" e3ef N$ft #6#TNS f k RECORDI NG REPRODUCI NG APPARATUS USI NG THE SAME

BACKGROUND OF THE I NVENTI ON 5 The present invention rel ates

per pendi cul ar magnetic recordi ng type nagnetic recording/ re,awmmmmlj}"wmmmm
b5

appar rpendi cul ar magnetic recordi ng nmedi um used | )
appar %ﬂ“ﬂﬂu\ M@Hﬁfl onally, in a perpendicul ar double-layered 10 mediumin

whi ch 1 i'cul ar magnetic recording layer is multilayered on a
hi gh- per mé®B®¥"i ty soft nmagnetic layer, this soft nmagnetic |ayer takes part
of the function of a recording head, i.e., passes a recording nmagnetic

field, which is generated from15 _a ma%neti c head and whi ch magneti zes the
per pendi cul ar magnetic recordi ngTHAYEr OF AHENNYENTZOR al direction and

s RSl okl SRS G N LGP TR G e
magnet ost at ¢ cRBEOT NI ATY T R EHES G HEERAETy bet veen
t hese nmagnetic donai ns, and:m%ig%égg iéFgﬁﬁfr ffoﬁ region in which
this magnetic wall exists. To suppress this spiké noise, it is only 25

necessarysto suppr eSSrH@fFOrfﬁél?é OR e £die {%ﬂé&tﬁéé Ceyal ?%{b%%ﬁié@iér

magnetic layer. As a net of suppressing ormati o S magnetic

wal I, as 1, nadnedasChidRfdithg Eype mifhetial .r AP IEn KN rdURirG@t i ON
No. 5-258274, a Iaérge nunber of r%sdiyg) have been prroposed In whlich artﬁ%rd

magnetic layer iapaofated RelOW pes@fdndimaiieirt td@yiid orddord ey dhg@nin on
of easy 5 magnetization in this soft nmagnetic |ayer in the radi al
direction. In these nedithe appevertus.he soft magnetic layer is directly
formed on the hard nagnetic | ayer, so the exchange coupling interaction
acts nore than necessanyer(igstadden tihese penresdi dhleasoloubigmbiyerédyer
| argel y changes the magnetization direction even when applied with a weak
ext er nal 1fagnet Medijugl drofWwhighy a reFmendd QUG /RRINGt ke eurding he
stronger the coupling with _the 15 soft magnetic |ayer, the nore easily the
hard nagnetic | aperes 45 Aliddee@ a8 e 3 FFIhnRpTdsaL i ayfer Skt a
consequence, the magnetization dir.ect gﬁ?irection of the easy

ion, i.e., th
axis in the har@ AY&fer @&fhrWﬂQQQR}Q YRE didhRS iRAFL That i s,

20 a so-.called pinning fail.ure enQnenan..occurs. . In effect,_ in a magnetic
recordi ng/ repr oc‘i’tjl%Jcitrpg(;a é‘lé‘l\?lcé:éLO(“I—lIS%J)A| % V5% glcéﬁlerﬁ%’orl '(e\/Cl\/pCpa\l/ﬁwsiec uses a

PELERS" | mOnek S ARRERYE BN Sl one A aRaelin 0ok,
even in fhe Vi Cignighyneft itthe Reuanef Wi dtG S kehel R B cifast he
above-nentioned nmediumis used in f - 3 the HDD, pinning failure
SONet i Nes oCCUr ;ad®hed iRAMHRHANGY 136/drqusSi Pt éfBrizontal direction
and returns this magnetic field to the magnetic
head, thereby improving the recording/reproduction
efficiency. On the other hand, the soft magnetic layer
20 readily forms magnetic domains because it reduces the
magnetostatic energy. A magnetic wall is formed in
the boundary between these magnetic domains, and spike
noise is generated in a region in which this magnetic
wall exists. To suppress this spike noise, it is only
25 necessary to suppress the formation of the magnetic

wall in the soft magnetic layer. 2As a method of

suppressing the formation of this magnetic wall, as



* The use of the hard nmagnetic layer is convenient to control the direction
of the easy axis in the soft 5 nmagnetic |ayer. However, the hard nmagnetic
| ayer is basically the same as a | ongitudi nal nagnetic recordi ng nmedi um
i.e., it generates nmedium noi se. The thickness of the soft magnetic |ayer
is preferably small in order to prevent the generation of dust during film
formation 10 and reduce the cost. However, %he_snaller the thickness of the
soft magnetic |ayer and the shorter the di stance between the hard magnetic
| ayer and the nmagnetic head, the |arger the noise fromthe hard magnetic

| ayer. One neans, for .reducing the naojse fraom 15 this efic Jayer is
to reduce its tﬁie(,slgr]r’e@se.duﬁé‘ducﬁ'r‘?g 1t ?Plémt'hi%%n'e@%]fnt HQ&{PQJ}? @5t ayer
i s al so advant ageous i, Jr OVi the filmformmation process and in the
cost. If, howevgfr%,' t _g%g%gﬁénﬁqug 51 inrlllénbéec]i sOffsnta“}eoq(r)llgal {}fa‘fﬁ MiAY failure

easily occurs. ﬁ%o BsEla %H%@é%’lqui.ayé&é 'S@él'%}gﬁrrétgr\# T1ha§heg£ eissenfof'r{ﬂ%’cgr%%f’&ﬂ has

been made in co eration has as Ject to

provide a per pendisgiHrammpanatd g £RGOMY NG e Wil &y SHRPE 65585 the
occurrence of pinning 25 failure caused by an external magnetic field, and
whi ch redgces mMagigh@tN0la%8.onl in SHAROIRATE RiPELId TN Prasaitie i @i on
to z, - 4 provide a perpendi cul ar magnetic recording/reproducing

appar at us capablsg refcthiogh- qual ity nmagnetic recordi ng and reproduction by
usi ng a perpendi cul ar magnetic recordi ng nmedi um whi ch suppresses the
occurrence of 5 pinnilyg Hhadaimedirng reduces: medthensadt seagrieice diaget o t he
present invention, there is provided a perpendi cul ar magnetic recording
medi um i n whi chis ldomgictldi falrrear dmddreethard anpgmetiongiayeti nado sife
magnetic |ayer, and perpendi cul ar magnetic 10 recording | ayer are

mul til ayered i nepghangied€oved 18 % dipdiaracd i athécdish ndee |y tekergatiar d
magneti c_l ayer and the | on%i tuydi nal soft magnetic | ayer couple with each
ot her byl8xchan§Et¥EER ithG SFort@Ykdakl v Tfar Mfe Madies fishgiafe natr kY

magnetic | ayer i

di tly f 15 th if. | i tudi nal h
magnetic | ayer. C’?’ﬁéllg%gfﬁg)r{?di“%[?re lr%ﬁ’dﬁg)ﬂ §¥M$§V%g:%%?a%%a%fesent

invention is ro y _classifli int,o the fallaqw SixX aspects,, A
per pendi cul ar nau'ggét iacL”reé%oreé&%d:n%%dim@r%?%%acc?gre& ngog'o S Fir s boa“%tpect of

t he present invengj,en c/;ghr.rpri ses a substrate, a |ongitudinal hard magnetic
| ayer formed on t'he St‘j\bstrate, a magnetic layer formed on the | ongitudinal

hard magnetic |ayer anddiaw ngsat wial ian-dmghetizatdé Q. simd et hane t hat
of the 25 longitudinal hard magnetic |ayer, a longitudinal soft magnetic

llayer fonped onsbife magnettic layesr, amé adiey Reidilcultale MROREMLecas di ng
| ayer. i - 5 A perpendicular magnetic recordi ng nmedi um according to a
second aspect oflatylee prsederftl vemveat bgn thenead e smegyrsatist rlayesr.a As a
| ongi tudi nal hard magnetic layer forned on the substrate, a nonmagnetic
| ayer 5 formed eenskguessgi t (idien aiadnsrtd zedgrest idd Hegyfdrorand . e. ,
the direction of the easy axis in the hard magnetic
layer changes from the radius direction. That 1is,
20 a so-called pinning failure phenomenon occurs. In
effect, in a magnetic recording/reproducing device
(HDD) a voice coil motor (VCM) which uses a permanent
magnet to drive an arm is positioned close to
a magnetic disk. A leakage flux generated from this
25 VCM has a magnitude of about 7,900 A/m even in the

vicinity of the edge of the magnetic disk.

Therefore, if the above-mentioned medium is used in



“havi'ng a thickness of less than 0.5 nm a |ongitudinal soft nmagnetic |ayer
formed on the nonnagnetic |ayer, and a perpendi cul ar nmagnetic recording
| ayer fornmed on the |ongitudinal soft magnetic layer. 10 A perpendi cul ar
magneti c recordi ng medi umaccording to a third aspect of the present
i nvention conprises a substrate, a longitudinal hard nagnetic |ayer forned
on the substrate, a nonmagnetic |ayer forned on the |ongitudinal hard
magnetic | ayer 15 and nmainly containing cobalt, a |ongitudinal soft
magnetic | ayer fornmed on the nonmagnetic | ayer, and a perpendi cul ar
magnetic recordi l.ayer formed on the |ongitudinal soft nagnetic |ayer. A
per pendi cul ar meghettt r &G U REHPSF SRR #Ourth aspect of

t he present invent iaLor .corﬁ}r)ri sessearisoulpst rat.e o | ongi tudi nal hard magnetic
| ayer forned on & A& Sulsst aeﬁ]ey a nonr%g%ecfk?% IFayer formed on the

longi tudinal hard magpetic.layer,an QP&“%X 88?%8'ﬁéggrrEEhSQhﬁghiént

| ongi tudi nal soft 25 nagnetic Tayer forne oh € nohnagnetrc ayer, and a
per pendi cul ar magnetd i fecandll ng el od S Fedhonedbe Longi tydinal sseft
magnetic | ayer. - 6 A perpendicular magnetic recordi ng nmedi um accordi ng
to a fifth aspegiagfettine RIRSENt HAWERE ONERONPA T $EBagnStDSI I AVEr Bs

| ongi tudi nal hard nagnetic |ayer forned on the substrate, an oxide |ayer
formed 5 on the dayigidlid} ndle hedntk regnetlend dyedifd Drind dige t DO 0F dbet Ashghar d
magnetic |ayer, a longitudinal soft magnetic |ayer forned on the oxide

| ayer, and a pempehidinculiare Jyaginetden e wecos <li med 1@y eto I o nedTlon theckness

| ongi tudi nal soft nagnetic |layer. 10 A nagnetic recordi ng/ reproducing

appar at us accor dihg-hte 0 & xiduresipiectlafert hiss restetabhyeshabh tonprdses a
per pendi cul ar magnetic recordi ng medi um according to any one of the first
to fifth aspect SU@EVEd Hivovaenealrad biomeeh i sin dwr ing pbblni feraneias
rotating _the perpendi cul ar magnetic recordi ng nedium a magnetic head

havi ng ant %! eme®PaWHi&H T dBUSIH or RATSFEon Hhe $783 bkdii e ar nagneti c

di di .and I t which d i nf tion, d
Lcarr| age assemIF NI Eh Sopgth (0 kST T el e Stih THOA Cthe
magneti ¢ head frael v Iesnt UL o esRedlnd 4 Lhe perRendl cplar. TEgRelhg

recordi ng medi um A ion obj ec and a I nventron will

be set forth in Mt O i I , i thyyi bl be
obvious fromt hé&%g‘sé}r%iscgt}%%é' cr:CrH@rnatl;%ni)c‘;e@rll e%ed@jg% ;%%I?i%géo?g\%%e_
invention. The oRiffdtsi andadvant@gesidind st venid ofy Bye beo1 88l F2e4 and

r obtained by neans of the instrunentalities and conbinations particularly
poi nted awt her ejmiaf treird BRde DESARI R QY% Glo T SiRVERAL M W &Fs THE
DRAW NG The acconpanyi ng draw ngs, which are incorporated 5 in and
constitute a paReddfcitrite Spedfidatasmn,of |thisthat@® magsenid ylpyef er s ed
enbodi ments of the invention and, together with the generation description
gi ven above and alse datvateatust riptingrofindetpe ef km efo endbtdment s gi ven

bel ow, serve to explain ,
process and in the cost. If, however, the exchange

coupling acts strongly, pinning failure easily occurs.
20 BRIEF SUMMARY OF THE INVENTION
The present invention has been made in
consideration of the above prior art, and has as its
object to provide a perpendicular magnetic recording
medium which suppresses the occurrence of pinning
25 failure caused by an external magnetic field, and which
reduces medium noise.

It is another object of the present invention to



“10 t’he principles of the invention. FIG 1 is a view showi ng an exanpl e of
the structure of a magnetic recordi ng nedi um of the present invention; FIG
2 is a partially expl oded perspective view 15 showi ng an exanple of the
arrangenment of a magnetic recordi ng/ reproduci ng apparatus of the present
invention; FIG 3 is a view show ng another exanple of the structure of the
magneti c recordi ng nmedium of 20 the present ;i nvention; FIG 4 is a data
i mge representing the result of OSA observation of a sanple according to
prior art; FIG 5 is a data inage representing the result of OSA

observation of a sanple according to the gresent 25 inyention: FI.G .6 1s a

graph shovi ng maHat] St dfe TR RREC BT i %%%Jr%sr%ﬁ%ﬁﬁlw%é?d%%af5;
G 7 . . ; > .

prior arc: pio PO GRS A S R TR B R e PO b s e e

of the magnetic feearding, radigmal 5148 ProSENiahIMEILE MagkLB O 1S a
#ﬂ; dgstﬁg e O¥ t ?

schematic view for explalning gnetT ze e prror art; FIG

10is a SChemitil‘éé’dﬂﬁfrme?d(imﬁim%t%ﬁ@gé@ééZ@l@e%@é@r?&nég’eofmgneti c
recordi ng medi um of 10 the present invention; FIG 11 is a graph for

expl ai ni ng the defrimirdg onsi Bira dvgneddecds ehed Hit ansli ge magnet i zati on
recovery ratio; FIG 12 is a graph show ng the relationship 15 between the
nonmagneti c | ayer thixkaessimgdedictias dor&Esént 18ntrendignapbhehewinsg t he
rel ati onship between the magnetic field HR and the nagneti zati on recovery
ratio; FIG 14 irevigiaphe sghempergdidiel amgnegneat ¢ onecording medium in
which a longitudinal hard magnetic layer, longitudinal
soft magnetic layer, and perpendicular magnetic
10 recording layer are multilayered in this order on a
substrate, wherein the longitudinal hard magnetic layer
and the longitudinal soft magnetic layer couple with
each other by exchange coupling more weakly than when
the longitudinal soft magnetic layer is directly formed
15 on the uniform longitudinal hard magnetic layer.
The perpendicular magnetic recording medium of
the present invention is roughly classified into the
following six aspects.
A perpendicular magnetic recording medium
20 according to a first aspect of the present invention
comprises a substrate, a longitudinal hard magnetic
layer formed on the substrate, a magnetic layer formed
on the longitudinal hard magnetic layer and having
saturation magnetization smaller than that of the
25 longitudinal hard magnetic layer, a longitudinal soft

magnetic layer formed on the magnetic layer, and

a perpendicular magnetic recording layer.



‘20 r'ecovery ratio as a function of HR of the magnetic recording medi um of
the present invention; FIG 15 is a graph showi ng the magneti zati on
recovery ratio as a function of HR of the nagnetic recordi ng nmedi um of the
prior art; and 25 FIG 16 is a graph show ng magneti zati on curves of
anot her sanple according to the present invention. - 9 DETAILED
DESCRI PTI ON OF THE | NVENTI ON The present_ingengors made extensive studies
to suppress the occurrence of pinning failure caused by an external
magnetic field and reduce nedium noise, in a 5 perpendicul ar nagnetic

recordi ng medi umin ngch alon itudinal hard nma ne%ic Iag r, |longitudina
Soft. magnetic |ayer. ritf HesTich it droFRGhET | Bor RO T MiCRAPR: are

[til d. Co nt | t th f 10, pi
failure caused BY G BHGIIRIT MGREL CTTET D Wt HoutET HerBast RES Redt tim
o & raget e Sl (I U SRR 0 2 RGP 2P Anapigt L0 12

hard magnetic | aye ongl n ayer weakfy couple with

each other by exchange goupl i S dihan when a |onghiydinal sofL, magnetic

layer is directl’y formed on a uniformlongifudinal hard magnetic [ayer. For

this purpose, irrdhgdraneiis hafaateinst iksr @ mageorPoOsiifet ayeq of the
| ongi tudi nal hard nagnetic 20 | ayer and | ongitudi nal soft magnetic |ayer,

the effective coengidg 4 diticlafeddhat ongd 4 ughaval 0 hargh regnedh @i t@yefial s
preferably | arger than that when the |ongitudinal soft magnetic |ayer is
directly fornmed smft hsyrdeonigs tiddrenal fdateld magnete cndayagne The slaper ppri 25
ately weakens the exchange coupling between the hard and soft nagnetic

| ayers and furt kerd supmmssesl e nogagnence ofcpidimapgld et ufermed on 10
Furthernmore, the effective coercive force of the |ongitudinal hard magnetic
| ayer in this cdfposiargitaydimgls st magnetshal layet han that of the

| ongi t udi_nal hard na%getic | ayer alone. This nore ) ,
10 perpendicular magnetic recording medium

according to a third aspect of the present invention
comprises a substrate, a longitudinal hard magnetic
layer formed on the substrate, a nonmagnetic layer
formed on the longitudinal hard magnetic layer

15 and mainly containing cobalt, a longitudinal soft
magnetic layer formed on the nonmagnetic layer, and
a perpendicular magnetic recording layer formed on
the longitudinal soft magnetic layer.

A perpendicular magnetic recording medium

20 according to a fourth aspect of the present invention
comprises a substrate, a longitudinal hard magnetic
layer formed on the substrate, a nonmagnetic layer
formed on the longitudinal hard magnetic layer and
mainly containing ruthenium, a longitudinal soft

25 magnetic layer formed on the nonmagnetic layer, and
a perpendicular magnetic recording layer formed on

the longitudinal soft magnetic layer.



‘5 strongly fixes the nmagnetization direction in the soft nmagnetic |ayer and
further suppresses the occurrence of pinning failure. Note that in the
present invention, the exchange coupling between the hard and soft magnetic
| ayers 10 nmeans an action in which nagnetization in the hard nmagnetic | ayer
and magneti zation in the soft magnetic |ayer couple with each other by
exchange coupling. According to the first agpect of the present invention,
there is provided a magnetic recording 15 nmedi um having a substrate, a
| ongi tudi nal hard magnetic |ayer fornmed on the substrate, a |ongitudinal
soft magnetic |ayer fpr I L hal mgneti.¢c. ] ayer, and a
magneti c recordi ng Iggéggﬂ%gﬁ%%gg%éfﬁgé%%%E??uﬁggégdgggtﬁ%g%Hétic | ayer,
wherein a magnet}j | Vi 4 o) i i pn. t han
that of the longl Tia harY e & remmar | oy o E 0 RS L EEh O APB L o

|ongi tudinal hardhyponald ¢ |ayeseands the dongi tusinel sofy wRgRetic |aver.

In this invention according to the first aspect, e nmagne ayer

having saturati omyBgnedhead iah seldessthare | hah Ofidberdpoagi tydhogl hard
magnetic |layer is forned. Therefore, the exchange coupling - 11 between

the hard a&nd sofdn rgnetdrey il taydirs I ata e mppiOpi ¢ at £y yr afi tiat €de Wi t hout
bei ng excessively weakened, and pinning failure by an external nagnetic
field can be suppresisediimalhdietrd meargest g ldeemeda uhohgnondenalll so, since
t he thickness of the hard magnetic |ayer can be decreased accordingly,
medi um noi se carsdfec meEdieEdic Acoe i fgrned tdre seeorklide faverh asgects of
the present invention, there is provided a magnetic 10 recordi ng nedi um
havi ng a substr & &erPanshigiula MaINel - NeReridEny al@ye ¥ of e dnot he
substrate, a longitudinal soft magnetic |ayer fornmed on the | ongitudinal
hard nagnetic | Lontth I RRet S r SeFRE WC | 53¥8T f or ned on the

| ongi tudi,nal soft 15 netic, | ayer erein a predeterm ned nonmagneti c
Iaygr i s formed betwéga Qqu%ﬁ1'??ﬁﬁ¥ihgﬁ5?%r Yret? caPRFER tEAd tﬁe

| ongi t udi nal soft pqgﬁ ti g layer.. J.n the inveption cording to the second
aspect, the nonr?é:gr?e I 314 gcyoe?/rrstrajixn ri/ T n‘?%ﬁ” nospcto %Iﬁe %mf n Y]%mll'ln?/%nti on

according to th%&&ﬂﬁ%@é%%%ﬁi@ﬁ@ﬂf}ﬁé& et BY SF o S4B ¥ GROG ALR'S

ruthenium In the i'nvention-ac ng to the fourth aspect,”the nonmagnetic
l'ayer has a thi gesii®fg @S adhahd o e 26 A4t tHE £ entd gps-egcor di ng

to the second to fourth aspects, the formation of the predeterm ned
nonnmagneti c | ayefedmkigfed talenss € v i Oapi st 8y suppod2ing and
15 rotating the perpendicular magnetic recording medium,
a magnetic head having an element which records
information on the perpendicular magnetic recording
medium, and an element which reproduces recorded
information, and a carriage assembly which supports the
20 magnetic head such that the magnetic head freely moves -
with respect to the perpendicular magnetic recording
medium.
Additional objects and advantages of the invention
will be set forth in the description which follows, and
25 in part will be obvious from the description, or may be
learned by practice of the invention. The objects and

advantages of the invention may be realized and



weaken the exchange coupling between the hard and soft nagnetic |ayers, and
suppress pinning failure that may be caused by an external nmagnetic field
wi t hout increasing the medi umnoise. 5 According to the fifth aspect of the
present invention, there is provided a magnetic recordi ng nedi um having a
substrate, a longitudinal hard magnetic |ayer forned on the substrate, a

| ongi tudi nal soft nagnetic |ayer fornmed on the_l ongitudi nal hard magnetic
10 layer, and a magnetic recording |ayer forned on the |ongitudinal soft
magnetic | ayer, wherein an oxide |ayer of the |ongitudinal hard nagnetic

| ayer is forned gtbectav%e t Aeoar}gsi‘ toﬁi%tﬁﬁg&m éiftlg er gnd t he

| ongi tudi nal soft magnetic | ayer. s Tnvention according to the

fifth enbodi nent I&ﬂ%a{]@g@gi ‘@ifcﬁlhagﬁ%i -A@é{gro Eﬁﬁré%ﬁl%ﬁgéipl eto

appropriately weca(i(en the exchange cou _ et ween t ar soft
magnetic |ayers, gighpURRsERErPIAR 68 fﬂtls't@EkﬂﬁtymwsbéFC@Hgfgaﬁsfxgg 20

external magnetic field wthout 1ncreasing the nedi um noi se.

structure of a inventiid. adEorfiSarsfioNg @faleyP) eseDEnaatenghtyedhhaktaqvi ew
showi ng an exanple of the magnetic recordi ng nedium of the present in FIG
1, this nagneti i esnl didigs tieditend et ion hes et i BLéat Eoh ) Whi ch hard
magnetic |ayer 2, interlayer 3, - 13 longitudinal soft magnetic |ayer 4,
and magneti c recdrldisty dtay erdsartel f ettt rred himbod tdesnton @f stibstrate 1.
As the interlayer 3, a magnetic |ayer having saturation nagnetization

smal | er than thdthventsarhedngiagatihet vidtld thegnetnerdbien desaription
nonmagnetic layer, or an oxide |ayer of the |ongitudinal hard magnetic

| ayer 4 is fornedVerhahetragibttile 138l Indidas®ripebm o hsthas its main
conponent, at |east one of cobalt, ruthenium 10 vanadi um chrom um
copper, and nol yWEHRRRed eI IRET T ohiptie et cotRi e thec ¥l 2ihess of

this nonnagnetic . layer. is preferahly 1L, to 5 nm Cobalt can al so be conbi ned
with rutheni um %rhecryﬂrd'rﬂ 9% ﬁ&%i%%ﬁﬁ&%m is ruthenium the

t hi ckness 15 of this netic layer_.can.be 0.5 to0 0.9 n |f the main
conponents are vanadiﬁtﬁ'”g]grlosmauﬁl%vgp%%?wl%%aa%?}%lﬁ%]n%n?ﬂB%ethi ckness of
t he nonmagnetic j.S. | tlp{'épc_[} . ; E@ﬂpf U Ss
of the medium i ssjt?ra etrllirl%nto?%o conselq:dlgsr gglcoo\rg}?llr}}é [}ﬁee t |C§€1e&é 2&%%%?1@

| ayer is too smljyedttiddgcones difficult to control the |ayer thicknesses
and maintain the uniformty on the entire disk surface. Therefore, the
nonmagnetic |ayer prefrraldyidas pheeid iy 45 LkNESSpeLsect Dvd Amewr 25
nore. Accordingly, a preferred thickness of this nonmagnetic |ayer is not

| ess than50. 3 nmhand dess tdxamplledd afmthe arddhgdintpasti dlmeadgmed thioe of

i ncreasing the thickness of the interlayer while maintaining an appropriate
magni t ude of exdiregslicupldprpdusitng girpareyetdZdtheoptesentertai n degree
to this interlayer. The nmagnitude 5 of saturation magnetization in this
case is preferaBiVeddter than that in the hard magnetic |ayer, since the
interlayer is inserted in order to weaken the coupling. Saturation

magneti zation in the Seynet i1S 1ayEreY SHRWIRG AAYLN9T FAP1L® he

| ongi tudi nal ha% é“¥¥¥§ééhre of the magnetic recording medium of

20 the present invention;
FIG. 4 is a data image representing the result of
OSA observation of a sample according to prior art;
FIG. 5 is a data image representing the result of
OSA observation of a sample according to the present
25 invention;
FIG. 6 is a graph showing magnetization curves of

the samples shown in FIGS. 4 and 5;



10 layer or less. It is preferable to add 3d nmagnetic netals such as Fe,

Co, and NI to the magnetic |ayer formed between the hard and soft nagnetic
| ayers and having saturation magnetization snaller than that in the hard
magnetic 15 layer, fromthe viewpoints of the ease of m xing with other
metals and the crystal structure. For exanple, when CoCrPt is used in the
hard magnetic | ayer and CoZrNb is used in the soft nagnetic |layer, Co is
contained in both the layers, so the interlayer is 20 easily mxed if Co is
added to this |ayer. Wen the crystal structure is taken into

consi deration, RuCo Oﬁﬁébcz havi ng t he gane hexagonal cgosest pa ked

structure as the hard Hagnbtit FayePcratibserPan 600 SPREASCEPD TS

anor phous, the 9ﬁ%§§§%ii$.t¥t§%et§§ §915rn§99etic 25 layer is not taken
| f is's ¢

into account. 0 nmaghetic Tayer is crystalline, it is presumably

effective to use, mhengne§e§§agyscﬁggggxkngigwb@g¥-ggg&&gggngughg - 15

structure or NN having a face-center ic structure, pitaxi al

growth is taken Qe @Ceoindtatddto f NERKNRSInOF i ENBtOPQL LY dhBgE uRAEE
magnetic layer is preferably 50 nmor less, nore preferably, 5 5 nmto 50

nm and nost prefies gPtdsedd {0vdO:1om; Wien the thickness of this
| ongi tudi nal hard nagnetic layer is 50 nmor |ess, the nedium noise can be

further reduced. If thig. thitknesschembhess trhen bopnexplatandg thebe in
many cases inpossible to obtain satisfactory 10 nmagnetic characteristics
and a sati sf act arggmeigietd zs et efdcthe Iprive dhtckness exceeds 50 nm a
sati sfactory nmagneti zing effect tends to be obtai ned even when the soft
magnetic layer is dirBE&}yl®oisred sphehathardiewgheri expagéningt hbaet using
any nonmagnetic |ayer, and 15 the nedi um noise al so can increase. The

t hi ckness of t héna@RG1aRA ndfatdfef ndpmenagnebier regopdongraeayuUROOAm or
nore, nore preferably, 20 to 500 nm and nost preferably, 50 to 400 nm |If
the thickifess of PRk (IRTSRIIY t nmagnetic | ayer 20 exceeds 500 nm

dust is tends to be easily,generated during sputtering, . and,t Ls.%mcreases

the surface roughnessﬁié‘t% haghe? T &P et%?d?gﬁ Aottt ¢ k?ﬁglpﬁ 4PPFi cul t
q n . ‘ q S

failure can be 1 cha Rk LEla 1%, 58T (ReTpERRIEMENECOPRED 78

the coercive forgcg of. a portion corresponding to the soft magnetic |ayer
tends to increase, so a satisfactory - 16 soft magnetic characteristics

cannot be obtai ned. Aﬁlghelippgigugf%§$ BREAiABIDRET ech a¥ebnshipl S possible
to use, e.g., alloys containing Co, , and Pt "as mai n conponents, and rare
earth magreeti ¢ aldtysers uthe @ SABPEic layer thickness and HcHard;
FIG. 13 is a graph showing the relationship
between the magnetic field HR and the magnetization
recovery ratio;
FIG. 14 is a graph showing the magnetization
20 recovery ratio as a function of HR of the magnetic
recording medium of the present invention;
FIG. 15 is a graph showing the magnetization
recovery ratio as a function of HR of the magnetic
recording medium of the prior art; and

25 FIG. 16 is a graph showing magnetization curves of

another sample according to the present invention.



Thi s’ | ongi tudi nal hard nagnetic | ayer can also contain at |east one el enent
sel ected fromthe group consisting of palladium ruthenium and rhodium As
the | ongi tudi nal soft magnetic layer, it is 10 possible to use a soft
magneti c material having high perneability, e.g., CoZrNb, FeTaC, FeZrN,

FeSi alloy, FeAl alloy, an FeN alloy such as permall oy, FeCo-based all oy
such as Pernendur, FeCoNi alloy such as Perpinvar, N Co alloy, sendust,
MhZn-based ferrite, 15 N Zn-based ferrite, Zn-based ferrite, MgWh-based
ferrite, FeAl Ga, FeCuNbSi B, FeGaGe, FeCeSi, FeN Pb, FeRuGaSi, FeSiB, FeSiC

, Cu, CoFeSi B, ' d Lcul [
ecording | ayer, 20 al LoySEenhEED: PRECEI RPN Promin IEENdel a1 ar
to the | i tudi nal ' ' i . ddition, it
|2 possi bl e 1o use coronReeaari by CbsBr nARhE e By 1B orbleBm e
Structure of Co AR SR 4l 5y Sone kTG or herydof 25 Breoettakly BVCRED:

sel ectedfromtk&@émw@%iwf%lé’t BdrcRiceadaMm ABYSLO YREy - 17
CoCr/ Pt Cr, CoB/PdB, and Co07 RhO forned b?/nadﬁ?ngceCr, B, Pgng gs%b F ee

nul tilayered strpetpdesichlat hea Pieseat réBYLAt H§Mmedi BRNDRONRL LR ynder | ayer
can al so be forned between the soft magnetic |ayer and 5 the perpendi cul ar
magneti c recordinshdayedind neerd heaguesf acel gyys) al bhai twdohat hgosef t
magnetic | ayer changes in accordance with the material, the formation of

t he nonmagnet i c nagleet ayerayer praidradtpendicobsr ahaghet tecyséabrdihgnment
such that the direction of the 10 easy axis in the perpendicul ar magnetic
recordi ng | ayer lavehesemulizllalyeredi on. Wien this nonmagnetic underl ayer
is formed, it is necessary to inprove the crystal grain size and recording
resol ution, and reducePRFRAWRELY, 150 VheRPHe /At BReapcevaranaengfat | east
one ele t seIecIed,fraﬁ%éf, Cr, and Pt is used as the magnetic recording
| ayer, the nonméyriEtintd YLK raG2ed Y rab| §X hadea bimagpet ke Aiehdvi ng a
conposi ti on which Li%)es the sane as, the magnetic recording 20

& . Co, % and Pt
| ayer and whi ch 15~ KoHmaghetg S 109 JHHE A ebidi ntRofPYateh tel RV SHEPESR.
When Pt al one i e _nomn i.c underlayer od netic
characteristics%gﬁggsg%%?%P%dﬁ?%g?ggﬁéfﬁgHggH%rgég%%?§$+%% C %r%e obt ai ned

even if Pd, RN ioftis uspdk Aceordhanlyai o thermagnelic, shatggteristics

and recordi ng/ reproduction characteristics can be expec to er

i nprove by usingredietpeaugine wiofh dEReNeldtet AYEreALANE coupiBng,

per pendi cul ar magnetic recording layer, an alloy consisting primarily of at
| east ond el enertheselvdaired I ihel iHOupseonNshagndgi @f 14per Gs Pt, Pd, Rh,
and Ru. 5 Furthernore, before the nonmagnetic underlayer 1s formed it is
possi bl e to usedigectlsedbimydergn B @1 Adrm Siond® tddinall , hdaffd Rigndtidb,
Ta, Ru, Rd, Pd, Pt, Cu, Ag, and Au; NI Al and N Ta as conbi nati ons of these
metal s and Fe, Gavesd Ni as magnetic netals; and 10 oxides and nitrides of
these conpounds. As the nonmagnetic substrate, it is possible to use a

gl ass substrate, an ARDHIIEF HLRCSUbsHR atlee Baomti¢ ngheragyerastics
substrate havin n oxidi zed surface, or a substrate formed by plating the
surface 15 of aﬁv‘a@f TR ar%ﬁ%?ﬁﬁhe N P i dEd+ iep T A R@Inet tRough

only sputtering.i s, taken as _an.ex |.e of .the formation nmethad of each
| ayer, t%tg sane & ércta%gaﬁlqﬁleqlécb cg‘iq};aeld B AR Vepor® ¥epostt$ on or t he

like. 20 Accorméﬁ%éﬂ%f45i§83941¢5”¥§?céﬁ0frﬁ%é”fﬁﬁﬁgt&dﬁﬁgﬁiﬁ%#%Fhere is
i

provi ded a magneti c recording/ reproduci ng appara conprisi

per pendi cul ar mggﬁseitqd aGQ/di ng; 'H%‘QM&%PRP%A%C%OC@&W % Qfndf1eeidd r st

to fifth aspects scri bed"above, "a driving echani sm ch supports and
rotates the per pepdiiGuln ABGHIE @l i Nt yidi N 4 B dBENet £ Srifie@dshavi ng
an el ement which records information on the perpendicul ar
this longitudinal hard magnetic layer. This appropri-
25 ately weakens the exchange coupling between the hard

and soft magnetic layers and further suppresses the

occurrence of pinning failure.



'- 19° magnetic recording nedium and an el enent which reproduces recorded
information, and a carriage assenbly which supports the magnetic head such
that the magnetic head freely noves with respect to the 5 perpendicul ar
magnetic recording medium FIG 2 is a partially expl oded perspective view
showi ng an exanple of the arrangenment of a magnetic recording/reproducing
apparatus of the present invention. 10 As wnin FIG 2, arigid magnetic
di sk 121 for recording information according to the present invention is
fitted on a spindle 122 and rotated at a predeterm ned rotating speed by a
spindle notor (not s ﬂ%%h A inde&JIZSfPDgnting a siggéei ol.e recording 15

head and MR head for recor%ﬁ%ﬁf%ﬂuﬂ f%p?o thB? ?%%ﬁ%c rve §?ei% o] tion

by accessing th j G (i ' tac 0; d ' of a
sﬁspensi on I924 %%ntﬁéd%#h?{r%ﬁ]%;r#%p%ln%i%é lsrﬁjrs]%elﬁ%l%% éAf!')]:sles
connected to ong g/nd- ofs afbardaphds hHavi g at}pgg}pbgﬁlagoo]fpghgol ding a driving

coil (not shown). "A voice colil notor |26 as a kind of linear notor is

positioned at theRfireldiend HaddiemAfMBELS 148 ¥RbLL, COfhi SDhOFe 126 i's
conposed of the driving coil (not shown) wound in the bobbin of the arm

125, and & 25 magneindgleifiGdd diay ingyree el Meient d Mbadet ordNth Condt €6 £y oke
facing each other with the driving coil sandw ched between them - 20

The arm 12S i s helghdni ddldydreamdgRidttodr shopwwed osgretthé nodpperercs o dwer
portions of a fixed shaft 127, and pivoted by the voice coil notor |26.

That is, the poginrdmpffaiieirsd.i der 123 on the magnetic disk 121 5 is
controlled by the voice coil nmotor 126. Reference nuneral 128 in FIG 2
denotes a lid. The pr&stentthatyert itdre wiesert devéenbeeni ntherexdeange bel ow
by way of exanples. Exanple 1 10 As a nonmagnetic substrate 1, a gl ass
substrate neeti FPUHSRG ARFAESs S thaced i B oTo Bt NI megRE$ ¢ di sk
was prepared. This nonmagnetic substrate was heated to 200C, and the
fol I owi ng Y ayer Q8% &b Bh the’ L W2 R P g ?%&fﬁr puttering

in an Ar atnosphere ure of 0.6 Pa. Fir nmthick C M

a0 1 oy wais 1 or nbd AR Yo MIGHerTE SR S/ 6 (Wb hrb BT SURIbeT r at o
ok oo U Sl f ANl P L8 S g o0t v
According to the first aspect of the present
invention, there is provided a magnetic recording
15 medium having a substrate, a longitudinal hard magnetic
layer formed on the substrate, a longitudinal soft
magnetic layer formed on the longitudinal hard magnetic
layer, and a magnetic recording layer formed on the
longitudinal soft magnetic layer, wherein a magnetic
20 layer having saturation magnetization smaller than that
of the longitudinal hard magnetic layer is formed
between the longitudinal hard magnetic layer and the
longitudinal soft magnetic layer.
In this invention according to the first aspect,
25 the magnetic layer having saturation magnetization
smaller than that of the longitudinal hard magnetic

layer is formed. Therefore, the exchange coupling



"layet. After that, a 0.7-nmthick Ru layer was fornmed as a nonmagnetic
interlayer on the | ongitudinal hard 25 magnetic | ayer. Furthernore, on this
Ru layer, a 120-nmthick Co-5at.%Zr-10at.%\b alloy was forned as a
| ongi t udi nal - 21 soft magnetic layer. On this |ongitudinal soft
magnetic |layer, a 20-nmthick nonmagnetic Co-37at.oCr-8at.~Pt alloy was
formed as a nonmagnetic underlayer, and _a 30-nmthick 5
Co-20at.oCr-10at.oPt-2at.oB all oy was fornmed as a perpendi cul ar nagnetic
recording layer. On top of the resultant structure, a 7-nmthick C |ayer

was fornmed as a.protective layer,_ thereby obtaining,a perpendicul ar
magneti c recordiklr[:egtq'grreeecf|l ut\r/1k11e ﬂfyﬁf{ Cfn% sI%P% B I’E‘?%ﬁ%l l?/Y%W sHowi %‘a t he
structure of th ' gﬁgﬂg r [ oL di fym As shown
in FIG 3, thi s%ﬁg%@n%%u@ ghe |(i(;1 ‘?’% nlge{rrrggi %)?r{:ﬁggfgggr ucture in
whi ch a nonmagngld £ diNAild ayfin fhq | 2001 fdi B3 aﬁ?aéﬁté@ﬂ@gtﬂnﬁ%ﬁé‘t’% 7,

nonmagneti c interlayer g,  ongi tudi nal soft nagnetic | ayer nmagneti c

under | ayer 10, pefdeNdioulgy SBpeddfed aF0FbRE 1 RYEEaddng aPlle PROK EGHI Ve
| ayer 12 are nultilayered in this order on the nonmagnetic 20 substrate 1.

The per perdi cul afo igQNetAlesd,e it g e di hia kiSs 0bE at e dh Hyd ceaghadods! y
formng filns in a vacuum chanber was extracted to the atnosphere and
applied with a negret icarf itd defrddsddaadcamiihel y nahel@itlm hdes@5cantiséde
in the direction of radius of the disk-1ike substrate by using a dedicated
magneti zi ng apparedusedn el ect ronagnet, thereby nagneti zing the
| ongi t udi nal - 22 5 10 hard magnetic layer in the radius direction. All
per pendi cul ar nmagnet iACPREDIRT neP etk aSeeoé Hesteubeld hePedtferé subj ected
to this nmagnetizing operation unless otherw se specified. The
recor di ng/ r epr oddt& iRFE G At e SHGs Bieihel par AR Arn@dlReifc medi um
t hus manyfactured were eval u tedﬁgg using a.s én stand. As a rgcorfing/
repr oduciig head %P %ﬁﬂeﬂ%ﬁ%Q? TS oS Rt rRigret DrEQR S BidER2t f ect  as
a reproduci ng elemenpt was .used._ A reproduced si.gnal .output S was neasured
at a linear recc%lracﬁyndnao%nnestljtcy ot 50 ‘I'Hae.&ﬁ{é t}}g?i%ukf%?mebfat he
reproduced si gna| t : thes imedi Ol S£y ugred atpa linear
recordi ng densi tyonﬁi%rtagﬂ. As a(#{egs%}ldf, n%@rzpl € Nnoi se was observed
over the longitudinal hard magnetic layer, and a magnetic
recording layer formed on the longitudinal soft
15 magnetic layer, wherein a predetermined nonmagnetic
layer is formed between the longitudinal hard magnetic
layer and the longitudinal soft magnetic layer.
In the invention according to the second aspect,
the nonmagnetic layer mainly contains cobalt.
20 In the invention according to the third aspect,
the nonmagnetic layer mainly contains ruthenium.
In the invention according to the fourth aspect,
the nonmagnetic layer has a thickness of less than
0.5 nm.
25 In the inventions according to the second to

fourth aspects, the formation of the predetermined

nonmagnetic layer makes it possible to appropriately



'15 ehtire disk surface, and the S/Nmwas as high as 22 dB. Note that the
recordi ng/ reproduction charac 20 25 teristics were neasured in the sane
manner as above after the filmformation and before the magnetizati on was
performed as descri bed above. Consequently, a plurality of spike noise
conponents having substantially the sane magni tude as the reproduced signal
were observed. This indicates that the |longidudinal hard nagnetic | ayer was
in effect evenly magnetized in the radius ditection of the substrate by the
magneti zi ng operation, thereby suppressing the formati on of magnetic walls.

= ope! _ ppr essi n ati on _
a mgnet 1 1 'eﬁiiwi‘%%”?ﬂ%%%ﬁ%ﬁﬁ%{%%B%?%?eﬂ%r‘f%“&“%?ve?%cﬁ%i hor 55856‘%891;;"
reproducti on wer o) n | r .
Thr s modi um was "SHTH et 15 Byl i AREC B (RO B hof Fobr BAUE L brineY

CharaCteriStiCSEﬂtéguééﬁ*B§“§ﬁ§§%§%fﬂ5ﬁrﬁ%?%%Hﬁégﬁ%€ggaﬁikﬂgﬁtby using the

spin stand. As a consequence e nediu no spi ke noi se

was observed |i kg, beforg,d4 he,d eeididdPs@nd reproduci ng operations were
performed, and no deterioration of any other recording/reproduction

characterisstics was qb@%ﬁ@ﬂathE@sud@npﬂﬁtlﬁaag,lﬁeéhaéfiBhaﬁﬁeéenﬁ, no
pi nning failure was presunmably generated by a | eakage flux fromthe VCMin

the HDD. 15 ConmpiatwedrtieorExathdee 1A medpideld cal d gni@ghet + ecoegongi ng medi um
was obtained follow ng the same procedures as in Exanple 1, except that no
nonmagneti ¢ i nt endchiyier heasi o raresiet weetes, aa | Doy i tidd iad 1 hiaa dd nagoee t tc

| ayer and a 20 | ongitudinal soft nagnetic |ayer. The recordi ng/reproduction
characteristics ld@gyaheomed mad Pea pares trd e, naghend ttueétoa Hi gt redi um

bef ore magneti zati on and before and after recording and reproduction were
eval uat ed in t héagt ifankiereastarned ot elangdsuginakpardpeagretic
recordin%oand reproducti opn were performed, no spj ke noise was observed over

e

the z~10%ntirdaSh NG fdna IhF INRYRE LAY HT ghPHReD 20yBEhBef or e
magnetization .in the H a plurality of spi ke noi.se conponents _ having

substantial |y tﬂeor’sgrfﬁé‘%ﬁ t a{%aqr%:eet:‘r% Pflced T GHET Wer@Xthser ved.
This 5 indicates t t ongi t udi nal rd netic |ayer was.in.effect
evenly nmagnet i szd—jl 3%%?# t%%ecrﬁaed?lggsn%&?‘lr@%rf%ﬁ % rn;?%téa%rﬂ%gjt? afaey%}i/ Jf%eforme

magnet i zi ng opergdi.ay thes elg?ﬁugﬁmitmgﬁ%i N0 £ D6 d S8 &gf?gér efag walls.

In the magnetic recording ne arter recording 10 an production were

performed, a pl uradittifnaSPi dEr thahsph SOMPONepd s, havi ng substantially the
same nagni tude as the reproduced signal were observed on the edge of the
di sk. Thils denpnstraths thid invéonpet adcver&xegpte theptfnntng failure

presumably 15 occurred on the edge of the disk by a | eakage flux fromthe
VCM in the HDD. embodiment, the formation of the oxide layer makes
it possible to appropriately weaken the exchange
coupling between the hard and soft magnetic layers, and
suppress pinning failure that may be caused by an
20 external magnetic field without increasing the medium
noise.

FIG. 1 is a view showing an example of the
structure of a magnetic recording medium of the present
invention.

25 As shown in FIG. 1, this magnetic recording medium

of the present invention has a structure in which

a longitudinal hard magnetic layer 2, interlayer 3,



'As déscribed above, spike noise on the edge of the disk was observed in
Conparative Exanple 1 and was not observed in Exanple 1. This shows that
the formation 20 of the Ru nonnagnetic interlayer between the |ongitudinal
hard magnetic |ayer and the | ongitudinal soft nagnetic |ayer has the effect
of suppressing the spike noise, e.g., preventing the pinning failure of the

per pendi cul ar magnetic recordi ng medium_ 2 periment Exanple 1 To exam ne
t he presence/ absence of the generation of spike noise in detail, nedia of
Experiment Exanple 1 - 25 and Conparative Experinment Exanple 1 were

manuf actured by hotin he ngtized state of the conposite |ayer of the
hard and soft nﬂb?féﬂ%lcﬁ fg.oﬁé BT Fhent 2ERAnpt €239 B2ERRbFE was

manuf actured 5 f oW the s roc es as Ln. Exanple 1, except that a
C protective | ayrgéré?/\%&s rgﬂ?gn$0$ﬂ%d9%%%%§ch%rk%l?o%glg‘taﬁd?fﬁa? soft
magnetic |ayer without rmn etic r CoCr Pt B
per pendi cul ar rr\x,aggl‘rhetl catggci(;]r d%\% %%ﬁt€%f€?ggd%i t?ﬁgg{éé@%ornl)%?g%i ve

Experi ment Exanpl £ ing 8 SR € SRSndgiet pe3 61 68 Epb1 pudngnihersarein
procedures as in Conparative Exanple |, except that a C protective |ayer

was directdy forimd hai N loned tisknat 1 sof 4yaBonet & cnbanegnut t Bout
formng a CoCrPt nonnmagnetic 15 underl ayer and CoCr Pt B per pendi cul ar
magnetic recordilgydmyesr aheasei &anpesr of £ Comparahd veudxpel i pepy Exanple 1
and Experinment Exanple 1 were incorporated into HDDs, and the HDDs were
conti nuously opetagrezk forlayawek 29 £drdd. i n a constant-tenperature bath.
After that, the magnetic recording nedia were renoved, and the

magneti zati on directibmne wenndeneti¢atagenfpratesabliynagneains) agers were
observed using an optical surface analyzer (OSA). The OSA observation

resul ts of 25 Conpari@ivERrttehent2BExdedile anamit sperl kenfuEhanpie, 1 are
shown in EFIGS. 4 and. 5, reskPectj vely. Al though the edge of the sanple is
whitened i%h - ERadEW, LAWY FORRET h Ié%tlf“?]ey}%‘g%‘lué' surface is

uniformin FIG 5. | %h OSA eval uati on esultb tgg d'rec%'on of

magneti zation is di fﬁ u et%ajsrbe%?rfufl‘?n%é\e%%r? b (:01:18? bbﬁgnﬁFFfer ent
m A o o £ b : RN et .
contact . Ther of oo, ko tdlq B ok SR IRE BEEF oE B (e Pok 085 ect o

and the presencelahoance, ofa the eneili h i SPI ke 0l 88, AL LAkSN: ! O

consideration, the state pro y remal ned unchange romthe tnitra

nmagnetized state in R tHe win BaNSsheRE] 08 Fathbei Wh] t eA8dLROEKhEBsI N
FIG 4 presumably changed fromthe radius direction. Fromthe foregoing,

when t he 1sanpl es DftHExperdmeaygndixiadl £ydr ateh Gespar attyeo Expetii ment Exanpl e
1 were 15 incorporated into the HDDs simlar to a nmagnetic recording

medi um pinning fail uFe tlhy ndo EMpoacent s esirenvéhadedge chrQompay ati ve
Experiment Exanple 1 in which the |longitudinal soft magnetic |ayer was
directly fornmed aarrdaic lantdinudibdgnter diimgiet¢lnesyerf the 20 contrast,
the occurrence of this pinning failure was suppressed in Experinent Exanple
1 in which the MORAFATIC iREYT dyerlens FRameld: S Attor divRp ythe he

formati on of the nonhma netic i nternediC?a%e | ayer ' petween the | ongitudinal

hard and soft méHet Wyets Bt e AU pF2vEHES Mgt R HR pi nni ng
failure by the perpendiodl o, mgnehle Gecondlng JPALUM 9, &Xamngghis
small, it becomes difficult to control the layer
thicknesses and maintain the uniformity on the entire
disk surface. Therefore, the nonmagnetic layer
preferably has a certain thickness, e.g., 0.3 nm or
25 more. Accordingly, a preferred thickness of this

nonmagnetic layer is not less than 0.3 nm and less

than 0.5 nm.



t

- 27" vibration sanple nagnetoneter (VSM was used to evaluate the nagnetic
characteristics. Fromeach of the perpendi cul ar magneti c recordi ng nedi a of
Experi ment Exanple 1 and Conparative Experinment 5 Exanple 1, a portion near
the center of the sanple was cut out into a square piece of 1 cn2, and a
magnetic field was applied in the longitudinal direction of the filmby the
VSM The obtai ned magneti zati on curves ar e ;shown in FIG 6. 10 Referring to
FIG 6, the dotted line indicates Conparative Experinment Exanple 1, and the
solid lines indicate Experinent Exanple 1, although these two types of

i tiall | ap. As ‘in FlLG .6, in Ex [ t B le 1, th
15" nonmagneti ¢t or | Yo GER T oY MRGC Bt vebn PR Rar 00 ahBosbht CRBBRBL ¢
Aator dlngl'y, af (OF TROEHe TI b n 12 1 2y 0 IRACT AR EENROhB ¢
|, the h : i Cel . t] .
Contrast| in ComSaRTAE Biper e Barmr it (RS ot T el e e PAY 9 s

directly formed n 4 h&hardh maneld cod ayers SOtdPeapxFhangge Cr%'t?ﬁif'lgde
interaction between these |ayers was strong. Consequently, the Two |ayers

gradual |y 25 undger ety raangt inCageré"teirMiéngﬁﬁ heis &S VstrdfepsBly
schematic views for explaining the magneti zed states in this case. In each
of FIGS. 7 - ZhalllerdGhdrhecHamein | @yerhasd theghet e negpet | cs1lmyertke and
t he upper layer is the soft nagnetic |ayer 4. The nagnetization direction
bef ore an externaltardgnein cld iiglsbttedidircatede byt@ wdaledn atliewosphppd i ed
is 5 opposite to the direction of H as indicated by dotted arrows. An arrow
r indicates the radi Batiratiommainehezattddunin FLIBS. nFgnatdig Lavestiate
the magnetized states of the soft and hard magnetic | ayers when the
external 10 nagiafergkdy H boguat i e neompigred inat i bar dinagrebici s
applied tg the netic recordi ng nedia of Conparative Experinment Exanple 1

and Experi®hent €4 1§%%pectively. FIGS. 9 and 10 illustrate the

ti d stat f ] ti i 15, EXx le. 1 i t
;éxjgﬂpl'ﬁe fﬁggiit v te?l"%h?%ﬁ?@%ﬁ%ix%gf%%? ?%gﬁ%??%&%?%f?f? G eas CE
sof t magneti c | aE;a/egr %r%dt aatqus I\gg% sﬂhaepﬁllk%i%%cr\g%y% %%%ﬁe kg%) ‘?Q%%S’%*té?i c

layer is 20 reagidyy IgHd URIGE Gy EXIAFNAL JBINELy End 1 8 hr A ELG 7,

[
the double Iine between the arrows represents a strong %xc ange coupling
interaction. Inpfddaetd zdthierraad dd neyfetveen iherad Nnoysd nepgeseds a

weak exchange coupling interaction. 25 In Conparative Experinment Exanple 1,
t he exchamge layer, from the viewpoints of the ease of mixing with
other metals and the crystal structure. For example,
when CoCrPt is used in the hard magnetic layer and
CoZrNb is used in the soft magnetic layer, Co is
contained in both the layers, so the interlayer is
20 easily mixed if Co is added to this layer. When the
crystal structure is taken into consideration, RuCo or
CoCr having the same hexagonal closest packed structure
as the hard magnetic layer is desirable. Since CoZrNb
is amorphous, the crystallinity of the soft magnetic
25 layer is not taken into account. If this soft magnetic

layer is crystalline, it is presumably effective to

use, where necessary, Fe having a body-centered cubic



"coupling interaction between the two magnetic layers is strong, so

magneti zation in the hard magnetic | ayer is - 29 influenced and changes
fromthe original direction indicated by the dotted arrow as shown in FIG
7. Even when the external magnetic field is enhanced after that, the soft
magnetic | ayer basically undergoes 5 magnetic reversal first, and
subsequently the hard magnetic |ayer undergoes magnetic reversal first,
earlier than when the soft nmgnetic |ayer i's absence, owing to the strong
exchange coupling interaction. Wien the nmagnetization reversing nmechani sm

is like 10 this,_th wn_in, Fl G h h h
o T4 A0 N S oAl SRS, FaChanas. gyl ey staLe ghote. ]
di rection does|u%eﬁeiég{5§fhff§}§%ﬁ 'fgltgkéﬁciﬁgg %§g§§§£?d by the dotted

arrow. As a consequen pIAni n Uure OCCUrS. pefi ment Exanpl e

|, the exchange coupl I Loneb : i 'S, 1S
meakenedxas igdicagngﬁg %ﬂ%8%§§%%dgfiﬁ%&ﬁg§agggu?%§ag?gggg!ﬁ?h@%é?%r;,

”Hgneﬁlzaﬁlon"IAJE%fﬁﬁcbfgiﬂfﬁbfy|§Ueﬁm'§rnPéséﬁfﬁéﬁécﬁge?¥r§99??t'Zat'0“
rotation in the soft 20 nmagnetic layer and renmains in the origina
direction.s Howevernm ito t4e @t eimdnodgnetécetawl g, i sof 46t herngnhanced
after that, magnetization in the hard nmagnetic |ayer is eventually

i nfl uenced by t hatten tidhetisiddknaegnet | thiayesngbecdisel there nsgnaghetic
coupling to 25 sone extent between them and the hard nagnetic | ayer
under goes magnetlayeamrvies S#) i rest Wedd, atheakediumgnet se €aeldet hantiben
the layer is alone. Wen the - 30 magnetization reversing nmechanismis
like this, the nwfhaddatibh thiecihbrknessirhs tesshehani yimal it tends
magneti zation direction as showmn in FIG 10 if the magnetic field is
renoved from t héStRE el BHARY | F7 3 F1 P B s e bar b P imospE hafagtenvi ure
occurs. QF di fference between the nmagnetization curyes, of Cbggaratiye

Experi ment® ExanptadTe Eifd BT ot S BTl 12 stRWhS FaCBP e B2YRehbt 254%abl v
d d by th ti i I S hani d i bed ab . 10
That 15, in gendeietunen & Ne Eun T SOUPF NG ber el ¢ hesRat T ARHOSH!
e ! ond. iy ! .
mper | ment  Exandirey kg PO he o el rRiPHA e | e

nmagneti zati on Cuwd4s a8 .r{ét@%pefaw@misl%dﬁ?%%séo%ﬁe@b&@i oed.  Fpgt hernore,

fromthe sane consideration as expl ai ne to 10, pinning failure

probably occurs peafidth ey dhey exeandes oy Pih P oh Hehawes: 1 ber hpsd, agglysof t
magnetic |layers is strong and hardly occurs when this exchange coupling is
20 weak. 1Accor dithgd wediiuming faid ls®e o@s pievended by form ng the
nonmagneti c | ayer between the hard and soft nmagnetic |layers in Exanple 1
and Experinent ExanplBhd.tlEsclemsalof, tihoweoryitpdimahgsd it |l magneeadi |y

t akes 25 place when the exchange coupling between the two nagnetic | ayers
is strong as in lGwaaria inke BEaiple 20 dnd Corparet iver Expes f el Exaddl e 1,
so the pinning i Y- 31 failure was prevented by weakening this exchange

coupling. This dehoitt mit-eiich 40 Sie e HepR He eXCheh g0 @ otpl i nbf beesween
the hard and soft . netic ers has the effect of preventing pinning
il ure in's ¢ nd THOTBR Ul i ghiatd L IHo b 3 ol R C Aol s B Gost
differen bet ween, th qﬁggetiza iqQn curyves, of arative Experinent
Exanpl e %%and Exe%é:reler?%nt zilrrr“ﬁl eéulsqcshlo‘c(/\ntelrhd‘lqilrtfm%giesaséljp%r??lg%r?%%?cat ed

by HeHard in theyypRgy NI, T8 this increases the surface

roughness of the magnetic recording medium, making it
difficult to decrease the floating amount of the head.
As a consequence, pinning failure can be further

25 suppressed. If the thickness is less than 20 nm, the
coercive force of a portion corresponding to the soft

magnetic layer tends to increase, so a satisfactory



10 dfawi ng. The dotted |ine approximately indicates a position where
saturation magnetization in the hard magnetic | ayer alone is subtracted
from saturation magnetization in the whole conposite |ayer of the hard and
soft magnetic |ayers. The intersections of this 15 dotted |ine and the

i ndi vi dual magnetization curves presumably correspond to a coercive force
He of substantially the hard magnetic | ayer,. For the sake of conveni ence,
therefore, this value will be called Fbkbr&j%ereinafter and used as a
measure of the 20 exchange coupling strength between the hard and soft
magnetic | ayers. en the non neti.c %éggﬁﬁis f ormed between the two

ferromagnetic | ayers DRINGHE SeFt st $ Fanpel Rey h¢dbsol ut e
| f th h i i | t h tic,.|
value) o € exc an%gtﬁn% rfo%n%ﬂdé){ha Y‘ﬁéfdaﬁag?%tgggfgggfs' fc)ta% e

t hi ckness i ncreases. hi's nionnmagneti C Tayer I es t he

TR0 AN L SIS s o BB SR

HcHard is a mi nimum Honnegret 1 ¢

large and there js 0 d HeRatdmry, Holdardiis eaual fagide val i, of H?clgf

the hard magnetic |ayer al one. To obtain 5 exchange coupling of desire
strength, stherefqy &mdd. is inportant to exam ne a change in HcHard with the
nonmagneti c | ayer thickness. Experinent Exanple 2 As Experinent Exanple 2,
a few sanpl es were 10rhinuf@ed et 01 | 0wt dond dice SEEEL PyOcedaieslas in
Experiment Exanple 1, except that the thickness of an Ru | ayer as a
nonmagneti ¢ i nt edrehsem wes lddzarigechamd lenmerthes o lbargee df £ £bor ot12e rouje Har d  of
each sanple was evaluated by the VSM 15 thereby checking the dependence on
t he nonmagnet i ¢ domysdrs ttiic lafegs 1 TR ues tutienishowend fi@Elidu®, FIG 12
shows that the value of HcHard nonotonically increased fromRu |ayer
t hi ckness = 0 nn1andAﬁnﬁh%n%ﬁ?qmﬁ#ﬁ%ﬂﬁit$9%?ﬁ@%%n%&h%ehéﬁﬁqrnht 79
Generalllxi,O inathinfilmin which a ferronagnetic transition nmetal and

ic

nonmagne net@osa?rl@lrﬁul I"’f}ﬁ‘ferae_cf,o’c‘ftern} in_@t&ﬂrﬂ]i MpGHRe high

hi ckness of ¢ h& ROMARGE. yir LSRG SRORAL 112 e HERHE vt (R s

oo, SApect o R AT GaL o, S Ay NS ST RIS
alloy such as Permendur, FeCoNi alloy such as
Perminvar, NiCo alloy, sendust, MnZn-based ferrite,

15 NiZn-based ferrite, MgZn-based ferrite, MgMn-based
ferrite, FeAlGa, FeCuNbSiB, FeGaGe, FeGeSi, FeNiPb,
FeRuGaSi, FeSiB, FeSiC, FeZrB, FeZrBCu, CoFeSiB, CoTi,
and CoZrTa.

As the perpendicular magnetic recording layer,

20 alloys consisting primarily of Co, Cr, and Pt similar
to the longitudinal magnetic recording medium can be
used. In addition, it is possible to use CoCr-based
alloy, CoPt-based alloy, CoPtQ, CoPtCrO, CoPtB, and
CoPtCrB. Furthermore, it is possible to use a

25 multilayered structure of Co and an alloy consisting

primarily of at least one element selected from the

group consisting of Pt, Pd, Rh, and Ru, and to use



'- 33" magnetization curve, so all the media manufactured in Experinment
Exanple 2 were presumably ferromagnetically coupled. For exanple, when Ru
is used as a nonnagnetic interlayer between ferromagnetic |ayers, antiferro
5 magnetic coupling is generally obtained with a | ayer thickness of about
0.8 mMm However, the sanple having a |ayer thickness of about 0.8 mm
according to this experimental exanple hadno particular difference from

t he sanpl es probably ferromagnetically cou&]ed and 10 havi ng ot her |ayer

t hi cknesses. Referring to FIG 12, the saturated value of HcHard was about

2.8 kCe, bst i al f d tic | . al . ,
Chi's rogion i s pEGURISTy Sl BT T8 SHVeE Rot TRITAGHE CAEPbhF L her 187 Sof
tic | t i.C. 4 i ck f the Ru
Tayer 15 1 nm ortitbrg Sy Cat i s ey g S o not
bstanti al | I i ; f i f '
mmgnet 1 zati on n Lhe Sbi T aanerT e | By o ot het 20 aarlethe BhlkEAR S

i i i . |nthe2 ra i'réc
magnet i zation indriz5 AP 5o dits BediAyEt M CkOesSnagnef SEef2PLY dngm or

f e
less. On the other hand, the effect of Suppressing pinning (ff‘al ?%)re IS
probably @bt ai nathd eganHRsicci0fart hgadrd eknesscOfdihe nopergnesigcsayes as

|l ong as the | ayer 25 exists. Accordingly, the mninmumval ue of the
nonmagneti ¢ | ayerudfidaaknasstiasl paritapso £ avios add §+ atgtie ©i@ Dayahi ch is

equi valent to one atom c | ayer. - 34 Essentially, however, the smaller
t he strength of dhiengeshangecomgdnar,wittte tlee geatdhia bi nrhegfémahd tif @n
suppressing effect. Therefore, judging fromthe value of HcHard in the
graph of FIG 12f tte Retmamyetsia hingdarlssyds jreriagse nav ke f tw orabt yo hbout
0.5 to 0.9 nm Wen the magnetization curves in FIG 6 and the

magneti zati on r &V SIGYS ffelc i Bmeds sHdwithat Aes direetion o€ lken into
considerition, pi nning failure by 10 the VCMin the HDD does not occur when

the | eakafe magf@SY¥ F58 d ot PFERTE GH 3 hd ARE f reRePeHing taper
magneti zation di,rection of .th dium. e.g., .fromthe inside to, the outside
al ong the radi uslsdftﬁ}eect‘feorr{lc% ?lp‘ierﬁlﬁ’dl‘f aiTRfe PRI IPRERE S G t he

| eakage 15 magneti i IS | o] Si di J e, om t he
outside to the ﬁ#gfe ela(z?le(;drnglst h%rﬁ% |’u§pcgilr§e§}?%é;l§§%yt e lsrgpn%clﬂféés the

manuf act ur ed inc@ggeg' ; t [ﬁec# i i : ang

magneti zati on recovera]yln%%l??ﬁmeegc%dof%anp ggdh%/%%@%]&ﬁayer Zlf)educe

t hi cknesses of G @ & 8 nmand a sanple having no Ru | ayer were

nmeasured. FIG 11 is a graph show ng exanpl es of
15 When a material containing at least one element

selected from Co, Cr, and Pt is used as the magnetic
recording layer, the nonmagnetic underlayer is
desirably made of a material having a composition which
uses the same Co, Cr, and Pt as the magnetic recording
20 layer and which is nonmagnetic, from the viewpoint of
lattice mismatch. When Pt alone is used as the
nonmagnetic underlayer, good magnetic characteristics
and recording/reproduction characteristics can be
obtained even if Pd, Rh, or Ru is used. Accordingly,
25 the magnetic characteristics and recording/reproduction
characteristics can be expected to further improve

by using, between the soft magnetic layer and the



"magneti zation curves for explaining the definitions of the magnetic field
HR and magneti zation recovery ratio. 25 As indicated by a point Ain FIG
11, the sanples were once nmagnetized to saturation by using the VSM After
that, simlar to the opposite | eakage magnetic - 35 field by the VCM a
magnetic field opposite to the residual nmagnetization direction was applied
to check the ease with which pinning fallure occurred. First, on the
magneti zation curves pertaining to 5 t hese %anples the state of residua
magneti zati on M on the rraj or | oop was obtained as indicated by a point B.
After that, the netic field HR I 2 direction_ opposite to
The'resi dual eI G SR ERET L S Rl Bt LaYBY aSPoRnLOR and the

state was 10 returned to 0 as,.indj ateg ? g QS#nt D. In th%s state, a
t At ned

resi dual nagnet i SHT - VAT E PR W 9 25 he v af u&™5Bt ai ned by
divid h
sho i (68 ool chal ol el ol ve M co M o

magneti zati on regovelyy @%IO wi th HR was checked. ThIS nagnetlzatlon
recovery ratio i's -1 in the state in which a magnetic field is applied in

the negatiye d'reCt'OﬁuﬁﬂﬁéfméﬁéurﬁéEQPe'§h8bh§hﬂggnéﬂgc”EHH@E&%?E&OEs'5
not recovered at all, i.e., magnetization has 20 conpl etely undergone

magnet i c reversafqrﬂ;éc_ﬁltlsm SoSs YIBPh showkag dbearebadi vAsEEP Betwpen the
(negative) magnetic field HRin the direction opposite to residual

magneti zati on arml t hei regneri zalt orHf ,COVLrY, rib) oTa ReRef rrag pa, FPG, 13,
25 a curve 103 denotes the result when no Ru | ayer was forned, and curves
102 and 101 denciw thwe, rasdliws; ighl tded RiiTayes ¢dmcknassesswefetBeSeand
0.8 nm Y - 36 respectively. This graph in FIG 13 shows that, in each
sanpl e, the resikRizdlsegpetie Gl BrEtNF nesl nagrebseanetalsy &hd sane

value until -0.2 kOe, even when the oPp05|te
10 oxides and nitrides of these compounds.

As the nonmagnetic substrate, it is possible to
use a glass substrate, an Al-based alloy substrate,
an Si single-crystal substrate having an oxidized
surface, or a substrate formed by plating the surface

15 of any of these substrates with NiP or the like.

Also, although only sputtering is taken as
an example of the formation method of each layer, the
same effect can be obtained by vacuum vapor deposition
or the like.

20 According to the sixth aspect of the present
invention, there is provided a magnetic recording/
reproducing apparatus comprising a perpendicular
magnetic recording medium according to any one of the
first to fifth aspects described above, a driving

25 mechanism which supports and rotates the perpendicular
maghetic recording medium, a magnetic head having an

element which records information on the perpendicular



5 magnetic field was applied, so no clear pinning failure probably
occurred. However, if this opposite magnetic field HR was further

i ncreased, the snmaller the Ru layer thickness of the nedium the faster the
magneti zati on recovery ratio | owered, and the nore 10 easily the pinning
failure occurred. If the Ru | ayer thickness exceeds 1 nmas shown in FIG
12, al nost no exchange coupling acts betmeﬁgathp hard and soft magnetic

| ayers as can be seen fromFIG 5, so no sufficient nmagnetization is
difficult to 15 perform This makes it difficult to stably point

magneti zation in the soft_magnetic Iqﬁgr i n_one dirfction. ﬁs descri bed
above, Experi rreﬁtfaglgfatnlpcf &FFE LR 1 haenclio?rﬁa? The tf ¥ %Clﬁonmagneti C

interl ayer havi%% o&ﬁ%%é”ég% &éﬁ(ﬂg§§ §§-ggsségéeaméépryg'gh sufficient
magneti zati on can be perfor rrecfﬂ:nas the e]?r?ec of suppressing %I nni ng

ol . h - . . . . h

allure in the %fﬁs(‘ﬁ%ﬂﬁ' ‘%r?fceﬂgfé%%?d&sf eGoL dh g JEAL U o d E\fu?g'n%lgé{?;

t hi ckness with suffici magneti zat1 don can be per

preferably aboutyH) thh ARAUL: Ghd B rdL RGbFYE W 1en MBgSSEEEaEL OPR St rengt h
and magneti zation recovery ratio at the sanme tine, t - 37 the Ru |l ayer

t hi ckness § s norgrpyaiErablar abtiie i d tocahoitig Gnddnih. From t he above
results, it is obvious that as the strength of the exchange interaction is
reduced, 5 it beconesrIws e angl arosar PoSEL Pl €xp bodegppesspébeipenni oy
failure and increase the magnetization recovery ratio. Wth the decreasing
magni t ude of t heslexchange couip g o Mttehracd roam gdlediatr dof nereagestidhi s

i ndi cates that the nagnetization recovery ratio and HcHard are 10

correl at ed. Therzsfanrsding rekeopicimin @i fates haf dthe peesenby raising the
magneti zation recovery ratio, HcHard need only be increased. For exanple,
when a neans forllf&dUeidiy t he exchange coupling between the hard and soft

magnetic 15 layers is to formthe_nonnmagneti interl ayer befween
g 10 y As shown in FIG. 29 a rfgid magn t£c g&sk 121

for recording information according to the present
invention is fitted on a spindle 122 and rotated at
a predetermined rotating speed by a spindle motor (not
shown). A slider 123 mounting a single-pole recording
15 head and MR head for recording and reproducing,
respectively, information by accessing the magnetic
disk 121 is attached to the end portion of a suspension
124 which is a thin leaf spring. This suspension 124
is connected to one end of an arm 125 having a bobbin
20 for holding a driving coil (not shown).

A voice coil motor 126 as a kind of linear motor
is positioned at the other end of the arm 125. This
voice coil motor 126 is composed of the driving coil
(not shown) wound in the bobbin of the arm 125, and a

25 magnetic circuit having a permanent magnet and counter
yoke facing each other with the driving coil sandwiched

between them.



t hese magnetic layers, it is possible, by checking the dependence of HcHard
upon the nonmagnetic | ayer thickness, to roughly determne a preferred
nonmagneti c | ayer thickness with which both the nmagnetizing effect 20 and
the pinning failure resistance are achi eved. Experinent Exanple 3 &
Conpar ati ve Experinent Exanple 2 As Experinent Exanple 3, a few sanples
were manufactured foll ow ng the sane prqpequeg_as in Experinment Exanple |,
except that the thickness of 25 a CoCrPt hard magnetic | ayer was changed to
50, 35, 20, and 15 nm Also, as Conparative Experinment Exanple 2, a few -

38 I t | ] ow t.h d '

Comparative Experi merb A0, Sateh! Thaiat hesthl tkhbeLPor SRee p

har d tic | . _ch dt 0, 35, . 20 5 h I f

Bxper  mont Bram e e Ghbeh e Bt RSB ann 5 5 r sl FEREE  n  he
tizati (] ' i t VS The,

TRgnet L2al Lo aePheahd Bl b BHESARA St a5 | 086 Y0y,

105, and 106 denqfe ol el Whanidhe QD et JRINel | &1 4 RYPS1

t hi ckness was 50 nm respectively. Referring to FI 14, curves

107, 108, 5109, and bH3 daNQE dhe-Hes e Ws thee oG R, hagdrapgned i ¢
| ayer thickness was 15, 20, 35, and 50 nm respectively. 15 FIG 15 shows

that, in Conpar atuimesa8xperd nentriexamplderht@as 4 heidard magnetic | ayer

t hi ckness was decreased, the magnetization recovery ratio | owered, and the
pi nning failure resi sttenqerd er edhvandi dimati hb satdsfaciloey mmgnetéezi ng
ef fect was obtai ned any | onger 20 when the hard magnetic | ayer thickness
was 20 nm | n coletbeddt belpvwblpemakmi Béamples8. as shown in FIG 14,

al t hough the magneti zation recovery ratio |largely | owered when the hard
magnetic | ayer thickriesmmes ldecreased to 15 nm even in the mediumin
which this 25 hard magnetic |ayer thickness was 20 nm a hi gh magneti zati on
recoverylfatio was mdthtRitEEaF ol HE YRS Herte hhn hatasHh %Wés’gé@?%m of

Conparative 7 1 - .39 eri ment anple. 2 in which th hj ckness was 50
nm Note that wH&THRY tﬁ%lﬁ@@aﬁﬁﬁﬁ%%ﬁl%r fa e%’l’cn? yer used is
decreased to 20 nnlor.le%§sgtw% i &haracteristics such as the

tic
| ongi tudi nal 5 €§§W8Pﬁ§ orce "and 5%5??%d1nal squareness ratio evidently

deteriorate. This ca A theqd Efgléﬁb§€¥éﬂ§%%%iﬁééégﬁ Lecoygyy ratio
mpl e

when the hard magnetic layer thickness was 15 nmin Experinment Exa 3.

Even when the thirekness @f iIR8 RANG yBA8ld e | @8led ol Ol B HErdess, if
this hard nagnetic | ayer has good nagnetic characteristics, it is probably

possi bl e1t50 pr ewgntpAdetRiriet @i puaft driieh Jraignedn zat | Ditnd SE00eE Yat ad | @a 1S
shown in FIG 14. Accordingly, although the m ninumval ue of the hard
magneti c | ayer tdredswess ofi tth 6 Pa.
First, a 40-nm thick CrMo alloy was formed as a
nonmagnetic underlayer on the nonmagnetic substrate.
On this nonmagnetic underlayer, a 50-nm thick
20 Co-20at.%Cr-13at.%Pt hard magnetic layer was
multilayered to form a longitudinal hard magnetic
layer.
After that, a 0.7-nm thick Ru layer was formed as
a nonmagnetic interlayer on the longitudinal hard
25 magnetic layer.

Furthermore, on this Ru layer, a 120-nm thick

Co-5at.%Zr-10at.%Nb alloy was formed as a longitudinal



15 which a hi gh recovery ratio can be maintained is 20 nmin Experinent
Exanple 3, this layer thickness can be well decreased to 10 nmor |ess by

t aki ng account of the characteristics of the hard nagnetic |ayer. This
denonstrates that reducing the exchange 20 coupling between the hard and
soft magnetic |ayers by form ng a nonmagnetic interlayer such as a Ru | ayer
has the effect of decreasing the thickness ?{ t he hard magnetic | ayer and
at the same tine preventing the pinning failure by inproving the

magneti zati on recovery 25 ratio. Conparative Exanple 2 As Conparative
Exampl e 2, perpendicul ar magnefic - 40 recording nmedia were manufactured
follow ng the sane %H%%@Hﬂ?%% %Y?E'Cbnparative Exanpl e 1, except that the
t hi ckness of a CoCr Pt : ' c 1.0 35 d_ 20 nm
5 The recordi ng/repr o%%?%%agﬁgégg?éﬁggi )é@%;%f H?Hgggﬁ%a%%gﬁrﬁaangt@i (I:lgl
recordi ng nedia 1 he~spg 0. S d S e no
spi ke noi se was %ﬁ@? \%ﬁl‘%ﬁn%tl% (:'@n ?%hogﬁeb%%b%%? %}A%er‘gg%et@yé%?gyer

thi ckness was 50 and 3shiugndoMeveide A1 Pyl 2l by 4030LnRPLKSROI S€
conponents were observed in a nediumin which the hard nmagnetic | ayer

t hi ckness snvas 2@cdwnodtheycird destsmal e, IBi 8116y PhESURBBhYdbgsayse no

sati sfactory nmagneti zing effect was obtained, so it was inpossible to
correctly eval uaderpdredi@cioidlinnggndidi ¢ epsOstigingnl sher acteni sbpcsf €het he
ot her hand, the S/ Nmvalues of the nedia in which the hard magnetic |ayer

t hi ckness was 50remud 3ntnnstweret 22 amnd 24nndBrhiekpeéct ayer ywashichmagr es
equal to or higher than the value in Conparative Exanple 1. Accordingly,
reduci ng 20 t he ehaxbirgtietd clavger thirdpessbtainbne axpenpehdscuharef f ect
of inproving nmedi um noj se of the perpendi cul ar magnetic recordi ng nedi um
These per pendi citagnefakfheiscorEdF diedi¥fedi a of Conparative Exanple 2 were
i ncorporated into HDDs_and, 25 after recordin%wand reproducti on were

per for med,? renoved friohvt he OO, SERtemal r BE dFRQY+BPr bAgcEFERCtUre
characteristics re reevaluated by usin he spin .- 41 stand. As a
result, a plur alcivfytekﬁ Ojopqak]en i eey%%rf%lo%éﬁ?g Iﬁ%%%ﬁlguﬁ%‘?%ﬁ‘é?'%gl y the sanme
magni t ude as th%(e(c?i IIg)duced signal were observed on the edge of each disk.

I n Conparative npl'e 2, therefore, 5 pinning failure on the edge of the

a
di sk presunably occurfedsiy,@ |gakage 1! ut%hiéog&%g%ér{p%igrkgg%gg%h ,

regardl ess of the hard magnetic |ayer thickness.

perpendi cul ar mMagneiddi HP G ting Hds e di eryer er amif et ik ed Aohhoyhagithe
sanme procedures as in Conparative Exanple 1, except that the thickness of a

CoCr Pt harsd magnetderlayer oyvaslipingedi il 50a rdmagfet BadldpeAny, The
recordi ng/ reproduction characteristics of the obtained magnetic recording
medi a were 15 evalrusdtethyc ugiter tdyes@ n kagndtudonske gseht | yagmet i ke

noi se was observed in nedia in which the CoCrPt hard nagnetic | ayer

t hi ckness was 50,2¥35;, ndaonagnetHonwaveder kpyke hoi seevpendbeselaed a little
in a mediumin which the hard nmagnetic |ayer thickness was 15 nm 20 the
smal | est val ue. MAIREHiC HGEARAHRY rstatuskl + eyt eet trarheyeri 52 cs of
the hard magnetic filmused all V\led§eilas occurrence of magnetic, devi ati on,

as expl ai ned i n B&H&H a | FEANACT nifoR FPPBAIREWEF | eval uat e
the r ecorzq)i ng/r esourbosdcurcétieori.
The perpendicular magnetic recording medium thus
obtained by continuously forming films in a vacuum
chamber was extracted to the atmosphere and applied
with a magnetic field of 15 kOe from the inside to the
25 outside in the direction of radius of the disk-like
substrate by using a dedicated magnetizing apparatus

an electromagnet, thereby magnetizing the longitudinal



'25 characteristics. On the other hand, the S/Nmvalues of the media in

whi ch the hard magnetic | ayer thickness was 50, 35, and 20 nm were 22, 29,
and 26 dB, - 42 respectively, which were equal to or higher than the
value in Exanple 1. Accordingly, reducing the hard magnetic |ayer thickness
to sonme extent has the effect of reducing the nedium noise of the

per pendi cul ar 5 nmagnetic recording nedignlzghege per pendi cul ar magnetic
recordi ng nmedi a of Conparative Exanple 2 were incorporated into HDDs and,
after recording and reproduction were performed, renoved fromthe HDDs, and
t he recording/rgg& duction .10 .characteristics, . were,.reeval uate y using the

spin stand. As sﬂﬁapgpeﬁ&csp}ialé’&rndinsé:}\ﬁasr%}ﬁe]d:ﬁq%o%’ef. the
recording and r%,%:’{g’ %@i’&%l%%ﬁn%?n%@%’c a[%t%of}%jt%%f GG ar od%eerdcieosréfi'bo of

any ot her recor repro n characteristits was observed, except for

15 the mediumi ' e char. neti G, 4G %ﬁﬁ: From
t he foregoing, %ﬁwgﬁgaﬁ%%igggﬂ%éggﬁpﬁg %hé%%§%¥h§%%&¥ﬁ§fo e ﬁﬁéﬁﬂylh t he
hard magnetic I@%q@s%hbg5@§§qS@agﬁg@ﬂypedqrobably no pinning failure by a

| eakage flux fromthe VCMin the HDD occurred. 20 In Conparative Exanple 2,

spi ke noi se was obserpd raird il iy MEdrd dudte Ot i d et dr tdel Fedb 2 #1e Whi ch
the hard magnetic |ayer thickness was 50 to 20 nm |In Exanple 2, however,
neither spi ke nees@ehaicpilan mgghaitlid eeslsim0hSersy ethnuf ddt el espondi ng
medi a. 25 Accordingly, inproving the pinning failure resistance by reducing
t he exchange coephkilngtleet heemsting lkarsgiand teofd. négnet imedaykingy/and at t he
sane tinme decreasing - 43 the thickness of the hard magnetic | ayer have
the effect of suppreskicigat heashi lee sivigde-pe tehdgest peridicc b magneti c
recordi ng nedi um and preventing thefpinning failure. 5 Experinent Exanple 4
A sanpl e was naRaPacteresifserer 8f felkd semd FiePreRiEdd heliananpérdsent
Exanpl e 1, except that the thickness of a CoZrNb soft nagnetic | ayer was 20
nm FI G 186 shoW§ethe Ped§PEosuCREa st REnUHU0 SripetieAti it &k s in

t he | ongi tudinal .direction aof the film of i ned, sanpl.e by ng the
VSM These magnetPSafi 670689 gﬁ@S&E‘i@éf%? &ﬁ%ﬁgangﬁﬁ%q$ e gﬁ@hﬂ in
FIG 6 in that e r tic | r.,u r\wen etjc..revers ter
nost of the sof%qlgﬂnagﬁg?%?%F§§eF %ﬁ ér@gﬁFMﬁﬁéﬁgﬁﬁ% %%ﬁ%#@h?*”%%h@%ﬁf, a

porti on cor r espaadisng oo ke 994 IRGRRIERY Yerl G LAYEY dd SaRaer Ci ve

force exhibited no satisfactory soft nmagnetic characteristics any |onger.
Exanple 3 & Experinenls Bxamha S 20 RYinendHoW arwdRud Srd £ F & Nghdredi a
were manufactured foll owi ng the sanme procedures as in Exanples 1 and 2, and
sanpl es were naeutagkudedkf eulr@aicey BhHe TaE HNIC Y % S ghn d=xper idment
Examples 1 to 4, except that V, C, Cu, Mb, and Rh 25 were used instead of
the Ru nonmagneti c i ntogrd aypert. tWeenr esiomd iarg /engperddrerit isorwertea waomduct ed,
substantially the same results were obtai ned except for the - 44
dependence of HEExAGtdpsnwelre measugest o [theersams clavesy. afha@bdwe in any
of these nedia, HcHard saturated when the nonmagnetic |ayer thickness was
0.6 to 0.7 nm @HCER ks Sidm éprmaﬁ%@@w%%m magRedorZ i i@y, a
preferred range of the _nonmggnetic interl ayer thickness with which both the
magneti zi ng ef f Y86 BR&IPEASAng St epGre B Fce &R SEI ‘i s probably
0.3to 0 nm Exanple.4 & Experi.nent Exanpl e 6 10 Perpendi cul ar magnetic
recordinéénediaawg L RaAGHaCtuPEd “Fol Povicn § FREEAHE S10cdir es as in
Exanpl es 1 and i I . t s added
SRR ey CATR MR i 48 Y AdogRe

to the Ru nonmagnetic oy 1nt ayer. \Wen
simlar eXper'"@@bﬁal were observed. This indicates that the

longitudinal hard magnetic layer was in effect evenly
magnetized in the radius direction of the substrate by

25 the magnetizing operation, thereby suppressing the
formation of magnetic walls.

This perpendicular magnetic recording medium was



"15 weére conducted, substantially the sane results were obtai ned. However,
when nonmagneti c Co-40at. $Ru was checked for the dependence of HcHard upon
the CoCr alloy |ayer thickness, HcHard saturated when the CoCr alloy |ayer
20 thickness was about 5 nm which was |arger than when Ru was used. To
achi eve the magnetization strength and the nagnetization recovery ratio at
the sanme tine, a preferred Cb-contaimluleﬂégy nonmagnetic interlayer
thickness is probably 1 to 5 nm 25 In addition, the content of Co was
increased to apply a weak saturation magnetization of 10 to 60 enu/cnB.
Consequently, as. the Co qﬁgni i ncreased s .the saturation

, - 45 i.e.,
magneti zati on i MCTEASEY-2 %E%rat%?%%%@%gm%?C%E?hb%?FSB%QFESlPﬂcreased,
but the basic t i d d. That i it N ible t
oohi sve the aoradeleYC L LTRSS, EOSTONty ThA! riBrabheliinfeke ol e
ti . Ex | 5 i P i ti di
o0 e menur e R MndSAIE) Pode DRORENM Gt AL MBIRA! EEORCEREN O

2 and Exper| mentyfxanbhiess ddidh GCeRGald fhal 8 oL aLLaYchEt er | ayer

was used instead of the Ru nonmagnetic Tnterlayer. en simlar experinments

were condurted, Ssdlbstdfd atdprddiEcSAR ERSHAE S WBE €1 0BT AFped. thawever, when
nonmagneti ¢ Co-40at.oCr was checked 15 for the dependence of HcHard upon

the CoCr alloy |myesrdingkaesssepiddich sat o et £6i yhenb{ hes Go&r trél oy | ayer
t hi ckness was about 5 nm which was | arger than when Ru was used. To

achi eve the magrsgirzadtaond st rength and magneti zation recovery ratio at the
sane time, 20 a preferred Co-containing alloy nonmagnetic interlayer

t hi ckness i s probabl yAd a cconsgeyuémcaddini bne nadigonoénExeiple has
increased to apply a weak saturation magnetization of 10 to 60 enu/cn8.
Consequent |y, adq HFPide dkir atreasedvedslike befere heheareeardbng
magneti zation increased, the |ayer thickness of saturation also increased,
but the Bdsic tAREMSPIHRE HEl RIS WeEe PRriormegs angd no4g

deterioration of any other recording/reproduction
characteristics was observed. This demonstrates that
in Example 1, no pinning failure was presumably
generated by a leakage flux from the VCM in the HDD.
15 Comparative Example 1
A perpendicular magnetic recording medium was
obtained following the same procedures as in Example 1,
except that no nonmagnetic interlayer was formed
between a longitudinal hard magnetic layer and a
20 longitudinal soft magnetic layer. The
recording/reproduction characteristics of the obtained
perpendicular magnetic recording medium before
magnetization and before and after recording and
reproduction were evaluated in the same manner as in
25 Example 1.
As a result, before recording and reproduction

were performed, no spike noise was observed over the



wel | possible to achieve the magneti zing effect and pinning failure

resi stance at the sane tine. Furthernore, simlar results were obtained
when Pt, B, and Ta were added to the CoCr alloy interlayer. 5 Also, the
saturati on magnetization of the CoCrPt hard magnetic |ayer used in the
exanpl e was about 240 enu/cc. Therefore, good characteristics are
presumabl y obtained when the saturation_magnetization of the weak magnetic
interlayer is 1/4 that of the 10 -ha2& magnetic |ayer or |ess. Al though no
experiment was conducted for an interlayer having a, Sﬁt ygat?o

magneti zation of 60 enu/cnB or nore, it is Mgspasn e probably possible
to obtain simlar effects when i&e@&t@ i on nagnet\llrzﬂmmqfs smal | er than
that of the 15 hard .magpetaas| a?yer The abogﬁepre%uﬂ’]ts I ndi cate that the
opti mum fi|m e ddriss” when a wea gnnagnE??c mat er i Slﬁ giwensa™fittle
magneti smis used as. aa\ak;nﬁellFﬁyer IS Iar% r.sttab&ha when a_ pgnrmagneti c
material is use®ed®*an int erleﬁt aznﬂl‘éxgrrpl e 6 A petg C‘c-ul é[?l magneti c
recordi ng medi um was, ed foll OWI a1 hee Bt procedures as in
Exanpl e 1, g@gﬂe@tn‘i”hat i nst ead _pfatbed R Aonnmagnet i %ebc@t;eimé?‘é ., an oxi de
| ayer was forned b wggnt‘aezﬁ Pongl t udj n%ll ard ﬁ"&@netl C Iayer yd a

| ongi t udi nakpesEit egnetl c I a elorbylto}é‘&’i zi ng the, s faoe®dt* The

| ongi t udi nal hard neta'te er by supp |ﬂge0$<%3e - 47 to t he
chanber aftein@hﬁ:%‘g?%ngltudl nﬁ L ghatd? g%tl c | ayer ;was et nger ed. The
er

recor df’ng/ reprod t| &N evkd Ac istics af, it o®§t°&ined nagneti ¢ recording
medi um wer e éval ed by 5 usiyige MK-QYSEptI n stand meently, no spike
noi se was observe gg@fa‘t%@%ntl re di skogwﬁe@% nd the S/Ié wahde was 22
dB, which wastbau val ent t%gt herwak&€™i n Exanpl g a‘Emesf Fér pend| cul ar
magnetic recordi s 10 |ncor ﬁ{ced“qdri‘to an HDD and, syifiteer
recording and ¥ oductl on er per e remveﬁl\ﬁf@m‘%%e DD, and the
recordi ng/ r epr oduct uﬁntbﬁa‘t“g%ﬁerl sti CSy \ﬁ@rgﬁeﬁee@ uated b sing the spin
stand. As a result, no spi Iﬁoﬁomeéev\ﬁs observed a|1l Ige*db\@fé £t he recordi ng
and 15 repr odu%{yﬁw@t\% ons, and no stcﬁﬂ\—a“r eteriaor at)h P&y of any ot her
recordi ngf repr ction cha]!'1 \t_grh@ﬂ % was obser \_/e@ergr e foregoing,
probably no pi nnipgef abrePe by a | eakageet Qﬁ‘eqf‘romthe ng gt ivhe HDD
occurred in thi& media. 2% %h@hée@&ge of the di ore, spike noise
caused by pi nni q‘gag@mﬂﬁe was obseryved 1m£d?ﬁ3‘ér ati ve Ex @akil‘énd was not
observed i n Exanpl e 6. Acggrglmag%s formng, tge gxud@ﬂ% er bet ween:i-ha
| ongi t udi nal har qheagﬁéfl c |l ayer %nd 1I opgﬂf‘ﬁr& nal soft krm@néth‘lé( I ayer
has the effect of preve w@Ep:laﬁ\Pi s fail uren% \&Itejr?erlpendi cul ar magnetic
recordi ng medi umcdithtd onal advanig est afef nodi fications will - 48
readily occur to those_s |bhe’dh15n e art. Therefore, the inventijond rhets
br oader asggct s | scABET FI mted t e speC| fic details C;afpct‘:tearﬁdegseent ative
. enbodi ment s shown and G & ere AccQ “5 dkaghyiSSYarious 5 not
r

nodi fi cati ons may ©&e e Wt hou{) e@\amf?ng omthe s baetlaﬁﬂdscope of
t he general inventive c%@,cdptscéé defi ned b{%atrtgelaspé aed cl al I8 Qich i@ r
equi val ent s. - 49 cved 0 cnat the
.y was OP3€ This SO
ds 1le gen the
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pserved nreriay gitudd

20

25



"WHAT' IS CLAIMED I'S: 1. A perpendicul ar magnetic recordi ng medi um conpri si ng
a substrate, a longitudinal hard magnetic |ayer fornmed on said substrate, a
magnetic layer fornmed 5 on said |ongitudinal hard magnetic |ayer and havi ng
saturation magnetization smaller than that of said | ongitudinal hard
magnetic | ayer, a longitudinal soft magnetic |ayer fornmed on said nagnetic
| ayer, and a perpendicul ar magnetic recordi,ng lLayer. 10 2. A medi um
according to claim1l1, wherein the saturatig% magneti zati on of said nagnetic
| ayer is not nore than 1/4 the saturation nmagnetization of said

| ongi tudi nal hard magnetic |layer. 3. A nmediumaccording to clajmJ, erein
said 15 magnet i @W%&%@W?t&‘éatﬂfrpﬁm&?%fﬁiﬁq&]aﬁi]oﬁ“ ¢ PRt cc.

4. A nedi di . laim1, wh j id ic | . i
'east one ol oot SESCed T SR ooUT TS G 1 GOTII C Lo T and
ni ckel. 20 5. AOrEecyh%mh%(_;r%orang@%otﬁ gla%qr%t - vﬂﬁ; D sai d magnetic layer is

an alloy mainly contai ning cobalt an eni um- 6. A nmedi um according to
claim4, wherein sai J”%gﬁ:eet% y San Al oy, LW Ve £OT 20 0E DG GPhQ! t
and 25 chromum 7. me |unl1llacécrgcr gllrxndgn%o cl’ai m%, ervéal?n s%lﬁd magnet(?c

llayer furgher cophaifs @ thRasanNe ¥ @Rites as Lin BmPRl ect edkddim the

group consisting of platinum boron, and tantalum 8. A nedium according to

claim1, whereinrnsd ¢ loopgidieditnale hargd rmagnetdicdaylf tisued tdi ckness of 5
5to 50 nm 9. A perpendicul ar magnetic recording nmedi um conprising a
substrate, a | orgicozdiNnmalldnaridudEgRdt ise ftayergiaried oresarikissstrate, a
nonmagnetic | ayer forned on said | ongitudinal hard nagnetic |ayer and 10
mai nl y cont ai ni fgprodoal ta, Cadrdrigintcmtiagade tsiaf tunmbgmietyer |any@rCdOrktegdl on sai d
nonmagneti c | ayer, and a perpendi cul ar magnetic recording |layer formed on
sai d | ongi t udi n@erpehd Ligadaat Medngfdic rEGOoAl e kawWeitcording to claim9,
wherein said 15 nonmalgneti c layer further contains ruthenium 11. A medium
accordi ng% o cl ai m 9, Ikt i B HSIRRAER T Ve Brere s LRehierEXYRR bF b/
chromum 12. A nmedi um according to any one of clai n§19 to 13, wherein said

nonmagnet i c | ayér SRE®LE Hisc agturesh §J W9 13e £3RsiRmRA i ng

to claim9, wherej d I ongi.t udinal tic | t hi ck
of 5 (050 nm 7 A b ENa e P S | TaRaTHh g Mo (e COHp TSI g

a substrate, a honglt ydinal, hand raansid e aveic Janged an, sal g supsisate.
nonmagneti c | ayér “fornmed on sai d-l ongi tudi nal” hard nagnetic [ayer an
magnetic layer without forming a CoCrPt nonmagnetic
15 underlayer and CoCrPtB perpendicular magnetic recording
layer.

These samples of Comparative Experiment Example 1
and Experiment Example 1 were incorporated into HDDs,
and the HDDs were continuously operated for a week

20 at 75C in a constant-temperature bath. After that,
the magnetic recording media were removed, and the
magnetization directions on the surfaces of the soft
magnetic layers were observed using an optical surface
analyzer (OSA). The OSA observation results of

25 Comparative Experiment Example 1 and Experiment

Example 1 are shown in FIGS. 4 and 5, respectively.

Although the edge of the sample is whitened in



'L'1: 51 minly containing ruthenium a |ongitudinal soft magnetic |ayer
formed on said nonmagnetic |ayer, and a perpendi cul ar magnetic recording

| ayer fornmed on said |ongitudinal soft magnetic layer. 5 15. A nedi um
according to claim 14, wherein said nonmagnetic |ayer has a thickness of
0.5to 0.9 nm 16. A nedium according to claim14, wherein said

| ongi tudi nal hard magnetic |ayer has a thigkness of 5 to 50 nm 10 17. A
per pendi cul ar magnetic recordi ng nedi um conprising a substrate, a

| ongi tudi nal hard nmagnetic |ayer formed on said substrate, a nonnmagnetic

| ayer fornmed on i d | ongitudi.nal rd magnetic |ayer an aving. a

t hi ckness of 0.5%?0‘ é.’SQ%lne] Cé’%"é‘né’.@?l}g‘uena rtl eso%afﬁi)naegnse‘%%a?%ygsr formed on

sai d_nonmagneti ¢.)ayst, anda perperd] GUIAIJRINELY € 1 50T i e | ayeg, For med

on said |ongitudinal sofit magnetic layer. medi um accor gtoclaim
17, wherein sai ¢h;nQUTBGRETYC ARt iICARINS; Alg il Fasty N6 & §ieni £ 20

sel ected fromthe group consisting of vanadium chrom um copper,

nol ybdenum and ghedicdn thd o 1di1WHIac oIt dideito iof aldBnleh i wheded thsai d

| ongi tudi nal hard magnetic |ayer has a thickness of 5 to 50 nm 25 20. A
per pendi cal ar MagRATC JIFFIT@NY mERAaHN AN Sint: &t igthstded ein a

| ongi tudi nal hard nagnetic |ayer forned on said substrate, an oxide |ayer
for med T - 52comtasai.d ITorgietfiedienalwhzar dnavagiteitd o 1@y gve f foxmesdi th

| ongi tudi nal hard magnetic |layer, a |ongitudinal soft magnetic |ayer formed
on sai d oxide | &per raargsa diergedridinc @nad biegpetd sene/@iadiancd ayertieor ned on
said 5 longitudinal soft magnetic layer. 21. A nedium according to claim
20, wherein sai gehergitiem od SPAkE MEgfed iard dipgrerhdn i (K ©fors to
50 nm 22. A magnetic recording/reproduci ng apparatus 10 conprising: a

per pendi cul ar t5it@ tee BFOH Mﬂ%ﬁmﬂﬁQﬁﬁaﬂQQﬂ%ﬂ?%ﬁsﬁHﬁﬂrQh%nl%%tlal

| ongi tudinal hard magnetic | ayer for aid substrate,. a ma tic |layer
for ved ot Oaai d FORGERIdEaIS SRe Sagrits O St SAR AT T Bac it | on
magneti zation snmal.ler than that af i.d 1 ongitudinal hard magnetic l.ayer, a
Tongi tud nal - soP P HFERR EOTALE SPor ch Ee ARG N IRRe Lo

per pendi cul ar n@g@g%ECdﬁ§%§&q5%g | ayer; a driving nmechani smwhich supports
and rotates 20 sai d perpéndi cul’'ar magnetic recordi ng mediuny a magnetic

Prggge{]?\éi chgpdﬂgﬁerﬁrdwit@{b rRAYAS Al QR 119 Whmd & REF Reck Suth&i+

Example 1 and Comparative Experiment Example 1 were

15 incorporated into the HDDs similar to a magnetic
recording medium, pinning failure (by the VCM) occurred
on the edge in Comparative Experiment Example 1 in
which the longitudinal soft magnetic layer was directly
formed on the longitudinal hard magnetic layer. In

20 contrast, the occurrence of this pinning failure was
suppressed in Experiment Example 1 in which the
nonmagnetic interlayer was formed. Accordingly, the
formation of the nonmagnetic intermediate layer between
the longitudinal hard and soft maghetic layers has the

25 effect of preventing the pinning failure in the

perpendicular magnetic recording medium.

To examine this pinning failure in more detail, a



"medi Um and an el ement which reproduces recorded information, and 25 a
carriage assenbly which supports said nmagnetic head such that said nagnetic
head freely noves with respect to said perpendicul ar nagnetic recording z
r - 53 nmedium 23. A magnetic recording/reproduci ng apparatus conpri sing:
a perpendi cul ar magnetic recording nmedium5 conprising a substrate, a

| ongi tudi nal hard nagnetic | ayer forned _on id substrate, a nonmagnetic

| ayer fornmed on said |ongitudinal hard magnetic |ayer and mainly containing
cobalt, a longitudinal soft magnetic |ayer fornmed on said nonmagnetic

| ayer, and a 10 perpendi cul ar magnetic_recordi | ayer forned_on said

| ongi t udi nal soﬁ&' q(?qgﬁﬁﬁghQQQﬁFQW?@FEEEﬁ%ﬂ¥é%?ﬁh?%%gsﬁﬁports and
rotates said perpendl.oul af, rmangli e, L ecerding redivm a prgpell s, head

havi ng an el enen recor i hformati on on said perpendi cul ar
magneti c recordi i - i cor ded

i nformati on, an&?%agggﬁ#QEEQQgégﬂb yé&%|é%“@%%%%?f@égggﬁfﬁp%ﬁetic head such
that said magnetd,g dyeah it eslangmyes Md eafbd£sPeed E8pSAlfeRper pendi cul ar

magneti c recording medium 24. A nmagnetic recording/reproduci ng apparat us

conprising a pelRemsiicul ara RARELdC {&LOT Eh O &R HMd P5LIKONPaS1 80was
substrate. a longitudinal hard magnetic |ayer formed on said substrate, a
nonmagneti c | ayefuff uediaib saighlongigisiaadf hareh?pgned i £ hayestaad T -

54 mainly containing ruthenium a |ongitudinal soft magnetic |ayer forned

on said nonmagneftield ayeey ,ammidied in the longitudinal direction of the
film by the VSM. The obtained magnetization curves are
shown in FIG. 6.

10 Referring to FIG. 6, the dotted line indicates
Comparative Experiment Example 1, and the solid lines
indicate Experiment Example 1, although these two types
of lines partially overlap.

As shown in FIG. 6, in Experiment Example 1, the

15 nonmagnetic interlayer was formed between the hard and
soft magnetic layers, so the exchange interaction
between these magnetic layers weakened. Accordingly,
after most of the soft magnetic layer underwent
magnetic reversal, the hard magnetic layer underwent

20 magnetic reversal. By contrast, in Comparative
Experiment Example 1, the soft magnetic layer was
directly formed on the hard magnetic layer, so the
exchange coupling interaction between these layers
was strong. Consequently, the two layers gradually

25 underwent magnetic reversal together.

FIGS. 7 to 10 are schematic views for explaining

the magnetized states in this case. 1In each of FIGS. 7



. . . f1

nd i i | ayer forned on said |ongitudinal so
a perpgndlcular gagngﬁ:SiLgcﬁéghggisnymhich supports and LOt?LeSaﬁag?enent
magnetic |ayer; netic recording nedium a magnetic head avorging o
perpendi cul ar na?ornation on said perpendicul ar magnetic reg rding medi
gﬂhcgnrgfgggitlahich r epr oduces recordﬁd éoslnLO[Egtlggidagagnetic | age

. . . c ea" -~ . . .
fosey MhICh'prPg;E:cfa;g ggggeégrpendicu ar nagnetic rﬁ09rglng medi um
Egeggy Zéxgzngiic recordi ng/ reproduci ng apparatus conpri sing:

: i ising a substrate, a )
ooy Lt el har e e o e ha et i dangrst i
i tudi nal hard magne ¢ . ic layer and having a

:gggL 20 fornmed Oﬁndatﬂelngbgrgﬁg?%ul?Lngng?%k&éﬁééﬁécléygerfdnnEdfon .

i ckness of 0.3 to 0.5 nm a h tic recording layer forne
22:8 nonmagneti c Th?emagaedlaa@@éﬂe?ﬂkggtﬁégnggggf§iﬁa REERARRS Mabhehic
on said |ongitudipal soft magnetic Iayer; gogtig, recording nedium a
supports and rotaf%%l@aﬁd“WQIQEUﬂﬂqu%afeg%rds r %5lsiﬁ?g%hﬁ@iéﬁ on said
magnetic hegad having an el enent mm ange an el efeat \,\gigrgr_eproduces
per perdi cul ar nadﬁﬁyvﬁjﬁﬁdg?gg??iage as;;nbly whi ch suppor t %'QZE?%%et'C

ded informatjon, ( I : r espec 0.

rSeEgrad such that asrzfloav%g,%}|§;nm¢drlgﬁel%66ﬂﬁb'&eﬁnaéé“nﬁe§ﬁ1cf§ Felfios oi_f
per pendi cul ar naQ%%tl%gBecqrdlng ne rising:-lo 2 per pendi cul ar magnet i c
recor di ng/ r epr oduci ng &ppdt-at us Eggfate a | ongi tudinal hard magnetic |ayer
recor ding medi um COMpIHINg -2 Subs Helyars thrortree t han reajrd dongi tudinal nar d
formed on said substrate;” "a itudinal hard nagnetic layer, a |ongfiu&i al
magnetic | ayer fEHE‘§@E? Eﬂgghgﬁ BRgngkiige Lpaypes, wand ahpeepeRdicyl ar
soft 15 magnetic |ayer Tormed d S sai d |l ongitudinal soft nmagnetic |ay?r, a
magnet i ¢ l@cordimg%éyﬁésﬁg%ggtgog%o%ttat ES Shpdmpanpendacubar mignetl c

| ving mechani sm whi c : ' el ement whi ch records
?;Lgrd?ng nedimeibeEﬁ@@ﬁgféi a??%ggﬁ%g%ggrﬁggpgrhg ﬁg@@udingnﬂﬁgm%elenent
i nformation on said perpend ' a carriage assenbly whic

i roduces eiirﬂmphafhtln&@fll‘%épﬂ?e % ¢ §=d Nt f freehy noves
2ﬂbggr[gpsaid magnetic 25 head such t éﬁpsafan Bynet

with respect to*s@mplgeripendispdarivagnet iggecopding o illustrate

the magnetized states of Comparative Experiment

15 Example 1 and Experiment Example 1, respectively,

after this external magnetic field is removed (H = Q).

Assume that an external magnetic field by which

magnetization in the soft magnetic layer rotates 90°

is applied first, since the soft magnetic layer is
20 readily influenced by an external magnetic field.

In FIG. 7, the double line between the arrows

represents a strong eXchange coupling interaction,

In FIG. 8, the dotted line between the arrows
represents a weak exXchange coupling interaction.
25

In Comparative Experiment Example 1, the exchange

coupling interaction between the two magnetic layers is

strong, so lmagnetization in the hard magnetic layer is
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j!V#]'O(%DO&'I()_jmagnetlzatlon direction returns to the original
magnetization direction as shown in FIG. 10 if the
magnetic field is removed from the state shown in

5 FIG. 8. Accordingly, no pinning failure occurs.

The difference between the magnetization curves
of Comparative Experiment Example 1 and Experiment
Example 1 shown in FIG. 6 is presumably produced by the
magnetization reversing mechanisms as described above.

10 That is, in general, when the exchange coupling between
the hard and soft magnetic layers is strong, the
magnetization curve as in Comparative Experiment
Example 1 is obtained; when this exchange coupling
is weak, the magnetization curve as in Experiment

15 Example 1 is obtained. Furthermore, from the same
consideration as explained in FIGS. 7 to 10, pinning
failure probably occurs easily when the exchange
coupling between the hard and soft magnetic layers is
strong and hardly occurs when this exchange coupling is

20 weak.

Accordingly, pinning failure was prevented by
forming the nonmagnetic layer between the hard and soft
magnetic layers in Example 1 and Experiment Example 1.
Essentially, however, pinning failure readily takes

25 place when the exchange coupling between the two
magnetic layers is strong as in Comparative Example 1

and Comparative Experiment Example 1, so the pinning
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layers has the effect of preventing pinning failure in
5 the perpendicular magnetic recording medium.
The largest difference between the magnetization
curves of Comparative Experiment Example 1 and
Experiment Example 1 shown in FIG. 6 is a portion
indicated by HcHard in the upper portion of the
10 drawing. The dotted line approximately indicates
a position where saturation magnetization in the hard
magnetic layer alone is subtracted from saturation
magnetization in the whole composite layer of the hard
and soft magnetic layers. The intersections of this
15 dotted line and the individual magnetization curves
presumably correspond to a coercive force Hc of
substantially the hard magnetic layer. For the sake of
convenience, therefore, this value will be called
HcHard hereinafter and used as a measure of the
20 exchange coupling strength between the hard and soft
magnetic layers.
When the nonmagnetic layer is formed between the
two ferromagnetic layers as in Experiment Example 1,
the strength (absolute value) of the exchange
25 interaction lowers as the nonmagnetic layer thickness

increases. When this nonmagnetic layer thickness is 0

and the interaction is a maximum as in Comparative
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Experiment Example 1, HcHard is a minimum; when the
nonmagnetic layer thickness is sufficiently large and
there is no interaction, HcHard is equal to the value
of Hc of the hard magnetic layer alone. To obtain
exchange coupling of desired strength, therefore, it is
important to examine a change in HcHard with the
nonmagnetic layer thickness.

Experiment Example 2

As Experiment Example 2, a few samples were
manufactured following the same procedures as in
Experiment Example 1, except that the thickness of
an Ru layer as a nonmagnetic interlayer was changed
within the range of 0 to 2 nm.

HcHard of each sample was evaluated by the VSM,
thereby checking the dependence on the nonmagnetic
layer thickness. The result is shown in FIG. 12.

FIG. 12 shows that the value of HcHard
monotonically increased from Ru layer thickness = 0 nm
and saturated when the thickness exceeded 1 nm.
Generally, in a thin film in which a ferromagnetic
transition metal and nonmagnetic metal are
multilayered, ferromagnetic coupling and
antiferromagnetic coupling periodically appear with
respect to the thickness of the nonmagnetic layer.
Therefore, this HcHard yalue was also expected to
periodically oscillate. However, no antiferromagnetic

coupling state was observed even from the shape of the
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magnetization curve, so all the media manufactured in
Experiment Example 2 were presumably ferromagnetically
coupled. For example, when Ru is used as a nonmagnetic
interlayer between ferromagnetic layers, antiferro-

5 magnetic coupling is generally obtained with a layer
thickness of about 0.8 mm. However, the sample having
a layer thickness of about 0.8 mm according to this
experimental example had no particular difference from
the samples probably ferromagnetically coupled and

10 having other layer thicknesses.

Referring to FIG. 12, the saturated value of
HcHard ywas about 2.8 kOe, substantially equal to Hc of
the hard magnetic layer alone. Hence, this region is
presumably subjected to almost no influence from the

15 soft magnetic layer to the hard magnetic layer.
When the thickness of the Ru layer is 1 nm or more,
the soft and hard magnetic layers do not substantially
couple by exchange coupling. Therefore, to uniformly
fix magnetization in the soft magnetic layer in the

20 radius direction by magnetization in this sample,
the Ru layer thickness is preferably 1 nm or less.

On the other hand, the effect of sSuppressing
pinning failure is probably obtained regardless of the
thickness of the nonmagnetic layer as long as the layer

25 exists. Accordingly, the minimum value of the
nonmagnetic layer thickness is perhaps favorably about

0.2 nm which is equivalent to one atomic layer.
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the exchange coupling, the larger the pinning failure

suppressing effect. Therefore, judging from the value
of HcHard in the graph of FIG. 12, the Ru layer

5 thickness is perhaps more favorably about 0.5 to
0.9 nm.

When the magnetization curves in FIG. 6 and the
magnetization reversing mechanisms as shown in FIGS. 7
to 10 are taken into consideration, pinning failure by

10 the VCM in the HDD does not occur when the leakage
magnetic field of the VCM is in the same direction as
the magnetization direction of the medium, e.g., from
the inside to the outside along the radius direction.
This pinning failure readily occurs if the leakage

15 magnetic field is in the opposite direction, e.g., from
the outside to the inside along the radius direction.

Of the samples manufactured in Experiment
Example 2, the magnetic field HR and magnetization
recovery ratio of each of samples having Ru layer

20 thicknesses of 0.5 and 0.8 nm and a sample having no
Ru layer were measured.

FIG. 11 is a graph showing examples of
magnetization curves for explaining the definitions of
the magnetic field HR and magnetization recovery ratio.

25 As indicated by a point A in FIG. 11, the samples
were once magnetized to saturation by using the VSM.

After that, similar to the opposite leakage magnetic
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field by the VCM, a magnetic field opposite to the
residual magnetization direction was applied to check
the ease with which pinning failure occurred.
First, on the magnetization curves pertaining to
5 these samples, the state of residual magnetization Mr

on the major loop was obtained as indicated by a point
B. After that, the (negative) magnetic field HR in the
direction opposite to the residual magnetization was
applied as indicated by a point C, and the state was

10 returned to 0 as indicated by a point D. In this
state, a residual magnetization value MrR was obtained.

The value obtained by dividing the residual
magnetization value MrR by Mr, i.e., MrR/Mr, is defined
as the magnetization recovery ratio. A change in

15 the magnetization recovery ratio with HR was checked.
This magnetization recovery ratio is -1 in the state
in which a magnetic field is applied in the negative
direction until saturation is obtained and magnetiza-
tion is not recovered at all, i1.e., magnetization has

20 completely undergone magnetic reversal.

FIG. 13 is a graph showing the relationship
between the (negative) magnetic field HR in the
direction opposite to residual magnetization and the
magnetization recovery ratio. Referring to FIG. 13,

25 a curve 103 denotes the result when no Ru layer was

formed, and curves 102 and 101 denote the results

when the Ru layer thicknesses were 0.5 and 0.8 nm,
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respectively.

This graph in FIG. 13 shows that, in each sample,
the residual magnetic field returned to substantially
the same value until -0.2 kOe, even when the opposite

5 magnetic field was applied, so no clear pinning failure
probably occurred. However, if this opposite magnetic
field HR was further increased, the smaller the Ru
layer thickness of the medium, the faster the
magnetization recovery ratio lowered, and the more

10 easily the pinning failure occurred.

If the Ru layer thickness exceeds 1 nm as shown
in FIG. 12, almost no exchange coupling acts between
the hard and soft magnetic layers as can be seen from
FIG. 5, so no sufficient magnetization is difficult to

15 perform. This makes it difficult to stably point
magnetization in the soft magnetic layer in one
direction.

As described above, Experiment Example 2 reveals
that the formation of the nonmagnetic interlayer having

20 as large a thickness as possible with which sufficient
magnetization can be performed has the effect of
suppressing pinning failure in the perpendicular
magnetic recording medium.

The Ru layer thickness with which sufficient

25 magnetization can be performed is preferably about 0 to
about 0.9 nm. To achieve the magnetization strength

and magnetization recovery ratio at the same time,
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From the above results, it is obvious that as
the strength of the exchange interaction is reduced,

5 it becomes more and more possible to suppress the
pinning failure and increase the magnetization recovery
ratio. With the decreasing magnitude of the exchange
coupling interaction, HcHard increases. This indicates
that the magnetization recovery ratio and HcHard are

10 correlated. Therefore, to make pinning failure hard to
occur by raising the magnetization recovery ratio,
HcHard need only be increased.
For example, when a means for reducing the
exchange coupling between the hard and soft magnetic
15 layers is to form the nonmagnetic interlayer between
these magnetic layers, it is possible, by checking
the dependence of HcHard ypon the nonmagnetic layer
thickness, to roughly determine a preferred nonmagnetic
layer thickness with which both the magnetizing effect
20 and the pinning failure resistance are achieved.
Experiment Example 3 & Comparative Experiment Example 2
As Experiment Example 3, a few samples were
manufactured following the same procedures as in
Experiment Example 1, except that the thickness of
25 a CoCrPt hard magnetic layer was changed to 50, 35, 20,
and 15 nm.

Also, as Comparative Experiment Example 2, a few
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samples were manufactured following the same procedures
as in Comparative Experiment Example 1, except that the
thickness of a CoCrPt hard magnetic layer was changed
to 50, 35, and 20 nm.

5 For each sample of Experiment Example 3 and
Comparative Experiment Example 2, a change in the
magnetization recovery ratio with HR was measured using
the VSM. The results are shown in FIGS. 14 and 15.
Referring to FIG. 15, curves 104, 105, and 106 denote

10 the results when the CoCrPt hard magnetic layer
thickness was 20, 35, and 50 nm, respectively.
Referring to FIG. 14, curves 107, 108, 109, and 110
denote the results when the CoCrPt hard magnetic layer
thickness was 15, 20, 35, and 50 nm, respectively.

15 FIG. 15 shows that, in Comparative Experiment
Example 2, as the hard magnetic layer thickness was
decreased, the magnetization recovery ratio lowered,
and the pinning failure resistance lowered, and that no
satisfactory magnetizing effect was obtained any longer

20 when the hard magnetic layer thickness was 20 nm. In
contrast, in Experiment Example 3 as shown in FIG. 14,
although the magnetization recovery ratio largely
lowered when the hard magnetic layer thickness was
decreased to 15 nm, even in the medium in which this

25 hard magnetic layer thickness was 20 nm a high
magnetization recovery ratio was maintained up to HR

larger than that in the medium of Comparative
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Experiment Example 2 in which the thickness was 50 nm.
Note that when the thickness of this CoCrPt hard
magnetic layer used is decreased to 20 nm or less,
the magnetic characteristics such as the longitudinal
5 coercive force and longitudinal squareness ratio
evidently deteriorate. This caused the lowering of
the magnetization recovery ratio when the hard magnetic
layer thickness was 15 nm in Experiment Example 3.
Even when the thickness of the hard magnetic layer is
10 10 nm or less, if this hard magnetic layer has good
magnetic characteristics, it is probably possible to
prevent deterioration of the magnetization recovery
ratio as shown in FIG. 14. Accordingly, although the
minimum value of the hard magnetic layer thickness with
15 which a high recovery ratio can be maintained is 20 nm
in Experiment Example 3, this layer thickness can be
well decreased to 10 nm or less by taking account of
the characteristics of the hard magnetic layer.
This demonstrates that reducing the exchange
20 coupling between the hard and soft magnetic layers by
forming a nonmagnetic interlayer such as a Ru layer has
the effect of decreasing the thickness of the hard
magnetic layer and at the same time preventing the
pinning failure by improving the magnetization recovery
25 ratio.
Comparative Example 2

As Comparative Example 2, perpendicular magnetic
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thickness of a CoCrPt hard magnetic layer was changed
to 50, 35, and 20 nm.

5 The recording/reproduction characteristics of the
obtained magnetic recording media were evaluated by
using the spin stand. Consequently, no spike noise was
observed in media in which the CoCrPt hard magnetic
layer thickness was 50 and 35 nm. However, a plurality

10 of spike noise components were observed in a medium in
which the hard magnetic layer thickness was 20 nm,
the smallest value. This is presumably because no
satisfactory magnetizing effect was obtained, so it
was impossible to correctly evaluate the recording/

15 reproduction characteristics. On the other hand, the
S/Nm values of the media in which the hard magnetic
layer thickness was 50 and 35 nm were 22 and 24 dB,
respectively, which were equal to or higher than the
value in Comparative Example 1. Accordingly, reducing

20 the hard magnetic layer thickness to some extent
has the effect of improving medium noise of the
perpendicular magnetic recording medium.

These perpendicular magnetic recording media of
Comparative Example 2 were incorporated into HDDs and,

25 after recording and reproduction were performed,

removed from the HDDs, and the recording/reproduction

characteristics were reevaluated by using the spin
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stand. As a result, a plurality of spike noise

components having substantially the same magnitude
as the reproduced signal were observed on the edge
of each disk. In Comparative Example 2, therefore,

5 pinning failure on the edge of the disk presumably
occurred by a leakage flux from the VCM in the HDD,
regardless of the hard magnetic layer thickness.

Example 2
As Example 2, perpendicular magnetic recording
10 media were manufactured following the same procedures
as in Comparative Example 1, except that the thickness
of a CoCrPt hard magnetic layer was changed to 50, 35,
20, and 15 nm. The recording/reproduction character-
istics of the obtained magnetic recording media were
15 evaluated by using the spin stand. Consequently, no
spike noise was observed in media in which the CoCrPt
hard magnetic layer thickness was 50, 35, and 20 nm.
However, spike noise was observed a little in a medium
in which the hard magnetic layer thickness was 15 nm,
20 the smallest value. This is presumably because the
magnetic characteristics of the hard magnetic film
used allowed easy occurrence of magnetic deviation,
as explained in Experiment Example 3, so it was
impossible to well evaluate the recording/reproduction
25 characteristics. On the other hand, the S/Nm values of
the media in which the hard magnetic layer thickness

was 50, 35, and 20 nm were 22, 24, and 26 dB,
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magnetic layer thickness to some extent has the effect
of reducing the medium noise of the perpendicular
5 magnetic recording medium.
These perpendicular magnetic recording media of
Comparative Example 2 were incorporated into HDDs and,
after recording and reproduction were performed,
removed from the HDDs, and the recording/reproduction

10 characteristics were reevaluated by using the spin
stand. As a result, no spike noise was observed like
before the recording and reproducing operations, and
no particular deterioration of any other recording/
reproduction characteristics was observed, except for

15 the medium in which the hard magnetic layer thickness
was 15 nm. From the foregoing, in the media of
Example 2 except for the one in which the hard magnetic
layer thickness was 15 nm, probably no pinning failure
by a leakage flux from the VCM in the HDD occurred.

20 In Comparative Example 2, spike noise was observed
and pinning failure occurred in the media in which the
hard magnetic layer thickness was 50 to 20 nm. In
Example 2, however, neither spike noise nor pinning
failure was observed in the corresponding media.

25 Accordingly, improving the pinning failure resistance

by reducing the exchange coupling between the hard and

soft magnetic layers and at the same time decreasing
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effect of suppressing the spike noise in the
perpendicular magnetic recording medium and preventing
the pinning failure.

5 Experiment Example 4
A sample was manufactured following the same

procedures as in Experiment Example 1, except that the
thickness of a CoZrNb soft magnetic layer was 20 nm.
FIG. 16 shows the result of measurement of

10 magnetization curves in the longitudinal direction of
the film of the obtained sample by using the VSM.
These magnetization curves are basically the same as
those shown in FIG. 6 in that the hard magnetic layer
underwent magnetic reversal after most of the soft

15 magnetic layer underwent magnetic reversal. However,
a portion corresponding to the soft magnetic layer
increased its coercive force exhibited no satisfactory
soft magnetic characteristics any longer.

Example 3 & Experiment Example 5

20 Perpendicular magnetic recording media were
manufactured following the same procedures as in
Examples 1 and 2, and samples were manufactured
following the same procedures as in Experiment
Examples 1 to 4, except that VvV, Cr, Cu, Mo, and Rh

25 were used instead of the Ru nonmagnetic interlayer.
When similar experiments were conducted, substantially

the same results were obtained except for the
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dependence of HcHard ypon the nonmagnetic layer
thickness. That is, in any of these media, HcHard
saturated when the nonmagnetic layer thickness was 0.6
to 0.7 nm, which was smaller than when Ru was used.

5 Accordingly, a preferred range of the nonmagnetic
interlayer thickness with which both the magnetizing
effect and pinning failure resistance are achieved is
probably 0.3 to 0.5 nm.

Example 4 & Experiment Example 6

10 Perpendicular magnetic recording media were
manufactured following the same procedures as in
Examples 1 and 2 and Experiment Examples 1 to 4, except
that Co was added to the Ru nonmagnetic interlayer to
form a CoRu alloy interlayer. When similar experiments

15 were conducted, substantially the same results were
obtained.

However, when nonmagnetic Co-40at.%Ru was checked
for the dependence of HcHard upon the CoCr alloy layer
thickness, HcHard saturated when the CoCr alloy layer

20 thickness was about 5 nm, which was larger than when Ru
was used. To achieve the magnetization strength and
the magnetization recovery ratio at the same time,

a preferred Co-containing alloy nonmagnetic interlayer
thickness is probably 1 to 5 nm.

25 In addition, the content of Co was increased to

apply a weak saturation magnetization of 10 to

60 emu/cm3. Consequently, as the Co amount increased,
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i.e., as the saturation magnetization increased, the
layer thickness of saturation also increased, but the
basic tendency remained unchanged. That is, it was
well possible to achieve the magnetizing effect and
5 pinning failure resistance at the same time.
Example 5 & Experiment Example 7
Perpendicular magnetic recording media were
manufactured following the same procedures as in
Examples 1 and 2 and Experiment Examples 1 to 4, except
10 that a CoCr alloy interlayer was used instead of the Ru
nonmagnetic interlayer. When similar experiments were
conducted, substantially the same results were
obtained.
However, when nonmagnetic Co-40at.%Cr was checked
15 for the dependence of HcHard upon the CoCr alloy layer
thickness, HcHard saturated when the CoCr alloy layer
thickness was about 5 nm, which was larger than when
Ru was used. To achieve the magnetization strength
and magnetization recovery ratio at the same time,
20 a preferred Co-containing alloy nonmagnetic interlayer
thickness is probably 1 to 5 nm.
In addition, the content of Co was increased to
apply a weak saturation magnetization of 10 to
60 emu/cm3. Consequently, as the Co amount increased,
25 i.e., as the saturation magnetization increased, the
layer thickness of saturation also increased, but the

basic tendency remained unchanged. That is, it was
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well possible to achieve the magnetizing effect and
pinning failure resistance at the same time.

Furthermore, similar results were obtained when
Pt, B, and Ta were added to the CoCr alloy interlayer.

Also, the saturation magnetization of the CoCrPt
hard magnetic layer used in the example was about
240 emu/cc. Therefore, good characteristics are
presumably obtained when the saturation magnetization
of the weak magnetic interlayer is 1/4 that of the
hard magnetic layer or less. Although no experiment
was conducted for an interlayer having a saturation
magnetization of 60 emu/cm3 or more, it is in principle
probably possible to obtain similar effects when the
saturation magnetization is smaller than that of the
hard magnetic layer.

The above results indicate that the optimum film
thickness when a weak magnetic material given a little
magnetism is used as an interlayer is larger than that
when a nonmagnetic material is used as an interlayer.

Example 6

A perpendicular maghetic recording medium was
manufactured following the same procedures as in
Example 1, except that instead of the Ru nonmagnetic
interlayer, an oxide layer was formed between a
longitudinal hard magnetic layer and a longitudinal
soft magnetic layer by oxidizing the surface of the

longitudinal hard magnetic layer by supplying oxygen
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The recording/reproduction characteristics of the
obtained magnetic recording medium were evaluated by
5 using the spin stand. Consequently, no spike noise was
observed over the entire disk surface, and the S/Nm
value was 22 dB, which was equivalent to the value in
Example 1.
This perpendicular magnetic recording medium was

10 incorporated into an HDD and, after recording and
reproduction were performed, removed from the HDD,
and the recording/reproduction characteristics were
reevaluated by using the spin stand. As a result, no
spike noise was observed like before the recording and

15 reproducing operations, and no particular deterioration
of any other recording/reproduction characteristics
was observed. From the foregoing, probably no pinning
failure by a leakage flux from the VCM in the HDD
occurred in this media.

20 On the edge of the disk, therefore, spike noise
caused by pinning failure was observed in Comparative
Example 1 and was not observed in Example 6.
Accordingly, forming the oxide layer between the
longitudinal hard magnetic layer and longitudinal soft

25 magnetic layer has the effect of preventing pinning
failure in the perpendicular magnetic recording medium.

Additional advantages and modifications will
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shown and described herein. Accordingly, various
5 modifications may be made without departing from the
spirit and scope of the general inventive concept as

defined by the appended claims and their equivalents.
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1. A perpendicular magnetic recording medium
comprising a substrate, a longitudinal hard magnetic
layer formed on said substrate, a magnetic layer formed
on said longitudinal hard magnetic layer and having
saturation magnetization smaller than that of said
longitudinal hard magnetic layer, a longitudinal soft
magnetic layer formed on said magnetic layer, and a
perpendicular magnetic recording layer.

2. A medium according to claim 1, wherein the
saturation magnetization of said magnetic layer is not
more than 1/4 the saturation magnetization of said
longitudinal hard magnetic layer.

3. A medium according to claim 1, wherein said
magnetic layer has a saturation magnetization of 10 to
60 emu/cc.

4. A medium according to claim 1, wherein said
magnetic layer contains at least one element selected
from the group consisting of iron, cobalt, and nickel.

5. A medium according to claim 4, wherein said

magnetic layer is an alloy mainly containing cobalt and

ruthenium.

6. A medium according to claim 4, wherein said

magnetic layer is an alloy mainly contalning cobalt and

chromium.
7. A medium according to claim 6, wherein said

magnetic layer further contains at least one element

y810%&' ()- 6! 10%&' ()-Y

@
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and tantalum.

8. A medium according to claim 1, wherein said
longitudinal hard magnetic layer has a thickness of 5

5 to 50 nm.

9. A perpendicular magnetic recording medium
comprising a substrate, a longitudinal hard magnetic
layer formed on said substrate, a nonmagnetic layer
formed on said longitudinal hard magnetic layer and

10 mainly containing cobalt, a longitudinal soft magnetic
layer formed on said nonmagnetic layer, and a
perpendicular magnetic recording layer formed on said
longitudinal soft magnetic layer.

10. A medium according to claim 9, wherein said

15 nonmagnetic layer further contains ruthenium.

11. A medium according to claim 9, wherein said
nonmagnetic layer further contains chromium.

12. A medium according to any one of claims 9 to
13, wherein said nonmagnetic layer has a thickness of 1

20 to 5 nm.

13. A medium according to claim 9, wherein said
longitudinal hard magnetic layer has a thickness of 5
to 50 nm.

14. A perpendicular magnetic recording medium

25 comprising a substrate, a longitudinal hard magnetic
layer formed on said substrate, a nonmagnetic layer

formed on said longitudinal hard magnetic layer and
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mainly containing ruthenium, a longitudinal soft
magnetic layer formed on said nonmagnetic layer, and
a perpendicular magnetic recording layer formed on said
longitudinal soft magnetic layer.

5 15. A medium according to claim 14, wherein said
nonmagnetic layer has a thickness of 0.5 to 0.9 nm.

16. A medium according to claim 14, wherein said
longitudinal hard magnetic layer has a thickness of 5
to 50 nm.

10 17. A perpendicular magnetic recording medium
comprising a substrate, a longitudinal hard magnetic
layer formed on said substrate, a nonmagnetic layer
formed on said longitudinal hard magnetic layer and
having a thickness of 0.3 to 0.5 nm, a longitudinal

15 soft magnetic layer formed on said nonmagnetic layer,
and a perpendicular magnetic recording layer formed on
salid longitudinal soft magnetic layer.

18. A medium according to claim 17, wherein said
nonmagnetic layer contains at least one element

20 selected from the group consisting of vanadium,
chromium, copper, molybdenum, and rhodium.

19. A medium according to claim 17, wherein said
longitudinal hard magnetic layer has a thickness of 5
to 50 nm.

25 20. A perpendicular magnetic recording medium
comprising a substrate, a longitudinal hard magnetic

layer formed on said substrate, an oxide layer formed



v

J{ ]

'} dE:/ 104| 104|1 F:'10%| & ()-1 f810%| & ()- 6 "10%| & ()-|

4109%| & ()-Y 2:10%| & ()-1 0gl0%| & ()-} -~ xY:/ 1041 9@0%Z& ()-
109@2& ()-f109@& ()- 1092Z& ()-sl 109&Z& ()-109&Z& ()-3 104| -3UdE:/ 104]|I

3100Z& () - |
3+100Z& ()-1 S)10%Z& ()- s' 109%&Z& ()- |

104] |

10

15

20

25

- 52 -

on said longitudinal hard magnetic layer from said
longitudinal hard magnetic layer, a longitudinal soft
magnetic layer formed on said oxide layer, and a
perpendicular magnetic recording layer formed on said
longitudinal soft magnetic layer.

21. A medium according to claim 20, wherein said
longitudinal hard magnetic layer has a thickness of 5
to 50 nm.

22. A magnetic recording/reproducing apparatus
comprising:

a perpendicular magnetic recording medium
comprising a substrate, a longitudinal hard magnetic
layer formed on said substrate, a magnetic layer formed
on said longitudinal hard magnetic layer and having
saturation magnetization smaller than that of said
longitudinal hard magnetic layer, a longitudinal soft
magnetic layer formed on said magnetic layer, and a
perpendicular magnetic recording layer;

a driving mechanism which supports and rotates
said perpendicular magnetic recording medium;

a magnetic head having an element which records
information on said perpendicular magnetic recording
medium, and an element which reproduces recorded
information, and

a carriage assembly which supports said magnetic
head such that said magnetic head freely moves with

respect to said perpendicular magnetic recording
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A magnetic recording/reproducing apparatus

comprising:
a perpendicular magnetic recording medium
5 comprising a substrate, a longitudinal hard magnetic
layer formed on said substrate, a nonmagnetic layer
formed on said longitudinal hard maghetic layer and
mainly containing cobalt, a longitudinal soft magnetic
layer formed on said nonmagnetic layer, and a
10 perpendicular magnetic recording layer formed on said
longitudinal soft magnetic layer:;
a driving mechanism which supports and rotates
said perpendicular magnetic recording medium;
a magnetic head having an element which records
15 information on said perpendicular magnetic recording
medium, and an element which reproduces recorded
information, and
a carriage assembly which supports said magnetic
head such that said magnetic head freely moves with
20 respect to sald perpendicular magnetic recording
medium.
24. A magnetic recording/reproducing apparatus
comprising:
a perpendicular magnetic recording medium
25 comprising a substrate, a longitudinal hard magnetic
layer formed on said substrate, a nonmagnetic layer

formed on said longitudinal hard magnetic layer and
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5 a driving mechanism which supports and rotates
said perpendicular magnetic recording medium;

a magnetic head having an element which records
information on said perpendicular magnetic recording
medium, and an element which reproduces recorded

10 information, and
a carriage assembly which supports said magnetic

head such that said magnetic head freely moves with

respect to said perpendicular magnetic recording

medium.
15 25. A magnetic recording/reproducing apparatus
comprising:

a perpendicular magnetic recording medium
comprising a substrate, a longitudinal hard magnetic
layer formed on said substrate, a nonmagnetic layer

20 formed on said longitudinal hard magnetic layer and
having a thickness of 0.3 to 0.5 nm, a longitudinal
soft magnetic layer formed on said nonmagnetic layer,
and a perpendicular magnetic recording layer formed on
said longitudinal soft magnetic layer;

25 a driving mechanism which supports and rotates
said perpendicular magnetic recording medium;

a magnetic head having an element which records
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information on said perpendicular magnetic recording
medium, and an element which reproduces recorded
information, and

a carriage assembly which supports said magnetic
head such that said magnhetic head freely moves with
respect to said perpendicular magnetic recording
medium.

26. A magnetic recording/reproducing apparatus
comprising:

a perpendicular magnhetic recording medium
comprising a substrate, a longitudinal hard magnetic
layer formed on said substrate, an oxide layer formed
on said longitudinal hard magnetic layer from said
longitudinal hard magnetic layer, a longitudinal soft
magnetic layer formed on said oxide layer, and a
perpendicular magnhetic recording layer formed on said
longitudinal soft magnetic layer;

a driving mechanism which supports and rotates
said perpendicular magnetic recording medium;

a magnetic head having an element which records
information on said perpendicular magnetic recording
medium, and an element which reproduces recorded
information, and

a carriage assembly which supports said magnetic
head such that said magnetic head freely moves with
respect to said perpendicular magnetic recording

medium.



