10 August 2004 - a MAGNETI CRECORDI NG MEDI UM AND METHOD FOR'®PRADustiZNG? SA
BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON This invention rel ates
to a magnetic recording nedium which is used in various magnetic
recordi ng nmedi um devi ces including external storage devices of conputers
and AV-HDD, and a nethod for producing the magnetic recordi ng nmedi um
DESCRI PTI ON OF THE RELATED ART Vari ous édhﬁositions and structures of a
magnetic |ayer and various materials for a nonmagneti c undercoat |ayer and
a seed | ayer have been proposed for magnetic recording nedia for which a
hi gher recording density and a | ower noi se have rapidly been demanded in
recent years. Particularly in recent years, a proposal has been nade for a
magnet i ¢ | ayerMAGHERBIGIRECORIING] MED INIMA (ANDA MEYTHIQ DB _PREBUCINGI Shvdas a
structure conprising magnetic crystal grains surrounded with a nonmagnetic
nonnmetal | i ¢ substance such as an oxide or a nitride. For exanple, Japanese
Pat ent application Laid-opeq; Mcroiing o34 ﬁ%Q%ﬁ% g@§8ﬁibes that a | ow noi se
is achieved by |lam nating a nonnmagnetic film "a Ferronagnetic film and a
nonmagnetic filmsequentially on a nonmagneti c substrate, and 10 August
2004 then heat-treating the lamnate to forma granular recording |ayer
havi ng ferromagnetic crystal of&8FwR QF P SBIVENTEe nonnagnetic film In
this case, cobalt or an alloy conposed mainly of cobalt is used as the
magnetic |layer, and a nmetal, an oxide, a nitride, carbon or a carbide is
used as the nonmagast ifvéhton USP1 5164 %dH 73 st iRe SRk 1 8 Ohag kAT
recording |ayer having a structure conprising nmagnetic crysta? grai ns
surrounded WRiERhalaonpednbe icavidwe raahdthier elmcording medium devices

including external storage devices of computers and AV-HDD, and

a method for producing the magnetic recording medium.
DESCRIPTION OF THE RELATED ART

Various compositions and structures of a magnetic layer
_and various materials for a nonmagnetic undercoat layer and a
seed layer__ have been proposed for magnetic recording media for
which a higher recording density and a lower noise have rapidly
been demanded in recent years. Particulariy in recent years,
a proposal has been made for a magnetic layer, generally called
a granular magnetic layer, which has a structure comprising
magnetic crystal grains surrounded with a nonmagnetic
nonmetallic substance such as an oxide or a nitride.

For example, Japanese Patent application Laid-open No.
8—255342(1996) describes that a low noise is achieved by
laminating a nonmagnetic film, a ferromagnetic film, and a

nonmagnetic film sequentially on a nonmagnetic substrate, and



i ndividual ly separated can be formed by perform ng RF (radi 60 Augesil2&0dy)
sputtering with the use of a CoN pt target having an oxide, such as Si 02,
added thereto, and that high Ho (coercive force) and | ow noise are
realized by this recording |ayer. Such a granular magnetic | ayer has been
considered to obtain | ow noise characterjstics for the follow ng reason: A
nonmagneti ¢ nonnetal lic grain boundary 5Hﬁ§e physically separates the
magnetic grains. Thus, the magnetic interaction between the nagnetic
grains lowers to suppress the formation of zigzag-domain walls occurring
in atransition region of recording bits.” The causes of the noise in a
recordi ng mediumare the size of magnetic grains constituting the nmedi um

and fluct uat¥hem hdat rtaprdtingatthen ldnéntbe MBGNELEE & NGRAREL4ON-RRIMRGY t he
grains. To fai nt ?]l‘?g hi gh SNR consistent with an increased recording
density, it T HedtYdRs TegTRREENERECGRYEEabf IFatRt dispprEa® Lipdhebi t
cell at a cefd@dyntdi¢e £9F N r to e the magnetic grains
finer. However, e{bﬁl a st ai IEelmi ngﬁi%}hf%r%lr%ea’t Qﬁ?%gl?ﬁ a?o@&g-oysco’@?Eﬁ%ﬂge

i nteracti on mainky logt webalthesnagagt is gral né’&ﬂ?rlayf}iryﬁta@!d & @efg do not
necessarily nean finer magnetization reversal units. "Thus, 1n order to
make the nmadfet¥Z4€i-of RiEvéfsal camben (@ pr esaelides ian weid wat ithe magnetic

nonent itsel Y I Y S 0 necessary to suppress the exchange

i nter a)cti on %Qg"ﬁég&%ltk‘ﬁe%ﬁ%%r ng}sspl g’é&%'ﬁ%#ﬁ@%?&g% Fhatra grprebaer, it

i S necessar yrelc@ridiRgr L ae dakvang M&&@&&Eomﬁ?%%%%a}@{&mcr {gg}éggg?_r 9y
ar erlsti

to the magnetic grains thenselves so that magnetic c
essenti al f&FapAGhsHESONREES W itlecormimpgrgrisal dHd/dd tihaC ahekenp9bt ai ned

wi t hout sup haibahd netism_A granular structure conprising magnetic

grains w tﬁ RiGh nﬁng%%t?%p%?g%‘?r% bhdrafredt depsadorminanBRnbgagioc
frequency) sputtering with the use of a CoNiPt target having
an oxide, such as $i0,, added thereto, and that high Hc (coercive
force) and low noise are realized by this recording layer.

Such a granular magnetic layer has been considered to
6btain low noise characteristics for the following reason: A
nonmagnetic npnmetallic grain boundary phase physically
separates the magnetic grains. Thus; the magnetic interaction -
between the magnetic grains lowers to suppress the formation
of zigzag'domain walls occurring in a transition region of
recording bits.

The causes of the noise in a recording medium are the size
of magnetic grains constituting the medium, and fluctuations
in maghetization due tomagnetic interaction between the grains.
To maintain high SNR consistent with an increased recording
density, it is necessary to keep the number of magnetic grains
per bit cell at a certain value or higher, namely, to make the

magnetic grains finer. However, in a state in which a great



matrix is ainmed at fulfilling all of the above -described stigiAtigust 2004
requi renments for high SNR A conventionally used CoCr-based netallic
magnetic layer |Is forned at a high tenperature. Thus, Cr is segregated
from Co-based magnetic grains and precipitated into the grain boundary to
decrease the magnetic interaction between the nagnetic grains. In the case
of the granular nmagnetic |ayer, on t he "ot her hand, a nonmagneti c

nonnmetal | i c substance is used as the grain boundary phase. Thus, the
advantage is obtained that C is segregated nore easily than Cr in the
conventional nmagnetic |ayer, whereby isolation of the nmagnetic grains can
be pronoted relatively easily. In particular, with the conventi onal

CoCr - based nef@hdnge nagrestiot ioayworks dvsivepit the BHYSET 8E 6yt SIMET FLKES
during fil m(fﬂg)r ti' on t.o 2000C or higher 10 August 2004 4 is absolutely
necessary for Sttt FEH S &S 804t REFesFEL 1Y TReaD GF R aragnedrigeitdonayer
by contrast, réweRshRRAROUSTHAsT N ur j Llmformatiop. wthout
heating, the nonmagng%i c no?lirlrg%él |cog%%gttg)nédg&%n%éﬁggggnggb?%gh??on.
However, a rregirstsal naddr diexpreededmabash Ngofi 4 vt MagdRARE omeh@yer
requires that,a relatively |arge_anmount of Pt be addec?to a Co alloy in
order to reatiSAlh faddsi idd 1Fngheri Becensrar ke i simrowssedpecieathynghi gh

coercive for . r poned. USP 5,679, 473 al so needs expensive
Pt as nuch Jggc%ce{%&%ﬁ r?%totrg'aggeg ISL‘a hieve: H%hof“akéﬁguf:i’%@ﬁa’ffés. RY9%al i ze

conpar abl e hedwowese aft tkeneceB¥eRy PO MDA -PAREL B! Habh t Fgﬁggeti c

| ayer, on the other hand, the amount of Pt required 1Is as“sma as 5 att.
General |y, Wagnedisn @rasornghEt feerayecto the imngnetdnngntias khegeepsedb at*
i's needed tq

: Je Ialtzrgas%ile &f 2?00 Oﬁ‘ﬁ W%h t he ) . .

conventional . Cogr- ba et 8PP ECHBHNBETTS 9°a7etTadnt ehdighneesatwtion he

anount of Plrefce@dingd (§$e88! ¥cPMrt) can be obtained without super- ‘
paramagnetism. EXgranularstructurecomprisingnmgneticgrains
with high magnetic anisotropy energy disperséd in a nonmagnetic
matrix is aimed at fulfilling alliof.the aboﬁe—desaribed.strict
fequirements for high SNR.

' A.conventionally'used.CoCr-based:netalliclnagnetic layer

is formed at a high temperature. Thus, Cr is segregated from
Co-based magnetic grains and precipitated into the grain
boundary to decrease the magnetic interaction between the
magnetic grains. In the case of the granular magnetic layer,
on the other hand, a nonmagnetic nonmetallic substance is used
as the grain boundary phase. Thus, the advantage is obtained
that Cr is segregated more easily than Cr in the conventional
magnetic layer, whereby isolation of.the magnetic grains can
be promoted relatively easily. In particular, with the

conventional CoCr-based metallic magnetic layer, raising the

substrate temperature during film formation to 200°C or higher



att. In recent years, with the increase in magnetic recordi nfyAudestiony,
there has been an increasing demand for He as high as 3,000 Ce or nore.
The granul ar magnetic |ayer, which requires a | arge anount of expensive Pt,
is posing the problem of increasing the manufacturing cost. A further
decrease in the nediumnoise is also demanded in accordance wth the
increase in the density. The need for neticul ous control of the magnetic
crystal grain size of the granular magnetic |layer and a fine structure
such as a segregation structure is increasing. 10 August 2004 SUMVARY OF
THE | NVENTL ON.Ext.ensi.ve_st udi es have been conducted to achieve high H, a
| ow cost, 'lé"rs'naabas c?]lfllrr{teﬂ‘gr DT RS PR %‘%ﬁeéé”ie&t Segredriian ofidgnet FBe| ayer .
These st udyeniiBye nelgiiltibesad &3l By @Bnteadtd 1o2 kiU EEGLU Q) 366N b
achieved wthout an increase 1n thé consunption of expénsive Pt, by

form ng a evemedmetia fidmakfbination eriddivat debayey, betisvasmnmgpetat! ar
magnetic | ayer a dl,a nonmagneti c_undercoat |ayer, the nonmagnetic netallic
i nt er nedi a?éml'%@ag]r ch"oW?§Pﬁﬁeau%%?ﬁ%§etsie@rﬁﬁﬁé¥°’br an alloy thereof and
havi ng a cr.ystal ure Lohsl 16 el - Kk

structure. More %ﬂ‘%"é{fﬂa’blay,m h%bﬁ%?\rrrégcgnet %%O%F%Wiﬁéﬁ\@%négﬁépgg}l ayer is
t wo- | ayer edagustic rleywrt rejtihas tieshn  aendtibelyt hergdreauary sEapegrain
dianeters in the nagnetic |ayer and_ their variations can be nmade snmall,
and nore 3% &5t &GPt 31EH Inperdel dionsealie Shet fesired sropRtic

nonmagnet i ghoetalddiGdirker BEFLat £114 a%8gnd| i asity. Thus, a
substrat e need not :Lbe:L heat eg du"r?']l' r% %ﬁ]grl% Fégﬁgﬁ%n&%&: Hr%éditﬁr% accordi ng
to the pres@mtemdmrhientidolSP Foir 6 hes4my & lsbhaegasuéaednyiveg pRr agemscean be
simplified and performed for a | ow cost, and an inexpensive plastic can be

used as a ¥bst AEfeln|rdatiitei 8rhieve Bonl cahwin 4400 Oe. To realize

comparable Hc by use of the conventional CoCr-based metallic .
magnetic layer, on the other hand, the amount of Pt required
is as small as 5 at%. Generally, with granular magnetic layer
Pt in an amount as large as 16 at%.is'needed to realize Hc of
2800 Oe. With the conventional CoCr-based metallic magnetic
layep, on the other hand, the amount of Pt reguired is only 8
at3¥. In recent years, with the increase in magnetic recording
density,‘there has been an increasing demand for Hc as high as
3,000 Oe or more. The granular magnetic 1ayér, which requires
a large amount of expensive Pt, is posing the problem of
increasing the manufacturing cost. A further decrease in the
medium noise is also demanded in accordance with the increase
in the density. The need for meticulous control of the magnetic
crystal grain size of the granular magnetic layer and a fine

structure such as a segregation structure is increasing.



Al or glass substrate. In the first aspect of the present i n@éngusi004a
magnetic recording nmediumconprising at least followng |ayers |am nated
on a nonmagnetic substrate: a nonmagnetic undercoat 1 0 August 2004 - 6

| ayer, a nonmagnetic netallic internediate |ayer, a magnetic |ayer, a
protective film and a liquid lubricant |ayer wherein the magnetic |ayer
conprising crystal grains having ferronegneti smand nonmagnetic grain
boundaries surrounding the crystal grains, and the nonnmagnetic netallic
intermedi ate | ayer conprising at |least one |ayer, -and a crystal structure
of each | ayer being a hexagonal close-packed structure. Here, the
nonnmagnetic netallic internmediate |layer may include a |layer conprising a

metal sel ected fromthe groupsuemaRYstF npHOf INyENEony Hf . Ti al loys, Zr
al l oys, and Hf alloys. The nonmagnetic netallic internmedi ate | ayer nmay
include a layer conprising a CoCr alloy containing 30%to 50% of Cr. The

nonnmagneti ¢ netal kLi¢ | | ate -l ayer may have a structure consisting of
two different | aygrkgebg%?%ar?t ce%laéi %S_géfa& rl?eetgﬁﬂngﬁﬁt%fi thachapee higyHe,

conprise a eefak 86kest&fldf s Ofu+HSor HOMR LANSIS NGO 1l ZE Ti
alloys, zr alloys, and Hf all oys, End t he otherETg%grfﬁgyacgﬁspgiéra CoCr
al | oy cont aMAPRGtigbeter 50%hekeCstudhes nonmagleliciaat ahdt GidH aeedhat e

| ayer may hgvgog.‘g#éuctune consisting of two different |ayers |am nated
together, and a TOWer™ BR{FSS 687 Re 2GBLPasereithauiha ingyeaseoiprtséng a

(o 2 oy Gombapt o YOl e AR SR 1 112

consi sti ng drtarmediatdflayiir aldioysn & galanaysr hBghHest 18004 ang a
nonmagnétic undercoat layer, the nonmagnetic metallic
intermediate layer comprising a nonmagnetic metal or an alloy
thereof and having a crystal structure which is a hexagonal
close-~packed (hcp) structure.

More preferably, the nonmagnetic metallic intermediate
layer is two-layered. As a result, it has been found that the
mean crystal grain diameters in the magnetic lavyer aﬁd their
variations can be made small, and more favorable results can
be obtained.

Also, the use of the nonmagnetic metallic intermédiate
layer gives a high Hc easily. Thus, a substrate need not be
heated during film formation of a medium according to thé present
invention. Furthermore, the manufacturing process can be
simplified and performed for a low cost, and an inexpensive
Plastic can be used as a substrate, in addition to a conventional
Al or glass substrate.

In the first aspect of the present invention, a magnetic
recording medium comprising at least following layers

laminated on a nonmagnetic substrate: a nommagnetic undercoat



- 7 and Hf alloys. The nonmagnetic grain boundaries in the10Rgg&iti2004 ayer
may conprise at | east one oxide selected fromthe group consisting of

oxi des of C, Co, Si, A, Ti, Ta, H and Zr, and the crystal grains having
ferromagnetismin the nmagnetic |layer may conprise an alloy formed by
adding to a CoPt alloy at |east one substance selected fromthe group
consisting of Cr, NI and Ta. The nonmagnéti c undercoat |ayer nay conprise
Cr or a O alloy. The nonnmagnetic substrate may be selected fromthe group
consisting of crystallized glass, chemi cal tenpered glass, and plastics.
In the second aspect of the present invention, a nmethod ~for producing a
magneti c recordi ng nmedium conprising at least following |ayers: a

nonnmagnet i ¢ 194Bst I at Bonfa HOLFRY ' r I r, .a_nonmagnetic
netal lic intg?nediate ?%%gr, aqﬁ%%%%#?%qﬁ%%%%ng%gﬁogggFFveaf??ﬂ?eﬁﬁ@ a
liquid |ubrﬂéHﬁF,layBer¢¢mimmtmmﬁn£Qﬂﬁlkﬁﬂﬁ@uﬁﬂelﬁbgggaQEZ159g}nating t he
nonnmagneti ¢ undercoat |ayer on the nonnagnetic substrate; | amnating at

| east one nonnagnetic netallic internmediate |ayer on the nonmagnetic

under coat | ayer which@innomyg ' tallic i edi ate | ayer, having a
crystal structure being a hgggggﬁg? gﬁ%%%—ﬁ%%@é&%%pLuffﬁ%ka%aﬁFﬁéang t he
magneti c | 8pEingn tieerooapaghktthc artal hictmiGnlugdst 2804 - dumkarredi ate

| ayer on the nonn&gnetic metallic intermediate |ayer, the nagnetic |ayer
conpri si ngSBFySYEFIRY aF MR Hatmted oreirsmegm@ti sm and nonnagnetic grain

boundari es Surrou@ﬂérgbnmagnetic metallic intermediate layer comprising
at least one layer, ‘and a crystal structure of each layer being
a hexagonal close-packed structure.

'Here, the nonmagnetic metallic intermediate layer may
include a layer compris;ng a metal selected from the group
consisting of Ti, Zr, Hf, Ti alloys, Zr alloys, and Hf alloys.
_ The nonmagnetic metallic intermediate layer may include
a layer comprising a CoCr alloy containing 30% to 50% of Cr.

The nonmagnetic metallic intermediate layer may have a
structureconsistingof13ﬂ3differentlayerslaminatedtogether,
and one of the layers may comprise a metal selected from the
group consisting of Ti, Zr, Hf, Ti alloys, Zr alloys, and Hf
alloys, and the other layer may comprise a CoCr alloy containing
30% to 50% of Cr.

‘ The nonmagnetic metallic intermediate layer may have a
structureconsistingoftwodifferentlayers1aminatedtogether,
and a lower layer of the two layers may be a layer comprising
a CoCr alloy containing 30% to 50% of Cr, and an upper layer
of the two layers may be a layer comprising a metal selected

from the group consisting of Ti, Z2r, HEf, Ti alloys, %r allofs,



the crystal grains, lamnating the protective filmon the mgpetis 2oayer;
and lamnating the liquid lubricant |ayer on the protective film and
wherein the respective steps are perforned without prior heating of the
nonmagneti ¢ substrate. Here, the step of |am nating the nonmagnetic
netallic internediate |layer may include the step of providing a |ayer
conprising a netal selected fromthe group consisting of Ti, Zr, Hf, Ti

al l oys, Zr alloys, and H alloys. The step of |am nating the nonmagnetic
nmetallic internediate |layer may include the step of providing a |ayer
conpri si ng &#2¢oBf alleyscontai ning 30%to 50% of Cr. The step of |aninating

t he nonmagneti c allic _internmediate |ayer pay jnclude the step of
providing a | ayeﬁhgo%??%g%%hac i E8P§§?Eﬂe¥r-’d?n?’r?e “@ﬁ&&ﬁ%o%l’%? i ng of

Ti, 2zr, H ma¥ c 3 f
i r ma¥l cohbPYSe o Péd&y%meaﬂglh@ &1 ¥Sq ¥ %esbgg&(? of . The

providing a |layer conprising a CoCr alloy containing 30%to
step of | antaasiatirtcofhomidgreef CmeCal.l $&. Ant ainedaaties laad@EryBynd ncl ude
the step of ,providing on the  nonmagnetic undercoat |ayer a | ayer

conpri si ng gﬁ‘éﬁysaﬁ FTAABH A T SHTP PRI 10y the mpgned is: baver
provi di ng Ofia¥hComp@ikd afOFPLdH EdFmbASHAGa: Ak 0¥ AcbBY el S rT’%]E:i %Q&-Z? b

metal 10 August 2004 - 9 selected fromthe giroup consistin

Ti alloys, oHe subsianceasdléftad|fyen tEhegrmnnegnetseigyadbm dIQURSaEAE®S i N

t he magneti;g | ayer nmmy conprise at |east one oxide selected fromthe group
consi sting f-oxides of O, Co, Si, A, Ti, Ta, H and Zr, and the crystal

grains having fer&Raugnaid Bk Eﬁﬁefa%‘@tﬂa(}elra}(lg{r comprise Cr or a Cr
alloy. |
The nonmagnetic substrate may be selected from the group
consisting of crystallized glass, chemical tempered giass . and
plastics;. |
In the second aspect of the present inventio.n, a method
for producing a magnetic recording mediﬁm comprising at least

following layers: a nonmagnetic substrate,
a nonmagnetic undercoat layer, a nonmagnetic metallic

intermediate layer, a magnetic layer, a protective film, and

a liquid lubricant layer, the method comprising the steps of:

laminating the nonmagnetic undercoat layer on the
nonmagnetic substrate; |
laminating at least one nonmagnetic metallic
intermediate layer on the nonmagnetic undercoat layer, the
nonmagnetic metallic intermediate layer having a crystal

structure being a hexagonal close-packed structure;

laminating the magnetic layer on the nonmagnetic metallic



may conprise an alloy fornmed by adding to a CoPt alloy at |easligusi?e04
subst ance selected fromthe group consisting of C, N and Ta. The above
and ot her objects, effects, features and advantages of the present
invention will becone nore apparent fromthe follow ng description of
enbodi nents thereof taken in conjunction with the acconpanyi ng draw ngs.
-BRI EF DESCRI PTION OF THE DRAWNGS FIG -18is a schematic sectional view of a
magneti c recording nedium according to an enbodi nent of the present

i nvention, in which a nonmagnetic netallic internediate layer is a single

| ayer; FIG; ' : e L secti.onal view of a tic, recording nmedium
accor di ng tlg%gﬁsﬁééggngg&e%eﬁ oS h%OIBPeqé'be?ﬁlc i ilSn,lI}tr?rWﬁg&ﬁgﬁ
nonnagnetlQaﬁ%ka“ﬂﬂéIﬂﬁ@ﬂ@@ﬂial@yé@Y@Bmpf§$$M§‘E§¥§E£9;ggégﬁs3 h@iﬁggraph
show ng changes in coercive force He (QCe) in accordance w th changesS in
film thi ckd€sgopagpethsnandgusrn@odsdticl@ranonisymeiaird enetsairrioanding

I nt er medi ate I a%/.erg ?avi ng various conpositions; FIG 4 is a graph show ng
changes i n Coeltf V&%t o7 & in accordance with changes in the film

thi ckness of Ti--hkQRtYE¥; |c.aptal Lic internediate |ayer of a
magnetic recording nediﬁlﬁn&?g%nggggy uﬁ%\%%@é&ﬂ&bﬁ%ﬂ%’?%c gheti. @ ayer
target; and FIG Jadsnatiigphes 1GWuid THBAYESHt MBARGY 6hVend Yrihddd 1vieh

accordance wWith changes in the filmthickness of Ti-lICat%r  as a
nonnmagnet i cEhbtal 20¢ Whazadfedi ate | ayer of a magnetic recording nmedi um

formed by using Cgﬂ)éjr%%rp]e%tg%easgggg eaErieCp!e:% g}‘:me amriq:%tdut prior heating
of the nonmagnetic substrate.

Here, thé step of laminating the nonmagnetic metallic
intermediate layer may include the step of providing a layer
comprising a metal selected from the group consisting of Ti,
Zr, HEf, Ti alloys, %r alloys, and Hf alloys.

The step of laminating the nonmagnetic metallic
intermediate layer may include the step of providing a layer
comprising a CoCr alloy containing 30% to 50% of Cr.

The step of laminating the nonmagnetic metallic
intermediate layer may include the step of providing a layer
comprising a metal selected from the group consisting of Ti,
Z2x, Hf, Ti alloys, Zr alloys, and Hf alloys, and the step of
providing a layer comprising a CoCr alloy containing 30% to 50%
of Cr.

The step of laminating the nonmagnetic metallic
intermediate layer may include the step of providing on the
nonmagnetic undercoat layer a layer comprising a CoCr alloy
containing 30% to 50% of Cr, and the step of providing on the

layer comprising the CoCr alloy a layer comprising a metal



DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS The present i agenbiusponyl |
now be described in nore detail wth reference to FIG 1 and FIG 2. FIG
1 and FIG 2 each schematically show a section of a nagnetic recording
medi um according to an enbodi nent of the. present invention. The nagnetic
recordi ng medi um shown in FTC 1 has a structure in which a nonmagnetic
undercoat |ayer 2, a nonmagnetic netal Fic-internediate |ayer 3, a nagnetic
| ayer 4, a protective filmb5, and a liquid |ubricant |ayer 6 are
sequentially formed on a nonmagnetic substrate 1. The nmagnetic recording
medi um shown in FIG 2 has a structure in which the nonmagnetic netallic
internediate | ayer 3 of the nmagnetic 10 August 2004 - 11 recording nedium
shown in FI [ t rs..cooprisikng. different terials, a
| ower | ayer %%ﬂ%c?l@ an%ognpg%he }ggfg%yggﬁsi%%?ﬁg Rontagnet 1 cﬁgub@[jl YE .

there can beznis€Théys Nidkplmat ed 18y sal | oy, tenpered glass, or crystallized
glass which 1is used for an ordinary nagnetic recordi ng nedium Since the

present invention Peedwmpaadsia greinehpiingdaries etverhe ikagreatipogsiviele t o
use a substrate prepared i njection npl.din ol ycar bonate, polyolefin or
ot her resin."%h ‘%ﬁ?‘%ﬁ?&nﬁ%&?ﬁ%@ ShBsPFALe ﬁ‘,gl?ﬁ S dnTRYy Ndts FT9wRder coat
layer 2 is fﬁﬂ%t@hg@o@@%ﬁ&ééQS@'C:’TBF:B9dS§PCKELPSri,e‘r?9tﬁ?”;ix?éaﬂl, and
evaporation or sputtering. The nonmagnetic undercoat [ayer I s conposed

of a nonmagridtd cruettedi gtaims hadiing fékAbnagietisn Ha thkamadghetisea9brCr or
a O alloy as the ngnmagnetic undercoat |layer 2 is preferred, because it

enhances ~ al"&f FEEPTI6ThEd Ry G8FAGS (e 3f0ARaghetd EoRit allex at least
i nternedi at Q)rlé’%%ibs%anéé L0 He@ld O ofL A%]%@ -Cgo?nsgrs\{i%% %V&r ,a‘ll\}io}:/mlis

preferred. The filmthickness of the nonna

Ta.

" The above and other objects, effects, features and
advantages of the present invention will become more apparent
from the following description of embodiments thereof taken in

conjunction with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic sectional view of a magnetic
recording medium according to an embodiment of the present
invention, in which a nonmagnetic metallic intermediate layer
is a single laver;

FIG. 2 is a schematic sectional view of a magnetic
recording medium according to another embodiment of the present
invention, in which a nommagnetic metallic intermediate layer
is two-layered;

FIG. 3 is a graph showing changes in coercive force Hc

(Oe) in accordance with changes in film thickness (nm) in



undercoat layer 2 is not limted, but a thickness of about %) August200&bout
50 nmis preferred to obtain satisfactory recording/reproducing
characteristics. Then, the nonmagnetic netallic internediate layer 3 is
formed on the nonmagnetic undercoat |ayer 2. In the nmagnetic recording
medi um of the present invention, the nonmagnetic netallic intermedi ate

| ayer 3 may conprise a single layer (FI-Gio 1), and two | ayers, the | ower

| ayer 3a and the upper layer 3b 10 August 2004 - 12 (FIG 2). First, the
singl e-1ayered nonmagnetic netallic internmediate layer 3 (FIG 1) will be
expl ai ned. This nonmagnetic netallic internediate |ayer 3 is a netal or
all oy whose crystal structure is a hexagonal cl ose-packed (hcp) structure.

When a CoCr i\N ACP 5 nt ai ni_.ng about 30%to 50% of
Cr is used a@%n%gdr%\r%ﬁagﬁtettg ?%anéﬁg%ﬁéali% er?r%%ellésf glaf‘ggf'eqr VETiPYE exanpl e,
t he desired efrfpectitioni;gh Hc, an associ ated decrease in the anmount of Pt
added, and |ow noise, can be obtained. Wien a substance selected fromthe
group consisting JYICr 4 iF agpreph Fhowimg athaygesfin cmeddifreafbeye ifs used
as the non net.i |lic.internmedi ate | ayer 3 anon metal s or

271 oys. havi na eheorashe ik HeShiER: Shrind fade FRLoKReas ad Mo Deace

fol I owi ng r e@seNnchhi@gRERTBORELA ] B! Blidined MR il Gl BYRhoRaPRYI N0 the
hcp structure is present during formation of themagnetic aye?. us, the
growt h of f&ecorddnet hediuy sicateed byt hbeinagbeCiGPrayes Simdgnethiy bayéng

the hop str %%ur%_bec mes epitaxial growh to increase crystallinity. In
addition to §YéfPBEt,. Ti, zr and Hf are netals which easily take

oxygen into a fil mrgsost mgtat&ﬁa%ﬂiéﬂ@&in@r@ﬁd{be@ A8 A5 gL 0QuUDdRAL T es
in the magnetic layer is favorably controlled.
in accordance with changes in the film thickness of Ti-10at%Cr
as a nonmagnetic metallic intermediate layer of a magnetic
recording medium formed by using CoCr,,Pr,, as a magnetic layer

target.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention will now be described in more detail
with reference to FIG. 1 and FIG. 2.

FIG. 1 and FIG. 2 each schematically show a section of
a magnetic recording medium according to an embodiment of the
bresent invention. The magnetic recording medinm shown in FIG
1 has a structure in which a nonmagnetic undercoat layer 2, a
nonmagnetic metallic intermediate layer 3, a magnetic layer 4,
a protective film 5, and a liquid lubricant layer 6 are
sequentially formed on a nonmagnetic substrate 1. The magnetic
recordj.ng medium shown in FIG. 2 has a structure in which the

nonmagnetic metallic intermediate layer 3 of the magnetic



Such nonmagnetic netallic internediate | ayer 3 can be fornEQAQ%wﬂQgg4is
not limted to, DC magnetron sputtering using the above-described materi al
as a target. The filmthickness of the nonnmagnetic netallic internediate
layer 3 is not limted, 10 August 2004 - 13 but a thickness of I nmto 20
nmis preferred to obtain excellent magnetic characteristics. Next, the
nonnmagnetic netallic internediate | ayer- 81 -conprising a lamnate of the

| ower | ayer 3a and the upper layer 3b (FIG 2) will be explained. The

di fferent nonmagnetic netallic internediate |ayers 3a and 3b to be

| am nated need to be netals or alloys whose crystal structure is an hcp
structure. The nonnmagnetic netallic internediate |ayer conprising these
two differe I, L. ex ,«lS-a.lamnate qf t | ayers of

At erent ool B BHBLE o oo, o AR ' ol Tdars 5,

al l oys, Hf, couprisiald aysrhashdgndherno: St 1ekdEe1 avdP 036 £%3M ]Eei:s the
nonnmagnetic netallic internmediate layer in-which a ¥ayer of a neta

sel ect ed fro@nee 3p-oup consisting of-Ti, Ti alloy, Zr, Zr alloy, Hf, and

Hf alloy is forned, as, the |ower_ | ayer. 3 and, a Cr alloy |ayer
cont ai ni ng 30% t O%%SR%BOPOEPESQEH;Pnﬁ‘dbggi‘?m% bopetereaydn e uprdse

| ami nated nERMRARGELHCAITRE 8bY 1 G dipcSbERM AlL, bi‘%&fy%t%g&%t%hg%ie‘adéé‘ﬁgggﬁi red

effects including high He, a decrease in the anount o a | ow
noi se. Wienis msedefomoalh aystisthmomaggeeticcraebatiing mddiwes ediate twyer 3,
the lower layer 3a is formed froma CoCr alloy layer containing 30%to 50%
of Cr, and HFESESerVayE+on LS NG RERSEFRRE heal/g omoresseal. 38| b2t ed

e Tum ef 1 SRS Mot 31 hed, ATRLy Sih 1 barda e seREso meBBiadt 0o
| ayer havi ngotllyealrbpnateycpolpolist i esertthdt idved@inf.or mation of the magnetic
| ayer as in the case of the single-Ilayer
On this nonmagnetic substrate 1, the nonmagnetic
undercoat layer 2 is formed by a convéntional method such as
electron beam evaporation or sputtering. The nonmagnetic
_undercoat layer 2 is composed of a nonmagnetic material including
NiAl, Cr or the like. The use of Cr or a Cr alloy as the
nonmagnetic undercoat layer 2 is preférred, because it enhances
an effect obtained by using the nonmagnetic metallic
intermediate layer 3. As the Cr alloy, CrMo, CrTi, CrV or CrW
alloy is preferred. The film thickness of the nonmagnetic
undercoat layer 2 is not limited, but a thickness of about 5
nm to about 50 nm is preferred to obtain satisfactoxry
recording/reproducing characteristics.
Then, the nonmagnetic metallic intermediate layer 3 is
formed on the nonmagnetic undercoat layer 2. 1In the magnetic
recording medium of the present invention, the nonmagnetic

metallic intermediate layer 3 may comprise a single laver (FIG.

1), and two layers, the lower layer 3a and the upper layer 3b



10 August 2004 - 14 nonnegnetic netallic internmediate |ayetgAuglehSo04d) -
Thus, the growh of ferronmagnetic crystals in the magnetic layer simlarly
havi ng the hcp structure becones epitaxial growh to increase
crystallinity. In addition to this effect2 -Ti, Zr and Hf are netals which
easily take oxygen into a film so that the initial growth of oxide grain
boundaries in the magnetic layer is favorably controlled. Wen the
nonmagnetic netallic internediate layer 3 is two-layered (FIG 2),
noreover, the crystallinity of the crystal grains having ferromagnetismin
the magneti c(Fager2pnd the initial growh of oxide grain boundaries in the
magnetic |layer are controlled as stated above. Besides, the crystallinity
and tiny crystal gFarstdithressdnglienleanerepperniagpetiof mehallnenmagnetic

metallic int i | ayer__3b._in ntact with the nmagnetic |ayer 4

simlarly- hag‘{lﬁggfl%{ef t@p)ﬂ'ﬁf’ﬁc?u@&gre %601 RenPERLainsd pr SWidi ng one

llayer, the | gy@faditdtic abthleicNOWVBGRRLiIGeRheLL 1 £ Nt opd 8(}]16 ahdygr 32
c

simlarly having the hcp structure. As a result, the nmagneti ayerY4 can
be control | s rervsivdr aibryctThe imwerhdxmgenmalacaose t peckgpahdpdyer 3b of

the nonnmagnefjc.  hetalljc internedi ate |ayer can be forned by, but is not
linited to,étﬁw et r{gﬁegpﬁtéﬁ g 199] ﬁ Vipg Eherisdauckegematerial  as
a target. Theodtdinidy GkBesS30% €8CHHOfod ke l1awg r upper, |ayer
3b of the nonmagnetic metallic intermned ate Ilayergeh?%En%lfealnlo%g}%g&geﬁﬁt a

t hi ckness ofmatakiipirbermedisater biver 8d fdroexdipie) e abkepéd BEFROELC

characteristtilc%.f H10 August 2004 - 15 Then, the nmagnetic |layer 4 is forned
on the nonmagnetic Bt ?ﬁqc&qtﬁt‘iepﬁ%ﬂ?%ﬁ%ﬂna§ﬁﬁ’ amourye ofpBherdded.aged 4 s

a low noise, can be obtained. When a substance selected from the
group consisting of ¥i, Ti alloy, Zr, Zr alloy, Hf, and H..f alloy
is uvsed as the nonmagnetic metallic intermediate layer 3 among
metals or alloys having the hcp structure, maximum effect is
obtained for the following reascon: The nonmagnetic metallic
-intermediate layer 3 having the hcp structure is present during
formation of the .magnetic layer. Thus, the growth of
ferromagnetic crystals in the magnetic layer similarly having
the licp structure becomes epitaxial growth to increase
crystallinity. In addition to this effect, Ti, %r and Hf are
metals which easily take oxygen into a film, so that the initial
growth of oxide grain boundaries in the magnetic layer is
favorably controlled.

Such nonmagnetic metallic intermediate layer 3 can be
formed by, but is not limited to, DC magnetron sputtering using
‘the above-described material as a target. The film thickness

of the nonmagnetic metallic intermediate layer 3 is not limited,



granul ar magnetic |ayer conprising crystal grains having fesnogagReblsm
and nonmagnetic grain boundaries surrounding them the nonmagnétic grain
boundaries conprising an oxide or nitride of a metal. Such a structure of
the magnetic layer 4 is obtained, for ékanple, by filmformtion based on
sputtering using as a target a ferromagnetic netal containing an oxide
whi ch constitutes nonmagnetic grain boundaries. Alternatively, the.
granul ar-structure magnetic layer 4 can be obtained by film formation
based on reactive sputtering in an oxygen--containing Ar gas with the use

of a ferr ombgltrefi ithioRhabsaf & Mnftgeio nkiGALYLEferid®:0 SBEAGHEx8E L1809t
restrictive. rovi ding the above- nentioned nonnmagnetic netallic

i nt er medi at @aB&?gFCSChQWtWSe | ayer 4 can be forned w thout the need
to preheat the n gn bs terial S ut i ng t he
. Pe% gltaé c?an g}ne cP{neEAilac a r|1 d:l.‘f’!rq:& élaars

crystals having rrbmagne ase Fy used, but

it is not lkofpredinkar lbﬁuh&fé of tfi@ Bsiflid 18Qertsh @ﬂat 19 |u(iléer0 a.yeflt
| east one substance' selected fromthe group consisting of and Ta

i s desirabl 8bf 6FX@ec? bé@i]ri'g tlehéxﬁéémﬁﬂnoﬂﬁ?@ different etbmm@gneaﬁitcrl buted to

the provisign onma nmet al_li c e iate layer. 3 in the
present i nvgln%:lg%%i?slnnos ﬁou?‘?t’:e%s 3g @ Pé iq tSng dpeed ¥ om t he
group  consbstdigh1ef o.@ﬁltie&sqﬁh&'e cEPst St sthlucthve J@an'ﬁc;a&ﬁr@étﬁée Used
as the material constituting the nonnmagnetic grain 10 August 2004 -

boundari es. TR aows@n%tzgsamt@&ﬂapl yn’pelalﬂ%dx@da flmyefrocmprmam@ftwes&t abI e
granul ar st Lugt yr de q: &a méhl kness o glget I C lélﬁ/ i's not
linited, but needs Yo be Such®a tHi EXABRS® tarhe af frei Bresread
regener at i 0B£ 0w PrEraHy hBﬁmaéﬂ&@IéJ lm!é&aaadof eﬂ%%rsaameﬂg TeR; LMfoys,
protective film5 and the liquid lubricant |ayer
Zr, Zr alloys, Hf, and Hf alloys having the hcp structure.
Another example is the nonmagnetic metallic intermediate layer
in which a layer of a metal selected from the group consisting
of ‘Ti, Ti alloy, Zr, Zr alloy, Hf, and Hf alloy is formed as
the lower layer 3a, and a CoCr alloy layer containing 30% to
50% of Cr is formed as the upper layer 3b. These laminated
nonmagnetic metallic intermediate layers can obtain the desired
effects :i_.ncluding high Hec, a decrease in the amount of Pt added,
and low noise. When, in the two-layered nonmagnetic metallic
intermediate layer 3, the lower layer 3a is formed from a CoCr
alloy layer containing 30% to 50% of Cr, and the upper layer
3b is formed from a layer of a metal selected from the group
-consisting of Ti, Ti alloy, Zr, Zr alloy, Hf, and Hf alloj,
maximum effect is obtained. The reason is as follows: The

intermediate layer having the hcp structure is present during

formation of the magnetic layer as in the case‘;)f the single-layer



6 are sequentially formed on the magnetic layer 4. As the psatgedtiggafilm
5 and the liquid lubricant |ayer 6, conventional ones can be uSed. For
exanple, a thin filmconsisting essentially of carbon is used as the
protective film5, and a perfluoropolyether-based |ubricant can be used as
the liquid lubricant layer 6, but these are not limted. The protective
film5 can be forned by a conventional -m&hod such as sputtering, while
the liquid lubricant |ayer 6 can be forned by a-conventional nethod such
as application of a liquid lubricant. The so prepared magnetic recording
medi um of the present invention having the above-described | am nate
structure can attain high He and a | ow nmedi um noi se, even wthout a

substrat e heR}rininSieR m8Eal i & NG LQAGH.LQD nt i pnaly, magnet i c
recordi ng nediJ%%.during tﬁe ﬁanu acturlnégb%§ g%g?Q$ﬁﬁ%_ig. 33%Fgaghein

t he manuf actgmowily chserassaghated catyidt adismph ithieamd drst i 14per MapYhaciyr i ng
process can _be achi eved. [Exanples] The magnetic recording nmedi um of "the

present i nv&AFET WP hEB VP Heiclaing inseomes ppilbadbedi Irdwtinay dhcEraspl es

and 10 Au U%E 2 = Jive es. appl es to and

Conpar at i ge a(r%p é%njlt%?récgiw%[(f;grrloto %E;%%Fgaég E%E‘%’ al'FJ['e#d:er‘aé?'g!l §fFagge

substrate (gleaals BhDSH lealsa 1IN kSR gRet Lhed abi‘it@)/%oq?h&tv’%?e ?ﬁ@giéf a
en

nonmagneti c substrate 1. This gl ass substrate was washed, an
i ntroduced GFCHth §fuPKéfAfngrdeyi beun@O g st rdre reguketdci Agyusi ig an

Mb- cont ai ni hlo tar s performed under an Ar gas pressure of 5
mrorr, mﬁth%%?grgg ?néoggrgﬁgeggubstrate, to forma nonmagneti ¢ under coat

layer 2 vith a filmen thbCkBRABgRELLE RELLLIME | Al Ta:20Q! WBfeta3Csgal | oy

contai ning 20 at % of M).
two-layered (FIG. 2), moreover, the crystallinity of the crystal
grains having ferromagnetism in the magnetic layer and the
initial growth of oxide grain boundaries in the magnetic layer
are controlled as sfated above. Besides, the'crystallinity'and
tiny crystal grain diameters in the upper layer of the
honmagnetic metallic intermediate layer 3b in contact with the
magnetic layer 4 similarly having the hcp structure are also
achieved by providing one layer, the lower layer of the
nonmagnetic metallic intermediate layer 3a similarly having the
hep structure. As a result, the magnetic layer 4 can be
controlled more favorably.

The;owerlayer3aandtheupperlayar3bofthenonmagneth:

metallic intermediate layer can be formed by, but is not limited
to, DC magnetron sputtering using the above-described material
as a target. The film thickness of each of the lower layer 3a
and upper layer 3b of the nonmagnetic metallic intermediate layer

is not limited, but a thickness of 1 nm to 20 nm is preferred

to obtain excellent magnetic characteristics.



Then, a target of each of the follow ng conpositions: Ti (Egm%:fsqza;m Zr
(Exanple 2); Ti-10at%r (Exanple 3); Co-40at%r (Exanple 4);
(Conparative Exanple 1); and Ni-50at %Al (Conparative Exanple 2) was

subj ected to DC nagnetron sputtering under an Ar gas pressure of 5 mflorr
to farma nonmagnetic netallic internediate |layer 3 of the sane
conposition as the target, with the fil-m$hi ckness varied in the range of
fromnmore than 0 to 20 nm Separately, an exanple, in which the film

t hi ckness of the nonmagnetic netallic internediate |ayer 3 was zero,
nanely, the nonmagnetic netallic internediate |ayer 3 was not forned, was
provi ded as Conparative Exanple 3. 10 August 2004 - 1 8 Then, a granular

magnetic | ayer 4 w a hil | f formed on the .
nonnagneti ¢ met al Y?iiiﬂc‘:hli'nttiellﬁB rrg%%g%g%gl a ee%loif (?)L% ? ﬁ}é%%én%gtﬂi PENREBPED S

| ayer 2 (Comperedtliive iBtanpbaiaBy bay@:puztemmgm@a@rti@nlé%regag pgessure of
3 mlforr with the 5 use of a CoCr12Pt12 target containing 10 nold of SiO02.
The Pt contEANUIRT RBIREGHE 18Y PR y@PMBERSS Hbh AT YENM]L Hrerdnsabeaibgn

e Bttty B SOk Ll A e ehoue o
the sputt er ith@m,deHbClohmayaotitNgrEl@Nboanhhyk e é&bﬁfﬁ%}{ %%&Eﬁ%”&
per fl uoropol yether was coated on the carbon protective |gf mb5 to forma
l'iquid IubFﬁééﬁﬂelaﬁe? et h §uﬁblﬂ1$hrckhess of thd magneltict hagesanner,
magnet ic reg_osr g]’:)@é}qugg,l %o%seggn?p e,l rl‘)yFiIEiGlm fjbrvrnw;q:%o%rgggég%n sputtering
using as a target a ferromagnetic metal containing an oxide which
constitutes noﬁpagnetic grain boundaries. Alternatively, the
granular-structure magnetic layer 4 can be obtained by £ilm
formation based on reactive sputtering in an oxygen-containing
Ar gaswith theuse of a ferromagnet_ic metal as a target. However,
these methods are not restrictive. By providing the above-
ﬁentioned nonmagnetic metallic intermediate layer 3, the
magnetic layer 4 can be formed without the need to preheat the
nonmagnetic substrate 1.

As a material constituting the crystals having
ferromagnetism, a CoPt-based alloy is preferably used, but it
is not limited. Particularly, the addition, to CoPt alloy, of.
at least one substance selected from the_group consisting of
Cr, Ni and Ta is desirable for decreasing the medium noise, and
the effect attribuﬁed to the provision of the nonmagnetic
metallic intermediate layer 3 in the present invention is most
pronounced. At least one oxide selected from the group

consisting of oxides of Cr, Co, Si, Al, Ti, Ta, Hf and %r is

used as the material conmstituting the nonmagnetic grain



Heating of -the nonmagnetic substrate 1 had not been perfor nmiAg?U@rgog@ t he
foregoing filmformation. FIG 3 shows changes in the coercive force He in.
accordance wth changes in the filmthickness of each of the nonmagnetic
nmetallic internmediate | ayers. The product of the residual flux density and
the filmthickness, i.e., Brb, of each of the magnetic recording nedia was
between 67 Gnand 73 Gm except for 91 G -of the nmediumw thout the
nonmagnetic netallic internedi ate | ayer (Conparative Exanple 3). The val ues
of the He and Br8 shown here were "all neasured wth a vibration sanple
magnet oneter (VSM. 10 August 2004 - 19 FIG 3 shows that He in the
absence of the nonmagnetic netallic internediate |ayer (Conparative

Exarpl ¢ ) v8SuaRtles 2 480 (Chp ML | & NG LN SEOBA0L 201 0.5 A Lhick

nonmagnetic Co-40at % |ayer havin

metal |'i ¢ intef nedsedield ayemulesulsteddtorde agmdighmsmaksa, é@otm@e or
nore as in Exanple 4. Wien Ti, Zr and Ti-10at%r being nonmagnetic netals

or an al | oy BRINGELF AGVeReindpisilinitate il acedscho mﬁ)ﬂudbcb &hitcheess

nonmagneti c tal l t t ound that Hc. .increased
mar kedl y wi tﬂglﬁzr%%%%e%%%gg% gof:“jlt ﬁ%g?‘ﬁ?zé?%’e?ﬁ AUy SUTIRG ¢ eached
to about 3, 3fékoXEindSadd rdgeaephesoh.to 3. Wen G and N --50at %A,
materials having a crystal structure which is not the hcp structure, i.e.

, a body centeredtkemi @hBalltdtﬁ@tsiMeu&ilmé aw@the@d@ui@rbmﬁﬁﬁnﬁhmlbﬁ@r
nonmagneti c |1ic interqedi ate | aye decreases in He were

obser ved, aséT?%raeCor%‘}eéﬁ g‘iﬁxg g 3nah1aezm glfge‘ijr%s?@YeF ddi s Eew, very
hi gh He can e wddwivees: WeNada o d ﬁubﬁ&aht H.%éJngGt Ia%nt}(égtsér:%f_t ure,

especially, Ti, Zr, H, or an l oy thereof, I's used as the nonna
metallic i nt@mﬁdiaalt de luaedr. 3E‘0r example, a thin film consisting

essentially of carbon is used as the protective film 5, and a
perfluoropolyether-based lubricant can be used as the ligquid
lubricant layer 6, but these are not limited. The protective
£ilm 5 can be formed by a conventional method such as sputtering,
while the liquid lubricant layer 6 can be formed by a-conventional
method such as application of a liquid lubricant.

The so prepared magnetic recording medium of the present
invention having the above-described laminate structure can
attain high Hc and a low medium noise, evén without a substrate
heating step, as in the production of a conventional magnetic
recording medium, during the manufacturing process. Thus. a
decrease in the manufacturing cost associated with

simplification of the manufacturing process can be achieved.

[Examples]
The magnetic recording medium of the present invention

will now be described in more detail by way of Examples and



[Exanples 5 to 10 and Conparative Exanples 4 to 71 Magneti c1p@egnsizeos medi a
as shown in FIG 1 were produced in the sanme manner as in Exanple 1,
except that each of the followi ng nonnagnetic nmaterials: Ti (Exanple 5);
Zr (Example 6); HE (Exanple 7); 10 August 2004 - 20 Ti-IOat%r (Exanple
8); Zr-10at%r (Exanmple 9); Co-40at%r (Exanple 10); no internedi ate

| ayer (Conparative Exanple 3); O (Conparative Exanple 4); N --50at %Al
(Conparative Exanple 5); Cu (Conparative Exanple 6); and ' N -20at %
(Conparative Exanple 7) was forned as the nonmagnetic netallic internedi ate

| ayer 3 undéfompawrapivgaExpmpbesir e of 5:nmforr to a filmthickness of 4 nm~
medi a were each neasured for coercive

The resul ti ma% et 3 recordi ngq \

force He ang&ﬁﬁ"&‘ BP&d ctoof ML Gompagiadive Exemekes tly taadd the film

thi ckness, Br8, Dby JRsS, S genenai L on out put  of an isol ated
regeneration wave%éorm by %ﬁ\@ggféa sprlﬁ%r%aés%"ﬁ’r?d:e%t@s]?sesrs'ﬁg? e ke TRad:
and nedi um rubsératd Niyhaharufautiwed dyl Go¢ANR . pasrd gl kBegr recording
density 270 kKFCl. The results obtained are shown in Table 1. 10 August
2004 2 1n0m9g@f5}9@t@f@g@|e|\@lmmis glass substrate was washed, and

then introduced into a sputtering device. DC magnetron
sputtering using an Mo-containing Cr alloy target was performed
under an Ar gas pressure of 5 mTorr, without heating of the
substrate, to form a nonmagnetic undercoat layer 2 with a film
thickness of 15 nm comprising Cr-20at%Mo (a Cr alloy cdntaining
20 at% of Mo).

Then, a target of each of the foliowing compositions:

Ti (Example 1);

Zr (Example 2);

_Ti-lOat%Cr (Example 3); -

Co-40at¥Cr (Example 4);

Cr (Comparative Example 1); and

Ni-50atgAl (Comparafive E#ample 2)
was subjected to bC magnetron sputtering under an Ar gas pressure
of 5 mTorr to form a nonmagnetic metallic intermediate layer
3 of the same composition as the target, with the film thickness
varied in the range of from more than 0 to 20 nm. Separately,
an example, in which the Ffilm thickness of the nonmagnetic
metallic intermediate layer 3 was zero, namely, the nonmagnetic
metallic intermediate layer 3 was not formed, was provided as

Comparative Example 3.
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Then, a granular magnetic layer 4 with a film thickness
of 20 nm was formed on the nonmagnetic metallic intermediate
layer 3 or the nonmagnetic undercoat layer 2 (Comparative Example
3) by sputtering under an Ar gas pressure of 3 mTorr with the

5 wuse of a CoCr,,Pt,, target containing 10 moliz of 5i0,. The Pt
content of the magnetic layer was about 11%.

Then, a carbon protective film 5 with a film thickness
of 10 nm was laminated on the granular magnetic layer 4 by
sputtering, and the laminate was taken out of the sputtering

) device in vacuum.

Then, a liquid lubricant comprising perfluoropolyether
was coated on the carbon protective film 5 to form a ligquid
lubricant layer 6 with a film thickness of 1.5 nm.

In this manner, magnetic récording media as shown in FIG.

i 1 were prepared. '
Heating of- the nonmagnetié substrate 1 had not been
'perforﬁed prior to the foregoing film formation.

FIG. 3 shows changes in the coercive force Hc in. accordance
with changes in the film thickness of each of the nonmagnetic
metallic intermediate layers. The product of the residual flux
density and the film thickness, i.e. » Brd, of each of the magnetic
recording media was between 67 Gum and 73 Gum, except for 91 Gum
of the medium without the nonmagﬁétic metallic intermediate
layer (Comparative Example 3).

The values of the Hc and Brd shown here were all measured

with a vibration sample magnetometer {(VSM).
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FIG. 3 shows that Hc in the absence of the nonmagnetic
metallic intermediate layer (Comparative Example 3) was about
2,000 Oe, while the provision of 2 to 6 nm thick nonmagnetic
Co-40at%Cr layer ha'iring the hcp structure as the nonmagnetic

i metallic intermediate layer resulted in He as high as about 2, 500
Oe or inore as in Example 4. When Ti, VZr and Ti-10at%Cr being
nonmagnetic metals or an alloy and having the hep structure were
each provided as the nonmagnetic metallic intermediate layer,
it is found that Hc increased markedly with increasing thickness
of the intermediate layer and reached to about 3,300 0e, as in
Examples 1 to 3. When Cr and Ni-50at%Al, materials having a
crystal structure which is not the hep structure, i.e. . @ body
centered cubic lattice .structure, were each provided as the
nonmagnetic metallic in_termediaté layer 3, shérp decreases in
Hc were observed, as in Comparative Examples 1 and 2. Ag these
findings show, very high Hc can be obtained when a nonmagnetic
rr;etal having the hcp structure, especially, Ti, %r, Hf, or an
alloy thereof, is used as the nonmagnetic metallic intermediate
layer 3.

[{Examples 5 to 10 and Comparative Examples 4 to 71

- Magnetic recording media as shown in FIG. 1 were produced .
in the same manner as in Example 1, except that each of the
following nonmagnetic materials:

Ti (Example 5);

Zr (Example 6);

Hf (Example 7);
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Ti-10at%Cr (Example 8);

Zr-10at3Cr (Example 9);

Co-40at3Cr (Example 10);

no intermediate layer (Comparative Example 3):

Cr {Comparative Example 4);

Ni-50at%Al (Comparative Example 5);

Cu (Comparative Example 6); and

Ni-20at%P (Comparative Example 7)
was formed as the ndnmagnetic metallic intermediate layer 3 under
an Ar gas pressure of 5 mTorr to a £ilm thickness of 4 nm.°

The resulting magnetic recording media were each measured
for coercive force He and the product of the residual flux density

and the £ilm thickness, Brd, by means of VSM; regeneration output

. of an isolated regeneration waveform by means of a spin stand

tester using a GMR head; and medium noise and signal-to-noise
ratio (SNR) based on linear recording density 270 kFCl. The

results obtained are shown in Table 1.



fl. N Z 10 August 2004 - 22 Wen the nonmagnetic netalli ¢oiAnbastmedyat e

| ayer 3 was not formed (Conparative Exanple 3), the He was about 2,000 Ce
as stated earlier, and the SNR was 16. 11 dB. When the nonnagnetic

Co- 40at %r | ayer having the hcp structure was forned with a film thickness
of 4 nm (Exanpl e 10), on the other hand, the He increased, and the SNR

val ue al so increased greatly to 18.21 dB21Wen the nonmagnetic netals
having the hop structure, Ti (Exanple 5), Zr (Exanple 6), and H (Exanple
7), were each -provided as the nonmagnetic metallic internediate |ayer 3,
further increases in the He and SNR were observed. The SNR val ues were

about 19.3 to 19. 8 dB—Srhtaf—ipefeapes—+h—theHer—and SNR al so were noted
with the use of Ti-| 108t %Jr wf Ex gtl@% colZr 4- D%} (Exanpl e 9) which
.o = o [3-] —| . ~— —| &5 .
are alloys contai nin Tnzf@j & nads| halish|gat NS IR peiptigjuct ure. By contrast,
when materials having &crystal [stuc drle™|bei ng 4| bgdy centered cubic
(bcc) lattice structfure pr{a Tage[centdgreg—cubie—ffcc) lattice structure
were each forned as @?e neonnpgnetiic petfal |id i tefmedi ate | ayer 3
(Conparative Exanpl s 4 & & )& ShesiHg|afif JNR| 8t &jiorated badly when NP
of an anor phous st‘rggctﬁre:vﬁsﬁommggwegnl pgtic nmetallic :
I nternedi ate | ayer 3§{G§np rati e Exanplie [),| the |HEli ncreased conpared
with the absence of [Bhedinferiediate | ayer} hut|the JSNR was not inproved.
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- 23 substrate N-10 nanufactured by HOYA Co.) was used as ao AdgiétaQo0gtic
substrate 1. This glass substrate was washed, and then introduced into a
sputtering device. DC magnetron sputtering using a Wcontaining C all oy
target was perforned. wunder an Ar gas pressure of 25 niforr, w thout
heating of the substrate, to forma nonmagnetic undercoat layer 2 with a
film thickness of 8 nmconprising Cr-16ak%N Then, targets of the
conpositions of Ti-|Oat%r (Exanple 11) and Co-40at %r (Exanple 12) were
each subjected to DC nmagnetron sputtering under an Ar gas pressure of 25
mlforr to forma nonmagnetic netallic internmediate |ayer 3 of the sane
conposition as the target, with. the filmthickness varied in the range of

fromnore than 0 t 2 Separately., a anpl.e in which the film

thi ckness of Ti- 10@}‘%/& Qﬁ]%s“%‘g$%?“%%¥%lr%?&aﬁﬁéc_ BhAEYRELRES kALY % was

i nt er medi at enb@Yﬁérr@emdﬂ@aﬂaQ&%dExgﬁ?lepj?‘Vlgf‘éj }g,swggnggg@# I%’%O%(%%Pl e
8. Then, a granular magnetic layer 4 with a filmthickness o 0 nmwas
formed on t hesséatedrretilcerst ahd tbeidNRewasdbate GH.ayWhed the rdithaR@erragnet i
undercoat |a erﬂ_é {%ﬁnﬁarati ve Exanple 81 by RF sputtering under an Ar gas
pressure of BPRiToP RYSEHAY She R et 1bptnse twasgiormenaithi agidmnol t
of Si 2 . ThenPtrxn&odtsnty ¢f, t eti,§ | aye t 1 % ..Then, a
carbon protecti _venfi Im5 with (a [ '?)%%t %ngngésj’m%’?gﬁ%&ﬁm%ag I%%‘rﬁ H&t ed on

t he granul arinegeeted, layerthd SRR SpUkeriBg, iﬁﬁﬁeéé'@ﬂﬁﬂd’@_tf 1wag gt aken
out of the s&};tteri ng device in vacuum 10 August 2004 - 2 Then, a
l'iquid lubridant conprising perfluoropolyether was coated on the carbon )
protective Ti1m5 jifef ¥l Rohh@fh&rsd WAH-Gahab BIS e Wob Al ddyla NigkneSS

(Example 5), Zr (Example 6), and Hf (Example 7), were each
provided as the nonmagnetic metallic intermediate layer 3,
further increases in the Hc and SNR were observed. The SNR values
were about 19.3 to 19.8 d4B.

Similar increases in the Hc and SNR also were noted with
the use of Ti-10at%Cr (Example 8) and Zr-10%Cr (Example 9) which
are alloys containing Ti or Zr and having the hcp structure.

By contrast, when materials having a crystal structure
being a body centered cubic (bcc) lattice structure or a face
centered cubic (fcc) lattice structure were each formed as the
nonmagnetic metallic intermediate layer 3 (Comparative Examples:

.4 to 6). the Hc and SNR deteriorated badivy. When NiP of an
amoi:phous structure was formed as the nonmagnetic metallic
intermediate layer 3 (Comparative Example 7), the Hc increased
compared with the absence of the intermedj;ate layer, but the
SNR was not improved.

[Examples 11 and 12 and Comparative Example 8]

A smooth-surface chemical tempered glass substrate (glass



In this manner, magnetic recording nedia as shown in FIG jowegestpoepar ed.
The resulting nagnetic recording nedia were each neasured for coercive
force He and the product of the residual flux density and the film

t hi ckness, Br6, by neans of a vibration sanple nmagnetoneter VSM
regeneration output of an isolated regeneration waveform by nmeans of a
spin stand tester using a GVWR head; and a¥edi um noi se and si gnal -to-noi se
ratio (SNR) based on |inear recording density 270 kFCl1. Table 2 shows the
results of neasurenents of the magnetic recording nedia in which the film
t hi ckness of the nonmagnetic netallic internediate |ayer 3 was 8 nm (0 nm
in Conparative Exanple 8). FIG 4 shows changes in the coercive force He

when the fi ness f t he n tallic internediate layer 3
conpri si ng TL”%,% /ﬁ?eﬁ J'é?‘?"b’%f‘chcr? glp Cﬁxérﬁ.’if"ﬁ BSeAAS Banpi e 11.
[ Exanpl e 13]nd>ma§see@1@%@m)tst@s%@phe tﬁu@%&ﬁ%b%ﬁﬁé‘@f é‘%a@egéyﬂg i ch
the nonmagnetic netallic internediate |ayer 3 of Exanple am:ﬂe 12
consi st ed ofthep 1Ia§ﬂe¥®lceﬂhsumcodu@nhttﬁrﬁngoﬂbv$uet aqe: alwytiedalont enper ed

gl ass substratet(C ass substrate N-10 manufactured by HOYA Co.) was used
as a nonmaghe t"}sé'c’“éT 2 WrRpRtaiaing ﬁ%ﬁlflé’tYetﬁlﬁge%a'S%cPe%ﬁmﬂ“eﬂnen

ntroduced aide SPull ANGARGGE SCTRIRGLEON AL MOUSL 00 e Be |

sputtering using a Wco "oy targe or e

gas pressur esuifs25taorto, fmrmh@uioﬂim@tﬂdtgcoﬁnaéecoéﬂwf@t 2, wi fn fPrED1
nonmagneti c undercoat layer 2 with a film thickness of 8 nm conprising
Cr- 16at YW THEkReSS e S CREPESHEHSI Eroh6BEST - 10at %r was subjected

to DC magnetron SBder 00 HRLeLe Ao PLESRY S 191182 HTL (axdalplO ™ 2

| ower | ayer of nonnagneti c“ne
11) and Co-40at%Cr (Example 12) were each subjected to DC

magnetron sputtering under an Ar gas pressure of 25 mTorr to
form a nonmagnetic metallic intermediate layer 3 of the same
composition as the target, with the film thickness varied in
_the range of-fronlmore thap 0 to 12 nm. Separately, an example,
in which the film thickness of Ti-10at%Cr was zero, namely, the
nonmagnetic metallic intermediate léyer 3 was not formed, was
provided as Comparative Example 8.

Then, a granular magnetic layer 4 with a film thickness
of 20 nm was formed on the nonmagnetic metallic intermediate
layer 3 or the nonmagnetic undercoat layer 2 (Comparative Example

. 8} by RF sputtering under an Ar gas pressure of 5 mTorr with
the use of a CoCr,,Pt;; target containing 6 mol% of Si0,. The Pt
content of the magnetic layer was about 16 at%.

Then, a carbon protective £ilm 5 with a film thickness
of 10 nm was laminated on the granular magnetic layer 4 by
sputtering, and the laminate was taken out of the sputtering

device in vacuum.



internediate | ayer 3a, of the same conposition as the targetipAughdtirobhe
filmthickness varied in the range of fromO to 12 nm Simlarly, a target
of the conposition of Co--40at%r was used to forman upper |ayer of
nonmagnetic netallic internediate |layer 3b, having the sanme conposition as
the target and having a filmthickness of 4 nm In this manner, a
nonmagnetic nmetallic internediate |ayet 23 Tonsisting of the two | ayers was
provi ded. Then, a granular nmagnetic layer 4 with a filmthickness of 20 nm
was formed on the nonmagnetic netallic internediate |ayer 3 by RF
sputtering under an Ar gas pressure of 5 mlorr wth the use of a

CoCr 10Pt 36 target containing 6 nold of SiQ2. The Pt content of the

magnetic | ayer wasTHénatd .1iGvEd labeachaR BHRHEELEINS Hét# b Iom
t hi ckness of 10 nmwas | am nated on the granul ar nggﬁneti clﬁ? a%dgy%t%fr

sputtering, %# $E-ehmmnihe wasboakenobactibvet Aielsphtterfogn aaviggad n

vacuum The i.qui d_lLubri.cant . conpri Si .perfluoropol yether was coated
on the car b(r)hﬁut%#o Ele'(.:{'lt icl\%'efri I6mW§EtPoa1[TEfL agﬁ%‘glﬁ?%ﬁ%r} MM ayer 6 wWith a

filmthickness of fn ihﬂmmaﬂigléu,gﬂégngggé fec?cﬁ:dj!rg; h%hiar%ﬂ'gﬁrOWnrg.arg%ﬁﬁi ¢

recording nedia as shown in FIG wer e prepar ed. e resulting nmagnétic
recor di ng nediwensepsepanefi- nditsunedulainghrapnedilct réfotdiend esiadsakreikux

density and t@g fil mtgin%kness, Brb, and coercive force He by neans of a
vi bration safpi e "FEFHECEELEr PR Ve THRI ¢f diicandfthehenaskicdualt thex

Shons. shangds T Pher sk drtayy Azt ph8"PEfn \RG8Res" PPR dfiga s Afthe
fil mthi ckn@esyibfkafiod Ganiflre magnthemtouervirmy elegeher-ie iBANSRINEL % an
metallic internediate |ayer 3a. Furthernore, the respective nagnetic
recordi ng n.étﬁioa.a\}@fieregeneration waveform by means of a spin stand tester
using a GMR head; and medium noise and signal-to~noise ratio
(SNR) based on linear recording density 270 kKFCl. Table 2 shows
the results of measurements of the magnetic recording media in
which the film thickness of the.nonmagnetic metallic
‘intermediate layer 3 was 8 nm (0 nm in Comparative Example 8).
FIG. 4 shows changes in the coercive force Hc when the
film thickness of the nonmagnetic metallic intermediate layer
3 comprising Ti-10at%Cr was varied in Comparative Example 8 and
Example 11.
[Example 13]
o In the Qresent example, a magnetic recording medium, in
which the nonmagnetic metallic intermediate layer 3 of Example
11 or Example 12 consisted of two layers, was produced.
A smooth-surface chemical tempered glass substrate {glass
substrate N-10 manufactured by HOYA Co.) was used as a

nonmagnetic substrate 1. This glass substrate was washed, and

then introduced into a sputtering device. DC magnetron



each neasured for the coercive force He and the product of #baugustodyal
flux density and the filmthickness, Br8, by neans of VSM regeneration
out put of an isolated regenerati on waveform by nmeans of a spin stand
tester using a GWR head; and nedium noise and signal-to-noise ratio (SNR)
based - on |inear recording density 270 kFCl. Table 2 shows the results of
measurements of the magnetic recording ABdia in which the filmthickness
of Ti-1Cat%r as the lower layer 3a was 8 nm [Exanples 14 to 17] Magnetic
recording nedia as shown in FIG 2 were produced in the same nanner as in
Exanpl e 13, except that a target of the conposition Co-40at %r was
subjected to DC nmagnetron sputtering to forma |ower |ayer of a

nonmagnet i ¢ setttdriong ustiegnedi-atentapenBarohll b SaFFe € AMROPlirgPmay t he
target and with a filmthickness of 4 nm and then a target of each of the
1 0 August T 3y AR GRSoRFRGSEERAPSS| #F oEerT Tiwitigatty@eatEngnplte thd) ;

Ti (Ex | : 6) : Ex | 1 ed to f
STl dilcdted SaTBLe, L0kt HLo(EramLe, A1) e, Uasd Lot o an

upper | ayer nonmagnéetic neta erme

| ayer 3a, thehippeissl ayes nAbebayrigiddecsSaaduaaposition as the target and
having a film thickness varied in the range of 0 to 12 nm whereby the
nonmagnet i ¢ net al ITheN nivetasgest ef | thyerconpesitirmedt TEhd deesait wvag

the same mantin el b o 2t B g e Bt dpesbrobrerstne |
magnet i ¢ recqr isnGToRE 8o BNk Cloddie B UH Ghasasngh sEhg upper | ayer of
the nonmagnetic netallic internediate |ayer 3b was AM I NCGONTect i on
with intermediate layer 3a, of the same composition as the target,
with the £ilm thickness varied in the range of £from O to 12 nm.
Similarly, a target of the composition of Co-40at%Cr was used
tofonnanupperlayerofnonmagneticmetallicintermediatelayer
3b, having the same composition és the target and having a film
thickness of 4 nm. In this mannér, a nonmagnetic metallic
'intermediate layer 3 consisting of the two layers was provided.
Then, a granular magnetic layer 4 with a film thickness
of 20 nm was formed on the nonmagnetic metallic intermediate
layer 3 by RF sputtering under an Ar gas pressure of 5 mTorr
with the use of a CoCr,,Pt,, target containing 6 mol%$ of SioQ,.
The Pt content of the magnetic layer was 16 ats.
| Then, a carbon protective film 5 w;th a film thickness
of 10 nm was laminated on the granular magnetic layer 4 by
sputtering, and the laminate was taken out of the sputtering
device in vacuum.
Then, a liquid lubricant comprisihg pexrfluoropolyether
was coated on the carbon protective f£ilm 5 to form a liquid

lubricant layer 6 with a film thickness of 1.5 nm.



Exanple 14, FIG 4 shows the coercive force He associ ated widhugtdteobil m

t hi ckness of Ti-10at%r as the upper |layer of the nonmagnetic netallic
intermedi ate |ayer 3a, along with the results of Exanples 11 and 13. The
val ues of He and Bro of these magnetic recording nedia ranged between 67
and 73 Gn FIG 4 shows that the He was about 1,950 Ce in the absence of

t he nonmagnetic netallic internediate | ayér-3 (Conparative Exanple 8),
while He of nore than about 2,500 Ce was obtained by providing a 2 to 6 nm
thick single layer of Ti--10at%r as the nonmagnetic netallic internediate
| ayer 3 (Exanple 11). In Exanples 13 and 14, in which the nonmagnetic
metallic 10 August 2004 - 28 internediate |layer 3 consisted of the two

| ayers, the |ower kayHis sanadd, ey rbayBdi e ey, higher
coercive force was found to be ogt%r ned. Parti%u%ﬂeeq}éﬁé{%xgﬁgﬁeﬁ?ﬁ'
provi ded w 2hveFR pispagdet | Theprestl chiqmagmediat eetay@ing avid\gere
Co-40at % a e | ower er,3a and Ti--10at%r as the upper |ayer 3b,

hi gh coerci v%a%g T eéilf %éﬁotlt?e PV e Ohak 2 dinsdduad Biusiiensidy asdch

orce
I ncreases in rGl v ce . of the provision of Ti
(Exanpl e 15-)Fﬁé£?f%%x§a€r{pllcg{r{f%9'arﬁ% I\,-\F{l?E?(é% le&iﬁoré:sep o Py pPERARFafEr 2of

t he nonmagnevikragicer |samplienmagmedioateekayesMb. THex piphact8dsArhagneti c
recording medium as shown in FIG 1 was produced in the same nmanner as in
Exanpl e 11, B&EPtet hhvx dgesiiyrmand the [fiyaythy alepesisor bt ushged heCaceaOPt 12
target incorppratd I f Si I nstead of the COCr10Pt 16 t arget

i ncor por at i néSPGﬁréDP&OESES%‘OTZ@’t hétsggzvd\gss S%gag‘?ﬁ ﬁ’(aﬁﬁ SOPECHie EpECceolifent

of the nagnetiacdoayenceasiil? aidbgeEhenr tisdlltilRgtARERELES Jee9LdpRgsARdI UM

was neasured for the respective properties in the same manner as in
Exanmpl e 11. as the lower layer of the nonmagnetic metallic intermediate layer

3a.

Furthermore, the respective magnetic recording media were
each measured for the coercive force Hc and the product of the
residual flux density and the film thickness, Brd, by means of
VSM; regeneration output of an isolated regeneration waveform
by means of a spin stand tester usihg a GMR head; and medium
noise and signal-to-noise ratio (SNR) based on linear recording
density 270 kFC1l. Table 2 shows the results of measurements Gf
the magnetic recording media in which the film thickness of
Ti-10at3Cr as the lower layer 3a was 8 nm.

"[Examples 14 to 17]

Magnetic recording media as shown in FIG. 2 were produced
in the same manner as in Example 13, except that a target of
the composition Co-40at%Cr was subjected to DC nmagnetron
sputtering to form a lower layer of a nonmagnetic metallic
intermediate layer 3a of the same composition as the target and

with a f£film thickness of 4 nm, and then a target of each of the



FIG 5 shows the coercive force of the magnetic recordi ng nediaugudt2ondi ch
the filmthickness of the nonnagnetic netallic internediate |ayer 3 was 4
rim Table 2 shows the magnetic characteristics when the filmthickness of
t he nonmagnetic netallic internediate layer 3 was 4 nm [Exanple 19] A
magneti c recordi ng nediumas shown in FIG 2 was produced 10 August 2004 -
29 in the sane manner as in Exanple 14; 2@8xcept that the magnetic |ayer 4
was formed using a CoCrl1l1Pt12 target incorporating 6 nol % of Si021 instead
of the CoCr10OPt16 target incorporating 6 nmol% of Si02 that was shown in
Exanple 14. The Pt content of the nagnetic |ayer was 12 att. The resulting
magneti c recordi ng nmedi um was neasured for the respective properties in

the sane manferi@sing Jormpayi® ibds: Table 2 shows the properties when the
filmthickness of the upper |ayer of the nonmagnetic netallic internediate

| ayer 3b was 8 nFiRA@tEsHE=pAangdd:in the coercive force He in
accordance wth c an‘tq?es in the filmthickness of Ti-10at%r as the upper
| ayer of the nonnmaghet® @ Hteall5)¢ i nternediate | ayer 3b. As shown in FIG 5

and Table 2, the cpergiuf 1y g He was 2,134 Ce with the use of the
Ti -10at %r single Iaytceﬂr ( arrg1 e)' fg@ even when the Pt content decreased.

Thi s He val ue was Hbr{Exdnrpar tl7¢ He val ue when the nonnmagnetic netallic
internediate |ayer  was not provided (Conparative Exanple 8). In Exanple 19
in which t h&abiifgghdoi £oxdt apl HEPRAt bayviewdi of adrapamet ivametanditayer ed by

e v 27, TIAmeial 1dRel R R TR Tlion dREH o tAPSBPERENLEYRE ¢ he
i ncrease in 3thha08AHCING JicC @ompbentibg JONRIRELLE "BARIHA G gL eF PRy ate
| ayer was changed
thickness varied in the range of ¢ to 12 nm, whereby the
nonmagnetic metallic intermediate layer 3 was formed.
The resulting magnetic recording media were measured for
the respective properties in the same manner as in Example 13.
Table 2 shows the properties of the magnetic recording media
'in which the £ilm thickness of the upper layer of the nonmagnetic
metallic intermediate layer 3b was 8 nm. In connection with
Example 14, FIG. 4 shows the coercive force Hc associated with
the film thickness of Ti-10at%Cr as the upper layei of the
nonmagnetic metallic intermediate layer 3a, along with the
results of Examples 11 and 13. The values of Hc and Brd of these-
_magnetic recording media ranged between 67 and 73 Gm.
FIG. 4 shows that the Hc was about 1,950 Oe in the absence
of the nonmagnetic metallic intermediate layer 3 (Comparative
Example 8), while Hc of more than about 2,500 Qe was obtained
by providing a 2 to 6 nm thick single layer of Ti-10at%Cr as
the nonmagnetic metallic intermediate layer 3 (Example 11). In

Examples 13 and 14, in which the nonmagnetic metallic



froma single layer to a two-layered structure and the nagnebdiatgust®pes was
formed with the use of the CoCr10Pti 2 target was greater (about 600 Ce)
than the increase in the coercive force when the 10 August 2004 - 30
nonmagnetic netallic internediate | ayer was changed froma single layer to
a two-|layered structure and the nmagnetic |layer was fornmed with the use of
the CoCr10Pt1,6 target having a |arger -R8 content. [Conparative Exanple 9]
A magnetic recording nediumas shown in FIG 2 was produced in the sane
manner as in Exanple 13, except that a layer conprising Cr and having a
crystal structure being a body centered cubic (bcc) lattice structure was
provided as the |ower |ayer of the nonmagnetic netallic internediate | ayer

Saand o |avesRomproLagelly A0 Goald hRY g Bupistale SLLUELULE bel ng

the hcp was provided as the upper layer e res
recordi ng neth wnmdvébenepper déyfear 3bhehowsper] iavden BligBest £688réivd g Sane

manner as in Ex% le 13. Table 2 shows the ro erties when the film
t hi ckness of%dHhé9 %B\QeFW%%/é%bt@&n%s Barkia ifri Epramnpile khe g8-oofi dielde

upper |ayer 30 as,e8 n%%haghgtié mg%aglkchﬁngéiﬁegi§¥gLf%égr\g ﬁgving
Co-40at3Cr as the lower layer 3a and Ti-10at%Cr as the upper
layexr 3b, high coercive force Hc of about 3,000 Oe was found
to be obtained. Such increases in the coercive force He were
true of the provision of Ti (Example 15), Zr (Example 16) and
'Hf (Example 17) as the upper layer of the nonmagnetic metallic
intermediate layer 3b.
[Example 18]
A magnetic recording medium as shown in FIG. 1 was produced
‘in the same manner as in Example 11, except that the magnetic
layer 4 was formed using a CoCr,,Pt,, target incorporating 6 molg
of §i0,, instead of the CoCr,Pt,, target incorporating 6 mols
of S5i0, that was used in Example 11. The Pt content of the
magnetic layer was 12 at%.
The resulting magnetic recording medium was measured for
the respective properties in the same manner as in Example 11..
_FIG. 5 shows the coercive force of the magnetic recording medium
‘in which the film thickness-of the nonmagnetic metallic
intermediate layer 3 was 4 nm. Table 2 shows the magnetic
characteriétics when the f£ilm thickness of the nonmagnétic
metallic intermediate layer 3 was 4 nm.
[Example 19]

A magnetic recording medium as shown in FIG. 2 was produced
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in the same manner as in Example 14, except that the magnetic
'layer 4 was formed using a CoCr,,Pt,, target incorporating 6 mols
of 5i0,, instead of the CoCr,,Pt;, target incorporating 6 mol%
of §i0, that was shown in Example 14. The Pt content of the
magnetic ‘1ayér was 12 ats.

| The resulting magnetic recording medium was measured for
the respective properties in the same manner as in Example 13.
Table 2 shows the propertieg when the £ilm thickness of the upper
layer of the nonmagnetic metallic intermediate layer 3b was 8
nm. FIG. 5 shows changes in the coercive force Hc in accordance
with changes in the film thickness of Ti-10at3Cr as the upper
layer of the nonmagnetic metallic intermediate layer 3b.

As shown in FIG. 5 and Table 2, the coercive force Hc was
.2,134 Oe with the use of the Ti-l0at%Cr single layer {Example
18) even when the Pt content decreaséd. This Hc value was more
than the Hc value when the nonmagnetic metallic intermediate
layer was not provided (Comparative Example 8). In Example 19
in which the nonmagnetic metallic intermediate layer 3 was
two-layered by providing Co-40at%Cr as the lower layer 3a,
moreover, the coercive force Hc was 2,748 Oe indicating a markad
increase.

It is also seen that the increase in the coercive force
when the nonmagnetic metallic intermediate layér was changed
from a single layer to a two-layered structure and the magnetic
layer was formed with the use of the CoCr,,Pt,, target was greater

(about 600 Oe) than the increase in the coercive force when the
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nonmagnetic metallic intermediate layer was changed from a
single layer to a two-layered structure and the magnetic layer
was formed with the use of the CoCr,,Pt,, target having a larger
Pt content.

[Comparative Example 9]

A magnetic recording medium as shown in FIG. 2 was produced
in the same manner as in Example 13, except that a layer
comprising Cr and having a crystal structure being a body
centered cubic (bcc) lattice structure was provided as the lower
layer of the nonmagnetic metallic intermediate layer 3a, and
a layer comprising Ti-10at¥Cr and having a crystal structure
being the hcp was provided as the upper layer 3b. The resulting
magnetic recording medium was measured for the respective
‘properties in the same manner as in Example 13. Table 2 shows
the properties when the film thicknéss of the lower layer 3a

was 4 nm and the film thickness of the upper layer 3b was 8 nm.
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Table 2 shows that in the absence of the intermediate layer
(Comparative Example 8), the Hc was only 1,950 Oe as stated
earlier, and the SNR was 7.73 dB. 1In the presence of the
nenmagnetic metallic intermediate layer 3 which was a 8 nm thick
singlelayerofIﬁ—lOat%Cr<n:COH4Oat%Crhavingthehcpstructure
(Example 11 and Example 12}, the Hc was 2,201 Oe indicating an
increase of about 500 Oe, and the SNR also slightly increased
fo 8.12 dB, in the case of Co-40at&Cr. With Ti-10at%Cr, the Hc
was about 2,500 Qe indicating a marked increase, and the SNR
was also as high as 9.94 4B.

With the magnetic recordipg rmedium, in which the
nonmagnetic metallic intermediate laver consisted of the two
‘layers, the lower layer 3a being 8 nm thick Ti-10at%Cr and the
upper layer 3b being 4 nm thick Co-40at$Cr (Example 13), the
Hc was 2,769 Oe indicating not so great increase compared with
the medium having the single nonmagnetic metallic intermediate
layer, but the SNRwas 10.65 dB indicating a marked noise decrease
eXpressed as +1 dB.

... . In the magnetic recording medium. in which the lower Taver
3a was 4 nm thick Co-40at%Cr and the upper layer 3b was 8 nm
thick Ti-10at%Cr (Example 14), the Hc was 2,951 Oe, and the SNR
was 10.81 dB, proving effective for both of high Hc and low noise
in comparison with the medium having the single nonmagnetic

metallic intermediate layer.

Similar effects were noted with the nonmagnetic metals
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August 2004 - 3 2 Table 2 shows that in the absence of the internedi ate
| ayer (Conparative Exanple 8), the He was only 1,950 Ce as stated

earlier,

and the SNR was 7.73 dB. In the presence of the nonmagnetic

nmetallic internediate | ayer 3 which was a 8 nmthick
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Ti (Example 15), Zxr (Example 16) and Hf (Example 17) having the
hcp structure. That is, the Hc was increased, and the SNR was
as high as about 10.7 dB.

When a nonmagnetic metallic intermediate layer material
having a crystal structure other than the above-mentioned hcp
(i.e., bcc or fecc) was incorporated even as a single layer
(Comparative Example 9), the magnetic characteristics and SNR
deteriorated considerably.

Even when a CoCr,,Pt,, target incorporating 6 mol% of 510,
and having a decreased Pt content was used as a magnetic layer
target, the coercive force and SNR obtained were higher than
in the magnetic recording medium, in which the magnetic layer

was formed using a CoCr,,Pt, target without providing the

nonmagnetic metallic intermediate layer (Comparative Example

8), if a single nonmagnetic metallic intermediate layer of

Ti-10at%Cr was provided (Example 18). In the magnetic recording
medium, in which 4 nm thick Co-40at%Cr was formed as the lower
layer, and 8 nm thick Ti-1l0at%Cr was formed as the upper layer

as in Example 14 (Example 19), the Hc was 2,748 Oe indicating

a marked increase, and the SNR was 11.21 dB reflecting a low

Pt content. Based on Example 19, a further increase in He
attributed to the two-layered nonmagnetic metallic intermediate
layer was greater when the Pt content of the magnetic layer was
lower.

According to the present invention, as described above,

high Hc and a low medium noise can be achieved by forming the



single layer of Ti-10at %r or Co-40at%>r having the hcp stngatyig 2004
(Exanple 11 and Exanple 12), the He was 2 , 201 Ce indicating an increase
of about 500 Ce, and the SNR al so slightly increased to 8.12 dB, in the.
case of Co-40at%r. Wth Ti-10at%r, the He was about 2,500 Ce indicating
a marked increase, and the SNR was also as high as 9.94 dB. Wth the
magneti c recording nedium in which the 3Aonmagnetic netallic internediate
| ayer consisted of the two |ayers, the |ower |ayer 3a being 8 nmthick
Ti-10at%C. r and the upper layer 3b being 4 nmthick Co-40at%r (Exanple
13), the He was 2 , 769 Ce indicating not so great increase conpared with
t he medi um havi ng the single nonnagnetic netallic internediate |ayer, but

the SNR was A6nhagastiddicaling anrRiedigekLs r688%a S
dB. In the nagne??c recording nmedium in mhicﬁagﬁg ? nwﬁ??ﬁﬁkg T WS 4
nm t hi ck Co-lagaetdy kawen madihber nayegnd8bivasndentoat Maked] thd 0 at %Cr
(Exanpl e 14)not£e He, was %,igl Ceg,.and the SNR was 10.81 dB,” proving
effective for BBtHSFhilghadd iEninterediate JayesorpBPTEoingd a matiearisddi um
havi ng t he si&odErAPHRENEEI |3 Cr I | [.-Simlar effects
“were noted with the nonnagﬁgﬁﬁgﬁﬁé?gHggfgﬁaﬁﬁﬂgghggg4£€g§%9f'ﬁd%: arpPe
15), Zr (Exaapteysi6)l aricudftufExampbr 12) thavhey §heuchinm Stdspeldikeyhat

is, the Ho was increased, and the SNR was as high as about 10.7 dB. Wen a
nonnmagnet i ¢ T3t Selestredfaee thy srovm eppsisthngi o B crlisealoys,

structure other gp%l%%_'ag?ggpgg%ig?%op (i.e., bcc or fee) was

I ncorporated even as a“sing arative Exanple 9), the nagnetic
characteristics ammh:SMRrrdeker s &bﬂﬂa@ﬁ@ﬁid%&ﬁlﬂic@!&&%@&&@te@%&;oPt 12

target incorporating 6 nold of SiQ2
is two-layered, whereby higher Hc and lower noise can be achieved.
In addition, high Hc is obtained easily, even when the Pt content
of the magnetic layer target is decreased. Thus, an ever lower
noise associated With a low Pt content can be realized.
Besides, the effect resulfing from the provision of the
‘nonmagnetic metallic intermediate layer can be enhanced by using
at least one oxide selected from the group consisting of oxides
of Cr, Co, Si, Al, Ti, Ta, Hf and %r, as the nonmagnetic metallic
substance in the granular magnetic layer; using an alloy
comprising a CoPt alloy and at least one substance added thereto
which is selected from the group consisting of Cr, Ni and Ta,
as ferromagnetic‘crystals contained in the granular magnetic
layer; and using Cr or a Cr alloy as the nonmagnetic undercoat
layer. In addition, coercive force can be increased without
increasing the amount of Pt contained in a conventional granular
magnetic layer.
Additionally, high Hc can be easily obtained without the

need to heat the nonmagnetic substrate during film formation



and having a decreased Pt content was used as a magnetic | ayg@hugh@reel, the
coercive force and SNR obtai ned were higher than in the magnetic recording
. medium in which the magnetic layer was formed using a CoCr10Pt 16 target
wi t hout providing the nonmagnetic nmetallic intermedi ate | ayer (Conparative
Exanple 8), if a single nonmagnetic netallic internediate |ayer of

Ti-10at %r was provided (Exanple 18). In3he magnetic recording nedium in
which 4 nmthick Co-40at%r was forned as the |lower |layer, and 8 nmthick
Ti-10at oCr was forned as the upper layer as in Exanple 14 (Exanple 19),
the He was 2,748 Ce indicating. a marked increase, and the SNR was 11.21
dB reflecting a low Pt content. Based on Exanple 19, a further increase in
He attributefl the teditmoot ayer pele SOMBEGIRNIES oREERSiG gl E‘ﬂ@rdyf'nq{a%ﬁtihayer
was greater when the Pt content of the magnetic |ayer was |ower.” According
to the presefetahlthipsarmadigesdavisad abfhas, an fhetseranidraplast tEdadm

noi se can be i formn he 10 August 2004 - 3 4 nonnmagnetic
metal lic-i ntae?gngﬁ%ﬁgs %yaesr S& %é%)ﬁ%trﬁgegr AR iRy & iae Pdyer ghasehe

nonmagnet i c sumsier €00 dsaW¥ed tike thBOBBRIBREL SndBtaldiio1dY8edi ate | ayer
conprising a material selected from nonmagnetic rretaﬂ s or al'l oys thereof

and having a crystke preseotuievehitbnilsad heenofestribb@ra ®RIPLi vily a

material selected fromth royp consisting of Ti, Ti_ alloys, Zr, Zr
al | oys, Hf aIﬁ%SR%Cta|"1°o§’§?%%g?’?ﬁe‘?%‘?%l,m%fﬁe‘gfnéﬁﬁaghe‘tfﬂel ferabei gpparent

| nter medi at crddw ehe ForddOrAaEr eflosuhaaed gl A 2l LN 08 Seqcan

be achieved. |In addition, high He 1s obtalined easi

content of mdvsifiisgrigions hay dre maKgeyitiSoule @epasedng THEsm tHd ENSGEn{ LT
noi se associated with a low Pt content can be realized. Besides, the effect

resul ting frdmitRePpPaddesiasipesitshand it is the intention, therefore, in

the appended claims to cover all such changes and modifications

as fall within the true spirit of the invention.



nonmagnetic netallic internedi ate | ayer can be enhanced by qj@jq[]%%st@bojteast
one oxi de selected fromthe group consisting of oxides of Cr, i

Ti, Ta, H and Zr, as the nonmagnetic netallic substance in the granul ar
magnetic | ayer; using an alloy conprisimp & CoPt alloy and at | east one
subst ance added thereto which is selected fromthe group consisting of Cr,
Ni and Ta,, as ferromagnetic crystals contained in the granular magnetic

| ayer; and WEATZGSCCLBIMED @S:al | oy as the nonnagnetic undercoat |ayer. In
addition, coercive force can be increased wthout increasing the anount of
Pt contained in a conventional granular nmagnetic layer. Additionally, high
He can be S|Iy ORI;[ 1((:13 vgécgggt thrﬁed need toah a;lth nonma neti.c
substrate r| ng fi Sormati on ?Lrﬂ)gAuguslfm ﬁ@f 35° et lfr%]S(")Lth he
present inventiodadly UsdiN@wiRg noRyBEHEt i fmidiBic | Icﬁllr&erﬁr&gﬁa@%théyer 3.
Thus, an inexpensive plastic can also be used as the substrate, in

addi ti on t oswdrstAlater gl ass substrate as used in the conventional

t echnol ogi es. Ther‘_g)r esent _jnvention h been described in detail with

respect to pref et rEF EHBBH TeMETaAE 13YSH I | now be apparent fromthe
foregoing to thosegkhkhed;d @nétaglﬁétlﬁéa&neaﬁgegefaﬂ}d modi fications may
be made without departing fromthe invention I1nits broader aspects, and
it is the intenta omgnehérelare,, anprétec-tappetfided; ol ns to cover all such
changes and nodi fications as fall within the true spirit of the invention.
10 August 2004 -2 3gaupdafulpsaenl MEPEYS: | . A magnetic recording nedium
characterized by, }fq:rg%l sing at least following |ayers | am nated on a
nonmagneti c subs rate;

magnetic layer comprises crystal grains having

ferromagnetism and nomnmagnetic grain boundaries surrounding
the crystal grains, and

the nonmagnetic metallic intermediate layer comprises at
least one layer, and a crystal structure of each layer being a

hexagonal close-packed structure.

2. The magnetic recording medium as claimed in claim 1,
wherein the nonmagnetic metallic intermediate layer includes a
layer comprising a metal selected from the group consisting of

Ti, Zr, HEf, Ti alloys, Zr alloys, and Hf alloys.

3. The magnetic recording medium as claimed in claim 1,
wherein the nonmagnetic metallic intermediate layer includes a
layer comprising a CoCr alloy containing 30 at% to 50 at% of

Cr.



a nonmagnetic undercoat |ayer; a nonmagnetic netallic internedugts Jdoayer;

a magnetic layer, a protective film and a liquid lubricant |ayer; wherein
the magnetic | ayer conprises crystal grains having ferromgnetism and
nonmagneti ¢ grai n boundaries surroundig7 the crystal grains, and the
nonmagnetic netallic internedi ate | ayer conprises at |east one |ayer, and
a crystal structure of each | ayer being a hexagonal close-packed
structure. 2. TheEheragagietcia ecardidiggmedidimmasasc| alaeckd nix€l ailaid, 1, wherein
t he nonmagnetic nmetallic internmediate |ayer includes a |ayer conprising a
netal sel ectFfPonthfie PPUIRIIEEASI sPERRLIGIC Tiaverr , bap, Fi SWAUSFErezr

al l oys, and .al l.Qys T ti-c.recordin i.um clainmed in claim
C s:.%lt!l.g of ?*iwo Qﬁf?‘g?%] ]iaaftegrs H..arlma etnc%%gtopegﬁ nrgeone

. ax,
1, wherein thé nonmagnhetic e ic e yer-rncl udds' &% ayer

conpri si ng & Cake aldyeysCofdririiseg 30 ak¥%lo 20 2k%ofrGn  LRe AYgush 2004 -
37 4. The magnetic recording mediumas clainmed in claiml, wherein the
nonmagnet i ccantigting ¢HyRir, Bas BEstPuctldows, consaklidvisy ehdtid adilfcver ent

| ayers | am nate to%gltﬁheli, and one , of the laye cor‘rgri ses a netal

sei ected froifi tHE JHOGp ~E¥RS5I STTHYS6F T COFF, 2H-CY TP oyEe 2P affoys,
and Hf all oys.50 apgd theother layer conprises a CoCr alloy containing 30
at% to 50 at% of Cr. 5. The magnetic recording nediumas clained in claim
4, wherein the nonnmagnetic internediate |ayer has a structure consisting
of two different layers |am nated together, and a |ower |ayer of the two

| ayers is 2 ayeﬁ[;hecoqﬁgr}egqlﬁg pqging medium as claimed in  claim 4,

wherein the nonmagnetic intermediate layer has a structure
consisting of two different layers laminated together, and a
lower layer of the two layers i1s a laver comprising a CoCr
alloy containing 30 at% to 50 at% of Cr, and an upper layer of
the two layers is a comprising a metal selected from the group

congisting of Ti, Zr, Hf, Ti alloys, Zr alloys, and Hf alloys.

6. The magnetic recording medium asg claimed in claim 1,
wherein the nonmagnetic grain boundaries in the magnetic laver
comprise at least one oxide selected from the group consis-,ting
of oxides of Cr, Co, Si, al, Ti, Ta, Hf and 2r, and the
crystal grains having ferromagnetism in the magnetic layer
comprise an alloy formed by adding to a CoPt alloy at least
one substance gelected from the group consisting of Cr, Ni and

Ta.

7. The magnetic recording medium as claimed in claim 2,
wherein the nonmagnetic grain boundaries in the magnetic layer
comprise at least one oxide selected from the group consisting
of oxideg of Cr, Co, Si, Al, Ti, Ta, Hf and Zr, and the
crystal grains having ferromagnetism in the magnetic layer

comprise an alloy formed by adding to a CoPt alloy at least



all oy containing 30 at%to 50 at%of Cr, and an upper |ayer1@hugtdieobyno

| ayers is a conprising a netal selected fromthe group consisting of Ti,
Zr, Hf, Ti alloys, Zr alloys, and Hf alloys. 6. The magnetic recording
mediumas clained in claim1, wherein td8e-nonmagnetic grain boundaries in
the magnetic |layer conprise at |east one oxide selected fromthe group
consisting of oxides of C, Co, Si, A, Ti, Ta, H and Zr, and the
crystal graims shhwiagd exlenngieframthe theupragnaetiscihayef CxGoDMpr k8@ an
alloy formed by adding to a CoPt alloy at | east one substance sel ected
fromthe gridup consisting of Cr, Ni and Ta. 7. The magnetic recording
mediumas clainmed in claim2, wherein the nonmagnetic grain boundaries in
the magnetic |ayer conprise at |east one oxide selected fromthe group

consi sting g.of ocdagtadfet@, ’RorSingAmedTim Ea, dffaidkd 4m angid he,
crystal grains having ferromagnetismin the nmagnetic |ayer conprise an
al l oy fornedheppinddhqqarpagnepir atdigy batnfagsts 10 AbgusagkBG4 3aBer one
subst ance sel ected framthe gro(%?jﬁiegns' St n(g f C, NI and Ta. .8.  The
magneti ¢ r ecOPArRg Hedih a8 R Seneeh g R FEPYP t R SiShiRGnet i ¢

grai n boundg i &siddy tde eRINeL C diayels, cRiprese ak lpastz one,oxi dee
sel ected fromthe group consisting of oxides of C, Co, Si, A, Ti, Ta, Hf
and Zr, anddvisealcroystiab deaing Hfarrogafestriemaghet ke maghbeidagageic | ayer
conprise an alloy formed by adding to a CoPt alloy at |east one substance
sel ect ed froMPERES grBupltBhsTIMmath B adding tang TePtoaling ahghepse

recording gl uihass el AIIRdoEDs ChalNde POG! QLSRR NONIRGNET i ghai N

. in)
boundaries 1n t magneti c [ayer conpri east one oxi dé Sel ected from
t he group censi sting

9. The magnetic recording medium as claimed in claim 4,
wherein the nonmagnetic grain boundaries in the magnetic laver
comprise at least one oxide selected from the group consisting
of oxides of Cr, Co, Si, Al, Ti, Ta, Hf and 2Zr, and the
e¢rystal grains having ferromagnetism in the magnetic layer
comprige an alloy formed by adding to a CoPt alloy at least
cne substance selected from the group consisting of Cr, Ni and

Ta.

10. The magnetic recording medium as claimed in claim 5,
wherein the nonmagnetic grain boundaries in the magnetic layer
comprige at least one oxide selected from the group comnsisting
of oxides of Cr, Co, Si, Al, Ti, Ta, Hf and %r, and the
crystal grains having ferromagnetism in the magnetic layver
comprise an alloy formed by adding to a CoPt alloy at least
one substance gelected from the group consisting of Cr, Ni and

Ta.



of oxides of C, Co, Si, A, Ti, Ta, H and Zr, and the cry@p\gj}; grzgg,@s
havi ng ferromagnetismin the magnetic | ayer conprise an alloy Torned by
adding to a CoPt alloy at |east one substance selected fromthe group
consisting of C, N and Ta. 10. The ma@teti ¢ recordi ng nedi um as cl ai ned
in ctaim5, wherein the nonmagnetic grain boundaries in the magnetic |ayer
conprise at | east one oxide selected fromthe group consisting of oxides
of Cr, Co, &i. Ahe ThagrkticH ramcddng arditihe ascrybdialedgriai nslabavi ng
ferromagnetlsmln t he magnetic |ayer conprjse an alloy fornmed by adding to
a CoPt al | dPsseipesbe neﬂ%awah’@éeg*é?%‘btwqrr STAMPRESHE ot €Bndi SEing of
Cr, Ni and _R y10 August 2004 - 39 11. The nmgnetic recordi ng nmedi um as
clai med in c]I m 1, wherein the nonmagnetic undercoat |ayer conprises Cr
or a C all oy. 12. The magnetic recording mediumas clained in claiml,
wherein the nonmagnetic substrate is selected fromthe group consisting of
crystallized gl &8 wierdtdsl Jt@m’éﬁ-ed gleddym @vd clliaed cdir ¢Baind Aet hod

for produ0| etic record ium co sin | east foIIovvl ng
| ayers: a TOREIRelne BRBbET s SuREHrAGReLr CEbHIt ot Ty bF,; 92
npnmagnetl Ccdﬁtlé!thhg? oAt ERRAN 8f £od AWYRlss, BnERONAL IGLBYEE g1 Y, Ogﬁat' ve
film and a liquid lubricant [ayer; the method conprising t%e st eps of:

| am nat i ng dlsethoamagneti ¢ undercoat | ayer on the

13. A method £for producing a magnetic recording medium
compriging at least following layers;

a nonmagnetic substrate;

a nonmagnetic undercoat layer;

a nonmagnetic metallic intermediate laver;

a magnetic layer;

a protective film; and

a ligquid lubricant layer;
the method compriging the steps of:

laminating the nonmagnetic underceoat layer on the
nonmagnetic substrate;

laminating at least one nonmagnetic metallic
intermediate layer on the nommagnetic undercoat layer, the
nonmagnetic metallic intermediate layer having a crystal
structure being a hexagonal close-packed structure;

laminating the magnetic laver on the nonmagnetic
metallic Iintermediate layer on the nonmagnetic metallic
intermediate layer, the magnetic layer comprising crystal
grains having ferromagnetism and nonmagnetic grain boundaries
surrounding the crystal grains;

laminating the protective film on the magnetic layer;

and



nonnmagnetic substrate; lam nating at |east one nonmagnetic nehablidt@004
internmedi ate | ayer on the nonmagnetic undercoat |ayer, the nonnmagnetic
metallic intermediate | ayer having a crystal structure being a hexagonal
cl ose-packed structure; lam nating the-rmEgretic |ayer on the nonmagnetic
netallic internmediate | ayer on the nonmagnetic netallic internediate

| ayer, the magnetic |ayer conprising crystal grains having ferromagneti sm
and nonmagnet i ¢ tpminatbogndhei ésquilir Fdwideng Lheerr gst the gredtsstive

| am nati ng % e protective filmon the nmagnetic |ayer; and 10 August 2004 -
40 | ani nat {&FTI%EdIWE?ﬁ?fq'ubricant | ayer on the protective film and

wherein the respgggigg%ﬁ%b@9§ea£égﬁEe%%%rBEPfH@ﬁéBQ%HtBBLQrp¥§%§iﬂgétiﬂgdthe

nonmagneti c substrate. 14. The nethod for preparing a nmagnetic recordi ng
medi um as «of ailredonnaghatim 8pbswdeteei N the step of | ami nating the
nonmagnetic netallic internediate |ayer includes the step of providing a
| ayer conprising a netal selected fromthe group consisting of Ti, Zr, Hf

Ti all oys, al n alloys.. 15. The t hod for..preparing a
nmagnet i c re%%?diﬁ%yﬁgﬁiﬁglgér er & %ﬁif%r?(ﬂ%%nggiﬁ,rﬁfﬁﬁ%ﬁqg Pﬁglgﬁeﬁsof

| ami nati ng éheimgdonp@orRabis Net,al kherdiH eeprdigles | gyenamnghtl the step
of providing a layer conprising a CoCr alloy containing 30 at%to 50 at%
of Cr. 16. Thurageehod fhorabliaparitegmadhaimetdaeerr eowrldideg mhdi sheasofcl ai ned
in claim13, wherein tﬁgaste of,IaninatingBthe nonmagnetic netallic

i nt er medi at AR AcLAdEs THPEEIRYR TSHeYi PR ayel C¥RpStSPRg a

met al sel ectgdifhQpLt BE ©ro¥p  pe, T4 alloys, zZr alloys, and Hf alloys.

15. The method for preparing a magnetic recording medium as
c¢laimed in claim 13, wherein the step of laminating the
nonmagnetic metallic intermediate layer includes the step of
providing a layer comprising a CoCr alloy containing 30 at% to

50 at% of Cr.

16. The method for preparing a magnetic recording medium as
claimed in claim 13, wherein the step of laminating the
nommagnetic metallic intermediate layer includes the step of
providing a layer comprising a metal selected from the group
consisting of Ti, Zrxr, Hf, Ti alloys, Zr alloys, and Hf alloys,
and the step of providing a layer comprising a CoCr alloy

containing 30 at% to 50 at% of Cr.

17. The method for preparing a magnetic recording medium as
claimed in claim 13, wherein the step of laminating the
nonmagnetic metallic intermediate layer includes the step of
providing a layer comprising a CoCr alloy containing 30 at$% to

50 at% of Cr, and the step of providing a layer comprising a



consisting of Ti, Zr, Hf, Ti alloys, Zr alloys, and Hf all oysAugaicobhe
step of providing a |layer conprising a CoCr alloy containing 30 at%to 50
at% of Cr. 17. The nethod for preparing a magnetic recordi ng nmedi um as
clainmed in claim 13, wherein the step_ofylam nating the nonmagnetic
metallic internmediate | ayer includes the step of providing a |ayer
conprising a CoCr alloy containing 30 at%to 50 at% of C, and the step of
provi di ng a¢tfersebrghedsi fiepra loe Aggese 200distid@a ofrefal el edtfed T¥ om

t he group consisti of, Ti, Zr , -i_alloys, Zr alloys, and Hf all oys.
18. The rret%c}Lc?nydr Qgr% ]aoﬁgngaﬁang%nae]t-ﬁioé’srecor ding mediumas clained in

claim 13, wherein the nonmagnetic grain boundaries in the nmagnetic | ayer
conprise at | east one oxide selected fromthe group consisting of oxides
of G, Co, S. Ahe Thethkal, Hfr ambpéringand rd@ethiystrakogl Bid Smd@MIrOas
ferromagnetismin the magnetic |ayer conprise an alloy formed by adding to
a CoPt al | oyt3fed) d3stlaie ISubWharrig: dbrerrRpgISHCL BE2ER dRyndsnaestitmg of

Cr, N an T h repar.i a magnetic recordi.n di um as
cl ai med i ndtc}%?lr%%%flgv:ﬁe el&ﬂ%? ﬂ%ﬂnsoegr?gcg§§% ?g %I}eaio%llgﬁ %%{eecctr?éig%&f‘ct Qyer
conpri se atgie@stonenerion ¢& selass e thonrbhesi 9rOUPTEONS Stirngn@fz.0xi des
of &, Co, Si, A, Ti, Ta, H and Zr, and the crystal grains having

f er r omagnet3¥ the t fevstegneIyaing dyasringonfsrirssagnetd droyif othedmbynetdidi ng t o

a CoPt all at | east one_substance selected fromthe group consisting of
Cr, N ang”y a ﬁmpfﬁgenﬁlphﬁa Sr 5F854r '?’Pfg HGBGn &P @ r(éct?g:r A NPYnetfi um as

C|ain?d ir\IEéﬂt”bﬁ51sﬂﬁBﬂdﬂc@ EQE@&E&H“%@BﬁtkﬂeQﬁQhB Egnéigiiﬂgag@e&%PIhgyer
conprise at | east one oxide selected fromthe = group consisting of oxides

of C, Co, &8id TA., Ti, Ta, H and Zr,

19. The method for preparing a magnetic recording medium as
claimed in claim 14, wherein the nonmagnetic grain in the
magnetic layer comprise at least cone oxide selected from the
group consisting of oxides of Cr, Co, Si, Al, Ti, Ta, Hf and Zr,
and the crystal grains having ferromagnetism in the magnetic
layer comprise an alloy formed by adding to a CoPt alloy at
least one substance selected from the group consisting of Cr, Ni

and Ta.

20, The method for preparing a magnetic recording medium ag
claimed in claim 15, wherein the nonmagnetic grain in the
magnetic layer comprise at least one oxide selected from the
group consisting of oxides of Cr, Co, 8i, Al, Ti, Ta, Hf and Zr,
and the crystal grains having ferromagnetism in the magnetic
layer comprise an alloy formed by adding to a CoPt alloy at
least one substance selected from the group consisting of Cr, Ni

and Ta.
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21. The nmethod for preparing a nmagneticagecording nediumas clained in
claim 16, wherein the nonmagnetic grain in the magnetic |ayer conprise at
| east one oﬁTde el ected fromthe group consisting of oxides of C, Co

a,
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t he magneti g 5i.ayer; compLise @n allay.for ing. to_a_ CoPt, al]oy at
| east one substance sel ect ed ]Tr’o%"]t e gr og%glcg%g?ig%‘eng of TN aJﬁlagTa.

22. The nethmshdtier lprepariongrbsarbgpelbest €608 dorgasedbumrasy £+ah etk in
claim 17, wherein the nonmagnetic grain in the nagnetic |ayer conprise at
| east one WP seretPend cdnrrhées oG, consisit.i Ag . oTioxtalesifokndr 7r Co,

Si, Al, Ti,_Ta, H and Zr, _and the crystal grains having ferromagnetismin
t he nagneti%néll Yver CEBRSH s%raélﬁlsal%aovﬂ' or d'%ﬁ'?g%%ﬁ’_r% ’r‘g EeoPRoBPtYy at
least one subshranegpsebecked f1nep tHendhowy) GRAghst itRI Ofc e Nigand Ta.

least one substance selected from the group consisting of Cr, Ni

and Ta.

22. The method for preparing a magnetic recording medium as
claimed in c<¢laim 17, wherein the nonmagnetic grain in the
magnetic layer comprise at least one oxide sgelected from the
group congisting of oxides of Cr, Co, Si, Al, Ti, Ta, Hf and Zr,
and the crystal grains having ferromagnetism in the magnetic
layer comprise an alloy formed by adding to a CoPt alloy at
least one substance selected from the group consisting of Cr, Ni

and Ta.



