; e3eVWW 6DTwek2 7 MAY 2003 ,MAGNETI C RECORDI NG MEDI UM  The present invention
‘relates to a magnetic recording nediumfor use in a magnetic di sk apparatus
and the like. Mre specifically, the present invention relates to a s

magnetic recordi ng medi um havi ng excel |l ent properties when 127 MAsHB wi th

a head enpl oyi ng a reproduci j | 0 magnet or esi sti ve
effect, represented by an ih@ﬁ%&ﬁﬁgf%ﬁEgghgﬁﬁfﬁiﬁ . BACKGROUND OF THE

| NVENTI ON ~0 hendi Sk apparatus or the |li ke has been recently
designed to M@MH@EM@W@H@r recording density. To keep up with this tendency,
i npr ovenent | -to-noise ratio (hereinafter referred to as "SNR')
is required and FF¥her the i F Nwi dt h (herei nafter
referred to as 15 "PWs0") needs to be reduced. In order to attain higher
SNR and narr owdheP\iifesemicr éaventfionoerelatéy ite ed f magneeicambdoxrding
increasing coercivity, use of a material having a higher Ku for the

magneti c medanudi bt apMee iih ehf eeignedicTheisRChppiuatels 2andt taknimkdi gher
coercivity due to the increase of Ku can also be an effective nmeans for

sol ving 1 g rBr oklemiafical1y?, 7 MY éﬁpéséﬂﬁrnﬁhvgﬁﬁﬁﬁnStQQQEQ%SOU dNa

recent years, that is, a problemsu that signals once recorded decrease

with the of .11 . .coercl Vi i.s. el eyvate s 1,0

i rrprov'g S %@gﬁggﬁ-g P?é%&%%r\l}évy%%%ﬁobﬁé‘\r;r%}lﬁagigellsle%necf o] gé gﬁ%?%? t"%heen

signal s onge.recorded .are nat deleted even if those si,gnals are overwitten

(ot ors o B 4 ReSuAHT th RRES PR PR MPePer o CEHCALS GR I epMAIA) | or

signals cannot be witten in the track edge area (deterioration in

of -t r ackYfPopétt y) @ ~FaBietAH ;¥R seCpEEBens, TERF§IRAKAY veP¥R an

conposi te head obtained by conpoundi ng an inductive head optim zed for

witing ahBdEchéxdg-MRpLeyeR§ider &gadduci ng devi ce maki ng use of a

magnet oresi stive effect and thereby having inproved reading sensitivity is

used. ~s On the other hand, a technique of providing a soft nagnetic |ayer,

so-cal | ed keeper |ayer, onBACKRGEROMND: OFe @HFY i INYERTIQNN has been recently

used with an attenpt to inprove the el ectromagnetic property or thermnal

decay .o Exanpl ea ohgmegdet idi slecapptirgruedon bhgi Adke hakt beegnetdcendly ayer

i ncl ude those disclosed in B. Gooch, R Niedernmeyer, R Wod and R

Pi shar odydekEGRedr aitsagtivensa Ohilagnet 6Soryohg dbndiay.6, o 415é%p(h%>91),

JP-A-7-169037 (the term"JP-A" as used herein neans an "unexam ne

publ i shedy,Jgpanase RARMNAPP! ikt ndnendn JPns- 190hh8413 noide rakib MAY

2Q03 The nmagnetic recordi ng nmedium di sclosed in Gooch et al. is

di sadvant ' at a i fl for .sat j t sqf etic
ggggg%Ph@tE? re%lrf‘féd B! 3% ’f‘ﬁ% &Ect%@#‘egd gﬁd (}u}%tmn

| ayer is romthe witing core of n ead en the
ded data.i d | eak fl iS. i nduced _f th
R L T L M T IS

15 "PW50") needs to be reduced.

In order to attain higher SNR and narrower PW50,
increase of coercivity is effective, and for increasing
coercivity, use of a material having a higher Ku for the
magnetic recording layer is effective. The technique of

20 attaining higher coercivity due to the increase of Ku can

also be an effective means for solving the problem of
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For this reason, the magnetic recording nmedi umdisclosed in Gooch et al

*cannot be used with an inductiveMR conposite head descri bed above which is

wi dely used at ~o present. The magnetic recording nediun1dis§gg%ﬁ§ hﬁ

JP-A-7 169037 is designed to cope with a reading-witing head of s

current O gfor exanpl e, inductive head) and difficulties in attaining high

recor di ngtaengiely dagays standingn owtt Hen naieserdr | yearsndekthehe &sirr ent

ci rcunst ances requiring higher recording density, a nethod of using an

i nduct i veplrebdear suokt kbt nshgable anassi ngcardeddidermEnseewtitki nthaise

of magnetoresistive effect, such as MR or GW\R head, in the 20 reproduction

i's not praeksade oy times. Mre specifically, use of an inductive head or

the |li ke approaches a limt in view of the reduction of noise and the

i ncrease of reeg@rdi oI T EAY, d L M t che.QVerc 53%M§q§,
32 En i #ﬁéﬁé?o“%pg lé”%1%9§££8 8§3a9 £o qﬁgg'ef ect as

when a head nmaking use o 2 resisti

r epr esent by an IS u t i ted.wavef output. i s hi gh
as, fog e%gﬁpl %%yg?fog]h%éio tsplelgroebsl%}ﬁ%t §no t%glly%ducfﬁg]e %’é%@l?l%b tHat the
magnetic recording filmcan be made thin d thereby | ow noise and s.. high
recordings&gﬁégfy ISP PSP RTTeY BT S TREY ﬁ?ﬁi%ﬁ%ﬁdF%bt%BﬁQHﬁ%ﬁQﬁﬁ%wed
in JP-A-10116412 is stated to be usable with a commercially avail abl e

i nducti ve@RR cBNBEYFEE tESad.(dadReiOratipon hd ncasyesititghc ddyagiainafter
magnetic recordi ng nedium for high-density ~o recording now in w de use
where a sopfenrugdettic aayLPWhhvprgperpaneabisigyaks tannat bsomritgen o
1,000 is used, the recording properties cannot be inproved and

el ectromagnethe premds tedype caneat (deteaiosatedneihhef f -t aictke pragemfy) .
conventional magnetic recording nedia ~s without a no soft magnetic |ayer,
N andothe likeoin ddeviMid kagse Ofrébrems) age Ohdé@cHOve MMRNRICHpoEiE rat e
diffuses fromthe surface of the magnetic recordi ng nedi umthrough defects

such as SgealCRBEadneal by BUhISHH iF | &n COREAEL Phe! He8ATBLEEES e’ Yor
SUMVARY OF THE | NVENTI ON"The present 1nvention has been nagé under these

ci rcunsta .and ] 0 sent. . b i 0P I

magnet o PEe5tAngd e L P E b PUSRELRD UBviRelhidkotdl ae
causing any deterioration in the - 7 Y 200 roperty and the
of f - t r ack®pr opet3FHn rrﬁ)sfle%v]e? f%\vf(?rced \ﬁin%h Bﬁﬂéﬁ??}'cﬁé{‘f ghilé}?r&y si on
resi stance. ghe above-descgri bed object is attained by a nmagnetic recording
medi um cohBPRSPHGSENRSN LRGN etlSc USEEst rat e having s thereon a non-rmagnetic
under | ayer, a magnetic recording |ayer, a soft magnetic |layer and a
protedtive | ayBRr, Wherdathamehaddrcidi theghnigueoofopsevidibgaml sRst

t hi ckness of the soft magnetic layer is from5 to 50 BRI EF DESCRI PTI ON OF
THE DRAW Wa@Snebifi glayers a gweradldlecr desepect i bayghpwi 0g ope pegneitds
enbodi ment of the magnetic recordi ng medium of the present invention. Fig.

2 is a parttakdingsmestiain ohashbeeng mewddiely puaetli edlt herdrodateaipof tiche
magneti c recordi ng nmedi um of the 15 present invention. Fig. 3 is a partial

Cross seciinfRofBOWLhe Stdlldctridififetic property or thermal decay.
Examples of magnetic recording media having a soft magnetic

20 layer include those disclosed in B. Gooch, R. Niedermeyer, R.

Wood and R. Pisharody, IEEE Transactions on Magnetics, Vol.

27, No. 6, p. 4549 (1991), JP-A-7-169037 (the term "JP-A" as

used herein means an "unexamined published Japanese patent

application") and JP-A-10-116412.



practical enbodi nent of the magnetic recordi ng nmedi um of the present
“invention. Fig. 4 is a partial cross section show ng yet another 20
practical enbodi nent of the magnetic recordi ng nedi um of the present

i nvention. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS | n t he ndgh®AY c2003
recordi ng nedi of the present -.5 2.7 h~AY 2003 i,nventjaon, the unt
of extracted N#‘W(?aﬁ‘aﬁé’e&% %egci%]?#z”b? If‘%%’surﬁefllfﬁgoﬁﬁfit 18 ggo teHCe &>
substrate. The soft magnetic | ayer preferably has a maxi num perneabi]ity of
from 1, 0085t &1B20yGnGEeu i hehdoranlesst Rebprss s faatgafprating
non- magneti c internedi ate | ayer may be provided i mredi ately under the
magnet i ¢ tdeorsifty mageetiThelaggmetisc adsiast df ngmmadieurwniting gossemt

i nvention can be used with a head enpl oyi ng a reproduci ng devi ce ~o maki ng
use of a mhgneimthwesiiste vheellf edien Filge tersrded elatshoins ngepreducact, cal
enbodi ment of the magnetic recordi ng nmedium of the present invention. The
magnet 5 ¢ neakadiend 1MEdi iy sdOWNndesSd COrPhi tae medUMBUAFECe HilBidadd 1
havi ng provi ded thereon in sequence a ~s non-magneti c underlayer 2, a

magneti ¢ LepbdhBd n@¥8igndl 2 ot TN RIdtailfker 4 and a protective |ayer
5. For the non-magnetic "substrate 1, those comonly used as a substrate of

| mRgnet i . these” cammonl y u
naving. for mod FRErcort AR NEPTo ot (A 1 FRSTRBE: nat CRptaLre) , LIRS

"Ni P-pltated Al substrate a, gl ass substrate, a cerapjc _suhstrate, a
lexi bi o FagefosBfonmasashy Bednte: FarBoupin refedy valBosr PE N F Y « ne
substrate descri bed, above by plating or sputtering. - 6 ., 2 7 MAY 2003 The
surface oMRt HPRRABIY St E‘e?dnsfsesbcer%w uPE’H’VForWIf'H%‘ pdBpdEEARYY oBESFNIHy
good el ectronmagnetic properties, inparting in-plain magnetic ani sotropy and
t hereldy | PFe&@Ntg thermal fluctuating property, or erasing traces of
polishing. s For the non-nmagnetic underlayer 2, a conventionally known

non- magnet i ¢ ufder | apemetiior eemopldng sietgluen calipesliadesh fiinl mIEF-Ax7- Ti
Ni, Si, Ta or W or afilmformed of an alloy obtai ned by addi ng ot her

el ements 16903 HB! aledigridd® tongepaOtvitipad rregdinysivaitingt Yiegdy ofe aised.
~0 In particular, when a material containing C (single conposition) or
contai ni ngigs anduppener mMpre gebect egdkimeme M, MWadletilve anthdduy s usfd,
the magnetic recording |ayer 3 may have advant ageously good crystal
orientati l; ase; of i a eri o] LEhon i

pr ef er abl gqfsfl?g%?'gse%nt e%ilqby%t%%,ﬁ erelr%’&@ islaéocr?ert%?lgfmpggég {égte fdr om
Mo, W_V, Ti, and Nb.. The Y tent.. is preferably 30 ate or less. If the
Y content © Q&%gég%énattg,e tn%g'@’(?oe%%é"l(s\zlel)'ty and noi se property of the magnetic
recording | ayer ﬁ may deteriorate. 20 The thickness of the non-rr&gtn?ti C
under | ayer 2" i ¥PAGE pat®f culFHRFNY ni CAGCEBSEERGESs af PRatet Ry ni e
coercivity can be obtained. The thjckness is preferably from50 to 400 A
more pref EEEBEGLIPPoAerst ki DomAthed Phe UHINK AR s1BRUEREVRNBBRAHaPE @ i s

| ess than 50 A,
method incapable of using a reading device making use of

magnetoresistive effect, such as MR or GMR head, in the

20 reproduction is not practical any more.
More specifically, use of an inductive head or the
like approaches a limit in view of the reduction of noise
and the increase of recording density and the limit cannot

be overcome. However, when a head making use of magneto-



2 7' MAY 2003 the magnetic recording layer 3 (or non-magnetic intermedi ate
“layer) fornmed on the underlayer 2 is deteriorated in crystal orientation
and then, SNR decreases. On the other hand, if the thickness exceeds 400 A,
the 5 crystal grain size increases in the underlayer and the Zf yA¥all3yr ai n

size al so_inegr S i the gnetic r rdi.n yer 3 non- net,i,c

i nt er medi 59%‘??32&) eotfr;f%(ﬂ-’e A dégpg%gre%%‘%disb}g l&jgsgllntd, % ﬁchgggés.thﬁ'ue
non- magnet i c_underl ayer_ 2 nay conpri se a si,ngle ~o |Layer or y conprise a
mul ti - | aydfoletae: wavefarn Hé‘-"%%%"e of ésnrjﬂlt -Iaoﬁ/er%%%/r SE?GPg,grtﬁéom 3
plurality of |ayers stacked may be the same or different in conposition.
Wien at | &astlOofdmsss thatmof i phe ingeetivenpepdessmi AhatSihermadnetic
remar kably i nproved in sonme cases. Al so, when the non ~s nagnetic

under | ayerecomgingesft almNi Abnsibeyl maday dhinSNikhday heeebgmaldabhpiseprandd i n
sone cases. The magnetic recording layer 3 is not particularly limted so

| ong as .anpghdeeebtditd dekdity ioan( desadnieddirr ei nafter) can be obtai ned,
however, the |ayer preferably zo conprises a Co alloy represented by:

aCobCr cPt dTanrrB@Jth?ﬁ%%ei PeBok8ihHOMmdEikR 2Pidd Fosédl Sinl0 Al 10—
less, dis froml to 7 ate, ais 4 até or less, f is 3 ate or less, gis 10

ate or | es3cang ad SiNGPALENGE) uathIdal; {1ea Kokl B2 8N GV A p1d

2 7 MAY 2 spective conmponents are nore prefer y pres such a

proportion_that .b is_from16 to 22 at% is from6 to 10 at% s ffrom1
Do at v6 TRHNEt s Verim ekl £k Redh 0 o FonBielrd R Ehe oo Bhd) At el s
By using a materi,al containjng at |east, one of Zr, Cu_and Ni,, .the

coer ci vi t §OSRELERRY carMBEN&BY ANt Ing ncleddsl. THRr o hdGR-aansddy i s
preferably from16 to 25 at% because if the Cr content is |ess than 16
at% the EBCcogddsat HowW @ egietute pahere| assafspaagaetisatliayracthédviing due
to segregation of C and the nagnetic coupling between magnetic particles
readi |y caugmrmesmhictitan as tlew nesseapuwpel ), twhelel80i fis tusedeeddiers
at% a predetermned coercivity is difficultly obtained. 15 The Pt content
(c) is pretevabliyglpriépmrdiess, chapnatsde fingmweoRid canteril eeteeadynkt iat %
the SN ratio deteriorates. The Ta content (d) is preferably froml to 7

W % becagsepektibe tanaort et shtilseSied Rarhbrat % the noise is liable to
increase, whereas if it exceeds 7 at% a high 20 coercivity is difficultly

obtained. The £h CGHU €Rlaske) kS JIRIH ERIna T ﬁh%@'i:it:esﬁec@ﬁ%?x;ﬂ&?édefditahe Zr

content exceeds 4 at% the SNR deteriorates. Thé Cu cont ent

et or Vo al dEnBbE, 4" no® SR ERRR 10, LG PORTE eV IERR o i, B 210

or less, g%%‘f‘seorllfthge sl\Lll1r aocl:’]et eg eé(c%%%gm]é%nae Se tstlt.?bsstlz\lzl:qate diffuses

from the surface of the magnetic recording medium through
defects such as scratches or pits and results in corrosion

in some cases.

20 SUMMARY OF THE INVENTION

The present invention has been made wunder these
circumstances and an object of the present invention is to
provide a magnetic recording medium capable of increasing

SNR and PW50 without causing any deterioration in the OW



deteriorates. The t hi ckness of the magnetic recording |layer 3 is not s
particularly limted, but it is preferably from 150 to 400 A nore
preferably from250 to 400 A. Tf this thickness is |ess than 150 A, good
SNR and appropriate reproduci ng output rmay not be obtained, V\/nél?ew i26031 t
exceeds 400 A, SNR decreases. ~o0 The coercivity of the magnetic recording

| ayer 3 i prape@fyOcamd rdree, of 6+teaakplmyopehy 2 and0 moréo0eH, CLavdreadie
coercivity is less than 2,500 Ce, the bit-to-bit transition regi on expands,
and as a weghl b, stlf€iCVBAtdet Aliighr alerosivns edgizteares and the SNR
decreases. Under ~s the present circunstance, it is difficult to forma

magnetic recor @hag ABYPE-A8YEPIbEQCHH Y HB exCestndd 4009 Q?az% tic
magnetic recording nedia. In the case ‘of using a head capable of Tully

witing s h r it f r
| ayer 3, ga%g%gbpﬁ%%ﬁﬂhgdc&ﬁiﬁgiggé c:éw ?/r?lnéé e{%agpbgg‘iggg ge or

nore preferabl nore. The sof.t netlc Ia er 4 is not ..

parti cll a?F‘?rF%Fﬁ t@d 881“ W@P&F&EI y él%ﬁr%aé( "a 0Si qc&‘Fddfnq:e

Ni or Co or conprises an alloy containing other eI emsnts in- 10

addi ti on L8YRE, R seftcaagnetigalaves @‘b‘éc?f PEOERSHPIES 16 She WRE&Sd M|

for the soft magnetic layer 4 include various alloys such as Ni-Fe,

Ni - Fe- M, tRe FeegciwityFelssi2, 70 (QeFerSimonme-gnd Feh@lthfekpess; Ode'J@r S
Ni-Cr, Fe-Cr-Ti, Fe-Cr-Cu, Fe-Co-V, Fe-Al-Si-Cr, Fe-Al-Si Ti-Ru, Co- Zr-Nb,
Co- Ta- Zr , sBétTmagRetia- (D;aylée- s &mdnFé- Mo, 50F A.hese, N Fe-system al | oys
(for exanple, permalloy) are preferred. Anong the N Fe-system all oys, N XFe
is preferred. The Fe content x is suitably from15 to 60 ate, ~o preferably
from 15 to 25 ate. The BREEFSPESCRIPITIION iOF MHE @RAbIINGssed because by
using this material, inprovenent in corrosion resistance can be el evated

and atothe sampigl,m, igoed wlecidOEE6es 1 Sept O8R! EhefifgNohe Praitieél 15
The soft magnetic |ayer 4 suitably has a nmaxi nrum perneability of from 1, 000

to 1,000, BRodpheher aft Vehe OMEnRUQd 000800y HREG U LT BhLY gfrre%@nt
100, 000 to 500, 000. If the maxi'mum perneabi 1ty 1s |less than 00,

i nsuffici fH{r ﬁ/(ﬁH,lng on the magnetic recordi ng nedium may 20 result at the
recor di ng; ér the witing, the demagneti zation field anong
transitions of magne i zati on may not. be rel axedé as a g‘[ult satl actory
el ect ronmagnet i EX8r op8rt1®s fayPHtt B o‘fﬁ%ﬁ%ec? B Yhe S oi’i"é‘rn%ar?(ﬁl

manuf acture of ;a soft nmagnetic | ayer - 7 MAY 2003 ha\/l ng a maxi num
per neabi | PF?CFhCé%cgg@oéﬂmf“Go@fod‘d“? sm%ﬁl‘??%%l ’EeFﬂr%%ﬂ/ BEALEBNRSI &&F. The
maxi mum perneability is neasured as follows. A test piece as a soft

magnetli c BGBSEeARcénypotieni.ng target is s gradual |y nagnetized fromthe
absol utely not magnetized state by applying an external nmagnetic field

usi ng, for exaRpbe, 3viilsr & ipey tsicaipl erosgneconeonyshvgihg andlihenedhierum in
the ratio of the change of magnetization to the change of the magnetic
field on pragghetizeambodimente off aMe Madgmétic arétoi@intgchetihain bliethe
intensity of nmagnetization does not increase any nore even by increasing
the magnepigskhel dnbanteaahed, is defined as the maxi num perneability. The
perneability is a val ue shown in the CGS unit system The thickness of the

soft magnetic er 4 r Ry r i .
nor e prgferabl b%rom 283[2&5”1# %’fgg%h;s’g%%gfgg‘ ?ég{c?{% rMnr@ﬁan %r@g,hgfhe ow
property and

exceels 58ri9£%88 kﬁkag&Pg Seg§¥tghéﬂﬁiéﬁgtfgi é£5§gin§hﬁéggﬁmigfiEhe

present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the magnetic recording medium of the present



The' t hi ckness of the soft magnetic layer 4 may also be zo from5 to | ess
than 10 A The above-descri bed non-nagnetic underl ayer 2, magnetic
recording layer 3 and soft magnetic |layer 4 may be formed, for_exanple, by
sputtering. The protective layer 5 is provided to prevent dane§ésMAY 2883 "2
7 Ni AY 20Q3 of .the nedi um surface_due . to contactin ith a _head., The
const r uct AP SRELER altReh AW N RP £ hEXE Y g’\ﬁ% %e?gﬁmﬁn@,'ogorn%/ﬁﬁploe? a
material conprising a single conmposition such as C, Si02 or Zr02, or a
nmateri al ABPAI PeEoipei ¥niy srer 2fs thenpsodistirdteand additional Iy contai ning
ot her elements may be used. The protective |layer 5 may be fornmed using
sputtering, iofheeamofit hathkgnetplasnbaya®d nprabdrabhy t haskneéss mex imvam
protective layer 5 may be from1l ~o to 20 nmbut is preferably from1l to 9
nm becausegekrheabpaditygolfoEToman , 0@ ontee Ir,@d0c®&®d.0.A | ubricating | ayer (not
shown) may be formed on the surface of the protective layer 5 if desired.
Exanpl gs of theurehermdreyhi £h ¢ bsrésest f Anvdit ilor i gatniond ol tith
include fluoride-type liquid |ubricants such as PFPE (perfl uoropol yether),
and sol | dihuREhEATEESUERy B TALYY HRET f3ovThRdl UPRnERS h0G) AN adRY ife
formed using a dipping et hod or spin toating nmethod. [n the
t hus- manuf act ur e tid.c recordi ng nedium the 20 anpbunt of extracted N
can be suB%ﬁgsgég ?%%gggénﬁgﬁCREQBr | ess per unit area of the substrate due
to the soft magpetic layer 4 formed therei.n. The extracted N ,amount, in
i G3m Sorth A
7

excess of 0.08'A§ (AFNST Y af GQPEUED ME Sr PEEFBAT &V & and,

for - 13 2 MAY 2003 exanpl e, staining of the head di sadvantageously
occurs. TRENexPeacieRd NWiddburt headet BRRLAEUNEN 8uCIRREQANHEN t KRVIaR
outer edge part and the inner edge part of a nmagnetic recording nmedium are
each seal mdkbpgpuasef bfna magnetowagsdisitd vieeedrfgiaty nedi umis then i nmer sed
in pure water at 80C for 30 m nutes, and the anount of N dissolved out
into the pure ®Wdbger Pelsurd t vhewa sifowihey sahst et i aieasmbedimedt deffi ned
as the extracted Ni anount. In the magnetic recordi ng nedi um constructed as

above, ~othdRmake R0t iRl ing madirhn éhothe dpteseft ainoBnitiohhe @de
property or off-track property occurring. Furthernore, by providing a soft

magnet i c }nafxﬁ%t%i n@e%dm_ti%%' alp AMIY Sh&Ph T ORLPE PEbABLELsMORe Rekl-e
than that of NiP on the NNP7layer, NN in the NP layer or light ~s el enents

in the Suﬁgbhgkgcmgégééﬂaég'g'héUﬁﬁf’pEEGE@ég)thﬁreon in sequence a

15 non-magnetic underlayer 2, a magnetic recording layer 3, a
soft magnetic layer 4 and a protective layer 5.

For the non-magnetic substrate 1, those commonly used
as a substrate of magnetic recording media may be used, such
as an aluminum alloy substrate having formed thereon an NiP

20 plating film (hereinafter referred to as "NiP-plated Al
substrate"), a glass substrate, a ceramic substrate, a
flexible resin substrate and a substrate obtained by
depositing NiP on the substrate described above by plating

or sputtering.



prevented fromdiffusing fromthe surface of the magnetic recordi ng nmedi um
t hrough defects such as scratches or pits and thereby the corrosion
resi stance can be inproved. The magnetic recordi ng nedi um havi ng the above
20 described structure has excellent properties particularly vhemnmavt 209
used with a head enploying a reproduci ng device maki ng use of a
magnet or esi st i theefduacfigcea epf esbet estmbstrate niduvay vbe VR exttupresl tfmrhetlie
(hereinafter referred to as a "nagnetoresistive effect-utilizing head").
Wi | e not purpbse 20F MOLRADRieS rgowd t 0 elechevmdgnelie pherepEroles S
considered to occur because of the follow ng reasons. In the case where
reproduct ii@ihah® iRQ f Pk i ORAGAEL POOUR1E68E6PPCAnRA NI by CLMbFbPEng
medi um using a nagneto s resistive effect-utilizing head, a“part of the
soft magnet. y @ a dug_.t i X pr ced. t he
head and t%ggﬂééﬁngéﬁpﬁﬁtgggé‘g FE{)Egggh’ ggc%ﬁégfvg\/\era{:%%nof g%llegr?rlelg ility
of the_atnosphere erefore, | eakage flyx_exits outside the soft etic
| ayer.%As a re?lﬂft , ttges hQPB"fDSgHﬁgﬁgt i BngFFEGVFri sbjf or%f%voeqwqr%g'gy
generated at the tinme when {he head traps the | eakage flux is reduced. Al so
at recor d¥8@¥Ta paPR-BRIPRELICof (UNARFIAYREL 1 ay&PT| s AW ed By thdHkdd
and thereby a magnetic circuit reduced in spacing loss is fornmed. 15 Thus,
by using &omp@sdittdiassi ilme aff f €&t- uTL)i Nihg Réad, Texesl [€nt or a film
el ectromagnetic properties can be obtained. Fig. 2 is a view show ng
anot her prfacimedalofendmdabiboy obteheedndnetaddimgoothey eddmemtsf tichethe
present invention. The magnetic recordi ng nmedi um shown here differs from
the 20 nageelalc ineadedirag geedictmistpaitiiny drysthliliditat aynde agRbt i C
internediate | ayer 6 is provided between the non nagnetic underlayer 2 and
the magnetic raeorghngitayer, 3.wHEHEhY  mafE@RLA Bt @lontdidend her mdisid e
recording layer 3. As the material for the non-magnetic internediate | ayer
© 15 2ohnkoRY ¢80y Gr 189562 04YAR9IcE T ELTRGEL! 1541 Bk A%e 4Gy e
co al'l g the

mat eri al ;s! tion’of the magnetlggr ecordi :%rﬁ% ayer an owi ng 1
ragnet o RREOH B Chnd NV 8000 cLystghoRel Nt abLap AReERARY oY
e el Sl SRS 00 e C TSl Cr bttt T
represented by the formula: aCobCrcPtdTaeZrf CuhB (wherein b is from25 to
50 ate, cCP§e~-@L1MsHNY ctuGhesy M@tesiad,atbeorompesitions is prefgrakdys f
15 represented by Cr,Y, wherein Y is one or more selected from
Mo, W, V, Ti and Nb. The Y content (z) is preferably 30 at$
or less. If the Y content exceeds 30 at%, the coercivity
and noise property of the magnetic recording layer 3 may
deteriorate.
20 The thickness of the non-magnetic underlayer 2 is not
particularly limited so long as a predetermined coercivity
can be obtained. The thickness is preferably from 50 to 400

R, more preferably from 100 to 300 A.

If the thickness of the underlayer 2 is less than 50 A,



is 5 ate or less, his 10 .ate or less, and a is the balance) is preferably
used. The respective conponents are nore preferably present in such a
proportion that b is from25 to 40 ate, c is 10 ~5 ate or less, dis 3 ate
or less, ais 2 ate or less, f is 2 ate or less and his 8 ateeryhesgy !f
the Cr content (b) is less than 25 ate, the non magnetic internediate Fayer
6 di sadvanirgeeaisd &t PECP i HRONgL e hay 5 r |

content (b), Pt Ttontent ?%??&!‘I'g&cgﬁ g%t 3( G‘)er z@cﬁiﬁﬁ%)&%é%%ﬁfae% (f)
and B cont h) exce -dgscry | jm 1

conposi ti Ol?léefr()t hfegﬁggnq négng{é?chﬁﬁ?g?% Fa?e%'lslas:ge% %&éaatt%{/nﬂ?fégfsst?%om

t he conposit. o f. the etic ording | ayer - 16 2 7 1 ~A~ ~Q0O~ 3. As
a result, qrrgeer&%oé} ag}r?g{heé“ oé{&gféﬁcﬁﬂeeq% etic recording layer 3 is
deteriorated to reduce the effect of inproving coercivity and noigse
property. By prVithfgCtRernbanfagidt ithe nthirkueas cergpedss 4Ghddts thetia
gromh layer which is relatively easy or crystal structure disturbance to
occur €an W¥SHa nidkedn s@itdeat ingreasegst ainor that aundariayene angnethe
recording layer 3 can be inproved and high coercivity and | ow noi se can be
attai ned. ciystrigngtatnr edeedialgoradiamaded hin ptasentagnatdnt | vecod by

al so have a structure shown in Fig. 3 or Fig. 4. The nmagnetic recording
medi um shQwyem F3g. (3rdi fhefismigoetibe MagrReined ifadeor di ﬁTdi@ﬂEﬂEﬂ@ in
Fig. 1 in that the soft magnetic layer 4 is provided on the | ower surface
side of tRedEBARKIdIC X eCHALINGFdANY, INR Adedsd@pgnetic internmedi ate

| ayer 6 may be provi ded between the nagnetic recording |layer 3 and the soft
magneti ¢ | ayer ghe | AohlRaUAANSL! Cuh8ERIELRE TPAAY SBONB I 8 dinddie

magneti c recording [ayer own by nunera conpri‘'ses of zo first an
second,.magneti.c o ing lavers _7a and 7b and a soff magnetic layer 4 is
provi g%d %%S/\%"enéfhxgég Flgpgfxgﬁdas&ug%d'_r%h%yneeﬁi%t?‘é%%llua‘i:‘hg #gyézlhsey'/:aasa%d
7b. A non- netic i nternmedi ate | ayer be, provjded right under either
one or bo T%it%Ti§¥e5n8t§€€6Héenagﬁé?iﬁlgri#lty ?f7%ﬁﬂ?§ﬁxf$4%§§ﬂding
| ayers 7a and 7b. EXAMPLES The action and effect of the present invention
are descr M5¥d Bl he b§aspeerf dddifleyends ekt | eRPPOS t hitoExanphes. af Upass

ot herwi se indicated herein, all parts, percents, ratios and the |ike are by
wei ght . one of the multiple layers comprises NiAl, SNR may be

remarkably improved in some cases. Also, when the non-
15 magnetic underlayer comprises a NiAl single layer, SNR may
be remarkably improved in some cases.

The magnetic recording layer 3 is not particularly
limited so long as a predetermined coercivity (described
hereinafter) can be obtained, however, the layer preferably

20 comprises a Co alloy represented by: aCobCrcPtdTaeZrfCugNi
(wherein b is from 16 to 25 at%, ¢ is 10 at % or less, d is
from 1 to 7 at%, e is 4 at% or less, f is 3 at% or less, g
is 10 at% or less and a is the balance), so that the Ku can

be elevated.



Test Exanple 1: A magnetic¢ recordi ng nmedi um having the sane structure as
"shown in Fig. 1 was nanufactured as follows. io An alum num netal substrate
(diameter: 95 mm thickness: 0.8 mm) having forned thereon a NiP plating
film (thickness: 10 un) was subjected to nechanical texturing tpm@vzaaa
surface average roughness Ra of 6 A. The resulting substrate f was seq in a

chanber of a Dgedp@teliven cémpBHEREE! Ndréevioi@ (3PéCeraBIYf astais & bYin
ANERVA) . The chanber was evacuated until the ultimate vacuum reached 2x10-'

Pa, the n. Haﬂa%ggif'rd;gcg}'%éﬁ aLfad WASheAled ig %go%zzaal%,ﬁrggnig”f%% 6

non- magnetic s a non magnetic underl ayer 2, neti ¢ recordi ng
| ayer 3, sqfit magneti g | ayer 4 re.sequentially. formed by sputtering.
Ther eaf t eF° a9 %%dn cgrlost egf?r\l}efl 59e‘|§e§%ﬁav%nglsa ?h?%’kn@’érﬁSFsTO%Al\ﬁa:zr
formed by a plasma CVD net hqd using a pl.asma CVD apparatus (manufactured by
ANERVA CoPpdr QFi 6RpS- ang g is ﬁﬁ% o503 €£%d t hen a PFPE | ubricant was
coated on the protective layer 5 using a dipping nethod to forma

| ubricating | aP#r YSidtg shomalremavilngantdinciiesat ofleast] @ng gEsErkEx&wl es
2 to 6: s Magnetic recording nedia were produced in the same manner as in
Test Exanphd 1Neéxcepthet hatodrtmivity knesd oSNRhecaaf t beagreivian agpeeusd ywas
changed. Test Exanples 7 to 11: Magnetic recording nedia were produced in
the sane iacpeaaBed.as in Test Exanple 1 except that the soft nagnetic |ayer
4 was formed froma material conprising Co (single conposition), the
thickness of thgesqif pBBARBLILC {BYelhs? NRSFEPAHDE ASEhoYN dn Tablgel, and
the thickness of the magnetic recording |ayer 3 was set such that a
constant hEczhaBUlpHt (Gl Brbe.ahiahneds TeskExamh 5 6125k, L ndBgpetic
recordi ng nmedia were produced 1 n e same manner as in Test Exanpl e

except that the soft magnetic layer 4 was,.fornmed froma.nmaterial,conprising
N (Sihgl EOPb EBRBTsTTBIRT S PRREL CP Sk RHSP S 8 SOT LS hAGHREI Y | &7 4
was changed as shown iin Table 1. Test Exanples 17 to 22: Nagnetic recording
medi a wer EOpr 3BBEREREAORheCEan®er nedfifer e | MaEnGt s afAUP 1L ek c OFEWERR t he
non- nagnetic - 19 2 7 MAY 2003 underlayer 2 was formed froma materi al
conpri si nBagretirngpareb@pesi therdily heausasknssdustione sbf tthmgnetise

| ayer 4 was changed as shown in Table 1, and the thickness of the nagnetic
recor di ngpkapertg, waghgeeasuchf t hdt exseedsst 2ht a4 putpupredeteripdned
attai ned. Test Exanples 23 and 24: Magnetic recording nedia were produced
in the sageepainttyassi dif€scubxagypbbthimedept that the coercivity of the
medi um was changed by appropriately changing the ~o substrate tenperature

at the fornmati @ReObtt ROIRANREt {€) is preferably 10 % or less, because
if the Pt content exceeds 10 at%, the SN ratio deteriorates.
The Ta content (d) is preferably from 1 to 7 wt%,
because if the Ta content is less than 1 at%, the noise is
liable to increase, whereas if it exceeds 7 at%, a high
20 coercivity is difficultly obtained.
The Zr content (e) is preferably 4 at% or less, because
if the Zr content exceeds 4 at%, the SNR deteriorates.
The Cu content (f) is preferably 3 at% or less, because

if the Cu content exceeds 3 at%, the SNR deteriorates.



recording layer 3 and the thickness of the soft nagnetic |ayer 4 was
changed to 20 A Test Exanples 25 to 28: Magnetic recording nedia were
produced in the sane ~5 manner as in Test Exanple 1 except that the
magnetic recording layer 3 was formed froma materi al conpr|5|fg|@\n§§ rlm
shown in Table 1 and the thickness of the soft magnetic |ayer 4 was anged

to 20 A Test EKanpygs 38n£8n13_1 ié?féf’&tﬁif NGp MR et e iduced

in the sane manner as in Test | e 1 except t a non rragnetl C

i nt er medi er wa, ro | de net i ng
| ayer 3 agggﬁkgg i q%.géhg cnﬂﬂ%ﬂk §§¥8¥8g oft gne%ﬁg gﬁi

was changgd to,20 A - 2 7 MAY 2003 Test Exanples 32 to 35: Nhgnetlc
recordi ng ﬁﬁﬁféoﬁéFESproduced in the sanme nmanner as in Test Exanple 1
except that the non na%:etlc under | ayer 2 was fornmed froma nmateri al
conprising a sT nafvPE nthapragnesdg mecandidihekayer Bhdssaot
magnetic | ayer 4 mas changed to 20 A Test Exanple 36: A magnetic recarding
medi uns wapaptddudedlyn lild tegive bvinrigr &8 preflesabExafipbn 159x¢epﬂ0@ha,
description in the ~o Exanple of JP-A-7-169037 was followed, that is, an
under | ayemotehipdefsarssbBPOfAPMC @HD | 8ongt 00 Aas pIOVitthdd Oﬂhacsuesﬁra.tse, a
magneti c recording |ayer (thickness: 500 A) conprising Co-13 ate Cr-3 ate

Ta (Col, Ciéda) tvas RH5QVikled;quy tdier URKET hppebpraBted raghbdieangt igutipdker
(thlckness 50 A) ~5 conprising N |9Fe was provided on the magnetic

recordi ngpha yeﬁotT%é I%rgﬂgagst cgzavﬁefl%%fket' it rﬁeoreiéaae&ed'm@ Plsgguced

in the sane manner nple 1 except the description in the 2o
Exanpl e o& dPa éség}116412 was followed, that is, an underl ayer (thickness:
30 A) conprisrng O was provi ded on a substrate a magnetic recording | ayer

(thlckness ISIh Pt , S, provi ded .on the underl ayer,
and a'%oft rrag?%g?l & ‘?% ’(tﬁ g%ne& 1’%9913 b‘gnﬁﬁcﬁrﬁd'”ﬁez B - 5

7 MAY 20U3 was provided on the nagnetic recording_layer. The ma netostatlc
propertiedrof0 t%@ RGBT r E05r EXAGRREYT of 1AM TesB 0 Bx&0pIGL 00 10237 Wére
eval uated using a vibrating sanple magnetonetry (VSM. s Furthernore, the
el ect ronaghet i coprepeities isf tlesse nearetiz, 3@@or@eng hei abidrsoevituat ed
usi ng three kinds of heads, nanely, an inductive-GVR conposite magnetic
recordingtheadiEﬁphoyragiangiammammgnetanesisaévea((iﬁ&uﬂeyicehbn PWEO0
produci ng noi ety, an inductive-MR conposite nmagnetic ~o recordi ng head
enpl oyi ngdaterpocheessi sidive (IvMdre¢e£eanandhan INKludédvead/R cofpesi t e
magneti c recordi ng head enploying a dual stripe MR (DSMR) el enent havi ng

two Mg deﬂheeerégéaese%a%e%@tceul ard yid 0gibeidupekedi 88k @Nmadheict he
el ectromagnetic properties of these magnetic ~5 recording nedia were

eval uat ed, ysspgi Ag’ §ade HA AP Y3 civity in excess of 6,000 Oe for

magnetic recording media.
In the case of using a head capable of fully writing
signals, the higher the coercivity of the magnetic recording
20 layer 3, the more preferred. The coercivity is preferably
3,000 Oe or more, more preferably 3,500 Oe or more.
The soft magnetic layer 4 is not particularly limited
but preferably comprises a single composition of Fe, Ni or

Co or comprises an alloy containing other elements in

- 10 -



RWA1632 and a spin stand 51701MP, manufactured by CGuzi k. The LFTAA
measurenment was perfornmed at a linear recording density of 42 kFCl, the OWN
measur enent was perforned at two |inear recording densities of 250 kFCl and
42 kFCl, the SNR 20 neasurenent was perfornmed using a Base-Peak val ue of
LFTAA out put as the signal, and the noi se neasurenent was perf gq@% ﬂﬁ%ng a
| i near reegddditignderdsiFey, ofi 2h0ddCl. The off-track property a ted
using a value obtained by determning the error rate of PRAM. to respective

positions - 223tpec%f-£‘1c| #Xa rﬁﬁ% | Lke L hAEKr IR Bod ROEl ISFH S 1L @

so-cal |l ed bath ab curve and dividing the mndth at an error rate of 10-'

into two. g‘% tfyﬁ%ﬁ%&' %’rlggge%‘i% ”E %\’Isl NilPE CRETOY ML Ni-

resi st ance eva usi n rac am)unl’ as an | ndex

nanely a ai e in e o rt_an er_ edge
part of e Eﬁ ﬁﬂgﬁt’t ReT }5 Wg&I %r’n' Lgeepag’edgﬁbgge wer gl %rlaf 91 Cr,

i nrer si ng_t he recordlng nedlun1 ure water at 80C for 30 nlnutes anﬁ

det er nf ni Ng~Che aHeuRt -t NEFest Wed FE8TCoWro EB-Phréive¥er HmBl+ttlunit
area of the substrate. The results of respective evaluation tests are shown
in Tabl e Ti-Ruye RexiZmriibpeGeedlsi44n,y ReaSa odivtrTahdl, Me-Ofe.arghFeoHE - Co:
5,000, Ni: 10,000, and N 2A15Si: 100. - 23 2 7 MAY ~Q-~ri N .4 H
NUVAAAAA. ~AAAAOAKr otheése -z NdFersysaem , &lloys (for example, permalloy)
"awzU~~oulot f 11t wovooaaO~oor no00OoMvaoOocooM nsr 000v1f 1~0O01V~ODVN~DO~-CWN. - 11
DMTOv 01 MNeMNNpia £ &i-kedr.i ' - 1ARSKg! I ORe M RiFé 09PBt dS EFDDSY®S . -Nire ~tdg-av’ -

In-2rl"-INn-irln-1r-irlr-1"-1011'7TMW' Q-NML~0000LO L1NOOO~O01ot f 1~ot pl~ehivM
Mver V' NMVBWE@.rtreaulo()ﬁ&Ofe NQQQ&QQ@ N Qre IsNiﬂ £79Q0161Ep. FOQrd, -1 0~
ooa~o0t ~0~~~.-10.-i.-10.-1.1 ~——— D~~~~~U 1t f1t f1llld ~

ooooﬁﬁ%ﬁ&ggﬁéﬁ’&ff FONGSo N 3 M5 T 3. OMEOLOVOI f IMLF 11 OVO~Dif 1t f 1VN

NNNMVIVVVIVMG "iﬁ@ﬁfIﬁfgﬁgﬁusggHUUl JUUUUUG-. 1. Iriri~~~~ri s b
Qororororororo For t ?OF . HrM EqﬂﬁHﬁﬁHN ﬁ ﬁﬁﬁﬁ%%w%ﬁﬂ%%w$ec?Y %H i -
W~ W1-~- WN W P~ ~. 4~ . . \ ,

using t 1s material, improvement in corrosion resistance can

be elevated and at the same time, good electromagnetic
properties can be obtained.

15 The soft magnetic layer 4 suitably has a maximum
permeability of from 1,000 to 1,000,000, preferably from
8,000 to 500,000, more preferably from 100,000 to 500,000.

If the maximum permeability is 1less than 1,000,
insufficient writing on the magnetic recording medium may

20 result at the recording, and after the writing, the
demagnetization field among transitions of magnetization may
not be relaxed, as a result, satisfactory electromagnetic
properties may not be obtained.

On the other hand, manufacture of a soft magnetic layer

- 11 -
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The maximum permeability is measured as follows. A
test piece as a soft magnetic substance sputtering target is
5 gradually magnetized from the absolutely not magnetized
state by applying an external magnetic field using, for
example, vibrating sample magnetometry (VSM), and the
maximum in the ratio of the change of magnetization to the
change of the magnetic field on a magnetization curve drawn
10 until a state such that the intensity of magnetization does
not increase any more even by increasing the magnetic field
is reached, 1is defined as the maximum permeability. The
permeability is a value shown in the CGS unit system.
The thickness of the soft magnetic layer 4 is from 5 to
15 50 A, preferably from 5 to 30 A, more preferably from 5 to
20 R. If this thickness is less than 5 A, the OW property
and the off-track property are not satisfied, whereas if it
exceeds 50 ﬁ, the SNR decreases.
The thickness of the soft magnetic layer 4 may also be
20 from 5 to less than 10 A.
The above-described non-magnetic underlayer 2, magnetic
recording layer 3 and soft magnetic layer 4 may be formed,
for example, by sputtering.

The protective layer 5 is provided to prevent damages

- 12 -
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The protective layer 5 may be formed using sputtering,
ion beam method or plasma CVD method.
The thickness of the protective layer 5 may be from 1
10 to 20 nm but is preferably from 1 to 9 nm because the
spacing loss can be more reduced.
A lubricating layer (not shown) may be formed on the
surface of the protective layer 5, if desired. Examples of
the material which can be used for the lubricating layer
15 include fluoride-type liquid 1lubricants such as PFPE
(perfluoropolyether), and solid lubricants such as fatty
acids. The lubricating layer may be formed using a dipping
method or spin coating method.
In the thus-manufactured magnetic recording medium, the
20 amount of extracted Ni can be suppressed to 0.08 ng/cm’® or
less per unit area of the substrate due to the soft magnetic
layer 4 formed therein.

The extracted Ni amount in excess of 0.08 ng/cm’ is

evaluated to reveal poor corrosion resistance and, for

-~ 13 -



1

oa0.,.,~ b N~ U '~~UG NvNNd4l NUN4J U~
' ~CCCCCCCCCCCCC0000000000000aaaaaaa~aaaa0zHU N N1 N~ 3 3 3 3 3 3
SNNNNVVUUUUNNN~ . -rol p
~UUUUUUUUM-r 1nlonaor no~NMr In. 1" i rlr 1. - 1. - 1 n- INNNNNNQ) ~~~dl NG247 dAy12003-, , ~~
|, ~~, a~ a~ aaaaaaaaaaaNN bN ~N bN ~N bN bN ~N bN bN NU ~fll ~Hal xa~ kar

ka~ xd ~a= ~ ~fa-= ~ XA~ ~ r VWH VWH VH W
- 25 Ze#%?nple? Oé?%rno %#ﬁ&ﬁ@&ég&; %A%%%mw&@:x ‘zz2z 1z a
wz U~ 1~ ao o d_ N,o,H Q00 ao 00 ao ao ao 00 00 00
00 W- Mto ao“% %ﬁrﬁ\ﬁ%%df%“o%% s [SKAnES 2R BRcE & HeRneE 1
N NNNT-r-i F{I 00 f~ MO 1t1 C1f1. NN ,"'3 ~ 00 01 01 OGD P 00
T 01 oFhet i the r‘Put?Lr r1691$e PaRY  and | the; N“P«FP Brdge/1 Pert 02fN 2~ O
11f1 111 3 mOTlvasaor rr Inr ootr sr InMMMMMMMMMMN
f~ 1f @amlet@morqaqqrqii.gg~@e|m@m oar® eagh spaled lby~peredfdn,r ithe1f1
Ha0l101TO010101010001000la~00000000e-i ONOI
05 G pagmktid\ tecordirng Nmedi@nNish tiflerN ifmé&rs€ OnOpurd ahtermoat -)
Mt~ mma InxocaM~-olninminin~wowMMMMMMMMMMN

i

glooc! fok Bo‘arndgés()é%ddtﬁe am@unf 6@ Nerﬂbsar%éé dhé—fﬂ%oru'
~~ U NEro., EHHHHNWHM N ~ SRR O ~FSONH

R G uB% 6%%”&%%% *a%“% ﬁa%@r‘)eé“) N

U

G/ ~f~ G, f4 ts fs. fs ~s, WG~N4I(U~OO
010 @%ﬁ%ﬁ’b’%@fg‘%@waﬁt%r‘?l AUt ) W orl r--1rloriori
1Chro~~rl i rlrirlrid-lI ] ii Nroaozzzzzzzz
z a In Bhe BagngLie yegoyding grediwm erastrucsed @sGgakavey N N
NNNUlLcnroaH~zaarooMM.,.l 0: '"O~'NfUNfUUWW
O KNR mndj RW30- qarT Iz Onppoved @dtpoat GegeriorgtionOid ¢he OW H O
OOl dl O0O1~-UIV~-UOO0: O~>0~0002f~ UUUI NNN ~
3 3popertthy wrOcBdfOtradin prbdaertyl dacdnrinm.

ZZ0Q0Z
N O

l

N
0o
O~
p

QYT T-SOT T
oOQomro

T Q0

wO< zZN
woazZNE

Furthermore, by providing a soft magnetic layer using a
material having a corrosion potential more noble than that
of NiP on the NiP layer, Ni in the NiP layer or light

15 elements in the substrate material (e.g., glass, ceramic) is
prevented from diffusing from the surface of the magnetic
recording medium through defects such as scratches or pits
and thereby the corrosion resistance can be improved.

The magnetic recording medium having the above-

20 described structure has excellent properties particularly
when it is used with a head employing a reproducing device
making use of a magnetoresistive effect, represented by an
inductive-MR composite head (hereinafter referred to as a

"magnetoresistive effect-utilizing head"). While not
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W- 26 desimimg xgodensbeundpphihedt PhesameRenr dsulconsidergs o oqmap0 was
very small when the thickness of the soft magnetic |layer 4 was from5 to 50
A irrespebecaasel ofhe¢hieedo llosd ngdNndagarspect to ON as the OV was | ower
when soft s magnetic |ayer 4 was not provided, a nore outstanding

i nprovement of IQV¥RE dsd NeHebBy RPePHclutkidsolis MONRItted a¥ebmd, teand
this effect was saturated in the vicinity of the thickness of the soft

magneti ¢ Lol Ae2Riribdd OfhdRet 9SG dbordi nFmghalthe did hJear Gasfdtbd he
vicinity of the thickness of "the soft magnetic |ayer 4 being in excess of

40 O .ahr i n th i ckn f .
rragneﬁs cOggf\ei%%i’%%egétéee&d?%r%n]iJ%J?(fg%%\ggbf gf §8%?58?0%§% %@%%ﬁ@n‘%ﬁﬁ%se
results, Lt is seen that when the. thickness af,the_soft _magneti.c,. layer is
from 5 to 88k RESRID, BHerLT ERS afBCobta i Ria% bupeBE CLICERRPYAIAL o
and OTC and the el ect romaegneti C_ﬁj;operti es are inprqoved. 20 Furthernore,
out of th&eefr A% K48 R &Y nQfuseht? RaghetRBIUNY | ¢OVWEFT ddtan

whi chever is used in reproduction, an inductive-MR conposite magnetic

r ecor di ng theamermeahidukty vef GVRec apwsperRigneheteferer dilegkiegsad fdruxan

i nducti ve- DSMR conposite magnetic recordi ng head, the - 27 2 7 NMAY 2003
el ect r omragmettisc oprteyiale itde ag@f i npagvetioi Layehe t Asclnesesudft ,t ke seitp
magnetic | ayer being from5 to 50 A. As seen fromthe conparison between
Test Exanpagaetitco éipadifesis Efopnbas 23d arthel4losé Iidemerededl vaty tide) i s
5 less than 2,500 Ce, OWnay be good but SNRis low As seen fromthe

conpari sopihet waen teel hesdMmips ané Tesdkdgeamilss i2b deauwdd.even if the
materi al conposition of the nmagnetic recording layer 3 is changed within

the range Spechflisig’att e & & ,nvagr%ke.sfoegét is%%taﬁnggpﬂé%%g%%?%? 1iqf at ed

but remain goo seen fromthe Conhpari son between and
Test Exanpl.es t.0,31, .even | op; etic_internedi ate l.ay IS
provi ded?g?%élrél%ggt rbé’lné-‘ghneeﬁ?%é%or%%gr?ngggyeang‘taga tté i OraCey EEbEur\':{(':'clr%edr(raefll n
good. 15 As seen.fromthe Conparison between Test Exanple 2 and Test
Exanpl es 39 £538§3N%yvOSS; 5t fFOTHMECeri al conposition of the non- magnetic
underl ayer 2 is chan%ed within the range specified, the el ectrqonmagnetic
propefti es ar e THYE (d&Yerbord e BagneEREPALI§o4Ne 2dfpFtrnéidded ngf hasd,
magnetic recording nmedi um of Test Exanple 36 manufactured follow ng the
descri pti encefllgptAeiesigdmadnetiic pa@paidesa e ke obdegiest-i c properties
Fig. 2 is a view showing another practical embodiment
of the magnetic recording medium of the present invention.
The magnetic recording medium shown here differs from the
20 magnetic recording medium shown in Fig. 1 in that a non-
magnetic intermediate layer 6 is provided between the non-
magnetic underlayer 2 and the magnetic recording layer 3,

namely, immediately under the magnetic recording layer 3.

As the material for the non-magnetic intermediate layer
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exclusive of LFTAA are extrenmely inferior as conpared with Test Exanples 1
to 5 12 to 16 and 25 to 35. - 28 2 7 MAY 2003 In this nmagnetic
recording medium it is considered that noise property and Su55§&§ ﬁ@g
because the Cr content in the nmagnetic recording layer is |lo t
magneti c coupling between nmagnetic particles in the magnetic s recording

| ayer is stfrehgseFiavieigd emat&ei£)b8ompds Did ohechadebeoathe tmtddiiglkness
of the magnetic recording layer is large. In the case of the magnetic

recor di ngcBRALYALILNTESE EXAMRIRynek BNHESEFHIRE QW Ngahbe Hashfidy i on
of JP-A~0 10-116412, it is seen that particularly PW0 and SNR are
extrenely or re j Jest | es, 1 2 6 t o
35. In tthgnaéﬁiqﬁggggcoré%%%nﬁggfungégggis %onggﬁgf%%, ﬁ?%% cg§$€ﬁ%} y
cannot be obtakn%d bec3yse of.EnalI is t hi ckness of the under%ayer QVEO is
bad and SRR*PEEAFEEadFUueCPHERHAPH FaxidFIH per 1i192%r Phe 5qd:
magnetic |ayer. Wth respect to the corrosion resistance, N dissolved out

i n t he® cafBTENexAgREYi V@R otdiendker hadf Ufest BER8nAAreshel BEIMGEWZR mher e
a soft magnetic |ayer 4 was not provided, 20 whereas in the magnetic

recor di ngthedi affiRete afsoimprayhedi cthayeervstalt pwoisnkation @b ridte

di ssol ved out at all, thereby revealing by far superior corrosion

resi st ancmagAstdescecbeding tlagefroBegeinndpe taluer amegyetdus byedorctiesgerbdi um of
t he present invention can be inproved in SNR and - 29 2 7 MAY 2D03 PWBO
W t hout causi ngpagy fdeadllyQraai @d i A116¢ QWprreopsited abg offiet Kadmula:
property, noreover, is favored with a sufficiently high corrosion

resi StanCSCo%!rEPtH!i'%e'Z&\f@@MBOn&vh?érebﬁ?nbdfi%crfﬂﬁﬁl b5 detajd apgd, scwith
reference to specific enbodi nents thereof, it will be apparent to one

skil | g 190t g qard, thals vagi gus 1&)“35{‘@?505'”% di il qat '5°”§t§38rb§8§2962f .

therein without depariing fromthe spirit and §copé thHereo
MAY 2Q03 WHAT i S.CLAINED | S:, 1. tic recording nedi_um conpri_sing a
non- nagnet Pe s G58: Fht i b 1hetboRth RentRagnetre Gndér hgeraleny
magneti c necording Li er, g soft magnetic |ayer and a protective |ayer,
wherei n t k8 PEELEFE § YfeChe magnetic recording layer is 2,500 OCe or nore
0 and the thickness of the soft magnetic layer is from5 to 50 A to 2. The
magneti ¢ recor Ny TRENQGH HES c COMPRAENA-Sc| @Fen Morghepee eyl unpyesest
extract Ni is 0.08 ng/cnR or |ess based on unit area of the substrate. 3.
The magnethc susdorali pyopedtaanadhaltailredsi fromi2h 1towkér itk t he $eftlli s
magneti c | ayer has a maxi mum magnetic perneability of from 1,000 to
1,0004900at% or less, d is 3 at% or less, e is 2 at% or less, f is 2
at% or less and h is 8 at% or less.
If the Cr content (b) is less than 25 at%, the non-
magnetic intermediate layer 6 disadvantageously becomes a
magnetic layer.
20 Furthermore, if the Cr content (b), Pt content (c¢), Ta
content (d), 2r content (e), Cu content (f) and B content
(h) each exceeds the above-described upper 1limit, the

composition of the non-magnetic intermediate layer 6 greatly

differs from the composition of the magnetic recording layer

- 16 -~



4. ‘The magnetic recording nediumas clainmed in claim2, wherein the soft
magneti.c | ayer has a maxi mum nmagnetic perneability of from 1,000 to 20

1, 000, 000. 5. The magnetic recording nediumas clained in claim 31 2 7
MAY ~pQ3 1, wherein a non-nmagnetic internediate layer is pres@mt MAC 003

i mredi ately under the magnetic recording |layer. 6. The nmagnetic recording
medi um as 3¢l ai ABd & N relsail,2, thE ety th IN08r SentRENBhI f NEREMHA A 1ayer
is present imrediately under the nagnetic recording layer. 7. The nagnetic
recording Eedi-iTings FAALFTE 1k CligkBriorURRke! fh 2rRANCRANGL | £ekBber Bl al e
| ayer is present 1I"mredi ately under the magnetic to recording layer. 8. The
magneti c r.ecordi. ium as.clai N |.ai wherein a non nmagnetic

i nt er nedi &f“grf)é’ﬁg% :E;%%ﬁr esen ia%n%grfergl?)eﬁ% fplﬁoﬁgerﬁjyt'he magneti ¢ recording

| ayer. 15 9. A_head enp].oying a reproduci ng device ki n se of

magnet or esi st i & é’frfoé’c’téli cotbi M T‘BﬁgWFgctﬁEtﬁﬁﬁ‘ggf'PEgr «i@éfledfi r‘i;g 8t um
as clainmed in any one of clainms 1 to 8. 20 10. The magnetic recording

nedi unf as 18i4iiedd gROWRY okRyer whdichks LSt Feglatdvglyy neasyonora@iatstal
internediate layer is a Co alloy represented by the fornul a:

aCobCr cPt gtaazitiu@ehBlisthvereinte i deonr 26anobs0maniuiceds 50 dthtortHeess,
dis 10 at%or less, ais S5at%or less, f is 5 at%or less, his 10 at% or
| ess, andcayistalhedidmiatelon 2in 3Zhe madndbic208cdidinbe lageredi eared@ di ng
medium as clained in any one of clainms 1 to 10, wherein a non-nagnetic
under | ayer mpaeived andhinglyheesedic iA@ ¢t QA ANGBI e HOHY 38 ihddayer of
a material containing NNAl. 12. The magnetic recording nmediumas clainmed in

any one of cl aipg Jm%do}xé&c WREES LA Ag e TRAN &S ¢ CtHé'dﬁElaééﬁE fl%\()ie'?ﬂ:i%n

t hi ckness of 100 to 0 angstrons conprises a |layer of a materia

t ai pi I : i Nb. 33
PR Rgﬁg Eﬁgﬁs&r‘]‘&fok E‘%k%g%ﬁﬁi%}%% XLTHAI.H&W& krAE&?inqAL'H. AS. Ah. AL. AOE
A _CAG. AF?. A9 _ . AY . . , . . .
' (KHX\% e) *. >2f [FRROMATRG &k Sy ESFREALRE A% W) RBP¥E] &8 Ed%a) RafddfeE%ea) ca
] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca],ca] ca] cTaU] ca] calU|.cal\@, |
c} xsni d*XEFOMa]tdrey] BagRal £6] EFOAFLREC A1 Wh] 88P¥R] 8] dH|%a] talRaltddtca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Xz

| >?2@ C} <c phentiofyq | neaheblcaledperaldal eapeayidpdalarn] eg cAprakrcsedpess ca] ¢

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a! WabDXzj >~{vql gb\ W ca] c*a] ca] ca

] ca] ca] capddEc alfc aheajeaneilic” alecajrddngn]l@yleral3ca] ca] ca] ca] ca] ca] ca] ca] ca] c
a] ca] c™a] ca] ca! 45=f 1K6 W

} xsni ds Z] c] ca] aa] nehcnhgagtatcal cogcméddta] dadyiad c] cragallss] pajedides] cal ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal
between the magnetic recording layer 3 and the soft magnetic
layer 4.
In the magnetic recording medium shown in Fig. 4, the
magnetic recording layer shown by numeral 7 comprises of
20 first and second magnetic recording layers 7a and 7b and a
soft magnetic layer 4 is provided between these first and
second magnetic recording layers 7a and 7b.

A non-magnetic intermediate layer may be provided right

under either one or both of the first and second magnetic
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ULyl DL """ #SHHAHSS T S8 CE$%R0

% % % 988K} w mhc”Y] ] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! &+&, &<&&&&&E&

"HP Q,(>(?2(j(((((8))))*6*?****+e+f ++}xsnid_Z]]] ca] ca] ca] ca}ﬁa}ﬁg@]ﬁ@} caj ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calcalca]ca]cal ++
s 2 -Earardifhg: . aql 304/ 900[ 1\ 11P2Q2} xsnid_Z ca] ca]ca]ca]ca]ca]c
a] ca] ca] cgfggfgéfga]l(%%gg] ga %gjdcg?ég] cal ca] cll] cal ca] ]c!a} ca} ca} ca} ca} ca} ca} c
a] cal QR22293&3034

4: 4(444445p5555555686B6C6l 66607778E i ca] ca] ca] calca)] ca]ca]ca]cal]c
a) ca] ca] cafca] ca] ca] ca] ca] ca] ca] ca] %LL} ca} ca} ca} ca} ca} ca} ca} ca} E8]88
99¢9999. ::::: R; . . .

. <=b======' >1>58§>>8SbHAB) ,and ¢ effRGta] OF] cEPBa) RESREI t al WM QR c &F&a] ca]
ca] ca] ca] ca] cal ca] ca] ca] caLca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal h?q???=@ @IGAVA
NAy AAABI eperitbed below by ‘specifically referring to the Examples.
CXCCCD>D{ DDDE! E#E| wr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca
] ca] caf caVohgea] carbarvapea] éapdaptefc ahealeda),caldd! # BSELERE&BEEEEGAG GGGGG
. HOH: HcHHzHHHI T 1T : JvdJdd

K} xsni d_Ztatitakcahdakbe] tdkeahea] bg] waligakca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! K] KxKKKKK L[ LLLMMWFMMVIVM N{ NNNNN_ 00000
PIJP"PP} xsmégt ZEkd@pleal¢al ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cajc
aJca] ca] ca] cal ca]ca]ca] ca]ca]ca]ca]calca!P

QL Qe QLY RYRRRIR flag@ret3eSSEd €4 Fd 11 &' Hld i) Vg?(\z%ﬁmt%ezléa}rﬁé] celeRkegkeal ca

] ca] ca] ca] ca] ca] c:a] cal ca] ca] ca] ca]Ca]ca] calc aJ ca] ca] ca]calca] ca]ca] ca

] ca] cal X firls b] X] ] ca] ca] ca] ca] ca]
cal ca] ca] ca] cai caj %g] gW%gﬁgé?géf%ga %a%c%’gthél?’é"a] cal calca]ca]calc
a] ca] ca] cal t\vi\i\\)13]18]9 NRAAN 0 A T zupkf calcalc
"!31] c!'ﬂoc!a] ca][ E:aK%?:a] CQ%TIB%\T 13} c!eﬂ‘l\%%ig csaﬁli%%ﬁrﬁa\%? ca] CH g ke cg?éa][ E:%Tn(‘,‘]a] c}a]
ca] ca] ca] ca]dcagca%ca! “aa. a/ a®aaab0b@&l bbbh%{ ccccc8dpddddeeeee’ fffzupke [V]
ca] ca] ca] EREFERFEE] c 4 Bafth)] PR cAPERPLafriEreR e B ¥EE cR} #hied] E4lFa] cha
] ca] ca] ca] ca] ca] ca] ca] ca] ca! f gg;

gg" hhhhhh6thi¢knesskZRRKIIE )| | wasménhipettgtgtioX|nec] as]as] ceéxtlcapgakoa] cal
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca]ca] ca]ca]ca]ca]c”aln
000000UPPI&FE T Bl ISiirface average roughness Ra of 6 A. The resulting

s! sEsHsJssssssssssss{vpke ZU gb] X] caU] ca] cal] ca] cal] ca] cal] ca] caU] ca] cal] ca

| ca] cal] calgathsed) cal cablcakerl cakcalLal Grdmisd £al §al cal coéCahagnetron

ss tatgthtttttuuuuuuuuuuvvlv2vOvSvnvovwyvvv{up] e _ZTke ZU gb] U]S aJ cal] ca] ca
ca] L4 CHU el CED] Loy b T Bl SR ARE oL 7 BB At souc{ vpie: 20K
0l LA SRR CeRheRL R ol ol o haneoLso
O eyt by B e R Gl e o bl
B{I{I{ AR a{r { {{{{{{{{{{|]8]{vpke ZUke ZU gb] U cal] ca] cal] ca] cal] ca] cal] ca]

cal ca] catfeq,cabhaa] enshcajradhea] aablpagnatliea] sabbeaacalra] @athealcal c
ajcas|;|albli[jlulVv[[[I] }'}$}" }*}.}6}:}=}@E}I}}}}~~

~B~C~ N . '

a] ca] Ez\éfcﬁﬁ%ﬁ%éﬁgf%a g]rcazL'J] caa]né% % %aﬁfgg]rgéﬁ]gce]ﬂa & 03a‘] C%LfggfcaU] c
C~P~-Op~07V7h -~z | £ a] Vke” ZUl gb] U

o ol o et € T e T AP e B dT v FpEnagic by pputtekafs e 21 00

a] cal] ca] cal C‘T.}]l caU] ca] calU calcaUcalcaU c ajcaljc aUc a

a c alc alc
aLMPQW\ | bes' )T gekEer ULkJ]eaZUFQE o] c PAtelivey) c]-aa}{ﬂrc] a c%@]ﬂ:‘l‘é] c®al] c
aljc aUc aJc aUc aJc aU g alJc aUc ajcaljc aUc aJc aUc aJc aUc aJc aUc
ajc thickness of 70 A was formed by a plasma CVD method using a

plasma CVD apparatus (manufactured by ANERVA Corporation)
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alU c aJc aUc a] ca2BCWK"acdBCRSk| wgl fa[ Vke  ZU gb]JUUjc aUc alJc aUc a]c
aUc aJc aUc alJc aUc alJc aUc alJc aUc alJc aUc alJc aUc alJc aUc a]c
ajcaljc aUc alJcaUc alJc aUc aJjc aUc a]Jc 27 MAY 2003

UPC g?c aUl c

akl () cd}~")+HIST~ hitu|lwgl fa[ Vke ZU gb]J]UUc aUc ajc aUc aJjc a
aJc aUc aha en d A oAt &l Ga8Ubbated on the protective layer
5 using a dipping method to form a lubricating layer (not

shown) having a thickness of 15 &.

Test Examples 2 to 6:

5 Magnetic recording media were produced in the same
manner as in Test Example 1 except that the thickness of the
soft magnetic layer 4 was changed.

Test Examples 7 to 1l1:

Magnetic recording media were produced in the same
10 manner as in Test Example 1 except that the soft magnetic
layer 4 was formed from a material comprising Co (single
composition), the thickness of the soft magnetic layer 4 was
changed as shown in Table 1, and the thickness of the
magnetic recording layer 3 was set such that a constant LF

15 output could be attained.

Test Examples 12 to 16:

Magnetic recording media were produced in the same
manner as in Test Example 1 except that the soft magnetic
layer 4 was formed from a material comprising Ni (single

20 composition) and the thickness of the soft magnetic layer 4
was changed as shown in Table 1.

Test Examples 17 to 22:

Magnetic recording media were produced in the same

manner as in Test Example 1 except that the non-magnetic
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aljc aUc ajc aUc ajc aUc aJcaljc aUc alJc aUc alJc aUc a)*LNPQ
2] } xsmhb] XSl gl ca]jcaljc aUc alJc aUc a]ca]c a]cal ca]calUca]calcalcalc aUc

ajJc aUc aljc aUc ajc aUc aJc aUc aJc aUc alJc aUc a]ca]c ai? Y 200

+. KO {Wh~xrlfa[VPhUlc a]J]c aUc aJc aUc aUc aUc aUc a]c al Mcg{ﬁc

alc al cghgabhggbeatheal aal kil C¥deh 2l @A comprising cr
(single composition), the thickness of the soft magnetic
layer 4 was changed as shown in Table 1, and the thickness
of the magnetic recording layer 3 was set such that a

5 constant LF output could be attained.

Test Examples 23 and 24:

Magnetic recording media were produced in the same
manner as in Test Example 1 except that the coercivit} of
the medium was changed by appropriately changing the

10 substrate temperature at the formation of the magnetic
recording layer 3 and the thickness of the soft magnetic
layer 4 was changed to 20 A,

Test Examples 25 to 28:

Magnetic recording media were produced in the same

15 manner as in Test Example 1 except that the magnetic

recording layer 3 was formed from a material comprising a

material shown in Table 1 and the thickness of the soft
magnetic layer 4 was changed to 20 A.

Test Examples 29 to 31:

20 Magnetic recording media were produced in the same
manner as in Test Example 1 except that a non-magnetic
intermediate layer 6 was provided immediately under the
magnetic recording layer 3 as shown in Fig. 2 and the

thickness of the soft magnetic layer 4 was changed to 20 A.
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aU] ca] ca] calU] c a] cavxm ) +1=HJ! #PRTWksyt ni cAXRhU] Ul ¢ aU] ca] caUlca]caUc a]Jc
aUc aJc aUc aJcaljcalUc ajJc aUc aUc alJcaUca]lcaUc alJc aUc aUc aUc
aUc aJc aUc aJc aUc aJc alUc

as| Tl Wy vgl gb] XSU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ¢ a] c@f tAx] 8] c
aU] cal cal] calcalU ca]lcalUcaU c aUc alJc aUc aUc aJjc aUc aJjc a

WSK' c(d4i ek} xsraflpZea] BeakeaBsal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] caJ ca] ca] ca] ca] ca] ca] ca] ca]ca] cal Ez, =r 3]

FEc) PG xsni dyggableel ceaea}r shal fghsal oabesl %g@%&@caﬂfalaﬁé cajus] cal o

aJca] ca] ca] ca] caJca] ca] ca]ca ajca ca] cal ') 4%< | wr rmc"Yca ] ca]

ST PR S S i
S| il sl L Bl Al

& () M@L0%Z&' (),- #10%2&' ()-H e& 2)18 > $10% (10%2&' Q).- &$" 100/<z&' ()-!
$100NVE (PatesiedeEsheyn fgvy apie" 1ho@gd()th ?KIHW@WEL?@"\O the soft

, 5" 1096 "& () - !k, 5" 109& () - 3$109%&Z& () -." 10%Z& () -, " 109%&Z& ()-*109%Z& ()- MO\ | K
| 8107 ° 109B8EE)CFlageBal( as” g@%&\e@) £01QUB&.( ) - #109B& () - 107110 @
}A2K! 8107 " 109B&' () - @ 109B& ()-! "' 109BB&' ()-"109B& ()-"109B& ()-!/,: $109BB
& ()-, | TestdEKaRpOe"36:

. $109B& ()-)nt 109B&' ()-' "109B& () - % 109B& () - #t $109B& () -! 109B& () - XzdYNC8
10" 10B 10B 18Brilps 19 - €60%UB&10) mdPBR Wasy 25+ Y& ( inl Odhd O¥R&e( ) - z

manner as in Test Example 1 except the description in the

10 Example of JP-A-7-169037 was followed, that |is, an
underlayer (thickness: 300 A) comprising Cr was provided on
a substrate, a magnetic recording layer (thickness: 500 R)
comprising Co-13 at% Cr-3 at% Ta (Co,,Cr,Ta) was provided on
the underlayer, and a soft magnetic layer (thickness: 50 R)

15 comprising Ni,,Fe was provided on the magnetic recording
layer.

Test Example 37:

A magnetic recording medium was produced in the same

manner as in Test Example 1 except the description in the

20 Example of JP-A-10-116412 was followed, that 1is, an
underlayer (thickness: 30 A) comprising Cr was provided on a
substrate, a magnetic recording layer (thickness: 300 R)
comprising Co,,CrPt,Ta was provided on the underlayer, and a

soft magnetic layer (thickness: 130 &) comprising Fe,Al,Si
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density of 42 KkFCI, the OW measurement was performed at two
linear recording densities of 250 kFCI and 42 kFCI, the SNR
20 measurement was performed using a Base-Peak value of LFTAA
output as the signal, and the noise measurement was
performed using a linear recording density of 250 kFCI. The

off-track property was evaluated using a value obtained by

determining the error rate of PR4ML to respective positions
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X5 abghj yT e pragymadcgecoramnmesiing as)clamieaoneclam ) - X5' e 3L pA10%X
X5j 1 nprtv_?A109 & ()AlL0%X & ()- X5A10%X & () - X5A10%X & () - X5A10%X
X5A109 & ()- X5AL09X & ()- X5vxz| ~ ?A109%X & () ALO%X & () - X5A10%X
X5A109 & ()- X5A109X & ()- X5A109X & ()- X5A109%X & () - X5~bB" ?2A109%X
X5A109 & () - X5A109X & () - X5XAL0%X & ()-X5e 3L p_?A10%X & () AL0%X
X5A109 & () - X5A109X & ()- X5AL09X & ()- X5A109%X & () - X5A10%X
X5 _?A109X & () ALOUX & () - X5AL0%X & ()- X5A10%K & () - X5A109%X
X5A109X & () - X5A109%X & () - X5~bF&?AL1QPX & () - X5A109K & () - X5A109X
X5XA10%X & ()-X5e 3L  p_?AL09%X &A10UX & ()- XSA109%X & () - X5A109%X
X5A109X & () - X5A109X & ()- X5AL09%X & ()- X5_?A10%X &AL0%X & () - X5A10%X
X5A109K & ()- X5A109X & ()- X5AL09X & ()- X5AL09%X & () - X5~"B&?AL10%X
X5A109K & () - X5XAL09X & () - X5A109X & ()-X5e 3L pt X<AL0%X & AL0%X
XSAL09 & () - XSA109%K & ()- XSAL0%X & () - XSLALOWX & () - X5AL0%X

1 NZIP™ A A INANT \NZr . a1 R A PNANT 1 AA PNNANT NZIP™ A A INANT NZIP™ A A INANT

2020520202020520202020520202020520202020520202020520202020202020202020202020202020QOQOQOQOQOQOQOQOQOQOQOQOQOQOQOQOQOWQOQOQO

)



3L pALOYX & () - X5AL0%K & () - XSAL0%X & () - XShH<e e AL0%X & () - X5A109%X

) - XBA109X & () - X5A109X & ()- X5AL09%X & ()- X5AL0%X & ()-X5_?<e eAl0%X

) - X5A109X & () - X5A109X & ()- X5A109%X & ()- X5A109%X & () - X5A10%X

)-X59_?<e e 3L pALOUX & () - XSAL0%X & ()- X5A10%X & () - X5hH<@ & MALOSRS

) “X5A109X & () - X5A109X &' ()- X5A109X & () - X5A109%X & () - X5A10%X

)- X5_?<e eAlO%X & ()- X5A10%X & ()- X5A10%X & () - X5AL0%X & () - X5A10%X

) - X5A10% 8¢ drekba noaldegnatic intetirediafepag@o ptegontimmadiately yndethe0%x

) - X5t X<109X & () - X5A109X & () - X5A109%X & ()- X5A109%X & () - X5A10%X

) - X5AL0%m&ghdticRAbRIMNgdayar XSAL0MX & ()-X5 <109 & () - XSAL0%X

) - XBA109X & () - X6A109%X & () - X5A109X & () - X5A109%X & () - X5A10%X

) - X59_?<10%X & (e 3L  pALOWX & ()- X5A10%X & ()- X5A10%X & () - X5hH<109%X

e ALOWX & ()- X5A10%( & ()-X5A10% & () - X5A10%K & ()- X5A109K & () - X5A109%X
X5! #9% ) +_?< eA10%X A109 5A109, & () - X5A10%X

3 X5A100/g@& () Ih& '&'?9“%5’8 mp%mm%%@dén(#a'@ ﬁ%%{lé%@“

) - X5A109X & () - X5A109X & () - X5126: >BFdD<AL0%X & () - X5eA109%X & () - X5A10%X

) - X5A1B09%¢Eagnetikiptenyrdiate Jayes /g prasert (mmrgetelysingder themagnelie ~ 2<A109x

) ALOYX & () - X5A10%X & () - X5A10%X & () - X5AL0%X & () - X5A109X & () - X5A10%K

) - X5_eghi fetetdiig BHsr& () - X5( A109X & ()-X5'e 3L  pALOWX & () - XSA109%X

) - X5j ot y~ ?A10%X & () - X5( AL0OY%X & () - X5AL0%X & () - X5AL0%X & () - X5A10%X

) - X5A109K & () - X5A109 & ()-X5_?A109%X & ()- X5(AL0% & () - X5A109%X

) - X5A109 & () - X5A109X & ()- X5A109X & ()- X5A109%X & () - X5y] Al 2A109%

)

)

) -

L R Hotb et S B

X5 CA10%X & ALOYX & (. \1009 ' X5A10
) - X5A1096¢18906Y 64 ldapad %‘Q'?Y 5'%59%9_’8&&3 JAtp g e mi%@%'c& () - ALOYX
& ()-X5e 3L° p+m£Y8A10%< 10%008' ()-b5! 109%& ()-b5 $ 10% | & ()-b5
100& () - B5! TBG0RING layers10 & ()-K{|[; ALOYX $ 10% 3| & ()-b5
10%CBO% ()-b5  010%i3d&' ()-b5 ~ 10%JU& ()-b5 O0L10%UBQOE () - b5
1090808 ()-b5Wh | [: ALO%K ~ 10% & ()-b5 z " 10%& ()-b5  10%& ()-b5
“1099$J& ()-b5!) 109%& ()-b5b 10% & ()-b5m ) 1}\: ALOWX  109%(Y& ()- b5
10%rY&' () - b38.0%& The hfa neﬁ@?@é’&d(ﬁgtﬁ@d&ﬁﬁ/@s&léih@aﬁh claim 4, wherein a non-
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magnetoresistive effect in combination with the magnetic recording medium as

claimed in any one of claims 1 to 8.

20 10. The magnetic recording medium as claimed in any one of claims 5 to 8,
wherein a non-magnetic intermediate layer is a Co alloy represented by the
formula: aCobCrcPtdTaeZrfCuhB (wherein b is from 25 to 50 at%, ¢ is 10 at%
orless, d is 10 at% or less, e is 5at% or less, fis 5 at% or less, h is 10 at% or
less, and a is the balance).

25

32



109K () - M 10U () - SI0UKIR ()- 109KYU& () -
v 9" 10%KYR () -107M%d07%c(d|[: A410M% | " 10UKUR' () - S10UKY&' ()- 9L10YKUR' () -

M 109K%&' () - ni' 10%K%&' () - 10UKOUR' ()-d4|[: A410"% 3+3109%Ko& () - ' m 1099 () -
S 10K () - "SLOUKUE ()- FLOMKIR ()- Z"109KY&' ()-i| obU410 27 MAY 2003
#109KY&' () - 10KYAOKYAOK% | 9t 109KU& () - 510%KU& ()- 3" 109K () -

L- $109KY%& () --WeE[[: bU410  : 10%K%& () - "10%<O& ()- ,y:SL0UKU& ()- 3

" 109K () - & 1.109%8@magnetioyeeading medium psislaimed is1amoonesf ¢lpims 1 to 10,

YI 109K () - @OYKYR ()- & 10UKIR ()- #PLO0UKIUE' ()- 10UKY& ()-$[ H [: bU4l0
f 21 10%& () whéin 20%Raghetic ufdeaisk Naving atHioRASSR ¢f) 100 th0BE0/Ehgstroms

% 109K ()-vU410 @BPL0%SY& ()- a@$10% $! & () - 10KYAOKYAOK% | : ~ 109%K9%& () -
6" 109K%& () - VA : 1 P& ()- 109%& ()- #F109%8& ()-
S OVBY10YSYARAUP 10%@3%@%%@%@”1” M s ()- Z10%& ()-4 109%6& ()-
nMLOY%B& ()- fm 10%& ()- 9910%B& ()-!'IFQ[:vU410 +310%& ()- 'Z10%& ()- | %
1098& ()- @ 109%& ()- -109B& () - 1098& ()-!$% 4| obU410 LS

10% # & ()-10$10%$10% ; 10%$& ()-,. | 4-109%$& () - .&0109B& () - .

- - 10968 (3) - ah [ Lﬁmgnﬁﬁcm&%@r@ mpdiung f%%m&]d('p-anyd%}a%efg@'eyns 1o 10,
10% # & ()- f& 10%# & ()- vy 10%# & ga) $j{~|[:pbU410 LI%WO% # & ()-
f,#s10% # & Wherein agsswmagpetic indedayer fiaving a thicknesssof(100 to 300 angstroms

f 10% # & ()-~)v|[:bU410 Sl4y 10%# & ()- S@mMl0% # & ()- 90"10% # & ()-
f+10% # & ()corhpriseé¥a tayerof a rhatetibDeortafiig Cr and one or more selected from

"} obU310! ) nPd0% &1&, &1&&' ()-Z10"# 10 # 10 # <10% # & ()- 9,;10% # & ()-
f8-10% # & (Mo, W@ % 19b() - *[ 2 [ bU310!) f10%d&& ()- S9!10%d&& ()- Yy
1094.8& () - f@bYdad ()- S9T10%&& ()- y!10%&& ()- ?TW][: bU310!)
f109%4&& ()- S9!'10%&& ()- y 10%&& ()- f@OWU&E ()- <10%&& ()- f

109%4&& ()- Normal " "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading
43] c" "Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading
93] c" A "Default Paragraph FontN'>'4,160; @ EJOTY"bgl o{ &N &+(QREBh?#E

KPV[ * f nsvxz8| C~2kswEWwYz{ |} ~HM | ~=5v! #$% () *, - ./ 2G45689R; =?>?AB

C{ DEGCHI vIKMVD

QYRESSTUVWKTZ[ \ . “o_" a{cdeghj 5k| I  noprr sssss#s, S9sBsRs"sgs0osvsSSsSSSSSsSssssstt
tt. t8tDtW tnt{ttttttttttuuuu&uOu@NuXuduuuuuuuuuuuuuuvvvv#v, v7v?vKvYvgvnv{
VVVVVVVVVVWWMW WEW., WEWOWOMWOW WUVWAMMMWMWMAWMMAMX X #X 2X DX PXaxr X| XXXXXXXXXXXXYYY$y

. yby;

yCOyIJYRYW  yayvyyyyyyyyyyyyzzzzz#z3z: zDzLzQz] zhzuzzzzzzzzzzzzzzzzz{{ 9% 2{ ?{ K{
T s{{{{{ {1 &or?rallelalzf I HHTTTETTTT _

FY*}=PIN P} Y ~~(~ ~4~; ~A~] ~P~V~b~p~W~~~~~~~~m s |, 4FRYi w ) 5@ f s}
$+8?DKPX_dkrz '.6?FNZep); DKS] hz".9BNWciry &, 38@sV] bhou%®7<DQVj v

"' 1=DX gnt z+1F _j KIPTWJEE! 4~?W ! "#3$%& () *+, -./0123456789: ;
<=>?@\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~
" #$UR' ()*+,-./0123456789: ;

<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[ \ ] ~_" abcdef ghi j kIl mopqr st uvwxyz{| } ~6Ti nes
New RomanAri al Courier New'h Root EntryWr dDocunment

" #$UR' ()*+,-./0123456789: ;

<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~
I"#$UR' ()*+,-./0123456789: ;

<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~
" #$UR' ()*+,-./0123456789: ;

<=>?@ABCDEFGHI JKLMNOPQRSTUWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~

33



