Ae3é|}vvay4py{6{T|[cX Per pendi cul ar Magneti c Recordi ng Medi um And A

‘Met hod For Manufacturing The Sane Technical field of the”mﬂmmmmmmmmm&The
present invention relates to a nagnetic recordi ng nmedi um

magneti c recordi ng device such as an external nenory device ofs@+«CoOnputer,
and to a nethod for manufacturing such a nedium to Background of the
invention As a technique to attain high density magnetic recording, a

per pendi c Péi*tpoe'fgcﬁcfégfrllég m&@ %éd&f%ﬂ%ﬁ’[@dﬂ\fd’%ﬁd te Mgt’ﬁo&%‘@f‘

alternative ongitu magnetic recording system 15 A

crystalli [ I stemis now nmainly studied as a materi al
for a nag2@?&%“%%§%F§%%QH$5;8¥H%¥ a perpendi cul ar magnetic recording
medium In order to use in perpendicular magnetic recording, the crystal
orientation is controlled such that c-axis of the CoCr alloy system having
hcp structure aligns perpendicular to the 20 filmsurface, that is, c-plane
i s paral | el'echnical fieldhofithednventiomder to achi eve hi gher density in the
CoCr alloy system attenpts are being nade for finer grain size, reduction
of di spersi onTHe Pprasantiiztrehitibni laites toad ndeeetds eetdr ghedium

i nteraction between grains. *@0002* A conventionally used netallic

magneti c fy i i i

tenper at urao UG ed B ia TAEEHEC rEEPRRA R sHBAEIT oReePnd] Memors o
magneti c ai.ns cobalt  system,k The grai oundar hase. reducgs nmagnetic
5 'nt er actIDHCB AL LATHRBLEY: and ta Aol o RphiBatiEng sk, the
substrate for,,deposition is necessary to be heated to a tenperature at

| east 200anediulinet hod for controllj ng structure of a |ongitudinal

magnetic to recording mediumdirecting towards high density recording,
Japanese Unexam ned Patent Application Publication No. H3-255342 and United
States Patent No. 5,679,473, for exanple, disclose a magnetic recording

| ayer 1baviBackgroahd 6f ¢hemipvientiehl ed a granul ar magnetic recording | ayer
in which each of magnetic grains are 15 surrounded by nonmagnetic and

nonnetallic s ag&ﬂ]%#ﬁtﬂe I L gﬂ& PO etic and
nonnetal lic g:'%g;sg%l oundary %ﬁaés@agﬁy}gg:}gﬁeysggééﬁg es ?%tgaﬁ%gnei ’gggrai nin
such a granul ar ga etic film. magnetic inteéract.io bet ween ,t he. magnetic
grains dedrrendicylarmagnehin resoriing sYstelt da Al uee Ageniiah asaanso
magneti c domain wall that would, be fornmed in a_transition region of a

r ecor di ng alternabive to anconventicmablongitushsal magnetiaarcording syskem.
granul ar magnetic recording |layer that the interaction between magnetic

grains can be reduced even if substrate heating is not executed. This is
because the nonmagnetic and nonnetallic 2

15 A crystalline film of CoCr alloy system is now mainly studied as

a material for a magnetic recording layer of a perpendicular magnetic
recording medium. In order to use in perpendicular magnetic
recording, the crystal orientation is controlled such that c-axis of the
CoCr alloy system having hcp structure aligns perpendicular to the
20 film surface, that is, c-plane is parallel to the film surface. In order
to achieve higher density in the CoCr alloy system, attempts are
being made for finer grain size, reduction of dispersion of grain size

distribution, and decrease in magnetic interaction between grains.
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subst ance used for the grai n boundary phase segregates easier than
‘eonventional |y used chrom um and generates segregation wthout heating. 5
The granul ar magnetic recordi ng | ayer has been proposed to use for a
recording |ayer of a perpendicul ar magnetic recordi ng nmedi um conbi ni ng
above-descri bed techni que. | EEE Trans. Mag., Vol. 36, p2393 (2000), for
exanpl e, discloses a perpendicul ar recordi ng nmediumthat conprises an

under | ayer of A ¢bhSintibfialB uvaed ﬁlekglnegﬁgtg&fet&@@ﬂ&ﬁidmcb@ieéysﬁexﬁq& ar o

al l oy having granul ar structure. Caxis alignment enhances with 1 ncrease of

t hi ckness nj Y| er, | ar
magneti c r%gc%é%?%gﬁlg?éﬂﬁtu@ﬁlﬁg %g%gﬁoﬁ%éggrﬁg#gém%kﬁt%yéﬁrgé%r needs
to be about, 40 nm,or no to obtain satjsfactaor netic 15 ,. .

Char act o IRRATR Th{OTmeA DyoRagres  Hogupl EhES R o ROMRagTatie Ba4Ra Al ar
per pendi cul ar nmagnetic recordi ng nmedium However, since ruthenjumis a rare
netal el eroobalbsyséependihe graia bouokdaayspbaseeducesmagnebider | ayer is
required to be thin fromthe viewoint of production cost reduction. 20 A
so- cal bed itbabhetiozybetwelere nlagnesic grgited.| WheesotHinmerdd is basphged,
proposed that conprises a soft nagnetic backing |ayer under a nmagnetic

recor di ng iy 8hbsProtH FOF BePliRifdes i t6 Bé Hehtdded gl ed at a head

( g.fac ?i .
region. In order to enhance recordi ng dersity of a magnefic recording

medi um hayj i r.yct ur.g, t hi ckness of the nonmagnetic |ayer

di sposed ggﬁﬂgéﬂhﬁﬂgéﬁﬂb&%?ﬁbzégggrding | ayer and the soft magnetic backing
| ayer is considered indispensably to be at nobst 20 nm Consequently, the 5
above-descri bed structure of thick rutheni umunderlayer poses technol ogi cal
restriction in the production of a double |ayer perpendicul ar magnetic
recordi ng nediAma methednfoo dontsrolling styruchure ofemtlongitodialamagmeticgher
recordi ng density, nore reduction of noises is indispensable. One of the
factong t hascordingi weditmeadirectine ¢owlara phigledbnsitarrgcerdidgndapediess i s
increase in dispersion of orientation distribution in the nagnetic

recor di ng amIA8Phteil BB IR PiARtiCafioH NOCHEREBHI4 hgePr di ng

| ayer in a per pendi cul ar r rding nmedi um needs to be aligned

per pendi c fe supface t he dj ILf the dispersion of .

br1 bnt at | oiired SRR aBehE Mo, Ba A Lo el ARSI Rmpenasic pu
si gnal decreaiﬁﬁ due to ﬁgctease of perpendiculg% %igﬁgnent of . the magnetic
flux. |n XRAGLAIRE kAyATshavang Yadd UrAHQIRMCNELE as8fadnedxe. 20
Therefore, the dispersion of orientation distribution in the nagnetic

recor di ng magnetieauxordihg laguucay vakichhrehthasf psghetie gramsdaret o

achi eve high output and | ow noise in a perpendicul ar magnetic recordi ng
medi ums 4 surrowddedi oy nennettsétienned naentitalbicss Wistines saehaas okide

di stribution, decrease of initral growh layer is also required of a

Tagnetic reFSifiiN,| BU ! thIGNAIBAe b A5 HRNCGING S BOUERHY

recordi ng medium A magnetic reco ayer o onventTo

per pendi cul ar netic aordin iumincludes an initial grow ayer
havi o | n-BREsE BTl SBparaaanie M epRshs Gudth bl ki af” “The
initial growth layer.is a source.of noises. This is .considered to be caused
by i nf er | oRagRetikdAimomagnatiaintexastion hetuartihe Mognedic ERaES
conventional perpendicular i0 nmagnetic recordi ng nediumor interdiffusion
bet ween t hdearersesywhiehdn tarnpguppresses dodimativayef zigzagnshiaped ew
poi nt of recording, a thin nmagnetic recording |ayer is favorable. However,

it an 20 t hredgretiet dohmyier wadl thatawdulieé formidd bk retransitienreaiet.of a

rel ative proportion occupied by the initial gromh |ayer increases and S/ N
reduci ng 11T AT RS e T otk olsd A He ALhrvi? KRl Bhisuch g,
o ai n'si BEABRIARGNAESIRE ZOPOEOINE 1T 58 tRAjari WRLAFFEOR BFAVEFES of fhe
Shaped andMAENSHE BrAN a8 bagedused pres i PSLTHEIRERTME & Toke. ©

transition noises needs the grain size to be decreased and the bit
transiti onexegubed: dl'hes $¢ beicausenthe mppemagnetic and nonmetallic




According to the above, requirenents for achieving performance inprovenent
‘of a perpendi cul ar magneti c recordi ng nedi umincludes: decrease of the
di spersion of orientation distribution in the 5 magnetic recording | ayer,
reduction of-initial gromh layer in the magnetic recording |ayer, and
m nim zation of the grain size of the magnetic recording |ayer. Therefore,
the problemto be solved by the present invention is to 10 achieve
i mprovene FlaQr ;

ubdtafRd afs@?lgo@i ﬂry;@ggg%g@%agﬁﬁmée %i%g@-ta e%@&fea%iér RRhte

reduction by nmeans o ment magnet i c

recordi ng - i qnitl ro | ayer i -n | C
recordi ng 4032}29;11“&%%1{@%%%%%@%}1% %ﬁatg%él Xii %‘?é%eéh]ﬁf)ﬁe%(ﬁét iC
recording ., ayer. 15 Means to solve the probl em The underl ayer plays an

i nport ant healdngs decrease the di spersion of orientation distribution in
the magnetic recording layer and to mnimze the thickness of the initial
gromh layer as close to 20 zero as possible. The reasons are: (a)
alignnment in the magnetic recording |ayer is inproved by selecting a

vel | - aki gned @Hégmtaﬁﬁ%gﬁéti@aﬁéﬂdﬂﬁn fldyee hakibhéén pvposedstd elseeen

t he underl ayer and the magnetic recordi ng l"ayér inproves epifaxial growth

he i f . [ ' , 6
ani ch i n (O FEANERRTE ey PE O BerBSTIAEtat WARBRAR rpel RIS MPUBE .
It i 11k .that th [ [ f. el 6 ' I t
epi t axi ol 1P DPSMREARaYARseriyel teeRnstue: MBI TArE Mtk BT 961 '°

under |l ayer. Thergefore, (c) reducgtiqQn of the grain sjze_ in the 5 underlayer
i s essent iRE393r ?«(Xlﬂp)e PBexFmpe, disclases seperpendigulpireeor di ng

| ayer. The inventors of the present invention have found that further noise
reduct i on maainen ddistecen pryises iary umderlageirwof hatdee nl vy nietalaand a
nonnmagneti ¢ underl ayer and enploying for a magnetic recording |ayer a

granuligr fidBhdeie recbedengilayerzgt CoPt@rOnfley Hdvisig g_rahdlm JTRUCOUTE.

recording |layer without diffiCulty. An excellent perpendicul ar magnetic
recordi ng di 1M, 1:S,.-0ht.al 1.S,:400F I - Wien a

gr anul ar fqn‘?r ‘ghL1§é "?%%&ﬁgpivilﬁggﬁéﬁ% ﬁg&glEmkgéEétsorfa € heating is
unnecessary f.or isolatin netic grains in that, |ayer. -As a resul.t, the
b oduct 1 ot itk BgintRATHE il ah deelBgied dod the BrasulaT Magmeic
Further, inexpensive plastics can be used 20 for a substrate in addition to
the converi¥eenrsing layenmlhethickress of ghessutheninwm undenlayenawredspto on
of drawings Figure 1 is a schematic cross-sectional view of a perpendicul ar
7 magnetbe alenor d0ngnredi moradwoobtam satisfactoesenagnetent i on. Figure 2
is a graph show ng dependence of coercive force He on the thickness of the

magnetjsc rekardenaistisrand et Mmakritic orRAraioN hérforMsnde ih vhPect s

of enbodi ments of the invention Sone preferred enmpodinents of the present

; ti : : L e ; |
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t i tion. Th di cul ti di dj h
Struct ure FEMERLIRYIS i BAeta O (aBertAnd £XReRSIY e i BRERRES 06 nment
control layer 2, a seed |layer_3, a, nonmagnéii c .underlayer 4, a magnetic
recor di ng {b@@mtherunmanp erlayew is raquired tade shanfroze fhenviewpointopfed

on the substrate 1. On the top of the |am nated
production cost reduction.

20
A so-called double layer perpendicular magnetic recording
medium has been proposed that comprises a soft magnetic backing
layer under a magnetic recording layer to enhance sharpness of

magnetic field generated at a head region. In order to enhance



substrate, a liquid lubrication layer 7 is formed. The nonmagnetic
'substrate 1 may be nade of N P-plated alum num all oy, strengthened gl ass,
or crystallized glass, which are 20 all used in a usual nagnetic recording
medi um Because a manufacturing nmethod of the invention does not need
substrate heating, a substrate can be enployed that is nmade by

i njectionnolding plastic resin such as pol ycarbonate or pol yolefin. This

plastic 1 saldbrihaldehGrkof ASHRRASIE ARG XNAe TRBIMNAHAGG Difs 2

texturing's profess can De eas € honag I gnnent
control |ayer IS w . desgri bed.. The nonmagnet.i.c,al i gnyrent cqontrol |ayer
ot be caiiheturds BBEsTiEkhessot i n etigJayer slipposhdbelvesn; o
(bcc) lattice structure or an anporphous, structure. By providing the

al i gnnent denmagnesicerecandingelayeic andotheispit imagnet)c pagkangtlayes iscc
structure in the seed |layer formed on this |ayer can be nore enhanced.
Thus, charcongidestdcmdibpemsalbdynias be atavost 20 hay.e Consequenthygdehr ough
lo pronoting the alignnent of the nonmagnetic underlayer. This effect is

most siggni él'b&@é‘idé’!&&%éa %Q‘ﬁ%ﬁﬁi‘é'omﬁbkgr@ﬂ% ﬁi‘dl‘t‘l‘:hhﬂ%ﬂ?y@r pyEagneti

nmetal selected from , Ta, an or a nonmagnetic alfoy“containing at

| east one g L1 T C avi ng

anor phous %cﬁ{ﬁ%gigéﬁ%ﬁ&%&éﬁgg ﬁgth&%ﬁugﬁﬂ%& 86%@&%?%?%&8& y used.

Thi ckness of the.nonmagnetic alignnent contral |layer is preferably at |east
3 nmnore E@@?@i‘@kﬁ a3 magnetsrecoslipg IMMg crystal alignment of the
seed |l ayer. Material used for seed |layer 3 can be a netal selected from Cu,
20 Au, Pd, Pt, and Ir, an alloy containing at |east one el enment sel ected
fromcCu, Au, Pd, Pt, and Ir, or an alloy containing at |least Ni and Fe.

Speci fic eReobleam td bersoleedobyadig amvengiont | east Ni and Fe incl ude
Ni 15Fe25Cr, Ni 18Fe25Cr, and N 15Fe30Cr. 9 When one of these materials

havi nggf cc cr i W ante =T ane

t hat 950 t he c?’gggésﬁtﬁgfég??y% if;lén%éo t gel%?l ngfyc,r ystalsfés(tﬁrlﬁ%lto Elbgfth é%%léss ?J' 0
align par .t fi S ' n L C i,n the
oresent 1 Ansfiepshesitfle, ' ORerE YREFackhPE Erls EERGRAL PRGBS B &
(002)  pl arBeTRARIRGR A B e m ¢diwBets TndreRseoadieBegsian 81 gni ng
(002) pla i gni ng
parallel to the filmsurface. By lam nating a granul ar magnetic |ayer on
such a nonoeigmdaittonkdstiibydiontimethetmilgnetic yecardmgailayern The amigrefi i c

| 0 recording |ayer also growwith their hcp (002) plane aligning parall el

to the fi I@a§wxha§metamtibheoﬂthéimaggﬂ@ﬂib&e@@ramgilayb@riﬂ9 the film

sErface, to provi de an excell ent perpendi cul ar magnetic recordi ng nmedi um

T X p . . .
oo yEE Rt RS i el s Sl entaps TR el
Cayer . hi GRAGUIREPE AN REARR. EPhE FieelRib R or BIRRKAEIAF 0l L' 5% or

nore in order, to contrql . orientajion of the nonmagnetic 20 underlayer. .ln a
doubl e- | aya%mlbgfmef&hpaaxmgﬁ@ﬁﬁy magnetizgtianis haﬁggvpugaum f1gnalsof t
magneti c backing | ayer under the seed |ayer, the thickness of the seed

| ayer needdecredzenduentodesreaseidfl perpendicular componant obtheanagnetic
possi bl e, because the di stance between the recording |ayer and the soft

nmagnet i ¢ bfieid.ndnl @d&ition, praheitiohylobdes slsapphess and orrbos éncrbase. t he
t hi ckness of the seed layer is preferably in the range from3 to 20 nm The

nonmagget i . ; F=Tal] i onal

nenTRORPC| THAEMs ey e ALBEEISOR AT BorPRRELLDA St Bhogice
recording layer needs to be reduced as small as possible in order to
achieve high output and low noise in a perpendicular magnetic

recording medium.



underl ayer is forned of a rutheniumbase alloy added with one or nore
smaterials selected fromthe group consisting of C, Cu, W M, O Ir, Pt,
Re, Rh, Ta, and V. The relative content of the additive with respect to
rutheniumis. not restricted in the case of the additives of C, to Cu, and
Re. However, an additive of W M, Cr, Ir, Pt, Rh, Ta, or V nust be m xed
within an extent in which any phase other than hcprutheni um phase i s not
fornmed at the 7ty ot i ' 1 {HOR b ddition is
AadRtiorl 18 reluP AR O CHe Rigpogoh (Potientlify

restricted within the va 36 at at% for Cr,

44 at % f or q.l L ..: -at % - at 904l 0; 6 at %
for V. A r‘%hsﬁﬁ‘rﬁ%g aé%e%ifa%ﬁ 0&2@&{% gﬁéﬁgﬁy%&ﬁ:&gﬁg ?%g‘-&g@%g{agrql al s
exhi bits excel |l ent aliganenﬁ and has, fine 8rain si,ze en formed on a seed
|ayer 3. TRAgNANeECRTERE layes fogismpyevempnt pfpesiormange gfdw h with
the magnetic recording layer, and suppresses the initial growh layer in 20
t he magnetperpexdiclilagy recomndinghinddiesn. oA magmeticageerdingldyerayfa i s
desired to be at least 2 nmpreferably 5 nmor nore to control alignnment of
the grgnul @nveefionL IIB@EI%ﬁdftﬁﬂ'afi'm{agﬂr@m\&%oorﬂfiﬁgtlﬂe@imﬁi;l@luﬂb% an
nonmagnetic 11 underl ayer is required to be as thin as possible in view
of reducti i

] i : £ >0 Cum
di st ance BIiEl SEARYA e NELiA dn Blahd ortpBRRRILE AENABATT I
a doubl e lyayer perpendi cul ar. tic .recordin diuminsofar ase5 .

2l i gnment Romg SEVBFal man skt | T hecmitinf growdbr Ay TS & el Boises,
thicknessAf .the nonnmagnetic underI%%fL isjPrefer bly in the range from?2
to 40 nm aeconsideseditagoe gparsesl by nfgsigreadignmentelgbhei c to
recordi ng medi um according to the present invention is a so-called granular
magnet i ¢ rendedlayger af ¢itaThen alley usegdrinsacorsretianad tperperadiculand
nonmagnetic grain boundary phase surrounding the grains. The grain boundary
phase jigs CRIEAEH cOecordifgdneditithd PhtdRliffusion Beswbencthe mndeéflayer
States Patent” No. 15 5,679,473, the granular structure can be depositéd by
a sputteri i . I C I ) t
comoses +ABIgHT Hiakhelt feoGidipP Rt C FBASRAPINE 018, of fedtiding, e
ferromagneti c netal lic targe. i nyoxygenp.contaj pi ngrargon gas. AccqQrding to
these ot o Taghetic taeling et 1AgPpabl."HaMAVeO  ar BERALT Y, e
by the grain boundary w thout substrate heating. An alloy of pt. systemis
one of thegpewthrlayer extatsiand the fidomtbickyessas daareasgheretativgst al
grains. In order to reduce nedia noise, in particular, it is desirable to

add at | eaproporetieneoecupred byt eee iitial growth layer andrédases drd SIDpt

alloy. In order to forma stable granular structure, it is particularly

desirap e +8tio d eSSt Th4r 8 tIROMAHIAY gvswth Oxifhib{tsat | east
one el enent selected fromGCr, Co, S, A, Ti, Ta H, and Zr The thickness
of the 5 RO i.C I reqli: I i al ue for
attaining enoﬁéhﬁﬁeagﬂﬁgggggﬁg¥ﬁg%égﬂggﬁﬁﬁ%§g¥9ég%r EgﬁﬁgSolution. A thin

filmconposed nainly of carbon, for exanple, is used for the protective
filme6. Also, various thin filmnmaterials can be used 1o that are comonly
enpl oyed as a protective filmof a magnetic recarding nedium |, .
Per f | uor opol ye lnea:ﬁumn@n&he BHOVEK DPISE, rttcimctué a magnefdcinegording
lubrication layer 7. Also, various |ubricant materials can be used that are
commonl y enpédpen pequires deceéaseofa grgin dikze ofitle nmagheyi rec¢ording
magnetic recording medium 1s In the case of manufacturing a double |ayer
per pengh Culé’*eﬂa%"ﬁérﬁ thé%&‘aﬁ'rf‘@iz!@Gf ﬁﬁb!lﬁdg‘ﬁhﬁﬂic t&c@ﬂﬂﬁ@ﬁﬂa%@ri@f@éﬁséfs,

€ a

magnetic field generated the head region, either of the two nethods can
be enpl oyed:1.:4) I 1 i . i fcc
trucruro a0 s PR IKEmeh g thSpBRRRH Grathifion otk

Ni Fe soft magnetic alloy wmth fcc,structu as, a seed layer, the thin film
bei ng- pr oviagEaRe Mecasdibele Fenabian PE Thecwhnsibn Horaee neds ke
material. By |am nating a nonmagnetic underlayer and a magnetic recording

| ayer on s@rhina sisedo hgsecreasedaangdnbhe bit snansition xegiomterkgnstyait
under | ayer and the magnetic recording |ayer can be perfornmed. In this
constructi time shap#.stance between the magnetic recording |ayer and the
soft magnetic backing layer is substantially reduced to the thickness of

t he nonmagnetic 5 underlayer. Thus, a superior perpendicul ar nagnetic
recordi ng nmedi um can be produced. 5




The soft magnetic backing | ayer can be fornmed of crystalline FeTaC all oy,
Sendust alloy (FeSi Al), or an anorphous cobalt alloy to such as CoZrNb or
CoTaZr. Although the optinmum val ue of the thickness of the soft nagnetic
backi ng | ayer varies depending on the structure and the characteristics of
a magnetic head used for recording, preferable thickness is in the range
from1l0 nmto 500 nm considering productivity. 15 Each | ayer |lam nated on a
nonmagneti ¢ substrate can be formed by neans of various deposition

techni ques that are usually enployed in the field of a magnetic recording

medium The te i C ] he | xcept
for the 11 qu doropriats taheBeVE, SRuILE e M bl MiRFepitfe bRFRYmAE®
magnetron sputterin 2. and vacuum evaporatigon, for exanple.. Aliquid
ubr i cat | HOPIPEPIRGRt O § ErpensHCHIAR magneti; secoriing Reediimy <pi n
coating nethaod, for exanple. In the process of manufacturing a magnetic
recor di ng ugesi decreasenf thy dispenstoniof iommenmhohbérstazﬁmu’eiomm ¢hewn
in Fig. 1, omtting the step of substrate heating, which is required by a
convents onalagmetiet tecordingdiayerradiduntichidf iritivsreRthilayes i the

per pendi cul ar magnetic recording mediumw th satisfactory c-axis 5
alignrrent.nfgp%q@ d J Skni i L f e
sinplificatio o%llc?}?e&%.rd g gg[léyg%‘? p%rrg(gefglsﬁﬁgé%%&?gﬁﬁtgﬁ g%‘rélﬂr%esg?‘?r?g tilfseh
unnecessar . of plastics such as pol ycarbonate or

pol yol ef i nﬁ@%@l&g{{ﬁ%%?ég%d@é’e&anpl es The follow ng descri bes sone

exanpl es of preferred enbodi nents of the present invention. Exanple 1 15 An
i njection nolded pol ycarbonate substrate with 3.5 inch di sk shape was used
for a nonmagnetic substrate. After cleaning, the substrate was introduced
into a sputterlhgrefpes,athe problenmtohe selved hyntne presens!inversiion isno
thick was formed of tantal umunder argon gas pressure of 0.67 Pa (5 niorr).

20 Subequachieve ingmesvdment in medii perfermiaaicethdudingt baypuynder argon
gas pressure of 0.67 Pa (5 niforr), and a nonmagnetic underlayer 5 nmthick

vas deDOSiéﬁﬁa‘i’fce’ﬂi@ﬁW&?ﬂ&lWoi%@%d&?ﬁgﬁgﬂ)ggnﬁgfétm&ifgﬂ)ﬁ 94 1~ gﬂzte%éﬂﬁ%?t en in

rut heni um under argon gas pressure o , a granul ar
magneti c regardi l. 5 t hi gk S for@g b ans pf RE
sputteri nggﬁgin ggtt@iglé? %P%%Wﬁﬁ%&%{\ﬁayw’n r@%pg;flgp %fé@ﬁdﬁher
argon gas pressure of 0. Pa (5 mlorr). After |am nat] a carbon

pr ot ect i veErWZﬁ l%tyerrﬂm Eil@kr,n&&;éem@snﬂqox 1ngdayien @Wdagg} munmizatienmt he
vacuum chanber. 5 Applying liquid lubricant to the thickness of 1.5 nm a
magnet i ¢ révegiain sizei imthevnagreticcecoednsgdhyen. in Figure 1 was
produced. Substrate heating prior to the deposition was not executed. A
pluraligty of sanples was additionally produced having to thickness of the
magnetic recording layer in the range from10 nmto 30 nm Exanple 2 A

per pendi CUN]PéaﬁECtBeédl%erﬁ?é’bqjoB@eﬁFdi um was produced in the 15 sanme manner

as in Exanple 1 except that "a nonmagnetic underl| ayer was | am nated using
; . - 0 . .
RU30C al 0yt Gnleifhfér $hYS'SR iflpafeatietSR B e Rehh iRl um

dispersion of orientation distribution in the magnetic recording layer

and to minimize the thickness of the initial growth layer as close to

20 zero as possible. The reasons are: (a) alignment in the magnetic
recording layer is improved by selecting a well-aligned underlayer;
and (b) matching of the lattice constants between the underlayer and
the magnetic recording layer improves epitaxial growth at the

interface between the underlayer and the magnetic recording layer,



Exanpl e 3 20 A perpendi cul ar magnetic recordi ng medi um was produced in the
‘same manner as in Exanple 1 except that a nonmagneti c underl ayer was

| am nat ed using Ru22Mb alloy that is a solid solution of 22 at % nol ybdenum
in ruthenium 16 - Exanple 4 A perpendicul ar nmagnetic recordi ng nedi um was
produced in the sane manner as in Exanple 1 except that a nonmagnetic
under | ayer was | am nated using Ru5Cr10C alloy that is a solid solution of 5

2% 5 CIF GG Aich by 36 THR i T8 BRG Tl he REEORAEh g o

magnet i chr ecordi ng medi um wieljs pr Int I s?rre nmanner- as in
a pat ed YRy 16 S el feibw HIHL che RN Sige B oot i ohBBogor us

in nickel.. Conparative Exanple 1 A perpendicul ar_ nmagnetj.c recordi ng nedi um
was produdayerthatels Pt st BEpWR onsanuRgeslayex dallows, the £rain size
nonmagneti c underlayer 5 nmthick was |am nated using pure ruthenium A

pl ural i ty offtleammderlageradBherefatd, cpredmmtiohofi the ghaitsess infthae
magneti c recording layer in the range from10 nmto 30 nm 20 Conparative
Exanpl ¢ 2 vhderkReiet idbase ABH Forrd REETIE NG TREI 1RSI ZBr SUle€ dn h Bl fc
same manner as in Conparative Exanple 1 except that a magnetic recording

| ayer 15 He \/1%37 ormed using Co20Cr 10Pt 4B that has a conventi onal
structurqucb?tei(rhéﬁt ngm a granul ar structure. 17

The inventors of the present invention have found that further
noise reduction can be achieved by using a ruthenium base alloy for a
10 nonmagnetic underlayer and employing for a magnetic recording
layer a granular film that allows minimization of the grain size of the
magnetic recording layer without difficulty. An excellent
perpendicular magnetic recording medium is obtained by this
construction of layers.
15
When a granular film is used for a magnetic recording layer,
substrate heating is unnecessary for isolating magnetic grains in that
layer. As a result, the production process is simplified and the
production cost is reduced. Further, inexpensive plastics can be used
20 for a substrate in addition to the conventional aluminum substrate

and glass substrate.

Brief description of drawings

Figure 1 is a schematic cross-sectional view of a perpendicular



Conpar ati ve Exanpl e 3 A perpendicul ar magnetic recordi ng nmedi um was
‘produced in the sane manner as in Conparative Exanple 2 except that a 5
nonmagneti ¢ underlayer 5 nmthick was | am nated using Ru20Walloy that is a
solid solution of- 20 at% tungsten in ruthenium Evaluation A variety of
measurenents was taken on the perpendicular to magnetic recordi ng nedi a of
Exanpl es and Conparative Exanples i ncluding: coercive force Hc dispersion

of orient %a%&xéﬁlétfe'cﬁk'&iﬁgl ngd{iﬁkﬁ é@coﬁgﬂgm Se@f {hveritgendr ain

size of the netic recor ayer n0| se an NR by

el ectroma 0 ble 1
and Tabl e%ﬁfélfrﬁ o 2B e %f@“ffiéﬁ&m@%ﬁféﬁ%&‘éféfxfffsféaffén‘gh%
nagnetonet The sois ahhalf w f aro e ohtai ned by
X-ray di ff af?fp&ﬂ%t@@gnﬁ%c Ereer ]é?& AXET Alc Cﬁ?ﬁﬁiﬂﬁ’r% @Rfr acteristics
wer e neasur.ed by a spinning stand tester at the linear recording density of
400 kFCl . @OnmathVBeEmmnpéet]hat is defined by root nean square of noises
(u. Vunit) / output signal (in mV unit), ~uVr,ng / nmVvpp and SNR (signal to
noi se wmati o) are shown in the Tables. The grain size was neasured by neans
of transm ssion electron mcroscopy (TEM. The neasured results are given
in Tabl es npConmpConpExam | e 1Exam | e
2Exam | e SA rarg%szng %ﬁqﬁ$g']%]l%2¢s?8%ﬁ§§§wnt rof;ﬁl ayer seed

| ayer Pt Pt Pt Pt nonmagnet i cRu20\WWRURuURu20Winder | ayer magnet i cCol OCr | 4PCol OCr | 4PC
020Cr 10PCo020Cr 10Precordi ng layert 7Si 02t 7Si 02t 4Bt 4Bcoercive

force258. 6221. 0203. 623],. 3He [k m.(Oe)]( 2778)(2559)(2906)D

[deg] 6. 27. 68. 270y Rreterted eng qdun@m aqfr’&)m n¥ention wi be

[ nn] nor nal i zed70. 382. 3102. 987. 1noi seSNR [dB] 17. 114 513 715 7 19 Table 2
Exam | e 2Hlescribedthelowe Higuare [leissasohematic Trdss abictioPali vieve of cont r ol

| a erseed | a erPtPtPtPtnonmagneti cRUSOCRu22MoRu5Cr 10CRu20Winder | a

i FEsePi 02t
S OB 7SI D o g A Ty e T ENEPREERE

6. 56 20, By amabin e peFordicnfl %?k@gﬁ%?é%@%% Pt bes

[dB] 16.217.616..616.9 5 Table 1 indicates,the { coercive f
e bt woerS GHFATS: GRREISHIE Bhehpiaehe tin suRstiAts dadad AchPREAEREEEnce

in plati nuniicontent in the magnetic recording |ayer, since the other 1lo
itens are aligninpnticontreldayerciparsead laysn Bplc norasagaatie axervh
Exanpl e 1 and Exanpl es, which all use 20 a granular filmfor the magnetic
recor di ng aanwgnéﬁicmnobdingdayelnaﬁ, andea ipriotectiver Inyere6tthwtsabeen
achieved in the el ectromagnetic conversion characteristics by enploying a

nonmagyget | §eqlﬁéﬁ'ti:ﬂ>l§ foRfted Qiﬁ‘ﬁhb%ﬁlﬁ@tﬂa’ttéept IQA-tHS thp cirtled @@hufrfaft@tlt he
conpari son bet ween” Conpar ati ve Exanple 2 and Conparative Exanple 3,

'”proveﬁenfubgtf% ) S RTRIBAICEI GO TUEES PR, Ehpkpnd o7  sti cs can be

achi eved So In a’magnetic recording yér having a ‘conventional and not
granul ar structure when a nonnmagneti c underlayer according to the invention
is enployed. 10

The nonmagnetic substrate 1 may be made of NiP-plated
aluminum alloy, strengthened glass, or crystallized glass, which are
20  all used in a usual magnetic recording medium. Because a
manufacturing method of the invention does not need substrate
heating, a substrate can be employed that is made by injection-
molding plastic resin such as polycarbonate or polyolefin. This plastic

resin substrate is inexpensive and has the advantage that a texturing



Concerni ng coercive force Hc, Figure 2 shows the variation of He in

‘Conpar ative Exanple 1 and Exanple 1 with the thickness of the magnetic
recording layer. In Conparative Exanple |, which uses the nonmagnetic
under| ayer of pure ruthenium He rapidly drops as the 15 magnetic recording
| ayer becones thinner, because the initial growmh |ayer in the nmagnetic
recording layer is large. In contrast, in Exanple 1, which uses Ru20W f or

t he nonma i . | ar magnetic recording layer for the
magneti c 9‘5@%‘?%3%%@%&@2‘?%@3@@1 he He is slow even in the region of
thin magnetic 20 recording layer. This fact al so shows decrease of the
initial growmh layer in the nagnetic recording |layer. O her Exanples that
used different terials for, the nonmagneti ¢ underl ayer al so, showed.t he
simlar effectT Hﬂdaonm%gaagmahg@men mrai&aﬁgg 3 nowe descriked.gr ot h
| ayer in the magnetic recording |layer. 21 Next, | ooking at the dispersion
of orient dl hemndnstaghetioaligrinent cdrd:millayeramlst I6e icom pesed @iftan of
Corrparatlve Exanple 1, 7.2 in the nedium of Conparative Exanple 3, while

to Opfbtial di@n"®lbe tHatFhasrd BvdiceOntb Rl babtle €bic) Pt & st etavENt

|n the magneti c recordi ng | ayer has beén i1 nproved. As conparison of Exanple

5 wth Ex e r e i nt
contr ol &%#&%&%@%Sﬁtrhﬁgﬁé B g B Q{f %@2 MR
grain size, of n recor er se f|n |ze n be
Onei Iy o LG EAREIACO iR AR (oINS oE 4T His: pepusbule Mhbhe esd o

the magnetic recording | ayer, reduction of the grain size of 2.6 nmis

achi eved ilayerformed apdhisdayercan be mpore needConiavat i ve Exanpl e 1
wi th Conparative Exanple 2, both of which use underlayer of pure ruthenium

Further, Ehapheteristicsmfithe mhgnetioreyording keyermreannpabied througdle
nonmagneti ¢ underl ayer becarre finer by at least 4.3 nm 20 As descri bed

above, 1¢ edg?éhﬂftlﬁ ﬂﬁ@a‘l ntQ{)P%B ﬁ@ﬂﬁ{a%gétﬂeﬁhﬁéi'ﬁa Pér.! Ehigr &ffacei ze

have been achieved™in the anp es according t he i nvention by using

rut heni um | | vV ected in
t he noi se &Zﬁﬁ % %%ﬁﬁ%@%%ﬁ&@%%gb@ﬁh% @&%fiﬁ}lg’;‘ﬁ{‘{]g Exarrpl es.
22 Advant ageous Effect of. t n tio i bed far, it has been
derronet 1 at BATARAENEGS Pt lupelochARTTo) AND; Mohd vl We Rebor di ng | ayer
i s decreased and the 5 i;lal n size of the magnetic_recording |layer is
nmi ni mi zed nonanpeogtigalloy containing at least one element selected from Nb,
Mo, Ta, and W. A material having amorphous structure such as NiP
15 or CoZr can also be preferably used. Thickness of the nonmagnetic

alignment control layer is preferably at least 3 nm, more preferably 5

nm or more for controlling crystal alignment of the seed layer.

Material used for seed layer 3 can be a metal selected from Cu,
20 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.

Specific examples of the alloy containing at least Ni and Fe include

Nil5Fe25Cr, N118Fe25Cr, and Ni15Fe30Cr.



a nonmagnetic underlayer made of an alloy of rutheniumw th one or nore
‘addi tives selected fromthe group consisting of C, Cu, W M, C, Ir, Pt,
Re, Rh, Ta, and V, and a magnetic recording |ayer of a granular film
resulting in reduced noi ses and enhanced SNR to Although the every
material for magnetic underlayer |isted above can produce the effects
simlar to the above, rutheniumthat contains an additive of tungsten or

nol ybdenum ha ' d i f.eqt.sn i D: r { 15 Since
excel | ent cha?ggggkggﬁi8€EQ§%égga§é§ '&SE%?Q§QEEE§§§§Q%*%9ﬁ%5 hé%layer
structure qaccording to th resent,i N suybstr.ate heating_be S
innecessarp ettt ona it SyatEe thed i LB hing thasr: the thadigrcee
Consequent | y, ingrﬂgn ive plastics can be used for a sub {rate as ﬁ?ll as a
convent i oridlang ghithenfocaiststal structiare dendssto align parelleddo the film 1. A
per pendi cul ar magnetic recordi ng nmedi um conprising: a nonmagnetic substrate
a nonmagnesurfagel gbimee acnonmhgheyir upderldydr ehindhe presdnst invensioreed

| ayer of a netal or an alloy having fcc crystal structure provided on said

al i gnmgnt l‘i&@tarrphcbﬁdll‘ysﬁlrgt?ﬁ%ﬂ?éi W %H@%ﬁ?g@%a?g@é%nﬁna?ﬁé@bh?y

havi ng hcp crystal “structure I'am nated on sai r 1o a magnetic
recordi ng j St f I in n } j
boundar y_ i SeediaNstce e .\ PIERRThGE & APt BRI 0P Bldhe

| ayer being | am nated sai d,underl,ayer; a protective filmlam na on
5274 ocor GHHgbRRp RaLEACS 101 U HOPOANER RS 5o Alianues el £0
protective film 15 2. A perpendicul ar magnetic recordi ng pnedi um accaqrdi ng
to clai m ithedmeismrfare. RBytagnmatingrdgrayalar magnpbielaygr anrsudked um
base all oy containing one or nore additives of a material selected fromthe
group conshehimggnetic utiderlaydb, tle metallit criretalRpraiies inthe2thagnéticA
per pendi cul ar magnetic recording nmedi um according to claim?2, wherein said

nonmagiet | feddidRhigWBfer 150 BRERE With ﬂléﬂtm&i(ewg?gg%@ aPrliRY parile]

slt ructure. 24 47 A*perpendicul ar magnetic recor medi u ding to
base al | ﬁizﬁ%&?ﬁﬁ%ﬁ%ﬁ%ﬁf@%@%@é&%ﬁéeﬁ 5%3@%3@&@5%@9{«:1@@9@; 5
32 at % . % ) 40, at %
Chr ot umy SREERSS: ERDERVICR am SurelehbPIRRAIGS W AT BREIole TESPTAMEDS! 60
at % of rhodium at nost 20 at% of tantalum and at nost 16 at % of  vanadi um
medium. The employment of these materials effectively provides

o

favorable lattice matching between the seed layer and the
15 nonmagnetic underlayer, and between the nonmagnetic underlayer

and the granular magnetic recording layer.

Thickness of the seed layer is at least 3 nm, more preferably 5
nm or more in order to control orientation of the nonmagnetic
20 underlayer. In a double-layered perpendicular magnetic recording
medium provided with a soft magnetic backing layer under the seed
layer, the thickness of the seed layer needs to be as thin as possible
insofar as alignment control is possible, because the distance between

the recording layer and the soft magnetic backing layer is preferably

10



to 5. A perpendicul ar magnetic recordi ng nedi um according to any one of
'claims 1 through 4, wherein said seed | ayer is conposed of a netal selected
fromcCu, Au, Pd, Pt, and Ir, of an alloy containing at |east one el enent
selected fromCu,- Au, Pd, Pt, and Ir, or of an alloy containing at |east N
and Fe. 15 6. A perpendicular magnetic recordi ng nmedium according to claim
1, wherein said nonmagnetic alignnent control |ayer is conposed of a

nonmagnet i fr , : crystal
structureésorgﬁ{a%hr%ﬁhag%fetﬂieé 'gﬁ‘%% -ga%c%égg(r)?/\ép ezélf‘l'@ Tre” and
contai nin at Ie t. el enment, sel rom Nb, M, Ta, and W 7. A

per pendi c f)é &%Eﬁp&er@%g&ﬂ&‘é@&pdl ng to claiml, wherein said
nonmagneti c aI i gnrrent control layer is conposed of NP 25 havi ng

anor phous structure or CoZr havi ng anor phous structure. 8. A perpendicul ar
magneti c recordi ng nmedi um according to any one of clainms 1 through 7,
wherein sai d Bheapmmagreticruhdentizyeor 8 meede torbe a thetadraat an akoyr di ng
| ayer is conposed of oxide of at |east one elenent selected froma group

consi si “Qné’%xg he&agonal Blosebt: aTé’ke&'f(th%r?étaPstﬁl@lﬁiﬁE”T}fé“ ar

nmagnetic recording rredl um accordl ng to any 10 One of clains 1 through 8,

wh t

et hod  or IATRRELHY ﬁ°§r@%ﬁ%énﬁe@ﬁ?éﬁ%ﬂéﬁgsﬂ%llﬁta%&%ﬁ?%ﬁéﬁoa Phat i s
defined b I t d thad 15 t
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" b( boblbrapedtfically, the addition is restricted within the values of 32 at% for
el wmhc”Yi d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] c”a
U] c”a] ca] cWA,c36 cetls dbe ' Mi; O ak taferilCrl4aht%a for Ir, 20 at% for Pt, 60 at%
15 for Rh, 20 at% for Ta, and 16 at% for V. A ruthenium base alloy

containing one or more of these materials exhibits excellent
alignment and has fine grain size when formed on a seed layer 3. The
ruthenium base alloy provides superior epitaxial growth with the
magnetic recording layer, and suppresses the initial growth layer in

20 the magnetic recording layer.

Thickness of the nonmagnetic underlayer is desired to be at least
2 nm, preferably 5 nm or more to control alignment of the granular

magnetic recording layer. However, the thickness of the nonmagnetic

11
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range from 2 to 40 nm.

A magnetic recording layer 5 in a perpendicular magnetic

10 recording medium according to the present invention is a so-called
granular magnetic recording layer. The layer comprises
ferromagnetic grains and nonmagnetic grain boundary phase
surrounding the grains. The grain boundary phase is composed of
oxide or nitride of metal. As disclosed in Unite States Patent No.

15 5,679,473, the granular structure can be deposited by a sputtering
method using a ferromagnetic target containing the oxide that
composes the grain boundary, or by a reactive sputtering method
using a ferromagnetic metallic target in oxygen-containing argon gas.
According to these methods, each of the ferromagnetic crystal grains

20 can be isolated by the grain boundary without substrate heating.

An alloy of CoPt system is one of the preferable materials for
composing the ferromagnetic crystal grains. In order to reduce media

noise, in particular, it is desirable to add at least one element selected

12
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enough head regeneration output and recording resolution.

A thin film composed mainly of carbon, for example, is used for
the protective film 6. Also, various thin film materials can be used
10 that are commonly employed as a protective film of a magnetic
recording medium. Perfluoropolyether lubricant, for example, can be
used for the liquid lubrication layer 7. Also, various lubricant
materials can be used that are commonly employed as a material for
a liquid lubrication layer of a magnetic recording medium.
15
In the case of manufacturing a double layer perpendicular
magnetic recording medium in order to enhance sharpness of
magnetic field generated at the head region, either of the two
methods can be employed: 1) to use a seed layer of NiFe soft magnetic
20 alloy with fcc structure as a soft magnetic backing layer; and 2) to use
a thin film of NiFe soft magnetic alloy with fcc structure as a seed
layer, the thin film being provided on the top of a nonmagnetic
backing layer made of other material. By laminating a nonmagnetic

underlayer and a magnetic recording layer on such a seed layer,

13
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L<10% L& (l%étﬁeég {Sh%&n(la)lér{%l?ié) %égcl_ihlgl\fes}feﬁl_ylf\étﬁ?é ‘soft magnetic backing
layer is substantially reduced to the thickness of the nonmagnetic

5 underlayer. Thus, a superior perpendicular magnetic recording

medium can be produced.

The soft magnetic backing layer can be formed of crystalline
FeTaC alloy, Sendust alloy (FeSiAl), or an amorphous cobalt alloy

10 such as CoZrNb or CoTaZr. Although the optimum value of the
thickness of the soft magnetic backing layer varies depending on the
structure and the characteristics of a magnetic head used for
recording, preferable thickness is in the range from 10 nm to 500 nm
considering productivity.

15 Each layer laminated on a nonmagnetic substrate can be formed
by means of various deposition techniques that are usually employed
in the field of a magnetic recording medium. The techniques that can
be employed for forming the layers except for the liquid lubrication
layer includes DC magnetron sputtering, RF magnetron sputtering,

20 and vacuum evaporation, for example. A liquid lubrication layer can
be formed by means of a dipping method or a spin coating method, for

example.

In the process of manufacturing a magnetic recording medium

14
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omitting the step of substrate heating, which is required by a
conventional magnetic recording medium, still allows obtaining a
perpendicular magnetic recording medium with satisfactory c-axis

5 alignment. Reduction of production cost can be achieved by virtue of
the simplification of the production process. Because substrate
heating is unnecessary, a substrate made of plastics such as

polycarbonate or polyolefin may be employed.

10 Examples

The following describes some examples of preferred embodiments

of the present invention.

Example 1

15 An injection molded polycarbonate substrate with 3.5 inch disk
shape was used for a nonmagnetic substrate. After cleaning, the
substrate was introduced into a sputtering apparatus. A
nonmagnetic alignment control layer 5 nm thick was formed of
tantalum under argon gas pressure of 0.67 Pa (5 mTorr).

20 Subsequently, a seed layer 5 nm thick was formed of platinum under
argon gas pressure of 0.67 Pa (56 mTorr), and a nonmagnetic
underlayer 5 nm thick was deposited of Ru20W alloy that is a solid
solution of 20 at% tungsten in ruthenium under argon gas pressure of

2.0 Pa (15 mTorr). Then, a granular magnetic recording layer 15 nm
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thick was formed by means of RF sputtering using a target of

Co010Cr14Pt containing 7 mol% of SiO2 under argon gas pressure of

0.67 Pa (5 mTorr). After laminating a carbon protective layer 10 nm

thick, the resulted substrate was taken out from the vacuum chamber.

5 Applying liquid lubricant to the thickness of 1.5 nm, a magnetic

recording medium having structure as shown in Figure 1 was

produced. Substrate heating prior to the deposition was not executed.

A plurality of samples was additionally produced having

10 thickness of the magnetic recording layer in the range from 10 nm to

30 nm.

Example 2

A perpendicular magnetic recording medium was produced in the

15 same manner as in Example 1 except that a nonmagnetic underlayer

was laminated using Ru30C alloy that is a solid solution of 30 at%

carbon in ruthenium.

Example 3

20 A perpendicular magnetic recording medium was produced in the

same manner as in Example 1 except that a nonmagnetic underlayer

was laminated using Ru22Mo alloy that is a solid solution of 22 at%

molybdenum in ruthenium.
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Example 4
A perpendicular magnetic recording medium was produced in the
same manner as in Example 1 except that a nonmagnetic underlayer

was laminated using RubCr10C alloy that is a solid solution of 5 at%

5 chromium and 10 at% of carbon in ruthenium.

Example 5
A perpendicular magnetic recording medium was produced in the
same manner as in Example 1 except that a nonmagnetic alignment
10 control layer 5 nm thick was laminated using Ni25P alloy that is a

solid solution of 25 at% phosphorus in nickel.

Comparative Example 1

A perpendicular magnetic recording medium was produced in the
15 same manner as in Example 1 except that a nonmagnetic underlayer
5 nm thick was laminated using pure ruthenium. A plurality of
samples was additionally produced having thickness of the magnetic

recording layer in the range from 10 nm to 30 nm.

20 Comparative Example 2

A perpendicular magnetic recording medium was produced in the
same manner as in Comparative Example 1 except that a magnetic
recording layer 15 nm thick was formed using Co20Cr10Pt4B that

has a conventional structure different from a granular structure.

17



"10% U& ()- [[VH\]A{Y7nbA 10 !N nPA0%hnh& ()-! $10%

& ()-2Z S$10%shsh& ()-Z q$10%Q8 () -2) @d0% & ()-! @A0%hh& () -~ Wk
10 18 "10997& ()-N s1094& ()- 10 1 1 10 1 1 10 1 1!6;10% 1 1& ()- F2S#10%
h& ()-' nPd0% S& ()- " “# $ % Z@vV< 10 '8 "109F& ()-N)?>S'8 "109d& ()- N8

"10967& ()-N8 "109F7& ()-N8 "109%F& ()-N6 & 0': D E Q "Duv<

10

15

20

25

Comparative Example 3

A perpendicular magnetic recording medium was produced in the
same manner as in Comparative Example 2 except that a
nonmagnetic underlayer 5 nm thick was laminated using Ru20W

alloy that is a solid solution of 20 at% tungsten in ruthenium.

Evaluation

A variety of measurements was taken on the perpendicular
magnetic recording media of Examples and Comparative Examples
including: coercive force Hc, dispersion of orientation distribution of
axis of easy magnetization
A 8 50, grain size of the magnetic recording layer, and normalized
noise and SNR by electromagnetic conversion measurement. The
results are given in Table 1 and Table 2. The coercive force Hc was
measured by VSM (vibrating sample magnetometer). The A 0 s0is a
half width of a rocking curve obtained by X-ray diffraction apparatus.
The electromagnetic conversion characteristics were measured by a
spinning stand tester at the linear recording density of 400 kFCI.
Normalized noise that is defined by root mean square of noises (u V
unit) / output signal (in mV unit), pVems / mVyp and SNR (signal to
noise ratio) are shown in the Tables. The grain size was measured by
means of transmission electron microscopy (TEM). The measured

results are given in Tables 1 and 2.
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Table 1

Example 1 Comp Comp Comp

Example 1 | Example 2 | Example 3

nonmagnetic Ta Ta Ta Ta
alignment
control layer
seed layer Pt Pt Pt Pt
nonmagnetic Ru20W Ru Ru Ru20W
underlayer
magnetic Co010Cr14P | Co10Cr14P | Co20Cr10P | Co20Cr10P
recording layer t 7Si02 t 7Si0q t 4B t 4B
coercive force 258.6 221.0 203.6 231.3
Hc [kA/m (Oe)] (3250) (2778) (2559) (2906)
A © 50 [deg] 6.2 7.6 8.2 7.2
grain size in 6.1 10.8 13.4 7.3
mag record
layer [nm]
normalized 70.3 82.3 102.9 87.1
noise
SNR [dB] 17.1 14.5 13.7 15.7
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5
Table 1 indicates the difference in coercive force Hc between
Comparative Examples 1 and 2. The major reason is the difference in
platinum content in the magnetic recording layer, since the other
10 1items are the same in the two Comparative Examples.

Table 2

Example 2 | Example 3 | Example 4 | Example 5
nonmagnetic Ta Ta Ta Ni25P
alignment
control layer
seed layer Pt Pt Pt Pt
nonmagnetic Ru30C Ru22Mo | Ru5Cr10C | Ru20W
underlayer
magnetic Co10Cr14Pt | Co10Cr14Pt | Co10Cr14P | Co10Cr14P
recording layer 7Si02 78102 t 7Si02 t 7Si0q
coercive force 253.7 273.3 258.2 195.8
He [kA/m (Oe)]|  (3188) (3435) (3245) (3180)
A6 5 [deg] 5.4 5.9 5.2 6.4
grain size in 6.5 6.2 6.5 6.2
mag record
layer [nm]
normalized 77.8 68.5 75.4 71.5
noise
SNR [dB] 16.2 17.6 16.6 16.9

Comparing Comparative Example 1 and Examples, which all use

20
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remarkable improvement has been achieved in the electromagnetic
conversion characteristics by employing a nonmagnetic underlayer
according to the invention. As is apparent from the comparison

5 between Comparative Example 2 and Comparative Example 3,
1mprovement in the electromagnetic conversion characteristics can be
achieved also in a magnetic recording layer having a conventional
and not granular structure when a nonmagnetic underlayer according
to the invention is employed.

10

Concerning coercive force He, Figure 2 shows the variation of He
in Comparative Example 1 and Example 1 with the thickness of the
magnetic recording layer. In Comparative Example 1, which uses the
nonmagnetic underlayer of pure ruthenium, Hc rapidly drops as the

15 magnetic recording layer becomes thinner, because the initial growth
layer in the magnetic recording layer is large. In contrast, in
Example 1, which uses Ru20W for the nonmagnetic underlayer and a
granular magnetic recording layer for the magnetic recording layer,
decrease of the Hc is slow even in the region of thin magnetic

20 recording layer. This fact also shows decrease of the initial growth
layer in the magnetic recording layer. Other Examples that used
different materials for the nonmagnetic underlayer also showed the
similar effect that is brought about by the decrease of the initial

growth layer in the magnetic recording layer.
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the values are 7.6°  in the medium of Comparative Example 1,
7.2°  in the medium of Comparative Example 3, while 5.2° to
5 6.4° inthe media of Examples according to the invention.
Alignment in the magnetic recording layer has been improved.
As comparison of Example 5 with Example 1 indicates, the use of
Ni25P for the nonmagnetic alignment control layer shows as well
effect as the use of tantalum.
10
As for the grain size of the magnetic recording layer, because fine
grain size can be easily attained when a granular magnetic recording
layer is employed for the magnetic recording layer, reduction of the
grain size of 2.6 nm is achieved in the same layer construction
15 comparing Comparative Example 1 with Comparative Example 2,
both of which use underlayer of pure ruthenium. Further, Examples
1 through 4 that employ a ruthenium base alloy for the nonmagnetic

underlayer became finer by at least 4.3 nm.

20 As described above, reduction of the initial growth layer and
decrease of the grain size have been achieved in the Examples
according to the invention by using ruthenium-base alloy. These
crystallographic improvements are reflected in the noise reduction

and the remarkable improvement of SNR of the Examples.
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Advantageous Effect of the invention
As described so far, it has been demonstrated that the initial
growth layer in the magnetic recording layer is decreased and the
5 grain size of the magnetic recording layer is minimized by employing
a nonmagnetic underlayer made of an alloy of ruthenium with one or
more additives selected from the group consisting of C, Cu, W, Mo, Cr,
Ir, Pt, Re, Rh, Ta, and V, and a magnetic recording layer of a
granular film, resulting in reduced noises and enhanced SNR.
10 Although the every material for magnetic underlayer listed above can
produce the effects similar to the above, ruthenium that contains an
additive of tungsten or molybdenum has achieved superior effects in

the present studies.

15 Since excellent characteristics can be easily attained by
employing the layer structure according to the present invention,
substrate heating becomes unnecessary in the laminating process in a
medium of the invention. Consequently, inexpensive plastics can be
used for a substrate as well as a conventional aluminum substrate

20 and a glass substrate.
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1. A perpendicular magnetic recording medium comprising:

a nonmagnetic substrate;

a nonmagnetic alignment control layer provided on said

5 substrate;

a seed layer of a metal or an alloy having fec crystal structure
provided on said alignment control layer;

a nonmagnetic underlayer of a metal or an alloy having hep
crystal structure laminated on said seed layer;

10 a magnetic recording layer consisting of ferromagnetic grains and
nonmagnetic grain boundary phase mainly of oxide surrounding said
grains, said recording layer being laminated on said underlayer;

a protective film laminated on said recording layer; and

a liquid lubrication layer laminated on said protective film.

15
2. A perpendicular magnetic recording medium according to claim 1,
wherein said nonmagnetic underlayer is composed of a ruthenium
base alloy containing one or more additives of a material selected
from the group consisting of C, Cu, W, Mo, Cr, Ir, Pt, Re, Rh, Ta, and
20 V.

3. A perpendicular magnetic recording medium according to claim 2,
wherein said nonmagnetic underlayer is composed of a ruthenium

base alloy having hcp structure.
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10 5. A perpendicular magnetic recording medium according to any
one of claims 1 through 4, wherein said seed layer is composed of a
metal selected from Cu, Au, Pd, Pt, and Ir, of an alloy containing at
least one element selected from Cu, Au, Pd, Pt, and Ir, or of an alloy
containing at least Ni and Fe.

15
6. A perpendicular magnetic recording medium according to claim 1,
wherein said nonmagnetic alignment control layer is composed of a
nonmagnetic metal selected from Nb, Mo, Ta, and W that have becc
crystal structure, or an nonmagnetic alloy having bcc crystal

20 structure and containing at least one element selected from Nb, Mo,

Ta, and W.

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

wherein said nonmagnetic alignment control layer is composed of NiP
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9. A perpendicular magnetic recording medium according to any
10 one of claims 1 through 8, wherein said nonmagnetic substrate is

composed of plastic resin.
10. A method for manufacturing a perpendicular magnetic recording
medium that is defined by any one of claims 1 through 9, said method

15 comprising steps of laminating said layers and a film without

preheating said substrate.
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