;e3dey| vwww, y@y& 6{T|V [i A Perpendicul ar nmagnetic recordi ng medium and a
et hod for, manufacturing same Technical field of the invention 5 The
present invention relates to a perpendi cul ar magnetic recordi ng nedi um and
a net hod for manufacturing the recording medium In particular, the present
invention relates to a perpendicular magnetic recording nediumthat is
nounted on an external nenory of a conputer or other magnetic recording lo

appar at us, anpefﬁeﬁdiwlag%ﬁggewﬁamg e diAN Pod SCRIthod fapdi um _
Background of the invention a technique to achieve high density nagnetic

recordi ng, Lheh&faRurtnd Bheh&St in a perpendicul ar magnetic recording as an
alternative to a conventional |ongitudinal magnetic recording. As a
magneti c recording |layer to carry magnetic recording in a perpendicul ar
magneti c recording medium a crystalline filmof CoCr alloy having

hexagonal C'I%?:E&tic&’laﬁgﬁijoflEﬁB)in%}ﬁfo?{ structure has principally been 20
el a

studied. To € perpéendrcular nmagnetic recordi ng possi ble, crystal

i [ I th - axXi h tal grain . :
oo 1S, SRR RE. ShPhn R iRl 4R BhniU magmetig ¢
oones e+ ors RSN R 5 5 RSl P I Sding o

size and to reduce dispersion.of., grain size of the Co al | oy conposing the
magnet i c reé’b‘?‘g‘i%- I ayg‘i‘, Féﬁfgl‘i‘blagedﬁg% REFSEDE c yeRtin i 6ﬁ¥€tf@§me@n a
crystal grains: 5_A technique has been, proposed to_ achieve high _density
recor di ng i Rexrendifiuladi magneiie crqcording raeddur dhah by m@a@gﬁﬂgomgneti c
interaction between crystal grains, in which a | ayer of nonmagnetic_and
non- et al | i externalanmemory & ok gemputert rardeother f magnetie  raeongingn
boundary of a crystal grain conposi ng a magnetic recording to layer. This
magnet i A0l apppairgatus) laadl "to @ amethod nfamaenavufagtarringasuchi aciresentling
Japanese Unexam ned Patent Application Publication Hei 8-255342 and United
St at es Pat emheddmm5, 679, 473, for exanple. The magnetic grains in the

granul ar magnetic layer are three dinensionally isolated wth each other by
t he nonmagneti ¢ and non 15 netallic grain boundary. Since magnetic

i nteraction between nagnetic grains decreases, "zigzag domain wall" in the

transiti on Bupk¥rovindeof ehendiveftiont i s suppressed to devel op, which is
considered to result in noise reduction. 20 On this background, the use of

the granul ar magges itechaifie 192 dM6%e Migh%‘ﬂsiit rhA8 BB R dof d IS OFKHrag

| ayer of a perpendicul ar agnetic recordi ng nedium For exanple, | EEE

Trans. NBY. jsVAtere3® inPa ﬁ%ﬁ%@@@r xgi AR Pe b1 B L ALY RErHREYE HOC
h r da

recordi ng nmediumthat co ses an un e?i ayer of ruthenium (Ru) an

magnet i ¢ | ayeroonveritioRal“IBhEI A dina?Y Wi e OFSRRhe St T UGl W GnalliBtic

docunent shows that c-axis aFignnent of tTrystal grainS conposing

tic | h heni i nd b i
magneti c | aygp,GHRangg ei‘f th ‘éaH;;?] ol Cg*g%]ﬁgé‘ag(%ég?}igltﬁgCgﬁgﬁs%élgieﬁéﬁéular

bringi ng about 1 nprovenment 1n na ctromagnetic
ol ved by  RRSERbEk TR Rie e AR F orR kTRl I, oD Ga I (iR Re®
por penal cul JreERRAL odert BabRad THORL AR dr Btk S TktoBinally been
charact e2r0i Stsitﬁaied. To make perpendicular magnetic recording possible, crystal
alignment is controlled so that c-axis of each crystal grain is
perpendicular to the film surface, that is, c-plane is parallel to the

film surface.  For addressing higher recording density in a

perpendicular magnetic recording medium, attempts have been made

AR | RN

*159159*
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A so-cal |l ed doubl e-1| ayered perpendi cul ar nmagnetic recordi ng medi um has been
proposed, jn which a soft nagnetic backing |ayer is provided under the
magneti c recording | ayer to enhance sharpness of 15 the magnetic field
produced at the head position. In order to achieve high density recording
in a magnetic recording mnediumw th this structure, it is considered to be
essential that the thickness of the nonmagnetic |ayer provided between the
nmagneti c regendininiAy erasmdizdarsdfto redied dispensasni of ghaimmnsdie biitheer .
This places a 20 restriction on the magnetic recording nedium Even in a

structure wiQd®pltalldie codhpodignehb Crbastdti reaypding NeyéRi ahaess widddae

rut heni um underl ayer is desired to be thin fromthe viewoint of reduction
of a manuf agh 4shEHcGRBErSit He%lere‘l'ltﬁk‘;@t. k§ing. a rare netallic el ement
and expensi ve.éTﬁ% pr esent &?ﬁventi on S gggn made in view of the above
probl em and an object of the invention is to provide a perpendicular 5
magneti c recordi ng nmedi um exhi biting excellent magnetic characteristics and

Sorve né probl aryeen g Sechot M Brdleesf BTAERIC® pih HRAR 1eGRHRe:
Cubst rat e, St apeibrl TRREnRY PR RoREAINRE f JRANRRY afenetis,

Tagnet i ¢ | ayBHRE LY BataR ORRAL GBE: LN oy DLiTLie Fhsael dipanetic

nonmagneti c grai n boundar.i es i nly copposed.of oxige.}he nonmagpeti

Under Layer 90U BIELATHE SHbSLRGS, SHCPORS REAR GTHRIEId S TOFBREL ab fiked
crystal structure and a seed | ayer de .of a netal or an all oy having

face- cent er gdaérmgwned%y A1 8t erettal Lrain, cOMRISING o2 AR NEHIC XERORREL i ¢
under | ayer and the _nonmagnetic 20 substrate. The nonmagnetic underlayer is
necessarldl y lapemoddisanagnesialaysr wncalledyargramylarexagmesic Hyeydsandacked
(hcp) crystal structure in order to control crystal alignment of the

granul ar maghstlosed ayrerJapaneserldhexamined: iatentaApnicsdientBublicationi |

Re, Ru, and Gs; and the alloy contains at | east one el enent selected from
Ti, Re, Ru, Hed8e355342 amddJnieel StatesePadsati Ny, Eo6P9sE8, doraexmmaplle.or an
all oy 5 having face-centered cubic (fcc) crystal structure in order to
control crysfle naldgmetiat gedinheanurther |grparulaPr ehagabtiy, laper netal thiee
selected fromCu, Au, Pd, Pt, and Ir. The alloy is preferably an alloy

cont ai ni ng alimeasibnallyel wirtsd sethcdash btlesr By, tHelnodnaPhetikngndrmowr an
all oy containing at least Ni and Fe. 10 Advantageously, the nonmagnetic

under | aygr ifefIlRO iaf BowRHatysel @ihed Thabhétic RatefetiéRd Hatwedh an
all oy containing at Teast one elenment selected fromTi, Re, Ru, and Gs. 15

Advant ageoush¥onbbi@ ?sfhé Qi/é?:rreh§e§,0”ﬂ%?§§ Abnfa it RIS St Ehedtid ATt AU,

Pd, Pt, and Ir, an afFloy containing at st one el enent selected from Cu,

Au, Pd, Pt, andh of Ofe@rddh %{cﬁg%@rﬂﬂeg%&%' a;%ﬂi\lwgﬁ K€ comlidered

Advant ageousl y, a nonnmagnetic a control urther provided

bet ween the t%exee%ullfmrnoq&grEaﬁcﬁ%ﬁmgneti c substrate. The nonmagnetic
alignnment control Tayer s conposed of a nmetal or an alloy that has

body- centered cubic crystal structure or anorphous structure. 5 The
nonmagneti c alignment control layer is preferably conposed of a nonmagnetic

met al ha%' ng bc?)r(f hid %lac tgrrg{:ﬁl r,eth%elllgé: to?chlfer g%r’y&lar magnetic layer has
been proposed in the magnetic recording layer of a perpendicular
magnetic recording medium. For example, IEEE Trans. Mag., vol. 36,

p. 2393 (2000) discloses a perpendicular magnetic recording medium

that comprises an underlayer of ruthenium (Ru) and a magnetic layer



Mo, Ta, and W. or a nonmagnetic alloy containing at | east one el enent

selected fromNb, M, Ta, and W A material having 5 anorphous structure

such as Ni P or CoZr may al so be used. Advantageously, the netal or the

al | oy conposi ng the nonmagnetic alignment control l|ayer is a nonmagnetic

nmetal selected fromNo, Mb, Ta, and W or a nonmagnetic alloy containing at

| east 10 one el ement selected fromNb, M, Ta, and W Advantageously, the

nonnagnet i Cof ub€obPalr0 alkyBasveds Yrahulhasti-Getias. NThS ddctiiidiftdsRewar di ng

to the invention for nanufacturing a perpendicular nmagnetic recording

medi um Comthéﬁ%-ﬁigpéligﬁnﬁéﬂoéf Clpétal 8rdiAY Kot POSing €hé ih A hBEIcUBSE ! N

t he perpendi cul ar magnetic recordig nmedi um according to the inventron as

described abaygncagdagaghle CbuiHkhitint PandbrBERAS beththds Thid¥&, Brihdig 11 m

are 20 conduct egcund%r a terrlf)er atlure o? tﬁe substrate | ower than 8&%&

Anot her net ' t:he i g r f.ac [ l.cul ar

magneti c regggg?ﬁé‘%‘{%ﬁ%@&%‘r %%ﬁ%g@%ﬁcgéﬁggcs i %\féatﬁgcﬁ?@gégﬁgﬁ t he

filminclud ' - i.cul et §.C 4F ' j_.um according to
b8 AR AR SRR R

an
the invention as i'be ftré{l?eJ" positing the | ayer

bov an
and the filmare conducted omtting preheating the nonmagnetic substrate.
Brief description of the drawvings 5 Fig. 1 is a drawing for illustrating a

structure of, ah, enbodi nent of,a perpendicul ar magnetic recordi ng nedi um
according t rPEEeIBrté’s ?.tSC’iYﬁfiehyi@}%B}‘@rﬁl@n 2 is a drawing for illustrating

a structure of ot her enbodj nent of er pendi cul ar gnet, c, recor di ng
medi um accor di ngoNFHe tg%eg%&ir}eﬁé"eﬂfitgﬁ. ‘*Ftibé’:mgm s(fﬁﬁg]‘lél&ﬁﬂ%fer OP at
illustrating a relationship between ~ 8 so value 15 and the  thickness of
t he nonmagné@dst 40 dun|lgrecessaryipgbtaip &gragulanperprondigular magsekicng

curve of hcp (002) plane of the CoCrPt magnetic_|ayer obtained by an X-ray
di f f r actiPonraeensing medauns that exbabitawxcellent charasteristisn.

A so-called double-layered perpendicular magnetic recording
medium has been proposed, in which a soft magnetic backing layer is
provided under the magnetic recording layer to enhance sharpness of

15 the'magnetic field produced at the head position. In order to achieve
high density recording in a magnetic recording medium with this
structure, it is considered to be essential that the thickness of the
nonmagnetic layer provided between the magnetic recording layer
and the soft magnetic layer is 20 nm or thinner. This places a

20 restriction on the magnetic recording medium.

Even in a structure without the soft magnetic backing layer, the
thickness of the ruthenium underlayer is desired to be thin from the

viewpoint of reduction of a manufacturing cost since the ruthenium is



20 Now, sone preferred enbodi nents of the present invention will be
described wth reference to the acconpanying drawings. Fig. 1 is a draw ng

toillustrate a structure of an enbodi ment of a perpendicul ar magnetic
recordi ng medi um of the present invention. A seed |layer 3, a nonmagnetic
underl ayer 4, a magnetic layer 5, and a protective film®6 are | am nated

in this order on a nonmagnetic substrate 1. The protective film®6 is coated

with a |iquhGakrtbhbtaltic éRY8ENT and Exfendives @ drawing to illustrate a
structure of another enbodi nent of a perpendicul ar magnetic recording

medi um of the present invention. A nonmagnetic alignment control |ayer 2, a
seed | ayer 3, a nonmagnetic underlayer 4, a magnetic |layer 5, and a

D he. pr ot cct | vae {ples @t d8vErdh (TG BEGtF bl (AORIBANGE thooaBURe "ot ©
S end enct B ) Dy P Bk L T LUk D, oo
innecessar y S, | BERGRIPR. (SeRunl,) Baf3EinRn  EREMIRRET Widehtie.
o oS BB e AL Ao P b R o IRERE
ferromagnetic crystal, grai ns, between which nonmagnetic grain boundaries
are forned 8F aﬁBﬁ‘hﬁ@%ti c netal oxide or netal nitride. s 1 The magnetic

| ayer 5 with such structure may be deposited by a sputtering nmethod using a
ferromagnetic netallic target containing

Means to solve the problem

10 To solve the above problem, a perpendicular magnetic recording
meciium of the present invention comprises a nonmagnetic substrate,
and at least a nonmagnetic underlayer, a magnetic layer, and a
protective film sequentially laminated on the substrate; wherein the
magnetic layer is composed of ferromagnetic crystal grains and

15 nonmagnetic grain boundaries mainly composed of oxide; the
nonmagnetic underlayer is made of a metal or an alloy having
hexagonal closest-packed crystal structure; and a seed layer made of
a metal or an alloy having face-centered cubic crystal structure is
provided between the nonmagnetic underlayer and the nonmagnetic

20 substrate.

The nonmagnetic underlayer is necessarily composed of a metal
or an alloy having hexagonal closest-packed (hcp) crystal structure in

order to control crystal alignment of the granular magnetic layer.



the oxide or nitride that constructs the grain boundary. Alternatively, the
magnetic | ayer nmay be deposited by a reactive sputtering nmethod 5 using a
ferromagnetic nmetallic target under an argon gas atnosphere cont ai ni ng
oxygen or nitrogen. Wiile material for lamnating the ferromagnetic
crystals is not limted to a specific material, an alloy of Copt systemis
a preferable to one. In order to reduce recording nedia noise, in

particul ar, Piréférﬁb%ffoeizﬁéaﬁi&al qsagileated FAsrn Tie R, eRRNtané! @st ahd the O,
Ni, and Ta to the pt alloy. In order to forma stabl e gr anul ar structure

it is pref eéﬂgk%otrﬁaﬁﬂé 'ﬁ‘t’l@ﬁgﬁgﬂétélénﬁrﬂﬂ ébl@@t&?'ffdrﬁsl‘PSRé‘gRﬁ” a?fél' 9‘% of at

| est one el enenht selected fromCr, Co, ,
Thi ckness of the nagnetic | ayer 5 s necessary to aI I ow generatl ng enough
head regeneration output and achi eving desired recordi ng resolution. The

xaml o, The |1 BAPdTabanEghiis Bperdbly cBRIRRRES of ™y dnffl cxbafilaligy, '
comosed of "SVHEE 3o FentBEpd SJIREITY” %*‘é’%é% Sirﬁéﬁlfre' f EERCR Phpye!
or ot ar ReAtey aligumedt e bRAERRYR. BRUBHALLE, (PR3 sbllegd
cContaining BOMoldh b didmdth 80fcdron TRenehey ab, PREFETARY BB ook

seed |layer 3 is necess osed, of tal an al L.qy havi a

f ace- cent er EANEUMIRE @Etc a]r@)a%r%}s? m§PFl§§1Qﬁtggf§% ?3 f% TeO&r abl y
conposed of a netal selected from Cu, Au, Pd, Pt, and Ir an aIon

contai ni ng &0 ﬁ%@oaﬁelmhlewrwém Feomcou, Au, Pd, Pt, to and Ir, or
an alloy containing at least NN and Fe. Wen a seed Iayer 3 having an fcc
crystal 18tructure is |lam nated on a nonmagnetic substrate 1, the (111)
plane that is the cl osestpacked plane of the fcc crystal structure tends to
align parall el Advanéagéotislyn the framemagnesicalngteaiagevfis t deanposedigfesi c
under| ayer 4 growing on the crystal grains of the seed |layer 3 aligned in
the (111) phastalselected frode iy Reg Ruoanddsasot annaloyicoataheingt atieastner gy
due to lattice msmatch between the crystal grain of the underlayer 4 and

the crystal opeatlenvént Seleseed ftemeTi, Re Ruaanes0ist, the hcp (002) plane 20
of the nonmagnetic underlayer 4 tends to align parallel to the filmsurf
ace. Wen a granular magnetic layer 5 is |lamnated on the nonnmagnetic
underl ayer in this crystal alignnment condition, the

15 Advantageously, the seed layer is composed of a metal selected
from Cu, Au, Pd, Pt, and Ir, an alloy containing at least one element

selected from Cu, Au, Pd, Pt, and Ir, or an alloy containing at least Ni

and Fe.

20 Advantageously, a nonmagnetic alignment control layer is
further provided between the seed layer and the nonmagnetic
substrate. The nonmagnetic alignment control layer is composed of a
metal or an alloy that has body-centered cubic crystal structure or

amorphous structure.



metal crystal grains of the magnetic |ayer 5 having hcp crystal structure
al so tends to growwith their (002) plane aligning parallel to the film
surface. This |eads to excellent magnetic characteristic of the

per pendi g¢ul ar magnetic recording nedium 5 The lattice matching between the
seed | ayer 3 and the nonmagnetic underlayer 4 and the lattice matching

bet ween the nonmagneti c underl ayer 4 and the granul ar magnetic |layer 5 are

favorabl e if th@hehehnddsnefictd]lgzmerht! @itroBlapst iéﬁﬁrémmjﬂ%bhgﬁa%@d The
W.

under| ayer 4 are appropriately chosen fromthe materials listed b

preferabl e 'Bi'taeﬁg%??érﬂétﬁ hetSEHal RYEDCS ci‘j{?‘ﬂa‘ll%%i'uétdi%t ddleefd Bl Npom

Cu, Au, Pd, Pt, an alloy containing at | east one el enent selected

from Cu, AupRd, ,ﬁ(P’dW or22d i | ' .
TLgmpr ef ergl%Ylg’ rrTafE’teral'a S f{)rorf1 e nonrrﬁrg' %é%%gﬁgﬁigmrcpgl;gimlg As.&tl nl}%?%ﬁc]g):rff

| | . _ | g
metal se eCtqug%{ ms&eﬁt,gﬁhef%fr@ghﬁl&%ﬁ, agng! ey Cﬁ”txﬁh&éﬁﬂ% PaliSt an

el enment sel ec rom per pendi cul’ar nmagnetic

char act o ot BOEBHOLRBLhRERETAE a8 05 Y CURF RS bR 1T

preferably 5 nmor nore in order to control crystal orientation of the
nonmagneti ¢ underl ayer 4. In a doubl e-layered perpendi cul ar nagnetic

recordi ng mediu ith a soft magpetic bhacking | ayer provided under the seed
| ayer 3, in par g‘ﬁn‘{ﬂ ,gepﬁ‘isi%neggeofmce%@fséé‘g Itgéera 8YJeSPIRPSIRE t HiAE as m
possi bl e insofar as cryst.al alignnent cif t he nonmagneti c .underlayer 4 js
possi bl e t o THOIEGENES]]q aUgEeeR santypl #ﬁ@ﬁéﬁiacnP&Wg%%GCtmét%HQ eif’ﬁ@(jineti c
backi ng |l ayer are_preferably desjgned to closely poiiti oned, with each
other. 5 Thi Qme&, e,hbanamdadhedr @ @@@éﬁ&&p@{lczﬁh@v&omtemngzahrlﬁast
preferably 5 nmor nore to control _crystal orientation of the granul ar
magnet i c10 ayane elempaat seledtedsfront NineMomdea,1a9@W4 is desired to be as
thin as possible in view of reduction of manufacturing cost and for
proximty of the magnetic |ayer and the soft magnetic backing layer in a
doubl e-| ayered perpendi cul ar magnetic recordi ng nmedi uminsofar as control
of crystal orieddstamiagaioushy, ghenwoamaggotici subayertes1s scqapssdd eof b | n
manuf acturi ng a doubl e-1 ayered perpendi cul ar magnetic recordi ng nedium the
soft magnet iglabeRktaddnl ayer may be conposed of a Ni Fe soft nmgnetic alloy
having fcc structure or a Ni Fe soft magnetic alloy |ayer having fcc
structure with m ni numthickness may be provided just over the soft
magneti ¢ backing layer. Control of 20 crystal orientation of the
nonmagnefg ¢ undey | ayhodl | Scqdshp! 2or eHar dhRentions MrFamaRhifafReal G
alloy layer as a seed layer 3. A distance between the magnetic |ayer and
the soft ma i {.ng LN I e st I e tgrt he
t hi ckness of" t ﬁ%ﬁ%ﬂe#@ﬁ%ﬁgﬂ%&;ﬁd%@Tgéé y ngﬁlhgh%%ée tg |cskng£s of
the 12 , Q) i | Or t er 1S3, ;fam. he ' inh the
Lﬁ‘&k%élgﬁég thid rlaygfho%{ﬁc? t}?é‘aﬁ]?ﬁ fildladeq 1{1 'E‘th Pgﬁﬁ‘%ﬁﬁmé

per pendi cul ar ‘mag c recording nedium e nonnagnéti c a control
| ayer 2 is n sar | e r a havi.ng :

body- cent er ergl%g)beﬁgé % %%%ﬁglgg’f%ﬁug{)r%&%gggk%ﬁoaﬂger ;#ﬂ&gétlg) ag t%?seqn%d
provi di ng a nonnmagneti c ali nt, contyql | ayer havi ng this,stpructure,
Phe t endancysseve 1o dacty of Fhepttens vsdnpp@tiie foedaven and Wi B 855
of the seed | ayer 3 .havi,ng fcc crysital siructure, Thus, crystal

a1 i gnmentd of CBGAAUABE A il bigks Ok LHE sEhRbrtedowe than 49 En

i nprovenent of t&e Fr\rggﬁ}g\vneti 0[(igaract risti of the magnetic layer. This
effect of the al‘M3® tné‘%ﬁ‘rik RCeREERE; B0 HBgtIIYeatlan dghtm AgHEIREt%r i al
havi ng bcc structure !s a nonnagigeti c netal selected 15 from Nb, M, T?,
and W or a PerRRIgHEULar amagnebist arefosging IaSiUBneCRIMEIIRS seteRs e@f rom
Nb, Mo, Ta, and W_A material having anorphous structure such as N P_or
Cozr may al sdepesiting dhed layars kaedstle filn meclwdgdetine thei panpendisadar ol

| ayer 2 is
magnetic recording medium according to the invention as described



20 preferably at least 3 nm nore preferably 5 nmor nore for controlling
crystal alignnment of the seed layer 3. In the nmethod for manufacturing a
per pendi cul ar magnetic recordi ng nmedi um of the invention, the deposition
processes are 13 w conducted under tenperatures |ower than 80C, and the
substrate preheating step is onmtted, which is the step coomonly executed
in the conventional process for manufacturing a magnetic recordi ng nedi um
A per pendi cabakeregnét ither gcopsli 6f depbsitirae cidiali lagetro amd hthé nfibmt izae
havi ng structure shown in Fig. 1 or Fig. 2 exhibits excellent

charact eri sghaduevel omlittiify proBéafing theefsa diEnstieRubstPaid. t ed.
Consequently, the production process is sinplified by omtting the
substrate preheating step, to achieve reduction in nmanufacturing cost.
Omntting the substrate preheating step also to allows enploying a
nonmagneti c l..di | astic resin such as pol ycarbonate
or ponoIefFﬁ&ggﬂé&%gpP%ﬁfﬂgy%gg%gkﬁggespecific exanpl es of enbodi nents of
the present invention. The exanples are nerely for illustrating a spirit 15
of the invention, and the scope of the invention shall not be restricted to

t he exanpl es;. / he npon ' b u nat e
substrate 20718 |3oe ottt ERCTRgRE ke bR 3P el S R B RRE P B ¢
was cl eaned and intrgduced into a sputtering,apparatus,. A platinum seed
'ayer havi npetRPRRHBLET Fagtic dethited reck HiBcnecdineth theolBidior 5
mrorr. Subsequen%.l , a nonmagneti c underlayer of ruthenium having a

t hi ckness i AMVEBYORmge fromO to 40 nmwas 14  deposited under argon gas
pressure of 5 nmlorr. Then, a granular nmagnetic |ayer having thickness of 30
nm was deposited by an RF sputtering nethod using a target of Co7sCri 2Pt 12
with the addition of 10 nol % Si 02 under argon gas pressure of 5 mlorr.
After dédposiliigngd 18 adramgng forallustratinga @tms%mg efraneihersembodamenton
the granul ar magnetic |ayer, the resulted substrate was taken out fromthe
sputtering @fpar peypendicwloat anaghnetic| recondingbmediimt aegordingniesshef 1.5
nm Thus, a perpendi cul ar magnetic recordi ng nmedi um having a structure
shown in Fi gpresembsnpentioned. In this manufacturing lo process, a step of
preheating the substrate before the deposition steps was not executed. Fig.
3is agraph illustrating crystal alignnment of the magnetic |ayer obtained
by X-ray diffraction nethod. The absci ssa represents 15 thickness of the

nonmagnet i ¢ Rigdg iayegraphdolr f’i@h@tﬂéﬁﬁgea r&ﬂkﬁﬁ@ﬁ@hﬁ% Detwrnvil dhsoi valaiehal f
wi dth of a rocking curve taken for (002) plane of the CoCrPt magnetic |ayer

havi ng hep siddiehethicldgesy df e )horﬁnﬁ@ﬁbti%ruﬂdgrlﬁgfgggﬂthi@:hFiAq6 58 i6@aNS
p

stronger (002) plane alignnment in the plane of the Pt magnetic |ayer.

20 [0041] The@wBidiR Wl We rbek AP UWurkfe of ﬂcbhﬁoeﬁ)?eplta*ilfe 'BYURRE! CICW® 1S

| am nat ed wi thout a nonmagnetic underlayer onh the seed layer, that i1s, at

t he nonmagnet,i I k. 4er P j i However, the v a
so val ue ab?%%gflgt]%rqgg?f?sbtt%ﬁ%&#ﬁéﬁgggégf&%f#g%@fhg%tr@gneti c underl ayer
| am nated on the seed | ayer increases the 0

Aspects of embodiments of the invention
20 Now, some preferred embodiments of the present invention will
be described with reference to the accompanying drawings.
‘Fig. 1 is a drawing to illustrate a structure of an embodiment of a
perpendicular magnetic recording medium of the present invention.

A seed layer 3, a nonmagnetic underlayer 4, a magnetic layer 5, and a



8 so-val ue decreases to about 6 at 3 nmthick and about 5 at 5 nmthick.
The 0 8 so.val ue does not significantly change even if the thickness of the
nonmagneti ¢ underlayer is increased over 5 nm 5 This result inplies the
thi ckness of the nonmagnetic underlayer is favorably at |east 3 nm nore
preferably 5 nmor nore, in order to control crystal alignment of the
magnetic |ayer. 1o Exanple 2 A set of perpendi cul ar magnetic recording

nmedi a havi ngretdctptdiritlms 6skaen lamibiaged linathigr eddepdohanl iRfrimagaetic
nonmagnetic underl| ayer using various materials. Conditions in the

l'am nating pnBSA®IES] VeThe! PRoGRER AEIINGS R chafodRPith & RyGaPlubkrlarthe 15
t hi ckness of the nonnagnetic underlayer was 5 nm Table 1 Sumrarizes the

material of %}l;gr'l;lonnagnetlc under| ayer, the crystal structure of the
under| ayer, coercive force Hc, squareness ratio S, and 0 8 so value of the
t hus produced set of perpendi cuI ar 20 magnetic recording nedia. The 0 8 so
value is a half wdth of a rocking curve of the diffraction Iine of hcp

(002) hidne o BlE BUE arodkle | By iuiheBos] CURGAES die AHERS

squar EHESS ratio vvere ITE&SUI’ ed usi ng

2l S0 Shows SVARIITIGRE (4fon) pEFpBTAL M 3 591@&%#%%2% o ‘3%%? FBRedi um

h t |
o 2 oo BTRgREt LSvabRh. A hofimagnabic, Rhiduinhrtc fodbial Ta¥5f 2 riseed or re

Oe) squar eness r o SQ e50
(Ge)sq Tyer ! nonmagnetlc underlayer 4, a magnetic layer 5, and a

protective film 6 are laminated in this order on a nonmagnetic
10 substrate 1. The protective film 6 is coated with a liquid lubricant

layer 7.

The nonmagnetic substrate 1 may be formed of NiP-plated
aluminum alloy, strengthened glass, or crystallized glass, which are

15 used in a substrate of a usual magnetic recording medium. In a case
substrate heating is unnecessary, a plastic substrate made by
injection molding of a plastic resin, such as polycarbonate or

polyolefin, may be used.

20 The magnetic layer 5 is a so-called granular magnetic layer. The
layer comprises ferromagnetic crystal grains, between which
nonmagnetic grain boundaries are formed of nonmagnetic metal

oxide or metal nitride.
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Excel |l ent magnetic characteristics have been denonstrated in both the
coercive force He and the squareness ratio S when the materials having hcp
structure were used for the nonmagnetic 1o underlayer as conpared with the
case Ta or Cr having bcc structure was used for the nonmagnetic underl ayer.

The D 8 so val uTheanta@iidtic dagef 5 witlpwuechl stictube Ghayrisk daipesitetdropad
(002) plane alignnment in the plane of the nagnetic |ayer. 15 Exanple 3 A

set of ”ﬁgn%_tﬁtfttéﬂﬁ%" %é&d@@sﬁh@%’ !@ﬁ&hhgﬁb@f@n?&aﬁhe%ﬂfﬁt Fd'dhtainﬁﬂ@
produced | am nating a seed | ayer using various materials. 17 Condi tions

in the |am ' j I t hat
In the |am nafl Mg%;%cﬁi;ﬁ@&e WRGE colst R rtgit%h%féliebbﬁnﬁé?ﬁp A@ltérlﬁéﬁ%@fevé a

t he nonmagnetic u ayer was forne nfumwi th a 5 nmthickneds. 5

Table 2 5%@%@&&@?&@% ﬁ&iﬁ*bef_’éeﬁ&%é&%ﬂ; b%ﬁrctivteh%ﬁgtﬁgi@ éﬁéﬂ{b‘?} ur e

of the seed .2 coer Ci orce .- squareness ratio S0 val ue

o varue s s Wil Sy ifhehe BE RERRIEY WiieAGNE0 Bl FRA o8 Fflb Gl O °

(002) plane of .the. CoCrPt magnetic |layer. 1o Table 2 al so shows eval uation
results for anﬁg} PLUEEY O%E‘bﬁg?g%&r ecordi ng nedi um having a seed | ayer
of Ta or Cr with bcc structure, for conparison. Table 2 material of seed

| ayercrystal structure of seed |a erHe (Ce)squareness ratio Sp e50

degr ee) Cuf cc27 ..894. 3Auf ¢c29900. 925. 9Pdf £c31200. 984. 9Pt f cc30200Q. 995. 1l rf
f:c&g,SOO? 886. 8Cu- gw)&un&tm@o%@bga@ﬂpa&w&ﬁe f%erromagnetm crystals 1s not

30%Cuf cc30700. 936, 6Tabcc23, OO: 6711, 5Crbcc]2700 861)8. 9 15 18§
limited fo a specific material, an alloy of CoPt system 1s a preferable

10 one. In order to reduce recording media noise, in particular, it is
preferable to add at least one element selected from Cr, Ni, and Ta to
the CoPt alloy. In order to form a stable granular structure, it is
preferable to form nonmagnetic grain boundaries using an oxide of at
lest one element selected from Cr, Co, Si, Al, Ti, Ta, Hf, and Zr.

15 Thickness of the magnetic layer 5 is necessary to allow generating
enough head regeneration output and achieving desired recording

resolution.

The protective film 6 consists of a thin film composed mainly of
20 carbon, for example. The liquid lubricant layer 7 is composed of

perfluoropolyether lubricant, for example.

The nonmagnetic underlayer 4 is necessarily composed of a metal

or an alloy having hexagonal closest-packed (hcp) crystal structure.



Excell ent magnetic characteristics have been denonstrated in both the
coercive force He and the squareness ratio S when the material having fcc
structure was used for the seed | ayer as conpared with the case Ta or C
having bcc structure was used for the seed 5 layer. The 0 8 so values are
suppressed to | ow val ues, which indicates strong (002) plane alignnent in
the plane of the nagnetic |ayer. Exanple 4 1o A set of magnetic recording

nedi a havi ndnsérdest to €omtsrod keystdlmlig@mehtvefsthy geanathbih Samiealayér 5,
| am nating a nonmagnetic alignment control |ayer having a thickness of 5 nm

usi ng vari ogheMpbo@ihabfietié SERIErIRYSF ay ﬂgeﬁrhbﬂﬁkétﬁﬁ?_ogéd%ﬂrﬁ Reta
nonmagneti ¢ underlayer of a 5 nmthickness. O her conditions than 15 the

above- descr islgféictgaeﬁ.o\ﬂ@f’lgif tfgiﬁ R $ O408€ anNa nzr%r?tajtniﬂ?%'tele%st one

sumari zes the materi al e nonnagnet’i ¢ alignnent contro ayer, the

crystal str lé%ﬂfe%toéelé%d‘ﬂgm%t%eﬂlji gﬂgg@ _control |ayer, coercive

force Hc, squareness ratio o value of the thus produced
set of p%rpendicular magneti c recording nmedia. The ~ 0 so value is a
hal f-wi dth of a rocking curve of the diffraction line of hcp (002) plane of

o ond! bl arorahe st @ Yyel 37 38 r?seii‘#séﬁrﬂﬁé’q%ﬁéﬁ‘%%ﬁt g ?r&%f%hé% A Al
[ 19 d f Cu wi . Ru wi ,
OO e St TS R rodlch il Bl kel Bt il AR JhF
He .(Ce i Sp 850
?523?23; ﬁbbeéﬁég&%ﬂ?@?ﬁaregt %é@?@?&?l%k&é%‘i feomolert, A cPdeddo andslgy - 2

0%Panor hour338?0. 994. 6Cuf chlElOO. 559. 8Ruhe8500. 2115 é¥5 Excel | ent nagnetic
char act er i st 8lioxeonjedning aéleashoae ¢lemanthselested framveus drvePdePind

the squareness ratio S when the materials having bcc structure or anorphous
struct urld wandifador an aldoy wenhaimagnat leassiNgandnFecontrol | ayer as
conpared with the case the material having fcc structure or hcp structure
was used for the nonmagnetic alignment control |ayer. The ~ 6 ~o values are
suppressed to | ow val ues, which indicates strong (002) plane
When a seed layer 3 having an fcc crystal structure is laminated
on a nonmagnetic substrate 1, the (111) plane that is the closest-
packed plane of the fcc crystal structure tends to align parallel to the
15 film surface. Crystal grains of the nonmagnetic underlayer 4 growing
on the crystal grains of the seed layer 3 aligned in the (111) plane
have a tendency to grow so as to minimize the strain energy due to
lattice mismatch between the crystal grain of the underlayer 4 and
the crystal grain of the seed layer 3. As a result, the hep (002) plane

20 of the nonmagnetic underlayer 4 tends to align parallel to the film

surface.

When a granular magnetic layer 5 is laminated on the

nonmagnetic underlayer in this crystal alignment condition, the

10



alignment in the plane of the magnetic |ayer. 15 Advantageous Effect of the
invention As described so far, a perpendicul ar magnetic recordi ng nmedi um 20
according to the present invention conprises a nonmagnetic underl ayer of a
metal or. an alloy havi ng hexagonal closest-packed (hcp) crystal structure,
and a seed layer of a metal or an alloy having face-centered cubic (fcc)
crystal structure under the nonmagnetic 5 underl ayer. Such a perpendi cul ar

magneti c reanstal ngrystdl ugreii ift shexarigristic Nageet bC lnhdhgChrpl eristaleven
when the thickness of the underlayer is snmall or the total thickness of the

under | ayer gafihdttiee 3466 teANS kol growRHth theiBe2)oyldid alignias Fraagldl ¢o

alignnent control layer of a netal or an alloy having body-centered cubic

(bec) strucihé §ilgh ATEFaRBOUTHIS T4aHR & REBEAEAL IR gIRREE CRYPACteTiNTE Hf
alignment of the seed | ayer is enhanced, resulting I n enhancenent of

crystal a'isﬁg?ggpehdﬁaﬁaggga Jetid AY rdiﬁgﬂe@aium@ Enpl oyi ng such

i nternedi ate S provi per pendi cul ar magneti c recordi ng nmedi um
exhi bitipg excellent magnetic characteristics. Besides, the substrate
preheating step nmay be omtted froma nmanufacturing process, which all ows

(ne uee, of 20 S00knaRR0E" SRR SPERVERAC R, 2o AR o b oo
o east o ROORSBELLE, WOCREANEL 4 WRI0RL Bl honRird RRBRCEREC,,
boundar o5 REPARSEREREOEBHCBIANSEA doasli AHoRRRRHULT CBORDEFCaJBreY & @Sfposed
of a metal a{vc?rgbaﬂelﬂ'ythe materials of the seed layer 3 and the nonmagnetic
10 underlayer 4 are appropriately chosen from the materials listed below.
The preferable materials for the seed layer 3 include: a metal selected
from Cu, Au, Pd, Pt, and Ir; an alloy containing at least one element
selected from Cu, Au, Pd, Pt, and Ir; and an alloy containing at least
Ni and Fe. The preferable materials for the nonmagnetic underlayer
15 4 include: a metal selected from Ti, Re, Ru, and Os; and an alloy
containing at least an element selected from Ti, Re, Ru, and Os. A

perpendicular magnetic recording medium using these materials

exhibits superior magnetic characteristic.

20 Thickness of the seed layer 3 is at least 3 nm, more preferably 5
nm or more in order to control crystal orientation of the nonmagnetic
underlayer 4. In a double-layered perpendicular magnetic recording
medium with a soft magnetic backing layer provided under the seed

layer 3, in particular, thickness of the seed layer is desired as thin as

11



havi ng hexagonal cl osest-packed crystal structure and 1o a seed | ayer
conposed of a netal or an alloy having face-centered cubic crystal
structure provided between said nonmagneti c underl ayer and sai d nonnagneti c
substrate. 2. A perpendicular magnetic recording nmedi umaccording to claim
1, 15 wherein said nonmagnetic underlayer is conposed of a netal selected
froma group consisting of Ti, Re, Ru, and Gs, or an alloy containing at

| east one ehopBible 18b6fHrCAs Crosial Aighmetnst tid ABnMadhetiBinddnla e 40s.
20 3. A perpendi cul ar nmagnetic recordi ng nmedi um according to claim1,

wherein sai gy %@Qiﬁl@yﬁpgbs%t&&ﬁmmag catisBBiHY rﬁ&%ﬁéﬁi‘édldé}’e?n&ﬁdgﬂlfé@oft

consisting of "Cu, Au , and I'r, an alloy containing at |east one

el ement sel gt &dofik %&Tiggg%ﬁylézare C‘%%%él?mxgd‘%lggﬁ& %Icgd:&%%ﬁgnoestiﬁ?ﬁehr , Of

an alloy contarnrng at and per

recordi ng [ c (g to claim1 5 further conprising a nonmagnetic
ali gnnent-ggﬁ!ttﬁorqa%l%aé)%}?&gi sposed between said seed | ayer and said

nonmagnetsi c substrate, said alignnent control |ayer being conposed of a
nmetal or “an alloy that has body-centered cubic crystal structure or

anor phous structyre. 10 5. er pendi cul.ar magnegtic_recordin djum
according to clirl?ﬁelﬁr}e%é)tfeﬁﬁ s%‘?lan}ﬂﬁrkﬂtl%dlrfb‘g%ﬁ%’ega dlsalaitg%?gﬁt-CBm’rol
| ayer is a non tixc metal selected froma group consisti of Nb,. Mo,
Ta, and We ERNETIRRLYRInIN oGy R RSsPaRTeL FIY Sl SRARRTAGOR 0l dher ByRR LIRS &
nonmagneti c all oy cantaining at |east one,e] enen el ected from rQup
consi sting &ragpeti ,ay¢5,5-aﬁﬁh¢/vt . W%P%&iﬂﬁi %Wslabfﬁﬁrﬂeﬁ éieﬁwsa%%g
medi um according to claim.@1, 20 wherein sajd nonmagnetic substrate is
conposed of ag tiasas possihla. imyview wdmedmetion af manntacturieg ceal agdntai um
according to claim4, _
10 . proximity of the magnetic layer and the soft magnetic backing layer
in a double-layered perpendicular magnetic recording medium insofar
as control of crystal orientation of the granular magnetic layer 5 is

possible.

15 In manufacturing a double-layered perpendicular magnetic
recording medium, the soft magnetic backing layer may be composed
of a NiFe soft magnetic alloy having fcc structure; or a NiFe soft
magnetic alloy layer having fce structure with minimum thickness
may be provided just over the soft magnetic backing layer. Control of

20 crystal orientation of the nonmagnetic underlayer 4 is possible
regarding this NiFe soft magnetic alloy layer as a seed layer 3. A
distance between the magnetic layer and the soft magnetic backing
layer in this case is substantially equal to the thickness of the

nonmagnetic underlayer 4. Thus, by making the thickness of the

12



wherein said nonmagneti c substrate is conposed of a plastic resin. 23 8.
A met hod for manufacturing a perpendi cul ar magnetic recordi ng nmedi um
conprising steps of depositing a seed |ayer that is conposed of a netal or
an all oy having face-centered cubic crystal structure on a nonmagnetic 5
substrate depositing a nonmagnetic underlayer that is conposed of a netal
or an all oy having hexagonal closest-packed crystal structure on said seed

| ayer deposuinideglayemaitghi cshpygiort bhhrasteeintpes achrof bé eachivvgdetine the
crystal grains and nonmagnetic grain boundaries nmainly conposed of oxide on

sai d under| pgependivhlderasighiebit Feddrdige mh@idrhl m on said magnetic |ayer.
9. A nethod according to claim8 for manufacturing a 15 perpendi cul ar

magneti c recordi ng medi um wherein each of said depositing steps is
conducted under a tenperature of said substrate |lower than 80C. 10. ~ A

met hod accor di MgLEO 16 AR dtes aﬁggxﬁ&ﬁyrhaﬂtﬁlpqayeﬁdizcui@rné&ﬁagﬂ tic

recordi ng medium wherelin said depositing steps omt a step of preheating

sai d nongagagﬁ{rgos%ﬂt)ﬁfrét f‘netéf' or Hn .ﬁlwtmgﬁgﬁ??bgﬁ&trgﬂi Bibi: (bccg a

per pendi cul ar ghetic recordi ng nmedi um“conpri eps of depositin
nonmagneti c LgRMent - ol la | S d of -or an_al |l oy
havi ng body-c&én%gre%%}:lggﬁ%cécrofstéﬁ{(g%s}fohjéct S?Igm;cr%‘ghorp ug%tsr'?j&b%}]tngeaon a
nonmagneti c_substrate depositing a seed | ayerothat .l onposed .of a _petal
o an°al | oy VRAEAFBice ERERhPBY GliFel Jaf¥FLe' BRViAg POTDREGK e o
nonmagneti c  al i,gnnent contr.ol . l.ayer, depositing a _non neiic _under!| ayer
that s combeRaaney tg Algnin; 313 HlanEhR opora hRp MLt AaP @V StE diRcked
crystal strugture on jd seed .| ayer ositin magnet i c er that Jis
conposed of Of et t {4y &y ;r‘%t}bﬁ‘yl@rga&g %W&tﬁgn%ﬁb'ﬁg’t‘r% gr’iﬂaﬁﬁs’bdﬁﬁﬁ%ﬁ es
mai nl y conposed of oxide on said underlayer~ and

10 alignment of the nonmagnetic underlayer 4 is enhanced, resulting in

improvement of the magnetic characteristics of the magnetic layer.

"This effect of the alignment control layer is most significant when

the material having bce structure is a nonmagnetic metal selected

15 from Nb, Mo, Ta, and W, or a nonmagnetic alloy containing at least
one element selected from Nb, Mo, Ta, and W. A material having

amorphous structure such as NiP or CoZr may also be employed.
Thickness of the nonmagnetic alignment control layer 2 is
20 preferably at least 3 nm, more preferably 5 nm or more for controlling

crystal alignment of the seed layer 3.

In the method for manufacturing a perpendicular magnetic

recording medium of the invention, the deposition processes are

13



15 depositing a protective filmon said nmagnetic |layer. 12. A nethod
according .o claim 1l for manufacturing a perpendi cul ar magnetic recording
medi um wherein each of said depositing steps is conducted under a

t enper ature of said substrate 20 | ower than 80C. 13. A nethod according to
claim8 for manuf acturi ng a perpendi cul ar magnetic recordi ng nmedi um
wherein said depositing steps omt a step of preheating said nonmagnetic

substrate. 2§ndf¥tedander -t8 daeﬁmﬂr%s AsweAthanA80A&, - dhd Ahe \3ubStrfeA9
AL. A& . A . AL. Al l . A& As. AY=Pq

f s ] A e et ke g sl sl o)
BETRRRE &
a]>ca] cal ca] cafca % gffzia}‘&a S%Z BCIZ} c%%[ﬁ&}lﬁﬁ} ﬁkgg'# @]éggggﬁ $$§13% ca] ;
(AC((6) ) md\%} 25 Regpspficylan magngtis resprding, Paed up 29%05ing &9 ca) c
| X +E+
? 1053135314 %@%9 ‘{&Q’]} Eé af#%?ia%]‘}l%g‘f’}: ]%%‘;%"%%] Ik’aﬁic:%?c]a](?:’['a]JI:::ig] C(g} %g]lbg] Scal ca
BnBB
e e A AL L TR
! PSP PP
bV QDORKRRESBk Rk T B8 w%m%w& Shpad ?f@gpggq@]rgg]?gg} o] mlied] b oa] o
a] ca] ca] ca] ca] ca] caj %] ca] ca] ca] ca] ca] ca] ca] ca] cag cal ca] ca] ca] ca%caI VIAABXGX
XY+Z; zCz[ [ [ pmittingy the substrate preheating step, to achieve reduction in
bbl bbbcTccccc” dad} xsni d_Z] ] ca] ca] ca}ca] cal ca] caica] cal ca] ca] ca] ca] calﬁg)a] ca]

ca] ca] ca] cajeahviacialring cedsta] c@eitting dhec aphbajrateapyehestingristegyalsy, hnhh
hhhh(i kiii$jZjjjk&Rkkkl!l}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca] ca] capca]adLJ]vvm]ema])ha']lng] aal]lcnlltagnﬁiic:a}lbapmﬂecalaxﬂ dg) caoldisg gblalstieh mm+n
nnnwoo%phppp4q: af qqr

rrr 5sSsssSt trepins sudh Zg palyearbahasé ozpdyokdfira] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! uuSunuuuvvIwlww, xcxxyyy{ qqr
rrr5sSsssSttu}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal ca] cajcalc
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca] ca=Pqf Gy:!10% h& ()-G s"10%

g ()- Y 10% NIt FISHIHE desc m iedific ex\é\fﬁB?‘é@/&f@mEéE@f&h%Q%f the
h& () - 3&$- #lo%h&() 3! % h&' ( 10% h& ()-, 10% h& ()- @10% h&' () -

Eg (B)&L ngocy 11‘%&%%1(:& 9?}reh%ﬂ)ﬁ? &'Ime ex%%?le%oafb %Hef@y % Nda tdn @Y i0%

15 of the invention, and the scope of the invention shall not be restricted

to the examples.

Example 1
The nonmagnetic substrate used was a polycarbonate substrate
20 of 3.5” disk shape made by injection molding. The substrate was
cleaned and introduced into a sputtering apparatus. A platinum seed
layer having thickness of 5 nm was deposited under argon gas
pressure of 5 mTorr. Subsequently, a nonmagnetic underlayer of

ruthenium having a thickness in the range from 0 to 40 nm was

14



10" 10" 10"S;

S10% & ()-1(9. Z#10% " & ()-M 9-#10% " & ()-'!9-#10%" & ()-' &L- #10% & () - gi
pX{Y: PE: @1096& ()- ! @109%5& ()- !-#109B58 ()-3 - #10%& ()-3 "10%& ()-L!"
"10965& ()-L}rg\=F 10% & ()- 105 105 105@ :

S1096& ()-! @R 10965&' () - UG@L0USE ()- 9!, U@L0YB58 () - IMEZX YT\ =! ( &SH10% \ &
()-@10% & ()-Y |, @L0%@ @& ()-Y @10%2& ()-Y

) ' KLS" 10% \ &efposBedSuibdr &rfon&gAd hresuré 'ofF5 GAIL9@BE Then, a granular

& 109B& ()- &&109B& ()-M 10\ 10\ 10\< 10% & ()-!,f2' 110%\ & ()-pe wXMVB7 10B

10B 10Bf; s1Gf@&nédic! Iaye@#hﬁ Bhickn8$ HOI0% R Béad depobited by an RF
@10%B+B& ()-TF @109BB& ()- TG3ANB7 10L10%& () -

| S&! 109& ()‘szp@t%@rgfﬁg( wreth@i1Q a(fer %f@?/%'dr)l 3P, it BV 8hd hd ditibhesvB7
10L* @ 10%& () - -1 ILT@10%& () - - 1% | 100& () - &L#- #1008 () - f10%& ()-Y
10 mol% SiOz under argon gas pressure of 5 mTorr. After depositing
5 a carbon protective film having thickness of 10 nm on the granular
magnetic layer, the resulted substrate was taken out from the
sputtering apparatus and coated with liquid lubricant to a thickness
of 1.5 nm. Thus, a perpendicular magnetic recording medium having
a structure shown in Fig. 1 was produced. In this manufacturing

10 process, a step of preheating the substrate before the deposition steps

was not executed.

Fig. 3 is a graph illustrating crystal alignment of the magnetic
layer obtained by X-ray diffraction method. The abscissa represents
15 thickness of the nonmagnetic underlayer, and the ordinate represents
A 6 50 which is a half-width of a rocking curve taken for (002) plane of
the CoCrPt magnetic layer having hcp structure. Accordingly, a
smaller A 05 value in Fig. 3 means stronger (002) plane alignment
in the plane of the CoCrPt magnetic layer.
20 [0041]
The A 650 value is about 20° in the case the magnetic layer is
laminated without a nonmagnetic underlayer on the seed layer, that
is, at the nonmagnetic underlayer thickness of zero nm in Fig. 3.

However, the A 6 50 value abruptly drops as the thickness of the

15



1098~ () - = | >l xnbC 10, ' 110% & ()- 10 10 10y;
S109&' ()-" 6! 109%&' ()-yS2:110%& ()- 90 100& ()- >!wi!!!#". "dEnhC
10, s10% & ()-, Y 1'10% & ()- ,S 110% & ()- ss 10% & ()-,F
10% & () -, &L0% & ()- ."x"""#Y##dEnDHC 10S% 10% & () - 3&H#- #10% & () -
@!'10% & ()-@O0% & ()-@10% & ()- & #10% & () - ###9$s$$SSAEMDC
10fF4110% & ()- | ,2 10% & ()- S& 10% & ()- & SH10% & ()- S, 310% & () -
S 10% & () - n$ﬁ?@/€x%ﬁf@@ﬁ@@@a§'@@ﬁﬁﬁﬁaﬁd%ﬂ th8&&ed) lnyetGHefeddes; tHe'A 10"
10"S; s10% & () - SL6& 10% & () -
0 50 value decreases to about 6° at 3 nm thick and about 5° at 5 nm
thick. The A 6 50 value does not significantly change even if the

thickness of the nonmagnetic underlayer is increased over 5 nm.

This result implies the thickness of the nonmagnetic underlayer
is favorably at least 3 nm, more preferably 5 nm or more, in order to

control crystal alignment of the magnetic layer.

10 Example 2
A set of perpendicular magnetic recording media having
structure as shown in Fig. 1 was produced laminating a nonmagnetic
underlayer using various materials. Conditions in the laminating
processes were the same as those in Example 1 except that the

15 thickness of the nonmagnetic underlayer was 5 nm.

Table 1 summarizes the material of the nonmagnetic underlayer,
the crystal structure of the underlayer, coercive force He, squareness
ratio S, and A 6 50 value of the thus produced set of perpendicular

20 maénetic recording media. The A 6 50 value is a half-width of a
rocking curve of the diffraction line of hcp (002) plane of the CoCrPt
magnetic layer. The coercive force He and the squareness ratio S
were measured by using a vibrating sample magnetometer VSM

applying magnetic field perpendicular to the film surface. Table 1

16



%& S"\''' dEbC 10@! 1096& ()- F 10%& ()- ,109%6& ()- @109%6& ()-

S 110%& ()-F 9"109%6& ()- ' (A((((6)dEDC 10S0&! 1096& ()- & @L0Y%E& ()-
S*F1096& ()- S & 1096& ()- S% 1096& () - &#- #1096& ()- 6)5))))))))bC 10Y
109G°& ()-' 109@°& ()-M 105 105 1059° 1096& ()-fF4 109B& ()-f, 2! 1096& () -

) ¥\ *** +E+dEbC 10Y s 10967& ()- Syyl0%& ()-L"109F& ()- SF & 109%& () -

S, 11090& ()- S&& 109@& ()- E+++, --my- dEHC
10y’ 10%& ()alydbshowisetatudtishOfehtl{s for a perpendicular ma%_netic recording
£&l 109878 () -3L- #109F& ()-Tyl 10068 ()= y---9 i 710
10T3=s10% &' rhd#fh1 ¥4h&nk) =3 nonmagnetic underlayer of Ta or Cr with bee

structure, for comparison.

Table 1
material of crystal Hc (Oe) | squareness A 650
underlayer | structure of ratio S (de )
, gree
underlayer
Ru hep 3020 0.99 5.1
Re hep 3430 0.95 4.8
Os hep 2980 0.92 5.9
Ti hecp 2440 0.89 7.2
Ru-20%W hcp 3310 0.98 4.3
Ti-10%Cr hep 2560 0.91 7.0
Ta bee 820 0.22 22.9
Cr bee 590 0.35 19.3

Excellent magnetic characteristics have been demonstrated in
both the coercive force Hc and the squareness ratio S when the
materials having hcp structure were used for the nonmagnetic

10 underlayer as compared with the case Ta or Cr having bcc structure
was used for the nonmagnetic underlayer. The A 05 values are
supbressed to low values, which indicates strong (002) plane

alignment in the plane of the magnetic layer.

15 Example 3

"A set of magnetic recording media having structure as shown in

Fig. 1 was produced laminating a seed layer using various materials.
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5 . Table 2 summarizes the material of the seed layer, the crystal
structure of the seed layer, coercive force He, squareness ratio S, and
A 0 50 value of the thus produced set of perpendicular magnetic
recording media. The A 6 50 value is a half-width of a rocking curve of
the diffraction line of hcp (002) plane of the CoCrPt magnetic layer.
10 Table 2 also shows evaluation results for a perpendicular magnetic

recording medium having a seed layer of Ta or Cr with bec structure,

for comparison.

Table 2
material of crystal Hec (Oe) | squareness A 650
seed layer | structure of ratio S (de )
gree
seed layer
Cu fce 2780 0.89 4.3
Au fce 2990 0.92 5.9
" Pd fce 3120 0.98 4.9
Pt fec 3020 0.99 5.1
Ir fce 3350 0.88 6.8
Cu-10%Au fce 2880 0.90 5.3
Ni-15%Fe- fee 3070 0.93 6.6
30%Cu
. Ta bce 2310 0.67 11.5
Cr bce 1270 0.36 18.9

15
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material having fce structure was used for the seed layer as compared
with the case Ta or Cr having bcc structure was used for the seed
5 layer. The A 0 50 values are suppressed to low values, which

indicates strong (002) plane alignment in the plane of the magnetic

layer.

Example 4

10 'A set of magnetic recording media having structure as shown in
Fig. 2 was produced by sequentially laminating a nonmagnetic
alignment control layer having a thickness of 5 nm using various
materials, a seed layer having a thickness of 5 nm, and a
nonmagnetic underlayer of a 5 nm thickness. Other conditions than

15 the above-described ones were the same as those in Example 1.

Table 3 summarizes the material of the nonmagnetic alignment
control layer, the crystal structure of the nonmagnetic alignment
control layer, coercive force Hc, squareness ratio S, and the A 650

20 value of the thus produced set of perpendicular magnetic recording
media. The A 0 50 value is a half-width of a rocking curve of the
diffraction line of hep (002) plane of the CoCrPt magnetic layer.
Table 2 also shows evaluation results for a perpendicular magnetic

recording medium having a nonmagnetic alignment control layer
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Table 3
material of crystal He (Oe) | squareness | A @50
alignment structure ratio S (de )
gree
control layer
Nb bee 3350 0.97 4.0
Ta bee 3410 0.98 4.1
Mo bec 3210 0.94 4.9
- W bee 3600 0.98 3.8
Ni-20%P amorphous 3380 0.99 4.6
Cu fce 2110 0.55 9.8
Ru hep 850 0.21 15.2

'Excellent magnetic characteristics have been demonstrated in
both the coercive force Hc and the squareness ratio S when the
materials having bcc structure or amorphous structure was used for

10 the nonmagnetic alignment control layer as compared with the case
the material having fec structure or hep structure was used for the
nonmagnetic alignment control layer. The A 6 5 values are
suppressed to low values, which indicates strong (002) plane
alignment in the plane of the magnetic layer.

15
Advantageous Effect of the invention

As described so far, a perpendicular magnetic recording medium
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5 underlayer. Such a perpendicular magnetic recording medium

exhibits excellent magnetic characteristics even when the thickness

of the underlayer is small or the total thickness of the underlayer and

the seed layer is small.

10 By providing a nonmagnetic alignment control layer of a metal or
an alloy having body-centered cubic (bcc) structure or amorphous
structure beneath the seed layer, crystal alignment of the seed layer
is enhanced, resulting in enhancement of crystal alignment of the
magnetic layer, as well.

15

Employing such intermediate layers provides a perpendicular
magnetic recording medium exhibiting excellent magnetic
characteristics. Besides, the substrate preheating step may be
omitted from a manufacturing process, which allows the use of an

20 inexpensive plastic substrate.
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10 a seed layer compose a metal or an alloy av1ng‘face centered

cubic crystal structure provided between said nonmagnetic

underlayer and said nonmagnetic substrate.

2. A perpendicular magnetic recording medium according to claim 1,
15 wherein
said nonmagnetic underlayer is composed of a metal selected
from a group consisting of Ti, Re, Ru, and Os, or an alloy containing
at least one element selected from a group consisting of Ti, Re, Ru,
and Os.
20
3. A perpendicular magnetic recording medium according to claim 1,
wherein said seed layer is composed of
a metal selected from a group consisting of Cu, Au, Pd, Pt, and Ir,

an alloy containing at least one element selected from a group
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has body-centered cubic crystal structure or amorphous structure.

10 5, A perpendicular magnetic recording medium according to claim 4,
wherein
.said metal composing said alignment-control layer is a
nonmagnetic metal selected from a group consisting of Nb, Mo, Ta,
and W; and
15 said alloy composing said alignment-control layer is a
nonmagnetic alloy containing at least one element selected from a

group consisting of Nb, Mo, Ta, and W.

6. A perpendicular magnetic recording medium according to claim 1,

20 wherein said nonmagnetic substrate is composed of a plastic resin.

7. A perpendicular magnetic recording medium according to claim 4,

wherein said nonmagnetic substrate is composed of a plastic resin.
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depositing a seed layer that is composed of a metal or an alloy
having face-centered cubic crystal structure on a nonmagnetic
5 substrate;
depositing a nonmagnetic underlayer that is composed of a metal
or an dlloy having hexagonal closest-packed crystal structure on said
seed layer;
depositing a magnetic layer that is composed of ferromagnetic
10 crystal grains and nonmagnetic grain boundaries mainly composed of

oxide on said underlayer; and

depositing a protective film on said magnetic layer.

9. A method according to claim 8 for manufacturing a
15 perpendicular magnetic recording medium, whereineach  of said

depositing steps is conducted under a temperature of said substrate

lower than 80°C.

10. - A method according to claim 8 for manufacturing a perpendicular
20 magnetic recording medium, wherein said depositing steps omit a

step of preheating said nonmagnetic substrate.
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depositing a seed layer that is composed of a metal or an alloy
having face-centered cubic crystal structure on said nonmagnetic
alignment control layer;
depositing a nonmagnetic underlayer that is composed of a metal
10 or an alloy having hexagonal closest-packed crystal structure on said
seed layer;
depositing a magnetic layer that is composed of ferromagnetic
crystal grains and nonmagnetic grain boundaries mainly composed of

oxide on said underlayer; and

15 depositing a protective film on said magnetic layer.

12. A method according to claim 11 for manufacturing a
perpendicular magnetic recording medium, whereineach  of said
depositing steps is conducted under a temperature of said substrate

20 lower than 80°C.

13. A method according to claim 8 for manufacturing a perpendicular
magnetic recording medium, wherein said depositing steps omit a

step of preheating said nonmagnetic substrate.
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