2 7 JAN 2004 1 PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM AND A MANUFACTURI NG
METHOD FOR THE SAME BACKGROUND OF THE | NVENTI ON The present invenf7daAN 2004
relates to a perpendicular magnetic recording nmediumthat is nounted onto
vari ous nmagnetic recording devices and a manufacturing nethod for the
sane. Instead of the |ongitudinal nmagnetic recording systemof the prior
art, a perpendicular magnetic recording system has been gathering
attention as a technique for increasing densities of nagnetic recordings.
A perpendicul ar nmagnetic recording mediumis constructed froma magnetic
recording |layer of a hardmagnetic material and a backing |ayer of a soft
magnetic material. The backing |ayer has the function of concentrating the
magnetic flux that is generated by the jmagnetic head that is used in
recording to the recording | ayer- Anong the noises that are of concern in
a perpendi cul ar recOPERPEND TEUHARNMIGNETTY RECORBINECMEBRUMSPI ke noi se is
known to be a result of a magnetic domain wall fornmed in the soft
magnetic |ayer that %@Dt%myﬁﬂﬁhAQR?ﬁ§§ﬁé#ETKQDaFPESﬁﬁﬁ,SAME order to have
reduced noise in the perpendicular nmagnetic recording, nmedium there is a
need to prevent the magnetic domain wall formation in the soft nagnetic

| ayer. As shown in JapaneBAGKGROUNe @EPTHENTINMENITION i on

The present invention relates to a perpendicular
magnetic recording medium that is mounted onto various
magnetic recording devices and a manufacturing method
for the same.

Instead of the longitudinal magnetic recording
systemofthepriorart, aperpendicularmagneticrecording
system has been gathering attention as a technique for
increasing densities of magnetic recordings. A
perpendicular magnetic recording medium is constructed
fromamagneticrecordinglayer of ahardmagneticmaterial
and a backing layer of a soft magnetic material. The
backing layer has the function of concentrating the
magnetic flux that is generated by the magnetic head
that is used in recording to the recording layer. Among
thencises that are of concerninaperpendicularrecording
medium with this construction, spike noise is known to
be a result of a magnetic domain wall formed in the soft
magnetic layer that is the backing layer. As a result,
in order to have reduced noise in the perpendicular
magnetic recording medium, there is a need to prevent
the magnetic domain wall formation in the soft magnetic
layer.

As shown in Japanese Laid Open Patent Publication

Number 6-180834 and Japanese Laid Open Patent Publication



Nunber 6-180834 and Japanese Laid Open Patent Publication 2 7 JAN ?04 2
Nunber 10-214719 for exanple, a method i s proposed for controlliné e 2004
magneti c domain wall of this soft magnetic |ayer, wherein a ferronagnetic
| ayer of a Co alloy or the like is formed as a top |ayer or bottom | ayer
of the soft magnetic |layer. The ferromagnetic |layer is magnetized in the
desired direction. Another proposed nethod forns an anti-ferromagnetic
thin film The exchange coupling fixes the magnetization of the soft
magnetic |layer. Wth the nethod that uses an anti--ferromagnetic |ayer and
controls the magnetic domain wall by exchange coupling with the soft
magnetic | ayer, when adequate exchange coupling is achieved, the nmagnetic
domain wall formation of the soft magnetic layer is prevented and is
extrenely effective. However, as indicated in Japanese Lai d-open Patent

Publ i cati on Nvohser 108-24041% frofr @xaﬂpher a il Qfgten & ngt\sE.ead‘E%ate

exchange coupling, giter gorning the film heat treatne I'S necessary.
This is extreﬁ%Fgro 29 AR ARG Crdsimaidska bl of ddtiisore £ ISUMYARYLOF THE

| NVENTI ON Thelapeectulpdréie 9rRsebndgieenld Qayvks b9 Br pYi Qif‘logaor .
perpend|culartnagﬂe%lc,recordlng medi'um having an anti-férromagnetic |ayer
that prevent s Naghef? cidohRFRed wat | 2 f bPPml ABAT 0PT t hotsont Lagenevtc | ayer. A

further obj ethe ofotbempgReent iQy@HIiOﬁhésfé£E$wéﬁﬁé¥iéilayer is
magnetized in the desired direction. Another proposed
method forms an anti-ferromagnetic thin film. The
exchange coupling fixes the magnetization of the soft
magnetic layer,

With the method that uses an anti-ferromagnetic
layer and controls the magnetic domain wall by exchange
coupling with the soft magnetic layer, when adequate
exchange coupling is achieved, the magnetic domain wall
formation of the soft magnetic layer is prevented and
isextremelyeffective.However,asindicatedjleapanese
Laid—openPatentPublicationNumber10—214719forexample,
inordertohaveadequateexchangecoupling,afterforming
the film, heat treatment is necessary. This is extremely

disadvantageous for mass production.

SUMMARY OF THE INVENTION

The object of the present invention is to provide
@ perpendicular magnetic recording medium having an
anti-ferromagnetic layer that prevents magnetic domain
wall formation of the soft magnetic layer. A further
object of the present invention is to provide a

manufacturing method for this perpendicular magnetic



manuf acturi ng nethod for this perpendicul ar magnetic 2 7 JAN 2004 3
recordi ng nmedi um wher eby mass production is conducted easily. Inten%lﬁﬁNZWL
study was conducted on how to control the nmagnetic domain wall of the soft
magnetic | ayer effectively by using an anti-ferromagnetic |ayer and on

how to have a process design suitable for mass production. As a result,

for the anti-ferromagnetic layer that is forned between the non-nagnetic
substrate and soft magnetic |ayer, the use of an M all oy containing at

| east Co at 10 atom c % or greater and 50 atomc %or |ess, or the use of
an Mh alloy containing at least Ir at 10 atomc %or greater and 50 atom c
% or |less was discovered to be effective. Furthernore,it was determ ned
that additional effectiveness could be pbtained using an anorphous Co

all oy as the soft magnetic |ayer. Wien manufacturing this nagnetic

recor di ng nedirefbrdangogeeiis &Héﬁéb}ﬁméQHSp%b@h&%@ogElsoEogaﬁéE@H i's
applied in the radial direction of the substrate during the f

formation of SfSFe¥st the anti-ferromagnetic |ayer and the soft nagnetic

layer. This producesténsiid abted@mpast coRbuexehangensQupbi Rgnwi-Lhout
requiring hea% treatment or the like after filmformation. The domain
wal |'s of thetB6f M2RRGhEE] AoMayar wad lefafediha es 9t e one et bel. 1akerabove, and

other objectsefteatuyeBy Bfdusadyanhaggsiofel bgnpsosent ioyeptigg will

becone apparent
nhowtohaveaprocessdesignsuitable formass production.

As a result, for the anti-ferromagnetic layer that is
formed between the non-magnetic substrate and soft
magnetic layer, the use of an Mn alloy containing at
least Co at 10 atomic % or greater and 50 atomic % or
less, or the use of an Mn alloy containing at least Ir
at 10 atomic % or greater and 50 atomic % or less was
discoveredtobeeffective. Furthermore, it was determined
that additional effectiveness could be obtained using
an amorphous Co alloy as the soft magnetic layer.
When manufacturing this magnetic recording medium,
a magnetic field of 796 A/m {10 Oe) or greater is applied
in the radial direction of the substrate during the film
formation of at least the anti-ferromagnetic layer and
the soft magnetic layer. This produces a suitable amount
of exchange coupling without requiring heat treatment
or the like after film formation. The domain walls of
the soft magnetic layer is effectively controlled.
The above, and other objects, features, and
advantages of the present invention will become apparent
from the following description read in conjunction with
the accompanying drawings, in which like reference

numerals designate the same elements.



fromthe follow ng description read in conjunction with the acconpanyin%
drawings, in which |like reference nunerals designate the sane el enthtlaN 7604
7 JAN 2004 4 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a cross-section
nodel di agram showing a construction of a magnetic recordi ng nedi um
according to the present invention. Fig. 2 is a nodel diagramshow ng the
magnetic field being applied in the radial direction of the substrate.

Fig. 3 shows the magnetization curve showing the definition of exchange
coupling magnetic field. Fig. 4 is a graph showi ng the change in the val ue
of the exchange coupling magnetic field with respect to the conposition of
CoMvh and IrMh anti-ferromagnetic layer. Fig. 5 is a graph show ng the
change in value of the exchange coupl4ng magnetic field with respect to

t he conposition of Covh anti-ferromagnetic layer. Fig. 5 is a graph show ng
the relationship bet weBRIEFhBESERERGION obF tTHE RATEINGS fiel d applied during
film formation and the strength of the exchange coupling nagnetic field
of the sanple. DESCRI PTION OF THE PREFERRED EMBODI MENTS Referring to Fig.

1, a cross-sectiofigndél idi agrams sofsex tienpewndiedulddragregnethcsvimgror di ng

redi um of g pLESENiced A S b9 SO Whcofhs h§ARLa Al Yhdcl PRIt ©

to the present invention.

Fig. 2 is a model diagram showing the magnetic field
being applied in the radial direction of the substrate.

Fig. 3 shows the magnetization curve showing the
definition of exchange coupling magnetic field.

Fig. 4 is a graph showing the change in the value
of the exchange coupling magnetic field with respect
to the composition of CoMn and IrMn anti-ferromagnetic
layer.

Fig. 5 is a graph showing the change in value of
the exchange coupling magnetic field with respect to
the composition of CoMn anti-ferromagnetic layer.

Fig. 6 is a graph showing the relationship between
the strength of the magnetic field applied during film
formation and the strength of the exchange coupling

magnetic field of the sample.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Fig. 1, a cross-section model diagram
of aperpendicularmagneticrecordingmediumoeof thepresent
invention is shown. At least ananti-ferromagnetic layer
2, a soft magnetic layer 3, a magnetic recording layer

4, and a protective layer 5 are formed in that order



2, a soft magnetic layer 3, a magnetic recording |ayer
| ayer 5 are forned in that order

substrate 1.

any useful shape

A ferromagnetic material of an alloy containing at |east Co and Cr

sui tabl e for

cl ose- packed

magnetic recordi iy ° 1 &ayer LS
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for exanpl e,
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| east Co at

words, [err]

use for magnetic recording layer 4. In order to be used as a
per pendi cul ar magnetic recording nmedium the c-axis of its hexagonal
structure nust be oriented perpendicular to the film surface.
In order to control the crystal orientation and crystal size of nagnetic
recordi ng | ayen tbpf af arathyma@retindeusestatayer Anotquichowbyi&hng Ti oOr

TiCr alloy foy_exanple can be placed between soft magnetic |ayer 3 and
Lare™® Jlfgerdaﬁrt&peé?"ievéoffiefiﬁﬁﬁ?a thin filmwth a main
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)including a disk-shape (a circular shape with a circular
hole in the center part) as used for the usual magnetic
recording medium. A ferromagnetic material of an alloy
containing at least Co and Cr is suitable for use for
magnetic recording layer 4. In order to be used as a
perpendicular magnetic recording medium, the c-axis of
its hexagonal close-packed structure must be oriented
perpendicular to the film surface. In order to control
the crystal orientation and crystal size of magnetic
recording layer 4 favorably, an undercoat layer (not
shown) of a Ti or TiCr alloy for example can be placed
between soft magnetic layer 3 and magnetic recording
layer 4. For protective film 5, a thin film with a main
component of carbon is used. In addition, for liquid
lubricant layer 6, for example, a perfluoropeolyether
lubricant can be used.

Anti-ferromagnetic layer 2 is constructed from an
Mn alloy containing at least Co at 10 atomic $ or greater
and 50 atomic % or less (in other words, CoOip-s¢MNso-so) ,
or an Mn alloy containing at least Ir at 10 atomic %
Or greater and 30 atomic % or less (in other words,
Irjp.30Mnsg.s0) . Other metals (for example at arcund 5
atomic %) can be added to this CoMn alloy and IrMn alloy

as long as they do not negatively impact the

4, and a pro
2 7 JAN 2004 5 on top of a non-nagn

2.9 AN s
Aliquid lubricant layer 6 is deposited atop the foregoing.

For non-magnetic substrate 1, an Al alloy with NNP plating or tenpered
glass or crystallized glass, and the |like can be used. The shape can be

I ncl udi ng a di sk-shape (a circular shape with a circul ar
hole in the center part) as used for the usual magnetic recording nmedi um



or an Mh alloy containing at least Ir at 10 atomic % or greater and 30
atomc %or less (in other words, [err]) . Qher netals (for exanp 188 2004
around 5 atomc % can be added to this Covh alloy and Irivh alloy a3 n
as they do not negatively inpact the 2 7 JAN 2004 6 anti-ferromagnetic

| ayer properties. In contrast wwth the Pdvh, PtMy, N M alloys described

I n Japanese Lai d-Open Patent Publication Nunmber 10-214719, by using the
Comn alloy or IrMh alloy of the present invention, heat treatnent after
filmformation is unnecessary. The nmagnetic domain wall formation of the
soft magnetic layer is controlled or, in other words suppressed, solely by
the magnetic field applied during filmformation. As a result, the
production properties of the perpendicy ar magnetic recording nediumis
greatly inmproved. The film thickness of anti-ferromagnetic layer 2 is not

limted,  butaimiofeleforahaie ax9uid ghbpcdedeee oh e¥abange goupling and
I n order to b%é I.tabl e for mass _production, a thickness around
5nm-30nm i s pret 6P PEMD, fRMRRdAe Y side ssitdéred kol aane ot Lahe-Obem st r uct ur e

of antl-ferrqm&mﬁﬁﬂlﬂhﬂﬂﬂdﬁtlo% Namb8EN1 413104, 5ﬂ§“ﬂgﬁﬂgakh80@5ﬁﬂl for

exanpl e a ilmor the like, can_be formed betWeen non-magnetic
substrate | éH&Qﬁu?rféFNBmﬁﬁﬁﬁ ¥ cof afbe Presentsofnvenigimeti chéayer 3, NiFe

al | oy, SendusirediieSitl deablowiand tbdiks: 089 hesabediy. theuse of an

anor phous Co alloy is preferred. By adding Zr,
magnetic domain wall fofmation of the soft magnetic layer

is controlled or, in other words suppressed, solely by
the magnetic field applied during film formation. As
a result, the production properties of the perpendicular
magnetic recording medium is greatly improved. The film
thickness of anti-ferromagnetic layer 2 is not limited,
but inorder tohave a suitable degree of exchange coupling
and inorder tobe suitable formass production, athickness
of around 5nm~30nm is preferred. Furthermore, in order
to control the filmstructure of anti-ferromagnetic layer
2, a thin film for structural control, for example a
Cu film or the like, can be formed between non-magnetic
substrate 1 and anti-ferromagnetic layer 2.

For soft magnetic layer 3, NiFe alloy, Sendust
(FeSiAl) alloy and the like can be used, but the use
of an amorphous Co alloy is preferred. By adding Zr,
Nb, Ta, Hf, Ti, and/or W to the Co, an amcrphous Co alloy
is obtained. Amorphous alloys that are suitable for use
in the present invention include CoZrNb, CoZrHf, and
CoHfTa, and the like. CoZrxrNb is particularly preferred.
When using CoZrNb, the effectiveness of the present
invention, in other words, the effectiveness in
controlling the magnetic domain wall of the soft magnetic

layer, ismaximized. Whenusing CoZrNbal loyinthepresent



Nb, Ta, Hf, Ti, and/or Wto the Co, an anorphous Co alloy is obtaiﬂff]Anzmu
Anor phous al loys that are suitable for use in the present inventio

include CoZrNo, CoZrHf, and CoHfTa, and the like- CoZrNb is particularly
preferred. Wien using CoZrNb, the effectiveness of the present invention,
in other words, the effectiveness in controlling the magnetic domain wall
of the soft nmagnetic layer, is maximzed . \Wen using CoZrNb alloy in the
present 2 7 JAN 2004 7 invention, it is preferable to have 5-20 atom ¢ % of
Zr and 3--15 atomc %of Nb. The optimal value for the filmthickness of
soft magnetic layer 3 changes depending on the construction and properties
of the magnetic head that is used for recording, but fromthe standpoint
of being conpatible with production, i7t is preferable to have a thickness
of 10 nmor greater and 300 nmor |less. In the manufacture of the nagnetic
recordi ng rredifm‘rﬁmhmn,nglt hies | jpyref e cadnlst riucthore 85 e sctrdntied abofe and as

mot hods and (he TTke 16 ol For. Ro i TAET oPhLT oot CEakst of % ho

met hods and t e i s use for the fon
conponent | aylerkm 8kéepresshs $ofuindghebr ccated Aydranghnodepéhdiaey t he

i for .the coating of , the
FPgLfgr:Egrlcan?%%ahg?gE§%§££§gtlﬁyg%ggthng(”Pthe FSBP%% Br %%?n coati ng
or a sprayinghatchmolusgy dnd rederditke dart Heomsete soswdesinwheh

WBHUfaCturir“béfﬁ%‘%ﬂﬂﬁﬁ%ﬁﬂyg ¥ith production, it is preferable to
have a thickness of 10 nm or greater and 300 nm or less.
In the manufacture of the magnetic recording medium
having the layer construction as described above and
as is shown in Fig. 1, techniques of vacuum deposition,
sputtering, CVD methods and the like is used for the
film formation of each of the component layers except
the liquid lubricant layer. Among these, the sputtering
method is preferred. Furthermore, for the coating of
the liquid lubricant layer, the coating technology of
dipping or spin coating or a spraying technology and
the like can be used.

However, when manufacturing the perpendicular
magnetic recording medium of the present invention, at
least anti-ferromagnetic layer 2 and soft magnetic layer
3 must be formed while applying a magnetic field. For
example referring to Fig. 2, formation of
anti-ferromagnetic layer 2 and soft magnetic layer 3
must be conducted while applying a magnetic field of
796 A/m (10 Oe) or greater in the radial direction of
non-magnetic substrate 1. By this, the magnetism of
anti-ferromagneticlayer2isfixedintheradial direction
of the non-magnetic substrate (henceforth referred to

as substrate radial direction). The axis of easy



magneti c recordi ng nmedi um of the present invention, at |east
anti-ferromagnetic |ayer 2 and soft magnetic |ayer 3 nust be forpquNlee
applying a magnetic field. For exanple referring to Fig. 2, formation o
anti-ferromagnetic |layer 2 and soft magnetic |ayer 3 nust be conduct ed

whil e applying a magnetic field of 796 AAm (10 OGe) or greater in the

radial direction of non-magnetic substrate 1. By this, the nagneti sm of

anti-ferromagnetic layer 2 is fixed in the radial direction of the
non- magneti c substrate (henceforth referred to

direction).

the non-magnetic substrate. As a resulBt, effective control of the
magnetic domain wall, or in_other words t he prevention of a magnetic

FAINGHIAatePD Phi 30T § FFGNSH ifadAReF 3 1 Mi1ieh &sgbaered ed,
exanpl e, by el enoid seoidrithatd anpkﬁeegaah?gyedﬁﬁgé@{oﬁ?e&PV\tﬂ@e

domai n wal |,

as substrate radial

The axis of easy 2 7 JAN 2004 8 magneti zation of soft nagnetic
| ayer 3, which is fornmed next, is also oriented in the radial direction of

for

| ami nat ed surface of t he substrate. Wen u5|ngsa magnetron sputtering

met hod for fil9R THIRGREIEN SUPRETABENElS o Tssul
| eakage nagnesf cthéehmdgheom: tWbeatiar gx%tllhaso@ sRegichked Qi getipn and

strength at

magnet i ¢ domdTFVRATLOT Rére Magned igppenainal .o ist Retainedgthiot the

the substrate surface. From'the standpoi nt of controlling

appl i ed magnetye fdelmh gttt W1 AN SXSEAIR] Ye St TN dBgRSTd ¢ fjeld is

applied during

a solenoid coil that is placed above and/or below the
lamlnatedsurfaceofthesubstrate.Whenu51nganmgnetron
sputtering method for film formation, the magnet to be
used is adjusted so that the leakage magnetic field from
the target has a specified direction and strength at
the substrate surface. From the standpoint of controlling
the magnetic domain wall, there is no upper limit to
the strength of the applied magnetic field, but when
an extremely strong magnetic field is applied during
film formation, there is fear that there may be some
problems in film formation by sputtering. As a result,
the applied magnetic field is preferably around 23900
A/m (300 Oe) or less.

The embodiments of the present invention are
described below.

(Embodiments 1~2]

A chemically tempered glass substrate that has a
smooth surface (for example N-10 glass substrate
manufactured by Hoya Co.} was used as non-magnetic
substrate 1. After rinsing, this was placed inside a
sputter device. Using a CoMn alloy target with a changing
Co amount (Embodiment 1) or an IrMn alloy target with

a changing Ir amount (Embodiment 2), anti-ferromagnetic

e@ffschdyastertsel t hat the

t he



filmformation, there is fear that there nmay be sone problens in film
formation by sputtering. As a result, the applied nagnetic field iﬁ?JANZML
preferably around 23900 A/m (300 Ce) or less. The enbodi nents of the
present invention are described below [Enbodinents 1-2J A chemcally
tenpered gl ass substrate that has a snooth surface (for exanple N-10 gl ass
substrate nmanufactured by Hoya Co.) was used as non-nagnetic substrate 1.
After rinsing, this was placed inside a sputter device. Using a Covnh all oy
target wth a changing Co anount (Enbodinent 1) or an IrMh alloy target
with a changing Ir amount (Enbodi ment 2), anti-ferromagnetic 2 7 JAN 2004
9 layer 2 with various conpositions was forned at a thickness of 30nm
Next, using a [err] target, an anorphou$ CoZrNb soft magnetic |ayer 3 was
formed at a thickness, of 200nmon top of anti-ferromagnetic |ayer 2. For
the formatio aé’ferf?h‘é%%h Vayepys canposikgnes Was Bputddes t AG hivnked under a

vagnet or por g7 Lo el o R R A el ercoe
layers was ¢ ﬁgabgeao%im@rgﬁf@qilﬁgeg fegast fordédl 4t of t239Rndsmn (30 Ce)
5 oI S L o e e
’ agnetron sputtering
method under a 0.67 Pa (SmTorr) Ar gas pressure was used.
Inaddition,thenmgnetofthemagnetronsputteringdevice
was adjusted, and the formation of these layers was
conducted while applying a magnetic field of 2390 A/m
(30 Oe) in the radial direction of the non-magnetic
Substrate.
The sample used for measuring the exchange coupling
magneticfielddescribedlaterwasremovedfromthesputter
device at this time.
When manufacturing the perpendicular recording
medium, after forming soft magnetic layer 3, without
removing from inside the sputter device, this was next
heated by a lamp heater until the surface temperature
of the fixed magnetization laminate reached 250 degrees
C. Afterwards, using a Ti target, a Ti undercoat film
of thickness 10nm was formed. Next, using a CoyCryoPtiq
target, aCoCrPtnmgneticxecordinglayer4 of thickness
30 nm was formed. Finally, after using a carbon target
to form protective layer 5 of carbon with a thickness
of 10nm, the intermediate product was removed from the
vacuum device. The film formations were all conducted
under an Ar gas pressure of 0.67 Pa (5mTorr) and by a
DC magnetron sputtering method. Afterwards, liquid

lubricant layer 6 of perfluoropolyether of a thickness



magnetic field described |ater was renoved fromthe sputter device at this
time. When manufacturing the perpendicular recording medium aftel] itk @lhg
soft magnetic layer 3, without renoving frominside the sputter device,
this was next heated by a |anp heater until the surface tenperature of
the fixed nmagnetization | am nate reached 250 degrees C. Afterwards, using
a Ti target, a Ti undercoat film of thickness 10nm was forned. Next, using
a Co-,4Cr20Ptlo target, a CoCrPt nagnetic recording |ayer 4 of thickness
30 nmwas fornmed. Finally, after using a carbon target to formprotective
| ayer 5 of carbon with a thickness of 10nm the internedi ate product was
renoved fromthe vacuum device. The filmformations were all conducted
under an Ar gas pressure of 0.67 Pa (ﬁ forr) and by a DC nagnetron
sputtering nmethod. Afterwards, liquid Iubrlcant | ayer 6 of

perfl uor opol yet of a, hi ckness..2 7 JAN 2004, 10_ of forned by dip
net hod. The %S?ng roﬁucérmeg %edlpme j:ﬁ’ i? fl%r‘? Sr dithg medi um

Wth the samhe phapemﬂsenéabvmdgﬁéﬁﬂtthecsrmﬂﬂgNmedEmmce wi t hout form ng

t he undercoat | ay netic ordi n , rot ctive layer 5, and
liquid |ubricant %{§9e H S?W%}eq%ﬁﬁiw? tFS Ogﬁ vg qﬁ%:ﬁﬂﬁgi ate radia
direction vvaslem&a:seumctthyoua \ﬂolmahlgng:}&armicﬁrrmu@meumxer madrewitcher wor ds,

ﬁrggngi(f:ga??glrggupldlng lrm‘y%net I;S:rc];tleeétdlve fa;%ehreS avecr:ﬁq_quladlluu%r%.fce;[nh:e appl i ed

layer 6, the magnetization curve in the substrate radial
directionwasmeasuredbyavibrating samplemagnetometer.
In other words, the exchange coupling magnetic field
is the average value of the applied magnetic fields at
twopoints where the magnetization in the substrate radial
direction along the magnetization curve are 0. Referring
to Fig. 4, the change in the value of the exchange coupling
magnetic field with respect to the composition of CoMn
and IrMn anti-ferromagnetic layers is shown. A high
exchange coupling magnetic field of greater than 796
A/ra (10 Oe) was obtained for CoMn at a range of Co amount
of 10 atomic % or greater and less than 50 atomic %.
For IrMn, a range of Ir amount of 10 atomic % or greater
and 30 atomic % or less, is effective.

In order to confirm the presence or absence of a
magnetic domain wall formed by the soft magnetic layer
of the completedperpendicular magnetic recordingmedium,
a signal having a recording density of 2000 fr/mm (the
number of magnetic inversions for every 1 mm) was written
onto the perpendicular magnetic recording medium by a
MR head using a spin-stand tester. By observing the
playback waveform, the presence or absence of spike noise

was studied.



two points where the nmagnetization in the substrate radial di rectifaﬁlmvg
the magneti zation curve are 0. Referring to Fig. 4, the change in
val ue of the exchange coupling nagnetic field with respect to the
conposition of CoMh and Irivh anti-ferromagnetic |ayers is shown. A high
exchange coupling magnetic field of greater than 796 A/m (10 Ce) was
obt ai ned for Covh at a range of Co amount of 10 atomc % or greater and
| ess than 50 atomic % For IrMy, a range of Ir amount of 10 atom c % or
greater and 30 atomc %or less, is effective. In order to confirmthe
presence or absence of a magnetic domain wall fornmed by the soft magnetic
| ayer of the conpl eted perpendi cul ar magneti c recordi ng nedium a signal
having a recording density of 2000 fr/ (the nunber of nagnetic
inversions for every 1 mm) was witten onto the perpendi cul ar magnetic
recordi ng medi um by [, YR headrysipg; a splnighald d£sdeike Boiahserving the
pl ayback waveform the prgsence or absence of spike noise was studied. 2 7
JAN 2004 11 Refreentdgack Tabkerevolid ominbepeadf i rpilketheiBleaybgsdt one track
(one revol uti eari i Y { B4 ether with
t he corrpositih%nq’)edf?&t 2% gﬁ?ﬁf%‘%&o@aﬁ&?ﬁ? r?g?eggjlgﬁs&%?l?lgoasmee%\@hat t he
gener at i on ofangii-Ke rmomegnadd csupptessal. f gt nédi asekn Weeh ¥ CoMh, the
Co anmount wasg '%rtahfeio;laggesﬁiké"onoiaéé)ma% %UppreseateEo A d£ss fhan S0
atonic % and Tor

which for CoMn, the Co amount was in the range of 10

atomic % or greater and less than 50 atomic %, and for
IrMn, the Ir amount was in the range of 10 atomic % or
greater and 30 atomic % or less, and in which a high
exchange coupling magnetic field of 796 A/m (100e) or

greater was obtained.



IrVvh, the Ir anmount was in the range of 10 atomic %or greater an@ 73RN 2004
atomc %or less, and in which a high exchange coupling magnetic field of
796 A/m (100e) or greater was obtained. 2 7 JAN 2004 12 TABLE 1. THE NUM
ER OF NO SE SPI KES APPEARI NG | N THE PLAYBACK WAVEFORM AND THE EXCHANGE
COUPLI NG MAGNETI C FI ELD BETWEEN THE ANTI - FERROVAGNETI C LAYER AND THE SOFT
MAGNETI C LAYER E CohlPQ@SnotY SPII.Y W SECc RANGE t ~[JYT. 1N (ai ONUCAt i M5G
11CFl ELb Mh 1>100 Mh- 2 %Coll 00 >10 Mh- 5 9% C0>1079.61 M1- 7 % 082393 Mh- 10
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TABLE 1 THE NUUMBER QF NOISE SPIKES APFPRARING
IN THE PLAYBACK WAVEFORM, AND THE EXCHANGE
COUPLING MAGNETIC FIELD BETWEEN THE ANTI-
FERROMAGNETIC LAYER AND TEE SOfT MAGNETIC

LAYER
| | SRS

Mn >10 0 0
Mn— 2  #%Co [>70 0 0
‘Mn—~ 5 %Co >10 78.8 i
Mn— 7 “%Co B 239 3
Mn—10 %Co [0 798 10
Mm—15  %Co |0 3180 |15
Mn—20 -%%Ceo o 1430 13
Mn—30  %Co |0 1750 |22
Mn—40 %Co [0 1270 6
Mnrn— 45 8% Co ] 955 1z
Mn—50 %Co |1 EALE.
Mn—55  %Co {5 238 1 |3
Mn—60 84 Co >70 o ©
WMn— 2 %\ >10 o ©
Mn— B aglp > 10 238 3
Mp— 7 *lr 3 328 )
Mn—10  %Ir |0 1180 |15
Mn—15  5Ir 0 1910 |24
Mn—20  %ir 0 1580 |20
Mn—30  %Ir o 876 17
Mr—40  %bir 5 159 2
Mn—45  %ir >0 79.6 |1

|[NIIMTIRR)

[A/m]

[Oe]




M n- 60 %Co>1
0 % r011901
Mh- 40 461r51
13 Reference
magnetic fi
when form ng
all oy was fo
magnetic fie
made usi ng

Referring to
magnetic fie
anti-ferrom
of the excha
of CoZrNb al

000 Fri n- 2 % r>900 Mh- 6 % r> 102393 M- 7 %r:; 39
5 M- 15 %r0191024 N n- 20 %4r01 59020 fvin- O %ro0
592 Lin-45 %r1> 1079.61 i INI1IKR [A/r ] [CJ 2 7
exanple 1 As anple for neasuring the exchange coupl
eld was nade in the sane manner as Enbodi ment 1, exce

Lois ol i *

JAN 2004

ng
pt that,

the soft magnetic |ayer, a soft nagnetic |ayer of a N Fe

rmed using a Ni-7BFe22 alloy target. The exchange co
| d was neasured. |In addition, the anti-ferromagnetic
several CoMh alloy targets with differing conposition

Fig. 5, the change in the value of the exchange cou
ld with respect to the conposition (Co content) of t
gnetic layer is shown. For®—conparison, the change in

:%%%é?ﬁﬂ%g'glgﬁ%QQEHic field in the sanple (soft magn
Asample formeasuring the exchange couplingmagnetic
field was made in the same mannex as Embodiment 1, except
that, when forming the scft magneticlayer, a soft magnetic
layer of a NiFe alloy was formed using a NisgFe,; alloy
target. The exchange couplingmagnetic fieldwasmeasured.
In addition, the anti-ferromagnetic layer was made using
several CoMn alloy targets with differing compositions.
Referxing to Fig. 5, the change in the value of
the exchange coupling magnetic field with respect to
the composition (Co content) of the CoMn
anti-ferromagnetic layer is shown. For compariscn, the
change in the wvalue of the exchange coupling magnetic
field in the sample (soft magnetic layer of CoZrNb alloy)
of Embodiment 1 is also shown. The exchange coupling
magnetic field, whenusingNiFe alloy as the soft magnetic
layer, was small compared to when a CoZrNb amorphous
alloy was used. This confirms that a higher exchange
coupling magnetic field is obtained using a CoZrNb
amcrphous alloy.
[Embodiment 3]

Asample formeasuring the exchange couplingmagnetic
field was made in the same manner as Embodiment 1, except
that the value of the magnetic field applied during film
formation of the anti-ferromagnetic layer and the soft
magnetic layer was varied, and a Coi;gMng, alloy target
was used for formation of the anti-ferromagnetic layer.

Referring to Fig. 6, the relationship between the
strength of the magnetic field applied during film

upling
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S.
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t he val ue
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of Enbodinment 1 is also shown. The exchange coupling magnetic fi
using NiFe alloy as the soft magnetic |ayer, was small conpared tq%eﬁnzﬂm
CoZr Nb anorphous alloy was used. This confirms that a hi gher exchange

coupling magnetic field is obtained using a CoZrNb anorphous al
[ Enbodi nent 31 A sanple for neasuring the exchange coupling magnetic field
was rmade in the sane manner as Enbodi nent 1, except that the val
magnetic field applied during film formation of the anti-ferromagnetic
| ayer and the soft nagnetic |ayer was varied, and a Co30Wnh-70 al

was used for formation of the anti-ferromagnetic |ayer.
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formation is 796 A/m (10 Oe) or greater. With the device
used, the plasma discharge during sputtering became
unstable when the applied magnetic field was 23900 A/m
(300 Oe) or greater, and film formation could not be
conducted.

As described above, according to the present
invention, by using a CoMn alloy with at least a Co amount
of 10 atomic % or greater and 50 atomic % or less or
an IrMn alloy with at least an Ir amount of 10 atomic %
or greater and 30 atomic % or less between a non-magnetic
substrate and a soft magnetic layer of a perpendicular
magnetic recording medium, the magnetization of the soft
magnetic layer is fixed by exchange coupling with the
anti-ferromagnetic layer. The formation of a magnetic
domain wall of the soft magnetic layer (backing layer)
which acts as & noise source is suppressed. It was also
clear that an even greater effect could be obtained by
using an amorphous Co alloy as the soft magnetic layer.
In addition, when using the anti-ferromagnetic layer
of the present invention, heat treatment after £film
formation is not necessary. Theneededexchange coupling
is achieved by an extremely simple manufacturing method
cof applying a magnetic field of 796 A/m {10 Oe} or greater

during formation of the anti-ferromagnetic layer and

ding to
anmount



of 10 atomc %or greater and 50 atomc %or less or an IrMh alloy wth at
| east an |Ir ampunt of 10 atomic % or greater and 30 atomic %or |e&§ JAN 2004
bet ween a non-nmagnetic substrate and a soft magnetic |ayer of a

per pendi cul ar magnetic recording nmedium the magnetization of the soft
magnetic |layer is fixed by exchange coupling wwth the anti-ferromagnetic

| ayer. The formation of a magnetic domain wall of the soft nagnetic |ayer
(backing layer) which acts as a noise source is suppressed. It was al so
clear that an even greater effect could be obtained by using an anorphous
Co alloy as the soft magnetic layer. In addition, when using the
anti-ferromagnetic layer of the present invention, heat treatnent after
film formation is not necessary. Thengfeded exchange coupling is achieved
by an extrenely sinple manufacturing hod of applying a magnetic field
of 796 A/m ( aj g dyrd ng ti a magneti c

| ayer and 2 %Qﬁgf%ﬁgéﬁgég ¥?rng§%gtf%géggePgﬂkgggggggupﬁbeﬂﬁéégresent

i nvention |f;sﬂ&iﬁquyqumﬂdllsumuéedfdprnmssSppodductbnn Havi ng descri bed
preferr ed embodi Mty of hOEc, LOYENL:QT ML TElSleNGE Lo e ageopanying
drawings, it is to bé “under st vod t at  the invention 1s not limted to
those preci selrenyodiaremtish aﬂﬁethacevawnﬁusachamgesylagddn@mumg@al|ons may
pe effected Lhengl fole ARBLIKELLAGRIL e ALL YL LRAIL HARRALL] Pagf T oM the

scope or splrl i'nventron as de e ‘appende
to those precise embodiments, and that various changes

and modifications may be effected therein by one skilled
in the art without departing from the scope or spirit

of the invention as defined in the appended claims.



2 7 JAN 2004 16 W AT IS CLAIMED |IS: 1. A perpendicul ar magnetic reﬁfrg&@@‘
medi-um conprising: a non-nagnetic substrate; an anti-ferronagneti ﬂ

on said non-nmagnetic substrate; said anti-ferronmagnetic |ayer including a
WMh alloy containing at least Co at 10 atomc % or greater and 50 atomc %
or less; a soft magnetic layer on said anti-ferromagnetic |layer; and a )
magnetic recording |layer on said soft magnetic |ayer. 2. A perpendicular
magneti c recordi ng medium according to claim11, further conprising a
protective |ayer on said magnetic recording |ayer. 3. A perpendicul ar
magnetic recordi ng nmedium according to claim?2, further conmprising liquid

| ubricant |ayer on said protective |ayer. 4. A perpendi cul ar magnetic
recordi ng medi um conprising: a nonnagnetic substrate; an
anti-ferromagnetic |ayer on said non-naﬁ%etic substrate; said

anti-ferromagnetic layer including a Mh alloy containing at least It at 10
atomc % or gnemEerIaMdAIMED IS:

1. A perpendicular magnetic recording medium,
comprising:

a non-magnetic substrate; .

an anti-ferromagnetic layer on said non-magnetlc
substrate; l

said anti-ferromagnetic layer including a Mn alloy
containing at least Co at 10 atomic % or greater and
50 atomic % or less; |

a soft magnetic layer on said anti-ferromagnetlc
layer:; and '

a magnetic recording layer on said soft magnetic
layer. | ‘

2. A perpendicular magnetic recording medium
according to claim 1, further comprising a protective
layer on said magnetic recording layer.

3. A perpendicular magretic recording medium
accordingtoclaﬁn2,furthercomprising1iquid1ubr1cant
layer on said protective layer. .

4. A perpendicular magnetic recording medium
comprising:

a nonmagnetic substrate; -

an anti-ferromagnetic layer on said non-magnetilc
substrate; "

said anti-ferromagnetic layer including a Mn alloy
containing at least Ir at 10 atomic % or greater and

30 atomic % or less;



30 atom c

%or less; 2 7 JAN 2004 17 a soft nmagnetic |ayer on sai

anti-ferromagnetic |layer; and a hard magnetic | ayer on said soft
| ayer. 5. A perpendicular magnetic recordi ng nmedium according t

further conprising a protective

d

0”292%@"‘

| ayer on said hard magnetic | ayer.

per pendi cul ar magnetic recordi ng medium according to claimb5, further
conprising a liquid lubricant [|ayer on said protective |ayer. 7.
per pendi cul ar magnetic recording nmediumas described in Caima1l,
said soft magnetic layer is an anorphous alloy containing Co. 8.

per pendi cul ar

soft magnetic layer is an anorphous alloy containing Co. 9. A
manuf acturing method for a perpendicul;gr magnetic recording nedi

conpri si ng:
substrate;

formng an anti-ferronmagnetic |ayer on a non-magneti

A
wher ei n
A

magneti c recording medium according to claim4 wherein said

um
c

form ng @o%%fﬁa g@?&'§ab§¥eén0§a§@J§htfuﬁérfdﬁédﬂg%gﬁetiC | ayer;

formng a magnetic recording | ayer on said soft nmagnetic layer; formng a
protective | dperergnagdi d nagnetlc recording |ayer;

a hard magnetic layer on said soft magnetic layer.

5. A perpendicular magnetic recording medium

according to claim 4, further comprising a protective
layer on said hard magnetic layer.

6. A perpendicular magnetic recording medium
accordingtoclaim5, furthercomprisingaliquidlubricant
layer on said protective layer.

7. A perpendicular magnetic recording medium as
described in Claim 1, wherein said soft magnetic layer
is an amorphous alloy containing Co.

8. A perpendicular magnetic recording medium
according to claim 4 wherein said soft magnetic layer
is an amorphous alloy coeontaining Co.

9. A manufacturing method for a perpendicular
magnetic recording medium, comprising:

forming an anti-ferromagnetic layer on a
non-magnetic substrate;

forming a soft magnetic layer on said
anti-ferromagnetic layer;

forming a magnetic recording layer on said soft
magnetic layer;

formingaprotective layer onsaidmagneticrecording
layer;

forming a 1iquid lubricant layer on said protective

layer:;



formng a liquid |ubricant |ayer on said protective layer; 2 7 JAN
said anti-ferromagnetic layer is an M alloy containing at |east gp
atomc %or greater and 50 atomics or less; during filmformation o
| east said anti-ferromagnetic |ayer and said soft nagnetic |ayer,
applying a magnetic field of 796 A/ m (10 Ce) or greater that is par
to a radial direction of said non-magnetic substrate. 10. A manufac
nmet hod for a perpendi cular magnetic recordi ng medi um conprising: fo
an anti-ferromagnetic |layer on a non-nagnetic substrate; formng a
magnetic | ayer on said anti-ferromagnetic |layer; form ng a magnetic
recording |layer on said soft nagnetic |ayer; formng a protective
said magnetic recording layer; forming a liquid lubricant |ayer on
protective |layer; said anti-ferromagnetic layer is an Vh alloy con

at least Ir at 10585 gm & - Of e . W Rl taRd 1302 AT M Ca20 Qiin | @330yduri
formation of at |east said
containing at least Co at 10 atomic % or greater and

50 atomic % or less;

during film formation of at least said
anti-ferromagnetic layer and said soft magnetic layer,
applying a magnetic field of 796 A/m (10 Oe) or greater
that isparallel toaradial directionof saidnon-magnetic
substrate.

10. A manufacturing method for a perpendicular
magnetic recording medium comprising:

forming an anti-ferromagnetic layer on a
non-magnetic substrate;

forming a soft magnetic layer on said
anti-ferromagnetic layer;

forming a magnetic recording layer on said soft
magnetic layer;

formingaprotectivelayeronsaidmagneticrecording
layer;

forming a liquid lubricant layer on said protective
layer;

said anti-ferromagnetic layer 1s an Mn alloy
containing at least Ir at 10 atomic % or greater and
30 atomic % or less:

during film formation of at least said
anti-ferromagnetic layer and said soft magnetic layer,
applying a magnetic field of 796 A/m (10 Oe} or greater
that isparallel toaradial directionof saidnon-magnetic

substrate.
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anti-ferromagnetic |ayer and said soft magnetic |ayer, applying a nagnetic
field of 796 A/ m (10 Ce) or greater that is parallel to a radi alr@mﬁﬂggn
of said non-nagnetic substrate 2 7 JAN 2004 19 11. A nmanufacturi

for a perpendicular nmagnetic recording nmediumas described in Caimb9,
wherein said soft magnetic layer is an anorphous alloy containing Co. 12.
A manufacturing nethod for a perpendicular nagnetic recordi ng nmedi um as
described in Claim10, wherein said soft magnetic |ayer is an anorphous
all oy containing Co.

19

11. A manufacturing method for a perpendicular
magnetic recordingmediumas described inClaim 9, wherein
said soft magnetic layer is an amorphous alloy containing
Co.

1z2. A manufacturing method for a perpendicular
magneticrecordingmediumasdescribedinClaim10, wherein
said soft magnetic layer is an amorphous alloy containing

Co.



