; ] ke3eOHL(6TH8>) Per pendi cul ar Magnetic Recordi ng Medi um And A Met hod For
«Manuf acturi ng The Sanme Technical field of the invention 5 Tm mmﬁmm“\“‘“
invention relates to a perpendi cul ar magnetic recordi ng mad\ “m

manuf acturing method therefor, in particular, to a perpendi cul ajsof¥gneti c
recordi ng nmedi um nounted on various magnetic recordi ng devices such as an
external nenory device of a conputer, and to a nethod for manufacturing

such a lo Pedidvdidedardviipetic RécordiMRnMedivdh Ahdc MiMeehbd RBbfkai n hi gh

density magnetic recording, a perpendicular magnetic recording systemis
drawi ng atyehi 'étﬁf‘iﬁé’ rlflﬁe?éﬁféﬁati ve to a conventional |ongitudinal
magneti c recordi ng system crystalline filmof CoCr alloy systemis now
mai nly studied as a material for a nagnetic recording |layer of a

per pendi cul ar magnetic recording nmedium In order to use in perpendicul ar
magnetic 20 recording, the crystal orientation is controlled such that
c-axis of keechmsal f'égid)slf;*yh@tmmtmﬂﬂg hcp structure aligns perpendicul ar
to the filmsurface, that is, c-plane is parallel to the filmsurface. In

order 50 achi &lee presentdenantionrdélateSto a Pdmmersdizidar mtigtic are
bei ng made for finer grain size, reduction of dispersion of grain size

*Cc00002* f } \ 1 L& H i sbet ween
A A S L e
raise rec 45 Jty hWtudinal  recaordi ng. nedium.has been .5

pr oposed, %%lrtqggi%ﬁglsdg, gi%é@%ﬁt@}%&?%ﬁg eﬁ8ﬁ§?§7‘§?ﬁ%§ﬁ mﬂﬁé’ﬁgﬁi C

| ayer in this reference, (%eneral Ia. called a granular magnetic. | ayer, has a
st ruct ur e QTh VAR1QWS Magsaetac regerding davises saich as aum@xdesnal snamet i ¢
and nonnetal I ic substance such as an oxide or a nitride. Because_the
nonnmagnet idevge ofomeemapuiterganidtaa methtxd fopmanufapbusins such angneti c
particles in the granular magnetic film magnetic interaction between the
magnetioc paedianes decreases and formation of a zi gzag-shaped magnetic
domain wall in a transition region of a recording bit is suppressed. A |low
noi se characteristic is considered to be attained for this reason. 15
Problemto be solved by the invention On this background, the granul ar

magneti c | I r tQ anply to a recording |ayer of a perpendicul ar
magnet i c r%%gkﬁ}fﬁ‘dﬁﬁﬁfgﬁg lﬁ’g’ﬁéﬁ%’éns. Mag., Vol. 36, p 2393 (2000), for
exanpl e, 20 di scl oses a. perpendi cul ar. neti,c recordi ng nmedi ym conpri si ng
a rutheni um uddRA niHae &Or&@aéniahlgﬁ%nﬁty@aagamuame@grtﬁm,n@
granul ar structure. In the literature referred to here, a magnetic film
havi ng gr grerpendicularumns gwetit aeceddbpgrsyesteny ds hraweng g tention as an
oxygen-cont ai ni ng at nosphere using a CoPtCr target. However, 2 since the
quant ity cdltbhﬁagﬁf@t@taedoﬁxredxftiaﬁapxéﬁgmaddn%ﬂwggm@tibcre@mamg@%téﬁi., of
the sputtering atnosphere, it is difficult to control quantity of the oxide
surroundi ng the nmagnetic crystal grains. Besides, since the nagnetic
crystal grain is easily oxidized,

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

20 recording, the crystal orientation is controlled such that c-axis of the
CoCr alloy system having hcp structure aligns perpendicular to the
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

1 T
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5 separation of the material for conposing the nagnetic crystal grains and
the material for conposing the oxide grain boundary is extrenely difficult.
Consequently, inmprovenent is yet required. It is inmportant in the granul ar
magnetic | ayer containing an 10 oxide and a netal to appropriately control
guantity of the oxide contained in the magnetic layer in order to control
the crystal grains and segregation structure for ensuring the | ow noi se
char act er igistfibytiohs aHl Beteekbe 18 ffleReticaritagactiofl betwaRINgrhfns.
characteristic that the magnetic crystal grain does not Include®an oxide 15
Means to solve the problem The inventors of the present invention has nade
extensi ve studi es about the quantity of the oxide contained in the nagnetic
| ayer and a nefhod,io proprjately separate.the oxi,de to the grain 2
botndary i n a fhdRBERAAOTAOMMPILIE ANDASTA G Toear A G JARET SAPEhUra Lo
magnetic layer. As a result of the studies, a structure and a nmanufacturing
net hod destaisbawcordingadensidyrin adomgipudinahseeording mpedyinmg hasgbeem| ar
magnetic | ayer in a perpendicul ar magnetic recording |ayer, in which the
granul gr rpEsdded, Riresx£Riliesif Onied StuternRabeht N6 679,473 #¢ and
nonmagnetic grain boundary regi on nmainly conposed of oxide surrounding the
grains. The f4 : t: p i { I i

P ecordi ng DEATicIAREE nhihis FefeReEitl) Bercral SRBRA L Y R Lo tic
sequenti alyl y | ami nated on,the .subst.rate including at,|least a _nonmagnetic
inder | ay erla¥eTnlde ot RGsbrS By tich: SiadiebE BPethl exBthsne: ¢
under |l ayer is conposed of a netal .or apn all oy having.a hexagon

cl osest - pa‘iik’é‘i?‘-{mﬁaetﬁf poHnagnefde lﬂfll,f.i] Eed @'isélbséfy't@fcel ueBd 8hs of
ferromagnetic crystal grains and nonnagnetic grain boundary region conposed
mai nly of emxidéeosar notmdengBebaugedihves no‘ftman‘gtetwngniatriommeya?hc gnaann i s
conposed of an alloy containing at |east cobalt and platinum The vol une of

the nanmedsetheadiaphabewigrivateadtloe haghetie partidles 48 therablgiol e

vol une of the 15 hegnetic l'ayer. Advantageously, the thickness of the

magnetic | LS 14D : (113 j

magnet i o riegng 'ty ThBReEC HRdtibh hetardFh, the B gREFR/Bhftics
Advant ageoyls| t he ngn netic substrate is made of a plastic resingi.n the
ber pond cUHeFTeARRRLRIG TudBRMR e i Shabeibsreateli¢ domain Jkelid ' 4
The second aspect of the inventionis a thod for manyfacturing .a

per pendi cud dransgten tegmr)gianxjecmim it msum%sqas i a9 raiset to
third aspects of the invention. The nmethod features to conprise a step of
deposi t i ngchaeactegnsticds! eyesideredetmbeohttzined fomtlgisereasonput t eri ng

met hod using a conposite target containing a ferromagnetic all oy and an

oxi de.jsAdvant ageously, the deposition process is perfornmed w thout

Problem to be solved by the invention

On this background, the granular magnetic layer is proposed to
apply to a recording layer of a perpendicular magnetic recording
medium. IEEE Trans. Mag., Vol. 36, p 2393 (2000), for example,

20 discloses a perpendicular magnetic recording medium comprising a
ruthenium underlayer and a magnetic layer of CoPtCrO alloy having
granular structure. In the literature referred to here, a magnetic film
having granular structure was formed by reactive sputtering in an

oxygen-containing atmosphere using a CoPtCr target. However,



preheating the nonmagnetic substrate in the manufacturing process to of the
.per pendi cul ar magnetic recordi ng medium Advantageously, the conposite
target contains oxide in a volume proportion of from20 vol %to 35 % of
the total veolune of the target in the manufacturing process of the

per pendi cul ar magnetic recording 15 nedium Brief description of draw ngs
Figure 1 is a schematic cross-sectional viewillustrating a structure of 20

an_enbodi rsifceofhe qRRPREF TR g@ﬁggﬁtéﬁoc\i,mﬁ%ér %’eggt e WNSREAE e tO the

presenthinventlon. | gure 2 |? a gr ndence” of coercive forﬁe
He . ; . . :
te on { he QEVHSE R ACmE bSPTIR LEN e ROUDARAL GG, 1 e
3201 "onE AR S e S SanhReAin St el dBbe RRdtal Rk 00T ¢ &
is a graph_show ng dependence of the He value on the_thickness of the

magneti c |Bgsidesisings theamaguetic crpgstedngrammiseaatyt oridizedyr enent f or
Figure 2. 10 Aspects of enbodi ments of the invention Sone aspects of

pref er sed suphoek tiont of the trhateridforasomipdsing tles eiagadtiv efydweflar.iag to

acconpanyi ng drawings. Figure 1 is a schematiC cross-sSectional view

11 ustrat | 8q O peh 13N 18r orRBoBIRETHEBKIAY oPaRSHRRINAEHY 36 (IRSBRILIS

recordi ng medi um acco pre I nven®i on. e perpen
magnetic r r dipg dium conprises _a nonmagnetic substrate 1 and the
'ayers seditictlfy\Consealenil EREOYERIEPEIS Yt MG Gt | cast a
nonmagneti ¢ underl ayer 2, a magnetic layer 3, and a 20 protective film4. A
liquid lubricant layer 5 is forned on this lam nate. Effects of the present
invention can be fulfilled as well when a seed layer 11 is provided between
t he nonmagnet ilt isntapoayant Anathie gramdaremagnetis dayeratanthinangt ae
pur pose of controlling crystal alignnment and grain size in the nonmagnetic
6 10 oxide and a metal to appropriately control quantity of the oxide
contained in the magnetic layer in order to control the crystal grains
and segregation structure for ensuring the low noise characteristic.
It is also required for achieving superior magnetic characteristic that
the magnetic crystal grain does not include an oxide
15
Means to solve the problem
The inventors of the present invention has made extensive
studies about the quantity of the oxide contained in the magnetic
layer and a method to appropriately separate the oxide to the grain
20 boundary in a perpendicular magnetic recording medium using a
granular magnetic layer. As a result of the studies, a structure and a
manufacturing method described below are found to be preferable for

employing a granular magnetic layer in a perpendicular magnetic

recording layer, in which the granular magnetic layer consists of



under|l ayer 2. The effects can al so be obtained when a relatively thick soft
.magnetic |ayer generally called a backing |ayer having a thickness of
several hundred nanoneters is provided between the nonmagnetic underl ayer 2
and the nonmagnetic substrate 1 for the 5 purpose of enhancing regeneration
sensitivity. The nonmagnetic substrate 1 nmay be made of Ni P-plated al um num
all oy, strengthened glass, or crystallized glass, which are all used in a

usual mag %&kém;ﬁ%ﬁéﬁcr&'ﬂt@l%Paiﬁ%%ﬁd%@ﬂﬁ?%%gﬁclgrzﬁ_‘?ﬁbbﬁgldéry egion

r
unnecessary, a substrate “can be used that is by~ i nj ection-nol di hg

pol ycar bo LA, i I nonmagneti c

under | ayepﬁ%ﬁﬁlflagg?‘ﬁ bsggaaoﬁé%ﬁ&gprgéﬁglﬂlglg ﬂi@ :éFF&Iﬂgx agonal

cl osest - packed (hcp) crystal structure. Preferable 15 nmaterials of the
under| ayer for controlling crystal orientation in the granular magnetic

| ayer includes_a nmetal selected fromTi, Re, Ru, and Os, and an all oy

cont ai ni ng at Thedirsihaspeetrofithecinwertion waperpand Rulaxneagnetibi ckness
of the underlayer is preferably in the range from5 nmto 30 nm 20 Wen the

seed | gyerrecbrding mddiednfomprésipig poaenahagaeticosubstrdtecandythe!
orientation and the grain size of the nonmagneti c underlayer 2, the seed

layer is q@lye%rsaééqgﬁnﬂm 1%6%@{65% 8 Qﬁéf};@@;@ﬁ&f@&ﬁiﬂ@{@tq@eﬂs@ fcc)

crystal structure. e prefera e seed Tayer includes

a netal sel fromCu. Au. Pd, Pt. and.lr._an alloy _contajni ngyat ast
one. e enet08Brag PR MHealaya, o phacdittic lavF, AndH aotbRLY AR TH
at least NN and Fe. ,5 A thin film conposed inly of_ carbon,. for exanple,

i s used fomonnéasnst@cmdériayems opanpPERaon yhekal oF @ iallaY hagng a
exanpl e, can be used for the liquid lubricant layer 5. The magnetic |ayer 3
is a so- cahexdggnadtlasestipackied (hgp) crystadnstrstatugeof Thermagnetitilayer
crystal grains and nonmagnetic grain boundary region surrounding the

grai nsy0 t heonsists ofderdenyagretienciiaitad geipeseddaonsienetic@éain The
ferromagnetic crystal grainis preferably an alloy containing at |east Co

and Pt . Adﬂbﬁhﬂ%u?grc io?f‘coﬁl?g’%e@fnhgﬁg{ bPoxt Bts@fﬂdﬁ/n&ﬁlag%ﬁ%ggfés’ftrﬁéf % he

control magnetic aracter I C an tain Tow noise c act

f er r omagnets rystal arain needs to .have a structure in ich c-axis of
the oryst b e fnFduteBR i cEE) Salinis cPpiRared S an AL SPfafiiny Ko
20 The volune of .the no gnetic grajn bqundary,region is necessarily in
the range qﬂ)&%na&@al%ténuMe ﬁaen&olwn@r@f the manmagnetie grais,
Under 15 % enough anmount of grain boundary cannot exist between grains,
and t he neboundarynregim isfrae M6k to 40 % of the whole volume of the

15 magnetic layer.

Advantageously, the thickness of the magnetic layer is in the
range from 5 nm to 20 nm in the perpendicular magnetic recording
medium of the above-described structure.

20

Advantageously, the nonmagnetic substrate is made of a plastic

resin in the perpendicular magnetic recording medium of the above-

described structure.



s the grains cannot be decreased effectively. Over 40 % crystal
.alignment of the grains deteriorates. The oxide for formng the grain
boundary is not limted to special 5 materials insofar as the oxide is
physically and chem cally stable. The material that can be used includes an
oxide of Mg, O Ti, Zr, or Si The thickness of the nmagnetic layer 3 is
preferably in the range 10 from5 nmto 20 nm A thickness below 5 nmis

i mpr oper  becaupRe&RQIHHY cagens rcﬂ'tﬂhﬁ‘%ﬁ{r@ﬁﬁio‘iq E@&“ﬁie%&%ﬁhﬁ&ﬁ%ﬁlctem{igg

t hi ckness over 20 nmis u sirabl e because the grain size 1s

expand an rved | .L.an. PN . eSerd )

o oduci ng & Bt EeYlal it s AMALbe eAR TR Sy RbE pidisciped
construction and il.lystrated in.Figure 1, th netic Jayer 3 is

or of er abl yitFek he #hiyd aspactsro megawah%- @Hg?m@@hpdf@%fmne@oﬁo 20 The
magnetic layer is preferably deposited by nmeans of an RF nmagnetron

sput t er i ngconspirdse wsstep a)failmmmitmgtthnegmagnetm layer by fmeamseghan BEil | oy
and an oxide. By taking this nmethod, separation between the crystal grain
and the nmf@?mﬂm gpitbePiai adathod uNiAEDA b IAPostEBaPge t\coRtANRimage of
reactive sputtering in an 9 oxygen-cont al ni ng at nosphere using a target
not cont aiy i - T r granul ar structure can be

construct e%lggl@%gﬂ%%%gmgpﬁggﬁn(%gn%ﬁ'on. 5 1n addition, the vol une of

t he oxide contained in the conposite target is necessarily in the range
from20 %to 35 %of the volune of the whole target in order to control the

vol ume of the pngonnagnetic grain boundary forned in, the gnetic. l.ayer
within the pr e Y ﬁgﬁc‘g@E@S%QOdQYQ@SS 1S perfgi'meh without

preheating the nonmagnetic substrate in the manufacturing process

10 of the perpendicular magnetic recording medium.

Advantageously, the composite target contains oxide in a volume
proportion of from 20 vol % to 35 % of the total volume of the target in
the manufacturing process of the perpendicular magnetic recording

15 medium.

Brief description of drawings

Figure 1 is a schematic cross-sectional view illustrating a structure of

20 an embodiment of a perpendicular magnetic recording medium

according to the present invention.

Figure 2 is a graph showing dependence of coercive force Hc on the

volume proportion of the nonmagnetic grain boundary region in the



In the process of manufacturing a perpendicul ar magnetic recordi ng medi um
omtting the step of substrate heating, which is the essential step in a
conventional magnetic recording nedium still allows obtaining an excell ent
per pendi cul ar magnetic recording 15 nedium By virtue of the sinplification
of the production process, reduction of production cost can be achi eved.
Because substrate heating is unnecessary, a substrate nade of plastics such

as pol ycarﬂq@{&i@qapgwol efin may be enployed. 20 Exanples The foll ow ng
descri bes specific exanples of preferred enbodi nents of the present

i nvention. These exanples are presented only for an aid to appropriately
explain the invention and not for restricting the invention wthin the

exanpl es.diro Eég&pl e 1l AE ibnj ection-npl ded pol ycarbonate substrate with
3.5 inch df U deraphshawing d ensRIB efwerR the velumeani ng,
the substrate was introduced into a sputtering apparatus. A seed |layer 5 5

nm t hi ck vieropartien of SpDztdontainedein thgdranget andsthe vobante proportithen,
a nonnmagneti c underl ayer of ruthenium having a thickness of 20 nm was

f or med sundsf tlee mﬂﬁﬁ%f@éﬁésgﬁeﬁmboﬁnﬂaryf reSlois ¢AWHY hyagheticAlRiy e,
m

magnetic |ayer 20 nmthick was fornmed by nmeans of an RF magnetron
sputtering nethod using a target of 1o Co75CrloPtl5 target containing
various quantity of Si02 under argon gas pressure of 5 mlorr. After

| am nati ngpa_carbon protective film40 nmthick,. ttheresulted substrate was
taken out TS Aotk Bctaivhiaiveing drnditigBes if ChF HiF VALHE ol the:

t hi ckness tclﬁ .5 nm 5gﬂgneti C r,eiordi n%dgedi um havi ng structure as shown

i n Fi gur e WUCENQES 9€ fdBagnRiBe LaAXes. tWAG Haasiu md &ion was

not executed. Figure 2 shows dependence of coercive force He on the vol une
propor t i onmEnmner asothegnetisurgnaent fondtigure Bgi on in the magnetic 20

| ayer. The coercive force was neasured by a vibrating sanpl e magnet onet er

appl yijog magnetic field perpendicular to the filmsurface. It can be seen

that the He val ues higher than 3,000 Ce are obtained when the vol une

oropor | onAghebhe GFBARGS B RV HorPo' on [0 the megnet i | ayer

Some aspects of preferred embodiments of the invention will be
described with reference to accompanying drawings.
Figure 1 is a schematic cross-sectional view illustrating a
15 structure of an embodiment of a perpendicular magnetic recording
medium according to the present invention. The perpendicular
magnetic recording medium comprises a nonmagnetic substrate 1
and the layers sequentially laminated on the substrate including at
least a nonmagnetic underlayer 2, a magnetic layer 3, and a
20 protective film 4. A liquid lubricant layer 5 is formed on this
laminate. Effects of the present invention can be fulfilled as well
when a seed layer 11 is provided between the nonmagnetic
underlayer 2 and the nonmagnetic substrate 1 for the purpose of

controlling crystal alignment and grain size in the nonmagnetic



Figure 3 shows a relationship between the vol une proportion of Si02
.contained in the target and the vol unme proportion of the 5 nonmagnetic
grain boundary region in the nmagnetic |ayer. The vol unme proportion occupied
by the nonmagnetic grain boundary region in the magnetic | ayer was obtai ned
by neasuring the area occupied by grain boundary region and the area
occupi ed by grains on a planar inage taken by a transm ssion el ectron

i or 0scopeyfdEWaydi of Phiceelekidlcad! STud Balolithned Wi boRdlai fetyothicie

nonmagneti c grai undary region In the magnetic layer 1s 1nt ange
from15 to Yo .when: I o4 0 i i rget is
from20% o /on{i’g}%}éﬁg&gg M .%ﬂé‘@@rh?%ﬁé&%ﬁm&ﬂé@?ﬁg structure
as shown in Figure 1.was prpduced ipn the sane manner as i anpl e .1 except
that the chickDEpSE SvePabhimdrad nanoaetargds Ry e Sche v obn Wit ho
t hi ckness of the deposited magnetic |ayer was varied from3 20 nmto 50 nm

Fi gure 4 shommagpebiteunderlayer anesthe normagnétiesubstrate hrfionéhec
| ayer. He was nmeasured in the same nmanner as described relating to Figure

2. He gl Uﬁ_ﬁrEbQ@@féﬂﬂhﬁn@iﬂ@Q‘ n&iontmgdiviidy, by the magnetic layer
with the thickness in the range Tfrom5 nmto 20 nmlIt may be supposed t hat
He decreased in the region thinner than 5 nm by the influence of thernal
di sturbance, while in the region thicker than 20 nm He decreased due to

di sordered cr al_alignnent.5 i he, ai ns_{n the, mgrety C .l r.

Advant ageous E Qﬁogﬂ?gge%}ﬁlﬁﬂgﬁwgﬁgE)emﬁé'nhpc%aé]re ﬂgm'ifga%@or di ng
medi um of the present_invention conprises a granul ar..magnetic | ayer that is
a magnet i calwminian aldey; §tr%gbhen@dr&a@@n@m Qr}tatpihaeg@ela% ich are

nonmagnetic_grain boundary region of mainly oxide surrounding the grain,
and a nonmalreséd innaarsuykmagnptisere aofrdd ngened diormanBechugerswb sty ade
hexagonal cl osest-packed (hcp) crystal structure. The ferromagnetic crystal

grain ics cheneifs i9urifedésime ol stibytiatélcarebetusad ahlatardmbid byt i num
By controlling the volune of the nonmagnetic grain boundary region wthin

the range {r{jggﬁ;(ﬁ}j-‘){%ﬁgﬁg%?ﬁr??gcépﬁoﬁﬁwggp%ofe?ﬁq V@Péﬁggﬁ&ﬂ%&%& %éf[){lg{d t he

crystal grain oundaryr are’fav to
achi eve excel l ent magnetic and | ow noi se characteristics. 20 In addition,
by controlling a thickness of the magnetic layer in the range from5 nmto
20 nm necessary. and sufficient regenerati on output_ can be gfli ned aagfl
crystal alignmbhe ngnmagmgdlm(%ﬁlaaem segdsto beda gnetal er anialloy
prevented from enl argenent .

having hexagonal closest-packed (hcp) crystal structure. Preferable

15 materials of the underlayer for controlling crystal orientation in the
granular magnetic layer includes a metal selected from Ti, Re, Ru,
and Os, and an alloy containing at least one element selected from Ti,
Re, Ru, and Os. Thickness of the underlayer is preferably in the
range from 5 nm to 30 nm.

20

When the seed layer 11 is provided for the purpose of controlling
the crystal orientation and the grain size of the nonmagnetic
underlayer 2, the seed layer is preferably a metal or an alloy having a

face centered cubic (fcc) crystal structure. The preferable material for



13 In a nmethod for manufacturing a perpendi cul ar magnetic recording

.medi um according to the invention, a magnetic |layer is deposited by neans
of an RF magnetron sputtering nethod using a conposite target containing a
ferromagnetic all1oy and an oxide. By 5 controlling the volune of the oxide
contained in the target in the range from20 %to 35 % of the volune of the
whol e target, the oxide entrapped in the ferromagnetic crystal grains can

be i ni m z49¢ @@@dtlgyregltigietghaésoé xﬁaﬁapéa&telﬁiﬁb&n@ﬁp@ahﬁpd& PR Hved Ty

boundary can be co within a preferable range. 10 By énploying the

STt ure 88 AT Aol FRfh B, TR WILBRAERRLAER B CATAEEPICPE"
For o mod ALIZ; 28kh AN ALODLCOREATTHIEHAE JAASAINLARES e o1 npl 171 6at1 on_ and
cost reduction in the production process can be achieved. Further,

i nexpensi ve plastics can be used for a substrate as well as a conventi onal
al um num substrate and a gl ass substrate. 20 14 Clainms 1. A perpendicul ar

magnet isc r ecorAlithdnnfitinusb agpoddd nmiginky opcarbogl for extahpdécis asdd! fayer s

sequentially lam nated on said substrate including at | east a nonmagnetic

under | ayerbhéiﬁgg?%%}grbiﬁhha)‘.erpeggqgiogbg%%é%ﬁé%ﬂdgqt‘gﬁﬁ%ﬁ%ﬁg@, can

nonrragneti c u I'S COonNpos avi n

hexagonal ¢l ose acked. (hc ryst structure and said magnetic |ayer
consists ofe Wiﬁ&bﬁﬁ?ﬂ&ég}@)&l’t‘gﬁ%@é L%y%g'nonrragneti c grain boundary
regi on mai nly conposed of oxide surrounding said grains, 1o said grains
bei ng conposed of an alloy containing at |east cobalt and

The magnetic layer 3 is a so-called granular magnetic layer
10 consisting of ferromagnetic crystal grains and nonmagnetic grain
boundary region surrounding the grains, the grain boundary region
being composed of oxide of metal. The ferromagnetic crystal grain is
preferably an alloy containing at least Co and Pt. Addition of Cr, Ta,
B, or Cu into the CoPt alloy is preferable to control magnetic

15 characteristic and attain low noise characteristic.

The ferromagnetic crystal grain needs to have a structure in
which c-axis of the crystal lattice predominantly align perpendicular
to the film surface.

20

The volume of the nonmagnetic grain boundary region is
necessarily in the range from 15 % to 40 % of the whole volume of the
magnetic layer. Under 15 %, enough amount of grain boundary

cannot exist between grains, and the magnetic interaction between



pl ati num and a vol une occupi ed by said grain boundary region is from15 %
to 40 % of total volune of said magnetic layer. 2. A perpendi cul ar nmagnetic
recordi ng medi um according to claim1, 15 wherein a thickness of said
magnetic layer is in the range from5 nmto 20 nm 3. A perpendi cul ar
magneti c recordi ng nmedi um according to claim1 or claim?2, wherein said
substrate is conposed of a plastic resin. 20 4. A nethod for manufacturing

a_per pendi il giaifgeaiidot’ Be Ak SR AECERMIGL SOVGroA0rs, 8 ositing a

nonmagneti c u ayer conpose a metal or an alloy having a hexagonal

cl osest-p ) S .Sk r a 15 nonmagneti ¢ substrate
depositingﬂggﬂﬁégﬁgP@qﬂéyéfhyi%gﬁgkgkgxgﬁsferronagnetic grains and
nonmagneti c grai n boundary regi on surroundi ng said grains by nmeans of an RF
magnetron sputtering nmethod using a conposite 5 target containing a
ferromagnetic alloy and an oxide on said underlayer, wherein said grains
are conposed dFheroxideoforcformingrthegramdiowmndary iambtplimitedito spdcial
vol une of said grain boundary region is from1l5 / to 40 % of total volune

of sai ¢ megifteiralsiitiofarcd Ghdepaidd I physRefligcahd Hd mitaly dtdBlehod for

manuf acturi ng a perpendi cul ar magnetic reCording nedi um according to claim
4, wher ei [ 1y ' i i

substr at e 116 etFieal haP B8 e 1HBRLE Al bidBiloME e 19, 28 or
recordi ngxgedi um according to claim4 or claimb5, wherein a vol une occupi ed
by said o Plie contained in said conposite target is in arange from20 %to
35 % of a total volune of said target. 20 25 16 . Al R AF. AF. A3. AF. An3. A3% A
% A3. AF. AF. AY. A3. AF. A3. A53R ! JS X

The thickness of the magnetic layer 3 is preferably in the range
10 from 5 nm to 20 nm. A thickness below 5 nm is improper because
enough regeneration signals cannot be obtained. A thickness over 20
nm is undesirable because the grain size is liable to expand and the

crystal alignment is apt to become disordered.

15 In producing a magnetic recording medium having the above-
described layer construction and illustrated in Figure 1, the magnetic
layer 3 is preferably formed by means of the following manufacturing

method.

20 The magnetic layer is preferably deposited by means of an RF
magnetron sputtering method using a composite target containing a
ferromagnetic alloy and an oxide. By taking this method, separation
between the crystal grain and the nonmagnetic grain boundary is

promoted as compared with the case of reactive sputtering in an
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10
In the process of manufacturing a perpendicular magnetic
recording medium, omitting the step of substrate heating, which is
the essential step in a conventional magnetic recording medium, still
allows obtaining an excellent perpendicular magnetic recording
15 medium. By virtue of the simplification of the production process,
reduction of production cost can be achieved. Because substrate

heating is unnecessary, a substrate made of plastics such as

polycarbonate or polyolefin may be employed.

20 Examples
The following describes specific examples of preferred
embodiments of the present invention. These examples are presented
only for an aid to appropriately explain the invention and not for

restricting the invention within the examples.

10
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Example 1
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 seed layer 5
5 nm thick was formed of platinum under argon gas pressure of 5
mTorr. Then, a nonmagnetic underlayer of ruthenium having a
thickness of 20 nm was formed under argon gas pressure of 5 mTorr.
Subsequently, a granular magnetic layer 20 nm thick was formed by
means of an RF magnetron sputtering method using a target of
10  Co75Cri0Pt15 target containing various quantity of SiO2 under argon
gas pressure of 5 mTorr. After laminating a carbon protective film 10
nm thick, the resulted substrate was taken out from the vacuum
chamber. Applying liquid lubricant to the thickness of 1.5 nm, a
magnetic recording medium having structure as shown in Figure 1

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

executed.

Figure 2 shows dependence of coercive force Hc on the volume
proportion of the nonmagnetic grain boundary region in the magnetic
20 layer. The coercive force was measured by a vibrating sample
magnetometer applying magnetic field perpendicular to the film
surface. It can be seen that the Hc values higher than 3,000 Oe are
obtained when the volume proportion of the nonmagnetic grain

boundary region in the magnetic layer is in the range from 15 % to

11
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S102 contained in the target and the volume proportion of the
5 nonmagnetic grain boundary region in the magnetic layer. The
volume proportion occupied by the nonmagnetic grain boundary
region in the magnetic layer was obtained by measuring the area
occupied by grain boundary region and the area occupied by grains on
a planar image taken by a transmission electron microscope (TEM).
10 Figure 3 indicates that the volume proportion of the nonmagnetic
grain boundary region in the magnetic layer is in the range from 15 %
to 40 % when the volume proportion of the SiO;z in the target is from

20 % to 35 %.

15 Example 2
A magnetic recording medium having a structure as shown in
Figure 1 was produced in the same manner as in Example 1 except
that the quantity of SiO2 contained in the target was fixed at 25 %
and the thickness of the deposited magnetic layer was varied from 3

20 nm to 50 nm.

Figure 4 shows dependence of Hc values on the thickness of the
magnetic layer. Hc was measured in the same manner as described

relating to Figure 2. Hc values higher than 3,000 Oe were obtained

12
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nm. It may be supposed that He decreased in the region thinner than
5 nm by the influence of thermal disturbance, while in the region
thicker than 20 nm, Hc decreased due to disordered crystal alignment

5 1in the grains in the magnetic layer.

Advantageous Effect of the invention
A perpendicular magnetic recording medium of the present
invention comprises a granular magnetic layer that is a magnetic
10 layer consisting of ferromagnetic crystal grains and nonmagnetic
grain boundary region of mainly oxide surrounding the grain, and a
nonmagnetic underlayer composed of a metal or an alloy having a
hexagonal closest-packed (hcp) crystal structure. The ferromagnetic
crystal grain is composed of an alloy containing at least cobalt and
15 platinum. By controlling the volume of the nonmagnetic grain
boundary region within the range from 15 % to 40 % of the volume of
the whole magnetic layer, the crystal grains and the grain boundary
region are favorably controlled, to achieve excellent magnetic and low
noise characteristics.
20
In addition, by controlling a thickness of the magnetic layer in
the range from 5 nm to 20 nm, necessary and sufficient regeneration
output can be gained; and crystal alignment is prevented from

deteriorating and grain size is prevented from enlargement.
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recording medium according to the invention, a magnetic layer is
deposited by means of an RF magnetron sputtering method using a
composite target containing a ferromagnetic alloy and an oxide. By
5 controlling the volume of the oxide contained in the target in the
range from 20 % to 35 % of the volume of the whole target, the oxide
entrapped in the ferromagnetic crystal grains can be minimized and
the quantity of the oxide mainly composing the grain boundary can be
controlled within a preferable range.
10
By employing the structure of a medium and the manufacturing
method as described above, an excellent perpendicular magnetic
recording medium can be easily obtained. Consequently, substrate
heating is unnecessary in the depositing processes for a medium
15 according to the invention. As a result, simplification and cost
reduction in the production process can be achieved. Further,

inexpensive plastics can be used for a substrate as well as a

conventional aluminum substrate and a glass substrate.

20
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Ul 1. A perpendicular magnetic recording medium comprising:
a nonmagnetic substrate, and layers sequentially laminated on
said substrate including at least a nonmagnetic underlayer, a
5 magnetic layer, and a protective film, wherein said nonmagnetic
underlayer is composed of a metal or an alloy having a hexagonal
closest-packed (hcp) crystal structure; and said magnetic layer
consists of ferromagnetic crystal grains and nonmagnetic grain
boundary region mainly composed of oxide surrounding said grains,
10 said grains being composed of an alloy containing at least cobalt and

platinum, and a volume occupied by said grain boundary region is

from 15 % to 40 % of total volume of said magnetic layer.

2. A perpendicular magnetic recording medium according to claim 1,
15 wherein a thickness of said magnetic layer is in the range from 5 nm

to 20 nm.

3. A perpendicular magnetic recording medium according to claim 1

or claim 2, wherein said substrate is composed of a plastic resin.

20
4. A method for manufacturing a perpendicular magnetic recording
medium comprising steps of:
depositing a nonmagnetic underlayer composed of a metal or an

alloy having a hexagonal closest-packed (hcp) crystal structure on a

16
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underlayer, wherein said grains are composed of an alloy containing
at least cobalt and platinum, and volume of said grain boundary
region is from 15 % to 40 % of total volume of said magnetic layer;
and

10 depositing a protective film.

5. A method for manufacturing a perpendicular magnetic recording
medium according to claim 4, wherein said depositing steps are

conducted without preheating said substrate.

15
6. A method for manufacturing a perpendicular magnetic recording
medium according to claim 4 or claim 5, wherein a volume occupied
by said oxide contained in said composite target is in a range from
20 % to 35 % of a total volume of said target.
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