}ijeSeSI,SF\(GT,l?/ MAGNETI C RECORDI NG MEDI UM THE METHOD OF MANUFACTURI NG
THE SAME, " AND THE MAGNETI C STORAGE USI NG THE MAGNETI C RECORDI NG MEDI UM 5
-Field of the Invention The present invention relates to a maﬂneti

o
recordi ng nmedi um nounted on an external storage of a corrpﬂmw wmmmgm‘ a

magnetic storage, the method of manufacturing the nmagneti
medi um and the magnetic storage using the magnetic recordi ng«meghtum 10
Prior Art For realizing nagnetic recording media exhibiting a high

recording density and conpatible with a | owfl oating-hei g‘% magneti ¢ head,
vari ous conposiM EQHE RECORDPEYGhMEIBEEM, pAdblss METHOPh®OFragnet i c

| ayer of 15 th i i i var L QuUs enrj t he
nonmagneti c unmﬁ%@@g&aﬁg{]@:gmg né{l\@yi _ra[@f Wbmrﬁ%%nagneti C
substrate. Al thopoRAKRNTSHNGETHIMEGNEEC RECORDING MEBTEMOr t he
nonmagneti ¢ substrate at present, a polyner resin substrate, the so-called

pl astic substrate, has been proposed recently for the nonmagnetic
substrate. 20 Problens to be solved by the Invention For facilitating

| ower - hei ght floating of the nmagnetic head so that the higher recording
density realized .in the magnetic recording nedia may be fully utilized, it
is req%ir leh‘ipg’é}?f’ehﬁﬁ'd’r?é{‘}c recording media to be used 25 reliably for a

long tine in er Vis S vallaliad Staal I i.r.e : tic
recordi ng rred?g%f 5’?£s| gl tlglg%ﬂéeﬁ%]lageda;t& i%ﬁ%‘é"?ﬁutﬁ%i gﬁéo\%ﬁﬁé‘grg@gg{\}gl opi ng
i n the nearouhntédba,an exteenaketbrage iofilal goniputed andngudh ammagnetay stoeage,
environnents. The conditi o?s under. whi ch the magngtic recordi ng

; di
expected tRP pge ané‘,naéié_%ﬁHnF‘tgpﬁk_l‘?/em?gE%‘llﬁl LegprEng, y%o%ndagge' 2 are
hum d 80 aatagq}%ﬁ%%r?(:{f e%ﬁhk\fﬁeqﬁg%‘gét%%%cgﬁﬁmgﬂﬁﬁﬂpl d appliance makers

| t

require t gret1 ¢ Pecordi Ing normally for five
year sjzunder the conditions described above. IS necessary that the
magnetic recording nmedi a for househol d appliances be manufactured with 5
| ow cost sPrirtAugh the pol ymer resin substrate is hopeful for the

substrate of e magnetic recordi di i I mjnfl.ati (a kind;,.of I
arting) i s e AR chE rEchus dnatanBrpabiiRe Schikh ey ey
resin subgbhgte anlOcdRphti®lé Qfith he 16@RERINPheight! $1a8Re B 1RE, Yfaridiy
invention to provide a magnetic recording nedium which obviates the

probl ens demposibiensaond strudtures have heengjoposedffor e imegmtiotayer ¢fr ovi de

t he net hod of manuf.acturi t he gnheti.c recordi.n di ym and t he ghetic
stora Wghfminﬁgneﬂe FREORAtIE. TRedkh dYARIOW A TiAL: dop, the nonmagnelic

undercoating layer and various materials for the nonmagnetic substrate.
Although aluminum and glass are the main materials for the nonmagnetic
substrate at present, a polymer resin substrate, the so-called plastic
substrate, has been proposed recently for the nonmagnetic substrate.
20
Problems to be solved by the Invention
For facilitating lower-height floating of the magnetic head so that the
higher recording density realized in the magnetic recording media may be
fully utilized, it is required for the magnetic recording media to be used
25  reliably for a long time in severer environments. It is also required for the
magnetic recording media for digital household appliances, which will be
developing in the near future, to be used reliably for a long time in severer
environments. The conditions, under which the magnetic recording media

are expected to be useable, extend from very cold —40 °C to very hot and
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15 Means for solving the Problens Usually, an undercoating |ayer is forned
on the plastic substrate or an internediate |layer is fornmed bel ow t he
“magnetic layer to inprove the el ectromagneti c conversion characteristics of
t he magnetic recording 20 nedium Filminflation is prevented from causing
by controlling the structure of the undercoating |ayer or the internediate
| ayer. For controlling the |ayer structure, it is preferable to select an
appropriate material for the undercoating |ayer or the internedi ate |ayer
or to conhuaiidt B8 % pasdt8®r%c redative symedippci 3oy hbesqiredd sapmianceder

whi ch the 25 undercoating |ayer or the internediate |ayer is forned.
Mat er i al smajers wequ@elthag' tthe gnagneliia gecording meshia berwerking normallefat i vel y

i d i nel ude Mo, O i P, TiWand Ru. which facili
bt ai hi no ik aRAro Rty Ghagien. SRt ntd B mitr e Bl B et e
under coat iigh detiteFecdFdinfieniodi £ O doRbehd 1Y Rppliinidas B B ANMREHLAUG I ©.

when the undercoating 30 |layer or the internediate |ayer is forned under a
hi gh ps esdow eostad. Althoughsthizepolymeareedsinl stihstirate isthopéfubforothe smbsthateoses
probl ens o he magnetic recordin ia including.a,pl.gstic substyate, is
caused by Ogéé? éﬁ%ﬂ‘g‘%ﬂf’ B?CQXE%‘E% n(%ﬁ?gﬁﬂpelpd]qcﬁoq ? g%%‘ii ﬁ@Y?leBFté%)n’cs wat er
(noi sture a9 gatd ' I N : L C i rolling
the 5 str eartAl BIUEIRAA Fotbidihe Thiedid el SReTIHE Py RS JEp i

Accor di ngsubstaatd.r st aspect of the invention, there is provided a magnetic

recordi ng medi um i ncl udi ng: a nonmagnetic substrate nmade of a polyner resin
a magnetic | ayer above the nonmagnetic substrate a 10 protection | ayer

above,t he magRret]. Ui | yLr . th .ection
ayer O advant ageuiel B e 20RaBita A8 e BhIeRE U R e Bficha PhREEL
nonmagnet infa ¢y ftakditg hRMeimO Which dbviaRantel Sroblémbrdiseribd® above.
Advant ageousl y, the nonmagnetic undercoating layer is a netal |ayer
It is another object of the invention to provide the method of manufacturing
the magnetic recording medium and the magnetic storage mounting the

magnetic recording medium thereon.

15
Means for solving the Problems
Usually, an undercoating layer is formed on the plastic substrate or an
intermediate layer is formed below the magnetic layer to improve the
electromagnetic conversion characteristics of the magnetic recording
20 medium. Film inflation is prevented from causing by controlling the
structure of the undercoating layer or the intermediate layer. For
controlling the layer structure, it is preferable to select an appropriate
material for the undercoating layer or the intermediate layer or to control
the deposition conditions, especially the pressure, under which the
25 undercoating layer or the intermediate layer is formed. Materials, which
facilitate providing a columnar structure in a relatively wide pressure range,
include Mo, CrW and NiP. TiW and Ru, which facilitate obtaining excellent
electromagnetic conversion characteristics, provide the undercoating layer
or the intermediate layer with a columnar structure, when the undercoating

30 layer or the intermediate layer is formed under a high pressure.



containing an el enment selected fromthe group consisting of (Ru, Re, OCs,
and Mo), an alloy layer conprising an el enent selected fromthe group
-consisting of (Ru, Re, OGs, and Md), an alloy |ayer containing Wand one or
20 nore elenments selected fromthe group consisting of (Ti, Zr, and Cr), or
an alloy layer containing NN and P. According to a second aspect of the

i nvention, there is provided the nmethod of manufacturing the nmagnetic
recording mediumincluding the step 25 of form.ng a Ti Wal| oy undercoating
| ayer under tlltehgséwnr@vealesbtmtoglmdmﬂmt@mmhmhé)@eemr@blem anddea ow

] d ing | dar the, pr. f.5 .hi gher ., the st
o ©or i nGaEtebien et iBle oRPfin, ELEHEES AT Fifitie Jubshiar8y i8S p3° > P
conponent aRRIAfonUAH A teH emBIRase) a9t 9f pRRsibIOks RevEhOReiter (RRistued Of

form ng an alloy undercoating 30 |layer containing Ru) Re or s as the main
conponent fioner eggregatiag tavel Film pimflatior fon60cadking by hoxytrelling héhest ep of

formng a petal u rcoajing layer containing M. .as the main conmponent
t here uﬁHé‘Pt'f’}ﬁ’eor}%?‘és‘!s’g]:eécQﬁtl%g rOTgfeHn éﬁ‘?dlﬁ%{aé’teép of forming an
al | oy undercoating |ayer containing M as the main conponent thereof under

the pressure of 5 mlorr or higher, 5 or the step of formng a NP alloy

undercoati ng |lAayerdingdes 4 hergpr aspasteodfthe imtica, thereeis pidvidddageously,
the magnetic recording medium further includes an internedi ate | ayer on the
nonnagnet Magnedisr rasarding medipm ingludingneapeamagypetic sabstrade mpadeof a ayer

is a netal er cont.ai.ni ng_an.el nt_selected fromthe. group, consisting
of (Ru. RODBHS! RGO e FATRD oBEsh e men Bl B

sel ecl@d bestectibh 1ayer BbeeEThe tinBgnefic (RlerRands, lighid Nibricait Riyle®Yon ayer
containing Wand one or nore elenents 15 selected fromthe group consisting

of (Ti, Zfhe aneteckipn layeran al |l oy | ayer containing Ni and P. According to a
third aspect of the invention, there is provided the nethod of
manuf acturi ng the magnetic recordi ng nediumincluding the step 20 of

formng a i WedJatabhRIyethaliBabAiel Hpsidtink MReRfiA SHihaf 1A0uRT Of

hi gher, the step of Tormng a oy Internediate |ayer under t
pressure abnhmaghetic wniddrcgdtdng layer o tipe ndnfnagnetig sabsttasé. | nt er medi at e

| ayer containing Ru, Re or Os as the nmain conponent thereof under the
press&“f’e of 60 mlorr or higher, the step of formng an alloy internediate

25 | t ad fu i th
oreseure of oo auritaRudy. (e £5pfherdfic MAuEATRAE IRkl POR SREIMTE: | 10
| ayer contahtiifnthdvan aterhbit Selettedofifpaihie gricugr eakistiitesfs (Rie, Re,e0sunel of 5

mlorr or higher, the step of form ng an alloy internediate Iai;er cont ai ni ng
Mo as t he M@k nasosblosie hayam comurisingean: rdepent seglectstl dremorthe ogroumyher,

30 or the (5},e8,i0% AU, e, 0 Bad'Mi8), dhAEYRSA SorkBEing WGha' O B eSSur e
20 more elements selected from the group consisting of (Ti, Zr, and Cr), or an

alloy layer containing Ni and P.

According to a second aspect of the invention, there is provided the

method of manufacturing the magnetic recording medium including the step

25  of forming a TiW alloy undercoating layer under the pressure of 60 mTorr or
higher, the step of forming a CrW alloy undercoating layer under the
pressure of 5 mTorr or higher, the step of forming a metal undercoating
layer containing Ru, Re or Os as the main component thereof under the
pressure of 60 mTorr or higher, the step of forming an alloy undercoating

30 layer containing Ru, Re or Os as the main component thereof under the



mlorr or higher. According to a fourth aspect of the invention, there is
provi ded the magnetic storage including the above descri bed nagnetic
-recording nedium5 nounted thereon. Brief Description of the Drawing Figure
Fig. 1 is a cross sectional view of a magnetic recordi ng nedi um accordi ng
to the first enbodi nent or the second enbodi nent of the invention. 10 Fig.
2 is a cross sectional view of a magnetic recordi ng nedi um according to the
third enbodi nent of the invention. Mddes for carrying out the Invention 15
Now t he i pvessurewf\G0 mTardeshighesrd the stiep afIforming mamesal wndarqoatimgence to

th i ed ] fi which ill tfr,at h f d enmbaqdi t
R n e ML b B Smi Shmebhenl UibSel BRaB DS RORL e,
magneti ¢ Lep@hdKighRHi (MY f66 YrdbAdid® ad Jll({yzﬁrﬁl&égﬁéggtiﬁg%yéf cOnt38hRd

enbodi nent of the Invention. Referring now he” magneti c

r ecor di ngMeds the aczior ainmgprientt theréofratdanthedpressurd o miEsrraod higheat e
formed of a plastic, substrate. 1, an undercoatipg |layer 2, a CoCrPt-Si O2

| ayer &, gt the sipef farmingR Pﬁé@@llos rgpajing reréﬁwferwhwre%surmf%
undercoat'!pﬁ . s formed by depositing a TiWlayer, a CWIlayer, a M
| ayer or a |‘Jl5q¥gx§/1§rﬁeifjnder a pressure between 5 nTorr and 30 nmTorr. The

t hi ckness of the undercoating layer 2 is fixed at 10 nm Then,

environnental tests are conducted in a constant tenperature oven to

i nvest i gat e wishveatagequaly,nfheamagnetic renesdimgomedonm; further vagjudes an3o

di ng. nedi ding to the first. enbodinent. Th ti ding 5
redi a ar o SESPEAISE pyPEPn Jhe mEmAARL IR EPRHEE I8 at 80C and 80

10
Advantageously, the intermediate layer is a metal layer containing an
element selected from the group consisting of (Ru, Re, Os, and Mo), an alloy
layer containing one or more elements selected from the group consisting of
(Ru, Re, Os, and Mo), an alloy layer containing W and one or more elements
15 selected from the group consisting of (Ti, Zr, and Cr), or an alloy layer

containing Ni and P.

According to a third aspect of the invention, there is provided the

method of manufacturing the magnetic recording medium including the step

20 of forming a TiW alloy intermediate layer under the pressure of 60 mTorr or
higher, the step of forming a CrW alloy intermediate layer under the
pressure of 5 mTorr or higher, the step of forming a metal intermediate
layer containing Ru, Re or Os as the main component thereof under the
pressure of 60 mTorr or higher, the step of forming an alloy intermediate

25 layer containing Ru, Re or Os as the main component thereof under the
pressure of 60 mTorr or higher, the step of forming a metal intermediate
layer containing Mo as the main component thereof under the pressure of 5
mTorr or higher, the step of forming an alloy intermediate layer containing

Mo as the main component thereof under the pressure of 5 mTorr or higher,

30 or the step of forming a NiP alloy intermediate layer under the pressure of 5



(relative humdity) for 4 hr.) then at -40C for 4 hr., and again at the
roomtenperature. Then, the magnetic recording nedia are observed under an
-optical mcroscope to find whether filminflation is caused or not. Table 1
5 lists the results. Table 1 Undercoating | ayersDeposition

condi tionsTi Wor WWONI P5 nilor r xOOOL5 mTor r XOOOB0 niforr XOOO O Filminflation
is not caused. X : Filminflation is caused. 10 Qbservations in a

transm ssion el ectron mcroscope have revealed that the CrWlayer, the M

| ayer andmberrngrmhighenr have a col umar structure or a structure near to
the col umar structure. The Ti Wl ayer does not have any columar structure
but has a uniformstructure. In other words, the Ti Wl ayer does not have
any distinctiw ‘Ut gl i i i s ca W
Tayer. o N | SySPtHE 4 B foprlTAsLbaLE T SvBRLoRTNEER K PRl S |

i nfl ati onmagrmaisadrageincduding/ theysiovesdeseibetlanaphetic ne@rdigs imeghibmyer . 20
Second enbodi nent Referring again to Fig. 1, the nmagnetic recording nedi um
accord@ngn!%“%tﬁé theread enbodi nent includes a | anminate forned of a pl astic
substrate 1, an undercoating layer 2, a CoCrPt-Si02 layer 3, a Ti |ayer 4,
a CN | aye . i t . e undercoating layer 2 is formed by
deposi ti ng?,rgef;{ggsf?‘#/t ay%fr:t,q{éo]:r)hg‘%% Fl 1,;? under a pressure between 30 niorr
and 80 niTorr &igordiiggat erobfesezcionatl WsROE NENaghbic t Ricokdiags niditune
undercoating 6. layer 2 is fixed at 10 nm _Then, environnmental tests are
conduct ed aceprdingntn dhe durheembodimenteron dhenveeandyprebadimandr of  the
inflation.is caused or not in the nagnetic recording nedia according to the
second enﬁ%mlﬁé?ﬂ'. The magnetic recording nedia are stored at first at the
room ggnperature, 5 then at 80C and 80 % (relative humdity) for 4 hr.,
then at - 40C for 4 hr., and again at the roomtenperature. Then, the
magneti c recorftign® rMedaacrese sHetionabaviemdef anmegnetial recordingc opadinm f i nd

whether 11 L 8 A0 2 SRS Whne TARL G, 515 the results.

Modes for carrying out the Invention
15 Now the invention will be described in detail hereinafter with
reference to the accompanied drawing figures which illustrate the preferred

embodiments of the invention.

First embodiment

20 Fig. 1 is a cross sectional view of a magnetic recording medium
according to a first embodiment or a second embodiment of the invention.

Referring now to Fig. 1, the magnetic recording medium according to

the first embodiment includes a laminate formed of a plastic substrate 1, an

undercoating layer 2, a CoCrPt-SiOg layer 3, a Ti layer 4, a CN layer 5 and a

25 lubricant layer 6. The undercoating layer 2 is formed by depositing a TiW

layer, a CrW layer, a Mo layer or a NiP layer under a pressure between 5

mTorr and 30 mTorr. The thickness of the undercoating layer 2 is fixed at

10 nm. Then, environmental tests are conducted in a constant temperature

oven to investigate whether film inflation is caused or not in the magnetic

30 recording media according to the first embodiment. The magnetic recording



10 Table 2 Undercoating | ayersDeposition conditionsTi WRU30 m Torr Xx45 m
Torr XX60 m TorrOO_ ~0 mTorr~ OO O Filminflation is not caused. X : Film
‘inflation is caused. Qbservations in a transm ssion el ectron m croscope
have reveal ed that 15 the Ti Wlayer and the Ru | ayer do not have any
columar structure when they are forned under a | ow pressure but have a
columar structure or a structure near to the columar structure when they
are formed under a high pressure. Filminflation is not caused in the TiW

| ayer andmediararel stpued pérfinst atrider rapnp temperature, tloempsr§0°6r and gede 20
Third enbodinment Fig. .2.iS a.cross secti | vi of magneti c recording
medi um ac SHHARNE }‘t‘W%éllﬁyl%ifP’ﬂ‘léWb&%FR@fﬁ _o‘f&&hg’rl %géma' rR8aRB At e FgO/ow t o

Fig. 2, the magnetic hecordi ng medj.um according.to 25 the third,enbadi nent
nei udes ACPRREATEE i Red nsr RaRhe he eBoifihE Rl 4% ablEried LBABF A ayer
8, an int gpeRAl MitrdRYFE t8)fird WAtREer FIBZ ihANBHN 8. cadsdd or Thot. WdHle 11, a CN
| ayer 12 and a |ubricant |layer 13. The undercoating |layer 8 is forned by
deposi §i ndists Thawésaler.,, or a O W1l ayer under a pressure of 30 niforr. The

t hi ckness of the undercoating | ayer ;},aibfeflixed at 10 nm The

Undercoating layers
Deposition conditions TiW CrW Mo NiP
5 mTorr X O O O
15 mTorr X O O O
30 mTorr X O O O

10

15

20

25

O: Film inflation is not caused. X : Film inflation is caused.

Observations in a transmission electron microscope have revealed that
the CrW layer, the Mo layer and the NiP layer have a columnar structure or
a structure near to the columnar structure. The TiW layer does not have any
columnar structure but has a uniform structure. In other words, the TiW
layer does not have any distinctive structure. Film inflation is not caused
when a CrW layer, a Mo layer or a NiP layer is used for the undercoating
layer. Film inflation is caused when a TiW layer is used for the

undercoating layer.

Second embodiment

Referring again to Fig. 1, the magnetic recording medium according to
the second embodiment includes a laminate formed of a plastic substrate 1,
an undercoating layer 2, a CoCrPt-SiO2 layer 3, a Ti layer 4, a CN layer 5
and a lubricant layer 6. The undercoating layer 2 is formed by depositing a
TiW layer, or a Ru layer under a pressure between 30 mTorr and 80 mTorr

according to the second embodiment. The thickness of the undercoating



internediate layer 9 is forned by depositing a Ru layer at a pressure 5
bet ween 30 mTorr and 80 mlorr according to the third enbodi nent. The

t hi ckness of the internmediate layer 9 is fixed at 20 nm Then,
environnmental tests are conducted in a constant tenperature oven to

i nvestigate whether filminflation is caused or not in the magnetic
recordi ng nmedia according to the third enbodi nent. The magnetic recording
media are_stored at first at 10 the roomtenperature, then at 80C and 80 %
(rel ati velaneri Qiisyfixédmat41Gmm. Thenyenvironmeal diests are coaductedaim aat t he
room tenperature. Then, the magnetic recordin ia.ate.observed under an
oot cal ERRHEDE femPEr e QYAB SR EstiR ey PAteB s iR En TH P Sirabi o 3
lists thenhesHl e m%%ﬁc%e@&f&iﬁ?tmgﬂiacg%rﬁi 2o ftAE BdenE b dEmeAY er St he
internediate ayersCrWi VWO m TorrxXe0 m TorrOX80 m TorrOX O~ Film

i nfl ati onThe magneticgedordng medin ard staredrati first atstde. rdons demperatngej n a

transm ssi on el ectron croscqpe have reveal ed that 20 the GGWundercoating
| ayer fas the’é@F@%ra@in Q(%EF@?"UW@“H‘WD;J@F ddari then ay a7 4QGe ornbbrpave
any col umar str.uctt gle but pas aagni fgfm stbgcture. n ot(@er wo(ridsé1 the TiwW
under coat PRY FEABALIEEIORM temaReratiLe- i her foe;pasustic reqerdineggdyy are

i nt er medi %b@eﬂv%&ﬁfn&&rdfﬁgﬁ)ﬁw%i&oﬁo%%%rﬁn@@vl@@héﬂﬂhﬁ ifflatibAScaligsd @
columar structure. Wien the undercoating layer 25 and the internedi ate

| ayer havermoé. Takleelistsctheatesnitar structures, any filminflation is not
caused. Wien the undercoating |layer or the 8 i nternedi ate | ayer does not

have a columar structure, filminflation is caused. Advantageous Effects
of thel\gl nvention 5 According tq\a?)Fge%i nvention, a magnetic recordi ng nedi um
a

whi ch "does not cause any filmin ion in the environnental condition
range betwegn Undercoating layers
Deposition conditions TiW Ru
30 m Torr X X
45 m Torr X X
60 m Torr O O
80 m Torr @) O

O: Film inflation is not caused.  X: Film inflation is caused.

Observations in a transmission electron microscope have revealed that
15 the TiW layer and the Ru layer do not have any columnar structure when
they are formed under a low pressure but have a columnar structure or a
structure near to the columnar structure when they are formed under a high
pressure. Film inflation is not caused in the TiW layer and the Ru layer
formed under a pressure of 60 mTorr or higher.
20
Third embodiment
Fig. 2 is a cross sectional view of a magnetic recording medium
according to a third embodiment of the invention.
Referring now to Fig. 2, the magnetic recording medium according to
25  the third embodiment includes a laminate formed of a plastic substrate 7,

an undercoating layer 8, an intermediate layer 9, a CoCrPt-SiOz layer 10, a



40C and 80C and 80 % (relative humdity), is obtained by providing the
undercoating | ayer on the plastic substrate with a columar structure. 10
15 20 9 Clainms What is clainmed is: 1. A magnetic recordi ng nedi um
conprising: a nonmagnetic substrate nade of a polyner resin 5 a magnetic

| ayer above the nonmagnetic substrate a protection |ayer above the magnetic
| ayer and a liquid lubricant |ayer on the protection |layer. 2. The nmagnetic

recordi ng medium according to Claim1, further conprising a nonmagnetic
under coat iThdayerytl, aCN Haye hfragdea lubricantulayer di3e Ti®. unidercoatingtlayer

di edi di .t al.-m 2, wh iath ti ti
ecord 00 e I ASSOL N L0 A M WIETBLY, e, onERaneLi Mg oo o
Cs, and MpTod THE tHREREES of rtﬁ%%ﬁdél@o&ﬁﬂ?ﬂ?g@f@iéjﬁ%dt& Hah Fhavherein

t he 15 nonmagneti c undercoating | ayer conprisés an alloy conprising an
el ement  séhehmdifteodaydre 9gio dprmed shys tdepasiting AU Rirdayés ataadpidspurd. The
magneti c recordi 2_%% medi um according to Claim2, wherein the_nonmagnetic

under cdat bgtweey 3V Bvkgiri ard 89hmalarsyaceevdingstonthenthivd embedisnen: ect ed

fromthe 0 NSt | f (Tl 1.2 andeCr). 6, e netig r rdi ng
redt um aceBRARsES PR LftbrSedlaetafl FRCAXEN At bm, TRAPESEO b AT o
conpri ses tagtsaire0ooruEpsd $h R0costand _t&n&@rat-ﬂi'@ sRhhedinfestieatd ddiethéng t he
magneti c recordi ng medi um described in Caim2, the method conprising the
step of féimuinflati¢reis caused or not in the magnetic recording media according to

the third embodiment. The magnetic recording media are stored at first at

10  the room temperature, then at 80°C and 80 % (relative humidity) for 4 hr.,
then at —40°C for 4 hr., and again at the room temperature. Then, the

magnetic recording media are observed under an optical microscope to find

whether film inflation is caused or not. Table 3 lists the results.

15 Table 3
Deposition conditions for Undercoating layers
the intermediate layers CrW TiW
30 m Torr X X
60 m Torr O X
80 m Torr O X

O: Film inflation is not caused. X' Film inflation is caused.

Observations in a transmission electron microscope have revealed that

20 the CrW undercoating layer has a columnar structure. The TiW
undercoating layer does not have any columnar structure but has a uniform
structure. In other words, the TiW undercoating layer does not have any
distinctive structure. The Ru intermediate layer formed under a pressure of

60 mTorr or higher has a columnar structure. When the undercoating layer

25 and the intermediate layer have the respective columnar structures, any

film inflation is not caused. When the undercoating layer or the



undercoating | ayer under the pressure of 5 mlorr or higher. 25 10 8. The
nmet hod of' manufacturing the magnetic recording nmedi um described in daim 2,
-the method conprising the step of form ng the undercoating | ayer under the
pressure of 60 mrlorr or higher. 9. The nethod according to Claim?7, wherein
t he undercoating |layer 5 conprises a CrWalloy. 10. The method according to
Claim7, wherein the undercoating Iayer conprises Mo as the main conponent
thereof. 11. The nmethod according to Claim?7, wherein the undercoating

| ayer conpitezmediate layelr| dges not veThecotuthug: atsebwaten dfilmp ioflationgis
wherein the Q%fercoating | ayer conprises a TiWalloy. 13. The met hod
accordingc ‘aim 8, wherein the undercoating | ayer conprises an el enent
selected fromthe group consisting of (Ru, Re and Os) as the main conmponent
thereof. 15 14. The magnetic recordi ng nedium according to daim?2, further
conprising an internedi ate | ayer on the nonmagnetic undercoating |ayer. 15.
The magnetidvanéagrotisrigffectdiofithadnventiony to C aim 14, wherein the
|nterned|ate | ayer .conpri.ses an el enent selected fromthe grog gnsisting

of (Ru? Re, Odiccaringyp the myentign, acRiRgnaBAreeosting mediym.ewhighedoffynet i ¢
recording, %@aygo.gﬁg?ﬂﬂl i difor Y emnlg&ﬂx%[e gleéé}fdlheh%f %Q'b%k&reéﬁler

COI’TpI’I Ses an a onprrsing an e romt group consi sti ng

of (Ru, Rap(®andBEMind 86- %Tﬁﬁlmﬁhhﬁd{ﬁyofsdbmlﬂ@&'b?”bﬁﬁﬁdﬁh tHe to
Claim 14, wherein the internedi ate | ayer cofiprises an alloy conprising W

and an el endeicodeigclagdr 2a theqilabtie sgbstwptecwindi & cognnér ftkiuctude, and Cr).
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18. The mmgnetic recordi ng medi um according to C aim 14, wherein the
internmediate | ayer conprises an alloy conprising Ni and P. 19. The net hod
-of manufacturing the magnetic recordi ng medi um described in Claim14, the
met hod conprising the step of forming the 5 internediate | ayer under the
pressure of 5 niforr or higher. 20. The nethod of manufacturing the nagnetic
recordi ng medium described in Caiml14, the nethod conprising the step of
formng the internediate |ayer under the pressure of 60 niforr or higher.
21. The néilagds according to Caim 19, wherein the internediate |ayer 10
conprises a CWalloy. 22. The method according to Caim19, wherein the
internedisgﬁ Iayqr.co r.ises Mo as the main conponent thereof. 23. The
nmet hod ac %ﬁﬁﬁj? ‘'m 19, wherein the internediate | ayer conprises a
Ni P alloy. 15 24. The method according to C aim 20, wherein the

i nternmedi gt e Wi reBordie mEHRPL E&ﬁ%r@iﬂ%:w alloy. 25. The net hod
according to Claim20, wherein the internediate | ayer conprises an el enent

sel ect ed fromamenmagoetic enbstgatemarte qfRupolRmean®s®) as t he main conponent
thereof. 20 26. The netic storage conpriSing; .a pagnetic recording
medi un® mount ed ’Pﬁgpﬁg‘f?l?aﬁ?eaﬁ?fﬁ@ j ROTHBRE %ﬁ“ﬁ@&ﬁ%&]f‘@ bei ng described in

f dai . CA?CACA 2. A2 A A2 ADAA
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ajcalcalcalcalcalcaljcalc:alcalcalcaljc:al@3= Z e h
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109Z&' () - F" 109@& () - MeZ[ xV4! <10%&' () - ! ~#10% () %I P\ #10%&' ()-, ).

p#109x& (Y&, ) I'Toa aagenetic yeexdinggnedium [aqeording to Claim 3, wherein the
15 nonmagnetic undercoating layer comprises an alloy comprising an element

selected from the group consisting of (Ru, Re, Os, and Mo).

5. The magnetic recording medium according to Claim 2, wherein the
nonmagnetic undercoating layer comprises an alloy comprising W and an

element selected from the group consisting of (Ti, Zr, and Cr).

20 6. The magnetic recording medium according to Claim 2, wherein the

nonmagnetic undercoating layer comprises an alloy comprising Ni and P.

7. The method of manufacturing the magnetic recording medium
described in Claim 2, the method comprising the step of forming the

undercoating layer under the pressure of 5 mTorr or higher.
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11. The method according to Claim 7, wherein the undercoating layer

comprises a NiP alloy.

10 12. The method according to Claim 8, wherein the undercoating layer

comprises a TiW alloy.

13. The method according to Claim 8, wherein the undercoating layer
comprises an element selected from the group consisting of (Ru, Re and Os)

as the main component thereof.

15 14. The magnetic recording medium according to Claim 2, further

comprising an intermediate layer on the nonmagnetic undercoating layer.

15. The magnetic recording medium according to Claim 14, wherein the
intermediate layer comprises an element selected from the group consisting

of (Ru, Re, Os, and Mo) as the main component thereof.

20 16. The magnetic recording medium according to Claim 15, wherein the
intermediate layer comprises an alloy comprising an element selected from

the group consisting of (Ru, Re, Os, and Mo).

17. The magnetic recording medium according to Claim 14, wherein the
intermediate layer comprises an alloy comprising W and an element selected

25 from the group consisting of (Ti, Zr, and Cr).
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