0 7 JUL 2006 Title of the Invention Magnetic recording medium and manufacturing method therefor 5
Technical field of the invention The present invention relates to a magnetic recording medium mounted
on magnetic recording devices, such as an external memory device of a computer, and a method for
manufacturing such a recording medium. 10 Background of the invention To the reh]zil*élr'ﬁe%qnﬁrought
up in recent years for a magnetic recording medium with higher recording density and lower noise,
various compgsifions ho.anf-sifugiHres of a magnetic layer and materials for a non-magnetic under-
layer and a seed layer have been proposed. In particular, a magnetic layer called the granular
magnetic layer has been proposed having a structure, in which a ferromagnetic grain is surrounded

by non-magnetic m—gﬁ@%'mﬁy@ﬁ{g@ﬁ@d%mﬁa addle Anitride mOHBRARESEANexamined Patent
Application Publication No. H8-255342, for example, discloses attaining low noise by forming a

granular recording layer in which ferromagnetic grains are dispersed in a non-magnetic film, by a

method cpmprising sigpsief Feguartiaiedenasiting a non-magnetic film, a 25 ferromagnetic film and a
non-magnetic film on a non-magnetic substrate, and heat-treating the laminate. For a magnetic layer

in this technology, cobalt or an alloy containing cobalt as a main component is used. For the
non-magnetic filmTmefaksritenvititden Galbess @b camiga isivsedotd B aipidilNg. dEAREY 3
discloses that a granular. recordiré%)fil in which each magnetic grain is 30 surrounded gf’ a

non-magneti®BxTE &R Se b BEHRifheIEa% oS c AN BB 16FHERA)y TIFAAY of BESG atfio?requency)
sputtering usiagm CelNiRhtasgekihod for manufacturing such a recording medium.

10

Background of the invention

To the requirement brought up in recent years for a magnetic recording
medium with higher recording density and lower noise, various compositions
15 and structures of a magnetic layer and materials for a non-magnetic under-
layer and a seed layer have been proposed. In particular, a magnetic layer
called the granular magnetic layer has been proposed having a structure, in
which a ferromagnetic grain is surrounded by non-magnetic non-metallic
substance, such as oxide or nitride.
20
Japanese Unexamined Patent Application Publication No. H8-255342,
for example, discloses attaining low noise by forming a granular recording
layer in which ferromagnetic grains are dispersed in a non-magnetic film, by a
method comprising steps of sequentially depositing a non-magnetic film, a
25 ferromagnetic film and a non-magnetic film on a non-magnetic substrate, and
heat-treating the laminate. For a magnetic layer in this technology, cobalt or
an alloy containing cobalt as a main component is used. For the non-magnetic
film, metal, oxide, nitride, carbon or carbide is used. US Patent No. 5,679,473
discloses that a granular recording film in which each magnetic grain is
30 surrounded by a non-magnetic oxide and separated with each other can be

formed by means of RF (radio frequency) sputtering using a CoNiPt target



0 7 JUL 2008 added with an oxide, such as SiO2, and low noise is achieved by such a recording film.
The low noise is considered to be achieved by the following reason. Since 5 each of the magnetic
grains in this granular magnetic film is physically separated by a grain boundary of npiF-roppngtig
non-metallic phase, magnetic interaction between the magnetic grains is reduced and formation of the
magnetic domain wall with a zigzag shape at the transition region of a recording bit is suppressed. 10

Noises of a regsting medinmoaigecasisad By Bictiaiign abwagnatizatiom dyedopnagigtig interaction
between magnetic grainﬁ that constitute the medium, and the size of the grain. In order to maintain

high SNR keéﬁﬁﬁ’ﬁddﬁg enhancement of the recording density, it is necessary to hold the number
15 of magnetic grains per bit cell greater than a certain value; in other words, minimization of the size

fth ti [ ired, H ver, in the sityati h | h int ti [
between the magntAE 1§YaE3tHS RARTHIBAARLIP G ASBHSR GPaits RREHYS F968hot Hiessariy

mean miAimizaitandf thst efseretkedrmagnetizeiion gihereiorey dkiscalsoflth neegdy s slippress the

exchange interaction %ﬁéﬁleen the grain for minimizin th{a unit of rev [sed mggnn%tlzatlgré itself that is

represented g}(;paanrag% i%rgﬁ%%né)ﬁlél Roment FURK& R the %]i'r%r%ﬁ%aﬁ%ﬁ, e’ma%%%%é grain itself

must have a ielzraetyolarbetvaler dhenevggnetinggaatic anisditopy sathdoastperpafathagnetic state
does not occuyr he i C cteristic_essential far hjgh resolution recording, which means
gé]IE‘eElc &%%gé]gl ‘EN%%_ %@ﬁ‘ 5 z§%§%%e§%91%% % Bgh e ns%flé? !

large He/MrtI{/1 e, can taine jective at’by the granular structure; In w ich magnetic
grains havingrbéghdéng iy wfsnagresisednisotropy are dispersed in a non-magnetic matrix, is that the

above-dggcribed every rigorous requirements are met for attaining high SNR.

Noises of a recording medium are caused by fluctuation of magnetization
due to magnetic interaction between magnetic grains that constitute the
medium, and the size of the grain. In order to maintain high SNR keeping up
with enhancement of the recording density, it is necessary to hold the number

15  of magnetic grains per bit cell greater than a certain value; in other words,
minimization of the size of the magnetic grain is required. However, in the
situation where large exchange interaction arises between the magnetic
grains, the minimization of magnetic grains frequently does not necessarily
mean minimization of unit of reversed magnetization. Therefore, it is also

20 needed to suppress the exchange interaction between the grains for
minimizing the unit of reversed magnetization itself that is represented by an
activation magnetic moment. Further in the minimization, the magnetic
grain itself must have a relatively large value of energy of magnetic
anisotropy so that a superparamagnetic state does not occur and the magnetic

256  characteristic essential for high resolution recording, which means large
Hec/Mrt value, can be obtained. Objective aimed at by the granular structure,
in which magnetic grains having high energy of magnetic anisotropy are
dispersed in a non-magnetic matrix, is that the above-described every rigorous
requirements are met for attaining high SNR.

30

In the conventionally used Co-Cr alloy magnetic film, chromium is
segregated from a cobalt alloy magnetic grain towards a grain boundary, so as

2



30 In the conventionally used Co-Cr alloy magnetic film, chromium is segregated from a cobalt alloy
‘magnetic grain towards a grain boundary, so as 2 0 7 .JUL 2006 to reduce magnetic interaction
between the magnetic grains. On the other hand, in the granular magnetic layer, tlef gitih BedBndary
phase is composed of a non-magnetic non-metallic substance, which segregate easier than the
conventional chromium. Consequently, isolation of magnetic grains is easily 5 enhanced. In the

conventional {gor&euRiom MaeRRlimiayatteatiegsben suRsHAeNdPid0:200fs is @asendialiiarrenough

segregation qf chromium when laminating the layer, while the granular magnetic layer has the

advantage tﬁéﬂﬂeiﬁo?h?n%?@h&?ﬁﬁ?éﬁﬂi},agﬁﬁsifgﬁc%%ﬁbpé’é'é’t%%r@\@i‘ﬁ?f’Ié?rﬁﬂﬁ’t&ﬂ%e@vithout
heating. 10 Psphlenvierhegseiveduoy the taNentabstiowey erhit Nsgnelia tecarding thediyhe having a

granular magnetic film requires additioq of relativell large amount of platinum to the cobalt alloy to 15
attain desired HRIGREREEhSPACRIGT, CBSFRLTRE T OLTEN6 TP R BF5 BEHBSATE coercive
force of 2,80@Aaitadgrabnlahsagnetatfinabsudlr adldd aifdcnkplatiayersloamimpniiscreeded,
while in the conyventional Co y. magnetic film, only 8 at% of platinum is required fqor obtaining the
came valie SPGB S e R T Lot SR SRR T RS, YR recent
years, very higimioetoigettorda ypdrhigheletiiha g20010e isdpoainidgy erebassthy. Avanesdt, the
granulamagngle fip that feguiisearge amaval afexnansiveplaipum.bas broyght.ahout a problem
of rising of manutacturing cost. it adc Ition, more reduction of the edia noise Is demanded ‘
accompanyingishguehkatiogment of the recording density. 25

10

Problem to be solved by the invention

However, a magnetic recording medium having a granular magnetic film
requires addition of relatively large amount of platinum to the cobalt alloy to
15 attain desired magnetic characteristic, in particular, high coercive force Hec.
To achieve the coercive force of 2,800 Oe in a granular magnetic film, as high
as 16 at% of platinum is commonly needed, while in the conventional CoCr
alloy magnetic film, only 8 at% of platinum is required for obtaining the same
value of the coercive force He. With the growing density of magnetic recording
20 in recent years, very high coercive force of higher than 3,200 Oe is becoming
necessary. As a result, the granular magnetic film that requires large amount
of expensive platinum has brought about a problem of rising of manufacturing
cost. In addition, more reduction of the media noise is demanded
accompanying with enhancement of the recording density.
25
Moreover, crystal growth at a low thickness stage, that is an initial
growth stage, in the granular magnetic layer is disordered and a clear
granular structure is not formed. This situation is the main cause of
deterioration in magnetic characteristics and electromagnetic conversion

30 characteristics in the low Br § region, Br § being a product of remanent

magnetic flux density and film thickness. In the trend for the magnetic layer



Moreover, crystal growth at a low thickness stage, that is an initial growth stage, in the granular
‘magnetic layer is disordered and a clear granular structure is not formed. This situation is the main
cause of deterioration in magnetic characteristics and electromagnetic conversion 83 ctidlragigfistics
in the low Br 6 region, Br 6 being a product of remanent magnetic flux density and film thickness. In
the trend for the magnetic layer 3 0 7 JUL 2DD6 to become thinner accompanied by higher recording

density in theyngak futirenidinisra Siffiapi prabignhiisalvedbrigidetesiosation ehihgxaanglie,
characteristics and the electromagnetic conversion characteristics at the initial growth stage of the

granular maghietié 18P IEINSL gRTORe BN 1RagP¥Ee Hais-nistanos itk ihehayrgRatE magnetic

layer on a subglAietsAgtRIARSEER inldoheataddatinatinte iBoplapeeHeRiatinasohinagaetization in
the magnetic layer is difficult to be attained and an isotropjc or random orientation medium is liable to

be formed. 18R W BRE 8L PIBE BT HAS NRBFISICIAHRE present invention have made rigorous

studies far effectively giving desired alignment to the granular magnetic layer and for 15 achieving
high He, low noise, and loy cost in the granular magnetic film, and  found that in order tq obtain
desired alignmentﬁﬁ%%uﬁggﬁbeticqgg}éﬁqa%ﬂﬁﬂ%é}ﬂgﬁﬁ%al e BRAIHfe HadheiBaPdiHas to be
controlled antchttgnetiadagtc ayer sebslsiocepitgdiicgrovennthisntonited dd daiyertitivis further

revealed that qeflnltgllgifehlgﬂiar Heﬁand lower noise can,be achleggg Egan thos&ig{% 51 1:atgogné/entlonal

magnetic recBrgll}leg reditm that has & %8%%8855}31} e%o%lﬁga magngt% I%asyer, Is, a magnetic

layer compos#tiaohedsinglexmagfmeni lay &2 wdonp orientahine mee proweiss| fab latoibatfogriled . magnetic
layer isl(aivided into a plurality of steps and the magnetic layer is formed with a

Means to solve the problem

The inventors of the present invention have made rigorous studies for
effectively giving desired alignment to the granular magnetic layer and for

15 achieving high Hc, low noise, and low cost in the granular magnetic film, and
found that in order to obtain desired alignment in the magnetic layer,
alignment in the layer below the magnetic layer has to be controlled and the
magnetic layer needs to epitaxially grow on this controlled layer. It is further
revealed that definitely higher Hec and lower noise can be achieved than those

20 of a conventional magnetic recording medium that has a continuously
deposited magnetic layer, that is, a magnetic layer composed of a single
magnetic layer component, when a process for laminating the magnetic layer

is divided into a plurality of steps and the magnetic layer is formed with a

plurality of magnetic layer components.

25
It has been further found that more advantage is obtained when oxide
layers are provided on and beneath each of the magnetic layer components in
the multi-layered magnetic layer.
30 Specifically, the present invention provides two types of magnetic

recording media depending on the structure of a magnetic layer of the
medium. The first magnetic recording medium of the invention comprises a
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plurality of magnetic layer components. 25 It has been further found that more advantage is obtained
when oxide layers are provided on and beneath each of the magnetic layer components in the
multi-layered magnetic layer. 30 Specifically, the present invention provides two typ8< ofithagppgtic
recording media depending on the structure of a magnetic layer of the medium. The first magnetic
recording medium of the invention comprises a 4 U 7 JUL 2006 non-magnetic under-layer, a magnetic

layer, a protegyenfifpani & auiddybricanklayreseausaiialyamieated SmA Ha-Magledic substrate,

in which the magnetic layer has a multi-layered structure being laminated with two or more magnetic

layer compor8RECAIBENFREN SRl bid Jidatif 53 1RO BAERS m uhshLAtagHE NI

boundaries syluRAinSIE G haAdY RIS tbe-camROpHIaR pfAhadpapratic [RyebLomMponents
in the magnetic layer is different from one another. 10 The second magnetic recording medium of the

invention corRSedis A it e TRSIERLer 63 ifn Bttty EPPaI BrdBEFE A ERA liquid
lubricant Jayegseayemnidalydaminalescat-anbounagriet eetistrdindniwehichithe magnetic layer
comprises two or more magnetic layer components and three or more oxide layers, each of the
magnetic layer components consists of 15 ferromagnetic grains and non-magnetic grain boundaries
surrounding the gralnsnsangetslnatie tolayeasiiompdrdetnanth thix duiger layersoarenaltarnately
laminated sug ethag ti;]l% ttlgpialaglgr aglc%fg}g bcoftlggm (I)%)éer OJtEPe% magnetic layer are oxide layers. 20
Advantageous y,%egnon-ma?éne]ﬁc grain %ounglary inthe magnetic layer components in the first and
second magnetic recording media is composed of oxide or nitride of at least one element selected
from thelgroup Coﬁ‘cilx%tls%%oq{d magnetic recording medium of the invention comprises a non-

magnetic under-layer, a magnetic layer, a protective film, and a liquid

lubricant layer sequentially laminated on a non-magnetic substrate, in which

the magnetic layer comprises two or more magnetic layer components and

three or more oxide layers, each of the magnetic layer components consists of

15 ferromagnetic grains and non-magnetic grain boundaries surrounding the
grains, and the magnetic layer components and the oxide layers are
alternately laminated such that the top layer and the bottom layer of the

magnetic layer are oxide layers.

20 Advantageously, the non-magnetic grain boundary in the magnetic layer
components in the first and second magnetic recording media is composed of
oxide or nitride of at least one element selected from the group consisting of
Cr, Co, Si, Al, Ti, Ta, Hf and Zr.

25 Advantageously, the non-magnetic under-layer of the above-described
magnetic recording medium is composed of chromium or chromium alloy, and
the non-magnetic substrate may be made of crystallized glass, chemically

strengthened glass or plastic.

30 A method for manufacturing the above-described first magnetic
recording medium of the invention comprises steps of
(1) laminating a non-magnetic under-layer on a non-magnetic substrate,

5



Cr, Co, Si, Al, Ti, Ta, Hf and Zr. 25 Advantageously, the non-magnetic under-layer of the
‘above-described magnetic recording medium is composed of chromium or chromium alloy, and the
non-magnetic substrate may be made of crystallized glass, chemically strengthen@dglags gplastic.
30 A method for manufacturing the above-described first magnetic recording medium of the invention
comprises steps of (1) laminating a non-magnetic under-layer on a non-magnetic substrate, 5 0 7 JUL
2006 (2) lamigatingh f A&l ARvRERN4DEr Woadl VRIPY ARRASING BRI Bl r MIAgNgLic layer
components, each of the components comprising ferromagnetic grains and grain boundaries
surrounding t’ﬁ‘é%‘?ﬁﬁ”&}%Eﬂaﬁ‘?ﬁ‘i‘%‘%"g“ﬂﬁe%éé%wfﬂ?ﬁ‘@ﬁlfﬁétﬁ}%‘&ﬁéﬁ’@%g FrEpaBRetaminating

the liquid lubgeantdaysr gmihe paelesiive Srebuhduanidaaaushs, the step for laminating the magnetic
layer is a ste ?}10 depositing, a plurality of magnetic layer components each having a composition
different from[8 i?@ﬂﬂ%l%%?%me%ﬁ’é’ﬁtgfﬁboﬂ RS HEERSEI fa @i ing the second magnetic
recording me@iummintiienigvRstionad Mpikes slapsradd thiaprstatitigalapsrmagnetic under-layer on a
non-magnetic substrate, (2) laminating a magnetic layer on the under-layer by 15 (i) exposing to an
atmosphere of oxygen- containing gas and forming an oxide layer on the surface exposed to oxygen,
(i) depositing a magivatit dgyen domipenensp clomprising fiergorhagnegincgiaihsearid graiapbfandaries
suroundin he i, (1) repealing (g Piocetures (hand (3 455l Imssapn 20 prposing o
an atmosphere’o oxy&en-c aining gas an(ﬁormlng an

composition different from that of the other components.

10
A method for manufacturing the second magnetic recording medium of
the invention comprises steps of:
(1) laminating a non-magnetic under-layer on a non-magnetic substrate,
(2) laminating a magnetic layer on the under-layer by
15 (i) exposing to an atmosphere of oxygen-containing gas and forming an oxide

layer on the surface exposed to oxygen,
(ii) depositing a magnetic layer component comprising ferromagnetic grains
and grain boundaries surrounding the grains,
(iii) repeating the procedures (i) and (ii) desired times, and
20  (iv) exposing to an atmosphere of oxygen-containing gas and forming an
oxide layer on the surface exposed to oxygen,
(3) laminating a protective film on the magnetic layer, and

(4) laminating a liquid lubricant layer on the protective layer.

25 The above-described method for manufacturing a magnetic recording
medium according to the invention allows to perform the steps (1) to (4)

without heating the non-magnetic substrate in advance.

Brief description of the drawings
30 Fig. 1
A schematic cross-sectional view of an example of a magnetic recording
medium according to the present invention,
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oxide layer on the surface exposed to oxygen, (3) laminating a protective film on the magnetic layer,
and (4) laminating a liquid lubricant layer on the protective layer. 25 The above-described method for
manufacturing a magnetic recording medium according to the invention allows to pgr‘]ogm_tl‘@n%teps
(1) to (4) without heating the non-magnetic substrate in advance. Brief description of the drawings 30
Fig. 1 A schematic cross-sectional view of an example of a magnetic recording medium according to
the present inmgntes), 6 D 7 JUL 2D06 Fig. 2(a) A schematic cross-sectional view of a magnetic layer
of a first magnetic recording medium according to the present invention comprising a plurality of 5
magnetic layer components. Fig. 2(b) A schematic cross-sectional view of a magnetic layer of a
second magnetic AQ¢repigingcroesisurrRecardieg 1 the praseitlinkaniion Samptisineta plurality of
magnetic layer components and a plurality of oxide layers disposed on and beneath each of the
magnetic lay &P UTHBEHERIL I CS P AR 4 THERERRRRY (R SRA ERRBE S BRIVE B hte on the
number ¢f Magratkeittlyskeesppornissof the magnetic layer. Fig. 4 20 A graph showing the :
dependence of SNR on the number of magnetic layer components of the magnetic layer.

Fig. 2(b)

A schematic cross-sectional view of a magnetic layer of a second magnetic
10 recording medium according to the present invention comprising a plurality of
magnetic layer components and a plurality of oxide layers disposed on and

beneath each of the magnetic layer components.

Fig. 3
15
A graph showing the dependence of coercive force Hc on the number of
magnetic layer components of the magnetic layer.
Fig. 4
20
A graph showing the dependence of SNR on the number of magnetic
layer components of the magnetic layer.
Aspects of some preferred embodiments of the invention
25

Now, aspects of some preferred embodiments of the invention will be

described referring to Fig. 1, Fig. 2(a) and Fig. 2(b).

Fig. 1is a schematic cross-sectional view of a magnetic recording medium

30 as an example of embodiments of the invention, and Fig. 2(a) is a schematic
cross-sectional view of a magnetic layer of the first magnetic recording
medium of the invention, and Fig. 2(b) is a schematic cross-sectional view of a

7



Aspects of some preferred embodiments of the invention 25 Now, aspects of some preferred
embodiments of the invention will be described referring to Fig. 1, Fig. 2(a) and Fig. 2(b). Fig. L is a
schematic cross-sectional view of a magnetic recording medium 30 as an exampldlof elib@ippents of
the invention, and Fig. 2(a) is a schematic cross-sectional view of a magnetic layer of the first
magnetic recording medium of the invention, and Fig. 2(b) is a schematic cross-sectional view of a 7 0

7 JUL 2006 magnettsc aypsaiithigesecond maghetic ressiding medwm o the inventien. The magnetic

recording medium shown in Fig. 1 has a structure in which non-magnetic under-layer 2, magnetic
layer 3 and protective film 4 are 5 sequentially formed on non-magnetic substrate 1, and liquid

lubricant layer 5 itas megostihectwringian e Magostciayas shaws instige(@) hawhithree- layer
structure in which magnetic layer components 3a, 3b and 3c gre Iaminated. The.magnetic layer
shown in Fig. S PP A AE S Ghuth I ARIEN e dth bt the MagHERR Ay er ABpbrfts 32 fo 3c
is sandwichededay tovti ity Goiteedxitenalyars gactic 3dhemdtthe, laminkiaid layeiechinltheséquence 3a/,
3a, 3b', 3b, 3¢',.3c and 3dP' The first magnetic recording medijum of.the.invention will he first
described. 15%\?8?19%%90% %eslt?bné]tlrlgt{;g'lqr;hfy%%gr%%%cen%y F\ﬁlﬁ-pvg el aﬁdﬁii%&qﬁ%ﬁ tk?éfreeengthened
glass or crystafjizedsgtassuas imthe kwhvendgnetimdgpeticoapordingsnizadiush. bnddditiomea substrate
made by injegtion iNgw.RO. I olyolefin orothgf resins be used since heating
the 20 subst%%lllizgfﬁ{(_%)%'req(‘]}llj%rtlegdg g?%ﬁ%%ﬁéﬁu%%%ﬁ%%c%%é %@ﬁg%\?gn%%?ﬂ%%sf %I(F?(?r{?rﬁggnetic
substrate 1, nohichagpebtiel thdendgyeiti2 s fermesdponents 3a to 3c is sandwiched by two of

10  the oxide layers 3a’' to 3d', and the laminate is layered in the sequence 3a’, 3a,

3b', 3b, 8¢, 3c and 3d'.

The first magnetic recording medium of the invention will be first
described.
15
Non-magnetic substrate 1 may be made of NiP-plated aluminum alloy,
strengthened glass or crystallized glass as in the conventional magnetic
recording medium. In addition, a substrate made by injection molding
polycarbonate, polyolefin or other resins may also be used since heating the

20 substrate is not required by the production process of the invention.

On the non-magnetic substrate 1, non-magnetic under-layer 2 is formed
by means of a conventional ndethod, such as electron-beam evaporation or
sputtering. The non-magnetic under-layer 2 is composed of non-magnetic

25  substance including NiAl and Cr. Chromium or chromium alloy is preferably
used for the under-layer. The preferable chromium alloy includes CrMo, CrTi,
CrV and CrW. Thickness of the non-magnetic under-layer is preferably in the
range from 5 nm to 50 nm for obtaining optimum magnetic characteristics and
an electromagnetic conversion characteristic,

30

On the non-magnetic under-layer 2, magnetic layer 3 is formed. The
structure of the magnetic layer of a first magnetic recording medium is a

8



by means of a conventional method, such as electron-beam evaporation or sputtering. The
non-magnetic under-layer 2 is composed of non-magnetic 25 substance including NiAl and Cr.
Chromium or chromium alloy is preferably used for the under-layer. The preferalglg c‘lngnﬂﬁgw alloy
includes CrMo, CrTi, CrV and CrW. Thickness of the non-magnetic under-layer is preferably in the
range from 5 nm to 50 nm for obtaining optimum magnetic characteristics and an electromagnetic

conversion charagtesistics 30 Qnrthe YRR gretia LRI By 8l A bRe NG lRyBhadedesmgd. The
structure of the ma&\netlc Iaj/er of a first magnetic recordlnﬁémedlum isa 80 7JUL 2006 multi-layer

structure conffiokethdt #1adramtpdemhiyfeitagRetichmpbAenesitionroenadiridetiniadd by a
magnetic layey ¢RAaSitiMspspSeSE AL KIdE A it Qra galbiR|ity yirSte RS FraaisoBthesrdREliGlRyer
components 3a 1o 3c is a so- called granular magnetic Iayereghat comprises ferromagnetic grains and

non 5 magnefit GikiFr BBHaMASRAHG Héktﬁg GrRRE S TS AMAEREECEIRRT BBARAY being
composesl of @xigeceicnitride donedals@ncaticond Sycthstpraiue efidhgonagngiietiaygrasamponents
3a to 3c may be ohtained,.for example, by. deppsition employing sputtering method using,a target of
ferromagneti@?ﬂfé’t %%ﬁfgllﬂ%gc%ggﬁé?ﬁapio 85 e, %%%E%ﬁ%#@j’rﬁ i%"boéhni\’?/.h
Alternatively, shex coagnefictley en aghnepien éntsr3ectodmbaignga graiddlan s Uaiusk tmiagdefobtained by
deposition engglg%in%r cti\é((ae sgﬂterineqninlgxy en-co taliprilr%g argon (palsislilgin a g;gg% ogf
ferromagnetic fetal 15 As iaterial tor C(PmB’os gﬁ1e erroragnetic gralnsg oPtaRoy is” preferably
used. Specifitfathonea@oetialivytati dedtaithng leadt dih &l ermepbss|ébted drom dgeajiograonsisting of

chromiu, Nl dya AN YIRS RS LS B AR MR Lof g9mgosng the
granular structure may be obtained by deposition employing reactive
sputtering in oxygen-containing argon gas using a target of ferromagnetic

metal.

15 As material for composing the ferromagnetic grains, CoPt alloy is
preferably used. Specifically, a CoPt alloy added with at least an element
selected from the group consisting of chromium, nickel and tantalum is
favorable for reducing media noise. As material for composing the non-
magnetic grain boundaries, oxide or nitride of at least one element selected

20  from the group consisting of Cr, Co, Si, Al, Ti, Ta, Hf and Zr is particularly

favorable for forming a stable granular structure.

Thickness of the magnetic layer 3 having multi-layer structure is
necessary to be such a value that provides enough head reproduction output
25 when reproducing a record, and the total thickness is desirable to be nearly

equal to the thickness needed by a conventional one-layered continuous film.

Though the magnetic layer components may have the same composition,
better characteristics can be obtained by different composition, which may be
30 performed by changing the concentration of the oxide or nitride, for example.
Though the magnetic layer illustrated in Fig. 2(a) is composed of three
layers of magnetic layer component, the magnetic layer of the magnetic

9



magnetic grain boundaries, oxide or nitride of at least one element selected 20 from the group
consisting of Cr, Co, Si, Al, Ti, Ta, Hf and Zr is particularly favorable for forming a stable granular
structure. Thickness of the magnetic layer 3 having multi-layer structure is neces{aly wpexgigch a
value that provides enough head reproduction output 25 when reproducing a record, and the total
thickness is desirable to be nearly equal to the thickness needed by a conventional one-layered

continuous filgge g %mmepﬂgax%ﬁm%wﬁﬁg&m HEIRRRARR Petter

characteristics can be obtained by different composition, which may be 30 performed by changing the

concentratiort $PPeBadarehfod @ 3grela iy CORPOgsRER magnetic layer illustrated in Fig. 2(a) is

composed of three layers of magnetic layer component, the magnetic layer of the magnetic 9 D 7 JUL
2006 recording medium of the present invention is %_%Iillnecessary to be formed with two or more

layers of magnetic {2y ERGrABEARENLAYSH thesfAESRERIA e d al6 R S Frfllitafe b tective film
4 and 5 fquidhdehicianiriaxat 3ajdiemrotesdiyedtsetardfing liondddbncand ayeriaeam beganventional

ones. For example, a thin film mainly compgsed of carbon may be used for. the protective film 4 and
perioropo B bR R b HEB AP tE RISt R BB RHo AR s thay he

laminated by @ tesnmaiy methsst sucthaspeptiteivectiiand licndchleflicanblsyethd ubdydee formed by
a common method, such as coating with. a liquid lubricant. Thus,a first magpetic recording medium of
the invention%agli?ﬁnga?%ef@gnﬂmgﬁ uelélcir%%c%? f%ltg(ir%‘éecﬁugn is%‘r)ﬁﬁgflf'g tﬁeF irs r%lé‘ilgn% ic 15
recording melinrindéestbyedcabnuerexaepbth atittle aonsittetiog, of idd ipaigniediaieaer isydifferent from
the construction of tge agnetic layer of the first magnetic recqrdin dium as shown in Fig. 2(b).
Shisiibch S e R SRR R St Ee e o S

Thus, a first magnetic recording medium of the invention is obtained.

Second magnetic recording medium is similar to the first magnetic

15 recording medium described above except that the construction of the
magnetic layer is different from the construction of the magnetic layer of the

first magnetic recording medium as shown in Fig. 2(b). The magnetic layer 3
formed in the second magnetic recording medium has a structure in which
each of the magnetic layer components 3a to 3c is sandwiched by two of the

20  oxide layers 3a' to 3d' as shown in Fig. 2(b). The magnetic layer components
are formed in the same manner as in the first magnetic recording medium.

The oxide layers are formed by oxidizing the surface of each of the layer
components exposed to an oxygen-containing gas atmosphere. Specifically, a
process of exposing the media to an oxygen-containing gas atmosphere, for

25  example, Ar-10 % Og gas, is performed before laminating the magnetic layer
component 3a and after laminating each of the magnetic layer components 3a

to 3c.

Materials of the magnetic layer components and thickness of the

30 magnetic layer 3 formed in the second magnetic recording medium are the

same as those described with respect to the magnetic layer 3 of the first
magnetic recording medium.

10



each of the magnetic layer components 3a to 3c is sandwiched by two of the 20 oxide layers 3a' to 3d'
‘as shown in Fig. 2(b). The magnetic layer components are formed in the same manner as in the first
magnetic recording medium. The oxide layers are formed by oxidizing the surfacg pf ggichpggthe layer
components exposed to an oxygen- containing gas atmosphere. Specifically, a process of exposing
the media to an oxygen-containing gas atmosphere, for 25 example, Ar-10 % 02 gas, is performed

before laminating fieimasnaficsiayes 169RNPBLI SAandniiae dminaiatheask Aline reagpetic layer
components 3a to 3c. Materials of the magnetic layer components and thickness of the 30 magnetic

layer 3 forme AT HEEBEET Al BREAREDrBih § M FATP TE 08B KRemRagnsbicckyed with
respect to thespa@nenedawaiicohihe sty sragnelic rgcerdingingetiienmohted it akiln 260€hAs in the
magnetic layer 3 of the first m rrqlg[tﬁijgtﬁl;acordin%?medium, better characteristics can be obtained by

different comPHSiSh & §/ PTG AR EHHORASiBRSSRIFbe performed by changing the

concentration of the oxide or nitride, though the same composition is possible. 5 Though thickness of

each of the magnetic layer,components and oxide layers is.not limited to special range.. thickness of
the magnetic Iaye?[tb,o ﬁé? ig%]t‘f?e gfaloﬁet%%gtﬁégﬁgs%y%%%?ﬁ%ga%eéliig(iamfe?@&%sp%ﬁgr%g léltir?d oxide
layers, is préferesiyseetrretiad tospecinldansss thigphinedshyf the congretiotayet @ nthghetic layer of a

continuous T T349I (e RAKARLS (XA IBHBIRAY 19 fiPhiR IEMGH Bk RIpAIElJaminating

three magnetic layer components and four oxide layers; the magnetic layer of the magnetic recording

medium of therpfessdryintestion aBisloity Heeetbitlnesbereanitrdctby wille toensentéradhagnetic

layer 1 magnetic layer of a continuous film.

Though the magnetic layer illustrated in Fig. 2(b) is formed by
alternately laminating three magnetic layer components and four oxide layers,
the magnetic layer of the magnetic recording medium of the present invention

15 is only necessary to be constructed with two or more magnetic layer
components and three or more oxide layers, the number of the oxide layer
being larger by one layer than the number of the magnetic layer components,
wherein the magnetic layer components and the oxide layers are alternately
laminated such that the top layer and the bottom layer of the magnetic layer 3

20  are the oxide layers.

Thus, a magnetic recording medium of the present invention is obtained
that allows high Hc, low noise and low cost. The following describes effects of
multi-layer structure and oxide layer of the magnetic layer that are special

25  features of the magnetic recording medium of the invention.

In usual longitudinal recording, large vertical component of
magnetization causes noises as compared with the case in which the
magnetization is aligned exactly in the direction of horizontal plane. Thick

30 magnetic layer generally gives rise to vertical alignment of magnetization.
Therefore, the magnetic layer of the invention is multi-layered. When each of
the formed films, which are magnetic layer components, is made thin, in-
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components and three or more oxide layers, the number of the oxide layer being larger by one layer
than the number of the magnetic layer components, wherein the magnetic layer components and the
oxide layers are alternately laminated such that the top layer and the bottom Iayerp%t%{n etic
layer 3 20 are the oxide layers. Thus, a magnetic recording medium of the presentinvention’1s
obtained that allows high He, low noise and low cost. The following describes effects of multi-layer

structure andfixigle ayenekibe HRIRStiRYSHER! AleSpegiabmstigatumsef theemagepete recording
medium of the invention. In usual lgngitudinal recording, large vertical component of magpetization

causes noiseSOHPETHaPE I THE AR iR iR iHE THAJREEL dtoA i Bhh &t SSEIEATSH the
direction of heviziehtadliaee nbhick &R otrgn etgdayetgkizgrally. gives rise to vertical alignment of
magnetization. Therefore, the magnetic layer of the invention is multi-layered. When each of the
formed films, which are magnetic layer components, is made thin, in 11 ill JUL 2006 plane orientation
of the component filhe igronlatedodgnedjthiayertizahicatedometi of mhgndiizatibminghetinagnetic

layer as a whgle is decr whieh reali neise reduction, leading.1o high Hc..5 T ranular
S o e R S AR E R S e
promotes epigeind grotlth déthemgenettf thesfeardremdgtistigorysthoandane gfaixideuiaheof oxide in

the_uppermog) MAgNRGIaYRLE AN MATERY RADBINETIERT AL YSIal, Ags dinishing

grain size of the granular magnetic layer component itself 10 direc_ ly under the uppermost magnetic
layer comporaiifl chiminsehipes fvesm pikshel thesamgtlabateanesioriayst themapenend ritselthe

magnetif, laygf, L feaaied aarlia fdmaere fayorable B aningia BAgREtEIAYelIso be
accomplished, resulting in better control of the alignment in the magnetic

layer.

As described earlier, it is more favorable to laminate magnetic layer
15 components having different composition by changing concentration of the

oxide or nitride.

More specifically, when the quantity of added oxide or nitride is

increased in a granular magnetic film for accelerating grain boundary

20  segregation, fine grain size is attained, which is considered to be necessary for
noise reduction. On the other hand, the increased amount of oxide or nitride

causes difficulty in the epitaxial growth from the under-layer.

Consequently, the uppermost magnetic layer component of the magnetic

25 layer is given a composition to exhibit excellent magnetic characteristics and
electromagnetic conversion characteristics, while the lower magnetic layer
components are provided for promoting orderly epitaxial growth of the
uppermost magnetic layer component and lattice matching with a layer
beneath the magnetic layer, which is an under-layer, for example. Namely,

30 the uppermost component of the granular magnetic layer is formed as a
granular film containing increased amount of oxide or nitride to achieve noise
reduction, while the lower magnetic layer components are formed as granular

12



15 components having different composition by changing concentration of the oxide or nitride. More
specifically, when the quantity of added oxide or nitride is increased in a granular magnetic film for
accelerating grain boundary 20 segregation, fine grain size is attained, which is congj Egﬂt
necessary for noise reduction. On the other hand, the increased amount of oxide or nitride ses
difficulty in the epitaxial growth from the under-layer. Consequently, the uppermost magnetic layer
component ofithes Ragaetit 2 felayeh sy 6N cx cRMPasitiofetGoexbibit exteedieth AUBRIGth
characteristics and electromagnetic conversion characteristics, ¥vh'le the lower, magnetic layer
components AR pTOUIRRH R PHEHAERD Br STy EiSRAxr GHONeh of (R B Ao L BB oy er
component afihlaiticereatehingpladtimalayer denesimiheonmagneic ayRiCwhitbyisaeremder-layer, for

example. Nalin% 30 the upper ost com pnen of ttie ragular mat%netic layer ig Iormed gs a
. attiée constants amouﬁ the e en%e S mag aprprgérlag varied, .
granular film Cortaining increased amount of oxide or nitfidé to achieve moise reduction, while the

lower m@ne@ﬂﬂw@m@mpnaﬂmﬁmf&me@gﬁmlaf th2 mmm%ﬂmmmﬁimhng less
amount of ox %Rﬁﬂ?rﬁ&}@ﬁ‘c‘eﬁ@e SRiR %?Xt‘ff% Jhd;gan %i@?@ R?Eﬁééegn‘ﬁregeﬁ?ased
chto P r

amount of platinum an mium. “Since increase in platinum or chromium content in a CoCr alloy
increases lameggenstayes, thdishounn sterdieraarier eranidappropriately varied 5 taking into
consideration the composition of the uppermost component of the granular magnetic layer and the

misfits in the layers formed under the magnetic layer, which is an under-layer, for example. Further,

lattice matching offfiitestdatsipscmaidngnt mishneisy ipdaaiditatrdanapuardélnmnéinagnetic

layer compons%fem%ﬂﬂeﬁwsflm@ IRYBhIMRL pﬁ*@?%ﬁb@ﬂ@ﬁﬂ RSlRdaVSREeUNdRI13yer, here, and
the uppermost magnetic layer component of the magnetic layer.
just beneath fhe magnetic layer, an under-layer, here, and the uppermost

magnetic layer component of the magnetic layer.

Since the material that bears the segregation of the ferromagnetic grain
15 to the grain boundary in the granular magnetic film is the oxide, oxygen
quantity profoundly affects promotion of segregation structure. In the second
magnetic recording medium of the invention, the oxygen is supplied by the
oxide added to the target for the magnetic layer and also by the oxide layers
provided on and beneath each magnetic layer component.
20
In the lamination process of the magnetic layer components of the
magnetic layer of the second magnetic recording medium of the invention,
each magnetic layer component is exposed to an oxygen-containing
atmosphere so as to form oxide layers on and beneath each magnetic layer
25  component. The provision of the oxide layers more effectively supplies oxygen
to the granular magnetic film to promote segregation structure. As a result,
the interaction between the magnetic grains is suppressed, leading to noise

reduction and Hc enhancement.

30 Consequently, high Hc and low noise can be attained even if smaller
amount of platinum than conventional is contained, which results in cost
reduction.

13



Since the material that bears the segregation of the ferromagnetic grain 15 to the grain boundary in
the granular magnetic film is the oxide, oxygen quantity profoundly affects promotion of segregation
structure. In the second magnetic recording medium of the invention, the oxygen |3]S}JQ§%”§%H% the
oxide added to the target for the magnetic layer and also by the oxide layers provided 0O eneath
each magnetic layer component. 20 In the lamination process of the magnetic layer components of the
magnetic layer of thensgeaand-masnaliagaserding mediem:BfdhadavERiay Sashaaareatilayer

component is exposed to an oxygen- containing  atmosphere so as to form oxide layers on, and
beneath eacHAHHGAERR I SPREEE AN Tttt 2P REBEoED A1 A dRTieegirs st SHdctilely
supplies oxygee taihe fkanviap mageeticrdlrodotpramats segragationestietdithshsitelegidt, the
interaction bitlween thetmagnetic rains ig supgk;essed Iegding noise reduction and He
enhancemenf SR rEsHuBRRE HYPRELAR 1505 RALAUSHPD Ohrth R E0M AL MRABP X iount of
platinum thanrecordéng anadl iseontasaect iwgligheludtiom ebsiaraductioning36:7 iHLHcRROSIA magnetic
recording meg{ijn%oo{ﬁg% iilrlllvqmricorﬁgg\gpghabo%%ﬁic%%cﬁib%dcéglrﬁigation structure allows to achieve high
He and low média noise even it the manuFaB{urlng procedure omits a step for heating the substrate,
the heating step being involved in the production of a conventional magnetic 5 recording medium.
Accordingly, reductig L manuiaetying festdsachinyed dua wing.srmpllisatien ofa Rreduction
procedure. Further, plastic with less cost may be uséed for the substrate as well as conventional
aluminum ang(@gggtiggal aluminum and glass.

10
Examples
The present invention will be described more in detail referring to
examples and comparative examples of the magnetic recording medium.
15

Example 1

A chemically strengthened glass substrate with smooth surface (N-10

glass substrate manufactured by Hoya Corp.) was used for a substrate. After

20  cleaning, the substrate was introduced into a sputtering apparatus. A non-
magnetic under-layer 2 having thickness of 15 nm was formed of Cr-20 at%

Mo by a dc magnetron sputtering method using a target of Mo-containing Cr

alloy under an argon gas pressure of 50 mTorr without heating the substrate.

25 Then, a granular magnetic layer component 3a having thickness of 10
nm and the same composition as the target was formed by an RF sputtering
method using a target of Co-10 at% Cr-14 at% Pt containing 7 mol% of SiO,
under an argon gas pressure of 30 mTorr. Subsequently, another granular
magnetic layer component 3b having thickness of 10 nm was formed under

30 the same conditions as in the component 3a. Thus, the double-layered

magnetic layer 3 was formed.

14



Examples The present invention will be described more in detail referring to examples and
‘comparative examples of the magnetic recording medium. 15 Example 1 A chemically strengthened
glass substrate with smooth surface (N-10 glass substrate manufactured by Hoyaipf)rﬁm%ﬁﬁused for
~a substrate. After 20 cleaning, the substrate was introduced into a sputtering apparatus. A non-
magnetic under-layer 2 having thickness of 15 nm was formed of Cr-20 at% Mo by a dc magnetron
sputtering method@isinBeartRigies 1 Megostainifgheh FHEMRACHRN argen gasnprgsskiRef 50 mTorr
without heating the substrate. 25 Then, a granular magnetjc layer component 3a having thickness of
10 nm and tH@§aﬂ‘?@%Pﬁ%§gﬁid’n %&“ﬁ’igﬁ%é{l%};}g‘ﬁ) %’én%?? §6ﬂ§é?ﬁ1g"‘rrﬂ oddising a
target of Co-1QlaifoGt-frératthdEcantaininché spaltte oh§iegp arwiaikcan argon gas pressure of 30
mTorr. Subsequently, another granular magnetic layer component 3b having thickness of 10 nm was
formed under 30 the same conditions as in the component 3a. Thus, the double-layered magnetic
layer 3 was formed 1g@id Juliriz006 Quehebnhagmeictlaykn8ssa afaibd mprotectivierfifraddlgf 10 nm -
thickness was [ i , ' ep out from the
vacuum of thagpsgb?ﬁ%t?le%ﬁr? ggp%lrﬁa%g.g E%}%ﬁ? %L?Bﬁélgﬁﬂgéy}eéHﬁ%\?ﬁ%@%ﬁ&?&%. nr?i was formed
by applying liquid lubricant of perfluoropolyether on the carbon protective film 4. Thus, a magnetic
recording medium-gs showi,in-Eige TuadRodead.1 9dnibe AbRRasiRestjamingting process,
heating the non-magnetic substrate 1 in advance was not performed. Concerning magnetic
characteristics of the produced magnetic recording

10 In the above-described laminating process, heating the non-magnetic

substrate 1 in advance was not performed.

Concerning magnetic characteristics of the produced magnetic recording

medium, the coercive force Hc and the product Br § of remanent magnetic

15 flux density and film thickness were measured using a vibrating sample
magnetometer VSM. Concerning electromagnetic conversion characteristics,
regeneration output of solitary regeneration wave TAA, and media noise and
SNR (signal-to-noise ratio) at track recording density of 120 kFCI were

measured using a GMR head on a spinning stand tester.

20
Table 1 shows the composition of the laminate structure and Table 2
gives the measured characteristics.
Example 2
25
A magnetic recording medium as shown in Fig. 1 was produced in the
same manner as in Example 1 except that a magnetic layer 3 shown in Fig.
2(a) having total thickness of 20 nm was provided by laminating three
magnetic layer components 3a, 3b and 3¢, each having thickness of about 6.7
30 nm.

15



medium, the coercive force He and the product Br S of remanent magnetic 15 flux density and film
thickness were measured using a vibrating sample magnetometer VSM. Concerning electromagnetic
conversion characteristics, regeneration output of solitary regeneration wave TAA,ﬁgd @idéggémise
and SNR (signal-to-noise ratio) at track recording density of 120 kFCIl were measured Usi GMR
head on a spinning stand tester. 20 Table 1 shows the composition of the laminate structure and Table

2 gives the measuigd chg{%%@ﬁticscmmﬁsﬁés Adﬂggnegjgcﬁgﬁ{géqgmediggﬁggr%%wn in Fig. 1

was produced in the same manner as in Example 1 except that a magnetic layer 3 shown in Fig. 2(a)
having total tElEKASSEIEFS Ak WRELPIBNEE IAERATM BRT A HIE S paBRE e TS yBe 3BV B HENtS 3a, 3b

and 3c, each hiavingthigkness af 3 WtLnh183 NM. 15 0 7 JUL 20DO The magnetic characteristics
and electromagnetic conversion characteristics on the obtained magnetic recording medium were

measured in the same manner as in Example 1. 5 The composition of the laminate structure of this
example s shown T el ediep dsafieths Mrarkad ARasaaiefisticsfRigiveRip TaMesBokxrample 3 10 A

magnetic rec;hr%ng edjum as shown in Fig. 1 was produced in th me manner as in Example 1
except that a é‘ﬁgf’c"éﬁ% ?’ﬁ%ﬂf&‘%ocfgﬁrﬁﬁé‘?ﬁéggsﬁrf(ghYﬁWQS%ﬁ?g\‘?i§ed by laminating four
magnetic layer components, each having thickness of 5 nm. 15 The magnetic characteristics and
electromagne}{j'c con\[er§ion

xample

10 A magnetic recording medium as shown in Fig. 1 was produced in the
same manner as in Example 1 except that a magnetic layer 3 having total
thickness of 20 nm was provided by laminating four magnetic layer

components, each having thickness of 5 nm.

15 The magnetic characteristics and electromagnetic conversion
characteristics on the obtained magnetic recording medium were measured in

the same manner as in Example 1.

The composition of the laminate structure of this example is shown in

20 Table 1 and the measured characteristics are given in Table 2.
Example 4

A magnetic recording medium as shown in Fig. 1 was produced in the

25 same manner as in Example 2 except that a magnetic layer 3 shown in Fig.
2(b) was formed that comprises oxide layers 3a' 3b', 3¢' and 3d' on and
beneath each of the magnetic layer components by exposing to Ar-10%0. gas
atmosphere at 10 mTorr for 10 seconds before depositing the magnetic layer
component 3a and after depositing each of the magnetic layer components 3a,

30 3b and 3c.
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characteristics on the obtained magnetic recording medium were measured in the same manner as in
Example 1. The composition of the laminate structure of this example is shown in 20 Table | and the
measured characteristics are given in Table 2. Example 4 A magnetic recording mge‘bium@szﬁgﬁwn in
Fig. 1 was produced in the 25 same manner as in Example 2 except that a magnetic layer own in
Fig. 2(b) was formed that comprises oxide layers 3a’, 3b', 3c' and 3d' on and beneath each of the

magnetic layer compenemis HieexPOSIRd R MR02 gaRl atmesphiaiealelR MTQuJeFsshseconds
before depositing the magnetic layer component 3a and after depositing each of the magnetic layer

components SB2rapreHsiitg SR the pPraingd Jnasnekis ReSaTHng chefiia ks MAgsdRedrBinagnetic

conversion cfi¥ agladstien oy the iaixinggh Iwagnetic recording medium were measured in the same
manner as in Example 1. 5 The composition of the laminate structure of this example is shown in

Table 1 and the measured characteristics are given in Table 2. Comparative Example 1 1 D A
magneticGrecordingeecitiposisoprofuhed dmihie fagteut@intoasfaghin dxsnpiieid exeept that the

magnetic lay was C osed of a single magnetic layer.compopnent having thickness of 20 nm.
The magneti(":f & zlaerac en(r%fs%ﬁ:% EAORE Ié%ar(c)ﬂﬁig r%]}eeg%:s 18%\%?5%%63& c%%%%t%ristics on the obtained

magnetic recording medium were measured in the same manner as in Example 1. The composition of
the laminate gwﬁ{)uargagf‘;giﬁ%%m%elis shown in Table 1 and the measured characteristics are given

in Table 2. 20

10 A magnetic recording medium was produced in the same manner as in
Example 1 except that the magnetic layer 3 was composed of a single

magnetic layer component having thickness of 20 nm.

The magnetic characteristics and electromagnetic conversion
15  characteristics on the obtained magnetic recording medium were measured in

the same manner as in Example 1.

The composition of the laminate structure of this example is shown in
Table 1 and the measured characteristics are given in Table 2,
20
Example 5

A magnetic recording medium as shown in Fig. 1 was produced in the

same manner as in Example 1 except that a target having composition of Co-

25 10 at% Cr-14 at% Pt added with 12 mol% of SiN was used and granular
magnetic layer components 3a and 3b having the same composition as that of

the target were formed, for obtaining magnetic layer 3.

30 The magnetic characteristics and electromagnetic conversion
characteristics on the obtained magnetic recording medium were measured in
the same manner as in Example 1.
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Example 5 A magnetic recording medium as shown in Fig. 1 was produced in the same manner as in
Example 1 except that a target having composition of Co 25 10 at% Cr-14 at% Pt added with 12 mol%
of SIN was used and granular magnetic layer components 3a and 3b having the ﬁ?n%@grgmessition as
that of the target were formed, for obtaining magnetic layer 3. 30 The magnetic cAdratteristics and
electromagnetic conversion characteristics on the obtained magnetic recording medium were

measured in the spiReRIAPAGERS IBFEXAMRIRIAa Y Mudktr20PEHERS cOMPRSIIOMB(RE ipminate

structure of this example is shown in Table 1 and the measured characteristics are given in Table 2.
Example 6 5 RaRigghand theonfagiurduriar ageristiss areigvemiisabluted in the same manner as
in Example 2 except that the composition of the target for forming the magnetic layer components of
the magnetic layer 3 as shown in Fig. 2(a) was Co-10 at% Cr-14 at% Pt added with 12 mol% of SiN.
I() The magn 2la&eristics and electromagnetic conversion characteristics on the obtained
magneticsrecording medium were measured in the same manner as in Example 1. 15 The
composition of theAamin%te structur%of this xarrgfg)le is shown ﬂ“ T?ble 1 anddthe easttflred
characteristics are gil\lllé’lrg i tf(égféc% x%rﬁlﬁen}lﬁ A ?ngl&’r?ef% rel(gOrdir‘ﬁvga%%ﬁ’u%C%s haowh in Fig. 1
was producedamthemaame aranndixasipléXanyghpt thatephdhatripecitiopaditiba ofthet térget for
forming the magneic |aver. SQTRRIVR.CLING TRARE IS AYCTA BN 3 as shown in

Fig. 2(a) was Co-10 at% Cr-14 at% Pt added with 12 mol% of SiN.

10
The magnetic characteristics and electromagnetic conversion
characteristics on the obtained magnetic recording medium were measured in

the same manner as in Example 1.

15 The composition of the laminate structure of this example is shown in

Table 1 and the measured characteristics are given in Table 2.

Example 7

20 A magnetic recording medium as shown in Fig. 1 was produced in the
same manner as in Example 4 except that the composition of the target for
forming the magnetic layer components of the magnetic layer 3 as shown in

Fig. 2(b) was Co-10 at% Cr-14 at% Pt added with 12 mol% of SiN.
25 The magnetic characteristics and electromagnetic conversion
characteristics on the obtained magnetic recording medium were measured in
the same manner as in Example 1.
The composition of the laminate structure of this example is shown in

30  Table 1 and the measured characteristics are given in Table 2.
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Fig. 2(b) was Co-10 at% Cr-14 at% Pt added with 12 mol% of SiN. 25 The magnetic characteristics
and electromagnetic conversion characteristics on the obtained magnetic recording medium were
measured in the same manner as in Example 1. The composition of the laminate structure of this
example is shown in 30 Table 1 and the measured characteristics are given in Tatle’ 248 QomBIUL
2006 Comparative Example 2 A magnetic recording medium was produced in the same manner as in
Example 5 exegpifhal the magngfiflayer 3 was composed of a single 5 magnetic layer component
having thickness of 20 nm. The magnetic characteristics and electromagnetic conversion
characteristics on the obtained magnetic recording medium were measured in the same manner as in

Example 1. 10 Thercpmpesifior-eb i lamisigns i Weoahts example s shoyimiy dable 1 and the
measured characteristics are given in Table 2. Table 1 15 number of thickness of

compositionnSGTRREE nAdHEER laflt bk BPEREifpBrEht faykps composed of a single

5 magnetic layer component having thickness of 20 nm.

The magnetic characteristics and electromagnetic conversion
characteristics on the obtained magnetic recording medium were measured in

the same manner as in Example 1.

10
The composition of the laminate structure of this example is shown in
Table 1 and the measured characteristics are given in Table 2.
Table 1
15
composition number of | thickness of oxide
magnetic |magnetic layer| layer
layer component
components (nm)
Example 1 Co-10Cr-14Pt-7S10, 2 10 none
Example 2 Co0-10Cr-14Pt-7Si0, 3 6.7 none
Example 3 Co0-10Cr-14Pt-7S10, 4 5 none
Example 4 Co-10Cr-14Pt-7Si0; 3 7 provided
Comp Example 1| Co-10Cr-14Pt-7SiO, 1 20 none
Example 5 Co-10Cr-14Pt-12SiN 2 10 none
Example 6 Co-10Cr-14Pt-12SiN 3 6.7 none
Example 7 Co-10Cr-14Pt-12SiN 3 7.1 provided
Comp Example 2 | Co-10Cr-14Pt-12SiN 1 20 none
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components(nm) Example 1Co-IOCr-14Pt-7Si02210none Example 2Co-IOCr-14Pt-7Si0236.7none
Example 3Co-IOCr-14Pt-7Si0245none Example 4Co-IOCr-14Pt-7SiO237provided Comp Example
1Co-lI0Cr-14Pt-7Si02120none Example 5Co-lIOCr-14Pt-12SiN210none Example
6C0-10Cr-14Pt-12SiN36.7none Example 7Co-lIOCr-14Pt-12SiN37.1provided Com@@xdﬂipléﬂﬁﬁ
2Co-I0Cr-14Pt-12SiN120none 19 U 7 JUL 2DD6 Table 2 Br d regeneration media SNR He
(Oe)(GRm)output noise (dB) (mVp-p)(RV) Example 13,142600.7024.322.7 Example
23,272630.7122.522.9 Example 33,290590.6922.023.2 Example 43,492600.6718.923.9 Comp
Example 13,6%902.7129.221.7 Example 52,982610.7026.422.2 Example 63,146590.6924.122.5
Example 73,331600.7020.223.3

Hc(Oe) | Bré | regeneration | media | SNR
(Gum) output noise (dB)
(mVp-p) V)

Example 1 3,142 60 0.70 24.3 22.7

Example 2 3,272 63 0.71 22.5 22.9

Example 3 3,290 59 0.69 22.0 23.2

Example 4 3,492 60 0.67 18.9 23.9

Comp Example 1 3,088 59 0.71 29.2 21.7

Example 5 2,982 61 0.70 26.4 22.2

Example 6 3,146 59 0.69 24.1 22.5

Example 7 3,331 60 0.70 20.2 23.3

Comp Example 2 2,765 62 0.72 31.4 21.2
5 Fig. 3 shows coercive force Hc of each of the magnetic recording media of

Examples 1 through 4 and Comparative Example 1. Fig. 4 shows SNR
(signal-to-noise ratio) of each of the magnetic recording media of Examples 1
through 4 and Comparative Example 1. The dependence of Hc and SNR on
the number of magnetic layer components was studied.
10
Fig. 8, Fig. 4, and Table 2 shows that the coercive force Hc and the SNR

increase with the increase of the number of the magnetic layer components.

The Hc has been enhanced by more than 50 Oe and over 400 Oe at

15 maximum, and the SNR has been improved by more than 1.0 dB and by 2.2
dB at maximum in the magnetic recording media having magnetic layer 3
that is laminated with two or more magnetic layer components as in Examples

1 through 4 in comparison with the magnetic recording medium having
magnetic layer 3 that is composed of a single magnetic layer component as in

20  Comparative Example 1.

20



Comp Example 22,765620.7231.421.2 5 Fig. 3 shows coercive force He of each of the magnetic
recording media of Examples 1 through 4 and Comparative Example 1. Fig. 4 shows SNR
(signal-to-noise ratio) of each of the magnetic recording media of Examples 1 throggh 4anehng
Comparative Example 1. The dependence of He and SNR on the number of magnetic layer
components was studied. 10 Fig. 3, Fig. 4, and Table 2 shows that the coercive force He and the SNR

increase with the ingreaserefigin PR Sh N eHPAONRIIGIRYBEGPTRSRER i REVEE fiRgHeen

enhanced by more than 50 Oe and over 400 Oe at 15 maximum, and the SNR has been improved by

more than 1.0PAENSSH Bocors s e iuimafiirrmem4gmenid e dha Ry asesiasHeb/Ad pikhetic layer 3
that is laminatg A Wit s eh SRR dNATTALEdAYE! HAMRACAED A8 ih E XA ESthk thipuak # in

comparison with the magnetic recording medium having magnetic I%}/Ler 3 that is composed of a single

magnetic lay P g BBIIREAL AP BBATHRARVE ELFAmRlS 2ehatydid A9bERATIEBEFHS force He
and the SNRjagdseen fughdeisnpbededirlioe rtiagnatip raeanding medised ofoxanfalekkin which the
processes of exposing. tq. Ar-10%02 gas weye ad before and after depositing e f the magnetic
ayer comportE T T B DA MGt RN TP AST BB AL S T o RS qosoriped
earlier, the imypyementrhs tiet drgra duithe m peortiti dayet seone gatiorx st tiyre ofdhmedagnetic layer
caused by effective pxygen ly. {0 the granujar magnetic layer from the oxide layers formed.
ing to s AR, e e e B S B R B A R S by
1.0 dB, in the2ffagreetindéber8iNg tmediOnd Bauind: thmagdaxides taydisgmosihparksoningtththe one

without pyide \aver \YARN MM lANSL S HEN RIS SRKSAIRARE JopRNEg aver, thickness of

When multi-layer structure is taken in the magnetic layer, thickness of
each magnetic layer component becomes thinner. In general, when film
thickness of a magnetic layer is thicker, magnetization tends to more

15  vertically orient. Taking multi-layer structure with total film thickness
unchanged in the present invention means lamination of a plurality of thin
magnetic layer components. Consequently, in-plane orientation of
magnetization is enhanced, resulting in improvement of various
characteristics. '

20

Moreover, in the cases of examples 5 through 7 and Comparative
Example 2 where nitride SiN was used in place of oxide SiO; as the material
for forming the non-magnetic grain boundary of the magnetic layer, similar

25  results were obtained.
Example 8

A polyolefin substrate with smooth surface was used for a substrate.

30  After cleaning, the substrate was introduced into a sputtering apparatus. A
non-magnetic under-layer 2 having thickness of 15 nm was formed of Cr-20

at% Mo by a dc magnetron sputtering method using a target of Mo-containing
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each magnetic layer component becomes thinner. In general, when film thickness of a magnetic layer
is thicker, magnetization tends to more 15 vertically orient. Taking multi-layer structure with total film
thickness unchanged in the present invention means lamination of a plurality of tigiz magneje layer
components. Consequently, in-plane orientation of magnetization is enhanced, resulting in
improvement of various characteristics. 20 Moreover, in the cases of examples 5 through 7 and

Comparative (examplewvhwdiergnitligerSiphwaseiseddn dlase eiTuidesdidews e matetiad for forming
the non-magngtgc %rain boundary of the magnetic layer, similar 25 results were obtained. Example 8 A
polyolefin suly §HEAKith smooth surface was used for a substrate. 30 After cleaning, the substrate
was introduced into a sputtering apparatus. A non-magnetic under-layer 2 having thickness of 15 nm

was formed of Cr-20 at% Mo by a dc magnetron sputtering method, usin arget of Mo-containing
2107 301 2006 &P (RABLEH St Ge Ren e BB P AR ARG U bstate.
Then, a granular anadgtietisdaye coompotient Bathaviacgttickae$erofctOby am RRdstheisaine
composition as the e f (?gg spuitering. meth ing a target of t% Co-10 at%
Cr-14 at% Pt%gt% gé}%%%jﬁ%ﬁ [ g%ﬁ";ﬁy agrg%r?é?sgparg%s%%rg%q%@ %%%o?r?zgj}%s@quently,
another grarfvi@e magheetietaypegeongsonenesravih@thiokess ofdwbrseqaenrtine agwecomposition

as the target was farmed By USing §4ATa5h 6 R824 GRrR 4 4 Aerets 16 atfe,fh conietping 10 mol%
of SiO2 under the same conditions’as in the comPonent 3a. Thus, the double-layered magnetlc layer
3 was formedsame composition as the target was formed by using a target of 66 at% Co-1

10 at% Cr-14 at% Pt containing 10 mol% of SiO: under the same conditions as in

the component 3a. Thus, the double-layered magnetic layer 3 was formed.

On the magnetic layer 3, a carbon protective film 4 of 10 nm thickness
was deposited by a sputtering method, and then, the resulted article was take

15 out from the vacuum of the sputtering apparatus.

A liquid lubricant layer 5 having thickness of 1.5 nm was formed by

applying liquid lubricant of perfluoropolyether on the carbon protective film 4,
20 Thus, a magnetic recording medium as shown in Fig. 1 was produced.

In the above-described laminating process, heating the non-magnetic

substrate 1 in advance was not performed.

25 Table 3 shows the composition of each of the magnetic layer components

and the number of the magnetic layer components of the magnetic layer.

In this example, the chromium alloy under-layer having a body centered

cubic lattice is accomplished an excellent (200) orientation and the granular

30 magnetic layer is aimed at the epitaxial growth in which the axis of easy

magnetization aligns in (110) orientation of a hexagonal closest-packed
structure.
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On the magnetic layer 3, a carbon protective film 4 of 10 nm thickness was deposited by a sputtering
method, and then, the resulted article was take 15 out from the vacuum of the sputtering apparatus. A
liquid lubricant layer 5 having thickness of 1.5 nm was formed by applying liquid |l.rlﬁ jcant of
perfluoropolyether on the carbon protective film 4. 20 Thus, a magnetic recording gdiﬁWT a08hown in
Fig. 1 was produced. In the above-described laminating process, heating the non-magnetic substrate
1 in advance was not performed. 25 Table 3 shows the composition of each of the magnetic layer

components and tE?fmégrnFertﬁIﬁt% maag];etic IaIyer com[%g nts of the ma neti?.laégrgln this example,

the chromium alloy ard -gyer avf"nagm 5o f/ece?ﬁé?sglnc i tlict e B nplich i &cellent

(200) orientatiiffeedidne pgraloulan 3Gntadfretid thyeltsi nach dyy atddia epitaxiad gnendhiementh the axis
of easy magrj}ﬁtl%atlorllr eas|ls%n8dlll’é é;110 Icl)m%ntatloga?f a hex oqﬂs&osesi{-p&c d structure, 22 V 7 JUL

2006 Effects I this ’IL:pxamp ear ?é%lresé)ntgﬂeb%/ AR ntens; 3? ratio oP)??ray diftraction 18%3%1:3 and a

half-widtt obtedmaebhyrrb cifind € granmeasuagnetit thaeemes’ﬁbs dia;arﬁmd]eoo&nibﬂth_a&ﬁw at the -
(110) peak of g RSt R aMBANGLALING.ARHRR MAARELAIRNALED LS wagnityde of the

half- width reflects the extent of epitaxial growth. Lafge intensity tatio of the X- ray ction peaks

indicates exceh@ritiéhastitnineakd Briiptrafoxsaitcot enestabidnty cupdessholldorawigtbmtaxial
growth. 10 Thg infensite ralic. ok g davdiffraniion peaichand the half-width of the rocking curve

were measured on the produced magnetic recording medium. The results are given in Table 4. The
intensity ratio of the X-ray diffraction peaks was measured by means of powder X-ray diffractometry,

thatis 62 6 methpge QRtANK YA HEFCIRRieh T REHRARMA TSk the QAP AU NG RS0 f
the rocking curve were measured on the produced magnetic recording medium.
The results are given in Table 4. The intensity ratio of the X-ray diffraction
peaks was measured by means of powder X-ray diffractometry, that is6 -2 6
method, on an X-ray diffractometer. The half-width of the rocking curve was
15 measured with an X-ray profile obtained by moving the detector represented

by 2 0, while fixing the sample holder represented by 6 .

Concerning magnetic characteristics of the produced magnetic recording

medium, the coercive force Hc and the product Br§ of remanent magnetic

20  flux density and film thickness in the horizontal direction and the vertical
direction were measured using a vibrating sample magnetometer VSM,
Concerning electromagnetic conversion characteristics, regeneration output of
solitary regeneration wave TAA, and media noise and SNR (signal-to-noise
ratio) at track recording density of 120 kFCI were measured using a GMR

25 head on a spinning stand tester. The measured results are given in Table 5.
Example 9

A magnetic recording medium as shown in Fig. 1 was produced in the
30 same manner as in Example 8 except that a magnetic layer with three layer

structure was formed by depositing a magnetic layer component 3a having
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15 measured with an X-ray profile obtained by moving the detector represented by 2 0, while fixing
the sample holder represented by 6 . Concerning magnetic characteristics of the produced magnetic
recording medium, the coercive force He and the product Br 6 of remanent magnefjcz2Qifjusmgnsity
and film thickness in the horizontal direction and the vertical direction were measured using a
vibrating sample magnetometer VSM. Concerning electromagnetic conversion characteristics,

regeneration ghiHeak solitan R@enay atiaie Wame duivtbrand the tha Reisgiapth SARtsigal-to-noise
ratio) at track recordin deons(i}y_o 120 I?FCI Were,meésurTg uggﬁg ﬁMR 25 head on a spinning stand
tester. The m%te@tﬁgdlae%wts ArdQRfeh ik SEHRBIE A MBIE S gAERESERS AilgARU M as shown

in Fig. 1 was hipsueatportet 30 Baniegnhivkercas off Exainpld Shexeapt tbahpoviagnedictiyer with

three layer structure was formed b POSiting . gnetic s onent.3a having 23 D 7 JUL
1006 thcknetb B M e Sathd LB R et 1o et B ERBR T 3T Corio e
Cr-10 at% Pt Sfkaiaindds posi¥ngf SiD b polsiviey camagreeticSddseningiipokees3tf avmg thickness

of 7nmandt e ition.as.t i 71 ato ) at%. Cr-d.2 at% Pt
containing 7 r%%ﬁﬁzﬁgf é%%gggwg %@gggﬁr@ aq%ggg%ﬁgaégr%g%pgg?g%%@ﬁgv?ggﬁﬁc%zess of 7 nm
and the samel éatiditiontadninstafgeolising Sitirget of 66 at% Co-10 at% Cr- 14 at% Pt containing
10 mol% of SiO2. In this example, like in Example 8, the chromium alloy under-layer 10 having a body

centered cubic lattice is accomplished an excellent (200) orientation and the granular magnetic layer is
aimed at the epitakial igiswaramiihidike dmxdsxaratsy hdhaetheamiraigadan pndgrolsestation of a
BEQ?SZ%?J clasRahpagked Bjrusiertb Al Bxamp'ad 0o mrRHb: ratip ektaaeitapdifraction
orientation and the granular magnetic layer is aimed at the epitaxial growth
in which the axis of easy magnetization aligns in (110) orientation of a

hexagonal closest-packed structure.

15 As in Example 8, the intensity ratio of the X-ray diffraction peaks and
the half-width of the rocking curve were measured on the produced magnetic
recording medium. The results are given in Table 4. The coercive force Hc in
the horizontal and vertical directions, the product Br § of remanent magnetic
flux density and film thickness, and SNR were measured as in Example 8.

20  The results are given in Table 5.
Comparative Example 3

A magnetic recording medium was produced in the same manner as in
25  Example 8 except that the magnetic layer consisting of a single layer having
thickness of 20 nm and the same composition as that of the target was formed
using the target having composition of 66 at% Co-10 at% Cr-14 at% Pt

containing 10 mol% of SiOs,.

30 As in Example 8, the intensity ratio of the X-ray diffraction peaks and

the half-width of the rocking curve were measured on the produced magnetic
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the half-width of the rocking curve were measured on the produced magnetic recording medium. The
results are given in Table 4. The coercive force He in the horizontal and vertical directions, the product
Br 6 of remanent magnetic flux density and film thickness, and SNR were measur%d7a§ljn I%mmple 8,
20 The results are given in Table 5. Comparative Example 3 A magnetic recording medium was
produced in the same manner as in 25 Example 8 except that the magnetic layer consisting of a single
layer having thieknisg et ansbthessrgreqQmpesiicnsassthatmf{dhe dargrt was apmed using the
target having composition of 66 at% CqQ-10 at% Cr-14 at% Pt containing 10 mol% of SiO2. 30 As in
Example 8, tHh E?nrﬁgﬂg‘l?i}‘i%]c[)i% YrEtea LT ERgHA R ARl AHBIS ALRERARERE IRSRRYMg curve were
measured onfthe peaduseshnanReticahbd 44l SREDWeeodnGMediymLTREIesyig are given in
Table 4. The coercive force He in the horizontal and vertical directions, the product Br S of remanent
magnetic flux AERERY EHAISF YARKAESDIE R SNR were measured as in Example S. The results are
given in Fable 5. 5 25 D 7 JUL 2006 Table 3 magnetic layer compositionnumber of layers Example
8Co0-I0Cr-12Pt-7Si022 Co-lIOCr-14Pt-I0SiO2 Example 9Co-IOCrlOPt-5Si023
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Co-10Cr-12Pt-7Si02 Co-10Cr-14Pt-I0SiO2 Comparative Example 3Co-IOCr-14Pt-10SiO21 Table 4
peak intensityrocking curvecomment ratiohalf-width 1(110)11(101)(deg) Example 82 -312(110)
preferential orientation: incomplete epitaxy Example 9>104strong (110) orientatio\r}h: .Fxsﬁﬂil_'egbb pitax
Comparative"130random orientation: Example 3not epitaxial 5 Table 5 horizontalvertica e)IBrS
He (Oe)Br & SNR (G m)(G m)(dB) Example 83,198619891122.7 Example 93,3876053423.7
ComparativeTa®425927902521.6 Example 3 26 0 7 JUL 2D06 It can be understood from Table 4 that
the alignment in the magnetic layer of Comparative Example 3, which has a granular magnetic layer

ofa .
magnetic layer
composition number of
layers
Example 8 Co-10Cr-12Pt-7Si0s 2 |
Co-10Cr-14Pt-10810;
Example 9 Co0-10Cr-10Pt-5S10, 3
Co-10Cr-12Pt-7Si0»
Co-10Cr-14Pt-10S10,
Comparative Example 3 | Co-10Cr-14Pt-10Si02 1
Table 4
peak intensity | rocking curve comment
ratio half-width
1(110)/1(101) (deg)
Example 8 2-3 12 (110) preferential
orientation:
incomplete epitaxy
Example 9 >10 4 strong (110) orientation:
excellent epitaxy
Comparative «1 30 random orientation:
Example 3 not epitaxial
5 Table b
horizontal vertical
Hc (Oe) Bré Hc(Oe) | Breé SNR
(Gum) (Gum) (dB)
Example 8 3,198 61 989 11 22.7
Example 9 3,387 60 53 4 23.7
Comparative 3,042 59 2790 25 21.6
Example 3
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single layer, is random alignment that does not exhibit any preferential orientation, and the large
half-width of the rocking curve implies that 5 epitaxial growth in the (200) direction of the chromium
alloy under-layer did not develop. In longitudinal recording, c-axis of the magnetic I@ye[,ngv'
hexagonal closest-packed structure is desired to align with in-plane orientation. In 10 general, when
alignment of the under-layer chromium alloy having a body centered cubic lattice exhibits preferred

orientation in (200} planebihaiide plensl e atigs dnaviieh the axigieheasyinagnetizatiencof the
magnetic layer is hcp (110) plane, grows epitaxially. 15 In the dou'ﬁlae-layered granular magnetic layer
of Example 81,3[}3%1'|8£é0%ﬁ&¥8 IM&OH@#{% %?ﬁ]@ogﬁ% L VERIH IS \Rrrai?:h grain size
is smaller andimgdéit iayalgo ismallet dian Hpesecat thhdpdee magnatikhidyeraagnpenashtEdnsequently,
lattice matching with upper and Jower inter s _ig,improved with.the aid of the lower magpetic layer
component, a?rllqae fﬁgtig?%ri%ﬁ at%qr? SHF% ﬁ@"&’ﬁ%&&?ﬁ Fa;?err 8]%11% n%‘ﬁ]f‘i?eéénrﬁeles?uct@%gat the axis
of easy magregtitation gf@dhsincth¢1EUOY rtferaitialofribatebiocvmBesiddoythadeatiayrtilaf the rocking
curve indicat%%{j%{%ﬁ)%ment of much more improved epitaxial growth than in Comparative Example
3. 25 In Example 9, oneé more magnetic layer component that has composition with small grain size
and little misfit, was deposited as compared with Example 8. Because the Example 9 allows to more

precisely control prgmgtian, ef {he,/allingmatching. Jhe axis.oheay mAgelaliondp. s uppermost

magnetic layer component strongly aligns in hcp (110) orientation. Moreover, 30 the half-width of the
rocking curveclsisestiacked warpaivegl ivilentetbie aligimarithbia efere ofticatatitlaydr structure.

27 D 7 JgL 2006-f51 cambr semfrem TRNleA @bl abie > BligRRERt Aldh e RaBel Clayer
centered cubic lattice exhibits preferred orientation in (200) plane, the in-

plane orientation in which the axis of easy magnetization of the magnetic

layer is hep (110) plane, grows epitaxially.

15 In the double-layered granular magnetic layer of Example 8, the lower
magnetic layer component is formed having a composition in which grain size
is smaller and misfit is also smaller than those of the upper magnetic layer
component. Consequently, lattice matching with upper and lower interfaces
is improved with the aid of the lower magnetic layer component, and the

20  orientation of the upper magnetic layer component became such that the axis
of easy magnetization of Co is hcp (110) preferential orientation. Besides, the
half-width of the rocking curve indicates development of much more improved

epitaxial growth than in Comparative Example 3.

25 In Example 9, one more magnetic layer component that has composition
with small grain size and little misfit, was deposited as compared with
Example 8. Because the Example 9 allows to more precisely control promotion
of the lattice matching, the axis of easy magnetization in the uppermost
magnetic layer component strongly aligns in hep (110) orientation. Moreover,

30  the half-width of the rocking curve obtained was very small, which shows a

remarkable effect of the multi-layer structure.
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is not controlled in Comparative Example 3 and the Co-c-axis orientation is in random orientation.
Consequently, the coercive force in vertical direction is large and the grain boundary segregation
structure is insufficient, which 5 results large media noise and deteriorated SNR. 1) goptnasis
Examples 8 and 9, in which epitaxial growth from the under- layer progressed to a considerable extent,
exhibited a very small value of the coercive force in vertical direction. This also reveals an effect of

multi-layer 10 strugtsica obthecaragei Tiayers 1hd Rilksardipechietipofaheadigmaisadwe to
promotion of the seggregraiilo structure anénl enhancement of %Tl]\élRélu_e_to .reduction .of the.noise caused
by the verticalfsc%%p RERE S HAG SR A A AGT AR Fed GO EARRLSF fhaifvEAERE lngV I]e{h"linating a
plurality of magnétim layemtatiponéitssegole iyt egraendisre ot ure vabigioaledireétioa isagnetic
layer is possiple to be ;controlled and s magnetic. layer is gbtained that exhibits excellent
crystallinity air%lf %saﬁlt%eggf%sp%r?ﬁgn%g é{r%ﬁ at?c‘i?ﬁ[ ) é %o?e}/s%ﬁf}llﬁgﬁa%r}ﬁel %uﬁrl%ﬁ%\%e‘}vﬁb%e are
achievedbmoresaltsrkbgetizadia aoaisagimstidatazavdiied ®¥&um having a continuously deposited
magnetic layer, in comparison with a conventional granular magnetic layer consisting of a single
continuous layer. In addition, since high He is easily attained thanks to the effect of the invention

even if the amounibtpritidstmbnanplesdearst thendyabupitdaabgrevdcfeemddeandtiise can be
attained with§ &%ﬂ‘%‘t@s@é@lﬁﬁQ%é’i’&@?ﬁbf@%%@érﬁ,ogﬁiﬁ%ifb{aQfé3%§rﬁe%ﬁﬁp{?afﬁ'éeoﬁkﬂﬁge'described

effect produced by the multi-layer structure of the magnetic layer is enhanced when the non-magnetic

non-metallic §0BEESEPsE dRcteThitAt Gissstion migikatsryersals.adeediest of ity erement

selected ofrorgt iR aneusr ¢RBSISInl Ty 610, PhefYedilthanrdhrafdofiovbemadéoRéiallau&ontaining at
least an element selected frgm the group consisting of Cr, 28
to promotion of the ségregation structure and enhancement of SNR due to

reduction of the noise caused by the vertical component of magnetization.

Advantageous Effect of the invention
15
By laminating a plurality of magnetic layer components each having
granular structure, alignment of the magnetic layer is possible to be
controlled and such a magnetic layer is obtained that exhibits excellent
crystallinity and has little dispersion of orientation. As a result, higher Hc
20 and lower noise are achieved more favorably than in a magnetic recording
medium having a continuously deposited magnetic layer, in comparison with
a conventional granular magnetic layer consisting of a single continuous layer.
In addition, since high Hc is easily attained thanks to the effect of the
invention even if the amount of platinum in the target for the magnetic layer
25  is decreased, low noise can be attained with less amount of platinum, which

means possibility of cost reduction.

The above-described effect produced by the multi-layer structure of the

magnetic layer is enhanced when the non-magnetic non-metallic substance

30 used in the granular magnetic layer is oxide(s) of at least one element selected
from the group consisting of Cr, Co, Si, Al, Ti, Ta, Hf and Zr, when a CoPt
alloy containing at least an element selected from the group consisting of Cr,

28



D 7 JUL 2DD6 Ni and Ta is used for the ferromagnetic crystal in the granular magnetic layer, or when
chromium or chromium alloy is used for the non-magnetic under- layer. 5 By employing the multi-layer
structure in the magnetic layer, even if heating of the substrate is omitted in lamingtinggmggum of
the invention, the media noise due to the magnetic grain size and the grain boundary segregation
and the noise due to vertical component of magnetization are reduced, and high He is readily
achieved. Acodirdindpa plasties tvithleveeesini@rvey b stsediahtheraubsiraiedgraiiopdo
conventional aluminum and glass substrate. 15 20 25 30 29 \. 7 JUL 2006 What is claimed is: 5 1. A
method for m&ndf Sfbr'f%oénﬂ]i’éﬁn%ig 5%‘8?8??%‘9 Uittt 6ﬂ§iﬁ esﬂe%’s']aﬁgf’f)t}ﬁrﬁ?ﬁ%?ﬁig a

non-magnetidayreder-layer on a non-magnetic magnetic substrate; (2) laminating a magnetic layer on
said under-layer by (i) exposing to an atmosphere of oxygen-containing gas and forming an oxide
layer on a surface, 10 (ii) depositing a magnetic layer component comprising ferromagnetic grains and
grain boundaries Sdyrcumpliogisgidhgranst{ildyepettingune prodedmegydtamingidrpredeteifnined

g[ﬂ?jé j_“d (V) EHRRS 108 tReSAS AIRRSRNGHG AL PHYIRRERN AN, A% ARA JPYRUING flL QXigle laver on a
’ the media noise due to the magnetic grain size and the grain boundary

segregation and the noise due to vertical component of magnetization are
reduced, and high Hc is readily achieved. Accordingly, plastics with low cost
10 may be used for the substrate in addition to conventional aluminum and glass

substrate.
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15 (3) laminating a protective film on said magnetic layer; and (4) laminating a liquid lubricant layer on
said protective film. 2. A method for manufacturing a magnetic recording medium according to claim 1,
wherein said steps (1) to (4) are performed without heating said substrate in advanceg 20 gf %UB

What is claimed is:

5 1. A method for manufacturing a magnetic recording medium comprising steps of:
(1) laminating a non-magnetic under-layer on a non-magnetic magnetic substrate;
(2) laminating a magnetic layer on said under-layer by
(i) exposing to an atmosphere of oxygen-containing gas and forming an
oxide layer on a surface,
10 (i) depositing a magnetic layer component comprising ferromagnetic grains
and grain boundaries surrounding said grains,
(i) repeating the procedures (i) and (ii) predetermined times, and
(iv) exposing to said atmosphere of oxygen-containing gas and forming an
oxide layer on a surface;
15 (3) laminating a protective film on said magnetic layer; and

(4) laminating a liquid lubricant layer on said protective film.

2. A method for manufacturing a magnetic recording medium according to claim 1,
wherein said steps (1) to (4) are performed without heating said substrate in advance.

20

25

30





