SINratio can
be further inproved. [0093] 5 In other words, the thickness of the
non-magnetic layer 7 is preferably with2$ a range that does not totally

bl ock magnetostatic coupling between each of the |ayers that constitute the
per pendi cyraibs ARGREL thellA)e preforabip Baddg irddttrlthit représeRtsedofirAmrepiidtiall €SS
than 0.1 nm and not nore ‘than 2 nm (and nore preferably not less than 0.1

nm and not%{g%agqheﬁ&ﬁ% ﬁagne:ﬁnmvgéa'r; Ii?&ﬁﬁin emagn&magé}r € 194 RLE fyBInetic

| ayers 4a e presen on are fterromagnetically couple
(hereinafter al.so abbrevjiated as, FC), and en.t magnet ostati c _coupl i ng
et "conprmets grertie ah e Fashtoddlsmdn o Jrerrity UG COLmH g Bl ages,
whi ch can be readily discerned. Wien this two-stage | oop occurs, it neans
15 t hat tr@owﬁlgn@tlizzrajmawxﬁ@n@@chﬂ@yerr dusthew basguse higanapmetic amins 42f the f ect of
the magnetic field fromthe nmagnetic head, and as a result, the S/INratio
dur i ng 5r epnaghetit layar 4 poenspitarialy dioyn themdagnktc pedol 42t withindhsmagstiedayer at es,
both of which are undesirable. [0095] In those cases where Ru or a Ru alloy
i's used, ARGHeGRAbNStIE Bfaits2CdfRSRaptid@8ye@bae: MitiathAsa], ERadling fortien and not
nore than 1.2 nm In the present invention, each of the magnetic |ayers 4a
nmust be cqyﬁmgn{}ﬁ{s m%ébfrgsmﬂﬂgy%?ﬁamérﬁéﬁcﬁ{i cally coupled by FC. [0096] As
t he non-nmagnetic [ayer 7 provided between the magnetic |ayers that
constitute the [QSJ(' endi cul ar magnetic layer 4, the use of a material having
an hcp structur 25 preferred. Exanples of materials that can be used

favorably include Ru, Ru_alloys, CoCr 34 alloys, and CoCrXi Il%so '
(wherein X1 reprhecsquat gher withinghe magastsaxerdsiip predygally ot less than 10 at%

10  and not more than 24 at%. The reason for specifying an amount of Cr that satisfies the
above range is because such an amount enables a satisfactory output to be ensured during
data reproduction, and also yields favorable heat fluctuation properties. In contrast, if the
amount of Cf exceeds the above range, then the magnetization of the magnetic layer 4c
tends to become too small, which is undesirable. Further, if the amount of Cr is less than

15  the above range, then the resulting isolation and miniaturization of the magnetic grains
42 tend to be inadequate, which results in increased noise during recording and
reproduction, and makes it impossible to obtain a signal-to noise ratio (S/N ratio) that is
suitable for hi gh-density'recording. |

[0078]

20 > Further, the magnetic layer 4c may be composed of a material that contains Pt in
addition to the Co é.nd Cr. The amount of Pt within the magnetic layer 4c is preferably
not less 8 at% and not more than 20 at%. Provided the amount of Pt satisfies the above
range, a satisfactory coercive force that is ideal for high recording densities can be

obtained, and a high reproduction output can be maintained during recording and



anongst Pt, Ta, Zr, Re, Ru, Cu, Nb, Ni, M, G, Si, O, N W M, Ti, V, Zr
and B). [0097] In those cases where a CoCr-based alloy is used as the

non- magnetic |ayer 7 5 provi ded between the magnetic |layers that constitute
t he perpendi cul ar magnetic |ayer 4, the Co content of the alloy is
preferably within a range from 30 to-80%%ht% Provided the Co content is
within this range, coupling between the magnetic |ayers can be adjusted to
a snmal | vakpredudtooogpultiogin tehendingrndrepnodudtiomyproperiiespandrhepiciucteationt ure i s
used as the non-nagnetic |ayer 7 provided between the magnetic |ayers that
const i t ut eropeetigsahpeine sudtabhe forhighalensityt myending, t hen besi des Ru, alloys of
Ru, Re, Ti, Y, H or Zn or the like nmay al so be used. [0099] Furthernore,
as the non- magr[gmg] | ayer 7 provided between the nmagnetic | ayers 15t hat _
constitute the perpendi cul ar magnetic |ayer 4, netals and alloys that adopt
a different str V] ol ' he
crystallinity éﬁggﬁﬁéﬁe%ﬁ%ﬁpﬁ?gﬁ?&gg&‘Jégﬁ?eg’?é‘t%}g‘;ﬁﬁgg}"?\%oﬁ%g% }{)af'/%a and
bel ow t he non-nmagnetic | ayer, 7. _ Specif.ic exanpl.es of these other netals and
al | oysSi ndRYHE FHEGHBICHHE FEds iHfprnpyithipyihe TNASTe JayeF 4c, WLl ancausqp v, Bi
Sn, Si, A, C B and C, and alloys thereof. In the case of Cr_ 20 all oys,
‘the use ofdetgriogyionin hecspsialligithgndprientgtigneandintheoetorspindesisable. divether, ifvor e

el enents selected fromanongst Ti, W M, Nb, Ta, Si, Al, B, Cand Zr) is
parti cul arthyamdewsitrodBt &, lessnblart the absvecranges tlienche magiet®l dntsptropy caséng Kabl y not
| ess than 60 at% [0100] Furthernore, as the non-magnetic |ayer 7
provi ded hebaead bhébtihmpHeaCllciyRTon peSidiids sufimsit fértigh-taRitpeequedidpcul ar
magnetic layer 4, it is preferable to enploy a structure in 35 which netal
particles - tioned alloy are dispersed within an oxi de, netal
nitride ort&{ndg?g?e ?g‘?%iﬁé‘gagwbr eover, it is particularly desirable that these
netal ,particle e a columar structure that penetrates vertically
throudﬁ t he noﬁﬂé@eti c layer 7. In order to produce this type of

structure, an all oa/_ material containing an oxide, netal L
In addition to Co, Cr and Pt, the magnetic layer 4c may also contain one or more

elements selected from amongst B, Ta, Mo, Cu, Nd, W, Nb, Sm, Tb, Ru, Re and Mn.
Including one or more of these elements promotes miniaturization of the magnetic grains
42 and can also improve the crystallinity and orientation, enabling recording and
15  reproduction properties and heat fluctuation properties that are better suited to high-
density recording to be obtained.
[0081]
The total amount of the above-mentioned elements is preferably not more than 16
at%. If this_ amount exceeds 16 at%, then phases other than the hcp phase tend to form
20 within the magnetic grains 42, which disturbs the crystallinity and orientation of the
magnetic grains 42, making it difﬁcult to obtain recording and reproduction properties
and heat fluctuation properties that are suitable for high-density recording.
[0082]
Examples of materials that are particularly suitable for the magnetic layer 4c

25  include CoCrPt-based materials and CoCrPtB-based materials. In the case of CoCrPtB-



S5nitricde or netal carbide is preferably used. Specific exanples of the

oxi de include Si 02, Al 203, Ta205, Cr203, MyO Y203 and Ti 02, specific
exanples of the netal nitrides include AIN, Si3N4, TaN and CrN, and
specific exanples of the netal carbides include TaC, BC and Si C. Hence,
exanples of materials that can be used I0or the non-nmagnetic layer 7 include
CoCr-Si 02, CoCr-Ti 02, CoCr-Cr203, CoCrPt-Ta205, Ru-Si02, Ru-Si3N4 10 and

Pd- TaC. [ @a&llmaterials, kA€ caibibd aburithtf CPahd B is PRdfedablyi ot 1646 tHah 18Rk%landar bi de
wi thin the non-nmagnetic |ayer 7 provided-between the magnetic |ayers that

consti tut ogul ar magnetic - layer 4 is preferably an anount

t hat does%ﬁ%%gfeon%é??g L/g crystal growth or crystal 15orientation of the

per pendi cul ar tic layer. Mire specifically, the ampount of the oxide,
metal nitride tal carbide within the alloy is preferably not |ess than

4 mol % and not nore than 30 nol % [0102] |f the amount of the aoxide, netal
nitride or netds hamstanalsyuitabls feriae maghetisdararids. Sof tRidased mateddasughe
above range, then residual oxide, netal nitride or nmetal carbide tends to
be ret ai nes Call 4+H24CrB8H22 Rt Calcomyenti v to Ahattd Phoontemtt § to 22sds, Co ¢amtenti n t he
crystallinity and orientation of the netal grains, but may-result in the
deposi t i ORerf&intlér$ 268 CBEPIBEbAkd Riatdriaticsueh as€b 8)~240rB+2DPtRIGBe{ Griedntzat:ow t he
metal grains, making it difficult to achieve columar structures in which

the netal 1@&@&@%ﬁ)@,epk%hﬁhﬁls_vtsrzbia !B?éoﬁﬂ%ﬁ@@%‘18*&%“@6‘&91%515{%%31{6&! gyer 7,

and increasing the possibility of a loss in crystallinity and orientation

Sfﬁm Cast f‘%@?ﬁ%ﬁaﬁﬁpﬁ £ %{Eﬂe%%‘i’j%%fn%ﬁlg?f&?o@%?ﬂ%?%‘%g%%gﬁ%%shé%? if;e wthin
t, B K
ot ai ned IO F LR 6T BT SRS T P aeort SOSEE: et 0 TRAGPIRRR o
5[0

obt ai ned, which is also undesirable. 103 FIG 4 illustrates one
exanpll® ofl ta SredypmEpicontent serosindgri epd 6dlichtAgB dhasedmaigsinliguethas present
i nvention.

Co010~24Cr8~22Pt1~5Tal~10B {Cr content: 10 to 24 at%, Pt content: 8 to 22 at%, Ta

content: 1 to 5 at%, B content: 1 to 10 at%, Co content: remainder}, as well as

CoCrPtBNd-based materials, CoCrPtTaNd-based materials, CoCrPtNb-based materials,

CoCrPtBW-based materials, CoCrPtMo-based materials, CoCrPtCuRu-based materials
15 and CoCrPtRe-baéed materials.

[0084]

The perpendicular c_éercive force (Hc) of the perpendicular magnetic layer 4 is
preferably 3,000 [Oe] or great_er'. If the coercive force is less than 3,000 [Oe], then the
recording and réproduction properties, and particularly the frequency characteristics, tend

20 to deteriorate, and the heat fluctuation properties also wbrsen, meaning the medium is
undesirable as a high-density recording medium.

[0085]

The reverse magnetic domain generating magnetic field (-Hn) of the

perpendicular magnetic layer 4 is preferably 1,500 [Oe] or greater. If the reverse



Thi s magnetic recordi ng/reproduci ng device includes a nagnetic recording
medi um 50 having the structure illustrated in FIG 2, a nediumdrive unit
51 that rotates 10 the nagnetic recordi ng medi um 50, a magnetic head 52
that records and reproduces information to and fromthe nmagnetic recording
medi um 50, a head drive unit 53 that nodes the nmagnetic head 52 relative to
t he magnetic recordi ng nedi um 50, and a recording/reproduci ng si gnal

pr ocessi ngnagysticdonidin gdheratirrmaghetig/fiekp(-Ha) tileg thingh&00 [Pejcthssithey syst em 54
can process data input fromexternally and transmt this data as

15r ecor di RGiFARBA Bedt Plubtabtioadisdidratefead 52, as wel |l as processing
reproduction signals fromthe nmagnetic head 52 and transmtting the

resul ting data Mrnal ly. Further, the magnetic head 52 used in the
magneti c rECorélng reproduci ng devi ce of the present invention nmay use any
of the magneti eads that. are suitabl e for higher .recordi.ng densities,
such as a head nq’r‘?aﬁe Jcyipe mecegie Ig?j?ra‘}nlherﬁ’ﬁ '(g’raruéélizgtogh’fgﬁla@leﬁ?mnt t hat
20 uses a GWR effect as the reproduction elenent. [0104] In the

magnet $ ¢ eraiey iiprgereblyrwithiniamangsciorm 8 tad3cim-hEs apaoee 28R 45 ¢35 Bene
magneti c recordi ng medi um according to the present invention for the

above- mentdeemeihedsign exdnple.drycrbdenvipgthe perpesdiculad magneticilzyer #owingrad Edgnet i ¢

i solation of the magnetic 25grains is pronoted, the S/N ratio during
reproduct i(@&sﬁﬁﬁicbﬁelédiﬁfnﬁﬁﬁ:ﬁ@c?eg,rﬂnﬂi théédbyectinf the cbéetved@imidetotimage on
properties can be inproved, and a nediumwth excellent overwite (ON
propertie r&:%&in% obt ai ned. Accordingly, a superior nmagnetic

recordi ng/ reproduci ng device that is particularly suitable for high-density
recordi ng can ?@%ﬁitained. 5 EXAMPLES [ 0105] The effects of the
present inventi re described in nore detail below based on a series of

exanpl es. However, the pregsent inyention is not limted to the exanples
rmlO The tlulenesE of the perpendicular magnetic layer 4 is pre%eraltalva arange

from 5 to 20 nm. If the thickness of the perpendicular magnetic layer 4 is less than this
range, then a satisfactory reproduction output is unobtainable, and the heat fluctuation
properties tend to deteriorate. Further, if the thickness of the perpendicular magnetic
layer 4 exceeds the above range, then the magnetjc grains within the perpendicular

15  magnetic layer 4 tend to become more coarse, and the noise during recording and
reproduction tends to increase, meaning the recording and reproduction properties
typified by the signal-to noise ratio (S/N ratio) and tﬁe overwrite (OW) properties tend to
deteriorate undesirably.

[0088]

20 The protective layer 5 prevents corrosion of the perpendicular magnetic layer 4,
and also prevents damage to the surface of the medium when the magnetic head makes
contact with the medium. Conventional materials can be used for the protective layer 35,
and for example, materials containing C, SiO, or ZrO, can be used. Setting the thickness

of the protective layer 5 to a value within a range from 1 to 10 nm enables the distance



10 described below, and all manner of nodifications are possible w thout
departing fromthe scope of the invention. [0106] (Exanple 1) In exanple 1,
first, a cleaned glass substrate (manufactured by Konica M nolta 15Hol di ngs
Inc., outer shape: 2.5 inches) was nounted inside the deposition chanber of
a DC magnetron sputtering apparatus (C3040 manufactured by ANELVA '
Corporation),. and the deposition chanber was evacuated until an ultimte

degree of péArdédAhOheal axd Hik Redam¥e e aeihiwived wHicHs préfeded inefmd Hfen used to
deposit an adhesive layer with a thickness of 10 nmon the glass substrate.

SubsequentLy:ayi §ﬂ%$ JIREY haidayer having a thickness 20 of 25 nm was
deposi tedta(l:)%e}tqﬂg a %SI ve%cggdéirlé}usi ng a 55Fe-30Co- 15Ta target {Fe content:
55 at% Co cont[&&%j]' 30 at% Ta content: 15 at% with the substrate

t enperature set not nmore than 100C. A Ru layer with a thickness of 1.6
nmwas then fornmed, and a further soft magnetic |ayer of Co-20Fe-5Zr-5Ta
with a thi ckneddr 8 lubrigant laxer QiadBRriqaatisush as gperffudrerolygthered ponnalefy| et i ng
formati on of a soft magnetic underlayer. 25[0107] - 38 Furt her,

dur i ng5depbw®hol, ona Gfotileedérobexyliofatidmaghelikeis preferablyyused. a negati ve bi as of
-200 V was applied to the glass substrate. [0108] Measurenents using a

vi brating sanpl{eogmgnet oneter (VSM confirnmed that the 5 nmagnetic
permeability of the soft magnetic underlayer was 7,000 (H n), that the
arithnetic prodyete Beseht {n@%ﬁt‘i@n ffis blfé?er?lﬁﬁ WA tHeQHagREL Blykfod tHOSiHATSAE Y BS

(T) and the thickness t (nm of the soft magnetic underlayer was 65 (T.nm,

and that the SOlLOBHENG ¥ OdR03Y G mAadi NI QRR'G oAt hGneREend
appeari ng pea 5] e antiferronmagneti ¢ couptrng force.

Next, using a Ni-6Wtarget {Wcontent: 6 at% _Ni _content: renmninder}. and a
R ¢ r gt e BpEAo N <E A ks ik ST Aok vo Btk PGB F/e Ty eRAR B BT 1 e
sequentially on top of the above soft magnetic underlayer 2, thus form ng
an or il@nt atmosreramiarstruciuss dat cqniaingro oxide. By employing this type of configuration,

the various properties of the magnetic recording medium such as the heat fluctuation
properties, the overwrite (OW) properties and the S/N ratio and the like_(_:an be more
easily controlled and adjusted.

[0091]

15 Further, in the present invention, the perpendicular magnetic layer 4 described
above may also be formed of four or more magnetic layers. For example, in addition to
the magnetic layers 4a and 4b described above, a third magnetic layer with a grénular |
.structure may be provided, with the magﬁetic layer 4c cbntaining no oxide provided on
top of this third magnetic layer. Alterﬁatively, the magnetic layer 4c containing no oxide

20  may be formed as a two-layer structure, which .is provided on top of the magnetic layers
4a and 4b.

[0092]
Further, in the present invention, a non-magnetic layer 7 (illustrated by symbols
7a and 7b in FIG. 2) is preferably provided between the three or more magﬁetic layers

25  that constitute the perpendicular magnetic layer 4. Providing a non-magnetic layer 7 of



15Subsequently, a magnetic |layer with a conposition of

(Col 5Cr 1 6Pt)91-(Si02)6- (Ti02)3 {containing 91 nol % of an alloy having a Cr
content of 15 at% a Pt content of 18 at% and the renai nder Co, 6 nol % of
an oxi de conposed of Si02, 3 nol % of an oxi de conposed of Cr203, and 3 nol %
of “an oxi de conposed of Ti 02} was deposited with a thickness of 3 nmoritop
of the orientation control layer 3 using a sputtering 20 pressure of 2 Pa.

| n this magappropristaylEckndss facditat@s Magnetbti¢rereytrsel) ofaach dthedidm$ad(enu/ cc) .
[0111] Next, a non-nmagnetic |ayer conposed of (Co30Cr)88-(Ti02)12 was

deposi t ed WiHIEs AreliliéttdaiasBe Qkpddsidn Bﬂhﬁ%étﬁﬁti&i rvBRalRgse il of kidy@agnetid[ 0112]
39 A magnetic |ayer conposed of (Coll Cr1813092-(Si 02)5-(Ti02)3 was

t hen deposit: i Lthi bove non-nmagnetic | ayer
using a s%%r&n%ggggﬁ@hﬁéﬂg%ﬁb%géf{ﬁgﬂle%gﬁn&)ggﬁg’sequent 'y, a non-magnetic
| ayer conposed 8@9 Ii(u was deposited with a thickness of 0.3 nmon top of the
magneti c Iayer.[ r? this magnetic layer, Ku was 4 x 106 (erg/cc) and Ms was
600 (enu/cc). [0114] Next, a magnetic layer with a thickness of 4 nm was
deposi $ed on t époBer eedsy thedhiskresp ehthemgnanagetialaver (& meferbluywibin £ onposed
of Co20Cr14Pt3B {Cr content: 20 at% Pt content: 14 at% B content: 3 at%
Co cont entangedhatidodendt tatally hlock nsgnetostatio goynling datvecenfeach o the layers thiti s
magnetic |ayer, Ku was 1.5 x 106 (erg/cc) and Ms was 400 (emu/cc). [0115]
constitute the perpendicular magnetic layer 4, and specifically, is preferably not less than

0.1 nm and not more than.2 nm (and more preferably not less than 0.1 nm and not more
than 0.8 nm).
10 [0094]
| The three or more magnetic layers 4a of the present invention are
ferromagnetically coupled (hereinafter also abbreviated as fC), and when the
magnetostatic coupling is cut completely, the M-H loop becomes a loop that reverses in
two stages, which can be readily discerned. When this two-stage looﬁ occurs, it means
15  that the magnetic grains do not reverse all together under the effect of the magnetic field
from the magqetic head, and as a result, the S/N ratio during reproduction worsens
markedly, and the resolution also deteriorates, both of which are undesiréble.
[0095]
In those cases where Ru or a Ru alloy is used, AFC occurs for thickness values of
20 not less than 0.6 nm and not more than 1.2 nm. In the present invention, each of the
magnetic layers 4a must be coupled not by AFC, but magnetostatically coupled by FC.
[0096]
As the non-magnetic layer 7 provided between the magnetic layers that constitute
the perpendicular magnetic layer 4, the use of a material having an hep structure is

25  preferred. Examples of materials that can be used favorably include Ru, Ru alloys, CoCr



15Next-, a protective |layer having a thickness of 3.0 nmwas deposited using
a CVD net hod, and a di pping nethod was then used to forma |ubricant |ayer
conposed of a perfluoropol yether, thereby conpleting preparation of the
magneti c recordi ng nmedi um of exanple 1. [0116] 20 (Exanple 2) In
exanpl e 2, a soft nmgnetic |ayer having4a thickness of 25 nm was deposited
on the adhesive |ayer using a 55Fe-30Co-16Ta-3Zr target {Fe content: 55

at% Co canb@)tad 88CHK alloyd (WREERITK| repfesaitYone/or MRl ddthentSsedécidd ftbrhh t he
substrate tenperature set to not nore than 100C, a Ru layer with a

t hi.ckness aﬁ%g%“?%% YZ?%R% Ij?.ﬂ_duoﬁgeﬂi, %\?uq,g%@} sk, Ub e, M Tg’oq‘,-{izl.rﬁgtq%g ic layer

of Co- 20Fe- i ckness nrn was deposited on p of the
Ru |l ayer to Coﬁ@ﬁe formati on of the soft magnetic underlayer. The

remai ni ng prep Fon was perforned under the sanme conditions as those
described for exanple 1, yielding a magnetjc recording nedium 5[0117]
(Exanpl e 3) In thoge 365 et CaCrsbased glgpnistused pnihe noRAMALREHGIaYEH Tkness of
25 nm was deposited on the adhesive | ayer using a 55Fe-30Co-14Ta- 3B t arget
{ Fe cofit eproviddsl tetweenGbe omghetivtlaySo that epnstitute thetpemenditalaangn®icdayardnt : 3
at% with the substrate tenperature set to not 10 nore than 100C, a Ru

| ayer wi t theaCo bomtkaterssheodlloy. i6 preferably vwittdn a frargedtbm a0 th- 80 41%6.t Pewvidedfthe
magnetic | ayer of Co-20Fe-5Zr-5Ta wth a thickness of 25 rimwas deposited

on top of dh&nRt |sAWinkiRs FR4FE) &h?liﬁé)ﬁé%&?ﬂle%agtn@ﬁc B9t RGPS Sted to

underl ayer. The remal ning preparati on was perforned under the sane
conditiongs§%¥R? e described for exanple 1, yielding a magnetic recording
medi um 15] 8 Exanple 4) In exanple 4, a negative bias of -300 V was
applied to the js substrate during deposition of the upper soft magnetic
| ayer (C‘o-ZOFeI 5Ta) of the soft magnetic underlayer. The remaining
preparation was perfornmed under the sane conditions as 20 those descri bed
for eXBnpl e 1, Furtherwhgn an ghgnbavies aeken diushireisdisadas thg npgjmagnetic layer

7 provided between the magnetic layers that constitute the perpendicular magnetic layer
4, then besides Ru, alloys of Ru, Re, Ti, Y, Hf or Zn or the like may alsd be used.
[0099]
Furthermore, as the non-magnetic layer 7 provided between the magnetic layers
15  that constitute the perpendicular magnetic layer 4, metals and alloys that adopt a different
structure may also be used, provided they do not impair the crystallinity and orientation
of the magnetic layers pqsitioned above and below the non-magnetic layer 7. Specific
examples of these other metals aﬁd alloys include metals such as Pd, Pt, Cu, Ag, Au, Ir,
Mo, W, Ta, Nb, V, Bi, Sn, Si, Al, C, B and Cr, and alloys thereof. In the case of Cr
20  alloys, the use of alloys représentéd by CrX, (wherein X, represents one or more
elements selected from amongst Ti, W, Mo, Nb, Ta, Si, Al, B, C and Zr) is particularly
desirable, and the Cr content of such alloys is preferably not less than 60 at%.
[0100] |
Furthermore, as the non-magnetic layer 7 provided between the magnetic layers

25  that constitute the perpendicular magnetic layer 4, it is preferable to employ a structure in



(Exanple 5) In exanple 5, a negative bias of -300 V was applied to the

gl ass substrate during deposition of the upper soft nmagnetic |ayer

(Co- 20Fe-5Zr-5Ta) of the soft magnetic 41 underlayer. The remaining
preparation was perfornmed under the sane conditions as those described for
exanpl e 2, yielding a magnetic recordi my medium [0120] (Exanple 6) 5In
exanple 6, a negative bias of -300 V was applied to the glass substrate
duri ng depdsch metal pértitles ofithe@bownimentiempdelloy ateadisperfeGovigifren 6Xide5Meafpl of t he
soft magnetic underl ayer. The remmining preparati on was performed under the

sane condinittid®sr aetdl babRied ddGebRL it IsQFar@oudd¥D} desiFably et thadg niztdIpgiieles C
recordi ng medium [0121] 10 (Conparative Exanple 1) In conparative

exanple 1 ,hawa Rb1dBat %nfe&ﬁé fht ?gﬁlﬁ%_?ﬁﬁﬁﬁﬂy ag%&eghtthé ggﬁgg@eigg 1§REP) 19

conditions tor the so magnet -ayer,, tthe Ru | ayer

was set to 0.5 nm, and.the netic permneabil i f. the soft magnetic

under | ayeror‘%égo B’é)tduf% ,%?)o We,ﬁﬁr#]ﬁgﬂat%paié%%ﬁ% ﬂ%%émgﬂot applied
to the _gl ass substrate_ during 15 deposition. of the sqoft nagnet) i

under | fy e Ritrigpar meteh cabKig ipPefrarbly used- v%&ecg@r%mﬂka og W&Xlg%cgéﬁéloz,
conditions as those described for exanple 1, yielding a magnetic recording
medi um  ALO{, 38504 CrhiyigCatY20s amd difpl, spXjfiQeamplesgidhemetabnidsidespl e 2, a
soft magnetic |ayer having a thickness of 25 nm was deposited on the
adhesi ve liggtede AR, 84Ny, FalRend On; dadllgpedific examglks of e maal @ridesShclaié®q Co
content: 30 at% Ta content: 16 at% Zr content: 3 at% wth the substrate

t enper at UrRCSBC 4l 10t HEAEE ckbiapPled 80 fratcdiaBUihhtaus be Wsdd for tHHdnkmesrtief 1.6
nmwas then fornmed, and a further soft magnetic |ayer of Co-20Fe:5Zr-5Ta
with a thigkpess Rl #3c8i0,, CoCr-TiO;, CoCr-Crz0s, CoCrPt-Ta;0s, Ru-SiOs, Ru-SisNy

10  and Pd-TaC. )

[0101]

The amount of the oxide, metal nitride or metal carbide within the non-magnetic
layer 7 provided between the magnetic 1ayérs that coﬁstitute the perpendicular magnetic -
layer 4 is preferably an amount that does not impair the crystal growth or crystal

15  orientation of the perpendicular magnetic layer. More specifically, the amount of the
oxide, metal nitride or metal carbide within the alloy is preferably not less than 4 mol%
and not more than 30 mol%.

[0102]

If the amount of the oxide, metal nitride or metal carbide within the non-magnetic

20  layer 7 exceeds the above range, then residual oxide, metal nitride or metal carbide tends
to be retained within the metal grains, which not only causes a loss in the cryétallinity
and orientation of the metal grains, but may result in the deposition of the oxide, metal
nitride or metal carbide above and below the metal grains, making it difficult to achieve

columnar structures in which the metal grains penetrate vertically through the non-

25 magnetic layer 7, and increasing the possibility of a loss in crystallinity and orientation of



25 was deposited on top of the Ru layer to conplete formati on of the soft
magnetic 42 underl ayer. The remai ni ng preparation was perfornmed under the
sanme conditions as those described for conparative exanple 1, yielding a
magneti c recording medium [0123] (Conparative Exanple 3) 5In conparative
exanpl e 3, a soft magnetic |ayer having6a thi ckness of 25 nm was deposited
~on the adhesive | ayer using a 55Fe-30Co-14Ta-3B target {Fe content: 55 at%

Co cont enthe Brtitdaytafmet oftop dfthahdh-ngaetd Rpér 7. Anabolfrasy) if thetdngount
substrate tenperature set to not nore than 100C, a Ru layer with a

t hi ckness E?f_.hg_][oé(@dé," ewﬁ%tﬁ?@ﬁr &%ﬂ%ﬁbid@%ﬂ& fHardoRshagtifit 1BOPRLES thayer of

Co- 20Fe-5 wth a ckness 25 rimwas deposited”10 on top of the

Ru layer t,o conplete forpati.on of the,sofdt.. net.i.c under.| ayer. e

oy o n U et e e s Pt Bhiatr e e S R Bk S mells o
descri bed for conparatiye exanple 1, yielding a magnetic recordi ng nedium

[ 0124] Ea@ﬂ%&etFﬁnﬁ%ﬁéW%edﬁg’g@dF Ao Hadesirableom t hese exanples 1 to 6 and
15 conparative exanples 1 to 3 was eval uated for recordi ng and reproduction
properdies, naf@®l03]the S/INratio, the overwite (ON properties and the
heat fluctuation properties, using a Read/ Wite Anal yzer RWM1632 and a Spin
Stand S1701VP Fa@G14 Hhstrateslomyex@nlkoflembgneatiel redondiap pepredeing Aiceistng esul t s
of the evaluations are shown in Table 1. [0125] 20For the nagnetic head, a

head havi g GesnP@hventBgnetic pole on the witing side and a TMR el ement on
t he reading side was used. The S/N ratio was neasured at a recording

oLy O 750 by A kg M SRR DS ARSE SR ORRRGE €2 v
overw i rljrged\lll\éntl IgO %aéiing rl‘:'t'?el str%fcm%g Hlulétlizgled in FIG. 2, a medium drive unit 51 that rotates
10  the magnetic recording medium 50, a magnetic head 52 that records and reproduces
information .to and from the magnetic recording medium 50, a head drive unit 53 that
moves the magnetic head 52 relative to the magnetic recording medium 50, and a
recording/reproducing signal processing system 54. The recording/reproducing signal
processing system 54 can process data input from externally and transmit this data as
15 ..Z;écording signals to-the magnetic head 52, as well as processing reproduction signals
from the magnetic head 52 and transmitting the resulting data externally. Further, the
magnetic head 52 used in the magnetic recording/reproduciﬁg device of the present
invention may use any of the magnetic heads that are suitable for higher recording
densities, such as a heads that employs a GMR (giant magneto resistance) element that
20  uses a GMR effect as the reproduction element.
[0104]
In the magnetic recording/reproducing device described above, by using the
magnetic recor-(gr‘lg medium according to the present invention for the above-mentioned
magnetic recording medium 50, miniaturization and magnetic isolation .of the magnetic

25  grains is promoted, the S/N ratio during reproduction can be increased significantly, the



43 perform ng an extraction of the high-frequency conponents with a
frequency filter, and then evaluating the data-witing capabilities based
on the residual ratio. The thermal fluctuation properties were

eval uated by conducting witing at a recording density of 50 kFCl under
conditions including a tenperature of il C, and then 5cal cul ating the
attenuation factor of the output relative to the reproduction output one
second af theat flusuation propgrias can be irapioved fand handdburmyyit excedentpverwin® / ( So) .
In this formula, So represents the reproduction output one second after
writing, d0W)propgtieseintts dhrbined pAadudihglona supiefivi magne®id0 seconds after
witing. 44 [0126] [Table 1] Soft nmagnetic underlayer AFC coupling peak
position G&H?&ﬁé/}ep%'&lﬁr{g?‘&é%i&'tﬁétié }ﬁrticwMﬁEl?@ﬁjtaCbl%E BFg%bdeJn'sffty’ reécHfing can

be obtained.

EXAMPLES
[0105]
The effects of the present invention are described in more detail below based on a
series of examples. However, the present invention is not limited to the examples
10 described below, and all manner of modifications are possible without departing from the
scope of the invention. |
[0106]
(Example 1)
In example 1, first, a cleaned glass substrate (manufactured by Konicé Minolta
15  Holdings Inc., outer shape: 2.5 inches) was mounted inside the deposition chamber of a
DC magnetroﬁ sputtering apparatus (C-3040 manufactured by ANELVA Corporation),
and the deposition chamber was evacuated until an ultimate degree of vacuum of 1 x 107
Pa was achieved. A Cr target was then used to deposit an adhesive layer with a thickness
of 10 nm on the glass substrate. Subsequently, a soft magnetic layer having a thickness
20  of 25nm was deposited on the adhesive layer using a S5Fe-30Co-15Ta target {Fe
content: 55 at%, Co content: 30 at%, Ta content: 15 at%} with the substrate temperature
set to not more than 100°C. A Ru layér with a thickness of 1.6 nm was then formed, and
a further soft magnetic layer of Co-20Fe-5Zr-5Ta with a thickness of 25 nm was
deposited on top of the Ru layer, completing formation of a soft magnetic underlayer.

25 [0107]



W5 (up) MO Heat fluctuation (% Exanple 1 55Fe-30Co-15Ta / Ru /
70Co- 20Fe-5Zr-5Ta 2 0 1500 17.1 35.5 0.4 Exanple 2 55Fe-30Co-16Ta-3Zr / Ru
|/ 70Co- 20Fe-5Zr-5Ta 2
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Further, during deposition of the above soft magnetic underlayer, a negative bias
of -200 V was applied to the glass substrate. ‘

[0108]

Measurements using a vibrating sample magnetometer (VSM) confirmed that the

5 magnetic permeability of the soft magnetic underlayer was 7,000 (H/m), that the -
arithmetic product Bs't (T-nm) of the saturation magnetic flux densi.ty Bs (T) and the
thickness t (nm) of the soft magnetic underlayer was 65 (T-nm), and that the soft
magnetic underlayer had undergone AFC using the second appearing peak of the
antiferromagneﬁc coupling force.

10 [0109]

Néxt, using a Ni-6W target {W content: 6 at%, Ni content: remainder} and a Ru
target, layers of thickness 5 nm and 20 nm respectively were deposited sequentially on
top of the above soft magnetic underlayer 2, thus forming an orientation control layer.

[0110]

15 Subsequently, a magnetic layer with a composition of (Co15Cr16Pt)91-(Si0O,)6-
(Ti0,)3 {containing 91 mol% of an alloy having a Cr content of 15 at%, a Pt content of
18 at% and the remainder Co, 6 mol% of an oxide composed of Si0O,, 3 mol% of an
oxide composed of Cry03, and 3 mol% of an oxide composed of TiO,} was deposited _
with a thickness of 3 nm on‘to_p of the orientation control layer 3 using a sputtering

20 pressure of 2 Pa. In this magnetic layer, Ku was 2.2 x 10° (erg/cc) and lMs was 500
(emu/cc).

[0111]

Next, a non-magnetic layer composed of (Co30Cr)88-(TiO,)12 waé deposited
with a thickness of 0.3 nm on top of the magnetic layer.

25. [0112]



0 1350 16.8 3

3.7 0.4 Exanple 3 55Fe-30C0-14Ta-3B / Ru / 70Co-20Fe-5Zr-5Ta 2
0 1450 16.7 34.6 O.

4 Exanpl e 4 55Fe-30Co0-15Ta / Ru / 70Co- 20Fe-5Zr-5Ta 2

39
A magnetic layer cqmposed of (Co11Crl 8Pt)92-(Si02)54(Ti02)3 was then
deposited with a thickness of 4 nm on the above non-magnetic layer using a sputtering
pressure of 2 Pa.
[0113]

5 Subsequently, a non-magnetic layer cofnposed of Ru was deposited with a
thickness of 0.3 nm on top of the magnetic layer. In this magnetic layer, Ku was 4 x 10°
(erg/cc)-and Ms was 600 (emu/cc). | |

[0114]
Next, a magnetic layer with a thickness of 4 nm was deposited on top of the

10  above non-magnetic layer using a target composed of C020Crl4Pt3B {Cr content: 20
at%, Pt content: 14 at%, B content: 3 at%, Co content: remainder} and at a sputtering
pressure of 0.6 Pa. In this magnetic layer, Ku was 1.5 x 108 (erg/cc) and Ms was 400
(emu/cc).

[0115]

15 Next, a protecﬁve layer having a thickness of 3.0 nm was deposited using a CVD
method, and a dipping method was then used to form a lubricant layer composed of a
perfluoropolyether, thereby completing preparation of the magnetic recording medium of
example 1.

[0116]

20  (Example 2)

In example 2, a soft magnetic layer having a thickness of 25 nm was deposited on
the adhésive layer using a 55Fe-30Co-16Ta-3Zr target {Fe content: 55 at%, Co content:
30 at%, Ta content: 16 at%, Zr content: 3 at%} with the substrate temperature set to not

more than 100°C, a Ru layer with a thickness of 1.6 nm was then formed, and a further



-300 ®600 17.2 37.2 0.4 Exanple 5 55Fe-30Co-16Ta-3Zr / Ru /
70Co- 20Fe-5Zr-5Ta 2 -300 1450 17 34.6 0.4 Exanple 6 55Fe-30Co0-14Ta-3B / Ru
| 70Co- 20Fe-5Zr-5Ta 2

40
soft magnetic layer of Co-20Fe-5Zr-5Ta with a thickness of 25 nm was deposited on top
of the Ru layer to complete formation of the soft magnetic underlayer. The remaining
preparation was performed under the same conditions as those described for example 1,
yielding a magnetic recording medium. |
5 [0117]
(Example 3)

In example 3, a soft magnetic layer having a thickness of 25 nm was deposited on
the adhesive layer using a 55Fe-30Co-14Ta-3B target {Fe content: 55 at%, Co content:
30 at%, Ta content: 14 at%, B content: 3 at%} with the substrate temperature set to not

10  more than 100°C, a Ru layer with a thickness of 1.6 nm was then formed, and a further
soft magnetic layer of Co-20Fe-5Zr-5Ta with a thickness of 25 nm was deposited on top
of the Ru layer to complete formation of the soft magnetic underlayer. The remaining
preparation was performed under the same conditions as those described for example 1,
yielding a magnetic recording medium.

15 [0118]

(Example 4)

In example 4, a negaﬁve bias of -300 V was applied to the glass substrate during
deposition of the upper soft magnetic layer (Co-20Fe-5Zr-5Ta) of the soft magnetic
underlayer. The remaining preparation was performed under the same conditions as

20  those described for example 1, yielding a magnetic recordiﬁg medium.

[0119]

(Example 5)
In example 5, a negative bias of -300 V was applied to the glass substrate during

deposition of the upper soft magnetic layer (Co-20Fe-5Zr-5Ta) of the soft magnetic



-300 1500 16.8 36 0.4 Conparative exanple 1 55Fe- 30Co- 15Ta / Ru /
70Co- 20Fe-5Zr-5Ta 1 0 110 16.4 30.7 0.8 Conparative exanple 2
55Fe- 30Co- 16Ta-3Zr / Ru / 70Co- 20Fe-5Zr-5Ta 1

10

15

20

25
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underlayer. The remaining preparation was performed under the same conditions as
those described for example 2, yielding a magnetic recording medium.

[0120]

(Example 6)

In example 6, a negative bias of -300 V was applied to the glass substrate during
deposition of the upper soft magnetic layer (Co-20Fe-5Zr-5Ta) of the soft magnetic
underlayer. The remaining preparétion was performed under the same conditions as
those described for example 3, yielding a magnetic recording medium.

[0121]

(Comparative Example 1)

In comparative example 1, in order to employ the strongest antiferromagnetic
coupling conditions for the soft magnetic underlayer, the thickness of the Ru layer was
set to 0.5 nm, and the magnetic permeability of the soft magnetic underlayer was set to
3,000 (H/m). Further, a negative bias was not applied to the glass substrate during
deposition of the soft magnetic underlayer. The remaining preparation was performed
under the same conditions as those described for example 1, yielding a magnetic
recording medium.

[0122]

(Comparative Example 2)

In comparative example 2, a soft magnetic layer hdving a thickness of 25 nm was
depositéd on the adhesive layer using a 55Fe-30Co-16Ta-3Zr target {Fe content: 55 at%,
Co content: 30 at%, Ta content: 16 at%, Zr content: 3 at%} with the substrate
temperature set to not more than 100°C, aRu Iayer with a thickness of 1.6 nm was then
formed, alnd a further soft magnetic layer of Co-20Fe-5Zr-5Ta with a thickness of 25 nm

was deposited on top of the Ru layer to complete formation of the soft magnetic



0+ 90 6.2 27.1 0.8 Conparative exanple 3 55Fe-30Co-14Ta-3B / Ru /
70Co- 20Fe-5Zr-5Ta 1 0 103 16.3 28.5 0.8 [0127] 5As illustrated in Tabl e 1,
conpared with the magnetic recordi ng nmedia of conparative exanples 1 to 3
which fall outside the scope of the present invention, the nagnetic
recording nedia of exanples 1 to 6 accdtdi ng to the present invention
exhi bit higher magnetic perneability of the soft magnetic underlayer, wth
each nedi umi¢riayengThe reagirghg preparation biak perforveiduadethe saa gorddiHG( asi m
Further, it is also evident that the
those described for comparative example 1, yielding a magnetic recording medium.
[0123]
(Comparative Example 3)
5 In comparative example 3, a soft magnetic layer having a thickness of 25 nm was
deposited on the adhesive layer using a S5Fe-30Co-14Ta-3B target {Fe content: 55 at%,
Co content: 30 at%, Ta content: 14 at%, B content: 3 at%} with the substrate temperature
set to not more than 100°C, a Ru layer with a thickness of 1.6 nm was then formed, and a
further soft magnetic layer of Co-20Fe-5Zr-5Ta with a thickness of 25 nm was deposited
10  on top of the Ru layer to complete formation of the soft magnetic underlayer. The
remaining preparation was performed under the same conditions as those described for
comparative example 1, yielding a magnetic recording medium.
[0124]
Each of the magnetic recording media from these examples 1 to 6 and
15 comparative examples 1 to 3 was evaluated for recording and reproduction properties,
namely the S/N ratio, the overwrite (OW) properties and the heat fluctuation properties,
using a Read/Write Analyzer RWA1632 and a Spin Stand S1701MP manufactured by
Guzik Technical Enterprises, USA. The results of the evaluations are shown in Table 1.
[0125]
20 For the magnetic head, a head having a single magnetic pole on the writing side
and a TMR element on the reading side was used.
The S/N ratio was measured at a recording density of 750 kFCL.

. Further, the recording properties (OW properties) were evaluated by first writing

a signal of 750 kFClI, subsequer_ltly perfomﬁng overwriting with a signal of 100 kFCI,



10 magnetic recording nedia of exanples 1 to 6 exhibit superior recording
and reproduction 45 properties to the magnetic recordi ng nedi a of
conparative exanples 1 to 3. Hence, it is clear fromthe description above
that the present invention is able to realize a magnetic recordi ng nedi um
in which the soft magnetic underl ayer c®nbines hi gh nagnetic perneability
with antiferromagnetic coupling. 5 I NDUSTRI AL APPLI CABI LI TY [0128] The
present i medbimiap ah ex@idtentod tHeddgh-feqreredicompagers with dfebquémyailter mtd

conbi nes hi gh nmagnetic perneability with antiferromagnetic coupling, and

t her ef or e hepakQliafy ﬂﬁ%%{vﬁnﬁ%/kﬁr?aﬁﬁhfe& Bekseli’oAthd RRiddITRHS Wal | s of the soft

magneti ¢ underl ayer can be pre ed fromentering the reproduci ng head,

and e domal n 8 Bhe I oA BLALLAG B0k o TRUDEH LGl UAGRLAYET o7 ¢

fixed to prevent easy nobvenen I"OW nol aracteristics to be
obt ai ned. Further, the | gneti.c field fromthe magnetized transition
regi on of T¢49 lﬂﬁfiﬁé‘fﬂloéégiﬂléﬁgﬁ%étc%&ﬂa%ﬁm P& HEmREg HE?P&% ‘g’l"dlf 9 t he
15 magnetic head are drawn sharply into the soft magnetic |ayer, thereby
enabl i g selgblating trejatignegtioniactoreafrike putpui whative toihd aebrogluction oufput one

per pendi cul ar magnetic |ayer and nore effective extraction of the witing

magnet i ¢ fewmind afteotie tWrétingrontke basihettte FHEBCRI(BTH-SY *APOTHE)RARERENCE SYMBOLS
- 20[ 0129] 1Non-magnetic substrate 2Soft nagnetic underl ayer 2aMagnetic | ayer

formula, So represents the reproduction output one second after writing, and S represents

the reproduction output 10,000 seconds after writing.



2bSpacer |ayer 253Qrientation control |ayer 46 4Perpendicul ar magnetic

| ayer 4alLower magnetic | ayer 4bM ddl e magnetic | ayer 4cUpper magnetic |ayer
55Protective |layer 6Lubricant |ayer 7Non-magnetic |ayer 8Non-magnetic '
under| ayer 7alLower non-magnetic |ayer 10 7bUpper non-nagnetic |ayer 410xide
42Magnetic grains (or non-nmagnetic grai4ds within layers 7a and 7b)
50Magnetic recordi ng nmedi um 51Medi um drive unit

[0126]
[Table 1]
3% . g
2. .2 < 2 =
8l s .| £5 2
. e L ~ 3] — —_— s o
Soft magnetic underlayer B % S §° S é @ % @ é S
8 S| 8 s E g
(O I 7] [= (]
2 i
Example 55Fe-30Co0-15Ta/Ru/
2 0 1500 17.1 355 0.4
1 70Co-20Fe-5Zr-5Ta
Example 55Fe-30Co-16Ta-3Zr/ Ru/ '
2 0 1350 16.8 337 0.4
2 70Co-20Fe-5Zr-5Ta
Example 55Fe-30Co0-14Ta-3B /Ru/
2 0 1450 16.7 346 0.4
3 70Co-20Fe-5Zr-5Ta
Example 55Fe-30Co-15Ta/Ru/
2 -300 1600 17.2 37.2 0.4
4 70Co-20Fe-5Zr-5Ta : _
Example 55Fe-30Co0-16Ta-3Zr/ Ru/
2 -300 1450 17 346 0.4
5 70Co-20Fe-5Zr-5Ta
Example 55Fe-30Co0-14Ta-3B/Ru/
2 -300 1500 16.8 36 0.4
6 70Co-20Fe-5Zr-5Ta
Comparative | 55Fe-30Co-15Ta/Ru/
1 0 110 16.4 30.7 0.8
example 1 | 70Co-20Fe-5Zr-5Ta
Comparative | 55Fe-30Co-16Ta-3Zr / Ru/
1 0 90 16.2 27.1 0.8
example2 | 70Co-20Fe-5Zr-5Ta
Comparative | 55Fe-30Co-14Ta-3B /Ru/ :
1 0 103 163 | 285 0.8
example3 | 70Co-20Fe-5Zr-5Ta
[0127]
5 As illustrated in Table 1, compared with the magnetic recording media of

comparative exambles 1 to 3 which fall outside the scope of the present invention, the
magnetic rc;.cording media of exémples 1 to 6 according to the present invention exhibit
higher magnetic permeability of the soft magnetic underlayer, with each medium having
a magnétic; permeability value exceeding 1,000 H/m. Further, it is also evident that the

10  magnetic recording media of examples 1 to 6 exhibit superior recording and reproduction



15 52Magnetic head 53Head drive unit 54Recording/reproducing signal
processi ng system 47 CLAIMS 1. A magnetic recording nmedium conprising at
| east a non-rmagnetic substrate on which is |lamnated a soft magnetic
under | ayer forned by antiferromagnetic coupling of a 5 plurality of soft
magnetic | ayers, and a perpendicul ar mefnetic layer for which an axis of
easy magnetization is oriented mainly perpendicularly to the non-nmagnetic
substr at e propRfieRitd the magrielie révdtdingR@ARIdfeompYRLive 6RIPPlESEtIE Hend, ftiig St

mai n conponent, Co as a second nmal n conponent, and al so conprise Ta, and
10t he sOf b1 aPEGRIhE JRABIbANSYvel fha MY brbick QRAGH [sGBld if reAupheshoia1o 2
second peak or a subsequently appeari’ng peak of an antiferronmagnetic
coupling forc whi.ch cha according to,a;thickness of, a spacer |ayer
sandvi cheS SRR BRI ThPHRE S pagtite VAT IAvet ompes et BRBtdie Tonet i ¢
perneability of the soft magneti¢ underlayer is not less than 1,000 Hm 15
2. The nagr@rgabiliyyd THEREIR GERBHEENg to claim 1, wherein the soft
magnetic | ayers conprise a Fe:Co ratio (atomc ratio) within a range from .
60: 40 $0 70:30, and al so conprise 13 to 16 atom c% of Ta. 20 3. The nagnetic
recordi ng nmedium according to claiml1 or 2, wherein the soft magnetic
underl ayer is antiferromgneINDESTRIADWRRIACABILITE second appeari ng peak
of the antiferromagnetic coupling force. 4. A nethod of manufacturing a
magneti c recor dgiyginedi um conprising at | east a 25 non-magnetic substrate
on which is lamnated a soft magnetic underl ayer forned by

The present invention is able to realize a soft magnetic underlayer that combines

high magnetic permeability with antiferromagnetic coupling, and therefore leaked

10  magnetic flux emitted from the domain walls of the soft magnetic unde;layer can be
prevented from entering the reproducing head, and the domain walls that exist within the
soft magnetic underlayer are fixed to prevent easy movement,-enabling low noise
characteristics to be obtained. Further, the leaked magnetic field from the magnetized
transition region of the perpendicular magnetic layer and the magnetic ﬁeld from the

15 magnetic head are drawn sharply into the soft magnetic layer, thereby enabling
stabilization of the magnetization recorded within the perpendicular magnetic layer and

more effective extraction of the writing magnetic field from the magnetic head.

DESCRIPTION OF THE REFERENCE SYMBOLS

20 [0129]
1 Non-magnetic substrate
2 Soft magnetic underlayer

2a Magnetic layer
2b Spacer layer

25 3 Orientation control layer



48 anti ferromagnetic coupling of a plurality of soft magnetic |layers and a
per pendi cul ar magnetic layer for which an axis of easy nmagnetization is
oriented mainly perpendicularly to the non-nmagnetic substrate, the nethod

conpri si ng: form ng the soft %neti c layers conprising Fe as a
first main conponent and Co 5 as a sec mai n conponent, and al so
conprising Ta, - form ng the soft nmagnetic underlayer by performng

ant i f er r odagnetHecpendicplar npgnsticlgyer second peak or a subsequently appearing
peak of -an antiferronmagnetic coupling force, which changes according to a
t hi ckness 4af a I9Ragefaghéiclaygandw ched between the plurality of soft '
magnetic | ayers, to obtain a soft magnetic underlayer with a magnetic 10
per neabi | isty of : 1,000 Hm and appl yi ng a negative bias
within a r"%nge gg%*%@%u%(}gﬁeﬁoo V to the non-magnetic substrate when
_formng the sof maglneti c Jayer nearest to the perpendicul ar magnetic | ayer
by sputtering. URPEMASAAKABYS'C recordi ng/ reproduci ng device, comprising the
magnetic recordi ng medi um according to any one of clains 1 to 3, or a
nmagnet?c Pecor d’lrﬁtécqf@dﬁlﬁﬁ manuf actured by the nethod according to claim4,
and a magnetic head that perforns recording and reproduction of

i nformati ®n t o Laxbdcdntdager he magnetic recordi ng medi um

7 Non-magnetic layer
8 Non-magnetic underlayer
7a Lower non-magnetic layer

10 7b Upper non-magnetic layer
41 Oxide |
42 Magnetic grains (or non-magnetic grains within layers 7a and 7b)
50 Magnetic recording medium
51 Medium drive unit
15 52 Magnetic head
53 Head drive unit

54 Recording/reproducing signal processing system
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CLAIMS

1. A magnetic recording medium, comprising at least a non-magnetic substrate on
which is laminated a soft magnetic underlayer formed by antifefrbmagnetic coupling of a
plurality of soft magnetic layers, and a pérpendicular magnetic layer for which an axis of
easy magnetization is oriented mainly perpendicularly to the non-magnetic substrate,
wherein

the soft magnetic layers comprise Fe as a first main component, Co as a second
main component, and also comprise Ta, and

the soft magnetic underlayer is antiferromagnetically coupled using a second peak
or a subsequently .appearing peak of an antiferromagnetic coupling force, which changes
according to a thickness of a spacer layer sandwiched befween the plurality of soft
magnetic layers, and a magnetic permeability of the soft magnetic underlayer is not less

than 1,000 H/m.

2. The magnetic recording medium according to claim 1, wherein the soft magnetic

layers comprise a Fe:Co ratio (atomic ratio) within a range from 60:40 to 70:30, and also

comprise 13 to 16 atomic% of Ta.

3. The magnetic recording medium according to claim 1 or 2, wherein the soft
magnetic underlayer is antiferromagnetically coupled using a second appearing peak of

the antiferro‘r'nagnetic coupling force.

4, A method of manufacturing a magnetic recording medium comprising at least a

non-magnetic substrate on which is laminated a soft magnetic underlayer formed by = -
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antiferromagnetic coupling of a plurality of soft magnetic layers and a perpendicular

magnetic layer for which an axis of easy magnetization is oriented mainly
pe.rpendicularly to the non-magnetic substrate, the method comprising:

forming the soft magnetic layers comprising Fe as a first main component and Co
as a second main componént, and also comprising Ta,

forming the soft magnetic underlayer by performing antiferroinagnetic coupling
using a second peak ora subseqﬁently appearing peak of an antiferromagnetic coupling
force, which changes according to a thicknéss of a spacer layer sandwiched between the
plurality of soft magnetic layers, to obtain a soft magnetic underlayer with a magnetic
permeability of not less than 1,000 H/m, and

applying a negative bias within a range from -150 to -400 V to the non-magnetic
substrate when forming the soft magnetic layer nearest to the perpendicular magnetic

layer by sputtering.

5. A magnetic recording/reproducing device, comprising the magnetic recording
medium according to any one of claims 1 to 3, or a magnetic fecording medium
manufactured by the method according to claim 4, and

a magnetic head that performs recording and reproduction of information to and

from the magnetic recording medium.



