; e3e\ (6TW MAGNETI C RECORDI NG MEDI UM Background of the Invention: This
invention relates to a magnetic recording nmediumfor use with a nagnetic

di sk apparatus for carrying out information recording and repr i
operations. In order to achieve an increase in recording delﬂﬁ ‘mﬂmﬂh‘mﬂﬁm)lj
(hard disk drive), a decrease in mediumnoise is indispensa .

past, the decrease in nedium noise is achieved by inproving a fi*’tH*”
structure or a filmmaterial of a nmagnetic recording nmedi um, to
reduce a product M t of the magnetic disk, with the help lmﬂwmmmﬂm ted
i nprovenent in output characteristics of a magnetic head. Th t
is a product of residual nmagnetization (M) of a nagnetic |ayer *@Po03*he
magnetic disk and a filmthickness (t) of the nmagnetic |ayer of the

magneti ¢ di sk. The reducti oMAGNETICtREEOBRINGMEDIM ective in inproving
RI'W (read/wite) characteristics but simultaneously causes a problemof a
thermal decay characteristic. The decrease in M t, i.e.) the decrease in
filmthi ckness of a magnetic |ayer brings about mniaturization of the
grain size of the magnetic layer, resulting in reduction of the medium

noi se. However, niaturized crystal grains no | onger have a coercive force
(Hc) sufficient t8HoHHECS Hed Y Weét i zation as a recorded signal. This

results in a phen t i | hi_s
phenonenon is cal ?g%qﬁﬂ%ét% re@éggﬁ83&9@%&@%{3@%@@}@&{1;@‘ g%ewgﬁgnon
(ther mal deﬁ@a@, i regs I i e’ i i
structures ha ee&ﬁ?ﬁ}s%{@p&ﬁ%ﬁf@ﬁ%ﬁb?@%&desférrﬁa%ﬂ receht 99 gﬁ?rrgg?ggbit one
of the fil nppératiohsr es which is called an AFC (Anti Ferro- Coupl ed-film
structure (see Japanese Unexam ned Patent Publication No. 56923/2001 (JP
2001- 56293 A)). Amowgleeto echieveradiingeasdinreabrding aeedity of ddDDghard disk
Unexam ned Patent Publication No. 56923/2001 has a nultilayer structure in
whi ch a nagddye)c aldapseasasinanedigetinpigeds instisnansablec 4o e pastothea dgereaswu,
Rh, Ir, or the ljke) into u B}er and | ower magnetic |ayers. Specifically,
the magnet i {0 Megdbim noisg i iagbieved QYHE‘HEBWHS&Hﬂm HructiyrerQfia B majenialidheo” a
plurality of magnetic |layers havin netizing directions parallel .to one
Bnot her .~ TnUEOTERE recareli magilny I chefeR 1} Faduoel gotoductMr & it the daeric
filmusing TR j ' s in
{1 v 10, Wik, AREAGE R oF b er BRSC R REFASILG ABEH IS, |
excellent. fgrieieh@ade TheFROAGEIMr 13y ATprédiict oP Rssid Uil PhadrfetizBtién ApTgtase
in coercive force squareness ratio (S*). In addition, the pulse wdth (PW
and the oveawnagretichayacofetheshagneticadisiebind iadilmtthitknése (i) ot theasaghetisragnet i c
| ayer thickness also results in an increase in grain size of the magnetic
| ayer so t hlgyer pkthecaiagnetiooisk. (S/N ratio) is deteriorated. Thus, such

recordi ng/ reproduci ng characteristics do not fully satisfy recent demands
in an increase inlPedsdestian inddsi t ip extiemely effectiedndmproiBg &W of thi s
invention t rovid magnet.i ¢, recordi n diumwhich is excellent in
thermal _dec s BORES e BB RtLS U SRaBRalSY rHIRED A REPMENEHER AR o1 i os
such as a ¢ i Squ t:] Ny i wite
char act er i saccey figfeRidRue SheBepRARIMIGT g, hiEHRGRALEH fim BlgRL™
accor di ng t gf hlthagndticanyérttirgscatisut nihiafYizatién Jof e BEHNSkiZe 4RO MeHdHetiBRdi UM
conprising a base body, a first magnetic |ayer forned on the base body, a
second magnkdyee, reayiting imretductispadt ¢hie medidmyweisel oHoweveet mtrdatutibed trystdl and
the second magnetic |ayers, each of the first and the second nagnetic
| ayer s bei ngraihs aoflengerrhayea ceenciviedoresl (Ha) isefficient éo hblalyrecotdddchg f or
i nduci ng antiferromagneti c exchange interaction between the first and the
second magnBtagnetizgien as aHeceidestsigrajnet his reaylts ink:phgnemenenthatdhei ng t he
antiferromagnetic exchange, interactjqn, the second tic er
ombr 151 ng. EEGHHRA SIINEL PeAtteriiatast o R BEPYOTZ)aR 4 GAIRIACHBA| 4o t he base
body than the pripary,l| Ll ar Vi a\ Dri .SQt ropic
magnetic field, t ﬁgogd&gg%gg%%?%:eﬁlﬁgph%ﬁﬁéoa%&égﬁﬂdﬁﬁyhﬁl%gﬁé éﬁ%ga' ghetic
field whichgi ; j ' j i C Afekdn i 2) A
magneti c regf g?ﬁg“@é@&%&?ﬁéﬁﬂ%%ﬁ&&% ﬁ%%%%@!”agﬁ %H) A e@#@i‘l #152t he
secondary | ayer has a thickness snmaller than that of the primary |ayer. 3)
A magnetic recording nediumas nentioned in the paragraph 1 ), wherein the
secondary | ayer has a saturated nmagnetic flux density smaller than that of

the primary layer. 4) A magnetic recording nediumas nentioned in the
paragraph 1 ),




wherein the spacer |ayer has a surface roughness Rrax of 6nmor |ess and
anot her surface roughness Ra of 0.6nmor |ess, where Rmax is defined as a
maxi num hei ght representative of a difference between a highest point and a
| owest point and where Ra is representative of a center-1line-nmean
roughness. 5) A magnetic recording nmediupm as nentioned in the paragraph 1
), wherein the spacer layer is nmade of a material conprising Ru 6) A
magneti c recordi ng medi umas nentioned in the paragraph 1 ), wherein the
base body cretentlyetiracted tsdnaioe tfilnastrudtdass whish is exléed & AFE(Ardt ween t he
substrate and the first magnetic layer. 7) A magnetic recording nmedi um as
ment i oned i Retro<€CqupledHfilphsta)cturehiseeiJapahesaibdexamineg Paignt Palligatios &o. an
internedi ate | ayer having an hcp (hexagonal cl ose-packed) structure. 4 8)
A magnetic /809.1;(».‘%3801115@29%1)4 oned in the paragraph 7)) wherein the
internediate layer is forned sg that crystal matching or alignnent with the

primary magnetic Adyagnete reppidine mesiay disderade Japsbesalexaminest the
o SRR e BB A R R T
wher e oneTRGEHE Bvef i ARl iNPe o4t 8, SERwPRE eyt (RICERLI SN BFC, -

that is ne : W ki r, QhSni f tic
material . ?g@t‘%&ﬁﬁ} nztalkclg1 l?‘&%or glbntghgnlsé@iﬁ% a%b(?%fr?ﬁi@h@g rﬁﬁéﬁrecqp r agr aph
6)) wherei ndiwa;%dwmbrr%rﬁnaér@ti(ﬂéé;\)ﬁaf%fpﬁ%ﬁ?n% ajgﬁl)ra'ﬁty'ﬁgﬁﬁéhé}icrlﬁﬁé’r"sd' ng
medi um as nentioneéd in the paragraph 6), wherein the base body further
conpri ses ahavieg oadgriatizitig ditgotieds parait to bhe asulirirr aTkusbe thematdecayi ng
| ayer for controlling crystal grains of the first and the second nmagnetic
| ayers. 13)charaatgmistic s ingoveld.ng medi um as nentioned in the paragraph 12),
wherein the precoat |ayer s nmade of an alloy conprising Cr and Ta As
descri bed above, HAWe¥eRaftimisingtheAFsyyaructiyeds ingeasedinpagnetic layel ayer s
i ncludi ng the primar nd the, secondary,layers. .Jn this cas as conpared
w th ¢ necoLiDes 31 fordl St Bt SEGAGR dncel P shirid dbedl Shamtierslis) °a
t hermal dec a i SEA.GdiS Vi I I oercive
for ce squar EXEI8 bar 5 reksree i EBIALI AP RRy IS B i

descri bed ivel esg(ﬁ@ﬁ Wek* 0 i han
the primary aygﬁf gzs athic énée'lsaz%gﬁa*l gﬁt@ﬁgﬁﬁﬁﬁﬁpggemﬁm&nger.
Wth this spvaririte ehaldeteridtic e Wetdrisratede! JhieMatieakbiis nagndtic aaared fart her
fromthe base body nainly has nagnetic recording/reproducing functions

whi | e t he sthickneas gldcanesults & aniinaregse n graimsizé of theethageatie layeo so fisatbase
body has a 5 function of preventing the disturbance in crystal )

ori ent at i onthermedisdn apisedStV &atin)iisdeleriosgied. | Ihysyuah recedinglierspdydieg
spacer | ayer,. Specif.icall the prijmar er having,a thickness suitable
or mgnet | ety atie A abt sibaalshoRetat fRendRl fRuteeARe TeEgidy o nor
al ways have éﬁég ce constants approximate to each other. Therefore, by
provi di ng a% &ddi ti onal “layer (namely, the secondary |ayer) having a

| atti ce constant Qﬁ@@ﬁé&ﬂﬁj&eﬂﬂﬁ? of the spacer |ayer and the primary

| ayer suitable for e gnet1 c recordi ng/ reproduci ng operations, the

di fference in | atiigchepsiBed anlobfsst e els iIMRnEBRYE pravide 8mesgricliveesordiiy be
reduced. The additional |ayer (the secondary layer) is mainly intended to
appr oxi mat emgaiuns Whichis éxcetlenteindbesnalrdecay Tharadteristic ariteinaddi ti onal | ayer
(the secondary |ayer) is preferably thin. By matching the lattice
constants, RaserdingfepregHeing;ahasacististicscyychrasa@ cearaive ngmheeuarenessrationpar ed

with the cagsg where th rimary layer is directly formed on spacer
| ayer. As & g‘és‘%upfll,set"wgtrg@@r%\f ”?%?Q%’agt?lﬁ'ép‘é "Hegt%"()!@e)(gﬁaa‘ﬂp e pul se
width (PW can be,, mproved. lL.n this c h if.the s y |ayer
navi ng an excesst VaByerierdRomteda s R ETIEE vehtor SrCs BIBIRY 1™ e
additional thin layer 4 : Hetq ji S, fildpe
antiferromagneti cﬂexéhdé%%@étgﬁ{egbgbét on '%ﬁ%ﬁé%@?%%ggt&n@g’naeﬂég | ayer
mede of a fghpA b forRIcEsh M 6246 boky, i \SoddP MBGHIR! Ia9ERENAtd ShaReEhange
i nteraction agdgtﬁﬂe%%econd magneti c Iaye*’ may be i npeded go'that fphe
thermal decay characteristic is deteriorated. In order to avoid such

di sadvant age, the anisotropic magnetic field of the additional thin |ayer
(nanely, the secondary |ayer) nearer to the substrate nust be smaller than
that of the thick layer (nanely, the primary | ayer) adjacent to the
additional thin layer. Specifically, the crystal orientation is inproved
and, simnultaneously, the antiferronmagnetic exchange interaction between the
first magnetic |ayer and the second magnetic layer is not easily affected
by the anisotropic magnetic field of 6



the additional thin |ayer (nanely, the secondary |ayer). Thus, the thermal
decay characteristic is inproved while the coercive force squareness ratio
(S*) and the pulse width (PW are inproved. Herein, the anisotropic
magnetic field of the additional thin |ayer or the secondary |ayer (which
will be referred to as a | ower nagnetic hayer) or the thick |layer or the
primary layer (which will be referred to as an upper magnetic |ayer) can be
adj usted by controlling the content of Pt contained in the | ower magnetic

llayer or thpyepREmeTRSERRh thé!iﬁét-anﬁftﬁé%'eb@ﬁd ARt 0 s NBarHesf theffired d of

the | ower magnetic |ayer than that of the upper Tagnetic |ayer can be

achi eved i f ahddehe 98GR mRignBtic 1ayetBeing W fa feRBnRigrietic avgteriak tiseBpacdr t han
that in the upper magnetic | ayer. Specifically, the content of Pt contained
in the | owelayer being fopieiucimgoarstifercomaygnetic excrngstiatbraction betaveearthe fikstt ween
5 and 14 at% (nanely, atom c percentages). By arranging the | ower magnetic
| ayer of a andilthe sécaridhmagnbtit layers, tthe fisgh sawagneatiayayeraraing fer compretlingdbaet i ¢
layer, it is possible to prevent the disturbance in crystal orientation in
case wher e andeuppwgnetigexehangainteractonthe second smagnetislayaiCosprRIsNg Rayer .
Presumably, this js because the natchi in lattice constant, bet n the
lover and i PE@BplaVeREBA@ $ecoNdpBt 8V PE ORalstIRATeRl tedaseeRABiahdne as a

Cow Care rhrinaByfERh S Briphirs Fasid 1R Bu kRl BnisSbaRfebiRidtodr ! ot M)
dth h LSt : i : f

Fhctors oy SsendHRy i ef WAUAG S becidariBfiSS BBl MRancl Aadidfetis ehanc

The | ower nﬂﬁﬁﬁhngtﬁﬁﬁﬁnggﬁc i?ﬁi etiffibRi tice constant fromthe spacer

| ayer contains th r rystal orientation. Therefore, an
increase in thickpesa mhghdifc erordingngtiitincad meationéd fretheararagaphabe i n
noi se. Taking the above Into consideration, the | ower nagnetic |ayer is
desired to whersinthe secondary saydr dasketiidkngss senadief then that ohiivequimaryt he
orientation of the upper nagnetic | ayer. 7 According to the studies of
the presentl@yBGentors, it has been found out that a smaller saturated

magnetic flux dengity of the |ower. magnetic |ayer, than that of the, upper
magnetic | ayer seg)Ve m@g?%%f,eéméd'ﬂgi”g%‘ﬁg%‘lﬁ%'é%ﬁ‘i'o@ﬂi'q %\ﬁe‘?arﬁﬂ@?@tvc | ayer
to thereby | i i i e

coer ci ve o B e BReTTA TR R ¢ FelidiBh ool P RBRAFRER MR
(PW, the o i : istic, the nediumnoise (S/Nratio), and the

t her mal decggﬁgﬁgﬁggﬁééhgﬁ&gfcan be inproved. It is noted here that the
saturated magneti g) f AunagResd tecording heedigmeds MlentibSed PPBe pEEgRIpHCT), ayer
can be adjusted, for exanple, by controlling the content of Cr contained in
t he | ower owhetein tippepacerdager lvad agerfacé\raugiiness Rraaxioh6enh ordgseand f | ux

density of the |ower nmagnetic |ayer than that of the_upper nagnetic |ayer
can be achi avether surfaee taghnessdia of 0.6t e lgss, WhenerBmagg defigmhasiac | ayer

of %E?EE[ ARG Teiah) tSRErSSRtatNaLo e e A tHESh &y Rih e é\%mfr?iac&:i i
| DAL .
i ckness. wierTHeh PRI ARy fia el of § FaFThe R IO doroaeL o 2 0

preventing ser i oug) dal RpbALGH Idtrdtha g hd Alehflonddh ¥ cdrageprOf),  he

upper nmagnetic |layer Is appropriatefy adjusted In correspo to a
desired val ypefdinMie sbacé'ﬁﬁyéﬁ§¢ﬁk§ﬂ%ﬂ£'ﬁiétériél%b@ﬁpﬁﬁdg ganprise two |ayers,
three | ayers, four or nore lTayers. In view of the production cost, two or
three | ayers are @y efanabhetic fecoadingtneediai ad mentiohedvr theguaragiaph Hyer, use
may be nmade of a Cobased alloy such as CoCrPtTa, CoCrTa, CoCrPt, Copt,

CoPt Ta, CoOnPETRIBthebas®bByly somprises a Whstrateand an. urplerlyingupyen fprmade of
CoCrPt Ta as the | ower nmagnetic |ayer is preferable because the S/INratio is
i nproved. FBRtwAEH Bewy g’ﬁt%and)#hq:ﬂgs&mgr@#@i%en n order to further reduce

the medi um noi se, _an el ement or elements such as O N € H_and HO nay b
5 adued Lo the | ofer ABRBEIE dogyho Mrdud & nfbriptedln Mo rdalbn g e -

et hodor e pliSefny e SulRises e nsneiAdiaf AT nEE MCe ©f
i nactive gaﬁq%ﬁgﬁﬁmbge_#égggd)%ﬁ Get containing these elements, a nethod
g

of depositi ower netic layer by reactive sputtering in a m xed
gas at nosphere obtained by m xing 02, N2, NO NO02, or CH4 and an inactive
gas, and so on. In this case, it is preferable that these el enents are not
excessively added. This is because the addition of these elenents as a gas
decreases the nagnetization of the | ower magnetic |layer so that the | ower
magneti c | ayer does not sinultaneously serve as both an orientation control
| ayer and a magnetic |ayer. The concentration of the gas to be added

Y T T N o o ~ oA 7 . Y T T .



9 surface roughnesses referred to herein are specified by Japan |Industri al
Standard JI SBO601 in the manner which will later be described. The action
of the spacer |ayer inducing the antiferromagnetic exchange interaction
greatly depends upon the thickness of the spacer layer. It has been found
out that, if the surface roughness of thd spacer layer is great, variation
arises in the antiferromgnetic exchange interaction between the first and
the second magnetic layers. In this event, the antiferronmagnetic exchange
interaction w thi B) afpinagoeti¢ redozdinggnedium as owardiongdiir thaipamgnaph 75 a
distribution so that in-plane distribution of the thermal decay is caused.
Speci fi cal | Whereinihe injesnediatsmiayesuis formaed spithaherysisghsratchingr atigamegntur f ace
roughness given by Rmax of 6nmor |ess and Ra of 0.6nmor |ess, the

above- nent i $Bdhe Rrimary magqnatictlayenis iRioved awmpiremtog substrateftowards Hist ai n
a predeterm ned surfac? ro%%hness of the spacer |layer, use is preferably
made of a sif MagpSHEaYE. i rror-pol i shed to have the predeterm ned

igrn: casi [3”82“23?82{ ArFRGnelRiouBB PGS biRORER Ty ﬁ?f%ﬁfﬁ%gi% 16h e
Bnd R of 0 b P TSGR BB EoRprrs pRATEINYALIERY *' e may be made

of Ru, Rn, Ir, anﬁOPPA&hb@Meﬁé‘%&%ing%’é&]uﬁﬁa%ti@ﬂ@d'Nhﬁ\bpﬂa@réﬁﬂ 9}5“955
of the spacer layer is appropriately adjusted wthin a range such that the
anti f erromagieréin omedagerst thetpturadityl sfilayers @ftiee mtdrmeyiats layerithatist he

thi ckness falls wthin a range between 4 and 10 angstrons, preferably

bet ween 7 andaeshtethe first magaetic tayenris ynadesef aferromagnaticratadetial of t he
spacer |ayer is preferable because antiferromagnetic exchange interaction
is great. General 1Y) Arpagaeficracordiagmedivg araentioned imthe preganh 6 whi ch
t he underlyi etween .t he substrate and the first nmagnetic

ng l.ayer is formned
| ayer . 10”&%’?'[1&%%5??@%@@@9@? SUbstAtBral ity of layers including an

i ntermedi ate | ayeg,havi . | se-. S en a

| ower | ayer havi nazg é‘c@ggﬁ%%gcé’&@@ﬁ&@@m %‘J) R]setﬁl'gggﬁﬁrg?heaﬁéééﬁg@er, and
SO0 on may beg,ek i j ; | i kc | ayer
t owar ds thewshgﬁélﬁﬁ g?gﬂsgﬁogyﬁgﬁﬁ%ﬁ({/rﬁﬁ@%%%Egéejcﬁ@?arfg? ﬁ%{/déér&h%y e a'esi ngl e
| ayer sel eckgBsttaterandtheaindryiging layéefol BoRIroMAY ahtalayanshitha firdieind
(hexagonal cl ose-packed) structure and is intended to adjust the crystal

ori ent at i onthd se¢endmggeeficldyayer havi ng the hcp structure. For exanple,
the internediate | ayer may be nade of a material such as CoCr, CoCrB,
CoCrPt, CoCr Pt Ta, 18hdAapagmetic reesrding enedidinaas menjionednily theepanageandt 12),

E‘Sﬂp”??lé‘it ?wﬁ%r%mftﬁ%ge%%g?t e 19 T cﬁ{a@%@»& SRTEpTAD8 Chand: A anged so hat
Cubst rat ot ower s Pinshfey Bhhe R SEbb T et da R B s R UM BT o} e

oS AP 35 o S| Bt A el ). I

case where the 1nternediate layer 1s u ving an AFC
structure naymparé®RitAI88 cade Where thid S8darid hagheti&niyePcodprees & dngle
CoCr/ CoCr Pt Ta/ CoCr Pt Ta/ Ru/ CoCr Pt Ta/ CoCr Pt B, and the'like. The | ower |ayer
has a bcc stayegtathermatidesayeharagteristie isdetproved apdpsienuitameguosilyos tagicive
characteristic. For exanple, the lower |ayer may be nade of a material such
as O and afaee sauakenessratix £5fIand Tpwse widih (FUKMEI’%HUD@Wd). The seed

| ayer is intended to control the grain size of a |ayer fornmed thereon. For
exanpl e, the seed”sgpserined agav 8SGPO’&th'%Yﬁ’rdPC%%@H"'eo?éerl\ﬁoﬂh? bgs€o, o Ti,
CrNi, and Al

G o A RS BT OB i 8 v
oraine it REUPREELEACRE e DRy 1P elafivelf Bk ghEBoata iR IGE R ' T
decr eased. E?§e bﬁhgmﬁ@ah(ﬁ%aﬁﬁgﬁé comﬁgltrgﬁ)%%ﬁ{ cfic?nsn\??/hilﬁ{rf‘éc erabl e

because the function of ustfng the cry orientation of the magnetic
layer is inggédnderg Myer rélatitély teiRshd I68&teddiedreictheadse stiamaageousl y
used as the internedi'ate | ayer because the crystal matching with the
magnetic layer is excellent. In order to further inprove the crystal

mat chi ng, the content of C contained in the internediate |layer is snaller
than 22 at% Thus, the abovenentioned function of the internediate

| ayer (adjusting the crystal orientation of the magnetic |ayer) is

advant ageousl y exhi bited. The material of the substrate is not specifically
be restricted. Use may be made of al um num gl ass, glass ceramcs,
ceramcs, silicon, carbon, titanium and so on. fn view of the snpothness
of the surface of the substrate, the flatness, the nechanical strength, and

o o .. Y T T



12 substantially anorphous structure pronotes the uniformty of initial
gromh of the crystal grains. In this case, the content of Ta preferably
falls within a range between 30 and 80 at% Brief Description of the
Drawing: Fig. 1 shows a filmstructure of a magnetic recordi ng nedi um
according to an enbodi nent of this invension; Fig. 2 shows a roughness
curve for use in describing a center-Iline-nmean roughness (Ra) used in
describing the magnetic recording nediumof Fig. 1; Fig. 3 is a graph
showi ng t hefunelian bbpssvieptibgthedisturbanéé i crysiad oFedtatibe isicgsewhend the
attenuation (Thermal Decay) in the magnetic recording nediumof this

i nventi on, primagnipyer isadireatly fionma¢d ooilbe spacerdaygrar at i ve exanpl es; and Fig.
4 shows a filmstructure of a magnetic recordi ng medi um according t

anot her enbodi nerdpegifieallystherprimanydayeDeaving aithiskness suitakbe éarena@rmetlc

Enbodi ment s netic recording nmediumaccording to this invention
will be des'@PPBié’dg/a @Pr@gHF'lﬁ‘Schedﬂt'%st W%H&:WQC@VMF% ot plwaysiaver ri ng t o

he. Exarpl dBce ARS8t SRPLO Bels 16 S heleLim LABIAPrY PEMHE Boanpl o 1
| ayer 3. Zﬁc{#ﬁ@fﬁ* IR AP S SR Rl ok et B BREEWBSIRACE %) Der G

a | ower rb%ind@¥8b tHdse gﬂh\é%‘b%ce %mg cf‘gﬁﬁwaylaﬁlr@m%&@%%e' ayer

8, and a Iu rircation layer are successi ve m na I's order.

conbi nat i ormagnéth@rédbbah@#bsrobucirgge?wraﬁ@ﬁé thé‘)dﬂ‘fer@ncé elatR@Cdnaysft 3. and

the underlying layer 4 is referr 0 as a base body. A conbination of the

| oner magnetetweknythe abbvendettivhaddppersnoegrisd retiucager The ddeitonahiayec (thd
magnetic |layer 7. The gl ass substrate is nmade of an alumnosilicate glass
chem cally mqoedgnhl@ueg iamainly igtended ¢o appraxihate {match) thedattice eghstestss Ra
0. 3nm and Rmax = 2nm (nmeasured by an inter-atomc force mcroscope)
The surface h%ﬁtﬂ\'ﬁeﬁ"@ agdifienal dayer{the seqandapy layends pesferalile thiganBy oughness

. o A e P Ao s T
1oL 10, 0, SHRRHEEAAYob SRR TR RSB RGRE U e
curve. The ﬁﬁﬁé&ron' ﬂw@%ﬁ&%ﬂldﬁ%‘ghﬂéfﬁsfe?@lt 'tﬁe ICBBFEEIIrEE sBYaleR@ss patiPW ng

equat| on: = Lm fomf( , Where the roughness curve is represented

by y f(X)(SﬁhéﬁdltH‘n‘@pQ%@t\ﬁlﬁtH§ )@hntdeemgﬂwé@d portion is defined as the X
axi s and when the direction of vertical magnification is defined as the Y

axis. That is, tHe thistase; howevegifithe seghndary |&eritaviief anedcessively rge

whi ch anisotropic magnetic field is selected as the additional thin layer in order to
match the lattice constants, the antiferromagnetic exchange interaction between
the first magnetic layer made of a ferromagnetic material controlling the
antiferromagnetic exchange interaction and the second magnetic layer may be
impeded so that the thermal decay characteristic is deteriorated. In order to
avoid such disadvantage, the anisotropic magnetic field of the additional thin
layer (namely, the secondary layer) nearer to the substrate must be smaller than
that of the thick layer (namely, the primary layer) adjacent to the additional thin
layer. Specifically, the crystal orientation is improved and, simultaneously, the
antiferromagnetic exchange interaction between the first magnetic layer and the

second magnetic layer is not easily affected by the anisotropic magnetic field of



is obtained by integrating an absol ute val ue of deviation between the
center-line and the roughness curve by the section of the evaluation |ength
into an integrated value and by averaging the integrated value with the
section. In other words) the center-Iline-nmean roughness Ra is defined as an
average val ue of an absol ute val ue of de@iation between the center-line and
t he roughness curve. The surface roughness Rmax i s a naxi mum hei ght
representative of a difference between a hi ghest point and a | owest point
of the sur ftheeadditiaial thidddyeardoamely) theeserondandiayeni allhgsdhddhernidl 8eBago1l.
The precoat |ayer 2 conprises a CrTa anorphous |ayer (having a thickness of
300 angst r ogligraciefistiaissinprovet windethg eperavefosecemafivarenessrasio (&) andthe i s
60 : 40. The seed | ayer 3 conprises an Al alloy film (having a thickness of
250 angst r opelpe widthu(PWbateieproyethg | ayer 4 conprises a Wthin film

havi ng a thickness qof 100 angstronms) and.is, intended to | ove a,crystal
o e b Checirdn, hegrattonogaancrs del aiibs qoationaLhIbRge af fs. 5

conposition ratip of Cr: 90 at%and W 10 at% The CrW.underlyin r 4
o epos ¢ cXPORncBR, yeF (e il R iaifestld 41 AlndlntanabdfHEETa0 aedte WA i &
order to pr 3 N j j ; - j i ng

or der™ 1,0 B! r et 9k OlhiEh wil M terith B3 b AR N9
(having a t&éﬁb@%’iﬁué_iéd By c%ﬂ&%tlih?rfﬁé cBhtehit b Pt eFRAMRId if the BwdrHagnét The
spacer layer 6 conprises’a Ru fil'm (having a thickness of 7 angstrons). The
| oner magnefayer b upPeranagrétidayér. CoCsmaller aisstyodie ningnetiofieltbaf the a

t hi ckness of 5 angstrons). The contents of Co, C, Pt, and Ta are equal to
70 at% 19 lawkdr nSagrietic layet thanthét of dseappéenvmbygnefihlayepgsr beaghieved ifithger 72
conprises a CoCrPtB alloy thin film (having a thickness of 150 angstrons).
The cont ent eorgentoef Pion thedowemnmagnetielayguis smallethan dhatdothe ypper2 at % and
7 at% respectively. The_praotection |ayer 8 serves to, prevent deterioration
of the magn'é‘taﬂeei"éijlﬁé’rer-duﬁgﬁg}'?ﬂ% E@rﬁcﬁ%ﬁ?nwft %”ﬁ@%‘giﬂp therlewer orne
protection | aver TpLi ses a.hvdr.ogen n § cal i de)
fi | m havi ng“@x?’rﬁ‘%ﬂﬁé@(aé{%?ﬁsaaddﬁ%‘&?r"gﬁ%’%ﬁ)’%ﬁg%g&’%éﬂ géﬂaﬂéﬁ%‘.%@“%ﬁ%ﬂ ses

a liquid | ubic tl uoropol yether. The lubrication |ayer 9 serves
to buffer t%@hggh)%g%?ﬁa ?‘ﬂ'the magneti ¢ head. The lubrication |layer 9 has a

thickness of 8 anggh@mging\eetloweeaRignetic fyeniok b dpfalMitknebs BetwddiPtheof

produci ng the magnetic recordi ng nmedi um havi ng the above-nenti oned
structure. gpadariayer dritethel amper smbgptetiatiayerpit icpessillalid pretenttigg hened by

| ow-t enperature ion exchange. A principal surface of the glass substrate
was subj ect digturbapeeiti eriystal pientationdn caspwhere theaupparmoagneticflayer iSRmax =
3.2nm Ra = 0.3nnm). Then, on the principal surtace of the glass substrate,
t he precoat direstyrformedion t@@é(ﬂ’apﬁﬂ/&ye& negumably, tHgiés bggavige thg spatghinge

fi iC,.J h I he | ic .l 1,
5 héifépggg”gfggﬁgﬁ%ﬁcﬂnm? tbfgfér_ﬁ‘-}ﬁ% et B dne et Rl HRL BupBibisdei
| o REa'E .
ungerl yi ng %‘%ygg"ﬂ vvagﬂg%\geﬁos'?gt §§°ﬁ§8§put tezpji'gng&%'lﬁﬂ’g fﬁ’l xe ga%n%s%gnw%ggher e of

Ar+Q02. The(g¥) @hathk puildeawrith $PWaaré fRpRVedd 1Dh lRUSthEF havid,iHbwever XRd gas
at nosphere of Ar+H2. The remaining | ayers were deposited by sputtering in
an i nacti vemgaliumnoisp(8/Neatib) and thehthermahdegmy ¢Haracterisliy aidyesonetimes ant
was applied on the protection |layer 8 by dipping to formthe |ubrication

| ayer 9. Thie degrareghetQue df fctaracaobingi the dlegradationgn engdiumi naise (SN

obt ai ned had the coercive force (Hc) of 3698 COe, the coercive force

squar eness Fadio) i assiolloyes. o Téw lowge Maanestie layermismatching ilatticecconstant wi dt h

R T
2k, ) AR ERESUT Ao P BBl ST AR, o
o ol o T80 5 B0 ARSI B 68 4 e bneger €1 ve

overw ite cik astposkible, keepMig théledfeet 6himiprolingithé ofientitibR oTBRs Upger i n the
foll owi ng manner. Also in

magnetic layer.



foll ow ng exanpl es and conparative exanpl es, nmeasurenent was nade by the
sane net hods. The coercive force (Hc) and the coercive force squareness
ratio (S*) were neasured by a magnetoneter head (H /Mt Di sk Mapper

manuf actured by DMS Corporation). In view of the inprovenent in PWand

t hermal decay characteristic, the coerciVe force (Hc) is preferably as high
as possible in a witing range of a head. The coercive force squareness
ratio (S*) is an index representing in-plane orientation and magnetic
separ ati on bet weeAcctrdingatyibei studieaiofithe Besentinvgntass,Ht debeemfaund cut

pr ef er abl e. 16 The out put@iLF) was neasured by a read wite anal yzer
(Quzi k). Asthaie spalgreaturated magnetie dux depsity et tiedawenmagbetie layer dhamr e
mai nt ai ned,  t he out But (LF) is Preferably as high as possible in inproving
the error rHid of iR UBREIBaGNalH iayPIBerves 49 fediGR & NiSepPUre PhedoOwenal
waveform was neasured.in the follow manner. .B read ite anal yzer
(Qusi k) i ¢ Fraghea Re shrPEu i BpI D TR RARE: ool dSHE BT e bR ot e

t hereon, an_j rghr oduct i Qn_ Si I ragt.ed. t ai ned
s the ui dr FoBFedlsTiel i Gittelb PR BB AR S ALR ToalalBd R 88,0k pus
signal with r ' [ LA Yenti i's
preferably ggﬁsggrrgiﬁfh Q@A’g&gg?‘g’ ({;\9 }lt?hcéﬂgrlaéps"teﬂgtéﬂ;ltjlégﬁ%@@ﬁo@@dﬂg(@h@!\%ﬂ H
allows a grﬁ?é@ferm'dﬁaé‘éay)éhd?blb@?’l%tié %hﬁ'&@'iﬁﬂ)ré\%d@e witten In a sanme area.
On the other hand, a greéater value of PW0 causes an interference between
adj acent pul ses ( #tiignetez)hére thabihecatamtet magnetioflux dadsingofithe Iswanet . Thi s
waveforminterference deteriorates the error rate. The S/Nratio was

obt ai ned bytheeappern magnetiolagiengan bpradiiistedJooexaopke, by controfiing Ithev ng
manner. By the use of a MR head having a head flying height of Q025 a m

t he recor di AgNieBhPbELEPAIGINAG IpUhe leweron thaawper BwagnstiadayisnsAsmalters20 kf cl

520000 bits/jnch), were neasured wh the rel ative speed between, t he MR
Elead and théaﬁ‘é@tﬁ)gtmﬁg%‘?t& ‘fxsd%’éﬁi%ﬂo(?ﬁﬁe ?’Vﬁﬁ@égnetﬁtlagﬁ%t Qrti‘?“e?fqh?equency

" ccordi ng/ + SpPSUTEBRER BPReARRE SvdeRlths Qe ARG ATt oer e

MR head usegd i e ) : a i nd
magneti c hegljdel ng‘StSB|'§'ngt ﬂgﬁ%a?gﬁm%shgﬁtdhéﬁ%?p%pm%gﬂ%\% ﬁygr'a%%é@@ g’irf(}]gs,
respectivel Eonténhbﬂﬂﬁboﬂahhdcﬁlhltﬁe%\ﬁé’ﬁéﬁtﬁemp‘ﬁeﬁﬁ?dgr:feﬁ@qlay’éi_i@édmétéﬂle to a
noi se to inprove the error rate and achieves a high recording density. The
overwr ite chithaca eangs betwedW 14vand 24matbar | y measured by the use of the read
wite analyzer (Guzik). The overwite characteristic is preferably as 17
hi gh as possi bl e Imthisheasss ke layveri mpgosticlgyenkasiadhigkpegsomithin afiasge due to

an insufficjiept witi ability of the head upon assenbling the HDD. The

t her mal dech? %@PB%OS@'?%K}%'@S’M?&Fseﬂrq?‘?fagﬁ?emfﬂf?}’?f\m GHoYRer. In order
to accurate ) t |t Si Ly uat.ion to t rmal decay
of the magndblneralthl & B8 Sinlrelia: T ROuRkDER HbBUEREE RrEE T It 1 ¢ 1 ack
(t he pheno | r j fyadi sjo uses
({he_Phenongefheriitly i e eRRBREOR AesiUa MBI O TRRSeS
recor di ng medtdhd maghitic iy@r naysEamplis@tie Hiyatd, dhvee IBYERATUr ioPMdre Made of
an MR head having a read/wite ‘device in which a wite track wdth is at

| east tw celayereadntview lof tialptoduttien bBsthbeal or threetlayers ardpeaférdibdk nmechani sm
in a systemtogether with the magnetic di sk as the magnetic recording

medi um obt ai ned aésemetariaof Hisolower Thagnetichayearcuse mayibeedeadfenbos put
into an envjronnental tank caontrollable in nEerature i_.n order to expose

the head! d; RSeR NP @%C%CHFQT%%_ Jﬁaﬁﬁ%ﬁ" fﬂ"rtoﬁﬁﬁhh Qﬂﬁ?él ﬁﬂjﬁb

't hﬁm % ﬁfoﬁ%ﬁ@?@%sa%”akf;@ﬁdit 2 write signal to a wite devi ce o

the signal is uri PEOE-eUE St ColiPrin s MRBHRL el /R pRIGaEIE |

t hrough a rS@@atﬁﬁaV@%eS/Wrattqu?Weltq‘%Qz anplified by the read/wite circuit,
e eval u

and then neasur y a signa ating portion. The signal eval uating
portion records aRopmmiafusigatiog of eryetal lghaing @Rerder 36 flrtritlr rédidecthet er m ned
time interval. The signal evaluating portion carries out neasurenent, for
exanpl e, byntdiumswisH, an epment oneena@ntg such s Q,I, CoHdand b0ahay be
above-nmenti oned neasurenent, the environnental tank is kept at a
tenperature of 60C and the recording density of the signal witten in the
magnetic disk is 100 KFl ux/inch. The head used in this neasurenent has a
wite track wwdth of 2.0l m a read track width of 0.5, um a wite gap
length of 0.20 ~c m a read gap length of 0.11 a m and a read/wite device
floating height of 20nm 18 Conparative Examlp a 1



Next, a magnetic recordi ng nmedi umwas produced in the manner simlar to
Exanpl e 1 except the | ower nagnetic layer 71 in Exanple 1 is omtted. The
magneti ¢ di sk thus obtained had a coercive force (Hc) of 3639 Ce, the
coercive force squareness ratio (S*) of 0.54, the output (LF) of 1.39 nv,
the pulse width (PW of 12.6 nsec, the N ratio of 30.35 dB, the overwite
characteristic (ON of -26.44 dB, and the signal output attenuation of 0.17
-dB/ decade as the thermal decay characteristic. It will be understood that,
as conpar edaddddtol the I6wkshiagaetit fayeh. UThakeelehtemts chmbatdadiddoahefiowé s
invention is excellent in thermal "decay characteristic and particularly

i mproved i nmegeetic kagef asing vatioas enetheds at For &&mplepuse enay bié mdd@yf,a and
overwite characteristic (ON. In particular, the magnetic disk is

gener al | y rragthiadeef dapdsiting thedoweemagnetic tdyar hytsputteting i a@ninadtive3@sdB or
more, desirably, -33 dB or nore. It will|l be understood that witing was

di fficult iamasehere vsingd largetraniainingdhase etamgntsha method of depesitingi s

i nvention achieves the gverwite characteristic ( a sufficiently

usabl e rand8® IR¥PEMAIRGLE (AVEr Yy reacivg $Rﬂ¥£e”|'?‘§dﬂ@tﬁéyepi&r;§r YMRPARER a are
L Bl AT A5 Ch T e ot 2
nvent Con.  iscedss, 1K pstelheiiarhor b fee 608 A Bslyafy SUAE By M °

exi sting ' [ ki , ibMel y.
The bl ot t equataasE AR ol hiBR oF e o OB g L8 RGN
nmaterial angfthBeowet MagRBHe fyier 86 thAt thBeowstd@agykhi@|dyay 8bed not t he nagnetic
| ayer are changed. Generally, in order to increase the recording density,

t he i npr ovesigmiitanéousip s8ie asiboth ars odestation @bntrelbapercand asnageetid layen. t he
graph, if the SINratio is inproved (i.e., the magnetic grains are

m ni at uri zethe cancersmtiohafdhe gas Arbe addedqreiacably dallsswitlyh aurange hatweshgnal
output attepnuation is increased (thermal decay. is deteriorated) so that the
i npr ovenent O0-drand@%smere preferally bekveery0-2p@nGil Yowance for the signal

out put at t enuat i gne gradiedpr bl el el ible el 468 Ve Bl 8- ' 97
neretore. bl o ddi A CBCBME, ABASEEPIE YL, B TREn®X] Sti NG

AFC structure 1s 1 iClent i n’'thermal decay characterrstic a

encounters ther (Crkiodtaten). | PaArfaUIANE TITGPEB coRtidthd! CatPtoan®B ishe ot her
hand, with the novel filmstructure of this invention, it is possible to
achi eve a theferablaisecausess highaoeeciod foraet(He) ahd @ high IS/Nivhafédteristid are

i nproved. This shows that the recording density can further be inproved.
Wth respecachievedhe |linit of the existing AFC structure, the inprovenent in

recordi ng density corresponding to two generations is, possi bl &_Lqr’l t he
magnetic di sk, thRsarpaisviahehhefiistanropals Byee yisereay Péﬂ“mogé ation is

Bxanpl o 1 o AlRTTE PHGEICh s PaGHR Choiel B ey of 8o
The®reour t CECIPEABPRRICH TR COCIAUZ] TRE idfndes & X iESmagndit ApBEE 00
of the | ovwegpsrapRsidifaljBkfid iﬁ%o?r’é%ﬁoh@éﬁcé)lfodBésik&Pl%K/eﬂ@&HétthénﬁélXﬁrcayz

results in remarkabl’e I'nprovenent I n coercive force squareness ratio {S*)
and overw i glearabreristic.er SpécificdliPiheahickakss afthierfpstaviageetic lagepfalls evithirdah
(PW as conmpared with the existing AFC structure (Conparative Exanple 1)
al t hough t heangedvetween Soank8Q lengsiremdecr eased. (/~.e) ~~ ~0 ~ua~uo~
(/~z\ ~ ~0 ~ua~uo-~ . ., f~~le) sl 10 ~uaj uo~ 0
N b al dwex3Z 1' Ot Agopatbe @bgve-menionegsngtgiaiepfihe dirstanagneticolayar Ueg of
a~dwsx30l ' 0).S.6ZZ' EES 7 LLS L99 09L9S73l -6 -9, LOS Lagua~a~adE L~0S
'Er8: 727" 7 COBY 1 PTereblachaaUss the 16RITA deCa RIBOIER CaRee ITROVSY) o

05 OLEOES -0 b pken el b G BT g A2
R

|"0S Otr~'929' Z | 6E' L~S O06E9EOpPS Lan~srsdwo~Z 1' O8E' CEti E EEE Z | ZS

LS9' 0869ESZal -6 -6LCS LI

a~dwsx3(woal sti UE) ~a~0~8l d~~o~( apaoap(gP) (8P-) (oasu) (nw) (ap) ~a~a~r a~(a~aa~(
ey/ 8P-) ~gy; au6aWi | au6sWi ~au6sWN SM OMi~| of f ~anno~ ~oaanno~ ~ocaaddn
~0~a~a~l ssau~oi y~uoi ~sodwo~uoysodwo~ L al g~I 21 Next, a magnetic di sk was
produced in the manner simlar to Exanple 1 except that the Cr
concentration and the Pt concentration of the |lower magnetic |ayer 71 are

i ncreased as shown in Table 1. The result is showmn in Table 1. As seen from

e - . o Y b1 o .




By changing the C concentration of the |ower magnetic |layer 71 in Exanple
2, the saturated magnetic flux density of the | ower nagnetic |layer 71 is
yet smaller than that of the upper magnetic |layer 72 as conpared with
Exanple 1. Thus, with respect to the nagnetic disk of Exanple 1, the
overwite characteristic (ON and the S/bl ratio are further inproved. By
changing the Pt concentration of the | ower magnetic layer 71 in Exanple 3,
the coercive force (Hc) and the thermal decay characteristic were inproved.
Next, magnesirdach shkghnesseprefeined to herdimharerapecified byidapantindistdalpl e 1
except that the conposition of the |ower magnetic |ayer 71 was changed as
shown i n TaStandard UISBea0H imrthe oharerwalsich mélt tdsrchie dascrilyex. c oittecactionf ofPt  was
decreased). The results are shown in Table 1. As seen from Table 1, both of
22 t he Exanfhesspacesiayes ingusingthenantiferpmageatic axehangeainteraptjon geeatliicr ease
in content of Ta., In Exanple 4, the thermal decay characteristic and_ the
overwite cHependssipan the thiskpess pbtheaspaceriayary [thasdaen foyndmwut thatriéase in

cqui val ent 1 Sitat8 PUghaSss, SEhR RparRE el & Ueak \ariatha Sxses 1 ln?cwgﬁrﬁ
co | L 1P 2.3 i c. di
broduced i nenRETAEIasp I ExeTafod (oGl belvduiner afl FRESgora & =% ves

concentrati : | r j : in Table
1 The. r asult et Mere: o BRI bt ferfmief P BB in b 1 o
nmagnetic fi gitAincd pldh@ deM@hé’giﬂi@trbéoﬂdm(_fﬁ]eﬂiurh%xﬁfﬂﬁh'a?disirhﬁ!ﬁoh%@tthﬁf the
upper magnetic |ayer 72. However, the saturated magnetic flux density of
the | ower nimgplahe didtrlyatior/af the themadlatedayds chbséd.of Spduificaligeit headeehi ¢

| ayer 72 so that the S/INratio is deteriorated. As conpared with the
above- ment i tousd aatdngt, #4hea spacenlaygn haba surfdee soughheassagivemby ndecof

ani sotropi c_magnetic field of the |ower magnetic layer 71 is smaller than
that of thebOPfEresagndRaol dpam orleandh veteestignadiyariatidignet i ¢ f1 ux

density of {Fﬂc@( .!?ower .magnetic lLayer 71 is smaller than that of the upper
magnet i c | a{figtripytion) 'ﬁﬁgﬂ@'ﬁqséeﬁi sk excellent in thermal decay

wath (W, overwh FECEinaerLs pERRiG e SR RRITITRAS LR Wageriayer?! o€
obt ai ned. @é@%&%?%m%élbfﬁ Shbbrste wﬁicﬁqg'ﬁ‘ﬂlﬁrbﬁpgii%d‘ﬁﬁhé’«fé)ﬁ%ced in the

manner simlar to Exa 1 except that the precoat layer 2 of an alloy
cont ai ni ng predetetminedvearfacsd rdughieds of ess. esius, tie sirfade foughfbseofltheAs

wi |l be understood from conparison with the data in the exanples, by

f or mi ng t hespacer dayerlcapezasily ioededjostet e tla¢ pradetemiiaedilenel.Cr and Ta on the
gl ass substrate, it is possible to inprove the coercive force (Hc), the
coercive force sqifathisnayentiefn,iitds peeferahlado pge diee bstratempyrorpetshekingg N
ratio. 23 Exam Ip a 6, Referring to Fig. 4, illustration is nade of a
magneti c re@%?fgé)%ﬂlﬁﬁ%ééiog&-gmﬁ%dﬁ?ﬁ-e 6. In Fig. 4, the magnetic
recordi ng nmedi um i I | nne imlar
to Exanple 1 exce%%%[Orhgt&%hBf%‘t%&ﬂﬁ'&%}?&bgg;%ﬁgepg8?g‘%h(%’E}hégl(aacwnal
cl ose- packegoystheHsdiUS§cH'as d Lﬁémﬁﬂdu.befmeemcﬁnéasvgﬁthbrspfabémagér < 90
at% and W 10 'at% of the underlying layer 4 and the first nagnétic |ayer
5. In this gpsepribtety bojuetatbditiaihe tahgersubh thht theecantigeohiaignetit axsiangenas
made of a CoCrPtTa all oy having a conposition of Co: 71 at% C: 19 at%
Pt: 8 at% imterattion B alittinethe Specdicatlyithe ¢hitkness falls hitbiraa rangkbetweenf 10
angstrons. The internediate |ayer 42 has the hcp structure and is intended
to adj ust tA@ndridsangstmmsamratarablydretvaen Feyik iaogstigms. h&arkigulare usep
structure. %&(cept the presence of the internedi atg | ayer 42, Exanple 6 is
sinilar to ekBrgsa matenal obthe spacerdayeyys peefgrakle beradsr antifeppmadnstic As a
result, the excell egg ct}aracteri stics were obtained) i.e., the coercive
force (Hc) B¥c IBEragen IBEe ve force squareness ratio (S*) of 0.80,

overwti Lo char act eneity Yepadatssiotifafediin s & spliciehghbhne
the thermal lrég)lé?ygr %ﬁo‘rﬂ@é‘i%ﬁ?}g@n 1S sﬁgﬁp‘ffé%d‘%é hir§t][}§ragﬁ§ﬁ5 fayér,

Exanple 1, Exa I'sS renmarka I nproved I n coercive e squar eness
ratio (S*), pulse width (PW, and the thernmal decay characteristic.
Presumably, this is because the presence of the internediate | ayer 42
serves to adjust the crystal orientation of the nmagnetic |ayer having the
hcp structure. ExamIp a 7 A magnetic di sk was produced in the manner
simlar to Exanple 6 of Fig. 4 except that an additional internediate |ayer
made of a CoCr alloy was interposed between the CWthin film(C: 90 at%
and W 10 at% 41 of the 24



underlying layer 4 and the internediate |layer (Co: 71 at% Cr: 19 at% Pt:
8 at% Ta: 2 at%y 42. The CoCr alloy had a conposition of Co: 80 at% and
Cr: 20 at% The additional internediate |ayer had a thickness of 25
angstrons. In Exanple 7) the content of Pt is increased away fromthe
substrate towards the upper magnetic laymy 72 so that the crystal
orientation with the magnetic layer is inproved. Except this respect,
Exanple 7 is simlar to Exanple 1. As a result, the excellent

char act eri sAs tise wRderlyihg daywrda plurality df heyeto friohiding barisenhbalatefaydps59 Ce,
the coercive force squareness ratio (S*) of 0.81, the output (LF) of 1.48
mv, the pul avinganthdpPiNexafonal dosespacked) strociures a lewerlayerdiaing aiibce( O of
33.15 -dB, the S/INratio of 29.55 dB, and the thermal decay of 0.06

- dB/ decade. (haslyceanernesoculie)strucig, eseeddayersand se apdeay bedofroed én this
squareness ratio and the thermal decay characteristic are further inproved.
I n addi ti onoraehdrom (g side s it firgtinoronsticdayeriayaeds e supsirales furt her

i mproved. t, magneti c, recordi ng medi um according to e 8 was

b bauced | nAeaaTHERTE Widabi BySERvRLA ST [T Salettal R Rste a ol ass
substrate hlavi ng a surface roughness given by Rmax of 5.5nm and Ra of 0.6nm
was used as' ¥R ‘gl ass substrate 1. The surface roughness was neasured by an

e om e, 1o EugRERREAR, RASbhes TDchfghedh i kb M Byl
surface roughiesmteirfocSioadjast thg cﬁ’%@%ldcg;erﬁélﬁ)r%ﬁﬁé rﬁé'@{?étfcqh?erlhé\ﬁhg? fHe

exanpl e. The thermal decay 'was decade which Ts substantially equal

to that of Fymepletute. (Fresxarnpleattiecintertrictitatt hayertrhay bbenadd otig emtensle al so
simlar to those of Exanple 1. 25 Next, a magnetic recordi ng nmedi um

accor di ng tsudxasrploEroCafsBpColuet CaCrPiTa; andrGeCr . miTher intesmediatpllayer of
Fig. 1 except that a glass substrate having a surface roughness given by
Rrax of 7. 2maydiedmrdedyt aonommagasticeed fersomagneficyateriahst The intarmegiate
substrate V\f'th t he spacer |ayer .6 fcirrred Izst .was ,asuggld for the surtace
roughness. AYEEMAYSGATPrIgS 3 RAIYQf IavRighn 488 INtEEMedialg ‘yer i arrandestsq he

| ass subst I .S ex ; P ecade,
o oh 15 colte: gerttybRhhg B MErRe hHRaRE v el Eied a by T
char act eri s, nﬁ’é‘t_fr@t’ Wy le 1.
Compari ng t%%@%%??g\?/é ectggq{cq%:ract eri'g?ﬂeg (ﬁﬁréé?g{r%%’ggé%gﬁ%rﬁfga?gmit

wi |l be undigepdaxed away frohetHeQibsiatel Ramrds fiee aﬁp@rrinagﬂgtié &yégpr fvedsef the
X 0

gl ass substrate 1 has the surface roughness given by nm or | ess
and Ra of OwBerentherinteramedidtbilayerss lusedus éln herasgemaoehavinglameASCof t he

spacer layer 6 inducing the antiferromagneti c_exchange interaction is
snoot hed anstri¢tere By deswprasented LYot CoRrPy: atﬁﬁl/ﬁ@ﬁ}rPtTra/@ogr%tﬁe.

st mgnabPEricgPGo PRt ST bol B i e fakea TOPUOWPbLCed
w th the layer has a bcc structure and is mainly intended to improve a magnetostatic
characteristic. For example, the lower layer may be made of a material such as
Cr and a Cr alloy (for example, CrMo, CrV, CrW, and CrTi). The seed layer is
intended to control the grain size of a layer formed thereon. For example, the
seed layer may be made of a material such as NiAl, AlCo, CrTi, CrNi,and AlRu.
In case where the intermediate layer is formed, the intermediate layer

preferably has a thickness between 5 and 50 angstroms. The thickness greater

than 50 angstroms is not preferable because magnetic grains in the magnetic

layer are increased in size so that the S/N ratio is decreased. The thickness



conposition of the first magnetic layer 5 adjusted as follows within a
range of a Co-based alloy thin filmhaving a ferromagnetic hcp structure.
The seed layer 3 in each of Exanples 10 to 14 conprises an Al alloy thin
filmhaving a conmposition of Al: 50 at% and Ru: 50 at% and having a

t hi ckness of 250 angstrons. Except the dabbve, these Exanples are simlar to
Exanple 1. In Exanple 10, the first nagnetic |ayer 5 has a conposition of
Co: 93 at%and Cr: 7 at% In Exanple 11, the first nagnetic layer 5 has a
conposi t i onsmatiér thianCbangstramsdsanot eferableciedtausa tife funmtion 12 adjusting thest
magnetic |layer 5 has a conposition of Co: 85 at%and Cr: 15 at% In Exanple
13, the firetystal@nentationgfdhe snagnetis layamonsuiffiaierdf Co: 80 at% and Cr: 20
at% In Exanple 14, the first magnetic_l|layer 5 has a conposition of Co: 78
at% and C: 22 at%thF%C%%ﬂaI@qf_%fa(PfﬁP@Qthﬁé i advarageoysly éﬁ%ﬁsmﬁthat in
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first magnetic layer 5 and that the ther decay Ts discontinuously

det eri or at etherMmRignetie lz5@nt ie RidvahtageouslyBXhilitéd( Exanpl e 14). Therefore, the
material of the first magnetic |layer 5 preferably contains Cr | ess than 22
at% I n case wher €Eh€materibkafdhesabsiateds ¥iot specificailyt beorestricteédhe Pse stay
magnetic layer to control the antiferromagnetic exchange interaction is
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| ayer having a primary ani sotropic nagnetic field, said secondary |ayer
havi ng a setoomilingathiesystapgrainst g atdested talthencrybtal graimeizeethet Vaaiationi d
primary anisotropic magnetic field. 2. A magnetic recording nmedi um as

clai med in (vaziamce) ofdhercsystabaiain sizepandsg drayer (71 ) has a thi ckness
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5. A magnetic recording nediumas clained in any of the preceding clains
wherein said spacer layer is nade of a material conprising Ru. 6. A
magneti c recording mediumas clained in any of the preceding clains,
wherein said base body conprises a substrate (1 ) and an underlying | ayer
(4) fornmed between said substrate and saizd first nagnetic | ayer. 28 7. A
magneti c recording nmediumas clained in claim®6, wherein said underlying

| ayer conprises an internedi ate |ayer having an hcp (hexagonal

cl ose- packesi)bstantiadly @neorpBoud stragived prometesrttie npifordityiof initiat geowthcbfithe cl ai m
7, wherein said internediate layer is fornmed so that crystal matching or

al i gnment wérystasgiaingr i Imethis casgnéhe contagkof Taspiefignablyddilawithint a cangai d
substrate towards said primary magnetic layer. 9. A magnetic recording
nedi um as dreivees 3hard 80rat%.or 8, wherein said internediate |ayer
conprises a plurality of |ayers (41 and 42). 10. A nagnetic recording

medi um as cl ai necRil@Le@SGIRUGN QIR BIgWIRge | ayer (42) of said plurality of

| f the internediate |ayer. that t t id first ti
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magnetic recording nmediumas clained in claim12, wherein said precoat
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Example 1 includes a substrate (glass substrate) 1 on which a precoat layer 2, a

seed layer 3, an underlying layer 4, a first magnetic layer 5, a spacer layer 6, a
lower magnetic layer 71, an upper magnetic layer 72, a protection layer 8, and a
lubrication layer 9 are successively laminated in this order. A combination of
the substrate 1, the precoat layer 2, the seed layer 3, and the underlying layer 4
is referred to as a base body. A combination of the lower magnetic layer 71 and
the upper magnetic layer 72 forms a second magnetic layer 7. The glass

substrate is made of an aluminosilicate glass chemically strengthened and
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10 e surface roughness Ra is repfesentative of a center-line-mean

roughness defined in Japanese Industrial Standard JIS B0601. The center-

line-mean roughness Ra will now be described with reference to Fig. 2.

A portion having an evaluation length Lm is sampled from a roughness
curve illustrated in Fig. 2 along a direction of a center-line of the roughness curve.

The center-line-mean roughness Ra is represented by the following equation:
1 L
Ra = — [~™|f(x) | dx
—rg"Ifx) ] x,

where the roughness curve is represented by y = f(x) when the center line of the
sampled portion is defined as the X axis and when the direction of vertical
magnification is defined as the Y axis.

That is, the center-line-mean roughness Ra is defined as a value which
is obtained by integrating an absolute value of deviation between the center-line
and the roughness curve by the section of the evaluation length into an
integrated value and by averaging the integrated value with the section. In
other words, the center-line-mean roughness Ra is defined as an average value
of an absolute value of deviation between the center-line and the roughness
curve.

The surface roughness Rmax is a maximum height representative of a
difference between a highest point and a lowest point of the surface as also
defined in Japanese Industrial Standard JIS B0601.

The precoat layer 2 comprises a CrTa amorphous layer (having a
thickness of 300 angstroms). In this amorphous layer, the atomic ratio of Cr
and Tais 60 : 40. The seed layer 3 comprises an Al alloy film (having a

thickness of 250 angstroms).
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109 () - The underlying layer 4 comprises a CrW thin film (having a thickness of
100 angstroms) and is intended to improve a crystal structure of the first
magnetic layer. The CrW underlying layer 4 has a composition ratio of Cr: 90
at% and W: 10 at%. The CrW underlying layer 4 is deposited by sputtering in a
mixed gas atmosphere of 0.75% CO, and Ar in order to promote miniaturization
of crystal grains of the CrW underlying layer 4.
The first magnetic layer 5 comprises a Co-based alloy thin film (having a
thickness of 25 angstroms) of a ferromagnetic hcp structure.
The spacer layer 6 comprises a Ru film (having a thickness of 7
angstroms). The lower magnetic layer 71 comprises a CoCrPtTa alloy thin film
(having a thickness of 5 angstroms). The contents of Co, Cr, Pt, and Ta are
equal to 70 at%, 19 at%, 9 at%, and 2 at%, respectively.
The upper magnetic layer 72 comprises a CoCrPtB alloy thin film
(having a thickness of 150 angstroms). The contents of Co, Cr, Pt, and B are
equal to 61 at%, 20 at%, 12 at%, and 7 at%, respectively.
The protection layer 8 serves to prevent deterioration of the magnetic
layer due to the contact with a magnetic head. The protection layer 8
comprises a hydrogenated carbon ( or a carbon hydride) film having a thickness
of 45 angstroms. The lubrication layer 9 comprises a liquid lubricator of
perfluoropolyether. The lubrication layer 9 serves to buffer the contact with the
magnetic head. The lubrication layer 9 has a thickness of 8 angstroms.
Next, description will be made of a method of producing the magnetic
recording medium having the above-mentioned structure. At first, the glass
substrate was chemically strengthened by low-temperature ion exchange. A
principal surface of the glass substrate was subjected to precision polishing to

produce a mirror surface (Rmax = 3.2nm, Ra = 0.3nm). Then, on the principal

surface of the glass substrate, the precoat layer 2, the seed layer 3, the
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109&' () -f! diffeghefed’@r 7); the upper magnetic layer 72, and the protection layer 8 were
successively deposited by the use of a static opposed sputtering apparatus.
The underlying layer 4 was deposited by sputtering in a mixed gas atmosphere
of Ar+CQO,. The protection layer 8 was deposited by sputtering in a mixed gas
atmosphere of Ar+H,. The remaining layers were deposited by sputtering in an
inactive gas atmosphere of Ar. Then, the perfluoropolyether lubricant was
applied on the protection layer 8 by dipping to form the lubrication layer 9. Thus,
a magnetic disk was obtained.

The magnetic disk thus obtained had the coercive force (Hc) of 3698 Oe,
the coercive force squareness ratio (S*) of 0.65, the output (LF) of 1.52 mV, the
pulse width (PW) of 12.3 nsec, the S/N ratio of 30.38 dB, the overwrite
characteristic (OW) of -33.34 dB, and the thermal decay characteristic in terms
of the signal output attenuation of 0.12 -dB/decade. Thus, the thermal decay
characteristic was excellent. In addition, excellent results were obtained for all
of the recording/reproducing characteristics including the coercive force
squareness ratio (S*), the pulse width (PW), the S/N ratio, and the overwrite
characteristic (OW).

These characteristics were measured in the following manner. Also in
following examples and comparative examples, measurement was made by the
same methods. The coercive force (Hc) and the coercive force squareness
ratio (S*) were measured by a magnetometer head (Hr/Mrt Disk Mapper
manufactured by DMS Corporation). In view of the improvement in PW and
thermal decay characteristic, the coercive force (Hc) is preferably as high as
possible in a writing range of a head. The coercive force squareness ratio (S*)
is an index representing in-plane orientation and magnetic separation between

the magnetic grains. Generally, a higher value is preferable.
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10 as other electromagnetic conversion characteristics are maintained, the output
(LF) is preferably as high as possible in improving the error rate. The pulse
width (PW50: half width of an isolated signal waveform) was measured in the
following manner. By the read write analyzer (Guzik) with an MR
(magnetoresistive) head for PW50 measurement mounted thereon, an isolated
reproduction signal was extracted. PW50 was obtained as the width of an
isolated waveform at 50% of a peak value of the output signal with respect to
ground (0).
For a high recording density, PW50 is preferably as small as possible.
This is because a smaller pulse width allows a greater number of pulses
(signals) to be written in a same area. On the other hand, a greater value of
PWS50 causes an interference between adjacent pulses (signals) to produce an
error upon reading the signal. This waveform interference deteriorates the
error rate.
The S/N ratio was obtained by measuring recording/reproducing outputs
in the following manner. By the use of a MR head having a head flying height of
0.025 1 m, the recording/reproducing outputs at a linear recording density of 520
kfcl (520000 bits/inch) were measured when the relative speed between the MR
head and the magnetic disk is equal to 10m/sec. At the carrier frequency of
100MHz and the measuring band of 120MHz, noise spectra upon the
recording/reproducing operations were measured by a spectrum analyzer. The
MR head used in this measurement had track widths of 2.0 and 0.5 4 m and
magnetic head gap lengths of 0.20 and 0.11 & m on write and read sides,
respectively. A higher S/N ratio prevents a signal reading error due to a noise
to improve the error rate and achieves a high recording density.
The overwrite characteristic (OW) was similarly measured by the use of

the read write analyzer (Guzik). The overwrite characteristic is preferably as
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high as possible in the sense of improving the degradation in yield due to an
insufficient writing ability of the head upon assembling the HDD.

The thermal decay characteristic was measured in the following manner.
In order to accurately evaluate only the signal attenuation due to the thermal
decay of the magnetic recording medium without the influence of thermal-off-
track (the phenomenon such that thermal expansion of a head suspension
causes deviation of the magnetic head with respect to the track on the magnetic
recording medium, resulting in signal attenuation), preparation is made of an MR
head having a read/write device in which a write track width is at least twice a
read track width. The MR head is set in a head/disk mechanism in a system
together with the magnetic disk as the magnetic recording medium obtained as
mentioned above. Then, the head/disk mechanism is put into an environmental
tank controllable in temperature in order to expose the head/disk mechanism to
a high-temperature environment. When the interior of the environmental tank is
stabilized at a preselected temperature, a read/write circuit sends a write signal
to a write device of the MR head to write the signal into the magnetic disk.
Immediately after the signal is written, the signal written in the magnetic disk is
read through a read device of the MR head, amplified by the read/write circuit,
and then measured by a signal evaluating portion. The signal evaluating
portion records an amplitude value of the read signal at a predetermined time
interval. The signal evaluating portion carries out measurement, for example,
by the use of a spectrum analyzer.

As the condition of the above-mentioned measurement, the
environmental tank is kept at a temperature of 60°C and the recording density of
the signal written in the magnetic disk is 100 KFlux/inch. The head used in this
measurement has a write track width of 2.0 « m, a read track width of 0.5u4m, a

write gap length of 0.20 « m, a read gap length of 0.11 . m, and a read/write
device floating height of 20nm.
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Comparative Example 1

Next, a magnetic recording medium was produced in the manner similar
to Example 1 except the lower magnetic layer 71 in Example 1 is omitted. The
magnetic disk thus obtained had a coercive force (Hc) of 3639 Oe, the coercive
force squareness ratio (S*) of 0.54, the output (LF) of 1.39 mV, the pulse width
(PW) of 12.6 nsec, the S/N ratio of 30.35 dB, the overwrite characteristic (OW) of
-26.44 dB, and the signal output attenuation of 0.17 -dB/decade as the thermal
decay characteristic.

It will be understood that, as compared with the existing AFC structure,
the film structure of this invention is excellent in thermal decay characteristic and
particularly improved in coercive force squareness ratio (S*), pulse width (PW),
and overwrite characteristic (OW). In particular, the magnetic disk is generally
required to have the overwrite characteristic (OW) of -30 dB or more, desirably,
-33 dB or more. It will be understood that writing was difficult in the existing
AFC structure and that the structure of this invention achieves the overwrite
characteristic (OW) in a sufficiently usable range.

Referring to Fig. 3, various magnetic recording media are evaluated for
the relationship between the S/N ratio and the signal output attenuation (decay).
In the figure, the symbols 4, [1, and * correspond to the magnetic disk
having an AFC structure according to the example of this invention, the existing
magnetic disk having an AFC structure, and the existing magnetic disk which
does not have an AFC structure, respectively. The plotted values are obtained
for each magnetic disk when the film material and the film composition of the
underlying layer 4 or the magnetic layer are changed.

Generally, in order to increase the recording density, the improvement of
the S/N ratio is essential. However, as seen from the graph, if the S/N ratio is

improved (i.e., the magnetic grains are miniaturized) in case where the AFC
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structure is not used, the signal output attenuation is increased (thermal decay is
deteriorated) so that the improvement of the S/N ratio is limited.

The allowance for the signal output attenuation is different in each drive
maker. Generally, the signal output attenuation greater than -0.2 dB/decade is
not acceptable. Therefore, the AFC structure has been proposed. However,
even the existing AFC structure is insufficient in thermal decay characteristic and
encounters the limitation in improvement of the S/N ratio. On the other hand,
with the novel film structure of this invention, it is possible to achieve a thermal
decay resistance characteristic with the S/N ratio improved. This shows that
the recording density can further be improved. With respect to the limit of the
existing AFC structure, the improvement in recording density corresponding to
two generations is possible (in the magnetic disk, the improvement in S/N ratio
required for one generation is about 2dB).

Reference Example 1

Next, a magnetic disk was produced in the manner similar to Example 1
except that the lower magnetic layer 71 had a thickness of 80 angstroms and the
upper magnetic layer 72 had a thickness of 70 angstroms. The result is shown
in Table 1. As seen from Table 1, a greater thickness of the lower magnetic
layer 71 than that of the upper magnetic layer 72 results in remarkable
improvement in coercive force squareness ratio (S*) and overwrite characteristic
(OW) as well as improvement in pulse width (PW) as compared with the existing

AFC structure (Comparative Example 1) although the coercive force (Hc) is

decreased.
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Retference Example 2

Next, a magnetic disk was produced in the manner similar to Example 1
except that the Cr concentration and the Pt concentration of the lower magnetic
layer 71 are increased as shown in Table 1. The result is shown in Table 1.

As seen from Table 1, a greater anisotropic magnetic field of the lower magnetic
layer 71 than that of the upper magnetic layer 72 brings about remarkable
improvement in overwrite characteristic (OW) although the thermal decay
characteristic is substantially similar to that of the existing AFC structure
(Comparative Example 1).

Examples 2 and 3

Next, magnetic disks were produced in the manner similar to Example 1
except that the Cr concentration of the lower magnetic layer 71 was changed
(the saturated magnetic flux density of the lower magnetic layer 71 was
changed) in Example 2 and that the Pt concentration of the lower magnetic layer
71 was changed (the anisotropic magnetic field of the lower magnetic layer 71
was changed) in Example 3. The results are shown in Table 1.

By changing the Cr concentration of the lower magnetic layer 71 in
Example 2, the saturated magnetic flux density of the lower magnetic layer 71 is
yet smaller than that of the upper magnetic layer 72 as compared with Example
1. Thus, with respect to the magnetic disk of Example 1, the overwrite
characteristic (OW) and the S/N ratio are further improved. By changing the Pt
concentration of the lower magnetic layer 71 in Example 3, the coercive force
(Hc) and the thermal decay characteristic were improved.

Example 4 and 5

Next, magnetic disks were produced in the manner similar to Example 1
except that the composition of the lower magnetic layer 71 was changed as
shown in Table 1 (the content of Ta was increased and the content of Pt was

decreased). The results are shown in Table 1. As seen from Table 1, both of
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the Examples 4 and 5 are further improved in S/N ratio by the increase in
content of Ta. In Example 4, the thermal decay characteristic and the overwrite
characteristic (OW) were particularly improved by the decrease in content of Pt
although the coercive force squareness ratio (S*) was equivalent to that of the
existing magnetic disk of the AFC structure (Comparative Example 1).

Reference Example 3

Next, a magnetic disk was produced in the manner similar to Example 1
except that the Cr concentration of the lower magnetic layer 71 was reduced as
shown in Table 1. The result is shown in Table 1. As seen from Table 1, the
anisotropic magnetic field of the lower magnetic layer 71 is smaller than that of
the upper magnetic layer 72. However, the saturated magnetic flux density of
the lower magnetic layer 71 is greater than that of the upper magnetic layer 72
so that the S/N ratio is deteriorated. As compared with the above-mentioned
Examples 1-5, it will be understood that, when the anisotropic magnetic field of
the lower magnetic layer 71 is smaller than that of the upper magnetic layer 72
and when the saturated magnetic flux density of the lower magnetic layer 71 is
smaller than that of the upper magnetic layer 72, a magnetic disk excellent in
thermal decay characteristic and excellent in coercive force squareness ratio
(8%, pulse width (PW), overwrite characteristic (OW), and medium noise (S/N) is
obtained.

Comparative Example 4

Next, a magnetic disk was produced in the manner similar to Example 1
except that the precoat layer 2 of an alloy containing Cr and Ta was not formed.
The result is shown in Table 1. As will be understood from comparison with the
data in the examples, by forming the precoat layer 2 made of the alloy containing
Cr and Ta on the glass substrate, it is possible to improve the coercive force (Hc),

the coercive force squareness ratio (S*), the pulse width (PW), and the S/N ratio.
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Example 6

Referring to Fig. 4, illustration is made of a magnetic recording medium
according to Example 6. In Fig. 4, the magnetic recording medium according to
Example 6 was produced in the manner similar to Example 1 except that an
intermediate layer 42 having a hcp (hexagonal close-packed) structure was
interposed between a CrW thin film 41 (Cr: 90 at% and W: 10 at%) of the
underlying layer 4 and the first magnetic layer 5. In this case, the intermediate
layer 42 of the underlying layer 4 was made of a CoCrPtTa alloy having a
composition of Co: 71 at%, Cr: 19 at%, Pt: 8 at%, and Ta: 2 at%. The
intermediate layer 42 has a thickness of 10 angstroms. The intermediate layer
42 has the hep structure and is intended to adjust the crystal orientation of the
magnetic layer having the hep structure. Except the presence of the
intermediate layer 42, Example 6 is similar to Example 1. The CoCrPtTa alloy
is a ferromagnetic material. As a result, the excellent characteristics were
obtained, i.e., the coercive force (Hc) of 3668 Oe, the coercive force squareness
ratio (S*) of 0.80, the output (LF) of 1.50 mV, the pulse width (PW) of 12.0 nsec,
the overwrite characteristic (OW) of 33.21 -dB, the S/N ratio of 29.79 dB, and the
thermal decay of 0.07 -dB/decade.

As compared with the result of Example 1, Example 6 is remarkably
improved in coercive force squareness ratio (S*), pulse width (PW), and the
thermal decay characteristic. Presumably, this is because the presence of the
intermediate layer 42 serves to adjust the crystal orientation of the magnetic
layer having the hcp structure.

Example 7

A magnetic disk was produced in the manner similar to Example 6 of Fig.
4 except that an additional intermediate layer made of a CoCr alloy was

interposed between the CrW thin film (Cr: 90 at% and W: 10 at%) 41 of the
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underlying layer 4 and the intermediate layer (Co: 71 at%, Cr: 19 at%, Pt: 8 at%,
Ta: 2 at%) 42. The CoCr alloy had a composition of Co: 80 at% and Cr: 20 at%.
The additional intermediate layer had a thickness of 25 angstroms.

In Example 7, the content of Pt is increased away from the substrate
towards the upper magnetic layer 72 so that the crystal orientation with the
magnetic layer is improved. Except this respect, Example 7 is similar to
Example 1.

As a result, the excellent characteristics were obtained, i.e., the coercive
force (Hc) of 3659 Oe, the coercive force squareness ratio (S*) of 0.81, the
output (LF) of 1.48 mV, the pulse width (PW) of 12.0 nsec, the overwrite
characteristic (OW) of 33.15 -dB, the S/N ratio of 29.55 dB, and the thermal
decay of 0.06 -dB/decade.

As compared with Examples 1 and 6, the coercive force squareness
ratio and the thermal decay characteristic are further improved. In addition, the
crystal orientation of the magnetic layer is further improved.

Example 8

Next, a magnetic recording medium according to Example 8 was
produced in the manner similar to Example 1 of Fig. 1 except that a glass
substrate having a surface roughness given by Rmax of 5.5nm and Ra of 0.6nm
was used as the glass substrate 1. The surface roughness was measured by
an inter-atomic force microscope (AFM).

The substrate with the spacer layer 6 formed last was measured for the
surface roughness. As a result, the surface roughness was similar to that of the
glass substrate 1 in this example.

The thermal decay was 0.13 -dB/decade which is substantially equal to
that of Example 1. Other characteristics than the thermal decay are also similar

to those of Example 1.
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Example 9

Next, a magnetic recording medium according to Example 9 was
produced in the manner similar to Example 1 of Fig. 1 except that a glass
substrate having a surface roughness given by Rmax of 7.2nm and Ra of 0.7nm
was used as the glass substrate 1.

The substrate with the spacer layer 6 formed last was measured for the
surface roughness. As a result, the surface roughness was similar to that of the
glass substrate 1 in this example.

The thermal decay was 0.16 -dB/decade, which is considerably
deteriorated as compared with Example 1. Other characteristics than the
thermal decay were similar to those of Example 1.

Comparing the thermal decay characteristics in Examples 1, 8, and 9, it
will be understood that the thermal decay characteristic is improved if the glass
substrate 1 has the surface roughness given by Rmax of 6 nm or less and Ra of
0.6 nmorless. This is because the surface roughness of the spacer layer 6
inducing the antiferromagnetic exchange interaction is smoothed and flattened
so that its function is uniform in a plane.

Examples 10-14

In order to investigate an advantageous composition of the first
magnetic layer 5 of Fig. 1, magnetic recording media were produced with the
composition of the first magnetic layer 5 adjusted as follows within a range of a
Co-based alloy thin film having a ferromagnetic hcp structure.

The seed layer 3 in each of Examples 10 to 14 comprises an Al alloy thin
film having a composition of Al: 50 at% and Ru: 50 at% and having a thickness
of 250 angstroms. _

Except the above, these Examples are similar to Example 1.

In Example 10, the first magnetic layer 5 has a composition of Co: 93

at% and Cr: 7 at%. In Example 11, the first magnetic layer 5 has a composition

)_
P

P
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layer 5 has a composition of Co: 80 at% and Cr: 20 at%. In Example 14, the
first magnetic layer 5 has a composition of Co: 78 at% and Cr: 22 at%. In each
Example, the thickness is equal to that in Example 1.

As a result, Examples 10 to 14 are similar in coercive force (Hc),
coercive force squareness ratio, output (LF), pulse width (PW), overwrite
characteristic (OW), and S/N ratio. On the other hand, the thermal decay
characteristics are 0.10 -dB/decade in Example 10, 0.11 -dB/decade in Example
11, 0.12 -dB/decade in Example 12, 0.12 -dB/decade in Example 13, and 0.16 -
dB/decade in Example 14.

It will be understood that the thermal decay characteristic depends upon
the content of Cr in the first magnetic layer 5 and that the thermal decay is
discontinuously deteriorated when the content of Cr is 22 at% (Example 14).

Therefore, the material of the first magnetic layer 5 preferably contains
Crless than 22 at%. In case where Cr is less than 22 at%, the function of the
first magnetic layer to control the antiferromagnetic exchange interaction is
advantageously effective. On the other hand, if the content of Cr is equal to 22
at%, the function of controlling the antiferromagnetic exchange interaction is
degraded. Therefore, in order to suppress the thermal decay, the first magnetic
layer preferably has the Cr content less than 22 at%.

As described above, according to this invention, it is possible to obtain a
magnetic recording medium excellent in thermal decay characteristic.
Furthermore, it is possible to obtain a magnetic recording medium excellent in
coercive force squareness ratio (S*) as well as in recording/reproducing
characteristics (pulse width (PW), overwrite characteristic (OW), and medium
noise (S/N)).
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A magnetlc recording medium comprising a base body (1-4), a

first magnetic layer (5) formed on said base body, a second magnetic layer
(7), and a spacer layer (6) formed between said first and said second
magnetic layers, each of said first and said second magnetic layers being of a
ferromagnetic material, said spacer layer being for inducing antiferromagnetic
exchange interaction between said first and said second magnetic layers, said
first magnetic layer being for controllling said antiferromagnetic exchange
interaction, said second magnetic layer comprising a primary layer (72) and a
secondary layer (71) located nearer to said base body than said primary layer,
said primary layer having a primary anisotropic magnetic field, said secondary
layer having a secondary anisotropic magnetic field which is smaller than said
primary anisotropic magnetic field.

2. A magnetic recording medium as claimed in claim 1, wherein
said secondary layer (71) has a thickness smaller than that of said primary
layer (72).

3. A magnetic recording medium as claimed in claim 1 or 2,
wherein said secondary layer (71) has a saturated magnetic flux density
smaller than that of said primary layer (72).

4. A magnetic recording medium as claimed in any of the
preceding claims, wherein said spacer layer has a surface roughness Rmax
of 6nm or less and another surface roughness Ra of 0.6nm or less, where
Rmax is defined as a maximum height representative of a difference between
a highest point and a lowest point and where Ra is representative of a center-
line-mean roughness.

5. A magnetic recording medium as claimed in any of the
preceding claims wherein said spacer layer is made of a material comprising
Ru.

6. A magnetic recording medium as claimed in any of the
preceding claims, wherein said base body comprises a substrate (1) and an
underlying layer (4) formed between said substrate and said first magnetic
layer.
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8. A magnetic recording medium as claimed in claim 7, wherein
said intermediate layer is formed so that crystal matching or alignment with
said primary magnetic layer is improved away from said substrate towards
said primary magnetic layer.

9. A magnetic recording medium as claimed in claim 7 or 8,
wherein said intermediate layer comprises a plurality of layers (41 and 42).

10. A magnetic recording medium as claimed in claim 9, wherein
one layer (42) of said plurality of layers of the intermediate layer, that is
nearest to said first magnetic layer, is made of a ferromagnetic material.

11. A magnetic recording medium as claimed in any one of claims 6
to 10, wherein said substrate is a glass substrate.

12. A magnetic recording medium as claimed in any one of claims 6
to 11, wherein said base body further comprises a precoat layer (2) formed
between said substrate and said underlying layer for controlling crystal grains
of said first and said second magnetic layers.

13. A magnetic recording medium as claimed in claim 12, wherein
said precoat layer is made of an alloy comprising Cr and Ta.



