s €3eVRW-""#TS. O<V&6&T&V] 4 - 1- DESCRI PTION 5 MAGNETI C RECORDI NG MEDI UM AND
MAGNETI C STORAGE APPARATUS TECHNI CAL FI ELD The present invention generally
rel ates to magnetic recording nedia and nagnetic storage apparatuses, and
«nore particularly to a magnetic 10 recordi ng nedi um havi ng magnetic | ayers
whi ch are antiferromagnetically coupled vid~a nonmagnetic spacer |ayer, and
to a nagnetic storage apparatus which uses such a nagnetic recording

medi um 15 BACKGROUND ART The storage capacity of |ongitudinal magnetic
recordi ng nedia has been rising rapi d3°eR&PTdNeduction of nedia noi se,

t he devel opment of high-sensitivity spin-val ve heads, and. high- 20

magneti zation wite heads. i 1] 0 its/inch2 have
been denonstrated and such ﬁ?gﬁﬁggggﬁgﬁﬂgﬁggﬁéi?&@éﬁ%%ég%ﬁbthe ver ge of
bei ng applied for a commerci MANEDICI SRORANGE: . AHPBRABIENd for greater
recording degnsities for better 25 perform ng conputers is, however, show ng
an increasing trend jnposi.ng greater challenges for the recordi ng nedia and
ot her conponent desiﬁﬁEﬂ§§ﬁ§¥+H%U%¥%ia noi se involves witing a sharper
magnetic transition in thehagneisent ayriendQ okhigehsrgengr ald navehi eyed by
i ncreasing the I ecclvity, decr ing the thickness of magnetic
| ayer, decreamﬁgﬁﬁﬁgggr%%ﬁ%#%&?gﬁgegiéiﬁgﬁzﬂ??ﬁiFbeﬁ?PSFQﬁ t he
magneti c | ayer 2RPRIFABYAESI. cANd Meoe aPRAY Lchd agr by nsook  agmreginet i ¢
| ayer. 35 Decreasé®gdihg erediiumi ey PhgUlRakLeas! N9 i@ﬁe?@d%iékf"&ﬂ‘é‘e$s1
however, adversely.gffect t he LherfPI Stabillity of the recording nedia. The
t her mal antirerromagnetlcally coupled 'via a nonmagnetic

spacer layer, and to a magnetic storage apparatus

which uses such a magnetic recording medium.

15 BACKGROUND ART
The storage capacity of longitudinal
magnetic recording media has been rising rapidly due
to reduction of media noise, the development of
high-sensitivity spin—valvelheads, and high-

20 magnetization write heads. Recording densities
above 100 Gbits/inch? have been demonstrated and
such high recording densities are on the verge of
being applied for a commercial hard disk drive. The
demand for greater recording densities for better

25 performing computers is, however, showing an
increasing trend imposing greater challengeé for the
recording media and other componént design.

' Lowering media noise involves writing a
sharper magnetic transition in the magnetic lavyer.

30 This is generally achieved by increasing the media
coercivity, decreasing the thickness of magnetic
layer, decreasing the grain size and grain size
distribution of the magnetic layer, and magnetically
isolating the grains of the magnetic layer.

35 Decreasing the grain‘size or decreasing the media
thickness, however, adversely affect the thermal
stabllity of the recording media. The thermal



-2- stability of the magnetic layer is normally represented by how | arge
“he factor KuV/ kT is, where Ku denotes the magneti ¢ ani sotropy, V denotes
the volune of the grain, T denotes the tenperature, and 5 k denotes the
physical constant known as the Boltzmann constant. In order to have snall
grains which are thermally stable, the nmagnetic ani sotropy Ku has to be

i ncreased. The magnetic anisotropy field Hk is 10 defined as Hk = 2Ku/ M5,
where Ms denotes the saturation magnetization. A |large nmagnetic ani sotropy
field Hk nmeans sedaihetgoefcithiet wadnat it heaganosecansirnegilye where

normal Iy the wifj e...,nf.ar mat | o] rs far i gh;density nmedia |
with 15 hi gh-dzfte?%?sa%é é? P té%mﬁi%ﬁg%ogfﬁ%i 3%%0%43 %ﬂ%i t i'ig %(‘P’b nci es
puts severe |iMu fAenhtesdnthge nadnet headsisasdwr gé denbéesurttent s

required in ordeylume Wt 8nkNGRETE | OF 98n8YeR MBA oo AbbLetaWd € whi ch
can be prod ce% %wri te h adtsgq{aare 20 sel\}er ely Lim t% duettoedi %ﬂ?‘%m ties

in devel opihg HabREt FEEMBRERL SR} t EORELAS T HIPWeRdr FDE per f or mance,
which is the alEdltaméwnwebhetmew data on previously witten data, is worse

for recording media wth higher ety ni_sotropy. field Hk. .25 Recording
media with a hi gher magne chgr%e;%??%p@gkg Wil ?léla SRR HE@E& i°F €
ani sotropy fi el'®a¥nahdyt BGsPAEst rtifeg stagivedier aniitso peebyr Fanbas A

ayer and 30 L bs Fh e o e P e e ow
y i Ss i [ yer i I ev w
nedi a noi slg‘?anﬂi rited a2 i BE d’e&jﬁ‘{@?? ectR8FRg et MeRE et NBowever, such
reduction of gsaitusagzeoandagmgrdizactiayer Bhileknrgsmaghettiarates the

t hermal stabil ity recqQndi i I or L opr Qe t.he
thermal st abil ia%l%%%ggy gfctgelgt i@%_(gr&?%eﬂlgonvgr \r%/ra%%ee per%%%?r‘é%gg, ?Ié: sayg1nt hetic
ferrimagnetic iR NITERFCRRE BesHBs opossd asdmally theensastinat edf as

di scussed by Ahdig airetoahatibh ArYded P@YSEC&i?{-tcﬁé&siﬁ’?lmZZLiaPQ-QiecI?%l,
Cct ober 2009. A .S n_t%:%_i c.terrinagnetic mad'ga é‘nF has 5 _at | east one pair
of magnetic Iayer‘ir) LhtEPESEEFar v by H1A ﬁ%ﬁ‘ﬂ‘élgﬁa@& 4tade of Ru
or the like. Thiimagnet fzetuencdfes lmiuppeevergnetinc t aybonss opartheal |y
cancel | ed by t Qe il ek e ARINELISC o ayeroahy el bunctiang. agsaneilishid] i,
stabilizing layer, 10 while the read %ead I's sensitive only to the

ef fective magnEhoAR i bR, WEL1Et6t dNEARARIBF PRe SRR MRMERF ¢ Faydrss
contributes t o cuhedhes rakhitabidan ybe Ust Bgutthids 13oneepte OhehAe ,SEMe t he

o areat1 31 M Yot o S Hesf BBie i H tHer PR GRE AT
t hermal st abi | g gnagnesigcmogea thivheter Beeddi-ng Hensovees xr iDeSCLOSURE
OF THE | NVENTI @Mrformance, which is the ability to write new data

on previously written data, is worse for recording

media with higher magnetic anisotropy field Hk.

25 Recording media with a higher magnetic anisotropy Ku
increases the magnetic anisotropy field Hk and thus
restricts the overwrite performance.

As described above, there is need to
decrease the grain sizes of the magnetic layer and

30 the thickness of the magnetic layer in order to
achieve low media noise and hence a high density
recording performance. However, such reduction of
grain size and magnetic layer thickness deteriorates
the thermal stability of the recording medium. In

35 order to improve the thermal stability without
effecting the overwrite performance, a synthetic
ferrimagnetic media (SFM) has been proposed and



20 Accordingly, it is general object of the present invention to provide a
novel and useful magnetic recordi ng nedi um and nmagneti c storage appar at us,
in which the probl ens descri bed above are solved and the demands are
«satisfied. 25 Another and nore specific object of the present invention is
to provide a magnetic recordi ng nmedi um and3-a magneti c storage apparat us,
whi ch have inproved SNR, inproved overwite performance, and inproved
thermal stability. 30 Still another object of the present inventionis to
provi de a magnét§eReebatrAg mediding cospeilsbyg A donerehagheti ¢l ayer: a
nonmagnetic spagailiayeprndseesedOrethe Lower magneticokayer Oc?’c’b%{]{] upper
magneti c Iayer? osed on the 35 nonmagneti c spacer™ | ayer, where the upper
and | ower magn 1 ayers are antiferromagnetically coupled, the |ower
magnetic | ayer conprises A Syalliwdtbatiﬂﬂrrlmagﬁe‘dlay&hedmd as|F®wE‘mas
enhancenent: | ay. ' S e L1 zation | a nd t he
nonmagnet i csspfgér%%%grgge ta\é?a&% za % éea'ryeaﬁ% t gw@rr Senhancenent
| ayer are ferrGfipheriedl by éx@mnrg?eqxset@gps@@cmdnache gfaBul iozattitem | ayer

and the | ower anhancenent hamfet@rﬁf@gﬁ 8k Q@ @éﬁ@ﬁ/sméaﬁ@tt f&atla%eﬂt
content of the stabl | i zaij:]_%n | ay her thanthat of "the | owe
g

|

enhancenent | aydt PAcEbH? F&Ctelﬂﬁel%glﬁgtl FE&er QIR M FREEGM d-fa)’t%
present 10 inveﬂtncdn funcksopassdblen t Dnt edkilze tamt byedn SNBa yierpr oved
overwrite p@rfwmn@eth@ngeaﬁpw SeLIRG AT Yy B e O e

the present invention is to ow?di magneti ¢ recor um conpri si ng
15 a | ower ﬁé‘{ﬁ%‘:’?h‘j}%rmaanﬁéﬁ-ﬁe@gﬁﬁme 3paeér ] Wuﬂﬁssﬁsé@eortwme | ower

magnetic Iayer,maag"tdeﬁﬁcUDagér&Bgﬁﬂ{ﬁﬁlﬂaaiéé doSRAREd RarhAe ReRFRANGL C.

spacer | ayer, ere the, upper an magnetic .|l ayers are

anti ferrorragneﬁ]carfgfry@%%)upgg&c dtech%eépenggﬁ]et |t619203+%9§ﬁ' EOMPRISs an
upper enhancerrmﬂtlltayéfﬁNEﬁsposiedzltmrmmb sbabagridty o Spacer reayerdiangd a
recording {qyemdlisposed BBeBQQWQH@gSrS’GQGnCG'ﬁ%Q}eJ@é’er the recording

| ayer and the upper enhanCenent yer_ are ferromagnetically exchange

coupl ed, and tﬁgeszlsrq‘lé{:%r HPnﬁuIra\:J\eﬁ'r afaP F A¥Cufrper W@én’éﬁ?ql&-}ﬂé‘y are
made of CoCr aldeoyss sushathaktve Riidgioat eptceofrdiiher resos dtngsl.ayer is higher
than that of the upper enhancenent |ayer. According to the magnetic

recordi ng nmedi um of the pr esent i nventl on, it is 30 possible to realize

i nproved SNR, i nprouvééd W HHENT I | nproved t her nal

stabi | i ty.2@not her obj eCtA@Eo"r@ﬁﬁﬁ?enit' RLERNUY 4 5 485 BEQVisGe & dTagneti c
st orage appar at us ﬁce%)ﬁn‘g”m ngﬁ at |l east one magnetic recording nediunm and a

head 35 recor diffg r HBRYPBHLOR Ry PE‘BVEJGGM nd3%for#BEi BASEMIm t he
magneti c recor diagnetedc unpcolrelied e=dhgnetnd fecor«lt g sedidmeconpri ses a

lower magnetic spparatus, in which the problems described above are
solved and the demands are satisfied.

25 Another and more specific object of the
Present invention is to provide a magnetic recording
medium and a magnetic storage apparatus, which have
improved SNR, improved overwrite performance, and
improved thermal stability.

30 ' Still another object of the present
invention is to provide a magnetic recording medium
comprising a lower magnetic layer; a nonmagnetic
spacer layer disposed on the lower magnetic layer;
and an upper magnetic layer disposed on the

35 nonmagnetic spacer layer, where the upper and lower

magnetic layers are antiferromagnetically coupled,

the lower magnetic layer comprises a stabilization




~5- layer; a nonmagnetic spacer |ayer disposed on the |ower nagnetic |ayer,;
and an upper nmagnetic | ayer disposed on the nonmagnetic spacer |ayer, the
upper and |l ower nagnetic |layers are antiferromagnetically 5 coupl ed, the
Jower magnetic |ayer conprises a stabilization |ayer and a | ower
enhancenent | ayer di sposed between the stabilization |ayer and the
nonmagneti ¢ spacer |ayer, the stabilization |ayer and the | ower enhancenent
| ayer are 10 ferromagnetically exchange coupl ed, and the stabilization

| ayer and theIhﬁﬁﬂreﬂhén@eMQWEﬂzgnhammemeadelawaixﬁlapbsyd bmﬂwddnu a

Pt content of the sgtaemuz%'t%n' alya%}'efsaﬁ'hglﬂ Storaaé%ﬁ‘ét?f: Eg sQuer

enhancenent | ayer. -Accordi ng he “magnet i c appar a Gs %ot the
present inventi“6 ¢ FRepd §PBIlé-ztad“—1r%%1liéEanﬁﬂﬂ/é%ﬁeSNROW?ﬁproved

overwite perfenmnsssnantd ILEpI’e&V%Li:é hﬁéf@bmﬁbﬁ@ﬂﬂda’llﬁtélc!:hé'ﬂ@jeher obj ect
of the presgnt eti.c stora ratus 20

ntion_i n a
conpri si ng at Icgélﬁel one %%g %ﬁl ggge& &ﬁlyed:noa’gghﬁgg +E¥Edi ng
i nformation on emrrmmnclngelrnfaxramta@a bEomiChe amhmes i sut@cahdithg

medi um where ta\h@%%éﬁtr%ort@fengs iym “Sﬁ%@r'%eﬁ gﬁ%@e“c

| ayer; a nonmagnetic spacer |ayer 2 spose on "t he | Duer tic |ayer;
and an upper iq hyRf HP?pd@é{f%rﬁIﬂlﬁénﬁéﬁlﬁﬁ’@né{%@%pacéﬁcloéfyiéﬁlgthe
upper and | overtonegnetmaghayees ralod A hd eheaiagneld calé ypeesphed, the

opper monel| | ST OTEY 55 =B RS, £nbanceTu, | aves 1 g0z 30 on

t he nonmagneti C spacer I ayer and ‘upper
enhancenent Ia}éﬁPrQWﬁadr‘éEGFHanGel Wftamatlhe.up@et empaocedenheraser are
f err omagnet i calslpaexchgnge coupl ed, and the recording | ayer and the upper

“‘énhancenent | ayer are 3 e e of CoCr. all oys such that a Pt content of the
recording |ayer is higher®t fF G ERe BppéiceMEARRMENL AV gREAOD
According to the negnetecide- 6 meigoreatgiec appab atiihgofmd dieunr esaplr iisieent i on,

i possidledlqdientifeshapiavad SR 1 praved-ausrav it per hgumnce, and

i nproved thermal |I|t her “object’s an her™ f FésTof the 5
present invent @dﬁ%%qdb‘éﬂabbﬁr é@twefrr oM enetisl leviawy derdi fRdUB®SE i ption

when read in cmgﬂwﬁi@ma\yéh Hhe REPeRYLRE oMM + BRI EFaPESCRI PTI ON
CF THE DRAWNG§ FIG l.1s cross sectional view show ng,an i nmportant

part of a synthé |c f er]?eﬁ%gﬁgtel CERRA AR EYeS Me ARG LGr ARV ERSWIHTS the
effects of a P@nctdrﬁeelmoraagaert@warlhmgrmnptedaydaMeompqm@rcmaghytl& for the
synthetic Z@rr |l|§$,g3rketd&n digm sho & FlG I I how ng
the coercivity o h olé\rgr net :M(?q ay e% agage l?ﬁl%ct ?loénf%? g%ggé’g‘gdﬁg Pt
content for th@ns q“ﬂ?%magne ic spacer layer and a recording

layer disposed on the upper enhancement layer, the
recording layer and the upper enhancement layer are
ferromagnetically exchange coupled, and the

25" recording layer and the upper enhancement layer are
‘made of CoCr alloys such that a Pt content of the
recording layer is higher than that of the upper
enhancement layer. According to the magnetic
recording medium of the present invention, it is

30 possible to realize improved SNR, improved overwrite
performance, and improved thermal stability.

Another object of the present invention is
to provide a magnetic storage apparatus comprising
at least one magnetic recording medium; and a head

35 recording information on and reproducing information
from the magnetic recording medium, where the
magnetic recording medium comprises a lower magnetic



20 ferrimgnetic nmediumshown in FIG 1; FIG 4 is a diagramshow ng the
antiferromagneti c exchange coupling constant between the |ower and upper
magnetic | ayers as a function of increasing Pt content of the | ower
Jragnetic |layer 25 for synthetic ferrimgnetic nmediumshown in FIG 1; FIG
5 is a diagram show ng the exchange fiel d-fa, experienced by the | ower
magnetic layer as a function of the Pt content x of the |ower nagnetic

| ayer for synthetic ferrimgnetic mediumshown in 30 FIG 1; FIG 6 is a
cross sectionallafew shoRongaame wpor s pateparltayfr adispesearvoditient of a
magnetic recordi ! r1ci to e r%?%@ i LQn; G 7is
a cross secti o%a%?gﬁhgﬁlg\%ﬁﬁcg lgdnﬁigﬂbo?%lgntaapa t oIf [gxgg%g?\% éfﬁg(o% ment of
the magnetic réEotRPFEINREI FRASACERBFGRSLS Ot FPIFREehe Y e X~ 7 thenvame on;

FIG 8 is a croasd sbeweonakgredi shpaw 8gsaatri r4h €nbed ARG ithe tRgneti c
-recordi ng nedi um fg&di @geﬁré_otwhe pr esen;c.i nyention;, 5 FLG 9 is a diagram
showi ng varTi ous paranet ers -neasured W PR FEsPERt® T CPRRELFRENEt i ¢
ferrimagneti c rredil hhdathenndgnets candceor dionee mresh uan obmiehe fliaysdr

embodi nent; Fl %;%éédab%%%ée&ﬁéoé‘%bgh%a Oc}'\ﬁ ”ﬂﬁégrt & d e nal
(0} or a

structure of an inportant part of an enbodi nent a nmagneti c storage
appar at us accorfitAIRSFhE FPESER 1VeRri &R &frit Bl zatios daean view
showi ng the i npord atihe pavweal dritearerdadhment yefr tdhwee magnetic 15 storage

appar at us o] i ; MPDE OF CARRYI NG THE ILNVENTION FIG 1
is acr ossfgegﬁéofr}%{rh%%\%vgéﬁgﬁﬁ g En- 1 Rpert gr?tngaﬁ*H?ng §§7ﬁ’t heti.c
ferri magneti c Z-aeHl LARESPR) lapkr negBethe Recurdi emhapdemmntndaykes a

substrate 1, adde Qfiadk 8k @HUNALI]SYET sAchd Vel a ”ﬁg“%in&e'nacy%f 3-1, a
‘nonmagneti c spager |ayer.4, an upper magnetic layer 3-2, and a C or DLC
overcoating | a&é}'e S?t%ﬂ?&ﬁzﬁrtéoia]&%ﬂraéssﬁé\%‘qrn Bag) ghat of ¢he is a
di agr am showi nd-avrer eéfibehseafere: Ptayent entcefo richien ¢ over thagmelgreayer 3-1
on coercivigy fargt S [ i net.i i h in;EIG_1. In
FIG 2, the ordi noat%ee?né?%gﬁtgg%%q{%e{r%geﬁéie\%ie@d(%g%gwg’ﬁé slfntlhseti C
ferri magneti c MAATHPLANEOt FEFHKS skBPFAdREatSdR + henProveat emenw (it9) of

the | ower magnetexsdauencad,land GnPrSHEUS thaenGOersiyblyikgr the | owver
magnetic | ayer 3-1 nade og nt x changed fromO

35 at%to 13 at% The subsfcrgggegtﬂo%rh%mrLaaiglecé‘?é’rfcgtﬁg?ehﬁrﬁﬁﬁﬁégneti c spacer
4 and the upper:hidgneles Laydro Providpeat magne tier esgbasge Epdardiusand

20 comprising at least one magnetic recording medium;
and a head recording information on and reproducing
information from the magnetic recording medium,
where the magnetic recording mediuﬁ comprises a
lower magnetic layer; a nonmagnetic spacer layer

25 disposed on the lower magnetic layer; and an upper
magnetic layer disposed on the nonmagnetic spacer
layer, the upper and lower magnetic layers are
antiferromagnetically coupled, the upper magnetic
layer comprises an upper enhancement layer disposed

30 on the nonmagnetic spacer layer and a recording
layer disposed on the upper enhancement layer, the
recording layer and the upper enhancement layer are
ferromagnetical;y exchange coupled, and the
recording layer and the upper enhancement layer are

35 made of CoCr alloys such that a Pt content of the
recording layer is higher than that of the upper
enhancement layer. According to the magnetic



-8- CoCrPtBCu with Pt content of 11 at% It may be seen fromFI G 2 that
the coercivity increases with higher Pt content x. It is known that the
magneti c anisotropy 5 of a CoCrPt alloy i'ncreases with increasing Pt
.content. Acharya et al., Applied Physics Letters, Vol.80, page 85, Jan.
2002, denonstrated that the thermal stabilgty inproves and the coercivity
i ncreases when the | ower nmagnetic | ayer of higher 10 magnetic ani sotropy is
enpl oyed. Hence, it may be regarded that the increase in coercivity shown
in FIG 2 for iavresgengpParednierdf i shdupregetite imesraseni, n itthel gragneti ¢
ani sotropy of t gheLl y = 1 G.3 | di_agram show ng
t he coercivi tygg‘%ét%\@‘lgo%r Q%n?glgie%?cﬁggggeg-%ﬁgs’ alxﬁflﬁ(a:?lggn Oggriwnrclr%%si ng
Pt content x. BFHIGENACEhe aGiimRECYRdi heanahes tovitivity (Oe) of the

| oner magnetic layer 3-1,oanért hh-absel ssaql ndiqates tbs Bt econtent, 20 X

(at% of thg | ower magnetic | ayer 3- It may be seen fromFIG 3 that the
coercivity %f tprfeesl%r\llxgrlprﬁﬁﬁé‘tliod‘ I‘fa’yéjr %glapﬁérré‘éé%sf’&\?‘f‘htpﬁcreasi ng Pt

content x due &@vllwreagedenatiledradmetr tpatiosiotwtony. r&L& 14 1S a di agram
show ng the 25 J g hC |.i nt J between the

| ower magnetic Cﬁ{a}i/feér‘?%?%ggngﬁt he %?ﬁﬁgﬁ%ﬁ?gq’%ﬁfy@igggg a function of
i ncreasing Pt content x of the |ower magnetic layer 3-1. In FIG 4, the
ordi nate indicates tiRIRpt DEgORIEONSL | 6F30uex ghangengoup!l i ng constant J
(erg/cm) tween the |l o magnetic_ layer 3-1 and the upper pagnetic |ayer
3-2, and t (Z absci ssa in\é\?gg-t‘e tie Pt EBNFeif SE (34 ngi“héhlo _

magnetic | ayer & Lmpgragtbeagdere f rons FhGhe4id e walmegokttike

anti f erromagnetyey i3a, exchange coupling constant J decreases with increasing
Pt content x. FIG5 is a diagramshowi ng the exchange -9- field Hax
experienced by the |ower Fafnetd ¢9 &y edla9138s SAFIRT i BheorffRetA THnt ent
x of the |ower avgnetoctéayen 3-al.1dwe Flfaghettike 1fyh naps bodircatas: ¢ he

exchange field ri y. the 5. | ower nagnetic |layer 3-1, t he
absci ssa iirlgi caf{?e&se%ﬁﬁ% %?Hgg(r%ttte]'n %(]e?%fr%g%fetﬁé: I“b%lru%%ﬁﬂmc i 3- 1.
The val ue of tHe exchange field Hx is dependent on the antiferromagnetic
exchange coupling constantzidg, @nqgweanc&iggegﬁa.s,%ww tRE 888 RY ey
content x 10 |n§t7hC | ower maglnetlc layer 3-1. Inomata et al., |EEE
Magnetics, Vol ,e}bea OY FAQMABHFLEL YehDREFr &Bed tHHHRCEHR™r 8Fat i onshi p

bet ween t he exdinarmys $imgdPlgxoareitthef epethivistyntdfethe | ower nmagnetic

| ayer is ispport f i.ni ; opt i . perf nce of synthetic

ferri magne??)c n%ﬁruln@?ﬁgﬁg%:ahgg_ﬁ %%‘ayeglphgth'ggl val ue of the exchange
field Hex should be well BYEr thdsva udlagrame sbgericiaityeof the | ower

nmagnetic | ayer adfiriona Ft&bagRettRicougictdngé BBUphE rsPaib ROt LARt pea Wigher Pt
magnet i c Ialyer 3 ves hi gher cggrm vity and

content x int I r -1 deri
t her mal st abi | i.%ye ﬁ‘(’)&w?ﬂe SyntR&ES T r‘f%ﬁ‘??%ﬁné}??’@rﬁe 2t HOREVEPT (He
exchange fi el d e aket¥rasBs doe ten tderf ebbe Lopwehe reagnéeicoimageet i c

FIG. 5 is a diagram showing the exchange
field H,, experienced by the lower magnetic layer as
a function of the Pt content x of the lower magnetic
layer for synthetic ferrimagnetic medium shown in
30 FIG. 1;
FIG. 6 is a cross sectional wview showing
an important part of a first embodiment of a
magnetic recording medium according to the present
invention;
35 FIG. 7 is a cross sectional view showing
an lmportant part of a second embodiment of the
magnetic recording medium according to the present



25 constant J which is caused by higher Pt content x in the | ower magnetic
| ayer 3-1. Therefore, there is a tradeoff between increasing the Pt content
X in the |lower magnetic layer 3-1 in order to obtain higher coercivity and
Athermal stability, and suppressing 30 the increase in the Pt content x of
the |l ower magnetic layer 3-1 in order not-ve decrease the antiferronmagnetic
exchange coupling constant J and the exchange field Ha,. A nmagnetic
recordi ng medi um according to 35 the present invention is designed to
overcone the triateshtidescri bed above) so that it is possible to realize a
magneti c recordi ng medi umggf~ supeyio -1Q- perfo ce.. Next, a
description wll be givenEg¥Le#£d%$n%n?go%%1ﬁ%§¢ééﬁg?i?ngE§F|WﬁP%Eﬁium
and the nagnet i€t s¥%r agRCSdmant 1l ablker Brgg atol ¢ heeppaddmg Siedivent i on, by
referring to FldzcSrantgt he sihsestestndr awings:idAG 6 is a cross
sectional vgeM/shomﬁng an igpor ant part of a first enbodi nent of the
magnet i c redording medi umfaccordi hy ot AFTFMesEIRY 4B Heé&kteh. In FIG 6,
those parts whirgdrametbasi ca@ldgutded sank aesigease €or tRspPeREGPaEts in
FIG 1 are designat . e e he recardi ng nmedi um
i ncl udes a substraigﬂiaﬁgggﬁbf.g éiségé ?ﬁ%:ﬁ%ﬁﬁéﬁfﬁrl8§°SEE%ch
under | ayer 2, eEYBwaf FAgndtitst asmbodimeatnonmagneti c spacer |ayer 4)

an uEpSr magﬂeti c layer 33‘)IegndL(a ﬁo,f E)L"@s@V%re‘c‘@i)@lfaiaggy'i@%ers_kﬁbwi’\’ﬂ:%Cg are
stacked as 0 n; : r.exanmpl e, _.an or.ganic lubricant is coated on
t he over-c%gﬂ:%;%a}grgapgﬁn4%ﬁ%f%ﬁg%dPﬁeﬁP, CHBRTbWBA TedHetdt | ayer
31 has a bi-| ay@tbcadinentr efi vclnaimet dcssabidagmtappakayas 3tk @t gl ower
enhancenent | ayey Sde ﬁ@bg@ﬂg;ﬂg&@ggfgnonahgg stabilization |layer 311. The
stabilization |ayer 311 na¥ be made of 25 a CoCrPt alloy such as CoCrPt,
CoCr Pt B) CoCr Pt BCu, CoCrPET& -artd at§ oy sPLR8r 6w THeO Y bher t&&hancement

|l ayer 312 nmay Benprdeant aa@aCrdlt ehé oymBuah mas tCoSF Pt he CagyRteR 1 LoCr Pt BCu)

CoCr Pt Ta ape aldqys, %eégggrag¥%F§¥§§ﬁégﬂgﬁg% tqﬁ)stabilization | ayer 30

311 is higher than t onte r' ‘'erihahcenent | ayer 312.
Accordi ngly, the | ower enhancenent |ayer 311 may al so be made of a materi al
with Pt = 0 at% whigh Mobe, e ecd egly £ kamag 1Y PERYED
CoCrB, CoCrBCu, CoCrTa, aﬁg 35 all oys thereof. For exanple, )
enhancement |ayer 312 is e df % S TAPPoFRTIPRRL BFe¥ gheming - 11-

=

and the stabiliafatinporagert Pblrt o fradesphtae@iC RleatinygnetthcPt > 8 ate.
|n additiopo arduaent eabmel. 1% d GiERL, golaNeAR ] By Chedtanl S desirably
y . Further

. . . u .
hi gher than that of the stabilization” [ayer ) t'he magneti c
ani sotropy of tH¥S{E®T| PzaUPSFIabRr1 812 £§ @asiGrm Yl ey ghaderiayahat of
the | ower enhacerentokayemaghtikhel spbst gatte h Mynhegaeated spddea NP
| ayer.

layer 4, an upper magnetic layer 3-2, and a C or DLC
overcoating layer 5, which are stacked as shown in
FIG. 1. '

FIG. 2 1s a diagram showing the effects of
a Pt content of the lower magnetic layer 3-1 on
coercivity for the syﬁthetic ferrimagnetic medium
shown in FIG. 1. In FIG. 2, the ordinate indicates’
the coercivity (Oe) of the synthetic ferrimagnetic
medium, and the abscissa indicates the Pt content X
(at%) of the lower magnetic layer 3-1. FIG. 2 shows
the coercivity for the lower magnetic layer 3-1 made
of CoCrPt,B, with the Pt content x changed from 0
at% to 13 at%. The substrate 1, thé underlayer 2,
the nonmagnetic spacer 4 and the upper magnetic
layer 3-2 respectively were glass, CrMo, Ru and




10 The underlayer 2 may be nmade of a nonmagnetic material selected froma
group consisting of &, O M, COTi, OV, CGWand alloys thereof, with a
thickness in a range of approximately 1 nmto 25 nm Alternatively, the 15
.underl ayer 2 may be nade of a nonnmagnetic nmaterial selected froma group
consisting of NNA, RuAl and alloys thereog, with a thickness in a range of
approximately 5 nmto 80 nm Furthernore, the underlayer 2 may be nmade of
an alloy with a B2 20 structure. The nonmagnetic spacer |ayer 4 may be nade
of a material sEGcReBChHr emth Eoupepastsbirng 0faf¥, |re Rayvand aldoys

thereof. The u eti,c Layer, .32 h a.si.ngle- 25 | ayer structure, and
may be nade of E% %pﬁgembaltlh%g e c%ﬁégg,wﬁr{%? s”b%%%?ﬁgé #3 55 ovi de
addi tional | aydriggherthe peghantc ¥ ecordi ng medi um) such as a seed | ayer

between the substrate 1 arqg tihe wHuier! ayge o i r.gdi | ayer
bet ween 30 éheévtgderl aé/er 4 a]fnd t he | ower rragne{ﬁ?%:. %yg? g‘f?’sgﬁ%&;f
I

i nt er nedi at b8 tnde Bt P FoRRRGReMic et RFFapsinehPis a Coar

al | oy having addritckmess Aehamange: of1 1, NAppQ =dPhAsceEdinRg thea- 4 hi s
first enbodi nme t 3 I nBJgneti yer, 31 and the upper netic

| ayer 32 are ahmtcﬁ'eér](?’on’éahgtl_\?édl Iy %bu%?ég,’ gr‘:r'&‘c’[rhsetg?gﬁ?l EE‘&ttl gﬁ‘gel ayer 311
and | ower enharfd@m®al| apebilit2-irgipovest had dver omgnetivétlyayer 31 are

f erromagnet i calink exgbanganeaupld. 1 $¥OEenahe LBINeLj 2at hen hqigfqeeczt i ons of
t he upper f@d magnetlc Ia%ers 32 and, 31 are rrutualll_}/ antiparallel. 5 FIG 7

is a cross- Sect 1 "V eRFSRAWTRP Yant § nBPLAAE Dar R @ séofid Yertfddi ment
of the nagneti ceagwrodednghaeditim aoccordiag o tdwepresedy shwem iian. I n
FIG 7, those pafds Mg : S corresponding.parts in FIG
‘6 are 10 designated %C tEeaglgr#eemfse]Te engec%tt}(r%rsse%a sjigT%ggrrggngt}ﬁec recordi ng
medi um shown | FTXE2Ye| ARl GdEs MR JTo%lel C nagASOIte Ay e? £ 3theaddwar upper
magneti c | ayer mdrhawi 8glaykir I33yer structure including an upper

enhanceneni .| ayer 323 and recor.di n ayer 322 .15 which is provided on the
upper enhains(’:errent | ayer 35%‘3 'Tﬁi‘e ﬁfpp“gréJe%ﬁﬁﬁﬁ‘er?&ﬂ“‘t%?/&hgﬁoﬁéfll:Ye’-%de of
a CoCrPt all oy Sfuchhasl Ce€rPmagoedrit B)ayefr Bt-BCys Go(FPhdaiand oA | oys

thereof. The racQididg: hayek 324y be madg ef Cffea such as
CoCrPt, CoCr Pt B, coQP?B%u oG Pt T4 and a?ﬁo?gG?hggr)'eoﬁeThgaétn%gcoentent in

the recording IKEErCX59S| ShRi GRET T HENCY héOpt~ Gdntidit 1 PvWEKemagp@tic
enhancenent | ayerye3233-A¢ccandi ngley,alifei gppen nelihanceseph el ayeko3dd: my

al so be nm of. erj al ith Pt = D at% .which be_selected from
CoCr al | oyi;]@sué(ha(ai@%océ? Eﬁ%gow&b%?e%&rf‘eﬂyea%ﬁg%oygit féredt® For
exanpl e, the uFFa" ehheRcBABnt 3 Hrevt 3Phe| sopadd wiftyn ©6Cthel lowawith 0 5

Pt s 8 at% 30mayradditi 0Byed GoiCOME@néa Ok st he wppalc cohanagment | ayer 321
is desirably hi %h r than'tﬁat of .the recordi n%h: ayer 322, Further, the

magneti c ani sotTopybF Fh8UFeldr ditF §a3er T 822 Nes Mkt ¢ Bbf y 2Ri§REX Aian
t hat of the upper enhanceREft |4ayier B2AiaZbamheHomerg magaeti c | ayer 31 has

TS AT et U B REE By % Rsehheyy Aecording
between the lower magnetic layer 3-1 and the upper
magnetic layer 3-2 as a function of increasing Pt
content x of the lower magnetic layer 3-1. In FIG.
4, the ordinate indicates the antiferromagnetic

30 exchange coupling constant J (erg/cm’) between the
lower magnetic layer 3-1 and the upper magnetic
layer 3-2, and the abscissa indicates the Pt content
x (at%) of the lower magnetic layer 3-1. As may be-
seen from FIG. 4, the value of the antiferromagnetic

35 exchange coupling constant J decreases with
increasing Pt content x.

FIG. 5 is a diagram showing the exchange



-13- lower magnetic |ayer 31 and the upper magnetic |ayer 32 are
antiferromagnetically coupled, and the upper enhancenent |ayer 323 and the
recordi ng |ayer 322 are ferromagnetically exchange coupl ed. Hence, the 5
.magneti zation directions of the upper and nagnetic |ayers 32 and 31 are
mutual ly antiparallel. FIG 8 is a cross segctional view show ng an

i nportant part of a third enbodi nent of the magnetic recordi ng nmedi um
according to the present 10 invention. In FIG 8, those.parts which are the
same as those cﬂeb@pﬁmie@méscéd ByGEheé bowle? ABEnEasi @ned gdrby-the

sane reference J@”Erﬁhﬁctl% r%fl andeﬂiecon %nra] g diEH%]SS‘Lh%I n FIG 8, |

both the | ower nmagnetic | ayer u per % 32 have
the bi-layer stf@rEE_CdégrEhel hboven EG6 e>€a,r’rptl:1e¢ bvhdiumpger and | ower

enhancement | ayerei §2eand il Z:aiea iBder k12 T e2bLoY o PLps 8 at%
Accordi ng tg th]e third enmbodi nent, afr%ééi 20 [ ower rr% {I’:l)(%tl cvlkﬂctaenje?D 1£%nd upper
er

magnetic | a QAF eMAAREHST t P Call 9“@0&6}%dab§ ﬁé3§ﬁaﬁ1qqlz%ﬂt%)ﬁ

|l ayer 311 and |tdwerPenbantenentx | aye%) 332 are fefs Prmggaticcal 11 wxehange
coupled, and the u C r...323 a ecaqr di | ayer 322 25
are fer romagnepi caf}?@éeggﬁg‘%g?%%% %gcpénge rl{jlheef&ra%neﬁszé:p?qﬁb‘ﬁ %FPECU ons
of the upper arfth nﬁ@‘heﬁpéllfafé'r@“@n@hd%&?@mtmﬂ uabbylang paredtatt FI G

9 is a di agram&homegma&:@léﬁedn@éﬁ@ée&%tﬂeqwleéiaﬂﬁe PeSReG: 4.0 tpe
synt hetic g fe.rrlrra% gtlc medi a and re magnetic recordi ng nedium of the

first enbodrmemt” The vEFFESUSAPRSNET e §Yleﬁcl3ud'e the exchange field H'
(CGe), coercivity Hc (Ce), Isiogreia tet netli ymIEGES M54 NG At 5330 Kf @7, isolated

signal -to-medi LBHB@'”?@!;& » 9lohyp 3314:9@5@%ﬁ§%§1 K{lﬁi% £Rd Querwr trfshl%edl um

performance (d enot es erriagne
shown in FIG %‘t"ﬁePhEhleoﬁéﬁCharl‘EL@L fhﬁéﬁeﬁec 4%1‘9/eth3 Pommtm 8fnm

t hi CE CoCr B al litye Widhea hs@.\gefettﬂ;]& p@péentisofmgg@éé’/anwfleen@tb&%ltr{?n
synthetic ferri um.shown Ln he | ower .nagnetic

| ayer 3-1 ;rgde g% ﬂg@'lnn%etrhlormaéw(,eoc?%t ﬁyﬁ%ﬁ]ﬁd’% FEf I BRIRGTH Nt of 10
at% The subst MRA®LUM. t hérgnddrd @feraR, shewsshnapiet tbespaders lefjerhd, the

upper negnetic é»aeyreénéer&%rldhﬁ Séﬂ%t}%' %ef %11‘7&898&' ‘ihféed}aal&@i gpd M
respectively \/\@E’r\}/ge gl ass, content 10 of 11

at%In FIG 9 d%‘?\%FE%thﬁé’ nfeti?c ?E@c’ir &W%ﬂ? u?bnatéﬁrt he first
enbodi ment shown in FIG 6rofheisbi?izhtbagh E&/erlﬁﬂaySb@H@%é}f a 3- nm

thick CoCrpyB Pt c and .t he over enhancenent |ayer
312 is nade of Vﬁeﬁg} nmtﬁgéﬁlg%og% r?%e(%t fie subs Jt%w_eLr P'REN Ct(JJTsCrI ayer 2,
t he nonmagnet i c-a{R€ef - ﬂa?@FW%dﬁ%%@enpp@ﬁrmﬁeﬁycalhayéhezmzlf or the

magnetic recor d;tnagoimﬂtymfw& rt@ﬁeoeéiﬁﬂt'ﬁéhwerf%z&lﬁ@égn&h@ me 130
CoCr Pt BCu vmth Pt cov\é%nt of .11 at% E c(iﬁflrmedthat t he magnetic
%b% fi é‘led

recordi ng medi um‘T\ﬁs"%ﬁo fi §R&E & CrEASASt Sy heti ¢
ferrimagneti c weEfitea$f, landhle ghveri Doeromaighye ttikanet dieasyet hehjpcilng

ferrimagnetsc nedidwi M. sFuLLRer .1 d tcg\@gego?g %n%glgt@gg% bfh'% rdex ng

properties such (a8 t he signal-to- nediumno
i sol at ed si gnal=P'% ot ¥EBF uRRAGIESE 55: L &y R &r 1330 T¥eci © &pae s hehever v%rﬁ t@®

performance ar ermideo bt berwikan tma:fmg@ehgcm@cmdlmnﬂ@dtum VB ithhe
conparison to lrb%:esﬁ’%gg{mbﬁi%o 1f4 fn?_gfeg_ d| ? Q%t‘:rh%r%e orglr? it was

confirmed that the nmagnétic Feco) ng medi dm”
recordi ng medi GRSy HFHgang tthe prakentabatdrini rorﬁn@hgusprhésamgant ages

of both th®osymniheticcfeatemanatic pedignMnand MY il Sower
magnetic layer 3-1 in order not to decrease the
antiferromagnetic exchange coupling constant J and
the exchange field H,,

A magnetic recording medium according to
the present invention is designed to overcome the
tradeoff described above, s0 that it is possible to

realize a magnetic recording medium of superior




35 at the same tinme overcom ng the respective deficiencies of the synthetic
ferrimagnetic nedia ML and M. -15- Next, a description will be given of
an enbodi ment of a magnetic storage apparatus according to the present

4 nvention, by referring to FIGS. 10 and 11. FIG 10 is a cross sectional
view showing 5 the internal structure of amginportant part of this

enbodi rent of the nagnetic storage apparatus, and FIG 11 is a plan view
showi ng the inportant part of the enbodi ment of the nagnetic storage
apparatus showpénf&k@ant®. 10 As shown in FIGS. 10 and 11, the magnetic

storage apparatus generall clud in 11 tor 1,14, a hub
115, a plurality of mgnetb?écg"{]ec%r%ésgrg\%gi rg rT%al |etrﬂ/ o‘? recordi ng

and reproduci nFHRAASMELLS ® el mﬁgnéﬁilwmr@nsglaeﬁl&m apluthéity
of arms 119, anﬁh@ﬂea(ibu%tt(@fral!j’létaﬁ-ﬁgr@ﬁzﬁspra@/dcdﬁgu‘(‘%t Eb” twée ﬂ‘PeE%ﬂ‘Q 113.

The magnetlg recordi Qg 116_are, nounted on the
rotated by The TS24 'Fﬁ’e LLOFHERE &Rd B ipr o@iu%flﬁgtﬁ@a(fuﬂs?eqlée%de up

of a 20 reprodutramgihgad such as a MR and a GWR head, and a recording head
such as an inductive head. ch: recor dj nd, r epr odu head 117 is
nmounted on the tip end of F]:%{(j:lor%r ejg%o%ld%:% %r m19 VT a th “SusHENS ¥ 11B.
The arnms 119 ard nbUBETER Mthe et s f uat 68 reti temPedimhatbadi ¢rstruct ure of

this magnetic ﬁm:&@@:.@p!@%@iﬂt&d@ K8QWim %@i:c?rcijfﬂé' E@dt‘ﬁ%sgﬂe%éﬁ)ﬂ
t her eof V\nk_ be, omt{éedlnthl ls(gecylctlon Thi s” embodi nent of e

magneti c storage 30" apphrat J i ha? actériSfe Pyt NBRMEGNEES recor di ng
medi a 116. Eachamignalily rtédeorshmg mdtbusbl@:dma&ﬂaendtnqctparne:mfuany of

the enbodi nent ssod tbea%grai%té Q;ﬁ'fﬁ@%ﬁjbgg t'ﬁ%d'%geégf n&c%b Lﬁ'nézpalf.l .

conj unction with FiGS. t.hr ou our se er of nagne
recordi ng nedi aTrﬁ6r?§°ﬁgtlnlq rﬂ%‘%’d“‘f‘olflﬁllé@esarﬁj W?téﬁ?ée twaragte folir or

nor e nagnet|C|gﬂmmd|ng tiwedila Klel 6 ﬂﬁﬂrberpb%“ékibY undé@idﬂ@%tﬁﬁlﬁ
structure n t.or e 9] atus I s not mt at shown in
los 0% ate 1o TRPLARERTY AU SPPRR B ottt hRaRaAGRed 1Y4T he
present invention #8 BPRAGET Iffiarﬁrt%‘@lltt olaymgri}ét,l e sk, Cand otllterowmgnet i c
recordi ng nedi asuehngs 1ag@ietd C igpes aRd mmYNatiE &érgﬁomﬁy lt}le(ﬁ"lf@d

Mor eover, the gne{.| c recordi ng nedi um does not need to be fixe
provi ded wit hin t he" AduSFAG o?nt?lﬁgﬁﬁéﬁet%”cb%%%?%ﬁelépﬁé’@att% 0110 and
the magneti c redor dongrrediadtmmpyldegen port abl ect ypesmBebimedy chcis | oaded

into and ugboaq_ecﬂdéfo n%g%tt]_qysl 413, Rurthen,. theY pres guc|tnvent| on is
ime on

not limted to these e ut vari ous varl
modi fi cations nelC béd e Awistifduit] Hephi © Ang afviegm 1 hb %e@pé dfowee present

i nvention. enhancement layer 312 which is provided on the
stabilization layer 311.

The stabilization layer 311 may be made of
a CoCrPt alloy such as CoCrPt, CoCrPtB, CoCrPtBCu,
CoCrPtTa and alloys thereof. The lower enhancement
layer 312 may be made of a CoCrPt alloy such as
CoCrPt, CoCrPtB, CoCrPtBCu, CoCrPtTa and alloys
thereof. The Pt content in the stabilization layer
311 is higher than the Pt content in the lower
enhancement layer 312. Accordingly, the lower
enhancement layer 311 may also be made of a material
with Pt = 0 at%, which may be selected from CoCr
alloys such as CoCr, CoCrB, CoCrBCu, CoCrTa, and
alloys thereof.

For example, the lower enhancement laver

312 is made of a CoCr alloy with 0 & Pt £ 8 at%,




20 25 30 35 -17- CLAIMS 1. A magnetic recording nmedium conprising: 5 a

1 ower nagnetic |ayer; a nonmagnetic spacer |ayer disposed on the | ower
magnetic | ayer; and an upper magnetic |ayer disposed on the nonmagnetic
Spacer layer, 10 said upper and | ower nmagnetic |ayers being,
antiferromagnetically coupled, said | ower—ypgnetic | ayer conprising a
stabilization layer, and a | ower enhancenent |ayer disposed between the
stabilization | ayer and the 15 nonnagnetic spacer |ayer, said stabilization
| ayer and sai d drodethenbantariendat iayel abeirng iflery onmgast bgald - @axehange
coupl ed, said L L.oR .l nd said |.ower. 20 enhancenent | ayer _bei ng
madg of CoCr aﬁtlglgésysﬁgtﬁht %éct a};e%té%%hte £ 8RG8t abi Pzgtolnotr?r}%y%$ i s
hi gher than t hdih®fletier] enderafmecentayerapdrz i3 daeimapiet icigtesor di ng

nmedi um as 25 cl@idedehBcchal Ppk ek el nLhe Jo y§9h§ﬂgene%hﬂﬁﬂ@¥ has a
Co content |93ﬁ{ t han that of the stabilization [‘ayer, 3. The nmagnetic
recordi ng nedi UMAs™ 39" EFCnEd 4P F AP 2fothe S bl hzeké ost Ve Zat i on

| ayer has a nagdiilet i £s adesatrabyly M ofies rt haant hataofo £ henkowekegnhancenent

layer. enhancement layer 312.

The substrate 1 may be coated with a NiP
layer.

10 The underlayer 2 may be made of a
nonmagnetic material selected from a group
consisting of Cr, CrMo, CrTi, CrV, CrW and alloys
therecf, with a thickness in a range of
approximately 1 nm to 25 nm. Alternatively, the

15 underlayer 2 may be made of a nonmagnetic material
selected from a group consisting of NiAl, RuAl and
alloys thereof, with a thickness in a range of
approximately 5 nm to 80 nm. Furthermore, the
underlayer 2 may be made of an alloy with a B2

20 structure.

The nonmagnetic spacer layer 4 may be made
of a material selected from a group consisting of Ru
Ir, Rh and alloys thereof.

?

The upper magnetic layer 32 has a single-
25 layer structure, and may be made of Co or a Co alloy.
Of course, it is possible to provide
additional layers in the magnetic recording medium,
such as a seed layer between the substrate 1 and the
underlayer 2, and/or an intermediate layer between
30 the underlayer 4 and the lower magnetic layer 31.
The intermediate layer may be made of a nonmagnetic
material such as a CoCr alloy having a thickness in
a range of 1 nm to 5 nm.
According to this first embodiment, the
33 lower magnetic layer 31 and the upper magnetic layer
32 are antiferromagnetically coupled, and the
stabilization layer 311 and lower enhancemenf laver



4. The magnetic recording nediumas 35 clained in any of clains 1 to 3,
further conprising: a nonmagnetic underl ayer on which the | ower magnetic

| ayer is disposed. -18- S. The magnetic recording mediumas clained in
any of clains 1 to 4, wherein the | ower enhancenent |ayer is nmade of a CoCr
alloy with 0O <Pt 58 at% and the stabilization layer is nmade of 5 a
CoCrpPt.alloy with Pt > 8 at% 6. The nagnetic recordi ng nmedium as cl ai ned
in any of claims 1 to 5, wherein said upper nagnetic |ayer conprises: 10 an
upper enhancenehtl| aferhdi spoeead maghbe iromgnet 3T spacer |ayer; and a

recordi ng | ayerggdj p ncenent layer, said recording
| ayer and said:ﬂﬁgggagﬁﬁgﬂagégﬁy1§§Fg§gg%b§?ﬁf#%?roné&ﬁ&ﬁ%xﬁq% exchange
coupl ed, said retdraragatapsy deesaidrgppdr Wrhanppaenknidaysrgbet hg nade

of CoCr alloys sagbrkhadb and EX”EEthQEd§¥f¥réﬁ@%ﬂ&?ﬁlh%Mﬁr i's higher
than that of the upper enﬁﬁgge nf layer. 20°7. . The magnetic recording
medi um as clFaimed in clai - whet i & £RESFppEicehPandeéftY |yfimas a Co

content higher amabmphat:aoft f’tphae:t' esOr di Bg doayPrem2dd 8mehhte oRGNRE i C
has. & magnetic S asttopy oo T HERAEAR STkt ShRa U TR L ayer.
30 9. The nagnettEEREEORdi nd MeEh @m as thaiseedd ntanyhothclaaiarstieto 8,
wherein the uppedmenbaneady doweésbsnABEY fa @ £OC, oy guifh 0 < Pt < 8
at% 35 1010A r@c.gsnférllgtregc%rydltr}ge rrs?actjrlngmr%%reraprrénsclzggﬁumerals. The
magnetic recdrding medium shown in FIG. 7 includes a
lower magretic layer 31, and an upper magnetic layer
32 having a bi-layer structure including an upper
enhancement layer 323 and a recording layer 322
15 which is provided on the upper enhancement layer 323.
The upper enhancement layer 323 may be
made of a CoCrPt alloy such as CoCrPt, CoCrPtB,
CoCrPtBCu, CoCrPtTa and alloys thereof. The
recording layer 322 may be made of a CoCrPt alloy

20 such as CoCrPt, CoCrPtB, ColrPtBCu, CoCrPtTa and
alloys thereof. The Pt content in the recording
layer 322 is higher than the Pt content in the uppef
enhancement layer 323. Accordingly, the upper

, enhancement layer 323 may also be made of a material

s 25 with Pt = 0 at%, which may be selected from CoCr
alloys such as CoCr, CoCrB, CoCrBCu, CoCrTa, and
alloys thereof.

For example, the upper enhancement layer
321 is made of a CoCr alloy with 0 £ Pt £ 8 at%.

30 In addition, a Co content of the upper enhancement
layer 321 is desirably higher than that of the
recording layer 322. Further, the magnetic
anisotropy of the recording layer 322 is desirably
higher than that of the upper enhancement layer 321.

35 The lower magnetic layer 31 has a single-
layer structure, and may be made of Co or a Co alloy.

According to this second embodiment, the



-19- a lower magnetic |ayer; a nonmagnetic spacer |ayer disposed on the

| ower nmagnetic |ayer; and an upper magnetic | ayer disposed on the 5
nonmagneti c spacer |ayer, said upper and | ower magnetic |ayers being
antiferromagnetically coupl ed, said upper magnetic |ayer conprising an
upper enhancenent | ayer di sposed on the nopgagnetic spacer 10 |ayer, and a
recordi ng | ayer disposed on the upper enhancenent |ayer, said recording

| ayer and sai d upper enhancenent | ayer being ferromagnetically exchange
coupl ed, saldrlmmmdlmgghawmteﬂﬁySﬁldluamﬂ‘ﬁH&amﬁpaenhagdHiﬂdﬂf&y@@lng

made of CoCr aljf“’% %ugﬁtﬁr}aetrrao 889&8 11 f csoaﬁaJleragcordl n&{\ea?l‘-gg]:?éélgorm ng

hi gher than that o he "u fieereht Thg
medi um as 20(ﬂ%ﬂ%®@CEﬁe@WadeRr &hérend ﬁh@lﬂﬁmﬂrémhgndamau Eb&er has a

Co content hi gmefetbaerbmatgn@tﬂcr@lifcg&ém&d@y@é V\%igd Th

recordi ng nEdlun1as 25 ¢ inclaiml erein the record?ng
| ayer has a na@mﬂ?%téﬁﬁ§&PPbﬁf?ﬁ@ﬁé?nﬁhgﬁtQQﬁ Qﬁp?ﬁeaﬂﬁp@@Qﬂﬁﬁﬁ%enent
| ayer. 13. The Inmgeesi 82r esar d INga nediifuag 130 aﬁi’@iﬁ&daﬂ.ﬁe@ny Of clains 10

to 12, further conprising: n tiic underl ayer o e | ower
nagnetlc | ayer is disposed. %%5Q€4 ST%ecﬁﬁﬁ ﬁ%g?%&%?g Hjeﬁéﬁ %ﬁgclalned

in any of clmlﬁﬁjme@rIQHHMRﬁﬁﬁrpfhé Gpped emtzrdtiement ldyerthd s nade of a
CoCr a||0y\MtfhébﬁétlczQecordlng medium according to the present

10 invention. In FIG. 8, those parts which are the
same as those corresponding parts in FIGS. 6 aﬁa 7
are designated by the same reference numerals. In
the magnetic recording medium shown in FIG.'B, both
the lower magnetic layer 31 and the upper magnetic

15 layer 32 have the bi-layer structure described above.

For example, the upper and lower
enhancement layers 321 and 312 are made of a CoCr
alloy with 0 = Pt = 8 at%.

According to the third embodiment, the

20 lower magnetic layer 31 and upper magnetic layer 32
are antiferromagnetically coupled, the stabilization
layer 311 and lower enhancement layer 312 are
ferromagnetically exchange coupled, and the upper
enhancement layer 323 and the recording layer 322

25 are ferromagnetically exchange coupled. Hence, the
magnetization directions of the upper and magnetic
layers 32 and 31 are mutually antiparallel.

FIG. 9 i1s a diagram showing wvarious
parameters measured with respect to the synthetic

30 - ferrimagnetic media and the magnetic recording

medium of the first embodiment. The various
parameters include the exchange field H,, (QCe),
coercivity Hc (Oe), signal-to-medium noise S/N, at

330 kfci, isolated signal-to-medium noise $§,,,/N,
35 {dB} at 330 kfci, and overwrite performance (dB).
In FIG. 9, M1l denotes the synthetic
ferrimagnetic medium shown in FIG. 1 with the lower




Pt <8 at% 15. A magnetic storage apparatus conprising: 5 at |east one
magneti c recordi ng nmedium and a head recording. information on and
reproduci ng information fromthe nagnetic recording medi um said magnetic
recording nmediumconprising: a |lower magnetic |ayer; 10 a nonmagnetic
spacer |ayer disposed on the |ower magnetig,layer; and an upper magnetic

| ayer di sposed on the nonmagnetic spacer |ayer, said upper and | ower
magnetic-layers being 15 antiferromagnetically coupled, said |ower nmagnetic

| ayer conprisi ngagngtabi hizzatd on-| ayghe and 2 j%ftﬁ'ﬂbﬁn%@fﬁ 4 2. V&Y
di sposed between, | abil'ization | ayer and the nonmagnetic spacer ayer

sai d stabilizat?bh lt}Iay PYETF SaF CPB Pteﬁﬁéﬁkéﬁ%%t | ¥yeFem&itRys
ferronagneu(xﬂ$ynENehangéaxnmm£@nesabdmﬁdﬂnﬂ|§E@WﬁnlhaWQGEﬂmiﬁﬁtﬂ | ower

enhancenent | ay nqg I e)YAS such 25 that .a Pt .content of
sai d stablllzaf?%n F%@%F 'S %?Ciﬁg att 2 he®f ofter éWh§§Eb§§nt
| ayer. 16. A nd@%%FP@BsMGﬁ&geidppaharu§tc@mmwu$nhgof3®Oaﬁtﬁeasﬂﬁvne

magneti c recordé@ﬁsa@alt@ml ar@n@ head i ggding wé%ﬂg eodl@nd

repr oduci ng |nfornat|0ﬂ rom i he magnefic record sal d magnetic
recordi ng medi Utk 2ORPr L&YRF %.IBQ%ruﬁﬁﬁﬁeWQ9ﬂ%&é? 18595 Rorfmelgiet Fee
spacer |ayer disposkdtdr tfieerdionegneagpeiselilapnel ; aAadMaN reHes c Rgaei C

l'ayer di sposed @@r&halassﬂz%tMo, Ru and CoCrPtBCu with Pt content
10 of 11 at%.

| In FIG. 9, M3 denotes the magnetic
recording medium of the first embodiment shown in
FIG. 6. The stabilization layer 311 is made of a 3-
nm thick CoCrPtB with Pt content of 10 at%, and the
lower enhancement layer 312 is made of a l1-nm thick
CoCrB alloy. The substrate 1, the undeflayer 2, the
nonmagnetic spacer layer 4 and the upper magnetic
layer 3-2 for the magnetic recording medium M3
respectively were glass, CrMo, Ru and CoCrPtBCu with
Pt content of 11 at%. It was confirmed that the
magnetic recording medium M3 shows higher exchange
field HQ than the synthetic ferrimagnetic medium M2,
and higher coercivity than the synthetic
ferrimagnetic medium M1, Further, it was confirmed
that the recording properties such as the signal-to-
medium noise S/N, at 330 kfci, the isolated signal-
to-medium noise §,,,/N, at 330 kfci and the overwrite
performance are also better for the magnetic
recording medium M3 in comparison to the synthetic
ferrimagnetic medium M2. Therefore, it was
confirmed that the magnetic recording medium M3,
that is, the magnetic recording medium according to
the present invention, shows the advantages of both
the synthetic ferrimagnetic media M1 and M2, while
at the same time overcoming the respective
deficiencies of the synthetic ferrimagnetic media Ml
and M2.




nonmagneti c spacer |ayer, said upper and | ower magnetic |ayers being
antiferromagnetically coupl ed, said upper magnetic |layer conprising an 5
upper enhancenent | ayer di sposed on the nonmagneti c spacer |ayer, and a
recording | ayer disposed on the upper enhancenment |ayer, said recording

| ayer and sai d upper enhancenent | ayer beLgs_ferronagnetically exchange 10
coupl ed, said recording |layer and said upp enhancenent | ayer being nade
of CoCr alloys such that a Pt content of said recording |ayer is higher

than that of the upper enhghgenent gy - 33
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115 which is rotated by the motor 114. The

recording and reproducing head 117 is made up of a
reproducing head such as a MR and a GMR head, and a
recording head such as an inductive head. FEach
recording and reproducing head 117 is mounted on the
tip end of a corresponding arm 119 via the
suspension 118. The arms 119 are moved by the
actuator unit 120. The basic structure of this
magnetic storage apparatus is known, and a detailed
description thereof will be omitted in this
specification.

This embodiment of the magnetic storage
apparatus 1is characterized by the magnetic recording
media 116. Each magnetic recording medium 116 has
the structure of any of the embodiments of the
magnetic recording medium described above in
conjunction with FIGS. 6 through 9. Of course, the
number of magnetic recording media 116 is not
limited to three, and only one, two or four or more
magnetic recording media 116 may be provided.
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10 and the magnetic recording medium may be a por;able

type medium which is loaded into and unloaded ffom
the housing 113.

Further, the present invention is not
limited to these embodiments, but various variations
15 and modifications may be made without departing from
the scope of the present invention.
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10- - . A magnetic recording medium
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09%88& ()-0 ?2?2?E??~@-A I'xH 4" 1098JU&' "TH 4" 10%U& () -
'!I4"10@&Nh§&f() a lower magnetlc ayer

a nonmagnetic spacer layer disposed on the
lower magnetic layer; and
an upper magnetic layer disposed on the
nonmagnetic spacer layer,
10 said upper and lower magnetic layers belng
antlferromagnetlcally coupled,
said lower magnetic layer comprising a
stabilization layer, and a lower enhancement layer
disposed between the stabilization layer and the
15 nonmagnetic spacer layer,
said stabilization layer and said lower
enhancement layer being ferromagnetically exchange
coupled,
said stabilization layer and said lower
20 enhancement layer being made of CoCr alloys such
that a Pt content of said stabilization layer is
higher than that of the lower enhancement layer.

2. The magnetic recording medium as
25 claimed in ¢laim 1, wherein the lower enhancement
layer has a Co content higher than that of the
stabilization layer.

3. The magnetic recording medium as
30 claimed in claim 1 or 2, wherein the stabilization
layer has a magnetic anisotropy higher than that of
the lower enhancement layer.

4. The magnetic recording medium as
35 claimed in any of claims 1 to 3, further comprising:
a nonmagnetic underlayer on which the lower
magnetic layer is disposed.
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a CoCrPt alloy with Pt > 8 at%.

6. The magnetic recording medium as
claimed in any of claims 1 to 5, wherein said upper
magnetic layer comprises:

10 an upper enhancement layer disposed on the
nonmagnetic spacer layer; and
a recording layer disposed on the upper
enhancement layer,
said recording layer and said upper enhancement
15 layer being ferromagnetically exchange coupled,
said recording layer and said upper enhancement
layer being made of CoCr alloys such that a Pt
content of said recording layer is higher than that
of the upper enhancement layer.
20

7. . The magnetic recording medium as
claimed in claim 6, wherein the upper enhancement
layer has a Co content higher than that of the
recording layer.

25

8. The magnetic recording medium as
claimed in claim 6 or 7, wherein the recording layer
has a magnetic anisotropy higher than that of the
upper enhancement layer.

30

9. The magnetic recording medium as
claimed in any of claims 6 to 8, wherein the upper
enhancement layer is made of a CoCr alloy with 0 =
Pt = B8 at%.

35

10. A magnetic recording medium
comprising:
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10 layer, and a recording layer disposed on the upper
enhancement layer, |
said recording layer and said upper enhancement
layer being ferromagnetically exchange coupled,
saild recording layer and said upper enhancement
15 layer being made of CoCr alloys such that a Pt
content of said recording layer is higher than that
of the upper enhancement layer.

1l1. The magnetic recording medium as
20 claimed in claim 10, wherein the upper enhancement
layer has a Co content higher than that of the
recording layer.

12, The magnetic recording medium as
25 claimed in claim 10 or 11, wherein the recording
layer has a magnetic anisotropy higher than that of
the upper enhancement layer.

13. The magnetic recording medium as
30 claimed in any of claims 10 to 12, further
comprising:
a nonmagnetic underlayer on which the lower
magnetic layer is disposed.

35 14. The magnetic recording medium as
claimed in any of claims 10 to 13, wherein the upper

enhancement layer is made of a CoCr alloy with 0 =
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I's-110%&' ()-c a head recording information on and reproducing
information from the magnetic recording medium,
said magnetic recording medium comprising:
a lower magnetic layer;

10 a nonmagnetic spacer layer disposed on the

lower magnetic layer; and |

an upper magnetic layer disposed on the
nonmagnetic spacer layer,

said upper and lower magnetic layers being

15 antiferromagnetically coupled,

said lower magnetic layer comprising a
stabilization layer, and a lower enhancement layer
disposed between the stabilization layer and the
nonmagnetic spacer laver,

20 said stabilization layer and said lower
enhancement layer being ferromagnetically exchange
coupled,

said stabilization layer and said lower
enhancement layer being made of CoCr alloys such

25 that a Pt content of said stabilization layer is

higher than that of the lower enhancement layer.

lé. A magnetic storage apparatus
comprising: .
30 at least one magnetic recording medium; and
a head recording information on and reproducing
information from the magnetic recording medium,
said magnetic recording medium comprising:
a lower magnetic layer;
35 & nonmagnetic spacer layer disposed on the
lower magnetic layer; and

an upper magnetic layer disposed on the
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said upper magnetic layer comprising an
5 upper enhancement layer disposed on the nonmagnetic
spacer layer, and a recording layer disposed on the
upper enhancement layer,
said recording layer and said upper
enhancement layer being ferromagnetically exchange
10 coupled,
said recording layer and said upper
enhancement layer being made of CoCr alloys such
that a Pt content of said recording layer is higher

than that of the upper enhancement layer.
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