" #$YRe3e$D<<=d?vr @ C6CT$D ' PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM AND
MAGNETI C RECORDI NG REPRODUCTI ON APPARATUS BACKGROUND OF THEgui | The
.present invention relates to a magnetic recording/ reproducm"mmﬁww‘mlﬁs
used as a hard disk apparatus and, nore particularly, to a magpglie
recordi ng/ reproducti on apparatus using perpendi cul ar magneti zatven and a
per pendi cul ar magnetic recording 10 nmedium_for use in the apparatus. An
anor phous rare earth elenent-transition"heﬁal'hlloy nagnﬂmMWNNMMﬁmmmmving
per pendi cul ar magnetic ani sotropy is generally used as a yer of
a magnet oopti cal recording nmedium 15 Recentl t he use of thts-~anorphous
rare earth el enent-transition metaFlEl PBy THEGAEVENTEPNM as a per pendi cul ar

QEQQGEL?drS?ZLd%%%5%§%§EQ§EB§MR§&§%3%5%#Ea§§f%§§ﬁ§div&ﬁé&§fM@%N%ﬁﬂk??éf?82
2P2ﬁ9§£?ffggs??g%ﬁgﬁég§%%§%F8§%ﬂ§éﬁéyiégﬁgég&%%sogscgﬁisnﬁng | ayer having
no segregated structure, i.e. I@%I{%}g{ﬁﬁ'dﬁ‘%ﬂ?ﬁﬂﬁéﬁ Cﬁ\fystal grai ns nor

grai n boundaries. Therefore, s layer 1s used as a magnetic
recordi nggmedi um thefL iS5 JARGON e et (KRERIANG & Mdd ten, 'r%"@l' ina
witten place. As a consgﬁhené%,la f%cgkded signﬁ 2 Zéisiff% or

di sappears. Thi $cRberarRNeRpebUARtCEURppRIRRIsAIskd B shidhaiiedyancy
recording, so the anorphous rare earth elenent-transition netal all oy

magnetic |ayer appdigtusednt) mbekeepirtdcuharlggordi Agmaghersict y of

per pendi cul ar magnetic recording. Jpn. Pat. Appln. KOKAI Publication No.

2002- 25031 di sclreges dd npgreemrdidagitd bnmagpatrat use el tign @ ependiicinidwirng a

mul til ayered arrangenent obtained by conmbining a material such as CoCr used

in the conventi oaghnell zakgrat codr ec pedipegdiedilam amadnefé camecprdisgr ar e

earth elenent-transition nmetal alloy magnetic layer. Unfortunately, even

t hi s nedil@m hasmeld upr dbretSehan the aPRadmtdsi-se is larger than in the

conventional recording nediumusing a CoCr recording |ayer. 15 As descri bed

above, a perpendi cul & REQTENOE S, &edediedd thapdeneditng feps iddovemeitédal rare

earth elenent-transition tal .all oy naqnetic | ayer. i§ unsuitable to

ncreasing the PEBYAMAGAERST L9 VAR P LA PEEPRES CIEaUEEIPRE Hedi um

noi se is |arge. BRLEE S RY E. |INVENTI An ;ect .of the _present
ROSETEERY AenPevea Ty ek of t Re “ELPaa RN 1AYSEr Bid

i nvention, whic achi in‘vi éw o U

above, is to prgyhggP%FgggegﬁhgaEF%BEQEPQZg@%ﬁﬁﬁlcapable of inproving a

medi um noi se, a res _ _ erma ecay resistance. Another
obj ect of sthe presentdday@nti, 0ftnMiiseh JrasHieenmRepneved ratovicawtef the

situation described above,

element-transition metal alloy magnetic film as
a perpendicular magnetic recording layer of a
perpendicular magnetic recording medium such as a hard
disk is proposed in, e.g., Jpn. Pat. Appln. KOKAI

20 Publication Nos. 5-54358 and 2001-76332. However, the
amorphous rare earth element-transition metal alloy
magnetic layer is a continuous layer having no
segregated structure, i.e., having neither magnetic
crystal grains nor grain boundaries. Therefore, if

25 this layer is used as a magnetic recording medium,

there is no core for keeping a written signal in a

written place. As a consequence, a recorded signal



~ 3 is to provide a nagnetic recording medi um capabl e of inproving a
medi um noi se, a resolution and a thermal decay resistance. According to an
enbodi nent of the present 5 invention, there is provided a perpendicul ar
magneti c recordi ng nedi um characterized by conprising a nonmagnetic
substrate, a first perpendicular magnetic recording |layer fornmed on the
nonmagneti c substrate, having an easy axis 9f magnetization in the vertical
10 direction to the surface of the nedium ‘and mainly containing cobalt,
and a second perpendi cul ar magnetic recording layer fornmed on the first

per pendi cul ar magnet.ic recpording |ayer, _havi an eas i s of
nagnetizationiléﬁ%égﬁuﬁﬁi aRﬁ%ﬁ? i o it (BT g@%?ﬂ Y9t hredi um
and mainly conprjsi yistalld jne- alloy which contains a rare earth

el enent and a tréas?ém |aglnl%’rrrelt%al .ld&dﬁlia%c{)una Cyoﬁjeeccotrso{}eﬁ% &R dfthges of the
invention wll thint d | L J ; f ol , Oin
part will be ob\?d?no%? C;;u(c)gmgtghféenc?égs}?ﬂ %?%dne?{eog}na\gg%qnezﬁre%e baarlgo actice of

the invention THignRlieCusRAd ROVARMAGRS o LR dNEHd AlhdTB hEdieR | 2ed

and obtai ned by neans of the instrunentalities an I nat1 ons

particul agy poidzetmt%utomfeqip@fdi@ulﬁ BRIt 1PESERIJTH Y OF THE SEVERAL
VI EWs OF THE DRAW NG The acconpanyi ng drawings, which are 1 ncorporated in

and constitute a partJgmf. tthe spegilfi Ca&oNT PublidkatidiNg atmqr-essydl y
enbodi nents of the invention and, together with the generation description
gi ven above and ditseldetes lae hedemardiptular ofagnet ienmhediorering gieddmunbel ow,
serve to explain the principles of the 5 invention. FIG 1 is a schematic
sectional view $teouingg samudtdglyereld @ nremgemeindulodrt atagrethyc aoaddmndingg
medi um of the present invention; FIG 2 is a schematic sectional view

showi ng the 10 & Mat§aredt seicha@et koCrexsnsl droftheheopaiepdridinaldl ar magneti c
recordi ng _medium of the present invention; FIG 3 is a schematic sectional
vieM/shoaPng t h&3EN A Ge FEFCTSA NS MEdidiorms) tdeamBoaPioush&agér pendi cu | ar
magneti c recordi ng, nmedi.um of _tthe pr.esent in\éﬁgti qn; 15 FIG, 4.is a

schematic secti GFaICTY ST EREWTRG O 120 Bdartert 1oy gigmetdfodiigerexanpl e

of e perpenc s B NIRY) SaRRRCLAOTHILANGF 18 BsRTh et on
recordi ng/ reprogyet QR ; 3RPALALYS 1@f 157Ge20 tRLES8RA! thav ALk i onal
recording medium using a CoCr recording layer.

15 As described above, a perpendicular magnetic
recording layer using the conventional rare earth
element-transition metal alloy magnetic layer is
unsuitable to increasing the recording density and is
unpractical because the medium noise is large.

20 BRIEF SUMMARY OF THE INVENTION

An object of the present invention, which has been
achieved in view of the situation described above, is
to provide a magnetic recording medium capable of
improving a medium noise, a resolution and a thermal

25 decay resistance.

Another object of the present invention, which has

been achieved in view of the situation described above,



FIG 6 is a schematic sectional view showi ng the arrangement of a

per pendi cul ar magnetic recordi ng nmedi um according to Exanple 1; FIG 7 is a

schematic sectional view showi ng the 25 arrangenent of a conventi onal

per pendi cul ar magnetic recording medium FIG 8 is schematic sectional view

show ng the - 5 arrangenent of a perpendicul ar nmagnetic recordi ng nmedi um

according to Conparative Exanple 2; FIG _9 gs a graph show ng the

rel ati onship between the ceriumcontent andthe SNRm 5 FIG 10 is a graph

showi ng the rel ationship between the gadoliniumcontent and the SNRm and

FIG 11 is a schematic sectjonal view show n he arrangenent of a

per pendi cul ar neghdtq PTVESHih FHasse U a’%ﬁﬁﬂg@iw tl%?%l‘g?rrﬂaé’aé?lel@fDETAl LED

DESCRI PTI ON OF THE | NVENTI ON A ,per pendi cul ar_ magnet.i c recordi medi um

mboordi ng 1o & heHRTAL T s AeH RO s dh - e SO S it T e nent

in which a fi rstdeoegklpendi.c | ar . magnetic recordi ng | ayer having an easy axis
e

of 15 magneti zati© n the Vertical direction to the surface of the medium

and a second perpendigul a4 r%%iéhréﬁﬁ%ﬁ&ﬁ@hé%¥5rtﬁé”ﬂ?a the first

per pendi cul ar magneti c recordi ng |ayer, having an easy ‘axis 0

magnet i zatg on i n e 4%, Qalerdl HRC IRy ifod NE IARE 20 A g dEdi um are

stacked in this order on a nonmagnetic substrate, 'in which the Tirst

per pendi cul ar MGG P GEivRg drRvelc et A D\ dedridigy lar ger anount,
t he second perpendi cul ar magnetic recording |ayer contains a crystalline

alloy in a |argeforamayidti 25yt ddiee, Cray stiaddt e riddryi i rinksyrie tiad €
earth elenent and a transition netal. The first perpendicul ar magnetic
recordi ng | ayer recofilinmmildyercdidmiad ron ditsalrtormserhd i d anlrtaserd,

i nvention has a segregated structure having nagnetic crystal grains and
grai n boundari ehiavdng hirs gasgvradiiny dfaysrgnethier adeicon d rp ertyse ridi rouill carl
magnetic recording layer 5 mainly containing a crystalline alloy which
cont ai ns 1& r ar e Erad I@QrerEhtthend U faen it | AU /s anst madnlAt cor di ng

to the present invention, the size of the magnetic crystal grains grow ng
fromthe first pEFEdHAE &8 dHed"E Pe A H%Iyqlsc‘% FEPre 3 Sand
e

the grain boundar] s s PXandeho. e Sy Hhe ASUeqatsdalidgiyre s
magnetic recording layer, having an easy axis of
magnetization in the vertical direction to the surface

15 of the medium, and mainly comprising a crystalline
alloy which contains a rare earth element and a
transition metal.

Additional objects and advantages of the invention
will be set forth in the description which follows, and

20 in part will be obvious from the description, or may be
learned by practice of the invention. The objects and
advantages of the invention may be realized and
obtained by means of the instrumentalities and
combinations particularly pointed out hereinafter.

25 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated

in and constitute a part of the specification,



the magnetic recording | ayer has this double layered structure, its
magneti c ani sotropy can be further increased conpared to the conventi onal
per pendi cul ar 15 magnetic recordi ng nedi um havi ng only one Cocr-based
magnetic | ayer. The present invention can achieve the follow ng effects.
First, the resolution of the perpendicul ar magnetic recording |ayers,
particularly, the second 20 perpendi cul ar n?gngtic recordi ng | ayer can be
i ncreased by downsi zing the magnetic crystalf grains in the |ayer. Second,
the thermal decay resistance can be increased by pronoting the nagnetic

ani sotro of the whol e perpendi cul ar etic recording |layer., Third, the

tZﬁl nedi u%ygpi SF T u%terﬁg%r es%etf; p‘TW*W?%?O. e??%?ﬂaﬁ‘é%‘;@tq%c% dre of
e perpendi cu magnet i ¢. necgrdin ayers articul ar . the secon

Imagngti E . r eflca)gro hy ef%y"gl_r{h I%‘? t%eq%eolf%%ﬁﬂ o&?%lnigrcﬁr;%:fjﬁ reqan(ﬁ'ée?'t oins
arge in e a e . _ear h it

nmet gl , the magne%l%/c%:q?rl{]ﬁL %d%%glné&;hda%\%%rglqe%%baoﬁ% Z&%er p%ou%dlcnb%rﬁ%t%lu%el}i | m

Therefore, the gesght é’éy‘g{tt@ @it ain St 4 i | y controlling,
e.g., the addition anmount o tcﬁe )éj?ragl eztrﬁ%e%%{rrcglrél%ﬁdﬁ hﬂéﬂ hi ckness of

t he magnetg ¢ | ay{verkix3{t magnetic | ayer can be forned as a backing 10
| ayer between the nonnmagnetic substrate and first perpendicul ar magnetic

recording |ayer. Thisrseftl negnetdchdmyeic i Sedtendf wispfdnsmanetic

mat eri al having high magnetic perneability. Exanples are CoZrNb, FeTaC,
FeZrN, FeSi all ;an deMplis af looypedpeMdiadlloy susihasi Peraadding mefibased
all oy such as Pernendur, FeCoNi alloy such as Perm nvar, N Co all oy,
sendust, MZn- basfed-HemtigssntNiiZrivardsiehf errite, MyZn-based ferrite
MyMh-based ferrite, FeAl Ga, FeCuNbSi B, FeGaGe, FeGeSi, FeN Pb, FeRuGaSi,
FeSi B, 20 FeSi C, FezrBG FezriBOr THRIGHE C Gerticmal ColRwWashaniers ttities

hi gh-magnetic-perneability soft nmagnetic |ayer is formed, a so-called

doubl e I'dyfered FErHFEREmaRy &t In 4 LinHaihfy RegRensksdilan ar
magneti c recordin i

doubl e | ayered 6@%%&?%‘}%% ‘ﬁ‘gg Crﬁhleta)ég%slﬁsntg %g’er?g‘itiié%’ggeﬁ e
D or P chrny O the fetd oy of AufBed SARAbLR TRAPHISING %
arrangement of still another example of the perpendicu-
lar magnetic recording medium of the present invention;
15 FIG. 4 is a schematic sectional view showing the
arrangement of still another example of the perpendicu-
lar magnetic recording medium of the present invention:;
FIG. 5 is a perspective view showing an example
of a magnetic recording/reproduction apparatus of the
20 present invention;
FIG. 6 is a schematic sectional view showing
the arrangement of a perpendicular magnetic recording
medium according to Example 1;
FIG. 7 is a schematic sectional view showing the
25 arrangement of a conventional perpendicular magnetic

recording medium;

FIG. 8 is schematic sectional view showing the



g _ magnetic recording |layer. That is, a recording magnetic field
supplied fromthe recording head to magnetize the perpendicular nmagnetic
recording layer is noved in the horizontal direction and returned to the 5
magnetic head by this soft magnetic layer. In this manner, the soft
magnetic | ayer can increase the recording/reproduction efficiency. In
addition, a ferromagnetic |ayer can be fgrnﬁd between the soft nmagnetic
| ayer and nonnagnetic 10 substrate. After the nediumis fornmed, a nagnetic
field is applied to this ferromagnetic |ayer in one radial direction,

t her eby applying a bias nefic field to the soft nmagnetic |ayer and
preventing the f%?mqed??% %&&q@m%%lmaﬁn%@%ﬁﬂ%% t he

ferromagnetic | aye are CoSm. Cont and An under coati ng
such as Cr, V, 6‘?/*} LAk ralsfbg IC}:edf orlrf’?ead:dotejt‘(ﬁe e?%’t magnetic | ayer
ot ot ve | ayer mmde BT b o corih gk 't“‘%maé” B orstden

| ubri cati ng layQﬁm?%%ﬂ%%ﬂ‘HdH%%ﬂﬁ1AHHHEHEJ§ perpendlcular magneti c

recordi ng nmedi um surface, e.g., e magnetic recording | ayer surface or

protective | ayer surfage, I’@tihsaahi':bdﬂr?aéﬂcﬂﬂl S He 20 BACTbEh fhip

per fl uoropol yether by dipping or t i ke 1 1s a section

showi ng an exanmetwafert e efaRNdirGincdBGH! idhd @ ENK,Megdigm of the
g _ present invention. As shown in FIG 1, a perpendicul ar magnetic

recording layer 10 haslGn lar riangeniendt Whisdetai ofl viegnesiswihagki ng

| ayer 7, a first perpendicular 5 nagnetic recording |layer 2 containing
cobalt, and a sddwncyyremygemdindulodt amgggtare ireederd inegHetyier 2amdiing
contalnlng a crystalline alloy which contains a rare earth el enent and a
transition netameghiams agdeading ttie Exampdre $h a nonmagnetic substrate 1
which is, e.g., 10 a 2.5-inch glass substrate. Exanples of the transition
metal usé® in the second ﬁ%ﬁ#ﬁ(ﬁﬁ%ﬁRFREﬁﬂﬁiQFr rENENTESNr are cobal t
and chromum Platinymcan also he used as this transition 15 netal.

Exanpl es of the rare ‘edifP% amg@@q%%%gw%@w cul ar
neodyi um SamaP LU o A iR o (e R Frv 0B m um
thulium ytterbiug %ﬂ%ﬂf&ﬂ@éﬂ&ﬁt in which a first perpendicular
magnetic recording layer having an easy axis of
15 magnetization in the vertical direction to the surface
of the medium, and a second perpendicular magnetic
recording layer formed on the first perpendicular
magnetic recording layer, having an easy axis of
magnetization in the vertical direction to the surface
20 of the medium are stacked in this order on a
nonmagnetic substrate, in which the first perpendicular
magnetic recording layer contains cobalt in a larger
amount, the second perpendicular magnetic recording
layer contains a crystalline alloy in a larger amount,
25 and the crystalline alloy contains a rare earth element
and a transition metal.

The first perpendicular magnetic recording layer



The rare earth el enment can contain in an anount of 0.1 to 20 at%in the
second perpendi cul ar magnetic recording layer. If the content is |ess than
0.1 ate, the effect of reducing the size of the crystal grains 25 by the
addition of the rare earth el enent does not tend to appear. This tends to
make the magnetic crystal grains and the noise |larger than when 0.1 ate of
t he - 10 rare earth elenent is added. _If.the content exceeds 20 at% the
magnetic crystal grains tend to beconme an anorphous continuous film

Accordi ngly, the segregated structure of the second perpendi cul ar magnetic
5 recording | ayer_tends tao disappear nd_t he noise tends to jncrease. The

first perpendi cdl'&r™ ragnet i Hetord ayetd cHh THEhi SRt | BRI of

pl ati num and chr,om i C rpendi cul ar. magnetic 10
recordi ng | ayer kg%gnL%nosn%%érégatfecfg%%u%ﬂgr%ﬁé%e&ﬁﬁg%ﬂo%%%édc f?%? group
consisting of yttri t&(}%‘ jum . sa i - Wil i
ytterbium and I%lgé(a#?gun%r?&an t%g]bcéé%%ér#g%%nng%d Bgﬁll{;g%im}éé nq%%e;wsecond
per pendi cul ar magpetd } { r | fégg t 1S than 0.1
at% the effect by téhicc;rggﬁ{%oﬂr%glo%lﬁ:tdhl?fﬁaedﬁeea%lt e enﬁn%oleésf%(s)t tend to
appear. T s makesidhe dBONEihEr Y i) s B ife and dheHiis eediifals t han
when 0.1 at% of the rare earth elenent is added. If the content exceeds 20
at% the 20 nagretiareresmittl draidrss tand 4 o Recnie @n na B 1o hiad Sf emdd .nuous
film Accordingly, the segregated structure of the second perpendi cul ar
magneti ¢ recor didgrdmalierg ttendshd @ ssappaarveranicbrt hecheoissiezd enfdstHeo
increase. Alternatively, the second perpendi cul ar magnetic 25 recording

| ayer can cont aiftegtetliangir wate lelaneeims sptedcina framtthee frmatp consi sting
of praseodym um neodym um gadolinium terbium dysprosium and - 11
hol mi um and t hERREHCW ST Maanet o reratdiich dwes déormedergsbndi cul ar
magneti c recording, layer. If the content is less than 0.1 at% the effect

by the addition B tHE rHee e HARN A Efshil Y sed sistedrefdharsby ddfear. This
tends to nmake the magneti rystal grai d the noise, | arger than when
0.1 at% of the rsaerger%frqieﬁ{:eﬁ% 1TSS ?dd%lf%\ T B R %Nt pgftfjeec%mf(? at %
the magnetic crystal i,ns, t Q a rphou nti.nuous film
Accordi ngly, th_gtsnseeénr gna eéié: éﬁ%%%é&l}rn%e%@q%fr t a%%&&nﬁoﬁéﬁﬁe&ﬁy&ﬁeé{
magneti c recordifig-Jayfle,! eRLS f-QrdtSPREATso YeS G AN to

e
i ncrease. The first perpendi cul ar nmagnetic reco a{ng 1"Payer can further

contain oxygen iih@ddddPdpadled @St RN RfvdRidiuMASSHiHIWR 15 In
this case, the rare earth elenment can be at |east one €l enment selected from
the groupsconsi stagigtdfc Mddarding aiidiafiMavaeld WN1 yoaseedH-Wlsed
neodym um samarium europium gadolinium terbium dysprosium holmum
thulium ytterbmagnednd |llatyetri.um and the

The present invention can achieve the following
effects. First, the resolution of the perpendicular
magnetic recording layers, particularly, the second

20 perpendicular magnetic recording layer can be increased
by downsizing the magnetic crystal grains in the layer.
Second, the thermal decay resistance can be increased
by promoting the magnetic anisotropy of the whole
perpendicular magnetic recording layer. Third, the

25 medium noise can be decreased by promoting the
segregated structure of the perpendicular magnetic

recording layers, particularly, the second magnetic



20 content can be 0.1 to 20 at%in the second perpendicu |ar magnetic
recording layer. If the content is less than 0.1 at% the effect by the
addition of the rare earth el ement cannot be achi eved. This nakes the
magnetic crystal grains and the noise larger than when 25 0.1 at% of the
rare earth element is added. If the content exceeds 20 at% the magnetic
crystal grains tend to beconme an anorphous gontinuous film - 12

Accordi ngly, the segregated structure of the second perpendi cul ar magnetic
recording layer tends to di sappear, and the noise tends to increase. At

| east one of Ta and Nb, can, be added to the 5 alloy contained in the second
per pendi cul ar eGP T T RECHA¥hy | ayer. By the addition of Ta and Nb, the

segregated structure rther tends to.advance to reduce. the noise, The
addi ti on amount of Tafgn%h?\lbc%%‘ﬁe%té ?f 1%4% ]i%r%oe%’f&o‘i?\l‘?Iﬁ%nge%%nharge

di cul i di dqdi ¢ one .
beEPerS. “the ef RS FERLARRETs Al b YA R o 358
and t he noi se reﬂ%@é’@tﬂﬁ Eit?étécifgrg?ﬁq% ]gngt) l syt h@f]téﬁ'aéhﬁ%éé‘et di um

to which these s 15 are a e addi tT1on anount exceeds 20 ate,

excess Ta zand Noydli lawphdibne &vstldddi £¥im andridiee £ 850! WhdNresent

significantly worsens. The thickness of the second perpendi cular magnetic

recording |ayer paferlei dh lodt NS i@y 40 20i D ﬁ%lﬁia@tM1ﬁr@,

preferably, 0.1 (inclusive) to 15 (inclusive) nm |If e thickness is |ess
than 0.1 nm thee &f f ecthefaddie iseconthyper pehdilcall B r dregneti G Taeai i 15

| ayer does not appear. In this case, the magnetic crystal grains and the
noi se are | ar gerthéarh28mnwhen dhehdinckgrestsia sldvelr nm or nore. |f the
thickness is 20 nmor nore, the crystallinity in the second perpendicul ar
magnetic recording | dyetoflentzonetic -lager dgaarrborfoxnetds o rlegukcing he
resolution. As the material of the first perpendicular magnetic recording
layer, itl9s posst¥ie RFURRD gy nonmggmetdgorsuldgratie amsrid rToprt O
CoPtCrQ, CoCrPtB, 5 CoGrPtTa, CoCrPtW CoCrPtM, CoCrPtCu, CoCrPtRu,

CoCr Pt WC, CoCr PR RO G B cuB 2 B it ARSC A PR e ToCr Pt TaCu, CoCr Pt TaW
Copt - Si 02, and CoPt Si Q.. The thickness, of. the first perpendi cular magnetic
recording | ayer can bﬁl S t%oéf) e i y?acge tcggl?) fim 1f the

t hi ckness is | e%iﬁg}e%égﬂerti@el %eaq;iqggaheidq}}s;té{at%ec iﬁceg)oe%enaobti t.en : to well

1
appear, so the noi O I Nncrease. S exceeds nm the

si ze of the mAONadyShAl QAN AR [ Grd71a7,eanR; A diie jasel uti on

tends to worsen. 15 Two or nore layers inclu I'ng the secon ﬁerpendiculap
magnet i ¢ rsecor digig d By efenzian 10& B tarked Hrdhe fidyst ReTPend Ll an Jpgneti c

recording layer. FIG 2 is a sectional view show ng the arrangenent
such as Permendur, FeCoNi alloy such as Perminvar, NiCo
alloy, sendust, MnZn-based ferrite, NiZn-based ferrite,
MgZn-based ferrite, MgMn-based ferrite, FeAlGa,
FeCuNbSiB, FeGaGe, FeGeSi, FeNiPb, FeRuGaSi, FeSiB,
20 FeSiC, FeZrB, FeZrBCu, CoFeSiB, CoTi, and CoZrTa.

When this high-magnetic-permeability soft magnetic
layer is formed, a so-called double layered perpendicu-
lar recording medium having a perpendicular magnetic
recording layer on the soft magnetic layer is formed.

25 In this double layered perpendicular recording medium,

the soft magnetic layer performs part of the function

of a magnetic head for magnetizing the perpendicular



of anot her exanple of the perpendi cul ar magnetic 20 recordi ng nmedi um of the
present invention. As shown in FIG 2, a perpendicul ar nagnetic recording
medi um 20 has the sane arrangenment as FIG 1 except that a nagnetic |ayer 4
made of, e.g., CoCrPtB is forned between first and second perpendi cul ar 25
magnetic recording layers 2 and 3. Also, the first and second perpendi cul ar
magneti c recordi ng | ayers can be alternagelg stacked on a - 14
nonmagneti c substrate. FIG 3 is a sectionalf view show ng the arrangenment
of still another exanple of t he perpendi cul ar nagnetic recordi ng nmedi um of

the present invention, shown in FIG 3 per pendi cul ar magneti c
recor di ng nedi urﬁl%%n?]%%ctlﬁ%c @r %%%TTEH? s ’FﬁGalr%%%@E&nq hat first

d cond perpendi cul ar tic rec ers 2 and 3 are forned on
g?he?efl rstpang BAESR efﬂgﬂ |§:‘ﬁﬁ%lre ?fig}n%‘?‘]‘ aﬁ/eec%er%‘? payRead 2tand 3, 10
thereby alter natlei% g{f%( g, the S en% ?L?f%jlésnee(r:qorp%j erﬁpendl%ul ar rra%r:lell C

recording layers on a nonnagn su

recordi ng Iayersm(%(‘;%ll éf}eorslezc Ped’ %’A al, fregnat i reco ﬂ}
ac on t g ayer

| ayer are 15 st e first per pen magnet’i c recor din

the thickness Ofméch?eﬁ'm?h?ea@%&?tﬂrﬁéesc&f@'ﬂ%ﬂ@a’ﬁ = Iﬁ Opls nm 1

the thickness is less than 5 nm the initi ayer nferior
crystallinity temdmd® oataipo B Izﬁcﬁeetppétlﬁblofcérhelﬁﬁéar@e naghetic 20
recording layer to worsen the resolution. If the thickness exceeds 30 nm
the size of the megnedimy/rertadudidomse i®indisert®y i ncrease and the noi se
tends to increase. An arbitrary interlayer can be forned between the 25
first and second per pemncaadd aromagnefe xrorecqial iy 1ayer sScandoeatdrmagnet i c
| ayer. Exanples of the interlayer are &, Mo, W C M, OGW CoCr, CoCrbt,
and - 15 CoClmBleameihe ot magn@:ylel liaydoraret Jcnnsagredniat i on sour ce
can be sugglled fromthe interlayer, so the segregated structure can be

pronot ed 10The t FEER ©f PHitey rithe mediune &6 Hommed t & MaEmehia f t he
t hi ckness is Iesz hcﬁn 0.1 nm the segregated structure prormtl ng effect by

the interlayer d %o ttﬁe% MG de B hmn e
Che"r asol Ut i on TEHET o1 %e'tld: AT S AR o i PRIt oat i ng. or
ﬁrggnelt |k§ gggk?ﬁ gﬁc%%?cogﬁtt the 't |rs%%eﬁg£n ferf:#r?lé grtgvt% lpgco ft
| ayer. formation of magnetic domain walls.

15 Examples of the ferromagnetic layer are CoSm,

CoPt, CoCrPt, and CoCrPtcCu.
An undercoating such as Cr, V, or NiAl can also be
formed between the soft magnetic layer and substrate.
On the obtained magnetic recording layer surface,
20 a protective layer made of, e.g., carbon can be formed.
Furthermore, a lubricating layer can be formed by
coating the perpendicular magnetic recording medium
surface, e.g., the magnetic recording layer surface
or protective layer surface, with a lubricating agent
25 such as perfluoropolyether by dipping or the like.
FIG. 1 is a sectional view showing an example of

the perpendicular magnetic recording medium of the



‘As this undercoating, it is possible to use, e.g., 15 Ti, TiC, Ru, RuCr,
H, NNA, NiTa, NiNb, CoCrPt, and CoCrPtB. The thickness of the nonmagnetic
undercoating used in the present invention can be 1 to 50 nm and
preferably, 5 to 30 nm If the thickness is less than 20 1 nm the
crystallinity of the nonmagnetic undercoating tends to worsen. Accordingly,
the crystallinity of the magnetic recordi n99I ayer also tends to worsen, and
the noise tends to increase. If the thickneSs exceeds 50 nm the size of

t he magnetic crystal grains in the 25 magnetic recording |ayer tends to
increase, and the noise tends .to increase. FIG 4 is a schematic sectional
vi ew showi ng thé’res-enjs?fi (| Strent of still another exanple of the

per pendi cul ar magneti.c recor.di.n iumof the present inventi,on. As shown
in FIG 4, a per pendi}gsulsg}owr%glr{gté@éj'r ;hc’oradipnegrpr?g Ut riéf’or AT S ane
arrangenent as E ; t-hat. _no soft i cki I IS
formed. An inpr ollvee%r?en l%ﬁ)ﬁ}%&%%r égbglhl?tnsi 6%1 SF i s?r%gﬁpg%ldwg&%glr aayn%)nftzacti C

recordi ng nmedi um can.die. Qﬁtc}&xﬁeqtaﬂéﬁ%ge;clalésqfitﬂyts pg%g{eg%i | CL r magnetic

recording nmediumis not a so-calle ubl e-l ayere 10 nmedi um

that conpri ses &g RRIRARDIXPEATITRONGNG eerdaig iRy o t8 $Rid dmagnetic
backi ng | ayer. However, simlar to the perpendi cul ar magnetic recording
medi um accor di NG dd@ridh@drigesidideNeat madndts PesdHd i liaiereas adite y
resolution of the second 15 perpendi cul ar nagnetic recordi ng |ayer by
reduci ng the si zemnfaiiegragreatyist adrlyisieala lgroai ndiiioh tdoing diayers, daxer ease
the thernmal decay resistance by pronoting the magnetic ani sotropy of the
whol e per pendi c aartmegreatant recbrditngrisdytaon aned arle duree sttlaekeediiom noi se
by 20 pronoting the segregated structure of the magnetic recording |ayers,
particul arly, tHé&isecsieimegnét neeeaediify Suhpdrate fagidhe is, e.q.,
recordin%/reproduction appar.atus according to the second aspect of the
present iventi éh 25 AHRY %ESSa i®«ul ar magnetic recording nmedium a
mechani sm whi ch suppQrts and ro es .t he perpendi cular magneti ¢ recording
medi um a magnetic h%ﬁif“l’?i\ﬁsnéjft %Ehel?tr HiiGRemetdd « d1 mation on
t he perpendicula&}qﬁgpetic EF;EquQQHFE?f m_and anﬁﬁ]e nt to _reproduce
recorded i nformation,. &nd PE Cart zfge S Cy]ﬁ%:locr §]@p S A magneti c
head to be novabl g Wit @nrde%gfr%ﬁi%mt.o t he perpendi cul ar magnetic recording
medi um i n which the perpendicular nagnetic recording medi um conprises a
nonmagneti ¢ substrat &) # iy lcRerRendigdih e TBANGY 16 EGRILitiG,] ayer
formed on the nonnagnetic substrate, having an easy axis of magnetization
in the 1l@sverti ealtadi.rection to the surface of the nedium and a second

per pendi cul ar magnetic recording |layer fornmed on the first perpendicul ar
magneti c recordi ng | &xamp leaviol thre easye adrtiofe reagnet isadd dm ithd he
vertical direction to the surface of the nedium the first 15 perpendi cul ar
magneti ¢ recor disegangly ¢gre npeingiyudemt siagined icok@icording deyenrd aper pendi cul ar
magnetic recording |ayer mainly conprising a crystalline all %y whi ch

contai ns a rar e Yéamife| e agnm, a Cerand t Paeseedymiupg meadysijum, a
partially expl oded perspective view showi ng an exanple of the nagnetic
recordi ng/ repr GEICEIOR aSHECRIYE ad@sdiling We Hee DiEs e Y SPRPSH o,

20 holmium, thulium, ytterbium, and lutetium.
The rare earth element can contain in an amount of
0.1 to 20 at% in the second perpendicular magnetic
recording layer. If the content is less than 0.1 at$%,
the effect of reducing the size of the crystal grains
25 by the addition of the rare earth element does not tend
to appear. This tends to make the magnetic crystal

grains and the noise larger than when 0.1 at% of the



A rigid magnetic disk 121 for recording 25 information according to the
present invention is fitted on a spindle 122 and rotated at a predeterm ned
rotational speed by a spindle nmotor (not shown). - 18 A slider 123
nounting a single pole recording head for accessing the magnetic disk 121
to record informati on and an MR head for reproducing information is
attached to the end portion of a suspensio 24 which is a thin 5 | eaf
spring. This suspension 124 is connected to one end of an arm 125 havi ng,
e.g., a bobbin which holds a driving coil (not shown). A voice coil notor

126 ki nd of I tta th d f
125. “10°Thi & Vol EEFBATE oSSR | it TR thé’lér LTS (SRS SHown)
d dth bbj f th 125 t it h
bermanent magnetis Sl COIRTETTHRE sppeli L et Har off tiie RS $aes of
h I
{he 1 Ving co1 |1y 5, ThE: A48 428,45 hel by ﬁ@@ﬁggs&}g%egpf% "

formed in two, upper | ower™ por T ofs Of &

by the voice coidypiqy é.zgif diatsd Sond N ROt &i&ﬁé)g IHEJTHZG 2er 123 on the

magnetic disk 121 1s contro | ed by the vol ce coi | notor 0 Reference

nuneral 128 in R&Goidenotffed tdiths e Pf fgfidat VA e Vﬂdlsebecends

described in nore detail belom/by way of its exanples Exanple 1 A
nonmagnet i ¢ substd atrcregke: of a 2. 5-inch 25 nmagnetic di sk gl ass substrate
was prepared. This nonmagnetic substrate was placed in a vacuum chanber
havi ng a vacuum degr eeheof filvdD-PefReendheular M&gnstubstreterd ompelayer e was
rai sed to 250C, and DC magnetron sputtering was perforned in an Ar anbi ent
at a gas pressureanfcantzriPa.atFikest tdre mohmelptetnwn sarsd terata@uinvgs. opposed
to 5 a target, and discharge was perfornmed on the target at DC 500W
thereby fornming a 40-HmEngkcagesfithe a%e@%m@%¢bcmrw¢h§for
formng a ferromagnetjc Iayer On top of this Im a 25-nmthick CoCrPt
ferromagnétic | RTOMENS orIRE G t@%’t%%d‘—% Rne ¢ s nagnet i ¢

| ayer, a 200-nmt N ft manetlc back yer, was fornmed.
Subsequent |y, orﬁﬁmh%k%g‘gzﬁﬁbo Ch n%tdﬂ'btf Hbgg%-‘? L Wnm thick Ti
Larget at 15 DO HOOWOR T 1 é*a%guﬁééy S R Donmagnet |
CoCr Pt |ayer was,fQrpd; Dy HEY FQIB"im, and the content can be 0.1 to
20 at% in the second perpendicular magnetic recording
15 layer. If the content is less than 0.1 at%, the effect
by the addition of the rare earth element does not tend
to appear. This makes the magnetic crystal grains and
the noise larger than when 0.1 at% of the rare earth
element is added. If the content exceeds 20 at%, the
20 magnetic crystal grains tend to become an amorphous
continuous film. Accordingly, the segregated structure
of the second perpendicular magnetic recording layer
tends to disappear, and the noise tends to increase.
Alternatively, the second perpendicular magnetic
25 recording layer can contain at least one element
selected from the group consisting of praseodymium,

neodymium, gadolinium, terbium, dysprosium, and



di scharge on a Co-37at %r-8at %t target at DC 500W After that, a
Co-20at %Cr - | 6at %t target was prepared, and a. 15-nmthick CoCrPt

per pendi cul ar 20 magnetic recording | ayer was forned as a first

per pendi cul ar magnetic recording | ayer on the nonnmagnetic CoCr Pt
undercoating. A Co-20at %Cr-|5at%Ce target was then used to forma 9-nm
t hi ck CoCr Ce perpendi cul ar magnetic recordkﬂg 25 layer as a second

per pendi cul ar magnetic recording | ayer on e CoCrPt perpendicul ar magnetic

recordi ng | ayer. - 20 Finally, a 7-nmthick carbon protective | ayer was
formed to obtain

d t medi um_ After the
substrate thus éﬁﬁﬂrerpen ICEE@tF@ ngﬁk%ﬁﬁf 2 gﬁﬁﬁékgﬁﬁérQNas t aken out
to th t t hi ck fl ether PEPE).- based
:Ebflcaflﬁgnrzs ewggcpgﬁﬁg%qkfn@ﬁﬁglﬁé H%%é% B§yéﬁF§I micd éaﬁngendlcular
magnetic recor d| #gtrﬂ%dl Ay Gls61e%s t%%t%tl orial t\%l ew sho%uf%%t t@’é’o?&ﬁg O

arrangenent 10 of the perpendi cdl ar “imagnéti c re Sodi

Exanple 1. AS SRO diBab? rhe 2208 @%&G&mcgll%&e?zgg@%& Hote Yeing gredi um 50

has a structure in whic nonmagneti c layer ferronagnetlc

layer 6, 15 CoZiNpenef.t ﬂ?ﬁg@ett'eﬁdfs,l k) hakl thiel SihghRASILC S g's%%l&grg?.gspt
second undercoating 9, CoCrPt perpendicul ar nmagnetic recor | ayer 11,

CoCr Ce per pendi guldakheBgreikeC 1aegeidithan aynenh 521 GtRr @,tfe%leV%alr@yer 13,
and lubricating |ayer (not shown) are stacked in this order 20 on a

nonmagneti ¢ substrahe elem&he diyadalkld.ni ¥ ahet kenCettCexperpendiocdkar,

magneti c recording |layer as the second perpendi cul ar magneti c recordi ng

| ayer of the obtthiensdgpetpendirystal grains tend to become an amorphous
continuous film. Accordingly, the segregated structure

10 of the second perpendicular magnetic recording layer
tends to disappear, and the noise tends to increase.

The first perpendicular magnetic recording layer
can further contain oxygen in addition to at least one
of platinum and chromium.

15 In this case, the rare earth element can be at
least one element selected from the group consisting of
yttrium, lanthanum, cerium, praseodymium, neodymium,
samarium, europium, gadolinium, terbium, dysprosium,
holmium, thulium, ytterbium, and lutetium, and the

20 content can be 0.1 to 20 at% in the second perpendicu-
lar magnetic recording layer. If the content is less
than 0.1 at%, the effect by the addition of the rare
earth element cannot be achieved. This makes the
magnetic crystal grains and the noise larger than when

25 0.1 at% of the rare earth element is added. If the

content exceeds 20 at$%, the magnetic crystal grains

tend to become an amorphous continuous film.



magneti c recordi ng nedi um was checked as follows. 25 For conparison, a

per pendi cul ar magnetic recording nmediumwas fornmed foll ow ng the sane
procedure as in Exanple 1 except that no CoCrCe second perpendi cul ar 2 ~
ing layer was formed ing the arrangenent magnetic recoxd sectional view

show ,n layer for FIC- ~ xs a |l ax magnet~-c recordx endicular of thi exp s
shown in ~,,~C, ~, a P txucture in which s endi CU erp A a s conpaxxson. s
60 ha fern ecoxdi ng nedi um omagnet| ¢ magnet'yc x dexcoating 5 CoCxPt

first un T5 a O nonrragnetrc ft magnetic layer ~' ~.ng 9~ CCrPt | ayer 6 ~
C, ~xNb so d undeycoat , 8r secon | ayer 1WC rotectrv d t in~3 undexcoa
ax magnet~c rec cb‘fc?ﬁdjrﬁgjsﬁovﬁhe asreéyrsei%% ‘Bté?'ﬁﬁ | &R i 22894 | ayer (

1. ex and nn ne substrate 10 |l a xdex on tic ent s perfrmed for
inth~s (ffradtydw ‘tﬂraeﬁnm%g%zt&cdurae%‘br%&ﬁ ¥F XBAAES

expendxcul ar %gle%apr% e 2) a4 |trHGeennsO| Ly, qgergéwﬁo%t%qnqe% % a Co (000 eak the

Co athIn and asUx T6co ayer

per pendi cul ar nmag srtat Oi0~ e d p&f‘ldfé: Snd ngn Z%I"beCoaé@I i (ffdtﬁégnal

(0002) peak inten dium Al app er nme magnetic recor ay rtecording
pt first merpenoalqtafrcdnmqié‘dﬂﬁf RO ddhd e fend i %ﬁ@&%d pe p
~ forned fr the

Therefore/ X xay and C rn | ayer were obsexved 0 recording

ur was per obsermedritg Medidim 5&y Ghe fddditdion Jf agd idhdag xagpxd~-ng rs
r endi CU ar magnetic sxty fromthe CCr~t Co (0002) pe p er. The lay (0002)

peak inters the dedmygamgheait cemdlifig bk peardiendit | alvaadattd rddhdd f
the CCxCe sec ked by calculating the 25 peak Intens~. y ding |ayer was chec
bet ween these twheragnstd.c recor ty difference (0002) peak intensi Co
The addition amount of Ta and Nb can be 0.1 to
10 20 at% in the second perpendicular magnetic recording
layer. If the addition amount is less than 0.1 at$,
the effect by the addition of Ta and Nb does not tend
to appear, and the noise reducing effect tends to be
smaller than that of the medium to which these metals
15 are added. If the addition amount exceeds 20 at$,
excess Ta and Nb disturb the crystallinity, and the
resolution significantly worsens.
The thickness of the second perpendicular
magnetic recording layer can be 0.1 (inclusive) to
20 20 (exclusive) nm, and preferably, 0.1 (inclusive) to
15 (inclusive) nm. If the thickness is less than
0.1 nm, the effect of the second perpendicular magnetic
recording'layer does not appear. In this case, the
magnetic crystal grains and the noise are larger than
25 when the thickness is 0.1 nm or more. If the thickness

is 20 nm or more, the crystallinity in the second

perpendicular magnetic recording layer tends to



- 22 perpendicul ar magnetic recordi ng nedia. Consequently, the Co (0002)
peak intensity was clearly 100 cps or nore, indicating that the CoCrCe
second perpendi cul ar nagnetic recording |ayer was crystalline, not 5

anor phous. A magnetic field of 15 kCe (about 1.2 X 106 A/ m was applied
outward in the radial direction of the disk substrate of the perpendicul ar
magneti c recordi ng nmedium 40 by using a_naqgetizing appar atus having 10 an
el ectronmagnet, thereby nmagnetizing, in the radial direction, the CoCrPt
ferromagnetic | ayer exhibiting |longitudinal hard magnetism The
magnet or esi stance effect of the magnetized perpendi cul ar nmagnetic recording

medi um was used VRIS aHE R IRBGRy/LIS FeR gt on characteri sti cs
by using a single pol ad having a recardipg track width of 0.3 ~cmand a
reproduction track\Mé%tghﬁ Tﬁ%?n%ﬁﬁ Qg gb? $t RETRSISIBht3hl wavef or m
hal f wi dth dPWsQ as %ﬁfgndex of. th;tresolutian was 89 nm,_ and SNRm (S

| ow f requency 20°BRPUS NCHSEY ad¥ido KiaH® RESSIPIE ¢ YSfti &I g t hat

th di | ent~. | jof i I I f
output of 50 KFQPY ST S decay TR Lo B daraqe T 1 Shows
the obtai ned ey, af; AR ARA DR C‘E‘g}@iﬁd&‘if&'ﬁ@fﬁ%ﬁ 1A

per pendi cul ar magnetic recordi ng ‘nedi um was obt ai ne oW ng 't he sane

procedure as indeamr,l cocriRuXeriirfittaln, @ b HRdUY Cle @iz, aver

was formed as a first perpendicular magnetic recording |ayer on a

nonnmagnet i ¢ subsiocatre Ti0u,| @odr@HTaat, oy bnardet®ieC Ce | ayer as
a second perpendi cul ar magnetic 5 recording |ayer was fornmed. The

recordi ng/ reproduct i drhechariaxfravdsstafoschof  fihes toldeadpead inaripan disgiaic
magneti c recordi ng medi um were evaluated in the sane manner as in Exanple
1. The dPWh0 as racaonddenxy dfayelre cags dleutli do \Bds ndQ5 amn ph@ fandiktllye SNRa was
17.1 dB. Also, the decay value at a | owfrequency output of 50 kFClI was
-0. 15% défade. Rsbr&d.1 JHowde hbishngissed sr dssist $hel tthandPWbE and SNRm
Conpar ative Exanple 2 15 A perpendi cul ar na%netic recordi ng nmedi um was

obt ai ned f ol | owiS§GHERE L&8hS tFNGERESr o8s NRtEEeRS &0l weldepreiRat 69 a
nonnmagneti c sub%érate.sinklar t% t hat of Exanpleﬁéj a.9-nmthick CoCrCe

| ayer as a secondSp&PFETditERSr tagREtic@Stecordi g APCRRES S §%788 By 20

45110 2 o 2001 e LRl LILOGE AN AN UK 0GB L aver e

first perpendicul’ar rfhagneti¢c recor r

O ot oer S2t ek Bte! orBl o Sodunaill MBS0 L g o
Conpar at ige Exanpl e ZwAerShewe 1RhG Sici1adsiPend elandragnetic - 24
perpendicular magnetic recording layer can be stacked
on the first perpendicular magnetic recording layer.
FIG. 2 is a sectional view showing the arrangement
of another example of the perpendicular magnetic
20 recording medium of the present invention.
As shown in FIG. 2, a perpendicular magnetic
recording medium 20 has the same arrangement as FIG. 1
except that a magnetic layer 4 made of, e.g., CoCrPtB
is formed between first and second perpendicular
25 maghetic recording layers 2 and 3.

Also, the first and second perpendicular magnetic

recording layers can be alternately stacked on a



recordi ng medium 70 has a structure in which a O nonmagnetic |ayer 5,
CoCrPt ferromagnetic layer 6, CoZrNb soft magnetic layer 7, Ti first

undercoating 8,
magneti c record

11, C protective |ayer

this order on a

CoCr Pt second undercoating 9, CoCrCe perpendicular 5

ng layer 12, CoCrPt perpendicul ar magnetic recording |ayer

nonmagneti c substrate 1._ The, recordi ng/reproduction

13, and lubricating | ayer (not shown) are stacked in

characteristics of the 10 obtai ned perpendi'cul ar magnetic recordi ng medi um

70 were evaluated in the sane manner as in Exanple 1. As a consequence,

dPWs0 was 115 n and the. SN s 15.2 dB. Also, the decay value at a
Lr}]t‘ k%@?g\ﬁb%tqo | | o/ decade.

| ow-frequency o

Pt Be Bt

the obtained results th W0 _and. SN Tabl 1
FirstSecondSNRndPWEOng%%ét?c%gg%e?g%gl %?L¥+%Ve$?%@%?%x5%%|%rrangement

9 raf i égf% 7 '
%C%@%al@%ﬁ%%%p e P%éa%%gé%%+ﬁ$% Tt ym%qn%tlzjf? er ent
per pendi cul ar magneti & KSR 10 JRd Re NAVE NG, Second, PeEpendi cul ar magnetic
20 recording layers different 1 n thickness were forned tollow ng the sanme

procedure ms in Exanphg dnhexcept rFIg. 2%, Lhsdrsendionyes Hsedegd the film
t hi ckness of ceriumwas properly changed fromO to 30 nm Table 2 bel ow

1CoCr Pt CoCr Ce23.
1Conpar ati veCoCr

shows the relati
second magnetic

LS i e tveeiur Fe0 IR el ke fd drad fdredeiiesss of 1¢ hey
5 layer. Table 2 Thickness of second magnetic | ayer SNRm

(dB) 017. 60. 117. Hx&43 AlAt 1623 11 928 HAOA B ISP SN OO I rdeil8 . 7
shown in Table 2, the effect of increasing the SNRm was obtai ned when the
t hi ckness of thersezohichg layers 2 and 3 are formed on other first and

10

15

20

25

second perpendicular magnetic recording layers 2 and 3,
thereby alternately stacking the first and second
perpendicular magnetic recording layers on a
nonmagnetic substrate.

If two or more magnetic recording layers including
the second perpendicular magnetic recording layer are
stacked on the first perpendicular magnetic recording
layer, the thickness of the whole magnetic recording
layer can be 5 to 30 nm. If the thickness is less than
5 nm, the initial layer having inferior crystallinity
tends to occupy a large portion of the entire magnetic
recording layer to worsen the resolution. If the
thickness exceeds 30 nm, the size of the magnetic
crystal grains tends to increase and the noise tends to
increase.

An arbitrary interlayer can be formed between the
first and second perpendicular magnetic recording
layers and each magnetic layer. Examples of the

interlayer are Cr, Mo, W, CrMo, CrW, CoCr, CoCrPt, and

t he

Table 1 bel ow 15 shows

As



magnetic recording layer was 0.1 to 20 nm The 10 thickness of the second
magnetic recording layer can be 1 to 15 nm Exanple 3 A perpendi cul ar
magneti c recordi ng nedi um was obtai ned followi ng the same procedure as in
Exanple 1 15 except that a 9-nmthick CoCrPtCe | ayer was fornmed as a second
per pendi cul ar magnetic recordi ng | ayer by using a Co-20atoCr-1|4atoPt-9at oCe
target. - 26 The recording/reproduction_characteristics of the obtained
per pendi cul ar magnetic recording medi umwerl@ eval uated in the same manner
as in Exanple 1. Consequently, dPW0 = 85 nmand SNRm= 24.2 dB, i.e., 5

t he nedi um had good characteristics. Also, the decay value at a .

| owfrequency otPREG: sdhaRCIthies 1y aruiay s dide . TsRafh @ Fegregation

per pendi cul ar magneti c recordin di was .10 obtai ned foll owi ng the sanme
procedure as for lH:é:epé:r"“ﬁ’e(r)‘Pcﬁ @d’l%éﬂelr?&g?e‘ﬁnb IR STy R uRSERE  Exanpl e

1 except that a 9-nmtq:ire(aé CEoCrPtOeTa | ayer was forcfred as a second

per pendi cul ar nEgITEt1E TECOT i%&qrgy&arbé%ﬁr@noé:e .

Co- 20at %Cr - | 4at %t - 9at,~ at QT . 15 recordinglre duction
characteristics of tﬁ%heg&%%%ﬁpéefc{o%ﬁé&lc%llan:&rerralga et ¢ cboer %‘%%%di um

were eval ated i e SATRHRANALERIN RAMIE dhoOansequently, dPWEO = 83

nmand SNRm = 24.4 dB, 1.e., the nedium good characteri'stics. Simlar
effects 20 wer e ahfraigaad D% 3 RPN HSHAL NPPIIIG 1R M NG B WaLusi ng
a 9-nmthick CoCrPtCeNb | ayer inst eagJ of therajaCoCr Pt Oe'llbgpl ayer. Al sg&% he

decay val ue at aldeswrioteagperey outtFutthef t3Q JnEs Wask R4 e dacadee Exanpl e
5 25 A plurality of perpendicular magnetic recordi ng nedi a havi ng

Co- 20at oCr - Ce | aygrstadilfifndrtgnio fi mheonpasirt mayneatiico rasosedend 1psfpendi cul ar
magneti c - 27 recording layers were formed follow ng the sane procedure
as in Exanpl e 1 texdspttot kidts taebi, umndas hies e sad ud ioar & eaalst oelwerarn.i n t he
second perpendicul ar magnetic recording |ayers, and the cerium conposition
5 of a C3920at oCr - Ce Ararcgédtl by Yo meparagpedhisn gedienanating 025 tdtedsl ikee
recordi ng/ reproduction characteristics_of the obtained perpendicul ar
magneti ¢ recor dicRg REJIEGHFMREr @cEVEehaltdd NRNIRENSAHE ﬁ@%ﬁéﬁ—“%@ o ERanpl e
1. FIG 9 10 is af&raph shomﬁﬁg %ge rzlations i p.between the cerjum_content
and the SNRm as S8 e 8GIOPe5f Gt RECETIOUAAYER. a7l $hgr 3R SShaREPERdEcal ag

i ndi cates that h@ipggﬁz@t %g%egggglg\é\/g%%t he cerium conposition was 0.1 to 20

(exclusive) ate. At ensi ty of the 15 perpendi cul ar

magnetic recording | ayergfs gﬁ@%r%%akq%ﬁe R§r nen E%H$%ﬁfﬂ%%n%%%9 %pcording

medi a was observed by X-ray raction reasure e sane ‘manfer as

in Exanphe 1. Agia egasequanclucthep®o §QR92) yijphengl iy Wescehear Lyg.
observed. Sinilar effects were obfained 20 from pérpéndi cul'ar mhgnetic
recordi ng nedi aceskrpgpyttrium |anthanum thulium ytterbium and [utetium
i nstead of cerium Exanple 6 A plurality of perpendicular magnetic

recordi ng The thickness of the nonmagnetic undercoating

used in the present invention can be 1 to 50 nm, and
preferably, 5 to 30 nm. If the thickness is less than

20 1 nm, the crystallinity of the nonmagnetic undercoating
tends to worsen. Accordingly, the crystallinity of the
magnetic recording layer also tends to worsen, and the
noise tends to increase. If the thickness exceeds
50 nm, the size of the magnetic crystal grains in the

25 magnetic recording layer tends to increase, and the
noise tends to increase.

FIG. 4 is a schematic sectional view showing the



25 nedi a having Co-20at~Cr-Gd |ayers different in conposition were forned
follow ng the sanme procedure as in Exanple 5 except that gadoli nium was
used as a rare - 28 earth elenent, and the gadolinium conposition of a
Co-20at ~Cr-Gd target was properly changed fromO to 25 ato. The
recordi ng/ reproduction characteristics of the 5 obtai ned perpendicul ar
magneti c recordi ng nmedi um were eval uat ed iT t he same manner as in Exanple
5. FIG 10 is a graph show ng the relationsﬁip bet ween the gadol i ni um
content and the SNRmas a result of the evaluation. 10 This graph shown in

FIG 10 indicates that the SNRm w ood.when the _gadql iini um conposition
hes 001 o167t Ererndemert gy Saidd JRpEngl® Bable L ha, e Pes At cu-
per pendi cul ar netic recardi l.aver af,.each t hese per.pendi cul.ar
et T eaor aiase abnetaR ¢a0raaNe nll R0 B e b B R B o

in the same manner asJ n, X I'ne§i51.G-A§1 aa?%e%%?}%%gl%lag?g}a%(?( Q02)

intensity was clearly obServe m’lar e s were o rom

per pendi cul ar ”%%’?:%%&3@%%%&9 4@eﬁic?%ht&§iehga%a%%%¥l W tSARBRITHM 1

europi um terbium 20 dysprosium an ol mum 1nstead of gadolinium
Exanpl e 7sFol | owikpgpih@ hg@MeoPsegedmagndt 1 icn vEx&Rke 1hyed G0&sPlrormed.
ferromagnetic | ayer and CoZrNb soft magnetic backing | ayer were fornmed on a
nonnmagneti c substrat en daphdivenswlsoftthaasseadtadd @ rdegriease the
substrate tenperature to roomtenperature. Subsequently, on the CoZrNb soft
magnet i ¢ backi ngperpend cullayemaghie twas rediceochid hge cealti uRCcaB0Vet aoftor m a 4- nm
thick Ti layer as a first undercoating. On this Ti |ayer, Co-37atoCr-Bat~Pt
was di scharged asgpactecobecandger tbasi pgraenbCcslew mohaeshy frecoirngng 20- nm
thick 5 nonmagnetic CoCrPt |ayer. After that, a Co-20at~Pt-|6at~Cr target
was used to formedivs am PRitcR coPreldegedpehdiecdrieretgretirentddcydarng

| ayer on_the CoCrPt |ayer in an gxygen-contai ning_argon anbient.
Subsequeffly, 18€81iEB- 2baL-CPMPEAFLEe 2t REFRENRAS WISEdMRITES M a 9- nm CoCr Ce
per pendi cul ar na%netic recording layer. Finally, a 7-nmthick C protective

| ayer was for med 67 PRBICTEYES Qr6eﬁ&¢5uW&ﬁnﬁﬁdﬁePPEkFQQOAGWﬁﬁ'Iayer. 15
After the subst&gtevon mthhlthe filg; were t usu&ont%nuou%L% formed in a
vacuum chanber deVken 5ol Fﬁtgotﬁeeapﬁ6§59 rFENET 18It i ck PFPE- based
| ubricating | ayer far : i.pRL t her i-ni per.pendi cul ar
magneti c record?ﬁgwggéﬁgnﬁggﬁg¥hgcggFQ?RgdQgeﬁgén ?%%Fa?ggggﬁétﬁg ?gcording

medi um had the gau.;ipnkaRgerBRlca8cEXaAPesb18XG8R! okhahet BR-EREL O O
per pendi cul ar magnetic recording |ayer was fornmed i nstead of the CoCrPt

per pendi ¢Bl ar npgrgkneicetardnAgnedyer re2oriiagr eaqes By rephedust ikan
characteristics of the obtained perpendicul ar magnetic recordi ng nedi um
wer e eval uat ed isizehefsahe nmgnetiascirysExdnpireibs As &his- 13Qer,
consequence, SNRm = 23.0 dB, indicating that the nedium was excellent.
Al so, the dPWb0iwnage82enttheantethelddeapyvakseéssanael by Progosnoy tbeput of
50 kFC
magnetic anisotropy of the whole perpendicular magnetic
recording layer, and reduce the medium noise by
20 promoting the segregated structure of the magnetic
recording layers, particularly, the second magnetic
recording layer.
A magnetic recording/reproduction apparatus
according to the second aspect of the present invention
25 comprises a perpendicular magnetic recording medium,

a mechanism which supports and rotates the perpendicu-

lar magnetic recording medium, a magnetic head having



was -0.07% decade. 5 Simlar effects were obtained from perpendi cul ar
magneti c recording nedia using yttrium |anthanum praseodym um neodym um
samari um europi um gadolinium terbium dysprosium holmum thulium
ytterbium and lutetium instead of cerium 10 Table 3 bel ow shows the

obt ai ned results of the dPW0 and SNRm Table 3 Second magnetic | ayer SNRm
(dB) dPW50
(nn)CoCrY22.590CbC}La22.192CbC}C223.093COC95r2§.791CbC}hU22.692COCr8n22.396
CoCr Eu22. 694CoCr Gd23. 690CoCr Th21. | 85CoCr Dy21. 487CoCr Ho20. 989CoCr TnR21. 288CoC
r Yb20. 484CoCr Lu21. 186CoCr Pt 16. 8111 Table 3 shows that the SNRm i nproves
when |ight rare PR FeERAT AN AT AR IGhtHEh RRTREYIUGHLAT - 31
praseodym um neodym um sanarj.um eur.opium. and gadolinium are used as
Pare earth el emBEZICIAT MRECHIIGH MR RO GooI T UG SRRABIC] han
the SNRm i nproves when, he rar.e earth. el enent.s such as terhi um
dysprosium hol rﬁelﬁﬂr(f%duljir@grnﬁft S Lﬁﬂd EhF &I UR-45 ed"halsc are

earth el ements. i r.pendi ef. | cordi ng
medi um was obt ais%%(rﬁa‘% otv\{\'nleeng %tgaﬁeﬁpa?%c%dﬁge@sﬁbnl%%q géf%ﬁ tgxcept
that a Co@ Pt | r emslq he G as. a :second
per pendi c% ar ng%oﬁett}%,%%ré;rg)r I ﬁﬁ%gg%%e%g?ng a %ﬂggﬁdér@'&il’?ﬁm

target. The recqfiddg/tRPRAWEI QR ORAT Sl Sd G2 frdibgy aiained _
conventi onal perpendicul ar nmagnetic 15 recordi ng nedi um were eval uated in
the same manner csnddi foamP i nhagh®e @ CHERAUONGS, 4 B SRPavasenkt.ch-dB.

Al so, the dPW0 was 96 nm and the decay value at a | owfrequency out put of
50 kKFCl was - 0. & decacs i Comuayratiinge 1Exapl i rineD o pergethincgrast ic
magneti c recordi ng medi um was obtained follow ng the sane procedure as in
Exanpl e 7 exceptsulisdtr ad eCo 106 NgPar GatsgCraxtisr @t neem afsienh ttierf drmtdae24- nm
thick CoPtCrO | ayer as a first perpendicular nagnetic recording |ayer in an
oxygen- c@’t ai ni ritf 25 Grlgsh raediiom toatdenduadadee dfaydre weslifgh,médidas a
second perpendi cul ar magnetic recordi ng | ayer. The recording/reproduction
characteri stics ®fS§pd PerPENdisi;idTe A eitd iR g e rieddad ng
medi um wer e eval uat ed k? t he sane nner as in %;anple 1. As consequence,
the SNRm vias 17.9% d® A'SEE HeE e 490 iy ite at &

| ow-frequency ouytput of 5 50 kEC. was. -0.12%.decade. .Ex le 8 A

per pendi cul ar r’rltalf”ga‘l;\)V % FelSrdi r?d{lr'?eé)lsfu%a\%lsetflozraﬁfgid) of'} %vr}#nd’ e csa&rre
procedure as in Examlinl (X GHR &t dll EAAE RS RET fifded 4t DC 300W on

15 perpendicular magnetic recording layer mainly

containing cobalt, the second perpendicular magnetic
recording layer mainly comprising a crystalline alloy
which contains a rare earth element and a transition
metal.

20 FIG. 5 is a partially exploded perspective view
showing an example of the magnetic recording/
reproduction apparatus according to the present
invention.

A rigid magnetic disk 121 for recording

25 information according to the present invention is

fitted on a spindle 122 and rotated at a predetermined

rotational speed by a spindle motor (not shown).



10 a first perpendicul ar magnetic recording |ayer target nmade of
Co-20at~Cr-16ato Pt and a second perpendi cul ar magnetic recording | ayer
made of Co-20at %Cr-15at %Ce, thereby alternately form ng three 5-nmthick
first perpendicul ar magnetic recording |l ayers and three 5-nm 15 thick
second perpendi cul ar magnetic recording layers, i.e., formng a total of 30
nm of | ayers. The recordi ng/ reproduction characteristics of the obtained
per pendi cul ar magnetic recordi ng nmedi um we eval uated in the sane manner
as in Exanple 1. 20 Consequently, dPW0 = 80 nmand SNRm = 22 dB, i.e., the
medi um had good characteristics. Also, the decay value at a | owfrequency
out put of 50 kF& Sieidern 1FA-medddd B g% O bR Lserssndidimarhaashy s ¢
recordi ng medi umwas 25 faornmed followi ng the sanme procedure as in Exanple 1
except that non@HETHENhIMfagienisd & &%ﬁ@ﬁé@aﬁFh&QEOQ%éﬁﬁpqm%@%%hgnetic

backi ng | ayer 6, and rNb sof - 33 , magnet.i ¢c. backi.ng |l.ayer, 7 S
e T s S SRR g ot AL A E Vet

di di di t le 9. in FlG. 11,. .
e Suree RS L0 SR DAL o ARSI I P2 4 i cn o
Ti first wndercoat - Cr : csqgcr& C i fdr
piar plendi c§| ar n%%#e?%@%lgggr dﬁtr?&%leaye e%ﬂg&gr%t&q%e%gﬁ E)et’aer%tﬁier? I ?;Dltﬂear
magneti c recor didigh |y em Hm G0 ¥8atHYe d. V8" al$ortd, hiRrdiealding | ayer

(not shown) 10 are stacked in this order ona nonmagnetic substrate 1.

Subsequent |y, the JrEgnReiPrRSIISt@Ree Bffengt. was used to eval uate the
recordi ng/ reproduction characteristics by using a ring head having a
recordi ng track w dtn ofoilbe3 cotih arctcr riegd aicd ikinhd reaftka iiididarof 15 0.2
,um Consequently, the SNRmwas 20 dB, indicating that the nagnetic
recordi ng medi umotas: exc elttarthe dAItso, thich @ tlgare feordmdfaltheniadith IR0 as an
i ndex of the resolution of a single |ayered perpendicul ar nedi umwas 86 nm
and the décay vdlhis aoizd owiflr egienc\l 2outipgtl ugfe 2 hs0 dkR@Iingasoil
-0. 07~/ decade. Conparative Exanple 5 A perpendicul ar magnetic recording
medi um was obt ai BeF FSHIOWEI g Uinise agamE d tdice dagik igs ofn Fe 18 Sex Gyt
that a Co-20atoCr-|6atoPt target was uysed 25 to forma 24-nmthick CoCrPt
| ayer as a first FEIr&tdicc ALEC Undg M&V0 % &c HedMigardy %58 td Shémsagnet i ¢
substrate, and no Cr Ce _second perpendi cul ar magneti c - 34 recaqrding
| ayer was formed®"MéE T 05 diCRE repio 6’% agélctt&ﬁl e $16FS F?%r
obt ai ned conventi,Qna]...pAar i.qul ar magnetic recordi ng nmedi um were
eval uated in thghgkﬁgjﬁgﬁ e%%32'5 in Exanple 9. As a consequence, the SNRm
was 16.84dB. Al so, t ; drcay: u
| owfr eqt}gncy out put hlg}éo\Ség&nk\lg%% \]/\11%5 H-Eggdlgjyo%a}(}g_de. Adél:qagi oﬁﬁé a voa‘{qr?t)ages
and nodi ficatiofprtidd iheadid,y uppel ahe Lkeee Portieths Bt ke Aked
Therefore, 10 the invention in its broader aspects is not limted to the
speci fic detail shaft nepresed ativee cenboditientys iglows idnthodescrideed herein.
Accordi ngly, various nodifications my be nmade w thout departing fromthe
spirit and scop&heft tike déuee palsiitnvantifveheordepte rad 2B5 othe frihee thalup etthie
appended cl ai nrs and t heir equival ents. - 35

disk 121 is controlled by the voice coil motor 126.

20 Reference numeral 128 in FIG. 5 denotes a lid.
The present invention will be described in more
detail below by way of its examples.
Example 1
A nonmagnetic substrate made of a 2.5-inch
25 magnetic disk glass substrate was prepared.
This nonmagnetic substrate was placed in a vacuum

chamber having a vacuum degree of 1X10~3 Pa, the



VWHAT |S CLAIMED I S: 1. A perpendicul ar magnetic recordi ng nmedi um
conprising: a nonmagnetic substrate 5 a first perpendi cul ar nmagnetic
recording |layer formed on the nonmagnetic substrate, having an easy axis of
magneti zation in a vertical direction, and containing cobalt in a |arger
anount; and a second perpendi cul ar magnetic recording |layer 10 formed on
the first perpendicular magnetic recording.liayer, having an easy axis of
magneti zation in the vertical direction, and mai nly containing a
crystalline alloy, and the crystalline alloy contains a rare earth el enent
and a transition netal. 15 2. A nedium according to clalm1, which further

conprises a sof SRt WG GRFULR &2 Dét the hiragReei OCsubstrat e
and first perpendicular magnetic recording |layer. 3. A medium.according to
claim 1, which MASTRI D THAHTRES WP (e o Herbnd P Hagtot | c
recording layer,_ one qof a lubricatj ayer, and a lubricating |ayer forned
on the protecti Ve qaai/é)rr.eséls.urf r?ergidu'%aﬂcac'ordi ng to claiml1, wherein the

transition metal contgns cahgl tn%%%ﬁﬂ%ﬁie Aw%ﬁg%ﬁ%?&&oééﬁ ng to

claim4, wherein the transition nefa u al ns 'rnum 6. A

medi um acepr di ng, 4Q i Mabha Wiy ddGvas 1edbro 3REPN, RafPandi £ull alt

magneti c recording |ayer has a thickness of 0.1 (inclusive) to

(exclusive) nm pg ﬁmdlmx@@prﬂbmﬂ(ﬁ & | @) -hnd . tiher @i fihen sacond
per pendi cul ar magnetic recording layer has 5 a thickness of 0.1 (inclusive)
to 15 (inclusive nuhimdyndk i dindvaeeaiHNEdd KmiifAgl,a Waiinh g ifd r st
per pendi cul ar magnetic recording |ayer contains at | east one of platinum
and chrom um 9.1aaredi WOn aegoradi rghitso @t & ibng, aMps-eimn tthhiec Kl Cddrbtt

per pendi cul ar magnetic recording |ayer further contains oxygen. 10. A

medi um accor di ngfeny agtainatlic vileeresi washef araresl .earQrh e rmdrftadiirechtCdGast one
el ement selected fromthe group consisting of yttrium_ |anthanum 15
cerium praseodyifiirAmatEwdif URYsSamd iAHH ~TaurtdpidnCofdd® isfiffm terbi um
dysprosium hol mum thulium, ytterbium and lutetium 11. A nedium
according to cl &aEEtifhdaskinhdayer was formed.

Subsequently, on the CoZrNb soft magnetic backing
layer, a 5-nm thick Ti layer was formed as a first
undercoating by performing discharge on a Ti target at

15 DC 300W. On the obtained Ti layer, a 20-nm thick
nonmagnetic CoCrPt layer was formed by performing
discharge on a Co-37at%Cr-8at%Pt target at DC 500W.

After that, a Co-20at&%Cr-16at%$Pt target was
prepared, and a 15-nm thick CoCrPt perpendicular

20 magnetic recording layer was formed as a first
perpendicular magnetic recording layer on the
nonmagnetic CoCrPt undercoating.

A Co-20at%Cr-15at%Ce target was then used to form
a 9~nm thick CoCrCe perpendicular magnetic recording

25 layer as a second perpendicular magnetic recording
layer on the CoCrPt perpendicular magnetic recording

layer.



rare earth elenent is contained in an anmount of 0.1 to 20 20 ato in the
second perpendi cul ar magnetic recording |ayer. 12. A nedium according to
claim1l, wherein the rare earth elenent is at | east one el enent sel ected
fromthe group consisting of yttrium |anthanum 25 cerium sanmarium
europium thulium ytterbium and lutetium 13. A nedium according to claim
10, wherein the - 37 rare earth elenent js at | east one el enent sel ected
fromthe group consisting of praseodyniJnnzﬁeodyniunl gadol i nium terbium
dysprosium and hol mum and contained in an anount of 0.1 to 10 ate in the
second 5 perpendi cul ar, etic recording layer. 14. A nmedium according to

claim1, wherein the &&& ne? pET CelP B K nBgfee? PFRERFHI WYy 1ayeyr Want ai ns
at | east one odeanta qg1aqginiobiun1 15. A nmedium according to claim1,
whi ch further 1 i LU b P URE G Rt et esF e i r st
and second perp nQ&cuIar magnetic recording |layers, and/or on the second
per pendi cul ar ngﬁﬁéyﬁ%’recording | ayer. 16. A nedium according to claiml1l5,

el e o oro SoTPeEees Al uld ol &t SOCoN ARARI Ut JRaEL) ©

recordi ng | ayers stacke e second perpendi cu i‘C” recording

layer. 17.5 A mediginAeaandi dthrir hald ok Wit fﬂ{w%&fjgbﬁs%ﬁ Al | east

one nonmagnetic undercoating between 20 the nonnegnetic s te and first
per pendi cul ar nmagnetsd-gid egordi e d AR ropdl yeA HBINBEBED —-based

recordi ng/ reproducti on appar at us
lubricating layer was formed by dipping, thereby
obtaining a perpendicular magnetic recording medium.

FIG. 6 is a sectional view showing the arrangement

10 of the perpendicular magnetic recording medium
according to Example 1.

As shown in FIG. 6, a perpendicular magnetic
recording medium 50 has a structure in which a Cr
nonmagnetic layer 5, CoCrPt ferromagnetic layer 6,

15 CoZrNb soft magnetic film 7, Ti first undercoating 8,
CoCrPt second undercoating 9, CoCrPt perpendicular
magnetic recording layer 11, CoCrCe perpendicular
magnetic recording layer 12, C protective layer 13, and
lubricating layer (not shown) are stacked in this order

20 on a nonmagnetic substrate 1.

The crystallinity of the CoCrCe perpendicular
magnetic recording layer as the second perpendicular
magnetic recording layer of the obtained perpendicular
magnetic recording medium was checked as follows.

25 For comparison, a perpendicular magnetic recording
medium was formed following the same procedure as in

Example 1 except that no CoCrCe second perpendicular



conprising a perpendi cul ar magnetic recordi ng nmedi um defined in any one of
clainms 1 to 17, a nmechanism 25 which supports and rotates the perpendicul ar
magneti c recordi ng medi um a magnetic head having an elenent to record
information on the perpendi cul ar magnetic - 38 recording nedium and an
el ement to reproduce recorded information, and a carriage assenbly which
supports the nmagnetic head to be novable with respect to the perpendicul ar
magneti c recordi ng nedi um - 2y 7
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perpendicular magnetic recording media. Consequently,
the Co (0002) peak intensity was clearly 100 cps or
more, indicating that the CoCrCe second perpendicular
magnetic recording layer was crystalline, not
amorphous.

A magnetic field of 15 kOe (about 1.2 X 106 A/m)
was applied outward in the radial direction of the disk
substrate of the perpendicular magnetic recording
medium 40 by using a magnetizing apparatus having
an electromagnet, thereby magnetizing, in the radial
direction, the CoCrPt ferromagnetic layer exhibiting
longitudinal hard magnetism. The magnetoresistance
effect of the magnetized perpendicular magnetic
recording medium was used to evaluate the recording/
reproduction characteristics by using a single pole
head having a recording track width of 0.3 um and
a reproduction track width of 0.2 um. As a result,
a differential waveform half width dPW50 as an index of
the resolution was 89 nm, and SNRm (S: low-frequency
output, N: noise at 400 kFCI) was 23.9 dB, indicating
that the medium was excellent. In addition, the decay
value at a low-frequency output of 50 kFCI as a thermal
decay index was -0.05%/decade. Table 1 shows the
obtained results of dPW50 and SNRm.
Comparative Example 1

A perpendicular magnetic recording medium was

obtained following the same procedure as in Example 1
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except that a 24-nm thick CoCrPt layer was formed as

a first perpendicular magnetic recording layer on

a nonmagnetic substrate similar to that of Example 1,

and no CoCrCe layer as a second perpendicular magnetic

recording layer was formed.

The recording/reproduction characteristics of
the obtained perpendicular magnetic recording medium
were evaluated in the same manner as in Example 1.
The dPW50 as an index of the resolution was 105 nm,
and the SNRm was 17.1 dB. Also, the decay value at
a low-frequency output of 50 kFCI was -0.15%/decade.
Table 1 shows the obtained results of the dPW50 and
SNRm.

Comparative Example 2

A perpendicular magnetic recording medium was

obtained following the same procedure as in Example 1

except that on a nonmagnetic substrate similar to that

of Example 1, a 9-nm thick CoCrCe layer as a second
perpendicular magnetic recording layer was formed by
using a Co-20at%Cr-15at%Ce target, and a 15-nm thick
CoCrPt layer as a first perpendicular magnetic
recording layer was formed by using a

Co-20at3Cr-16at¥Pt target.

109 ()-1 109 ()-h=udEuv7 1 ,1 '109%& ()-1 940%& ()-s#! 109& ()-I

10 10

FIG. 8 is a sectional view showing the arrangement

of the perpendicular magnetic recording medium
according to Comparative Example 2.

As shown in FIG. 8, a perpendicular magnetic
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recording medium 70 has a structure in which a Cr
nonmagnetic layer 5, CoCrPt ferromagnetic layer 6,
CoZrNb soft magnetic layer 7, Ti first undercoating 8,
CoCrPt second undercoating 9, CoCrCe perpendicular
5 magnetic recording layer 12, CoCrPt perpendicular
magnetic recording layer 11, C protective layer 13, and
lubricating layer (not shown) are stacked in this order
on a nonmagnetic substrate 1.
The recording/reproduction characteristics of the
10 obtained perpendicular magnetic recording medium 70
were evaluated in the same manner as in Example 1.
As a consequence, the dPW50 was 115 nm, and the SNRm
was 15.2 dB. Also, the decay value at a low-frequency
output of 50 kFCI was -0.11%/decade. Table 1 below
15 shows the obtained results of the dPW50 and SNRm.

Table 1

First Second
) ] SNRm | dPW50
magnetic | magnetic

(dB) | (nm)

layer layer
Example 1 CoCrPt CoCrCe | 23.9 89
Comparative

CoCrPt CoCrPt 17.1 105
Example 1
Comparative

CoCrCe CoCrPt 15.2 115
Example 2

Example 2

A plurality of different perpendicular magnetic
recording media having second perpendicular magnetic
20 recording layers different in thickness were formed

following the same procedure as in Example 1 except
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was properly changed from 0 to 30 nm.

Table 2 below shows the relationship between the

SNRm and the film thickness of the second magnetic

- '
égss of cerium

layer.

Table 2
Thickness of second | SNRm
magnetic layer (dB)

0 17.6

0. 17.9

0.5 18.7

1 21.1

5 23.1

9 23.9

10 23.8

15 23.8

20 19.9

25 19.5

30 18.7

As shown in Table 2, the effect of increasing the
SNRm was obtained when the thickness of the second
magnetic recording layer was 0.1 to 20 nm.

thickness of the second magnetic recording layer can be

1 to 15 nm.

Example 3

A perpendicular magnetic recording medium was
obtained following the same procedure as in Example 1
except that a 9-nm thick CoCrPtCe layer was formed as
a second perpendicular magnetic recording layer by

using a Co-20at%Cr-14at%Pt-%at%Ce target.

10F %40%& ()-s#

The

10l
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were evaluated in the same manner as in Example 1.
Consequently, dPW50 = 85 nm and SNRm = 24.2 dB, i.e.,
5 the medium had good characteristics. Also, the decay
value at a low-frequency output of 50 kFCI
was -0.06%/decade.
Example 4
A perpendicular magnetic recording medium was
10 obtained following the same procedure as for the
perpendicular magnetic recording medium 50 of Example 1
except that a 9-nm thick CoCrPtCeTa layer was formed as
a second perpendicular magnetic recording layer by
using a Co-20at’¥Cr-l4at%Pt-9at%Ce-2at%Ta target.
15 The recording/reproduction characteristics of
the obtained perpendicular magnetic recording medium
were evaluated in the same manner as in Example 1.
Consequently, dPW50 = 83 nm and SNRm = 24.4 dB, i.e.,
the medium had good characteristics. Similar effects
20 were obtained by a perpendicular magnetic recording
medium using a 9-nm thick CoCrPtCeNb layer instead
of the CoCrPtCeTa layer. Also, the decay value at
a low-frequency output of 50 kFCI was -0.04%/decade.
Example 5
25 A plurality of perpendicular magnetic recording
media having Co-20at%Cr-Ce layers different in

composition ratio as second perpendicular magnetic
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recording layers were formed following the same
procedure as in Example 1 except that cerium was used
as a rare earth element in the second perpendicular

magnetic recording layers, and the cerium composition

5 of a Co-20at%Cr-Ce target was properly changed from O
to 25 at%®.

The recording/reproduction characteristics of the
obtained perpendicular magnetic recording medium were
evaluated in the same manner as in Example 1. FIG. 9

10 is a graph showing the relationship between the cerium
content and the SNRm as a result of the evaluation.
This graph shown in FIG. 9 indicates that the SNRm
was good when the cerium composition was 0.1 to 20
(exclusive) at%. Also, the Co (0002) intensity of the
15 perpendicular magnetic recording layer of each of these
perpendicular magnetic recording media was observed by
X-ray diffraction measurement in the same manner as in
Example 1. As a consequence, the Co (0002) intensity
was clearly observed. Similar effects were obtained
20 from perpendicular magnetic recording media using
yttrium, lanthanum, thulium, ytterbium, and lutetium,
instead of cerium.
Example 6
A plurality of perpendicular magnetic recording
25 media having Co-20at%Cr-Gd layers different in
composition were formed following the same procedure as

in Example 5 except that gadolinium was used as a rare
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5 obtained perpendicular magnetic recording medium were
evaluated in the same manner as in Example 5. FIG. 10
is a graph showing the relationship between the
gadolinium content and the SNRm as a result of the
evaluation.

10 This graph shown in FIG. 10 indicates that the
SNRm was good when the gadolinium composition was 0.1
to 10 (exclusive) at%. Also, the Co (0002) intensity
of the perpendicular magnetic recording layer of each
of these perpendicular magnetic recording media was

15 observed by X-ray diffraction measurement in the same
manner as in Example 5. As a consequence, the Co
(0002) intensity was clearly observed. Similar effects
were obtained from perpendicular magnetic recording
media using praseodymium, samarium, europium, terbium,

20 dysprosium, and holmium, instead of gadolinium.
Example 7

Following the same procedure as in Example 1,
a CoCrPt ferromagnetic layer and CoZrNb soft magnetic
backing layer were formed on a nonmagnetic substrate.

25 This substrate was cooled to decrease the
substrate temperature to room temperature.

Subsequently, on the CoZrNb soft magnetic backing
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thick Ti layer as a first undercoating. On this Ti
layer, Co-37at%Cr-8at%Pt was discharged as a second
undercoating at DC 500W, thereby forming a 20-nm thick
5 nonmagnetic CoCrPt layer.
After that, a Co-20at%Pt-16at%Cr target was
used to form a 15-nm thick CoPtCrO perpendicular
magnetic recording layer on the CoCrPt layer in
an oxygen—-containing argon ambient. Subsequently,
10 a Co-20at3Cr-15at3Ce target was used to form a 9-nm
CoCrCe perpendicular magnetic recording layer.
Finally, a 7-nm thick C protective layer was
formed on the CoCrCe perpendicular magnetic recording
layer.
15 After the substrate on which the films were
thus continuously formed in a vacuum chamber was taken
out into the atmosphere, a 1.5-nm thick PFPE-based
lubricating layer was formed by dipping, thereby
obtaining a perpendicular magnetic recording medium.
20 The obtained perpendicular magnetic recording
medium had the same arrangement as Example 1 except
that the CoPtCrO perpendicular magnetic recording layer
was formed instead of the CoCrPt perpendicular magnetic
recording layer.
25 The recording/reproduction characteristics of the

obtained perpendicular magnetic recording medium were

evaluated in the same manner as in Example 1. As a
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magnetic recording media using yttrium, lanthanum,
praseodymium, neodymium, samarium, europium,
gadolinium, terbium, dysprosium, holmium, thulium,
ytterbium, and lutetium, instead of cerium.

10 Table 3 below shows the obtained results of

the dPW50 and SNRm.

Table 3

Second magnetic | SNRm | dPW50

layer (dB) | (nm)
CoCrY 22.5 90
CoCrla 22.1 92
CoCrCe 23.0 93
CoCrPr 23.7 91
CoCrNd 22.6 92
CoCrSm 22.3 96
CoCrEu 22.6 94
CoCrGd 23.6 90
CoCrTb 21.1 85
CoCrDy 21.4 87
CoCrHo 20.9 89
CoCrTm 21.2 88
CoCrY¥b 20.4 84
CoCrLu 21.1 86
CoCrPt 16.8| 111

Table 3 shows that the SNRm improves when light

rare earth elements such as yttrium, lanthanum, cerium,
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other hand, the resolution dPW50 rather than the SNRm,
improves when heavy rare earth elements such as
5 terbium, dysprosium, holmium, thulium, ytterbium, and
lutetium are used as rare earth elements.
Comparative Example 3
A perpendicular magnetic recording medium was
obtained following the same procedure as in Example 7
10 except that a CoCrPt layer was formed instead of the
CoCrCe layer as a second perpendicular magnetic
recording layer by using a Co-20at%Cr-16at%Pt target.
The recording/reproduction characteristics of
the obtained conventional perpendicular magnetic
15 recording medium were evaluated in the same manner as
in Example 1. As a consedquence, the SNRm was 16.8 dB.
Also, the dPW50 was 96 nm, and the decay value at
a low-frequency output of 50 kFCI was -0.17%/decade.
Comparative Example 4
20 A perpendicular magnetic recording medium was
obtained following the same procedure as in Example 7
except that a Co-20at%Pt-16at?Cr target was used to
form a 24-nm thick CoPtCrO layer as a first perpendicu-
lar magnetic recording layer in an oxygen-containing
25 argon ambient, and no CoCrCe layer was formed as

a second perpendicular magnetic recording layer.

The recording/reproduction characteristics of the
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obtained perpendicular magnetic recording medium were

evaluated in the same manner as in Example 1. As a

consequence, the SNRm was 17.3 dB. Also, the dPW50 was

98 nm, and the decay value at a low-frequency output of

50 kFCI was -0.12%/decade.

Example 8

A perpendicular magnetic recording medium was

formed following the same procedure as in Example 1

except that discharge was performed at DC 300W on

a first perpendicular magnetic recording layer target

made of Co-20at%Cr-16at% Pt and a second perpendicular

magnetic recording layer made of Co-20at%Cr-15at%Ce,

thereby alternately forming three 5-nm thick first

perpendicular magnetic recording layers and three 5-nm

thick second perpendicular magnetic recording layers,

i.e.

the

, forming a total of 30 nm of layers.
The recording/reproduction characteristics of

obtained perpendicular magnetic recording medium

were evaluated in the same manner as in Example 1.

Consequently, dPW50 = 80 nm and SNRm = 22 dB, i.e., the

medium had good characteristics. Also, the decay value

at a low-frequency output of 50 kFCI was =-0.04%/decade.

Example 9

A perpendicular magnetic recording medium was

formed following the same procedure as in Example 1

except that none of the nonmagnetic Cr undercoating 5,

CoCrPt ferromagnetic backing layer 6, and CoZrNb soft
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arrangement of this perpendicular magnetic recording
medium according to Example 9. As shown in FIG. 11,
a perpendicular magnetic recording medium 70 has
5 an arrangement in which a Ti first undercoating 8,
CoCrPt second undercoating 9, CoCrPt first
perpendicular magnetic recording layer 11, CoCrCe
second perpendicular magnetic recording layer 12, C
protective layer 13, and lubricating layer (not shown)
10 are stacked in this order on a nonmagnetic substrate 1.
Subsequently, the magnetoresistance effect was
used to evaluate the recording/reproduction character-
istics by using a ring head having a recording track
width of 0.3 um and a reproduction track width of
15 0.2 um. Consequently, the SNRm was 20 dB, indicating
that the magnetic recording medium was excellent.
Also, the waveform half width PW50 as an index of the
resolution of a single layered perpendicular medium was
86 nm, and the decay value at a low-frequency output of
20 50 kFCI was -0.07%/decade.
Comparative Example 5
A perpendicular magnetic recording medium was
obtained following the same procedure as in Example 9
except that a Co-20at%Cr-16at%Pt target was used
25 to form a 24-nm thick CoCrPt layer as a first

perpendicular magnetic recording layer on a nonmagnetic

substrate, and no CoCrCe second perpendicular magnetic
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recording medium were evaluated in the same manner as

ar magnetlc

5 in Example 9. As a consequence, the SNRm was 16.8 dB.
Also, the PW50 was 102 nm, and the decay value at a
low-frequency output of 50 kFCI was -0.13%/decade.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
10 the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit and scope of the general inventive concept as

15 defined by the appended claims and their equivalents.
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a second perpendicular magnetic recording layer

10 formed on the first perpendicular magnetic recording
layer, having an easy axis of magnetization in the
vertical direction, and mainly containing a crystalline
alloy, and the crystalline alloy contains a rare earth
element and a transition metal.

15 2. A medium according to claim 1, which further
comprises a soft magnetic backing layer between the
nonmagnetic substrate and first perpendicular magnetic
recording layer.

3. A medium according to claim 1, which further

20 comprises, on the second perpendicular magnetic
recording layer, one of a lubricating layer, and
a lubricating layer formed on the protective layer.

4, A medium according to claim 1, wherein the
transition metal contains cobalt and chromium.

25 5. A medium according to claim 4, wherein the

transition metal further contains platinum.

6. A medium according to claim 1, wherein the



@ "10% )& ()- q s!'10%"& ()-S g s!'10% & ()-S'vUAY$S ss F'10% & ()-F
snl0% & ()-10"10"10" sF :s10% & ()- v @"10%' ()-F { @"10% & ()-F
$&Y8VUAYS q nF'10B & ()-X ¢ nF"10M & ()-X sv MIOW & ()- s!'10% & ()-- v
F10% & ()--! F'10%d& ()-F &BCDEL| obU4Y$ snml0% & ()-10"10"!10" q s6
"10% & ()- sS3 4YIOW & ()- g s'"10%W& ()- q s""10% & ()-LRU'|[: bUAYS s
F'10% & ()-f sF'10% & ()-f g F'10% & ()-f s3Y'"10% ()- 3Y'10%!| & ()- s
10% & ()-"[ Q@{zZmMaY10"l 10" 10" q 1"10%?&'?f-l_ T1M1098! $& () -1 v
SYW10% ()-F sSsW10%W & ()-F sSF'10% & ()-fWh|[: MAaBY10 » F'10%! & ()-9
SF'10% & ()-9 g F'10% & ()-9 F'10% & ()-9 F'10%& ()-9 smlO%w & () - bvUAY
S second perpendicular magnetic recording layer has

a thickness of 0.1 (inclusive) to 20 (exclusive) nm.

7. A medium according to claim 6, wherein the
second perpendicular magnetic recording layer has

5 a thickness of 0.1 (inclusive) to 15 (inclusive) nm.

8. A medium according to claim 1, wherein the
first perpendicular magnetic recording layer contains
at least one of platinum and chromium,

9. A medium according to claim 8, wherein the

10 first perpendicular magnetic recording layer further
contains oxygen.

10. A medium according to claim 1, wherein the
rare earth element is at least one element selected
from the group consisting of yttrium, lanthanum,

15 cerium, praseodymium, neodymium, samarium, europium,
gadolinium, terbium, dysprosium, holmium, thulium,
ytterbium, and lutetium.

11. A medium according to claim 1, wherein the
rare earth element is contained in an amount of 0.1 to

20 20 at% in the second perpendicular magnetic recording
layer.

12. A medium according to claim 11, wherein the
rare earth element is at least one element selected
from the group consisting of yttrium, lanthanum,

25 cerium, samarium, europium, thulium, ytterbium, and

lutetium.

13. A medium according to claim 10, wherein the



10% & ()- sl GLO% & ()- s 10% & ()- snl0% & ()-10!10! 10! sF'10% & ()-9
;4g| [ vWAAY s { s9110%!& ()-s sSA10W & ()-s sl 10% & ()-s sl 310% & ()- sS
10% & ()- sY sG10% & ()-g9|[:vWAY s A "7 - 10%W& ()-s { - 10% & ()-s sF
+10% & ()-s ¢ s$F'10% & ()- sl "-10% & ()- sl s10%W& ()-' UWK vUAY s
10%! & ()- sml0% & ()-10"10"10"s sF :10% & ()- s 6 10% & ()- sY

410% & ()-& N [:vUaY s ss&10% & ()-s sl "10%W & ()- sl FIOB & ()-s sg
10% & ()- g 109! & ()- | 10%& ()-Nw[:vtldY s s)TI0% & ()-s g s&$
10% & ()- sl F'10% & ()-s sl f 10% & ()- STIOW & ()- sl 10% & ()-M[:vU4Y s
"5 10% $& ()-s sY 310%‘&'()1- sFllQ%‘&'(é—s sl f/10% & ()- s.s-110% & ()-
sl +MLO% & () - #$ECaFBFY s FLEFGRT: &S( PL dRPGd ©0ng ©)eTentosedestedion & () -

Y BI0%E ()- <8 1008 () XLuUaYS SYe 100U fg S SO E - <@
gadolinium, terbium, dysprosium, and holmium, and
contained in an amount of 0.1 to 10 at®% in the second

5 perpendicular magnetic recording layer.

14, A medium according to claim 1, wherein the
second perpendicular magnetic recording layer contains
at least one of tantalum and niobium.

15. A medium according to claim 1, which further

10 comprises at least one magnetic layer between the first
and second perpendicular magnetic recording layers,
and/or on the second perpendicular magnetic recording
layer.

16. A medium according to claim 15, which further

15 comprises other first and second perpendicular magnetic
recording layers stacked on the second perpendicular
magnetic recording layer.

17. A medium according to claim 1, which further
comprises at least one nonmagnetic undercoating between

20 the nonmagnetic substrate and first perpendicular
magnetic recording layer.

18. A magnetic recording/reproduction apparatus
comprising a perpendicular magnetic recording medium
defined in any one of claims 1 to 17, a mechanism

25 which supports and rotates the perpendicular magnetic
recording medium, a magnetic head having an element

to record information on the perpendicular magnetic
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perpendicular magnetic recording medium.



