Per pendi cul ar Magneti c Recordi ng Medi um and Manuf acturi ng Met hod Ther eof
Technical Field of the Invention The present invention relates to a

per pendi cul ar magnetic recording nedium and a nanufacturing nethod
thereof, and nore specifically to a perpendicul ar magnetic recording

medi um for which magnetic domain wall formation in a soft magnetic |ayer
IS suppregseditomleedMegnadii seRe @nmcld an gritadfiant and igs mef dodt frer defthoBri or
Art As art for realizing increased recording density in nagnetic

recor di mheddwe per pendi cul ar nagnetic recording nmethod is attracting
attention as an alternative to the conventional |ongitudinal nmagnetic
recordi ng nethod. A perpendicular magnetic recording nmediumhas a nmagnetic
recording layer nade of a hard magnetic material, and a backing |ayer nade

of a soft.-HRnat irG JTRt e/ alhd gt hHas s rol e of concentrating magnetic flux
generated by a magnetic head used in recording to the magnetic recording

ayer. Spike BolsBy WhE: hscRBECRYDE: O 0015, ThAt,d:sy, Ay BLoNemAkth o

per pendi cul ar magheti c record I 'ng nmedr um av!ng i'S known

Consti (S AT SR DA RS A Re ol & it APETRe poRACULRE

donmi 1 VIS Ao P, PREPSBRE CHAgherna otk RECPhyoRg Redrin fof
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 conventional
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 wail formation in

the soft magnetic backing layer.



Wth regard to controlling magnetic domain walls in a soft magnetic

backi ng layer, for exanple a nethod in which a ferromagnetic |ayer of a Co
alloy or the like is formed above or below a soft magnetic backing |ayer,

and is magnetized in a desired direction to fix the magnetization thereof

[see, for exanple, Japanese Patent Application Laid-open No. 6-180834

(par agr aphtno.re@@28, € gcodltol amlgamaethdotc i dondchwalls am id esgfaragneti ¢

thin filmis formed and the nagnetization is pinned by using exchange

coupl i ngnd ¢ees 1 d Obaexanpl eayéapamese exBabeat aApptheat i anwhakH- gpen No.
10- 214719 (paragraph no. 0009, Fig. 2)] have been proposed. Problens to be

Sol ved biye #héind quantd am it Bt Becael hogl idy WheCh 1&@nt ok, phe fBLNBEL & donai n

walls 1is carried out through exchange coupling with the soft magnetic

backi i n | derd Qg C r i i
cg(r:\tlrgﬁlk%% _a;%zlr,gglf? sfﬁ%%{:tﬁe({l_t exc(ﬁadngleal codplalq%ig?can g;e_teltoclbztegfggdta t hen
reonet |SPIELE ML ROLPLLOD " e 3Rt TRODeY] EngEkLngeLayerpan be

suppressed, ‘and hénc v ctrve. wever, tb 0

sufficient_exchange coupli far ample as indicated in t ent, .Document
2, heat i Tt eat an %e r%ﬁl}tegn’pﬁﬁjb?r?tﬁd’rbﬁta @RS 'tié(:_gg ¥he soft
magneti c, backing  |ayer after_the filmformation. This heating treatnent
must be (REFIFAPRHRC T HIL 1 I 1i el wiANE AFRHIAE & tEgistid® field in the
radial direction, and hence there has been a problemthat the nethod is
not sui tFI IR @mIdietivm 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.



2 Moreover, with the nethod in which a backing layer is constituted by
formng on top of one another a soft magnetic layer and an
antiferromagnetic layer a plurality of times as indicated, for exanple, in
Pat ent Docunent 1, the structure of the backing |layer is conplex, and
hence there has again been a problem that the nmethod is not suited to nass
production. | Motdesweaf, twHehproolel e hdelsdm bed cabaveacikt ngs 1ageaebjiect of

the present invention to provide a perpendi cul ar magnetic recordi ng nmedi um

havi ng restuceit S8y fdfnangrirhedpods JmNuhaehyridgoFichagnPel penrdicgul ar
magnetic recording nmedium that is suited to mass production. Means for

Sol ving 4 BrobhgiBréPréhegRE€sSentldyenti gurh®ialt skntihesafgve obj ect,
according to claiml1, in the case of "a perpendi cul ar magnetic recording

medi um i 1L, phioh @t ehgast At @ntidf BLEQRRINS e @Y e ¢ n @ s 5fd JIROBLLIHG
n aUI

| ayer, a magnetic recording l‘ayer, a protective [ayer a iqu

| ubr | cark. Lyer 1Le 1 LRG0 DRNTRONEL 6o AURsLI Al e, the Pernendigyl ar

magneti c recor medi um I'S CHaracteri ze aving’ an orien

controlling layer that is de of a material conprising at |least NI and Fe
and havitr{bg%tt S Oo%elselﬁ'erﬁulsteﬁdec EFTFORIWE YA consi sting of B,
Nb and Si added thereto, and is forned i mmedi ately bel ow t he

antiferromagnetic layer, and a seed |layer that is made of Ta, and is

formed i medi ately bel ow the orientation controlling |ayer.
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.



3 According to claim2, in the case of the perpendicular magnetic

recordi ng nedi um according to claim1, the perpendicular nagnetic ‘
recording mediumis characterized by further having an exchange bias field
controlling layer that is nmade of an alloy containing at |east Fe and Co,
and is forned between the antiferromagnetic |ayer and the soft magnetic

| ayer. Accordimgdrdicigai to3¢clahmt Pe tasehof cabe perpendbendatdi cmpnet i c
recordi ng medium according to claiml or 2, the perpendicular magnetic

recor di ngadred iMriesoefanhgched i wR G ddbridialy tbhel st if et xormgneidd Juawer is
made of an Mh alloy, and the soft nagnetic layer is nmade of an N Fe all oy,

a sendusiaHdiode e rdidIPHREAYS ¢8 BhhoXcrAeeordi BY £Or A& Makidf dhe
case of the perpendi cular nagnetic recordi ng medi um according to claim1,

2 or 3, i cul ar [1G; F rdi i i har. er.i b
d _Sahrgbeéﬁegﬁ%‘;én Aly dlld.rﬁgcoiaq)é}:g t?%(rj?a%] S oeh gt aléggzd y

being dis In that the direction o gneti zation of sof t

magneti c yer 4s the radjal.direction qf. t.he i r di to claimbs,
in the cca(lsrgcao nlan%%ol(?%ggft nE;aenu nacgtduor’i naéd égdif;%?t‘sehégngee %%%rnpécr?l i cul ar
magneti c_recordi ng nmedi.um. n which t least an antiferromagnetic |ayer, a
Soft magHEt 1 1 HYMINST Lttt TR a1 T § At prvedtive | ayer and a
liquid Ilubricant |ayer are forned on a nonnagnetic substrate, the nethod
is characterized by conprising a step of carrying out heating to 4

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 disk-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



a bl ocking tenperature or above after depositing the antiferromagnetic

| ayer and the soft nagnetic |layer, and a step of cooling to the bl ocking
tenperature or belowin a static nagnetic field applied in a radi al
direction of the medium Brief Description of the Drawings Fig. 1 is a
schematic draw ng showi ng the structure of a perpendicul ar nagnetic

recor di rng Wiesh kim @ ocaimh g e ar aydodi nedr efeddid Hires e | nvention. Fig.
2 is a schematic drawing illustrating the application of a nagnetic field

in the radafe€hdrecddan ©f1 de sustthat oot AagRetpendi ¢l Aran@onedicp
recordi ng medi um Enbodi ments of the Invention Followng is a detail ed

descri ptéon Lfo18M0di sephS BiotREngPEERSBEALRVENL L OF Wi Dy f ef efefice-t o the
drawings. In a pérpendicular magnetic recordi ng nedium according to the

present _ i {1 on, i tai rollj. ver | r.ovi

i mredi atnéj@P{%%I%%aenfd;nﬁélgrr%%r%arg%e%ﬁ%ye#l% t?LsO églfz&@lv% H?%gglm'obj ect of
inproving the crystallinity and orientation of the antiferronmagnetic |ayer
and strengthening the exchange bias field. A material conprising N Fe

havi ng | east one, el enent el ected fromthe group consisting of B, Nb
and Si Z%@e%tat#’ﬁ%ﬁlcpt]i%n L%%dtﬁTeo‘reDlEar?élrEﬁsi entation controlling |ayer.
Moreover, to _inprove the crystallinity and orientation of the orientation
5 contrdi19ng! | dyer, Sghsmadicagerviade SBOWERT $6r SFFHETUTACEr i ng

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



to the above constitution, conpared with a conventional orientation
controlling layer nmade of NNFe or N FeCr,interdiffusion between Ta atons,
and Ni atons and Fe atons at the interface with the seed |ayer is
suppressed. Furthernore, an initial growth |ayer of the orientation
controlling layer, i.e. a thin part of thickness 0 to 2 nmthat has
latti ce deftecilsliang 1pger, ci yekal 1 hpét wads o fSIPpLessediddde aarstralinigni ty
and orientation of the antiferromagnetic |ayer can thus be inproved nore

than w tdo atheoayerti edakt@eenbatl i eBmpartHOlltAJal a¥BGentubhiEr NOre, an
exchange bias field controlling |layer Is provided between the

anti f er ronmgiedt o é@/ﬁfr@pﬁiﬂ@gageﬂnad@ﬁmt&owi%cﬂ,mr&&%ﬁ&,d@{i@ﬁ an
obj ect of strengthening the ®exchange bias field. An alloy containing at

| east F%@ﬂﬂeeﬁﬁ TS atURgd 1,04 #&ih%t%%hégg% | ASnd %ltdtHQ”Ir'iPéb%ﬁcge '@ég{-

Fig. 1 shows the structlre of "a perpendicul ar magnetic Tecording med um

accor di t enbadi nent _of the present invention. ..Th er icul ar
Tegnet | N 6CSrdi Y Tretl GPRASSS ST ubt br 3T Rnrln b eek S ayER 2V
orientati controlling layer 3, an antiferromagnetic |ayer 4, an exchange
bi s 1, 610 REHr ST Hg o SUBFE8L L ARG Y Hegrheft & DACRIARF T G5 ess
underl ayer 7, a magnetic recording |layer 8 and a protective |ayer 9 are

formed i%h t2 M SridEt de s Idigghels e dibstihieor, chiyd ta Ulilgdity /1 disri cant

layer 10 is further formed thereon. As the nonmagnetic substrate 6 1, for
exanpl e }RREBIHRA | zdfeglcaystadliniéngenenegighassiopr odnthe

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



Al alloy plated with NP as used with ordinary magnetic recording nedia
can be used. The seed layer 2 inproves the crystallinity and orientation

of the orientation controlling layer 3. Ta is preferable as the nmaterial.
The thickness is preferably not nore than 10 nmso that the seed |ayer 2
wi || be anorphous or mcrocrystalline. The orientation controlling |ayer 3
i nprovesl t forcexamndllel ai ¢yyainsl 1 bré@ngiaddHn 0btirbaganthtar §davgneait anl ayer
4. The material is preferably a material containing at |east N and Fe

havi ng at1 dleast poneegl eimemnivisehect £dd fif o/ heigaeypneonst s& imtfqiBg No
and Si added thereto. The thickness is preferably at Teast 3 nmso that
suffici egdgs vsiralporpwd is observed. For the antiferromagnetic |ayer 4,
an Wh alloy such as FeMh, ColWh or Irivn can be used. There are no
particular limtations on the thickness, but this is preferably
approximately 2 nmto 30 nmso that a suitable |evel of exchange coupling

is obtained a S 0 suited to ,mmss producti.on. The exchanae bi as
field control ﬁﬁlﬁggﬁgéelré%e]?%p%g 5gv?ﬁethee>?cr as’r?ﬁleliﬁinals Yf ‘i’lré?d).rlfsnhctag%on

mat eri al al | qy contai ning, at . .| east Fe d such as FeCo, FeCgN ,
FeCoB oroFeashCs Q%aﬁéoﬁsﬁagtr%ﬁéflaei?ﬁﬁrS?Dd&%t tii Pf/,eé?ﬁ%b fi Tk is
preferably made to be not nore than 20 nm As the soft magnetic backi ng
| ayer 6,M&FeT}3kst alllfienkRiGEress it RradearbhivFecamogye bRhag g%ﬁﬂh%? Yedsi Al
7 alloy, or else an anorphous Co all oy such as CoZrNo or CoTaZr can

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 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 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)



be used. Regarding the thickness, the optinumvalue wll vary according to
the structure and characteristics of the nagnetic head used in recording,
but considering also productivity, this thickness is preferably in a range
of 10 nmto 500 nm Assuming a conmmonly used di sk-shaped nedium the
magneti zati on of the soft magnetic backing |ayer 6 fixed by

ant i f er ramegnetirceexehangenorgopls 19 hs1pyedecablsy capphbedricotdwr cadi al
direction of the substrate as shown in Fig. 2. For the nagnetic recording

llayer 8,p& HADNRYEH$EAnGOERBt thiBkAELE, . tAE 8h8 EmAn IvANUE &% i TROPLEY C
recording layer in which the nonnagnetlc grai n boundaries that surround

the ferr t t%%ﬁ%a%tg é‘t{i‘§ecé’1’¥8 ?&réy@&f‘ﬂ@@f@é'cﬁf an e etdll RE-TM

all oy such as TbCo, a nu ayer fi Pt or ordered

al | oy, qr.1he dd kg %‘%c%%d‘fd% Note faak Lo, a?léc? ect%“l' ng
§ﬁe? err

medi um as” a perpen i cular IC recor |ng dagnet c
crystal qgrains nust have perpendicul ar_ _ani re ive t the .fil

pl ane. Iﬁh%ﬁkﬂﬁssfﬁ%pﬁ %&Fﬁ§§8r1n7 cai e %ng{&ﬁ%tgsggépWBprl @Wﬁ?g
accordance with the material @ of the magnetic recording |ayer. For the

pr ot ect i €L Yoused diedariiaP s fnﬁfjf‘ru 4 Wed‘éﬁﬁﬂqtsﬁzr?glr?é} REYLRArIYHE can
be used. For the liquid |ubricant (ﬁg for exanple a

per f | uortsBIStet hera $ g cete e dn Beas &y aaltﬂsfeérr?é‘tawtdﬁ REFHRESEUr i ng

t he perpendicul ar magnetic recordi ng nmedium a nethod can be used in which
heati ng ¢aupling 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 liguid lubricant

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



carried out to the bl ocking tenperature or above, which is the tenperature
at which the antiferromagnetic exchange coupling is |lost, and then cooling
is carried out down to the blocking tenperature or belowin a static
magnetic field controlled, for exanple, using permanent magnets. This
method is used with an objective of controlling the nmagneti zation

direction of tahe sefdthdm@ietiandfaEduid dpyele Brpealdi che airnma gslehake
direction. In the case of carrying out the heating after depositing the

anti f er rar@gnetis hawehnd agd fdenef tampgRreliseqbaski;A9chanertbngbut before
depositing the magnetic recording layer 8, if the heating tenperature

exceeds é@ﬁﬂ@c&ﬂ@%e{m@ td8 nd hellyd ttﬂ}giérerarb%%qn%}ﬂi%qeﬁ%h%@le

coupling wll disappear, an ence the soft magnetic backing | ayer

regnet | 2abhat 1000 sk WhLl 08 chostna b ceYEnoReSL gD BB s

magnet i IS appli thrs's en magneti zati p
ft tic backi I . 6 will be .di d d tic, '
wal I's wTo e G0 Wken CERG P9t S o GBS £6°PhECbF Bk PG otehfier at ur e

or below and hence exchange coupling arises once_again, the _nagnetization

. ag
and t he TgRET oM S S wd IStta%éFr PegBRELCt f kel aSORSIon ¢t hRF i s
thus used in which the magnetic recording nmediumis held in a static
magnet i CHIEP IR mHE$ O E AT WD e the Bhdekmegheenper 4866ewdithbehow.
According to this nethod, the soft magnetic backing |layer 6 nagnetization
fixing ed¥ieetivem dfe coplyraildedgovbe madeneibiat bin tdigeniisty affethFheoft
strength of the 9
magnetic backing layer 6 to all be in a single direction. In the
case of carrying out the heating after depositing the
antiferromagnetic layer 4 and the soft magnetic backing layer 6
but before 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



static magnetic field nmust be such that the nmagnetization of at |east the
exchange bias field controlling layer 5 and the soft magnetic backi ng
| ayer 6 reaches saturation, and is preferably approximtely 50 to 1000 Ce.
Fol | owi ng are exanples of the present invention. Note that the present
invention is not limted to the foll ow ng exanples, but rather various

nodi f i caddOftsc ealyrke mde @ heRG 8% thengiksht Ohethegmseseitismventdton is
not deviated from Exanple 1 Using a chem cally strengthened gl ass

substrat g davifg SIULSWIACESs QTGP Bn PN Nel0 01336 3Ubslrat e
made by Hoya) as the nonmagnetic substrate, thi's was washed and then put

into amsrﬁcﬁﬁeeew%m TS e A J%éﬁ&%ﬁﬁ@ff@a&%p%& %.%Ctop(_)re%elrla@l ness

of 5n ng a Ta target, and then an orientation ntrolling |ayer

was deposited it t hi es nm using an N 85Fel2B3 target. Heating
was then%cétlre%le@atgeu yéé(#“&cgoil aonp](peheat er until the substrate surface

tenperature was 350C, and then an IrM antiferromagnetic | ayer was
deposited to a thickness of 10 nmusing an Ir20Wvn80 target, and then a
CoZr Nb anor phous soft magnetic backing | ayer was deposited to a thickness
of 100 nm usi P la CHEEZAERORX AR LRt .Oﬁvgﬁ?,pﬁeﬁnﬁﬁd’é’ﬂ%@-mgoﬁédﬁ’sﬂtt ed to
a thickness of 10 nmusing a Ti target, and then a CoCrPt nmagnetic
r ecor di ngh¢ BEYSHs T AdpPEs] tied oG & Hiiterknéssthe DOl how LRy reramples,
Co70Cr 20Pt 10 target.

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
NigsFej;,B; 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 Ir,;oMngy 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

10



Heating was then carried out again using a |lanp heater until the substrate
surface tenperature was 350C, and then immediately afterward cooling was
carried out to 150C in a 1000 Ce fixed magnetic field. Finally, a
protective |ayer was deposited to a thickness of 10 nmusing a carbon
target, and then the magnetic recording nediumwas renoved fromthe vacuum

appar at ugepddtec edlepesiat it@h cRhetkl o@f 20henl axens wasogaft,ied ,ohr§yt PC
magnetron sputtering under an Ar gas pressure of 5 mlorr. Afterward, a 2

nm |i quighdubid Gan thavetarrdeqobud ReL{d L!PiiQPP'aY%HBrhe\é‘@éeﬁQM@ﬂl 43 Ng a

di ppi ng net hod, thus producing the perpendi cular magnetic recording

di di_cul i di di 3 d
redum RS2 A eplaend gl ar, Imonel] o4 acer s Hed uhiRg.pEpguced o
to a thickness o

10 i Ni 79Fel12Nb9 t .. EX I A_,
per pendi T ?%ﬁw$ﬁ.né¥¥)q%§§5$%?ﬁ§aﬁ%ﬂ?ﬁﬁ? stBrg%&%%djhéeqRW%Egﬁhﬁﬂgef
t that thi ' ti trol i I d ited t t hi ck
of 10 BTG Gt 1§ Brref38rd War GePTORRAMVIE 4oRChey porieet b haghat i ¢
recordi ng nmedi um was produced as in ExanEIe 1, except that after

deposi t i M- EHETF M 0 &t UPerdoRagAEPPe FajertpufnBetiare depddnsida he

CoZr Nb soft nmagnetic backing |ayer, a CoFe exchange bias field controlling
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;¢FeisNbg 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 Nig4Fe ,Si, target.

Example 4
A perpendicular magnetic recording medium was produced as

in Example 1, except that after depositing the IrMn

11



| ayer was deposited to a thickness of 2 nmusing a Co90FelO target. Exanple
5 A perpendi cul ar magnetic recordi ng medi um was produced as in Exanple 2,
except that after depositing the IrMh antiferromagnetic |ayer but before
depositing the CoZrNb soft magnetic backing | ayer, a CoFe exchange bias
field controlling |ayer was deposited to a thickness of 2 nmusing a

Co90Fe 1 Qari tal fyed r orkxi - 6l Ay perpendicidmy dagnaitiag eeer diong NBediolth was
produced as in Exanple 3, except that after depositing the Irih

anti f er rpre@onetd ¢ paakehgbukybef ohecdeposkthafqt hei £07Zr N s ofdnt ranely ¢
backi ng | ayer, a CoFe exchange bias field controlling |ayer was deposited

to a thicknessof g2phay Hskng & CA9BKRLASt &F 9etin Eéﬁw'aeczgﬁqur cul ar

magnetic recordi ng nmedi um was produced as in Exanple 4, éxcept that the
exchange bias field controlling |ayer was deposited using a Co65N 13Fe22
target. Exanple 8 A perpendicul ar magnetic recordi ng nmedi um was produced as
in Exanqégﬂ§:k§4§ept that the exchange bias field controlling | ayer 12 was
deposite&iu i'ng a Co65Ni 13Fe22 target. Exanple 9 A perpendicul ar nagnetic

recordi ng nedi_.um was oduced as in Exanple.6, ex t that the exchange
0 Bl i o8 egfgm was produce asg

bias field codt P&HRSTS magnetic recording m
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 CogoFeig 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 CogoFejo 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 CogsNijsFey, 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 Co65N 13Fe22 target. Exanple 10 A perpendi cul ar
magneti c recordi ng nmedi um was produced as in Exanple 4, except that the
exchange bias field controlling | ayer was deposited using a (Co65N 13Fe22)
94B6 target. Exanple 11 A perpendi cul ar nmagnetic recordi ng nmedi um was
produced as in Exanple 5, except that the exchange bias field controlling

layer wasasleposssdetedsisith@ { @HoMN L3ke22)a 36, target. Exanple 12 A
per pendi cul ar magnetic recordi ng medi um was produced as in Exanple 6,

except that the exchange bias field controlling | ayer was deposited using a
(Co65Ni 13Fe22) 94B6 target. Conparative Exanple 1 A perpendicul ar nmagnetic
recor di ngymedi 4 was produced as in Exanple 1, except that the Ta seed

| ayer was not deposited. 13 Conparative Exanple 2 A perpendicul ar nagnetic

o ont ar Done b BRRLOeRt rdtn ] AT lﬁg RUSCL I

orientation con I’ S not e (O8] ara

Bcont e PRE o § SE Ry U=t TRE ok G oy ﬁ%ﬂd cegﬁerp&ﬁﬁm“sfasé%,
the Irvh antéferro gnetlc | ayer and t he CDZrNb
was deposited using a ‘CogNijzFez, 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 (CogsNijszFes;)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 (CoesNijsFess)94Bs 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 (CogsNijszFejs)q4Bg 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



soft magnetic backing | ayer were not deposited. For each of the exanples
and conparative exanples, to ascertain whether or not there were magnetic
domain walls fornmed in the soft magnetic backing |ayer, using a spin stand
tester, an evaluation was carried out by carrying out reading in a state
in which signals had not been witten. Reading was carried out for 100
revol ut i ospHfatthee dissdmpland the ratio of the fluctuation to the nean

val ue of the output was taken as the COV (%9 . Spi ke noise from nagnetic

domain wall's iz B¢ AR ranketakliy kaceeashgnabdi oMt Pas  paduliddy the case
that the magnetic domain walls are wavering the size of this signal output

fluctuat £8ipdadnd1® §hUSkEQ9S IHdgethe Bke %erﬂe%rt%ecriohhéoxggfoﬁ‘lﬂ%§1143}’& fror €

spi ke noise i s occurring.” Mobreover, to investigate the size of the  exchange

bias fi produced for which the steps of depositing the Ti
under | af/\'(!’az&rjs ar}l%@?ﬁée&%%%@ “magnetic recording |layer were onitted 14 fromthe

per pendi cul ar magnetic recordi ng nmedi um manufacturing process. For these
sanpl es for each of the exanples and conparative exanples, the

magneti zati on curve was @asured inthe radial direction of the substrate
usi ng a YPBrE g’ S A netoneter, and the exchange bias field was

calculated fromthe MH |l oop obtained. The results are shown in Table 1.
[ Tabl e 1] Seed* Gt Q@Har 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 output 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

14



Exchange bias field Exchange bias |ayercontrolling controlling |layerfield
(Ce)COV (0) | ayer Exanple 1TaN FeB-18.16 Exanpl e 2TaN FeNb-17.57 Exanpl e
3TaNi FeSi -17. 17 Exanpl e 4TaN FeBCoFe27. 65 Exanpl e 5TaN FeNbCoFe27. 15
Exanpl e 6TaNi FeSi CoFe26. 55 Exanpl e 7TaN FeBCoFeNi 295 Exanpl e

8TaN FeNbCoFeNi 28. 45 Exanpl e 9TaN FeSi CoFeN 28. 65 Exanpl e

10TaNi FeBGaraM B3e 4be Rxaiml & ktaN tieNaCaRal B3l Rl ixamBhe facturing
12TaN FeSi CoFeNi B30. 45 Conparative Ni FeB-8.211 Exanple 1 Conparative

Ta- - 023 xample 2 FenPaRatiVeamples for each of the examples and
comparative examples, the magnetization curve was measured in the
radial direction of the substrate using a vibrating sample
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 CoFeNi 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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----5 Exanpl e 3 The rel ationship between the size of the exchange bias
field and the |ayer structure will now be discussed. Conparing Exanple 1
and Conparative Exanple 2, with Conparative Exanple 2 in which there was
no Ni FeB orientation controlling |ayer, the exchange bias field was O,
i.e. exchange coupling did not occur, and hence the necessity of the

ori ent atf 4Nt Al WwAG chaYBErkSya§l £afa daniRg Exampherdasddin the
Conparative Exanple 1, with 15 Exanple 1 in which there was a Ta seed

| ayer, i it bi f i en: - Wt @gm 21in
whi ch N%%%Mmgﬁfsseaf?@gﬁdﬁ%awp e S@Ehmﬁgéﬂpa?lszze%‘?l &géwﬁs@%jﬁé or at%he

orientat| I yer .i.nst : | FeB £ xchange
coupl i ngﬁég%ljﬁp%?lg{)fgggtn E&]tg h%l'fSy rfgrhl@)aﬁn%gggg %%%qu\gl’regCg fI(—Dlr]}r Fﬁ%%lreer?tat%%ﬂ
Examples 4 to 6 in ich a CoFe exc e bhi field contrallin | ayer was
rdden, BN R o i el T e (e AP el 6 i g

| ayer was added, and Ex les 10 to 12 in which a CoN FeB exchange bi as
field conttttthGA&RFeEr taddrt, feReE*@RRhang8ChPas et el TP WdE It Pased
conpared with Exanples 1 to 3. Next, the relationship between the size of

t he exch&hgfe EXBIMRd eFi 2It@ @dd YIHCIOA\C A ¢ lexsdagigscisaed 1 oWt P TorRlak g ve
Exanple 3 in which there was no soft magnetic backing | ayer, spike noise
coul d notayrruias avdleche Eganpdas 3% o Ch irhevhotdiere RaNdFewsxbhaiyanpias 4 to

12 for which the exchange bias field was at | east
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 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 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

16



26.5 O, the COV was simlarly 5% and hence it can be seen that spike
noi se was conpl etely suppressed. Mreover, fromExanples 1 to 3 and
Conparative Exanples 1 and 2, it can be seen that the higher the exchange
bias field, the | ower the COV. Advantageous Effects of the Invention As
descri bed above, according to the present invention, a perpendicul ar

magnet i cc&e%@mg 6@9013',umdﬂaa%da@ioabaeba%@?egsonsha' LiDgedayeret Ralad s
made of a material conprising at least N and Fe having at [east one

el enent sel ﬁ@qofr@?%hﬂ%d?%ggﬁaééééxgﬁyéﬁféﬁ%f2“§%15$)éﬂgjo.iéﬁy¥§ on

t hereto, and a seed layer 'S ma Is formed 1 mrediately
below th r] at | control lLing |ayer. . As a resuylt., .the crystal#i ity
and crys %ﬁkrégi%ﬁﬁg??%%rbprhg g%ﬁ#féfrgﬁﬁgﬁéyﬁ aﬁ&&@ﬁ%gaﬁngecfﬁﬁ 83ed,
and hence, t he exchqgﬁ bi as f.ield can be strengthened, and thugdit
becones Possibiet ¢y S SO EHiSEE HGIORE H i ey ver CaBckBr HIPP Yot Hnd
present invention, the perpendicul ar magnetic recordi ng medi um preferably
further WRCe afex EX&AGE IS 8 aFi e LEoRBFOPRI AETEAYERCRAGL #1Rd fedEs oft an
alloy containing at least Fe and Co, and is formed between the
ant i f er roneQrRe i RO$ Bk arel IHePEFT FRigireti@idracking layer. As a result,
t he exchange bias field can be further increased, and thus it becones
possible to further inprove the suppression of spike noise. 17
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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Clains 1. A perpendicular magnetic recording nmediumin which at |east an
antiferromagnetic |layer, a soft nmagnetic |layer, a magnetic recording

| ayer, a protective layer and a liquid |ubricant |ayer are fornmed on a
nonmagneti c substrate; the perpendicul ar magnetic recordi ng nedi um
characterized by having: an orientation controlling |ayer that is nmade of
a mteri@iconprising at least NI and Fe and having at | east one el enent
selected fromthe group consisting of B, Nb and Si added thereto, and is
formed i nmedi ately bel ow said antiferronagnetic |ayer; and a seed | ayer
that is nade of Ta, and is forned i medi ately bel ow said orientation

controlling layer., 2. The .perpendicul ar.nmagneti¢.recordi ng nmedi.um.,accordi ng
to claimi, ctiarBcPSFPIBAEYLrar PRAPSRAYI AGC AR BYEHAr bR b Hiaih =t
controlljng layer that .is nade of ,an_ alloy contajning at,|least Fe and Co,
and i s FHTIRU BSt weBhEaFHORRERT bFr OhRYRBL | € Fapbr aPROLLF dlodei1 Fagnet i ¢
| ayer. 3. The perpendi cul ar nmagnetic recordi ng nedium according .to claim1l
or 2, cHeFRIEYF z&GGOF RSt LaV8ranti PEPFORBGHRt t2YPRYRRA ¢ slimited of an Mn
all oy, and said soft magnetic layer is nade of an N Fe alloy, a sendust

al | oy orl@hrigmtrphlaigeCorng | byrmad on arHerpeageidic Wwrstegivet i ¢ recor di ng

medi um accor di ng
the perpendicular magnetic recording medium 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 1is formed immediately below said antiferrcomagnetic layer;
and

a seed layer that is made of Ta, and is formed immediately

below said orientation controlling layer.

2. The perpendicular magnetic recording medium according to
claim 1, 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 said antiferromagnetic layer and said

soft magnetic layer.

3. The perpendicular magnetic recording medium according
toclaim 1l or 2, characterized in that said antiferromagnetic layer
is made of an Mn alloy, and said soft magnetic layer is made of

an NiFe alloy, a sendust alloy or an amorphous Co alloy.
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to claim1, 2 or 3, characterized in that the perpendicular nmagnetic
recordi ng nediumis disk-shaped, and the direction of nagnetization of
said soft nmagnetic layer is the radial direction of the nmedium 5. A
met hod of manufacturing a di sk-shaped perpendi cul ar nagnetic recording
mediumin which at | east an antiferromagnetic |ayer, a soft magnetic

ke " | | of t magn
ayer, a mONGL] GireooLdlogul Y6Ey facREel ECHLUed MEnANR JiMidng

| ubricant | ayer on a nonnagnetic substra e met ho

h Ceri Con t _ ; : .
ootk nad ZEGat GOTPS | SLTS. (DfaPRERS fleq ERT LNAOG M IR,
oling to t bl ackin

| ayer and sai d soft magnetic ..layer; and c h

tonper atttE L Dt e datE TPt CHHRA 409 LOF s APt

direction of the nmedium 19 , . . . .
magnetization of said soft magnetic layer is the radial direction

of the medium.

5. A method of manufacturing a disk-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 ligquid lubricant layer are formed on a
nonmagnetic substrate;

the method being characterized by comprising the steps of:

carrying out heating to a blocking temperature or above after
depositing said antiferromagnetic layer and said soft magnetic
layer; and

cooling to the blocking temperature or below in a static

magnetic field applied in a radial direction of the medium.
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