Perpendicular Magnetic Recording Medium and Manufacturing Method Thereof Technical Field of the
Invention The present invention relates to a perpendicular magnetic recording medium and a
manufacturing method thereof, and more specifically to a perpendicular magnetic recording medium
for which magnetic domain wall formation in a soft magnetic layer is suppressed to reduce noise, and
a manufacturing method thereof. Prior Art As art for realizing increased recording density in magnetic
recordingg ¢heperpendicutaMaagaetic reeardingi metMed isiratiracdtiMg attéatibm asan Hkberhative to the
conventional longitudinal magnetic recording method. A perpendicular magnetic recording medium
has a maghetie edcording layer made of a hard magnetic material, and a backing layer made of a soft
magnetic material that has a role of concentrating magnetic flux generated by a magnetic head used
in recording to the magnetic recording layer. Spike noise, which is one type of noise that is a problem
with a perpendicular magnetic recording medium having such a structure, is known to be due to
magneticlfsthaihcRalisTerhedCih theSoftiiagiétitayer that constitutes the backing layer. To reduce
noise with a perpendicular magnetic recording medium, it is thus necessary to suppress magnetic

domain wall formafiEn K SAERbittMEGREtCPadiGlG ffertc @ perpendicular magnetic

recording medium and a manufacturing method thereof, and more
specifically to a perpendicular magnetic recording medium for
which magnetic domain wall formation in a soft magnetic layer is

suppressed to reduce noise, and a manufacturing method thereof.

Prior Art

As art for realizing increased recording density in magnetic
recording, the perpendicular magnetic recording method is
attracting attention as an alternative to the conventicnal
longitudinal magnetic recording method. A perpendicular
magnetic recording medium has a magnetic recording layer made of
a hard magnetic material, and a backing layer made of a soft
magnetic material that has a role of concentrating magnetic flux
generated by a magnetic head used in recording to the magnetic
recording layer. Spike noise, which is one type of noise that is
a problem with a perpendicular magnetic recording medium having
such a structure, is known to be due to magnetic domain walls formed
in the soft magnetic layer that constitutes the backing layer. To
reduce noise with a perpendicular magnetic recording medium, it
is thus necessary to suppress magnetic domain wall formation in

the soft magnetic backing layer.



1 With regard to controlling magnetic domain walls in a soft magnetic backing layer, for example a
method in which a ferromagnetic layer of a Co alloy or the like is formed above or below a soft
magnetic backing layer, and is magnetized in a desired direction to fix the magnetization thereof [see,
for example, Japanese Patent Application Laid-open No. 6-180834 (paragraph no. 0029, Fig. 1)], and
a method in which an antiferromagnetic thin film is formed and the magnetization is pinned by using
exchang@ touplimg {ses] fot exampte; JapanesendRatentiApplization Laxd-open Noa 18eX14719
(paragraph no. 0009, Fig. 2)] have been proposed. Problems to be Solved by the Invention With the
method inagett controbofkhagnétiydomalirwabs dsipdried owttthrolighrexchange oupling with the
soft magnetic backing layer using an antiferromagnetic layer as a magnetic domain controlling layer,
if sufficiefieechpmgesiolplihg tah I chtamed! Hveh eiadrieticlddigairswan forashtveinahe soft
magnetic backing layer can be suppressed, and hence the method is very effective. However, to
obtain suificiént efch&tde colipiity tor eRamiplé ds HitiSdted IR PatehtBSEMRTEReE hiatifg
treatment_is required to bring out the properties of the soft magnetic backing layer after the film
formatiorf i< ReatifAd Featment htsthe ddtfeddBb i HAdhy W WRTIE 3pp! a nt&dnetic field in

the
example, Japanese Patent Application Laid-open No. 6-180834

(paragraph no. 0029, Fig. 1)], and a method in which an

antiferromagnetic thin film is formed and the magnetization is
pinned by using exchange coupling [see, for example, Japanese
Patent Application Laid-open No. 10-214719 (paragraph no. 0009,

Fig. 2)] have been proposed.

Problems to be Solved by the Invention

With the method in which control of magnetic domain walls
is carried out through exchange coupling with the soft magnetic
backing layer using an antiferromagnetic layer as a magnetic
domain controlling layer, if sufficient exchange coupling can be
obtained, then magnetic domain wall formation in the soft
magnetic backing layer can be suppressed, and hence the method is
very effective. However, to obtain sufficient exchange coupling,
for example as indicated in Patent Document 2, heating treatment
is required to bring out the properties of the soft magnetic backing
layer after the film formation. This heating treatment must be
carried out for a long time while applying a magnetic field in the
radial direction, and hence there has been a problem that the

method is not suited to mass production.



radial direction, and hence there has been a problem that the method is not suited to mass
production. 2 Moreover, with the method in which a backing layer is constituted by forming on top of
one another a soft magnetic layer and an antiferromagnetic layer a plurality of times as indicated, for
example, in Patent Document 1, the structure of the backing layer is complex, and hence there has
again been a problem that the method is not suited to mass production. In view of the problems
described above Mt issary ebject ot thee preseat inv@ntion ¥ provide apekperdidulgemanmetic
recording medium having reduced noise, and a method of manufacturing such a perpendicular
magneticaersitditig rredlibm fhamisrstited temads predactivim Meansdéit Sohgmg thecPreblems In the
present invention, to attain the above object, according to claim 1, in the case of a perpendicular
magnetic2 Pstorfing diedidnrnn e at feast bavaitiferromiagielié taye? fa tddtemagfietic layer, a
magnetic recording layer, a protective layer and a liquid lubricant layer are formed on a nonmagnetic
substratel 6 péfgehdicREr FHEgHRtR récdrafgEme W@%r]actgﬁfeé’bf/%’i/ﬁf@eaﬂ%ﬁ@ﬁation

controlling er that is made of a material comprising at least Ni and Fe and having at |east one

la
element SAESERGrOMIRE JrOUPEBNS NG BEB MiIFGngere has again been aproblem

that the method is not suited to mass production.

In view of the problems described above, it is an object of
the present invention to provide a perpendicular magnetic
recording medium having reduced noise, and a method of
manufacturing such a perpendicular magnetic recording medium

that is suited to mass production.

Means for Solving the Problems

In the present invention, to attain the above object,
according to claim 1, in the case of a perpendicular magnetic
recording medium in which at least an antiferromagnetic layer, a
soft magnetic layer, a magnetic recording layer, a protective
layer and a liquid lubricant layer are formed on a nonmagnetic
substrate, the perpendicular magnetic recording medium is
characterized by having an orientation controlling layer that is
made of a material comprising at least Ni and Fe and having at
least one element selected from the group consisting of B, Nb and
Si added thereto, and is formed immediately below the
antiferromagnetic layer, and a seed layer that is made of Ta, and

is formed immediately below the orientation controlling layer.



Si added thereto, and is formed immediately below the antiferromagnetic layer, and a seed layer that
is made of Ta, and is formed immediately below the orientation controlling layer. 3 According to claim
2, in the case of the perpendicular magnetic recording medium according to claim 1, the
perpendicular magnetic recording medium is characterized by further having an exchange bias field
controlling layer that is made of an alloy containing at least Fe and Co, and is formed between the
antiferromagnetié\tayer dhddghetsoftohagnetic layer. t Aecardawy tofcldine 3pmnhendsewf e
perpendicular magnetic recording medium according to claim 1 or 2, the perpendicular magnetic
recordingna@iaitim §s eharaddnzeaadtian grcamiénentaysdticiiayer i§heage opandisalley, and the
soft magnetic layer is made of an NiFe alloy, a sendust alloy or an amorphous Co alloy. According to
claim 4, MaHEHSE of A7 peTehdiafidiadgheteaEesidnig ity dctbFdifg tdeiaimal, Por 3, the
perpendicular magnetic recording medium is characterized by being disk-shaped, and in that the
direction of FRYHERiZRHGT of SaidPs P RagMetic ket 3¢/ fie réa?aﬁ direclieriisf the MBdRM.%According

to claim 5, in the case of a method of manufacturing a di,sk-sh?r]{eiﬁdiferpendicular magnetic recording

medium RARARA &L BasCar SAtFeromagietic fayet"d sbft m& By&meSn the

antiferromagnetic layer and the soft magnetic layer.

According to claim 3, in the case of the perpendicular
magnetic recording medium according to claim 1 or 2, the
perpendicular magnetic recording medium is characterized in that
the antiferromagnetic layer is made of an Mn alloy, and the soft
magnetic layer is made of an NiFe alloy, a sendust alloy or an

amorphous Co alloy.

According to claim 4, in the case of the perpendicular
magnetic recording medium according to claim 1, 2 or 3, the
perpendicular magnetic recording medium is characterized by
being disk-shaped, and in that the direction of magnetization of

said soft magnetic layer is the radial direction of the medium.

According to claim 5, in the case of a method of manufacturing
a rdisk—shaped perpendicular magnetic recording medium in which
at least an antiferromagnetic layer, a soft magnetic layer, a
magnetic recording layer, a protective layer and a liquid
lubricant layer are formed on a nonmagnetic substrate, the method

is characterized by comprising a step of carrying out heating to



magnetic recording layer, a protective layer and a liquid lubricant layer are formed on a nonmagnetic
substrate, the method is characterized by comprising a step of carrying out heating to 4 a blocking
temperature or above after depositing the antiferromagnetic layer and the soft magnetic layer, and a
step of cooling to the blocking temperature or below in a static magnetic field applied in a radial
direction of the medium. Brief Description of the Drawings Fig. 1 is a schematic drawing showing the
structuresofal pekiarwlidiapmaghete recordipng raeditire acctrding it g ebfisodiment of the present
invention. Fig. 2 is a schematic drawing illustrating the application of a magnetic field in the radial
direction ¥t tHd stFsiRe vt bl pelgerfiic BCmayRetie Fecatamehétiuka YERboa e RtsTFeRe
Invention Following is a detailed description of embodiments of the present invention with reference to
the drawfigs. #9 @l pBFberidficiaF niagnetic Pecdramigehadivht aborBft® the presdrt tikGention, an
orientation controlling Ia%](:r is provided immediately below an antiferromagnetic layer, this being with

an obje@¥FHRproving feccrySRMhRY ahd Gtientstich of the S &hd8hofaghRfic TS/t Hhd

strengthening the exchange bias field. A material comprising NiFe having at least one element

Brief Description of the Drawings
Fig. 1 is a schematic drawing showing the structure of a
perpendicular magnetic recording medium according to an

embodiment of the present invention.

Fig. 2 is a schematic drawing illustrating the application of a
magnetic field in the radial direction of the substrate of a

perpendicular magnetic recording medium.

Embodiments of the Invention

Following is a detailed description of embodiments of the
present invention with reference to the drawings. In a
perpendicular magnetic recording medium according to the present
invention, an orientation controlling layer is provided
immediately below an antiferromagnetic layer, this being with an
object of improving the crystallinity and orientation of the
antiferromagnetic layer and strengthening the exchange bias
field. A material comprising NiFe having at least one element
selected from the group consisting of B, Nb and $Si added thereto
is used for the orientation controlling layer. Moreover, to

improve the crystallinity and orientation of the orientation



selected from the group consisting of B, Nb and Si added thereto is used for the orientation controlling
layer. Moreover, to improve the crystallinity and orientation of the orientation 5 controlling layer, a
seed layer made of Ta is provided. According to the above constitution, compared with a conventional
orientation controlling layer made of NiFeorNiFeCr, interdiffusion between Ta atoms, and Ni atoms
and Fe atoms at the interface with the seed layer is suppressed. Furthermore, an initial growth layer
of the orientstionlcohtalliry Ryerai.ecadhirmpant ofabicknessa Olto Rraw tkchas Ratticerdéfedts and
poor crystallinity, is suppressed. The crystallinity and orientation of the antiferromagnetic layer can
thus be ifprotveg nidrethas Withtd tcohventorsorirAtdiofidontdllpEgat FaRhérmore, an
exchange bias field controlling layer is provided between the antiferromagnetic layer and the soft
magnetiCrRy &R tRis BE e ARt & JOHPQCE%Y @t?éﬁ‘f@‘?ﬁé?ﬁﬁ\éltﬁ% C&XEhARGE biAaB Fiefd Anfaifoy Eontaining
at least Fe and Co is used for the exch,angte bias field controlling layer. Fig. 1 shows the structure of a

perpendiRGiaY HEY A& FeESTding hetiufi-S8Eoriiy IS5 ah EMiSodimétorREPré&&tt iMvdition. The

perpendicular magnetic recording medium has a structure in which a seed layer 2, an orientation
8r‘lLaye r;fl% ]ﬁgf?cs%y'erf hermore, an %lag(ﬂﬁﬁd\’& ayer

controllin (3yse(?%, an antiferrd ,%ﬁtexc ange bias fi&hd ‘con
of the orientation controlling layer, i.e. a thin part of thickness
0 to 2 nm that has lattice defects and poor crystallinity, is
suppressed. The crystallinity and orientation of the
antiferromagnetic layer can thus be improved more than with a

conventional orientation controlling layer.

Furthermore, an exchange bias field controlling layer is
provided between the antiferromagnetic layer and the soft
magnetic layer, this being with an object of strengthening the
exchange bias field. An alloy containing at least Fe and Co is

used for the exchange bias field controlling layer.

Fig. 1 shows the structure of a perpendicular magnetic
recordingmediumaccording to an embodiment of the present invention.
The perpendicular magnetic recording medium has a structure in
which a seed layer 2, an orientation controlling layer 3, an
antiferromagnetic layer 4, an exchange bias field controlling
layer 5, a soft magnetic backing layer 6, a underlayer 7, a
magnetic recording layer 8 and a protective layer 9 are formed in
this order on a nonmagnetic substrate 1, and a liquid lubricant

layer 10 is further formed thereon. As the nonmagnetic substrate



layer 5, a soft magnetic backing layer 6, a underlayer 7, a magnetic recording layer 8 and a protective
layer 9 are formed in this order on a nonmagnetic substrate 1, and a liquid lubricant layer 10 is further
formed thereon. As the nonmagnetic substrate 6 1, for example a crystallized glass, a strengthened
glass, or an Al alloy plated with NiP as used with ordinary magnetic recording media can be used.
The seed layer 2 improves the crystallinity and orientation of the orientation controlling layer 3. Ta is
preferablerad the HafeRir Ehethickess i prefeétatty not nsdreaRals 1onsf Hlthas thesedd layer 2
will be amorphous or microcrystalline. The orientation controlling layer 3 improves the crystallinity and
orientatidhtof tHePnBrefropthgiietlt IalBras Theematdtd iR preterabfadnatetial E6R@NH TG Gt least Ni
and Fe having at least one element selected from the group consisting of B, Nb and Si added
thereto. TRE ttckifdssi§ préterhbly at least 3 nm so that sufficient crystal growth is observed. For the
antiferromagnetic layer 4, an Mn alloy such as FeMn, CoMn or IrMn can be used. There are no
particular limitations on the thickness, but this is preferably approximately 2 nm to 30 nm so that a
suitable level of.q‘.xchan%% qgg;}n{l{ien]g bs obtained and so as_to bﬁilii;[ledcto mass produg'[ail%nl.o‘l;lhe

. e S 1lmproves he crysta 1 ana orien
exchange bias flella con qhng ayers |m%roves the Y Y

of the orientation controlling layer 3. Ta is preferable as the
material. The thickness is preferably not more than 10 nm so that
the seed layer 2 will be amorphous or microcrystalline. The
orientation controlling layer 3 improves the crystallinity and
orientation of the antiferromagnetic layer 4. The material is
preferably a material containing at least Ni and Fe having at
least one element selected from the group consisting of B, Nb and
Si added thereto. The thickness is preferably at least 3 nm so
that sufficient crystal growth i1s observed. For the
antiferromagnetic layer 4, an Mn alloy such as FeMn, CoMn or IrMn
can be used. There are no particular limitations on the
thickness, but this is preferably approximately 2 nm to 30 nm so
that a suitable level of exchange coupling is obtained and so as

to be suited to mass production.

The exchange bias field controlling layer 5 improves the
exchange bias field. As the material, an alloy containing at
least Fe and Co such as FeCo, FeCoNi, FeCoB or FeCoNiB can be used.
Considering productivity, the thickness is preferably made to be
not more than 20 nm. As the soft magnetic backing layer 6, a

crystalline system such as an NiFe alloy or a sendust (FeSiAl)



exchange bias field. As the material, an alloy containing at least Fe and Co such as FeCo, FeCoNi,
FeCoB or FeCoNiB can be used. Considering productivity, the thickness is preferably made to be not
more than 20 nm. As the soft magnetic backing layer 6, a crystalline system such as an NiFe alloy or
a sendust (FeSiAl) 7 alloy, or else an amorphous Co alloy such as CoZrNb or CoTaZr can be used.
Regarding the thickness, the optimum value will vary according to the structure and characteristics of
the magrietitOHead UsetSiR %%o?&lﬁ@?@@%ﬁﬁdéﬁi@éils?jlﬁlkbdil%ti@ﬂﬁrtﬂ% WickAEs< s Brgterably in
a range of 10 nm to 500 nm. Assuming a commonly used disk-shaped medium, the magnetization of
the soft Raghefic backimALserd ik8d b Hhtkfomagictic SRHHRGE ¥&dptngd breférdbly applied

in the radial direction of the substrate as shown in Fig. 2. For the ma%netic recgrding layer 8, a

commonf UERECBErPE MitaFial OF &idea Grafiiar HabReie Tecrding 18yer e e 1
nonmagnetic grain boundaries that surround the ferromagnetic crystal grains, comprise a.nonmagnetic
nonmeta,ea%ogzﬁ-iﬁa aﬁl%yrgﬁgﬁf (génl%to%%%m%ﬁﬁasyleér%ﬁ%nogr (‘?(;f/ t of &% ,ta%rY %Ef oré]elrgd alloy,
or the like gan feused, Note that o use the magnglic regoiding medium as,a perpendiuiar, magnetic
it
recording medium, the ferromagnetic Crystal grains'must have perpendicular anisotropy relative to the
f””'man%:%@HﬂaﬁiyﬂﬁéEBdS@@%aéhaped medium, the magnetization of the soft

magnetic backing layer 6 fixed by antiferromagnetic exchange
coupling is preferably applied in the radial direction of the

substrate as shown in Fig. 2.

For the magnetic recording layer 8, a commonly used CoCrPt
material, or else a granular magnetic recording layer in which the
nonmagnetic grain boundaries that surround the ferromagnetic
crystal grains comprise a nonmagnetic nonmetal, an RE-TM alloy
such as TbCo, a multilayer film of Co/Pt or Co/Pd, an FePt ordered
alloy, or the like can be used. Note that to use the magnetic
recording medium as a perpendicular magnetic recording medium,
the ferromagnetic crystal grains must have perpendicular
anisotropy relative to the film plane. Moreover, the underlayer
7 can be provided as appropriate in accordance with the material

of the magnetic recording layer.

For the protective layer 9, for example a thin film
comprising mainly carbon can be used. For the liquid lubricant

layer 10, for example a perflucropolyether lubricant can be used.



7 can be provided as appropriate in accordance with the material of the magnetic recording layer. For
the protective layer 9, for example a thin film comprising mainly carbon can be used. For the liquid
lubricant layer 10, for example a perfluoropolyether lubricant can be used. 8 As a method of
manufacturing the perpendicular magnetic recording medium, a method can be used in which heating
is carried out to the blocking temperature or above, which is the temperature at which the
antiferromagnetié &xehajeesuptihgris Nesa ahd the cobindrraendd sut dswhagues blocking
temperature or below in a static magnetic field controlled, for example, using permanent magnets.
This meth8& 3 dd8@ wittear Whjective®F EBRfollFgthBInagiesizafioi direbtidi6fthes oS magnetic
backing layer 6 to all be in a single direction. In the case of carrying out the heating after depositing
the antifefbmathelt faye? 4087 PSS RAghBHE BRekiHg Faysr 6 B0 Befors HePodifing ire

magnetic recording layer 8, if the heating temperature exceeds the blqcking temperature, then the
nformoBBRERE BN e Lo ACAIr AT RRGE the NorAREgEiBackify tyer 6

e e e o LA Bl e e

mmnsmmggﬁgérature or below in a static magnetic field controlled, for
example, using permanent magnets. This method is used with an
objective of controlling the magnetization direction of the soft
magnetic backing layer 6 to all be in a single direction. 1In the
case of carrying out the heating after depositing the
antiferromagnetic layer 4 and the soft magnetic backing layer 6
but Dbefore depositing the magnetic recording layer 8, if the
heating temperature exceeds the blocking temperature, then the
antiferromagnetic exchange coupling will disappear, and hence the
soft magnetic backing layer 6 magnetization fixing effect will
be lost. If even a slight external magnetic field is applied in
this state, then the magnetization of the soft magnetic backing
layer 6 will be disordered, and magnetic domain walls will arise.
When the temperature drops to the blocking temperature or below
and hence exchange coupling arises once again, the
magnetization and the magnetic domain walls will then become
fixed as is. A method is thus used in which the magnetic recording
medium is held in a static magnetic field while cooling down to
the blocking temperature or below. According to this method, the

soft magnetic backing layer 6 magnetization fixing effect can be

obtained over the whole of the substrate. The strength of the



When the temperature drops to the blocking temperature or below and hence exchange coupling
arises once again, the magnetization and the magnetic domain walls will then become fixed as is. A
method is thus used in which the magnetic recording medium is held in a static magnetic field while
cooling down to the blocking temperature or below. According to this method, the soft magnetic
backing layer 6 magnetization fixing effect can be obtained over the whole of the substrate. The
strength 8Fthels sEaRNRadretic el Musthesudi fiat thé nddietRagss bi- a2 143t thd ekEhange
bias field_controlling layer 5 and the soft magnetic backing layer 6 reaches saturation, and is
preferably Sa5hrokifatel 50 19 2066 &, FbioRing et ekampids bf #ie pres@RfintBtice Note that
the present invetnIionbis ngt Iimitﬁd to the6followir}9 examgles, tbut rather \éarious mo ifica.gtins can be
made so' 161G &S tiTe Gist ‘of te preSent invertion 1s ndt déViated romExamplé™t Usiig'a chemically
strengthened glass substrat vin h surfaces (for example, an N-10 glass substrate made by
Hoya) asatﬂgrr%)?lrﬁngg%ne;i% sgu ::tcrgtgl, (?qusp\?\clgaes'washed and then put into a sputtering apparatus. A Ta
seed layer was deposited to a thickness of 5 nm using a Ta target, and then an NiFeB orientation
controlling layer was deposited to a thickness of 10 nm using an

Following are examples of the present invention. Note that
the present invention is not limited to the following examples,
but rather various modifications can be made so long as the gist

of the present invention is not deviated from.

Example 1

Using a chemically strengthened glass substrate having
smooth surfaces (for example, an N-10 glass substrate made by
Hoya) as the nonmagnetic substrate, this was washed and then put
into a sputtering apparatus. A Ta seed layer was deposited to a
thickness of 5 nm using a Ta target, and then an NiFeB orientation
controlling layer was deposited to a thickness of 10 nm using an
NigsFei2Bs; target. Heating was then carried out using a lamp
heater until the substrate surface temperature was 350°C, and
then an IrMn antiferromagnetic layer was deposited to a
thickness of 10 nm using an IrpgMng, target, and then a CoZrNb
amorphous soft magnetic backing layer was deposited to a

thickness of 100 nm using a Cog7ZrsNbg target.

Next, a Ti underlayer was deposited to a thickness of 10 nm

using a Ti target, and then a CoCrPt magnetic recording layer was
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NiBsFel12B3 target. Heating was then carried out using a lamp heater until the substrate surface
temperature was 350C, and then an IrMn antiferromagnetic layer was deposited to a thickness of 10
nm using an Ir2Z0Mn80 target, and then a CoZrNb amorphous soft magnetic backing layer was
deposited to a thickness of 100 nm using a Co87Zr5Nb8 target. Next, a Ti underlayer was deposited
to a thickness of 10 nm using a Ti target, and then a CoCrPt magnetic recording layer was 10
depositedep asthickAess ©f 204 isirisa GO nC20PLE tager. HeafingWwasdaheaxaertied out again
using a lamp heater until the substrate surface temperature was 350C, and then immediately
afterward e8siipwas Tdried ot i 150CIH a 2060 O e Magndiic FiERt Ehallyt a bréktive layer
was deposited to a thickness of 10 nm using a carbon target, and then the magnetic recording
medium WETERTIVRd T ATE vASTIA Ehparsius 2The Meosifiditot &Irsf thenayeratds/carried out
by DC magnetron sputtering under an Ar gas pressure of 5 mTorr. Afterward, a 2 nm liquid lubricant
layer mad ‘Eﬁ%wﬁérf:ﬁjoﬂ%ﬁiy}étﬁer‘@\?a% forhed eGsiRy & dippihg trethdd, ndL B deRinkithed
perpendicularerpg ng[i'cei%cord'knignrgf ium. ExamE)IGe %Av%erfgndicular m%%negisc,:irgggrqci%g gnedium
was prodUitedas' in

xample 1, excep Ythaf tHe orientation contybelﬁng‘f 'Iaasi/er as
thickness of 10 nm using a carbon target, and then the magnetic
recording medium was removed from the vacuum apparatus. The
deposition of all of the layers was carried out by DC magnetron
sputtering under an Ar gas pressure of 5 mTorr. Afterward, a 2
nm liquid lubricant layer made of a perfluoropolyether was formed

using a dipping method, thus producing the perpendicular

magnetic recording medium.

Example 2
A perpendicular magnetic recording medium was produced as
in Example 1, except that the orientation controlling layer was

deposited to a thickness of 10 nm using an Ni,gFe;;Nbg target.

Example 3
A perpendicular magnetic recording medium was produced as
in Example 1, except that the orientation controlling layer was

deposited to a thickness of 10 nm using an NigsFe,Si; target.

Example 4
A perpendicular magnetic recording medium was produced as

in Example 1, except that after depositing the IrMn

11



deposited to a thickness of 10 nm using an Ni79Fel2Nb9 target. Example 3 A perpendicular magnetic
recording medium was produced as in Example 1, except that the orientation controlling layer was
deposited to a thickness of 10 nm using an Ni84Fel2Si4 target. Example 4 A perpendicular magnetic
recording medium was produced as in Example 1, except that after depositing the IrMn 11
antiferromagnetic layer but before depositing the CoZrNb soft magnetic backing layer, a CoFe
exchangéblasiRild eBagsiftd Jayemfas BepoSitddica diBatessate it aNoFsHelo target.
Example 5 A perpendicular magnetic recording medium was produced as in Example 2, except that
after depB&iBRG tHE IR Antiterrdmaghetié 14yeF DUt BERFB HeposiifgthE FbARB L etic
backing layer, a CoFe exchange bias field controlling layer was deposited to a thickness of 2 nm
uaing & CHOFFO A B0 EARREIA B A pepEINET A ThagnblcEL g ach i v Biduced as

in Example 3, except that after depositing the IrMn antiferromagnetic layer but before depositing the
CoZrNb soft magnetic backing layer, a CoFe exchange bias field controlling layer was deposited to a
thicknessEof 2 nm u%'ng a Co9oFelo target.

Xample

A perpendicular magnetic recording medium was produced as
in Example 2, except that after depositing the IrMn
antiferromagnetic layer but before depositing the CoZrNb soft
magnetic backing layer, a CoFe exchange bias field controlling

layer was deposited to a thickness of 2 nm using a CoggFe;p target.

Example 6

A perpendicular magnetic recording medium was produced as
in Example 3, except that after depositing the IrMn
antiferromagnetic layer but before depositing the CoZrNb soft
magnetic backing layer, a CoFe exchange bias field controlling

layer was deposited to a thickness of 2 nm using a CogoFeyp target.

Example 7
A perpendicular magnetic recording medium was produced as
in Example 4, except that the exchange bias field controlling

layer was deposited using a CogsNijsFez, target.

Example 8
A perpendicular magnetic recording medium was produced as

in Example 5, except that the exchange bias field controlling layer

12



Example 7 A perpendicular magnetic recording medium was produced as in Example 4, except that
the exchange bias field controlling layer was deposited using a Co65Ni13Fe22 target. Example 8 A
perpendicular magnetic recording medium was produced as in Example 5, except that the exchange
bias field controlling layer 12 was deposited using a Co65Nil3Fe22 target. Example 9 A
perpendicular magnetic recording medium was produced as in Example 6, except that the exchange
bias field"Eoht@RPQYAFE Wi dehodite wbihe ACo65NFESHe22 target. Example 10 A perpendicular
magnetic recording medium was produced as in Example 4, except that the exchange bias field
controlling Iayer was deposited using a (Co65Ni13Fe22) 94B6 target. Example 11 A perpendicular
magnetlc recor edium was produced as in Example 5, except that the exchange bias field
controlling1ay& ﬁ/a deposited using a (Co65Ni13Fe22) 94B6 target. Example 12 A perpendicular

magnetic recordlgg medium was Produced as . in Exam I 6hexce%t that the exchang éas field
controlling layer * PErPendicular magnetic rec QP& RER Wes 28

in Example 6, except that the exchange bias field controlling layer

was deposited using a CogsNijzFes, target.

Example 10
A perpendicular magnetic recording medium was produced as
in Example 4, except that the exchange bias field controlling layer

was deposited using a (CoesNijszFess)94Be target.

Example 11
A perpendicular magnetic recording medium was produced as
in Example 5, except that the exchange bias field controlling layer

was deposited using a (CogsNiijzFess)q9sBe target.

Example 12
A perpendicular magnetic recording medium was produced as
in Example 6, except that the exchange bias field controlling layer

was deposited using a (CoesNijsFesz)q94Bg target.
Comparative Example 1

A perpendicular magnetic recording medium was produced as

in Example 1, except that the Ta seed layer was not deposited.
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was deposited using a (Co65Ni13Fe22)94 6 target. Comparative Example 1 A perpendicular magnetic
recording medium was produced as in Example 1, except that the Ta seed layer was not deposited.
13 Comparative Example 2 A perpendicular magnetic recording medium was produced as in Example
1, except that the NiFeB orientation controlling layer was not deposited. Comparative Example 3 A
perpendicular magnetic recording medium was produced as in Example 1, except that the Ta seed
layer, thé" RIESE 8fidtatibi 28htfolling layer, the IrMn antiferromagnetic layer and the CoZrNb soft
magnetic backing layer were not deposited. For each of the examples and comparative examples, to

ascertain whethet PR Bt Werd mBgHEHE domait RAfe Rstnid iithe 86Tt RIEhetic HatRing layer,

using a spin stand tester, an evaluation was carried out by carrying out reading in, a state in_which
Sionale ol AEBE it TR B 5 AL G o 00 PAVER R o P chas T ratio of
the fluctuvgttign o tthg mean J\C/gléje of the output was taken as the COV (%) . Spike noise from
magnetic domain walls 18 detected as a locally large signal output, and in the case that the magnetic

domain walls are wavering the size of this signal output fluctuates; it is thus considered

Comparative Example 3

A perpendicular magnetic recording medium was produced as
in Example 1, except that the Ta seed layer, the NiFeB orientation
controlling layer, the IrMn antiferromagnetic layer and the CoZrNb

soft magnetic backing layer were not deposited.

For each of the examples and comparative examples, to
ascertain whether or not there were magnetic domain walls formed
in the soft magnetic backing layer, using a spin stand tester, an
evaluation was carried out by carrying out reading in a state in
which signals had not been written. Reading was carried out for
100 revolutions of the disk, and the ratio of the fluctuation to
the mean value of the ocutput was taken as the COV (%). Spike noise
from magnetic domain walls is detected as a locally large signal
output, and in the case that the magnetic domain walls are wavering
the size of this signal output fluctuates; it is thus considered

that the larger the COV value, the more spike noise is occurring.

Moreover, to investigate the size of the exchange bias field,
samples were produced for which the steps of depositing the Ti

underlayer and the CoCrPt magnetic recording layer were omitted
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that the larger the COV value, the more spike noise is occurring. Moreover, to investigate the size of
the exchange bias field, samples were produced for which the steps of depositing the Ti underlayer
and the CoCrPt magnetic recording layer were omitted 14 from the perpendicular magnetic recording
medium manufacturing process. For these samples for each of the examples and comparative
examples, the magnetization curve was measured in the radial direction of the substrate using a
vibrating SaRibI& RagreBREteC ahathB2XeRARGe BRETTd WasteteuiftedFrom 3¢ Wi-Hfbop
obtained. The results are shown in Table 1. [Table 1] Seed Orientation Exchange bias field Exchange
bias COPEBF§&yer cditfollinG SoRtrSMRE tayer fidld (38 a§dr BXanfpiédPrLRIiFeE!- 18.1 6
Example 2 Ta NiF%Nb -1757 xam@lg 3 TaNiFeSi-17.17 Exam%Ie 4 Ta NiFeB CoFe 27.6 5
Examplecéoﬁng?\ﬁﬁeﬁge(:ce)ﬁ@% 157 EX %ﬁ%@?aﬁ\ﬁﬁééf)&o%ré’&S 5 %%S%%Fer?drol RIiF—'e@ CoFeNi
295 Exa}:rgglfa%Tgil\ll_’lggygo%og%l\lIt%8é485uk§§(€£n£c|% 91.126}1’}'(';':%8%%%@% Ii2n8g'6 ssample
magnetometer, and the exchange bias field was calculated from the

M-H loop obtained. The results are shown in Table 1.

[Table 1]
Seed Orientation | Exchange bias field | Exchangebias | COV (%)
layer | controlling controlling layer field (Oe)
layer

Example 1 Ta NiFeB - 18.1 6
Example 2 Ta NiFeNb - 17.5 7
Example 3 Ta NiFeSi - 17.1 7
Example 4 Ta NiFeB CoFe 27.6 5
Example 5 Ta NiFeNb CoFe 27.1 5
Example 6 Ta NiFeSi CoFe 26.5 5
Example 7 Ta NiFeB CoFelNi 29 5
Example 8 Ta NiFeNb CoFeNi 28.4 5
Example 9 Ta NiFeSi CoFeNi 28.6 5
Example 10 Ta NiFeB CoFeNiB 31.4 5
Example 11 Ta NiFeNb CoFeNiB 31.2 5
Example 12 Ta NiFeSi CoFeNiB 30.4 5
Comparative NiFeB - 8.2 11
Example 1

Comparative Ta - - 0 23
Example 2

Comparative - - - - 5
Example 3

The relationship between the size of the exchange bias
field and the layer structure will now be discussed. Comparing
Example 1 and Comparative Example 2, with Comparative Example 2
in which there was no NiFeB orientation controlling layer, the
exchange bias field was 0, i.e. exchange coupling did not occur,
and hence the necessity of the orientation controlling layer is
clear. Comparing Example 1 and Comparative Example 1, with
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Example 10 Ta NiFeB CoFeNiB 31.4 5 Example 11 Ta NiFeNb CoFeNiB 31.2 5 Example 12 Ta
NiFeSi CoFeNiB 30.4 5 Comparative NiFeR - 8.2 11 Example 1 Comparative Td - - 0 23 Example 2
Comparative - - - - 5 Example 3 The relationship between the size of the exchange bias field and the
layer structure will now be discussed. Comparing Example 1 and Comparative Example 2, with
Comparative Example 2 in which there was no NiFeB orientation controlling layer, the exchange bias
field wasfaeR ERchadge €BUBInG BRI SotGee LR, BhdRETte fiechecassity ¥ 1es 8 fedtatibhtontrolling
layer is clear. Comparing Example 1 and Comparative Example 1, with 15 Example 1 in which there
was a TESEEFRYRrPar hdrb54€ i Bt SB&Rang® dids FrefIRas seel With ExampieidRich
NiFeNb was used, and Example 3.in which NiFeSi was used, for the orientation controlling layer

instead GFIAE NIRBB M EEMHe’L [oxdtErye Thlipiing Eampaiable fPthat16r Bkampiet Hekurred.
F“”hermgéﬁt%Tﬁ’%a%m%ege“ﬁ%%'s“c""Q!?hoaf(?%ﬁS chapag Rigs,field pantoliing layer was added,
Examples™7 16 9 in which'a CoNiFe exchange bias

coupling comparable to that for Example 1 occurred. Furthermore,

with Examples 4 to 6 in which a CoFe exchange bias field controlling

layer was added, Examples 7 to 9 in which a CoNiFe exchange bias

field controlling layer was added, and Examples 10 to 12 in which

a CoNiFeB exchange bias field controlling layer was added, the

exchange bias field was increased compared with Examples 1 to 3.

Next, the relationship between the size of the exchange
bias field and the COVwill be discussed. With Comparative Example
3 in which there was no scoft magnetic backing layer, spike noise
could not occur, and the COV was 5%. On the other hand, with
Examples 4 to 12 for which the exchange bias field was at least
26.5 Oe, the COV was similarly 5%, and hence it can be seen that
spike noise was completely suppressed. Moreover, from Examples
1 to 3 and Comparative Examples 1 and 2, it can be seen that the

highervthe exchange bias field, the lower the COV.

Advantageous Effects of the Invention

As described above, according to the present invention, a
perpendicular magnetic recording medium has an orientation
controlling layer that is made of a material comprising at least

Ni and Fe having at least one element selected from the group
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field controlling layer was added, and Examples 10 to 12 in which a CoNiFeB exchange bias field
controlling layer was added, the exchange bias field was increased compared with Examples 1 to 3.
Next, the relationship between the size of the exchange bias field and the COV will be discussed.
With Comparative Example 3 in which there was no soft magnetic backing layer, spike noise could
not occur, and the COV was 5%. On the other hand, with Examples 4 to 12 for which the exchange
bias fieldWasS afleh’f 2655 Be, NRe TSV Wad Siffrarly 5% Shivd hdRte ft Rk $8¢Fthdt 8dike noise
was completely suppressed. Moreqgver, from Examples 1 to 3 and Comparative Examples 1 and 2, it
can be seéh Tt the thigRer MEExtfianGeBRE ALTHLIGREY tHEEOV. Wi aRtayohe Bffftts of the
Invention As des?rribed akiove, accoiding to the Ertese t invention, 3 lp.erg%ndiculgr mggneti recording
medium 8% 5h Sriehtdion ¥ohtrolling 18y&rthatis made of ARaterial SamprisiHg af feast “Ni and Fe
having at Ieas%%réecgloerrln%r}t I%cted frlo e}tpr% roup Glconsistiqg ofaB, bI\Ib and Si %cei%ed thecgeto, and
e

. t 1
a seed Ia?/]é%ﬁ'nat is‘'made of Ta, and is formed | |atcely Bélow gt;henorlt(aentlalﬁgﬁocontl’olflarrllg layer. As

a result, fhe, srystaliityandssiystal qrientation of the.aqsfeuomagneic lpyer candeimproyed. and

hence the exchange bias field can be strengthened, and thus it becomes possible to suppress spike

NOISE.  pecomes possible to suppress spike noise.

Moreover, according to the present invention, the
perpendicular magnetic recording medium preferably further has
an exchange bias field controlling layer that is made of an alloy
containing at least Fe and Co, and is formed between the
antiferromagnetic layer and the soft magnetic backing layer. As
a result, the exchange bias field can be further increased, and
thus it becomes possible to further improve the suppression of

spike noise.
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Moreover, according to the present invention, the perpendicular magnetic recording medium
preferably further has an exchange bias field controlling layer that is made of an alloy containing at
least Fe and Co, and is formed between the antiferromagnetic layer and the soft magnetic backing
layer. As a result, the exchange bias field can be further increased, and thus it becomes possible to
further improve the suppression of spike noise. 17 Claims 1. A perpendicular magnetic recording
mediumccﬁ?ﬁ%ing: a nonmagnetic substrate; and at least a seed layer, an orientation controlling
layer, an antiferromagnetic layer, a soft magnetic layer, a magnetic recording layer, a protective layer,
and a liquid lubricant layer formed on the nonmagnetic substrate; wherein the antiferromagnetic layer
is composed of an Mn allog,gvr\llgereiqathe seed Ia%/er is composed of Ta, and wherein, the orientation

0

controlling layet is compos _ L& RS SIRAST R Sh & SR AdEaPédlement

selected from the grou C%%%Stings%be Nb, and glmg The perpendicular magnetic recording medium

according to cfaaim?f:l Wherein the seeﬁﬁéf{/ae%felé formed on the substrate, in

at least a seed layer, an orientation controlling layer, an
antiferromagnetic layer, a soft magnetic layer, a magnetic
recording layer, a protective layer, and a liquid lubricant layer
formed on the nonmagnetic substrate;

wherein the antiferromagnetic layer is composed of an Mn
alloy,

wherein the seed layer is composed of Ta, and

wherein the orientation controlling layer is composed of a

material comprising at least Ni and Fe, and at least one element

selected from the group consisting of B, Nb, and Si.

2. The perpendicular magnetic recording medium according
to claim 1, wherein the seed layer is formed on the substrate, in
contact therewith, and the orientation controlling layer is

formed on the seed layer in contact therewith.

3. The perpendicular magnetic recording medium according to
claim 1, further including an exchange bias field controlling
layer composed of an alloy containing at least Fe and Co, formed

between the antiferromagnetic layer and the soft magnetic layer.
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contact therewith, and the orientation controlling layer is formed on the seed layer in contact therewith.
3. The perpendicular magnetic recording medium according to claim 1, further including an exchange
bias field controlling layer composed of an alloy containing at least Fe and Co, formed between the
antiferromagnetic layer and the soft magnetic layer. 18 4. The perpendicular magnetic recording
medium according to claim 1, wherein the soft magnetic layer is composed of an NiFe alloy, a
sendust alloy orfanEorBiduRsEs ity 25 PRIPBHIShAIRGIAF hidihdtcdecBrangthediim B2cording
to claim 2 wherein the soft magnetic Ia%j?r is composed gf an NiFe alloy, a sendust alloy qr an

amorphdts a8 afioy "B Perpenditlar MagReticecordiig mediamiedrding to*dalit BSwherein

the soft rgfgnetic ?ygreir?d%osrgp%i O01‘ %nrNciaFne 5}!1'83} %gegdl#% a(jﬁI y oran amorphous Co alloy. 7.
The perpend(i)éﬁ’lar magnetic recor mé’ medium accoréllng 19 craimi'1, Wherein the substrate is

disk-shaped, and the direction of magnetization of the soft magnetic layer is the radial direction of the
substrate. 8. The perpendicular magnetic recording medium according to claim 2, wherein the

bstrate is di h , jtecti f izati .SOft net ' dial
Zﬁeitggnegfthsgsb:ﬁgt% IG&BQEB%n‘?ﬁe&&'?QP FRRNstization of the; aft Magnelic layes jsthg, radia
to claim 2 wherein the soft magnetic layer is composed of an NiFe

alloy, a sendust alloy or an amorphous Co alloy.

6. The perpendicular magnetic recording medium according
to claim 3 wherein the soft magnetic layer is composed of an NiFe

alloy, a sendust alloy or an amorphous Co alloy.

7. The perpendicular magnetic recording medium according
to claim 1, wherein the substrate is disk-shaped, and the
direction of magnetization of the soft magnetic layer is the radial

direction of the substrate.

8. The perpendicular magnetic recording medium according
to claim 2, wherein the substrate is disk-shaped, and the
direction of magnetization of the soft magnetic layer is the

radial direction of the substrate.

9. The perpendicular magnetic recording medium according
to claim 3, wherein the substrate is disk-shaped, and the
direction of magnetization of the soft magnetic layer is the

radial direction of the substrate.
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9. The perpendicular magnetic recording medium according to claim 3, wherein the substrate is
disk-shaped, and the direction of magnetization of the soft magnetic layer is the radial direction of the
substrate. 19 10. The perpendicular magnetic recording medium according to claim 4, wherein the
substrate is disk-shaped, and the direction of magnetization of the soft magnetic layer is the radial
direction of the substrate. 11. The perpendicular magnetic recording medium according to claim 5,
wherein the substrate is disk-shaped, and the direction of magnetization of the soft magnetic layer is
the radial direction of the substrate. 12, The perr{])endicular magnetic recordin% medium according to

claim 6, whereirt the 50Bdtate ‘iasn(ﬂélg-%gﬁeﬂég § the direChon " SFAGHEtIRAST SF the! $bft ragnetic
layer is tpﬁ ra(rjniaj dir%(étion. nf thcehseubsstlrl%tg.t}:& A met od Qf_ g@nufa}fturing %Qieslgffg%%%dl on

perpendlcu%\% ma{g?'lqe |crreelcording medium cor‘%p?isjir?g fia stepsagf? pr‘o@ilalng a nonmagnetic

substrate; forming,at least, a seed layer, ap orientation contralling fayer, an antiferomagnets layer, a
soft magnetic fgy r, a magnetic recording layer,

direction of the substrate.

11. The perpendicular magnetic recording medium according to
claim 5, wherein the substrate is disk-shaped, and the direction
of magnetization of the soft magnetic layer is the radial direction

of the substrate.

12. The perpendicular magnetic recording medium according to
claim 6, wherein the substrate is disk-shaped, and the direction
of magnetization of the soft magnetic layer i1s the radial

direction of the substrate.

13. A method of manufacturing a disk-shaped perpendicular
magnetic recording medium comprising the steps of:-

providing a nonmagnetic substrate;

forming at least a seed layer, an orientation controlling
layer,

an antiferromagnetic layer, a soft magnetic layer, a magnetic
recording layer,

a protective layer and a liquid lubricant layer on the
nonmagnetic substrate;

wherein the antiferromagnetic layer is composed of an Mn
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a protective layer and a liquid lubricant layer on the nonmagnetic substrate; wherein the
antiferromagnetic layer is composed of an Mn 20 alloy, wherein the seed layer is composed of Ta,
and wherein the orientation controlling layer is composed of a material comprising at 'Least Ni and Fe,
and at least one element selected from the group consisting of B, nb, and Si. 14. The method
according_to claim 13, further comprising the steps of: after forming the antiferromagnetic layer and
the soft?‘rjrs@rYef‘tic layer, but before forming the magnetic recording layer, heating the substrate with
the thus formed Egers.to athblockin%tefnperatu.re or hri(%ler; nd %o%ling thedsubstrate with the thus
formed layer to'tHe rtﬁ(%cr:)king ?erﬁ%éeraturaeyc?rrbejrgwﬁv%i A ep iﬁg a s%tica%agnetic field in a radial

d”ecnon(ﬁtheﬁHg%gyﬁ'g%e orientation controlling layer is composed of a

material comprising at least Ni and Fe, and at least one element

selected from the group consisting of B, nb, and Si.

14. The method according to claim 13, further comprising
the steps of:-

after forming the antiferromagnetic layer and the
soft magnetic layer, but before forming the magnetic recording
layer, heating the substrate with the thus formed layers to a
blocking temperature or higher; and

cooling the substrate with the thus formed layer to the
blocking temperature or below while applying a static magnetic

field in a radial direction of the substrate.

21



