DESCRI PTI ON  MAGNETI C RECORDI NG MEDI UM SUBSTRATE AND
PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM  Techni ca
Field [0001] This invention relates to a magnetic
recordi ng nmedi um substrate for formng a ,
per pendi cul ar magnetic recordi ng nedi um adapted to be
mounted in a perpendicul ar magnetic recording type
HDD (hard di sk drive) or the like. [0002] Further,
this invention relates to a perpendi cul ar magnetic
recor di ng nediun1adapt9@5K3gB§(Wﬁunted in a

per pendi cul ar magnetic recording type HDD (hard disk
drive) or the |ike. Background Art [0003] In recent
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processing systens € advancenent

i nformati on-ori eqacNBOC REGORDINGIVEDRURAVE been
proposed i nformation recordi ng devices for use in
those information processing systens. In such

i nformation recordi ng devices, there have been
re¢fuiiged ffidlchr ger i nformation recordi ng capacities and
hi gher__i $ornation recordi ng densities for the
purpoQQOQ] m ni aturization and hi gher performances
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magneti Cc recor i evi ces,” as suc ormati
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drives) using magnetic recording nmedia as recording
apaimendiduarindgnetietrecordingdppel HRY (hapchdiskydrizgcerditic tige.
30GB (Sigabyt es) has been required per 2.5-inch
magnet[Pe0Qi sk. 2

Further, this invention relates to a perpendicular magnetic recording
medium adapted to be mounted in a perpendicular magné’{ic recording type
HDD (hard disk drive) or the like. '
Background Art

[0003]

In recent years, there have been proposed various information
processing systems foliowing the advancement of information-oriented society
and there have been proposed information recording devices for use in those
information processing systems. In such information recording devices, there
have been required larger information recording capacities and higher

-information recording densities for the purpose of miniaturization and higher
performances of the information processing systems. |

[0004]

In magnetic recording devices, as such information recording devices,
represented by HDDs (hard disk drives) using magnetic recording media as
recording media, the information recording capacity exceeding 30GB

(gigabytes) has been required per 2.5-inch magnetic disk.



[0005] In order to inprove the information recording
capacity of a magnetic recording nedium it is
necessary to i nprove the perfornmances of both the
magnetic recordi ng medi um and a magneti c head that
records/reproduces an information signal wth
respect to this nagnetic recé#ding medi um | n order
to satisfy such a requirenent with a magnetic
recording medium it is necessary to realize an
areal [00006f mati on recordi ng density exceedi ng 60

gi gabits per inch2 60Gvi ts/inch2). [0006] )
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nagneti c recording type or horizontal

REMeitich Jigedifihnesheured thid maghetic idtorlingmeadagnet indrder to
recording type, the nmagnetization direction in the

saipipsich neequitimentlvdthea magaeterezcosding megiunait is necessary to
approximately parallel to the main surface €ici)orti on of

rarlize pacATeRl iBlonmatiemirasgreteaansy @eefing 60 digrbits per inch®

L N-pl.ane gnetic recording type, there is a
H%g%ﬂﬁﬁp?q that even if attenpting to perform
inforngbbgg recording at high areal recording density
such S gi gabits per inch2 by decreasing the size

of crypkleniligi il $nadhelic MBgHtdingTevices eurtenty wilesr usddhese is
i nfl uence of demagnetization fields between the

acidaad @t magnstit recogiing mediunt cempdsing @ magnetic recording layer of
satisfactory recordi ng canngt be carrjed out. . _
theratheglleddnmiang magaetwer@égac&mqﬂwos (lopgiiedinglfgagnetic recording
thi ckness of a magnetic
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[0007]

In the in-plane magnetic recording type, there is a possibility that even if
attempting to perform information recording at high areal recording density such
as 60 gigabits per inch? by decreasing the size of crystal grains in a magnetic
recording layer, the influence of demagnetization fields between the adjacent
crystal grains increases so that satisfactory recording éannot be carried out.
Further, since it is necessary to reduce the thickness of a magnetic recording
layer for decreasing the size of crystal grains in the magnetic recording layer,
there is a problem that thermal fluctuation failure tends to occur due to thermal
magnetic aftereffect. If the thermal fluctuation failure becomes significant,

recording magnetization is attenuated with the lapse of time and, finally,

recorded information cannot be normally reproduced.



recorded information cannot be normally reproduced. 3
[0008] In viewof this, in recent years, it has been
proposed to enpl oy the perpendicular magnetic
recording type, instead of the in-plane magnetic
recording type, in magnetic recording nedia. In the
per pendi cul ar magnetic reccotding type, even if the
areal recording density is increased, the resistance
to thermal fluctuation failure is high. Therefore,

the p@QeSpdi cul ar magnetic recording type is a
desirabl e recording/reproduci ng type for achieving
i nf or mawewmfrt@@omdengﬂanearﬁ, ghaghoean prepaseditagmploy the
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per pendi cul ar magnetic recordi ng nedi um enpl oyi ng t he

tivenpe fidétoatiar failorgsdighe rdeosfdie)thd papendiculas magnetic
necessary to orient an easy nagnetization axis of a

recyrisgitype iscodesirgld @p@rdIWrapgo@qupﬁé@;r@hiwmgayer

i.n a perpendijcul gr ction (n direction) with
Bl BeTCHE Aatiah SU8a o P ERE Ragnet |

recorﬂjpg medi um For exanple, in the case of formng
a mag 8 1: recording |ayer using a cobalt (Co)-based

ferroppgpet focerﬂﬁb9rth@berﬂeh@;c@@$m@&eﬂ@ﬁémlhgWpeaﬁstéad of

of the nmagnetic recording |ayer becones the C-axis in

thidia-giexagrpaktic oosdisg typedk eshdrietip yecoryisy ahedia ritist ur e
of cobalt. Therefore, in this case, it is n_ecessary

neeecssaneiotlatedy ehangesthefstruplere ebamagoele regording { Lmear el hat
in a Eerpend‘cul ar directjon w.th res ect 1o
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direction (normal direction) with respect to the main surface of the magnetic
recording medium. For example, in the case of forming a magnetic recording
layer using a cobalt (Co)-based ferromagnetic material, the easy magnetization
axis of the magnetic recording layer becomes the c-axis in the hexagonal
closest packed (hcp) crystal structure of cobalt. Therefore, in this case, it is
necessary to orient the c-axis of the cobalt crystal structure in a perpendicular
direction with respect to the main surface of the magnetic recording medium.

[0010]

There has been proposed, as such a perpendicular magnetic recording
medium, a so-called two-layer type perpendicular magnetic recording medium
having a soft magnetic layer made of a soft magnetic substance or
ferromagr_]etic microcrystal on a nonmagnetic substrate and further having a

magnetic recording layer made of a hard magnetic substance on the soft



having a soft magnetic | ayer made of a soft nagnetic
substance or ferromagnetic mcrocrystal on a
nonmagneti ¢ substrate and further having a . nagnetic
recording | ayer made of a hard magneti c substance on
the soft 4 magnetic layer. This soft magnetic |ayer
serves to conduct magnetic fPux enitted froma
magneti ¢ head and perpendicularly transmtted through
the magnetic recording |ayer or magnetic flux
pegeetdiayof. arfhys eoft tagdefic ayet $eyvesrmgrretiuct magoetii iy
| ayer, to a magnetic path |eading to the na%netic
peuithd frorhat magneilmh@icgwchpwwenqila afly frppamitted through the
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trh&tis) ih sush BARRLIAYE te pBlpRhBicaRr atignetic vdwirdihg niddum, a
soft magnetic |ayer assists the magnetic recording
baigdtb maghbic dircuiiocan befpemet faewing thd heagrfedic bead, the
provi ding the soft magnetic |ayer between'the .
megneimecoulieg ayer.ane thesgt mrgnedg lRver 8t thedigpigagnetic
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n an alfmiln® perpen magneti c recordi ng

meéefraholmirpgRYditahagetie layer bagvediehpaitiintignatic substrate

magneti ¢ recordi ng nedi um having the soft magnetic

by the mhgitetiearcoiingiagerigvensidemaitsthesa desirable seucture as a
magnetic recording layer. This noise is generated
peroandioular magnetig rraording &westiéMng | ayer and the soft
magnet | | ayer and, particularly, spike-like noise

(spi ke[o(ﬁUi]se) generated fromthe soft nagnetic |ayer
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descri bes a perpendi cul ar

perpendicular magnetic recording medium having the soft magnetic layer
between the nonmagnetic substrate and the magnetic recording layer. This
noise is generated from both the magnetic recording iayer and the soft magnetic
layer and, particularly, spike-like noise (spike noise) generated from the soft
magnetic layer and medium noise have been a problem.

[0012]

In view of this, proposals have conventionally been made for reducing
suchnoise. For example, Patent Document 1 describes a perpendicular
magnetic recording medium having a backing magnetic layer between a
nonmagnetic substrate and a magnetic recording fayer, wherein the backing
magnetic layer comprises a pair of ferromagnetic films having the same

thickness and laminated through a nonmagnetic layer therebetween.

[0013]



magneti c recordi ng nmedi um havi ng a backi ng nmagnetic

| ayer between a nonmagnetic substrate and a magnetic
recordi ng |ayer, wherein the backing nmagnetic |ayer
conprises a pair of ferromagnetic filnms having the
same thickness and | am nateg through a nonmagnetic

| ayer therebetween. [0013] 5 In this perpendicul ar
magneti ¢ recordi ng medium the pair of ferronmagnetic
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conpriﬁ@§4a first soft magnetic |ayer, a magnetic

domai n co&trol | ayer including at |east an _

ant i f epsienERsQIrent Byescribesd mergachndbrsoagneiiggreiding

layer. In this perpendicul ar magnetic recording
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a magnetrc tie I's applied in a radial direction of
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under| ayer has the magnetic domain control |ayer
thicknass d of the first soft magnetic layer and a thickness d2 of the second
 soft magnetic layer is set to 0.3 or more and 1.5 or less.

[0015]

In this perpendicular magnetic recording medium, in the case of being
formed as a perpendicular magnetic recording disk, if a magnetic field is applied
in a radial direction of the nonmagnetic substrate, since the soft magnetic
underiayer has fhe magnetic domain control layer including the
antiferromagnetic layer, a magnetization curve of the soft magnetic underlayer
shifts in the magnetic field direction.  Since a coercive force Hc of the soft

magnetic underlayer derived from this magnetization curve is smaller than an

exchange bias magnetic field (shift amount) Hex, the magnetization takes a single value

in a zero magnetic field, that is, the hysteresis of the magnetization curve does not cross

the zero magnetic field.

[0016]
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antiferromagnetic |ayer, a magnetization curve of the
soft magnetic underlayer shifts in the nmagnetic
field direction. Since a coercive force He of the
soft magnetic underl ayer derived fromthis

magneti zation curve is smaller than an exchange bias
magnetic field (shift amount P Hex, the magneti zation
takes a single value in a zero magnetic field, that
is, the hysteresis of the magnetization curve does
not cr AssordingeoZEtientrBaetdant 2f it & deschibed 6jat ®ecause of the fact -
According to Patent Docunent 2, it is described that )
e dlue by Sieresiseoffthe magnetizatins ke dpessial pss the zero magnetic
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gnetic substrate and a uni directional magnetic
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being the direction of the nmagnetic field are

" pragsietie felidrart peoduafed imtlgnsdft magneter radegiayers so theimagnetic

magnetic domain walls in the soft magnetic ) )
dnahain wells indhe saftimegnetie uadedauer gir Hile 19janeendyporipp side

nonmagneti c substrate to previde a, . :

B bEaBIGraele duRalslo de RrdIdA p BSeip-siaglgionain sipte. thereby
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per per[@bwll ar magnetic recording nedium having a

pair of soft magnetic |ayers, |am nated through a

nonnmaghather, Nay-dratéidlozvatont ¢ desbetbese® pependicoiag metgnetic

substrate and a magnetic recording layer. In this

reoptinglmagiium haytnga pair pbedt dpaneticdayers laninated Hirpugh a
soft magnetic |ayers are antiparallel-coupled to each
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di fference in thickness between the soft nagnetic
Regedingito NomaRatent Document 1, it is described that spike noise is
suppressed when the thicknesses of the soft magnetic layers are equal to each
other, while, spike noise is generated when a difference in thickness between

the soft magnetic layers increases.

[0018]

‘Patent Document 1:  Japanese Unexamined Patent Application

Publication (JP-A) No. 2001-331920

Patent Document 2:  Japanese Unexamined Patent Application

Publication (JP-A) No. 2004-348849
Non-Patent Document 1: The 28th Magnetics Society 0;‘ Japan
Scientific Cohference Summaries (2004)
pp. 612 t0 613 |

Disclosure of the Invention



[0018] Patent Docunent 1: Japanese Unexam ned Patent
Application Publication (JP-A) No. 2001-331920

Pat ent Docunent 2: Japanese Unexam ned Pat ent
Application Publication (JP-A) No. 2004-348849

Non- Pat ent Document 1: The 28t h Magnetics Society of
Japan Scientific Conference Sinmari es (2004) pp. 612
to 613 Disclosure of the Invention 7 Problemto be
Sol ved by the invention [0019] !n the neantine, an
aiPgableirth erBiiiveaiby tedmaintign densi ty of 100Goits per
inch2 (100Ghits/inch) or nore is becomng required in

recent [08¢%rding media. In order to realize a
I t di di I fo
Sat | of et %%a”ﬁri%%ﬁ %éaiw?érm'#ﬂv RO AEBaPT g 0ghds per
t
| FREeEi R B Rbre e %*f%?@ﬁ@éﬁ?fﬁ@gfﬁﬁ%ﬁed'a

anfoBEi @A §Be @%Q]arn‘l ricti€ récasdingesdiumasipable of
described in the foregoing n Pat ent cument 1,

t batisfeedtorilp tarsihd oukigioehaton eyerding and repredudibn atighch a high
t he nonma(?neu c layer therebetween and

aAtEabacardieg dewsityl |t bacerpes ResessenLio THrBersuppressspike noise
bet ween, the .nonmagnetic substrate and the magnetic

r@@‘amqﬁml'}&%? and the thicknesses of the soft

rragnetl (ﬁyers are set equal to each other in the
per pen | cu magnetic recording medi um spi ke noise

i s cer gl dasEeheFe ths ddnmapad in the férbﬁémg@&ﬁ‘ﬁPaﬂeht Dscument
confirmed from optical observation that magnetic

dorthé pair af soft diagnetit layasuaminaded trusughatpestanenaimetic layer

wall's are formed in the soft magneti c )
therebetween and antiparallel-couplied to each other are provided between the

nonmagnetic substrate and the magnetic recording layer and the thicknesses of
the soft magnetic layers are set equal to each other in the perpendicular
magnetic recording medium, spike noise is certainly reduced. However, in this
case, it is confirmed from optical observation that magnetic domains are
discontinuous and thus magnetic domain walls are formed in the soft magnetic
layers and, therefore, it is considered that medium noise increases.

[0021]

When carrying out information recording and reproduction at a high
areal recording density of 100Gbits per inch? or more in such a perpendicular
magnetic recording medium, if the magnetic domain walls are formed in the soft
magnetic layers, there is a possibility that these magnetic domain walis cause
noise generation.

[0022]

Embodiments of the present invention provide a perpendicular magnetic
recording medium having, between a nonmagnetic substrate and a magnetic

recording



| ayers and, therefore, it is considered that medi um
noi se i ncreases. [0021] Wen carrying out

i nformati on recordi ng and reproduction at a high

areal recording density of 100Chits per inch2 or nore
In such a perpendicul ar nagngtic recordi ng nmedi um

if the magnetic donmain walls are fornmed in the soft
magnetic |ayers, there is a possibility that these
magneti c domai n wal | s cause noise generation. [0022]
Eldyetianeair of soft magnelicdayars lamipaieditiyiough enanenagnetic layer
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Whirther &Adrolik iR by nStienBES Mg TREdIUM SiREBAteqMatantTein such a
carrying out information récording and reproduction
apetpegldialaahageetic dicogdidg msédiym. and  further to

provi de a_magnetic_recordi ng nmedi um substrate that

c Meansifer Savmathegdigpéadi cul ar nagnetic recordi ng

medi um BE@ES for Solving the Problem [0023] The
present[0 ntors have advanced studies for sol ving

the foragobadenfihAtGEhAIE Sy il for sBRHE thetthdgoing

that, in a perpendicular magnetic recording

haiabRgns BRA RO resUROMERIB B thalt UR atgerbéhdidiflardmagnetic
magnetic recording |ayer, a pair of soft nmagnetic

| excerding madiumt édvingr netgleen amammeagmetic substeate Bnd a magnetic

therebetween, it is possible to rempve a cause of )

gEaserding leien f pavdf et magnstic Ryesdamingiedthipyghes Baaagnetic
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dRaes By \‘S@ﬁihg al 4&hce in thickness between the soft maghnetic layers to a
proper value to prevent formation of a magnetic domain wail.

[0024]

Normally, spike noise in a perpendicular magnetic recording medium is
noise caused by a soft magnetic layer and is observed in a low-frequency
region. This is caused by movement of magnetic domain walls and is also
called Barkhausen noise. On the other hand, medium noise is noise
generated in a high-frequency region and is caused by a distribution of radii or
sizes of magnetic grains, in AFC soft magnetic layers having the same
thickness, magnetic domain walls are observed by an OSA. In Non-Patent
Document 1, spike noise is suppressed by fixing magnetic domain walls with
the structure of AFC+AFM (antiferromagnetic coupling) soft magnetic layers.
On the other hand, soft magnetic layers in as per embodiments of the
invention form ho magnetic domain wall even without an AMF Iayer-and thus
can reduce spike noise. That is, although, normally, spike noise cannot be

completely removed only with the AFC structure, if a pair of soft magnetic layers

laminated through a nonmagnetic



Normal |y, spi ke noise in a perpendi cul ar magnetic
recording nediumis noise caused by a soft magnetic
| ayer and is observed in a | owfrequency region.
This is caused by novenent of magnetic domain walls
and is also called Barkhausqg noi se. On the other
hand, nedium noise is noise generated in a
hi gh-frequency region and is caused by a distribution
ii or sizes of magnetic grains, in
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ferromagnetic coupling) soft magnetic. | ayers.
Contnkd, mkdiem heisslcarsalkb beagneived. | ayers in as per
enbodi nents of the invention formno nagnetic donain
wal | eJ8®23)i t hout an AMF | ayer and thus can reduce
spi ke noi se. That

cannot Irbgm%'@gmﬁrgq I@fq t{)e?)l Lho IQ’@H ic?pr, \%lal‘lf hg@ﬂégrigé%aqon%ggeneﬁc
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present invention, no magnetic domain wall “is forned

ahbughdise hbnmagnetksapdreh¢rebetvse leavel the neagnetic pstierssis, the

noi se. Further, since no magnetic domain wall is

froagnetic preprrties atths @alaf saft stagnetie Rysireare aogsgssarily the
present

mbodi ments of the. | on. Lt | |
SO a paeh oS NhlTARd BoSsiB g fontRiie ghaTenslidyeresis

TarTpd oy SHRERRH NI RN ot iR vers having
hftdrenBaagdte prapettics 10308 Sqi ¢ chdH GHER  tHiBther, soft magnetic

nonmagnetic | ayer therebetween have the magnetic
Hayrire rrees/ e forhed byegpletality gflayesss tnot dmitéd tda paiiof layers.

soft magnetic |ayers are not necessarily the sane as
dattihentingie AFE stickire of thesoftdnagnaicdayers.go oedaria cancel
oA or iy S50 BT e RE RS Fppriagt
the products of Ms and the thickness (=Ms-t) be equal to each other in the upper
and lower soft magnetic layers. That is, it may be configured such that the
lower soft magnetic layer is increased in Ms and reduced in thickness, while, the
upper soft magnetic layer is reduced in Ms and increased in thickness.

[0026]

The following aspects and embodiments are provided.

[0027]

In accordance 'with a first aspect of the present invention, there is
provided a magnetic recording medium substrate having an underlayer on a
substrate made of a nonmagnetic material, said magnetic recording medium

substrate characterized in that said underlayer comprises at least a pair of



di fferent magnetic properties to be equal to each
ot her. Further, soft magnetic |ayers may be forned
by a plurality of layers, not limted to a pair of
| ayers. Further, in the AFC structure of the soft
magnetic | ayers, in order to cancel nagnetizations
of the upper and | ower soft gnetic layers, it is
i mportant that the products of Ms and the thickness
(=Ms-t) be equal to each other in the upper -and
| oner soft magnetic |layers. That is, it my be
CEut hridghetic Riyehs lRdhafelahrdugied n@t@ﬁhgn@@ﬂ@yectﬁe‘:uthween
is increased’in Ms and reduced in thickness, while,
t éid papngrsoftohagmetgrieyes areyfermeédta m&:MQnetwprqnmtles
i ncreased in thickness. [0026] The follow ng aspects
asubstaritiadly egnaktoazashpotber dedione pdsaid]layers hesdr thigidess
with a first aspect of the present inventi t here
i diffefand fiomethai o ptlayes angi s HBePHAYES ?‘@§t3r Fegnetic
haV|ng an underl ayer on a substrate made of a

§8iSti c material, said magnetic recording nedium
substrate characterized in that said under | ayer
conprises at |least a pair of 9a soft magnetic |ayers
| am nated t hrough a nonmagnetic | ayer therebetween,
said pair of soft magnetic layers are fornmed to have
magneti c properties substantially equal to each
ot her and one of said |ayers has a thickness
different fromthat of the other |layer, and said
under |l ayer has a magnetic hysteresis. 10 [0028] In
an enbodi nent, a difference between the thicknesses
may be 10nmor less. [0029] In an enbodi nent, the
soft magnetic | ayers may be magnetically



antiparall el -coupled to each other. [0030] In
accordance with a second aspect of the present
invention, there is provided a perpendicul ar
magneti c recordi ng nedi um having an underlayer and a
recording |ayer on a substratﬁgnade of a nonmagnetic
material, said perpendicul ar gnhetic recording

medi um characterized in that said underl ayer
conprises at |east a pair of soft magnetic |ayers

| am nat éP2%hr ough a nonmagnetic | ayer therebetween,

said pajr of soft nmagnetic | rs e fornmed to h
magnet | 1 31 epBptmast &dfiesnee BEfPendhe thickiRessmay be
Otﬂﬁ{map%s hi cknesses thereof are different from each
ot her, =~ and sai d underl ayer has a magnetic
hysterefd(}gg] [0031] [0032] 11 In an enbodinent, in
the second aspect, a difference between the
t hi cknetrsais embbdintent phe sofiimagyfetic laygreemiay beanagretically
be 1 Onmor |ess. [0033]t In an enbodi nent, in the
sévviparallebeevpledie egah OtAT. soft nagnetic layers may
be armrﬁqugﬁ. Effect of the Invention [0034] The
magnet i ordi ng medi um substrate or the
per pendj ¢ i ' ' (e (W Te BN )
Erbodi iR & SoRbRl doBRe B rase R i tioh there
Su . . al N
Bl BE etk MANARAS R gt heh iy o
ne@iaetbger ML fediliph lays dragisubstestetrhadelgha nohmagnetic
nonmagneti c | ayer therebetween and having the
magatetialc shidgierpesdisular izghetiorecordingi medinss chamctarized in
prevent formation of a magnetic domain wall in the

that said underlayer comprises at least a pair of soft magnetic layers

laminated through a nonmagnetic layer therebetween, said pair of soft
magnetic layers are formed to have magnetic properties substantially
equal to each other and thicknesses thereof are different from each other,
and said underlayer has a magnetic hysteresis.

[0031]

[0032]



under | ayer and thus to suppress generation of medi um

noi se. [0035] Further, in the nmagnetic recording

medi um substrate or the perpendicul ar magnetic
recordi ng nmedi um accordi ng to enbodi nents of the

present invention, the pair q soft magnetic |ayers

are forned to have the nmagnetic properties
substantially equal to each other and the thicknesses
thereof are different fromeach other. Therefore, it

i I arpembbtligant, is the sdcepd GsPest, a giterenee badwaen therthisknesses
magneti ¢ domain wall in the soft nmagnetic |ayers and

¢ fivide Peg oia%@me&gﬂ%xeg% may B¢ 1RBAT OERSH se. [ 0036]
Further[0 %ﬁ t he magnetic recordi ng medi um substrate

or the 8 I"‘pendi cul ar magnetic recordi ng nedi um

accor dijAgnlPnisHRAEhITRIthe sBbord'8spdet, @ae Phir biwsihhgetic layers
the difference between the thicknesses of the palr of
swialy bermgophiocs) ayers is 10nm 12 or |less. Therefore

it 1s possible to prevent generation of spike noise
ififedi of #u tnventigheti c |1 ayers. [0037] In the
perpenﬂbﬁgéar magneti ¢ recordi ng medi um according to
enbodi of the present invention, a suitable

magnet g, Ghh Ghilde Heg?r{c]lg{grmgdiuﬁpgu%htﬁkm%?e%mwr

t he magneti c’réecor layer, e so ghetic

| A%GAStc ReofdiRy mekiun® aB®8ing 6 chiboBmhénts ftthe present invention
i nformati on recordi ng and reproduction at high areal

I ez ol they sdiesisate ynadeGd 283 nofhagneie, martaldinesmderiayer
the present invention can provide a perpendicul ar
neQyaRising atdeast dheipairetsalimpanelirgayess whiehare laminated through

Ptggén}%%ﬂgatgiggp? %&g?&{@?%beqpaggré%p%@tghﬁe rrr%*ﬁ:g%re I rr1|95tere'sis.

Therefore, it is possible to prevent formation of a magnetic domain wall in the
underlayer and thus to suppress generation of medium noise.

[0035] '

Further, in the magnetic recording medium substrate or the
perpendicular magnetic recording medium according to embodihwents of the
present invention, the pair of soft magnetic layers are formed to have the
magnetic properties substantially equal to each other and the thicknesses
thereof are different from each other. Therefore, it is possible to satisfactorily
prevent formation of a magnetic domain wall in the soft magnetic layers and thus
to suppress generation of medium noise.

[0038]

Further, in the magnetic recording medium substrate or the
perpendicular magnetic recording medium according to embodiments of the
present invention, the differénce between the thicknesses of the pair of soft

magnetic layers is 10nm



| am nat ed through a nonmagnetic |ayer therebetween,
whi ch can reliably suppress nedi um noi se even when
carrying out information recording and reproduction
at high areal recording density, and further provide
a magnetic recording nediun1§ubstrate that can form
such a perpendi cul ar nagnetié recordi ng nmedi um
thereby contributing to an increase in area
recording density in perpendicul ar magnetic L

r oclesdi nidenefaiea it ispossiblotsprevettigenerstion 0d spke weisg dn the soft
[0039] [Fig. 1] is a sectional view show ng the

st iEda¥s¥sa per pendi cul ar  nagnetic recording
nediun1@ gﬁrding to this invention. [Fig. 2] is a
graph ( 9 eresis curve) show ng the magnetic

propert I!n%ﬁ? gérpeﬁefch [ RERPEE rdcatiigmetiunh 8ccording to

per pendi cu magneti ¢ recordi ng medi um according to

t birhotinvaitt bbihe drEsent iBkention,a aliablevinegnetieasiicny is formed
magnetic domain wall states in soft nmagnetic |layers .
otmengenaeticheaththesnpenetisoeeending layar an(éﬁ@cmﬁ hggnetic
to this _inyention, scripti.on of . Synmbol s 0040] 13.
1laygfss B0 fhat s ppegibledgper %@tﬂrfeaff%sw@'r@e%wﬁsp@f@m

e | 4 ndi cul ar magnetic recording

F%%& age%%ﬁgddrﬁ%{]l&ﬁ:ﬁ?ayer Best Mode for Carrying Qut
the Invgpsgion [0041] Hereinbelow, the best node for

carrying out this invention wll be
That is, embodiments of the present invention can provide a

perpendicular magnetic recording medium having, between a nonmagnetic
substrate and a magnetic recording layer, a pair of soft magnetic layers
laminated through a nonmagnetic layer therebetween, which can reliably
suppress medium noise even when carrying out information recording and
reproduction at high areal recording density, and further provide a magnetic
recording medium substrate that can form such a perpendicular magnetic
recording medium, thereby contributing to an increase in areal recording density
in perpendicular magnetic recording media.

Brief Description of the Drawings

[0039]

[Fig. 1] is a sectional view showing the structure of a perpendicular
magnetic recording medium according to this invention.

[Fig. 2] is a graph (hysteresis curve) showing the magnetic properties of
soft magnetic layers of the perpendicular magnetic recording medium according
to this invention.

[Fig. 3] is a plan view showing magnetic domain wall states in soft
magnetic layers of perpendicular magnetic recording media according to this
invention.

Description of Symbols

[0040]



described wth reference to the drawi ngs. [0042] A
per pendi cul ar magneti c recordi ng nmedi um according to
this invention is fornmed, for exanple, as a nmagnetic
di sk adapted to be nmounted in an HDD (hard disk
drive) or the Iike and is a recordi ng nmedi um of the
per pendi cul ar magnetic recotdling type capabl e of
carrying out high-density information signa

recordi ng and reproduction. [0043] The perpendicul ar
magnet{ ¢ geK&FALNg medi um according to this
invention, in the formof the magnetic disk, is

manuf a2t ufiet sbid nisgretialayer edet er m ned di anmeter such
as, for exanple, 0.85 inches, 1.0 inches, 1.8

i nches3 2sseconscspicmaghet lgyeches. [0044] Fig. 1 is
a sectijonal view show ng,.the structure of a

per pendi CBP@P"dWH%’ﬁé??Q{’%F'BE%Q%g'Hg #&di um according to

this igyeﬂ{)g@g%%tﬁglé?ér As shown in Fig. 1, the

per pendi c C recording nediumis

8a8f BYE fst CAlffing bRl traninvesRid ayer is fornmed on a

substrate 1 nade of a nonmagnetic material and a
per pen@odt] ar nmagnetic recording layer 4 is forned

as an upper layer with respect to the underl ayer. The
under | Hg@inhelow,shebgskpoda forparymgat this inveptior wikbe

firs d, second sof netic layers 2 and 3 form ng
998%%@3.“"?& rﬁg‘?{ﬁﬁ%g’t{h@rq%gvggss i s formed between the
soft gg?ltic | ayers 2 and 3. That is, the first and
second so magnetic layers 2 and 3 are | am nated

t oget hﬁpeid@'n@i&llhrtrﬁ%rﬂéﬁﬁﬁ@&?@lnig(mécﬂ_umfac%ording to this invention
t herebetween. Further, a nonmagnetic underlayer 6 is

fsdomeed, et sveamplehas amparnesic dissksaapiat! diet momakgden ao HDD
(el AryR) 61 e Tie and 15 & Teqorcing medilim of the perpevdicular
magnetic recording type capable of carrying out high-density information signal
recording and reproduction.

[0043]

The perpendicular magnetic recording medium according to this
invention, in the form of the magnetic disk, is manufactured to have a
predetermined diameter such as, for example, 0.85 inches, 1.0 inches, 1.8
inches, 2.5 inches, or 3.5 inches.

[0044]

Fig. 1 is a sectional view showing the structure of a perpendicular
magnetic recording medium according to this invention.

[0045]

As shown in Fig. 1, the perpendicular magnetic recording medium is
configured such that an underlayer is formed on a substrate 1 made of a

nonmagnetic material and a perpendicular magnetic recording layer 4 is formed

as an upper layer with respect to the underlayer. The underlayer is formed so



nonmagneti ¢ underlayer 6 is a |ayer for crystal
control of the perpendicular magnetic recording

| ayer 4. [0046] |In this perpendicular magnetic
recording medium the first soft magnetic |ayer 2,
the nonmagnetic layer 5, and the second soft magnetic
| ayer 3 formthe underlayeri4 and this underl ayer,

t he nonmagneti c underlayer 6, and the substrate 1
forma magnetic recordi ng nedi um substrate. Then, the

BE P RRAideWt dadBeN 8 G e8P ESH Rdighalicelyérsandnd Bl fo®niag a
upper layers with respect to the perpendicul ar

pagneA nonmeagoetit laget fisciormed betwemnitee sofi nmdgnetadayetrs 2 and

recordi ng nedium substrate, thereby formng the
Ber pealds clipdirstranghsacoad spl awamerig layets & and %omiqlmmaﬁed

he under| ayer of the neti recordin di,um

e 3uBY She RonbifedTiares SnerSRived? ek | o

j i+6al .

hEfmat e ARRBTECBI £fhbd BEGREH (i LBYE.Sidé ccBbif Soft
FRgRetic RiybAS @hdl-the pBRARHicHRar iiyneud sddoading layesie TaR
be made of a gl ass substrate conprised of a glass
sohagset@ruraianiapbioti s glayssior Asystdl eoglralsd tineaperpeadticular
formng the substrate 1, a chem cally strengthened
glegsstioracardied 1ayer dheni cal |y strengthening an

al um r@@i%icate glass is preferable. [0049] The
first ?]magneticlayer 2 is fornmed on the

e L6 A AL, s ot magn

RERENEtthe noAlkigndtic ia?/eabpaﬁd tHaruecbAd 86m MaghlRbc RIBESiforen the
layer 7 is a layer for strengthening an adhesive

tndertayef, antahikiunslerlapdnt theaypmetdgnetiaysderfaysr Bhand tect

to the substrate 1 and, therefore, if the_adhesive
shstated fereamagnetisgeeorgingraedivm sibsirate. t d hepethe
perpendicular magnetic recording layer 4 and films as upper layers with respect
to the perpendicular magnetic recording layer 4 are formed on the magnetic
recording medium substrate, thereby forming the perpendicular magnetic
recording medium.

[0047]

In the underlayer of the magnetic recording medium substrate, soft
magnetic layers are not limited to the first and second soft magnetic layers 2
and 3, but may further include third and subsequent soft magnetic layers.

[0048]

As the substrate 1, use can be made of a glass substrate comprised of
a glass such as an amorphous glass. As the glass material forming the
substrate 1, a chemically sirengthened glass obtained by chemically
strengthening an aluminosilicate glass is preferable.

[0049]

The first soft magnetic layer 2 is formed on the substrate 1 through an



substrate 1 is sufficiently ensured, it is not
necessarily provided. [0050] The thickness of each

soft magnetic | ayer can be changed by changing the

di scharge power or discharge tinme when sputtering the

soft magnetic layer. [00511 |In order to ensure the
adhesive force to the substri&te 1 nmade of the gl ass

such as the anorphous glass, the first soft magnetic

| ayer 2 is preferably nmade of an anorphous naterial .

Ed’rfésl'\%r la émﬁtﬁérébﬁtwégﬁt TR MdKr@sS BY Pk fAst s%ft magnetic layer 2
desi r abl § made of a material having suitable so

igegaat 40nmioepentn. e Tharadhebioe layex drip bdayar SordstmngiidEnng an
made of a cobalt (Co)-based soft nagnetic naterial.
adhasiyediors of thed)st sak sraetic layegAaviihcespedte thessubgtrate 1

19, e Slorgab e Sozsian ore s fad fihn raghads WSt e it
Qs 21 QOB oFRu0RY YT 2 OBkl oM’egr) based

i s par erabl'e as rraterlal t hat
fornB @@gﬁflrst soft magnetic layer 2. [0052] In the
case mhere the adhesive layer 7 is provided, it is
al so pfTékdhizkhess ofecheh abftamagmatic pdyen sambeathaayed by h
as, for exanmple, a chromumtitanium (Cr-Ti)-based
etianging the sisrbargeopamerardliseinegs uemdianespulieting iessitt
to the substrate 1 made of the glass such as the
rgﬁﬂ?%tf?dﬁ glass and the first soft nagnetic |ayer 2
rrade ﬂe anor phous material. The thickness of the
adheswe ayer 7 is about 20nm [0053] On the first

sof t NRYNELrItE eha¥@rthe aldbetios fibe tdheUBEREREL adk Y Be
5. 16 This nonmagnetic layer 5 is nmade of a

glassmgheds therahenphalis glash, the firsttsoémagneti€ Rujer @risl phedsrably
r%a(tjg Img grrl] g?nsorgrﬁou%br(r)lgtterigf. 7nFrEr1th%r,?heg first soft magnetic layer 2 is
desirably made of a material having suitable soft magnetic properties and, for
example, is desirably made of a cobalt (Co)-based soft magnetic material.
Among cobalt (Co)-based soft magnetic materials, a material such as a
cobalt-zirconium (Co-Zr)-based alloy, a cobalt-tantalum-zirconium
{Co-Ta-Zr)-based alloy, or a cobalt-niobium-zirconium (Co-Nb-Zr)-based alloy is
particularly preferable as a material that forms the first soft magnefic layer 2.

[0052]

In the case where the adhesive layer 7 is provided, it is also preferably
made of an amorphous material such as, for exampie, a chromium-titanium
(Cr-Ti)-based alloy in order to ensure adhesive forces with respect to the
substrate 1 made of the glass such as the amorphous glass and the first soft
magnetic layer 2 made of the amorphous material. The thickness of the
adhesive layer 7 is about 20nm.

[0053]

On the first soft magnetic layer 2 is formed the nonmagnetic layer 5.




[0054] On the nonnmagnetic layer 5 is fornmed the
second soft magnetic layer 3. This second soft
magnetic | ayer 3 can be forned as a | ayer equival ent
to the first soft magnetic layer 2. That is, the
second soft magnetic layer 3 is preferably nmade of
an anorphous material. Furthe, the second soft
magnetic layer 3 is desirably nade of a materi al
having suitabl e soft nmagnetic properties and, for

i?%'nﬁ’ra hétl@'%?/bf gid Hlal%%? aHonfhagRBAE il shé’ﬁ? 86 ruthenium

e Ic “materi Anmong cobalt (Co)-based soft

(FRQ%&:II m’:ls@ﬂﬁmr@b§of abo@teTrimlto 6190, as a
cobal t-zirconium (Co-Zr)-based all oy, a
cobal t[00241t al um zi r coni um ( Co- Ta- Zr) - based al l oy, or

a cobal t -ni obi um zi rconi um g I}t zﬁ) ed al | og i

par 1 G0 1A JonERGRIRE s Rt ecPRAEO1 BlagEtlin Bver 3
558030 h0n FRRAGh Pk S45enTe b RFRL o TV B o e

||%Y %ﬁl@ﬁ@t dcuféﬁgf‘ﬁt | PRy, tﬁ@%b&ﬂ{cﬁédfﬁ'naﬁﬁétm i8¢t Pis

eac e'to the presence of the nonnmagnetic

bey&rably ity et weensholikanterialk nEssher, thehsecoadmott magnetic
soft magnetic layer 3 is, like the first soft
kg i desirablyrmade abamatane ma@;@gagnﬁﬁblem@&m@gnetlcggopemes

g@k@fﬁ%@ﬁéﬁ%ﬁ%r%ﬁ:%%&q sa %9 altt(hg @sﬁ%de ﬁ%lgﬁ@gpgtlc
rNeTieh e B3 Spbith [ bdbe O R ThadneMiHh b s Ca miaétial such
%?%%bﬁalgzm idmaCR- 2 bheé& oy b%bﬁ@-@éhtalghhﬁi?co@zﬂﬂn a

ference in thicknéess therebetween is set to 10nm
@o-Te8)-bd205dloy, 6na tbisalsmiobinch-sicdonium gedNteZt)dpsed iloy is
I's formed the perpendicul ar nmagnetic recording |ayer
martimlalhghretfciereb&)mgmﬁenaj thaidermaifersesond spé ireaaneda layer 3.
The n nma netic underlayer 6 is fornmed of tantal um
(Ta) POR¥e 1ike and has a thickness of about 2nm

o P RO By RSB B b iR 2
hgseralp antisstal&icdduplkl to each other due to the presence of the
nonmagnetic layer 5 therebetween. The thickness of the second soft magnetic
layer 3 is, like the first soft magnetic layer 2, about 40nm to 50nm. However,
as will be described later, in order to cause the combined magnetic properties of
the soft magnetic layers 2 and 3 to have a magnetic hysteresis, the thicknesses
of the first and second soft magnetic layers 2 and 3 are different from each
other and a difference in thickness therebetween is set to 10nm or less.

[0056]

On the second soft magnetic layer 3 is formed the perpendicular
magnetic recording layer 4 through the nonmagnetic underlayer 6 therebetween.
The nonmagnetic undertayer 6 is formed of tantalum (Ta) or the like and has a

thickness of about 2nm. The perpendicular magnetic recording layer 4 is

made of a hard magnetic material having a hexagonal closest packed (hcp)




crystal structure such as a cobalt-platinum
(Co-Pt)-based alloy and is forned as a granul ar
magneti c | ayer because of containing a nonnagnetic
material such as chromum (Cr) or silicon dioxide
(SiA2). That is, in this perpendicular magnetic
recording | ayer 4, the nonmagmetic material such as
chromium (Cr) or silicon dioxide (SiQ2) is

preci pitated between nmagnetic grains so as to

%@% ?ﬁ’&ctur%rs&lh &%Eéﬁﬁﬁgﬁﬁ%rﬁﬂﬁbfﬁ bQébcpﬂo?Fﬁqm it h&med as

ralns e per magnet

El%;‘?éﬁﬂéﬂﬁa%ﬁé’tﬁfiaﬂeh%ﬁ:a@sé bf edrginmgal neragnetionnateridl such
Is forned epl taxi al growth (heteroepitaxial

gs olmtdnjlum[():'ﬂr] silidam dibxide Bt i ldhat is, hethmagereendlcular
material form ng the perpendicul ar

ragoetn iRgordiye laysr tsthgionmadnete F@ﬁ@"jﬁ' rSPﬁ’i' @%&hwm@n@r

S 053 PSR 6 B 3 B
er‘bIBEl?EférPaw % iﬁte%&%H'b%‘Ewé@rg!ﬁ%% dél‘t)é'@{ralngarfhé Hbﬁ‘fe‘n&!:ouiar

rant iC l'dayer containing a cob

(rﬁ@he@@fee@rduﬁg [£3/@Ra ki Lthitkhess éf abott n§em atrfmas ¢oroadd by
(CO) - based ferromagnetic materi al has a magnetic

apitasdd] gopwthi (heteheepiexiak govdh). ect i on of the hexagonal
cl osest packed (hcp) crystal structure, control is

perfor[ﬂ@g lin the perpend| cul ar magnetic recording

| ayer t hat. c-a

or | ent 84T il Beim 8l Bl BaRHb e AEibedopiag
ﬁ\ta@ﬁét(c Fe%ﬁpdm%'hﬁ}ef4 n@t L BQkiIS Ifrﬁ@éd ad fbn@ d@ﬁ %ral Rérd

exa osest pac (hcp) Crystal

ﬁia@bléﬁ@m%ter@ﬂi Bdleasﬁd@é@ri‘@eﬂ@bbﬁéldh@ pEfyendiocueinedgretici s
pr onot ed nore, formation of nonmagneti c grain

tevorting jaypod is preferably dpeokiangnagnedaayespsitinylarly a granular
exchange i nteraction between nag nFtl c graipns is

maseq@a aﬁﬁ"r@m@lnﬁ‘@ea pebal(Cajssre framAgnatinmaged- afince

SRR bl R AR 9 v
LA, AR i AT g, convo
{sg%egﬂg?ﬁeﬂ hetHeesapaadieubamagheieidcording Riydi Agolthatahe 4-axis
is perpendicularly oriented with respect to the substrate plane. On the other
hand, there is a problem that, in a material having a hexagonal closest packed
(hcp) crystal structure, as the c-axis perpendicular orientation is promoted more,
formation of nonmagnetic grain boundary portions for blocking or suppressing
exchange interaction between magnetic grains is impeded more. Since it is
possible to relax such an impeding factor and positively form nonmagnetic grain
boundary portions in the granular magnetic layer containing the cobalt
(Co)-based ferromagnetic material, it is suitable as a magnetic material for
forming the perpendicular magnetic recording layer 4.

[0058]

On the perpendicular magnetic recording layer 4 is formed a proteciive




On the perpendi cul ar magnetic recording layer 4 is
formed a protective 18 |ayer 8. This protective

| ayer 8 is nade of hydrogenated carbon or the Iike
and has a thickness of about 5nm The protective
|ayer 8 is a layer for protecting the perpendicul ar
magneti c recordi ng nedium frgm an i npact by a
non-illustrated magnetic head. [0059] Further, a
lubricating layer 9 is formed on the protective |ayer

. Thi s .l ubri in e i ;

e BuoTp Sl AfprBtnade bFu/TRbarklied cpibon or the ke and
PQé G iy g%s%fcif ABBUE 5AMNMThd PRotbthel 1&g o I_é?/éi’f foPploteding
ayer for relaxing the inpact by the non-illustrated
frosepésdibgadmapheidiecotding medieafromnan impeet byast and
second soft magnetic layers 2 and 3 are fornmed so as
non-Blusiraiedireagisdicoe@d. t he substrate 1 and the

per pendi cul ar magnetic recording |layer 4. By the

provi dP8R%of these soft magnetic layers 2 and 3,

for med gD 4 EBBRyERDES & fEid B B BRSRcTbIyer s,  Tris
RARSHH a&ft??rs%ﬁ@e BFHéMUbroBB%ﬁTe@r(FgFPEPoFt'hieﬂi_ke and has a

perpendi c magneti c recording medium a suitable

fgknets 6f ahdLe Uinin.c arhdlabritatingedysrrtois @ laper for relaxing the
non-illustrated magnetic head, the perpendicul ar
imsatd by the nerc-dlugiratgd mgaietie hegdd t he soft magnetic

| ayers 2 and 3 at the time of magnetic recording, so
t hat ilP0BQ possible to obtain an action wherein the

o PR O S P g

e eablasBEHREbES el DSk SertRN b3 raRONGHd R patpendicular

antiparallel-coupled to each other are forned with
iragnewgnrebidingaypent | By tiseipsivisidn of thyseespiamagoetakalyers 2
other and, due to the fact that both thicknesses

aind Beihist perpeadiculan tregnetic recordipgriiasditn iflgraed @s a so-called

R\{oq%%} tlysg p%frpetnrg:l?cu?grf%agr?eqlré:erte}:grd%na neuragiu?n. a%e?efgge\f T fhis

perpendicular magnetic recording medium, a suitable magnetic circuit can be

formed among the non-illustrated magnetic head, the perpendicular magnetic
recording layer 4, and the soft magnetic layers 2 and 3 at the time of magnetic
recording, so that it is possible to obtain an action wherein the soft magnetic

layers 2 and 3 assist the magnetic recording based on the mirror image effect.

[0061]

The soft magnetic layers 2 and 3 magnetically antiparallel-coupled to
each other are formed with the magnetic properties substantially equal to each
other and, due to the fact that both thicknesses differ from each other, the
combined magnetic properties of the soft magnetic layers 2 and 3 have a
magnetic hysteresis. In the case where third and subsequent soft magnetic
layers are present, the combined magnetic properties 61‘ all the soft magnetic

layers are configured to have a magnetic hysteresis.




magneti c hysteresis. In the case where third and
subsequent soft magnetic |ayers are present, the
conmbi ned nmagnetic properties of all the soft magnetic
| ayers are configured to have a magnetic hysteresis.
19 [0062] Fig. 2 is a graph, (hysteresis curve)
showi ng the magnetic propert1 s of the soft magnetic
| ayers of the perpendicul ar magnetic recordi ng nmedi um
according to this invention. [0063] |If a magnetic
field [0868pplied to the soft nmagnetic layers 2 and 3
in a predeterm ned direction, the _ magnetization ,
cur vesh 1812 57U (hirgig RS eurva)=itoying tharmaghalic ioppites of
he neti.c field.directi r i vel T .
Sl BBt Sy B¢ BEbeROenaf BB I Bt g
%uﬁﬁ&nat il ¥8dnfigem thi s magneti zation curves is
arger "than an exchange bias magnetic field (shift
anmount[possix, the nmagnetization does not take a
single value in a zero magnetic field, that is, as
shown If a magingtic figldtinaphled rtbsissit ofagnistic taygree? iandi3iom

curve crosses the zero magnetic field. [0064 Fig. 3
ﬁ’@dﬁ’feﬁlnéfwd\ﬁ”@ﬁ“@%dﬁﬁ ﬁ@aQ?ﬁgﬁ%tﬂqrbC‘{%?ﬁa?fﬁhééPﬁ ”lﬁ%le@g I3ygrs 2
ic | . i di cul ' .
8L W g B B AR 4 o TR ogmsone
bt HA oFm%V%fttrﬁs ﬁ&ﬁ:%%é*s%f atPs ealddrORIRE v éti?%ijon
soft magnetic a%/ers y a neasuring device using the

eves Bf 1864, 1@l afXSRARe BAs GRlgdtPt figd! gfshiauraﬁ@g@t) Hex, the
Anal yzer). The OSA is a device using the fact that

P88 1af6n BBINRLAIZS Liffe 3ARIEn hSefARGINE fickdNfhat is, as shown in
r:po ari zation angl e of %,ht changes, and shows a-

- Higgnteibystarsaigioh theanagngibeation suive cineses theageamagnetip fiRlg-

noi se and nedi um noi se as di sconti nuous contrast.

[0064]

Fig. 3 is a plan view showing magnetic domain wall states in soft
magnetic layers of perpendicular magnetic recording media according to this
invention.

[0065]

Fig. 3 shows the results of optically observing the soft magnetic layers
by a measuring device using the Kerr effect, for example, an OSA (Optical
Surface Analyzer). The OSA s a device using the fact that when the
magnetization angle is changing, the polarization angle of light changes, and
shows a magnetic domain wall portion to be a cause of spike noise and medium
noise as discontinuous contrast.

[0066]

Herein, distribution of magnetization directions at the medium surface
was observed by an OSA (Optical Surface Analyzer) adapted to examine

magnetization reversal using SMOKE (Surface Magnet Optical Kerr Effect).



[0066] Herein, distribution of magneti zation
directions at the nediumsurface was observed by an
OSA (Optical Surface Anal yzer) adapted to exam ne
magneti zati on reversal using SMOKE (Surface Magnet
Optical Kerr Effect). 20 [0067] Since the soft
magnetic layers 2 and 3 havee(such nagnetic
properties, the exchange bias nmagnetic field (shift
anount) Hex of the soft magnetic layers 2 and 3
increﬂgg§7 so that, as shown at (a) in Fig. 3, in the
sof t gnetic layers 2 and 3, there is forned a

magnet$iace péott eagheiuiaysrsevard 8 lhbsé anth addgyietidproperties,
entire surface of the perpendicul a netic

theciciangs biadimagnalie fwlm&hﬁbamﬂwghblﬂx K of theregfrmagneticilayers
S ARl pERse e DR @SR (B 'e%ﬂ e itk Ragnic laers
P AR RS By @%H%O@ggfal% afdi chfilifs! el Sadldaty the
Qﬁt% &L iace Byﬁespe% é’ﬂﬂc@a%ﬁ?ﬁéﬁf r@&@r@rg;] meBRMt af® Histrd

respectively, or I fference

bﬁgmemﬂdcbrhamamalt ifelamet s €3n it gthedf learah ly) it (g oshows the
| ess. Either of the soft magnetic layers 2 and 3 may

slater Wheregnagmedic dareaios laes diseoniinppus ang gusonagnetic domain
Her ei nbel ow, , Exa es of f |S|nvent|onvv|II be

wa@%@reﬂean%!ru@@%ﬁ ‘Rﬁgneé'c ®¥Png Comparative

Exanpl @ ][ 0070] In each of the Exanples, an

armrpr{ us-al um nosilicate glass was nolded into a

di sk Sm%.dwegéésqﬁtth@rssrsﬁwagheﬁé %%rsm aﬁa@ 48 p@eferaﬁys
di sk. This glass disk was ground, polished

gimdcaim iy 5nhengéhentiedly] or smaller ant Iaal‘lﬁaémnce be‘Iween these
thicknesses is preferably 10nm or less. Either of the soft magnetic layers 2
and 3 may be thicker than the other.

Examples

[0069]

Hereinbelow, Examples of this invention will be described in detail while
citing Comparative Examples.

[0070]

In each of the Examples, an amorphous aluminosilicate glass was
molded into a disk shape by direct press, thereby producing a glass disk. This
glass disk was ground, polished, and chemically strengthened in order, thereby
obtaining a smooth nonmagnetic substrate in the form of a chemically
strengthened glass disk.

[0071]

The surface roughness of the main surface portion of this substrate was
measured by an atomic force microscope (AFM) and it was a smooth surface

shape with Rmax being 4.8nm and Ra being 0.42nm. Notation of Rmax and



obt ai ning a snoot h nonmagneti c substrate in the form
of a chemcally strengthened glass disk. [0071] The
surface roughness of the main surface portion of this
substrate was neasured by an atom c force mcroscope
(AFM and it was a snmooth surface shape with Rmax
bei ng 4. 8nm and Ra being 0.42hm Notation of Rmax and
21 Ra follows the Japanese |Industrial Standard
(JISBG601). [0072] Using an evacuated filmform ng

FFBNEWS! the HpaRess FridvetriahBeindérd @ISBOGIT). sof t
magnetic |ayer 2, a nonmagnetic |ayer 5, a second

soft n@giAetic layer 3, and a nonmagnetic underlayer
6 were fornmed in order aon the thus obtaln d di

subst r HeiBgian aurcupigeiigderming pPaRwbEH RS gﬁlg@,feafeﬁa a first

D S g
?g{? %S‘Las I ﬁE u?udﬁﬁ’af}/écr Q' WES 8 MnéPint StdBEoR i thA8obtEined disk

anor pho | ayer having a thickness of

Qpstrat®peah higonl das (Arhetnubipheievgcdoading to thevibG nfagreidn
usi ng an anor phous chr omumtitanium (Cr-Ti) 4a1‘§||'n\1%
g.

spuiting meHI0d4] Thaerddsuse obibbtargeyoes wes sal/er
for rred using a cobalt-zirconiumtantal um all oy
target 0843ks to be an anor phous

%gbglat 'J,}t1 a%t;l %Si\?% ga éf ?g{#rfgr(n%d g@%ﬁ%ié bé g%hﬁ?rﬂﬁj%q (Cr)-based
H‘E)ﬁ!t)ﬁou%' B gté‘ﬂﬁtﬁidé% 3k bGYmi SspesfddilyrmeRhkSive layer

ance exhl I ting soft magnetic properties.

F Y&Stbrmat esingser ambghord chivenibinrianisnt (CrAfgalfyitarget.
| ayers 2 with four kinds of thickness, i.e.

t hi ckn@9%4U45nm ( Exanpl e 1), thickness 50nm ( Exanpl e
2), The first soft magnetic layer 2 was formed using a
cobalt-zirconium-tantalum alloy target so as to be an amorphous
cobalt-tantalum-zirconium (Co-Ta-Zr) (Co:88at%, Ta:7at%, Zr:5at%) alloy layer.
This cobalt-zirconium-tantalum alloy is a soft magnetic substance exhibiting soft
magnetic properties.

[0075]

There were formed the first soft magnetic layers 2 with four kinds of
thickness, i.e. thickness 45nm (Example 1), thickness 50nm (Example 2),
thickness 50nm (Example 3), and thickness 55nm (Example 4).

[0076]

Then, the nonmagnetic layer 5 was formed using a ruthenium metal
target so as to be a nonmagnetic ruthenium (Ru) metal layer of a hexagonal
closest packed (hcp) crystal structure having a thickness of 0.7 to 0.9nm.

[0077]

The second soft magnetic [ayer 3 was formed, like the first soft

magnetic layer 2, using a cobalt-zirconium-tantalum alloy target so as to be an



t hi ckness 50nm (Exanple 3), and thickness 55nm
(Exanple 4). [0076] Then, the nonmagnetic |ayer 5
was formed using a rutheniummnmetal target so as to
be a nonmagnetic ruthenium (Ru) netal |ayer of a
hexagonal cl osest packed (hcp) crystal structure
having a thickness of 0.7 t@®®d.9nm [0077] The
second soft nmgnetic |layer 3 was forned, |ike the
first soft magnetic layer 2, using a

‘é%%ﬁdué' dobaRitaR ANt REAHIIA ! (CBYTal A ¢6s: SSQBQSF o 'Pat‘%e Z7Bat%)

anor phous cobal t-tant al um zi rconi um (Co-T
éﬂ?&ylaﬁa’c% Ta:7at% Zr:5at% alloy |ayer. [0078]
There were fornmed the second soft nagnetic |ayers 3
wi t h f[80Y8ki nds of thickness, i.e. thickness 50nm

R e Seﬁ%%aaag&@ﬁ%ﬁ%@@%@%ﬁe&g@mds »
FIER81E oy b HhaT R ple 3} R RS A e 2),

ﬂf&nbﬁ@ 55ﬁ:‘nC(IE‘Staﬁf§)ld 3—)2 hn@ﬁhéﬁﬁes%@@ﬂﬁﬂ(@@ﬁpl@ﬂ}] n ethe(?efore a

| ayer 3 was set to 5nmin any of the Exanples 1t
diffefcd@éq]T1-T2e betviden the ninfelgresti(€ 1 uofdbe [fisst soft (ma@retlc layer 2
formed using a tantal um net al et so as to be a |
aech iegthiskness ) &f tha w&y\dmtanagr@\%@ﬂam@u Wi get to dSnm in
thic m ,[0080] Part of each of the
mfg?’ﬁaé'b%??jﬂﬁﬁd'nedl um substrates each finished

Wltht[ ]llmforrratlon up to the nonmagnetic
under | ayer 6 as described above was taken out and

the surHexCehd AsYEMBGSSIct HReAafeV@RasRRfiddaskiiy a tdalum metal
atonmic force mcroscope (AFM, then it was a snooth
Bgdt moasstbdygea nbomiabeetjc tahalum (Ta) metal layer having a thickness of
2nm.

[0080]

Part of each of the magnetic recording medium substrates each finished
with the film formation up to the nonmagnetic underlayer 6 as described above
was taken out and the surface roughness thereof was measured by the atomic
force microscope (AFM), then it was a smooth surface shape. Further, the
magnetic properties of the magnetic recording medium substrate of each of the
Examples were measured and it was confirmed that suitable soft magnetic
properties were exhibited. Further, a magnetic field was applied in a radial
direction with respect to the magnetic recording medium substrate of each of
the Examples to measure a hysteresis of a magnetization curve, and then the
hysteresis was observed. Further, it was also confirmed that remanent
magnetization remained when the applied magnetic field was removed. Then,
it was confirmed that, in the magnetic recording medium substrate of each of
the Examples, there was formed a magnetic domain continuous over

substantially the entire surface thereof and thus no magnetic domain wall was



magneti c properties of the magnetic recordi ng nmedi um
substrate of each of the Exanples were neasured and
it was confirmed that suitable soft magnetic
properties were exhibited. Further, a magnetic field
was applied in a radial direction with respect to
the magnetic recordi ng nedi B8 substrate of each of
the Exanples to nmeasure a hysteresis of a

magneti zati on curve, and then the hysteresis was
hsenved. Further, it was al so confirnmed that
remanent nmagnetization remai ned when the applied
magnet[008fli el d was removed. Then, it was confirned
that, in the magnetic recording medi um substrate of

each ofhen; RderRelifivwWar magRels fRRSrAiNg Iawer 4Waa deraracon each
{ t h t

S0P el e %ﬁ%ﬁ%ﬁfaw w?v SHafro: 14 SnpTT P ratipn was

Ceried DFEQ EQQ&]% of g or rre @lr PEHE R tf?ﬂ)‘?rﬂtdf% .

recor |ng yer on each of t magneti c

é&%ﬂ’l’ﬁ@rﬁﬁ|Lﬂﬁiﬂiléﬂlﬁhﬁﬂbiﬁ&drﬁ@|@§[deTCatCﬂBtr(Si(b9) -babed alloy
formation was carried out using a target of a hard

(tBgrédtini®%, Sub8atahdd: Zuat%DIBEmol"m—(ﬁiOﬁBmol%) so as to form the
cobal t-chrom um plati numsilicon di oxi

perpetdicpar gianeli§ raresding favesy of (a(f@%aeqraamioseﬁ* Rased,(hcp)
B RH R A deass 8 g TS oh ghgEling e
E&@@Q&’ieeﬂar ﬁ{ag;aﬁgés gé?%f&ﬁg Iér}{%F g)ls af ra}{ég} ?ﬁnﬂe{r YedtdFi&

I'ng at he nmat er formngthe
per perndpgz)l ar magnetic recording layer 4 is an alloy
granular material. [0082] At least in the formation
of t hét [paspiaritie doinsatiomenfribe pernesdisutir madneyie reehrding Hayer 4,
pressure of an argon gas is preferably set to 10niforr
be meswrre pbe%]gorrr%wls n59fe§«1my gelip H@”goé"aqufﬁﬂret ar get
usi ng QO xed gas containing 30% hydrogen in argon
(Ar), g]ot ective |l ayer 8 made of hydrogenat ed

car borrRdyy sputtering a carbon target using a mixed gas containing 30%
hydrogen in argon (Ar), a protective layer 8 made of hydrogenated carbon and
having a thickness of 5nm was formed. Because of being made of
hydrogenated carbon, the protective layer 8 has sufficient film hardness and
thus can protect the perpendicular magnetic recording layer 4 from an impact by
a magnetic head.

[0084]

Then, on this protective layer 8, a lubricating layer 9 made of
perfluoropolyether (PFPE) was formed by the dip coating method. The
thickness of the lubricating layer 9 was 1nm.

[0085]

Through the manufacturing processes as described above,
perpendicular magnetic recording media as magnetic disks were fabricated.

[0086]




havi ng a thi ckness of 5nm was fornmed. Because of
bei ng nmade of hydrogenated carbon, the protective

| ayer 8 has sufficient film hardness and thus can
protect the perpendi cul ar magnetic recording |ayer 4
froman inpact by a magnetic head. [0084] Then, on
this protective layer 8, a l|ladbricating |ayer 9 nade
of perfluoropolyether (PFPE) was formed by the dip
coating nethod. The thickness of the lubricating

layer 19wWagohfiiied (HaPfel perdidicladr Bgnémivetacling inddium of
processes as described above, perpendicul ar nmagnetic

escooicthe Exaeies bad srepiien progerikes tharde riciigeneete dpike noise
[0086] 24 It was confirmed that the perpendicul ar _
pageditin neise sheEnmearyiNg euhivprraalian reeofding and Fapredudigy with
excel | ent s that .do not. 8?ner%fte spi ke noi se

[

ePeEdode Retea gy aepe ferttnd TaEE Arat | on

recorﬁga&and reproduction with respect to the
per pe |CJI ar magnetic recording layer 4. [0087]

[errpanid ERampREP! es] In Conparative Exanpl es,

magneti ¢ recordi ng medi um substrates and

per peridiGurparaties Eeamplese nagdetigrecorting wedium substrates and
fabricated usi ng the sane f materials and processes
perpendiselar magnelic seasyding gadiawereabrigpieddising thewees: |

5 ARG o 1 SRR v
29555 S MR LU 2t ot
{o@BpastRE . V ThEXtAIBRh @58k of B soltEe idtlayess Bxmidd @ere set

3), and 75nm (Conparative Exanple 4), respectively.
{o0BBY (Comparative Example 1), 50nm (Comparative Example 2), 60nm
(Comparative Example 3), and 75nm {(Comparative Example 4), respectively.

[0088]

In the Comparative Examples, the magnetic properties of the magnetic
recording medium substrates each finished with film formation up to a
nonmagnetic underlayer 6 were measured and it was confirmed that suitable
soft magnetic properties were exhibited. However, when a magnetic field was
applied in a radial direction with respect to each of the Comparative Examples
to measure a hysteresis of a magnetization curve, it was confirmed that a zero
magnetic field was resulted when the applied magnetic field was removed and
thus no hysteresis was achieved. Then, it was confirmed that, in each of the
Comparative Examples, magnetic domains were discontinuous and thus
magnetic domain walls were formed.

[0089]

On the magnetic recording medium substrate of each of the
Comparative Examples, a perpendicular magnetic recording layer 4 which was

the same as that of the foregoing Examples was formed and a protective layer 8




In the Conparative Exanples, the magnetic properties
of the nmagnetic recording nmedi um substrates each
finished with filmformation up to a nonnagnetic
underl ayer 6 were neasured and it was confirned that
suitable soft magnetic properties were exhibited.
However, when a magnetic fiedsd was applied in a
radial direction with respect to each of the
Conparative Exanples to neasure a hysteresis of a

gR9 BQﬁﬁr?c%gthg ‘fhafe‘r' MBere| f&rn\{@cﬁ tscreby famRidati ﬁ‘gf‘h pRrpetiiular

magneti c was resulted when the a i ed magnetic
frizghstigvegordng westiiand thus no hysteresis was

achi eved. Then, it was confirned that, in each of the
Conpariafele Exanpl es, magnetl c domai ns were

di sconti nuous, and thu domai n. wal | s

forrredtwﬁ‘é@gg firmesthah hepegHe e RgB R Sred i mecium of

‘Bbéfﬁﬁ ?{ﬂqgipar%ggne%aﬁw%sgo%ﬂgpa’i‘é %‘v}glb(g P%@Cﬁi‘l(ﬁﬁediﬁm noise

M’\gn gﬁp o?%utt habrmdtidnechd@irSd 1@ prRodRidRb 8 Withagspdt iethe

ective layer 8 25~ and a lubricating | ayer

Peipendicliar Meynetib esaingting dyer dairidtgus wasripieridi iayiraperties to
magnetic recordi ng nedium [0090] It was confirned
theesperpérdipdapmadneiic eacordigheedia ¢fdbe ferraginadaamales

each 0 arative Exanples generated spike

Ksiuskia Lﬁﬂal?ég?' n0| se when carrying out information
recorﬁg and reproduction with respect to the

per pe I ar magnetic recording |ayer 4 and thus was

i nf er i s irﬂxeﬁﬁ@ﬁ%’ émﬂ@dtt@a rhétjhéﬁ@rr@@frdln@trh@dmmtram for
recordi ng nmedia of the foregolng Exanple

fonchirgs 4 paipeppigularabadrietie ré€08ib madius adapm[t fodre inpunted in
applied to a magnetic recording nmedi um substrate for

a pemangicularenpenelicoerendinglype theasd ciskiiiveear e like.
adapt e% ég] be nounted in

Further, this invention is applied to a perpendicular magnetic recording
medium adapted to be mounted in a perpendicular magnetic recording type

HDD (hard disk drive) or the like.




a perpendicul ar magnetic recording type HDD (hard

di sk drive) or the like. 2®092] Further, this

invention is applied to a perpendicul ar magnetic

recording nedium adapted to be nounted in a

per pendi cul ar magnetic Qggﬁp%%ﬂg type HDD (hard disk

drive) or the like. 26 1. A magnetic

recordi ng medi um substrate havi ng an underl ayer on a

substrate nade of a nonnagnetic nmaterial, said

MagNabhfeliCRoiiNg MBALHINUSEHRSE hatiRg GhalRdd Riezef 4 N

that said underl ayer conprises at |least a pair of
substrag@hiadmghe hbamlaainetis nasiialateid mufnstitolecarding megtiati c

| ayer therebetween, said pair of soft magnetic |ayers
substrade ehafaotaremddtio thalve nagnetic properties substantially

equal to each other and one of said |ayers has a | :

s clodedsyeli qarepesas &t leastapair of sef enasriwdic Inggredamiiaged

sai d underl| ayer has a nagneti h_s%eresis. 2. A
throughya grEMagNetie Vcﬁrﬁ@err@@&iwwéﬁpa% o1 agl sragnsiicilayers are

ormea 48 Ao RUEEEH S50 B O el b SATBF LS pER ot oo
ever i DB ke i, PP BT IEL B 5 0TS v

a magnbfic hakrsald soft magnetic layers are magnetically
g ant i gara el -coupled to each other. 4. A
per pendi cul ar magnetic recordi ng nmedi um havi ng an
underl ayer and a recording |layer on a substrate nade

20fA ear@eaB g8esidengBiceniralsubsBate Aeiopgingdito wieim 1,
magneti ¢ recordi ng medi um characterized in that said

characteniter ihatjiat conpri ses at | east a pair of soft nagnetic
| ayers |am nated through a nonmagnetic |ayer -
at diersheenatnee s safl tracknestes of saidapiet’ 2oft Bagnstiatayers is

10nm or less.

3. A magnetic ’recdrd-ing medium substrate according to claim 1 or 2,

- characterized in that

said soft magnetic layers are magnetically antiparallel-coupled to each other.

4. A perpencjicu]ar magnetic recording medium having an underlayer and a
recdrding layer on a substrate made of a nonmagnetic material, said perpendicu!ar'
magnetic recording medium characterized in that

said underlayer comprises at least a pair of soft magnetic layers laminated
through a nonmagnetic layer therebetween, said pair of soft magnetic layers are
formed to have magnetic properties substantially equal to each other and
thicknesses thereof are different from each other, and said underlayer has a

magnetic hysteresis.



formed to have nmagnetic properties substantially

equal to each other and tHfknesses thereof are

di fferent fromeach other, and said underlayer has a

magneti c hysteresis. 27 5. A perpendicul ar magnetic

recordi ng nmedi um according to-claim4, characterized

in that a difference between the thicknesses of said

aiar : £ : :

e Re A Pt BB T e P RE BN ER el
characlQizaRyn @ of clainms 4 to 5, characterized in that

said pair of soft magnetic |ayers are anorphous.

a difference between the thicknesses of said pair of soft magnetic layers is

10nm or less.

6. Aperpendicular magnetic recording medium according to any one of

claims 4 to 5, characterized in that

said pair of soft magnetic layers are amorphous.



