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- 1 MAGNETI C RECORDI NG MEDI UM MAGNETI C RECORDI NG
APPARATUS, AND METHOD OF MANUFACTURI NG MAGNETI C
RECORDI NG MEDI UM 5 BACKGROUND OF THE I NVENTION Field
of the Invention The present invention relates to a
magnetic recording medi um rthat~nmagnetical ly records
informati on, a nmagnetic 10 recordi ng apparatus that

i ncl udes t he magneti ¢ recordi ng nediun1 and a nmet hod

%@?&E‘p&% %?W@W?%W cconpanyl ng eTUS’ AND

de WEETROR OF MANUIEACTURENG t MAGNEBEC RECORRING MEDIUM

addition to the conventional uses for persona

conputers and servers, magnetic recording nmediuns are

now bei ng provided in car navigation systens, portable

nusi ¢ players, HPArkEROUNSISFr TP hevmenss and the

i ke. 20 because of their high transfer capabilities

ahde s orhigehe cBpiRPEI¥R. In order to achieve further
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oxltlegf q*o? LA' rﬁ‘éthg@ }n%\ﬁu S%@Eg&ﬂﬁa ettq@t recording
nmagne |ba record orna I on gnetl a

nagaeem c recordlng nedlun1|n t he thlckness dlrectlon
thereof is being actively pursued in recent years. 30

Per pendi cul ar %1et|c recordi ng has the advant age
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because of their high transfer capabilities and storage
capacities. In order to achieve further
miniaturization and increases in capacity, there is a demand
for further increases in recording densities for magnetic
recording. In view of this situation, to achieve higher
recording densities, the development of perpendicular
magnetic recording mediums that
magnetically record information by magnetizing a magnetic
recording medium in the thickness direction thereof is being
actively pursued in recent years.

Perpendicular magnetic recording has the advantage
that, as a result of the demagnetization effect
of neighboring recordingbits, the higher the recordingdensity
is, the more stable the magnetization becomes. As a result,
resistance to thermal fluctuations is also strengthened. In
addition, in some cases a backing layer that includes a hard
magnetic material is also formed on the perpendicular magnetic

recording medium. Although recording and
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2 playback are possible even if a backing layer is
not provided, a conbination of a magnetic head and a
backing |ayer allows a naggetlc field generated from
the magnetic head at a ti recording to be
anplified to 5 a significantly greater anount of
approximately 1.3 times or nore in conparison to a
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aving a cu ed structure of Ru, Re or
t he Thiuige, nermemlcekl@e'f MAYNQHE RRIQT NayRediwns have
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is also known that the effect is increased éﬁng
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egéyrﬁﬁhnetization axis of the recording layer. It is
known that forming an underlayer including an amorphous
layer of Ta, W, Mo or the like and a layer having a face
centered cubic structure of Fe, Ni, Pd, or Ag, and the
like and an intermediate layer having a cubic close
packed structure of Ru, Re or the like, in that order on
the backing layer is effective for suppressing the
orientation dispersion. It is also known that the effect
is increased as the thickness of each layer increases.
Japanese Patent Laid-Open No. 2005-353256 proposes a
magnetic recording medium in which an intermediate layer
is composed of two layers, and a under layer side of
those two layers consists of a metallic material formed

in the shape of an islet. Forming an intermediate layer

with the structure proposed in Japanese Patent Laid-Open
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35 in the shape of an islet. Form ng an internediate

| ayer wth the structure progosed in Japanese Patent
Lai d-Open - 3 No. 2005-353256 is effective in
reduci ng the nmedium noise. However, in the case of
the internediate | ayer proposed in Japanese Patent
Labd- ©pes-86328603s323F=ative tihe relduckngs $hef mehddum

i nternmedi ate | ayer increases and thus the distance
b8PWEEN the recording layer and the backing |ayer
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TeRt i RadiaoRdRCRabor FA8HBRETs, RibhRLPERPRELIng

ldgmsityhat is formed on the non-nmagnetic substrate
an 30 underl ayer that is forned on the backing |ayer,
an internediate layer that is forned on the

under | ayer; and SUMMAHYJIOFy THE INVERNRIGN, f or med on

the | Ry HAAR RSt AW Rd@tbdas mager pendiewl af the

magneti c, ani sotropy, . . .
above circumstancés and provides a magnetic recording

medium that shortens a distance between a recording
layer and a backing layer while retaining low noise
performance, a magnetic recording apparatus that
includes the magnetic recording medium, and a method of
manufacturing the magnetic recording medium.

A magnetic recording medium according to the present
invention has a non-magnetic substrate, a backing layer
that is formed on the non-magnetic substrate, an
underlayer that is formed on the backing layer, an
intermediate layer that is formed on the underlayer; and
a recording layer that is formed on the intermediate
layer and that has a perpendicular magnetic anisotropy,

- wherein the intermediate layer includes two or more layers

which are formed as film layers such that an upper layer of

the
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wherein the internedi ate | ayer includes two or nore

| ayers 35 which are fornmed as filmlayers such that an
upper layer of the - 4 twy or nore |ayers has a
thicker filmthickness and4a~ hi gher gas pressure at
which the layer is fornmed in conparison to a |ayer
under the upper layer. In the case of the magnetic

ecor
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hlglayer gésepé¢5§@rleo ags whighddheayla@yey i 9 et Pat ent
coﬂn?hglggﬁntyoa %%%r 38R0k HeS setyof, two |ayers

ressure and p05| t1on rate when
f or b n‘@h%a‘éﬁsﬁaa%r PeM2E&t i pulr &CEd, dinge MEG thesses
pr@EoEE@SQnt fwaﬁabaﬁé%res P@gﬁerﬁf La\aﬁr—sogwu NZesR0FEHIIBI56) N
se. o apanesge Pat ent a en
2150655805006 1 PR IME AT AT & A e 2
“uhdghiwgkurre ipr ddperieare vmatﬂ’ertm@asxtd—mpat aib depdsht i on
.Ln cantrast t [ e din
353258 ot dn O PPRE o TS | sy (I KT MR | nd cgRE Al n
pressersednat deﬁmlqmoiard@yh% frmione eagker LYK chre

st@EElEQEQEdtﬁ% éﬂﬁdnﬂé§§3§cﬁ?Q%5§E“tﬁﬁ‘l%&%%s'éW@ron

or nore ayers has a thicker_ filmthickness
vagNdng Bilgeer 95§rtble§ss&iﬂet5‘te whRiseh ofhe apanEs fatent

LaEaL@%@nl lmogomsmd 2536 a a0 1s’i|)€ﬁffﬁ1@1@1tt1h@ aAPE&tplish
as esc e I N at er

i GRS, Seseribed i 0 detalle LA L0 d Mepositiog

ratke | Dhecontiaste,| ayebrdangbeaormdhe triigne t iand edousitrige

- L 00, s 0 e b

ayer can ining | ow 25 nolse
lagerf gnednces |hva His ek, layememﬁa@me@r-% fermedi a3y

flﬁﬁ\d'l \%‘Oeqfs il Hﬁ?asl_enén S | DAy e Pr &f eE bl Ywsash Mbre

L RS Lol il yded I the L el rediate
prels@sa Ptk et iSH UdaIreayad firidened pief esmapdyisachtofa
L5 L Y S IE Pyl 0SRARc e el et
lateeoridi rdhemedihodioferitie section, the overall layer
thickness of the intermediate layer can be made thin,
and thus the distance between the recording layer and
the backing layer can be reduced while retaining low
noise performance.

In this case, in the magnetic recording medium of
the present invention, preferably each of the two or
more layers included in the intermediate layer is a non-
magnetic layer having a hexagonal close packed structure.
Further, preferably each of the two or more layers
included in the intermediate layer is a Ru layer.

In addition, in the magnetic recording medium of the
present invention, preferably the underlayer is a layer
consisting of a single layer having a face centered
cubic structure, and the underlayer is a Ni-Cr layer.

According to the present invention, the crystal

orientation of the intermediate layer can be enhanced.
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present invention, preferably the underlayer is a
| ayer consisting of a single tayer having a face
centered 35 cubic structure, and the underlayer is a
Ni -Cr layer. According to the present invention, the
crystal orientation of the internedi ate | ayer can be
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saft etlc I ha nckude a h
Aﬁ; ¥ﬁf£ﬁﬂ€gﬁ%? §¥é GE ug fl? t 25BfP hé&ﬂetlc layer

nate or med e non-magneti c
Iammiudﬁnguhnnaquwhbagﬁum@ﬁeny@l havRpAg-PAgRetic layer

Stfro%eg# %tr}‘n drle 'ﬁf’é’@sé@#@ h&g ﬁé‘f‘ﬁ@cfa QE CQﬁBCbVQecond
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ayer g furt nﬁé § 1
r siofdbimagnetdic \RYe¥ n L heht #gy BF FMPLPRAPFEN LG i
' f%n@'t&aa?;ai% dﬁmt@ﬁb& &QC&@md&@yx?agﬁaviﬁglayer
af orement i oned st ructur opt e y
of théYfPPQPtéaﬁtan§§ﬁ§F1 %évp gﬁﬁgfﬁiqégg%n%€€%$¥“re’
rra@ne_@ (pdsasmﬂe @ éiﬂaaﬁeeletH'a tagecivanforhe afnthe

net i ayer is a e h

r§ 4%? YEF SN r&y ér pt8ve feﬂ§98§%i€y of

esen I nvention
r eedrtdingg almiyereachraglql;/ernf@mnmglfan hexagonal cl ose

packedgﬁ HEEUEEsRU e A gg%ﬂi rfﬂj&k H&YHBig | €hé

| ayer conS|sté of two Iayers whi.ch are a gian Iak
| aforemettdongs |sdymrctunasis prdepeed, preferably each of

the first soft magnetic layer and the second soft
magnetic layer is a Co-Fe-Zr-Ta layer, and the non-
magnetic layer is a Ru layer.

In the magnetic recording medium of the present
invention, the recording layer is a layer having a
hexagonal close packed structure. Further, the recording
layer is a layer that consists of two layers which are

a granular layer and a cap layer formed on the

granular layer. When a two-layer structure consisting of

a graﬁular layer and a cap layer is adopted for the
recording layer, preferably the granular layer is a Co-
Cr-Pt-Oxide layer and the cap layer is a Co-Cr-Pt-B
layer.

A magnetic recording apparatus according to the
present invention includes a magnetic recording medium

in which information is magnetically recorded, a
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30 granular |ayer. When a two-layer structure,
consisting of a granular layer and a cap layer is
adopted for the recording |ayer, preferably the
granul ar |ayer is a Co- Cr OPf- Oxi de | ayer and the cap
layer is a Co-Cr-Pt-B |ayer. 35 A magnetic recording
apparatus according to the present invention includes
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meéiﬁﬁd{su@f%@fef &fégaft@v@lg}/&hyth\:\nmﬁésp@@tpem tioe tthegnetic
magneti c recordi ng ne

TR S SRR e Yl e SRR St un

habaakm@@—h@gmeﬂﬂuﬂsubstﬁanenuh(baqkmnmoham@gn@m$b is

fo%rﬁg%t rat %’hear}lotf‘lnqneargl1 e mefishﬁ% A xfa?‘té oried, 9fetPeyer that

Iayer an i ayer 10 that 1s forned
1so:ﬁot:hedur¢d1ertﬂwéra<ﬂ@ﬁw d avaior oﬁmglrpw@nedw%% faver

thgerquégngQ?dﬂ“ﬁﬂé“ﬂﬂdgfid Vel and dase@ording layer

erpen

t d the
thakt AeEGIRSS TRy (AR So”%ﬁgo}an t ﬁ‘%y%?% %hi ch

pe@E%n{cﬁrd”{ﬁ%raSnatjﬂlésﬂmld W@hﬁml hatd anhel ppetetagei abé
e two or, nore a ers as_ a t I kness
1ayas SRS e oy RS e MEERLate, Bobaa ag

flﬂmrmmyens(anhuthan1am)uppémybayﬁndef the uwpeﬁr more

ngt oggisn
Lo s b SR T ALLCIRS, 8 BRATE hegheEPassng
pr@tse;psre p: 9 thlcﬂbrtiﬁfhgl%yeblacw n§°¥la?@rl’6ncﬁmparls°n to a

X@} |§h§L¢5§éﬁuf%yéprn1ng an underlayer on the
acklng Iayer forn1ng an , internedi ate Ia

und@r PEFeed Afd MeERATE U 1% oA E 1A %%’f/ g
meRBRPE L E3tt @I ngregrethe peds ot r bpyenniodhehaat ehareeltape

of e RE"E\ T, D05 £ 25 8 LORMDSEhHEL T SLapdlate,
fdnmﬂngham)mmmex&ayereomaybesbbyklng layer; formlng an
intermediate layer on the underlayer; and forming a
recording layer having a perpendicular magnetic
anisotropy on the intermediate layer; wherein the step
of forming the intermediate layer is a step of forming
an intermediate layer including two or more layers by
forming the two or more layers as film layers such that
an upper layer of the two or more layers has a thicker
film thickness and a higher gas pressure at which the
layer is formed in comparison to a layer under the upper
layer.

As described in the foregoing, according to the
present invention it is possible to make the film
thickness of the intermediate layer thinner than in the
prior art. Further, it is possible to dispense with
formation of an amorphous layer of Ta, W, or Mo or the

like in an underlayer that is formed on the upper layer
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formng the two or nore |layers as filmlayers such
that an upper layer of the two or nore |ayers has a
thicker filmthickness and a higher gas pressure at
whi ch the 30 layer is forngd-in conparison to a |ayer
under the upper layer. As described in the foregoing,
according to the present invention it is possible to
make the film thickpe thelnt i ate

of| it RAGKLP i Y8 Thot B615: LB aPLeShanar e e the
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aChayee al hllg@etqumwrm éiqnﬁ#@dutlélmere*d@?s@h%elow
no@gg\gﬁggfg%arn%or ding layer and the backing |ayer to

enhance the wite-reception perfornmance and achieve a
hi gher recording density while retaining low 5 noise

perfor anC@RI@RI E)%S@E@@Rll%ﬂ OY QR e HER ADRAWE INGS
Preferred e resent |

g % d ventl or}f 11
be BESEFFREH FACG H’ieln ﬁag d HEFH Jlogrbr !
belQebicgibkd era da tean 1s N e dsrhet}hay’émllsdmmg uf egofea.
conyenti onal. magneti & r di S
sch%e‘ﬁ%fl ar agr%m%%hé g’é%tg tﬁ% 'i%‘yel{msf ucébts}tgrréuc?%rae
conweamuqma&wmaﬂnﬁﬁadzﬁﬁﬂOQdKW@‘m¢@&mmyer structure

shown 'nZFEg alschanBtdc AilayrAny W SRAMNG INE drRNes
struc ure o magneti c record| ng nmedi um as one

th@w@@@wﬁmr%foﬁr@ lﬁ?fé%%ﬁ*ﬁ javent3VeT @rgnagthe javer
st&@@%ﬁﬁ&tel GHbwgrameipt central | y shovvs the structure

nin errredlatela er .ano Qistruc ure
sho i n3Fitg. 23 VigMg ShEWilg, %tgm‘bc S
ma@&ﬁmarce&dd’tﬁ:dlptg)pmdim ad ohe epmbmillaem(cﬁnphﬁat [ ve
pr% ghvae%ts&pvmm Fig. 1 and Fig. 2 with those of

Flg 4 is a schematic diagram that centrally shows
the structure of an intermediate layer among the layer
structure shown in Fig. 3.

Fig. 5 is a view showing a list that compares the
properties of the prior art (comparative example) as
shown in Fig. 1 and Fig. 2 with those of the technique
of the present invention as shown in Fig. 3 and Fig. 4.

Fig. 6 is a schematic configuration diagram of a
load/unload-type magnetic disk apparatus in a state in
which the top cover is removed.

Fig. 7 is a view showing the schematic structure of

a tip portion of an arm shown in Fig. 6.

DETAILED DESCRIPTION OF THE INVENTION
Hereunder, embodiments of the present invention will
be described.
First, a comparative example as the prior art is
described, and next an embodiment of the present

invention 1is described.
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of the present invention as shown in Fig. 3 and Fig.

4. 25 Fig. 6 is a schematic configuration diagramof a
| oad/ unl oad-type magnetic di sk apparatus in a state in
which the top cover is remdved. Fig. 7 is a view
showi ng the schematic structure of a tip portion of
an armshown in Fig. 6. 30 DETAILED DESCRI PTI ON OF THE
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comrdestf @h a 1fi eswrpbfzedagnéeicalagen fRAlsmedsepof an
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mefgmrateit oreydre 122 snadefof nagnenivagnayée mﬂeraﬁé din

tﬁfnggE$0fﬁu §E'£s|§¥§ﬁeé2§nn€H§ QErsﬁnséﬁﬁrﬁEbﬁéﬂlc
mat er | Is case, Co-Fe-Zr-T simi

|
laver 145t %Qﬁtan%@%%?@CSngeWagéﬁythé?YF§ 1?3rW€§eoﬁf
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f t ft 121
TRATE foyarC ThL Bt Faa iRt ikl TP RE 0 $0khas is

fdﬁmedm&gmetheamomﬂmagyeSubjbayenglﬂﬁe fThetasppys shown
r d f
At et £, 80 é@gﬁtﬁéﬁeéfg 1062001070l tndRBRELIE soft

ronagne Ic coupling in
m@gﬁqtnggh@y¢@ 123 in Fig. indicate the dlrectlons of

magnetization. By subjecting the first soft magnetic
layer 121 and the second soft magnetic layer 123 to
antiferromagnetic coupling in which the soft magnetic
layers 121 and 123 are magnetized in opposite directions
to each other, as shown in Fig. 1, a magnetically stable
backing layer 12 is formed. The backing layer 12 acts to
absorb the magnetic flux from the recording head and
suppress the spread of a magnetic field from the
magnetic head.

The underlayer 13 consists of two layers that
include an amorphous layer 131 of Ta and a Ni-Cr layer
132 having a face centered cubic structure formed on the
amorphous layer 131. In this case, the Ni-Cr layer 132
is a layer that is oriented in a (1, 1, 1) direction,
and the amorphous layer 131 of Ta thereunder acts to
enhance the crystal orientation of the Ni-Cr.

The intermediate layer 14 consists of a lower layer
141 of Ru and an upper layer 142 of Ru. The lower layer

141 is, for example, a layer of a thickness of about 23
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| ayers 121 and 123 are nmagneti zed in opposite
directions to each other, as shown in Fig. 1, a
magnetically stable backing |layer 12 is forned. The
backi ng |l ayer 12 acts to 257absorb the magnetic fl ux
fromthe recordi ng head and suppress the spread of a
magneti c field fromthe magnetic head. The underlayer.

13 caonsj st mo Ia ers that include_a r phous
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oy dedre obrrInfASE: pbUBphesY (1 ¥fkeade sobdtnsss
thaﬂaxﬁnﬁm¢Mth¢a9@r qent@ﬁbmalnbet@uﬁb@rcawﬁ§aﬂo

1§3ﬂ5¥¥6ﬁt§%%& ﬁf@lo?rtﬁ@tﬁbFQQ QByEQelWQjcﬁs %@éﬂ?%d
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0¥ fo §REiE @B %) @bi;@rf@awéialmzagf aRE‘Odﬁfﬁétl%\E@ls |Parférsure
141 'I‘h% prexeaady&e 140 | pyes péy@rtbbiak@ﬁﬁéhoé abggtal
nm t hat forned ung L % ressure of
AT %Wg%wn%ﬁyepéuéﬁ SAEByPROTAPNG o e
f i nf@ntatiopr opee @eggeelo@Ssumﬂaee r anghmess gha gas
iggfacg rough s§ that is suitable for contributing
PIT e al gblation structure of the upper
Iayém.mﬁa exaMQ%ﬁnshbwmyi@eFi@rningth$lneﬁ@rdéngohax?r
1? gé{g JBSaPaEaAKiEy ﬂ?@g@@%r mhA¥e £142 o Bt -
a or cryst ation structure is
re@n@yaf@aﬁa%%ﬁraﬂﬁa BRER ofi CRCarM&tPorf ATat e

&t idg 26h8nNh&e¢roadndidehifah ceds of1@ hor gemig are 1yt
1 ﬁ). In"the exanple shown in Fig. 1, the recording
yer 15 consists of a granular l[ayer 151 made of
Co- & giotddtiies aywkna capsiayengls5P mamlleonf (COC (carbon

: f
o{RESLaloFalh, 49 HOERRR, bS8 LA Lara®) 9 o
prometst the oeceadbng teger(édarbon overcoat) |l ayer) is

for e gg orQ the 4 %&hé‘@lé aYEhgiamt PhaPrOLRELaliNg shows

recor | ayer
the struc ure of the intermediate layer among the layer

structure shown in Fig. 1.

In the case of the layer structure shown in Fig. 1,
the thickness of the amorphous layer 131 of Ta among the
two layers that constitute the underlayer 13 is, for
example, 4.0 nm, and the thickness of the layer of Ni-Cr
formed thereon is, for example, 6.5 nm.

Further, in the layers of the intermediate layer 14,
the lower layer 141 is a layer with a thickness of 23 nm
that is formed at a gas pressure of 2 Pa, and the upper
layer 142 is a layer with a thickness of 5 nm that is
formed at a gas pressure of 8 Pa. In this case, a proper
degree of surface roughness is ensured for the lower
layer 141 by performing thick film formation at a
moderate gas pressure (2 Pa), and this contributes to
formation of an isolation structure of the upper layer

142 thereon. In the case of the intermediate layer 14, a

crystal orientation of 8 650 = 3.01 deg. is obtained by
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Fig. 2 is a schematic diagramthat centrally shows 20
the structure of the internedi ate |ayer anong the

| ayer structure shown in Fig. 1. In the case of the

| ayer structure shown im RAily~ 1, the thickness of the
anor phous | ayer 131 of Ta anbng the two |ayers that
constitute the underlayer 13 is, for 25 exanple, 4.0

nd th th f th
end Mol Do b PADESS; 81 L NSal @ren f Alhr Ohe find
layewyer 42 of the |nterned|ate | ayer 14, the |ower |ayer
}g%{%fxpeté ayq{ ﬁ%é Nedsd héfk{‘ﬁ§§ nggg EE“:uEE@Ee' Sthe

pressure a, he upper
uncﬂ@;ﬂeayanlesla tay@edwmhtyq I%laéfl@ﬁés§“61f t@emﬁhtlﬁ%i‘tnel%s
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lafer NRAEr 8hE Eé&k&h@sid&@r( 2sPaprqgand atki e veontutidugresit

5 f
5| a5bemead tROPBGHIS foEne ESeReaT tie i st s B
a hayeetld, faeldr yhhal ier geneatited dred (36 re:@ding.
heﬁ_(ilkggtn Io?ﬁ\d gy 1gac§(|1% CQ%S/EQM o ithe |Mlén@)‘@{at

wever, in the case of
thehsSebayesssnsudpﬁﬁeanﬁhét dred eHITjeri 1E3 G IMRERYE | the

wrf)@@ L:@X@g%leﬂd Lhe ot-RiapkRess thedimddir i efdtashdiny

ayer th orned thereon is al so thick.
medbHBequent | y, the di stance between the recording
| ayleig ang weabag&wnlhbayag thel anger anduevenret kdugh

tt L. t h f
magR T Ent S50 Lo M dRETE el 0 & RAE Th aHerst o rom
prébentednwémmgobo head by formng a backing Iayer,
e% rf.%cs F?EOPESQHQQQ mEB?Luﬁlt Qﬁp%ﬁ%%n' 3l e8lg.ad Hds a

to rnprov te-reception
laperf ottmantaret e ﬁ%ﬁgr%tmlclarlécté? difF HediRAnmEgRetse
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recording medium 20, a backing layer 22, an underlayer
23, an intermediate layer 24, a recording layer 25 and a
protective layer 26 are formed in order on a non-
magnetic substrate 21.

The backing layer 22 has a structure that is the
same as that of the backing layer 12 in the magnetic
recording medium 10 shown in Fig. 1. The backing layer
22 consists of a first soft magnetic layer 221 made of
Co-Fe-Zr-Ta, a non-magnetic layer 222 made of Ru that is
formed on the first soft magnetic layer 221, and a
second soft magnetic layer 223 made of Co-Fe-Zr-Ta that
is formed on the non-magnetic layer 222. Since the
backing layer 22 is the same as the backing layer 12 of
the magnetic recording medium 10 shown in Fig. 1, a
further description thereof is omitted herein.

In the case of the magnetic recording medium 20

shown in Fig. 3, the underlayer 23 that is formed on the
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present invention. A magnetic recordi ng nmedi um 20
shown in Fig. 3 has a |layer structure that is simlar
to that of the nmagnetic recording nedium 10 shown in
Fig. 1 with respect to 20-skkttons encl osed by |arge
brackets. In the magnetic recording nedium 20, a
backi ng |l ayer 22, an underlayer 23, an internediate

| ayer 24, a recording layer 25 and a protectlve | a er
SXLpa’ T BYREd2Pn CBPAeS tan OF RO AR e SR T
f2de @&6nfThecbackbhg lsmtelrct&&ehmcﬁ iff Qei+0e, tiTake i S
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f , - t
o PR 2Pnaf o osperarhes” SRR sl Yo
ThagreerenPu§etayer, laddod Tee®dad ss@f tr aleyrmd ienianyaimg

tHe3cPRgea 0f oE9headiohaolthdthe g fr L ALt Ne 1 the
netic layer 222. Since the backing |ayer 22 |s
eﬁ?%d%%%ﬁt §hPH8 BRcEiAg Payéhe srystalhe mgiHeation of

thi@CI@idCﬁgoﬁEdhéﬁuﬂafae?p:h@%rl rz3gm%111,tealoF€té hufztchﬁrbecafuse
es on thereo Q Le er n e case (0]
“q 5%8%% ?888&1 r?é RE T ami50 Dok SR §owgvegpe
b@@d@séayhe embbhamen$ sbowed ion Filje 3 1k dﬂﬂjgnqﬁ to
2 0 0 h
e‘é@%‘?%?eéh%UE§¥§‘§?%UE¥8%¥&§2 P Ll Ane
13¥ger243therevn iRacompardsmad tion thise apmyrestt Jc,onal
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der | ayer 2 he magnetic recor
gotheTﬁg §ﬁoP§hBB§ Paﬁls.rlfgfrof23T§tﬁ1r5>$st9 QP rofthe
amenhphousglaybe tRYsbal Tar rtﬁ@ﬁféhh@l&rOfcgth)é;ion@Ltted.
th odi nent s . Fi the.
Lo ifng (LA of RS BENR P Mobdifiele SonidSion o5
the | amoepdous deryprbédiausé T@ shewanoimpidgs llayer w3l as
m&fidd tﬁenQBtEQﬁgﬁg tEbW@ggE £oRREAUSR %n?quQJgﬁ.%

showh I n g eS|% enhance the cryst
f&meﬁfat%ﬁ Bi fﬁé PRO&ECRBANGL éhe dlstance between the

recording layer and the backing layer.

As shown in Fig. 3, in the case of the magnetic
recording medium 20 of the present embodiment, similarly
to the magnetic recording medium 10 of the conventional
example shown in Fig. 1, the intermediate layer 24
consists of two layers including the lower layer 241 and
the upper layer 242 that are both made of Ru. However,
in the present example, the lower layer 241 has a
thickness of 9 nm and the upper layer 242 has a
thickness of 11 nm. Thus the layer structure is such
that the upper layer 242 is thicker than the lower layer
241. Further, the pressure at the time of film formation
is 0.67 Pa for the lower layer 241 and 8 Pa for the
upper layer 242. The intermediate layer 24 is described
in further detail later.

The recording layer 25 that is formed on the

intermediate layer 24 consists of a granular layer 251
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| ayer 24 thereon in conparison to the conventional
exanple shown in Fig. 1, even if the crystal
orientation 15 of the N -Cr_of the underlayer 23
starts to drop, the am)rpl%us | ayer 131 of Ta
t hereunder can be omtted. |In the case of the present
enbodi nent, om ssion of the anorphous |ayer 131 of Ta
0 i F' p : I Sy [ et At dia
e Iagy\g:}' d ttt%éjr%iio%@lénncg thé%g Q%Y%P %Sgrlgggge? é?or
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ma%?l%ttll?:e RRGAGhd Wﬁluﬁl@r@f\”‘t}‘xé‘ EbBvestibRal hexsapee

magneti c ~ recordi ng medi um 20 of the present
shemodinmeritg- si-milarly to the magnetic recording
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1, thelnter diate | ayer lsts of,.two ga
el ARG 't 1P e ST & 1o Eore e Eper ¢ &F' Shs
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exanpl e, ,the Iovve [
dg{%ﬁé épﬁgr Ia?f/:ere %as]aa&%gnach {n(gégg@% l% &&r%
th‘émm:num:tirag/elf sthreicinterned aed layar methppéaypéyer
st2iidised EEWL trpaﬂnléh ezl ower layer 241. Further, the
pressure at e time of filmformation is 0.67 Pafor
t heIrohbe layer FATusidt® P8y ithd et | BYRr 242.

untag- i e nedi g4 ecé@@éecz%f SoﬂE§Cd51h§eﬂay§5 tﬁaf:uhhbeﬁ
detail | ate ecor dj ng is for

th
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ard @t £c i Rgr payé hap 2 ceat fé&ih&eahOMrsthefShﬂmct bre

of the in
the amounttéggg Iat layabségcéhgflgxe amorphous layer
of Ta.

Further, the intermediate layer 24 consists of the
lower layer 241 and the upper layer 242 that are each
made of Ru having a non-magnetic, hexagonal close packed
structure. The lower layer 241 is a layer of a thickness
of 9 nm that is made by film formation at a gas pressure
of 0.67 Pa. The upper layer 242 is a layer of a
thickness of 11 nm that is made by film formation at a
gas pressure of 8 Pa. Therefore, in comparison with the
lower layer 241, the film thickness of the upper layer
242 is thicker and the upper layer 242 is made by film
formation at a higher gas pressure.

Thus, with respect to the lower layer 241, a thin
film is formed such that the crystallinity is improved
by formation at a low gas pressure, and with respect to
the upper layer 242, the isolation structure of crystal

grains is facilitated by forming a thick film under a
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10 structure shown in Fig. 3. In the layer structure
shown in Fig. 3, the wunderlayer 23 is conposed of
only one layer that has a face centered cubic
structure of Ni-Cr. The amdBphous layer 131 of Ta in
the layer structure of the 15 conventional exanple
shown in Fig. 1 is not present in the underl ayer 23.
nse uentl . in the present. . enbodi nent, conpared to
highe ERIVHS - eREnpt oS SYPTRIY tHout Heprming a
Tadulatymcarbei}wemddnelarp@:orm ,ngtlhayfnt€5mealt]dtéh53ayer 24
acki | ayer 22 I educ first, of all t he
Cag]rr%én&%srén\%dgabs a{htzua s%nce %t?%%ta%gﬁﬁgbgé—gl gggr of
pr@@erﬁuﬁﬁheﬂftﬂhemnﬂemmﬁﬁhan@ layer 24.consists of the
|l o a h e each
V‘ﬁf)r% %Ec%%&c@ﬁth %Mlﬂgayt%{]exgg(#f?éc

on- nagnet iT¢c, ose
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1n@e&méaﬂﬁ%851é§eé)Zﬁnégmﬁ ﬁﬁhﬂHﬁFIQYaﬁalahEQEﬂﬁé'QHeaﬁa
per layer 242°is a

as pressure . The
Lapelot i $ha MdRiAY e A1 e HaLStanahdeehyorn, Fhe
refc@ﬁ:nﬂwgorlaqtexa 23}a§seé%ﬁsﬁgﬂ e3 pfasd Pahe Tb@teiﬁgelayer 22
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5 pU, LooL AL Sh St phetue o Chustal. AL 18 ot i,
cogaentriessll @exahple rﬂsa»brt ,J.reVlE‘I\g Wi 2 hos formaangitg, Ilew
meg R st 22 101 {11 m w thout degr ading the
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pr%%%@ aldgy cnd tsf% "t 0(&&&%%%9% e £IRIYE M own

g. 1 and Fig. with those of the technique of the
present invention as shown in Fig. 3 and Fig. 4.

In this case, two kinds of indicators, Hc (coercive
force) and S (squareness), are shown as magnetic
properties, and two kinds of indicators, OW (overwrite)
and VNM, are shown as RW (read/write) properties. The
magnetic properties are values that are measured
utilizing the Kerr effect.

Hc (coercive force) is an indicator that shows the
stability of magnetization with respect to disturbance.
As the higher that the Hc is, the better the results
obtained with respect to thermal stability and the more
favorable the low noise and high resolution performance
that are obtained.

S (squareness) is determined by the ratio between
residual magnetization and saturation magnetization. The
higher the S value is, the more favorable the crystal
orientation is.
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intermedi ate layer 24 as a thin filmand omtting the
Ta layer fromthe underl ayer 23, the distance between
the recording layer 25 (see Fig. 3) and the backing

|l ayer 22 10 i s shortened td4inprove the
wite-reception performance. Further, for the
internmedi ate layer 24 in the present enbodinent, S

he | I t.h .
el fafer sesell ERebrsety. thiud ¥ ikt Ayt ©f nion
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rekeéftl'oﬁc wdifR@rdhee Broperties of the prl or art
ﬁﬁara ive exanple) shown_ 20 in H
MAt

. 2
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theSVehewn fior RNyt i%,anthdiptidker lthd hl@w cesesetwo ki nds
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pefgaﬁgP s$- are shown as nmgnetic properties, and
tvvoBksedsonf thadireaudts, sBdwhoier Wigt. e)5,25LtanicS M nd

endEe £30uN 185 RULT SallLs)s ArAPardLAs: qff o TRADCT | €

roperties are val ues t at_are nmeasure zing the
prﬁéenteflm@ntuqel (doerciire Figrced 3nd ahig ndf ch$ o$uk>‘h5%0r

toShews gier Satﬁbldddmpacﬁameéx&@éwﬁ i r BSPRLE. t o
di sturbance. 30 As the higher that the He is, the

angefi@r tthe results obtalned With respect to t her mal

st a’ﬁhél eragdlhbe igoee defsa:\tﬁlpahJoel tdte ﬂlrmxvmae and

resol ution r.ance at. are, obta
stf %‘ & En §“)th “%&%e rﬁcneraecbor HE (59 5 be ?Aggel%f
Altesm@mlalthmgne:texzmdmtearﬂchw u?‘htswmagrmehq at3 oaqnd
Fifle 4 M ORRniNG S JRlUE, IRaydhe, ﬁeffé!&éf‘b%%éj@ezu
rystal” orientation is. - ON (overwite

angdefhes aprent He s 4h/al 4Ce%lrdmg ht @hthe reeerpRl

1n%%m%@ﬁtt-°hé’\h%é?c\h%d@fdﬁé rtgayér Redy as&redl Péyé\r | ow
con31 %gﬂﬁytfgtégrgglégr]ore layelgh Iéewuengyt h?llm
thickness is thicker in order from a layer on the lower
layer side to a layer on the upper layer side and which
are formed by film fermation at sequentially higher gas
pressures in that order.

Fig. 6 is a view showing one embodiment of a
magnetic recording apparatus according to the present
invention. The figure shows a schematic configuration
diagram of a load/unload-type magnetic disk apparatus in
a state in which the top cover is removed.

In the magnetic disk apparatus 30, a magnetic disk
32 is provided that is rotationally driven in the
direction of an arrow A around a rotating shaft 31 by an
unshown disk control motor (DCM).

The magnetic disk 32 has the layer structure shown
in Fig. 3 and Fig. 4, and is one embodiment of the

magnetic recording medium of the present invention.
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| oner the OWvalue is, the nore favorable the wite 5
reception performance is. VNMis an indicator of the
error rate. The lower the value for VNMis, the
better the | ow noise perférwance is. Based on the
results shown in Fig. 5, it is found 10 that for al
of the indicators the technique of the present
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recordlng apparat us ~accor pbresent
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In a state In he top cover “i s renoved
3¢ he magneti c di sk apparatus 30, a magnetic dISk 32 S
pr oygtad wihiading daxtaattt@naté ymalghaenci aiske32doregthaing

a row A aro otau shaft y
%h‘g% dt8KS 8E‘FaoPn Srmf‘%ﬁ%f STH&S %a&?ét theyagp 35
1masothEabhyedr$VencbyrEhthGM 385innaFisgat® dmd whiigh

n
cif KR P P SR099, T8 oSk pebRanTgoRgL S SR o
Atpplae it hsmen as ghewnpipvFded @&t khe arm 35 is

disengaged from a state in which it is supported by the
ramp 38 and the magnetic head 33 (see Fig. 7) provided
at the tip portion thereof moves (is loaded) over the
magnetic disk 32. Further, the magnetic head 33 is
positioned at a desired track on the magnetic disk 32 so
that, accompanying rotation of the magnetic disk 32,
data is magnetically written in sequence on the desired
track on the magnetic disk 32 or data is magnetically
picked up in sequence by the magnetic head 33. Upon
completion of writing to the magnetic disk 32 or reading
from the magnetic disk 32, the arm 35 is unloaded as far
as the position shown in Fig. 6 to be supported by the
ramp 38, and the rotation of the magnetic disk 32 stops.

Fig. 7 is a view showing the schematic structure of
the tip portion of the arm 35 shown in Fig. 6.

The arm 35 has a carriage 351 that extends from the
rotating shaft of the arm 35, and a suspension 352 that

has a rear portion which is attached to the tip portion

of the carriage 351 and that extends further from the
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an arm 35 that rotates around a rotating shaft 34 and
that includes a magnetic head 33 (see Fig. 7) at a tip
portion facing the magnetic disk 32, and a voice coil
5 motor (VCM 36 that rotatlimal |y drives the arm 35
to nove the magnetic head 33 in the radial direction
of the rmgnetl c disk 32. Further, the magnetic disk
par S provided activated carb
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lrsmmti@n s@@@cb@réewrdeﬁeatu pipbr depsisty wAEhahmads

rehoywi i fig. 6. The arm 35 has a carriage 351 that
ext ends fromthe 35 rotating shaft of the arm 35, and
a suspension 352 that has a rear portion which is
attached to the tip portion
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of the carriage 351 and that extends further fromthe
- 16 tip portion of the carriage 351. The suspension
352 includes the nagneti-clhead 33 at the tip portion
thereof. The magnetic head 33 has a ginbal 331 that

i;shas@pmré;_eédlmé@ s freel y swayi ng manner by the tip
portion of the suspensi on, 352, d a slider .,332 that

i's suppar Wnet FiSRHding) meagtMn CRIPFAR1RT Y o
| oaded wmoﬂMgnmgnetsmoﬂMé%,Z the slider 332

enters Sl-ﬁaé]&ﬂr%/ 1\’%{3?41 tﬁai\:g SL14S mSéBZ?rLI%Sn tlﬁgé’hetic

only an extremne tance FromThe rmgn
disslbs¥xatErereafter, data is 10 witten to the

gagﬂet ' diuﬁgeggaQér%{Q: 1% ES@%E@H’EH@ ba@B4Ref 18yer and

magneti c head t IS provided, K at one
pliat drs @H\Lﬂ <5 é}éwegalzaw @hgecauqeé&qaﬁdaeeéﬁe%tr%%ure

mignet | andiisk eFheddlatee e MBIRAT | s IBEaThel NGn NMElge um
% ic_di sk)1 15 having the structure as descri bed
ST E?%PEAc®™0 Fig. 3 and Fig. 4 is adopted in the

rmgnetl @ diestorajipry dta;ser Shdthais | Boxoed | gnir edeas

i o . '
S Lol Gad ear AL oL TBLEBOnARREr gaonetic
1amisaNepy s cI ai med |s 1. A magnetic recording

medi um GRMEYd | Nhe ﬁnﬂé’f}né@ﬂé‘@é' fa?é?siﬁéiﬁdeé two or

backi ng layer that is formed on the non-nmagnetic

stipser taé(erénwlljﬁd%’rlaé-‘)?erqumd &S ffo‘r]rf%dlwlf%eglb‘él%k?]ﬁ@t an
I albpérag@yegh@if ithed tho Gr Inyey 1@@:1&@ lead laélethlc]?]er film
c ered cubic. structure; _an_interne te ayer_.t

R SREEF AT JhI o5 RFHSTHER PEcoPdrly s dRver
thatfwmédrmdcmnpahEsonnteranehame lager tane mpp\er hbhsyer.
a perpendi cul ar nmagnetic ani sotropy;

2. The magnetic recording medium according to
claim 1, wherein each of the two or more layers included
in the intermediate layer is a non-magnetic layer having

a hexagonal close packed structure.

3. The magnetic recording medium according to
claim 1, wherein each of the two or more layers included
in the intermediate layer is a Ru layer.

4. The magnetic recording medium according to
claim 1, wherein the backing layer is a layer that
consists of a first soft magnetic layer including an

amorphized material, a non-magnetic layer formed on the

first soft magnetic layer, and a second soft magnetic
layer that includes an amorphized material and that is

formed on the non-magnetic layer.
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wherein the internedi ate | ayer includes two or nore
| ayers which are forned as filmlayers such that an
is upper layer of the two 8 nore | ayers has a thicker
filmthickness and a hi gher gas pressure at which the
layer is fornmed in conparison to a layer under the

upperdl ayerrhezgna ﬂ@gﬁ@&bﬁdﬁﬁgohﬁldﬁglrrﬁ%é&&dlng to
or ai C re.n e

nePRifL0d, kheRRifulnthi ey hEer hishhetratirapeF tre gver
n@ndnagaesecohdyspfmamagyletadwéommals d e PackedTa
Siég%£ur§nd3ihgc\ﬁgﬂaglg§h'e‘ﬁ eg%@%&”gsﬁﬁdhﬁml%%y di ng

clarm Fel noeach WO “of ayers
i ncl uded g,ht he i nter.nedi ate ‘i a Rula %S 4.t
The magngtl rel6PHS Crréiﬁ‘iﬁﬁ BEAGUT o2 CEPEPIPE, tO

\M:lbasm nl i hehdaeknhnghée ayectordlag I B.y;aért bata BlyepnkastiAg a
$$$§1 éf&ée QQ tlc #5§%{ulnclud|ng an anor phi zed

a non- ¥t med on the first
soft magneti c Iayer and a second soft magnetic |ayer

formed o ChE Mo TEChet € Taya Mqp glcledfg co

Feldiet ilo r@eﬁﬁ%ﬁrhgt%drrwré@b@ﬁ di 3e¥ ois chalayer that

Wheriel st £a6h ©fio tgi &h fﬁicﬁ&iés @thea{ﬂﬂéla gela%d he
Fe- Zr - Ta | ayer,

second soft_ma tic | aye
antP t %Y%anﬂﬁﬁﬁgt?% FAg epragu aﬁm1?&95r 6. The
magneti ¢ recordi ng medi um accor di ng to claiml,
wherein qt he ecor ding | ayer

a

is
hexagon close “baa%rk Stk ?lfﬁ'leng 1%eéllu‘q’h%c‘?rﬁﬁﬂje?$cto
r @deridi Ag ndingnradder drapuler dayer 1is waeCei rt Re-Oxide

ﬁ'ﬁﬂdléﬂércéﬁ @a&@¥eistgabo @9”@%55519 ek w0 whi ch
udes a granular layer and cap layer formed on
the granul ar layer. 1.5 8. The magneti c recordi ng

medi um @:Comlmdétlcdx%dﬁﬂilr@%[@dré% Hehipd ding
layer I%.%ﬁ%%e ic recofﬁlng medium in which information
is magnetically recorded;

a magnetic head that performs writing of
information to the magnetic recording medium and reading
of information from the magnetic recording medium; and

movement means of moving the magnetic head along
the magnetic recording medium surface relatively with
respect to the magnetic recording medium,

wherein the magnetic recording medium has a non
magnetic substrate, a backing layer that is formed on
the non-magnetic substrate, an underlayer that is formed
on the backing layer and that is a Ni-Cr layer having a
face centered cubic structure, an intermediate layer that

is formed on the underlayer, and a recording layer that is
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35

| ayer and the cap layer is a Co-Cr-Pt-B layer. 20 9. A
magneti ¢ recordi ng apparatus conprising: a nmagnetic
recordi ng mediumin which-i¥¥ormation is nagnetically
recorded; a magnetic head that perfornms witing of

| oamel ioon the ikt sFreeaekbice nageidung ABEI HMpaPfendicular
readln%. 25 of information fromthe magnetic recordi ng
i P HRRMETRY me2Re of noving the magnetic head

al ong HHEEin@ﬁmmédi&E@Oldyéﬂhﬂﬁdiudé§Ut@@cér gpre layers
r elat v espegt.to the magnetic recordin

rreé?l uér%1 %v%ee#eélﬁ“?#]egﬁa%h]ér? io]ca¥%]6%r 1A Hedk uak hﬁggﬁr layer
néH Qe ntmedt cmonpslagers habaekitig dkayerf itlhatt hisckness
f e d My gH - ' b, e,,an rl.ayer

{ RiEes Lo SRS PROSELS, BLOPhI Bh°unE" 1 HIRE! 18 Formea
NOCIURASL S8V ity & lavre ®righe cupper stayerure,

an internediate layer that is forned on the

under | ayep, ﬁnﬁe@hBQCefthQuSQﬁ@ﬁrﬁﬂgtaiﬁa%nég?%ﬁgégggding

on tge-lnternedlate | ayer an as a perpendi cu
neBRRt R GRATRELPOPY, tRRd StE®S ®fer nedi ate | ayer

i ncl udesfowming &ob&ckaigr Saydhi 68 AT Boh OhaEHe@scfi | m
Igﬂgg§r§ggh that an upper layer 5 of the two or nore
| ayers has’a thicker filmthickness and a hi gher gas

pr essur efarmihgchnt hadkajayeirs ohothedbatkiagnpaykgon

to a layg r.th er._10. A nethod of
nanufactuérs}ﬂﬁglq %%gﬁ%??c %%ié#%ﬂ%ﬁyeﬁquéghﬁnﬁnéérlaYerf
c8Rprising the steps of: forning a backing | ayer on a

non- Mgnebiing URStE@bLa: AQ" 1 &rarga#{‘&fré %S% gﬂ?c?%@&lar
backlng,lager; formng an interned ate” | ayer R e
AT ayer an148tBARY 8Pnthe ankeswedingel dpaerhavindy a
per pendi enéaeinMBB8estEp aBE SESFRPNG Hhd hend SERETBIL &L fayer
I§ eg,sggd %hgreln the step of formng the B
i nternBdrat 811 ayérrg 3@ﬂﬁﬂ5QﬁmQQﬁQHQ1 aer including two
i prempeei dayelkay by iforimiding@Hevawo or more layers as film
layers such that an upper layer of the two or more
layers has a thicker film thickness and a higher gas
pressure at which the layer is formed in comparison to a
layer under the upper layer, and
wherein the step of forming the underlayer is a step
of forming an underlayer that is a Ni-Cr layer having a face
centered cubic structure.

11. The method of manufacturing a magnetic
recording medium according to claim 10, wherein the step
of forming the intermediate layer is a step of forming
an intermediate layer including two or more layers that

each have a non-magnetic, hexagonal close packed
structure.
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20 or nore layers by formng the two or nore |ayers as

film layers such that an upper |ayer of the two or

nore |ayers has a thicker- 2Pl mthi ckness and a hi gher

gas pressure at which the layer is fornmed in

conpari sap. t Tha mb?hf&ﬁ wfdﬁfaridh I%dﬂiﬁe,l.d lrnc_:} &Y Qllagradtth @5
rein.the step o Qrm.n e ynder er .is a st

o S or iR BRSPS B PR STAO 18 MRS Ry Step

aof atermingt thed iculsirmestiratod UreeyeB0idla Fbepnefhbdrafing an

net.i secordin [ rdin

R e i el i e

i ReéRdedi Buelp¥9Er is a step of formng an

internediate layer including two or nore | ayers that

each have _a non-magnetic, hexagonal c|ose packed 35
structuré3- B -hoh o frdtayif ant Wakng o2 t TRIRGE HC

Meget 'ditng e@:mdimng?dt&mf 'mgac?@r@w;tgmtpog!@%&%gn the step
n_t.he ep . ormn e internedi ate |layer is

20 Bt i e e diAte (T Svel 508 $oep wof hEormens

ormung dranestis temclayebei mglad Rugl ayer lafdrsThensridtdthg of

ofy AR i [ [ dj medi u .

ool iz R S RO fond Al LR Y e rrie

t hd lmeer i diwdmy@ayes nade epf RRu fat nd ngad Opaassure of

| ot.grmed abe el udi ng: I S, SOonsi st i 0

a | ower Ru Iay%ﬁdﬁnﬁpﬁﬁﬁl%ﬁ,a%yﬁ%r nﬂbﬁgraiayer

f PReadtt Ry 1Bdwd I35 ArepirofoRB Raa gas pressure
of 0.67 Pa and, further, formng a filmas the upper

| ayer mage, ofh&Bumathaddag RE8SFHCRuing %amﬁgié%%c
The nethod of nuf act ur I ng

ng a magnetic “recordi

mEECOrCA Lo MM GSACK rzﬂ),t%%raevﬁ }he Whegeinfthe step
fonf_rrifog'nﬁln?_ iune{ﬂmcﬁmﬁ&iz}ayéfléﬁeﬁ %ée'@ stebobtl F@rming
an_i r.nedi at yer ingc [ two Ru_l ayers .
canePEERRTT e B Finrmr et 14y "D B Lpperepgonsisting
| @fer, liowefroRy rigyeer famdn ais thpekoRer lhgyer, Wy dodnting a
nﬁqgmogsRﬂh%nch@QSQayer which is made of Ru and whose

thickness is 9 nm and, further, forming a film as the

upper layer which is made of Ru and whose thickness is
11 nm.

15. The method of manufacturing a magnetic
recording medium according to claim 10, wherein the step
of forming the backing layer is a step of forming a
first soft magnetic layer made of an amorphized material

’

forming a non-magnetic layer on the first soft magnetic
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thickness is 9 nmand, further, formng a filmas the
upper layer which is nmade of Ru and whose thickness is
11 nm 25 15. The net hod oRlinanufacturing a nagnetic
recordi ng medi um according to claim10, wherein the

step of formng the backing |ayer is a step of

f b2Yiehg andf fesmingfa ﬁﬂgﬂ@(gii gofnyepagnatécolagar made of
agRr ; e ; r g non- [ yer
T e T P A
second soft nmagnetic |ayer nmade of an anor phized

mat eri allon The mebkheadgpét enpiperurisg Fheagoerdd of
e 4l Mk i IR £ Tnd Q6T i i MBSl WAASEEOH ARG step
to claim10, wherein the step of formng the backing

| Qfert POIPE (T HFI R n{pBET PR SBEP RAgherming a

| dfars tmadef tofmaCmeterZI-ahfer fgdde " aCo K- 200ne} | forming a

I e.of Ruon the first soft tic |ayer .
a%ﬁ%‘{r%%ﬁ' g SF,i S5 S %Sad?ﬁét?rb thg% gf.rgl T (?f/t fipgnetic
Cd-aerZr arel dionnmengion-secerd | sofaysagnetic layer made of

Co-Fe-Zr-Ta on the non-magnetic layer.



