; e3ewhweT($86nTJPO Perpendi cul ar magneti ¢ recordi ng nedium Technical field
Qf, the invention The present invention relates to a perpendj tic
5 recording nedium and in particular, to a perpendicul ar qmgmwﬂmmmmﬂmm
recordi ng medi um exhi biting excellent effect to suppress spi e_galges.
Background of the invention A perpendicul ar nagnetic recording y%%en1is
drawing attention 10 15 20 in place of a conventional |ongitudinal nmagnetic

recordi ng sysPrifpthdicilarinGighdtic aekbedénimediansi ty nagneamwmmmmmm

In particular, a double | ayer perpendicul ar nmagnetic recordin
known to be favorable for a perpendicular magnetic recordi ng medi Ugdez»
attai nabl e high density recording. The double | ayer perpendi cul ar nmagnetic

recordi ng diumi rqvided with a.soft nmagnetic filmcalled a soft
magnet i c bfé& c?§§&18b%ﬂ€}é?ﬂn¥eﬁ§b‘h‘éti c recording layer that carries
information records. The soft magnetic backing | ayer facilitates passing

t hrough of nadrke ipresent gwentioadrelptes togaqenpandiculas magnediel e | ayer

per pendi cul ar magnetic recording nmedium the intensity and gradi ent of the

magnethc freebdddieganedddnby anideinpanticulaigdd a perpeantiedlandnagswtue i on of
recording is inproved. In addition, |eakage flux fromsuch a nmediumis al so

I ncr eased.pebaPd pgy e unt X hibetitid ¥xcERemt st tHSUPPres 'é'%%li@n‘éﬁg@é.e
| ayer perpegg?cglqgr tr?wlscl%neti c recortﬁng mag um 1 Ap rlgllen(ﬁ cul ar magnetic
recording nmediumw th such structure has a probl em of nedia noise including

spi ke noi ses, which are known attributable to magnetic domain walls forned
in the sof netic b ing |layer. Therefore, the reduction of noises in a
per pendi cﬁ%ﬁgrwgﬁe&)ﬁﬁ%@w t380nedi um requires restriction of domain
wal | formation in the soft magnetic backing |ayer. The control of the

domai n wal | fdk perpendiculae magnetigrecprding lsysiennys drasving attestiosy
Japanese Unexam ned Patent 10 Application Publication Nos. H6-180834 and

H10- 2197149n g ef er @ameenlbiozp@bhm%iwdin@ltmaf@ebia rbeordimg sgsitem ager s)
of cobalt alloy, for exanple, on or beneath a soft nmagnetic backing | ayer

o, RSN Sk PIEBIANS LR CE R SLR A T el
a double layer perpendicular magnetic recording medium is known to
be favorable for a perpendicular magnetic recording medium
attainable high density recording. The double layer perpendicular

15 magnetic recording medium is provided with a soft magnetic film
called a soft magnetic backing layer beneath a magnetic recording
layer that carries information records. The soft magnetic backing
layer facilitates passing through of magnetic flux generated by a
magnetic head. In the double layer perpendicular magnetic recording

20 medium, the intensity and gradient of the magnetic field generated
by the magnetic head is enhanced and resolution of recording is
improved. In addition, leakage flux from such a medium is also

increased. Consequently, high density recording is possible in the

double layer perpendicular magnetic recording medium.



15 nmegnetic | ayers) and nmagnetize the soft magnetic |ayers) in one fixed
direction by taking advantage of exchange coupling between the
antiferromagnetic filns) and the soft nmagnetic layer(s). In these methods,
the method to control domain walls by exchange coupling between an
antlferronagnetlc filmand soft magnetic backing |ayer 20 quite effectively
inhibits formation of domain walls in the soft magnetic backing | ayer if

exchange couplA rmsnpersdxfcfularemuggqtmc frecordingmaedétm evith sathetrovtuhe

i nventi on However, in order to ain sufficient exchange coupllng, heat 2

treatment ped of @ré‘ﬁférﬁf 6]‘.‘3 é’&&oﬁbi d@%ﬁf@@é&ﬁét b8Y&h fé Krfown®

needed in nost tases I n t net ho articu ar1y vant ageous
to mass PO The above t| oned Japa exa ned at en

nopl | cat | Gt FEble B RABKGHEE Bksa5t waRSHeE e N SO
treatnment after deposition is,nece y. for, sufficient exchange cqupling.
The i nventRaekigig HECHr arefqmeﬁfne d?é('/@o;ﬂt n@aswmmfa)mapendﬂcui%d

magnetic donmain walls nmay be fornmed even after 10 depositing an
ant i f ebr ormgrgaietic friecordmganeditmaegetires hreskiringidnydfrdomadncwadlict i ng
heat treatnent. For exanple, when a substrate is heated to deposit a

megneti ¢ riegeasition {tbie soft ihaienBURlkify bapeeds the bl ocking

tenperature at which an antiferromagnetic oses the antiferromagnetic
characteristic, and if an external 15 magnetic field is not applied in an
appropriate dlrectlon the direction of nmagnetization in the

antiferromagn c film ha resul in, domai n,wal |l .formation.
Uew of ¢ he arbbg confTolof she ASPatm Seall SHmation Th the seftodistite "
per pendi c r magnetl c .recording msdl um t hat achieves renmarkabl e effect to
suppr ess gbaqzlémg) lager inshinelaseds bybapanegsecbinaxaiminer Batenhe obj ect,
the invention recited inclaimlis a 3 per pendi cul ar nmagnetic recordl ng

medi uiOc ompidicagienddtiblicagien iNosatlg d@O&&éran(k Hb06n2448109c Thaer | ayer,

a magnetic recording |layer, and a protective filmsequentially |am nated on

a nonnmagnetdfaré Heek ichosar Miethildetd foFmMadeetb i AgAKERI dyi€s) 6PCBDAIES
alloy, for example, on or beneath a soft magnetic backing layer and
magnetize the ferromagnetic layer(s) in a desired direction, and a
method to form an antiferromagnetic thin film(s) on or beneath a soft

15 magnetic layer(s) and magnetize the soft magnetic layer(s) in one

fixed direction by taking advantage of exchange coupling between the
antiferromagnetic film(s) and the soft magnetic layer(s). In these
methods, the method to control domain walls by exchange coupling
between an antiferromagnetic film and soft magnetic backing layer

20 quite effectively inhibits formation of domain walls in the soft

magnetic backing layer if exchange coupling is sufficiently performed.

Problem to be solved by the invention

However, in order to obtain sufficient exchange coupling, heat



5 alternately | am nated nonmagnetic netal |ayers at nost 5 nmthick and
soft magnetic layers at least 10 nmthick, a top layer and a bottom | ayer
of the backing |ayer being soft nagnetic |ayers, and two of the soft
magneti c | ayers, sandw chi ng one of the nonmagnetic netal |ayers have
magneti zation directions parallel to planes of the soft 10 nagnetic |ayers
and different fromeach other by 180 degrees, and the two of the soft

magneti ¢ ltrpatment baforé emadadtee depas tiotoandecompPlecated yenstadtia® i n
claim2 is a perpendicul ar nmagnetic recordi ng nmedi um according to claim1,

wherein a ghid ﬁ%b'd%@l P 1RB8Y cé%e%ﬁigﬁ%iszﬁ%étq{b&fxarw&hsl%fﬁ%f‘ﬁ@ﬁﬁﬂﬁ/ layers is

in a plane parall to the substrate surface an n the directio

Feadi ng Sn%l%&arﬂgéé’%g tRoAERR R pagk AT 1T BPavS htiBusTaBanese

| | r di im1l | h
nonmagnet | ENeHRINcP abent dhpBbea tuih £ 12a£"mn$>i@‘#tﬁc£”g§4ﬁbeiér2ftae
netal selected fromthe ﬁroup consisting of Cu, Ru, Rh, Poi, Re, ,

Pt, and Awrexampleaireayavksdimtoheabrteeatment afta depoemlonelsgnecgssaﬁry The
I nvention recited in claim4 is a perpendi cul ar magnetic recordi ng nmedi um

accordi ng f(ﬁ-gmﬁﬁ@@gtcéx@}hghg@ éloﬁlbhﬁ h 3, wherein a thickness of the
nonmagnetic nmetal layer is in a range fromO 3 nmto 1.2 nmor in a range

from1l.7 nmto 3.0 nm5 The invention recited in claim5 is a perpendicul ar
magneti c recordi ng nmedi um according to any one of clainms 1 through 4,

e o he OB R, GG bR

second soft. magnetjc Iayer mnated [ thIS order. The invention recited
in claim ethat peagnet id omaHewalls may be formed even after

10 depositing an antiferromagnetic film and a soft magnetic backing
layer, and conducting heat treatment. For example, when a substrate
is heated to deposit a magnetic recording layer, if the temperature
exceeds the blocking temperature at which an antiferromagnetic film
loses the antiferromagnetic characteristic, and if an external

15 magnétic field is not applied in an appropriate direction, the direction
of magnetization in the antiferromagnetic film may change, resulting

in domain wall formation.

In view of the above, an object of the present invention is to
20 provide a perpendicular magnetic recording medium that achieves

remarkable effect to suppress spike noises.

Means to solve the problem

To achieve the object, the invention recited in claim 1 is a



recordi ng medi um according to claimb5, wherein the first soft magnetic
lLayer and the second soft magnetic | ayer have substantially 15 equal
saturation magnetic flux density Bs and substantially equal thickness. The
invention recited in claim7 is a perpendicul ar magnetic recordi ng medi um
according to any one of clainms 1 through 4, 20 wherein the soft magnetic
backi ng | ayer essentially consists of five layers of first soft nagnetic

| ayer, a fpememmﬁmwagm@ﬁialrdc@rdﬁnﬁm@dciuml cophprivinges isoft ayggnetic
second nonmagnetic netal layer, and a third soft nagnetic |ayer |am nated

in this or : j ' i ' Pg:é}al ' . Wi

Imagne!tic rlg%(g)lﬁlé?%]gl;ai%i%yﬁ@oﬁég%t%ﬁgf%lm J %?g?gﬁcﬁgé HStIfg;% et
magneti c | r, . th 8CQ sof t magnetwcqlayer., and the third sof.t magnetic
"aver - haveliin Pifeaife iRt UBARENE JoRifiasetlon d hdiiaafiias ana &
sum of a thickness of the fiyst soft magnetic Layer, and a thickness of the
third sof tSyhetratec wherein §flgm{canﬁga?ewcm IhgolayarcompEses! t he

second soft magnetic layer. The invention recited inclaim9 is a '
per pendi curaldiermagebt imminated nonmagnetic metal layers at most 5 nm thick

and soft magnetic layers at least 10 nm thick, a top layer and a
bottom layer of the backing layer being soft magnetic layers, and two
of the soft magnetic layers sandwiching one of the nonmagnetic metal
layers have magnetization directions parallel to planes of the soft

10 magnetic layers and different from each other by 180 degrees, and the

two of the soft magnetic layers are antiferromagnetically coupled.

The invention recited in claim 2 is a perpendicular magnetic
recording medium according to claim 1, wherein a direction of easy
15 magnetization of the soft magnetic layers is in a plane parallel to the
substrate surface and in the direction perpendicular to a running

direction of a magnetic head at a time of reading and writing.

The invention recited in claim 3 is a perpendicular magnetic
20 recording medium according to claim 1 or claim 2, wherein the
nonmagnetic metal layer is composed of a material mainly consisting
of a metal selected from the group consisting of Cu, Ru, Rh, Pd, Re,
Os, Ir, Pt, and Au or an alloy of one or more of the metals from the

group.



10 recordi ng nedium according to any one of clainms 1 through 8, wherein a

t hi ckness of each of the soft magnetic layers is in the range from30 nmto
150 nm Brief description of drawings 15 Fig. 1 illustrates an exanpl e of
construction of a perpendicul ar magnetic recording nmedi umaccording to the
pr esent i nvent i on. Fig. 2 illustrates a soft magnetic backing | ayer having
a three layer structure. Fig. 3 illustrates a soft magnetic backing |ayer

having a five Th¥ghvéhtddhuelcited il dairh 4heve periraidicudarimagidtye (M H

| oop) of a soft magnetic backing |ayer with a rut heni um fil mthi ckness of
2.3 nmne g sanple
magnet omor oo og, MBiAnh SRRl fo\iny' Glte Iy 1 ARIMAR B9 PO B
appliedna etic fi for su |n|n nul | magnet,i zation,. as a function of
P ckness Wheertn A fhickiites pf HRerhgindene R Rt td Ayt iscin & t20ghm 1
wal | s as ?frf unction of 5 rutheniumfilmt h| ckness, observed on the whole

surface oftrami0sB min tednd WM aBdReR rangs framy £ nadeed( ngn. enbodi nent s
of the present invention

The invention recited in claim 5 is a perpendicular magnetic
recording medium according to any one of claims 1 through 4,
wherein the soft magnetic backing layer essentially consists of three
layers of first soft magnetic layer, a nonmagnetic metal layer, and a

10 second soft magnetic layer laminated in this order.

The invention recited in claim 6 is a perpendicular magnetic
recording medium according to claim 5, wherein the first soft
magnetic layer and the second soft magnetic layer have substantially

15 equal saturation magnetic flux density Bs and substantially equal

thickness.

The invention recited in claim 7 is a perpendicular magnetic
recording medium according to any one of claims 1 through 4,
20 wherein the soft magnetic backing layer essentially consists of five
layers of first soft magnetic layer, a first nonmagnetic metal layer, a
second soft magnetic layer, a second nonmagnetic metal layer, and a

third soft magnetic layer laminated in this order.



Some "aspects of preferred enbodi mrent of the invention will be 10 descri bed
in the followng with reference to acconpanying draw ngs. Fig. 1
illustrates an exanple of construction of a perpendicul ar magnetic
recordi ng medi ym according to the present invention. The perpendicul ar
magneti c recordi ng nedium has | am nated structure 15 conprising a soft
magneti ¢ backing | ayer 12, a nonmagnetic underl ayer 13, a nmagnetic

recordi ng | ayéfhd4nvemntien pfeelitred iMeclhide8 ikSa yrypinidieulsr imagektde a
nonmagneti c substrate 11. A liquid lubricant layer 16 is forned on the

protecti Vereféo'rﬂ!iﬁgl-%%aiﬁ% M&gﬁggt%fcﬂﬂﬁw,%ﬁe%iﬁﬁft?xfgfgréf’%?@ of N-P

pl ated al um num a strengt ass, or crysta ass, which are

used in a _comor. neti ¢, recordi dium |n additian sybstyrate can be
mde by | APBeRC 18P arnEhpsecond Pell R aghe b Ry i sher i3 Soft

pol yolefin. 7 Thi sof t. magnetic backj.ng layer 12 has |am nation _structure
conpri si ngnagnatigdayer have tastralycequaksainration magnesic usn t hi ck
and soft magnetic layers at least 10 nmthick. The top layer and the bottom
|l ayer 5f tdensidykBspandyesum ofswthickpessiof they first sbfffmagnetiokayet i c

| ayers sandwi ching a nonmagnetic netal |ayer necessarily have magneti zation

di recti onsapdrakhetkhoss bF thleatleirdf softentthefiRdRS drcid SYBsEanfidllY bierant

from each other by 180 degree, and the two soft nagnetic |ayers are
C

antiferro is |V, G Fi ' r a lam nation structure
of the so;ﬁ)g%gcgir}gg#lg\éga%%gfagégg %‘gftiﬁnw{#}égbllg eri"structur e. Fig. 3
illustrates a lam nation structure of the soft magnetic backing |ayer 12 in
five layer structure. The structure in Fig. 2 conprises a nonnagnetic netal
| ayer 22 and a}rsec_ond soft magnetic |ayer 23 lam nated, on a 15 first soft
magneti ¢ | ayerl he inmentdonuwaaitediin diagm 9 oaperpendiculagimagneliaeti c
nmetal |ayer 32, a second soft nagnetic |ayer 33, a second nonmagnetic netal
| ayer 184, wudrding nibdiofh acmreling taasry 8hesefickims il threughaded on a
first soft magnetic layer 31. 20 In order for the two soft magnetic |ayers

sandw chi ngHeliiAoN FheEIeheSs BFledlcH 8f the! é’oﬂaﬂﬁg‘ﬁéﬂéqh?é&'b 98 i% £ke€ ira

parallel to the plane of the soft magnetic |ayer and different from eac

ot her by Eﬁg)ggmgﬁﬁytoaggoflgg}_t he two magnetic |ayers to be

antiferro coupl t he nonmagnetic nmetal layer is 8

Brief description of drawings

15 Fig. 1 illustrates an example of construction of a perpendicular
magnetic recording medium according to the present invention.
Fig. 2 illustrates a soft magnetic backing layer having a three layer
structure.
Fig. 3 illustrates a soft magnetic backing layer having a five layer

20 structure.
Fig. 4 shows a magnetization curve (M-H loop) of a soft magnetic
backing layer with a ruthenium film thickness of 2.3 nm, measured in

the direction of the disk radius by a vibrating sample magnetometer

(VSM).



preferably conposed of a material mainly consisting of a netal selected
fromCu, Ru, Rh, Pd, Re, Gs, Ir, Pt, and Au or an alloy of each of these
netals, and further, a thickness of the nonmagnetic netal |ayer is

preferably in the range from0.3 nmto 1.2 nmor in the 5 range from1.7 nm
to 3.0 nm Wen a direction of easy magneti zation of the soft nmagnetic

|l ayers is in a plane parallel to the substrate surface and in the direction
per pendi c gy, 8 shiolves Hini ag absdateomahie ofi¢heagretintubeagppldedur i ng
reading or witing, that is the direction of a track, the strength and the

gradi ent ghaldifetiadnedd for éﬁéﬁhiﬁﬁﬁg AugH nli?a%haﬁzﬁﬂ@ﬁ,t hS d'¢afctivh be

effectively enhanced. It is desirable to control the direction of easy

magnet i zatyi Siaﬂ? i iGwfield in the event of formation of

t he soft %@ﬁ%@%@%%e éémglfqﬁgzﬁﬁﬁgat ment acconpani ed by nagnetic field
applicatig. affer the fornatiop of the, sqgft nmagnetjc |a . There s no
upper 11 miigb ShoyKsambaz, magaﬁfl%ﬁomrz@v%hlﬁa%%ﬁrwa% ation of
the soft magnetic |ayer and_the nonmagnetic netal Iai::rre. Al t hough stability
i n maghet ixathem umplibmethiskness, absenyad pax the onhalevsurfacenof endisk bayer
structure of Fig. 2 or the five layer structure of Fig. 3 is preferable

consi deri rm_e@rnmgﬁma'gm;timﬂmﬁseﬁ‘é@ﬂ_ucti on. 9 There is no speci al
limtation on a thickness and saturation magnetic flux density of the soft

magnetic layer in the three layer structure or in the five layer structure.
However, in order to reduce magnetostatic energy at the end regions of the

nonnmagnet i rat .hat 1S, LN 0 e regions in the case
of disk sﬁgﬁggﬁéoﬂegngggéﬁaqlﬁseﬂf we%’(ﬁa%%g%fefﬁ‘g%% vent a magnetic
domain wall fromformng, the sqgft gnetic.layers,21 and 23.in the soft
magnet i ¢ backi eaﬁlgpegts PEI@@%E eépi)ﬁ’ 1m%n§ﬁg\ﬁjiei mvgRtion Wﬂﬁf}& abl y
have substantially equal saturation magnetic flux density Bs and 10,

subst &0t i aléscrabed! in bhefiodkosving with sefaremagnto accompanyingydrawingsye

| ayer structure shown in Fig. 3, the three soft nagnetic |ayers 31, 33 and

35 preferably have substantially equal saturation magnetic flux density Bs,
and a sum of the thickness of the top and bottom soft magnetic |ayers 31

5% PR ek BTl U gy

magnetic | ayer ncerni ng each so

| east 10 nm can present ;necessay.y soft neti c,performance, ang 30 or
more i s aoaemp BeirndiRe DR AeeoRalRE i LRE R Tiventiot The 5o
head magneti c fiald. On the other hand, at St ]ﬁo mis dequrabI e because
strengt h dperpenticulammagneticagnanddngomadium; has laminates stracture

thickness. A material for use in the soft nagnetic layer may be selected 10
15 comprising a soft magnetic backing layer 12, a nonmagnetic

underlayer 13, a magnetic recording layer 14, and a protective layer
15 sequentially formed on a nonmagnetic substrate 11. A liquid

lubricant layer 16 is formed on the protective film 15.

20 The nonmagnetic substrate 11 can be formed of Ni-P plated
aluminum alloy, strengthened glass, or crystallized glass, which are
used in a common magnetic recording medium. In addition, a
substrate can be made by injection-molding plastic resin such as

polycarbonate or polyolefin.



fromcomonly used Ni Fe alloy, FeSi Al alloy, anorphous cobalt alloy, and
fine particle precipitation type FeTaC alloy. A soft magnetic backing | ayer
as constructed above, conprises 5 nonmagnetic netal |ayers at nost 5 nm
thick and soft nmagnetic |ayers at |east 10 nmthick being alternately

| am nated, in which the top |layer and the bottom | ayer are soft nagnetic

| ayers. The direction of magnetization in the two soft magnetic | ayers

sandwi chi ng aTi@@rMﬁenagnmi@babkmg layerpb? hdelahdridtéonlstracbiire he sof t
magnetic 10 Iayer and di ferent fromeach other by |80 degrees, and the two

rs]gg;e[r?gn - ars rﬁg{t@flg %E@%atl on o#%ﬁ%%w&umg;%%()ﬁg%_
ot ses. prﬁif‘lﬂﬂﬁﬁéﬁa@ﬁ hofF HenEiIay R pE1eist 10 TRIQE, %@ﬁﬁﬁ&gf ke

nonmagneti c r are an ar.al |el d antiferrpmagnetica coupl ed,
and each @R n@a& étﬁsrbmgl yehzm"@es m@@n%e.laﬁe

ext er nal rragnetl C f| el d of several tens of oersted (Ce). If nore intense
magnet bc fTwedsoft mpgnetic layerstdandwaching a aommdagrdtec meta lage on in
the two soft magnetic 20 layers restores original state before the

appl i cat i gle@isdaigly @il neaghetiZzatidn elireétiors phehtieMterthd pdane of the

magneti zations of the two |layers are coupled in antiparallel. Therefore,

(o0 magntis ps}é‘ﬂéta%E 3868 AUt ok Fach bENFINIED dfmred: 5@‘#82
<, T ner Hitbe efitORHEREGe PRl sPUDIET, | ayer

structure of the invention aIIovvs 5 circul ation of magnetic flux through
upper and |ower soft magnetic |ayers to suppress the magnetostatic energy,
t hus generation of a magnetic donmain wall is inhibited even in these end
regi obf. Wien Hig.2illustratemaylamynatiostonciire bf thef softemagmietitayer is
in a plane parallel to the substrate surface and in the direction 10

per pendi c%@ékixfg tla§ef Llr?ﬂ iAg ksl anstifudtireTebig! Balheatadesiang readi ng

and witing, if the direction of easy nagnetization coincides with
t he radlal f , the
intensity a%iﬁﬁ{ qgﬁtfh‘%ﬁﬁ]egafrggge (ﬁ'tr}ﬁg generél{iti)@t L@ﬁgbrraggietl ¢ head
can be effectlvel nhanc.ig‘ﬁa ér % sof t t| C Iaéers and t

nonmagnet ilay; @é‘t%tl B UGMRER D go RIRGE 2 PBPIPBSH%% thin
film such as a_sputtering method, or a vacuum deposi tl?‘gg‘lmt hod., A seed

| ayer may Wetapdaypri22 and gr secand sefhsaagnetic fayen 2% lamingdadios a ayer

for 20 the purpose of inproving adhesion with the substrate. A nonnagnetic
under L8yerfi#st seftpnragretic krydh21re['he struptserean dbgt Sotdmpyisey st st
al i gnnment and grain size of the nmagnetic recording |ayer 14. Material and

structure RHniMEgHBERY hfteil FRr 32, a second soft magnetic layer 33, a second

nonmagnetic metal layer 34, and a third soft magnetic layer 35

sequentially laminated on a first soft magnetic layer 31.

20 In order for the two soft magnetic layers sandwiching the
nonmagnetic metal layer to have magnetization directions parallel to
the plane of the soft magnetic layer and different from each other by
180 degrees, and for the two magnetic layers to be

antiferromagnetically coupled, the nonmagnetic metal layer is



12 'selected corresponding to material of the nmagnetic recording |ayer 14.
When the magnetic |layer 14 is conposed of a CoCrPt alloy, for exanple, the
mat erial of the underlayer can be selected fromTi alloy, CoC alloy, Pt,
and Ru. 5 Al'thaugh a thickness of the nonmagnetic underlayer is not limted
to any special value, the thickness is preferably at least 5 nmfor
structure control of the magnetic recording |ayer 14 and at nost 30 nmfor
confi ni ng prefetablpmompetedest &haategitd naimdgccoamnisthe 86 ssnfatatagneti c
backing layer 12 within a necessary |level. The nonmagnetic underlayer 13

may consi sfel@btéd T¥ohd €he, Riu, | RKETR],IR8L O, ehd']?ﬁ eéﬁﬂtAurbl‘rﬁheéllé of

structure for further precrse st fuct’ure’ contrdl of the magneti c recordi ng

o~ har o VAGhERdere, i, BB R e h AT RACEP LG b BinfpgRRRRS =

perpendrcular the fil mgsurface. rrples f th terr ncl ude. CrPt
511 oy, VEF isyerade AP toahd BOR SHias
fil mcon5|st| ng of two of these three k| nds of fi I m; 20 Al t hough thlckness
of thebSmagramge frenoddV mm by&.0mmi.s not linited to any special value, at
least 5 nmis desired for sufficient output of head reading out and at nost
50 nmis desired for confining the di stance between the nagnetic head and
the soft magnetic backing layer 12 within a necessary level. 13 The

protecti ve | W AN ian!df Salkl WIRGUMESSAOH ol BH B IAHRROrIE
5 Each of {h derl 14,
and the priBIe ef Ayend IR fo te e a&%ﬁ%t@féq%éﬁnﬁ BPEREY R '
ot hod, _orAHESHRN B TRATHDEUIRY TocHeS Examns dereqhiend G SRBEBRRmhes

tnr‘te |n{/ent| on will be described bel ow Exarrpl e 1 A nonmagnetic substrate of

a strdfgt hdueihgireasinigsar writing 5thab islitheed brecheon wfeal track ethel eani ng,
the substrate was introduced into the sputtering apparatus. A soft nagnetic

llayer 50 ngprichigth ahdPhé gedisnteoftherangnetidticld seneratdd By flawi ng one

of the thicknesses varied in the range fromO to 4 nm and a soft magnetic

llayer 50 ng pétéh&ﬁ cHhesiA fﬁ% e%f\f%lieé}ll'ﬁﬁh'c@til y formed by a DC 20

magnetron s terirng net er an argon gas pressure of 5 mlorr and
taken out fromthe apparatus to obtain a soft magnetic backing | ayer of
three layer structure shomn in Fig. 2. In the processes of depositing t he

soft nmmgnetic ] ayers, kaerra fl.ux fromhe target was ed in
the dir gct i on iﬁflyst d@sm er’@mpgggr&the (iu'ectmn o easy magnetlzatlonlb
15 applying magnetic field in the event of formation of the soft magnetic

layer or by heat treatment accompanied by magnetic field application

after the formation of the soft magnetic layer.

There is no upper limit in a number of repetitions of the
20 alternating lamination of the soft magnetic layer and the
nonmagnetic metal layer. Although stability in magnetization
improves by increasing repetition number, the three layer structure
of Fig. 2 or the five layer structure of Fig. 3 is preferable considering

productivity in mass production.



Fig. 4 shows a magnetization curve (MH Iloop) of the thus formed soft
magneti c backing layer with the rutheniumfilmhaving thickness of 2.3 nm
in the direction of the disk radius neasured by a vibrating sanple
magnetonmeter (VSM. Fig. 4 also shows schematically the 5 direction of
magneti zation in the upper and |ower layers. In the regions of applied
magnetic field larger than 60 OGe in positive and negative directions, the

di rections of Therets a3 spacidl lihgita®idn wirartlfek neadesndddtumaichi

| ayers are aligned in the 10 direction of the applied magnetic field. In
the regio qﬁﬁi%[m 5@@&@ i i 0. 20 Ce,
t he rreasu:&gg{g}%ﬁ%gs 0 rragénlz?i Zati O%b&%?%ﬁgﬁgg{caﬁééfﬁg t?e%r%}%ee%a %lzt he
magneti zati,on in the u r and J ower soft mag ic |layers cqupl.es

At 1 er rorigRELRE TR PG SRe 18T ST ATRIETEY SO e att GRASF foreduce
antiparallel, resulting in cancel]lation of the rr\%glneti zation ip the two

| ayers. ThHaagnpiestaticappergy afathewend regions of thecnonsaagnedic substrate,
magneti zation is substantially zero is a nmeasure of strength of the

coupl i by bHakes) inerandr oater edge regidnsthythei casdeaptdisk Bubstrases o of
the coupling strength Hn is defined by an absolute value 20 of the maxi mum

appl i ed megiffidiently lowldvilnantl sfoviee ur athgmeriel damdienwall frbsi antial | y
zero. Fig. 5 shows ‘the H n value,” an absol ute val ue of the maxi num applied

magnetic fg - for ol hzat. i -aSs {qn of

t hi ckness r i r i is zero,
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whi ch neans that the upper and, | ower soft nagpetic.l ayers_ are .direct
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magneti zation in the upper and lower 5 soft magnetic layers aligns in

paral | el reghstanbally equalmafunatdenonagnetippluxdensitptBe andid. 1n the

regions of the rutheniumlayer thickness of from0.3 nmto 1.2 nmand from

1.7 nix o Substemtiablyt equalludsickinddsn Iwertheobofii mm%ﬂeﬁbdv&ékiglg hayet b€

magnetization in the upper and |ower soft magnetic layers aligns in

anti par al | feda¢etbtTiRRureZsitowh IR FIRPH, 131é tREECSoft &kt I4ydis31,
33 and 35 preferably have substantially equal saturation magnetic
flux density Bs, and a sum of the thickness of the top and bottom soft
magnetic layers 31 and 35 is substantially equal to the thickness of

15 the middle soft magnetic layer 33.

Concerning thickness of each soft magnetic layer, at least 10 nm
can present necessary soft magnetic performance, and 30 nm or more
is desirable to sufficiently enhance intensity and sharpness of the

20 head magnetic field. On the other hand, at most 150 nm is desirable
because strength of antiferromagnetic coupling lowers with increase

of the thickness.

A material for use in the soft magnetic layer may be selected

10



Fig. '6 shows nunber of magnetic donmain walls as a function of ruthenium
filmthickness, observed by magnetic Kerr effect on the whole surface of a

di sk. CGeneration of a domain wall is inhibited in 15 the sanme range of
rutheniumfilmthickness as the range in which Hn value was finite in Fig.
5. Thus, it has been denonstrated that generation of a domain wall is

I nhibited in a perpendi cul ar magneti c recordi ng nedi um according to the

present i rfrem icomnidhBxaspteN2Fa shoyeFeSidoalloypanediphbaskiotmlt albey,

havi ng the | ayer structure of Fig. 2 were fornmed In the same manner as in

Exanpl e 10’?ﬂ§§??8§@t1é@¥’9?mgﬁﬁdffEygé%mmaﬂ ofer € 0.6 nmthick and

conposed mat er ummari zes a‘rel ation 16 bet ween
the material of the nonmagnetic netal |ayer and the H n value. Table 1 5
nonmagnetic netal la erHi n (Oe) Cul6Ru39Pd21Re35Pt 10AUS5COTiI 0Si O

A soft magnetic backing layer as constructed above, comprises
5 nonmagnetic metal layers at most 5 nm thick and soft magnetic

layers at least 10 nm thick being alternately laminated, in which the
top layer and the bottom layer are soft magnetic layers. The direction
of magnetization in the two soft magnetic layers sandwiching a
nonmagnetic metal layer are parallel to the plane of the soft magnetic

10 layer and different from each other by 180 degrees, and the two soft
magnetic layers are antiferromagnetically coupled. Consequently, a
magnetic domain wall is not formed on application of external
magnetic field, providing a soft magnetic backing layer that does not
generate spike noises. The magnetization in the soft magnetic layers

15 sandwiching the nonmagnetic metal layer are antiparallel and
antiferromagnetically coupled, and each direction of magnetization
does not change on application of external magnetic field of several
tens of oersted (Oe). If more intense magnetic filed is applied, when
the field is removed, the magnetization in the two soft magnetic

20 layers restores original state before the application of the magnetic
field, which is the state where the magnetizations of the two layers
are coupled in antiparallel. Therefore, a magnetic domain wall is

hardly produced in that circumstance.

11



Tabl &€ 1 shows that the H n values vary depending on the material. Finite
Hi n val ues were observed for Cu, Ru, Pd, Re, Pt, and Au, while the Hin

val ue was zero for C, Ti, and Si. 10 Advantageous Effect of the invention
As described sq far, a soft magnetic backing layer in a perpendicul ar
magneti c recordi ng medi um according to the present invention has |am nation
structure conprising nonmagnetic netal 15 layers at nost 5 nmthick and

soft magnetic Abtblﬁftﬁgl@ﬁré@c’iﬁbgﬂétﬁ@}ﬁdiég idé*élb@sédﬁ&rm@tgﬁietdsﬁﬁti@é%@r%%n
ur er,

which the top |layer and the bottom [ayer are soft nagnetic | ayers.

the di G . g . Y= . _
i oy s 86 BekomBaang! #Abhrd fiorleof WnoAMaPARER bstiRieina
he two

magneti c | ayer and_dif f erent om.each ot her by 180 degrees, and t

soft  mmgndtitveRPDRALAEER, LhaF IS Einet i Afutet s el b8 o
magnetic domain wall is not fornmed on application, of external magnetic
field, prcﬁﬁlﬁgsu@&mtmém ayepstrUsHUre rtlheanle@%l@Ih@ O¥eerate spi ke
noi ses. Therefore, a perpendicul ar magnetic recordi ng nmedi um has been

provi déd tdizcubationi o8 mexgneétienfluef flerough spper exsd dewerasoftrmaelg sgtiié e

noi ses. 10 15 20 18

layers to suppress the magnetostatic energy, thus generation of a
magnetic domain wall is inhibited even in these end regions. When
direction of easy magnetization of the soft magnetic layer is in a
plane parallel to the substrate surface and in the direction

10 perpendicular to the running direction of the magnetic head during
reading and writing, that is, if the direction of easy magnetization
coincides with the radial direction in the case of a nonmagnetic
substrate of a disk, the intensity and gradient of the magnetic field
generated by the magnetic head can be effectively enhanced.

15

The soft magnetic layers and the nonmagnetic metal layers can

be formed by common methods for forming a thin film, such as a
sputtering method, or a vacuum deposition method. A seed layer may

be appropriately provided beneath the bottom soft magnetic layer for

20 the purpose of improving adhesion with the substrate.

A nonmagnetic underlayer 13 is provided for the major purpose
of controlling crystal alignment and grain size of the magnetic

recording layer 14. Material and structure of the underlayer are

12



Clains 1. A perpendicular magnetic recordi ng nedi um conprising a soft
magneti ¢ backing | ayer, a nonmagnetic underlayer, a magnetic recording

| ayer, and a protective filmsequentially |lam nated on a 5 nonmagnetic
substrate, wherein the soft magnetic backing |ayer conprises alternately

| am nat ed nonmagnetic netal |ayers at nost 5 nmthick and soft magnetic

| ayers at least 10 nmthick, a top |layer and a bottom | ayer of the backing
| ayer bei replected wagrespondingrts, neaikrtiab of it hehm saphéticageerdingdnses 14.
sandwi chi ng one of the 10 nonmagnetic nmetal |ayers have nagneti zation

di recti onsiipélthel nizggﬂéﬁi%el%g@r Heisséﬁrh\%%@ﬂ%{]ﬁ C@REFP% é‘ﬂ@yd'!f& er ent

fromeach other by 180 degrees, and the t of the so magnet{c |ayers are
antiferrong 1Ga aupl A per . cul e oL dint ium
ccor di ng SEABIEnth FRHERERLof the RADREISKER AR B SibiEd SERRT IR
soft magneti ¢, | ayers. s in pl ane parallel to the substrate surface and in
t he di recté@@rp%aﬁﬂéfné%telﬂr&ik‘é- a running direction of a magnetic head
during reading and witing. 3. A perpendicular nagnetic recordi ng nmedi um
accordbng to claim1 20 or claim2, wherein the nonmagnetic netal layer is
conposed of a material mainly consisting of a netal selected fromthe group

consi sting of AlthdughRnthfeknéss ofthd nonfhageeticundlerdayet lisnsmnc! uding

one or nore of the netals fromthe group. 4. per pendi cul ar magnetic

recordi ng i i ; w?’zﬂﬁ i in a
t hi ckness lgﬁﬂ ;t ﬁgtﬁ%%%%gﬁfgqnetael’lgce%/ee’re‘ﬁfcspé%%a%r ﬁgge];% 89143%#15?@2
nmor in r e firoml 7 nmta.3.0 nmb5..A perpendicul ar nat i

recor di ng TeSaTamtbeEg i liofihe madnétic rpcoting fayel 4d and akmost | ne
soft magng(:)c bagki ng l.ayer ssanti ally consists_of three |ayerg of _first
soft magnet? Maley confiriRg 1stapeq bataveen theamagnetisheadianddhe: i c

| ayer lamnated in this order. 6. A perpendicular magnetic recording medi um
accor d0ng saftanaignetic mcltiagelayehd 2 withis af necessary teveleThnd t he
second soft nagnetic | ayer have substantially equal saturation magnetic

flux densihgnangdgnebis andealayeedBimadicoimnsss of @ mfuligpheodilayeas thgnetic

recording mediumaccording to any one of claims 1 through 4, erein the
soft manehye deffelend iPHfdterial SRtk ke oYt e prddife t¥BicPupl 111t
soft magnetic Tayer, a first nonmagnetic netal layer, "a second SO

magnetic | ayer, ja sgcond nonnagnetic,netal layer, and a third soft magnetic
layer 1 am SGUYERLGL ¢ Saghetic Tecorditig Tayer:

15 The magnetic recording layer 14 can be appropriately composed
of semi-hard magnetic material having the axis of easy magnetization
perpendicular to the film surface. Examples of the material include
CoCrPt alloy, a Co/Pt multilayered film, a TbCo amorphous film, and
a composite film consisting of two of these three kinds of films.

20 Although thickness of the magnetic recording layer 14 is not limited
to any special value, at least 5 nm is desired for sufficient output of
head reading out and at most 50 nm is desired for confining the
distance between the magnetic head and the soft magnetic backing

layer 12 within a necessary level.
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8. A’perpendicul ar magnetic recording medi umaccording to claim?7, 20
wherein the first soft magnetic |ayer, the second soft magnetic |ayer, and
the third soft magnetic |ayer have substantially equal saturation magnetic
flux density and a sumof a thickness of the first soft nmagnetic | ayer and
a thickness of the third soft magnetic |layer is substantially equal to a

t hi ckness of the second soft nagnetic |ayer. 20 9. A perpendicul ar

magneti c recorfhegredctivetapedilfocan ey thin ¢ilntlcenipoded uformgindy

wherein a thickness of each of the soft magnetic layers is in the range
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M 10%1& ()- 10%m& () 9 10%1& ()- FLO0%M& ()- &

3" 10%1& ()-"f10%& ()-+ npsDi K- #109%v& ()- #10%m& ()-0310%1& () - % 10%r& () -
10%1& ()-9 10%r& ()- z10%r& ()- DFGH S8 A< #10! sYOL0%& ()-m 1YIL0%& ()-m

, A0WNVE () - Sonmd exariplos ofipiredfefred candediment of the invention will be

described below.

Example 1
A nonmagnetic substrate of a strengthened glass disk with 3.5”
15 diameter was used. After cleaning, the substrate was introduced into
the sputtering apparatus. A soft magnetic layer 50 nm thick of
Cos7ZrsNbs, a nonmagnetic metal layer of Ru having one of the
thicknesses varied in the range from O to 4 nm, and a soft magnetic
layer 50 nm thick of Cos7ZrsNbs, were sequentially formed by a DC
20 magnetron sputtering method under an argon gas pressure of 5
mTorr and taken out from the apparatus to obtain a soft magnetic
backing layer of three layer structure shown in Fig. 2. In the
processes of depositing the soft magnetic layers, leakage magnetic

flux from the target was applied in the direction of the disk radius.
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20

soft magnetic backing layer with the ruthenium film having thickness
of 2.3 nm in the direction of the disk radius measured by a vibrating
sample magnetometer (VSM). Fig. 4 also shows schematically the

direction of magnetization in the upper and lower layers.

In the regions of applied magnetic field larger than 60 Oe in
positive and negative directions, the directions of magnetization in
the both upper and lower soft magnetic layers are aligned in the
direction of the applied magnetic field. In the region of reduced
applied magnetic field of between +20 Oe and -20 Oe, the measured
values of magnetization were substantially zero because the
magnetization in the upper and lower soft magnetic layers couples
antiferromagnetically through the ruthenium layer and aligns in
antiparallel, resulting in cancellation of the magnetization in the two
layers. The region of applied magnetic field in which measured
magnetization is substantially zero is a measure of strength of the
coupling between the upper and lower soft magnetic layers. The
measure of the coupling strength Hin is defined by an absolute value
of the maximum applied magnetic field within which measured

magnetization is substantially zero.

Fig. 5 shows the Hin value, an absolute value of the maximum

applied magnetic field for sustaining null magnetization, as a

15
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Hin is zero, which means the magnetization in the upper and lower
5 soft magnetic layers aligns in parallel regardless of the magnitude of
the applied magnetic field. In the regions of the ruthenium layer
thickness of from 0.3 nm to 1.2 nm and from 1.7 nm to 3.0 nm, finite
values of Hin were obtained indicating that the magnetization in the
upper and lower soft magnetic layers aligns in antiparallel and

10 stabilizes in the applied magnetic field up to Hin.

Fig. 6 shows number of magnetic domain walls as a function of
ruthenium film thickness, observed by magnetic Kerr effect on the
whole surface of a disk. Generation of a domain wall is inhibited in

15 the same range of ruthenium film thickness as the range in which
Hin value was finite in Fig. 5. Thus, it has been demonstrated that
generation of a domain wall is inhibited in a perpendicular magnetic

recording medium according to the present invention.

20 Example 2
A series of soft magnetic backing layers having the layer
structure of Fig. 2 were formed in the same manner as in Example 1
except that the nonmagnetic metal layers were 0.6 nm thick and

composed of various materials. Table 1 summarizes a relation
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Table 1
5
nonmagnetic | Hin (Oe)
metal layer
Cu 16
Ru 39
Pd 21
Re 35
Pt 10
Au 5
C 0
Ti 0
Si 0
Table 1 shows that the Hin values vary depending on the
material. Finite Hin values were observed for Cu, Ru, Pd, Re, Pt, and
Au, while the Hin value was zero for C, Ti, and Si.
10

Advantageous Effect of the invention
As described so far, a soft magnetic backing layer in a
perpendicular magnetic recording medium according to the present
invention has lamination structure comprising nonmagnetic metal
15 layers at most 5 nm thick and soft magnetic layers at least 10 nm
thick being alternately laminated, in which the top layer and the

bottom layer are soft magnetic layers. Further, the directions of
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"109Z& () - BBBBBDDBFgE= 1 10Z! 99A0%&' ()-! xYd 0% ()-m (940% ()-m 109&Z& () -

@109%Z& ()magdetifatibhvizy Ghe{ty &Hdoft magnetic layers sandwiching a
nonmagnetic metal layer are parallel to the plane of the soft magnetic
layer and different from each other by 180 degrees, and the two soft
magnetic layers are antiferromagnetically coupled. Consequently, a

5 magnetic domain wall is not formed on application of external

magnetic field, providing a soft magnetic backing layer that does not
generate spike noises. Therefore, a perpendicular magnetic recording
medium has been provided that exhibits excellent effect to suppress

generation of spike noises.

10

15

20
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10928& () - 'GMEIA89ZZ& () -M e' 940%hh& ()-!' Y409%& () - Yd0%Z& () - QRVRRRS( TAEPE:
10G 10Z "109%Z& () - $10%&Z&" () -
1. A perpendicular magnetic recording medium comprising a
soft magnetic backing layer, a nonmagnetic underlayer, a magnetic
recording layer, and a protective film sequentially laminated on a
5 nonmagnetic substrate, wherein the soft magnetic backing layer
comprises alternately laminated nonmagnetic metal layers at most 5
nm thick and soft magnetic layers at least 10 nm thick, a top layer
and a bottom layer of the backing layer being soft magnetic layers,
and two of the soft magnetic layers sandwiching one of the
10 nonmagnetic metal layers have magnetization directions parallel to
planes of the soft magnetic layers and different from each other by
180 degrees, and the two of the soft magnetic layers are
antiferromagnetically coupled.
2. A perpendicular magnetic recording medium according to claim 1,
15 wherein a direction of easy magnetization of the soft magnetic layers
1s in a plane parallel to the substrate surface and in the direction
perpendicular to a running direction of a magnetic head during
reading and writing.
3. A perpendicular magnetic recording medium according to claim 1
20 orclaim 2, wherein the nonmagnetic metal layer is composed of a
material mainly consisting of a metal selected from the group
consisting of Cu, Ru, Rh, Pd, Re, Os, Ir, Pt, and Au or an alloy

including one or more of the metals from the group.

4. A perpendicular magnetic recording medium according to any

19



'1092& ()- f"109%&Z& ()- 9! 109%Z& ()- M 109%Z& ()-(T_TTT$SUhUWEPE: 10G
10ZF F'109@2& ()- 9%109@& ()- 3f#F'109&2& ()-39!!1109Z& ()- s109@Z& ()-

1092& ()- UUGV3VMWVIEPE:  10G 10ZY7 109%&Z& ()- Y4"109%Z& () -

52109@& ():3s010%& ()- F,:109Z& ()- F)"10%& ()- V, W WOWLVRW WW\HC 10G
102 10% & ()- " 10% & ()- 9!'10%| & ()- 10Z 10Z 10Zs<

109@2& () - YO9109@& ()- WANANANAKQRC

t} 10%4|A I<§LC(<)nc,e Jofadta iy )- ﬂhﬁol@ﬂl&& Whergin#tBidknesd 094hé nonnmifghesic( ) - WW

L R AR 6 R,
Wow& A 03B ()11 1094 & ()-t}10%] & ()|t} 10%] & () - VIVVVINK? X-]
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5 one of claims 1 through 4, wherein the soft magnetic backing layer
essentially consists of three layers of first soft magnetic layer, a
nonmagnetic metal layer, and a second soft magnetic layer laminated
in this order.
6. A perpendicular magnetic recording medium according to claim 5,
10 wherein the first soft magnetic layer and the second soft magnetic
layer have substantially equal saturation magnetic flux density and
substantially equal thickness.
7. A perpendicular magnetic recording medium according to any
one of claims 1 through 4, wherein the soft magnetic backing layer
15 essentially consists of five layers of first soft magnetic layer, a first
nonmagnetic metal layer, a second soft magnetic layer, a second
nonmagnetic metal layer, and a third soft magnetic layer laminated
in this order.
8. A perpendicular magnetic recording medium according to claim 7,
20 wherein the first soft magnetic layer, the second soft magnetic layer,
and the third soft magnetic layer have substantially equal saturation
magnetic flux density and a sum of a thickness of the first soft

magnetic layer and a thickness of the third soft magnetic layer is

substantially equal to a thickness of the second soft magnetic layer.
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