DESCRI PTI ON MAGNETI C RECORDI NG MEDI UM USI NG GRAI N

| SOLATI ON TYPE FI LM AS UNDER LAYER, METHOD OF
wORNEIBASTIJRI NG THE SAME, AND MAGNETI C PCT/JP2004/010271

RECORDI NG REPRODUCI NG APPARATUS USI NG THE SAME

BACKGROUND OF THE | NVENTHENCRIPTION the Invention The

present invention relates to—a nagnetic recording

nRH TR Rt T o PR B, TR0k et P as

oREES: dvERe oRrsaa0: 1 uaaraRalRIE ohensasm 2N maGNETIC

Priority is clainmed on Japanese Patent lication No.

2003- H%%%%@I,N%FF%%R%W@/I G, AN T H eV BoE eRiLE ofAME

whi ch is incorporated herein by reference. This

application is an application filed under 35 U .S .C.

Il (a) claimng pursuant to 35 U.S .C . 119 (e) of
5 the filing dat eBdCKRROUNS &hallHAp gNVEMTIION 60/ 489, 487

on July 24, 2003, pursuant to 35 U.S .C. I|Il(b)

Fipdsicoifptthen IofveRélianed Art I n order to increase the
recordi ng density of a magnetic recording nedium it

i s | Mper partent flaventipe gedianssoftocrysbaheaind reduceling

medi um noi se wi t hout disturbing the ani sotropy of a

metEgRe tisedr aeohadirdg diake mppdatitauws sunder thaydrikeanthat employ
seed | ayers have been used inthe past to formfine
ma@haitis alecoryishal tierhildg odggnet method of manufacturing the
10 same, and a magnetic recording/reproducing apparatus using
the same.

Priority is claimed on Japanese Patent Application No.
2003-196559, filed July 14, 2003, the content of which is
incorporated herein by reference. This application is an
15 application filed under 35 U.S.C. 1l1ll(a) claiming pursuant to
35 U.S.C. 119(e) of the filing date of Provisional
Application 60/489,487 on July 24, 2003, pursuant to 35 U.S.C.

111 (b).

20 Description of Related Art

In order to increase the recording density of a
magnetic recording medium, it is important to form fine
grains of crystal and reduce medium noise without disturbing
the anisotropy of a magnetic recording layer.

25 Various under layers and seed layers have been used in
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recording | ayer. For exanple, there has been used a
magneti ¢ recordi ng nmedi um conpri sing a seed | ayer made
wW@R00Fi006310 Ta, an under |ayer having a struct urBCT/0P2004/010271

whi ch crystal grains of hexagonal close - packed
structure (hep) or face - centered cubic structure
(fee) are separated by an oxide or a nitride is forned

on the seed.laver. and an.integnedi ate, | ayer. and ,
Hﬁ%g%%ﬁ 9 efc%rrrpéi o T a9ttt t%lf:f((%baejt hje‘%/eib}h‘? PHIRHF&C
magnetic yecordi medi um. the crystal grains that ,
r e 1 LA e e EHET o ST A AT 6G8 RS 14 magnet ic
and are separated fromeach other (refer to, for
T RSt I BHY EUBRAERNG )2 SPRE el B’ anade pef Ti or Ta, an

proposed a constitution in which a non -nmagnetic
UnGRer it ata Tayera haviwet ete ukr urel & eepstat i ggains of
crystal grains by an oxide or a carbide is provided
hemrporghetless 3acked ornethtrdetsem), ehefaby-tentered cubic
I mprove the coercive force and reduce noise (refer to,
st orcexezgpl Bsc)Pat ent s orcatesd 12 . arAczordk ngr t@ dheride is
prior art described above, by providing the under _
foayet orthetsrediager |aydran haviswgned sdteICtay€r i ind
whi ch the crystal grains are nade finer and separated
maynetsi mgrerpokide aydheatd kesadbed citystadn gr ai ns
included in the magnetic recording layer are also nade
fi neriranchiseperqtead d romeath@tieliud hediebye fa¥ OVidih ins
the recording and reproduction characteristics over

tICONVERH 4 onalte i e snd ftad + BDEQYo tHI0RS 1 AYEF Sa Mk LR Fine
such a structure.

and are separated from each other (refer to, for example,

Patent Document 1).

There has also be proposed a constitution in thch a
non-magnetic intermediate layer having structure of
separating crystal grains by an oxide or a carbide is
provided and magnetic layer is formed thereon, thereby to
improve the coercive force and reduce noise (refer to, for
example, Patent Document 2).

According to the prior art described above, by
providing the under layer (or intermediate layer) having a
structure in which the crystal grains are made finer and
separated by using an oxide or the like, the crystal grains
included in the magnetic recording layer are also made finer

and separated from each other, thereby improving the

recording and reproduction characteristics over conventional
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It has al so been proposed to provide a seed | ayer

bel ow t he under |ayer so as to inprove the orientation
wobooslessunder | ayer, thereby to inprove the orPenieEd4010271

of the magnetic |ayer, too, and inprove the recording

and reproduction characteristdcs of the nedi um

However, there has been such a problemin the prior

art inthat it .is difficult to satisfy bot
APLRRT i IR T Y TR Y TR e ructure.

| ayer_.and hi gher orientation. It has al so been

or opdSed o ThiGV RS RIROTRE et iR TRy areecbrlayer belov

soft magnetic material between the substrate and the
thingidsc Y dhqd ayRriREPHs e itipkevieaten of the under

efficiency of switching the nagnetic flux between a
lasteit e WFeqaly IR dmaige et hfapo hied Viesshl aTtheo frelghretiiagnetic

head and t he nmagnetic recordi ng medi um and anot her
layeite.tothe aut tinmgries i the ayerordisd i and eserar et t bfn

t he magnetic path between the magnetic head and the
chredicimri st ide afasehe mediwh. t he seed | ayer is

provi ded, there has been a problemin that the

di st dtwe et wedre tehénsofiearagnetti a l@ydslandit hehdgatior art

I ncreases, and therefore it becones difficult to
iractheveltsaitd sfiattionyl t ecorshthigs f eIttt | odquiddmd@Ss of finer

al so been proposed to use an under |ayer having
cxyatull afratadiciurishdragdedof Dage Kidwh sel gededbf 1O ation.

anmong oxide, nitride, carbide and carbon and Ru all oy,

or anndey dayendmde ioddkad 1Y .p &y afe tD 45K Q¥ynetic

the orientation and

layer made of a soft magnetic material between the substrate
and the magnetic recording layer, so as to improve the
efficiency of switching the magnetic flux between a state of
infiltrating the gap between the magnetic head and the
magnetic recording medium and another state. The soft
magnetic layer constitutes a part of the magnetic path
between the magnetic head and the medium.

In the case in which the seed layer is provided, there
has been a problem in that the distance between the soft
magnetic layer and the head increases, and therefore it
becomes difficult to achieve satisfactory recording
resolution.

It has also been proposed to use an under layer having
granular structure made of one kind selected from among oxide,

nitride, carbide and carbon and Ru alldy, or an under layer



coercive force of the magnetic |layer, and make the
grains finer thereby to reduce the noise (refer to,
wo eoose@npl e, Patent Docunent 3). However, in PEEJIP2004/010271
magneti ¢ recordi ng medi um provi ded with the under
| ayer containing the Ru alloy4 the under |ayer has
insufficient orientation and satisfactory performance
th resn ect to the coercive

hi eved
1%°0F ce and aﬁ%i& %—%t%sn (boJcTPn% TR e Pt Yhtand
ﬁ% Iicat 5% Public No. 2003 36525 Pat ent
St Of%eap S BRE ot T G flie hegrains
Publi at i No 2002- 133645 Patent Documnent
gt TPIG athomMOF S strHRT i et i%?ir Nekample,
2001 291230 SUMVARY OF THE | NVENTI ON The present
PRYRAENtHUH Y b¥en nade i n consi deration of the
background descri bed above, and a first object thereof
5 is t olgsteRATde 1A i ava an ateico ik any et R ctiompri siiglerd with
magnetic recording |ayer of which crystal grains are
thmdmdeme et cropstainiong ertatRwmlloy nprlovedider layer has
nmet hod of manufacturing the same, and a magnetic
i rrspcfolridi eyl tr eppricehu trigpra paoat a&ajsistﬁfaitls@s fgdef sammncd has not
second object of the present invention is to provide
been achieved with respect to the coercive force and noise.
Patent Document 1
10 Japanese Patent Application, First Publication No.
2003-36525
Patent Document 2

Japanese Patent Application, First Publication No.
2002-133645
15 Patent Document 3
Japanese Patent Application, First Publication No.

2001-291230

SUMMARY OF THE INVENTION

20 The present invention has been made in consideration of
the background described above, and a first object thereof is
to provide a magnetic recording medium comprising a magnetic
recording layer of which crystal grains are made fine and
crystal orientation is improved, a method of manufacturing

25 the same, and a magnetic recording/reproducing apparatus that



a magnetic recording mediumin which crystal grains
are made fine, the orientation is inproved and the
WO e@s/0ai3ng resolution is inproved, a nethod of PCT/JP2004/010271
manuf acturing the sane, and a magnetic
recor di ng/ reproduci ng appar atius usi ng the sane. (1)
The first aspect for achieving the objects described
above is a magnhetic recordi ng medi um conprising a soft
UStaynetS C3Hyer, a seed layer, an under layer and a
magnetic recording | ayer stacked successively on a non
magnét iU RIS Herdis RIFS Sed 181t mde grrovide
a material containing Ni, and the under layer has a
a graf et ol 2o kypanad e tii e hikEr Ccxjisli s Feafnpfarze made
non-magnetic material are isolated in a non -nmagnetic
£imegt r i Shearnek devet Holamgiretimo raited xend thelerefording
mat eri al containing Y2Q3. (2) The second aspect for
5 remhivviony thembjecntd, desortitiet abovenufactweagnettilce sane,
recordi ng nmedi um described in (1), wherein the grains
arat @ medmeafi@ mmoro =diagnét e wrorhi @i @l a ot #t g Ngs &g the same.
| east one el enent selected fromanong Pt, Pd, Ru and
Rh. (@) Thes thirst aspeett flor acktewiing tie oy pedis
descri bed above is a magnetic recordi ng medium .
demilbesd NS ofd ArBgEtdici d ayfor & seated BYRIcodrising a
under | ayer and a magnetic recording | ayer stacked
sSUCaREFiMel ¥ Dy @ NaNrBagnet] Sy SHbsd aligde WNEL L P 408 a
seed layer is made of amaterial containing N, the
10 matlerid ayefohasn® M@h dsabiadd %éc}’@%ﬁéwtéﬂ & Wig e

grai ns made of a non-magnetic materia
magnetic substrate, wherein the seed layer is made of a
material containing Ni, and the under layer has a grain
isolation type structure where grains made of a non-magnetic
material are isolated in a non-magnetic matrix and the non-
15 magnetic matrix is made of a material containing Y,0s.
(2) The second aspect for achieving the objects
described above is a magnetic recording medium described in
(1), wherein the grains are made of a non-magnetic material
containing at least one element selected from among Pt, Pd,
20  Ru and Rh.
(3) The third aspect for achieving the objects
described above is a magnetic recording medium comprising a
soft magnetic layer, a seed layer, an under layer and a
magnetic recording layer stacked successively on a non-

25 magnetic substrate, wherein the seed layer is made of a
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are isolated in a non-nmagnetic matri x while the
non-magnetic matrix i s made of a material containing

wa@tooseamsto one ki nd sel ected from anong netal ORCT&R2004/010271
nmetal nitride, nmetal carbide, oxide of sem conductor,
nitride of semiconductor and @arbi de of seni conduct or,
and the grains are nade of a non-magnetic materi al

ont.ai-ni ng .at. | east..one .el enent_sel ected from anpng, ,
MR O e U IHs pEte T 0fehehi BA Ty 1iRiation
N obé'se%ts escri hed above is n%é{mg?n]feti c recording nmedium,

s Y AP (B)SrSuferEi tHE S on: mdidt e R Y& naterial
made of a material containing at | east one sel ected .
aLG SRR Sito? PR HSEE R gl T ddse @)-manetic

fifth aspect for achieving the objects described above
Nyt ix degdade e comti vy ddi aaR deistin b et i Feasly e kifnd
(1) to (4), wherein a second under |ayer made of a
sqret s chl frahtaiaihgnein b opirdsi degk detwesnidde neidelr carbide,
| ayer and the magnetic recording layer. (6) The sixth
oxdgirectt fammiandridavd gy t hel tobjdetst descrddethabovernd @arbide
magneti ¢ recordi ng medi um descri bed in any one of (1)
off zqB)gorwhertem, tdrel sged dmyiers cord aate atf |easin-anmeynetic
el enent selected fromanong Fe, Co, C, V, My, Nb, Zr,
maWerikd, ®raredirGng (ah) Ideestsexantdl asqpectsd nfctaedi @M Gmong
t he obj ectsdescri bed above is a nmagnetic recording
Auredigimardesnari bed in any one of (1) to (6), wherein the
seed | ayer has magnetic
(4) The fourth aspect for achieving the objects

described.above is a magnetic recording medium described in
(3), wherein the non-magnetic matrix is made of a material
containing at least one selected from among SiQO,, Y,0,, Cr,03,
Al,03 and Tay0s.

(5) The fifth aspect for achieving the objects
described above is a magnetic recording medium described in
any one of (1) to (4), wherein a second under layer made of a
material containing Ru is provided between the under layer
and the magnetic recording layer.

(6) The sixth aspect for achieving the objects
described above is a magnetic recording medium described in
any one of (1) to (5), wherein the seed layer contains at
least one element selected from among Fe, Co, Cr, V, Mo, Nb,
Zr, W, Ta, B and C.

(7) The seventh aspect for achieving the objects
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flux density for saturation Bs of 0.2 T or higher, and

coercive force Hc of 100 Oe or less. (8) The eighth
was@sovesfior achi eving the objects descri bed abPEEIP®4010271

magneti c recordi ng nmedi um descri bed in any one of (1)

to (7), wherein the magnetic Tecording |ayer is nmade

of a Co alloy containing a netal oxide or an oxi de of

a sem conductor,. (9) The ninth aspect for achieving ,
IS5 TR AR Yo sst DR HBIVE I8P im described in

manuf acturing a magnetic recordi ng nmedium conprising a .
ango RS inell o oaydt 4TSEEHN Ay SR Ui 1Mo A L ic

a magnetic recording | ayer stacked successively on a
flﬁ@h-cﬁaé‘gﬁ'%ém & uptEeE Tam Behicdh & -Ke Teed Highar i eand

made of a material containing NI and the under [|ayer
casgsiyegrisines 35 @t AP % Wse ot rigstsur e i n whi ch grai ns

made of a non-magnetic material are isolated in a

non- n@gndthiec eratirtitx aape dthe oror-aEgverioc et by dcs s

made of a material containing Y203. (10) The tenth
degspedted mbaahiieyiangnadnetdlj ectico mEsey ireed w@belesdribed in

nmet hod of manufacturing a magnetic recordi ng nedi um
amphicele ediprli)ses fONN Rhexresiof tthagnRefriat dlayeicomliseRed ayer

| ayer, an under |ayer and a nmagnetic recording |ayer

issueerssifvel ool JiororRgieting sUbsidAat @ximerdi kil kide of
seed layer is nade of a material containing Ni, while
a tdetinderddayar. has a grain isolation type structure in

whi ch grains made of a non-magnetic material are

i sol gtogd THe i@k aspect for achieving the objects
described above is a method of manufacturing a magnetic
recording medium comprising a soft magnetic layer, a seed
layer, an under layer and a magnetic recording layer stacked
successively on a non-magnetic substrate, in which the seed
layer is made of a material containing Ni and the under layer
has a grain isolation type structure in which grains made of
a non-magnetic material are isolated in a non-magnetic matrix
and the non-magnetic matrix is made of a material containing
Y203,

(10) The tenth aspect for achieving the objects
described above is a method of manufacturing a magnetic
recording medium, which comprises forming a soft magnetic
layer, a seed layer, an under layer and a magnetic recording

layer successively on a non-magnetic substrate, wherein the

seed layer is made of a material containing Ni, while the



magnetic matrix and the non-nmagnetic matri x i s made of

a material containing at | east one kind selected from
wa@arwsgodsed al oxi de, netal nitride, netal carbiBeT/Jroada27i

of sem conductor, nitride of sem conductor and car bi de

of semi conductor, and the grdéns are nmade of a

material containing at |east one el enent selected from

d Cu.. (H_ The el eventh aspect for, .
Hach gv‘%%g g ﬁgaesagabj gercatlsn( S5 ped avive S?Cslpuacctﬁﬁ@% et ¢rhich
recording/reproduci ng apparatus conprising, thltef_i ,
IHRRetIA €CortiTy BT "W orfel ¢17q B U@ in a non-
and .a magnetj c head.. In the specification of the
" U Ve RO (R UTRIT I G 7idg OF 2
Am, and 1 emu/cnB =F 12.57 x 10 4 W/ nR. Wth the
MItRfiett CAEIHY afediaat toforth e igrd senke G R ity @h ,among
since the seed | ayer made of a material containing N
5 mefipl theldideretal er tiahdeng metgrai sriksisient | ol dsy pet
structure are provided, uniformty of grains,
s PEsst @f , gridi miidso afd e i darmbnetssr ofnd e griaenso £
and crystal orientation of the under |ayer are
sempiprovatkt Thusind Heharagrestric amee oratinpf sy erattdatal s
formed on the under |ayer also has inproved
cattariacirey i &t | osastn drey sl afenini farantted of rage aimsg Au, Ag
shar pness of grain boundary, finenessof the grains and
argt y&tal orientation. A s a result, nedium noise can be
reduced and noi se
10 (11) The eleventh aspect for achieving the objects
described above is a magnetic recording/reproducing apparatus
comprising the magnetic recording medium of any one of (1) to
(8), and a magnetic head.
In the specification of the present application, it is
15 assumed that 1 Oe = 79.58 A/m, and 1 emu/cm® = 12.57 x 107*
Wb /m?.
With the magnetic recording medium of the present
invention, since the seed layer made of a material containing
Ni and the under layer having a grain isolation type
20 structure are provided, uniformity of grains, sharpness of
grain boundary, fineness of the grains and crystal
orienfation of the under layer are improved.
Thus, the magnetic recording layer that is formed on

the under layer also has improved characteristics in terms of

25 uniformity of grains, sharpness of grain boundary, fineness



characteristic can be inproved. Al so, coercive force
can be increased and satisfactory recordi ng and
WO e@soaised i on characteristics can be achi eved, PCThiE004/010271
maki ng hi gh density recordi ng possi ble. The present
i nvention al so i nproves the r&cording resol ution by
using a soft magnetic material for the seed | ayer.

oBRUEL DESCRLPILON QP JHE DRAINGS Fig. 1 1s

sectional? view showi ng an exanpl e of the
nagn%%gc recor#£r1 di um accordin to(%&f I nvention,
Flo. 1% & Sehemal T WL ol C3R & SHOMTRA et et e
Cexarr($le of the magnetjc recordi ng medi um according to
B T HVBhT T bn. CFF oS 3LTRIGV R herbtits SEQTHTA MR can be
. Showi ng the magnetic recording nedi um of Conparative
IESEERTeY 39, St IS aCkRRe R er &g | Al rsReed etiolwmg
the magnetic recordi ng medi um of Conparative Exanple.
5 chappcterhshiceeamibe adeievrdd view mhomagh igtotdersity
exanpl e of the magnetic recording nedi umaccording to
reERIGHVEMIDNLLIR g. 6 is a schematic sectional view
showi ng anot her exanpl e of the magnetic recording
medi UPheaadea iy trovasiowentsonimfEaue s tilee arecording
partially expl oded perspective view showi ng an exanple
reyfo kel omdretu i ne corsh Nig/mapreadiie intg: el atals the seed
layer.
10
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic sectional view showing an example
of the magnetic recording medium according to the invention.
Fig. 2 is a schematic sectional view showing another
15 example of the magnetic recording medium according to the
invention.
Fig. 3 is a schematic sectional view showing the
magnetic recording medium of Comparative Example.
Fig. 4 is a schematic sectional view showing the
20 magnetic recording medium of Comparative Example.
Fig. 5 is a schematic sectional view showing another
example of the magnetic recording medium according to the
invention.

Fig. 6 is a schematic sectional view showing another

25  example of the magnetic recording medium according to the
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according to the invention. Fig. 8 is a photograph
showi ng the planar structure of the under |ayer.
w®hALEBD) DESCRI PTI ON OF THE | NVENTI ON The nmagpel/ir2004/010271
recordi ng medi um of the present invention conprises a
soft magnetic |layer, a seed MByer, an under |ayer and
a magnetic recording |l ayer stacked successively on a
s on nm netic substrate. The non-magnetic substrate nay
'be'Hmetal substrate made of al uni num al um num al | oy
or other tallic terial, or a non -netallic _
substr&t-e mdde aofpa&%&sasl,lycmo(ﬂedsiﬂﬁr(?@ﬁ,c@ﬂq dorew showing
car bi de, carbon or other non-netalljc material. As a
ATy FER oSt T TRAPBIIHGU ST St A et KRR it PRt us
may be used, while applicable anorphous gl ass contains
TSI -Ssurdes e nssdE 19ve gl ass and al uni nosili cate
glass, and as the crystallized glass, lithium based
crysttdld i Fed gylaaghatpieehusdpving dheepddinar structure of
substrate, sintered material based on al um num oxi de,
the wmdaumisied.de or silicon nitride as the main
conmponent, or one of these nmaterials reinforced with
fibers may be used. The soft magnetic |ayer is nmade of
a soft magneticmaterial, of which those having high
magnet i ¢ f IRETAdEE) (DESQRT PIATQN a&lF arHEa maTvaTd R0f t
magneti c characteristic are preferably used, such as
CoZr Nthealrlaayn e theCal calddiyhg reCiNmaldfoxheFelaGetld Ghvention

FeTaN al l oy, FeN alloy and FeAl Si all oy.
comprises a soft magnetic layer, a seed layer, an under layer
and a magnetic recording layer stacked successively on a non-
magnetic substrate.

The non-magnetic substrate may be a metal substrate
made of aluminum, aluminum alloy or other metallic material,
or a non-metallic substrate made of glass, ceramic, silicon,
silicon carbide, carbon or other non-metallic material.

As a glass substrate, amorphous glass or crystallized
glass may be used, while applicable amorphous glass contains
general-purpose soda lime glass and aluminosilicate glass,
and as the crystallized glass, lithium-based crystallized
glass may be used. As a ceramic substrate, sintered material
based on aluminum oxide, aluminum nitride or silicon nitride
as the main component, or one of these materials reinforced

with fibers may be used.

The soft magnetic layer is made of a soft magnetic
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Coercive force Hc of the soft magnetic |ayer is
preferably 50 OCe or less, nore preferably 10 Ge or

wo ems/oodgneti ¢ flux density for saturation BsPof/rzo@010271
soft magnetic layer is preferably 0.6 T or higher,
nmore preferably 1 T or highedl Product of the magnetic
flux density for saturation Bs and the thickness t of

e sof t qRatdic RN = NS S eferably .40 T nm,
T gr edt ec{?i m)réeh pérkg%/sg a{ﬁﬁ;lré% h11(3-%nﬁ%{aoinegtrlecatfell’u.x Alensity
' applyi | ayer y. provi ded between the |,
fo?u%iatratglgﬁg atq%g gsoéjﬁ Sr?%&h&a\gcnq erc%aﬁ?é: FStic are
Q%ol [ | ayer may .be fq as magnet i ¢ donai n
P corﬁrlr/aari%f a‘ﬂ%@rc{’t t?é%/c})smﬁ)sprdé{s‘mggqsb i & SS6Hiast F orfieCoN
ei ng d.in the soft magnetic |ayer. The magnetic
a i rﬁegrﬁra&lqyaygreiiaéq fedeYof EeMNard hpvgmerd deAlsSi alloy.
mat erj al and has ma%gsti c anisotropy in directions
par alCEr Ly & KOISE Flscef the Isiodd apginpitis Ilayer sy
be an _antiferromagnetic | ayer nmade of an
PrefS s o rrdy 8t ioF ftséri FloreTiRe afetrailal 1ds & toor floram.
the bias applying layer may be CoCrPt alloy, CoCrPtB
Maginedyt.c éd@rmﬁé@saﬂyoﬁorc@smtmatdpn GoPofaltdhey s @iP@gnetic
alloy, CoPtCrO alloy, CoPt - SiQ2 alloy, CoCPt - SIiQ2
laglgroy sop rederrdy- 0Si60T ald dwi.ghee birescapplefiergHlayer T or
may be formed in 2- layer structure, such that a
higdeand Payerncton$i shengagheCocalllay denbatgedoensaturation
first layer consisting of V. Form ng the bias
Bsappldyithg Ithyeknemices iof possiskifé t@gnetic layer, Bs-t, is
preferably 40 T'nm or greater, more preferably 60 T-nm or

greater.

A bias applying layer may be provided between the
substrate and the soft magnetic layer.

The bias applying layer may be formed as a magnetic
domain control layer that suppresses magnetic domains from
being formed in the soft magnetic layer. The magnetic domain
control layer is made of a hard magnetic material and has
magnetic anisotropy in directions parallel to the surface.
The bias applying layer may be an antiferromagnetic layer
made of an antiferromagnetic material.

The material used to form the bias applying layer may
be CoCrPt alloy, CoCrPtB alloy, CoCrPtTa alloy, CoSm alloy,
CoPt alloy, CoPtO alléy, CoPtCrO alloy, CoPt-Si0O; alloy,

CoCrPt-Si0; alloy or CoCrPt0O-SiO, alloy.



prevent magnetic domain walls from being fornmed from

the soft magnetic material by neans of the bias
woragaeoddeo fi el d emanating fromthe bias appl yi rgr/ieger(10271

t hereby preventing spi ke noise from bei ng generated

due to magnetic donmmins. Thel8eed layer is for

i nproving the crystal orientation of the under |ayer,

and i e of a.materi.al containing Ni. The seed

I ayerﬁr?an?}jqﬁg PEPHYD Er dAYE N Ibﬁy%€5ﬂie£ rﬁ%%“gtayer

| east one el nt selected fromanong Fe, Co, C, V, _
S ,Csﬂierzﬁu%, hpt g sarPrd lavst PR sNiStEInGDyPE Gorglloy is

all oy, NiNo  alloy, N TaC alloy, N TaB alloy, CoN Ta
fofnesly ONdFd TS toy 2 YIFE SIS toy9 fFdEr al 1 oy, Ni FeV

alloy or NiCo alloy is preferably used. The seed | ayer

pr ef 6BV &S Ca biiagr ¢rp laryist dlaverr fetk@se idomsisstildg to

of fine crystal grains or face- centered cubic

5 previand dmegnetdoy stoalaist medtlr & nsan e ngorftamiddedEdym the soft

properly determ ning the kinds and proportions of
magmeicre med eotiladr byhanealis, oFort hex dnijslse agymtciro £ield

crystal structure can be easily obtained by using N Ta
emgnlagy,nNifdwmalthey b iNsTaEaltioy IMyEaB aHemeror fGaNeking

al loy. Face- centered cubic structure can beeasily
spdiMeaimddebyf rusi g iNgFeycald rayt,e dNideeMr calla@ype i F-eGmains .

alloy, N FeV alloy or NiCo alloy. Wen the seed | ayer

is fahredeed daNieas ds foIry Shilr oSHMYC WL cry@# @ iNSdikntation

the under layer can be made uniform and

10 of the under layer, and is made of a material containing Ni.

The seed layer may be formed from a Ni alloy containing
at least one element selected from among Fe, Co, Cr, V, Mo,
Nb, Zr, W, Ta, B and C.

For the Ni alloy, NiTa alloy, NiNb alloy, NiTaC alloy,

15 NiTaB alloy, CoNiTa alloy, NiFe alloy, NiFeMo alloy, NiFeCr
alloy, NiFeV alloy or NiCo &lloy is preferably used.

The seed layer preferably has a micro-crystal structure
consisting of fine crystal grains or face-centered cubic
structure.

20 Crystal structure can be controlled by properly
determining the kinds and proportions of components other
than Ni.

For example, a micro-crystal structure can be easily

obtained by using NiTa alloy, NiNb alloy, NiTaC alloy, NiTaB

25 alloy or CoNiTa alloy. Face-centered cubic structure can be



finer. Especially when the non-magnetic matrix that
fornms the under layer is made of Y208 and the grains
wae@soecdeo of a noble metal (such as Pt or Au) POEIPZ&£010271
a cl ose-packed structure, grains in the under |ayer
tend to be nmade uniformand fiBne. Wien the seed | ayer
is formed in face - centered cubic structure, the
under layer c be f.or L Wwith high crystallinity .,
M iR ettt TEaG R A Tl o Bl 12y T oo
layer escri bed above, crystallinity of the under
aly e b@iﬂ? Elilpr fred' i Base in which the under
layer is forned directly on the soft magnetic |ayer.
The &R |thfersaney 1QYes v fommed firom aisofa—grataietd c
material such that, for exanple, magnetic flux density
stmrci3mauratdei iBs iins the undsar Higyieer cand koetasievammiform and
force Hc is 100 Ce or |less. Wen a soft magnetic
5 fiymreri Bspesiaddd whenh&hseedntapgnettiemditstiantkat forms
bet ween the | ayer having soft magnetic characteristic
tha hedsged dyayeri amdehe S 0f0s nagdethe §ayeny and hbhee of a
magneti ¢ head becones smaller, and therefore spacing
ndldss niet aleduceth ared BN ef ffact that marowe dhesg-anniiidg
resol ution can be achi eved. The under |ayer has a grain

stimaltatiegn dogiem sstirlathy esndeaimelay gf atddr: Stddigidde, uniform
where grains made of non-magnetic nmaterial are

ariddiiaieed Whea ROR- BRGACLEGeMALEI XorfBUS iUNdakel @@k ered
may hereafter be referred to as the first under |ayer.

10 cubic structure, the under layer can be formed with high
crystallinity.

Thus in the magnetic recording medium having the seed
layer as described above, crystallinity of the under layer
can be improved over a case in which the under layer is

15 formed directly on the soft magnetic layer.

The seed layer may also be formed from a soft magnetic
material such that, for example, magnetic flux density for'
saturation Bs is 0.2 T or higher and coercive force Hc is 100
Oe or less.

20 When a soft magnetic material is used in the seed layer,
the distance between the layer having soft magnetic
characteristic (the seed layer and the soft magnetic layer)
and the magnetic head becomes smaller, and therefore spacing
loss is reduced and an effect to improve the recording

25 resolution can be achieved.
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The non -magnetic matrix of the under layer is

preferably formed froma non-magnetic materi al
wa@oeosadaing Y203. Grains are preferably nade OPCHEJIP2004/010271

non- magneti c material containing at |east one el enent

sel ected fromanong Pt, Pd, R4 and Rh. In the under

| ayer of the constitution described above, the grains

beco ' ine d are clearly, segregated
from%éé%nrg?érl::nx, stl e{ hr{]? :g] riaé:'rﬂalt?%%agjr%% f %gszru‘:ture'
' v T the magnetic recordipg |ayer formed on _
lrléti ﬂe ﬁn%garmllg%%rs%ﬁgcb‘g%ed’ cHaTaetErd ‘F.c‘gg(i‘i% ¢ermndgragnetic
niforpty of i ns,, sharpness of grain boundary,
M eres <t 1HE e i) dnd OF TRHIRE T UR, MESPEE] allyis under
when the non-magnetic matrix is nmade of a material
L% dih i PR e P Hee iR ai 9 e e Srelehee of i s raandéml layer.
containing Pt, uniformty of grains, sharpness o.f _
gr ai Nt NS JHIETYR 9T thish e ifx tdfe Yraiwgland aydentat i on
become even better. Such a constitution nmay al so be_ .
PIHi RRelY donmed ufirisr 4 ayar-nisgnmdes ofate bt ré@itaining
contai ning at |east one kind selected from anong net al
Y28xi d&sravstaland toiafee ratetalmasty ey oxi-deagfetic material
sem conductor, nitride of sem conductor and car bi deof
Coydr iguinducttorl eamtd drive qjreaiens: aveel evatded ofradn among Pt, Pd,
non- magnetic material containing at | east one el enent
RiselrebtRdd from anong Au, Ag and Cu. As the netal, Cr,
Al, Ta, Zr, My or Y may be used. A s
In the under layer of the constitution described above,
the grains become uniform and fine and are clearly segregated
from the matrix, with the orientation also being improved.
Thus the magnetic recording layer formed on the under layer
has good characteristics in terms of uniformity of grains,
sharpness of grain boundary, fineness of the grains and

orientation.

Especially when the non-magnetic matrix is made of a
material containing Y,03; and the grains are made of a.
material containing Pt, uniformity of grains, sharpness of
grain boundary, fineness of the grains and orientation become
even better.

Such a constitution may also be employed as the under
layer is made of a material containing at least one kind
selected from among metal oxide, metal nitride, metal carbide,

oxide of semiconductor, nitride of semiconductor and carbide
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the sem conductor, Si or B may be used. The

non-magnetic matrix is preferably nmade of a materi al
w@omsaoasing at | east one sel ected from anong SPCRJP2004/010271

Y203, Cr2C8, Al 203, and Ta2(05. In the under |ayer of

the constitution described akbdve, since the grains are

made of Au or the like are less likely to be

i nfluence t he non-nagnetjic matrix, grains having ,
O%oﬁf‘dmé%%}dgﬁ%ﬁrsﬁr‘é% ShE (A DRI iY@ Rt piRgRetic
of grain boundary and fineness can be obtained and
Mg BritatiBH 3D EE 3§ asie®ng e taseliartad dhramemong

non- magnetic matrix is made of a material containing

A &9 @l the grains are made of a material containing
Au, grain characteristics are inproved further in
t er msoftheninfedradi t Crof Agrailes, ZhaMshess Yofmegr dlen used. As
boundary, fineness of the grains and orientation. A

t s commull amrdrc i @yerS imede Bfmagy e ersead. cont ai ni ng Ru
may be provided between the under |ayer and the
magnéthec meacoradymg layertriAs itdhigrariimtdlal male arf Ru
all oy may be used. As the Ru alloy, RuCr alloy, RuCo

maad d 10)a OredfuRii il d Pya tree e used. sdreamtiat Nfrdoheas@ep st o,,
under |ayer inproves theorientation of the magnetic

vogcocdiang lrayes, anxdd ats50-1 nproves the recordi ng
resolution and SNR (signal to noise ratio) . The

magnertr 6 HeeGHdH A dyayero Mshde-drade Qft ih ald My i above,
Is preferably nmade of a Co all oy containing netal

sXd&he grains are made of Au or the like are less likely

to be influenced by the non-magnetic matrix, grains having

good characteristics in terms of uniformity, sharpness of

grain boundary and fineness can be obtained and orientation

is also improved.

In the case in which the non-magnetic matrix is made of
a material containing SiO, and the grains are made of a
material containing Au, grain characteristics are improved
further in terms of uniformity of grains, sharpness of grain
boundary, fineness of the grains and orientation.

A second under layer made of a material containing Ru
may be provided between the under layer and the magnetic
recording layer. As this material, Ru or Ru alloy may be
used. As the Ru alloy, RuCr alloy, RuCo alloy or RuPt alloy

may be used.

Providing the second under layer improves the
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or an oxi de of sem conductor. The magnetic recording
| ayer may be forned in a grain isolation type

wa@toogooasn@ (granul ar structure) . The Co al | oyPeEyP20@4/010271
CoCr alloy, CoPt alloy, CoCrPt alloy, CoCrPtTa all oy,
CoCrPt O all oy or CoCrPtTaB allboy, A s the netal, Cr,
A, Ta, Zr, My or Y my b e used. A s the

elT ductor,..Si or B.may b e used. .The nmetal oxide,
Olﬁlaeéyﬁtgagcrlg%% Ioé%sttheoﬁnea%entd“%/é eeccqrecg“’fgr ()]Tﬁyaerﬁ)r?g”k(ﬁ%s,o gmproves
3 | 203, and Ta2q5 . The, oxide of sem conductor may
e I%C 3 §fﬁ§’ai.u%w?éh Mk iR e dSt AHFS asasrio) -
is formed with a granul ar structure, the magnetic
reco?[ré’iené“algé’f&lcc 7 P "L R Ve e 3idst eumiaste &F tdve alloy,
netic grains made of the Co all oy described above
ang} 43 Seded

§ &4 Sly meleamaty isx Gradd loty (Ive trdmdlnoxiede oroxide
the oxide of sem conductor described above. Since the
O LuriderC R igdfe 0 h#emgseddstedoact elhst megnehiterssootiing layer
uni formty of grains, sharpness of grain boundary,
e mendeymeid tie agigaiais dmd lertiient atyipen stirestegnetdranular
recording layer that is forned by epitaxial growth
stymwgduinete influence of the under layer also has good
characteristics in terms of uniformty of grains
(magfigei €ograiley) maysbar poess aaflghai Tolpauadaby,, CoCrpPt
fineness of the grains and orientation. The magnetic
aldegor diotg Htdpern ltege Chbcab€o allley eontaioHmearetali oy,
oxi de or oxide of sem conductor, in particular, has
goodAshahactetiadti cg,i Rt erds Of  URGl @Myt Yiay be used. as
the semiconductor, Si or B may be used.

The metal oxide may be at least one kind selected from
among Y203, Crz03, Al;03, and Taz0s. The oxide of semiconductor
may be Si0; or BR,0;.

When the magnetic recordihg layer is formed with a
granular structure, the magnetic recording layer can have
such a constitution as the magnetic grains made of the Co
alloy described above are isolated in the matrix made of the
metal oxide or the oxide of semiconductor described above.

Since the under layer has good characteristics in terms
of uniformity of grains, sharpness of grain boundary,
fineness of the grains and orientation, the magnetic
recording layer that is formed by epitaxial growth under the

influence of the under layer also has good characteristics in

terms of uniformity of grains (magnetic grains), sharpness of
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of grains, sharpness of grain boundary, fineness of
the grains and orientation. A s a result, excellent
w0 e@sloodsion and noi se characteristic can be obpéel/ned04/010271
When a Co alloy containing netal oxide or oxide of
sem conductor is used for th&7magnetic recording
layer, it is preferable to formthe nmagnetic recording

| ayer under non.,- heating cqonditions (for example,,
IR PP B a e R AU GG h AL GG OB )2 en

the tenperature is too high, grains grow too |arge,

r esuITgienﬁlaigﬁeitﬁ%frﬁC&ngs eGEFaly S tehéqyrad

fromthe matrix. VWen a Co alloy that does not include
corddinigd e terl oxildge ofr sevideomdu@edi dondysdd,orin he

magnetic recording layer, it is preferable to formthe
Pantditetliag . r de6r diong Ichpera direddrs thest ilng teondi tdons i(fcamity

exanple, with a substrate tenperature of 100 OC or
ofhiggledm)s,. sWeepnEss todhperedatubeursiang |fowersegr egatihen

in the magnetic recording layer tends to be
granswf fancl entlienWaend ca .CoRal koyethat, degseldtnineksdeution

nmetal oxi de or oxide of sem conductor is used for the
anragrdisiec ahacarctiend dtdyercars ieh cbtsgaledragnet i ¢ under

| ayer may be provided directly bel ow the magnetic

r ecofitlieng al ayerltbat contrmde nogf ma€a 1aldxayichaw e ildewers
Co concentration than the Co all oy described above

seffiforexastlre 1 sCoGe iy t HORMa @ldtas KRG 1Qper, it is
CoCrPtTa all oy, CoCrPtO alloy or CoCrPtTaB al l'oy) ".

prEfere@dle FRIFRLC tiRdeadgnatarl: TR:EARBAPY A NONnder non-
-magneti c

heating conditions (for example, with a substrate temperature

lower than 100°C). When the temperature is too high, grains

grow too large, resulting in insufficient segregation of the

grains from the matrix.

When a Co alloy that does not include metal oxide or
oxide of semiconductor is used for the magnetic recording
layer, it is preferable to form the magnetic recording layer
under heating conditions (for example, with a substrate
temperature of 100°C or higher). When the temperature is too
low, segregation in the magnetic recording layer tends to be
insufficient.

When a Co alloy that does not include metal oxide or
oxide of semiconductor is used for the magnetic recording

layer, such a weak magnetic under layer may be provided

directly below the magnetic recording layer that is made of a
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| ayer. The weak magnetic under |ayer has saturation

magneti zation of preferably 300 enmu/cm 3 or |less, nore
w@e@soeoaod y from 10 to 100 enmu/cm 3, and coer CPUBJIIF2004@E 0271

of preferably fromO0.5 to 100 Ce. Wen saturation

magneti zati on or coercive fol8e exceeds the range

descri bed above, nedium noise tends to increase. The

cdragnel g, I8 gkp 4 er, can he a perpendicyl ar
magnety! . r_ecg{_ | r\}% | gyyoerco cee.rngcraaﬁ.asono]&%éaggy‘:l‘fqe .Co alloy
adBanetd &% nis aoriented minply in.the direction
per pene(?lzc%u oglre t%oﬁwee’%alﬁrk? er’atclécgrulagal@é’.' TR theigiétyi ¢ CoCrPt
r.ecor dj er be, praovided with a protective
G e e T8hep DGR Ry g Srares 2110y
P thereon. The protective |ayer nay be provided with a
heuBiselatiegh atdye nviede 16 ery @dsspdley @t em-rmigrstidlc
fluoride, carboxyl acid fluoride or the like forned
1aY®dreon. The | ayers described above may be formed
either on one side of the substrate or on both sides
t her é6f. WERE Magaesicamniderf dayed byst setoommmon
sputtering process. Now the present invention will be
mag@aseiziaéd onn offo peddieaialb lyy 308y eofu /exdnpkesesFhemore
magneti c recordi ng medium shown in Fig. 1 has a
prefegebdye firemaiioc ot A€ Omegueicn, damai aoeest el fhayer of
2, the soft magnetic layer 3, the seed |layer 4, the
preifegebdydérom 0.5 to 100 Oe. When saturation magnetization
or coercive force exceeds the range described above, medium
noise tends to increase.

The magnetic recording layer can be a perpendicular
magnetic recording layer where axis of easy magnetization is
oriented mainly in the direction perpendicular to the
substrate surface.

The magnetic recording layer may be provided with a
protective layer made of C, $Si0,, 7ZrO, or the like formed
thereon.

The protective layer may be provided with a lubrication
layer made of perfluoropolyether, alcohol fluoride, carboxyl
acid fluoride or the like formed thereon.

The layers described above may be formed either on one
side of the substrate or on both sides thereof. The layers

can be formed by the common sputtering process.

Now the present invention will be described in more



10

15

20

25

| ayer 5, the second under |ayer 6, the magnetic

recording layer 1 and the protective |layer 8 are
wgenmspesivel y fornmed on the substrate 1. The seedJPage010271

4 may be made of Ni Ta alloy. The first under |ayer 5

may be formed with a granul aid9structure in which

grains nmade of Pt are isolated in a matrix nade of

2 The second under |ayer 6 nay be nade of Ru. The
dé%&%ﬁ%%%&%%%ﬁ%’ * 7 may be formed with a

granylar structure in which magnetic grains made of
CoCr P CalPN A€ it8GI040e A Y meslivgt shewade dtidsi dohas a
The magnetic recording layer 7 is preferably formed
st FSM TR0 1 wdESh ¢ heomaiariadrs (doma lex imptteomiltalyexr 2, the
substrate tenperature | ower than 1000C). This is for
sffe MegNSdse dfavmrevienttingg setesl draaians 4,r drhegriovisiy woer
| arge due to the heat resulting in difficulty in
layegr dgattihey selvengr aingeif rlemerhe nethd magnefhe magnatditg
recordi ng medi um shown in Fig. 2 has a structure in
lapeircH ansbftthemggrodtdat ivay dravEY, 8a sseedudyarsik@1va formed on
first under | ayer 14, a second under |ayer 15, a weak
theagudtsitcareddr. | ayer 16, a magnetic recording | ayer 17
and a protective layer 18 are successively fornmed on a

substhat ekl Thgeseddngy e hddmyheimdeabNi Ta
all oy. The first under layer 14 nmay be fornmed in a

gr anghar fStistctiuoed NaweirCls ¢igl e TRAMRS AL granular

isolated in a matrix nmade of Sig2 . The second under
stirayefurks ifyhienrde i9fs Mide Jd B are isolated in a matrix
made of Y,03. The second under layer 6 may be made of Ru.

The magnetic recording layer 7 may be formed with a
granular structure in which magnetic grains made of CoCrPt
alloy are isolated in a matrix made of Si0,. The magnetic
recording layer 7 is preferably formed under non-heating
conditions (for example, with a substrate temperature lower
than 100°C). This is for the purpose of preventing the
grains from growing too large due to the heat resulting in
difficulty in segregating the grains from the matrix.

The magnetic recording medium shown in Fig. 2 has a
structure in which a soft magnetic layer 12, a seed layer 13,
a first under layer 14, a second under layer 15, a weak
magnetic under layer 16, a magnetic recording layer 17 and a

protective layer 18 are successively formed on a substrate 11.

The seed layer 13 may be made of NiTa alloy.
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Bot h the weak magnetic under |layer 16 and the magnetic
recording layer 17 are made of CoCrPtB all oy, while

wo b@soegnet i ¢ recordi ng |ayer 17 contains Co i PChiRpoer010271
proportion than in the weak magnetic under |ayer 16.
The magnetic recording |layer207 is preferably forned
under heating conditions by heating the substrate 11

(for .example, with a _substrate tenperature aof 1000C or
hi gher)® rg% i WS Ye daVSE gggr‘@@’a{?eo GG Gt & ggranular
magnetic recqrding | ayer 17 is accel erated by heati ng. ,
St e et STeeT AT M gTe Lo Iesbrn & matrix
i nvention has the seed | ayer nade of a materi al
MaSnth miRg - N TARdSemend | wadenndeyer ayernaavhagnagie of RuCr
grain i solation type structure, uniformty of grains,
a ‘pness of grain boundary, fineness of the grains
and crystal orientation in the first under |ayer can
be i mMotdyddie Nenka megmgttic wrideor Miayenfl Qraaidishe magnetic
sharpness of grain boundary, fineness of the grains
regrod dimys tla yeor i léhtaatd armdzam fheC dGrtdy exdl 1ad ys,0 whi ltchethe
second under layer and in the nmagnetic recording | ayer
matdrat iar ecfaarmiichooril dyleer fiir stontrdiers Gy eim Hsgher proportion
consequence, nedi um noi se can be reduced and
thaoi siec hdreacieari stdges:teian WiriddTrpead.1dt is al so made
possi bl e to increase the coercive force and achi eve
sat i ghacteighet ifce @odiny rand Jve aduGtd Preferably formed

characteristic. Thus, high density recording is nade
udﬂ&%ﬂﬂééting conditions by heating the substrate 11 (for
example, with a substrate temperature of 100°C or higher).
This is because segregation of Cr in the magnetic recording
layer 17 is accelerated by heating.

Since the magnetic recording medium of the present
invention has the seed layer made of a material containing Ni
and the first under layer having the grain isolation type
structure, uniformity of grains, sharpness of grain boundary,
fineness of the grains and crystal orientation in the first
under layer can be improved.

As a result, unifdrmity of grains, sharpness of grain
boundary, fineness of the grains and crystal orientation can
be improved also in the second under layer and in the
magnetic recording layer that are formed on the first under

layer.

As a consequence, medium noise can be reduced and noise
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In the conventional device that has an under |ayer of
granul ar structure nade of Ru or the |ike and does not
whaws/oes3seed | ayer, in contrast, orientation iPCT/R2004/010271

under | ayer becones poor and therefore noise
characteristics and coercive2lorce becone
insufficient. According to the present invention,

cha8 S di NG ;50! Ut iy7proyed _by.using .the sof
magnet i ¢ nﬁﬁerf%%lgﬁaﬁﬁgngéga'Iaggr}sTéésﬂaﬁagFlEOSSlEl? to
T rdi ng | ayer af tgg res?g{ I nvention shows
lnﬁ%%%ﬁ%uﬁ%%is%ﬁgggvgh Fﬁ%ﬁé@i PR EN S STRGTasYe
recor.di ng | ayer h er pendi cul ar magneti c_ani sot ropy.
relR iy eash Fdore PTG Thdi URMBEcofEs A
so-, cal |l ed perpendi cul ar double - layer nmedi umt hat
depgdty §@FprﬁﬁﬁﬁbﬂﬁcHPQ?ePQﬁSHMlﬁh magneti c
perneability and a perpendi cul ar magnetic recording
| ayedD [Chet fenyensdrapdudaigsushet- hegyen modieamlatike of
soft magnetic layer carries out a part of the function
IrpsUder edrudtelice8GCE v Magmat ithef ildlké gededated Ny have a
the magnetic head (particularly by a single magnetic
segel éayead) 1inn comd tReiti, z ontian tditriect iion taed udideectl aiyte r
back toward the magnetic head. This causes a steep and
beggfeiscipertr padpéhdiredloar magset iohafraete rticthiesappd edercive
to thenmagnetic recording |layer so as to i nprove the
fogtcki become dhsuddardiendg .and reproduction. A magnetic
recordi ng/ reproduci ng apparatus of the present
i nveAtcomddagptios edet beciRgRetineheeond RgcoRdl HE
resolution can be improved by using the soft magnetic
material in the seed layer.

The magnetic recording layer of the present invention
shows particularly good characteristics when the magnetic
recording layer has perpendicular magnetic anisotropy.

In this case, the magnetic recording medium becomes a
so-called perpendicular double-layer medium that has a soft
magnetic layer of high magnetic permeability and a
perpendicular magnetic recording layer. In the perpendicular
double-layer medium, the soft magnetic layer carries out a
part of the function to deflect the recording magnetic field
generated by the magnetic head (particularly by a single
magnetic pole head) in the horizontal direction and direct it

back toward the magnetic head. This causes a steep and

sufficient perpendicular magnetic field to be applied to the
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descri bed above and a magnetic head. The magnetic head
may be a recordi ng head, a reproduction head, or a

w0 e@s/0ai3ng and reproduction conposite head. WABEIT/JP2004/010271
per pendi cul ar magnetic recording is enployed, a single
magneti c pol e head may be us@d as the recordi ng head.
When | ongi tudi nal magnetic recording is enpl oyed, a

ri .he . as, the recarding head. Fig. .7 is
magn%grl% gl dﬁ)é%pegog%gl%ﬁersgpéﬁ e l\ﬂpérvgg]seh%\%enftjdﬁmency of
re%%aqple ofééhe magneti.c _recordi ng/ reproduci ng
appar dtus™ ﬁﬁ%§%£AE§éﬁp'invention. The magnetic
recordi ng/ reproduci ng ,appar at us, shown has a chassis 61
of r@tF@%&ﬁ%&F 5§§O§%&B€9Fﬁ§Fq@¥q&E§ha&PaFﬁéuﬁoﬁfaﬁ@ea
top cover that closes the opening of the chassis 61.
P th dSWie te P GMBITAS o8 pdrepdrd@in@liisr resgreting medium
recordi ng medium 62 that is a magnetic recording
degedilipachalbayg el coRsaneiticomedescr Thedmappeeicahead may
spindle notor 63 acting as the drive neans that
bes gpp@acs ddnd heeaves ted nestusdrdinc lead, negnet irecording and
recordi ng medi um 62, a magnetic head 64 that records
regre vericdu cespesgiiet iheasi.gnal s to and fromthe
per pendi cul ar magnetic recordi ng medium 62, a head
act udthen @erpeadilasdaa sagpendsiconrcbeading tilbe empgogtid; a
head64 nounted at the distal end thereof and supports
s inkyd emagretsitd chead c6heficdealay ey aldey wist kheespetlrditig head.
t he perpendi cul ar magnetic recordi ng nmedi um 62, a

Whieot doncshaidi g tkath esuppocd dditighdad caghiwdtedr, 85 ring head
freely rotatably, a voice

may be used as the recording head.

Fig. 7 is a partially exploded perspective view showing
an example of the magnetic recording/reproducing apparatus of
the present invention.

The magnetic recording/reproducing apparatus shown has
a chassis 61 of rectangular box shape that is open at the top
and a top cover that closes the opening of the chassis 61.

The chassis 61 contains a perpendicular magnetic
recording medium 62 that is a magnetic recording medium
having the constitution described above, a spindle motor 63
acting as the drive means that supports and rotates the
perpendicular magnetic recording medium 62, a magnetic head
64 that records and reproduces magnetic signals to and from
the perpendicular magnetic recording medium 62, a head

actuator 65 that has a suspension bearing the magnetic head
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coil notor 67 that rotates and positions the head

actuator 65 via the rotary shaft 66 and a head
wa@opkiobdzer circuit 68. Exanpl es Now, exanpl es BET/I#2004/010271

magneti ¢ recordi ng medi um of the present invention

will be ,described bel ow. (EXanple 1) The nagnetic

recordi ng nmedium shown in Fig. 1 was fabricated. The

6 AR AYHII NG LY %ﬁ%scsaldee%%[ ié%eedrebogf’ %‘g{dé"as,slt@?pgﬁr:;%ygcﬂle

using a chanber that was evacuate
wer; £ ar t ng Wi th A.r gas.used as the
n gglut fer | r?gja%g;gsll. %ILJhee r}%énr?e‘ﬁbclydgﬁgcl% TESRSE Yoy 2
s far on the non -magnetic gl ass suybstrate 1 by
peﬁ%@ﬁ erclrlTl‘r—:L 't ﬂ?&‘}%dﬁeﬁeéogf&ﬁé}% "%6%%@ raferrOF afys shatft 66
formed in such a structure as a second layer (20 nm _
that GOPERIGE G108 SAh AUREOT 5SS g Gl son % voice
first layer (40 nmthick) nmade of V . Wen formng the
CHily §ft°"1°a'wy/e6r7, dtetias @ aesifdiongad hsethepsl GoguRgor 65
.and, when formng the second |ayer, pressure in the
Vidhdhiser Ahad Ysshatd 0.6 apgl aThercdt kepddfftl eragrietdud t 68.
| ayer 3 (200 nmthick) made of Co-6 at%Zr - 10 at %\b
EXa® 16 ned on the magnetic domain control layer 2
(pressure in the chanber was 0.6 Pa). Then the seed
| ayelNo#, ( Bxamptlikisc K e mefoniitd c3@ eab¥da nwaseHdumedf the
on the soft magnetic layer 3 (pressure in the chanber
pngeend. ZnPgption will be described below.
(Example 1)

The magnetic recording medium shown in Fig. 1 was
fabricated.

The manufacturing process described below was employed
using a chamber that was evacuated to 3 x 107° Pa or lower
for sputtering with Ar gas used as the sputtering gas.

The magnetic domain control layer 2 was formed on the
non-magnetic glass substrate 1 by sputtering.

The magnetic domain control layer 2 was formed in such
a structure as a second layer (20 nm thick) made of Co-18
atsPt-8 at%Cr was formed on a first layer (40 nm thick) made
of V. When forming the first layer, pressure in the chamber
was set to 0.6 Pa and, when forming the second layer,
pressure in the chamber was set to 0.5 Pa.

Then the soft magnetic layer 3 (200 nm thick) made of

Co-6 at%zr-10 at%Nb was formed on the magnetic domain control



When form ng the | ayers described above, DC electric
power of 500 Wwas supplied to the target. Then, the

wo pooswoasmder | ayer 5 (10 nmthick) nade of Pt-PYRORONAHO0271
formed on the seed layer 4 . The first under |ayer 5
was formed in a granular str@dture in which grains
made of Pt were isolated in the matrix made of Y2(C8.

Wh ' the first under layer 5 a Pt-Y20 target
140 by TR B b THKIGFE P pat] die- and ¥208

articles in nole ratio of Pt: Y208 = 8: 2 was used
?pr eétﬁrb 4% tIRet Haser el 50 the cind TR @deNiof30 atsTa
300 Wwas supplied) . Then the second under |ayer 6 (5
"HMEHREY ddrofsH i erordried ayen ke firstsunsem the
| ayer 5 (pressure in the chanber 3.0 Pa and DC power
chaminy wes0 OV) .Pabhen the nagnetic recording | ayer 7
(10 nmthick) made of CoPtCr - SiO was forned on the
5 secofithamderrniayertie . 1ajkers fdersmimgdchesbragneti® electric
recording layer 7, a CoPtCr - SiO2 target nade by
peian erfi i) G Wriwdurssumgfl ipat ticcltese magdeyeaf. Co- 16 at %t
- 12 at%r and SiQ2 particles in nole ratio of CoPtCr:

Si @ Thehl: Theasiusad lessuned 15 t(he chararcwanbid of pr-
Pa and RF power of 200 Wwas supplied) . Then the

Yppovest fyembayen Bhé 7sosuthigky) smderref @G yashord®d 10er 5
the magnetic recording layer 7 (pressure in the

weghaiete Ve & yRaand: e RewWeIrOfinlQ8 MW WS ins made of Pt
supplied) . Then a lubricating agent nmade of PFPE

10 wedmerifddiofedoly athena ias: JRRld e anbo. t i dl HEGHINE the
| ayer 8 by di pping
first under layer 5, a Pt-Y,0; target made by sintering a
mixture of Pt particles and Y,0; particles in mole ratio of
Pt: Y03 = 8: 2 was used (pressure in the chamber was 5.0 Pa
and RF power of 300 W was supplied).

15 Then the second under layer 6 (5 nm thick) made of Ru
was formed on the first under layer 5 (pressure in the
chamber 3.0 Pa and DC power supply 250 W).

Then the magnetic recording layer 7 (10 nm thick) made
of CoPtCr-Si0, was formed on the second under layer 6. When

20 forming the magnetic recording layer 7, a CoPtCr-S8i0, target
made by sintering a mixture of pa?ticles made of Co-16 at%Pt-
12 at%Cr and Si0; particles in mole ratio of CoPtCr: SioO, =
11:1 was used (pressure in the chamber was 6.0 Pa and RF

power of 200 W was supplied).

25 Then the protective layer 8 (7 nm thick) made of C was



process to formthe lubricating layer (1.5 nmthick),

thereby to obtain the magnetic recording mediumA .
wO/RgEebast at i ¢ characteristics of the magneti cPCT/JP2004/010271

recording medium A were neasured using a Kerr effect

magnet i sm measuri ng equi pmenf5wi t h maxi num magneti c

field of 20 kge . Coercive force Hc, squareness ratio

e R ol e M BRI e L Yetilian MR ot tohe
0 .d ] b [ t he rocking curve using
R ARl § ATy h @ TS (o e A 24 b T )
medi um A . The nedium A was al so s%gqjectedto R Wt est
by w"%‘rﬂﬁ%@; S 4G saentsitRglen ofi AGIFE ngretlivero

pol e head and reading the signals with a GVR head.

PENR R Ver@s R iashrosdierting iny qtewtdvar detven & i) dipping

and dPWh0O t hus determ ned are shown in Table 1. The

5  praGesR diferfiomiad headelaliomy ing rlacke 200 Imh inm rtadials ,ofthereby

the medium A rotating at 4200 rpm As for the SNRm
ta mdttasiovidha e gge ircatriem;o rSlimgp meskings A.he peak val ue
of isolated waveform of 119 kFCl in one cycle of

magnéagreticst ateve cdalra cttfeati sits,cst e dibfefl elaemes ief recording

maxi mum val ue and mini num val ue divided by 2 . Nmis
metchiginr 75 WEmEOneREAr R uaritig d KEes)e Middt fkGridiGlsmihe
OWcharacteristic is represented by the ratio of

mesd sgnaiin o uicptitoriaeito e tov efadintun gl dthie: IFarRIdNIJIg 20 koe.
signal output after overwiting, when the signal was

10 Comdditven fwinde 365 kifdar@ideys Watigd hed ecendng on
signal with 8 kFCl .

magnetic field Hn thus measured are shown in Table 1.

Table 1 also shows the values of A 650 determined by
measuring the rocking curve using XRD in order to study the
crystal orientation of the medium A.

15 The medium A was also subjected to R/W test by writing

signals thereon using a single magnetic pole head and reading

the signals with a GMR head. SNRm, overwriting
characteristic (OW characteristic) and dPW50 thus determined

are shown in Table 1. The measurement was made along a track

20 20 mm in radius of the medium A rotating at 4200 rpm.
As for the SNRm that shows the S/N ratio, S represents

the peak value of isolated waveform of 119 kFCI in one cycle

of magnetization reversal, that is, the difference of maximum

value and minimum value divided by 2. Nm is the rms (root

25 mean square-inches) with 716 kFCI.
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Hal f width dPW0 o f magnetization reversal, that

represents the resolution, i s the wwdth (ran) at 50%
wo2605hs1peak hei ght of the isol ated wavef or m pOT/aP20@0010271

by differentiating the reproduction waveform Three

sanpl es were fabricated as fd 1 ows. Sanple 1 was

fabricated by form ng the nmagnetic domain contro

| aye sof etic

2 th nagn l ayer 3 and the ed | ayer
4 on FheHof R EREGRELTE 1 46s ERBEEPALE i e “Eaie OF
.manner_as in le 1 . Sanple 2 s fabri,cated hy
SR R S REGHER O G0t BNt Polt ey 6o 1 th & 1660
magneti c |ayer 3 , the seed layer 4 and the first .
OqﬁﬁﬁgrWﬂ%ﬁ%’qy%ﬁWﬁH?%“ﬁdnwheﬁa§ ﬁégﬁﬁés¥a§uB§FF§F@ yith
in the same nmanner as in Exanple 1 . Sanple 3 was
3B Cdatdd ey Wrrdihingg the yecne Idaed sligyerd yidh Bh&FRdn
- magnetic gl ass substrate 1 in the same manner a s in
Hagxamigidehl dPWISR toife mrRIDS(tX zedyl of frlevgatsiagn) thatt ereprefsents
Sanple 1 , n o conspicuous peak was observed except
thieprregodwdaik opeakl,s suysposedhy (caused BO@ tofe thmgmetaikc height
domai n control layer, near 2 q = 40 degrees, with a
ofbrided ipatitedrad olserfveth médarideq Hy4Qithd S rddgrtdes. THEM
(transm ssion el ectron m croscope) observation of the
r gl ravare tdtonu etaoreef cofm .t he seed | ayer 4 showed that the
seed layer 4 had a mcro - crystal structure
consiT$irierg sainpiliee wgiral Tabrdastieidng s2 Adhlekvd.ess.

Sample 1 was fabricated by forming the magnetic domain
control layer 2, the soft magnetic layer 3 and the seed layer
4 on the non-magnetic glass substrate 1 in the same manner as
in Example 1.

Sample 2 was fabricated by forming the magnetic domain
control layer 2, the soft magnetic layer 3, the seed layer 4
and the first under layer 5 on the non-magnetic glass
substrate 1 in the same manner as in Example 1.

Sample 3 was fabricated by forming only the seed layer
4 on thé non-magnetic glass substrate 1.in the same manner as
in Example 1.

In the XRD (X ray diffraction) pattern of Sample 1, no
conspicuous peak was observed except for a weak peak,
supposedly caused by the magnetic domain control layer, near

20 = 40 degrees, with a broad pattern observed near 26 = 40

to 50 degrees.
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Pl anar structure of the first under layer 5 of Sanple

2 was observed with TEM Fig. 8 shows the planar
watodovasn@ (magni fication 1,000,000 tinmes). RePET/aproet/010271

nuneral 71 in the photograph indicates a Pt grain and

reference nuneral 72 indicat?% the non -magnetic

matri x made of Y203 . The phot ograph shows such a

stru&g & as t he Pt grai nst71 havi ng nmean in si z¢€ £
of a rr?r%sgﬁrlémg | SLEFTER A ﬁcoﬁﬁéné’ PE TR ©
in oth rds, non - netlc matrix 72
EhE g SR B AE ) S Ao dncobeCuddntpthe seed
grains 71 is about 2 nm \Wile the | argest size of the
lape g a7 B 18 ot Yo by S$ipies g nespsapting pf fine
grain 71 fall within a range of 1 nmof the average.
IrSged MER SWEEN i2ngm ogmlisgsare cut out of Sanple 3 was
nmeasured with VSM (vi brating sanpl e nmagnetoneter) to
det ePdiama 1t Ivd nvedrecostatihe dhasdcedest ileyeimderflGample 2
Ce of external nmagnetic field at the maxi num Soft
waragistd nyecharidadt diEiMst i ¢ was verified with the val ue of
Bs being 0.2 T . (Conparative Exanple 1) The magnetic
r ecorfdigng Smesdiows Bhwap lbabri catred turet Hesgne fiakrdionas
in Exanple 1 except for using Ta as the material to
1, foaromatdte tsieeds )l .ayRefdreaseshambreh Flgin3the photograph
Magnet ostatic characteristics, crystal orientation and

i iWachay actrer igldi \werde reFRsWwet intnidie 1SJITe iFRTIRRIt S the
In
non-magnetic matrix made of Y,0s3.

The photograph shows such a structure as the Pt grains
71 having mean grain size of about 6 nm are isolated in the
non-magnetic matrix 72, in other words, the non-magnetic
matrix 72 surrounds the Pt grains 71. Mean distance between
Pt grains 71 is about 2 nm.

While the largest size of the Pt grain 71 is about 9 nm,
sizes of most of the Pt grain 71 fall within a range of *1
nm of the average.

Specimen measuring 1 cm sguare cut out of Sample 3 was
measured with VSM (vibrating sample magnetometer) to
determine the magnetostatic characteristics under 100 Oe of
external magnetic field at the maximum. Soft magnetic
characteristic was verified with the value of Bs being 0.2 T.

(Comparative Example 1)

The magnetic recording medium B was fabricated in the
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Exanple 1. The results are shown in Table 1 . Sanmple 4
was fabricated by form ng the magnetic donmai n contr ol

wo ay08006310 t he soft nmagnetic | ayer 3 the seed | pBgEIP204/010271
and the first under layer 5 on the non -nmagnetic gl ass
substrate 1 in the sane manng8 as in Conparative
Exanple 1 . Planar structure of the first under |ayer

Sa5 eofmaSa 3:'%54 .vvaizﬁ{obs rved with,- TEM The servathi on
o BT uA e d b étiidR i%s SETRE i HS XS n&s the
trix, indicating insufficient segregation of_ grains.
m%ﬁl@ﬁnété’n Gl 0 S Stad a5dutt 6 S%ﬂ’f’él & et Si-ze
of the grain was about 10 nm G ain sizes scattered in
a r abGenetosEakic ChGITa&hieHd SEREE 1t K8 YS&mdl ©Tdapgation and
inferior to the mediumA in ternms of grain size .
R/AGhiFeERAbE r Ipdiice WEB RS MRS SUeAVEMN (HpeZ SRIB0 MSR@IOANS 1in
dPWs0 (kge) (-) (kge) (deg) (dB) (dB) (nn) Exanple 1 A
Exampd 0 199 The ZeguBs2azg. ghesnChnpiekievé.B 3. 68 0.89
0.8 5.4 20.8 40.9 75 Exanple 1 Exanple 3 E 3.69 0.96
1.0 #2522 8 4059 fadrExarplde by Eo3m3890t92 Magnetdc domain
22.0 41.1 73From Table 1, it can be seen that there
carterqio Isiygm f2,caimte didfffte menres iion legencidye ther cedd layer 4
bet ween Exanpl e
and the first under layer 5 on the non-magnetic glass

substrate 1 in the same manner as in Comparative Example 1.
Planar structure of the first under layer 5 of Sample 4
was observed with TEM. The observation showed blurred
boundaries of the grains and the matrix, indicating
insufficient segregation of grains. While mean grain size
was about 6 nm, the largest size of the grain was about 10 nm.
Grain sizes scattered in a range of *2 nm, indicating that
the sample 4 was inferior to the medium A in terms of grain

size uniformity.

Table 1

. Hc RS -Hn | /650 | SNRm oW dPW50

Medium
(kOe) (=) (kOe) | (degq) (dB) (dB) {nm)

Example 1 A 3.72 0.99 1.1 3.8 23.2 41.2 68
Comparative
Example 1 B 3.68 0.89 0.8 5.4 20.8 40.9 75
Example 3 E 3.69 0.96 1.0 4.5 22.8 40.9 74
Example 4 F 3.58 0.92 0.8 5.2 22.0 41.1 73
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1 (medium A ) and Conparative Exanple 1 (nmedium B),
al t hough nedi um A showed greater val ue of squareness
wo0 260500838 The value of D q 50 that shows cryspel/yP2004/010271
orientation is smaller in medium A indicating better
orientation. Medium A and me2h um B showed conpar abl e
val ue of ON but nedium A showed better val ues of SNRm
and dPW0 E the e results, it ca Ee consi der ed
hat LR RBROR the rmGRELPE. P5eBr MG FAFEF BFSnBal um
made of f|ne rains, grain sizes were |less
Sl§8m$ﬂ€PQ& S d TEEEPEF Sol NeAPEEFONCWESTE8NFEVBEtREN Example
nmedi um A_. Supposedly nedi um A showed better
1 dﬁ‘éﬂé@ﬂ‘eﬁ staiflélscﬁalptalrﬁt&@ea%émpﬁé deddepdaymr BA, hadthough
soft magnetic characteristic, thus resulting in |ess
neslhae; Ag sheyed BﬁgﬁtﬁﬁeVGégerpﬁtsqngrab@ve raticaRSbe The
seen that nedium A has greater squareness ratio and
vaBeet ef Magvét adiadt istoolsacagiserils birden teittibnhiighemnaller in
resolution and greater S/Nratio with regards to the
meRAiwnc Bar actlecastihgsbethen btheehitnstionnder | ayer 5 was
made by using Pd, Ru, or Rh instead of Pt used in
nmedi MedAum RSawudl nedofimaBorho®el8 abfipSNRPIL¥akHEul. 3ft oW,
0.3 dB I ower than that of nmedium A were obtained. This

butrayebé une gastededs beanpar abh acpebfFosnrmc antiodbhat . of
medium A . When the seed | ayer 4 was nmade by using

Ni NbFrbinTagebeTaBsantEpNi fachAsbeadoakibefad £h8t, although
characteristics described above conparable to those of
theegbdflefiverecobbidhBedayer of medium B was made of fine
grains, grain sizes were less scattered and better
orientation was achieved in medium A. Supposedly medium A
showed better characteristics partly because the seed layer 4
had soft magnetic characteristic, thus resulting in less
spacing loss.
From the descriptions above, it can be seen that medium
A has greater squareness ratio and better magnetostatic
characteristics, with higher resolution and greater S/N ratio
with regards to the R/W characteristics.
When the first under layer 5 was made by using Pd, Ru,
or Rh instead of Pt used in medium A, RS value of about 0.9
and SNRm value 0.2 to 0.3 dB lower than that of medium A were
obtained. This may be regarded as comparable performance to

that of medium A.

When the seed layer 4 was made by using NiNb, NiTaC,



Wien the seed | ayer 4 was made by using N Fe, N FeM,

Ni FeCr, NiFeV or NNCo instead of NiTa, it was found
wo e@siovdseo di ffraction pattern of XRD t hat the BePRAP2004/010271

| ayer 4 was formed in crystalline structure. Thus SNR

was i nmproved over medium B aB®o in the case in which

the seed Iayer 4 was fornmed in crystalline structure.

xr d lLayer 4 was_rmade b% usgn% Ni Fe,, Ni,FeMo,
Mo g GPUN Re ERePeal Loll R Ta L hes COR LABGGE 6 85 was

achieved in every case. Thus, nore conspicuous effect
de@ncrrlévéﬁlc ﬁﬁ@vﬁhéoglﬁééﬁﬁéel 66s thas cathi BeEd Uredureirhg obfained.

an i nprovenent in dPW0. (Exanple 2) A nagnetic
reco%?ﬁgtﬁ@dﬁaﬁﬁsﬁémri A FR§. mad@abyf B6inealNéde, ANiFeMo,
soft magnetic layer 12 (200 nmthick) nade of Fe- 1O

NifieWFa NiFeVaruCNwes fiostreddorft NéTaenitnugsetfioungl dssm the
substrate 11. Then a seed layer 13 (8 nmthick) made

digff ricti®napedaernlbfak®0C wastf aheedeepr éayere 4i wath&ormed
chanber was 0.8 Pa). Then a first under layer 14 (5 nm

int kirglsX afddecostAug+uSeC2Thas $OR meds bimpsdAgd advér Umedium
target and an Sig2 target that were di sposed side by

B silde in the sase phandiandthepeakidngageropefalsi Gdrékd in
novi ng the substrate 11 froma position tooppose one

cr9fstiahe ihweo stangelisel.0 a position to oppose the other

so as to sputter Au and Sig2 alternately (DC power

When the seed layer 4 was made by using NiFe, NiFeMo,
NiFeCr or NiFeV instead of NiTa, Bs of about 0.8 T was
achieved in every case. Thus, more conspicuous effect of
reducing the spacing loss was achieved resulting in an
improvement in dPW50.

(BExample 2)

A magnetic recording medium shown in Fig. 2 was
fabricated.

A soft magnetic layer 12 (200 nm thick) made of Fe-10
at3Ta-10 at3C was formed on the non-magnetic glass substrate
11.

Then a seed layer 13 (8 nm thick) made of Ni-15 at%Ta-
15 at%C was formed (pressure in the chamber was 0.8 Pa).

Then a first under layer 14 (5 nm thick) made of Au-
Si0; was formed by using an Au target and an Si0O; target that
were disposed side by side in the same plane and repeating an

operation of moving the substrate 11 from a position to
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supplied to the Au target was 500 WRF power supplied

to the Si2 target was 1400 W). Then a substrate 11
wor®shested for 8 seconds to raise its tenperaPOr/@éP2004/010271

2500C . Then a second under layer 15 (5 nmthick) made

of Ru- 30 at%r was fornmed @1 the first under |ayer 14

(pressure in the chanber was 3 Pa, DC power of 250 W

was supplied) . Then a weak magnetic under |ayer 16
oppegenfnehPék FradEcot 2Eget setat cposii2oat dpt Orrasopthe

was formed (pressure in the chanber was 0.5 Pa, DC
otpewesoofs100 Pruasesuppl red) SiPhenl beraghety c(DC power

recording layer 17 (12 nmthick) nade of Co- 18 at %Cr
suppliedt ¥t the anvBawgstf srred00pies&ir povrrt Bapphanteko the

was 0.6 Pa, DC power of 250 Wwas supplied) .-Then a
Sipeotecgevewdayed0A87) 7 nmthick) nmade of C was forned

on the nmagnetic recording layer 17 (pressure in the

chantteenwas sQbstkPateDClpowner heht260@oW Basesuppki €d) raise

Then a |l ubricating agent made of PFPE was applied onto

itlhe ephat-geliree tbayend8 by a di pping process to forma
| ubricating layer (1.3 nmthick), thereby to obtain

the maaneki gekeear dnagrnmediyum €5. (Whgretastali ade of Ru-30
characteristics, crystal orientation and RIF'W

at@lar agkerioshics oh the ragaet LedeecaLdiery 1rzleq'bli@sﬁu}£ﬁr @n the
e

measured in the sane manner as in Exanple 1, wit
cHafBelt §3R30WN pian Frb Ip%wl%r- opaBBloe b @S stapniicated by

formng only the seed | ayer
Then a weak magnetic under layer 16 (10 nm thick) made

of Co-26 at%Cr-12 at%Pt-4 at%B was formed (pressure in the
chamber was 0.5 Pa, DC power of 100 W was supplied).

Then a magnetic recording layer 17 (12 nm thick) made
of Co-18 at$%Cr-15 at%Pt-1 at%B was formed (pressure in the
chamber was 0.6 Pa, DC power of 250 W was supplied).

Then a protective layer 18 (7 nm thick) made of C was
formed on the magnetic recording layer 17 (pressure in the
chamber was 0.5 Pa, DC power of 1000 W was supplied).

Then a lubricating agent made of PFPE was applied onto
the protective layer 18 by a dipping process to form a
lubricating layer (1.3 nm thick), thereby to obtain the
magnetic recording medium C.

Magnetostatic characteristics, crystal orientation and
R/W characteristic of the magnetic recording medium C were

measured in the same manner as in Example 1, with the results
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13 on the non-magnetic gl ass substrate 11 in the sane
manner as in Exanple 2 . Sanple 6 was fabricated by
wo evosiongp1a he soft magnetic |layer 12, the seed Pewar20043010271
and the first under |ayer 14 on the non - magnetic
gl ass substrate 11 in the s&® manner as in Exanple 2
(bservation of XRD pattern of sanple 5 showed a
broad pattern_observed near 2 g = 40 to 50 degrees,

sheyp /g gﬁ?&ﬁ Peak was observed. TEM observation of the

pl anar structure of the seed |ayer 13 showed that the

seedSPEPEE P3vWAAdTAbAiERrbed BYyEpaMiBEr gellrBhe seed layer

consi sting of fine grains measuring 2 nmor |ess. For
13sanplteesnopprappatiengdpspl anketseracidr énoftheheamer sanner

under |l ayer 14 using TEM at a magnification of
as1,i008x6001ei gAes showed granul ar structure where A u

grai ns having nean grain size of about 7 nmare

surr 8empéd bywbhefabhtricxtaddeyofofnCngd thékanfdi shgneeic

bet ween Au grains was about 2 nm Specinmen neasuring 1
lagews@@ar eheukeadt 1af,eBalpl en8 was weasur eddert DaYSM 1@ on

deternmine the magnetostatic characteristic, and did

theohoshewgiBghet jzatkoBuBstexter nal iAngAet kemki phenek as in
up to 1500 kA/mwas applied. Thus it was found that
ExSappke2% was a non -nmagnetic material . (Conparative
Exanpl e 2) The nagnetic recordi ng nmedi um D was

fabrbgatedatNohN8r XRD pattern of sample 5 showed a broad
pattern observed near 20 = 40 to 50 degrees, but no sharp
peak was observed. TEM observation of the planar structure
of the seed layer 13 showed that the seed layer 13 had a
micro-crystal structure consisting of fine grains measuring
2 nm or less.

For sample 6, observation of planar structure of the
first under layer 14 using TEM at a magnification of
1,000,000 times showed granular structure where Au grains
having mean grain size of about 7 nm are surrounded by the
matrix made of Si0O,. Mean distance between Au grains was
about 2 nm.

Specimen measuring 1 cm square cut out of Sample 5 was
measured with VSM to determine the magnetostatic
characteristic, and did not show magnetization as external
magnetic field of up to 1500 kA/m was applied. Thus it was

found that sample 5 was a non-magnetic material.
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same manner as in Exanple 2 except that the seed | ayer

13 was not fornmed as shown in Fig. 4. Magnetostatic
wa@hb@sacdser i stics, crystal orientation and R W PCT/JP2004/010271

characteristic of the mediumD were neasured in the

same manner as in Exanple 1,33Mth the results shown in

Table 2 . Table 2 Hc RS -Hn m ON dPWs0O Medi um D 50 SNR

(kge) 1@ (kge) (de % (dB) (dB) (nm Exanple 2 C 3.68
(Comparativg Bxampdese)8 68 Conparative D 3.71 O. 85 0.8

5.7 19.7 38.2 72 Exanple 2 Fraom Table 2, it can

seenTbﬁama%éaﬁhperzc()ﬁéélﬂgrﬁ“@l}u%g %’éﬁeifPBFlFéted in the

Conparative Exanple 2 (nediumD) in terms of
samegrenostratsc lohErasldei &t PESEPEr heE the 664t ileNegnd3 Was

R/'Wcharacteristics (SNRm) . Wien the first under
noltayerméd wasshmde by Hdiong4Ag or Cu instead of Au used

in medium C, performance that could be regarded as

conparahkeotoathat cobraedeuisCinas oblaitadd oirnengpigon and

of the characteristics described above. Wen the first
R/UNARE rhayer it4 1was fmate hedising ¥W20e, mSe203edAli2OBhe same

Ta206, MgO, TaC, TaN or ZrN instead of Si 2, RS val ue
nates rakeuti n0 FX aaid <SNBMwias: @hk trestl3 sdBHoowerint ITabple 2.

Table 2
di Hc RS -Hn | /1650 | SNRm oW dPW50
Medium | yoey | (=) | (kOe) | (deg) | (dB) | (dB) | (nm)
Example 2 c 3.68 | 0.97 | 1.1 4.2 | 21.9 | 40.8 | 68
Comparative | 3.71 | 0.85 | 0.8 5.7 | 19.7 | 38.2 | 72
Example 2

From Table 2, it can be seen that Example 2 (medium C)
was superior to Comparative Example 2 (medium D) in terms of
magnetostatic characteristics, crystal orientation and R/W
characteristics (SNRm).

When the first under layer 14 was made by using Ag or
Cu instead of Au used in medium C, performance that could be
regarded as comparable to that of medium C was obtained in
terms of the characteristics described above.

When the first under layer 14 was made by using Y203,
Cr,03, Al,03, Taz0s, MgO, TaC, TaN or ZrN instead of Si0z, RS
value was about 0.9 and SNRm was 0.1 to 0.3 dB lower than

that of medium C. This may be regarded as comparable
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that of medium C . This may be regarded as

conpar abl eperformance to that of nmedium C . Wen the
wae@d/obayer 13 was nade by using N Nbo, N TaC, MNTaR00t010271

CoN Ta instead of Ni Ta, the characteristics described
~above were conparable to thod4¢ of medium C . Wen the

seed | ayer 13 was made by using Ni Fe, N FeMb, N FeCr,

Ni FeV or Ni Co .i.nste of N T it was found fromthe
P Fa?‘meoﬁfopm% %gf“e)?ﬁﬁ“t gjat the seed |ayer 13 was

formed in crystalline structure. Thus SNR,was_j.qproye
over s REDSSS0 %aﬁefaéé YRS DedE %Xyéll’glf:? \’R]]ég%' ¥§%ac,
formed in crystalline structure. \Wen the seed | ayer
NETRRF R Ty 01 N e NI Fellbie NI o 1 REY
instead of NiTa, Bs of about 0.8 T was achieved in
desgariypash 820 VEh (15 Lo ree s leu s térasec o fomedediic iShg
the spacing | oss was achieved resulting in an
i npr Ghererithe seRWERY rEXEIaE 3R dEhd ymaiprierd &liFe, NiFeMo,
recordi ng medium E was fabricated in the same manner
Nigedm BKidgil eorl NeiXtepinsfteadisiidlifa,i nst ewds dfouprd ifrom the
the first under layer 5 as shown in Fig. 5.
dibfyreettoisiratp et tehar actt etibtites, Wreystedd drdyen dtd omsanbrmed
R/'Wcharacteristic of the nediumE were neasured in
i her ware mert AsciurdExampue ENRwwkils e roesdl byer medium
shown in Table 1 . Sanple 7 was fabricated by form ng

D tdIesdragnetd e demi seadmd@dr | By efa foied siof terystalline
magnetic | ayer 3, the seed | ayer 4

structure.

When the seed layer 13 was made by using NiFe, NiFeMo,
NiFeCr or NiFeV instead of NiTa, Bs of about 0.8 T was
achieved in every case. Thus more conspicuous effect of
reducing the spacing loss was achieved resulting in an
improvement in dPW50.

(Example 3)

The magnetic recording medium E was fabricated in the
same manner as in Example 1 except for using Rh instead of Pt
in the first under layer 5, as shown in Fig. 5.

Magnetostatic characteristics, crystal orientation and
R/W characteristic of the medium E were measured in the same
manner as in Example 1, with the results shown in Table 1.

Sample 7 was fabricated by forming the magnetic domain
control layer 2, the soft magnetic layer 3, the seed layer 4

and the first under layer 5 on the substrate 1 in the same
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and the first under layer 5 on the substrate 1 in the
sanemanner as in Exanple 3 . (Observation of planar
watogovasn@e of the first under [ayer 5 of the spapiE004/010271
with TEM showed granul ar structure where Rh grains
havi ng nean grain size of ab®ut 6 nm are surrounded by
the matri x nade of Siq2- Largest grain size and
smal | est grain size_being about 9 nmand about 3 nm
maP€§6e€§iGgl§§a@H&ﬁe3'greater variations in the grain
size than in the nmediumA . As shown in Table 1
ExanpP&esvekibanurt EP1aas s §hEFFSPIR0CE PSS ALgé under
Example 1 %nediunlB) in terms of SNRm but was
lajyefrebi 0 tHeExample ¥ wasdi TMAsShopgdt grgaudfrdpisgcture
Crystallinity of the nediumE was inproved by the use
whefreRRhi grehasghaivisgofierhe gitiarist sirgert] apeuts56 bot are
scatter of the grain sizes increased slightly and
suresohdeidobydeteeased ikl mghiel pf PO r edidteeof dbeanplsize
1 and Exanple 3 show that use of Y2O3 in the matrix of
anidhemandest! ayainmekes bldngr abositudi hor anandbolu¢als, ngg
that a medi um capabl e of recording with higher density

reGpRdie veltygi Bedweldn gadditltiromaruse iohsPtint @ ke atihe size
grains in the under |ayer inproves the orientation of
tHzhe imgnet ediegomrndi ng | ayer, thereby inproving the
resolution. (Exanple 4) The magnetic recordi ng nmedi um
F wagsf aboheatiedThnithe, Example 3 (medium E) was superior
to Comparative Example 1 (medium B) in terms of SNRm, but was
inferior to Example 1 (medium A) in terms of dPW50.
Crystallinity of the medium E was improved by the use
of Rh in the grains of the first under layer 5, but scatter
of the grain sizes increased slightly and resolution
decreased slightly.
The results of Example 1 and Example 3 show that use of
Y,0; in the matrix of the under layer makes the grains
uniform and clear, so that a medium capable of recording with
higher density can be obtained. In addition, use of Pt to
make the grains in the under layer improves the orientation
of the magnetic recording layer, thereby improving the
resolution.
(Example 4)

The magnetic recording medium F was fabricated in the

same manner as in Example 1 except that the second under
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same manner as in Exanple 1 except that the second
underl ayer 6 was not forned, as shown in Fig. 6.
woO/h@mebese ati ¢ characteristics, crystal orientptT/oPoedid0271
R/'Wcharacteristic of the nediumF were neasured in
the sane nmanner as in Exanpl@61, with the results
shown in Table 1. Sanple 8 was fabricated by form ng
netic.d |n L£ontra | ayer 2, soft magnetic
latyg%er%ag %t er‘-;ls g‘ﬁd’nt Hé lrqSt %under Iayer 5
on the sug tra é E nE manner ag n Exanp 4.
Coselogifonbet dlcaﬁ Freff e aRater ChuotRePraABeRTioh and
W th TEM showed granul ar_ structure where Pt
5ﬁﬁ§aﬁ G tEar fgtaitn SR8 #8566t NeasmEaefe in the same
surrounded by the matrix made of Y203. Boundaries of
ManRE&e a§r AN EXER® Lehé - mitthx ther geisedd scis@gmnt han Teple 1.
the nediumA . As shown in Table 1, Exanple 4 (medium
F) wa3npdpgeBi vest §absipatcati e Ef@atmph@ thenmmdoostByE demain
terms of SNRm but was inferior to Exanple 1 (nmedium A
contirglt eryerof . DLQE0 said dPWBetLic ilsyeonsSi déhed sekdt layer 4
in the nmediumF, orientation of the magnetic recording
andayée Ziirstsomestratl aiyefrelSi on sheceubléraeeond inndae same
| ayer 6 is not fornmed, but better SNRmis obtained
maginece aBt 1¥2€&aimplesdd in the first under |ayer 5.
Thus, it has been shown that the use of Pt-Y2O3 in the
undeobkayettiekesfi blpassi bkeut@uebt aifntaenedirdm under
capabl e of high density recording CAMS 1. A
laagnet g the ceMdishg wieed gt B aRT istirdgudeS@hbtre Pt grains

having mean grain size of about 6 nm are surrounded by the
matrix made of Y,03. Boundaries of these grains and the
matrix were less clear than in the medium A.

As shown in Table 1, Example 4 (medium F) was superior
to Comparative Example 1 (medium B) in terms of SNRm, but was
inferior to Example 1 (medium A) in terms of A 650 and dPW50.

It is considered that, in the medium F, orientation of
the magnetic recording layer 7 1s somewhat inferior since the
second under layer 6 is not formed, but better SNRm is
obtained since Pt-Y,03 is used in the first under layer 5.

Thus, it ﬁas been shown that the use of Pt-Y,0;3 in the
under layer makes it possible to obtain a medium capable of

high density recording.
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magnetic | ayer, a seed |ayer, an under |ayer and a

magneti c recordi ng | ayer stacked successively on a
woorsoegnet | ¢ substrate, wherein said seed | ayPCT/iER004/010271

made of a material containing Ni; and said under |ayer

has a grain isolation type stfucture where grains nmade

of a non-magnetic material are isolated in a

non-magnetic matrix an@ {heé\ Mo -§mmgnetic matrix is

made of a material containing Y203. 2 . The nmagnetic

recordi ng nmedi um according to claim1, wherein said

grains are made of a non-nagnetic material containing

at | east_one el enent selected fromanong Pt, Pd, Ru

and Rh. 8 magnajplhetscordider dierl b of UM GCohiprd siggoft

soft magnetic |ayer, a seed |ayer, an under |ayer and
magnabgfelprerecor deag lLayer, seackedesudspssi wetlyaomagnetic

non- magneti ¢ substrate, wherein said seed |ayer is
repgadding Aapatrertatkednsacnengitelyand sandnumdgnetayer

has a grain isolation type structurewhere grains nade
subttaahen- whgneinc naterial are isolated in a

non- magnetic matri x and the non-magnetic matrix is

madesaidaseatielapbrcbat@aaéngfak heastigbeckhbdining Ni;

sel ected fromanong netal oxide, netal nitride, neta
an@ar bi de, oxide of sem conductor, nitride of

sem conduct or and car bi de of

said under layer has a grain isolation type structure
where grains made of a non-magnetic material are isolated in

a non-magnetic matrix and the non-magnetic matrix is made of

a material containing Y,03.

2. The magnetic recording medium according to claim 1,
wherein said grains are made of a non-magnetic material
containing at least one element selected from among Pt, Pd

14

Ru and Rh.

3. A magnetic recording medium comprising: a soft
magnetic layer, a seed layer, an under layer and a magnetic
recording layer stacked successively on a non-magnetic
substrate, wherein

said seed layer is made of a material containing Ni;
and

said under layer has a grain isolation type structure
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sem conductor, and said grains are made of a
non-magnetic material containing at | east one el enent
waedsob@do f rom anong Au, Ag and Cu. 4 . The napOEIP004/010271
recordi ng nmedi um according to claim3, wherein said
non-magnetic matrix is a matd%ial containing at | east
one kind selected fromanong Sig2 Y203, C O3, Al 203
and Ta20b. 5 .. The magnetic recqrdi ng medi.um accordin
WhEECCPAPIE, TR B % MSECBRATGHAST TPkyer Aadd Sof Sg1ate
mat eri al %ontainin Ru is provided between said under
a Payeragng a4 Hlaﬁﬁd%etain@ t8CoF@rngacapstc gatiig is made of
magneti ¢ recordi ng medi um according to claim 3,
a mg@éilﬁlac%‘@éﬁ@l@ﬂd@rt HLepsit REge kdnda spawesttiesl from among
containing Ru is provided between said under |ayer and
megaild oagieet Metrdc oddiraglel apeitaly carPigepagnaidec of
recordi ng medi um according to claim?1,wherein said
segge¢ndaygsoreontidimsiearfl easti concueltenreands elaettied fofom
anong Fe, Co, Cr, V, M, Nb, Zr, W, Ta, B and C. 8.
sefheonmdgeébire racdosding grednsmaaec ardieng ft @ cloai-malnetic
wherein said seed |ayer contains at |east one el ement
masebkdealledohtaimamong tFécaGa, otk, eVemeMd, sMlecdled Wrom among
Ta, Band C, 9 . The magnetic recordi ng nmedi um
Auacear dnagctio claim 1, wherein said seed | ayer has
magnetic flux density for saturation Bs of 0.2 T or
hi gher and coercive force Hc of 100 (Ce) or Iess.

d in

4. The magnetic recording medium according to claim 3,
wherein said non-magnetic matrix is a material containing at
least one kind selected from among SiO,, Y,03, Cry,0s3, Al,0s,

and Taz0s5.

5. The magnetic recording medium according to claim 1,
wherein a second under layer made of a material containing Ru
is provided between said under layer and said magnetic

recording layer.

6. The magnetic recording medium according to claim 3,
wherein a second under layer made of a material containing Ru
is provided between said under layer and said magnetic

recording layer.

7. The magnetic recording medium according to claim 1,
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10. The magnetic recordi ng nedi um according to claim
3, wherein said seed | ayer has nmagnetic flux density
wo eoosmed3ue at i on Bs of 0.2 T or higher and coerBCT/@P2004/010271
force Hc of 100 (Ce) or less. 11. The nagnetic
recordi ng nmedi um according t89claim1, wherein said
magnetic recording layer is made of a Co all oy
cont.ai ning, a netal oxide or ,an oxi de of a
"hEET'Eo r?d’&gjt 5F.ed1§.ayﬁ¥e Retisc ate it GT e filgment
%ccgr%:g%\to claim_3, wherein said magnetic recordin%
SSErELY LHHHEMON % Fen &1 of TeoNr atifirngPa étalW odiade B and C.
or an oxide of a sem conductor.13. A nethod of
manuf acturing a magnetic recordi ng nedi um conprising a
soft magnetic |ayer, a seed |ayer, an under |ayer and
a ma§net Tkervesrat hg ragerdstackedivmczessidehy oo alaim 3,
non- magneti ¢ substrate, wherein said seed |ayer is
wheggd nofsad drsteed dleyeontcaintiangsNiat ded ssaioteurdemenayer
has a grain isolation type structure where grains nmade
sedfecgedofnvagreng et eCoal CareVi,stloat 8®,i ara W, Ta, B and C.
non- magnetic matri x and the non-magnetic matrix is
made of a material containing Y203. 14. A nethod of
manuf acturing a magnetic recordi ng nmedi um which
conmpei. seBhé onayngt e spéto FAPNGthEd]l @ edccir8e8g tayelaim 1,
an under | ayer and a magnetic recording | ayer stacked

whetedessiadel yeed dafjer haBgRehnetSUbFUiat enbhiereirmn »
said seed layer is made of a material containing N ;
saturation Bs of 0.2 T or higher and coercive force Hc of 100

(Oe) or less.

10. The magnetic recording medium according to claim 3,
wherein said seed layer has magnetic flux density for
saturation Bs of 0.2 T or higher and coercive force Hc of 100

(Oe) or less.

11. The magnetic recording medium according to claim 1,
wherein said magnetic recording layer is made of a Co alloy

containing a metal oxide or an oxide of a semiconductor.

12. The magnetic recording medium according to claim 3,
wherein said magnetic recording layer is made of a Co alloy

containing a metal oxide or an oxide of a semiconductor.
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and said under layer has a grain isolation type

structure where grains nmade of a non-nagnetic nateri al
wae@siossh@at ed i n a non-magnetic matri x and sai BCT/JP2004/010271

non-magnetic matrix is made of a material containing

at | east one kind sel ected f4®m anong netal oxide,

nmetal nitride, netal carbide, oxide of sem conductor,
nitrige of sem conductor and carbi de of sen conductor,

and &3 d GrafROAr el MRV AC I et @ rd d12 EHREBF nf PgeEE1ing
| east one el ement sel ected from anong Au, Agand Cu.
megs UMACREEKELBIr 8cSPditnBREEEEABUERHETappasaeds 1ayer, an
conprising the magnetic recording mediumof claiml,
ungrd aawggnenfcahsagnetéc Aempmgdénpclayer stacked
recordi ng/ reproduci ng apparatus conprising the
supagnretve lyecor di ngnnedigonatoft ebbhbshrdteandhareagneti c
head.
said seed layer is made of a material containing Ni;
and
saild under layer has a grain isolation type structure
where grains made of a non-magnetic material are isolated in
a non-magnetic matrix and the non-magnetic matrix is made of

a material containing Y,03.

14. A method of manufacturing a magnetic recording
medium, which comprises forming a soft magﬁetic layer, a seed
layer, an under layer and a magnetic recording layer stacked
successively on a non-magnetic substrate, wherein

said seed layer is made of a material containing Ni;
and

said under layer has a grain isolation type structure
where grains made of a non-magnetic material are isolated in
a non-magnetic matrix and said non-magnetic matrix is made of
a material containing at least one kind selected from among
metal oxide, metal nitride, metal carbide, oxide of
semiconductor, nitride of semiconductor and carbide of
semiconductor, and said grains are made of a material

containing at least one element selected from among Au, Ag
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and Cu.

15. A magnetic recording/reproducing apparatus
comprising the magnetic recording medium of claim 1, and a

magnetic head.

16. A magnetic recording/reproducing apparatus
comprising the magnetic recording medium of claim 3, and a

magnetic head.



