3 D MAY 20@ MAGNETI C RECORDI NG MEDI UM AND MANUFACTURI NG METHOD THEREFOR
Technical field of the invention The present invention relates to a
magnetic recording medi um nounted on magnetic recording devi C8$. \EYOhHAS
an external nenory device of a conputer, and a nethod for manufacturing
such a recordi ng nmedium Background of the invention For a magnetic
recordi ng nmedi um t hat re8ui res. hi gh recordi ng densi and | ow noi se,

vari ous con%’ls(i}lfmg‘ﬁg BREOEING MERTYM ab‘mag N(Ulft BVRING MigtiPPal s for

a non- mgngtHERUPAR - | ayer have been proposed. Recently, a nagnetic |ayer
call ed the granul ar magnetic | ayer has been proposed having a structure,
in which a ferromagnetic grain is surrounded by non-nagnetic and

non- net al | il‘écﬁﬁﬂ%ﬁ?ﬂﬁ&@f%ﬂ@hn@énﬁéﬁde or nitride. The technol ogy of the
I .

granul ar magnetic layer is known by the disclosures, for exanple, Japanese
Unexam ned Patent Application Publication No. H8.255342 and United States
Pat ent No. 5, 6%3 473. The Jng}paneie Unexam ned. Pat er% | j.cation

Publ i cation No.DR¢gressakinvention yelates to a magnatic weonding, W mguRtedagnet i ¢
recording aﬁdmgheﬁ@rﬂeédraiﬂy deVRES SlchS aQUSNtdxdériny] APRASHY IRF@ of a
non-magnetic film a ferromagnetic filmand a non-magnetic film and

heat - t r eat cogpubes, auth meethed fonmanvlagiuringsunhd resordipg mediumhi ch
ferromagnetic grains are dispersed in the non-magnetic film The
technol ogy of this disclosure proposes to attain | ow noise by neans of

form ng a Bazkpgtarnd efthdimedtéyrer in which ferromagnetic grains are
di spersed in a non-magneti-c film the structure being fornmed by
sequentially lam nating a non-magnetic film a ferromagnetic filmand a
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and low noise, various compositions and structures of a magnetic layer and
materials for a non-magnetic under-layer have been proposed. Recently, a
magnetic layer called the granular magnetic layer has been proposed having a
structure, in which a ferromagnetic grain is surrounded by non-magnetic and

non-metallic substance, such as oxide or nitride.

The technology of the granular magnetic layer is known by the
disclosures, for example, Japanese Unexamined Patent Application
Publication No. H8-255342 and United States Patent No. 5,679,473.

The Japanese Unexamined Patent Application Publication No. HS8-
255342 discloses a method for manufacturing a magnetic recording medium
comprising steps of sequentially depositing a non-magnetic film, a
ferromagnetic film and a non-magnetic film, and heat-treating the lamination
to form a recording layer in which ferromagnetic grains are dispersed in the
non-magnetic film. The technology of this disclosure proposes to attain low
noise by means of forming a granular recording layer in which ferromagnetic
grains are dispersed in a non-magnetic film, the structure being formed by
sequentially laminating a non-magnetic film, a ferromagnetic film and a non-

magnetic film and heat-treating the lamination. Silicon oxide and nitride are



1 3 D MAY 2005 wused for the non-magnetic filmin this technology. US
Patent No. 5,679,473 discloses that a granular recording filmin which
~each magnetic grain is surrounded by a non-nagnetic oxi de and géﬂ d
each other can be forned by neans of RF sputtering using a @Nﬁi{ew @et
added wi th an oxide, such as SiOQ2, and | ow noise is achieved by such a
recording film Since each of the magnetic grains in this granular nmagnetic
filmis physddciar ithe sepamagneticfilmanghad techoolngiar y of non-nagnetic and
non-netallic phase, nmagnetic interaction between the magnetic grains is
reduced and formation of the magnetic domain wall with a zigzag shape at

the transitionUSr Pgiea Nb. 8,6709cam3ddnglobés thst QUpRIMRISE decob@ingt £fiBh Ninl ow
noise. In the_ conventionally used Co-Cr netallic magnetic¢c film chrom um
i s segregat@ych reagh, Magapls tErain 4§ sEHEIded BY & raviaenetia axidg @t¥oundary,

soastorg[}hc[g b G d ' e TGRS LGind LE0giptOn the
ot her hand,(g I n %eﬁg@‘&g‘r%%%%%ﬁ%@%@%@@yﬁé%ﬁd}&ﬂg%ral n- gglﬁggfgggﬁatse Is a
non- nagnet targahdddetbwitheambiide, suchstsatice, andilah nesgriegehievehby enchh ban t he
conventi onal .hr %ﬂ] um Consequently, isolation of nmagnetic grains is
easily enh&ffCEHEEI'H™ t he conventional Co-Cr netallic nagnetic |ayer,
heating the substrate up to, 200C is essential for the enough segregation
of chromiumwhen |lam nating the |ayer, while the granular magnetic |ayer
has the advantigee taagh eththehsmngnebigrareins ihdhifo grantlar (mesnatiss filmcs

L

i nt er act i ophése waegndtie igeaaatipnd between theh amcgpretict giefing he redgesdgandon

structure .o@n}argleonrm'gcﬂgtrilggrleat}/ce({dnglljltwaalll Svvolth a zigzag shape at the transition
region of a recording bit is suppressed, to attain low noise. In the
conventionally used Co-Cr metallic magnetic film, chromium is segregated
from a cobalt alloy magnetic grain towards a grain boundary, so as to reduce
magnetic interaction between the magnetic grains. On the other hand, in the
granular magnetic layer, the grain boundary phase is a non-magnetic and
non-metallic substance, which segregate easier than the conventional
chromium. Consequently, isolation of magnetic grains is eaéily enhanced. In
the conventional Co-Cr metallic magnetic layer, heating the substrate up to
200°C is essential for the enough segregation of chromium when laminating
the layer, while the granular magnetic layer has the advantage that the non-
magnetic and non-metallic substance segregates even in lamination without

heating.

High density and low noise of a magnetic recording medium requires not
only reduction of magnetic interaction between the grains due to
enhancement of the segregation structure in the magnetic layer, but also
control of crystal orientation of Co-Cr ferromagnetic grain. Namely, the c-axis
of the ferromagnetic grain having a hexagonal closest packed structure is
required to align in the plane of the film surface. The control of the crystal

orientation of the magnetic layer in the conventional magnetic recording



control of crystal orientation of Co-Cr ferromagnetic grain. Nanmely, the
c-axis of the ferromagnetic grain having a hexagonal closest packed
structure is required to align in the plane of the filmsurf )

control of the crystal orientation of the nagnetic |ayer in ﬁﬁ M&hﬁm
conventi onal magnetic recording 2 3 D MAY 2DD5 nedium having a nmetallic

magnetic |ayer gerformed by controlli n&y struct ure and crystal
orientati onm(ﬂi“’cq%e ﬁﬂﬁgnﬁgﬁt?tt#]élcumj’@ﬂepﬁy er pgr perforegethyc cprraligng

medi um havig Y ur{%g%ﬁ%%tafr@lg II:1B fof kHR nbd- ms{@%hp?ﬁﬁef‘ |.dered that the

effect of t r-layer 1s ittt e because erro netlc grains are
separated fromthe under-|layer by the substance of grai n boundary
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t he Japanes@s $eeheovisidered pidt €é MEEES the) u@r-1ages idNHttlé bdecaudR- the
1017-1020 %‘ﬁ 99) discloses that using an under-|layer of a Cr-M all oy of a
speci al SANRERATIC Grainhaze sengrated fsom; the undeshavari bi’hﬂtﬁ sybstancetfane
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does not ahppn1020 PRI |BEcléRstthgt fstdB aHMNATS- 187G 6f $Cr-MR aligyopt hhe film
surface with a certain angle. Accordingly, the magnetic anisotropy of the

crystal gr 8Pesial genmpiosiion enPrefergndidioriensatiny of (L) inlame sanIesce,
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P magnetic property and electromagnetic conversion characteristics.

Problem to be solved by the invention

However, when a ferromagnetic grain has a preferential orientation of
(101) plane, c-axis does not align in parallel to the film surface and rises up
from the film surface with a certain angle. Accordingly, the magnetic
anisotropy of the crystal grain contains a component perpendicular to the film
surface, which creates a perpendicular component of magnetization, resulting
in increased media noise. This preferential orientation of (101) plane in the
ferromagnetic grain is caused by the preferential orientation of (110) plane in
the Cr-Mo alloy under-layer. Therefore, the orientation control of a magnetic
layer disclosed in the reference is to be regarded as insufficient. Thus, it is
the state of the art that more precise control of crystal orientation is needed

for obtaining a low noise medium.
Means to solve the problem

The inventors of the present invention has made profound studies on



the Cr-M alloy under-layer. Therefore, the orientation control of a
‘magnetic layer disclosed in the reference is to be regarded as
insufficient. Thus, it is the state of the art that nore predGasvon ol
of crystal orientation is needed for obtaining a | ow noise nedium Means
to solve the problem The inventors of the present invention has nade

profound st UER Arya? oBicHi00P e BPiiAhe lackls Bl iRkl AR, Of the

granul ar magnetic m an ound t he oW n act. Ramely, excell ent
magnet i ¢ propervingefacandNamelyt reonelipdt nagnetimpensirtes andr eetteomsgnet ar e
achi eved when a granﬁlar magnet i c fi¥n1 go osed of fgrronagg%ti lg{ains
havi ng a heRAERRER CHYBSS e & AchieYed LMEon o Rrapuiles, TBpetigtic, It
fornmed usi REmMPosEAN- NGFY RErd1Bagietey -drair haBge a0TheRapeiAr cRkedthphclrds a
body-centered cubic crystal structure and has a preferential_orientation
of (200) piskmetyrsar snehepstlr-Phalloy) i fymed cesing fenpp eaggmeticiirderilayetas been
acconpl | Shegh fAFeaRdllthat hAG LI M rod BERIE Lhrssk PG AR AR HRUD
according to the invention conprises a non- nagnetic substrate; and a

non- magnet ipcefarmteial | ayertation whROO) pladegppaeallelao the filmcturfazef i | m and a
liquid [ubricant |ayer sequentially [amnated on the substrate. The
magnetic | ayer has granular structure that conprises ferromagnetic grains

havi ng hexagonghe pt@eR6invRaEKA %S bebE bR fitel BAsed 18 sk ithddh@hAd a
boundari es surroundi ng the grains and nai nluétecorrposed of oxide. The
@F%éﬂ P

non- magnet magngtierrecexdsng Haedignt rageerding it uinveption ¢aprisaseat@ed cubic
lattice an .ef L al V.S _Qri at | i e.o . r-layer
par al | el téﬂla}nﬁlﬁnﬁq@%{r}%g%ea 04 % %@hulﬁ%%f&fcayelg& %g’?goﬁ)&%%geﬁéc. : y?’eﬁpl oyi ng
such an ungestettinecfiliaf ahfiea pigaid ntibiicatrenlayen sedlentixlBXidmifated ba the
ferromagnetic grai n +n t he Ig;ramil ar q‘la netic layer | am nated on the
substrate. he magnetic layer has granular “structure that comprises
ferromagnetic grains having hexagonal closest packed structure and non-
magnetic grain boundaries surrounding the grains and mainly composed of
oxide. The non-magnetic under-layer has a crystal structure of a body-
centered cubic lattice and .a preferential crystal orientation plane of the

under-layer parallel to a film surface of the under-layer is (200) plane.

By employing such an under-layer of the present invention, the c-axis of
the ferromagnetic grain in the granular magnetic layer laminated on the
under-layer aligns parallel to the film surface and a perpendicular component
of magnetization does not develop, which achieves favorable characteristics of

the recording medium of the invention.

- When a non-magnetic intermediate layer having a hexagonal closest
packed structure that is the same crystal structure as that of the
ferromagnetic grain of the granular magnetic layer is formed between the
under-layer and the magnetic layer, c-axis alignment of the ferromagnetic
grain of the magnetic layer is enhanced, to bring about better effect. The
intermediate layer is made of, for example, Co-Cr alloy containing 30 at% to
50 at% of Cr.




under-layer aligns parallel to the filmsurface and a perpendi cul ar
conponent of magnetizati on does not devel op, which achieves favorable
‘characteristics of the recording nmediumof the invention. V\h%rq(a}v, Y 2005

non- magneti c i nternedi ate | ayer having a hexagonal closest pac edA
structure that is the sanme crystal structure as that of the ferromagnetic
grain of the granular magnetic layer is forned between the under-|ayer and
the magnetic | afjareffestiyglyscoatrolling ptystal arirntaiden ehthmuander-lagemiannet- t he

magneti c | s ] ' ect . c rmedi ate
| ayer is rr%'}‘l c(#l,% ?@é}ﬁg%gﬁ%qntégﬂg@a& ?ﬁ IngcL%/e 2%% ﬁi?{r(\)g @’0 dgg &?ng at % of
Cr. 4 3 0 v&Ve2D3fr, Fbe sfigmnentveingrolohtyesl haviggcenystal laticenefabodyr of t he
under -1l ayer, a non magnetic alignmenf-control |ayer y be fornmed:prior to
deposi t i ng PHETeH,FHEF SRrBIe Jnca ArpisErRL eBriel Brepyon Wave marelSist al
lattice of tbdyAint @REGEE S CLIY) QLPAS UL HigHiert- dnblof 1o B pretergbl
orientation plane parallel to’'its filmsurface of (10 pl ane. The

al i gnnent - masletaf @n dxadecer oxden effadledsit pne eladeerdfselastaskirom Mg, ‘BijandsV,of at

| east one . . T d r r i S a
nitride(s) (8%)? n%?ﬁ lldgggt% F%ﬁ%tlgégﬁye%@atslgﬁgtc@ede%@c?r%?ﬂegc%a,tgﬁg?ﬁl’ %ff?ﬁ{’a, Mo
and W Al | Nit :jl‘hhbﬁeah mher ABlof tllm@eeniMilab@Have:ﬂmlﬁfd@ebeﬁmbd c*;xbicltlhttﬁce
structure, and the eferential .crystal orientatiagn 00). pl a S
Cendrl v Costhren Bh dopgulrantiel Yaistal Sremigting ol aatO:bianmi Tgiy

ef fecti vel ypGodd B HRBitEdYFY ButdieHhRth@D and crystallinity of the

alignnent-control Tayer, it 1s also effective to forma seed |ayer having
anor phous structure between the substrate and the alignnment-control |ayer.
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sputt er i ngthe alignment-control layer, it is also effective to form a seed layer having
amorphous structure between the substrate and the alignment-control layer.
Although this seed layer is desired to be wholly in amorphous structure,
partial crystallization that is inevitably generated by deposition by sputtering
method does not influence the effect directed by the seed layer. The seed
layer is preferably made with a nickel layer containing 10 at% to 40 at% of

phosphorus or a silicon layer containing 25 at% to 55 at% of oxygen.

Because excellent magnetic characteristics and electromagnetic
conversion characteristics can easily be achieved by employing the layer
structure of the invention, heating of the substrate is not required in
laminating the layers of a medium of the invention. Consequently, not only

~ the manufacturing process is simplified and the production cost is reduced,
but also it becomes possible to employ a substrate of low-cost plastics as well

as conventional aluminum substrate and glass substrate.
Brief description of the drawings

Fig. 1 is a schematic cross-sectional view showing a basic structure of a

magnetic recording medium according to the present invention.



met-hod does not influence the effect directed by the seed | ayer. The seed
‘layer is preferably nmade with a nickel layer containing 10 at% to 40 at % of
phosphorus or a silicon |ayer containing 25 at%to 55 at % of o JgMAY 2005
Because excell ent magnetic characteristics and el ectromagnetic conversion
characteristics can easily be achieved by enploying the | ayer structure of

the i nvention, Rheating of the substrate.is, not reguired_in _.lanm nating the
ayers of a med fintof® chacheioeit Fone Sedicedl Tt i Vihgd bashy str iRt
manuf act ur ianga Préttce®soriding vaiirhi @dodtddtine Erapg@licti on cost is reduced,

but also it becones possible to enploy a substrate of | ow cost plastics as
well as conventional alum num substrate and gl ass substrate. Brief

description of pihe diaw @%Pﬁgs@mvrgn%%aﬁaﬁﬁﬂggﬁ%ﬂeﬁsﬁ%g‘gﬁbSI@&M(RJ)]%YCH ew

showi ng a basic structure o ghetic re I ng rumaccording to the
present i nvesgecoto SpPlivAYRPODESs Fower, Zhe sintersityenatio dbetag$be satibi efhal vi ew
showi ng a ic.structure of. a.mgpetic, recordi nedj u roduced in
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being the ratio of diffraction peak intensity I(zoo) from Cr-M (200)

pl ane to didfiiagtien groteart thenadiainrgdyeedsp Bxagmled. Mo (110) pl ane that are
obtained fromthe X-ray diffraction profiles of the media produced in

Exanple 1. Fig. 4 is a graph show ng coercive force He and signal -to-noise
rati o SNR at Figndar ig ecoggiphgslieriag tcyeraiveXéfre€Candisigiad-towdise yatioduced i n

Exanple 1 w respect to pli.ed . i r..Eig. 5.s aschematic
cross-sect WIatvf‘gWrs ﬁBWrﬁglgadﬁﬁilgg Ogtmm off th‘g AePTAYCRL dPdi ng
medi um proguaald N wie dbEctdo applied RF bias power.

Fig. 5 is a schematic cross-sectional view showing a basic structure of

a magnetic recording medium produced in Example 2.

Fig. 6 is a schematic cross-sectional view showing a basic structure of

a magnetic recording medium produced in Example 3.

Fig. 7 is a schematic cross-sectional view showing a basic structure of

a magnetic recording medium produced in Example 4.
Aspects of some preferred embodiments of the invention

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

described.

Fig. 1 is a schematic cross-sectional view of a magnetic recording
medium of the invention. This recording medium comprises a non-magnetic
substrate 1, and an under-layer 2, a granular magnetic layer 3 and a
protective film 4 sequentially formed on the substrate 1. On the top of the

layers, further formed is a liquid lubricant layer 5.




Fig. 6 is a schematic cross-sectional view show ng a basic structure of a
magneti c recordi ng nmedi um produced in Exanple 3. Fig. 7 is a schematic
cross-sectional view showing a basic structure of a magnetic Sdtaoti 2005
medi um produced in Exanple 4. Aspects of sone preferred enbodi nents of the
I nventi on Now, aspects of some preferred enbodi nents of the invention wll

be described. Fig. 1 is a schemat] ¢ cross-sectional .view of a netic
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3 and a protective film4 sequentially forned on the substrate 1. On the
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magneti c eatingiofitha®mdistratedyndtereyafrdd. Mor eover, a substrate produced by

I njection- nolding a resin such as pol ycarbonate or polyolefin nmay al so be
used because heating of the substrate is not required. Athin film

consi sting mai Al phipf fiﬁﬁlrc@ﬁﬁstifl?rm§ﬁﬂmf%ari)(§l, U bxhdiplé "R uldPtGCtHeve film
4. Perfluoropolyether lubricant, for exanple, may be used for the liquid

| ubri cant pagteetiw filthel. nBenfbrorepdlyather Biliricaat,sfor eapmple, gnanbe asedriigmet i ¢

irdi ﬁg?iﬁéﬁﬁ?ggpg‘net ic grains and non-nmagnetic grain

| ayer that
boundar i estheggg;r?oun grai ns and bei ng conposed of netal oxide or

metal nitride. Such a structure may be produced by deposition by

sputtering usir;g a target 1 of ferrom r_1e1i .metal1 cont ai ni nq t he l(l)xide t hat
conposes the n Qﬁ@ﬁ% ti¢ layer 3 1s a so-called granular magnetic Jayer that

comprises ferromagnetic grains and non-magnetic grain boundaries
surrounding the grains and being composed of metal oxide or metal nitride.
Such a structure may be produced by deposition by sputtering using a target
of ferromagnetic metal containing the oxide that composes the non-magnetic
grain boundary, or by deposition by reactive sputtering in oxygen-containing

argon gas atmosphere using a target of ferromagnetic metal.

The material composing the ferromagnetic crystal may be preferably a
Co-Pt alloy, for example. A Co-Pt alloy added with Cr, Ni or Ta, in particular,

is preferable for reducing media noise.

On the other hand, the material composing the ﬁon-magnetic grain
boundary may be selected from oxides of Cr, Co, Si, Al, Ti, Ta, Hf or Zr, which
are favorable for forming a stable granular structure. The thickness of the
ferromagnetic layer 3 is required to be necessary and sufficient for obtaining

sufficient head-reproduction output at recording and reproduction.

The under-layer 2 is made of a material having a body centered cubic
structure and is required to have a preferential crystal orientation of (200)
plane. Chromium or chromium alloy may be preferably used for such a

material. The chromium alloy is preferably selected from Cr-Mo, Cr-Ti, Cr-V



grain boundary, or by deposition by reactive sputtering in

oxygen-contai ning argon gas atmosphere using a target of ferronagnetlc
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2005 and the wpdeplayesanpl e. Thi ckness of the layer is preferably in the
range between 5 nmand 100 nm For obtaining a preferential crystal
orientation of (200) plane, the means may preferably be enpl oyed that
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applicatioaﬂof su strate . :las Vo] t gge. rid bias voltage, control of

ot her condHt9 8™ "f‘F BgBeie 13T thid ’é]r"eP rd Dog° W“acdﬂlf%fmegh%'@nt r ol
c-axis ali gryaenb iy bdBrdBAdOPRGREE the AhAM1a9Er 2%‘%@ t%%‘z%%xﬂzhcqﬁ ghesic |ayer
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of the ferromagnetic grain of the magnetic layer. A Co-Cr alloy containing
chromium in the range from about 30 at% to 50 at%, for example, may be used
for the intermediate layer. Thickness of the non-magnetic intermediate layer

22 is preferably in the range from 2 nm to 20 nm.

To effectively control the crystal orientation of the under-layer 2, a non-
magnetic alignment-coﬁtrol layer 21 may be formed prior to forming the
under-layer 2. The alignment-control layer 21 has a simple cubic structure
and the preferentially oriented crystal plane that is in parallel to the film
surface is (100) plane, and is preferably made of an oxide(s) of at least an
element selected from Mg, Ti and V, or a carbide(s) or a nitride(s) of at least
an element selected from Ti, Zr, Hf, Nb, Ta, Mo and W. All of these materials
have a simple cubic structure and may be deposited by sputtering method to
easily obtain the preferential crystal orientation of (100) plane. The film
thickness of the alignment-control layer 21 is required to be the thickness
such that the crystal alignment in the non-magnetic under-layer is

sufficiently controlled.

To effectively control crystal orientation and crystallinity of the

alignment-control layer 21, a seed layer 11 having amorphous structure may
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control cry?tal orientation and crystallinity of the alignnent-control

layer 21, &f&eEy2% alleto b2 akgwi hhicknssseidbe sstd lavendd may take anyyvalwe 2005
b i d - ; - .
€ provi e%s t?&i%‘g@ ngfigaﬁ o%ib@fi&ﬁg{é &nd ?&ailhﬁ@fé&f H{éﬁﬁggnrﬁ&%&‘hhltrdl %{ﬁ{rhgl

Al t hough the se 11 1s sirable to entirefy anorphous,

ef fect ai aeeeffgctively watcblledyer is not affected even if parti al
crystallization is inevitably generated by deposition by sputtering. The
crystal orientation and crystallinity of the alignnment-control |ayer 21

are inproved by a meesss! dyandfhchitiig bSmb@hdtdretbiding Mediked sheygrin
cont ai ni ng_phosphorus in_an amount of from10 at%to_40 at%or with a
silicon | af&& ]cé‘ﬁﬁ’H}ghF% lwygséﬁltheaﬁe%ﬁﬁbﬁﬁtabovea high Hc and low media

noise can be attained even if a step of heating the substrate as in a
conventional process of manufacturing a recording medium is omitted. As a
result, reduction of a manufacturing cost is attained by simplification of the

manufacturing process.

Examples

The following gives some examples of the preferred embodiments of the

present invention.

Example 1

A chemically strengthened glass substrate with smooth surface, N-10
glass substrate manufactured by Hoya Corp., was used for a substrate. After
cleaning, the substrate was introduced into a sputtering apparatus. A non-
magnetic under-layer having thickness of 30 nm was formed of Cr-20 at% Mo
on the substrate under an argon gas pressure of 5 mTorr. Subsequently, a
granular magnetic layer having thickness of 20 nm was formed on the under-

layer by an RF sputtering method using a target of Co7Cri2Pti2 containing 10



of . from25 at%to 55 at % Thickness of the seed |ayer 11 may take any
value as long as crystal orientation and crystallinity of the
alignment-control layer are effectively controlled. In a process Wiy n
manuf acturing a magnetic recordi ng nediumshown in Fig. 1 having the |ayer
structure descri bed above high He and | ow nedia noise can be attained

even if a ste f t he substrate as in cgpvent.onal cess of
manuf act ur | TG 610500 P i HEeeth AHETS Eairrare AL 3 SRS TEATE ey Bt of o
manuf act ur pme@mé 14 ral(D i eghidly was ikl bANtHY nidi@etifBRYPERACTME NY
process. npl es he foll ow ng gives sone exanples of the preferred

enbodi ment éaramaﬁﬁévasﬁfhégéﬁkem r%‘lg AOD A, Vaeeampwssql aod Harid hricagt Masgt hened
gl ass SUbSta 55 PR %@%ﬁ 0¥ fpgotegél é‘ibSt’lﬁlfl%é su &gx?eféfured by

Hoya Corp., s useg for a su rate. er |ng, rate was
I nt roduced reaordmg m@linbehaviggahpatractise showarna Erggzlwalsmmahdmd | Iaytde havi ng
t hi ckness o forned

argon gas prés g{J rr‘lép%agg nif6r P2 %L}%’%r(zqg%ﬁt ﬁ))/f;as ‘é(a*g &P%ﬁgiiswﬁk&; ﬁ“?tﬁ nt‘(F:’Iayer

havi ng t hi ¢gkrRess fi9im 80N 2uasWE OH (%Bf tHesubateie phidY €6 | tpéuae}ﬂmlaﬁon
sputtering nethod using a target of 76Cr 12Pt 12 cont ai ning 10 O MAY

2006 ol Stepfwasi wat caEeEed ogh ar gon gas pressure of 3 -mforr. Then, a carbon
protective layer 10 nmthick was | am nated on the magnetic |ayer. The
| am nate was then taken out froma vacuumvessel and liquid |lubricant was
applied to 1. a(ﬁaytdnfﬁkctm amalyshe arsomentd va bagherof tmushusapmgneﬂi c
recordi ng nmedi um havj ngFt tructure shown .in Fig. 9 uced. In the
: recording media,” From t e measured profile, an 1ntens1ty ratlo I(zoo) (1100 Was

obtained that is the ratio of diffraction peak intensity Igoo) from Cr-Mo (200)

plane to diffraction peak intensity Iqi0) from Cr-Mo (110) plane. Fig. 2 shows

variation of the intensity ratio Io/Iqai0 in the dependence on the applied RF

bias power. The X-ray diffraction profile was measured with Cu-K o line

using a goniometer. It is apparent from Fig. 3 that the intensity ratio

Ieoo/Ta10) sharply increases with increase of the bias power. Application of the

bias power of 100 W or more raises the intensity ratio Ioo/lai0 to the value of

greater than 0.2. Because the intensity ratio e/l for the random crystal

orientation is 0.16, the intensity ratio Igoo/laio greater than 0.16 may be

interpreted to indicate that the (200) plane is preferentially oriented.

Coercive force Hc was measured for the produced media using a
vibrating sample magnetometer VSM. Signal-to-noise ratio SNR at the linear
recording density of 270 kFCl was measured by a spinning stand tester using
a GMR head. Variation of the measured coercive force Hc and the signal-to-
noise ratio SNR with respect to the applied RF bias power is shown in Fig. 4.
High coercive force Hc and high signal-to-noise ratio SNR are simultaneously
obtained when RF bias of 100 W or more is applied. That is, by employing an
under-layer with preferential orientation of (200) plane, excellent magnetic

characteristic and electromagnetic conversion characteristic are accomplished.

10



step of depositing the under-layer, RF bias was applied to the substrate
varying fromO Wto 200 W Heating of the substrate prior to the | am nation
step was not carried out. X-ray diffraction anal ysis was nade gﬂ e?ﬁh of

t he thus produced recording nedia. Fromthe neasured profile, nM tz@?’nsity
ratio 1 (200)/1(no) was obtained that is the ratio of diffraction peak
intensity I(200) fromCr-M (200) plane to diffraction peak intensity

| (uo) from ExamBle210) plane. Fig. 2 shows variation of the intensity
ratio 1 (200)/1(iio) in the dependence on the applied RF bias power. The
X-ray diffraction profile was nmeasured with Cu-K a line wusing a

goni onet er. | tAimagmyr racprdingmédigm 8s shewntinefignbemss pyodwed dn the

I (200)/1(110) sharply i.ncreases with jncrease of the hias p r.

Appl | Cat | o8P TRer RS0 EARNTE I excspt s hgh nasaeBis nRmRliRtE ey ratio
| (200) 11 (nef CoB Bt% Vet haviiy tIEE@sBl oft Hiafn Ovad fBRRAUGE thE@iddek@asdrt y ratio
| (200)/1(110) for the randomcrystal orientation is 0.16, the intensity
rati o h2ooVnfler thy aggasagas Presanre ol f mayrpaliter farpingtingethe: wnderslayst.e t hat

t he (200) i i i . i e He was neasured
for.the prg ucgsdb{frleagjl'gfﬁélg%b lgéd %Pg}égﬁgﬁgg%ra%ﬁéwﬁég%’ﬁ%ﬁet er VSM
Signal-to-noise ratio SNR at the linear recording density of 270 kFClL was

nmeasured by a i nni ng, stand .t ester in a G\R head. Varjatiop of the
measured coer c‘iigé“ %"r %Zé‘a%’q%rjf_ci c??’f&“@i%éff’glgl-{f dYaSn%‘F%?rlthf% d%?\l_lﬁrﬂ?é]‘fcﬁdr espect
to the apphiefthiffudth@s RHMBEIng Ssatti¥Nmbgndtofhetdt VSM, HhdC Qfmal ¥ nbRece He
and high signal-to-noise ratio SNR are sinmultaneously obtained when RF

bi as of 10wty SNF8i dhp dingss| reserding density ob2 78Ol Wag measwRddy: Rayer
w th pref .eésrﬁﬂhin? s&%}i%@%t%} hgihﬁoa( GMR%NeaR! 2ffe ree‘sﬁ‘&%'drﬁ hoWRINETASIe 1.
characteristic and el ectromagieti ¢ conversion characteristic are
acconpl i shiBable 1141s8 girdsAior 200fp arismamieccharacteristics of a medium without a
intermediate layer, a medium of Comparative Example 1, that is one of the

media in Example 1 to which RF bias of 150 W was applied.

When the intermediate layer is not provided, the coercive force Hc was

about 2,620 Oe and the signal-to-noise ratio SNR was 18.3 dB. On the other

- hand, when a non-magnetic intermediate layer of Co-35 at% Cr having the
hexagonal closest packed crystal structure with 5 nm thickness was formed,
the coercive force Hc was improved and the signal-to-noise ratio SNR was also

improved to 19.5 dB.

Table 1
intermediate | Hc(Oe) | SNR (dB)
_layer
Example 2 provided 3,010 19.5
Comp Example 1 | not provided 2,620 18.3

11



A magnetic recording nmediumas shown in Fig. 5 was produced in the sane
manner as in Exanple 1 except that a non-magnetic internediate | ayer of
Co-35 at% Cr having thickness of 5 nmwas fornmed on the under-| g)gerMAYBEﬁer
the argon gas pressure of 5 nlorr after |am nating the under-|ayer.

bi as of 150 Wwas applied when the under-layer was forned. As in the
Exanple 1, EQ&";anie\@ force He was neasured for the produced nedium using a
vi brating sanp magnet oneter VSM and signal-to-noise ratio SNR at the

| i near recording density of 270 kFCl was neasured by a spinning stand

tester .using ead. The results.are shown.in Table 1. . Table 1 also
ives, forConMpnets Popdng et s e 2 08" Whet Brafuett fp e gure
i nt er nedi abf dnRY Q6. inWARAHIEM Sfcepd TRA & tnoviemFXatR! Aighmédtadontol ¢aerof t he
medi a in Exanpl e 11?0 whi ch RF cglggs of 1§0 W was ap;) ingd. Wlllen tﬂ%r

i nt er nedi ahavingythickneshef 3w aetormed dycl sptiering methed ugs vagioyst 2, 620

G, g A5 R g e ALY

a non-nmagnetic I nterne having exagonal

cl osest patdyed axrdytdieadRF diasucdsmet agpliedSvitem the wideedsyavasad mmmdted. t he
coercive force He was i nproved and the signal-to-noise ratio SNR was al so
inproved to 19.5 dB. Table 1 internediate He (Oe) SNR (dB) |ayer Exanple 2

provi ded 3, 010ad $n TxaaR P4AAPELarhpROD, BERVivE G, BEQyaB mdasdiedZioy MAY
2005 Exanple 3 Magnetic recording nmedia as shown in Fig. 6 were produced
i n the saneach of the produced media using a vibrating sample magnetometer VSM, and

signal-to-noise ratio SNR at the linear recording density of 270 kFCl was
measured by a spinning stand tester using a GMR head. The results are
shown in Table 2. Table 2 also shows intensity ratio Ieon/laio of the X-ray
diffraction peaks of the under-layer of each medium. Table 2 further gives,
for comparison, the characteristics of a medium without an alignment-control
layer, a medium of Comparative Example 2, that is one of the media in

Example 1 to which RF bias was not applied.

Each of the media (i) to (iii) is provided with a non-magnetic alignment;
control layer according to the present invention. The alignment-control layer
has a simple cubic lattice structure, and the preferential crystal orientation
plane that is parallel to the film surface of the layer is (100) plane. The media
(i) to (iii), though RF bias was not applied when the under-layer was formed,
exhibits intensity ratio Ieoo/Ia10 in the under-layer of as high as 1.0 or more,
which indicates strong preferential orientation of (200) plane. As a result,
excellent magnetic characteristic and electromagnetic conversion

characteristic have been attained.
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manner as in Exanple 1 except that a non-magnetic alignnent-control |ayer

havi ng thi ckness of 30 nmwas forned by RF sputtering nethod using various
material under argon gas pressure of 8 mforr before |am nating e yA

| ayer, and the RF bias was not applied when the under-|ayer was Ianina ed.
As in Exanple 1 and Exanple 2, coercive force He was neasured for each of
t he produced nedia using a vibrating sanpl e magnetoneter VSM and

si gnal -t o- a&se ratio SNR at the linear recording density of 270 kFO was

measured b %inning stand tester using a GWR head. The results are

shown in Table 2. Table 2 al so shows intensity ratio 1 (200)/1(uo) of the
X-ray dif . - %@I@(d@f urt her
gives, for conparison, the char CL t 155

al i gnnent - eont+ot—tayer frech: thgg +s—fone of
the media fn Exarrplelt%‘mn%RFba was 4the medi a

(i) to (iif) Egamprvaded mediinpiinNon- maggeticl al genment o g.;,mt ol 1Bayer
according fto the present_inventidn The alignment-control laYer hasla

sinple cubic latti ce st wegdanm, iiignd tMeOpr efler efithi al c@y’_ai(hl or ﬂ@r&t atli on

pl ane t hat to—the—FHtmsurface—of—thetayer—4 S5 (100 tafle. The
nedia (i) qodn‘%)lﬂ';l"ﬁ?lpit?iough RF bilas W¥®not |applY ed ri/ngr?qhne ?Jép yer
was forned, exhibits tntensity ratto I(200)/T(1I0) In the under-Tayer of
as high as 1.0 or nore, which indicates strong preferential orientation of
(200) plane. As a result, excellent nmagnetic characteristic and

el ect r omagilxhimplednver sion characteristic have been attained. 12 D MAY
2605 Table 2 alignnment- h2o00)/10lo) He (Ce) SNR (dB) controlla er

Magnetic recording media as shown in Fig. 7 were produced in the same
manner as in Example 1 except that a seed layer having thickness of 30 nm
was formed by RF sputtering method using various material under the argon
gas pressure of 5 mTorr and subsequently a non-magnetic alignment-control
layer of MgO having thickness of 30 nm was formed by RF sputtering method
prior to laminating the under-layer, and the RF bias was not applied when

the under-layer was laminated.

As in the Examples 1, 2 and 3, coercive force Hc was measured for each
of the produced media using a vibrating sample magnetometer VSM, and
signal-to-noise ratio SNR at the linear recording density of 270 kFCIl was
measured by a spinning stand tester using a GMR head. The results are
shown in Table 3. Table 3 also shows intensity ratio Ieo/Iai0 of the X-ray
diffraction peaks of the under-layer of each medium. Table 3 further gives,
for comparison_, the characteristics of a medium without a seed layer, a
medium of Comparative Example 3, that is the medium iii of the media of

Example 3 provided with an alignment-control layer made of MgO.

13




mediumi TiC 3.1 2,530 18.4 Exanple 3 nediumii TiN 1.2 2,610 18.1 nedium
il MgO 6.5 2,750 19.8 Conp Exanple 2 none 0 2,200 15.2 Exanple 4 Magnetic
recording media as shown in Fig. 7 were produced in the same manner as in
Exanpl e 1 except that a seed | ayer having thickness of 30 nm el MAYr BiEd by
RF sputtering nethod using various material under the argon gas pressure
of 5 mlorr and subsequently a non-magnetic alignnment-control |ayer of MO
havi ng thi cRalds® of 30 nmwas forned by RF sputtering nmethod prior to

| am nating the under-1layer, and the RF bias was not applied when the
under-l ayer was |amnated. As in the Exanples 1, 2 and 3, coercive force He
was neasurfed Tor €ach ol the prpd a F: T RG> BT |e
magnet onetjer VSM _and Lgnal -t of ng%ggaﬁdl IC@I’IQ% t]}& ?neggnia&{cﬁgrdi ng
density of| 27ExddEile dvas | mehsoried Miy25atsH nn| rﬁﬁ&tald 3241 ef u8Rilg § GWR

head. The Jresults are srhegﬁ abte—3—Tgble & v%h"w:sw. a.cy ratio
| (200)/1(jlio) of the X- ‘HPf‘\‘rgf"f %Qeaks 9th;§ - :[ each

medi um T G SRR gl VES,  [for ggfepari|song st e CRafmfrt | rlgglgcs of a
medi um wi tlhout” a seed layer, a nmediumof Conparative Exanple 3. that is

the mediumiii of the nedia of Exanple 3 provided with an
alignnent-control |ayer made of MgyO 13 3D MAY 21i1 Table 3 seed |ayer
1(200)/1(no) He (Ce) j SNR (dB) Exanple 4 nediumi Ni-25at% 32.8 3,240

22.7 medium iAs %ﬁaﬁrgﬁﬁ Waﬂe%’, %t?eougéerliayer of the medium, when provided

with a seed layer, exhibited still higher intensity ratio Ieoo/Iai and the

crystal orientation and the crystallinity of the alignment-control layer is more
- effectively upgraded. The upgraded alignment-control layer brought strong
preferential orientation of (200) plane. As a result, more favorable magnetic
characteristic and ele'ctromagnetic conversion characteristic have been

achieved.
Advantageous Effect of the invention

As described so far, excellent magnetic characteristic and
electromagnetic conversion characteristic have been achieved according to the
present invention, in which a granular magnetic film is formed of
ferromagnetic grains having hexagonal closest packed structure such as Co-Pt
alloy, and a non-magnetic under-layer is provided using a material in which
the lattice structure is body centered cubic and the preferential crystal
orientation plane parallel to the film surface is (200) plane. In the
ferromagnetic grains of the granular magnetic layer laminated on an under-
‘layer of the present invention, the c-axis of the grain aligns parallel to the
film surface and a perpendicular component of magnetization does not

develop, which causes favorable characteristics.

When a non-magnetic intermediate layer having a hexagonal closest

packed structure that is the same crystal structure as that of the
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Conp Exanple 3 none 6.5 2,750 19.8 As apparent from Table 3, the

under -l ayer of the nedium when provided wth a seed |ayer, exhibited
still higher intensity ratio 1(200)/1(,l0) and the <crystal ori 'ozt'}ﬁgand
the crystallinity of the alignnent-control |ayer is nore effec ivﬁb\/
upgraded. The upgraded alignnment-control |ayer brought strong preferenti al
orientation,of (200). plane Aﬁares |t, nore favora netlc

char act er i steFEORARPCECRRD 0 Etgrﬁn‘dféﬁv@???‘?ﬂf aF &t ‘értn? ‘ét%eth(?een

achi eved. AgdaPlaeeasl Bhé %igrﬁéftlct R§el, V&AL Qe eSICIHD I rSiRadditic

excel l ent magnetic characteristic and el ectromagnetic conversion

char act er i St418 dhshemagantiaddes veenkancet diorkyingakaws bepressteet. i nvention, in
whi ch a granul ar nmagnetic filmis forned of ferronmagnetic grains havi ng
hexagonal cl osest packed structure such as Co-Pt alloy, and a non-nmagnetic
under - | ayer i sFar cantéletingsenygtad orieineatic of mhm,ﬁlninsdbr-latm, itaist effetiverioct ure i s

body centered cubic and t.he referentl stal orientati

paral | el t&HTha 19 maﬂn‘tefl&(f’é gnIMEnSGHRLr a.‘ Hr?‘PrtWe eﬁoé’rt?%gb‘hgf‘a‘ér grains
of the gr al'ﬂ»j’leﬁr tH@gél?éﬂlﬁeﬂtadbﬁholl al'ﬁ‘yé‘latﬂ%ﬁnﬁ’é1 c@ﬁstHPQthIcel @f’ %’imﬂfe khiBicPr esent

i nvention, the c-axis of the grain aligns parallel filmsurface and

a per pendi elrneure fsh e preforentisd naystadtarisntades Ri@tle Rﬁéﬂﬂ(ﬂof}p ihfibA causes
favorable ¢ ﬁgeC%fe(rlbﬁf *%ﬁle st uc?ﬂgﬂﬁgﬁﬁ?&%&tlg%é %Fe%ﬁ‘lbfarpgﬁ%( of a{lav' ng a

hexagonal cCl0Sés packe crys ructure as
that of t h6x1dé.4>fs.t %M\ﬁxﬁz elémrenﬂ@a]gmeﬂlfeozngg,nTt;faﬂdw @raancdmderralgaet iC

ol gnment | BHRAGE AbASERM ARt GPISFRAYOI s Padholbe TR i erbnced, to
bring aboups fpRld ﬁfat&‘(l&l%q{ave the simple cubic lattice structure, and the preferential
crystal orientation of (100) plane is readily obtained by deposition by
sputtering method, facilitating preferential orientation of (200) plane in the
under-layer that is formed on the alignment-control layer. Thus, a magnetic

recording medium with excellent characteristics is achieved.

Further, for effectively control crystal orientation and crystallinity of the
alignment-control layer, it is also effective to form a seed layer having
amorphous structure between the substrate and the alignment-control layer.
Although this seed layer is desired to be wholly in amorphous structure,
partial crystallization that is inevitably generated by deposition by sputtering
method does not influence the effect directed by the seed layer. The seed
layer is preferably made with a nickel layer containing 10 at% to 40 at% of
phosphorus or a silicon layer éontaining 25 at% to 55 at% of oxygen. The
existence of the seed layer makes alignment and crystallinity of the
alignment-control layer to be more suitably controlled, thus, providing a

magnetic recording medium with excellent characteristics.

Because excellent characteristics can be easily achieved by employing
the layer structure of the invention, heating of the substrate is not needed in

depositing the layers of the medium. Consequently, inexpensive plastics may
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For controlling crystal orientation of the under-layer, it is effective to
forma non-nmagnetic alignnment-control |ayer prior to depositing the under-

| ayer, the alignnent- control |ayer having crystal lattice of &0ngke 2sEbic
structure and a preferential crystal orientation plane parallel to its film
surface of (100) plane. The alignnment-control layer is preferably nmade of
an oxide o e el enent. selected .fr and V, ,or a carbide
or & nitri e dord 3 aRBFSischn Metiein couPRupRAly e FhmBRm gpd He® Tl he
and W Al |l gupétridegse materials have the sinple cubic Iattlce structure, and
the preferential crystal orientation of (100) plane is readily obtained by
deposition by sputtering nethod, facilitating preferential orientation of
(200) plane in the wunder-layer that is formed on the alignment-control

| ayer. Thus, a magnetic recording nediumw th excellent characteristics is
achi eved. Further, for effectively control crystal orientation and
crystallinity of the alignnment- control layer, it is also effective to
forma seed | ayer having anorphous structure between the substrate and the
alignment-control layer. Although this seed |ayer is desired to be wholly
i n anor phous structure, partial crystallization that is inevitably
generated by deposition by sputtering nethod does not influence the effect
directed by the seed |ayer. The seed layer is preferably nade with a

ni ckel |ayer containing 10 at%to 40 at% of phosphorus or a silicon |ayer
containing 25 at%to 55 at % of oxygen. The existence of the seed |ayer
makes alignnment and crystallinity of the alignnment-control |ayer to be
nore suitably controlled, thus, providing a magnetic recording nediumwth
excel l ent characteristics. Because excellent characteristics can be easily
achi eved by enploying the layer structure of the invention, heating of the
substrate is not needed in depositing the |ayers of the nedlum
Consequent |y, inexpensive plastics may 15
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3 0 MAY 2005 be used for a substrate as well as conventionally used
~alum num and gl ass substrates. 16 3 D MAY 296 Cains 1 A nmagnetic

recordi ng medi um conprising: a non-magnetic substrate, and a Sgpmgﬁgﬁﬁgic
under -1l ayer, a magnetic layer, a protective film and.a Iliquid lubricant
| ayer sequentially | amnated on said substrate, wherein said nmagnetic |ayer
has granul ar structure that conprises ferromagnetic grains having
hexagonal cl osest packed structure and non-magnetic grain boundaries
surroundigﬂ the grains and mainly conposed of oxide, said under-|ayer has a
crystal st(lamsire of a body-centered cubic lattice and a preferenti al
crystal orientation plane of said under-layer parallel to a film surface
of said under-layer is (200) plane, and non-magnetic alignnent-control

| ayer havijng shiph &}ét}iegoﬂd%%thﬁghﬁﬁlbyﬁlbgfsﬁl :beneat h sai d under-|ayer,
wherein a preferential crystal orientation 5ﬁane of said alignment-contro

| ayer par al | el anonandgreticsmbétxate, @hdsai d al i gnnent -control layer is (100)

pl ane. 2. A magnetic recordi di um accor di to claimad, further
conprising a AdWIRGREENHE q“ﬁggﬁ%@ﬂi & Bagnele qgﬁ%ﬁ & RLotECHEs, fln 404 osest

packed st fi4idh®ricahfildyer EQfUREaPGINRSIAtEA 08 JHHSibtANE wRadSai d magnetic
| ayer. 3. magnetic récordi ng nmedi umaccording to claim1, wherein said

al i gnment - contsaidl hagmetid kyeohpesgrdnolarastruduse thatecoraprsesafermmagnetid  from

a roup congheli g of potldes o M Tlood"dNin 00 a58" BbSSa il Ebdih dos ©f

boundaries surrounding the grains and mainly composed of oxide,

said under-layer has a crystal structure of a body-centered cubic lattice and
a preferential crystal orientation plane of said under-layer parallel to a film
surface of said under-layer is (200) plane, and

non-magnetic alignment-control layer having simple cubic lattice structure
‘beneath said under-layer, wherein a preferential crystal orientation plane of said
alignment-control layer parallel to a film surface of said alignment-control layer

is (100) plane.

2. A magnetic recording medium according to claim 1, further comprising a
non-magnetic intermediate layer that has a hexagonal closest packed structure

and is formed between said under-layer and said magnetic layer.

3. A magnetic recording medium according to claim 1, wherein
said alignment-control layer is composed of at least one material selected
from a group consisting of oxides of Mg, Ti, and V, and carbides and nitrides of Tj,

Zr, Hf, Nb, Ta, Mo and W.
4. A magnetic recording medium according to claim 1, further comprising a

seed layer having amorphous structure and being formed between said

alignment-control layer and said substrate.
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4. A magnetic recording nmediumaccording to claim1l, further conprising a
seed | ayer having anorphous structure and being fornmed between said .

al i gnnent-control |ayer and said substrate. 17 3 D MAY 2005 5§ ﬁﬂ@g %i C
recordi ng nmedi um according to claim4, wherein said seed Iayer3 S 02@ sed
of a nickel layer containing from1l0 at%to 40 at% of phosphorus. 6. A
magneti c recordi ng nmedium according to claim4, wherein said seed |ayer is
conposed of a silicon layer containing from?25 at%to 55 at% of oxygen. 7.
A magnetic recording nmedi umaccording to claim1l1, wherein said non-nmagnetic
substrate is conposed of a material selected froma group consisting of
crystallized glass, chem cal.ly styrengthened gl ass and.resin. 8. A nethod
for manuf agturi‘Ahﬁlagnﬁté@ﬁeé’PF néé%?fi‘ﬂ%@“ﬂ%‘gpﬁg?g%h‘ﬁr THSEePhe steps of
selecting a NORafPGRR lafes LSOk Bl df AThiARE] Afer odHRAIITRE RO 30 halo-doay er
on said non-nmagnetic substrate,” said non-nmaghetic under-|ayer being a

mat eri al hatdh ofplwspbalppscent red cubic lattice structure and preferenti al
crystal orientation plane in a (200) plane parallel to a filmsurface of
sai d non-magnetic under-layer; |lamnating a nmagnetic |layer on said

non- magnetg.c updlehaefacoRfihe mdBARCALSdiRY 88 cafiflaidragein Pl ural ity of

ferromagnetic grains having a exagona se- packed structure and a

non- magnet i ¢ gsaidnsdedunyer is hgweed o arsdlicol fages eordajpliog fitom 25 ad%i te 55

non- magnet itg (%:ai n boundary phase being at |east one of a group consisting
of a metaltGIPEYEHY a metal nitride: laninating a protective filmon said
magnetic | ayer;

7. A magnetic recording medium according to claim 1, wherein
said non-magnetic substrate is composed of a material selected from a group

consisting of crystallized glass, chemically strengthened glass and resin.

8. A method for manufacturing a magnetic recording medium comprising the
steps of

selecting a non-magnetic susbtrate;

laminating a non-magnetic under-layer on said non-magnetic substrate,
said non-magnetic under-layer being a material having a body-centred cubic
lattice structure and preferential crystal orientation plane in a (200) plane
parallel to a film surface of said non-magnetic under-layer;

laminating a magnetic layer on said non-magnetic under-layer, said
magnetic layer including a plurality of ferromagnetic grains having a
hexagonal close-packed structure and a non-magnetic grain boundary phase
surrounding said plurality, said non-magnetic grain boundary phase being at
least one of a group consisting of a metal oxide and a metal nitride;

laminating a protective film on said magnetic layer;

laminating a liquid lubricant layer on said protective layer;

conducting said steps of laminating without a step of heating; and
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lam nating a liquid |ubricant |ayer on said protective |ayer; conducting
said steps of lamnating without a step of heating; and 18 3 0 MAY 2ha
form ng a non-magnetic alignnent-control |ayer prior to form ng3Bamar 7&
non- magneti ¢ under-layer, a preferential crystal orientation plane of said
non- magnetic alignment- control |ayer parallel to a filmsurface of said
non- magnetic alignnent-control |ayer being (100) plane. 9. A nethod for
manuf acturi ng a magnetic recordi ng nedium according to Caim8, further
conprising a step for formng a non-nagnetic internediate |ayer that has a
hexagonal cl osest packed structure and is di sposed between said

non- magneti c ugder;layer and sai d magnetic layer. 10. A nethﬁg for .

manuf act uri ng AOTRIGEeRi chorEeRetly Aemmantrontroli lager Briog | to lormingysaide; n
sai d al i gnpen: g I i s conposed of at |east one naterial selected
froma group %%%ﬁ?@{?ﬁgb§¥ ox1 des of My, Ti, and V, and carbides and
nitrides of Tia Prefeldntidierystal ofbntatidn\Wland . of Asdidt harttniaghetiamligamtanti ng a
magneti c recordi ng medi um according to claim@8, further nprisin%gg.step

for form rfgngrokelayer ppsallelata agtlasupiseeof said nermagnstig é&wm&f’
bet ween sqhgﬂngg&%aqﬂﬁ»hﬁaﬂgignnent-control | ayer and said substrate. 12.
0

A net hod f manufact uri'ng a magnetic recordi ng nedium according to claim
11, wherein said seed |ayer is conposed of a nickel |ayer containing from
10 at%to 40 at% o 13. A nethaqd for_nmanufactur

f. phpsphor ys. ng,a netic
recor di ng hedi Mﬁ@&@rfgr H&“%‘&a"t&:‘%}g{ﬁ PAZNGHE FREPHIIRE TP iRy aF%{%@tnginEOg
conposed qiafin®, |fufRr!| AW GAR RIS dof TR a Hoh-Agnetidlifedmeaiatgen.

layer that has a hexagonal closest packed structure and is disposed between

said non-magnetic under-layer and said magnetic layer.

10. A method for manufacturing a magnetic recording medium according to
claim 8, wherein said alignment-control layer is composed of at least one
material selected from a group consisting of oxides of Mg, Ti, and V, and carbides
and nitrides of Ti, Zr, Hf, Nb, Ta, Mo and W.

11. A method for manufacturing a magnetic recording medium according to
claim 8, further comprising a step for forming a seed layer having amorphous
structure and being formed between said non-magnetic alignment-control layer

and said substrate.

12. A method for manufacturing a magnetic recording medium according to
claim 11, wherein said seed layer is composed of a nickel layer containing from

10 at% to 40 at% of phosphorus.
13. A method for manufacturing a magnetic recording medium according to

claim 11, wherein said seed layer is composed of a silicon layer containing from 25

at% to 55 at% of oxygen.
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19 3D MAY 71105 14. A nethod for manufacturing a magnetic recordi ng nmedi um
~according to claim8, wherein said non-magnetic substrate is conposed of a
material selected froma group consisting of crystallized gl assl MAY 2005
chem cally strengthened glass and resin. 15. A nethod for manufacturing a
magneti c recordi ng medi umaccording to claim@8, wherein a step for heating
sai d substrate does not precede any one of said steps for |lamnation. 20

14. A method for manufacturing a magnetic recording medium according to
claim 8, wherein said non-magnetic substrate is composed of a material selected
from a group consisting of crystallized glass, chemically strengthened glass and

resin.
15. A method for manufacturing a magnetic recording medium according to

claim 8, wherein a step for heating said substrate does not precede any one of said

steps for lamination.
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