1.9 JAN 2U% MAGNETI C RECORDI NG MEDI UM THE METHOD _OF MANUFACTURI NG THE
SAVE, AND THE MAGNETI C STORACGE USI NG THE MAGNETI C RECORDI NG MEDIUM 5 Fi el d
of the Invention The present invention relates to a magnetic re%%éding

medi um nounted on an external storage of a conputer and such a' dﬁ@tﬂﬂﬁ
storage, the nethod of manufacturing the magnetic recordi ng nedium and
the nagnetic storage using the nagnetic recording nmedium 10 Prior Art For
real i zing magnetic recording nedia exhibiting a high recording density and
conpatible with a ow floating- height magnetic head, various
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substrate at present, a polymer resin Su € 'so-cCa

substrate, has been proposed recently for the nonnagnetic substrate. 20
Problens to be solved by the Invention For facilitating |ower-height
floating of the magnetic head so that the higher recording density
realized in_the nmagnetic recording nedia may be fully utilized, it is
required fopﬂﬂﬂéfﬁ%@ﬁkﬁqniuﬂécording media to be used 25 reliably for a | ong
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mounted on an external storage of a computer and such a magnetic storage,
the method of manufacturing the magnetic recording medium, and the
magnetic storage using the magnetic recording medium.

10
Prior Art
For realizing magnetic recording media exhibiting a high recording
density and compatible with a low-floating-height magnetic head, various
compositions and structures have been proposed for the magnetic layer of
15 the magnetic recording media, various materials for the nonmagnetic
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 lo;zver'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



developing in the near future, to be used reliably for a long tine in
severer environnents. The conditions, under which the magnetic recording
nmedia are expected to be useable, extend fromvery cold -40 C to very hot
and 1 1 9 JAN 2006 hunid 80 C and 80 % (rel ative humidity). Sonk9néAlsai8I d
appliance nmakers require that the magnetic recordi ng nedia be working
normally for five years under the conditions described above. It is
necessary that the nagnetic recording nmedia for household appliances be
manuf act ur dohmidt 1805 °C oando80s% Ardlhughhamedipy). yiener beuselsldsipmisnces
hopeful for the substrate of the magnetic recording nedia, filminflation

(a ki nd of makess neanitenidhatithe magneldc recarfingramdés be werdopaginpgmedly for
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invention to provide the nethod of manufacturing the nmagnetic recording
medi um and loweostg Adthaigdt theagelymamreasng stthstratrimbopeful éoothdi sibateatioum

t hereon. 15 ans for .sol vi t he Prohl ens ual .a der coati ng | ayer
o T ormed Oh thRARAPAEHS CoSunt Medior A TR of J9E PatBPrisg
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characteristics of the maghetic recording 20 nmedium Filminflation Is
prevent ed fsnbstrataisi ng by controlling the structure of the undercoating

| ayer or the internediate |ayer. For controlling the layer structure, it
Is preferable to select an appropriate

10 In view of the foregoing, it is an object of the invention to provide a
magnetic recording medium, which obviates the problems described above.
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.



material for the undercoating |layer or the internediate |layer or to control
the deposition conditions, especially the pressure, under which the 25
undercoating layer or the internediate layer is forned. Materials, which
facilitate providing a columar structure in a relatively w de bPedN;2®0
range, include Mo, OWand NiP. TiWand Ru, which facilitate obtaining
excel l ent el ectromagneti c conversion characteristics, provide the
undercoating layer or the internediate |ayer with a columar structure,
when t he under dodtasnigeerBbeveayet that fihe inflagioredihich p@sesrpriobleos vadthender a
hi gh pressure. 2.1 9 éﬁ\l 2006 |t &aci een re\ieal,ed hat filminflation,

whi ch posedD#FIG mecofling e madiy nicieding. §r dilagtiqretibetiates dai srpise plbé(sti c
substrate, j [ f. [ [ iWle to
orovent walSP et of SiotBf MRARUOR 18 is MGILE 1B ULl watkr (RoBRBEY g
by control lfioig tbgredatiig ugddir 8lmf ihfigtiondéfonoatawndngayer contrblitng the
internediate |l ayer. According to a first aspect of the invention, there is
provi dell a strasgnes plcthectndercoating daxan aridedatergnediatp ®gnet i ¢ substrate
made of a polyner resin; a magnetic |ayer above the nonmagnetic substrate;
a 10 protection | ayer above the nmagnetic layer; and a |liquid |ubricant

llayer on the p(@bedinicORo | @YBFst AGYER! 8HaYESinvertith, MElBARL i& F1eeRed Ag
medi um further includes a nonmagnetic undercoating |ayer on the
nonmagnet i magndic seeordiy Avbdawmagebading: at henmagnatjnstubstuate enadeaof rg

| ayer is a netal |ayer, containi.ng an elenent _sel ected fromthe group
comsi sti ng PEIVILRE, TGN @ MARRCUG/IAYCE na b ey hea PORIARRSICS IS A 18 dment
sel ect gd f pRBdcHBNIRFUP above the magnetic layer; and a liquid lubricant layer on

the protection layer.

Advantageously, the magnetic recording medium further includes a
nonmagnetic undercoating layer on the nonmagnetic substrate.
15
Advantageously, the nonmagnetic undercoating layer is a metal layer
containing an element selected from the group consisting of (Ru, Re, Os, and
Mo), an alloy layer comprising an element selected from the group
consisting of (Ru, Re, Os, and Mo), an alloy layer containing W and one or
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



consisting of (Ru, Re, Gs, and Md), an alloy |ayer containing Wand one or
20 nore elenents selected fromthe group consisting of (Ti, Zr, and C), or
an alloy layer containing Ni and P. According to a second aspect of the
invention, there is provided the nethod of manufacturing the re@nRN 206
recordi ng medi umincluding the step 25 of formng a Ti Wall oy undercoating
| ayer under the pressure of 60 mlorr or higher, the step of formng a W
al l oy undercoating | ayer under the pressure of 5 mlorr or higher, the step
of form ng peesmiral ofUbti e Tort o highaay ehe ciep aif fbngimy a Retar uRdea®ating nmai n
conponent tlhereof under _t he %%essure of 60 mlorr %ri hi gher, the st R of
form ng anlayersspniabups e iasdbsompay epmperent AhergoRundep thy pressyze ohe main
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the step of Torm ng ercoa contarnen

conponent Menheahe URERT cdhipoidfster€ofolinder THEOS FesOtirdofUh @i Tortrhd ilgdpr,0f
formng an all oy undercoating | ayer containing M as the main conponent

t her eof 5 un@sithe lstemekfoznying af NEP alloy runsterggajbeg laysr amdedhe papssafrefaddmi ng a
Ni P all oy unfler co?tél.i ﬁg | ayer under the pressure of 5 mfTorr or higher.
Advant ageodst ¥ ¥he'shtEbneti ¢ recordi ng nmedi um further includes an
internedi ate | ayer on the nonmagnetic undercoating |layer. 10
Advant ageously, the internmediate layer is a netal |ayer containing an
el ement sel ect dilvargageduslyr thy ncagrsitst rewgrding RediRe, fudthemmiclvgys amn
all oy layer, containing one or nore elepents selected fromthe group
consi st i ng Bfermagiatedayergn tgﬁdloﬁ}ﬁl}e}g%ﬁ#ma\‘ﬁ@?mp%?@g?%ﬁ?t aining Wand one or
nmore ehgments 15 selected fromthe group consisting of (Ti, Zr, and Cr), or
an alloy |ayer

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



containing Ni and P. According to a third aspect of the invention, there is
provided the nethod of manufacturing the magnetic recordi ng nedi um
including the step 20 of formng a TiWalloy internediate | ayer under the
pressure of 60 niforr or higher, the step of formng a CrWallo$$8 JAN 2006
internedi ate | ayer under the pressure of 5 mflorr or higher, the step of
formng a netal internediate |ayer containing Ru, Re or Os as the main
conponent thereof under the pressure of 60 mlorr or higher, the step of
form ng an mTb@ayor hieheredi ate 25 | ayer containing Ru, Re or Gs as the main
conmponent thereof under the pressure of 60 niforr or higher, the step of
formng a netal internediate |ayer containi ng Mo as the main corrponent

t hereof under the press mror r hi t he, step of f.

alloy inter nedi%f%%lé’sge oﬁ%“&?*h.%&e W9§§ eprgloﬂ 38 ﬁseﬁ’im‘(lﬁsa]e under
the pr es?“ﬁﬁa%ﬁet& 5ib9hge BiclhdERethe MbvS déé?cﬁb%ﬁ%a% eﬁ@&@adian@g MeQigdhl oy
internmedi ate Tayer under the pressure of 5 4 N 2006 mTorr or higher.
Accor di g taountiedibhebrecspect of the invention, there is provided the
magneti c storage including the above descri bed magnetic recording medium 5

nount ed t heJeo Briet Desgription of.the Drawing Figure Fig. 1 is a cross
sect i onal ﬁéﬁ?scﬁlﬁéﬂh@ﬁ? }38%%%% BPHEdi um according to the first
enbodi nent or tﬂfig seGend @fmgdééﬁﬁ%apfwwe of | AVeREhefle Alofdiflg ddSuf Cr 0SS
sectional view of a magnetic recording nedi um
according to the first embodiment or the second embodiment of the
ivention.
10

Fig. 2 is a cross sectional view of a magnetic recording medium

according to the third embodiment of the invention.

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-SiOgz 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 pres‘sure 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



according to the third enbodi mrent of the invention. Mdes for carrying out
the Invention 15 Now the invention will be described in detail hereinafter
with reference to the acconpani ed drawing figures which illustrate the
preferred enbodinments of the invention. First enbodi ment 20 Fig.14 jaNn 2006
cross sectional view of a magnetic recording nedium according to a first
enbodi nent or a second enbodi nent of the invention. Referring nowto Fig.
1, the magnetic recording nedium according to the first enbodi nent includes
a | am nat e thediaegkeObtote®la@FhiisE o3 USRSt FRLe tdmpdbaturB dek&Pat iguaC | aYE1802% a
COCrPt-Si2 layer 3, a Ti layer 4, a CN layer 5 and a 25 |ubricant |ayer
6. The undérdative hgrhilie) far 4hrf,chendtby-4Gokirt4 he, andidgaliaye the aoGnW

| ayer, a Mo layer or a NP |ayer under a pressure between 5 niforr and 30
mrorr. The temiperaiaws. dthemhdhanaegoeoticinegotdangrmedias are obdermed wpdeimanthen,

environmental. tests are conducted ih a.gonstant tenperature qv 0

ivest | gat SONRE FUEREPRE TR FenrPe” IR HBOR aF CHCth T mndrblS do
recordi §g MRYE ehapcRNEi ng to the first enbodi ment. The magnetic recording 5
19 JAN 2006 nedia are stored at first at the roomtenperature, then at 80C
and 80 % (relative humdity) for 4 hfTapleahen at -40C for 4 hr., and again
i a—are—eobserved

at the roon—tenperature—Fhen—the—ragretic—recordingned
under an optical mi croscope tn find \/\hnmaempaf gA2YSBion is caused or
not. Tabl e [L Dépdsiten conditromsul t sTiWabl p 1CuMder poatilag | ayePMsP

5 mTorr X O O O

15 mTorr X O O O

30 mTorr X O O O

O: Film inflation is not caused. X: Film inflation is caused.
10 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
15  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.

20 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-SiOs layer 3, a Ti layer 4, a CN layer 5

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

25 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



Deposi tion conditionsTi Wor WWeNi P 5 nilorr x000 15 miTorr x000 30 mTorrx000 O:
Filminflation is not caused. x : Filminflation is caused. 10 (Qbservations
in a transm ssion electron m croscope have reveal ed that the CrWI ayer,
the Me |ayer and the NiP | ayer have a columar structure or a st usANIBRD
near to the columar structure. The Ti Wl ayer does not have any col umar
structure but has a uniformstructure. In other words, the TiW |ayer does
not have any distinctive structure. Filminflation is not caused 15 when a
CWlayer, 13yd2l AYfike@Tata10iiin! ARM, ichwiaffnbofaltidgtd B cenahited il ayer .
Filminflation is caused when a Ti Wlayer is used for the wundercoating

| ayer. 20 Seunsiadtdabadiratme dRehdorinngstagptierwhether dilm inflateomegerused or
recordi ng magi.um accor di n& to ({.he second engodi manh i ncl udes ;a J.am nate
formed of &%bIiAsthecMARREHLAegoRding Jeirgarddina P Iy srcnd SMRSGBens; op
layer 3, arThe h¥sltit reBoldink JHEdiadarc?Bibréd |t st 3Rt hed¥Bin BempPBEature,
undercoating layer 2 is forned by depositing a 25 TiWlayer, or a Ru layer
under a5pr ehsnrae 08T wewd 880 TdativathnRlitydor 4 laccidedi atg —t 40°Chérsehond
enbodi nent. The thickness of the undercoating 6 .1 9 JAN 2005 layer 2 is
fixed at 1@1n|dnaga|rneﬁ,th@n@bmotﬂmmlaﬂtureesﬂflserartgem@m@u@mcprd@g IDOAY ANt

t enper at ure,oven ,t o | nvesti gat,e whet her fi i nflati I.Smcaused or ot in
e’ magnet PESTERdrid P UCRER G e ¢ TRLvRet B BT AR e oSl
magneti c r @eiodl MebIzelistAtR okargd at first at the roomtenperature,

10 Table 2
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

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-SiOs layer 10, a



then at 80C and 80 % (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 2 lists the results. 10 Table 2 Undercoati r9|JANei2005
Deposition conditionsTi WRu 30 m Torr XX 45 m Torr XX 60 m Torr00 SO m Torr Q00
O: Filminflation is not caused. X : Filminflation is caused.
Qbservations in a transm ssion electron m croscope have reveal ed that 15

the Ti Wl ayEragad11hg dN 1hpyel2 dadn@lubdyen tilayes AU Mhar usddrdcatih e 1aan t hey
are formed under a | ow pressure but have a columar structure or a

structure reiarformed iy derlogtivag asTlMﬁd:amreoméﬁrWHeyeJanedebarM@lswmeqf 3 high

d in.the Ti W,
Por e unddh Ta,r e thitoe S B e ¥R Genftihariavep S Fredodd it Ty 2
i's a cross 1ﬁ€éﬁﬂé2ﬁ§%e TARH O it (FRABEINE deBOOKING mﬂllyyér @@cwﬂe@guﬁeo 2

third enbodi mnent of the invention. Referring nowto . 2, the magnetic
recordi Ag redween &0 or'thmoand 8026 Tdre atchomiingrtbothmﬂmﬂrdlembndiwm IT&re nat e

formed of g, plastic,.substrate 7, -an undercoating |a 8, an. internediate
layer 9, a tb@‘énpgs ef }Igﬁélpe(jibi e Jayer g is ﬁxeg1 at Z% yﬁ'rhen env1ronmenri;rel

tests are conducted in a constant temperature oven to investigate whether

film inflation is 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 wundercoating 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



19 JAN2DDS Ti layer 11, a CN |layer 12 and a |ubricant |layer 13. The
undercoating layer 8 is forned by depositing a TiWlayer, or a CW|Iayer
under a pressure of 30 niorr. The thickness of the undercoating |ayer 8 is
fixed at 10 nm The internediate layer 9 is formed by depositingld S&N 2006
| ayer at a pressure 5 between 30 nTorr and 80 niforr according to the third
enbodi nent. The thickness of the internediate layer 9 is fixed at 20 nm
Then, environnmental tests are conducted in a constant tenperature oven to
i nvest i gat egnwiaidiate fayor H6dd alot daves acaslaathdr sfigictunf, tilen MAGAcbnCis
recordi ng nmedia according to the third enbodi nent. The magnetic recording
media are sevpedi at first at 10 the roomtenperature, then at 80C and 80 %
(relative humdity) for 4 hr., then at -40C for 4 hr., and again at the
roomtenperature. Then, the nagnetic recording nmedia are observed under an
optical mcroscope to find whether filminflation is caused or not. Table
3 lists thesgwsithEsousleftdalldE tBe PRPOSIi6h ON condi tions forUndercoating

| ayers the internediate layersCCWIi W30 in TorrXX 60 in Torr0X 80 in Torr0X
0: Fil nbi nfl at iAneordingdo Pweubewntin, aFmagnehit|ratowhng snedivesdwh@bsdoasat i ons

i 1 SSi | i h | ed 1. 20 the CTW
under coat | ML FAYEF SRS BuFSA P LhF GRFBPRIoRtd TV (AP BBS P AES T Ryer
does not haye-ailys GORITIAT 3t URLTE DUl RARA HOLEARMA 34 HERHES iR Ot her

words, the TiWundercoatinglay 0es no e any I've ructure.
The Ru int gpiRdbRliehd BY¥RE ohHEBA a8 Sub&rRIER W £ cffumnar structure.
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60 mlorr or higher has a columar structure. Wen the undercoating |ayer 25
and the internedi ate | ayer have the respective columar structures, any
filminflation is not caused. Wen the undercoating |ayer or the ﬁ!??%NJ
20 internedi ate | ayer does not have a columar structure, filminfl%alion
caused. Advantageous Effects of the Invention 5 According to the invention,
a magnetic recordi ng nedi um which does not cause any filminflation in
the environnmental condition range between- 40C and 80 C and 80 % (rel ative
hum dity), is obtained by providing the wundercoating |layer on the plastic
substrate with a columar structure. 10 15 20 9 1 9 JAN 2006 What is

cl ai med i s:What ig\clagads$:i ¢ recordi ng nmedi um conprising: 5 a nonnmagnetic
substrate nade of a polynmer resin;, a magnetic |ayer above the nonnagnetic
substrate;, a protection |ayer above the magnetic layer, a liquid

| ubricant |ayer on the protection |layer, and a nonmagneti c undercoati ng

| ayer on thk norfheigaesticcecnnding mediom ¢ompisingei n t he nonnmagneti ¢ undercoating
| ayer conprises an alloy conprising Wand an elenment selected fromthe
group ceénsi st i ng emMapneticubsiste aade of a polymer resin;,

a magnetic layer above the nonmagnetic substrate;,
a protection layer above the magnetic layer,
a liquid lubricant layer on the protection layer, and
a nonmagnetic undercoating layer on the nonmagnetic substrate;
10 wherein the nonmagnetic undercoating layer comprises an alloy comprising W and an

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

2. The magnetic recording medium according to claim 1, wherein the nonmagnetic

“undercoating layer comprises an alloy comprising Ni and P.

15
3. The method of manufacturing the magnetic recording medium described in claim
1 or 2, the method comprising forming the undercoating layer under a pressure of 60
mTorr or higher.

20 4. The method according to claim 1 or 2, wherein the undercoating layer

comprises Mo as a main component thereof.

5. The method according to claim 1 or 2, wherein the undercoating layer comprises

a NiP alloy.

10



2. The magnetic recordi ng nmedi um according to claim1, wherein the
nonnmagneti ¢ undercoating | ayer conprises an alloy conprising NN and P. 15
3. The method of manufacturing the magnetic recordi ng nedi um descn‘i gﬂ | 9306
claim 1 or 2, the nethod conprising formng the undercoating |ayer u‘nger a
pressure of 60 nTorr or higher. 20 4. The nethod according to claim1l or
2, wherein the undercoating | ayer conprises Mo as a nmain conponent thereof.
5. The method according to claim1l or 2, wherein the undercoating |ayer
conprises a NiP alloy. 10 1 9 JAN 2006 6. The nethod according to claim1l
or 2, wherein the undercoating |ayer conprises a TiWalloy. 5 7. The net hod
accordi ng t® cl aihexnetbod 2gcowting tei ctairh Heor u2y drdreceia thengndeecpeting layEmgeomprsesan

el enent selected fromthe group consisting of (Ru, Re and Gs) as the main
conponent taéiMealfoy. 8. The magnetic recordi ng medi um according to claim1 or
claim2, further 10 conprising an internmedi ate |ayer on the nonmagnetic
undercoating | ayer, wherein the internediate | ayer conprises an all oy
conprising Wand an el enent selected fromthe group consisting of (Ti, Zr
and Cr) .5 9.7-The Thggmethod raseerdingnig eleinn amrac%owgerﬁ@ the cungerepgtingnhlay®si n t he
internediate 15 | ayer conprises an alloy conprising Nl _and P. 10. The

nmet hod of rREAPIIERS 2t PiREePhselpalgA Stare the cspwn eRPSITERY Wi (RésBe rRE @S #S B¥eai m

8, the nmethod conprising the step of formng the internediate | ayer under a
pressure ofM3NrGRARONERt HeRek: .

8. The magnetic recording medium according to claim 1 or claim 2, further
10  comprising an intermediate layer on the nonmagnetic undercoating layer, wherein
the intermediate layer comprises an alloy comprising W and an element selected

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

9. The magnetic recording medium according to claim 8, wherein the intermediate

15  layer comprises an alloy comprising Ni and P.

10. The method of manufacturing the magnetic recording medium described in claim
8; the method comprising the step of forming the intermediate layer under a -
pressure of 5 mTorr or higher.

20
11.  The method of manufacturing the magnetic recording medium described in claim
10, the method comprising forming the intermediate layer under a pressure of 60

mTorr or higher.

25 12 The method according to claim 10, wherein the intermediate layer comprises a

CrW alloy.

11



20 11. The method of manufacturing the magnetic recordi ng nedi um descri bed
inclaim 10, the nmethod conprising formng the internediate | ayer under a
pressure of 60 nTorr or higher. 25 12. The method according to %gginllo
wherein the internediate |ayer conprises a CtWalloy. 11 19 JAN ?Aﬂéﬂﬁ
The nethod according to claim8, wherein the internediate | ayer conprises
Mo as a main conponent thereof. 5 14. The nethod according to claimS8,
wherein the internedi ate | ayer conprises a NP alloy. 15. The nethod
according to claim8, wherein the internedi ate undercoating | ayer conprises
a TO alloy. 10 16. The nethod according to claim@8, wherein the
i nt er medi at €3.1 ayEie pethpt iagesidiag to BhirM®)iwvhesliretheattefniciaté REeOEsmiise® M St i ng
of (Ru, Re or Gs) as a nmin conponent thereof. 15 20 25 12

as a main component thereof.

5 14, The method according to claim 8, wherein the intermediate layer comprises a

NiP alloy.

15. The method according to claim 8, wherein the intermediate undercoating layer

comprises a TiW alloy.

10
16. The method according to claim 8, wherein the intermediate layer comprises an
element selected from the group consisting of (Ru, Re or Os) as a main component
thereof.
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