;" e3eFUFR "R6T8= Magneti c Recordi ng Medi um and Manuf acture Mt hod

Theref ore and Magnetic Recording Apparatus Field of the | nvemm‘mmmmﬂm
present invention.relates to a nagnetic recording medi umtha mm%le
to a vertical magnetic recording nmediumor the like nounted in vagkdaus
magneti c recordi ng apparatuses including external storage devices for
conputers, as well as a manufacturing nethod fox this nagnetiﬂmummmmmmNWM|
medi um and a magnetic recordi ng apparatus. Prior Art For mag

recording nedia that are desired to have increased density and reeispes

noi se, various conpositions and structures of a magnetic |ayer, materials
for a nonmagnet MagheticRdcapditig Madhnt d Mak efabaie Maélsod Thedgforeathd | N
particular, in recent years, a nagnetic |ayer commonly referred to as a
"granul ar magnetic | ayer" hadldgeetic Recopbisedpparatbsi ch a nonmagneti c
nonnmetal | i ¢ substance such as an oxide or nitride surrounds the periphery
of magnetic crystal grains. For exanple, Japanese Patent Application Laid
Open Pu?i%&a%ioz No.. 8- 255342 proposes that noi se be reduced by

sequent TANT 9F P ARYEREER 2 nonnegnetic film a ferromagnetic film and a
nonmagngs, rés'ell i V@lﬂg)ntljaﬁlges}}%%tﬂl%ekig?ec%%cﬁﬁé(mteﬁ)iu {HE: & %QMI@F}O a[@e(}att,aql ng
| ayer in ich ferromagnetic crystal grains are dispers &t he
nonmagneddghefid teBdrdidk hBAISNLASEe HESnAAMEBG Rriobs hldgMbtiSree DRSS aBftuses
silicon oxide, a silicon nitride, or the like. Further, U S. Patent No.

5, 679, 4TxkladHAg extbrml storapeiediced for somgutarsCas\ivell ad ahg@ifadopéd methbd & thisi de
such as SiOz to carry out RF sputtering in order to forma granular

recor di mepemetieracordity medinmgaed penagnetie peiconding apparatus.separ at ed from one
anot her and surrounded by a nonmagnetic oxide, thereby achieving a

hi gh-coercive-force He and reduced noise. 1 1 i The reason such a
granula&kﬂggggtic filmfeatures reduced noise characteristics has been
assunmed to be that a nonmagnetic, nonnetallic grain-boundary phase

pPhysi calfoy nigRatAfebSrdiniem BRI TRt dre AbsdiStoHaPMRAG BN LR dnd rOBRKE Rolshle
magnetic interaction anong the magnetic grains, thereby hindering zigzag
magnet i Gacloa@tdmpbsitioss hh@Riraeiudes 6/ ARENndtR 16Pa0 ahitdighlPidr 4 haibdnefid base
regions. A conventional CoCr-based netallic nagnetic filmis forned at high
t enper atlayeesands ¢he hl¢ h@ve ibgers pgrpegat dd fartienlUo-ib aseaht ygreetal magneticnisyend
deposited at a grain boundary to weaken the magnetic interaction anong the
magnet i Comenlys refegsodtar as jan “erapplanunagnebig glager chasabean prapesesy i rtlguddar y
phase is a non net i .N0 tallic substance whjch is nmore likely to be
Ceposi ¢ EAFREREE Perpper e APYREH S sth 3k 8P b {Fe du HIdk ARG 584 BXHThs™ He
magnet i G, o %h@%ﬁl@&iﬁ 2l atively easily isolated. In particular, for
conventional  CoCr- based metal | ic magnetic |layers, it is essential to

i ncrease the tenperature of the substrate to 200 C or higher during film
formation in order to sufficiently deposit Cr. In contrast, for the

gr anul arForegamplec Jhparese Pavean Afplieation hnidsOper Pablicsitioh d¥d. $123H342 profokes
nonmagnetic, nonnetal lic substance is deposited to_ provide excellent
magnet i dhategisedeaeduced by saanpnsinby stagking aaonmagneticilsy. edereprmpenetiofiln: 4nds .

Probl enms to be Saql yed by the. Invention ver, the granul ar magnetic .| ayer
s oompasiEngns S A, ok bothHE e Sack  Ior hBTeRle o AUt OR hich

mat eri al y i.n-hau I .Skl . ely.c,
nonnet al PaaRdlcY oy Bl SN0 8 WMAd B Ehe SBA33het0 ot T ITBAISUL
fornmed bynehagRéetid Mk 8 doRpEE8SBa sTIREHNBLIE aGRROAGSIdE riths LiRO _

el ectromagneti c conversion characteristics are substantially determ ned by

the conpounding ratio of magnetic material and oxide or nitride, and the

room pressure during filmformation. Thus, few factors are available to
suppr essfurthes, Uéh Beteny No2 5,679,473 describes a method of using a CoNiPt target doped with

an oxide such as SiOz to carry out RF sputtering in order to form a granular recording film
in which magnetic crystal grains are separated from one another and surrounded by a

nonmagnetic oxide, thereby achieving a high-coercive-force Hec and reduced noise.



It is thus an object of the present invention to adjust the parti al
pressure of HaO0 in an Ar gas atnosphere when a magnetic filmis forned, in
order to provide a nmagnetic recordi ng nmedi um havi ng excel | ent

el ectromagneti ¢ conversion characteristics such as reduced noi se, as well
as a manufacturing nethod for this magnetic recording nedium and a
magneti c recordi ng apparatus. Means for Sol ving the Problens The present

i nvention provides a magnetic recording nedium conprising at | east a
nonmagneti ¢ base | ayer, a nonmagnetic internediate |ayer, and a nagnetic

| ayer sequentially stacked on a nonnagnetic substrate, wherein the partial
pressur ellef rekisdh suchangrinubt msgmietic dilmSeatondsr elhed ivel dhgrddtdrinticohambean t o
make crystal grains constituting the magnetic layer finer in order to

obt ai n aasavmwgtmb@mt@ nAnmagnefic, tepmetaiiac mgnbw@anaybarsem&ly@eﬁbbge@arms fine

crystal ﬂl’al ns havin a unlform i‘ n siz exhi biti.n tgrromat ne |sm
and a ndRfagREIetE RS r%u‘?ﬂi’aﬂ} B F%lfo’dﬁﬁ’b thy, magngtic C‘P%ﬁ‘ jongRmPng the, g
is for s 1o _hgve .e conyer.si o

R T R e e R

recordi qgcd}ggggmtrgﬁglglgﬁﬁegmge the nonmagnetic base layer may conprise W
M, Vor a W Cr, or Valloy containing 10 at% or nore and 50 at % or

| ess Ti. The nonrragnetlc internediate | ayer may conprise Ru, Ir, Rh, Re or
a Ru, Ir, Rh, or Re alloy containing 10 at% or nore and bO at/ or less Ti,
C, W MA coxwe@tiona‘[ﬁk:(hdxaaabmetailﬁc sapsdticafilen ivefprived et highdknpemtuigh.amsthat
chem cally reinforced gl ass, plastic. The present invention provides a
net hod ofr H’hﬁ%ﬁra@tt%ﬁf ifl‘r‘i’gl Lo rh&@?f’e a@nﬁ%srwwnﬁé&mﬁeéyats acfiyaif beyndpry to

st acki ngwatk & st a ng nettl c base Itg% a nonma ﬁ_ﬁl c inter ITEdII(iItl
| ayer, a%8Rd 1 ‘é‘ FASHI™ BORE OR RERC B e (ONeET™ viRe? AP YRR
parti al IB.E dh e?fth'é'%Qal fi;oﬁﬂdaﬁ*& pRhIPE RN S deRe GO Rbh AR dibstaige frhichis

formation to nmake ‘crysta grains “constituting the magnetic |ayer finer in

order tomektigldly & HOEYsTted tRANCS i €he BHok RA| tHebynBDAAtdg6ol sy Bllowisig the
conposed of fine crystal grains having a uniformgrain size and exhibiting

f er r omagmegnesinigaaids to beartmiyalytdasilyisalatedooundary surroundi ng the fine
crystal grains, and is formed so as to have excellent el ectromagnetic
conversion characteristics including reduced noise In this case, the

partial pressur of H20 dur.in fo ITB.tI n ontrqglled to t
or der Pnl@“??“’? for, ﬁ‘H“’ﬁPté‘P‘?? ‘It'ﬂ(y%a@ lct Fi‘é eéﬁgg’yf”fSoM 28 fsi"@tlép'f‘brr
to 2 x 1‘%c1%a Olile: teA L k”ﬁefo&”éh%ast 'boé}aé% t%.‘ﬁ@é%%% eg%[%r ?S%E’Fm MOl &%g%' ng
t he nonmagne T EeStb: vanc on can provi
magnet i Cyof §EREiH N d@;pﬁﬁsr@ﬁ LI% &)ﬁmaléﬁ, Sfblnﬁlet Eﬁ‘mular magnetic layer, even if a film is

formed without heating, the nonmagnetic, nonmetallic substance is deposited to provide

excellent magnetic characteristics and electromagnetic conversion characteristics.

Problems to be Solved by the Invention

However, the granular magnetic layer is composed of crystal grains consisting of a metallic
ferromagnetic material and a crystal grain-boundary layer consisting of a nonmagnetic,
nonmetallic material such as an oxide or nitride. If a magnetic layer is formed by a
sputtering process, magnetic characteristics and electromagnetic conversion characteristics
are substantially determined by the compounding ratio of magnetic material and oxide or
nitride, and the room pressure during film formation. Thus, few factors are available to

suppress this tendency.



above-descri bed magnetic recordi ng nmedi um nmounted therein. Brief
Description of the Drawings Fig. 1 is a sectional view show ng the
structure of ,a magnetic recordi ng nedium according to the present
invention. Fig. 2 is a block diagram showi ng an exanple of the
configuration of a sputtering apparatus used to manufacture a nmagnetic
recording medium Fig. 3 is a characteristic diagramshow ng the noi se
characteristics, one of the el ectromagneti c conversion characteristics of

t he magnetic recording medium and nore specifically the variation in noise
vs. linear density. 4 Fig. 4 is a characteristic diagramshow ng the SNR
char act dt isthusan abjeet of tHehpre@dne dhventiag ne hdjnst theverrtiaopresduas of HeOlis ance of

t he magnetic recording nmedium and nore specifically the variation in SNR
vs. | i nezas agmpsnhere whema rBagnstig fidindg fermed) inuetdentd prpvideea nuigseticaredorgive
according to the present invention conpared with those according to a
convent i BeHRMAAYIRY excelfany elegtrpmagnetisonyqraion sharacerighsssnch g viehicet Meisgr ea
ratio vs. t ramillustrati

X Qg graysgal &rain si}z‘ed Iij"_g.mjista}:dia1 L X 8% i
conpar i S5n%elhAs AhRanyfastupne gpethed fqr this, masngtic recoriing medim, and 4 mAgpec ¢
the pr quggrdjng\ég Ll @ Wi th those according to the conventional exanple.
Fig. 8 is a per Bectl ve view show ng an exanple of the configuration of a
magneti c disk drive in which the nagnetic recording nmediumis acconmodat ed.

Means for Solving the Problems

The present invention provides a magnetic recording medium comprising at least a

nonmagnetic base layer, a nonmagnetic intermediate layer, and a magnetic layer

sequentially stacked on a nonmagnetic substrate, wherein the partial pressure of H20 in an

Ar atmosphere is controlled during film formation to make crystal grains constituting the

magnetic layer finer in order to obtain a uniform grain size, so that the magnetic layer is

composed of fine crystal grains having a uniform grain size and exhibiting ferromagnetism
and a nonmagnetic grain boundary surrounding the fine crystal grains, and is formed so as

to have excellent electromagnetic conversion characteristics including reduced noise, thereby

providing a magnetic recording medium.

In this case, the nonmagnetic base layer may comprise W, Mo, V or a W, Mo, Cr, or V alloy

containing 10 at% or more and 50 at% or less Ti.

The nonmagnetic intermediate layer may comprise Ru, Ir, Rh, Re or a Ru, Ir, Rh, or Re alloy

containing 10 at% or more and 50 at% or less Ti, C, W, Mo, or Cu.
The nonmagnetic substrate may be crystallized glass, chemically reinforced glass, or plastic.

The present invention provides a method of manufacturing a magnetic recording medium by

sequentially stacking at least a nonmagnetic base layer, a nonmagnetic intermediate layer,



Enbodi ment An enbodi nent of the present invention will be described bel ow
kn detail with reference to the drawi ngs. Magnetic Recordi ng Medi um First,
the structure of a nmagnetic recording medi umaccording to the present
invention will be described. Fig. 1 shows a cross section of a magnetic
recordi ng nmedi um 100. The magnetic recordi ng nedi um 100 i s conposed of a
nonnagneti c base | ayer 2, a nonmagnetic internediate |ayer 3) a granul ar
magnetic |ayer 4, a protective layer 5 and a liquid |ubricant |ayer 6
sequentially stacked on a nonmagnetic substrate 1. 5 The nonmagnetic
substrate 1 consists of crystallized glass, chemcally reinforced glass, or
pl ast i c.anfhemaguetirdaerioa abamendgayter substrate; ailipese theqfartidl gybssuve of HD My/an\Vb,
Cr, or V alloy containing 10 at% or nore and 50 at% or less Ti. The
nonmagnett atmaspkeravelcentrolledydaring film foomptisw tio ofakRgrystal griinp chestnting Fhe |1,
Rh) or Re alloy containing 10 at%or mpre and 6Q at%or less Ti, C, W M,
or Cu. m%grﬁrﬁﬁwearﬁ%gmeﬂe& tp qhtain 2 ynifopyEEainetize ro thatdhe magnstic avsr i 4a
exhi biting ferr netism and.a nonmagnetic grai n boundary 4b surroyndi ng
the 11 néoRPYEE RF ATyeeel riume fRvig L uaiioran gty Piaf agd sah e Pyromgencbom
ferromagpgt HEh i i , . In
this cagﬂgl,Qi 21t %ﬂﬁ par teip‘glg&g{r@gtzlg%ép (%Jfl%%dll}{%agenﬁ&e?&gt&éng p?}rgsf 3&‘??( féglﬂ?é (LS(% ®d

during ftolhavé SceBdrt@ectrOmbphidtR@bnvR6ibR EhdrattefiERdsndidige @dducbEndibgle crystal
grains 4a in order to obtain uniformcrystal grains. Vﬁen t he processed

fine crystal grains 4a have a uniformgrain size and exhibit
ferromagneti sm el ectronagnetic characteristics such as noise

char act el thiscase, shgip kiRl preayue pEH:Q dyuving Elm fymatiap maydg confmellgdde the prdgr
Met hod manuf act uri ng et hod for fhe nmagnetic recording medi um 100
w11 be GaD2TBHGRR pitiErbly SR Bl e sh B o Rhctebid 0 rPan of
sputtering apparatus 200 used to

A film formation process may be executed without heating the nonmagnetic substrate in

advance.

The present invention can provide a magnetic recording apparatus comprising the

above-described magnetic recording medium mounted therein.

Brief Description of the Drawings
Fig. 1 is a sectional view showing the structure of a magnetic recording medium according to

the present invention.

Fig. 2 is a block diagram showing an example of the configuration of a sputtering apparatus

used to manufacture a magnetic recording medium.

Fig. 3 is a characteristic diagram showing the noise characteristics, one of the
electromagnetic conversion characteristics of the magnetic recording medium, and more

specifically the variation in noise vs. linear density.



manuf'acture the magnetic recordi ng nedium 100. The sputtering apparatus 200
s conposed of a chanber 210 in which a filmis formed, el ectrode sections
220 arranged ,at the | ateral opposite ends of the chanber 210 to generate 6
hi gh-frequency fields (RF), an inlet 230 provided at the top of the chamnber
210 and through which an Ar gas flows into the apparatus, and a hi gh-vacuum
punp 240 provided at the bottom of the chanber 210. The el ectrode sections
220 are each conposed of an RF cat hode el ectrode 221 and an RF power supply
222 used to generate plasma in the chanber 210. To nmanufacture a magnetic
recording nmedium a crystallized glass substrate with snmooth surfaces is
first priigi dedsas theracteristigndibgrams udhstvirgt e¢hd. SKNRe chaixsteriaties, hase ndt tlizeen
heated. Heating is omtted because the present invention is characterized
by pr oviedgctngmagnetic venviarsinn Hesra¢terstiashefr thet magraticcrecayiding medium, tandsmore

obt ai ned when the substrate_has been heated with a conventional Al or gl ass
medi um SPecifically tg? @%?‘Fb‘?"t‘F‘ong}?}‘r"d nga Y& is comonly deposited by
heating, and for a granular filmthe deposition is facilitated using a
matri x of an oxide or the |ike. Then, the nonmagnetic substrate 1 is washed
and i ntrmguged 4 QiQrdMSnARYAGES bNO nBRP AN YRR2DQordfile B tHY pBASHIPLRSRNSE Of
15 niforr, a nonnagneti c base layer 2 consisting of ‘Ig|50at%l}V| s fornmed on

t he nonneagipatddcwishi Bisdsé aé@rding & Dconkétioh@bexaddpld0 nm Then, at an Ar gas
pressure of 15 mforr, a nonmagnetic internediate |ayer 3 consisting of Ru
is formed on the nonmagnetic base layer 2 to a thickness of 10 nm Then, at
an Ar gas pressure of 15 nmlorr, a CoCrioPti4 target doped with 7 nol % Si Gs
i s used ¥ig 6@rarﬁhargat%rrﬂmcaipamﬁéwwg|thg/errea4fa%mvq-%be erystahgneEn sige.i nt er nedi at e
| ayer 3 to a thickness of 15 nm During filmformation, the partial
pressure of HzO in the Ar atnosphere is controlled. In this case, during
filmforgatdsQn,; al. .S ercC . of
10 5 TortE NBrsib PRk in BRI Gnr P G Fu R o B8 IPdel 4Pl °)
10" 8 Torgecérding t¥ tAOpRsdhitfifivenfion with those according to the conventional example.

Fig. 8 is a perspective view showing an example of the configuration of a magnetic disk drive

in which the magnetic recording medium is accommodated.

Embodiment
An embodiment of the present invention will be described below in detail with reference to

the drawings.

Magnetic Recording Medium
First, the structure of a magnetic recording medium according to the present invention will

be described.
Fig. 1 shows a cross section of a magnetic recording medium 100.
The magnetic recording medium 100 is composed of a nonmagnetic base layer 2, a

nonmagnetic intermediate layer 3, a granular magnetic layer 4, a protective layer 5, and a

liquid lubricant layer 6 sequentially stacked on a nonmagnetic substrate 1.



The control of the partial pressure of H20 will be described. The term
"partial pressure" as used herein indicates the pressure of a particular
conponent in.a mxed gas. Ar nol ecul es do not account for one hundred
percent of the high-vacuum Ar at nosphere) but various nol ecul es are present
in this atnmosphere. In this exanple, in the Ar atnosphere during film
formation, the partial pressure of HaO is 10'9 Torr or higher (i.e. 10'8
Torr, 10-i Torr, ...). By way of exanple) when the atnosphere contains 20%
oxygen (Oz) and 80% nitrogen (Nz) (under the condition that no other gases
are present) at 1 atm i.e., 760 Torr, the partial pressure of Oz is 152
Torr andiiehsonpeaghneti¢ spliistmtelneconsistzof icBysCdlBzeloglass, Ah@hh B kdinforded \pddssSor
consisting of a carbon filmis then stacked on the granul ar nagnetic | ayer
4 to a tHaslkeness of 10 nm The stack is then renoved fromthe vacuumin the
chanmber 210. Subsequently, a liquid lubricant layer 6 is applied on the
protective layer 5 to a thickness of 1.5 nm In this manner, the magnetic

recor di medi um 100, construycted as sh i n. Fig. pr ed. ..
Epor | meHIOARIF O b JRUT R EHBLPES S MPeY o dreics b TS Chapining e
el ectr onganeld Y] teristics of the produced magnetic
recordi ng ngakgwﬁggégﬁﬁﬂ?%ggn%%?gribed. 1. Noise and SNR Characteristics
Fig. 3 shows the results of measurenents of noise characteristics) one of
t he el ectromagneti c conversion characteristics of the magnetic recording
medi um 1T nobmeagnbiig intermsdibate layee 3nioicempededrofi®ue 1, Rh, Be orsw Rib,i IncBh, aelsi ty
Ld neasured using a spin stand tester with a GVR head (nmagnetic-resistance
head) . 8alloycomtaining deatdt esmars and §0rpttors lepa Jine?.iW, Mecas (i ng nedi um 100 of
the present invention, produced so that the partial pressure of H20 during
filmformation was 10'9 Torr. Curve B denotes noise that occurred in a

convent i.gnal t] ondi ng di 1:0..¢ 4= ShQ he r.esujts o
measur enent & g?‘ﬁ? ﬁeﬁ@ﬁ&ﬁ%hé%laegt é;rl?sstcl %&?Jégné)f of;"?et hcg%t;l rdifis J;J ex‘?ﬁbmng
ferromagnetism and a nonmagnetic grain boundary 4b surrounding the fine crystal grains

4a. The fine crystal grains 4a exhibiting ferromagnetism may be composed primarily of, for

example, Co (cobalt).

In this case, the partial pressure of H20 in an Ar atmosphere is controlled during film
formation to further reduce the grain size of the fine crystal grains 4a in order to obtain
uniform crystal grains. When the processed fine crystal grains 4a have a uniform grain size
and exhibit ferromagnetism, electromagnetic characteristics such as noise characteristics

and SNR characteristics can be improved.

Manufacturing Method

Next, a manufacturing method for the magnetic recording medium 100 will be described.

Fig. 2 shows an example of the configuration of a sputtering apparatus 200 used to

manufacture the magnetic recording medium 100.

The sputtering apparatus 200 is composed of a chamber 210 in which a film is formed,

electrode sections 220 arranged at the lateral opposite ends of the chamber 210 to generate



el ect'romagneti c conversion characteristics of the magnetic recordi ng nmedi um
100. This figure shows the signal to noise ratio (SNR) vs. the |inear
density Ld. Qurve.C denotes the SNR of the magnetic recordi ng nedi um 100 of
the present invention, produced so that the partial pressure of H20 during
filmformation was 10'9 Torr. Curve D denotes the SNR of the conventional
magneti c recording medium In this case, the neasured sanples are assuned
to provi de equival ent reproduction outputs. Fig. 5 shows the results of
conmpari sons of noise 250 and SNR 251 according to the present invention

wi th those according to the conventional exanple. Al values were obtained
t hr ough higlafeqesmey fisldat(RE), lanriskat 23kpwivided lat thef topp tlexihmatbet §10a0 #FGgh The
noi se 250 is 36.70 according to the present invention, whereas it is 62.81
accor di righiely apHr gasnflewyi M@nghe appaypiue, amtharhiglyvacuuny pump2domroyidedat thn

o e AP BY BRBLR L 0 S S 2L B 120
convent | SHaloe AR on BISISR, Sut 20, BRSSPk e A G Do ©

described. In general, FCI (Flux Changes per Inch) x TPl (Tracks per Inch)
= Bits/in~ (surface recording density) (at present, the standard value is
appr oxi med alayiufadtulfd Rl thagnketie ré&drdihgRrédiemPa cifitalipelilhbL adbistate @ithtdaeotiDD
(Hard Disk 9 Drive). HD (Hard D sh manufacturers evaluate the tested

char act esirfacéscs findt prosadédtis the nonulegnetio sdbsteatrilne t o what Bits/in2 the HDis
equi val ent. However) it is assuned that a value of approximately 200 KFCl
is the limt of neasurenents using the spin stand. This relates to a wite

head h i bilj h of . Th N .he .
embod nehts SRR hioapt bk heyroE e e tnPied b ahp T b M RrHR e
the radi 45.£Qizch s ;H@Qﬁg%‘ogvéne&ﬁfl tNbalRE! TP iRS sifmildF o thbdebbtdiRed

rotation speed N sét at O rpm Then, the nolse and SNft val ues neasured

at a |i neRén gRNSubstradé hHQ0bdhCheatdd; Griclo P adrRdntichal KINRAEIaSS Mediurh) jtSisad
Gains Fig. 6 shows the area ratio vs. the crystal grain size. The crysta

grai n siprecomditionethat meatystsl isgeomnidnoly (epagitsdrbg ieating| aadt foonigramaler fibsdhe) .
For exanple, a surface ratio of 40%on curve E neans that approxi mately 40%
of alil ggﬁgp@’élalpn i farikitatpdyeing pymataix ofamprideprde lde. 5.5 nmor 7 nm Curve E
denotes the distribution of crystal grain sizes in the magnetic recording
medi um 100 of the present invention, produced so that the partial pressure

of H20 ing fi r ' 10 orr,.. rve  k 99
ai stri but 1t RSBV 1 Rahel i s BHANR T RO MR IR mmarates g
medi Um  900. At an Ar gas pressure of 15 mTorr, a nonmagnetic base layer 2 consisting of Tib0at% W

is formed on the nonmagnetic substrate 1 to a thickness of 10 nm.

Then, at an Ar gas pressure of 15 mTorr, a nonmagnetic intermediate layer 3 consisting of

Ru is formed on the nonmagnetic base layer 2 to a thickness of 10 nm.

Then, at an Ar gas pressure of 15 mTorr, a CoCri0Pt14 target doped with 7 mol% SiOz is used
to form a granular magnetic layer 4 on the nonmagnetic intermediate layer 3 to a thickness

of 15 nm.

During film formation, the partial pressure of H20 in the Ar atmosphere is controlled. In
this case, during film formation, the partial pressure of H20 is controlled to the order of 109

Torr. More preferably, it is controlled to within the range from 2 x 108 Torr to 2 x 10 Torr.



Fig. '7 shows the average grain size 260 and standard devi ati on 261
according to the present invention determned fromcurves E and F in Fig.

6, and conpar.ed wi.th those according to the conventional exanple. The
average grain size 260 is 6.3 according to the conventional exanple and 5.0
according to the present invention. The standard deviation 261 is 1.74
according to the conventional exanple and 1.5 according to the present
invention. These results indicate that the crystal grains according to the
present invention have a smaller grain size and a snaller variation in size
t han those according to the prior art. This, 10 in turn, indicates that

t he pr esBretcontrlarfthepnrsiel predsure ofldi@ wilhke desysbal. grains finer and nore
uniform The results of the experinments indicate that by controlling the
parti al pressure of H20 in the Ar atnosphere during filmformation, the

crystal ai ns constituting the qranul ay, magnetic |ayer 4 can be nmade finer
and nor rFF’f‘Brli‘ﬁ ‘PLW&W‘% ’?‘Fp‘r‘st?(}qﬁbe“éf‘ 'fartewﬁwmser%e’mw At component
char act ahlaahhed et 2Rl & AR AN, BRAE RARARRSLah} e YRR fm o
Recor di ng Aﬁpar A oms gepunt OhSPe oP ﬁe’con Pgur of ™4

magnet i Gdiogihetd, Ib\a@ v§ﬂ9ué ﬁomn@sl afb lmgaﬁtlh Ghis St RoelHAge. rrﬁ%wex;%leom% ed
by controlling the partial pressure of H20 in the Ar at mosphere i s
accommodat &hospherd/Butifg @lm FdrntdtppotHeqrhriiyl BBssAEebSH i1 TapgeHighent.eand
opposi te the magnetic recording medi um 100. The GWR head 301 is

rot at i onk¥® TorndP&doby ... Byiveey dekimplet wheBO8 atswepheze doriteims 2% dxgean (02

Advant ageous Effects of the Invention The present invention grOV|des a
magnet i ARt Bl F@eﬁéHNHPéW&P|cgv4i&°aﬁh4teaos<tthar FRsPraghRresenthak d atmy ke, a

on . nor{heghost HE¢ Bl SentGhay Ble Tper e hrr i BecelF SR i Tt Ay

at nosphere is controlled during filmformation to make crystal grains
constituting the magnetic layer finer in order to obtain a uniformagrain
si ze, SOA ph@bctivalaf@on edststingyd¥la bGP ARASE thedf sthélRd & diet @anGlhadinikgnbEy i Ng
a uniformgrain size and exhibiting ferromagneti smand a nonmagnetic grain
boundar ylagerr4 ouniickpessd 10i me. Threysadd is ghexi resnovéd énoef the epcannming tiet dhamber
recordlqgﬁnedlun1can be produced that has excellent el ectronagnetic

conver si characteristics such as reduced noi se and an increased SNR 11
Clainms 1. A magnetic recording medium conprising at | east a nonmagnetic
base | ayer, a nonmagnetic internediate |ayer, and a nagnetic | ayer

equent | gllote AT KE o 1R AAATRBAE o SRR RIS pedthdlle M BIGSIfincgs of

recordi ng ne racteri ze pressure o

in an Ary 8LERIRBRE Sndrhef QAL hlghede fUﬂSﬂdﬂ% thbdilhd R0 EhbERRth® a Bl Sy REFigr ySt al
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Next, the electromagnetic conversion characteristics of the produced magnetic recording

medium 100 will be described.

1. Noise and SNR Characteristics

Fig. 3 shows the results of measurements of noise characteristics, one of the electromagnetic
conversion characteristics of the magnetic recording medium 100. This figure shows the
noise characteristics vs. linear density Ld measured using a spin stand tester with a GMR

head (magnetic-resistance head).
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denotes the SNR of the conventional magnetic recording medium. In this case, the measured

samples are assumed to provide equivalent reproduction outputs.

Fig. 5 shows the results of comparisons of noise 250 and SNR 251 according to the present
invention with those according to the conventional example. All values were obtained

through measurements at a linear density L.d of approximately 200 KFCI.

The noise 250 is 36.70 according to the present invention, whereas it is 62.81 according to
the conventional example. Therefore, the present invention enables noise to be reduced by

approximately 50%.

The SNR 251 is 13.26 according to the present invention, whereas it is 11.17 according to the
conventional example. Therefore, the present invention enables the SNR to be reduced by

approximately 5%.

Here, the linear density Ld will be described. In general, FCI (Flux Changes per Inch) x TPI
(Tracks per Inch) = Bits/in? (surface recording density) (at present, the standard value is

approximately 50 KTPI). The TPI depends on the specifications of the HDD (Hard Disk
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the magnetic recording medium 100 was 35 mm, with the rotation speed N set at 5400 rpm.

Then, the noise and SNR values measured at a linear density of 200 KFCI were compared.

2. Comparison of Crystal Grains

Fig. 6 shows the area ratio vs. the crystal grain size. The crystal grain size was measured
using a TEM (transmission electronic microscope). For example, a surface ratio of 40% on
curve E means that approximately 40% of all crystal grains have crystal grain sizes of 5.5

nm or 7 nm.

Curve E denotes the distribution of crystal grain sizes in the magnetic recording medium
100 of the present invention, produced so that the partial pressure of H2O during film
formation was 10° Torr. Curve F denotes the distribution of crystal grain sizes in the

conventional magnetic recording medium.

Fig. 7 shows the average grain size 260 and standard deviation 261 according to the present
invention determined from curves E and F in Fig. 6, and compared with those according to
the conventional example.

The average grain size 260 is 6.3 according to the conventional example and 5.0 according to
the present invention. The standard deviation 261 is 1.74 according to the conventional

example and 1.5 according to the present invention.

These results indicate that the crystal grains according to the present invention have a

smaller grain size and a smaller variation in size than those according to the prior art. This,
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characteristics such as the noise and SNR characteristics.

Magnetic Recording Apparatus
Fig. 8 shows an example of the configuration of a magnetic disk drive 300 in which a
magnetic recording medium 100 produced by controlling the partial pressure of H20 in the

Ar atmosphere is accommodated.

A GMR head 301 supported by an arm 302 is arranged near and opposite the magnetic
recording medium 100. The GMR head 301 is rotationally moved by a voice coil motor 303

used to drive the head.

Advantageous Effects of the Invention

The present invention provides a magnetic recording medium comprising at least a
nonmagnetic base layer, a nonmagnetic intermediate layer, and a magnetic layer
sequentially stacked on a nonmagnetic substrate, wherein the partial pressure of H20 in an
Ar atmosphere is controlled during film formation to make crystal grains constituting the
magnetic layer finer in order to obtain a uniform grain size, so that the magnetic layer is
composed of fine crystal grains having a uniform grain size and exhibiting ferromagnetism
and a nonmagnetic grain boundary surrounding the fine crystal grains. Therefore, a
magnetic recording medium can be produced that has excellent electromagnetic conversion

characteristics such as reduced noise and an increased SNR.
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10"#x %ﬁga‘éﬁ&}/&%bégate Qth the magnetic recording medium being characterized in that:

the partial pressure of H20 in an Ar atmosphere is controlled during film formation to make
the crystal grains constituting said magnetic layer finer in order to obtain a uniform grain
size,

so that said magnetic layer is composed of fine crystal grains having a uniform grain size
and exhibiting ferromagnetism and a nonmagnetic grain boundary surrounding the fine
crystal grains, and is formed so as to have excellent electromagnetic conversion

characteristics including reduced noise.

2. The magnetic recording medium according to Claim 1, characterized in that said
nonmagnetic base layer comprises W, Mo, V, or a W, Mo, Cr, or V alloy containing 10 at% or

more and 50 at% or less Ti.

3. The magnetic recording medium according to Claim 1 or 2, characterized in that said
nonmagnetic intermediate layer comprises Ru, Ir, Rh, Re or a Ru, Ir, Rh, or Re alloy

containing 10 at% or more and 50 at% or less Ti, C, W, Mo, or Cu.

4. The magnetic recording medium according to any of Claims 1 to 3, characterized in that

said nonmagnetic substrate is crystallized glass, chemically reinforced glass, or plastic.

5. A method of manufacturing a magnetic recording medium by sequentially stacking at
least a nonmagnetic base layer, a nonmagnetic intermediate layer, and a magnetic layer on
a nonmagnetic substrate, with the method being characterized in that:

the partial pressure of H20 in an Ar atmosphere is controlled during film formation to make

the crystal grains constituting said magnetic layer finer in order to obtain a uniform grain
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6. The method of manufacturing a magnetic recording medium according to Claim 5,
characterized in that the partial pressure of H20 during film formation is controlled to the

order of 109 Torr, and preferably to within the range from 2 x 108 Torr to 2 x 10 Torr.
7. The method of manufacturing a magnetic recording medium according to Claim 5 or 6,
characterized in that a film formation process is executed without heating said nonmagnetic

substrate in advance.

8. A magnetic recording apparatus characterized by comprising a magnetic recording

medium according to any of Claims 1 to 4 mounted therein.
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