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APPLI CATI ON The present application is filed under 35
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US C 119(e)(l), of the filing dates of Provisiona
Application No. 60/661,901 filed March 16, 2005,
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The present invention relBESSRIRTIONTagneti c recordi ng
medi um used in hard di sk devices and the like, a
producti on nethod of the magnetic recordi ng nedi um
and a magnetic recordi ng and reproduci ng appar at us.
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expected that this trend will continue in the future.
Consequently, the devel opnent of magnetic recording
heads, and the devel opnent of magnetic recording
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60/661,901 filed March 16, 2005, pursuant to 35 U.S.C. § 111(b).

TECHNICAL FIELD
[0001]
The present invention relates to a magnetic recording medium used in hard disk
devices and the like, a production method of the magnetic recording medium, and a

magnetic recording and reproducing apparatus.

BACKGROUND ART

[0002]

The recording density of hard disk devices (HDD), which are one type of
magnetic recording and reproducing apparatus, is currently increasing at an annual rate of
30%, and it is expected that this trend will continue in the future. Consequently, the
development of magnetic recording heads, and the development of magnetic recording

mediums suitable for high recording density is being advanced.

[0003]



For magnetic recordi ng nmedi uns used for hard disk

devices, a structure where a netal filmis |am nated
wonom/mesdastrate for a magnetic recordi ng nedi URCIDYPI00€304680

sputtering nmethod is nmainstream Moreover, for a

substrate used for a magnetic 7ecordi ng nedi um

al um num substrates and gl ass substrates are w dely

used. There éxangeiddo dfcrease dheurtondingsdensity eftreadetic yekesdiag mediums

mrror polished Al-My alloy with a Ni-P type all oy

dsed forftmrdr@gk devichs tepeliet vidthe: ddnand! bl £KREESv@hent in coercive force,
approximately 10 mm by el ectrol ess deposition, with a

S 8@ tionsh eRfaiingRei s further mrror finished. For
the gl ass substrate, there are two types which

resp Lvel y.use anorphous dl a r crystallized

o asa Or gt ol R oRRE PRl hsfl Totar B S i erpgure where o
mrraor finished is used. [0004] Conventionally, in

‘HSBL@W 15 lpaisted one sbsiratadogRmagrgtioyeqesding imedivm dydhe kputtering
devi ces, a nonmagnetic undercoat |ayer (N -A type

mpthedis npipsiGrant. yMereaiven orar subkieatk uked) for 2 niagRet@rebiding medium
m ddl e | ayer (Co-Cr, Co-Cr-Ta type alloy or the like),
adumngnedubstratey fid 166 sGbstiiteskde widelhsddt - B type al | oy

or the like), and a protective layer (carbon or the
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substrate, whereupon a I'cating layer conpr

a0 L4 j s forne 005]  Furt.hernorg, .
TR R VA i o R o SRR o el el imppoximately 10
na netei c di sk devices, and the |ike, there is a need to

CeRRo PILioR.cwigh asWdRGe e TaakWhICk rfurtger mimresrfinished.
where the magnetic anisotropy is provided in the
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el ectromagnetic transfer characteristics favorable.
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substrate where NP is plated on an al um num al | oy
used.
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[0004]

Conventionally, in magnetic recording mediums generally used in hard disk
devices, a nonmagnetic undercoat layer (Ni-Al type alloy, Cr, Cr type alloy or the like), a
nonmagnetic middle layer (Co-Cr, Co-Cr-Ta type alloy or the like), a magnetic layer
(Co-Cr-Pt-Ta, Co-Cr-Pt-B type alloy or the like), and a protective layer (carbon or the
like) are sequentially deposited on a nonmagnetic substrate, whereupon a lubricating
layer comprising liquid lubricant is formed.

[0005]

Furthermore, together with increasing the recording density of magnetic disk
devices and the like, there is a need to make the magnetic recording mediums a
configuration where the magnetic anisotropy is provided in the circumferential direction,

and to make the electromagnetic transfer characteristics favorable. Consequently, for



(hereunder, is abbreviated to al um num substrate),

there are nmediuns with a configuration where the
wani@obssapy i s provided in the circunferential PCT/JP2006/304680

direction by nmechanically formng grooves in the

circunferential direction of ghe N P surface

(hereunder referred to as "nechanical texture
mpgetiesscarding medione bsikg mtsnbstrade whereMNiPds phtathar & dltwainum alloy

abovenenti oned nmechani cal texture processing was
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present applicant (for exanple, Patent Docunent 1).

[ Pat Hil06Pocurent 1] Japanese Unexam ned Pat ent
Application, First Publication No. 2004-86936.
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I nvention [0007] In the magnetic recordi ng nmedi um
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for further inprovenents in the magnetic
as a result of a configuration where an orientation control layer is formed on the glass

substrate, which had texture striations applied, has been proposed by the present
applicant (for example, Patent Document 1).

[Patent Document 1] Japanese Unexamined Patent Application, First Publication

No. 2004-86936.

DISCLOSURE OF INVENTION
Problems to be Solved by the Invention

[0007]

In the magnetic recording medium disclosed in Patent Document 1, since the
magnetic anisotropy in the circumferential direction is not expressed in a case where the
glass substrate is used as is, the configuration is one expressing the magnetic anisotropy
by providing an orientation control layer.

However, in order to fulfill the demand for further improvements in the magnetic

anisotropy in order to achieve even higher recording densities in magnetic recording



ani sotropy in order to achi eve even higher recording
densities in magnetic recordi ngnediuns, in a

woaondeiogsasat i on where an orientation control | aper/JPE06/304680
provi ded on the gl ass substrate of the magnetic
recordi ng nmedi um as di scl osedsin Patent Docunent 1, it
becones difficult to express a high nmagnetic

mediuss] mopyonf@ncitiohevieré sn onentaion ddnadol fayenisaipdéded on the glass
el ectromagneti c transfer characteristics cannot be
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circunferential direction, and has a high nagnetic

ani sBX¥8py as a result of further providing an
orientation control layer, and even in a case where an
or i elfhaptresentdnvehtioh tdkay &rto aedonntatht labovd-iemiddrdckoasstances,
is used, has a high retentivity, a high squareness

withlah @bjRNEf pravidimd Mah&f feiFBmBehdGuhvAISH Ges an aluminum
characteristics, a production nethod thereof, and a
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Means for Solving the Problem

[0009]

In order to solve the above problems, the present applicant, as a result of earnest
investigation and effort, has completed the present invention by identifying that the
characteristics of the magnetic recording and reproducing apparatus can be improved by
using an alloy layer configured by any one or more component types selected from
among Co, Ni, and Fe, and any one or more component types selected from among W,
Mo, Ta and Nb, as an orientation control layer upon an aluminum substrate (Al-Mg
alloy) to which texture striations have been applied and NiP has been plated.

That is to say, the present invention relates to the following.



That is to say, the present invention relates to the
follow ng. (1) A magnetic recording nmedi um

wohercaossaei zed in that the magnetic recordi ng RFeTURIMNG/304680
conprises at |east an orientation control layer, a
nonmagneti ¢ undercoat |ayer, ® magnetic |ayer, and a
protective layer in this order on an al um num
substl) aA enaghethrdvasdisg miediinosimrapterided is that theenapnetic secording
plated with NiP or a NiP alloy, wherein the

médiufNéorhprixs 6084t @h Jridi@fiorf &5t IE/eAMhddRRigAtidIdercoat layer, a
conponent types selected fromanong Co, Ni, and Fe,
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fromthe grqup consisting of a Co-Wtype alloy, a _
COnFOMRYEY SAAHNS B, one @onrg copppanettyes selected Rpm gmeng Co, Ni,

alloy, a N-Ta type alloy a N-Nb type alloy, a Fe-W
andykre and by oneaorfimetdconypaer|tymy sekend drofe atdong YWhévlo, Ta and Nb.

alloy. (3) A magnetic recording nedium according to

(1) @ AdagnsherRbiiihdediubiadabroiseHds(ly,alierdis i @ientation

where a Ni-P type alloy filmis fornmed by el ectrol ess
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magneti c recorail ng nmedl urh accor Ing to any one o
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ngstrons. (5) A magnetic recording nmedi um accor din
al{qy iy -W@p%qlﬁcmy FtegW(tzrye, allgyer EerMQ tynelloyeria @e-blb%pe alloy.
the striations is 7500 (Ilines/ or nore. (6) A

magn&d)i 4 magnetielrasgrdieglimgdinacassoriiimgytot @) ani).omeereip tie luminum

to (5), wherein a magnetic anisotropic index of the
subagaetis ond wiyere a(NieP efjiei allby il fis fdimed by eloctrelesddpakition on an

direction/retentivity in the radial direction), is

ALMS a8y MBEtRate ()gay.A magneti c recordi ng nmedi um
according to any one of (1) to (6), wherein a

(4) A magnetic recording medium according to any one of (1) to (3), wherein a
film thickness of the orientation control layer is within a range of 1 angstrom to 50
angstroms.

(5) A magnetic recording medium according to any one of (1) to (4), wherein a
line density of the striations is 7500 (lines/mm) or more.

(6) A magnetic recording medium according to any one of (1) to (5), wherein a
magnetic anisotropic index of the magnetic layer (retentivity in the circumferential
direction/retentivity in the radial direction), is 1.05 or more.

(7) A magnetic recording medium according to any one of (1) to (6), wherein a
magnetic anisotropic index of the residual magnetization amount (residual magnetization
amount in the circumferential direction/residual magnetization amount in the radial

direction), is 1.05 or more.



magneti c ani sotropic index of the residual
magneti zati on anount (residual magnetization anount in
woOheropwssannt erenti al direction/residual nmagnet PEatPmNG/304680
amount in the radial direction), is 1.05 or nore.(8) A
magnetic recording medi um accgrding to any one of (1)
to (7), wherein the nonmagnetic undercoat | ayer
cont &)NA Mafietica¥eirdingmediveh adkdr@iglta By okOG @) B (MY, wherein the
one or nore conponents selected the group consisting
hal i . S o
e endBonyor Moo o ebepy e PRy Hopfhining one or
bt nmagneti c | ayer..cont ai y..one or.
miee oot IR Qe B b Y o Bl At AR SRV, ana
Co-Cr-Pt type alloy, a Co-Cr-Pt-Ta type alloy, a
-Cr-Pt-B type alloy, and a Co- Cr-Pt-B-Y type all oy
(Y represents Ta or Cu). (10) A magnetic recordi ng and
repr &)ﬁ)uéi mggraticacetrdisg olednas tevdrdiag to ancompofi (3) tog(8, wherein the
magneti c recordi ng nedi um according to any one of (1)
nfagnét®) layanmbneaiiegiyedne ©r kel cvibeRent LMt fadifl the group consisting
reproduces informati on on the magnetic recording

ofB dioum-PELLE Qﬂg%r,%gC%g‘g-Pltﬂ*ﬁ?ﬁé.t ﬂg)}{bg@o%r-ﬁ-ﬁqg}%% iﬂgﬁ/’ and a Co-

magneti c recor ium o resent I nv
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plated with NP or a NiP alloy, wherein the

COMPERNE AinprEngbntacordingmediumegncenting to anyconiof gUrtat(Ppand a
cont ai ni ng any one or nore conponent types sel ected
nfagoeticahad gviGeh rdvbrdsand rdpeodueasl irdoymanioa oarthémagnetic recording
conponent types selected from anong Wb

medium.

Effects of the Invention

[0010]

Since the magnetic recording medium of the present invention comprises at least
an orientation control layer, a nonmagnetic undercoat layer, a magnetic layer, and a
protective layer in this order on an aluminum substrate which has striations on the
surface and is plated with NiP or a NiP alloy, wherein the orientation control layer
represents a configuration containing any one or more component types selected from
among Co, Ni, and Fe, and any one or more component types selected from among W,
Mo, Ta and Nb, a high magnetic anisotropy in the circumferential direction can be
expressed.

Accordingly, the electromagnetic transfer characteristics improve, and a magnetic

recording medium suitable for high recording densities can be obtained.



Mb, Ta and Nb, a high magnetic anisotropy in the

circunferential direction can be expressed.
waeamwrodssagl y, the el ectromagnetic transfer PCT/JP2006/304680

characteristics inprove, and a magnetic recording

medi um sui tabl e for high recoflding densities can be

obt ai ned. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is

an outline cross-sectional view explaining an exanpl e

of a magnetic recordi ng medi um according to the

present i nventBRIEF IPESCRIP TION OFCTHE iDRA WIBMGS

expl ai ning a magnetic recordi ng and reproduci ng
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to the present invention. Brief Description of the

: LG : rdi ng nmedium 2
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Non ic undercoat |ayer, 5 Magnetic | ayer, 6 )

br o B4 S AY cisiiEisg T O iracprag o rcproducing

reproduci ng apparatus, 13 Magnetic head. BEST MODE FOR
ARPREFRY WU maghetiq eERingare|isoacpondingeta lkepresent invention.

enbodi ment of the nmagnetic recordi ng medi um accordi ng

to the present invention is explained with reference

to the drawings. FIG 1 and FIG 2 are draw ngs
BeixpDeschiptign bR therredérehdecSybsls di ng nmedi um of the

present enbodi nent. This magnetic recording nedium 1
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I 0 ayer, a

conpri sing at east ‘an orientation ¢ontr

' nderco ayer,, a eti.c lLayer d a
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sugﬁtrate which is plated with NP or a NiP all oy,
T N8 #drpprogpeing ppparaps.danyiagreticdad. cont ai ns any one
or nore conponent types selected fromanong Co, N,
and Fe, and any

BEST MODE FOR CARRYING OUT THE INVENTION

[0011]

Hereunder, an embodiment of the magnetic recording medium according to the
present invention is explained with reference to the drawings.

FIG. 1 and FIG. 2 are drawings explaining the magnetic recording medium of the
present embodiment. This magnetic recording medium 1 has striations on the surface,
and is characterized by comprising at least an orientation control layer, a nonmagnetic
undercoat layer, a magnetic layer, and a protective layer in this order on an aluminum
substrate which is plated with NiP or a NiP alloy, wherein the orientation control layer
contains any one or more component types selected from among Co, Ni, and Fe, and any
one or more component types selected from among W, Mo, Ta and Nb.

[0012]



one or nore conponent types selected fromanong W M,
Ta and Nb. [0012]FIG 1 is a drawing schenmatically

wehowimasg4t he configuration of the nmagnetic rececuiuPmo6/304680
medium 1 of the present enbodinent. In Fig. 1, 2
denotes an al um num substrate 3 denotes an
orientation control l|layer, 4 denotes a nonmagnetic
underTcRatis h dysving Scittmaicelly shawigg tiei configyetion afithe gnagnetic
denotes a protective |ayer. The al um num substrate 2

reéﬁ?@ﬁx%%ﬁéﬁlﬁmq HMh& 8?6%&?[ editod¥médt! M Fipt B2 dékotés an aluminum

ness of approximately 5 to 15 mm by el ectrol ess

S AR Bl oo

mrror pol i sh Striations are forned onthe
e@@emggnqtlﬁzaygr, r@ﬁ@%@tﬂr‘?ﬂ:@ alt":’i%’/er for exanpl e,

rrechanl cal texture processing by separated abrasive
g r ai Hse dnmanuwn sylsimaty 2 wepeeseip ﬁ@xfﬂ type alpy fbpJermgddp gdhickness
Is preferable for the striations fornmed on the
Emmanegubai rafue B devtfoles depositiom wloargmirhe polished Al-Mg
strate circunferential direction. It is desirable

alfo?rsut')&?até WkaGs tl?é’ﬁfr%@ tHRMIRSBeRRI@dr gdthed. um num
trate 2, to which striations have been formed on

the @rg ce, to be nade within a range of 0.1 nmto 1
nm ( gstromto 10 angstroms), and preferably 0.2
nm t

8 nm gs nms to stroms
Sur t Setiaubi @W%L@h‘ﬁs&rf% SR HERRER %Sr%a%eu b o gample:
2is less than 0.1 nm the alum numsubstrate
mipelroined texsae PEIcoEIng ByrBRPRIRIeAIAS Vo2tains OF £ V‘Gﬁpplng tape using
i ncreasing the magnetic ani sotropy of the netic
fikey shradvdemine §t impakferabl. foFthetstriations ﬁormeﬂ e glymizige substrate
aver age roughness Ra exceeds 1 nm the snoot hness of

2 khgaded irtiRyE fRCRbIEAE BReuhRYentinlditdeeion) | de hei ght
characteristic decreases, making it difficult to | ower
the g is desirable for the surface average roughness Ra of the aluminum substrate 2,
to which striations have been formed on the surface, to be made within a range of 0.1 nm
to 1 nm (1 angstrom to 10 angstroms), and preferably 0.2 nm to 0.8 nm (2 angstroms to 8
angstroms).

If the surface average roughness Ra of the aluminum substrate 2 is less than 0.1
nm, the aluminum substrate 2 becomes excessively smooth, and the effect of increasing
the magnetic anisotropy of the magnetic layer 4 becomes weakened. Furthermore, if the
surface average roughness Ra exceeds 1 nm, the smoothness of the medium surface
becomes low and the glide height characteristic decreases, making it difficult to lower the

flying height of the magnetic head at the time of recording and reproducing.

[0014]



flying height of the magnetic head at the tinme of

recordi ng and reproducing. [0014]1t is preferable for
woOhecsasdsace of the al um num substrate 2 to hareT/JrP2006/304680

striations at a line density of 7500 (lines/mm or

nore. The line density explaired here is one which is

measured in the radial direction of the al um num

subsftriapeef@ablelfer theanefacd off thealintigumizebdtiatee? ttelsietsytiations at a

7500 (lines/mm or nore is that the effects of the

1ifié Bbity QT 560 Bidelfrh@f befoRY TRAiBaask éé(pl%ﬁ’é?ﬁﬁérb @&Sone which is
for exanple an effect in inproving the retentivity),

-I10 .G L eristics (for

oSt B PR QIRISE oP ot ARl G0N 1o noi se

rati and the PWO0). re, pref bly, if it has,

e b BRS0n foranakin thadats depiicy 75B00H ok ity ighat the effects
more, the abovenenti oned effects becone nore )
opthgriftiesinns afegefisficd hp thegpegnefic prapestiest(frs ekampledaresieriyin

s 200000 (lines/mm. If the line density exceeds

1RPRO(E the ravagivity),, anidhihe tletteorapartio randfet dharasteristitd (@osexample
becones | ess than 50 angstrons, making the particle

effb@s iPfmgrb@inB WITBRRELigha 4B FRIe QAi0)| Y e PWEORT MobBPreferably, if
the |ine spacing, thereby |owering the nmagnetic

itf}géis %?%PW %tloa;lixié;c%n?ﬁg BF%édbor(ﬁﬁé’J/x%g Y g‘fo?% r‘ﬂl’rir@e%}{o%ﬁ@hiéﬁed

era striations

Britrrgri |n¥ in the ci rn:ium‘erenti al direction with
CHEED S O PP MM ™ um substrate 2. Here, striations

refer to uneven shape of the al um num substrate 2

sur f d8@L5]wherei n the vertical distance between the

peaks and troughs in a cross section in the radi al

di r ecliheappérdimit ofithe liner demgity 3200002 (limes/van)2 0f the l{neolessity

preferably within a range of 0.05 nmto 10 nm.
exceeds 200000 (lines/mm), the line spacing of the striations becomes less than 50
angstroms, making the particle size of the nonmagnetic undercoat layer larger than the
line spacing, thereby lowering the magnetic anisotropy of the magnetic recording
medium.

[0016]

It is preferable for the striations to be formed primarily in the circumferential
direction with respect to the aluminum substrate 2. Here, striations refer to uneven shape
of the aluminum substrate 2 surface, wherein the vertical distance between the peaks and
troughs in a cross section in the radial direction is within a range of 0.02 nm to 20 nm
(more preferably within a range of 0.05 nm to 10 nm).

If the vertical distance between the peaks and troughs of the striations is made to
be the abovementioned range, it becomes effective with respect to improving the

electromagnetic transfer characteristics associated with the expression of the magnetic

anisotropy.



If the vertical distance between the peaks and troughs

of the striations is made to be the abovenenti oned
woanp®osd4e becones effective with respect to i FOTOPINE304680

the el ectromagnetic transfer characteristics

associated with the expressiqgg of the magnetic

ani sotropy.In a case where the vertical distance

bet waen cideavipeats vertital dougbsbavetinthegtenkedridarnsighs of the

exceeds 20 nm the concave and convex shapes of the

stAhHEHSHARE &I DDA Be dortdié REPcaRvEx biRpel afaﬁ,ahﬁmmm%mate 2
is a danger of influencing the uniformty of the

‘ﬁ'«?dr Fa él’]'f-tgﬁgclh{g o,aatgdqgére 14 9 g%nﬁ@ flp!ﬂ‘ég:( X rrp% ﬁ{e% i%ﬁ{‘gi of {E@ adjacent

t.exture processi ng by separated abra3|ve grains or a
?fb*’rng t ape usi ng fi xed abrasive grains. [0018] At

the tinme of nmeasuring the |ine density of the

stri #01dhs, for exanple, an AFM (Atom c Force

M croscope, manufactured by Degital |nstrunent Co.

(Uni ftdd pRtfatable )fr thastriagions ebedbraediep Sor exaentle, deacha@cal texture

[ 0019] The neasurenent conditions for line density are
pﬂ&%lﬂ%ﬁ&p@ﬁté‘d@b&&% orath8 of & dRapiisld tapk SisihgMXed bh@sive grains.

scan rate is 1 Hz, the nunber of 'neasurements is 256

and i&a iode IS tappl ng node. A probe is scanned in
t he di recti on of the al um num substrate, which

repr nts th tain e of .the

AP SHB s OF R agRisgs g Bof Bt oh BN %&r@%wle ah APM
snoat hi ng corrections on the inmage are perfarne

(ioratrig Mirgossern @wfacau@%bbpéglééénstwm%ﬁ Coe ﬁ?l@geérﬁtgtes» can
a snoothing process, to the X axis and Y axis with
be esplasta measutement devicerage. An approxi mately 0.5

mP<0. 5

[0019]

The measurement conditions for line density are made to be as follows.

The scan width is 1 um, the scan rate is 1 Hz, the number of measurements is 256,
and the mode is tapping mode. A probe is scanned in the radial direction of the
aluminum substrate, which represents the sample, to obtain the scan image of the AFM.
The flatten order degree is made to be 2, and smoothing corrections on the image are
performed by executing the plane fit auto process, which represents a smoothing process,
to the X axis and Y axis with respect to the scan image. An approximately 0.5 pumx0.5
pm box is set with respect to the smoothing corrected image, and the line density in the
area thereof is calculated. The line density is calculated by converting the total number
of zero crossover points along both the X axis central line and the Y axis central line to
the number per 1 mm. That is to say, the line density becomes the number of peaks and

troughs of the texture striations per 1 mm in the radial direction.
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orientatiqn control has arole

mEgSyEeR} ¥ ﬁ&ewﬂrﬂe‘?ﬁe&f@ﬁg 9 PR BRRs L éi’ b5 fproved.
|l ayer 4 which is fornmed directly above, and further
adj U8P20k he crystalline orientation of the nmagnetic
layer 5 which is forned thereon, and is a layer for
i nprBiw evipntdtomagtret lagerdnhasat IIOb?pW adfust the crystalline orientation of
circunferential direction of the magnetic |ayer 5.

thEWbARLEIEHE endéfBatQiyee Atvwlito s foantd diredtizyabove and tfurtirek ydjusts
adjusts the crystalline orientation, but also

the léﬂ’%{a'llﬂ{ésor?eﬁteﬁ dn'of %ﬁ@xha%e?i‘c Nayedhsi Mh%lS'fEMﬁéd Bieeh, and is a layer

i nes crysta grains Wthin the nonmagnetic
fog ?liglgliﬂ?gfg{agt tgﬁ n%agﬁ?tgc ?mff g%g? gﬁgr&?}cpglf%rg%tgl g?rgcté:dgf %f;tgcerél%gnetlc
la?fizrl 5o Flllrg%%ofeo rt’ge orlentatlon control layer 3 not only adjusts the crystalline
orientation, but also functions as a crystal grain refining layer which refines crystal grains
within the nonmagnetic undercoat layer 4 and the magnetic layer 5.

For the orientation control layer 3, it is possible to use an alloy layer configured
by any one or more component types selected from among Co, Ni, and Fe, and any one
or more component types selected from among W, Mo, Ta and Nb.

[0021]

There are no particular restrictions on the alloy layer composition used for the
orientation control layer 3, but it is preferable for the total content of Co, Ni, and Fe to be

within a range of 25 at% to 70 at%, and the total content of W, Mo, Ta, and Nb to be

within a range of 30 at% to 75 at%.
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woeebmobssd2f rom anong W Mo, Ta and Nb. [0021] TReTaPEN&304680

no particular restrictions on the alloy |ayer

conposi tion used for the oriegnptation control |ayer 3,

but it is preferable for the total content of Co, N,

and Iea taselvehed thbitttabcodmagef Cb, RE aal YetiolefOthah 26 agadthe

the total content of W My, Ta, and Nb to be within a

cry @00Re %Beﬁﬁtl@ﬁ & fh% oo Er(%t Jhrﬁe&%%ay\é}er GodshBt E&Bﬁfc sufficient,
content of Co, , e is less than 25 at% the

t r e o
Vg 13y L ne rét?ﬂgx%‘%oﬁtﬁe tolal ol SIS éﬁlb@n‘dﬁ%\%%’e%‘s 70 at%, it
ther tentivit If the total K content of , Ni.,, and
ispgt pieicrable singe ﬁta);enqqtaq@ WBfrOIplﬁ%?rérl%PéPeés%ﬁ Iﬁé@eflﬁaélon
orientation control |ayer 3 possesses magnetization.
I n alrcameasewrheresthe hetal eamigntod W.evie, T, ad Nibis 1epa than 3@ atlp, the
is less than 30 at% the magnetic anisotropy in the
magieticradnésotopy &l theicireginferenttd dirb@ionmgnied maghaicdiyed 5 decreases. If
decreases. |If the total content of W M, Ta, and Nb
thRAGEEEStAR oBWoMb "Ba, Gt Nlﬁéﬂcb&% ﬁrdt%nﬂétdrﬂ'ialﬁﬁe bhéntation of the

nonmagneti c under coat | ayer 4 does not becone

ndrBlie Qo bR TSRY Al QUER B e TALERE kL, oL AARZIne

venmenti oned orilen I on con

nor . greferably it is desirable to use at |east one

IEISNUYY| ayer sel ected fromthe group consisting of a
Co-Wtpre alloy, a Co-M type alloy, a Co-Ta type

al | 0}0023] Co- Nb type alloy, a Ni-Ta type alloy, a Ni-Nb

type alloy, a Fe-Wtype alloy, a Fe-M type alloy, and

a FeFbbtheapevemdntipned\srientatbsudantrof lagar ) esdre gfdferablybyis desirable
the present applicant, it has been identified that

toSderif 16ABt Gilel AWy Gt 8d18dt8@ fromMBd Woup tconsibtigeofl CE-We Eype alloy, a

i nproves the magnetic anisotropy in the
Co-Mo type alloy, a Co-Ta type alloy, a Co-Nb type alloy, a Ni-Ta type alloy, a Ni-Nb
type alloy, a Fe-W type alloy, a Fe-Mo type alloy, and a Fe-Nb type alloy. As a result of
earnest effort by the present applicant, it has been identified that using an alloy
containing a Fe; Wy structure further improves the magnetic anisotropy in the
circumferential direction of the magnetic layer. As a composition range of these alloy
layers, a Fe; W structure content of at least 25% has an effect from the point of further
improving the magnetic anisotropy in the circumferential direction of the magnetic layer
5. That is to say, it is preferable for the composition range of W in a CoW type alloy to
be within the range of 30 at% to 85 at%. It is preferable for the composition range of Mo
in a CoMo type alloy to be within the range of 30 at% to 85 at%. It is preferable for the
composition range of Ta in a CoTa type alloy to be within the range of 38 at% to 65 at%.

It is preferable for the composition range of Nb in a CoNb type alloy to be within the

range of 37 at% to 86 at%. It is preferable for the composition range of Ta in a NiTa
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[0024]

It is preferable for the film thickness of the orientation control layer 3 used in the
magnetic recording medium 1 of the present embodiment to be within a range of 1
angstrom to 50 angstroms.

In a case where the film thickness of the orientation control layer 3 is less than 1
angstrom, the crystalline orientation of the nonmagnetic undercoat layer 4 does not
become sufficient, thereby lowering the retentivity. If the film thickness of the
orientation control layer 3 exceeds 50 angstroms, the magnetic anisotropy in the

circumferential direction of the magnetic layer 5 decreases.
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m num su of ~appl yi ng

rientatjon.control |ayer with respect to a substrate.
0?55@@‘]“‘% e%ﬁl%rﬁ% nmtrgﬁﬁﬁgsxg%geégengﬁo asHbSHRlSr y ef f ect
may be added to the orientation control |ayer 3
expl a¥%& in the present enbodi ment. Exanpl es of an
addi tional elenent include Ti, V, C, WM, Zr, H, Ru,
B, AlAn &ememt which possesses an auxiliary effect may be added to the orientation

control layer 3 explained in the present embodiment.

Examples of an additional element include Ti, V, Cr, Mn, Zr, Hf, Ru, B, Al Si, P,
and the like.

It is preferable for the total content of the additional element to be 20 at% or less.
If the total content exceeds 20 at%, the effect of the abovementioned orientation control
layer decreases. The lower limit of the lower content is 0.1 at%, and at a content of 0.1
at% or less, the effect of the additional element is lost.

[0027]

For the nonmagnetic undercoat layer 4, it is preferable to use a Cr layer or a Cr
alloy layer comprising Cr and one type or two or more types selected from within Ti, Mo,
Al, Ta, W, Ni, B, Si, V, and Mn.

The nonmagnetic undercoat layer 4 can be configured by one layer, although it is

preferable for it to be configured by two or more layers.
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[ 00248P28]

It is preferable for the crystal orientation of the Cr layer or the Cr alloy layer of
the nonmagnetic undercoat layer 4 to be made to have a preferred orientation plane in the
(100) plane. As aresult, the crystal orientation of the Co alloy of the magnetic layer 5,
which is formed on the nonmagnetic undercoat layer 4, more strongly exhibits the (11-0),
and effects which improve the magnetic characteristics, for example the retentivity (Hc),
are obtained, and furthermore, effects which improve the recording and reproducing
characteristics, for example the SNR, are obtained.

[0029]

The “-” within the abovementioned crystal plane notation denotes an abbreviation
of a Miller-Bravais index expressing the crystal plane. That is to say, when expressing
the crystal plane in a hexagonal system such as Co, it is normally expressed by the four

(1344
1

indices (hkil). However, with regard to the “i” within this expression, it is defined as i=-
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and the content of Pt to be made within a range of 8 at% to 16 at%.

[0032]

Furthermore, for example, in the case of the Co-Cr-Pt-B alloy, it is preferable
from the point of improving the SNR, for the content of Cr to be made within a range of
10 ai% to 27 at%, the content of Pt to be made within a range of 8 at% to 16 at%, and the
content of B to be made within a range of 1 at% to 20 at%.

[0033]

Moreover, for example, in the case of the Co-Cr-Pt-B-Ta alloy, it is preferable
from the point of improving the SNR, for the content of Cr to be made within a range of
10 at% to 27 at%, the content of Pt to be made within a range of 8 at% to 16 at%, the
content of B to be made within a range of 1 at% to 20 at%, and the content of Ta to be

made within a range of 1 at% to 4 at%.

. [0034]
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[0036]

There are no problems from the viewpoint of thermal fluctuation if the film
thickness of the magnetic layer 5 is 10 nm or more, although from the demands towards
high recording density, a film thickness of 40 nm or less is preferable. If 40 nm is
exceeded, the crystal particle size increases, and favorable recording and reproducing
characteristics cannot be obtained.

The magnetic layer 5 may be made to be a multi-layered structure, and the
material thereof can be made to be a combination using any selection from within the
abovementioned materials.

In a case where the magnetic layer 5 is made to be a multi-layered structure, from
the point of improving the SNR characteristics of the recording and reproducing
characteristics, it is preferable for the material directly above the nonmagnetic middle
layer to comprise a Co-Cr-Pt-B-Ta type alloy, or a Co-Cr-Pt-B-Cu type alloy, or a Co-

Cr-Pt-B type alloy. From the point of improving the SNR characteristics of the recording
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[0038]

For example, in the case of the Co-Cr type alloy, it is preferable from the point of
improving the SNR, for the content of Cr to be made within a range of 25 at% to 40 at%.

[0039]

Furthermore, for example, in the case of the Co-Cr-Zr type alloy, it is preferable
from the point of improving the SNR, for the content of Cr to be made within a range of
15 at% to 30 at%, and the content of Zr to be made within a range of 2 at% to 10 at%.

[0040]

Moreover, for example, in the case of the Co-Cr-Zr-Ru type alloy, it is preferable
from the point of improving the SNR, for the content of Cr to be made within a range of
15 at% to 30 at%, the content of Zr to be made within a range of 2 at% to 10 at%, and the
content of Ru to be made within a range of 2 at% to 10 ai%.

[0041]
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exanple, in the case of the Co-Cr type alloy, it is
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the point of inproving the SNR, for the content of Cr

to Odlde within a range of 15 at%to 30 at% and the

content of Zr to be made within a range of 2 at%to 10

at %It sqdfablfremibe poinoof iaxaeying th SNRyfor ghestelnythighpgss of the

Co-Cr-Zr-Ru type alloy, it is preferable fromthe
noR@iaghet® midihy layémg beheittShRradfgerof OifenmadoBems. of Cr to

be made within a range of 15 at%to 30 at% the

contmh%})f Zr to be made within a range of 2 at%to 10

at%  and the content of Ru to be made within a range
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fromthe point of jnpraqyi t he. for the.conten
megivs, p gnpErraR e ALY i g 870 e s SPEE afso be

and the content of Ta to be nmade within a range of $11
pravided betireea thn nqromepptic undezcopt layer hardbthe mpagneRelaye; helna

of inmproving the SNR, for the filmthickness of the =
magnetic recording medium using this technology, because the section participating in

magnetic record reproduction essentially becomes thinner than the thickness of the whole
recording film as a result of magnetization directions of the aforementioned two
magnetic layers 4 and 5 become mutually reversed, it is possible to achieve an
improvement in the SNR. On the other hand, it is possible to improve the thermal
instability, due to the enlargement of the volume of crystal grains of the whole recording
layer.

[0044]

A medium utilizing this technology is generally called an AFC medium
(Antiferromagnetically-Coupled Media), or an SFM (Synthetic Ferrimagnetic Media).
Here, they will be called AFC mediums.

[0045]

The antiferromagnetic bonding layer is formed from a stabilization layer and a
nonmagnetic bonding layer. It is preferable for the stabilization layer to be made a

magnetic material containing any one type selected from within a Co-Ru type alloy, a
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of improving the SNR, for the content of Cr to be made within a range of 15 at% to 25
at%, and the content of Zr to be made within a range of 2 at% to 10 at%.

[0049]

For example, in the case of the Co-Cr-Zr-Ru type alloy, it is preferable from the
point of improving the SNR, for the content of Cr to be made within a range of 15 at% to
20 at%, the content of Zr to be made within a range of 2 at% to 10 at%, and the content
of Ru to be made within a range of 2 at% to 10 at%.

[0050]

For example, in the case of the Co-Cr-Ta type alloy, it is preferable from the
point of improving the SNR, for the content of Cr to be made within a range of 15 at% to
20 at%, and the content of Ta to be made within a range of 1 at% to 10 at%.

[0051]

It is preferable for the nonmagnetic bonding layer to comprise any one type
selected from within Ru, Rh, Ir, Cr, Re, a Ru type alloy, a Rh type alloy, an Ir type alloy,

a Cr type alloy, or a Re type alloy.
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woOheropostsent of Ru to be nade within a range oPCLGPADEB04680
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bomdingdapdr. 2 at% to 10 at% [0050] For exanple, in the
case of the Co-Cr-Ta type alloy, it is preferable from

the pgd gfchahgd SREBVidIGtahe aSMRie Which tdiRerantiBabtraizthsf the
to be nmade within a range of 15 at%to 20 at% and the
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constants, and therefore, as a result )
within a range of 0.5 to 1.5 nm (more preferably 0.6 nm to 1.0 nm). By making the

thickness of the nonmagnetic bonding layer within the abovementioned range, sufficient
antiferromagnetic bonding can be obtained.

[0052]

For the protective layer 6, a conventionally known material, for example, a
simple substance of carbon or SiC, or materials using those as principal components, can
be used. It is preferable for the thickness of the protective layer 6 to be made within a
range of 0.1 nm to 10 nm from the point of decreasing the magnetic spacing and the
durability, in a case where it is used in a high recording density state.

The magnetic spacing represents the distance between the read-write element of
the head and the magnetic layer. As the magnetic spacing becomes narrower, the
electromagnetic transfer characteristics improve. Because the protective layer 6 exists
between the read-write element of the head and the magnetic layer, it becomes a factor in
widening the magnetic spacing.

[0053]
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the read-wite elenent of the head and the magnetic

rddia} elirection. Howeres bacduae thenetentivity of the magnetic recording medium has

become high, there are cases where the magnetic anisotropic index is measured to be

slightly low.

In the magnetic recording medium 1, to supplement this point, the magnetic
anisotropic index of the residual magnetization amount is used together. The magnetic
anisotropic index (MrtOR) of the residual magnetization amount is defined as the ratio
(MrtOR=Mrt in the circumferential direction/Mrt in the radial direction) between the
residual magnetization amount in the circumferential direction (Mrt) and the residual
magnetization amount in the radial direction (Mrt). If the magnetic anisotropic index of
the residual magnetization amount is 1.05 or more, and more preferably 1.1 or more,
superior magnetic characteristics, for example an improvement in the retentivity can be
obtained, and superior electromagnetic transfer characteristics, for example

improvements in the SNR and the PW50, can be obtained.

[0055]
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réGfdng ARMiUIR Svild £ESIRA Yo showh idPICE 1, a medium drive unit 12 that

rotates the magnetic recording medium 1, a magnetic head 13 that records and
reproduces the information in the magnetic recording medium 1, a head drive unit 14 that
relatively moves this magnetic head 13 with respect to the magnetic recording medium 1,
and a record reproduction signal processing system 15.

The record reproduction signal processing system 15 is able to process the data
input from the outside and send the record signal to the magnetic head 13, and process
the reproduction signal from the magnetic head 13 and send the data to the outside. For
the magnetic head 13 used in the magnetic recording and reproducing apparatus 11, not
only an MR (magnetoresistance) element utilizing a gigantic magnetoresistance effect
(GMR) as the reproduction element, but a head more suitable for high recording density

which has a GMR element using a tunnel magnetoresistance (TMR) effect, and the like,

may be used.
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exanpl e i nprovenents in the SNR and the PWO0, can be

obt ai ned. [0055] The upper lipat of the value of OR and

MtOr is ideally a situation where all of the magnetic

dongD0Os8]of the magnetic filmare directed in the

circunferential direction, and in this situation the

dengrirthat@érebedatie: thBaMRhEtc RObSIALY 01l repioddeing hpmoares 11 uses a
zero, so that it becones infinite. [0056] For the

m{%@ﬁb‘ %@d&?&lﬁ% Redidd€ 1 ??&ﬂ%‘sﬂ B%I ?Qtjtf?:lgﬂiﬁg RlxGurk :b@&’ésﬁﬁléjdirectly on the

gnetic anrsotropi Cc I ndex resi dua

magneti zat i 0 nmount, a. VSM (Vi br at | Sanml .
AIRONE o) e tewber bosH) wpied b Ak RdRdRe density

exanpl e of a magnetic recording and reproducin

appaYlaragyen bewg%éﬂetmwwa@ Hesofding Wa?@@cwcﬁpﬁw&%# uses a
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recording medium 1l with a configuration showm in FIG
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recording medium 1, a magnetic head 13 that records

ofHddd BBk eﬂéfﬁﬁérigtﬁg e{rfgf ﬁﬁé'@fﬂe%‘agingtié R&dTRU8RL 4t & low floating height

ecordi ng nmedi um 1, ead drive unit 14 that
. relatively nmoves this magnetic head 13 with respect to
mtor'i%erﬂ'ﬁ&ﬁ%%?s@ PREdF $%g nedium | and a record
reproduction signal progessing system 15. The.record.
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process the data input fromthe outside and send_the
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recording density.

[0059]

Hereunder, one example of a manufacturing method of the magnetic recording
medium according to the present invention is explained.

As the aluminum substrate 2, it is preferable to use an Al-Mg alloy, to which NiP
or an NiP type alloy has been formed by electroless deposition to a thickness of 10 um
thereon.

It is preferable for the surface average roughness Ra of the aluminum substrate 2
to be 2 nm (20 angstroms) or less, and more preferably to be 1 nm or less.

Furthermore, it is preferable for the micro-waviness (Wa) of the surface to be 0.3
nm or less (more preferably 0.25 nm or less). Furthermore, for the flight stability of the
magnetic head, it is preferable to make the surface average roughness Ra of at least one
of the end face or the side face of the chamfer section to be 10 nm or less (more

preferably 9.5 nm or less). The micro-waviness (Wa) can, for example, be measured as a



t he reproduction signal fromthe magnetic head 13 and

send the data to the outside. For the nmagnetic head 13
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apparatus 11, not only an MR (rmagnet or esi st ance)

el ement utilizing a giganticopagnetoresistance effect

(GWR) as the reproduction el enment, but a head nore
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the magnetic recordi ng and reproduci ng apparatus 11

uses%)%@iﬁgneti c recordi ng nedi um 1produced by
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strate 2, it is i.nexpensiyve,. and_.achi.eves a. hi gh

e o g GBRS PISFESHt BU0BIed S CE e DB gt Substrate 2,

recordi ng and reproduci ng apparatus 11 uses a nagnetic

such e GG AEHTIORS ArodRMBH RASITE AR OB (AN ecy Bigion e on the
and small m crowavi ness, in addition to inproved

sueface bf thiemgbsttate Foramafnple, & kextae ieapdied ds theidircimagerential direction
feature of good error characteristics even when the

by Raeighé prdeethg @lse3@@wlas @mbkOiniid a0 adxitite pheegiig™ Osing a fixed
order to decrease spacing |oss. By using the magnetic

aﬂggsq{?é AR aluﬂée]abqgsi{f@graﬁrtg $65h SRR U BBhs to atlgw density of

eco a I ng

s possible to manufacture a magnetic recor
di.um suit abl e for, hi recording. density.. [0059]
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the magneti ¢ recordi ng nedi um accordi QF?h t_g,dghe res?m
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it is preferable to use an Al-My alloy, to which NIP
substrata, aidR grigpngslioy chaginingsthe Ronding dbyastieatsain ds spplied

deposition to a thickness of 10 mm
between the substrate and the grinding tape, and texture processing is performed by both

the rotation of the substrate and the feeding of the grinding tape. The rotation of the
substrate may be within a range of 200 rpm to 1000 rpm. The feed rate of the grinding
slurry may be made within a range of 10 mL/min to 100 mL/min. The grinding tape feed
speed may be made within a range of 1.5 mm/min to 150 mm/min. The grain size of the
abrasive grain contained in the abrasive slurry may be made within a 0.05 pm to 0.3 pm
at D90 (the grain size value when the cumulative mass% corresponds to 90 mass%). The
pressing force of the tape may be made within a range of 1 kgf'to 15 kgf (9.8 N to 147 N).
These conditions may be appropriately selected such that texture striations are formed at
a line density of 7500 (lines/mm) or more, and more preferably no less than 20000
(lines/mm).

[0061]

It is preferable for the surface average roughness Ra of the aluminum substrate 2

with texture striations formed on its surface to be made within a range of 0.1 nm to 1 nm



thereon. It is preferable for the surface average
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[0063]

The sputtering conditions for forming the films are, for example, as follows.

At the point of forming the films, the chamber interior is evacuated such that the
vacuum falls within a range of 10" Pa to 107 Pa. Sputter deposition is performed by
accommodating an aluminum substrate 2 with texture striations formed on its surface in
the chamber interior, and discharging electricity by introducing an Ar gas as a sputter gas.
At this time, the supplied power is made to be in the range of 0.2 kW to 2.0 kW, and by
adjusting the discharge time and supplied power, the desired film thickness can be
obtained.

[0064]

Between the orientation control layer 3 and the nonmagnetic undercoat layer 4, it

is preferable to have a process which exposes the surfaces thereof to an oxygen
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oS00, LLBSSA LOORED, L 5 BRI AR S, yorrr
2 with texture striations forned oﬂ,its sur eto.b
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10 angstronms), and nore preferably to be made within a
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angstrons). [0062] Furthernore, it is also possible to
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on the alum num substrate 2. Gscillation is an
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al um num substrate 2, the tape
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oscillation condition to be 60 times/min,to,1200 . .
w6 weAdoT CRBORTHBIAGA: BrHok ExbaNed DT BECLR e 4 e B ol or
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omfrgetbio Antfdduved intmhethamberiniaiprbln prseplatasiacH bR et
t he abovenentioned nethod by mechanical texturing, a
MBS JHBslinthiE DBarAbdriixted ontinke compeapmeessesmehdrodt insinmyed from the
f1 xed whetstone, and a nethod using | aser processing,
Vol endti6d- unnecessary, and it can be continuously processed in the chamber
interior as a series of film formation processes, including the film formation of the
nonmagnetic undercoat layer and the magnetic layer, then this is preferable. In this case,
it is preferable, for example, to make the atmosphere one containing 5x10™* Pa or more of
oxygen gas in a final vacuum of 107 Pa or more. As an upper limit of the oxygen gas
pressure at the time of exposure by oxygen, although exposure at atmospheric pressure is
possible, it is preferable to make it 5x 10 Pa or less.

[0065]

The crystal orientation of the nonmagnetic undercoat layer 4 and the magnetic
layer 5 can be improved by heating the aluminum substrate 2. Tt is preferable for the
heating temperature of the aluminum substrate 2 to be within a range of 100°C to 300°C.
Furthermore, it is preferable to heat the orientation control layer 3 following film

formation.

[0066]



[0063] The sputtering conditions for formng the filns
are, for exanple, as follows. At the point of formng
woOheosfoossas, the chanber interior is evacuated BATHP10065304680

the vacuumfalls within a range of 10 4 Pa to 10 7 Pa.
Sputter deposition is performgd by accommodati ng an

al um num substrate 2 with texture striations fornmed on

i ts Eolldwiog formative oftimemmagnetis bankingalagerdi, 8 alngnefiinigyer
electricity by introducing an Ar gas as a sputter gas.

pdisedsitigsa filnhickinBss GBI @S14PAMEE fornadBslaht Sputerih@ nidifod as
range of 0.2 kWto 2.0 kW and by ad] ustlng t he

m?fﬁﬁ?%gaggvi ggi‘ﬁgg % ﬂg?éé 8(@3@%131%%5‘%%%& c’l;rﬁgteflbll. Mt this point,
Rl i?éf'ttgqug%%?%%e Gt ngeﬁfééﬁﬂq%ﬁ?eggrfqﬁg FEABAE Bf 8 GosGr-Ta, o

whi ch exposes the surfaces thereof

Coslygdnatrdsphiete.a Co-Grdig-drer Gpita- EtoB ch 6r p&ydanlt-B-Ag can be
at nosphere for exposure to be, for exanple, an

usedras Shmaterialohot tiersponteringlidrden Bor exampleyfin the garerofdlas Co-Cr-Pt
Furt hernore, an atnosphere gas for exposure which has

alleg thdod@hbf CRE OMbE&CithintaraMBd €1 1078 Yo B 7W$%and the content
Moreover, it is preferablefor e exposuretlrreto be

f‘ﬁd&n\ﬁetrﬂdd@ v@ﬂﬁﬁ‘ﬁgﬁl&% ff% %8‘1%@% Hr &arnzlﬁg .11 e case of the Co-

Furt her nore s for exa
t t o
AR TR 10, S ErLar eaw%czﬁ VR LBl L B,
e Bt FArcheymada WHBIng 1Bsch P At 15 250 (e ot p B gan be

of exposure where it is not renoved fromthe chanber
miade sithin a raagelofl at%oto 2k gifarand shd ermtend of &d cambomade within a
chanber interior. In particular, since the nethod of
ramgp o Laesitond tlde. Ebaedaeiplé, it e case oldkie £0c0riPI-B>Cu alloy, the
processes where it is renoved fromthe

content of Cr can be made within a range of 10 at% to 27 at%, the content of Pt can be

made within a range of 8 at% to 16 at%, the content of B can be made within a range of 1
at% to 20 at%, and the content of Cu can be made within a range of 1 at% to 10 at%. In
the case of the Co-Cr-Pt-B-Ag alloy, the content of Cr can be made within a range of 10
at% to 27 at%, the content of Pt can be made within a range of 8 at% to 16 at%, the
content of B can be made within a range of 1 at% to 20 at%, and the content of Ag can be
made within a range of 1 at% to 10 at%.

[0067]

At this point, it is preferable for the crystal orientation of the Cr or the Cr alloy of
the nonmagnetic undercoat layer 4 to be formed such that the preferred orientation plane
exhibits the crystal plane of (100).

Following formation of the magnetic layer 5, a protective layer 6, for example a

protective layer which has carbon as the principal component, is formed using common



vacuum chanber unnecessary, and it can be continuously
processed in the chanber interior as a series of film
woaoosabssan processes, including the filmformPCoaPmNGE/304680
t he nonmagneti c undercoat | ayer and the magnetic
| ayer, then this is preferabl2e. In this case, it is
preferable, for exanple, to nmake the atnosphere one
methndsaifon exgnipde thesPattaingnoetbodithe plagaa CYH3 mathal, bt mgdmbination
vacuum of 10 6 Pa or nore. As an upper limt of the
thepeyflen gas pressure at the tine of exposure by oxygen,
aIthough exposure at atnospheric pressure i s possible,

The U yS?ﬁﬁ‘SfcﬂQll@brﬁé&tl i%?re# {s rorth&d én fAR pRotedifRIa Jrggﬁééessary, by

ori ent at n-of the nonmagneti c under coat

npF¥ oot fra i B Ro e By s P Rl ot soin

the heating tenperature of the al um num substrate 2 to
cosiingmetiad a range of 1000C to 300C. Furthermore, it is
preferable to heat the orientation control |ayer 3
followng filmformation. [0066] Follow ng formation of
t he nonmagneti c backing | ayer 4, a magnetic |ayer
posspBaidplesd fil mthickness of 15 nmto 40 nmis
formed by the sputtering nmethod as nentioned above,
usin ggfputterlng target conprising a magnetic
material. At this point, a material containing any one

ty pel\/]égn%fct r%go grpg(nﬁngw gg&qdlég?(gﬁeﬁﬂt g%nﬁfnv@ntﬁ% ag'd cbRAventional

Co-Cr - Pt r a Co-Cr Ag can be used as. the
m%g?eé&c.raqorgl&g thosiug m%nrpﬂ\gceéa«n&g& (he pespectiy egpditiopsof the

the case of the Co-Cr-Pt alloy, the content of Cr can
expanpleschadithe Romparativngemplesishowndeley. 2 Thegeaier ahaliderfest was

content of Pt can be made within a range of 8 at%to
péifforaietousingra gidertpdtar, with atdiigle haipht of 0.4 nan@es, €hicRtwaBtHatest

all oy, the content of G can be nade within a range of
cHRUi Y eh®edch GFRE cRdfeteristic tests were performed on the accepted magnetic
recording mediums.

[0069]

[Characteristic Test Items]

The record reproduction performance of the magnetic recording medium samples
accepted by the abovementioned glide test was examined using a read/write analyzer
(GUZI Co. (US) made: RWA 1632).

For the record reproduction performance, electromagnetic transfer characteristics
such as the reproduction signal output (TAA), the half-width (PW50) of the solitary wave
reproduction output, the SNR, and the overwrite (OW) were measured.

For the evaluation of the record reproduction performance, a complex type thin-

film magnetic recording head, which had a giant magnetic resistance (GMR) element in

its reproduction section, was used.



content of Pt can be made within a range of 8 at%to
16 at% the content of B can be made within a range of
wao 2ed6%p$832 20 at % and the content of Ta can bePaudB2006/304680
within a range of 1 at%to 4 at% For exanple, in the
case of the Co-Cr-Pt-B-Cu al I3y, the content of Cr can
be made within a range of 10 at%to 27 at% the
cont éhe Faspemennofowiseades meashied by thairgegrof nd@seafrdm t MHz to 375
16 at% the content of B can be made within a range of

kACh¢ @bl taledTraauthcyanher H80CRPCERten] sifhal GAR Wagtdmdae
wthin a range of 1 at%to 10 at% In the case of the

repfoddctiBh oBphgwal hRYsurdd's SO ardfwid cat@iatbeb g’? thZO x log

within a range of 10 at%to 27 at% the conten

CERRARR TN pMbb R RoRERS Pk &V el iqpeney)

at % _.and the content_of Ag can be nade within a range

of 1FSF ierBeapereqten; of B EH U HE eI biRSaUATENsS rato (57, an

preferable for the crystal orientation of the O or
elgeteo-optiedl Keyr effect tipe meagmagnpropertumdeswement dey e (dadeoby Hitachi

be formed such that the preferred orientation plane

Elextridal Esgihberingy 9st(8dpap): R @1 900) (290ed. Fok kitswnbgurement of the
formation of the nmagnetic |layer 5, a protective |ayer

mtﬁﬁnétw an@oER1 cBind@ePICR PAIdIHHE nlaBY&Tc MHO%BQQEd&?{W@R?éf the

e principal conponent, is formed usin )
X, k ng.. o] t h
re R BPAon 4O P TR bt S A T LB} arrveas)
Furthernore, a lubricating layer is forned on the
“%?Hﬁactive | ayer as necessary, by applying a
perfl uoropol yether fluorine type lubricant by using
t he Bxﬂohethod or the spin coating nmethod. [Exanpl es]

[ 0068]
[Example 1]

A nonmagnetic substrate 1, where an NiP film (thickness 12 pm) was formed by
electroless deposition on the surface of a substrate comprising Al (outside diameter 95
mm, inside diameter 25 mm, thickness 1.270 mm), and the surface average roughness Ra
was made to be 0.5 nm by performing texture processing on the surface thereof, was
produced.

This nonmagnetic substrate 1 was accommodated in the chamber interior of a DC
magnetron sputter device (Aneruva Corp.: C3010), and this chamber interior was
evacuated until the vacuum attainment level became 2x1077 Torr (2.7x107 Pa).

Following formation of the orientation control layer (thickness 1 nm) comprising
a CoW alloy (Co: 50 at%, W: 50 at%) on this nonmagnetic substrate, it was heated to

250°C.

Next, the surface of the orientation control layer was exposed to oxygen gas. The

pressure of the oxygen gas was made to be 0.05 Pa, and the processing time was made to



Magneti c recordi ng nedi uns according to the present

i nvention and conventional magnetic recordi ng nedi uns
worom/gpssagduced under the respective conditi onsPot/JPivec/304680

exanpl es and the conparative exanpl es shown bel ow.

Thereafter, a glide test was perfornmed using a glide

tester, Mﬁth a glide height of 0.4 minches, which was
betfesecemsds. condi ti on, and each of the characteristic

tests were perforned on the accepted nmagnetic

r ecortiengniR@hetiBundedéfoblaytGhay Rehel bf his ndiBSignkti€ S®strate. The
The record reproduction performance of the magnetic

noffRE gétf&lﬂ@i@fygb!ﬁ] ?«%’Wilsexﬁa(?ecﬁ%taeﬂuﬁ#l gg}@d structure having a second

abovenenti one test was exam ne

PO 200 FERPe D e N e 5 a0

ectraomagneti c transfer characteristics such as the
Eﬁ?wgi@maﬁnéwﬁ ghickgess ginmproomprisiega kaMpallpy(Gr: 80 at%, Mn: 20
(PWb0) of the solitary wave reproduction output, the

aBiR, and the overwite (ON were nmeasured. For the

eval uation of the record reproducti on performance, a

conplINektf 19 Qotimhgtekik ihidalg NBek Cthickeessd ﬁlﬁ) aaastisinga @BCrZr alloy
had a gi ant magnetic resistance (GVR) elenent in

(Cgpv@g@ptgromg@gtd‘oa at%’?\%aé‘ﬁﬁﬂr jhe neasurenent of

noi se was neasure e |ntegral noise froml MHz to

§7Sng|€% i %agﬁ?t?cqayéfrh\ga Bt S?:% éﬂh C‘? ntg% nga[%% tlﬂ(ﬁl:lglmp a%lrs%r n
cPBgERE %ae&(?ﬁeﬁp’zeé:%a Q0 FAmegaE %r“éﬁaé%?a Al (£ R Cr: 25
375 kFCl equival ent frequency). For the neasurenent of
attelt df éH6i B @ 9190rvys famled. hla aslditione dizeetlyr therean, (@Styorah

el ectro-optical Kerr effect type magnetic property
coefigunéorehyedehiclaes{ hdde) bymplitiagaiCoCrPtB alloy (Co:60 at%, Cr: 10
at%, Pt: 15 at%, B: 15 at%) was formed.

When forming each of the abovementioned layers, Ar was used as the sputter gas,
and the pressure thereof was made to be 6 mTorr (0.8 Pa). Next, a protective layer
(thickness 3 nm) comprising carbon was formed by CVD. Ne'xt, a lubricating layer
(thickness 2 nm) was formed by spreading a lubricant comprising perfluoropolyether on
the surface of the protective layer, and the magnetic recording medium according to the
present invention was obtained.

[0071]

[Examples 2 to 32]

Except for the point of making the alloy composition and the film thickness of the
orientation control layer the values shown in Table 1, the same processes as Example 1

were performed to obtain the magnetic recording medium according to the present

invention.



El ectrical Engineering Co. (Japan): RO1900) was used.

For the nmeasurenent of the nagnetic anisotropic index
wWOCR)e/0arsd2t he magneti c ani sotropi c i ndex (Mt ORETGP20061804680

resi dual magnetization amount, a VSM (nmade by Ri ken

El ectrical Co. (Japan): BHV-3%) was used. [0070]

[ Exanpl e 1] A nonmagnetic substrate 1, where an Ni P

fil m[0@TIckness 12 nmm) was formed by el ectrol ess

deposition on the surface of a substrate conprising Al

(out E[Edgngl'e ter 95 mm inside diameter 25 mm

thickness 1.270 mm), and the surface average roughness

Ra. wag saBEein %Qayké‘f‘ afld 2 &%195( eft B?ﬁ&mggayte?gtgw iﬁgallef]hipgtead ofa

processi ng on t’he SUI' ace t ereo Spr uced.

SRR g Li%?etrr th%e%@ A FOTE 8 et Prtiope SoCiZr (Co: 79
((Aneruva Corp. : ,. and thls chanber interior was

A alelidSed uht: |31%} Wés vsaféaa hATBINASi 2irBn i or heelonpeergtis bonding layer,
2*10 7 Torr (2.7><10 5 Pa). Follow ng formation of the

adangeinccanpromngRm tvas usédatpdamintabe €& nes sOthentiyan closyhé sinmgprocesses
a CoWwalloy (Co: 50 at% W 50 at% on this

af BRAMPREL werepebimad & obthinwae mhagadtRGedRdidB Ahedil¥ %oording to the
the surface of the orientation control |ayer was

pgegggﬁﬁqeﬁtgmoxygen gas. The pressure of the oxygen gas
was nade to be 0.05 Pa, and the processing tinme was

made[ 6’};@ 5 seconds. The nonmagnetic undercoat | ayer
was f d on this nonrragneti C substrate. The
non netic un erco Iayer was nmade to be a

mul t iLSPEpaFatiye ?‘HE le having a second |ayer
(thickness 3 nm conprising a GMB alloy (Cr: 80 at%
Mo: dxcapbipr the poingofgoigproviding an orientation control layer, the same

processes as Example 1 were performed to obtain a conventional magnetic recording

medium.

[0074]

[Comparative Example 2]

Except for the point of not providing an orientation control layer, the same
processes as Example 34 were performed to obtain a conventional magnetic recording

medium.

[0075]

[Comparative Examples 3 to 6]

Except for the point of making the film thickness of the orientation control layer
the values shown in Table 1, the same processes as Example 1 were performed to obtain
a conventional magnetic recording medium.

[0076]

[Comparative Examples 7 to 8]



a first configuration layer (thickness 2 nm
conprising a &M alloy (Cr: 80 at% WMh: 20 at%.
woknde/09%d3e nonmagneti c m ddl e | ayer (thi cknessP8TOPI006/304680
conprising a CoCrzr alloy (Co: 70 at% Cr: 23 at% Zr
7 at% was formed. Next, the3¥agnetic |ayer was
installed. As the magnetic layer, a fprst . .
cont EgephEridRe payept Pekne Rirlie depstiyp! g sgiarigps o texture
CoCrPtB alloy (Co:60 at% C: 25 at% Pt: 14 at% B: 6
patcfsingetbe Valuamshowminakilet §i, dlre, sagie rreessyestay Exapple hwere
second configuration layer (thickness 10 nm
pE&FERddSH BBtath Lo&iRInBowd! Inpignétiore6rd@mednm. 10 at % Pt :
15 at% B: 15 at% was fornmed. Wien form ng each of
t he @Rgvfnentioned | ayers, Ar was used as the sputter
gas, and the pressure thereof was nade to be 6 nflorr

(0.8.Pa). Next.,.. rotecti : l.6 :

corprine P akriisne RS S G iRl L RS Uthe Examples
| ubricating_| ayer (thicknes m was fornmed by
a@%ﬁ@&@@ﬁQVﬁEﬁéﬁ¥kﬁéﬁ%ﬁEﬁﬁﬁPﬁ@ﬁﬁg*perfIuoropolyether on
the surface of the protective |ayer, and the nmagnetic
recordi ng nmedi um according to the present invention
was obtained. [0071] [Exanples 2 to 32] Except for the
poi nt of nmaeking the alloy conposition and the film

t hi ckness of the orientation control |ayer the val ues
shown in Table 1, the sane processes as Exanple 1 were
performed to obtain the magnetic recordi ng nmedi um
according to the present invention.[0072] [Exanple 34]



A stabilizing layer and a ferromagnetic bonding | ayer
were installed instead of a nonmagnetic m ddl e | ayer.
weaooctoass4st abi | i zing | ayer, a target conpri si nGCTILX0E6/304680

(Co: 79 at% Cr: 18 at% Zr: 3% was used to | am nate
2 nm For the nonmagnetic bonding | ayer, a target

comprising Ru was used to P4minate 0.8 nm O her than
tgﬂog t he sane processes as Exanple 1 were perforned
t gg]ai n the magnetic recordi ng nmedi um according to
the present invention. [0073] [Conparative Exanple 1]
Exideple ifor the point of not providing an orientation

control |ayer, the sane processes as Exanple 1 were

per f et o ¢Bt& ™ | acony &tittonat=madhet M ¢&8r ¢iPHg | 7V |

nedi yrny«gora] »Pe3nparst i yve Exampfe 2] Except {for |t he

poi nt| *Wfot ﬁl‘aﬁ\ﬂmdi ng an |ori ent & on corEtroI | ayer,

the dame proced¥®¥ as Exanple 34 were pernformed tq

obtailn a conveftional™¥Egnétic fecording|medi gy’ | ©@» | @) | @
Eample1 007519 ®Bnpar &t i ve [EXGnpl| &3 3 1 8%6] |EXcepf’ f o nd® [0 |17
Bamlegoi nt] ‘B Waki nd’ t he |£1°°m tAfckned® of W'he *Bri elif'al 'dn | ¥ | *
Bampled ont 13118y er [the vali8s sh&wn i| A% Tahl'® 127t he “Samd’® |21 | 2
Eampledr 0cds€B8Yas FRanpl e 2 wer &*per § 6Pned %0 |48t ai a7 | 621 | 206
Bampled ony d it BRal dgnet i CPecaoddi ng | AEdi uid® [ 68767 M2 |75 |62 | %02
Example 6 50C0o-50W 45 25000 4473 [ 0.83 1.08 7| 219 | 1433 | 3738 6.22 204
Example 7 60Co-40W 1 25000 4454 0.82 1.08 2.1 1422 378 6.24 202
Example 8 25Co-75W 1 25000 4451 0.82 1.07 2.15 1431 379 6.26 20.5
Example 9 60Co-40Mo 1 25000 4423 0.81 1.08 2.19 1411 38.1 6.26 20.3
Example 10 45Co-55Mo 1 25000 4416 0.82 1.07 2.18 1432 383 6.24 20.2
Example 11 25Co-75Mo 1 25000 4491 0.82 1.08 2.11 1436 376 6.24 20.1
Example 12 55Co-45Ta 1 25000 4475 0.81 1.08 2.17 1428 37.6 6.23 20,1
Example 13 40C0-60Ta 1 25000 4451 0.82 1.08 2.15 1436 37.9 6.24 20.2
Example 14 55Co-45Nb 1 25000 4481 0.82 1.08 2.19 1427 38.2 6.22 204
Example 15 40Co-60Nb 1 25000 4451 0.82 1.07 21 1421 38.5 6.22 203
Example 16 25Co-75Nb 1 25000 4475 0.81 1.08 2.18 1435 38.1 6.25 203
Example 17 55Ni-45Ta 1 25000 4439 0.82 1.08 2.21 1427 37.7 6.24 204
Example 18 40Ni-60Ta 1 25000 4439 0.82 1.07 2.18 1431 38.1 623 204
Example 19 60Ni-40Nb 1 25000 4419 ) 0.82 1.08 2.18 1436 37.6 6.23 204
Example 20 45Co0-35Nb 1 25000 4418 0.81 1.07 2.16 1425 375 6.22 202
Example 21 25Co-75Nb 1 25000 4475 0.82 1.08 2.13 1422 38 6.24 20.1
Example 22 55Fe-45W 1 25000 4436 0.82 1.08 2.16 1426 38.1 6.22 20.4
Example 23 40Fe-60W 1 25000 4418 0.81 1.08 2.18 1426 37.6 6.23 20.3
Example 24 25Fe-75W 1 25000 4445 0.82 1.08 2.16 1427 37.9 6.22 204
Example 25 55Fe-45Mo 1 25000 4417 0.82 1.07 2.18 1428 38.2 6.22 20.1
Example 26 40Fe-60Mo 1 25000 4437 0.81 1.08 2.1 1431 38.4 6.25 20.2
Example 27 25Fe-75Mo 1 25000 4411 0.82 1.07 2.17 1433 37.8 6.24 20.3
Example 28 55Fe-45Nb 1 25000 4398 0.82 1.08 2.14 1441 384 6.23 20.3
Example 29 40Fe-60Nb 11 25000 4378 0.81 1.08 2.18 1427 378 6.22 20.1
Example 30 25Fe-75Nb 1 25000 4398 0.82 1.08 2.11 1442 38.5 6.22 20.1
Example 31 45C0-25W-20Mo 1 25000 4414 0.81 1.08 2.18 1421 374 6.25 202
Example 32 45C0-25W-20Ta 1 25000 4415 0.82 1.07 2.18 1428 379 6.23 20.1
Example 33 25Co-20Ni-55W 1 25000 4419 0.81 1.08 2.14 1429 38.1 6.24 20.4
Example 34 50Co-50W 1 25000 4578 0.82 1.08 222 1427 38.2 6.18 20.9
Comp example 1 none 25000 4211 0.8 1.05 1.89 1357 39.7 6.32 19.2
Comp example 2 none 25000 4325 0.81 1.05 1.92 1345 394 6.28 19.5
Comp example 3 50Co-50W 0.05 25000 4221 0.8 1.05 1.9 1367 39.5 6.3 194
Comp example 4 50Co-50W 6 25000 4555 0.83 1.08 2.19 1433 375 6.23 20
Comp example 5 50Co-50W 10 25000 4624 0.83 1.08 2.18 1422 36.9 6.24 19.7
Comp example 6 50Co-50W 20 25000 4712 0.83 1.08 2.17 1437 36.5 6.23 19
Comp example 7 50Co-50W 1 6000 4334 0.82 1.03 1.63 1243 40.5 6.43 17.8
Comp example 8 50Co-50W 1 210000 4345 0.8 1 1 1012 43.2 6.67 15.8




[ Conparative Exanples 7 to 8] Except for the point of

meki ng the line density of the striations fromtexture
wonomaesi4ng t he val ues shown in Table 1, the sSaaE/JP2006/304680

processes as Exanple 1 were perfornmed to obtain a

conventional magnetic recordi 8§ nedium [0077] The

characteristic test results of the magnetic recording

medi JA87Uf t he Exanpl es and Conparative Exanples are

shown in Table 1.[0078] [Table 1][0079] In Exanples 1

t o 6,IntHxamphiscikioes theahickhess of ittendridntationcontroldhydraieeW type alloy

Co-Wtype alloy (Co: 50 at% W 50 at% is being

(F_%rg(?gt%,m%@aﬂ%) igtba_g?lg,aﬁgd.t he SNR with respect to the
il mthickness, ‘and it can be understood that in the

ran of 10 to,20.a [t d G :

cxccol TBH = 4Rl SR PO SR fipsgicks LonpBER Ll ond it can e
Exanples. 4 and 5, even if_ it is in.the range of t
UGS e bR 008 ABSHAPRt SN E < UHE o

an orientation control |ayer has not been forned, the
magntloweni asos stopsn indonprsativr Exagriles 4 arda$, dyen if it is in the range
understood that as a result, the SNR is superior. As

dfs t8NOvAnEArdaM)Pampired €0 Exaippiativd Exwinple It wherbiahmrientation control
thi ckness of the orientation control |layer is |less

h8Mad nSNGRh TR the thinbfi & 86186 tr&PAFBheriok, lant $t Gine understood
angstrons), the TAA decreases, and it is inferior from

e point etic transfer characteristics.
t}i%tratsﬁerresr%trge %Igﬁi%sgugﬁ}g% in Conparative Exanple 6,

e A0 i B ol S RIS HORiPBeehige
%;n?aglgggggt;welggq% l%lss t 213 I1 gnggt%nsl %i?li tﬂeg pr%ggnl"cl giamm: 1(t:ps 0.5
angstroms), the TAA decreases, and it is inferior from the point of electromagnetic
transfer characteristics.

Furthermore, as is shown in Comparative Example 6, when the film thickness of
the orientation control layer is 200 nm, even though the magnetic anisotropy is superior,
crystal grain coarsening occurs, which decreases the SNR.

[0080]

Furthermore, as is shown in Example 3 and Comparative Examples 7 to 34, in a
magnetic recording medium according to the present invention, even in a case where the
film thickness of the orientation control layer is 1 nm and is formed very thinly, it is clear
that it is exhibiting a large effect in improving the magnetic anisotropy.

In a case where the film thickness of the orientation control layer is 1 nm and is
formed very thinly, there is an ununiformity which remains in the film quality, and it can

be thought that this is because the refinement of the particle size is contributing. When

the particle size of the orientation control layer becomes refined, because the magnetic



[0080] Furthernore, as is shown in Exanple 3 and

Conparative Exanples 7 to 34, in a magnetic recording
wordiciassagcordi ng to the present invention, evearuar0a6/304680

case where the filmthickness of the orientation

control layer is 1 nmand is Bébrmed very thinly, it is

cl.ear that .it is exhibiting a |l arge effect in i

B0V R0 IRBTaWESrEE MRSHFICTERHBipg Chrrtelsrisinso iomasnati

filmthickness of the orientation control layer is 1nm

rgeerding npesivmsapdeympravetly, there is an ununiformty

which remains in the filmquality, and it can be

t houglf8tjhat this is because the refinenent of the

particle size is contributing. Wen the particle size

of t g Bxah§Msat 030, GRMIY cohPy&itioR BF & Sich@libf @ﬁntrol layer is

because the nmagneti cani sotropy al so i nproves, the

]ﬂﬁggﬁﬁkg recordi ng characteristics of the nagnetic

recordi ng nmedi um can be inproved. [0081] In Exanples 7

to 30, the al]oy c osition of the orientation

cont r BFaqlléey‘gfdeF%ong%ﬁbgWéﬁ“i‘%ﬁ 8%‘%’ Ry, ¢ hadylstmsgiloy, a Co-

t hat bY using a Co-Wtype alloy, a Co-M type alloy, a

Tedyperallayy s @ong dype allogoa NibTe yipe adloy.ayNi-NbypeTalloyypEe-W type

alloy, a N-No type alloy, a Fe-Wtype alloy, a Fe-M

allppen Bd-Maytypenllay, loe ale-Nly pype allbp Yorfthe ofidigativhi contral ia9ey, a

control layer, a favorable nagnetic anisotropy in the

fevdrablehieastid MisctdpSGh R tikami@enN ieOR calM dbtaihed, and it is

clear that the recording and reproducing

c‘{etb?”t}%@H%rr%@%rhﬁ%e@gﬁgﬁﬁ?&?ééﬂa%ﬁt?ﬁs%ggg&colﬂ% SR, o5 3

to 33, pe allToy 1s use or 't he
oriegb jon control layer. It can be understood that
by u |ﬁ%ia Co-WM type alloy, a Co-WTa type all oy,

In Examples 31 to 33, a three-element type alloy is used for the orientation
control layer.

It can be understood that by using a Co-W-Mo type alloy, a Co-W-Ta type alloy,
or a Co-Ni-W type alloy for the orientation control layer, a favorable magnetic anisotropy
in the circumferential direction can be obtained, and it is clear that the recording and
reproducing characteristics become superior.

[0083]

As can be understood from the comparison between Example 34 and
Comparative Example 2, it is clear that in an AFC medium, the expression of the effects
of the magnetic anisotropy due to the orientation control layer can be seen, and the
recording and reproducing characteristics become superior.

[0084]

Furthermore, as can be understood from the comparison between the Examples

and Comparative Examples 7 and 8, by making the line density of the striations 7500



or a Co-Ni-Wtype alloy for the orientation contro
| ayer, a favorable magnetic anisotropy in the
woiommatsaeenti al directi on can be obtai ned, an#CTiP1086/304680
clear that the recording and reproducing
characteristics beconme superid7. [0083] As can be
under st ood fromthe conpari son between Exanple 34 and
AR qr ROt dRdpnere prefierablys2 GO M(line/atm) or mereARCless than
medi um the expression of the effects of the magnetic
20,000t (tiogsyma) sit {socledrehaira fevdrabile emagenic atikottdyean G3dbREned.
seen, and the recordi ng and reproducing
characteristics becone superior. [0084] Furthernore,
as can be understood fromthe conparison between the
Exanpl es and Conparative Exanples 7 and 8, by naking
the line density of the striations 7500(1ines/m) or-
nore, and nore preferably 20,000 (lines/mm or nore
and | ess than 200,000 (lines/mm, it is clear that a
favorabl e magneti c ani sotropy can be obtai ned. CLAI V5:
1. A magnetic recordi ng nedi um conprising at |east an
orientation control layer, a nonmagnetic undercoat
| ayer, a nmagnetic |ayer, and a protective |ayer in
this order on an al um num substrate which has
striations on the surface and is plated with NNP or a
Ni P all oy, wherein said orientation control |ayer
conprises any one or nore conponents selected fromthe
group consisting of Co, N, and Fe, and any one or
nore conponents selected fromthe group consisting of
W Mo, Ta and Nb. 2. A magnetic recordi ng nmedi um
according to claim1, wherein said orientation control
| ayer contains at |east one alloy selected fromthe
group consisting of alloys in the systens of Co-W
Co- Mo, Co-Ta, Co-Nb, Ni-Ta, Ni-Nb, Fe-W a Fe-Mb5and a
Fe-



Nb. 3. A magnetic recordi ng medium according to either

one of claiml and claim2, wherein said alum num
weurbstwst4e i s a substrate in which a N -P typerarlp306/304680

filmis formed by el ectrol ess deposition on an Al - M

all oy substrate body. 4. A na@Betic recording nmedi um

accordlng to any one of claim1l through claim3

Ph a filmthickness of said orientation contro

layer is within a range of 1 angstromto 50 angstrons.

5. A magnetic recordi ng nmedi um according to any one of

claim1l through claim4, wherein a line density of

Isai d & hidgattiOfsoldigiR8@utn dorgs P at Wash B @me@rtatﬁ&n control layer, a
magneti ¢ recording nedlun1accord|ng to any one of

rfohfia é'tlctd}{dgf&gt lﬁir %r%?gmelﬁg rnal‘f"d 'Pe%hkrg | er tb s order on an

ant s troplc In

n.the ci |rect|on/r t ent
il GhHEdE iW'iwac?{h%sg rigtigaS G trguefecsandss ﬂifé#ewtfa NP or a Nip
recordi ng nmedi um according to any one of claiml

1HY’ough claim6, wherein a nagnetic ani sotropic index
of said residual magnetization anount (residual
magnetliczeitisaid aientation conttdidayr compfigseny ioat or more components
di rection/resi dual magnetization anount in the radial

seliected fioanihe dréupleddbisthg 6PCE, NB and\FEf%ﬂ%hz @né 8F ﬁfogé &ﬂnponents
nmedi um accordi ng to any one of claim1 t rough claim

leect\é@%ﬁ{ﬂleSg%&b {bgg,]@?g%gfvp MGET £Q3%, | aver contains a

| ayer, ayer ‘containi'ng one or nore
corrponent S sel ected fromanong Ti, M, A, Ta, W N,
B, Si, V, and Mh. 9. A magnetic recordi ng nedi um
accordin one of claim1 through claim8§,
2oher ét 2 %‘?t%f rﬁﬁ%ﬁ@g.%eqlw@mrémép ﬁhanarly wWhekeIbgaidrptientation
conponents selected fromthe group consisting of
cantradJayer gontams ey eagome etloysel@rtedromGbe Grouptcomsisting of alloys in
Co-Cr-Pt-B, and Co-
the systems of Co-W, Co-Mo, Co-Ta, Co-Nb, Ni-Ta, Ni-Nb, Fe-W, a Fe-Mo, and a Fe-

Nb.

3. A magnetic recording medium according to either one of claim 1 and claim 2,
wherein said aluminum substrate is a substrate in which a Ni-P type alloy film is formed

by electroless deposition on an Al-Mg alloy substrate body.

4, A magnetic recording medium according to any one of claim 1 through claim 3,
wherein a film thickness of said orientation control layer is within a range of 1 angstrom

to 50 angstroms.

5. A magnetic recording medium according to any one of claim 1 through claim 4,

wherein a line density of said striations is 7500 (lines/mm) or more.



Cr-Pt-B-Y (Y represents Ta or Cu). 10. A magnetic

recordi ng and reproduci ng apparatus characterized in
woaQoriosi4mg a magneti c recordi ng nmedi um accor dPaE/JIPm06/304680

any one of claim1 through claim9, and a nmagnetic

head whi ch records and reprodgges information on the

magneti c recordi ng nmedi um

6. A magnetic recording medium according to any one of claim 1 through claim 5,
wherein a magnetic anisotropic index of said magnetic layer (retentivity in the

circumferential direction/retentivity in the radial direction), is 1.05 or more.

7. A magnetic recording medium according to any one of claim 1 through claim 6,
wherein a magnetic anisotropic index of said residual magnetization amount (residual
magnetization amount in the circumferential direction/residual magnetization amount in

the radial direction), is 1.05 or more.

8. A magnetic recording medium according to any one of claim 1 through claim 7,
wherein said nonmagnetic undercoat layer contains a Cr layer, or a Cr alloy layer
containing one or more components selected from among Ti, Mo, Al, Ta, W, Ni, B, Si, V,

and Mn.

9. A magnetic recording medium according to any one of claim 1 through claim 8§,
wherein said magnetic layer contains any one or more components selected from the
group consisting of alloys in the systems of Co-Cr-Pt, Co-Cr-Pt-Ta, Co-Cr-Pt-B, and Co-

Cr-Pt-B-Y (Y represents Ta or Cu).

10. A magnetic recording and reproducing apparatus characterized in comprising a
magnetic recording medium according to any one of claim 1 through claim 9, and a
magnetic head which records and reproduces information on the magnetic recording

medium.



