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DESCRIPTION T1LL LEEITIIVITIVILIVITT LT I ”"m""
MAGNETI C RECORDI NG MEDI UM AND NAGNETI C RECORDI NG AND: 591500

*co00002* NMETHOD FOR MANUFACTURI NG PERPENDI CULAR

REPRODUCI NG APPARATUS TECHNI CAL FI ELD [0001] —The v -

present invention relates to a thod fo

ottt 2 porpenakacrar et 7 cor ot ol N
medi um and a magnetic recordi ng and reproduci ng

apparatus using the perpendicul ar magneti c recor di ng+*Goooo*

medi um BACKGROUND ART [0002] In recent years, the

r anyETHOBHOR 0.4 NUFA (TR IFG PERFENTSR QI RAIAGNETIC
appar atuses such as nmagnetic disk drives, flexible

di sk drives and magReCCGRIHARS MEDWES has been
mar kedly i ncreased and the inportance of such

appANES NERSNIRISC RECORDENEITED. REPIRODU NG lgﬁﬁ&mirg%

density of the magnetic recording nedia used In su
apparatuses is being largely increased. In
particul ar, a steeper increase in areal recordigg ;
wed the introduction of an MR head and a
TEéﬁ%ﬁc?%b nlgﬁe Since the introduction of a GWR head
and head in recent years, the recording density
has Egen increasing at a pace of about 30-40% per

year T}al }?rgge:ﬂt inveRE&] reu't]gsstg Qﬁgtﬁgﬁ&rm%ﬁct&rfﬁ% a peirgendicular

deman or ac Ieving a furt I NCr ease

magnetic recording medium, and a magnetic recording and reproducing apparatus using

the perpendicular magnetic recording medium.

BACKGROUNDART

[0002]

In recent years, the range of applications for magnetic recording apparatuses
such as magnetic disk drives, flexible disk drives and magnetic tape drives has been
markedly increased and the importance of such apparatuses has also increased. Also,
the recording density of the magnetic recording media used in such apparatuses is being
largely increased. In particular, a steeper increase in areal recording density followed
the introduction of an MR head and a PRML technique. Since the introduction of a
GMR head and a TuMR head in recent years, the recording density has been increasing
at a pace of about 30-40% per year.

[0003]

Under these circumstances, there is demand for achieving a further increase in

recording density with respect to magnetic recording media in the future and, hence,



recording density with respect to magnetic recording
media in the future and, hence, - 1 demand for

achi eving a higher coercive force, a higher

signal -to-noise ratio (S/Nratio) and a higher
resolution of a magnetic recording layer. In a _

| ongi tudi nal magnetic recording systemw dely used

heret of ar.e,. the.sel f-demagneti zation of recording =
demanhist el EiReR RUEDST CRETeIVE frice, AN SienglaBriate RO (SN ratio)
amﬁ%bﬁéent ai.r of recording nmagnetic _ domains in a

g ns :
£ 12801 POPR o HRERRGiSTeFRGing hayRe a B i lapgitusinal magnetic
neti zatiop of the other, beconmes dom nant with _
TeCPHR S HSEEEN Wﬂf{éll)f hisdrhereteloratiepet{edemacyetization of resordinged
to increase the magnetic shape anisotropy in a
magagjitetoneainse & & HiergtiPmybeachyf e adjapanaphiy of resduithqupagetic
t hi ckness of the magnetic recording |ayer in order to
dorggias én @ MAgRW|zRLOR BARKHR Tegmnivirake i 0| magetizdtmnatf tier other,
hand, as the filmthickness of a magnetic recording
beqogies domdnant sithdeereasehn isagniacoriéngdenaity. e riBhayy isemeed e
. for maintaining magnetic domains and the magnitude of
Increass thelmagnetigshape evisetrey inlaosagnietic kewaling ayeslshcotineslly
that a phenomenon in which a recorded anount of
redyeige éhd thickiness of $ha mhegnetid renvdding tdyer inmdfrierenaeoidfthe self-
tenperature (heat fluctuation phenonenon) is not
demaegyletigitisine. This is said to be a determ nant of the
i near recording density. [0005] In such
ci rcli®®dhnces, an anti-ferromagnetic coupling (AFC)
medi um has recently been proposed as a technical
devi Oa thootheehantihas tHe fikndhitkiess oPd BMpigictro€ordinigNSRF is
recording density in the |ongitudinal magnetic

rednesl tii magréydt efiun emedgyebdreiet for ataghtaibRigngagRee db@aY ahdlthe

the thermal nmagnetization rel axation pr obl em wi t h
mapuingietafdhermial ereagniedcomerse eiyselim@vel to each other that a phenomenon
in which a recorded amount of magnetization is relaxed under the influence of
temperature (heat fluctuation phenomenon) is not negligible. This is said to be a
determinant of the linear recording density.

[0005]

In such circumstances, an anti-ferromagnetic coupling (AFC) medium has
recently been proposed as a technical device to meet the demand for improving the
linear recording density in the longitudinal magnetic recording system, and efforts are
being made to avoid the thermal magnetization relaxation problem with longitudinal
magnetic recording.

[0006]

Perpendicular magnetic recording techniques are attracting attention as a

promising technique for achieving a further increase in areal recording density. While



[ 0006] Perpendicul ar magnetic recordi ng techniques
are attracting attention as a prom sing technique for
~achieving a further increase in areal recording
density. Wiile - 2 a nmediumis nmagnetized in a
direction along the surface of the nmediumin the
conventional |ongitudinal magnetic recording system a
er pendi cul ar magnetic recording systemis
a mf@ﬁ‘ﬁg atpagnesiggd Byd aﬁ%@ﬂiamgitbfhsur cg ofltheguedign in the
enpen?icular to the nmedi um surface. Perpendicul ar
convery el i neitudwrbmagngtis reeradigh systembeperpewalicwdr raawiedt ng
the influence of self-demagnetization which is a
recop}ipg pysiEe 15 hatpskHirged e magoétizatibn ghediredtiongarpendic aladionge
density in the | ongitudinal magnetic recordi ng system
mediyesyréiche Rependisuet mbgmetit oecordingidihoggtato be hivaher avoiding
density. Al so, perpendicular magnetic recording is
the inesnghof sadf-Bemegrepastain wiicly isunisingeeps iotdchich emékier am; gher
. magnetization relaxation, which is the problemwth
lineqr ergirding dewsityrin girelon gitudica ndighefic leeodipesysteSe bdiobe more
. magnetic |ayer thickness can be maintained in the
suitablssior edfcopkngpatredhighératensing netisg pegRadidhAlmaEARR Fhcordifg is
ordi nary cases, a perpendicular magnetic recording
thougletdd brchapamtiselgdinbasyeptible @Ithériia Mmde@laboh AY8latiod which is
magneti c recording |ayer and an overcoat forned in
the problsmoridefongiondinalmoamege edeblind) Bt duaé 8 cerBlis haghi TR
cases, a lubricating layer is applied on the “surfate
thickakssesanfbieImaif @irred g thefcatdief RyRhaRatar nfloRftic RcsmgRet i

filmcalled a soft magnetic under |layer is ordinharily
pr ojii0déd under the seed | ayer. The internediate |ayer
is formed for the purpose of further inproving the

c halreatimatystdses aQergeheiciRERAEh&ic I’é,@&efngirﬁ@iil!uﬁ}ﬁ% as Eﬁqayer
seed | ayer has a function of "aligning Crystals in The ’

an innagreeiatcClay¢res oladhtlt reddt@ingaiittr ahe On 8¥erE AR M elilinhil Bier
shape of magnetic grains. [0008]

on a nonmagnetic substrate.  Also, in many cases, a lubricating layer is applied on the
surface after film forming of the overcoat. Also, a magnetic film called a soft-
magnetic under layer is ordinarily provided under the seed layer. The intermediate
layer is formed for the purpose of further improving the characteristics of the magnetic
recording layer. The seed layer has a function of aligning crystals in the magnetic
recording layer and also of controlling the shape of magnetic grains.

[0008]

It is important to control a magnetic exchange interaction between magnetic
crystal grains of the magnetic recording layer so as to manufacture a perpendicular
magnetic recording medium having excellent characteristics.  Since a noise component

increases when the exchange interaction is too strong, the recording and reproducing

characteristics deteriorate. In contrast, when the exchange interaction is too weak, heat



It is inportant to control a magnetic exchange
i nteracti on between magnetic crystal grains of the
magneti c recording |laver so as to manufacture a
per pendi cul ar magnetic recordi ng nmedi um havi ng
excel l ent characteristics. Since a noise conponent
i ncreases when the exchange interaction is too strong,
ﬂtEi%.recBrdinIg and reproducing characteristics
USEREPY GRYAEeTIfES deisTipmes | Ipmeenyé¢nsionxlihesed eranular structure,
P interaclkfn js too weak, heat - 3 fluctuation
CIIpRRERets st oy STyfiale e srependedrwith oystekegrbindmahdiatidssedie of a
ranul ar structure, ferromagnetic Co alloy crystals
noch‘ég%q}}Cr%%ﬁFd@dnwd?m@rtb@ exdhaggainterimion darviees nmgetiobryatal
nonmagnetj c oxide or nitride, and the exchange
£r31pt I5caBtrpled ethaugeain heupdetiex crystal grains is
controlled by the grain boundaries. In the granul ar
st r ude theegrapylan srudiuf, itds ktffitalt coctntel sifédBe ptdie b8iRia width
boundary wi dth beconmes ununiform resulting in ’
beeaingsi yrunifor.ohsuligee innhenifotm exchan@einrftion. t MBerefore, the
exchange interaction on the filmin-plane direction is
exehangoéraetiprinn the fifrh g phine KRG odr 16 uhBERKiSdS) HANE o 2
i ncl udi ng no grain boundaries nmade of an oxide or
magnetq weomding lajee inelgdiag ho grae boGhdagics AUES ofAVdAE & nitride on
granul ar structure, and thus the recordi ng and
therrepgretio céavgding dayachaingd pesular erbdre MR ERBL 80 rding and
Docunent 1). However, because of surface unevennes%

repredisEy dhardctaristied droimproved Geesht DAY 8hental. : %We@?h@ctaﬁse of
e

| ayer and a granular nagnetic recording |aver,

sunfieg ety enneescanstidty aitkioh BEh YHNGyAOrGhRkRediate layer and a
boundari es nmade of an oxide or nitride 1s not a

granokap hegettic oot BipMuee thé Maesd lebdPdindNsher AP LAYEEL
in which each crystal grain is separated exists, °

bourglstiks inade bfarLioMigd éBIQﬁmd_eQé(ﬁ&ad"&ﬁnﬂl&Hé"rlﬂl%i—rﬁ Qontgr?.{%gg]ﬁlm and
It is necessary to obtain a perpendi Cul ar magnetic ’

also edayedimyhivhdbetnerhayi gigin i€ &p%kdr;@d]ﬁxigﬁ%{u% 3 ni,
reproduci ng characteristics, which can uniformzé e
exahengmingRaction.
[0009]
It is necessary to obtain a perpendicular magnetic recording medium having
excellent recording and reproducing characteristics, which can uniformize the exchange
interaction in the film in-plane direction of a magnetic recording layer so as to improve

the recording and reproducing characteristics in future. It has been required to obtain

perpendicular magnetic recording medium which can solve such problems and also can

be easily manufactured.

Patent Document 1:

Japanese Unexamined Patent Application, First Publication No. 2004-310910



interaction in the filmin-plane direction of a
magnetic recording |layer so as to inprove the
recordi ng and reproduci ng characteristics in future.

It has been required to obtain perpendicul ar magnetic
recordi ng nmedi um whi ch can sol ve such problens and

al so can be easily manufactured. Patent Docunent 1:

Japanese Unexam ned Patent Application, First
Publ i cati on No. 2004-310910 - 4 DI SCLOSURE OF THE

I 0 be Solved by the Invention

DIFW@Q@H@@@%H%t ances, the present

irlventi on_has  been made and an object thereof is to
Probleges ibeSohedhtithedrventinns act uri ng a per pendi cul ar
: nagnﬁ@$c recording nedium which is capable of

reco 11% and reproduci ng high density information by

flattening a surface of a magnetic recording |aver

i ncl kndaythass drcamatapeestigriresnhmdentioh hagheeaxhatiz anid an object

nitride on a granular magnetic recording |ayer thereby
thegenfris ionprevide amrshodefor mangfaciuning mgetpendicuan thapoetieresdrding

a magnetic recordi ng and reproduci ng apparatus. Means
meglgim.Shioh Fgrapside Pf iobwling §rii0éfoduding hiptelendity iafdrinanen by

t he above object, the present invention provides the
flaieyag 8 surfadeodn nbagnotic reca)dink laperiadudiag noweih B6tntiaBImAde of

per pendi cul ar magnetic recording medium including a
anQy natiflcos absnnkr eyagaetit mtortid@dhyen tieodty URRRIAK the

under layer, an orientation control layer, a nmagnetic
ex¢hapge titergctioayard tognstidé ategnefc evsrdpg afB €rb @i gSappaftfus,

a protective layer fornmed on the nonmagnetic

substrate, the nethod including a step

Means for Solving the Problems

[0011]

In order to achieve the above object, the present invention provides the aspects
shown below.
(D A method for manufacturing a perpendicular magnetic recording medium
including a nonmagnetic substrate, and at least a soft magnetic under layer, an
orientation control layer, a magnetic recording layer constituted of two or more layers
and a protective layer formed on the nonmagnetic substrate, the method including a step
of forming a first magnetic recording layer having a granular structure constituted of
ferromagnetic crystal grains and crystal grain boundaries made of a nonmagnetic oxide
or nitride on the nonmagnetic substrate side, a step of forming a second magnetic
recording layer constituted only of ferromagnetic crystal grains, a step of forming a
surface unevenness control layer for decreasing surface unevenness of the first magnetic

recording layer located between the first magnetic recording layer and the second



of formng a first magnetic recording |aver having a
granul ar structure constituted of ferronagnetic
crystal grains and crystal grain boundaries nmade of a
nonmagneti c oxide or nitride on the nonmagnetic
substrate side, a step of form ng a second magnetic
recording | ayer constituted only of ferromagnetic
crystal grains, a ste forming a surface
meghhraar el Bt 0 Hipet g eibE Pederdiirt Sireae so as o
unevenness of the first magnetic recordjng |ayer
deqepss AR BREUAREIEEHR2 P T e g ToAgnElic @eaﬁal?a%ay?rée &5 #1382
the second - 5 magnetic recording |laver, and a step
NMpf heating the nonmagnetic substrate so as to
decrease a surface roughness Ra of the second nagnetic
(Dr ecor B¢ mgthodyer magnipeiggng pasrpendipar magnetip geqepding megiym
manuf act uri ng a perpendi cul ar nmagneti c recording _
acqepdingta (lacvlesreinnle filn (higknesgndithe surfase upevennessicenrtrddayer is
of the surface unevenness control layer is wthin a
withimgeange der0-5t@ §n8l.nm (3) The net hod for
manuf act uri ng a perpendi cul ar magnetic recordi ng
(3)nedi e metwedridi mgnifectdipg o perpendiculemegnetiatredoedisg mediam
| aver of the surface unevenness control |ayer has a
acdoadieg te(l) er 64, whirein as{gagoengrlayer O4 jhe Buefapetevdnifess control
manuf act uri ng a perpendi cul ar magnetic recordi ng
layeebasinfacecanerdd ogpit stragtyreone of (1) to (3), wherein at
| east one layer of the surface unevenness contro
(4) ay eThé urethrdrfohmsnafattering o petpendiogesmagatik eecording medium
structure. (5) The method for manufacturing a
acquedipg ndamgubrerof ifhgiodB ), svheeiw atdeast) onekhiyemnof the suofade ngeveoness
any one of (1) to (4), wherein at |east one |ayer of
cotithe 1syer firder hawey/legxagesal cloaest-patkedayectutes made of an
all oy material which contains at |east one el ement
(5)sel edhe thetiioddot inarufgctaripg afpewerdiemitismhgwitio gedrding medium
face-centered cubic structure as a main conponent,
acaiding ke apnére €l eot(e)] Wheedin hileasy ooeljayef ofahe s fiics unevenness
havi ng a body-centered cubic
control layer is made of an alloy material which contains at least one element selected

from the group of elements having a face-centered cubic structure as a main component,
and elements selected from the group of elements having a body-centered cubic
structure, and also has both a (111) plane-aligned crystalline structure and an irregular
layer lattice formed by mixing a face-centered cubic structure with a body-centered
cubic structure.

[0012]
6) The method for manufacturing a perpendicular magnetic recording medium
according to any one of (1) to (5), wherein at least one layer of the surface unevenness
control layer is made of an alloy material which contains at least one element selected

from the group of elements having a face-centered cubic structure as a main component,



structure, and also has both a (111) pl ane-aligned
crystalline structure and an irregular layer lattice
formed by m xing a face-centered cubic structure wi'th
a body-centered cubic structure. [0012] (6) The
met hod for manufacturing a perpendi cul ar magnetic
recordi ng nedium ‘according to any one of (1) to (5),
wherein at | east one layer of the surface unevenness
and@lemengs selegfed frpm the gwup ol gismenisdipvingadiexagonahelesest-packed
contains at |east one el enment selected fromthe group
strusfure| aagefodiap 2o thrig(1a1 Frdens-diene € eogtallingi ssrusturamdanarragular
a main conponent, 6 and elenents selected fromthe
layeyrlaitige rmel bryenixengaizrergerderaé veljo waiictateoxigse hepmgkeal closest-
structure, and also has both a (111) plane-aligned
packeq stredtitene structure and an irregular laver lattice
formed by m xing a face-centered cubic structure with
(M a heXagmathbd dbrosastfactpagkeperp¢ndiatiarmagneil} rebhalimeinbditim
for manufacturing a perpendi cul ar magnetic recording
accpeiingiin anyene ofl{ Hgo (@), whyreore lakst ¢k) layer of Be, surfaes endventess
| east one | ayer of the surface unevenness control
corlt@y &ayei s nvald ef @fCoalloy, which gontainks @b acominic 6 05mébe: Gt Cied 10
% or nmore of Co and 10 atomic %or less of Cr. (8)
atomieYnetiendfCor manuf acturing a perpendi cul ar magnetic
recordi ng medium according to any one of (1) to (7),
(8)wher Ehamethed fonnagifadtiningSapsbemtiQulirsmigrtie eecatdimg medium
tenperature within a range from90 to 170C before
acchadin@iol 19 0dk of (1B 16 ¢7){ aberelnBy abMBssnctioRtbBatel idViedted 419
The nethod for manufacturing a perpendi cul ar nagnetic
tenfpREMlird i thite Snig@froae 8@ fodi 709C thefa8 YorfaioR bf (hi sutfece( 7)
wherei n the nonmagnetic substrate is heated at a
undveniss adntfod [ayef.hi n a range from 150 to 250C after
formati on of the surface unevenness

&) The method for manufacturing a perpendicular magnetic recording medium
according to any one of (1) to (7), wherein the nonmagnetic substrate is heated at a
temperature within a range from 150 to 250°C after formation of the surface unevenness
control layer.
(10) The method for manufacturing a perpendicular magnetic recording medium
according to any one of (1) to (9), wherein the nonmagnetic substrate is heated within a
range from 3 to 10 seconds.

[0013]
(1D A magnetic recording and reproducing apparatus including a magnetic
recording medium, and a magnetic head for recording information on the magnetic
recording medium and reproducing information from the magnetic recording medium,
wherein the magnetic recording medium is the magnetic recording medium

manufactured by the method according to any one of (1) to (10).



control laver. (10) The method for manufacturing a
per pendi cul ar magnetic recording nmedium according to
any one of (1) to (9), wherein the nonnmagnetic
substrate is heated within a range from3 to 10
seconds. [0013] (11) A magnetic recording and _
reproducing apparatus including a magnetic recording
medi um and a magnetic head for recording informtion
on the magnetic recording nmedi um and reproducing
i nformation fromthe magnetic recordi ng nedi um
Effgpis oéthe Inventivagnet i ¢ recording nmediumis the magnetic
recordi ng medi um nmanufactured by the nethod according
to aﬂ%ﬂéﬁe of (1) to (10). - 7 FEffects of the _
Invention [0014] According to the present invention,
it i dcpudsigtb ¢he mregnoinvetica, jés pessibletol movidagpetpeadicular
recordi ng medi um havi ng excel |l ent hi gh recording
mageisi reyordingmaatiemihating sxdeflent high texotdige Gersity th@ectefistits by
magneti c recording layer including no grain boundaries
flathenaieg @furfae of = intkgnetic retdrdingdaysn inclgding ub graimBenRtaties made of
recordi ng |layer thereby uniform zing the exchange

an bxide vaaitidnon BRtanHaDESERTTEEMNIRE 1HREHRANMNISm [ ALLHE
Fig. 1 is a diagramshow ng a cross-sectiona

exchhngicinteractioh. a per pendi cul ar  magneti c recordi ng .
medi um according to the present invention. Fig. 2Ais
a graph for explaining a nethod for determ ning
coercive force distribution. Fig. 2A is a graph

BRSEP WHSLCRIPTMON CEITHE DRAWIRKGH curve of a medi um

[0015]

Fig. 1 is a diagram showing a cross-sectional structure of a perpendicular
magnetic recording medium according to the present invention.

Fig. 2Ais a graph for explaining a method for determining coercive force
distribution.  Fig. 2A is a graph showing an M-H curve or a 6,-H curve of a medium
determined by a conventional method. This curve is expressed by (a) as a loop Ain
the drawing.

Fig. 2B is a graph for explaining a method for determining coercive force
distribution.  Fig. 2B is a graph showing a curve obtained by decreasing an external
magnetic field from a state where the magnetization is saturated, inverting the sweep
direction of the external magnetic field at the point “a” where M or 8x becomes 0, and
increasing the external magnetic field again until the magnetization is saturated. This
curve is indicated by (b) as a loop B in the drawing.

Fig. 2C is a graph for explaining a method for determining coercive force

distribution.  Fig. 2C is a graph for explaining a method for determining coercive force



determ ned by a conventional nethod. This curve is
expressed by (a) as a loop Ain the drawing. Fig. 2B
is a graph for explaining a nmethod for deternining
coercive force distribution. Fig. 2B is a graph
showi ng a curve obtai ned by decreasing an externa
magnetic field froma state where the magnetization is
saturated. inverting the sweep direction of the
disgsibetigrafromabmiebop & dndehellop B.he point "a" where M or 6k
becones 0, and increasing the external nmagnetic field
agai rFigrt isla didgramahoeingzadtiveture 61 §9érgé1ﬂii&ﬁar mhidretic recording
curve is indicated by (b) as a | oop in the draw ng.
anfirepro@@ingappagandt thopresxplidicntipgl a met hod for .
determining coercive force distribution. Fig. 2Cis a
graph for explaining a nethod for determ ning coercive
force - 8 distribution fromthe |oop A and the | oop
DeScrifptian of RdfereacedNage@an show ng a structure of a
per pendi cul ar magnetic recording and reproducing
apparadls of the present invention. Description of
Ref erence Nunerals [0016] 1: Nonmagnetic substrate 2:

1: Sof t Nmgmphbee dbdese| ayer 3: Seed |ayer 4:
Internmedi ate | ayer 5: First magnetic recording |ayer

2:6: Slgoﬂ:t&ﬁ@gﬂéﬂ@\ﬁﬁ([g’ﬂ@@%rcontrm | ayer 7: Second
magneti c recording l'ayer 8: Protective |ayer

3: Seed layer

4: Intermediate layer

S: First magnetic recording layer

6: Surface unevenness control layer
7: Second magnetic recording layer
8: Protective layer

100: Magnetic recording medium

101: Medium drive unit
102: Magnetic head
103: Head drive unit

104: Recording and reproduction signal processing system

BEST MODE FOR CARRYING OUT THE INVENTION
[0017]

The content of the present invention will be specifically explained.

[0018]

As shown in Fig. 1, a perpendicular magnetic recording medium 100



100: Magnetic recording nmedium 101: Mediumdrive unit
102: Magnetic head 103: Head drive unit 104:
Recordi ng and reproduction signal processing system
BEST MODE FOR CARRYI NG QUT THE | NVENTI ON [00_17] The
content of the present invention will be specifically
explained. [0018] As shown in Fig. 1, a perpendicul ar
magnetic recording medium 100 9 rmanufactured by the
%’G?“é?:df biy ths gnarsdiacoering methed pf tsamesentiveertioons & perpendicular
per pendi cul ar  magnetic recording medi umincluding a
magpeiifaighending mediymracloding amedmagndtizasbsteats bfand atbegstet sott
under layer 2, a seed layer 3 and an'internedi ate
magagiey unglet syer 2.taued tpyan3 and areintterhiediateclapdrrdodonkiityieifig f101
controlling alignment of a filmimediately above, a
orifRtpEen cqmgpg gyecior ecutradiingalignemt 5f b filmhimetedarelpabove, a first
axi s of magnetization (crystal c-axis) is aligned
maghgtihrererdingilayer Spienyiecidio edsgaxis@f ugnOWANBE (@48l c-axis) is
substrate, a surface unevenness control [ayer 6, a
aligredovidchmesgnaniycparpadiatiargo teyehmagaid sabRfd QG e
| ayer 8 formed on the nonmagnetic substrate. The
uneveneess abntool layentsr o kedoay efagaeatic @t&dinggayTind @chrbRcie layer 8
ECC nmedi um and new per pendi cul ar recordi ng medi a such
foragddinghe rtrenagnedc kubsadica Thel ofakth@SMcomRdl Riyet QnWiodlk @
further inprovenment in the recording density S _
apgligddn tr ECJ HOdA/m aniSndvhBerp@iiagRateddinY Rsddi AR h Ys 8fcle:
the magnetic recordi ng nmedi um of the

track media and pattern media, to which a further improvement in the recording density

m

is expected.

[0019]

As the nonmagnetic substrate used in the magnetic recording medium of the
present invention, any nonmagnetic substrate such as an Al alloy substrate containing Al
as a main component, for example, an Al-Mg alloy, or a substrate made of ordinary soda
glass, aluminosilicate glass, amorphous glass, silicon, titanium, ceramic, sapphire,
quartz, or any of various resins, can be used. Among these substrates, an Al alloy
substrate or a glass substrate made of crystallized glass or amorphous glas; etc. is often
used. In the case of a glass substrate, a mirror-polished substrate and a low-Ra
substrate of Ra < 1 (A) are preferable. The substrate may have a texture if it is
insignificant.

[0020]

In ordinary cases of a process of manufacturing a magnetic disk, cleaning and
drying of a substrate are first performed. Also in the present invention, in terms of

ensuring adhesion of each layer, it is desirable to perform cleaning and drying before

_10_



present invention, any nonmagnetic substrate such as
an Al alloy substrate containing Al as a main
component, for exanple, an Al-My alloy, or a substrate
made of ordinary soda glass, alunminosilicate glass,
anor phous gl ass, silicon, titanium ceramc, sapphire,
guartz, or any of various resins, can be used. Anong
these substrates, an Al alloy substrate or a gl ass
forging ot the daviend Cleaning jnsiudes tlzaning bastching @mversehpuitering) as
lass etc. is often wused. In the case of a glass
Weﬁwbgtqaamg,wiﬁl witer. or thpclubsttasdsiseitsator ahreicalatly apdeifivdRa
substrate of Ra < 1 (A are preferable. The substrate
may (2é]a texture if it is insignificant. [0020] In
ordinary cases of a process of manufacturing a
magnéec¢iclagersk thepepemdigilantagnetiy tetgrddhg mesiBShiBEexdfined
first performed. Al'so in the present invention, in
belber ns of ensuring adhesi on of each layer, it is
desirable to perform cleaning and drying before 10
forn{0022pf the layer. O eaning includes cleaning by
etching (inverse sputtering) as well as cleaning wth
wat efThe Jbfenaphaicnaider ﬁ%;érﬁs bVt iR&danly GebRAd¥ular magnetic
specified. [0021] Each layer of the perpendicul ar
recoBlin@inedial e Taé b ehapBeti cUndw layeldfis BPRALART iR RWne a
[0022] The soft magnetic under layer is provided I'IT

ORtiYg PagRendiddiian MRABeS EicienB iy dBdiRulal B6mS8 dut of
ra}ag%%?i%mﬁnder | ayer has tﬁglfugc ?gﬁq%f |ntPodu0|§d A °

thelre€R8dk M gteGNBEIdGo tHeqhsbnki® f@c@rcﬁﬁgﬁefﬁpat%ef firfik Spltelcgrding a
apply a perpendi cul ar conmponent of e recording

SSRGS L5, Aok AR SR Sl 8t E
haviBg Sdft BlagdticldhBraeRFibHTRARERE & FeBdHasd PRy, 2 BoPRNELARY alloy
or a CoTaZr-based alloy can be used. It is particularly preferable that the soft
magnetic layer is of an amorphous structure, because taking an amorphous structure is
effective in preventing an increase in surface roughness (Ra) and enables a reduction in
the amount of floating of the head and further increasing the recording density. Not
only the single soft magnetic layer using these materials are used as a soft magnetic
under layer, but also a soft magnetic under layer including two soft magnetic layers
between which an extremely thin nonmagnetic thin film of Ru is interposed to impart
AFC isoften used. The total thickness of the soft magnetic under layer is from about
20to 120 nm. However, it is appropriately determined according to the balance
between the recording and reproducing characteristics, and the OW characteristics.

[0023]

The orientation control layer is constituted of a plurality of layers and includes

so-called seed and intermediate layers from the nonmagnetic substrate side. The seed
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havi ng soft magnetic characteristics, such as a
FeCo- based al |l oy, a CoZr Nb-based alloy or a
CoTaZr-based all oy can be used. It is particularly
preferable that the soft magnetic layer is of an
anor phous structure, because taking an anor phous
structure is effective in preventing an increase in
surface roughness (Ra) and enables a reduction in the
laygrbasrthe Smctipnaf ¢angrodingthe gtaémsizaand! drystaltedignineor efbé ng
the recording density. Not only the single soft
interaepdiaté lyEmandrthe miageetichresnedimgtiayrer.al Bheanaterislarf thssead layer is
soft magnetic under |ayer, but also a soft magnetic
preferdely Taai¥ehaving b (il hplaheveli grefdt faceagmedréd cutiy erystalline structure,
bet ween whi ch an extrenely thin nonmagnetic thin film
or alNiRloy sudhres &Nipdts &N -Tap Ni+¥par Wi-WAFC i s of ten used. The
total thickness of the soft nagnetic under |ayer is
f r omVéiemuthe sd@0migneti2 @inden lajéoviay e ambiphbss apRn@prRAamal y
determ ned according to the bal ance between the
increzse ectionding ndthe epathl ahd §re ferfrdad esndiiines, ThadfdrbleufPie
characteristics. [0023] The orientation control |ayer
rougbmes3NRE iig diceds«lf byafophlnpgal hdnynapheti arRirph@itday dtWeHARE the soft
so-cal l ed seed and internediate | ayers fromthe
magaeiagiet layesdndshe sde€ 1Sjegl@husiiekiag @Gossiblé o ithpdek tHeas
the function of controlling the grain size and crystal
- aligdrh e e rafigniehie reconttigd el at e | ayer and the magnetic
recording |layer. The material of the seed |ayer is
pref egepaly Ta, N having a (111) plane-aligned .
face-centered cubic crystalline structure, or a Ni

al | ogifligtio @&k Mbgri¥e ré@iord-fﬁ’%la%n VaeQhatblial B (W@t B&ate layer is

soft magnetic under |ayer haS an anorphous structure.

preferabBa mhiefiAl9RS Mg eRhiRlclbsesi-pR kIRt dtale, 8128 of RMRe, or an
formng conditions. Therefore, surface roughness: Ra

allbP HRAGF easigee B ihefildide fiyePRIREO R GorrPERRAM ol tBY €T
bet ween the soft nmagneti ¢ under |ayer and the §eed

aligid &t of tHUsagiRlit R otdinP RSS!, Hebnitridl TH QY& olliHg the alignment of
al i gnnent of the magnetic recording | ayer.
the magnetic recording layer can be used even without any limitation if it does not have
a hexagonal closest-packed structure. The total thickness of the orientation control
layer is preferably 5 (nm) or more and 20 (nm) or less according to the balance between
the recording and reproducing characteristics, and the overwrite characteristics. A
magnetic recording layer having a granular structure is used in the magnetic recording
layer of the present invention. However, when the intermediaté layer has large surface
unevenness, segregation to the crystal grain boundaries of the nonmagnetic oxide or
nitride is promoted. Therefore, the gas pressure at the time of film forming of the
intermediate layer is preferably 3 (Pa) or more, and more preferably 10 (Pa) or more.
[0025]

The magnetic recording layer of the present invention includes a first magnetic
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[0024] Simlar to the magnetic recording |ayer, the
material of the internediate layer is preferably a
mat eri al havi ng a hexagonal cl osest-packed structure,
such as Ru, Re, or an alloy thereof. Since the
intermedi ate | ayer has the function of controlling the
al i gnnment of the magnetic recording |ayer, the
material for controlling the alignment of the
reqpa¢jnelayer meluding grain|bayedaricamade ol s oxide enniwideh and a amyace
limtation if it does not have a hexagona
uneyapsesstcopacileykr ahd actaond maphetid wralditghagd iedsdiag nb Reain
orientation control |layer is preferably 5 (nn) or
bomdegieamid@ 6f {moyideor hiesdk lamanatadi anghe fird: heghetiarea ding layer
between the recording and reproducing _
in tiaeodet ebBxamipts of @rdnitbBalOf eiaidst Raghedic 26dopdihs 1dyeSinchide
magneti c recording |layer having a granul ar structure
CdCsP16eCQoCIPIRH®, MBgltet-B1O, €60f™IiMGO;, IEYEPt-P0,t 08CrPt-Z:0,,
present invention. However, when the internediate
CdCapeNbiGss CoarRela50¢k, [t Pt-BrBY €RTeBSW Ge0bELRIWON ah® CoCrPt-
the crystal grain boundaries of the nonmagnetic oxide
Ru®,. Minbroréeoré Rindk 0848k cahh®oafeQidted. t NEnlAg SMeI&IBeEused in
at the tine of filmformng of the internediate |ayer
pldcs opfieforidbly 3 (Pa) or nore, and nore preferably 10
(Pa) or more. [0025] The magnetic recording |aver of
the pogggnt invention includes a first magnetic 12
recording | ayer including grain boundaries made of an
OXi dgh@hvdthdd srelf siAN rRagidfil &GStal HARN SHRARS tHeOHs! Ig%%ngtic

| ayer and a second magnetic récordi ng l'ayef 1nclu

reddgdifg BlyBr is PRYAEBTY PhnRAenRE 28019 Cf%ssni fThi g@era%e grain

| am nated on the first magnetic recording |ayer

botufiaPy MIHR s prEeaiHN 63 (Rh) bPfio d‘gri@é)né?fpct)rfl%. f b8 bverage

magneti ¢ recording | ayef i1nclu

erfGBCE R O (R Rla (2 RIS 8 10D BT QB vt
.CoggPt-ZrOZ, CoCr Pt - Nb205, M 58 B By
TEN? 6h&va 04 ’imé@c@. Ptl'hWt)ftal WP t‘ﬁgbxﬁg Q:%'{stigy\ﬁq B MR faonetic

ki nds of oxides can al so be added. nitride can al'so
recddfdilS B el 8 preferably from 3 to 15 (mol%). When the total amount of the oxide
is within the above range, a satisfactory granular structure can be formed.

[0027]

The surface unevenness control layer of the present invention is used so as to
decrease the surface unevenness of the first magnetic recording layer as small as
possible, and thus the second magnetic recording layer formed thereon becomes a more
uniform continuous film, resulting in uniform exchange interaction in the in-plane -
direction of the second magnetic recording layer. It is preferable that the surface
unevenness control layer of the present invention is formed under a low gas pressure so

as to increase the effect of a flattening of the surface. It is effective to increase the film

thickness of the surface unevenness control layer to as large as possible so as to

- 13 -



place of the oxide. [0026] The average grain size of
magnetic crystal grains formng the first magnetic
recording layer is preferably 3 (run) or nore and 12
(nm or less. The average grain boundary width is
preferably 0.3 (nm) or nore and 2.0 (nm or less. The
average crystal grain size and the average grain
boundary wi dth can be cal culated using planar TEM
degBassrthaturtine inexgosessThaVienttad fimmthicknesd oft the s@Ricel@nevenness
existing in the first magnetic recording |layer is
copfraflasieabkseedy operdin 6l ShicknebSfthe dMebandeligietatiah (ianount
of the oxide is within the above range, a
perpandictlacdiorcyiog) barwkar thstfirsteidgnetic aotiend REemed dOQedld
The surface unevenness control |ayer of the present
magnetenet@dingdaysadc@mensd it afl@nIreasRadieic SHEd BES 2
unevenness of the first nmagnetic recording |ayer as

fersmed dnetis borplossl thiethe 2 -t oGz SN E NBRS hiefaction of the
recordi ng layer formed thereon becones a nore uniftorm

second iagnetitsretordifg 1o s Widappdird. N Hﬁ?é‘f@{emnetﬁg BAJGR invention, it is
interaction in the in-plane direction of "the secon

prefiEgbietd titio86e £lpi@edsdYf Bbatinkta ﬂ(ﬁ’m&%ﬁ%tﬁ‘r ﬁ}%t?até Q@l\st iy t%1(%prove
surface unevenness control |aver "of the presen

theiflurtesing O thessuf fatSTBELVURGIRE céhrloP YydABy ﬁ{eﬁﬁﬁl%@r 0 as to
increase the effect of a flattening of the surface. It

i's efdoegiive to increase the film thickness of the
surface unevenness control layer to as |arge as

nevennose: nen s i"??t%“%e*ﬁ*?%@ﬁae@é@ﬁ%%ﬁf%‘é%ﬁ Fraggen
_ unevenness. , e
D e kneac i RaRY RS onp P SflEe § AR ook buties,

uneVefiREs Eetlo] kY ef“brte;a%n@ie,r b ngﬁgﬁgﬁe:tlg s{ll?s‘fr%ged%gsﬁgegﬁ%égﬁgi

and the second nagnetic recor aye¥ et o
O e Rk PR B AR he R ange
noﬂnﬁﬁg%é@&ﬁdb@ﬁat@fmatyr}% heated after forming of the surface unevenness control
layer. Before and after forming of the surface unevenness control layer, the
nonmagnetic substrate can also be continuously heated. However, in view of the point
capable of efficiently performing flattening of the surface unevenness control layer by
facilitating control of the heating temperature, the heating step is provided after forming
of the surface unevenness control layer.

[0029]

With respect to the heating temperature of the nonmagnetic substrate, in the
case of heating after forming of the surface unevenness control layer, the substrate
temperature immediately after heating is preferably controlled within a range from 150

to 250°C, and more preferably from 180 to 230°C. When the substrate temperature is

lower than the above temperature range, the flattening effect cannot be expected. In

- 14 -



second magnetic recording | ayer disappears. Therefore,
in the present invention, it is preferable to
i ntroduce a process of heating a nonmagnetic substrate
so as to inprove the flattening of the surface
unevenness control |ayer by thermal energy. [0028]
The order of the step of heating the nonmagnetic
substrate of the present jnvention is not
CopaRsyi WRATE gubstraiettempeaturoisdii gher thangheaphays temperature range,
flattening of the surface wunevenness control |ayer.
thergal enesgspisdransieared imiba dwsitmagnstip secorting lapsr Hetowh Bmtsarface
before form ng of the surface unevenness contro
unpegpaess oantrel lazer apdithus it besomen mmpessitictosmbistairad gramar be
heated after form ng of the surface unevenness contro
strpegfyizer conBatfutadeolamagnetit @ysthlograinsgnd rdimbowidefi@arade of an oxide
unevenness control |ayer, the nonmagnetic substrate
or paridal sla the casonff heatimg defory atradg oftheswdice undveninesy @htrol
the point capable of efficiently performng
layfer &itrhethie rpmarodar tshrectsrerdf aloefisnagnaizascarding lakr ray & bedken.
facilitating control of the heating tenperature, the
Thieeedibrieny isheepssagy torsevd wagertire radfgerwiti@ a cohpirbgvayidace
unevenness control layer. [0029] Wth respect -to the
tethparttiungraneerped, apesifécatly, thb eubsaattagnpératirSRBédiAL R, aflePheating
the case of heating after form ng of the surface
is preforabip esstreltedtwitiin b aytere frdnn 90 $6IDRI°Cat e  tenperature
i mredi ately after heating is preferably controlled
wi t hi[@030]range from 150 to 250C, and nore preferably
from 180 to 230C. When the substrate tenperature is
| owerThelsesp dffheatatpoySorinegeiadubs@ate dPER priss: ihl allgml ng
ef fect cannot be expected. In - 14 contrast, when the
prefehably gdrforine@Pe idtddu€ing 8 hiked 84s prépdted PRadRQY £ oxyeen or
tenperature range, thermal energy is transferredto

nittdi@nfdat &4 alBGOCEAC VEERItHE ASnhANRYic BBl e S {AEE

unevenness control layer and thus it becomes
intr6Y0ER the eriked ¢98] e aluldr GhABWeRI the first magnetic recording layer is

hardly broken.

[0031]

It is preferable that the heating time of the nonmagnetic substrate of the present
invention is set within a range from 3 to 10 seconds so as to achieve the above effect.

[0032]

The material of the surface unevenness control layer of the present invention
preferably has a face-centered cubic structure with a (111) crystal plane equivalent to a
(002) closest packed face of a hexagonal closest-packed structure. It is also preferable
to use the surface unevenness control layer of the face-centered cubic stricture in
combination with that of the hexagonal closest-packed structure. Furthermore, the

material, which contains at least one element selected from the group of elements



structure constituted of magnetic crystal grains and
grai n boundaries made of an oxide or nitride. In the
case of heating before form ng of the surface
unevenness control layer film the granular structure
of the first magnetic recording | ayer may be broken.
Therefore, it is necessary to set a tenperature range
within a conparatively |ow tenperature range and,

hagpg aifgGecognieped quhie SisBne ay ampirgemenenteandateuhastasl iyregular
after heating 1is preferably controlled within a range

layer liticgdsteeking ralt) faomed by mikmest fege-cintdreditibigstaucture with a
nonmagneti c substrate of the present invention is

hexpgend clasest-naekddovtmedireyr 4 adyeckntsretycubinitredirgds also preferred.
prepared by adding an oxygen or nitrogen gas to an

It iapigopogpaldle tontrera Challayowhiel netthins 40 Babinid %) bsmdeabdedo and 10
while introducing the m xed gas, the granul ar

(atemialé) or esodf Grhe I iheshsenafgheCoallogcortaintig 10a¥Rimit 34) or more
hardly broken. [0031] It is preferable that the

of Ggatgmgationmé (bfto phitn bomdadesds pronseibd by Béingf likd®longitudinal
present invention is set wwthin a range from3 to 10

magsetindsord mgasedium aehiléngin deeraabad@arehingeifect. [ 0932 Cd Bkoy,
material of the surface unevem ess control |ayer of -

thetdoatent eS€@nis horeenifeably witlgherrabie/fréiag0do 786Rmaent SiEdhe
cubic structure with a (111) crystal plane equival ent

cortentaf (r @O prechrofeesdly pabietrah@efoRf0 @ 1AXRERMA! so as to achieve
cl osest - packed structure. It is also preferable to

theubevé bffecsur f ace unevenness control |ayer of the
face-centered cubic structure in conbination with that
of tm3Bgxagonal cl osest-packed structure.
Furthernmore, the material, which contains at |east

one Eheswohd gRbRGIceEcIrdiRBI4YRE 0fThe PRosehit BV EMBA bR comesl?

having a face-centered cubic struCture as a nmain
COrtRRBONEIM, re@h@le R T\ @Er@ biIsEpRIMIPSS crystal grains of the film
below the second magnetic recording layer, as a result of formation of a film on the
flattened surface unevenness control layer, resulting in uniform exchange interaction in
the in-plane direction.  As the material of the second magnetic recording layer, CoCrPt,
CoCrPtB and CoCrPtB-X are used. It is also possible to use a soft magnetic material
which is used in an ECC medium.

[0034]

As a means for evaluating uniformity of the exchange interaction, coercive
force distribution: AHc/He which represents distribution of magnetization inversion is
exemplified. Coercive force distribution can be determined by a VSM or Kerr
measuring apparatus.  As shown in Fig. 2A, an M-H curve or 8;-H curve of the

medium is determined by a conventional method. This is called a loop A and is

indicated by the symbol (a) in Fig. 2A and Fig. 2C.  As shown in Fig. 2B, an external
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| ayer lattice (stacking fault) formed by mxing a
face-centered cubic structure with a hexagonal
cl osest - packed structure or a body-centered cubic
structure, is also preferred. It is also possible to
use a Co alloy which contains 40 (atomc % or nore of
Co and 10 (atomc % or less of Cr. In the case of
the Co alloy containing 10 (atomic % or nore of Cr,
magaglicheltiibiecarasey frem agitaie horsuhel magestidatiopisattrated fd the
heating, |ike a |ongitudinal magnetic recording
swaeRidigention e thetekragnal magactiefidd ds vertddemithgp@ht ‘& twheteM or 6,
the Co alloy, the content of Co is nore preferably
beggmési (h and then ghe Extonalaoagretiv Seldtio ricoea¥daghin tueti] thont ent
of & is nore preferably within a range fromO to 10
maghotidatiofqs srasd.t ollaciebetamt curhe isadativd a é6dpe tind [sQ8&33ted by
The second magnetic recording | ayer of the present
thed sywénd {t9rin bgc 0Bemd&ig. At i Thequomt WHers theegriwl assnalc field
t he degree of separation of crystal grains of the film
betrehesi inhbe procem df deagasdincthe exermi M@ghaiceficld 88mba §tee WHere
of formation of a filmon the flattened surface
theumneyreningis ic sartracdd ib aylexd, the st tH"Ng AshgWh iPFIB. 2C, the
exchange interaction in the in-plane direction. As
mitipennitteednahe phint M SlabadrigBINEdlle theeF@htHcNJarlday®le parallel
CoCrPt, CoCrPtB and CoCrPtB-X are used. It is also
to fhedakisés drawi Snah&ef t THaGR@tdctioAPbRI bAthe paHlIeNliAesSand the
used in an ECC nmedium [0034] As a neans for
lodpvAal(dpin thgdtamihDietdledQhe pAIB: ‘RRCIMBAGEr st BRI RSt Pfhe parallel
%%egg?ve gforce(gdistributllbon: AHc/ He mhichlsggrese&%s

linéllafid tHeRo$P BI(HYin {RERSYInZRsicalled tRY PbH: 08, lasd thebdéfference

exenplified. Coercive force distribution can
beedef 8 prest “Qy add WMot “KelscallOBASH! | EQICQP%K&H%%I#Q% the

shown in Fig. 2A, an MH curve or Ck-H curve of

medRgh Wdbtaind64er I fHRE driButRANNABEON S ofRE &pngot?i-lr;?.linffohﬁ
called a loop A and is indicated by the synbo a) In
exéHa@ige Aferddifdnihe vakie of ASIHHIOMBrBrablydo. 22 By 1680 ext er nal

[0035]

DC magnetron sputtering or RF sputtering is ilsually used for formation of the
above respective layers. It is also possible to use RF bias, DC bias, pulse DC, pulse
DC bias, O, gas, HyO gas, H, gas and N, gas.  The sputtering gas pressure is
appropriately determined so as to optimize characteristics of every layer, but is usually
controlled to be within a range from about 0.1 to 30 (Pa). It is adjusted while
confirming performances of the medium.

[0036]

The protective layer is a layer for protecting the medium from damage caused

by contact with a head. A carbon film or a SiO; film etc. is used as the protective layer,

and the carbon film is ordinarily used. For forming of the film, a sputtering or plasma
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16 magnetic field is decreased froma state where the
magneti zation is saturated and the sweep direction of
the external magnetic field is inverted at the point
"a" where Mor Ok becones 0, and then the externa
magnetic field is increased again until the _
magneti zation is saturated. The resultant curve is
called a loop B and is indicated by the synbol (b) in
CVE gnetin@ eipds Fed, ariChe Phemp 61D mvdtleodchastbeeutdranidy used in
magnetic field becones O in the process of decreasing
receheyeaxst erfalagmagpngtismef CEDdahatsmte wedt elvdhf@liethidkhess is from
magneti zation is saturated is called the point "b". As
absidvnmi) o ) ghm R Greferably fromlpbownt? (het)we 6 inthfi@nd@iodé preferably
and the originis called the point "c", and a |ine
fropa? &brhedo 4 tn)t he H-axis is drawn from here. The

intersection point of the parallel line and the 1oop
A ((#037h the drawing) is called the point "d", the
intersection point of the parallel line and the |oop

B ((B)g. BrshbWwe alexathplgbf b perpahdiedat ﬁ@gﬂé@ﬂc@écordﬁnv afd\d
the difference between the point and the point

repréducirfy dpphiafth vAE: thé\ioveesientidatr mécﬁ@acqfe?&l_rgﬁlo TR HM

to obtain coercive force distribution

The beigendioulabinainttientdRdiny afX £paciu@hg dpb8ladlshOfn il t‘i%
vgle%g of O—Ic/%k: i's preferably 0. 25 glozallr?)bl ess. [0035] DC

indliRies eie rafrREY tréc%fdﬂ@@ mREiuR1 GRS he Qtrh&uféss‘l'@%)fn prs,eqi a
for formation of the above respective |ayers.

medh S dRASShiPh @1 WRicHIB vE akll Rfated e maaﬁeuooﬂél:&gm%emsi%o a
DC bi as, 02 gas, H20 gas, H2 gas and N2 gas.

maSRd 1861 192 938 HHeBSY (ifoinSatioRRR AP g#a@ﬁ&lcyregq‘?aﬁg 'Hlé?iglﬂ? 100

So as to opti m ze characteristi CS every

or fe%rd&@éﬁ 1|nYomﬁ§35‘ﬁ F8h 88 ni@nd l‘gl: rﬂecflalﬂgl%Of £ Hé'gd%?%tumt

I s adjust conf’i

109 %ﬁ@lﬁﬁ@ﬂéﬁﬁe ﬁ’xfaOﬁJﬁ% h@?&j'lw"}ela{t%%glhe JQ%&BE X c%i:&lhé/ fhedium 100
mfrom Ularrage

| ayer 1s a layef for protecting t
an® A #&BRing and reproduction signal processing system 104,

2

[0038]

The recording and reproduction signal processing system 104 can process data
supplied from the outside to obtain a recording signal, supply the recording signal to the
magnetic head 102, and process a reproduction signal from the magnetic head 102 to
send data to the outside.

[0039]

As the magnetic head 102 used in the magnetic recording and reproducing
apparatus of the present invention, not only a magneto-resistive (MR) element utilizing
anisotropic magnetic resistance (AMR) as a reproducing element, but also any of the
magnetic heads suitable for higher-density magnetic recording, those having a GMR

element using a giant magneto-resistive (GMR) effect and a TuMR element using a
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by contact with a head. A carbon filmor a SiQ2 film
etc. is used as the protective |ayer, and the carbon
filmis ordinarily used. For formng of the film a
sputtering or plasma - 17 CVD nethod etc. is used,
and the plasma CVD net hod has been ordinarily used in
recent years. A magnetron plasma CVD can al so be used.
The filmthickness is from about 1 (nm to 10 (nm,
tunsebingpentyan bonsesbout 2 (nm) to 6 (nn, and nore
preferably from2 (nm to 4 (nm. [0037] Fig. 3
shows an exanpl e of a perpendi cul ar magnetic recording
and reproduci ng apparatus using the above
EXs9¥IBERGSi cul ar magnetic recordi ng medium The
per pendi cul ar magnetic recording and reproduci ng
appaf@40$ shown in Fig. 3 includes the nagnetic
recordi ng medi um 100 having the structure shown in
Fi g. The peesemeavanniot Wikl ®e eRrplainkd beldhi Bhwal bVESanaplek.
rotates the magnetic recording medium 100, a magnetic
(Exeeade 10Comphmative Egangls 1) nf or mati on on the magnetic
recordi ng medi um 100 or reproduces information from
t he magRetmechaderidiwigc® dlatiRubdRate ol gD G4 rsbt"ﬁas‘%’i)a%uated in
103 whi ch noves the nagnetlc head 102 relative to the
adﬂﬁ@@ﬁih&oﬁﬁqquunj(H@dhqaklOO and a recordi ng and
reproduction signal processing system 104. [0038] The
reco[@jany and reproduction signal processing system
104 can process data supplied fromthe outside to
obt agfbquietBT & N EmARRYIc uBHBRbYerl Dol mezﬁﬁgg hmga'

to the nmagnetic head 102, and process a rfeproducti

ikl 10 i) ST Mty IRY e s SRR
haﬂﬁ@ﬁ]ﬂii&l@ue@@gpjﬁj{rﬂ@ Ve (S RRUQIUAE Bbstrate in an Ar atmosphere at a gas
pressure of 0.6 (Pa). Subsequently, as a seed layer, a NilOW film having a thickness of
8 (nm) was formed at 0.6 (Pa) in an Ar atmosphere.  As an intermediate layer, a Ru
film having a thickness of 10 (nm) was formed at a gas pressure of 0.6 (Pa) and a Ru
film having a thickness of 10 (nm) was formed at 10 (Pa), in an Ar atmosphere.

[0042]

As a first magnetic recording layer, a 91(Co15Cr20Pt)-9(SiO,) (mol%) film
having a thickness of 10 (nm) was formed at 5 (Pa) in an Ar atmosphere. As a surface
unev.enness control layer, a Pt film, a film having a laminated structure of Pd and Ru, a
Pt50Cr film, a Pt50Ti film and a Co30Ta film were formed in each thickness of 0.6,
0.6/0.4,1.2, 1.2 and 1.8 (nm) at a gas pressure of 0.6 (Pa) (Examples 1-1 to 1-5).
Subsequently, the substrate was heated at 200°C for 8 seconds. As a second magnetic

recording layer, a Co20Cr15Pt5B film having a thickness of 7 (nm) was formed at a gas

pressure of 0.6 (Pa) in an Ar atmosphere. In Comparative Examples, no surface
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apparatus of the present invention, not only a

magneto-resi stive (MR) elenent utilizing anisotropic

magneti c resi stance (AVR) as a reproduci ng el enent,

but al so any of the magnetic heads suitable for

hi gher-density magnetic recordi ng, those having a GWR

el ement using a giant nmagneto-resistive (GWR) effect

and a TuMR el enent using a 18 tunneling effect can be
uneysadess CEXNANPAIES (0D 40 vithTitcheptimsefie substvate heaimg)yia Bt fiim, a

expl ai ned bel ow by way of Exanples. (Exanple 1,
fillShapagatlammatedsmptrelof Al araicRiu m RiB@Ohilm, iarPtséiTithimaand a

gl ass substrate for HD was set was evacuated in

Coadvafite wee: foernedrin dach thicki¥sSof 76)0.6/0.4, €951.2[00418 (nm) at a
Subsequently, as a soft magnetic under |ayer, a Co |

gadPrabstire 6 0.6navi Mgthaut héﬂu@%ﬁ%ﬁbstﬂfe 2Qedont Magnatifkecdidinp
having a thickness of 0.6 (nm and a Col oraszr film

layBawe8 @rinell C6KPREEVOEXZRPIEN D] 1¥E f"@ f akBfoefiteN8yer, a C film
substrate in an Ar atnosphere at a gas pressure of

wab f@middad obibs pap&ithiduiar ﬂ@@tl@&%@rdll@g’ﬁédluﬁq Nl OWfilm
having a thickness of 8 (nm was fornmed at 0.6 (Pa)

i N apdg43at nosphere. As an internediate |ayer, a Ru
fllmhaw ng a thickness of 10 (nm was forned at a -gas

- presgylike &Eul&nﬁ}fv&ﬁéﬁdl@\ﬂﬁ’r rﬁaﬁ'étlc fécbfﬂlﬁ’gafﬁ'e@ig (BxdRbIEKDESS 1-5

of 10 (nm or med at inan Ar "atnosphere.

and COfdhratif ExhhpRE 1ma{gnlet7j & lﬁtﬁfé%td\kfﬁga gﬁé’@ and "fhe rec rding and
91( Col 5Cr 20Pt ) - 9( Si @ 10g 1 Ravi g a Lhi ckness

rep%d&e@hd éHnath@ﬁtlés‘)\K'&%%vﬁﬁlat@d ()Er) %F nb% Rd /Wrn%t y mle [2‘52 and a

Asa surface unevenness cont Faver .

Spirstah 330 NP AR LTy BLLHCYNE Rhpdu8Rfl, Bdondostatic

characteristics were evaluated by a Kerr measuring apparatus.  Also, surface
unevenness of the second magnetic recording layer was observed from cross-sectional
TEM images.

[0044]

With respect to Examples and Comparative Examples, the measurement results
of high signal-to-noise ratio: SNR, coercive force: Hc, reverse magnetic domain nucleus
forming magnetic field: -Hn, AHc/Hc, and Ra of the second magnetic recording layer
surface are shown in Table 1. In Table 1, with respect to the crystal structure of the
surface unevenness control layer, a face-centered cubic structure was abbreviated to fec,
a hexagonal closest-packed structure was abbreviated to hep, and a body-centered cubic
structure was abbreviated to bcc.

[0045]

As is apparent from Table 1, in Examples, both AHc/Hc and Ra show values

smaller than those of Comparative Examples and it is considered that distribution of the
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Pt50Cr film a Pt50Ti filmand a Co30Ta filmwere
formed in each thickness of 0.6, 0.6/0.4, 1.2, 1.2
and 1.8 (nm at a gas pressure of 0.6 (Pa) (Exanples
1-1 to 1-5). Subsequently, the substrate was heated
at 200C for 8 seconds. As a second magnetic recording
Iayer a Co20Cr15Pt5B filmhaving a thickness of 7

nm  was forned at pressure of 0.6 (Pa%$hn an
eXCW%ﬁWéﬁH@r‘éas ﬂmpweg% ‘dlattgringtharghyeisnproing SNRac dhe
19 unevenness control layer (wWth or w thout heating
reasg Why SbbEtle i ot h@atqvn@)everatmglﬁ Rlarim a gonditibmwhithhieatingais
| am nated structure of Pd and Ru, a Pt50Cr film a
smabbershan thet inm conditan WIbeOTeating wheveareurievenmeds contedddyer is
thi ckness of 0.6, 0.6/0.4, 1.2, 1.2 and 1.8 (nn) at a
abseghgs pmssteradghatfdigribut{d@edf thaNxtdhenge iheaddting imcraisbd iy aesylt of
a second magnetic recording I|ayer was forned
segrégaoiopaf &lriof e (oCaRyH £bn,%s thd wcdndithagriSic aeqordihg tdyel €aused by
layer, a Cfilm was fornmed to obtain a perpendicul ar
heatimggneti ¢ recordi ng nmedium [0043] To the resultant
per pendi cul ar magnetic recordi ng nedia (Exanples 1-1
to 1-5 and Conparative Exanples 1-1 to 1-7), a
| ubri cant was applied, and the recordi ng and
reproduci ng characteristics were evaluated by using a
Read Wite Analyzer 1632 and a Spinstand Si 701 MP
manuf act ured by Guzi k, USA. Subsequently,
magnetostatic characteristics were evaluated by a
Kerr measuring apparatus. Al so, surface unevenness of
the second magnetiic recording | ayer was observed from
cross-sectional TEMinmages. [0044] - Wth respect to
Exanpl es and Conparative Exanpl es, the neasurenent
results of high signal-to-noise ratio: SNR, coercive
force: Hc, reverse nmagnetic donmai n nucleus formng
magnetic field: -Hn, AHc/Hc, and Ra of the second
magnetic recording | ayer



surface are shown in Table 1. In Table 1, wth respect
to the crystal structure of the surface unevenness
control layer, a face-centered cubic structure was
abbreviated to fcc, a hexagonal closest-packed
structure was abbreviated to hcp, and a body-centered
cubic structure was abbreviated to bcc. [0045] As is

appar ent_fraom 'IL';hI 1, in anpl es, both AHc/ Hc and Ra
show vakues= el bet dhamibosanoh| Shaparative |
Exanpl 6§ 808 B15iS | Eohst dpled thal | 8ISty 1:ut | o, of| the
20 exc._ﬁ__g@*gr%es_ga@tg B S 3 D BEeE %glatgemgg
t her ebyai BpFoyi ﬁgngNFg aThe| o re as Qn| vy | & G HcE s |ndt
i npr oved, <eVed | Thelghe Ra 3 & cord|t|-on W t-h| heating
is sndll 81°% han ?Ith R B "RShpT tOH" I thdet— heat i ng
when an unevenness|control|layer is [apsent,|dsS
consi dered ithat i striputipn of the~exchanges = .,
. Y 4 AT = O
i nteradt Eon Gnergased asgal r@sulF [f |SEHIE0aS @nsof O
of a CoCBEPt{Bfilm @t@s@m@n@@%:m@@@g
| ayer, |cBused by~ heat|ng.| 21 t~c$T§1F1;c~nqp§nﬁnc~
nN~~n X 0iX 0!X 0/X 0/ X 0O/ X 0o X o X[ X{X X X~y Ol a _
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[0047]

The perpendicular magnetic recording medium and the magnetic recording and
reproducing apparatus using the magnetic recording medium of the present invention

can be used in the field of an information technique, and has high industrial applicability.
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~. 22 | NDUSTRI AL APPLI CABILITY [0047] The
per pendi cul ar magnetic recordi ng medium and the
magneti ¢ recordi ng and Eroduci ng apparatus using
t he magnetic recording ma@ &m6f the present invention
can be used in the field of an information technique,
and has high industrial applicability. - 23 CLAIM
1. A nethod for manufacturing a perpendicular nagnetic
1. r ecodinagodréatimmmuiguumirg & pergeralindarnpapnetic eccorilisd matiam
and at |east a soft magnetic under |aver, an
compiigng atnioomagmeicrsabsttate @and atdemmgnef: mohemmlirdieﬂ tiybRyer
constituted of two or nore | ayers and a protective
orikgiygon E@rtrokthyen) atrhepnato regriid lay&uwoastitated of two or more layers
and a protective layer formed on the nonmagnetic substrate,
the method comprising
a step of forming a first magnetic recording layer having a granular structure
constituted of ferromagnetic crystal grains and crystal grain boundaries made of a
nonmagnetic oxide or nitride on the nonmagnetic substrate side,
a step of forming a second magnetic recording layer constituted only of
ferromagnetic crystal grains,
a step of forming a surface unevenness control layer for decreasing surface
unevenness of the first magnetic recording layer located between the first magnetic
recording layer and the second magnetic recording layer, and

a step of heating the nonmagnetic substrate so as to decrease a surface

roughness Ra of the second magnetic recording layer to less than 2 nm.

2. The method for manufacturing a perpendicular magnetic recording medium
according to claim 1, wherein the film thickness of the surface unevenness control layer

is within a range from 0.5 to 3 nm.
3. The method for manufacturing a perpendicular magnetic recording medium

according to claim 1, wherein at least one layer of the surface unevenness control layer

has a face-centered cubic structure.
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the method conprising a step of fornming a first
magneti c recording | ayer having a granular structure
constituted of ferromagnetic crystal grains and
crystal grain boundaries nade of a nonmagnetic oxide
or nitride on the nonmagnetic substrate side, a step
of formng a second magnetic recording |aver
constituted only of ferromagnetic crystal grains, a
step of form ng a surface unevenness control |ayer for-
decreasing surface unevenness of the first nmagnetic
4. r ecordie methashfer niaoufatednpetpegendichier friagséticeeR8ink Gnedium
recordi ng |layer and the second nagnetic recording
acdoagieg to elain &, whepinodt ldasadrengydr be tH&:%F@Q@@ﬂévEm?e‘é?%rﬁx%tl Gayer
so as to decrease a surface roughness Ra of th
furtec bada haggetd] claseqpadiddgtavas to | ess than 2 r im 2.
The nethod for manufacturing.a perpendi cul ar nagnetic
recording medium according to claim1l, wherein the
filmthickness of the surface unevenness control |aver
5.1 s wirhénfetodrfanganifeitifg @ ptiPeriiBillur Ragddh r@%ﬁ@iﬁg nle@fum
manuf acturing a perpendlch magnet i1 c recordi ng
acdoedihgfo clae oy di ng to cIa|n11, wherein at | east one
| ayer of the surface unevenness control laver has a
f acewnenirestachscoid By&tdrigd éﬂl‘fﬁce uné&nnés ca—ﬂ?olggep% Id & of an
manuf act uri ng a perpendi cul ar magnetic recor
allé¥eghiatérinl according to claim 1, wherein at |east one
| 'ayer of the surface unevenness control |aver further

has @hitexaaanalat a9t leidddnkede&Ld HE tnlu[flg gro%‘g r?g{gfeglents having

nmet hod for nmanufacturing a perpendi cu

a fic@&@ﬁt@féﬂ%uﬂﬁ@tﬂﬁmur@&cé)ﬁlq{n n@%ngﬁtaérm ellequg %ﬁ%c?%cf {'rom the

| east. one | ayer of the sur UNevenness
group Y@ Eleh®nB¥BAGingla Ky-centered cubic structure,

and also has both a (111) plane-aligned crystalline structure and an irregular

layer lattice formed by mixing a face-centered cubic structure with a body-centered

cubic structure.

6. The method for manufacturing a perpendicular magnetic recording medium

according to claim 1,

wherein at least one layer of the surface unevenness control layer is made of an
alloy material

which contains at least one elemént selected from the group of elements having
a face-centered cubic structure as a main component, and elements selected from the
group of elements having a hexagonal closest-packed structure,

and also has both a (111) plane-aligned crystalline structure and an irregular

layer lattice formed by mixing a face-centered cubic structure with a hexagonal closest-
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alloy material which contains at |east one el enent
sel ected fromthe group of elenents having a
face-centered cubic structure as a nmain conponent, and
el enents selected fromthe group of elenents having a
body-centered cubi ¢ structure, and al so has both a
(111) plane-aligned crystalline structure and an
rregular layer lattice forned by mxing a
Paﬂ&@é%@éﬂ¥%red cubic structure with a body-centered
cubic structure. 6. The nmethod for manufacturing a
per pendi cul ar magnetic recordi ng nmedium according to
claim1, wherein at |east one |ayer of the surface
7. unev dieasghabier neinufaaengiapenpaeicnfar amagnetid eyorditgehedibm
whi ch contains at | east one elenent selected fromthe
aceprding toklaghdpent s having a face-centered cubic
structure as a main conponent, and el enents sel ected
f r omvitieeein gt loap ont lagteoftht surtf@oel ungvambexagaorlayer is made of a
cl osest - packed structure. and also has both a (111)
Codllye- al i gned crystalline structure and an irregul ar
| ayer lattice formed by m xing a face-centered cubic
st r ucthicleconitdins 40 A©XAGPNE mEleAFTEH andAD atBEARHEGr less of Cr.
structure. 7. The nethod for manufacturing a
per pendi cul ar magnetic recordi ng nedium according to
claim1, wherein at |east one |ayer of the surface

8. unev dmessh&didk hduiaeiehg |aSpeF&‘§ﬁlcﬁfar ﬁlaog@ucaxleké}}dm g sl
contains 40 atom c % or nore Co and 10 atom c 96or

act®@8gab claim 1, wherein the nonmagnetic substrate 1s heated at a temperature

within a range from 90 to 170°C before formation of the surface unevenness control

layer.

9. The method for manufacturing a perpendicular magnetic recording medium
according to claim 1, wherein the nonmagnetic substrate is heated at a temperature
within a range from 150 to 250°C after formation of the surface unevenness control

layer.

10. The method for manufacturing a perpendicular magnetic recording medium
according to claim 9, wherein the nonmagnetic substrate is heated within a range from 3

to 10 seconds.
11. A magnetic recording and reproducing apparatus comprising a magnetic

recording medium, and a magnetic head for recording information on the niagnetic

recording medium and reproducing information from the magnetic recording medium,
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8. The nethod for manufacturing a perpendi cul ar
magneti c recordi ng nedium according to claim1,
wherein the nonmagnetic substrate is heated at a
tenperature wthin a range from90 to 170C before
formati on of the surface unevenness control |ayer. 9.
The method for manufacturing a perpendi cul ar magnetic
recordi ng nedium _according to claim1, wherein the
wWhatsiEIgTeagneTs [aserding medigntis shemagnetis reconging atedian
W thin a range from 150 to 250C after formation of the
magyfacised bnthgengibedacsordingio claimybr. 10. The nethod for
manuf acturi ng a perpendi cul ar magnetic recordi ng
medi um -according to claim9, wherein the nonmagnetic
substrate is heated within a range from3 to 10
seconds. 11. A magnetic recordi ng and reproducing
apparatus conprising a magnetic recording nmedium and
a magnetic head for recording information on the
magnetic recording nmedi um and reproduci ng i nformation
fromthe magnetic recording nmedium 26 wherein the
magneti c recording mediumis the nagnetic recording
medi um manufactured by the nethod according to claim
1. - 27
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