; JKLMe3e22Lv\ 6T 1 = TITLE OF THE | NVENTI ON MAGNETI C RECORDI NG MEDI UM AND
MAGNETI C RECORDI NG REPRODUCI NG APPARATUS BACKGROUND OF THE | NVENTI ON 5 The
present invention relates to a nagnetic recording medi um for umm

a hard disk drive using the magnetic recording technique, and ’Mwmmmm,mw
recordi ng/ reproduci ng apparatus using the nagnetic recording nmedi up, 0 The

recording density of a hard disk drive (HBD) as one type of a magnetic
recordi ng/ reproduci ng apparatus is increasing by 600 or nore per year, and
this tendency presumably continues in the future. Therefore, a magnetic

recordi ng head and magnetic 15 tre¢ordorgraRdiNyENgebing this high recording
density are being devel oped. A magnetic recordi ng nediumcontained in a

magneti c recor AGHETI GECDRDI NGD PATHIUYS AN MNENRT Jout on t he nmarket has a
structure in which a Co alloy film20 containing Co as a main conponent is

formed on an AREAOROY NU/IRSIRRADICINCG IAPFRRAMEL rat e by sputtering. Since the
| ongi tudi nal magnetization systemis used as a nmagnetic recordi ng system
an underl ayer for orienting tBARCKGRQUNIX|QF ofHEabMENTHNon, i.e., the C 25

axis of Co crystal grains having the hcp structure parallel to the
substrat® is used. Afhexurfpientofintantiniiereksdedsito £ @aF@MeBYCfilmin

whi ch a specific face - 2 of the fcc structure i%agékggéﬁﬁa_ln ,
addition, a seé®doRAEMy agfiumg fof Asddy ISnyEr, Fdi2 ity the grain
size by growing a specific face of Cr is, used. /A nmeasure to counter. the

pr obl em t hat tﬂ?lﬁtﬁpdﬁ}?g AT S %efc‘?"ié%d}%e%e?}?ﬁloc?%t iac}'hé ShrEHs by
thermal decay as the,recording,density i j qﬁﬁg Therefore, a
| ongi t udi nal r’rﬁbencecﬁ%lr}%/groerp |°(r%igucnjian ué/ Q%% eveﬁ%spiel(?)gi n V\hq}gagﬂqen%#fei pl e

| ayers are anti i coupled with each other by a multil ayered
J&é&ﬁ@f@y Hd gAY

10 structure forne ing a thin Ru fil mbetween magnetic fil ns.

Also, asj@ nethod nofige sHitSHaiRg Nh&hs depsbtya Raper #LEHi 8¥iae nAODPLI C
recordi ng system usi ng perpendi cul ar magnetization in recording is being 15

extensively st ui eshe l#ypdi o sy shaghetie saderdongl teyreduciseg in the
| ongi tudi nal nmediumis used as a recording |ayer. However, to

per pendi cul ar | yasaeatud hies Greesaoingdogr §6% abr gnar@spemnpephpusnguch as
Ge or N Ta or an underlayer such as Ti, Ru, Pd, or Pt in 20 which the
cl osest packed {phineteaiddmpy gprégemdlsly continues in the future.
Therefore, a magnetic recording head and magnetic
15 recording medium meeting this high recording density
are being‘developed.

A magnetic recording medium contained in a
magnetic recording/reproducing apparatus presently put
on the market has a structure in which a Co alloy film

20 containing Co as a main component is formed on an Al
alloy substrate or glass substrate by sputtering.
Since the longitudinal magnetization system is used as
a magnetic recording system, an underlayer for
orienting the easy axis of magnetization, i.e., the C
25 axis of Co crystal grains having the hcp structure

parallel to the substrate is used. An example of this

underlayer is a Cr alloy film in which a specific face

MR
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orriented is used. In addition, to ensure a perpendicular wite magnetic
field, a soft nagnetic |layer is forned between the substrate and the
under | ayer and seed | ayer and conmbined with a single pole head, 25 thereby
obtai ning better perpendicular recording. To reduce the noise of the

per pendi cul ar magnetic recordi ng medium Jpn. Pat. Appln. KOKAI Publication
- 3 No. 11-296833, for exanple, proposesZa method by which a
doubl e- I ayered perpendi cul ar magnetic recording |layer is used, and the
content of a nonnmagnetic elenent in the upper layer is nmade snaller than
that in the |ower thel aver stidienely Tekiordehltedsat uhatidan tivgneti aatkidon and
magneti c ani sotropic energy in the upper |layer larger than those in the

|l ower |ayer. Fugiker,merg,. ,teshmialeseeld daiergl Ifiong dekerrslindedcdye of the
per pendi cul ar magnetic recordi ng medium 10 are al so discl osed. Exanpl es
currently bei ngratindisedeaioy ayroetingd aofsplearifiing facet offi ICn dis tisedsur face of
a recording layer, and a CGC (Continuous G anul ar Conposite) nmediumin
which a film hadasyre $tor eegniegm éhiec pnekdede tihart ithet ke lding PeFithed on
a 15 CoCrPt-based nmagnetic film To increase the recording/reproduction
resol uti én, it ofs nesewsied,indaymatdiesy sdye e Ss fiYe |t eg R Y ¥ & an MR
head, reduce the space between the head and the nagnetic yecqrding nmedi um
decrease the fiihf tHACEGTESRY ﬂ?qsr%ttyhe‘qccﬁ?@stelﬁjiﬁldger%‘r%c{'c retdrdi ng

medi um decrease the distance between the .head and,.the bagkjng soft
magnetic film ifP%%e %éﬁﬁ%%%\,ﬁ%@ﬁﬁc PSRy r%aé]l&u glosf reduce the
coercive force dispersion. Unf.ort tely, t \ iqngl ﬂagpgtic
recordi ng 25 Vae%aoﬁ)cfscfelébrw |lncg1} E‘g%rt? uct n%%{é%%grag{%saes afre unsati sfactory

in perfor nanceﬂao%rnéﬁecapﬂ og&%fe@ivgih&g I} Yo RGOS N maind: T Rk @
Hp ts

further - rove descri bed above, reducing the coercive

force dijgpersi an Qfcdiie | #dwEndd Byes JPUREAH thd of oD RuTesl LN B Stws@s UMbl y
advant ageous to I ncrease the recording 5 resolution. However, no nethod

capabl e of furthesndteductitns he coercive force dispersion of the current
magnetic recordi ng nmedia has been found yet. BRI EF SUMVARY OF THE | NVENTI ON
The present inventi anléas heean macleod nmdde constedrad i biglhfdeheibpove
situation, and has as its object to provide a magnetic recording nedi um and
magneti ¢ recor ci nug repuadiieel ang reppee bt sreddodhiransysicerds®inde recordi ng
resol ution by decreasing the nagnetization transition w dth by
substantial |y Ifereerdbeihyr thedeoll 22 vioR ok er G PEIRI ohS RAMPncr ease the
medium S/ N rati o by decreasing the nmagnetization transjtion Ieﬁgthl nd
maki ng arP ani sot¥epreivebnes Fediedt d thEF 0P VT EEmn ERR UG KPP ghl tRér mal
decay resistance, and_ can record and reproduce, hi gh-density 20 information.
First, the pres®htUP&Jehti bhc pi%@‘?ﬂ@édhg‘?‘rgglﬁ%ﬁ%mr %io‘?‘%ﬁe%ggﬁeﬁi um
conprising, on a substrat a_st yer i j ef |- cordi ng
|l ayer and a hi gﬁgﬁﬁﬁﬁﬁgs??}’%ﬂ o?ﬁ%&ggxéégha{&/? n’ggﬁg‘gﬁg?‘é‘gﬁ?g?u %%?Sé‘él ar ger
than that of the,0Bgngkie Lecesdengstayeyra heonanolbrontesash hovea!ion

€

provi des a magnétic recordi ng appafatus characferized by conprising a

or NiTa or an underlayer such as Ti, Ru, Pd, or Pt in

20 which the closest packed plane of hcp or fcc is
oriented is used. In addition, to ensure a perpen-
dicular write magnetic field, a soft magnetic layer is
formed between the substrate and the underlayer and
seed layer and combined with a single pole head,

25 thereby obtaining better perpendicular recording.

To reduce the noise of the perpendicular magnetic

recording medium, Jpn. Pat. Appln. KOKAI Publication



- «&5 recording nmedium whi ch conprises, on a substrate, a stacked | ayer

i ncluding a magnetic recording | ayer and a hi gh-magnetostriction |ayer
havi ng magnetostriction |arger than that of the nmagnetic recording |ayer,
and a 5 recording/reproduci ng head. Additional objects and advant ages of

the invention wll be set forth in the description which follows, and in
part will be obvious fromthe description,3 or may be | earned by practice of
the invention. The objects and 10 advantages of the invention may be

reali zed and obtained by neans of the instrunmentalities and conbi nati ons
particul arly pgint ed_oufsgher eirpal tehmpBR), EF OESERISPE Q¥ tEodTHy SEYERAL,

VI EW6 OF THE DRAW NG The acconpanyi ng draw ngs, which are incorporated 15
in and constityt @oabRarl a9k rielde pepeentiieailiaan madnetdt ateecemdiodi ferytes of

the invention and, together with the general description given above and
the detail ed deschised,onndf thke cemteditmet s gioneadneltdw, edementt drexpl ai n
the principles of the invention. 20 FIG 1 is a schematic sectional view
show ng the artaegepper dfyehe ifs medee smadlle ofthamddwdt il rtéeordd@W/F nedi um
of the present invention;, FIG 2 is a schematic sectional view show ng the
arrangemént of lelyerseddred ebyamaikdnef thee sedgiat iom Mau@edridiatd Feditfn of
‘the present invention; FIG 3 is a schematic sectional vieM/sh@¥ﬁn the
arrangement of MagRetHic @rdeafIRis anfE Ihddetihe uprers 1ayatoy rrﬂgeq?nsdi um
of the present invention;, FIG 4 is a schematic sectional view show ng the
arrangement of HH@ RIS EkdhR Bt Hé¥fdgnet i ¢ recordi ng medi um of the

present invention; FI 51s a schematic segtio i S | t he
arrangenent of the ?Wlftr%ee?‘é%?’e C rhje?%sgn%fiézor?%:%y%l% e |I{?u%1l of the
present invention., FlG §d &&Peq{fip LY 6 X, GY SHOME G- d 118y afd@n@ement of
an exanpl e of a magnetic recording/” 10 reproduci ng apparatus of the present

nventi gy Fl Cqrl 159 & SENRITId £y SCOhi sl oyl @Yy shiov idbd frey A tadpedent  of
e o

t he si xt exanxﬁ e magnetic recordi ng nedium of the present
invention; FlGa& is et i fosetid anabt VEEw shovilg $inefde asf angenent

of the seventh exanple of the magnetic recordi ng nedium of the present
invention; FlGga SdsordBeheraydE, seed i HnedC vicomshowdung Ghenular
Composite) medium in which a film having a strong
magnetic interaction in the film is formed on a
15 CoCrPt-based magnetic film.

To increase the recording/reproduction resolution,
it is known to, e.g., shorten the shield gap length of
an MR head, reduce the space between the head and the
magnetic recording medium, decrease the film thickness

20 in the longitudinal magnetic recording medium, decrease
the distance between the head and the backing soft
magnetic film in the perpendicular magnetic recording
medium, or reduce the coercive force dispersion.

Unfortunately, the conventional magnetic recording

25 media and recording/reproducing apparatuses are

unsatisfactory in performance for the purpose of

high-density recording, and require further



arrangenment of the eighth exanple of the nmagnetic recordi ng medi um of the
present invention; 20 FIG 10 is a schematic sectional view show ng the
arrangenent of the ninth exanple of the magnetic recordi ng medi um of the
present invention; FIG 11 is a schematic sectional view show ng the
arrangenment of the 10th exanple of the magnetic 25 recordi ng nedi um of the
present invention; FIG 12 is a schemattc 4ectional view show ng the
arrangenent of the 11th exanple of the magnetic _ ~ _ recording nedi um of
the present invention; and FIG 13 is a schematic sectional view show ng

the arrangenent;pf, dhend2td exanpl e of the magnetic recording medium of the
present invention. 5 DETAILED DESCRI PTI ON OF THE I'NVENTI ON A nagnetic

recordi ng nedi um of sbeqpseseptdi A¥EHE| OR8QBPhYSEEe 8BeBcSUBSEDBLE, A
multi-layer including a magnetic recording |ayer and a high

magnet ostri cti ofi $pyesibavongti@ghekess £i thé onadnsges A6cdbhaing haedofmt he
magneti c recording |layer. The nagnetic recording |layer is a nagnetic |ayer
havi ng | arge nageneptesanalsbyrapyacopabdes ofortgordang tiné oremvrdbngl n t he
present invention,' the high nagnetostriction layer is a nmagnetic |ayer
havi ng 155 magneteselitionn | Begeverhanothathed capahhgnefi Eurtkerdi ng

| ayer. In the present invention, when a magnetic field is applied during

i nformation recbediagnddehrer patToh%eappEas FhSPRESHPRYhCFaERet 6YFFPREI on

| ayer, and this 20 produces deformations in the n% netic recording |ayer.
The inverse nmaghe¥BetifciPenretrechedadrkasciethe gHPQoY?pr of the

the head magneti o fiela duriAbebCORIENGY Phelfa JEfyRa oel - The farger
The present invention has been made in
10 consideration of the above situation, and has as its
object to provide a magnetic recording medium and
magnetic recording/reproducing apparatus which can
increase the ;ecording resolution by decreasing the
magnetization transition width by substantially
15 decreasing the coercive force dispersion, can increase
the medium S/N ratio by decreasing the magnetization
transition length and making an anisotropic magnetic
field Hk uniform, can ensure a high thermal decay
resistance, and can record and reproduce high-density
20 information.
First,lthe present invention provides a magnetic
recording medium comprising, on a substrate, a stacked
layer including a magnetic recording layer and a
high-magnetostriction layer having magnetostriction
25 larger than that of the magnetic recording layer.
Second, the present invention provides a magnetic

recording apparatus characterized by comprising a



29 magnetostriction, and the smaller the anisotropy. Consequently, the
magneti zation curve of the nedium substantially becones steep to achi eve

t he sane effect _ g as when the anisotropic dispersion decreases. This
makes the magnetization transition region short and steep. Since the
coercive force dispersion substantially decreases and this decreases the 5
magneti zation transition width, the recorddng resolution increases. Al so,

t he magneti zation transition |l ength decreases to nmake an ani sotropic
magnetic field Hk uniform so the medium S/ N ratio increases. 10
Furthernore, wWiendha ReatdmeneiticH i@brisdsmed ailstraegr di ng, the
magnet ostriction di sappears, and this renoves the deformations in the
recordi ng | ayerstaBles Pragpantisidiiel iRgne trayrat isotreamyrdimmlchangiangl i n
such a direction as to increase, so 15 the thernmal decay resistance does
not |ower. A negngigrs-naapasit 9t iretnirard U yey dppaimad usa grfe ttdes: mpirasient

i nvention has the magnetic recordi ng nedi um descri bed above and a

recor di ng/ r epr déumgeny thead. thate o ey pagficud arremaprding Yastan diand $/st em
20 is applied, a single pole head can be used as the recording/reproducing
head. Thé preseamcdntigrg/iarmmducisegd dwati bed in nore detail below with
reference to the acconpanying drawing.' 25 FIG 1 is a schematic sectional

vi ew showi ng the arr frepia bf ORHRCES rand 3 AR E2 975 t e HRYMER TR+ Er di ng
Fecordi ng modi Uk o RorRt skt B shbstrar S atHie e g ey 94
Pi gh- mmanet ost rb Rt ayEt BF et TREhE SSRGS stadde )
il T11 ayer 4 caeBE o R TaC H eSOt wpay S SATy B GRS I andne

hi gh- na tostrjeti e Ss d } d
g ertﬁeferr%‘%%é‘?%'a‘%% 55 3t1?ﬁ mﬁ%ﬁt@&ﬁemgp e d91 rpgaeshg recording

| ayer 2 e substrate, Tagnetic recording |ayer, and

hi gh- magnet Os”éﬁﬁéﬂ'ﬂe&iaﬂ%rm@éﬁs%ﬁckﬁé’ insthisenfdeititoverer, it is also
possi ble to stack the hi ghmagnetostriction |ayer and nagnetic recording

|l ayer 15 in thisomsdest Dens heastubstlatty poihbednone, haneimafréayer can
al so be formed between the nmagnetic recording |ayer and
hi gh- magnet ost ri BRIAR DEgERIPALIDNr A&t F'HEl gEVARALgNIRHGNOFoTHE DORAYANGayer
can be forned in at |east one portion between two or nore 20 magnetic
recording | ayers. ThThesacaomperayisgpdrewinpar| yhérheatpvénghsRorated
sufficient strain can be easily given to the magnetic recording |ayer
because the | ayér aEdtﬁP@ﬁtéFugasaaPﬂFEho?OEHQ'§Pﬁ6aGFG§F1¢PG. 2is a
schematic sectional view show ng the 25 _arrangenent .of the second, exanple
i Been &, AErdghe

of the magnetictteBBFHRhG ﬁ@BP BRCEhRTpF BVPRVERE 8RS ATREGR&ET ¢
recording ”Ed'”Q}%Q %ﬁgmGehgrgacheécgggt&g% %gggn abo%g and the

detailed description of the embodiments given below,
serve to explain the principles of the invention.
20 FIG. 1 is a schematic sectional view showing
the arrangement of the first example of a magnetic
recording medium of the present invention;
FIG. 2 is a schematic sectional view showing the
arrangement of the second example of the magnetic
25 recording medium of the present invention;
FIG. 3 is a schematic sectional view showing the

arrangement of the third example of the magnetic



structure as shown in FIG 1 except that a nulti-layer 6 is forned instead
of the multi-layer 4. In the nufti-layer 6, a nagnetic recording layer 2 is
formed on a high-magnetostriction layer 3 via an interlayer 5 such as an
under| ayer 5. For exanple in one enbodi nent, the highnmagnetostriction |ayer
may have a saturation magnetic field larger than the coercive force of the
magnetic recording | ayer, and noreover 1 n @not her enbodi nent the 10

hi gh- magnetostriction | ayer has a saturation magnetic field |arger than
that of the magnetic recording layer. If the saturation magnetic field of

t he hi ghmagnet @glcbireitingn mead @ oF SRl loefe stdan ihenddengi ve force of the
magneti c recording |ayer, the deformations 15 of the hi gh-magnetostriction
| ayer caused by the Fm@mNnelf dst rd Gidhmmagtiopseatt itdrals anew | sheowimy Magneti c
field saturates even when the head magnetic field is nmade | arger than the
sat urati on magaetriandgeerend off tthe Hiogihr-tagerpsiter iadt itdve ImpometiConsequent |y,
no large 20 inverse magnetostriction effect can be obtained, and this tends
to result in ameoengfing mesivumefedde by eserdr dingntdsyluti on and nedi um
S/N ratio. The high-magnetostriction |ayer can be a single

hi gh- mag®et ostri cti d‘"rFC?-i Imifavd riFheRAE Mgt bana et ViRl 2PHing e - | ayer
of the high-magnetostriction filmand another fil avi ng ot her

characteri sti c&ruggwemenipd thirerf i SxamRks ngbGné‘larc-Hl%Jeq d of - 11

t he hi gh-magnetostrigction | ayer i mal | er than the coercive force of the
magneti c recor dﬁer?ﬁ’q(éﬁﬁ ,metcﬁém’séiirtjﬁ S SRt Fe1Fof t he

hi gh- magnet ostri cti oﬁr&é ayer, can 1?&%«9&1@% (eT=1g \Eh&'ﬂo&ﬂ‘? cogLcive force of 5
t he magnetic recording 1ayer™ by “Usi a tl-?ayer Incfuding a

hi gh- magnet ostrj.ct i ' j ' L cramgneidg/ field is
| ar ger than thedrcqoae%%éedﬁno%g%@oéi%r@eﬂ%%ﬁ-%%%% iCrcti on fr?' /m and
nmagnet i ¢ g ecor didig-d@¥@ing |dpd ¥ 184 I3t e, prvesnh vheivenhiegd; 10 magnetic
field larger than the coercive force of the magnetic recording |ayer is
applied, the defornmation pfishe Stlgbmavpoesostionsl onisaysiowangethby the
magnet ostriction does not stop, so a large inverse magnetostriction effect
can be obt ai nechrddngdeersanef efiectixin etapbe obt@haadadpyetustng a

mul ti-layer including a high-mgnetostriction filmand a film having |arge
forced magnet ostedatdiong wiediumppatlze viblees et nEnvertiontedl y oriented by
an external magnetic field |arger than the saturation nmagnetic 20 field.
The above exanpl e usBEGeh@irhgterschenatii sachbenredsElieHeshaghesi Ehe

ani sotro by magnetostriction when a nagnetic fi eﬁl%g is applied, However,
this exahpl e cALEARIFERNLseH toeipeYase eRa™pher Itﬂ%c‘ggg%%tjr‘ési st ance

by increasing the magnetic ani sotropy of the recordi | ayer by
nmagnet ost ri cti oncwe l%grfﬁ%%%\uf‘co igl%{?i PEC3RD i%la‘.’eng‘-'go?w FIG 3is a

schemati ¢ secti onal yiew showi DosLhgnLbi £dseXephe: Of 1Lhe SHBYRRL! Ene

recordi ng nmedi um of e present rnvention. own in magneti c

recording mediu ?%n?eﬂ@ﬁtt@f §ﬁgeeg§ﬁﬂﬁt§§§m $eSheWEnEMmEbfeticexcept that

a mufti-layer 1 ormed I nstead the nufti-layer 4. The nufti-layer 12
includes a doubf@céﬁaﬁﬁ?dméagbﬁagaeﬁﬁétﬁrégeaﬂ kayentidnhaving a film7

whose ani sotropic magnetic field is larger than that of a
20 FIG. 10 is a schematic sectional view showing the
arrangement of the ninth example of the magnetic
recording medium of the present invention;
FIG. 11 is a schematic sectional view showing the
arrangement of the 10th example of the magnetic
25 recording medium of the present invention;

FIG. 12 is a schematic sectional view showing the

arrangement of the 1llth example of the magnetic



10 hi gh-magnetostriction filmand a hi gh-magnetostriction film@8 formed in
this order on a substrate 1, and a nagnetic recording layer 3 forned on the
« hi ghmagnet ostriction film1l. It is also possible to forma film having

| arge 15 foreed magnetostriction in place of the film7 whose ani sotropic
magnetic field is larger than that of the high-magnetostriction film The
hi gh- magnet ostriction filmhas a | arge maghetostriction constant of
preferably 5 x 10-5 or 20 nore, nore preferably 5 x 10-5 to 4 X 10-4, and
nost preferably 1 x 10-4 to 4 x 10-4, in the magnetic field application
direction. \Wherclchirs im0 reldasi iodt ithrk eersleantt invemtioh)- Znda suffici ent
strain can be given to the magnetic recording layer, so it is possible 25
to further reduce tlFE@NIISOtIrOE cdiapdarisi areandreflf ecitaw elhowinmm dke t he
medi um characteristics. The magnetic recording |ayer has a Young' s nodul us
- 13 of prefermablangeikhtt @ f16GHE UYDIR)exaapd enwrfe Ghreemargnsiticloll (N nR).

In practice, a high-nmagnetostriction material can be selected in accordance
wi th the magnettiecoxikdmar meadigm of dthe myafptetinyerddé®di ng 5 | ayer. Wen a
magneti c recording | ayer having the Young's nodul us and nmagnetostriction

constant Sas descri bed atRREATRER SRESCRYRRION i QF rBafi INVEN ed by the
i nfl uence of the high-nmagnetostriction |ayer, so 10 _magneti c ani sotropy
decreases nore effe .i‘Vng’i/ethF%c‘? %éx?f%ﬂdﬁ%t% &e}?%tq%%geer? ect. The
change i n magnetic ani sotropy by the inver e Jlgnet os [1GLd ect is not
| ar ge when conﬁé}veed"'a%cirh ?%ﬁyﬁﬁ%‘?ﬁ’t G o e ¢t yet at F%drrl%lngﬁfgrfani sot r opy

of a0 alloy. A5 Haveers ddbsechangebaungl neall Aol v, spabi.- vhen

conpared with the ghitude hagnetic ani sotr I spersi onh, and can have

a ravorabl o of Legiadib 4iie CORLE TNy LONR ASRRIGI ML Al s dher shange [

magneti c ani sotr I NnVEr se nmagnetostriction effect cannot be

i gnor ed when cofpay ech ¢ thr tHige Ul gee of c Hred @RI BsENta gl | he reverse
magneti c domai n generating magnetic field of the recording |ayer
Accordingly, the thernalmigseayitestssaditrg chayat sbsbe nagneasedla@ér For

i nstance, in sonme enbodi nents, as the nmagnetic recording |ayer, a

per pendi cul ar risgniEtd claegordigme t hyeantsot bepyiseabable af ragpxding

per pendi cul ar magnetic recording |ayer can have either a single-layered
structure or minférmpatienst rintthe. Pyeeent huvenrtiger cthethig®ure is used,
t he manufacturing process is conplicated, but various 5 characteristics
required of thalp@EReeRetElrbioPagPEeT cif e JRAVRRYLT Gy ERYREANNBEIRSNt r ol | ed
relatively easily. Exanples of the char cter'sths required o%.the

per pendi X2l ar rRgFeetesFeteF#PRglREgeF HhentHBRttAE DR pRAEREEIGr direction
is the easy axis of &O nagnetization, the | ayer has magnetic ani sotropy and
ali gnment with WAFRRSHAYa 28R be wel | witten by the recording head

e e " CEOEfl BePLLSRE $haBhe:ah, PahBnNLoRagRERALY saaddl oy

density al though the nmagnétrzation unit is fine and noirSe is |low, and no 15

magneti zat i on rsgﬁiiéa 86EYHE HHBoLRaBNoHNPEEEEARNY, edbebPRARLIBAREL i C field
or adj acent recording. For exanple, as the perpendicul ar magnetic recording

| ayer, in one eap?éhﬂemh,taehﬁxggomabnétesesucpaeheaagbep)aﬁa ahiey can be
used. Wien a Co alloy 20 having this hcp structure is stretched in the
di rectiopg produces deformations in the magnetic recording layer.

The inverse magnetostriction effect decreases the

ahisotropy of the magnetic recording layer to allow

easy magnetization reversal. The larger the head

magnetic field during recording, the larger the

25 maghetostriction, and the smaller the anisotropy.

Consequently, the magnetization curve of the medium

substantially becomes steep to achieve the same effect



of* the easy axis of magnetization, the c/a axis ratio of crystal increases,
so the magnetic ani sotropy can be decreased. Therefore, as a

+ hi gh-magnet ostriction filmused in the perpendi cul ar magnetic recording
medium 25 it is possible to use a filmhaving positive nagnetostriction in
the magnetic field direction and negative magnetostriction in a direction
per pendi cul ar - 15 to the magnetic fiel®d. “Accordi ngly, when a

per pendi cul ar magnetic field appears, this high-magnetostriction film
expands in a direction perpendicular to the surface of the substrate, and 5
contracts in the ¢hedCthen aefi sheopuld aaepeirstibe sidisidaatess. EgpEc al |y when
a hexagonal cl osest packed (hcp) magnetic filmsuch as Co alloy filmis
used as the nmagRgkisC thec aiadined ilzaydion itfransd tdioneatdgdorofshidre easly axi s of
magneti zation and the magnetic field 10 application direction are the sane,
no magnet ostri gttie@p.i s Sgewwer athed doertdiive Corald ai-gdpesed oragnetic film

al one, so the high-magnetostriction material can function nore effectively.
Even when a | omgibisteintdla liag metdne asecoradich g Hisy glecraseudd® t he head
magnetic field is applied in the horizontal direction because a ring head

i s used. 5Ther efr@gme td Zsitglermdgmmstsostiare tWish vattdys a1enBding a positive
magnet ostriction constant in a direction parallel to the filmsurface can
be conbi ned wi f¢s®GiBhdinarRasady SHisht ddcd gy 334IR As this

hi gh- magnetostrictiaon filmmterial, it is possible to use, €. 0.

RFe2- based mat &%%%%@Eh@f&%ﬁb,%%f%wﬁ -%eaf}lsl%tfegf%(cori ented in
[111]), and ErFe2, FEe3Pt,. an, E S e i Fe/ R ked film
an FeAl all oy, H}fqnaerté'ceafrjteﬁldelfgénﬁl lcfoc'n di ﬁslgngﬂkg) ng%qlo‘% éejl/nl\(?jsra Jgér:ri t e- based

material. The n f iction of any of these nagnetostriction - 16
materials can bé increased by orientation. Al so, when nitrogen or oxygen is

added tq 4 hese magnef@stid£hdPl, "RLEN | BhS hOR SRadkOM ENLield is
hi gh- magnetostriction |ayer can be reduced. 5 Exanples of a cobalt alloy

usabl e as the ragRatde 4OEOF OFdbt@yes, Bl & madn &t s ColEPion CoCr Pt B,
CoCrPt C, CoCrPtTa, CoCrPtCu, CoCrPtRu, CoCrPtCuB, CoCrPtRuB, CoCr Pt TaNd,

CoCr Pt WC, CoCr RiiG a3, Gopd -thDR, r Sasr &Y - 1Shd2de Ot 52, imnthe
CoPtCrO-,Si02. It is also 10 possible to use, e.g., a Co/Pd stacked | ayer,
Co/ Pt stacked |myesrrdiamg Feedr. Fofhbxappeeents tle possnelictanisetbowy
alloy as a main elenent, add Pt to increase the ani sotropy, weaken the
magneti c i nt er afrdrorchrnaiedn bt adweh tad dhkectien 1&s nhgnbhtESyht $Pne, and
add Cr, oxygen, or Si02 to nmake high-density recording feasible. Wen the
magnet i cL ¥ ecor di gy t%%%malsd$%@ﬁeﬁ?st§t?%%ﬂi@Qeée@?Egg?%%rin the crysta
grai n boundary by substrate heating 8[ tZe Iika. Accordingl¥ th% gﬁgnetic
recording | ayer can 20MEGREtACT RGGPRBERISTPREPOPEINH RRPER2ERE &6 oy
crystal in which_ the C axis h LS i p i cul arl he
substrate is nﬁ%ﬁ%??%%l+§V%%g;?%3%%éa%@gngggg??ﬁé §§Q%§akﬁéeﬁe§§%ﬁ oxygen
or Si02 is addeg, §r£ﬂe8X598veC£ 9x5deecQrqPhQ7-869680R RS Raakn the grain
boundary to make TR s grai n boundary portion nhonnagnetic, “so oxygen or Si02
al so functions When a perpendicular magnetic recording system

20 is applied, a single pole head can be used as the
recording/reproducing head.

The present invention will be described in more
detail below with reference to the accompanying
drawing.

25 FIG. 1 is a schematic sectional view showing the
arrangement of the first example of the magnetic

recording medium of the present invention.



i the sane manner as Cr. Wen oxygen is used, the - 17 grain size can
be further decreased w thout any substrate heating. An underlayer can be
~formed to formthe magnetic recording layer. 5 As this underl ayer by which
the crystal anisotropy of the crystal grains of the nagnetic recording

| ayer can be oriented in the perpendicular direction, it is possible to
preferably use a material, such as a nonngynetic CoCr-based naterial or

Ru- based material, 10 which takes the hcp structure or fcc structure, in
whi ch the cl osest packed face readily grows parallel to the substrate, and
whi ch has a lattice gpnsiant ol 0S8 ! Ot hatndfndthie: reaes s gy Ieydrun AGo, a
seed | ayer can be fornmed before the 15 underlayer is fornmed. Exanples of
the seed | ayer douprtike sunderdmytara teagameaaicofo ir icent.i,ng-rtyhet adlrlyistead

ani sotropy in the perpendicular direction are Ti, Pt, Pd; Au, N A, Hf, Ru,
Ge, Ni Ta, CoN Td,asi,NmndCaNind tiAd,avkl; Siincandli®g 20 megretpositi on
separated froma recording track, the head magnetic field is applied in a
di rection diff eremrdimmidwen rhcdhdositidmnagnatddieictign layer 3

hi gh- magnetostriction |ayer so acts as to increase the anjsotropy of the
magnet i ¢ & ecor diatle 1G&frere - 9 v tHLG. SBY eifrRs, GHE 9P ng%ﬁetci’Wé)ﬁye‘Pr&i
effectively functions against the problemthat information on an adj acent
track i s erased®uriiRFret® ding. - 18 Exanples of the underlayer

bl f i enti t h t al i sot y of . th t ins.in th
magnet | o ecor ding | B/ere AR THESPENES FLLE PLP hPEET | nthr B B o b,
CrM, W CB,, GCu,, V., WV Cr ; I it
possible to uselaf\}(% ,4 Fert CgéI'| %?rrkg%'\ib%a ﬁqgl%e\l%% C@%%%?qégg%ér%%ﬁfl %Iul alrS
magnet | ¢ T ecor di g Lol S d0s Oe: SO IR AS, thes TRORBLLGCL S6er tha | ayer,

soft magnetic la ca ornmed between this perpendicular 10 magnetic

recordi ngy | ayerpandethe ssbstaste. 1L3hen 2. sokéremanedi €ol ryer Daving high
magneti c perneabiTity I1s formed, a so-call ed doubl e-Tayered perpendi cul ar

medi um havi ng agspes Peaek cuhagnavgoet é€or &Ly disget ayandon this soft
magnetic |layer is 15 obtained. In this double-I|ayered perpendicul ar nedi um

the soft magnethtghayesneessoristpant laget haré ustécbadoinathhgnerderhead,
.i.e., horizontally passes the recording nagnetic field froma nagnetic
head, e.g., a sHogteeppl etheadalsr pogatblei hg shecketpendiehtrar 20
magnetic recording |ayer, and returns the recording magnetic field to the
magneti ¢ head. Whgretestrhetiont laHghetne PrengthpprresrdingedpYSEffi ci ent
per pendi cul ar magnetic field to the nmagnetic recordiﬂ | ayer, thereby

i ncreasi hg the tRcBRHFNGrieproBuERPORVRFEFRFBNCYTUBE gng &/ s8Pt magnetic

e LS REREL RS o CRZE IOy Bt RGN LEETRC BTN PN
O Lo | BB TRANC AT g B aEes b, paducion. o bias
antiferronagnetkﬁternatively, a high-magnetostriction layer can be
formed in at least one portion between two or more
20 magnetic recording layers. This structure is
particularly effective when no sufficient strain can be
easily given to the magnetic recording layer because
the layer is thick or has a high Young's modulus.
FIG. 2 is a schematic sectional view showing the
25 arrangement of the second example of the magnetic

recording medium of the present invention. A magnetic

recording medium 20 shown in FIG. 2 has the same



5+€ilmcan be fornmed between the soft nmagnetic |ayer and substrate. The
soft magnetic |layer readily forns a magneti c domain, and this nmagnetic

- domai n generates spi ke noise. The generation of a nagnetic wall can be
prevented by applying a magnetic field in one direction 10 of the radial
direction of the bias application |ayer, thereby applying a bias magnetic
field to the soft magnetic |ayer forned ohOt he bias application layer. It
is also possible to give the bias application |ayer a stacked structure to
finely disperse the anisotropy 15 and nmaeke a | arge magnetic domain
difficult to fermycExamlaes stlownhahiras appld:erigtornHaay er ritdr-ilalyear e
CoCrPt, CoCrPtB, CoCrPtTa, CoCrPtC, CoCrPtCuB, CoCrRuB, CoCrPtWC, CoCrPtWB,
CoCr Pt TaNd, Co3mi sCHplrme@oRiEteGalrdt @heCoptl-tSi-A2yeandt .CoQrPtiBeSi 02. 20
FIG 4 is a schematic sectional view show ng the arrangenent of the fourth
exanpl e of themuEgrietliagyeredor di Mg grediiummsfcari iy dsarer ihvientiicgmedas shown
in FIG 4, a magnetic recordi ng nmedium 40 has the sane structure as shown
in FIG 1 excepn thdtlgsneamedars by isutbisiy diavelr ghd’ia mn tintesdaver having a
magnetic recording |ayer 2 and high- nagnetostrlctlon | ayer 3, a bias

appl i cation | a %H@Sar?dl gmcteniﬁng@ i | ayer 14 are formed in this
order fromthe substrate 1. In addition, omfelast|C| | ayer having a
Young' s, nodul us Iowe@oﬁk&ﬁﬁmﬁkﬁ 7 e %mh? the than al so be

formed bet the soft t] d t
Lon o ast o/ ty RIS S e ”%%“%%%t‘%%aetlr%% IR e

soft magneti ¢ @Sty FULEXATRLE ol d5oROSK thede speids LBl d 19

mat eri al such a i umj - or r materi a

such as pol yester. a4 F}?&Wfﬂ%%g i m mAx &Sy Sfr?%?éﬁl?eéeéﬁb&@ﬁﬁer\’ﬁ Mhe

show ng the arrangenen th exanpl e magneti c recording
medi um ofg the p{EaeHaddVEMEPtion layer has a saturation magnetic

field larger than that of the magnetic recording layer.

If the saturation magnetic field of the high-
magnetostriction layer is smaller than the coercive
force of the magnetic recording layer, the deformations
15 of the high-magnetostriction layer caused by the
magnetostriction stops at the same time the magnetic
field saturates even when the head magnetic field is
made larger than the saturation magnetic field of the
high-magnetostriction layer. Consequently, no large
20 inverse magnetostriction effect can be obtained, and
this tends to result in an insufficient increase in
recording resolution and medium S/N ratio.
The high-magnetostriction layer can be a single
high-magnetostriction film having high magnetostriction
25 or a multi-layer of the high-magnetostriction film and
another film having other characteristics.

For example, when the saturation magnetic field of



15 As shown in FIG 5, a magnetic recording nedium 50 has the sane
structure as shown in FIG 4 except that a lowelasticity layer 15 is
 formed between a nmulti-layer 4 and soft nagnetic |ayer 14. Referring to
FIG 4, a nonnmagnetic underlayer (not 20 shown) for inproving the

per pendi cul ar orientation of the magnetic recording |ayer can al so be
formed on the soft magnetic layer 14. Thislunderl ayer also has a function
of causing magnetic separation between the recording | ayer and soft
magnetic | ayer, thereby 25 preventing degradation of the characteristics of
the soft magnetihe hayermafs e twideriloay ahydron sexarlier ithasorshe

enbodi nents, it is possible to use a materi al, - 21 such as a

nonmagneti ¢ CoGodraded Matrerd alf dheRmagmsad orateeoralingiliagtert,akdse t he hcp
structure or fcc structure, in which the closest packed face readily grows
| ongi t udi nal t @atteraduilost matome taed fiteilch dfaghe B ilghtmiagned@iimtidose to
that of the recording layer. This underlayer can be a single |layer or two
or nmore multi - |layers dan dred@ade legraatolthate theaidpesidarorfdnist &fe t he
orientation even when the thickness is small. 10 FIG 6 is a partially

expl oded Sper spdds W SRedl s FERAF a1 Saiffl LYofusting fadhellic tayer
recordi ng/ repraoduci ng apparatus of the present invention, A rigid nagnetic
di sk 121 for réedSHiARFAR i%%}'r%q%%ﬁw tio- h e st easeﬁhqu‘ Sonis

fitted on a spindle 122 .and rotat.ed at .a predeterm ned rat.ational eed by
a spindl e mo oeww%tr&fd\ﬁ])n}igg%;%eﬁ% %&ﬁ%egf%f%&%é p%cre?f%cegrdi g
ead for acces ety i sk ilztajl I QC: N or [ an
head for repro uocq?:neggq?on%t%l& i'S ac%%dlc?'ﬁﬂ{rﬁeflgnlg %t%g%%f@a
suspensi on 124 Wiy a 4l | el serd N JiGRISRERSE Qi d24 I 18eg@Nnect ed

to one end of an arm1l aving, e.g., a bobbin which holds a driving coil

(not shawn) . 25naﬁ%ryé3ﬂf@ ©€id1d MY el 26h a8 th&idukdive | foleas oPtetei s
attached to the other end of the arm 125. This voice coil nmotor 126

includes the dmiagryrc®itedd¥ding -1aer showWpp Wadd e udsi ¢ hreabidabi n of
the arm 125, and a nmagnetic circuit having a permnent magnetic and counter
yoke opposi ng esfhtind Herglormd dree t oot si clesoofld er drawsed) lopi the5 The arm
125 is held by ball bearings (not shown) forned in two, upper and | ower
portions of a friagmueshelftlq2ion aekedinvet estdly, t$e Folaedeothvedsdr 126.
That is, the position of the slider 123 on the magnetic disk 121 is
control | ed by thRINfeErebtiiopteoffach. cap rerehentreRumeral 128 in FIG 6
denotes a |id. Enbodi nrents Enmbodi nent 1 2.5-inch harg-gisk-Like
crystal 11%ed gl ass stBSt?ale GAECPFacdl Fh53 RpuPPERTR§eaBYalathe, 2and t he
15 apparatus was _evacuated to . 10-5 Pa or |ess, ter. that..the
substrate was H@éf%ﬂ ?yﬂf75%C%V¢5?g7as%%?ha%%g%%ﬁ?f T Eiagsfﬁégf%Pﬁed at
an Ar pressure of usi .= »0at ~ i Lhegghby,formng a
5-nm t hi ck Ni Ngff%)%ﬁ?agg‘ép%%e%é?‘g?g??%eé A8 DELL1LACHARY

appears when spins are forcedly oriented by an external

maghetic field larger than the saturation magnetic

20 field.
The above example uses characteristics which

decrease the magnetic anisotropy by magnetostriction

when a magnetic field is applied. However, this

example can also be used to increase the thermal decay

25 resistance by increasing the magnetic anisotropy of the

recording layer by magnetostriction when a magnetic

field is applied.



20 Subsequently, a 5-nmthick Cr alloy underlayer for orienting a hard
magnetic filmin the longitudinal direction was forned on the NA film On
~this C alloy underlayer, a 15-nmthick Co-I9at~Cr-|4at~Pt-I|at~Cu-I|at~B
hard magnetic filmfor 25 applying a bias magnetic field to a soft magnetic
filmwas fornmed. In addition, on the thus obtained hard nagnetic - 23
film a 2-nmthick Co-26at%Cr -1 5at %u weakZ2nmagnetic filmwas forned to
control the nagnetization fixing strength between the |ongitudinal hard
magnetic filmand a soft magnetic filmon it. On this weak nagnetic 5 film

a 100-nm t hi ck Co- 5a8f6 Zr3 8 Mk dridmmand 20awB:idi ok Gp-6as9key 2atd@r film

were formed as a soft magnetic layer. Furthernore, on this soft magnetic
layer, a 5-nm tdyiokd MxAQatdtx fidannaiithet ikb-ryaddieky idium of the
Co-26at %Cr -1 2at %t -4at %8 fil m having a high Cr conposition to function as
an initial growdedenterimfereciraagneti c recording | ayer were forned as
orientation control layers. After that, a nufti-layer was forned on this
film15 by first forks nshew2QmnrI®i ck, Go-mammeic | Saeosditatm@iiun dhavi ng
a magnetostriction constant of 1 x 10-5 as a perpendicul ar nmagnetic

recordi ng | ayerhasariche teand syt wra-afm shawk ighF Bby oL 5pegept that a

hi ghmagnetostriction filmhaving a magnetostriction 20 constant of 2 x 10-4

| arger than thaudFitiayemgretit Foendimpieseret Ayl Bl na¥es ¢k car bon
filmwas forned on this nufti-layer b D a rfl uoropol yet her (PFPE)
filmhaving a t%%m&@ﬁaﬁe%d%rlqﬁﬁ‘ﬁﬁéf ‘ﬁ%]oe‘;]saﬁég%alﬁtﬂo?"bat' n

| ayer by d?p coatin t.her eby obt ai ni er pendi ar netic reLo?ding
nmedium A-1. A ﬁ‘ﬁﬂ%&&%‘f‘ﬁ‘f%ﬁr} gﬁy%"f nl% %é%v m (ﬁ%ﬂlﬁoéf%g?se - 24 nore
vas applied to Jhe. ool ned. ppendi cul ey Mponetisy racel dinge npgiam A1 in
the radial direction using”a fmagneti1zing apparatus, in order to orient

magnet i zgfion of; fnegd 6&9%%@%1%@11@9&?&!& ﬂig!gﬂﬂﬂlé\gw@oéﬁﬂi@ti&;

direction, there applying a bras nagnetic field to the soft magnetic

layer. In this panpes, roRgaetig €A HSdderenr£nOVSskf406n 1 heas@f4d magnetic
film FIG 7 shows the arrangenent of the obtained mediumA-1. 10 As shown

in FIG 7, the maghatlA-debssd iy al & pagedefidrned whi ctha segh~1 ayer 16, an
under | ayer 17, a hard nmagnetic |ayer 18, a weak magnetic |ayer 19, a soft
magnetic | ayer Régmadestupioficoffilmghktic filnms 20a and 20b, a first
orientation control layer 21, a 15 second orientation control |ayer 22, a
multi-layer 25 It is also possible to form a film having large
15 forced magnetostriction in place of the film 7 whose
anisotropic magnetic field is larger than that of the
high-magnetostriction film.
The high-magnetostriction film has a large
magnetostriction constant of preferably 5 X 103 or
20 more, more preferably 5 X 1072 to 4 X 10~4, and most
preferably 1 X 1074 to 4 x 1074, in the magnetic field
application direction. When this magnetostriction
constant is 5 X 1072, a sufficient strain can be given
to the magnetic recording layer, so it is possible
25 to further reduce the anisotropic dispersion and

effectively improve the medium characteristics.

The magnetic recording layer has a Young's modulus



made up of a perpendi cul ar magnetic recording | ayer 23 and
hi gh- magnetostriction film 24, a carbon |ayer 26, and a lubricating |ayer
+ (not shown) are stacked in this order on a substrate 1. 20 Kerr effect
measur enent and el ectromagneti c conversi on characteristic eval uation
(recording/ reproduction characteristic evaluation) were perforned on the
obt ai ned nmedi um A-1. The obtai ned resuttslare-shown in Table 1 (to be
~presented later). 25 The magnetic characteristics of the nediumA-1
eval uated by using the Kerr effect were that the perpendi cul ar coercive
force (perpendipgulat fchias 1012 25 1280 451 /kA) ) GRd 30 r@E)prEesaiianeness
ratio Rs was 0.92;, and a réverse nagnetic domain generating nagnetic field
Hn was 63.2 kAQml(8QR/@2)).. AYn prapaicent f mamH-he grelteistanstipmbet ween t he
per pendi cul ar coercive force 5 ~ and Hn, the slope of the MH | oop of the
obt ai ned per perditeHian mRENeld edleedd g nediordams: stigdp,thendi cating hi gh
recordi ng resol ution. The recordi ng/reproduction characteristics of the
medi um A-1 wer eaemaltiat edhana arsimics td deead ithe odigngetd d ra@siing wi de
singl e pole recording head and 0. 22-,um w de GVR reproduci ng el enent and
correspoldi ng tlayerd. oati ng anobunt of 15 nm As an index of the recording
resolution, a half-w dth PWO0 of the waveform obtained by differentiating a
solitary reproducti dfhema Magnalbl@. DeoridisRd oFRide T 3G9 abte Y. S Al so,
a ratio (medi um noise ratig@ SNm of  noise (rns valnch)ato a |l owfrequency

f

solitary signamogulils vt AP gty OB FPIEd % 9257 i on wave
processed by a iffer@ntiaﬂin circuit magﬂf%:3 q?thﬁp réﬂel For
conparison, a petPendit i & T2dori ny! dedi Um B T Xwas franuf act ur ed
fol |l ow th : d f i -4 of di t
hat “no- S0, SO EREIRTT 1o v ot R T L o 1R R e G O°P
el ectronggnet | %&Wﬂé'%%%ﬁ%ﬁé&s@é’%é@é 'é’f‘féé’@f@é%”ﬁ{/ the

reproduction characteristic eva wer e perforned - on the

obt ai ned medi unBrdrdd fdh SEHB: FBANESN aSt FécENborhdediadge The obt ai ned
results are shown in Table 1 (to be presented later). The characteristics

of the nedi um Bydgwet £ thet sSttdey pey peeli tuv et se ard ghaeodor tet s 300. 2
KA/m (3,800 Ce), the squareness ratio Rs was 0.90, the reverse magnetic

domai n gener at i eff exeignies i wo f | B dgdiwhers E@3nPaked wiBOOtIge)naghetyadeue of

PW0 was 9.1 nanoseconds, and the value of SNmwas 22.6 dB. 10 The nedi um
A-1 was superi o?f i the ecoysii ablonaghet i onamhso SrePY o0 f he GedruhPB-1. Al so,
since the value of Hn of the nmedium A-1 increased, an outfgt reducti on by

thermal decay vié@wevensofibeagkangethe Reli da9Bl9iBLY $HptOVERSEo

-0.12% decade in the 15 nmedjum A-1. Enbogi rregt 2 . .
compared with the magnitude of magnetic anisotropy

dispersion, and can have a favorable effect on the
coercive force dispersion.
Also, the change in magnetic anisotropy by the

20 inverse magnetostriction effect cannot be ignored when
compared with the value of Hn representing the reverse
magnetic domain generating magnetic field of the
recording layer. Accordingly, the thermal decay
‘resistance can also be increased.

25 For instance, in some embodiments, as the magnetic
recording layer, a perpendicular magnetic recording

layer can be used.



Fol |l owi ng the sane procedures as in Enbodinent 1, a 5-nmthick N -50at %Al
seed filmand 5-nmthick Cr-20at%b alloy filmwere fornmed on a
crystallized 20 gl ass substrate. In addition, a multi-layer was forned as a
| ongi tudi nal nmagnetic recording layer on this alloy filmby first formng a
20-nm thick Co-20at%Cr-|16at%t-8at%B film and then formng a 4-nmthick

Er Fe2 hi gh-magnetostriction fil mhaving | @4ge-25 magnetostriction. After
that, a carbon filmand lubricating | ayer were forned followi ng the sane
procedures as in - 27 Enbodinment 1, thereby obtaining a |ongitudinal

magnetic recording negidpdPendi @l ifadhechen®Bdor $864 | DOgdr ViAW showi ng

the arrangenent of the obtained | ongitudinal nmagnetic 5 recordi ng nedi um
A-2. As shown inavd Gither M Ssirmig-tludidadd moneiterd enondi g Ipgd xed has an
arrangenment in which a seed |layer 16, an underlayer 17, a multi-|ayer 29
made up of a | angidatdireal Egetd couldcidrarered aferuXirndidlQused, the

hi gh- magnetostriction |ayer 28, a carbon protective |ayer 26, and a

| ubri cating | aysanyfatustiown)paree st dok exbniml idd edhr durt oremicubstrate 1.
Kerr effect measurenment and el ectromagnetic conversion characteristic

eval uati on (recsraliagferls iy oRmtinee chartda aremendicial antnai)ees e
performed on the obtained |ongitudinal magnetic_ recording nediumA-2. The

obt ai ned resul tSeELHOWRYH Te €2 V- 1R R sentaldl Vet er9ascont rol 2 20
For compari son., & Longi Luglial mRanetis feeording iediymp-g yas obtai ned
perpendicular magnetic recording layer are that
the perpendicular direction is the easy axis of
10 magnetization, the layer has magnetic anisotropy and
alignment with which data can be well written by the
recording head magnetic field, recording bits are
stable at both high density and low density although
the magnetization unit is fine and noise is low, and no
15 magnetization reversal occurs due to an unnecessary
external magnetic field or adjacent recording.

For example, as the perpendicular magnetic
recording layer, in one embodiment, a hexagonal closest
packed (hcp) Co alloy can be used. When a Co alloy

20 having this hcp structure is stretched in the direction
of the easy axis of magnetization, the c¢/a axis ratio
of crystal-increases, so the magnetic anisotropy can be
decreased. Therefore, as a high-magnetostriction film
used in the perpendicular magnetic recording medium,

25 it is possible to use a film having positive
magnetostriction in the magnetic field direction and

negative magnetostriction in a direction perpendicular



as for the nedium A-2 except that no ErFe2 high magnetostriction filmwas
formed. Kerr effect neasurenent and el ectromagnetic 25 conversion

- characteristic evaluation (recording/ reproduction characteristic

eval uation) were perforned on the obtained | ongitudi nal nagnetic recording
medium - 28 B-2. The obtained results are shown in Table 2 (to be
presented later). The characteristics of f£he medi um A-2 of Enbodi ment 2
were that the |ongitudinal coercive force 5 (longitudinal Hc) was 355.5
kA/m (4,500 Ce), a longitudinal squareness ratio S was 0.86, and a coercive

force squareness hald daghatas &i®dd.AS A& ARBAER, fWrem the val ue of S*,
the slope of the WH | oop was steep, indicating high recording resolution.

10 I'n additi onpdiRndEeadMaladLRtadcti«n datsr itdti<s were eval uat ed
by using a heaé) i ncluding a 0.25-~cm wi de single pole recording head and
0.22-,um wi de GVRYh-epRigeiieisty iedtdrentf idnd eeqrarespdndiangliime et fdmat i ng
amount of 15 nm As an index of the 15 recording resolution, the half-w dth
PW0 of a sol i trempemsiiefudran was the) svmrfser ordsthen Fubaizdfieo aldie. Al so,
the value of SNmat a recording density of 500 kFCl was 23.1 dB. The

char act el st i csasftrant edi dhB- I regtelahal Xhe My fRRR (Udithe coercive

force was 379.2 kA/m (4,800 Ce),, the I ongitudinal squareness ratio S
0.78, the val usBis PREE wadf IPECifanos MHHIS BREP I SNSRI b R/%f'ske\gg 6 dB.
As described abqve, the nediu -2 was su e¢ior i n ﬁé.lrecordi n%%resol ution
and SNmto the uiasinet Hetic E1—"§I QP Het kS precediifes as in
Enbodi nent 1, - 29 a seed |layer, underlayer ard ti.c Y, weak
magnetic | ayer ,tl'é‘?'ldnas%ettJrfhg%eecﬁ%l%é]rré%/refa%ﬁ’e b k}fe t%@%%fjténnaégﬁe 1'% fil s
were formed on b t i1 o) t] er, a 5-nm
thick tin5 Iayegarss%l&a%g:ir% %eg f%)gl]%'?%in% meo/a% _octri %é%%% t g%e }t': eeié;rl?c/)ung' S

modul us wps smald.er; thand hatr Ot folOHF AL RE | BhE Tnd Nadhddod¥ FPIL S6n as

not to transmt strain to
is generated by this Co alloy-based magnetic film

alone, so the high-magnetostriction material can
function more effectively.
Even when a longitudinal magnetic recording layer
15 is used, the head magnetic field is applied in the
horizontal direction because a ring head is used.
Therefore, a high-magnetostriction material having a
positive magnetostriction constant in a direction
parallel to the film surface can be combined with a
20 longitudinally oriented Co alloy film.
As this high-magnetostriction film material, it is
possible to use, e.g., RFes-based materials such as
Smg  5Dyo,5Fes, TbyDyi-xFep, TbFep (oriented in [111]),
and ErFep, Fe3Pt, an Fe/Pt stacked film, an Fe/Pd
25 stacked film, an FeRAl alloy, a rare earth element-
containing Co alloy, and a ferrite-based material. The

magnetostriction of any of these magnetostriction



t he underlying soft magnetic film Furthernore, on this tin layer, a 4-nm

t hi ck SnD. 5Dy0. 5Fe2 high 10 magnetostriction film (2 x 10-4) was forned. On
*this film a 5-nmthick N -40at~Ta filmand 15-nmthick
Co-26at ~Cr-| 2at ~Pt-4at~B filmsimlar to those of Enbodinent 1 were forned
as orientation control layers. On these orientation control |ayers, a 20-nm
thick 15 Co-19atoCr-| 6at~Pt-latoB fil mhatieng-a magnet ostri cti on const ant

of 10-5 order was forned as a perpendicular recording |ayer. Since the tin
fil mhaving high hardness and a small Young's nodul us was fornmed between

the film 20 hayinQ,3 Jiar ¢anmNetRtdded oy consdinltidpd t e fOf tuggneti c
film the influence of nagnetostriction was not easily transmtted to the

soft magnetic fHithoge idr WS/ JReSSidlRided nedutr ehaigese ok tehiarader i stics
of the soft magnetic film A carbon filmand |ubricating 25 | ayer were
formed on the mestdrtiants,sStidiGialrfa-dndldhemHigiH-he iyt Juracadioresl &g d n
Enbodi nent 1, thereby obtaining a perpendi cular magnetic recordi ng nedi um

- 30 A-3. Afterard hd reiyndcse magnetic field was applied to the medi um A-3
in the radial direction by using a nmagnetizing apparatus in the same nanner
as in 5 Bnbodi nent Exadnmpkehyobrd exnbait raliey iwsablon af the hageetidi nal
hard magnetic filmin the radial direction. FIG 9 is a schematic sectiona
vi ew showi ng t Heecanhinge ferite omater feldiang AR LoGHRMY i FPHIRECO, the

per pendi cul ar magnetic recordi %mdi um A-3 has an arrangenment_in which a

seed | ayer 16, Lhideér SRGTAEEUa (R Rign e iy 1RCEE WRBER magnet i ¢

I 19, f1 tic | f t tic, fil 20 d

200, o ow ol ATy R ARUERENC o ST it Sy G & K bon | ayer 26
tacked i L ; frate_ | . .

ﬁir gh-s rrggngt o!stn ré%&oﬁjgﬁ ?e’(rjlt a?api%—b%loén%a’r gﬁé$g§%§€%¢@§§e§%‘nd %% nt? o‘?l?%yer

22, and jpet PNl A 244 YR, 28, 4 Of "BGed fed N Sa OLeT AL Neco pyer 31 1.

The multifilm 24, tirst orientatioh nmagnectic recordi ng asticity Kerr

ef fect neasurenpndcieddl Bl @et r orgnetp€, conversion characteristic eval uation
(recording/ reproduction characteristic evaluation) were perfornmed 25 on

the obtai ned medi umPoB éxahbBe safe DBNPSEs A51ENtEMOdi seod d1l1dheasbtai ned
results are shown in Table 1 (to be presented |ater). - 31 The magnetic

characteri sti csn@in tdibemett urnadd Puete ihetedde fles pandsctutepycovesker
force was 284.4 kA/m (3,600 Ce), the squareness ratio Rs was 0.91, and the
reverse magnet i thelonegme genetat e ngcbiomgnetweet i graith tasndke 6thay m (400
). A ig magnetic unit fine, and add Cr, oxygen, or SiOs to make
high-density recording feasible. When the magnetic
recording layer is formed, Cr readily segregafes in the
crystal grain boundary by substrate heating or the
like. Accordingly, the magnetic recording layer can
20 take a favorable structure in which the Co alloy
crystal in which the C axis of hpc is aligned
perpendicularly to the substrate is magnetically
separated and made fine by Cr. Even when oxygen or
Si0Op is added, a Co oxide, Cr oxide, or SiOp segregates
25 in the grain boundary to make this grain boundary

portion nonmagnetic, so oxygen or SiO, also functions

in the same manner as Cr. When oxygen is used, the



apparent fromthe rel ationship between the perpendicular He and Hn, the

sl ope of the MH | oop of the nmedium A-3 was steep, indicating high recording
resolution, conpared to the mediumB-1 in which neither 10 a

hi gh- magnetostriction filmnor a lowelasticity filmwas fornmed. Wen the
recordi ng/ reproduction characteristics were evaluated follow ng the sanme
procedures as in Enbodi nent 1, the hal - wldt h-PW60 was 8.3 nanoseconds, 15
a favorable value. Al so, the value of SNmwas 23.1 dB. The nedi um A-3 was
superior in recording resolution and SNmto the nmediumB-1. In addition,
since the val ugof; Jin iofe the, MRdigRvie i Rased W HRIHPWn Y educt i on by
thermal decay was -0.150/ decade in the medium B-1 but 20 inproved to

-0. 13% decade igndhe-JmdindgtAny. Enbodi ment 4 A perpendi cul ar magnetic
recordi ng medi um A-4 was obtained foll ow ng the sane procedures as in
Enbodi ment 1 except Alalinddr baper peandilse| tormegnsd | o2b tleeanaimegtiayer, a
2-nmthick PtFe3 filmhaving a | arge nmagnetostriction constant of 1 x 10-4
and a 2-nmt hi ckedapgiRi@A £ydmm havi ng ani sotropy Hk larger than a - 32
saturation magnetic field Hs of the magnetic recording |layer were forned in
this ordér in place &$ tibs SadeDiaySFedy hvlghchughet @sY?Fat | IRl FPTROPA
pul se magnetic field was applied to the obtained 5 medium A-4 in the radia
direction in thefsthe emnviearl graikrEmbdibeftadnet e esP e RMi HRyer

magneti zati on of the |ongitudinal hard magnetjc filg%n t he radjal,

direction. Al scfal hRRIASEESI W R& RER RS H AT W TRF P10t Sahi
d f t di -4 t that Co 20 fil f d.
A Cor that, o JOtSETEG et | P TER P PRt ot MU T The Sl (/85 i n 1 he
o e BT ; T e .
5 Enbodi rent | BoRiatReb e AR A AR PRER R 0P ARt MIBLERIIET B0

magnet| qdilmipnide tagial cileehi ObruftGre 10-1 @ SchedBiLe, seational

vi ew show ng t he arrangenent of e medium A-4. 20 As shown in FIG 10, the

medi um A-4 has RecsaFBe ok 1 S988HEPACREI hecardiam Py lgsbwunpaPaFL&L o
except that a perpendi cul ar magnetic recording | ayer 23,

hi gh- magnet ostrigéi bt atd3, anddwhigh- ks f &l paBdias ecdHnsrit onlassecond
orientation control layer 22, 25 instead of the nmulti-layer 25 nmade up of
t he to that of the recording layer.
Also, a seed layer can be formed before the
15 underlayer is formed. Examples of the seed layer for
the underlayer capable of orienting the crystal
anisotropy in the perpendicular direction are Ti, Pt,
Pd, Au, NiAl, Hf, Ru, Ge, NiTa, CoNiTa, NiNb, CoNiNb,
Ag, Al, Si, and C.
20 At a position separated from a recording track,
the head magnetic field is applied in a direction
different from the track position. Therefore, the
high-magnetostriction layer so acts as to increase the
anisotropy of the magnetic recording layer. In this
25 manner, the head magnetic field effectively functions
against the problem that information on an adjacent

track is erased during recording.



per pendi cul ar magnetic recording | ayer 23 and hi gh-magnetostriction film
24. - 3 FIG 11 is a schematic sectional view show ng the arrangenent
 of the medium A-5. As shown in FIG 11, the medium A-5 has the same
arrangenment as the nmedium A-1 showmn in FIG 7 except 5 that a perpendicul ar
magneti c recording |ayer 23 and hi gh-magnetostriction film 33 are fornmed on
a second orientation control |ayer 22, - ndtSead of the nultilayer 25 nmade up
of the perpendicul ar nmagnetic recording |ayer 23 and hi gh-nmagnetostriction
film24) 10 Kerr effect neasurenent and el ectromagnetic conversion
characteristic eval uatifm {4 esr €hUndEPT PEEt b QPashar et 6Fisht Ong

eval uation) were perforned on the obtained nedia A-4 and A-5 in the sane
nmanner as in Engodi tall ailies obtShesit rasall dsyst£l sdeans nidScHable 1 (to
be presented later). The magnetic characteristics of the nmediumA-4 were
that the perpengigidiaic coefstdend O £¥e Mabn 28de 41 dfd M UBiHHD Ekyecthen
squareness ratio Rs was 0.93, and the reverse nagnetic domain generating 20
magnetic field die vixs, 435 GAilnm (G830 OefrWw WherB t herCec ov di ViKY r ejip oduct i on
characteristics were evaluated followi ng the same procedures as in

Enbodi meri 1, t¥eChaldndiNkh. PVED Wae Seed nhawsecohdsis apeasdlehdl €oval ue.

Al so, the value of SNmwas 23.4 dB. 25 The characteristics of the medi um
A-5 were that twEe pEkbbndiefl arTHber¥9Qe 29r Rl madR@52: 8 kA/ m (3, 200 Ce),

t he squareness ratio_Rs was 0.90, the - 34 reverse netic domain
generating magnetic Wh%ﬁdaFﬂeﬁﬁgné#qBﬁaEAWﬁg?ggbcCﬁ??ogagngahﬁ¥eﬁf1§Nn1mas
23.0 dB, and the val ue of PWs0 s 8.7 nanosecond which was_I| arger than
t hat of nediun1§94b%ufbfﬁﬁ e?stﬁgﬁ Tﬂ%?eg CSr?ﬁ%r%%%gu ¥ issaggcribed
above, the nedia of fhe present_invention [ rj [ i.ng
resol uti on and %ﬁﬁ?e#%Cad%Y??o%?ng?%céogﬂggeggﬁéggﬁ tﬁiﬁfg?%ggﬁéggﬁ%gk-4

i ncreas an qﬁ%ggétigd%%&ég&iﬁ%/%ggégagngegﬁg ;Qb§@§a3§;15~/decade in the

medi um B-1 but ove ade 1n the nmedium A-4. Likew se, the

out put reduction of fhenmediyRtAnaghaeic0143¥-daaadag hebhehabRarikhat of
t he medi um B-1. Enbodi nent 5 15 A perpendicul ar magnetic recordi ng nmedi um

A-6 was obt ai negefipbhio Ngyt he SarRed) ogeduresldsdi dothbediapaked except
that instead of the nmulti-layer nade up of the perpendicul ar nagnetic
recordi ng | ayerpandehdjbuhagneeédstmi bavdngf al pprpendiciuilbayrag@6tueas f or ned
by forming a 12-nmthick Co-l19at~Cr-16atoPt-lat$B fil m having an easy axis
of magneti zati onecordhegpbapendpouthisdepétt negnasia pavpendscul ar nmagnetic
recording layer, a 2-nmthick SnD.5Dy0.5Fe2 hi gh-magnetostriction film

havi ng al®5 magpletasneflcti bn Ebiast dapbse-2ayered4prasrandiftiéprajfediulind an

8-nmthick Co-19at~Cr-|6at~Pt-lat~B filmin this order. - 35 _
the soft magnetic layer performs part of the function

of a magnetic head, i.e., horizontally passes the
recording magnetic field from a magnetic head, e.g., a
single pole head for magnetizing the perpendicular

20 magnetic recording layer, and returns the recording
magnetic field to the magnetic head. That is, the soft
magnetic field applies a steep sufficient perpendicular
magnetic field to the magnetic recording layer, thereby
increasing the recording/reproduction efficiency.

25 As the soft magnetic material, it is possible to
use CoZrNb, FeCoB, FeCoN, FeTaC, FeTaN, FeNi, and

FeAlSi, each of which has a high saturation magnetic



After that, a pulse magnetic field was applied to the nediumA-6 in the
radial direction by using a magneti zing apparatus in the sanme nmanner as in
* Enbodi nent 1, thereby orienting magnetization of the 5 | ongitudinal hard
magnetic filmin the radial direction. FIG 12 is a schematic secti onal

vi ew showi ng the arrangenent of the nediumA-6. As shown in FIG 12, the
medi um A-6 has the sane 10 arrangenent —aslfhe-nedi um A-1 except that a
nmufti-layer 38 nade up of a perpendicul ar nmagnetic recording | ayer 23,

hi gh- magnetostriction film 37, and perpendi cul ar magnetic recording | ayer

23 is formed oryia;seeand 1of i-ent aldwir At rd avrinedd.c idrsdwead of the multi
15 | ayer 25. Kerr effect neasurenent and el ectronagneti c conversion

characteri sti c temalgtdtdson (recordi ng/ reproduction characteristic

eval uation) were perfornmed on the obtained nediumA-6 in the same manner as
in 20 Enbodi nent 1. Iheaddhitaiored a ésidd saEwlei cdioven i e viebl sudh (29 de
presented |l ater). The nagnetic characteristics of the nmedium A-6 were that
t he perpendi cullangiderdined fhamwe megna7ix; 55 kpvan (31 45ER@Oadirt sguar eness
ratio Rs was 25 0.91, and the reverse nagnetic domai n generating magnetic
field HnSwas 3IfBlrkAan (0Eaed A e cappdrero it sradiRt kel layonsme

bet ween the - 36 perpendicular He and Hn, the slope of the MH | oop of
the medium A-6 SiRsiaded, TR EREhJRARAL Yot g $EEot Ut S Vihen t he

recordi ng/ reproduction characteristigs, 5 of th,és rchdi um wer e eval uat ed
fol I owi ng the RAEPrHTRBE 2l %hb%di‘ah%rhec e QoA HY IR R PWE0 was

8.3 nanosecondséplakg aﬁ/cg){saeb.l € 'f/ﬁié u&éne’?‘l"ésgiorg hc(>af Ve‘?lrﬁjéagr%tic wall can be

prevented by applying a magnetic field in one direction
10 of the radial direction of the bias application layer,
thereby applying a bias magnetic field to the soft
-magnetic layer formed on the bias application layer.
It is also possible to give the bias application layer
a stacked structure to finely disberse the anisotropy
15 and make a large magnetic domain difficult to form.
Examples of the bias application layer material
are CoCrPt, CoCrPtB, CoCrPtTa, CoCrPtC, CoCrPtCuB,
CoCrRuB, CoCrPtWC, CoCrPtWB, CoCrPtTaNd, CoSm, CoPt,
CoPtO, CoCrPtO, CoPt-SiOp, and CoCrPt0-S5iOs.

20 FIG. 4 is a schematic sectional view showing the
arrangement of the fourth example of the magnetic
recording medium of the present invention.

As shown in FIG. 4, a magnetic recording medium 40
has the same structure as shown in FIG. 1 except that

25 between a substrate 1 and a multi-layer 4 having a
magnetic recording layer 2 and high-magnetostriction

layer 3, a bias application layer 13 and soft magnetic



SNm was 23.5 dB. As described above, the nedium A-6 was superior in 10 the
recording resolution and SNmto the nediumB-1. In addition, since the
*value of Hn of the medium A-6 increased, an output reduction by thermnal
decay inproved to -0.120/ decade conpared to the nmedium B-1. Enbodi nent 6 15
A perpendi cul ar magnetic recording nmedium A-7 was obtained foll ow ng the
sane procedures as in Enbodi nent 1 except2fhat a 5-nmthick Ti film and
5-nmthick Ru filmwere forned instead of the Ni-40at~Ta orientation
control l|ayer and Co-26at~Cr-| 2at ~Pt - 4at ~B 20 underl ayer, a 20-nmthick
CoPt Cr O fil mwas, Jaor M 4% &diefdeend ey JrRanetiron el dutgdramer 10n the
Ti and Ru filnms DBy performng sputtering in an Ar anbi ent containing oxygen
by using a Co-20at ~Ptn | &t itGrod ,argetow-adth $t ¥e ity thd wdr H¥Bri9{y & SFe2

hi gh- magnetostriction 25 filmhaving a magnetostriction constant of 4 x
10-4 was for nedame hinghiulagnatonsty itttdrontHdt raforttehes qir perydictullar
magneti c recordi ng | ayer. - 37 After that, a pulse magnetic field was
applied to the Inpdirumak Aligo the foadied kuhtveesn drhdysafdi mpanatdghet i zi ng
apparatus in the sanme manner as in Enbodinent 1, thereby orienting

magneti z& i on dfayen rnd anglittirdiakdr hard magnetic filmin the radial
direction. FIG 13 is a schematic sectional view show ng the arrangenent of
the nmedium A-7. As sHovh levR@stbcitnel ek uhs AFL¢ESE e sane 10
arrangenent as Enbodi nent 1 except that pr'sfgéa%ion control |ayers 39 and
41 are forned (FEIEAPRAC R it %‘be@e%jo ot SHRLVHTOl |ayers 21

and 22, and a | ti-layer 44 made up, of, a per i cul ar_ magnetic recording
| ayer 42 cont air%Wgr'ox SHAINBES hi bh-Ha %ﬁ%ﬁf? e olﬁsﬁiafgm 43 is formed

instead of th | t]-{.a 2 ' di cul
magnet i c. 1 ecor ol WeH L 0 TES ) OPRER 15T o T T, ReEpendlcular

diu or ned oW ng
10 bismuth, or a polymer material such as polyester or
polyimide.

FIG. 5 ié a schematic sectional view showing the
arrangement of the fifth example of the magnetic
recording medium of the present invention.

15 As shown in FIG. 5, a magnetic recording medium 50
has the same structure as shown in FIG. 4 except that a
low-elasticity layer 15 is formed between a multi-layer
4 and soft magnetic layer 14.

Referring to FIG. 4, a nonmagnetic underlayer (not

20 shown) for improving the perpendicular orientation of
the magnetic recording layer can élso be formed on the
soft magnetic layer 14. This underlayer also has a
function of causing magnetic separation between the
recording layer and soft magnetic layer, thereby

25 preventing degradation of the characteristics of the
soft magnetic layer. As the underlayer, for example,

in some embodiments, it is possible to use a material,



sanme procedures as for the medium A-7 except that no 20 TbO. 5Dy0. 5Fe2

hi gh- magnetostriction filmwas fornmed. Kerr effect neasurenent and

- el ectromagneti c conversion characteristic evaluation (recording/
reproduction characteristic evaluation) were perforned on the obtained
media A-7 and B-3. 25 The obtained results are shown in Table 3 (to be
presented | ater). The nagnetic characteri®tics of the nmediumA-7 - 38
were that the perpendicul ar coercive force was 331.8 kKA/m (4,200 Ce), the
squareness ratio Rs was 0.94, and the reverse nagnetic domai n generating

magnetic fieldgshpwag Q7n%%m%éﬁ@hﬁ%5@o@?Lbaé%diﬁa@e@@ﬁ@r%&tRUU@@§é33

rel ati onship between He and Hn, the slope of the WMH |oop of the nedi um was

steep, indicatiyRgehiigh,r eocdl fdKeesehkt hep sthertiuie or fcc
recordi ng/ reproduction characteristics were evaluated follow ng the sanme

procedures as istri@thFeqdiifenhith the kdlofsesitdipacRebl feas teddidyoseconds,
a favorable value. Also, the value of SNmat a recording density of 500
kKFCl was 23.3 dBowen lidneidtiddmaiand, thiee stibartaetter,i siidcwhdfcht bas a
conventional nedium B-3 were that the perpendicular He 15 was 355.5 kA/m
(4,500 0B8), théatdquiarcmessteatt clRsenvds Ghe4d, afhdheevecse dimghdidyeonmai n
generating magnetic field Hh was 47.4 KA/Am (600 Ce), the value of PW0 was
8. 3 nanosecond§higndndes leglaye cen Smands g &4 g e AL T e iBedHfove, the
medi um A-7 was superior in 20 the recordin% resolution and SNmto the

medi um B- 3. | n™ddiiIaVeTS e AR HUSBIIH SO} HEFHEYIUAAF was | ar ger
{han that of LS I 3 QU GRlUC N e WSl decay 1o oved
Table 1 Medi uerlge_Ll.( KA/ m Rs Hn (kA/m PWs0
10 FIG. 6.is a partially exploded perspective view
showing an example of the magnetic
recording/reproducing apparatus of the present
invention.
A rigid magnetic disk 121 for recording
15 information according to the present invention is
fitted on a spindle 122 and rotated at a predetermined
rotational speed by a spindle motor (not shown). A
slider 123 mounting a single pole recording head for
accessing the magnetic disk 121 to record information
20 and an MR head for reproducing information is attached
to the end portion of a suspension 124 which is a thin
leaf spring. The suspension 124 is connected to one
end of an arm 125 having, e.g., a bobbin which holds a
driving coil (not shown).
25 A voice coil motor 126 as a kind of a linear motor
is attached to the othef end of the arm 125. This

voice coil motor 126 includes the driving coil (not



(nsec) SNm (dB)Qutput reduction

(/ decade) A- 1280. 450. 9263. 28. 223. 2- 0. 12A- 3284. 40. 9147. 48. 323. 1- 0. 13A- 4284. 40
*.9371.18. 223. 4-0. 11A-5252. 80. 9027. 658. 723. 0- 0. 13A- 6272. 550. 9139. 58. 323. 5-0.
12B- 1276. 50. 9023. 79. 122.6-0. 15 Table 2 MediunHe (~/m S SPW0 (nsec) SNm
(dB) A- 2355. 50. 860. 828. 623. 1B- 2379. 20. 840. 789.222.6 5 Table 3

Qut put HeHNPWsOSNmivedi unRsr educt i on( kA/ 7)) (R2/ my(nsec) (dB) (o/ decade) A- 7331. 80
. 9467. 157. 823. 2- 0. 10B- 3355. 50. 9447. 48. 322.4-0.12 I n the present invention
as descri bed above, the coercive force dispersion of a magnetic recording

redium i s SubsLantLal Lbudcteasad: (I soEBKES o ch messhble Lad norease

the recording reso ecreasing the magneti zation transition w dth,

i ncrease the npdigh®eS/N JiaidQ th a4861e @S ifea i@ nifaaRghlezald @mhd ransi tion
| ength of the magnetic recording nediumand naking its ani sotropi c magnetic

field Hc unif ordguntereRsikee cppdisdihg keromlo theaayn edies ttarc &idarsd afecord and
- 40 reproduce high-density information. Additional advantages and
modi fi cati ons whd drdadirlgy ceddur to those skilled in the art. Therefore,
the invention in its broader aspects is not limted to 5 the specific
details &nd represeriiag i amn erffodisréralsd dhovra lahd eresicrgbethdiersdiawn)
Accordingly, various nodifications may be nade w thout departing fromthe
spirit and scog®mfed Ha duvrer alpraw émd Veowsshaaptt ighsdexf ged i58d he
appended clains and their equivalents. , ,

shaft 127, and pivoted by the voice coil motor 126.

That is, the position of the slider 123 on the magnetic

disk 121 is controlled by the voice coil motor 126.

10 . Reference numeral 128 in FIG. 6 denotes a 1lid.

Embodiments

Embodiment 1

A 2.5-inch, hard-disk-like crystallized glass
substrate was placed in a sputtering apparatus, and the

15 apparatus was evacuated to 1 X 1072 Pa or less. After
that, the substrate was heated at 1,700 W for 7 sec,
and sputtering was performed at an Ar pressure of
0.6 Pa by using an Ni-50at%Al target, thereby forming a
5-nm thick NiAl film as a seed layer.

20 Subsequently, a 5-nm thick Cr alloy underlayer for
orienting a hard magnetic film in the longitudinal
direction was formed on the NiAl film. On this Cr
alloy underlayer, a 15-nm thick
Co-19at%Cr-14at¥Pt-lat¥Cu-1at%B hard magnetic film for

25 applying a bias magnetic field to a soft magnetic film

was formed.

In addition, on the thus obtained hard magnetic



- 41 WHAT IS CLAIMED I'S: 1. A magnetic recording nmedium conprising, on a
substrate, a multi-layer including a magnetic recording | ayer and a

* high-magnetostriction | ayer having nagneto 5 striction |arger than that of
the magnetic recording layer. 2. A nediumaccording to claim1l, wherein the
magneti c recording layer is a perpendicul ar magnetic recording |ayer having
per pendi cul ar magnetic 10 ani sotropy. 3. A3nedi um according to claim 2,
further conprising a soft nagnetic | ayer between the substrate and the
multi-layer, wherein the nufti-layer further includes, on a substrate side

thereof, a lO“thﬂ§t'Cbtﬁm;%ﬁl%%etoh@%h%%C%—!@%&%R% ARG Us Jrwar: than t hat
of the soft magnetic | ayer medi um according to claim I, wherein the

hi gh- magnet ost iz a4 QR sl #ehia% A REIRMNOTHE eligpr taeRtiam fiaigry than 5 X
10-5. 20 5. A nedium according to claiml1l, wherein a saturation nagnetic

field of the hisghefR@ametRsiveeet itdR [1ayeri tuslinargera richam grfeati coff itlve
magnetic recording layer. 6. A nmediumaccording to claiml, wherein the 25
hi gh- magnet ost rinegt izosdfay eragnediudeid 1o contiitnat idon tdfisa weak magnetic

hi gh- magnetostriction filmand a high-saturation nmagnetic-field film having
a saturati on negist,i @ flidd-em thigk Joarfpdrd12radatidic &l lihenthgfetne
recording layer. 7. A nediumaccording to claiml, wherein the

hi gh- magnet ost rirdtdk £dfpdrs Tardaidds diileayareormed as a soft

magnetic layer.
Furthermore, on this soft magnetic layer, a
5-nm thick Ni-40at%Ta film and a 15-nm thick
10 Co-26at%Cr-12at%Pt-4at%B film having a high Cr
composition to function as an initial growth layer of a
magnetic' recording layér were formed as orientation
control layers.
After that, a multi-layer was formed on this film
15 by first forming a 20-nm thick Co-19at%Cr-l6at¥Pt-1atiB
film having a magnetostriction constant of 1 X 1073 as
a perpendicular magnetic recording layer, and then
forming a 4-nm thick Smg, sDyg.5Fey high-
magnetostriction film having a magnetostriction
20 constant of 2 X 10~4 larger than that of the magnetic
recording layer.
After a 6-nm thick carbon film.was formed on this
multi-layer by CVD, a perfluoropolyether (PFPE) film
having a thickness of 1 nm or more was formed as a
25 lubricating layer by dip coating, thereby obtaining a
perpendicular magnetic recording medium A-1.

A pulse magnetic field of 1,185 kA/m (15 kOe) or



menber selected fromthe group consisting of RFe2 (Ris 5 a rare earth

el enent), TbFe2, ErFe2, SnxDyl xFe2, TbXDyl xFe2, an Fe/ Pt stacked film
*and a Co/Pd stacked film 8. A nediumaccording to claim1, wherein the
magnetic recording |ayer contains at | east one of 10 cobalt and iron, at

| east one of platinumand palladium and at | east one of chrom um and
oxygen. 9. A magnetic recording/reproduci @ apparatus conprising a
recordi ng medi um whi ch conprises, on a substrate, a multi-layer including a
magneti c recording 15 | ayer and a hi gh-magnetostriction |ayer having

magnet o stri cti@yd af0elagdakd hf 19fe IR JMBENLHG JRRACHING: Indipletiand a
recordi ng/ reproduci ng head. 10. An apparatus according to claim?9, wherein

the recordi ng/ RGN GndtBagh i7s-1a isi e pelia r eleeditipr’bheadndla An
apparatus according to claim9, wherein the magnetic recording |layer is a

per pendi cul ar @At i irer epbaxg teyerirhatder per panicindu Inergrrestminet i icon

ani sotropy. 25 12. An apparatus according to claim11l, further conprising a
soft magneti ¢ |y erhebeltomasint udiien aslu hstnch trea cared: ftchef inhd tiin [tEheernadsieel ei n t he
mul ti-layer further - 43 includes, on a substrate side thereof, a

| ow el astS city disysrtivavi righer elaurmpl wodll aid lasmaradiiedn ¢ Hatelst the sof t
magnetic |layer. 13. An apparatus according to claim9, wherein the 5

hi gh- magnet ost rika it BMagnaialc d arinet ﬁ? ek gpnasst ronelfer than 5 X

105, L6 fo snparetus according, 9 SLal M, her <L el sy on megnet ¢
magnetic recording FIG. 7 shows the arrangement of the obtained
medium A-1.

10 As shown in FIG. 7, the medium A-1 has an
arrangement in which a seed layer 16, an underlayer 17,
a hard magnetic layer 18, a weak magnetic layer 19, a
soft magnetic layer 20 made up of soft magnetic films
20a and 20b, a first orientation control layer 21, a

15 second orientation control layer 22, a multi-layer 25
made up of a perpendicular magnetic recording layer 23
and high-magnetostriction film 24, a carbon layer 26,
and a lubricating layer (not shown) are stacked in this
order on a substrate 1.

20 Kerr effect measurement and electromagnetic
conversion characteristic evaluation (recording/
reproduction characteristic evaluation) were performed
on the obtained medium A-1. The obtained results are
shown in Table 1 (to be presented later).

25 The magnetic characteristics of the medium A-1
evaluated by using the Kerr effect were that the

perpendicular coercive force (perpendicular Hc) was
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| ayer. 16. An apparatus according to claim9, wherein the
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- group consisting of RFe2 (Ris a rare earth elenent), TbFe2, ErFe2,
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25 Kerr effect measurement and electromagnetic
conversion characteristic evaluation (recording/

reproduction characteristic evaluation) were performed
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The characteristics of the medium B-1 were that
5 the perpendicular coercive force was 300.2 kA/m
(3,800 Oe), the squareness ratio Rs was 0.90, the
reverse magnetic domain generating magnetic field Hn
was 23.7 kA/m (300 Oe), the value of PW50 was
9.1 nanoseconds, and the value of SNm was 22.6 dB.

10 The medium A-1 was superior in recording
resolution and SNm to the medium B-1. Also, since the
value of Hn of the medium A-1 increased, an output
reduction by thermal decay was -0.15%/decade in
the medium B-1 but improved to -0.12%/decade in fhe

15 medium A-1.

Embodiment 2

Following the same procedures as in Embodiment 1,
a 5-nm thick Ni-50at%Al seed film and 5-nm thick
Cr-20at%Mo alloy film were formed on a crystallized

20 glass substrate. In addition, a multi-layer was
formed as a longitudinal magnetic recording layer
on this alloy film by first forming a 20-nm thick
Co-20at%Cr-1l6at%Pt-8at%B film, and then forming a 4-nm
thick ErFep high-magnetostriction film having large

25 magnetostriction.

After that, a carbon film and lubricating layer

were formed following the same procedures as in
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FIG. 8 is a schematic sectional view showing the
arrangement of the obtained longitudinal magnetic

5 recording medium A-2.

As shown in FIG. 8, this longitudinal magnetic
recording medium has an arrangement in which a seed
layer 16, an underlayer 17, a multi-layer 29 made up
of a longitudinal magnetic recording layer 27 and

10 high-magnetostriction layer 28, a carbon protective
layer 26, and a lubricating layer (not shown) are
stacked in this order on a substrate 1.

Kerr effect measurement and electromagnetic
conversion characteristic evaluation (recording/

15 reproduction characteristic evaluation) were performed
on the obtained longitudinal magnetic recording medium
A-2. The obtained results are shown in Table 2 (to be
presented later).

Control 2

20 For comparison, a longitudinal magnetic recording
medium B-2 was obtained following the same procedures
as for the medium A-2 except that no ErFep high-
magnetostriction film was formed.

Kerr effect measurement and electromagnetic

25 conversion characteristic evaluation (recording/
reproduction characteristic evaluation) were performed

on the obtained longitudinal magnetic recording medium
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P10 coercive force ‘squareness r tio was 0.82 s 1is

apparent from the value of s*, the slope of the MH loop
was steep, indicating high recording resolution.

10 In addition, the recording/reproduction
characteristics were evaluated by using a head
including a 0.25-um wide single pole recording head and
0.22-um wide GMR reproducing element and corresponding
to a floating amount of 15 nm. As an index of the

15 recording resolution, the half-width PW50 of a solitary
waveform was 9.0 nanoseconds, a favorable value. Also,
the value of SNm at a recording density of 500 kFCI was
23.1 dB.

The characteristics of the medium B-2 were that

20 the longitudinal coercive force was 379.2 kA/m |
(4,800 Oe), the longitudinal squareness ratio was 0.78,
the value of PW50 was 9.2 nanoseconds, and the SNm
ratio was 22.6 dB.

As described above, the medium A-2 was superior in

25 recording resolution and SNm to the medium B-2.

Embodiment 3

Following the same procedures as in Embodiment 1,
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0910%Bs g? 3 layer (E = 5 X 1010 N/m2) was formed such that the
Young's modulus was sﬁaller than that of a CoZrNb film
(E =1 x 1011 N/m2) so as not to transmit strain to
the underlying soft magnetic film. Furthermore, on
this tin layer, a 4-nm thick Smg, sDyp,5Fep high-

10 magnetostriction film (2 X 10~4) was formed. On this
film, a 5-nm thick Ni-40at%Ta film and 15-nm thick
Co-26at%Cr-12at%Pt-4at%B film similar to those of
Embodiment 1 were formed as orientation control layers.
On these orientation control layers, a 20-nm thick

15 Co-19at%Cr-1l6at%Pt-lat¥B film having a magnetostriction
constant of 107° order was formed as a perpendicular
recording layer;

Since the tin film having high hardness and a
small Young's modulus was formed between the film

20 having a large magnetostriction constant and the soft
magnetic film, the influence of magnetostriction was
not easily transmitted to the soft magnetic film, so it
was possible to reduce changes in characteristics of
the soft magnetic film. A carbon film and lubricating

25 layer were formed on the resultant structure following
the same procedures as in Embodiment 1, thereby

obtaining a perpendicular magnetic recording medium
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direction.

FIG. 9 is a schematic sectional view showing the
arrangement of the medium A-3.

10 As shown in FIG. 9, the perpendicular magnetic
recording medium A-3 has an arrangement in which a seed
layer 16, an underlayer 17, a hard magnetic layer 18, a
weak magnetic layer 19, a soft magnetic layer 20 made
up of soft magnetic films 20a and 20b, a low-elasticity

15 layer 31, a multi-layer 32, and a carbon layer 26 are
stacked in this order on a substrate 1. The multi-
layer 32 has a high-magnetostriction film 24, first
orientation control layer 21, second orientation
control layer 22, and perpendicular magnetic recording

20 layer 23 formed in this order on the low-elasticity
layer 31.

Kerr effect measurement and electromagnetic
conversion characteristic evaluation (recording/
reproduction characteristic evaluation) were performed

25 on the obtained medium A-3 in the same manner as in
Embodiment 1. The obtained results are shown in

Table 1 (to be presented later).
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0.91, and the reverse magnetic domain generating
5 magnetic field Hn was 31.6 kA/m (400 Oe). As is
apparent from the relationship between the perpen-
dicular Hc and Hn, the slope of the MH loop of the
medium A-3 was steep, indicating high recording
resolution, compared to the medium B-1 in which neither
10 a high-magnetostriction film nor a low-elasticity film
was formed.
When the recording/reproduction characteristics
were evaluated following the same procedures as in
Embodiment 1, the half-width PW50 was 8.3 nanoseconds,
15 a favorable value. Also, the value of SNm was 23.1 dB.
The medium A-3 was superior in recording resolution and
SNm to the medium B-1l. In addition, since the value of
Hn of the medium A-3 increased, an output reduction by
thermal decay was -0.15%/decade in the medium B-1 but
20 improved to -0.13%/decade in the medium A-3.
Embodiment 4
A perpendicular magnetic recording medium A-4
was obtained following the same procedures as in
Embodiment 1 except that on a perpendicular magnetic
25 recording layer, a 2-nm thick PtFe3 film having a large
magnetostriction constant of 1 X 104 and a 2-nm thick

CoggPtog film having anisotropy Hk larger than a



10% & ()- @O0% & ()- 10% & ()-yJy[yyyy.zdEnN 910! 996! 10% &' () -
YAF10% & ()- y210% & ()-010% & ()- 10%&'()-#10%&'()- . z[zzzzz78{| =

* 9l xsOY" 109%x& ()-:![sOY" 109 H H& ()-: ml0%4& ()- 10\ 10\ 10\ 9' 10% & ()-
810% & ()-| G M} C-r~~z[< = .

109848 () - & 9% 1098& ()- @& 9% 109HHE ()-@"10% & ()-!1"109%HH& ()-!1"10%s& (
)-~~9rS1 I [s Y'10% H H& ()-9, &rl0%4& (¥- 30 16

10! 92nt 10%&' ()-]!92nf 109 ()-]13 0i 10%4& () - AzX9r S1

[ &% ! 10%& () - @&%110%4H&() @10%-& ()- !"109%H& ()- !"109%& ()-

lds” Y" 10%VAVE Q) PN 3 na @t&c( )fl%ﬁ%p%s&o(f) +hE0&B: c recording
1088'90"10@88&f() B 190" 109 . 10918 () - N~dEr

1 710S10% & () - 981Q% &elde S:Hl%er%i (1)rr tH0% &rder 1HOPIRA @AY () - dEr S4

Smg . 5Dyg.5Fepy high-magnetostriction film.
A pulse magnetic field was applied to the obtained
5 medium A-4 in the radial direction in the same manner
as in Embodiment 1, thereby aligning magnetization of
the longitudinal hard magnetic film in the radial
direction.
Also, a medium A-5 was manufactured following the
10 same procedures as for the medium A-4 except that no
CoggPtop film was formed.
After that, a pulse magnetic field was applied to
the medium A-5 in the radial direction by using a
magnetizing apparatus in the same manner as in
15 Embodiment 1, thereby orienting magnetization of the
longitudinal hard magnetic film in the radial
direction.
FIG. 10 is a schematic éectional view showing the
arrangement of the medium A-4.
20 As shown in FIG. 10, the medium A-4 has the same
arrangement as the medium A-1 shown in FIG. 7 except
that a perpendicular magnetic recording layer 23,
high-magnetostriction film 33, and high-Hk film 34 are
formed on a second orientaticn control layer 22,
25 instead of the multi-layer 25 made up of the
perpendicular magnetic recording layer 23 and

high-magnetostriction film 24.
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As shown in FIG. 11, the medium A-5 has the same

arrangement as the medium A-1 shown in FIG. 7 except

5 that a perpendicular magnetic recording layer 23 and
high-magnetostriction film 33 are formed on a second
orientation control layer 22, instead of the multi-
layer 25 made up of the perpendicular magnetic
recording layer 23 and high-magnetostriction film 24.

10 Kerr effect measurement and electromagnetic
conversion characteristic evaluation (recording/
reproduction characteristic evaluation) were performed
on the obtained media A-4 and A-5 in the same manner as
in Embodiment 1. The obtained results are shown in

15 Table 1 (to be presented later).

The magnetic characteristics of the medium A-4
were that the perpendicular coercive force was
284.4 kA/m (3,600 Oe), the squareness ratio Rs was
0.93, and the reverse magnetic domain generating

20 magnetic field Hn was 43.45 kA/m (550 Oe).

When the recording/reproduction characteristics
were evaluated following the same procedures as in
Embodiment 1, the half-width PW50 was 8.2 nanoseconds,
a favorable wvalue. Also, the value of SNm was 23.4 dB.

25 The characteristics of the medium A-5 were that
the perpendicular coercive force was 252.8 kA/m

(3,200 Oe), the squareness ratio Rs was 0.90, the
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reverse maghetic domain generating magnetic field Hn
was 27.65 kA/m (350 Oe), the value of SNm was 23.0 dB,
and the value of PW50 was 8.7 nanoseconds, which was
larger than that of medium A-4 but better than that of
the medium B-1.

As described above, the media of the present
invention were superior in the recording resolution and
SNm. In addition, since the value of Hn of the medium
A-4 increased, an output reduction by thermal decay
was -0.15%/decade in the medium B-1 but improved
to -0.11%/decade in the medium A-4. Likewise, the
output reduction of the medium A-5 was -0.13%/decade,
better than that of the medium B-1.

Embodiment 5

A perpendicular magnetic recording medium A-6
was obtained following the same procedures as in
Embodiment 1 except that instead of the multi-layer
made up of the perpendicular magnetic recording
layer and high-magnetostriction film, a multi-layer
was formed by forming a 12-nm thick
Co-19at%Cr-16at%Pt-lat3B film having an easy axis of
magnetization in the perpendicular direction as a
perpendicular magnetic recording layer, a 2-nm thick
Smg , 5Dyo.5Fes high-magnetostriction film having a
magnetostriction constant of 2 X 10-4 as an interlayer,
and an 8-nm thick Co-19at%Cr-1l6at%Pt-~lat%B film in this

order.

10H
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magnetizing apparatus in the same manner as in
Embodiment 1, thereby orienting magnetization of the
longitudinal hard magnetic film in the radial
direction.

FIG. 12 is a schematic sectional view showing the
arrangement of the medium A-6.

As shown in FIG. 12, the medium A-6 has the same
arrangement as the medium A-1 except that a multi-layer
38 made up of a perpendicular magnetic recording layer
23, high-magnetostriction film 37, and perpendicular
magnetic recording layer 23 is formed on a second
orientation control layer 22, instead of the multi-
layer 25.

Kerr effect measurement and electromagnetic
conversion characteristic evaluation (recording/
reproduction characteristic evaluation) were performed
on the obtained medium A-6 in the same manner as in
Embodiment 1. The obtained results are shown in
Table 1 (to be presented later).

The magnetic characteristics of the medium A-6
were that the perpendicular coercive force was
272.55 kA/m (3,450 Oe), the squareness ratio Rs was
0.91, and the reverse magnetic domain generating
magnetic field Hn was 31.6 kA/m (400 Oe). As is

apparent from the relationship between the

(A2YN
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the medium A-6 was steep, 1nd1cat1ng high recording
resolution.
When the recording/reproduction characteristics
5 of this medium were evaluated following the same
procedures as in Embodiment 1, the half-width PW50 was
8.3 nanoseconds, a favorable value. Also, the value of
SNm was 23.5 dB.
As described above, the medium A-6 was superior in
10 the recording resolution and SNm to the medium B-1. 1In
addition, since the value of Hn of the medium A-6
increased, an output reduction by thermal decay
improved to -0.12%/decade compared to the medium B-1.
Embodiment 6
15 A perpendicular magnetic recording medium A-7
was obtained following the same procedures as in
Embodiment 1 except that a 5-nm thick Ti film and 5-nm
thick Ru film were formed instead of the Ni-40at3%Ta
orientation control layer and Co-26at%Cr-12at%Pt-4atiB
20 underlayer, a 20~nm thick CoPtCrO film was formed as
a perpendicular magnetic recording layer on the Ti and
Ru films by performing sputtering in an Ar ambient
containing oxygen by using a Co-20at%Pt-16at%Cr target,
and a 4-nm thick Tbg, s5Dyg.s5Fep high-magnetostriction
25 film having a magnetostriction constant of 4 X 10-4
was formed as a high-magnetostriction film on the

perpendicular magnetic recording layer.
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Embodiment 1, thereby orienting magnetization of
5 the longitudinal hard magnetic film in the radial
direction.

FIG. 13 is a schematic sectional view showing the
arrangement of the medium A-7.

As shown in FIG. 13, the medium A-7 has the same

10 arrangement as Embodiment 1 except that orientation
control layers 39 and 41 are formed instead of the
first and second orientation control layers 21 and 22,
and a multi-layer 44 made up of a perpendicular
magnetic recording layer 42 containing oxygen and

15 high-magnetostriction film 43 is formed instead of the
multi-layer 25.

For comparison, a conventional perpendicular
maghetic recording medium B-3 was formed following the
same procedures as for the medium A-7 except that no

20 Tbgo .5Dyg.5Fes high-magnetostriction film was formed.

Kerr effect measurement and electromagnetic
conversion characteristic evaluation (recording/
reproduction characteristic evaluation) were performed
on the obtained media A-7 and B-3.

25 The obtained results are shown in Table 3 (to be

presented later).

The magnetic characteristics of the medium A-7
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were that the perpendicular coercive force was
331.8 kA/ml(4,200 Oe), the sguareness ratio Rs was
0.94, and the reverse magnetic domain generating
magnetic field Hn was 67.15 kA/m (850 Oe). As is
5 apparent from the relationship between Hc and Hn,
the slope of the MH.loop of the medium was steep,
indicating high recording resolution.
When the recording/reproduction characteristics
were evaluated following the same procedures as in
10 Embodiment 1, the hélf—width PW50 was 7.8 nanoseconds,
a favorable value. Also, the value of SNm at a
recording density of 500 kFCI was 23.3 dB.
On the other hand, the characteristics of the
conventional medium B-3 were that the perpendicular Hc
15 was 355.5 kA/m (4,500 Oe), the squareness ratio Rs was
0.94, the reverse magnetic domain generating magnetic
field Hn was 47.4 kA/m (600 Oe), the value of PW50 was
8.3 nanoseconds, and the value of SNm was 22.4 dB.
As described above, the medium A-7 was superior in
20 the recording resolution and SNm to the medium B-3. In
addition, since the value of Hn of the medium A-7 was
larger than that of the medium B-3, an output reduction
by thermal decay improved to -0.10%/decade while that

of the medium B-3 was -0.12%/decade.
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Table 1
Output
Hec Hn PW50 SNm
Medium Rs reduction
(kA/m) (kA/m) | (nsec) | (dB)
(3/decade)
A-1 280.45] 0.92} 63.2 8.2 23.2 -0.12
A-3 284.4 1 0.91| 47.4 8.3 23.1 -0.13
A-4 284.4 [ 0.93| 71.1 8.2 23.4 -0.11
A-5 252.8 | 0.90| 27.65 8.7 23.0 -0.13
A-6 272.5510.91| 39.5 8.3 23.5 -0.12
B-1 276.5 | 0.90 | 23.7 9.1 22.6 -0.15
Table 2
Hc PW50 SNm
Medium S S*
(kA/m) (nsec) (dB)

A-2 355.5 | 0.86 [0.82 8.6 23.1
B-2 379.2 10.84 10.78 9.2 22.6

Table 3

Output

Med Hc R Hn PW50 SNm Sucti
edium s reduction

(kA/m) (kA/m) | (nsec) | (dB)

. (%/decade)

A-T7 331.8 | 0.94} 67.15 7.8 23.2 -0.10

B-3 355.5 1 0.94 47.4 8.3 22.4 -0.12

In the present invention as described above, the
coercive force dispersion of a magnetic recording
medium is substantially decreased. This makes it
possible to increase the recording resolution by
decreasing the magnetization transition width, increase
the medium S/N ratio by decreasing the magnetization
transition length of the magnetic recording medium and
making its anisotropic magnetic field Hk uniform,

ensure a high thermal decay resistance, and record and
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reproduce high-density information.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to

5 the specific details and representative embodiments
shown and described herein. Accordingly, various
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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L recording layer having perpendicular magnetic

10 anisotropy.

3. A medium according to claim 2, further
comprising a soft'magnetic layer between the substrate
and the multi-layer, wherein the multi-layer further
includes, on a substrate side thereof, a low-elasticity

15 layer having a Young's modulus lower than that of the
soft magnetic layer.

4. A medium according to claim 1, wherein the
high-magnetostriction layer has a magnetostriction
constant larger than 5 X 1073,

20 5. A medium according to claim 1, wherein a
saturation magnetic field of the high-magnetostriction
layer is larger than that of the magnetic recording
layer.

6. A medium according to claim 1, wherein the

25 high-magnetostriction layer includes a combination of a
high-magnetostriction film and a high-saturation-

magnetic-field film having a saturation magnetic field
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8. A medium according to claim 1, wherein the
magnetic recording layer contains at least one of
10 cobalt and iron, at least one of platinum and
palladium, and at least one of chromium and oxygen.
9. A magnetic recording/reproducing apparatus
comprising a recording medium which comprises, on a
substrate, a multi-layer including a magnetic recording
15 layer and a high-magnetostriction layer having magneto-
striction larger than that of the magnetic recording
layer, and a recording/reproducing head.

10. An apparatus according to claim 9, wherein the

recording/reproducing head is a single pole recording
20 head.

11. An apparatus according to claim 9, wherein the
magnetic recording layer is a perpendicular magnetic
recording layer having perpendicular magnetic
anisotropy.

25 12. An apparatus according to claim 11, further

comprising a soft magnetic layer between the substrate

and the multi-layer, wherein the multi-layer further
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includes, on a substrate side thereof, a low-elasticity
layer having a Young's modulus lower than that of the
soft magnetic layer.

13. An apparatus according to claim 9, wherein the

5 high-magnetostriction layer has a magnetostriction
constant larger than 5 X 1072,

14. An apparatus according to claim 9, wherein a
saturation magnetic field of the high-magnetostriction
layer is larger than that of the magnetic recording

10 layer.

15. An apparatus according to claim 9, wherein the
high-magnetostriction layer includés a combination of a
high-magnetostriction film and a high-saturation-
magnetic-field film having a saturation magnetic field

15 larger than that of the magnetic recording layer.

16. An apparatus according to claim 9, wherein the
high-magnetostriction layer includes at least one
member selected from the group consisting of RFes (R is
a rare earth element), TbFep, ErFep, SmyDyji-xFep,

20 TbyDy1-xFes, an Fe/Pt stacked film, and a Co/Pd stacked
film.

17. An apparatus according to claim 9, wherein the
magnetic recording layer contains at least one of
cobalt and iron, at least one of platinum and

25 palladium, and at least one of chromium and oxygen.



