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;ederLL 6Tr*~J~ 2 ~ FEg ~~~ MAGNETI C RECORDI NG MEDI UM FI ELD OF THE
aTN\/EI\FI'I ON The present invention relates to a magnetic recording,_s, nedi um
and nore specifically, the present invention relates to a nagne FEB 2003
recordi ng medi um having excel | ent noise properties. Mst conmercially

avail abl e magnetic recording nedia are io an in-plane magnetic

nmedi a where the magnetic easy axis of the nagnetic filmis mai r”"@m&mwﬁmw
parallel to the substrate. If such an in-plane nagnetic recordi

fabricated to have a hi gh rEBGNETEG BEBGORDYINGt MEDBUM vol une is excé¥sitel y

reduced and the reproduction properties may ~s deteriorate due
fluctuation effect or the like. Furthernore, it is also known lBlﬂm‘

wi th high recording density WW in the nedi

to expansion of the magnetiz on region or theG°?°P2Re
zo On the other_hand, a so-called verti rragnetr c recordi ng nedi uym where
t he magnetic ea@}ﬁ aRF%S?%ttHBVﬁﬁ(fn’rQPl (i a}trﬁq LQr RefegaesdCh M9y to
the substrate is advantageous in that | ow noise can be attained even with
hi gh r écormdigimiermsid ynore specificallya thio PrEFent siy@niian & slatgs
magneti zation transition is forned and as the recording density increases,
t he demagnad i zat ineyrfatdlad ire ctectiaas edneshichns t dlEviimed . exderldersr , doige
recordi ng density can be attained even when the bit volunme is relatively

large. s Asrsphuiddie vertical magnetic recording mediumis draw ng the
attention of investigators in this field. However, the vertical nagnetic

recordi ng nmedi um has a repﬁ&éﬂ%ﬁbﬁﬁn}%ﬁ‘tﬁﬁﬂﬂ}&ﬁ?@ﬂt fromthat of the
i n-pl ane nagnetic recordl ng nmearam re speciiicalty, the isolated io

waveformis not, a sin peb ont ai ns, a _di

hocordi ngly, |1 MG dereaRia oy’ BRahd e thaRar pr betttd nd SR A Arson v
used for in-plane recording nedia w thout nodification. To cope with this,

a ver t 1% alahnh TRk M |rt9é:QI§4)’é“J é“?ﬁaﬂg?ré‘t %Fereté‘f?rdlarﬁjl FRHas
been proposed, which conprises both an in-plain magnetic filmand a
vertical nxfetafc Hhd magdedhi ostfduion urse meniiabl e onien ek pEralie ks e tWignal
processi ng system as used for in-plane magnetic recording nedia. In recent
years, thesulsharekd or Ifagoeh an deeipliang Madinktdie Wedo i iglte madiamt disng
density has been increasing and in keeping with this tendency, there is a

demand forgdupiones R A8vEl QREIdh E1:59,c<5rd?1ng dbnsd i4 v, E8né098t RRyByRs 1is
conventional magnetic recording media are by no means entirel y satl sfactory

W th respegfq déé)s:h USP aRRlld can enghéhef féd@éé.fl A s TRt C

recordi ng mne avi‘ng ‘nore exce nors proper e present
i nvention s. been a ved i,n con atro ove robI of the
prior Srt y?%eﬁkoﬁ%teeréf S]m(‘jﬁ[ r%efrﬁf 9% o ldtrjﬁﬁﬁn de a
magneti c recordi ng nmedi um adapt ed for use wit h the i,0_signal processr ng
syst em corfHBEIRRUKE £ dit i4f AlER kagyietihat sestid oY tediighvnasapding

nodi fication and having excell ent noise properties. The above object has
been achi elenity asiffer Enbwdanedmcgfeasse imvigme i nadbympnoiksei dgea to
magneti ¢ recordi ng medi um ~s conprising a substrate having thereon an

i n-pl ane negeeis o idIMUhRY mag ne tiRgeioe wasr sadl % ransdtiienh irediwn igr pl ane
direction with respect to the substrate and a vertical magnetic film having
a magneti c.igasyjlaxi s oriented perpendicularly to the substrate, the

i n-plane nmagnetic filmbeing disposed closer to the Zo substrate than the

vortl CAl mmoneld e chb U iRk 18 £ SOPLELY Uik tBaATpdinth fo BRSO O

and a remmant rragne i za Ness pro FOm 2 00
Gym - 3 FEB 2003 andthe vertlcal i c film havi a,
Coer ci vi tyr e EE heRR DTG BR0SEEY R S L ERROTEIBF H Lo R 1
1,000 A. In this first enbodi ment, the vertical magnetic filmpreferably

has a thi FkeRtesd FAIRANICUIRBA0 w0 &tk tHbs b ak & idhadvisgitaraeous 14

preferably has a remmant nmagnetization filmthickness product BrT of from
20 to 50 Ghat Aowapaisd can be lavteomed eveg wittahéghatecapdbhe densgrtgni ng
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non-epitaxially to the in-plane magnetic filmis preferably disposed

"sbet ween the in-plane magnetic filmand the vertical ~o magnetic fi Rdy FEBQI
the separation filmpreferably has a thickness of from5 to 200 A A
nonmagnetic intermedi ate |ayer having an hcp structure is preferably

di sposed between the separation filmand the vertical magnetic film -s
Furthernore, the cl earance between the in-plane nagnetic filmand the

vertical magnetsChébhiisbSa /S %M@ﬁéﬂl%tl&ﬁ @23 ifiohNi8 £66RABE and
enbodi nent, the present inventi'on provides a magnetr o recor di ng nmedi um

conprisin b v r i I I ing a
magneti c gaasz %éx?é §%§éﬁ§ égﬂsﬁ.?ﬁefﬁﬁrégagg d?frlgc é‘gééﬁc{n‘{ﬂt he
substrate andavertlcal magnetic fil mhaving a etlc e axi s orlented
per pendi cSHiFRFrEESEARRG IR 26 the MRERA ngggﬁtr%ccrrr?#g nsity 3 4
FEB ~ bei ng di sposed closer to the substrate than the vertical magnetic
film a sepfar & etthiinedoevey whepotbe batweehumaels rrgplatnevedygriaanae i m
and the vertical magnetic film and the separation film containing one or
nmor e ofs Taas BachQuihe £k icalNmadyridt ¥ ,rebomdithdCmaesliammbsndcawpogetie | n
this second enbodi nent, the separation filmpreferably has a thickness of

froms5 to AQQAidh W‘W@éﬂfgé%?é nedi ghes! aygiqhaving an hcp structure
is preferably di sposed bet ween  t he separation filmand the io vertical

megnetic Tilm eey%erf %e Su%r‘chB'lar}Ea ec% ' Eeééi&@rﬂﬂﬁdﬁéh%ﬁr Ha ¢ 1% m

preferably di spos strate sr he 1 n- netic

and the in-plan netic Imun refer cont nsCr ran
ooy cond Rty whue bpdho it aRgs DEFOR "%r%# Whnihg: i
conponent. Furthernore, the in-plane nmagnetic filmpreferably cont ar ns a Co
al | oy condiagnigid Cofr §GQHA upT t BeGEuR: o, YPrer SPeFdhigatdyrs theigomted r om 1
to 10 at%of Ta, fromO to 10 at% of one or nore of Zr, Re, Cu and V, and

t he baloanofa\m‘fcﬁzm s motkoanwmiimgdenpeesint typea huthbodteribsdiamiﬁt—,pu]rﬂa
present invention provides a nmagnetic recording medi uma substrate having
thereon awdvefdrmie mEidihdly Mivvisgdarfagagti eocapplgxithedrdafigxd in

the - 5 2 4 FEB 20i)3 in-plane direction with respect to the
substrat €, SERAMY 153/ ddnl @&@:{H}{If'l@e@ £ & A1 HAP A &2 1 4 Sk
non- epi taxr ally tothé in-plane magnetic film a nonmagnetic internedi ate

| ayer havrﬁgchaorh@%d%_t{ ;ﬁcé 3{0% and a vertical magnetr c filmhaving a s

magneti c easy axis orie perpendicularly to the substrate, the
nonmagneti c |nterrred| ate, | ayer containi,ng .a _Co, al consi sting of from 25
050 A o6 of | OO FPaR BLED Yoias 3 GRThiCHE 4Rt Pos) 68 ST O RS YRR e of
Ta, Zr, Cu and Re and the bal ance of Co, as a mmin conmponent, and the
verticHl ma@LIE weaqudinshmediimdas heel IREPRAFI s WHE L ICIMRFASES t 0 30
at%of Cr, fromO to 15 at%of Pt, from2 to 10 at% of Ta, fromO to 5 at%
of Zr and hdteh e drm@ldimagxe‘aicmﬁﬂmomrbrmmartmlnmmgneid cfilm.
intermedi ate | ayer preferably has a thickness of from20 to 400 A is

Furt her norgucH & riltananem disiierdeedhd Reseé ol eie smgneliigndll Ippcuubdimg
vertical magnetic filmis preferably from10 to 500 AL Fig. 1 is a partial

Cross sectdit s %é&‘ef&f(a{mlﬁlé%e Zﬁaéhétﬂégﬂéébfdiﬁg%éaﬂg medi um of
the present” invention. Fig. 1 shows an exanple of the nagnetic recording

medi um of the £ h e 2 4
FEB 2pp3 conpr%e?%%tesn %r%!tsé Eh%agleﬁgg o?%é?ﬁ@ég%ﬁ%aér?%@m%rﬁedﬁagnet| Cc
filmunderlayer.2, an in ane netrcfrlm3 a separation.film 4
nonmmoflet ML b EheR LR TGRS d8ned Crcher GRS ThhBRERFEL PP AR L AR Ind
protective film7 in this order. s For the substrate 1, an alum num all oy
havi ng an Wit pthisngendencyyl atkete der ami demandnef Al edMPYRFESU TS of
the substrate 1 may be subjected to texturing such as nechani cal texturing.
The i n-pl pwpegnas.c fil munderl zyer 2 is disposed so as ~o to orient the
c-axis of crystals in the in-plane magnetic film3 toward the in-plane
direction. In view of inprovenent of the crystallographic orientation in
the in-plane magnetic film3, the underlzyer is preferably forned fromCr
or a C alloy containing C as a nmain conponent, nore preferably fromGCr, a
is C&/Ti systemalloy, a C&/M systemalloy, a G/Wsystem all oy
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¥
or a C/V systemalloy. Specific exanples of the in-plane nmagnetic film
vunder layer 2 include a Cr alloy consisting of from1l to 40 ate ofy FtB iﬁ§
Wor V and the balance of Cr. zo The in-plane magnetic fil munderl ayer
preferably has a thickness of from10 to 1,000 A. The term "nmai n conponent”
as used in the present invention neans that the conponent is contained in
excess of 50 ate. 2 4 FEB zpp,3 In the in-plane magnetic film 3, the
magneti c easy &Hdwever Mwonverdiiioatilethalgnearit reeoirdiphaneddiar aceilon.no
Specific exanples of the material suitable for the in-plane magnetic film3
i ncl ude aldoyss Anli 1GOLEE i S¥ LW yCRAOh/ FasSYEL &l G FrdRddaisy st em
Co/Cr/ N/ Pt/ Ta system and Cb/Cr/Pt/¥é/Zr system |In particular, a naterial
cont ai ni ng allo i sty of from1l 0 fraqm 0. to 15
ate of Pt o oebe §¥ 6080 e ol iThoist 05 %@ e dted IR o
Re, Cu and io V, and. the bal ance of Co, as a in conponent is preferred as
a materi al™P%? $FECHIEDF PR HRGREPPETELRRr 3 Fﬁgvpéﬁﬁﬁ i APVERER RS t he
crystall ographic orientation in this film The in-plane nagnetic film 3 has
a coer i vikgemachieredrinicensideratdon aethpradfasteaprobienmat bbe RWLF; 500
Ce). is If the He is less than 1,500 Ce, simlar to the vertical nagnetic
recordi ng awedi um having only a vertical magnetic film the isolated
wavef orm obt ai ned at the tinme of reproduction does not form a single peak.
It then becones difficult tguMMaRy d¥e B MAvVENTOGRESI Ng system used for
reproduction of a zo general - purpose in-plane magnetic recordi ng nmedium On
the other hand gifiihepbbopareeds p AUt Q@ e pEESEALNY RIRIGH & Of
the in-plane magnetic fiTm3 readily-“deteriorate to cause a | ow
reproduction signal outpyt. Furthernore, .. r. 2.4 FE8 ~ppag. .arahl ens
hre VTl YRV MRk, RAAOr I Rt ARt G PRI dibes
not forma gsatisfactory single peak or the noise increases. The in-p]ane
magnet i% f$%$ﬁ%ﬁrﬂﬁ?%?%%ﬂﬁ&uﬁY%ﬁﬁﬂuﬂqmﬂﬁq¥ﬁ1%ﬁqqIﬂﬁqlﬁQﬂaﬁﬁﬂ§[ﬂﬁﬁﬂﬂﬁlq&“T of
from10 to 100 Gym (second and third enbodi ments of the invention) or a
remant neggeerding sadialiwathduwknodd fpceddon @rd hafv ifygoexoelient o i@an
(first enbodinent of the invention). If the BrT is less than 20 Gum
suffici entpyopetiemgnetic io flux cannot be obtained and simlar to the
vertical magnetic recording nediumhaving only a vertical magnetic film

the isol at ed wepmed HHvRPLRIjRRA Bhst BBehi 8B8h PEvEQPI R HIG YA sodilerdtor m a
single peak. As a result, i't beconmes difficult to apply the signal

processin y m, f, hepr j of. v ral - e 1 nrhl.ane
Tagnet ¢ TREoaEng vl eilh AP REUGLAERS s et RN BoaBLURASE bRl
simlar to_the jn:plane netic recording nedi um having onl n_in-plane
mmgnet Fo. (FPTREA TSt S o L6 NV GhE BEE e Pl Amh B e ne HaeHaF e e

wi dt h Pws0 of the reproduction pul se out put becones zo worse, and it is
difficult RRVHMA & RAGDLELEI @ATY \2H HRTIHANTRD ixngherin@lang dirgA Ry
magnetic film3 is nore preferably from20 to 50 G/m This is because when
the BrT i swikh mespent+a bhgsuhsteatsmianthavesticah negrfafitchéilmdatiay g
_ 2 4 FE8 2~ The separation film4 is disposed to attain good

ori ent at i o mefgniehtd cCe @y aixdfs 6fyehaed pergdimaridrhyl toaghetsubstidanes,
toward the direction perpendicular to the substrate. A material capable of
growi ng NogHEPiihap18hkY h&ghEE1EN-M130CHE i ABINELd Soddd Mcd oserused fie t he
separation film4. The separation naterial s preferably a material having
a surface g i_gh t ur, T ee rg f ;

consti uen%£§§E€$€%Jngu%hgﬁﬁogggﬁﬁg ?g f%%éﬁﬁ%ﬁ?agg& ayéP85,ﬁ%§l%ﬂ a
anor phous materjal. This i s becaus o crys | gr aphi,c orientation of
t he nonnag‘?‘n%???:l‘fh‘i%r%é:di ﬁfe %R}Er%%gﬁd gBrt%/c(;@ n&%negf‘é 121 M9 YHed on
the separation film4 can be inproved and the medi um noi se ascribable to
di sorder imaghethramicn &idm sbickpegsefprdduceBriTalf fraomard tof L0hGuean be
mnimzed. is The separation material preferably contains one or nore of
Ta, Re, CuTi, SIiC, W NP, Zr Ti and C as a main conmponent. The "Cuti" as
used herein neans an alloy consisting of Cu and Ti. SiCis a materi al
comprising Si and Cand NNP is an alloy consisting of NN and P. zo The
separation film4 preferably has a thickness of from5 to 200 A |If the

thickness is less than 5 A, the nonmagnetic internmediate layer 5 formed on
the separation film4 is -3 -
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- 10 2 4 FEB 2pp, ~ susceptible to influence of the in-plane nmagnetic

« film3 having a crystallographic orientation toward the in-plane 2 FEBt 2080
at the time of filmformation. As a result, the crystall ographic
orientation nmay becone disordered. In that case, the s crystall ographic
orientation of the vertical magnetic film®6 fornmed on the nonmagnetic
internmediate layer 5 is in turn disordered, and consequently the magnetic
r ecor di ngamedi hemviemisi asdt aiagne tsivd ffarlen hagringnai acesaseity hedvfifiremse. On
the other hand, if the thickness exceeds 200 A, the io clearance between
the in-pl Bp&ooregmes j @06 i ben 3nand theckgesscak sagmeldo £bl m 600ndreases and
the recording properties of the in-plane nagnetic film3 deteriorate at the

time of short yaveheRoids FACOEMLBEimdRE, NAHBRGRSEL £t ﬁ‘qaglﬁ@ﬁhe_éﬁmr 5is

di sposed to attain 1s further 1nproved crystall ographic orientation of the
vertical magpeti,c, film6_., A.npnmagneti ¢_materi.al having a_h structure is
used as th gﬂ%ﬁﬁ% et??% ?nFQMEBFS?e#a%éP“‘s?°8n&°a%é9/%r aé\fgﬁ@rﬁ 1o/ Ta
systemor Co/Cr/Pt/ X (X_,one or_nore of Ta, Zr, Cu and Re) systemalloy is
pr ef er‘abl B1RR@A2AIPG LT pALMRIAERT ARl hEs, @ NeTMOGRAPRTRGE aze%lam Hytm
consisting of from25 to 50 ate of Cr, fromO to 15 ate of Pt, fromO to 10
ate of X dmichiesHabaodecof BED, ofisfaomald tonpdnépm.i s preferred as the
nonmagnetic internmedi ate layer. - 11 2 4 FEg ~pp3 If the content of each
conponent of tAaRARMRARE! ¢ 1SRN Al ol AYEEr Pal TapabIW bPigkdWithg
above-descri bed range, the crystallographic orientation of the vertitcal
magnetic film 6. i i1y diggrder e ' i hq of tice of
s the non%%r@e%%%%%lg%%?a#ggl g?}eﬁng\gm F%%Pk?gi\gg}fﬁi%nalqsnﬁ%%éc ]l‘ m 6.
In that case, th netic anisotr of the vertjcal etic film6 may
deter i or A ESRPTHHTHPEM R8s TRLATR ATRRR Tt S & 4 b ity A tchoaL
internediate |layer 5 may have a single io |ayer structure or may have a

mul ti 10 ayeagretiet fidmobt andedhy EapRHatied of blmr RrefprebliyayBas ench
conprising the above-described material. The nonnmagnetic internediate |ayer
5 preferathickmssa ahitkoress bd 200nA20 to 400 A is If the thickness is

|l ess than 20 A, the crystallographic orientation of the vertical magnetic
filme6 is readiInorfisfdieied mderdnidiiasdle Qa@elrthhhitihbeadage sx afcturdn ng
the vertical magnetic film®6 on the nonnmagnetic internediate |ayer 5, and

the magneid coreeorahiy ERALBEEUN bR 1Ric NGtk ”@éfﬁi"&{%nz?iiho%@” {Hir ease

in medium noise. On the other hand, 1f the thickness exceeds 400 A the

cl earanc t i nr pl magnetic film 3 and the vertical nagnetic
filmeo iﬁ%?%%%%agfarﬁiﬁ?%%l$e€grﬁaf ng properties of the - 12 2 4 FEg 2003
i n-plane magnetjc film3 deteriorate for short el ength recordi ng. The
tot al % hi cknesd BrENHA Ve ie ShEPFFREE DRIIHL CASTHAGRERFE MRS st at o

| ayer 5, nanely, the clearance between s the in-plane magnetic film 3 and
the vertikhimBnathathe verti el imagnetie ablIm fivmrefarEoo fxon 11 He t ot al
thickness is |ess than 10 P., the crystallographic orientation of the
vertical "@retic film6 is readily disordered and a sufficiently high
coercivity may io not be obtained, whereas if it exceeds 500 A the

cl earance bet vigemn skednd ehdodifRartst teef presenanihvdet Ve tpxatidegnet i c
film®6 increases and the recording properties of the in-plane magnetic film

3 deterigpaleedfc Reoeny M@Hfﬁﬁwn{bﬁi%qq{gdh%-bslt'}att}éehé@iﬁb(@lef@ﬂpeti c

film®6, the nmagnetic easy axls ~S IS rected mainly toward a direction

per pendi c r the su rate. I rial i be u f t he
Der 01 Bl St rReRR Y £ind MalRh6 4 BeghPhld 8Py Sl SRty Hedd
Co/Cr/ Pt/ Ta system Co/Cr/N/Pt/Ta systemand Co/ Cr/ Pt/ Tal Zr system all oys.
zo In pari? ddigadn-2ldde Alaectdmmiviithg resesch Eytre iRt R ©1a%% & 16 to
30 at%of C, fromO to 15 at%of Pt, from2 to 10 at% of Ta, fromO to 5
at % of Zrvemdicak magneckc of ibn, haviagmai magospdcee@sys apisf eirianted t he
vertical magnetic filme6. - 13 v 2 4 FEB 2ppg If the content of each
conponentperfpdidi vieldf Dl toraghnetsubstt A, i sherdin-vpIdrien Mayh ediay efidiescr i bed
range, the crystallographic orientation of the vertical magnetic film®6 is
readily disordered due to m smatching of the lattice of the s vertical
magnetic film®6 with the nonmagnetic internedi ate | ayer
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5. In that case, the nmedium noise may increase. The vertical magnetic film
+6 has a coercivity He of from1,500 to 4,000 Ce (preferably fronQ%,QEB to
3,500 Ce). If the He is less than 1,500 Ce the squareness S (=remahn 203
magnetic flux density Br/saturation magnetic flux density Bs) is reduced,

t he out put decreases and the SNR becones worse. On the other hand, if the
He exceeds 4,000 oe, the recording properties of the vertical magnetic film
6 di sadvart&idebudt §Paeeer iCdrHE g@ e verPrEaptRadian cthe rﬁeéfq’r?é'sala

t hi ckness of from 100 to 1,000 A. If the thickness is |less than 100 A a
suf fi ci entagrdtgle rigmet i sépxrabhont fhémobeanged ispd ssidribedween tiie

i n-pl ane magnetic recordi ng nedi um having only an in-plane magnetic film
20 the nedinHpluies fagnetdaseslm dd tites Mere.iddlembahktial 8&1m, didd RMD of

t he reproduction pul se out put becones worse and sufficiently high output
can be di fddgatlde itgh PR Ronmtalihing ok FEB A3 & ddie @ herydiand;d f the
t hi ckness exceeds 1,000 A, the isolated wavef orm obtained at reproduction
does nqt fior M siAgl epealy A, 14 peromes,giifieult to apply a signal
processi ng 'systedm used i n reptroduction of “a general-purpose s in-plane
magneti c recordi ng, nedium The thjckness of the vertical. netjc filmeo6 is
Tore pr of or abl yUT EBAE RAF YR GIB RIS, -De,EeRALE L ARB A + 1 HRASEARY | o
within this range, the formation of coarse ymagnetic particles in the
vertical rafhea ithifgknase @i fxeomrevemt 200 ald the noise io properties can
be further inproved. The protective film7 is preferably formed from
carbon, and pr &f ecablagnezdcainbechediatef 1ayem Raving1&M hep Adruletwoad | ng
filmconprising a perfluoropolyether (PFPE) or the like nay al so be forned
on the pratechteedddly /disSosadt be i atdrepirat IG@Neiim aaeortdag
medi um havi ng the above-described structure, the |layers fromthe

nonmag@et I fe 24 li/?%é‘gne%itcp gy vertical magnetic film6 can be forned on

the substrate 1 uttering, vacuum evaporation, ion plating or netal

pl ati ng. Subsequentl the protective film7 n_be..zo forned .
sputtering, a gﬁlgrs{h)ae* Stet ‘Pin,lnaTrP 1Y b@%ﬁpﬁgf’ﬁog%llm tﬁ’éggﬂzg%efn Tthe
case of formng a lubrjcating filmon the protective filmy7, g dipping

met hod or RYRF9GaR el $RO%REat. the SUESErFEB 5368 |9f ahhexdfpird a3 a
magneti c recordi ng nmedi um of the first enbodi nent of the invention having

t he aboveMan@tisedfsinuctande, the i inpbare noggaetdcf | fidB andlex hayay cal
magnetic film®6 are provided. The in-plane magnetic film3 has a s

coer ci vi t yprdf exfalfiyorohtadd st ArdoH08n Gel land caonrsdstdmg wdgdet agdtoros od | m

t hi ckness product BrT of from20 to 100 G/m and the vertical magnetic film

6 has 3 cofyrd \dft yriHe M¥, W A, WP0ad Oa InDY Edmpdlest | hi ckness of from 100
to 1,000 A. By virtue of this constitution, the i1solated wave form obtai ned

at i o reproduct g +§ReHchel, fehm aiiﬂ:a‘aﬂ%ée’mé&'r??ﬂanaéil% OGASFIALIUSL em

used in the reproduction of genera rpose 1 n=plane magnetic recording

p
medi a can be plied, a 00d nod se. properties n al pe ile
reduci ng t%oé]tﬁa:l su%m %%i SrQ’bSa‘bﬁ%”F% #ﬁgrgypﬁggﬁ%%%oggt h%Préej{/’\gEsr m
magneti zation i.s transition region or the grain _noise resulting from
formati on GftdgnatrcCE Rt sefFemrt dtd0 Rér Fr eITBY QnJ%%rlp(gsﬂ% of
separation film4 conprising a materi al capable of grow ng non-epitaxially
to the i nquearsr megeetoifc Zfi,| Re3 1Kt veash Kharnid-thieakapagpeetdfc G4, @3 aand
the zo vertical magnetic film®6, the perpendicular orientation of the
nonmagnet in@imtempedieaite. | ayer 5 and vertical nmagnetic film6 formed on the
separation film4 can be inproved, the magnetic - 16 2 4 FEB 20p3
ani sotropy of tie avehlirgalembREgldt f itHE @redelie jinemant praid ddie aredi um
noi se can be reduced. On the other hand, if a material which grows
epi taxi al | t:he Jd0n; [ C.T] Ls,u far par.ati.on film
s 4, the(ﬁéiﬁﬁ%ﬁféﬁﬂb qﬁﬁ?iﬁﬁ%?%%langgﬁégfé§?iﬁ%?ékﬁa§h%ge§§sgphéféd by
the effect .of the in-plapg netic film3 having in-plane anisotr .
A'so, by IRHEIHBEERGACTORRGHEIRS (APaPREEE GteF Ay Ay tRBCA Heghe
structure between the separation filmand the io vertical magnetic film
di sorder in the orientation at initial growing of the vertical magnetic -
film6 can be prevented, the nagnetic anisotropy can be increased and the
medi um noi se can be reduced. In an exgngle of the magnetic recordi ng medi um
of the second is enbodi nent of the invention having the above-descri bed
structure, a separation film4 is interposed between the in-plane magnetic
film3 and the vertical magnetic film®6. The separation film4 contains one
or nore of Ta, Re, CuTi, SiC



]
W NP, Zr, Ti and C as a main conponent. By virtue of this Zo
.constitution, the orientation in the perpendicular direction of RHergg
nonmagnetic internmedi ate layer 5 and vertical nmagnetic film®6 fornmed oguphe
separation film4 can be inproved, the - 17 2 4 FEB 2Q03 magnetic
ani sotropy of the vertical magnetic film®6 can be increased, and the nmedi um
noi se can be reduced. The reason why the magnetic ani sotropy can be

i npr oved \Ahelm-tmearﬁeea%@dt%nf i BhdrdspdoF rﬂ'aitheoghsgeraleevea desfdd et
material is not clearly known, however, the follow ng nech anlsmls

considered t i e t S r i .P

is used as tfﬁ'&%nat h&’&%ﬁg 2 ﬁgtéggééagé%ab? %\P@C&&ﬂ%&‘ gpg anlg'r?%l Y,
an unsat ur at ed gond of _an atom c qgr in the peri of a ttlce ~0
def ect on t e EifriR=PLane megnetd ghﬁ“‘s@péf"éf“@&ﬁeﬁllc EteFIﬁ?‘éhéFﬁl@é’ecrhe
bondi ng strength between the separation film4 and the nonmagnetic

i nt er nedi at daviyw af heprsgruesngenandsaaversitcal magnetyetfl lndrapina a
orientation at the initial growing of the nonnmagnetic internediate |ayer 5
i s i nprovedmaghdthe rRemmaxdisi oriaheedeseapend Ayel abl gatio hehee seeidaa,
crystall ographic orientation in the perpendicular direction, and in turn,

the magneti epani A8hmEBYe®f ct Nen tefrid £7d t A RGeirC ébhﬁaﬁnm@rr%d €8 tdhQoy
nonmagnetic internmediate layer 5 is inproved. zo Furthernore, the

above- descr 'J%Sx ﬁ{d{ s Fa0H8 §Ogy e&iad‘f R Y yd e b Bl A0e Jpgnetic

film3. Acco he orientation of the nonrfagnetl c intermedr ate | dyer
5 and the orJ ent t|on f e vertical magnetipc fil -

2 FEB 2003 G0 dertn 1Ruetho oFhBnE! PEHORE Pheln BF ardh IS « 499 hhe
havi ng i n-pl ane ani sotropy In the case where Ta, Re, W CuTi Ti or Zr is
used as t he bfdddqea0f &0+t RE §e‘ﬁ§%&t¢@?@‘?¢¢%4 anddeie HAEiGA ks MAgnetd &
surface free energy higher than the surface free energy of the constituent
mat eri alo( ffdrlmexomiadnidyy & ICoypldbyt henadataggepifcframet fetd sl dtly @f 5.
Accordi ngly, the nonmagnetic internediate |layer 5 can be easily (002)

ori ented at arhe fiidnn(f aroratsi @t dlfii Bti, SfbemaRstowhenat heohorampgirdm @ to
internmediate ~o layer 5 in contact with the separation film4 is ( 002 )

oriented, the diaf df A fACE ENEHEN Hicd et 106 prdace Reinessm 8ﬁe§epar ation
film4 and the nonmagnetic internmediate layer 5 is mnimze

| nprovement in omhent ahlgn Akt ? e QéTPﬂé‘&{é e! rfa%gne %FE%Y:‘?L% %&éf%@ts

an inprovenent in or|entat|on 0 veriica

grows epitaxially to th nt er i at er. The magneti ¢ ani sotropy of the
verti cal 3:4'& %’efsﬁ rﬁ’% #Eorﬁogi%ﬂe &16 " be el evated by the mechani sm
descri bed above. Still further, by virtue of a constitution where the zo

i n-pl ane'Smagnet i ¢ FIYHRRKRNG afBe GLRIFRTR S tHe) thf 1P rRIARYHSINGGF of
Cr and one or nmore of Ti, Mb, Wand V and the in-plane magnetic film3
contai ns a @dlal lapnd ¢dxfs|\s&nt~ng:aif rfagnatia il ditse piefg@ralilyorhimn d 03t e
of Pt, froml to 10 ate of Ta, from- 19 2 4 FEB 2pp~ 0 to 10 ate of one
or nore of ZQORA. Cu and V, and the bal ance of Co, as a main conponent, the
i n-plane magnetic film3 can have good crystal |l ographic orientation and the

magneti c recordi ng nmedi UMggys RIS 10N dFvigyH askugethaedi um noi se. s
When a nonnmagneti c |nt ernedi at e ayer 5 having an hcp structure |s

i nterposed betwee a a nv lJp

di sorder in the o%l tat ?gnégéél Al SPO%rsogwgﬁttE?’ EE‘%@?F'Q@? ]Eélc film
6 corrprlsm Co al |l.0; or t he Jlke VI ng he sanme hc struct re can be
prevent €8 ?‘H\? recr iy YR ftré%np’f)%s%&évé?‘éﬁn 3R8 t he

medi um n0| se can be reduced In an exa o e of the nmagneti c recordl ng medi um
of the third enbodi ne® : ¢ REEER £ LA I

structure, an in-plane magnetlc fi I munderlayer 2, an in-plane ~s nmagnetic
film3, a separathign fl Isinofss annerampghetof tme emagerm‘aice teyoard s ameda um
vertical magnetic film®6 are forned. The nonnagnetic internedi ate |ayer 5
conprises adi hboprdsist iRgeAt ibhQM 2bhé 0 rGnaitd Of r&tordifgn thddiukb
ate of Pt, fromO to 10 at% of one or nore of Ta Zr, Cu and Re, and the

bal ance of zo Co. The vertical magnetic film®6 for rred t hereon conprises a
Co alloy consisting of from16 to 30 ate of G, fromO to 15 ate of Pt,
from2 to 10 ate of Ta, fromO to 5 ate of Zr and the bal ance of Co. By
virtue of this constitution, the - 20 - & 4 FEB 2p~ crystallographic
orientation of the vertical magnetic film®6 fornmed on the nonmagnetic
internmediate layer 5 is inproved. As a result, the isolated waveform

obt ai ned at reproduction
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does not forma di-pulse, the signal processing systemused in s
« reproduction of a general -purpose in-plane nagnetic recordi ng nediupL.can be
appl i ed, and good noi se properties can be obtained while reducingt 2003
medi um noi se ascri bable to expansion of the magnetization reversal
transition region. io Test Exanple The surface of an al um num al |l oy
substrate (dianeter: 84 mm thickness: 0.8 nm having fornmed on the surface
t her eof aoRipRiglest igsebshratai dkneavings formpdwdhenasnecaad itno-pddditani cal
texturing to have a surface average roughness Ra of 15 A The ~s resulting
subst r at e nlageEs: ixetf ilm anrdenbeyeof 2 BG nagEiamn sagméeicngidevidge g 3010,
manuf actured by ANELVA). The chanmber was evacuated until the ultimate
vacuum r eahd oDty £ PBn he subshidigpel iwasi heatredl #:800Gyeandst hen on
the substrate 1, an in-plane magnetic fil munderlayer 2 (thickness: Zo 500
A) conpri gj . 1 %. : Ti t %.and j nafd.qr pefer

Cr 15Ti 3|\/b)§),e ar%g:aﬁl- %thé%%g%’és}’?é pAd e %Cg)%érﬁs‘?%gt n ?3I§t‘{>}fldsot°%é‘ae§t'%
Pt-3 at% and Ta (Col3Cr6Pt3Ta), a_ separation filma4 conprising carhon, a
nonnmagretic - ’ff(r tjly 45%’:2%‘@ tnt @Pn@d'iug’tlé""lr‘bﬁﬁ%y gﬁ%?‘?@i Ag &FF10 ate
and G (Co40Cr) and a vertical magnetic film6 conprising Co-18 ate,
Cr-6ate, MRladidce fHda TolesSBBQmBmRIRNIGEY ReyEtdal |y formed by
sputtering. s Subsequently, a carbon protective film having a thickness of
100 A was f or mdtheosut fizce eift tlvals ulvsdgmettiecl falynbes subrjecttieent @ tlextbnirdangt  was
coated on the carbon protective filmto forma lubricating film (thickness:
20 A) conmpic g MeRRhantiealheyesiardlicqi N a nagnetic recordi ng nmedium -~o
Test Exanples 2 to 4: Magnetic recordi ng nedia were nmanufactured by

changi ng the suylgt Eﬁhglglﬁét:hé‘@néﬁ’f?efﬁxh”tﬁ\d%trluﬁég fzoggaai sé@ ddeleby

vary the coercivity the“1n-plane magnetic film3. 1Is ghetic
recordj ng L r wuf act ur. varykn e BrT of the in-pl
magnetlioc fﬁrﬁe%&'gew%bg}ﬁ%% xﬁe%%r%gﬁggﬁgisa&ﬁg?ﬁegnlarﬁlﬁla%ri%r"{é@ e;}‘ lvca%g‘ﬁrlpg t he

coercivity He or thickness of the vertical_magnetic film®6. Zo Test Exanple
20: A magrieEPEFACHIRItAT PIadu L RAS LR aER JF&Y Pf 1TRTQUABCRERGEDS |
Test Exanple 16, except that a separation film4 was not forned. - 22 2
4 FEB 2003 rAstidleogréphdcsopdiisgtatdionminathesifzkang stpgnetie KSiae Sranner
as in Test Exanple 16, except that a nonmagnetic internediate | ayer 5 was
not fornedhes dreddr agearpl £s 2prefemappiet i fomesbr firorg Gedicrm aa€rnaddfogct ur ed
in the same manner as in Test Exanple 16, except that a separation filmi4
and a nonmRgiteling nighter BBda ah&ih YGHpOn&RE £ Mdke g dMskade AMGND C a
recording nmedia of the respective Test ~o Exanples were evaluated with
respect t@Jy@gn t opgréy ' [ P N, TR Sy y
(VSM .ltsFu(ri):t her nggg,%tstﬁ‘hggéegrégﬁe%#gﬁ?g%%érlg?ﬁ{ngﬁngé|'agilwere e\%al uat e%qv%]

respect tQ.r eac%rer?y%g@%%n{ Cle]plel cing properties using a conposite type thin

filmmagnetic ving a nagnetoresistive ~s (MR) elenent in a

reproduction unjt at_.a line recording density of 240 kFCl. The _results
bbb ained are SRBRT G CIeEREoRes G ERE Miians SASnSF L6 (m angAsl aatse
ratio ) , the signal was determned with the isol ated wave being the
measur i ng objnedude. ax@r allpypigonsigting of from 1 to 40 at% of Ti, Mo,

| n- pl aneNonmagnet i cRepr o- Magneti cl n- Pl ane Magnetic Fil nSeparati on

Fi | m nt er fediratVe\dd itha@ beigmetd ©f Cr.

Fi | nducti onFi | mLayer Properti esUnder| ayer Thi ck- Thi ck- Conposi - Br THeConposi - Th
i ck- Cogposi - CompesiihipnaaseskagResiti ennAssief (BYSNR preferably has a
(dB)tion(G-)(Ce)tionness

(A) 1T onTest Gl BAMG 13GHH fig WP OB ARFE-F040Cr 2000018 6Pt 3Ta300180013. SExa
mpl e

1Test Cr 15Ti 3Mb(13Cr 6Pt,3Ta502300C15C040Cr 200Co18C 6Pt 3Ta300230015. 4Exanpl e
2Tost Or 16Ti INDATESER B D S5 TBEIEBE 0BF TCh HBCH RPEFRERIU2 8 20 ER S Hokanpl o
3Test Cr 15Ti 3MOCo13Cr 10Pt 3Ta504100C15C040Cr 200Co18Cr 6Pt 3Ta300225014. 2Exanpl e
ATest Cr 15 TeARSCHEEy SRE3 PLTRSRIS Gy RYPODiaEd Grib R 2re39 02D 1949 38 bExanpl e
5Test Cr | STi Co13Cr 6Pt 3Ta501800C15C040Cr 200C018Cr 6Pt 3Ta300235015. 8Exanpl e
6Test Crl STi Co13Cr 6Pt 3Ta301595C15C040Cr 200C018Cr 6Pt 3Ta300230016. 3Exanpl e -
7Test Cr 15Ti 3MbCo13Cr 6Pt 3Ta1002309C15C040Cr 200C018Cr 6Pt 3Ta300225013. 3Exanpl e
8Test Cr 15Ti 3MbCo13Cr 6Pt 3Ta1502462C15C049Cr 200C018Cr 6Pt 3Ta300235012. 5Exanpl e
9Test Cr 15Ti 3MbCo13Cr 6Pt 3Ta2002385C15C040Cr 200C018Cr 6Pt 3Ta300230011. 3Exanpl e
10Test Cr 15Ti 3MbCo13Cr 6Pt 3Ta501595C15C040Cr 200C018Cr 6Pt 3Ta30072611. 3Exanpl e
11 NmNOOw TABLE1l ~( cont' d 1 N

I n- pl aneMagneti cNonnmagneti cRepro-Fi |l m n-Pl ane Magnetic Fil nSeparati on

Fil m nternedi ateVertical Magnetic Fil nducti onUnderl| ayerLayer Properties
Composi - BrT He Conposi - Thi ck- Conposi - Thi ck- Thi ck- ti Conposition

Y " o o S N N\ RIS 7 -1\ £ AL N /7 7~ _ \ 1
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4Example 22. NmO O .Z ~ FEB p,03 It is seen fromTable 1 that the

magneti c recordi ng nmedia of Test Exanples 2 and 3 in which the cgfrci vity

He of the in-plane magnetic filmwas from1,500 to 4,000 Qe exhi%?th&d 2003

excel l ent noi se properties as conpared with the magnetic recording nediums

of Test Exanple 4 in which the coercivity He exceeded that range.

Furthernore, t r.ecos di j Test. I . Proyi de singl e

peak i sol ated g\’/gvte]f%rlnﬁg —ﬁ%i%%%g%?%ﬁ,fﬁggstﬁ%é %g%%%?cg%{%go%?%g

nmedi um of , Test, Exanple 1 in which the coercivit was, bel ow_ t he, _,

above- dest¥ i ‘B%HnEfﬁggérﬁ?BWdéewianaﬁ%%dirhT%]tf’\/%\FEfeIEﬁ?ﬁJc%‘ht ai ReGLELc

di - pul se waveform at reproduction but did not forma single peak waveform

It is al sexameles pdtthasaregietl suitabldifar hbdiin-gfl anesmagretdicefibnt o 8

in which the remmant magnetization filmthickness product BrT of the

i n-pl ane Iagiriliwid i hildywasof r ahe?0 oy CkO0siystep e@b/Oryed exgstémnt

noi se properties as conpared wth the magnetic recordi ng nedia of Test

Exanpl es & angl 4O/t $Yucdhn | heo Rid/ wrpeepes dhaed aliae cd foppst )B4 #F . the

magneti c recording nmedia of Test Exanples 6 and 7 in which the BrT was from

20 to 50 %ﬁhi bited nore excellent noise properties. 20 Furthernore, the
g I a

recordin ‘of Test Exanples 6 to 8 provided a single peak solitary
wavef or m at raﬁirtodu%t.i on, V\here%iq t.he':It ma%net.i ¢ recordi gg medi um of . Test
Exanpl e 5 in wHt PRTEHEIBAF nADFS R FELBIPENGeR &A BLYOY T B vt ded an

isolated - 26 2 4 FEB 2003 waveform containing a di-pul se waveform at
reproduct®Brf iR B dnhdd Bdtmod SitnglfeogelfktRalefdtoftPts £re® Lebd t hat
t he magnetic recording nedia of Test Exanples 12 and 13 in which the
coercivi ty0 &tk lof Tarntfram & tmdriekitd bifl oné awsndres@F @ ,0Repo€e axdi bit ed
excel l ent noi se properties as conpared with the magnetic recordi ng nedi um
of Test ExamEmce thle ibalehcdh oifh€oGoaEChVinaYnHeomMBoNnERESi S hewefler b8 &8. |t
is also seen that the nmagnetic recording nedia of Test ~o Exanples 15 to 18
in which fhgothiaknessoof dfae YRLLIGAk REGRLL Lo fieiTid ¥asif r 9aed00£ 0

1,000 A exhibited excellent noise properties as conpared wth the nagnetic

recordi o, gegh gl T (SXANBLES A4 A0 R0 B, VA0 LR LI ekpeSs B the

verti cal I 1Im ot Wit at “range. artrcurar
magnetic recordi ng nedi a of Test Exanples 15 and 16 in which th hi ckness
was from 100 t%‘%@‘d"ﬁ? BAEE s 3@&% %’é‘ﬁt anB?EECbY?JEXr‘EIFe%E #]EOIFS al so

seen that the magnetic recording nedia having a seEar ation film4 exhibited
excel | entl N2 et ProbpPiRe tRroberanpyr EHON 8h09ﬂe fagndPPcOrdcor di ng nedi a
of Test Exanples 20 and 22 in which a separation film4 was not forned.

Furt her nore, iIfithesékn itshdkestshéhamgebi00 Oe¢os mibfanedd athawergt bcal
nonmagneti c internedi ate | ayer 5 exhi bited excellent - 27 2 4 FE8 2003
noi se propgghéesc decesdiaetded bt HAei Nponelyi & vieeadicdilngaghetacof i Tiest
Exanpl es 21 and 22 in which a nonmagnetic internediate |ayer 5 was not

formed. s;dde§ 34fattwale #8rAl S5 TR QldO¥ ha U Bireré& P 8aBERR onSdoddn |
thickness : 0. 8 mm having forned on the surface thereof an Nip plating

film (thickn 15 V] S.,subj.ec t §.Gal . turi e a
surface et a0 uphhdbe TSy i Kien B BICF Hirt il M B8R0 ONE 7 |
a chanber of DC magnet[on i0 sputteri neg devi ce ?(:rgOlO, manuf act ur ed by
ANELVA) . FhePhanBEPCGES1BIac FAPEE™UNtHIST hef OF t | HEPECPHE IR edthed? 2x 10"
Pa, the substrate 1 was heated to 200C, and then on the substrate 1, an

i n-pl #ne FeRERAlPUTPOSntRrPLyRe RagnehiekheserddpgApediumi.n- pl ane
magnetic film3, a separation film4, a is nonmagnetic internedi ate | ayer 5
conpri si ng Co-@ thedoaner BandGoddEhe Hokxaceamid 4 ¢caD0mgneheaxrdedibng
conprising Co-18 at% Cr-6 at% Pt-3 at% and Ta (Col8Cr6Pt3Ta) were

sequent i ahtopdoF 1@ ¥ thBUL hepl Afle MABDSSELE Ml 33r@@<_ﬂbp? dutderdiaygefilm
having a thickness zo of 100 A was fornmed on the vertical magnetic film 6,

and t hen I i.ca r p, ive i dpLm a

| ubri cat iﬁ% #?P'%%(F%]i \ci,%%eggéﬁggdﬁ?t%%ﬁp%ﬁ %1 Pé‘gg;&{:b tthe‘#e yé%}gt alh a
magnetic recordi ng nedium - 28 2 4 FEB Z003 Magnetic recordi ng nedi a
were manufactured in the same manner as in Test Exanple 23, except for the
changes indicated in Table 2 below. s Test Exanples 40 and 41: Magnetic
recordi ng medi a were manufactured i n-tilge-same nanner as in Test Exanple 23,
except that a separation film4



]

or a nonmagnetic internediate |layer 5 was not fornmed. The nagnetic
«recording nedia of the respective Test io0 Exanples were eval uated 2$ %#E
same manner as Test Exanples 1 to 22. The results are set forth in Ta 403
bel ow. - 29 TABLE 2 w O | n-pl aneivagneti cNonmagneti cRepro-Fi |l ml n-pl ane
Magnetic Fil nSeparation Film nternedi ateVertical Mgnetic

Fi | nducti onUnder | ayelLayer Properti esr Thi ck- Thi ck- Thi ck- Conposi - Br THeConposi -
Conposi - HEGRRERY | éﬁﬁes%hé?g%n%siqch%ﬁves§8ml? example, because the
(dB)tion(G-tm (Ce)tionti onA(Ce) (A (A (

) Test Cr Co 15 51800 GROEE40Er 806 SoiSCBRNE 7a580L568d do 8P ainpd ke peak
23Test Cr Co17Cr 5Ta501800C50C040Cr 200C018Cr 6Pt 3Ta500267015. 3Exanpl e

24Test O Cadlyy Griel a0 Olad 20y 200C018Cr 6Pt 3Ta500215014. 3Exanpl e
25Test Cr Col7Cr 5Ta501800Ta100Co40Cr 200C018Cr 6Pt 3Ta500224514. 6Exanpl e

7Test G CoL7Gr S1a50 B00NECHTO T00CHToE B3 0033 Tt BB cal cron

28Test Cr Col7Cr 5TabQ1800Re50Cp40Cr 200C018Cr 6Pt 3Ta500243515. 4Exarrp| e
SoTost 6 G LSRR P PG4 G CHOIE 6 £Pa3005 08814 SHERRry and
30Test Cr Col7Cr 5Ta501800Si C50C040Cr 200C018Cr 6Pt 3Ta500225014. 8Exanpl e

31Test Cr CalviGrd €abo 3 0@ it 506 4t 200E@utEOTHPO3 Ta SERUE I hagheddzat i3 . N
TABLE 2 ~~cont' d ~ w I n-planeMagneti cNonmagneti cRepro-Fi | n n-pl ane

Magneti c HiiyibepalakheBsFigrdadiet mpeirat @verrbeal 20B¢Beti®0 Gum (first _
Fi | nrducti onUnder | ayelLayer Properti esr Thi ck- Thi ck- Thi ck- Conposi - Br THeConposi -

Conposi - He i tio essCommosit{onnessSNR

(dB)tion( Lgl’g)%%litl oﬁis%%( C}er}‘f%%ilpérﬁ iA\) Test Cr Col7Cr 5Ta501800Zr 50Co40Cr 200Co
18Cr 6Pt 3Ta500235015. OExanpl e 33Test Exanpl e . ) )

34Cr Co17Cr 5Ta5GuBBHERPUIE 26560t BER A SrA0978HIa i omely dricHL F@IRBFL800V8
00Co40Cr 400C018Cr 6Pt 3Ta500235013 9Exanpl e

35|. TestoCr 1503 tadfidn) 22D CAMEIAACt20 @ Gel fer&RcALandgh 22015 . 9Exa
npl e

36TestCr | %@&%@%@&%W&OQQ 86340Q AROGOIT Gl Fe0DO282946. Hreanpl e
37Test Cr | SVCo27Cr 8Pt 3Ta501900C20C040CF 200C018Cr 6Pt 3Ta500265015. 4Exanpl e

38Test O 4 HLLIAT LT L2E BRG0P0 R Q20RO 51 3dacLP8n Wes ol ©

39. Test Exanple

40Cr Co17Cr5Ta501800- = Co40Cr 20QCo18Cr 6Pt 3Tah0043510. 3Test Exanpl e

110 CoTv O RTIEG180REHD DaaN s T TTRSh s pach DR OReR S EF B UIE P @Bplibos 1 ¢
is seen from Table 2 that the magnetic recording nedia in which a

separ ati orFi§ | FtANBAMPRTWEISIRG Ry stedr usedc oy Keproguckion, @f wis
formed exhi bited excellent noise properties . Furthernore, the recording
medi umsof JRRraeanpire S im-plawe chagnet i¢ireersding mediveparation film 4
was 2 A forned an isolated waveform slightly containing a di-pul se waveform

at reproductioron kheeyehert REnaRINEttle BRUOEHBEdEEUI@ @fm ! e mditiner thest
Exanpl es provided a single peak isolated waveform io The surface of an

al um num S [ I : j . .navyj or med
on the.surFieant harnsnaaheh BNt Eord s Meditef BRTES. Shiy Y e
subjected to nechanical texturing to have a surface ayerage roughness Ra of
15 A The TAEAREihd Sabs (58 SRR nkeq {hexaashRy  SP-APBETREGotTbh | s
sputtering device (3010, manufactured by ANELVA). The chanber was evacuated
until the hak vdeey 4édEm PeacREtDR 10RPr eRUCE Hen RIVT AUEPHTWRSA®R%d t o
200C, and then on the substrate 1, an in-plane magnetic fil munderlayer 2
(t hi cknessvor23), Andcohpis siifif ieyltaka abphaneswifihetént Iy Ihhdgh cargmitsi ng zo
Co-17 ate, C-5 ate and Ta (Col7Cr5Ta), a separation film4 conprising
carbon, a nonnegiebict éhitHeBRALPI nleNMEHnEL £6NMDITNS 3NYs Gordd) pried ediath 16
(Co40Cr) and a vertical magnetic film®6 conprising Co-18 at% Cr-6 ate,
-3 atd% i 3, 820 o 4 32003 (CABOARTRL yere, SSAAN ik
formed by spunt\terl ng. Su sequentsly, a carbon protectrve 5 1'% havi ng a

t hi ckness of 100 A was formed on the vertical magnetic film®6 . A lubricant
was then dGR%Y diha meddmbdiPrbioteRR iR Firthen ¥eA¥seds |ubricating film
(thickness: 20 A) conprising PFPE, to thereby obtain a nagnetic recording
medi um Magnetic recordi ng nedia were manufactured in the sane nanner as
Test Exanple 42, except for changing thg constituent io material of the
nonmagnetic internmedi ate |layer 5 as shown in Table 3. Magnetic recording
medi a were manufactured by varying the constituent material of the vertical
magnetic film®6 as shown is in Table 4. Magnetic recording nedia were

manuf act ured by varying the thickness of the nonnmagnetic internediate |ayer
5 as shown in Table 5. zo The magnetic recordi ng nedia of the respective
Test Exanpl es were evaluated in the sane manner as Test Exanple 1 to 42.

o . r 1 1 o 1 o ”~ a1 =




A

Eun) (
\e?on(~e))TestCrCol?Cr5Ta502015C15C035Cr8Pt3Ta15C019Cr6Pt3Ta22r3008ﬁp$55@ﬁﬁn
pl e

60Test Cr Col7Cr 5Ta502015C15C035Cr 8Pt 3Tal00C019Cr 6Pt 3Ta2Zr 300198014. 3Exanpl e
61Test Cr Col7Cr 5Ta50201SC15C035Cr 8Pt 3Ta200C019Cr 6Pt 3Ta2Zr 300231015. 2Exanpl e
62Test Cr Col7Cr 51a502015C15C0o35Cr 8Rt 3T360QC019Cr 6Pt 3Ta2Zr 300220013. 1Exanpl e
63 NmMNG 2 W EESIOIE TN s fGudh fr oS TaBr 8808500 E01 Y THE Aot ¢
recording nmedia in which the nonmagnetic internediate |layer 5 was forned
froma Co QiR O kheof-prdm 25 QYR dnokhervertipd b nagnet i e of
Pt, fromO to 10 ate of one or nore of Ta, Zr, Cu s and Re and the bal ance
of Co and fiem\eetpwext phgnditectiommpmpendiozwar tioohhe Cebstraye. A
consisting of from16 to 30 ate of C, fromO to 15 at% of Pt, from2 to 10
ate of Tamdteridl teapaible of droatdgt henbapdhesiafll 160 texine tiad-Eed | ent
noi se properties as conpared wth the magnetic recording nedia in which io

the Coﬁpoﬂﬁéﬁné@{é Ot { 1tn the] Honedg@nebi-cLhBt epReLAt 6nl aYeR 2, 0r the vertical
magnetic filmwas not within the above-described range. Al so, the nagnetic

Locor 05, T, AT S 61, LA Pl ) PR fins

Furthernore, the fecording nedia ih e ness o

nonmagnetic internmedj ate | ayer was from?20 to 200 A and the cl earance

bet ween t He %%%%eé%r?é}%rc‘ﬂ ﬁrﬂ%%n‘bh?%et%ﬁq‘bfﬁc%@?&i%‘%QXn was
from 10 to 500 A exhibited excellent noise properties and formed a conplete
si ngl e pedike sonstdduRatematarielrepridispnpagnetichinverieed havel layer
magneti c 20 recording nedia in which the thickness of the nonmagnetic
internedi e |layerab amdoiriphoriscarmancer bel ween Thes i nipl abecemgeet itthd i | m 3
and the vertical magnetic film®6 were not within the above-descri bed range

had a sl i ghtystderigediene st Vet ¥a®ioh Nef St I brixeaih dendamde ifeditge i gnal
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kI1kkkl111dE:/ %Hﬁkhe Hc is less than 1,500 Oe, the squareness S (=remnant

10 magnetic flux density Br/saturation magnetic flux density Bs)

is reduced, the output decreases and the SNR becomes worse.

On the other hand, if the Hc exceeds 4,000 Oe, the recording

properties of the vertical magnetic film 6 disadvantageously
deteriorate.

15 The vertical magnetic film 6 has a thickness of from 100

to 1,000 A

If the thickness is less than 100 A, a sufficiently high

magnetic flux cannot be obtained and similar to the in-plane

magnetic recording medium having only an in-plane magnetic film,

20 the medium noise increases. Furthermore, the half value width

Pw,, of the reproduction pulse output becomes worse and

sufficiently high output can be difficult to obtain.
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410% 0&' (s (ri¢hAW O § kahge, the formation of coarse magnetic particles

in the vertical magnetic film 6 can be prevented and the noise

10 properties can be further improved.

The protective film 7 is preferably formed from carbon,
and preferably has a thickness of from 20 to 100 A.

A lubricating film comprising a perfluoropolyether (PFPE)
or the like may also be formed on the protective film 7.

15 In the manufacture of a magnetic recording medium having
the above-described structure, the layers from the nonmagnetic
underlayer 2 to the vertical magnetic film 6 can be formed on
the substrate 1 by sputtering, vacuum evaporation, ion plating
or metal plating. Subsequently, the protective film 7 can be

20 formed by sputtering, a plasma CVD method, an ion beam method
or the like.

In the case of forming a lubricating film on the protective

film 7, a dipping method or the like may be used.
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and the vertical magnetic film 6 has a coercivity Hc of from
1,500 to 4,000 Oe and a thickness of from 100 to 1,000 &. By
virtue of this constitution, the isolated waveform obtained at
10 reproduction does not form a di-pulse, the signal processing
system used in the reproduction of general-purpose in-plane
magnetic recording media can be applied, and good noise
properties can be obtained while reducing the medium noise
ascribable to the expansion of the reversal magnetization
15 transition region or the grain noise resulting from formation
of magnetic coarse particles.
Furthermore, by interposing a separation £ilm 4 comprising
a material capable of growing non-epitaxially to the in-plane
magnetic film 3 between the in-plane magnetic film 3 and the
20 vertical magnetic film 6, the perpendicular orientation of the

nonmagnetic intermediate layer 5 and vertical magnetic film 6

formed on the separation film 4 can be improved, the magnetic
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410% o0& (inFplane anisotropy.

Also, by interposing a nonmagnetic intermediate layer
having an hcp structure between the separation film and the
10 vertical magnetic film, disorder in the orientation at initial
growing of the vertical magnetic film 6 can be prevented, the
magnetic anisotropy can be increased and the medium noise can

be reduced.
In an example of the magnetic recording mediumof the second
15 embodiment of the invention having the above-described
structure, a separation film 4 is interposed between the
in-plane magnetic film 3 and the vertical magnetic film 6. The
separation film 4 contains one or more of Ta, Re, CuTi, SiC,
W, NiP, Zr, Ti and C as a main component., By virtue of this
20 constitution, the orientation in the perpendicular direction
of the nonmagnetic intermediate layer 5 and vertical magnetic

film 6 formed on the separation film 4 can be improved, the
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410% o& ()'VVWW%W%\A@%QB}N%%Q% SiC, NiP or C is used as the material

for the separation film 4, a dangling bond, namely, an
unsaturated bond of an atomic group in the periphery of a lattice

1o defect on the surface or inside of the separation film 4,
intensifies the bonding strength between the separation film
4 and the nonmagnetic intermediate layer 5 formed thereon. As
a result, the crystallographic orientation at the initial
growing of the nonmagnetic intermediate layer 5 is improved,

15 the nonmagnetic intermediate layer 5 can have excellent
crystallographic orientation in the perpendicular direction,
and in turn, the magnetic anisotropy of the vertical magnetic
film 6 formed on the nonmagnetic intermediate layer 5 is
improved.

20 Furthermore, the above-described material can grow
non-epitaxially to the in-plane magnetic film 3. Accordingly,
the orientation of the nonmagnetic intermediate layer 5 and the

orientation of the vertical magnetic film 6 are hardly
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nterme XXI].ayer 5 can be easily (002) oriented at the film
formation. This is because when the nonmagnetic intermediate
layer 5 in contact with the separation film 4 is (002) oriented,
the total surface energy on the interface between the separation
film 4 and the nonmagnetic intermediate layer 5 is minimized.
The improvement in orientation of the nonmagnetic intermediate
layer 5 effects an improvement in orientation of the vertical
magnetic film 6 which grows epitaxially to the intermediate
layer.
The magnetic anisotropy of the vertical magnetic film 6
is considered to be elevated by the mechanism described above.
Still further, by wvirtue of a constitution where the
in-plane magnetic film underlayer 2 comprises Cr or an alloy
consisting of Cr and one or more of Ti, Mo, Wand V and the in-plane
magnetic film 3 contains a Co alloy consisting of from 1 to 25

at% of Cr, from 0 to 15 at% of Pt, from 1 to 10 at% of Ta, from
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growth of the vertical magnetic film 6 comprising a Co alloy
or the like having the same hcp structure can be prevented, the

10 magnetic anisotropy thereof can be elevated, and the medium
noise can be reduced.

In an example of the magnetic recording medium of the third
embodiment of the invention having the above-described
structure, an in-plane magnetic film underlayer 2, an in-plane

15 magnetic £film 3, a separation £film 4, a nonmagnetic intermediate
layer 5 and a vertical magnetic film 6 are formed. The
nonmagnetic intermediate layer 5 comprises a Co alloy consisting
of from 25 to 50 at% of Cr, from 0 to 15 at% of Pt, from 0 to
10 at% of one or more of Ta, Zr, Cu and Re, and the balance of

20 Co. The vertical magnetic film 6 formed thereon comprises a
Co alloy consisting of from 16 to 30 at% of Cr, from 0 to 15
at% of Pt, from 2 to 10 at% of Ta, from 0 to 5 at% of Zr and

the balance of Co. By virtue of this constitution, the
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magnetization reversal transition region.
EXAMPLES
Test Example 1:

The surface of an aluminum alloy substrate (diameter: 84
mm, thickness: 0.8 mm) having formed on the surface thereof an
NiP plating film (thickness: 15 um) was subjected to mechanical
texturing to have a surface average roughness Ra of 15 A. The
resulting substrate 1 was set in a chamber of a DC magnetron
sputtering device (3010, manufactured by ANELVA).

The chamber was evacuated until the ultimate vacuum reached
2x10"7 Pa, the substrate 1 was heated to 200°C, and then on the
substrate 1, an in-plane magnetic filmunderlayer 2 (thickness:
500 A) comprising Cr-15 at%, Ti-3 at% and Mo (hereinafter
referred to as Crl5Ti3Mo), an in-plane magnetic £film 3
comprising Co-13 at%, Cr-6 at%, Pt-3 at% and Ta (Col3Cr6Pt3Ta),

a separation film 4 comprising carbon, a nonmagnetic
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obtain a magnetic recording medium.
10 Test Examples 2 to 4:
Magnetic recording media were manufactured by changing the
substrate heating temperature at film formation, to thereby vary
the coercivity Hc of the in-plane magnetic film 3.
Test Examples 5 to 10:
15 Magnetic recording media were manufactured by varying the
BrT of the in-plane magnetic film 3.
Test Examples 11 to 19:
Magnetic recording media were manufactured by varying the
coercivity Hc or thickness of the vertical magnetic film 6.
20 Test Example 20:
A magnetic recording medium was manufactured in the same
manner as in Test Example 16, except that a separation film 4

was not formed.
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and a nonmagnetic intermediate layer 5 were not formed.
The magnetic recording media of the respective Test
10 Examples were evaluated with respect to magnetostatic
properties using vibrating sample magnetometry (VSM).
Furthermore, these magnetic recording media were evaluated with
respect to recording and reproducing properties using a
composite type thin filmmagnetic head having a magnetoresistive
15 (MR) element in a reproduction unit at a linear recording density
of 240 kFCI. The results obtained are shown in Table 1.
In the measurement of SNR (signal noise ratio), the signal
was determined with the isolated wave being the measuring

object.
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whereas the magnetic recording medium of Test Example 1 in which
the coercivity Hc was below the above-described range provided

10 an 1isolated waveform containing a di-pulse waveform at
reproduction but did not form a single peak waveform.

It is also seen that the magnetic recording media of Test
Examples 6 to 8 inwhich the remnant magnetization film thickness
product BrT of the in-plane magnetic film 3 was from 20 to 100

15 Gum exhibited excellent noise properties as compared with the
magnetic recording media of Test Examples 9 and 10 in which the
BrT exceeded that range. In particular, the magnetic recording
media of Test Examples 6 and 7 in which the BrT was from 20 to
50 Gum exhibited more excellent noise properties.

20 Furthermore, the recording media of Test Examples 6 to 8
provided a single peak solitary waveform at reproduction,

whereas the magnetic recording medium of Test Example 5 in which

the BrT was below the above-described range provided an isolated

- 26 -



4109%R9& ()-:<>@MU ?</Y S 4109%99& ()-S 4109%99& ()-S 410%9& ()- S

. 4109%98& ()-S 4109R9& ()-S 410998 ()-UXZ[fgel - 7</ S 410999& ()-SS €% FEB 2003
4109998&' ()-Y {[9(H 9#!),/4S 4109%99& ()-S 410%9& () -ghijkl Mt X</ S 410%S
4109%R9& ()-S 4109%99& ()-S 4109%R9& ()-S 4109%99& ()-S 410%99& ()- S

4109%998& ()-S 410%9& ()-nopgst 2t X</ Y {[9(H 9#!),/4S 410%9& ()-S

4109%%9& (kaSe‘f@aQ?@@&uﬁ&m&ﬁ%%@@ (J)lsb%véfoffm 198 @%f%ductiop but did
S&-1090& () - F108108S108 =Y0 100BE ()- =Y0% 1008& ()-B 4100008 (3-TAIL: |[:Y

0% () TREGEL ? (Eﬁn%%%%%&“%f&%ﬁw&' lovd (). #1098 ()-

1 1099& 1 10998 & ()- Y+ 1090& , I10fy<9&'
'|10%9&'(%) $#56%§) 541%%&&23(‘3 t&ﬁ[ %Béio’é%@fégm bt

6! 10908 ()- 4! 10%9&' () 11 10998&' ()- /#1090& ()-,1C[: NA4Y10 @#10%

& ()- !10%xgmglep. 12109 &3 (yn yhdohg tire( jcoanciovkty &f )thelvergical

& ()-GOC | [: NA4AY10 110% 9 & ()- #10% 9 & ()- 10%9 & ()- 10%9 & ()- Y 10%
9 & ()s , ma0%edi&' £11m56I|WasNA4BID (el6Loor’e (©xh it eRc81LentSHdi%e9

& ()- Y'110%9 & ()- @!'10%9 & ()- '10%9 & ()-9{'|[: NA4Y10 5!10% 9 &'()
310% 9 & byopkitdUs9a& Chm @f@@lo%h.g;h&tﬁ)a malyh@¥4 8 .&eébrdlé /madl

&'()-'./0>vU4Y 10%9 & ()- L!10%9 & ()- 110%9 & ()- &10% 9 -31(())9
10 9 10 9q 1 El 10%9,&
0% 9 &7 f“%ﬁﬁ%(i q’wﬁ‘fé’%hﬁ Bsictyity ag %sgﬁf%bta ? 590 10% o
& ()- SH! 1Q% 9 & () - .5.10%9 & ()- 110%9 & ()- 10%9 & ()-C [: vy
4110% 9 &Fy- 2110%9 & ()- 90#10%9 & ()- F.10%9 & ()- ,10% 9 &'()
*110% 9 & ()-& ./ 0=tvUaY 110%& ()- f 10%& ()- R +10% +=| +& () - 9 10 9
10 9 S 910% 3teis)alsperen Fhat the: Dedyetic mRearding meghiagof) TRSt

31 10%& () -

10 Examples 15 to 18 in which the thickness of the vertical magnetic
film 6 was from 100 to 1,000 A exhibited excellent noise
properties as compared with the magnetic recording media of Test
Examples 14 and 19 in which the thickness of the vertical
magnetic film 6 was not within that range. 1In particular, the

15 magnetic recording media of Test Examples 15 and 16 in which
the thickness was from 100 to 600 A exhibited more excellent
noise properties.

It is also seen that the magnetic recording media having
a separation film 4 exhibited excellent noise properties as

20 compared with the magnetic recording media of Test Examples 20

and 22 in which a separation film 4 was not formed.
Furthermore, it is seen that the magnetic recording media

having a nonmagnetic intermediate layer 5 exhibited excellent
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or a nonmagnetic intermediate layer 5 was not formed.
The magnetic recording media of the respective Test

10 Examples were evaluated in the same manner as Test Examples 1

to 22. The results are set forth in Table 2 below.
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4 #5100 & ()= #510%C & ()-[ #510%C & ()-[ #510%C & ()-[ #5100 & ().
. #B10UK: & ()-[+ <@ _?< #5 # #5109 & ()-[ #5109 & ()-[ #5100 & (#4] FEB 2003
#5109K: & ()-[ #5109%K: & ()-[ #510%: & ()-[ JKWKYNR6?< #5 #510%K: & () - |

#5109 & ()-[ #510%C & ()-[ #510%K: & ()-[Y 4b #0*x-$0 5YZ[\]A "t X< #5
#5109 & ()-[ #5100 & ()-[ #510%K & ()-[ #510%: & ()-[ #5109%: & ()-[
#5109 & () -[ #Q¥<eé&eh) fEoabTab DA Xhdth thel AdEnétik- Ee€5i8%{g&néaléY 4b
#0*x-$0 5 #510%K & () [ #5100 & () [u kI rmopt X< #5 #51 #5109

#510%C & ()<

#5100 & E n %wp u6t %E%f{? iﬁ‘lg Eg&ﬁg%%&ﬁ‘ #5%%&%?%[
N g B R A
#5109C & ()-[ #5100 & ()-[ #510%K & ()-[ #510%<: & ()-[ #510%< & ()-[

#5109 & () - [| mamammmg &g -FacoBd DMK Bediuh ¢51Dekt SEXampYe 4B4 #on x- $0
5 #510%K & ()-[t X< #510 #510%< & ()-[0 #510% & ()-[0 #5109 & ()-[4
#510%Ks& (WhicHEHYKh&'cldnds t2E0¥Ked&s épat a#5dAYK: B () WdR XA formed an
#510%<C & ()-[Y 4b #0*Xx-$0 5 #510%K & ()-[ #510%K & ()-[ #510%K & ()-[t X<
#3109 & (Jad1 DU e fdrh FPIONKI & ddntafrifdKadiflplilse waveform at
reproduction, however, the magnetic recording media of the other
Test Examples provided a single peak isolated waveform.
Test Example 42:
10 The surface of an aluminum alloy substrate (diameter: 84
mm, thickness: 0.8 mm) having formed on the surface thereof an
NiP plating film (thickness: 15 pm) was subjected to mechanical
texturing to have a surface average roughness Ra of 15 R. The
resulting substrate 1 was set in a chamber of a DC magnetron
15 sputtering device (3010, manufactured by ANELVA).

The chamber was evacuated until the ultimate vacuum reached
2x10°7 Pa, the substrate 1 was heated to 200°C, and then on the
substrate 1, an in-plane magnetic filmunderlayer 2 (thickness:
200 A) comprising Cr, an in-plane magnetic film 3 comprising

20 Co-17 at%, Cr-5 at% and Ta (Col7Cr5Ta), a separation film 4
comprising carbon, a nonmagnetic intermediate layer 5

comprising Co-40 at% and Cr (Co40Cr) and a vertical magnetic

film 6 comprising Co-18 at%, Cr-6 at%, Pt-3 at% and Ta
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#5109 & ()-[ JKPORSNR6T< 4b #5100 & ()-[ #510%4K & ()-[' #510%< & () - [
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#5109K: & ()-[ #5109 & ()-[

Magnetic recording media were manufactured in the same

manner as Test Example 42, except for changing the constituent
10 material of the nonmagnetic intermediate layer 5 as shown in

Table 3.

Test Examples 51 to 59:

Magnetic recording media were manufactured by varying the
constituent material of the vertical magnetic film 6 as shown

15 in Table 4.
Test Examples 60 to 63:

Magnetic recording media were manufactured by varying the
thickness of the nonmagnetic intermediate layer 5 as shown in
Table 5.

20 The magnetic recording media of the respective Test
Examples were evaluated in the same manner as Test Example 1

to 42. The results are set forth in Tables 3 to 5 below.

- 33 -



| #5109 & ()-[ Y 4b Horx- $0

#510%

0% & ()-[
) -
& ()- @
()-2108:L>}|[:-
:I&I( -

& () @
c() @

@o% & ()-
)- @#10% & () -

&()- @
D4 10% & () -

1099& () - Y51099&

008& () - Y510908&' (
Y,
510998& () - Y51099&

' ()-Y
-Y51099& () - Y510

[099& () - Y51099&
1099& () - Y51099&

{" %m+c. 15t X<4Y
[099&' () - Y510998&
510908 () -

KF4YY

YY51090& () - Y510
()- %& . 5671 P84YY

' () - Y51090& () -7

10908 () - Y51090&

()-Y5109%08& ()-Y

510908 () - Y51090&

1pPAYYY51090& () -

)90& () - NREPPAYYY

510908& () - Y510%9
) - Y510998& () - Y51

¥510008& () - &/ _2<YY

)9®& () -/ A5@\Bi ML

0Y51090& () - Y510
-Y

#510%<&()-[ #510%<&( -[NN.t X< #5109%: & () -

. 5 #5109 & ()-[ #5100 & ()-[ _?< #510% #510%< & ()-[ #5109 & ()-24 FEB 2003
#510%C & ()-[ #5100K: & ()-[ #510%C & ()-[ #5109K: & ()-[_?<
#5109 & () - & F T H#H5TOY&TC) A& =1 #5
#5109 & ()-[|jl ¢ 108:| @=xq :0%3 ' @&L0%8;: & (
#5109 & ()-[Y il &o*x~$o 5$|,or\jl;- & 10% | :%& ()4 @19 3
110% ' & ()- @%:%I 4.4% g &56 -5 @910% | @1D%W | &
@ @110% & (F-E@FPops | & ()- @#1 () - @310%_
@!'10% _:' & (- @sb' g()o-t a1 0% TS
@3)'10%_- &()- 5@ 828 (3 @ 390 2 @3%!10%
1109% ' & ()-| *gBWK||[-T0] *'[ @ :{MO% ™ BB 06| ™ &
4110% _:' & () @2! §odb, ;| & () -, @Q#10% Tl o1 .
@-110% _:' & |() - $XYagREAsD S| gal@g | 18¢ B R0p6 R ()2
@I0% & ()- @10% & - CRimv| [ ' @10% & (
@ 10% & ()- |[@oB & - 5@ z#1p% & e7u~81]: AL
@ Y10% & ()- |@! L0% &) - 2@ %0 (p-| @'1a0%
10% & () - ~+23{457[5ob| -$07116: ncE MLE% & (]) 5 (
@' 10% & ()- |@ #$0%|& ptsa1l | o S| & 8
Y51090& () - Y5[LO%@& ( 0¥51080k £)|- Y1080k £)|- @
' () - FGHI JKLt X8410 S oj oo
Y51090&' () - Y5[L0%& ( Y51 )0/@& (J-Y5109Q8f () -[Y5L0
) - LMNWKY] N2X81410YB 14 )&( ) - ¥5(L02E - ¥51020&' )| -
{"%m+c. 15YZ[ \|i jKBTE ) - Y51090&' ( 1090&' (}) - Y5
"()- Y5109%0&' ( \253,0%9& O iIN2pT8810Y51090& ()} Y5109%94
{ " %nc. 15Y5100/<9f§ £)- CBA Lo¥510}a/<s - Y5[1096& 5 )
99& ()-Y510%0& (9<VY5 O "
{" %nrc. 15Y51000 £)- >1§D/ea&n( - 1G00&E () - T84Y

' Y51099& () - Y516°/g9& - ¥51080R! & )|- Y51080K §)1- V5
() 0S84Y 2 o 21 s 3

' Y510908&’ )-Y510%9& - 851080 § ) | 080K’ §)|- Yb1
() - nR6S84Y Y5IL0YES: (|)2 - Y5109k ()]- Y51098k (- Y ;
YY51090&H ) - Y510¥9& |(. - R51080K. § )|- Y1080k )| X1
()-j N. t XE8YY510%2&' ()& Y | {" %mc, 1099&' (]) - Y1
t X<4YY51Y510908& () - ¥

Y51090& () - Y5108 () - Y51099& DIGE () -[61.%3
{" %mrc. 15Y51000&() - 51099&" ( D&" () - %|X84
99& () - Y5109%0& (1- Y5 99&] () - 1()-1¥51099&
Y51090Y51090& () £&Y5 10W0E 6 ' 6) | Y& 109
89: CGnN. P84YY51089& - ¥51080K' 3 1080k’ 2 )|- B ;
{ " %n+c. 15GI STIUVWKK O34 Y51 094608 098ie(1—Y5
()-Y510%0& ()} Y5£0948& Lk OB4Y5 - ¥51096& o
{" %n+c. 15Y51000&E() - [l i pPo R Z") L Y51090&
51099& () - Y51090& () 53079 7 -
{"%m+c. 15Y51090&%q() - h 180D &5 ( a&n( ShH, YAY"
() - Y510%¢& () - YE1090& &) W5 109D& &) | Y51 1 Y81p9d s (3
Y510909& () - YSL09@E ( ' Y1099 DOBE (3 -| YL
51090& () - Y510%& () ' YS1098& | 6| ©| ©
{"%n+c. 15| POYY51098& (g Y51090& () - - Y510 Y51000&(() -
& ()-Y51090& |(§-nNA, - Y5109%0K ()|-Y

{"%n+c. 15Y5100 @5)3 < 51{(5 &K -gvslgg)%%'
09@& () - Y5109D&: & & -y [099& () ;

{"%nrc. 15Y5108& ()5 5109D&' ( D& () - dO<YY|;
{Y51090& () - V51090810 Y530946018! Y5 1-094D8 (Y5
Y51090&' () - Y51090& (|) - Y540%08 DoBs! ()e|Y5 &
2<YY510909& ()} 1Y51090& () &' §) - Yo ol o o o
{"%n+c. 15Y51090& () - 519515 20Y5409%68% ()
99& ()-Y5109%0&" () - Y5 D& g) zﬁ&ﬁ%d&ge
{" %nc. 15Y510008&" () - E0 & Vi RN

908 () - Y51090& (

) - Y51099&' () - Y51099& () - Y510998& () - Y510998& () Y51090¢& () - YZ[\]’\ttX<YYY510%9
& ()-Y51099& () - Y51098& () - Y51090& (AL Y51090& () - Y51090& () - Y51000& ()-~_

mpj J*t X<YY51090& () - Y51090& () - Y51090& () - YS1090& () -

Y,

{"%mrc. 15puwz_?<YY510%(51090&' () - Y51090&" () - Y51099& () - Y51090& () - Y51090& (

)- Y51090¢&' () - E) ?<Y51090& ()-Y ;

{"%mrc. 15Y51090& () - Y51090& () - Y51090& () -t X<Y51090Y510908& () - my51090& () -Y
510%0& () - Y51090& () - Y51090& () - Y51099& () - Y51099& () - tt X<Y51090Y51090& () -

NI A NN Y

NI A NN T

NI A NN T

NI A NN T

NI A NN T



- {"%mc. 15_?<Y510%51090& () - Y51090& ()-Y51090& ()-Y51090& () - Y51@2RFEE 20§51

099& ()-E) ?2<Y51090& ()-Y ;
{"%mntc. 15Y51090& () - Y5109 =Y5 10908 OT t XS 19O YT L0998 ()=H51090& ()-Y
51090& () - Y51099& () -|[Y51Q988&" ()= YBL109P&' (|) - YHL098& ()-tt K<Y5[L098Y51090& () -
MY51099& () - YS1090& () -¥SLOHO&Y ) 1 YALDUR&' () | YSLOv@R| ( )+ Y5&0pOE () !|" #$] N2t
X<Y5Y51090&' ()-Y510%3&'Y§f3- Y9109%08&] (B-V31QUER (Y S| 2| o S| =
{"%ntc. 15$%& () * +t X<2'J5 BYB 1008 () - YBL0YR& (|) - Y31098& (] - YYB10%9& (|) - Y510%
9& ()-Y51090& ()- Y51000& (§-i+ - /PnRO} X<Y5Y51090&' () {Y510%0& ()-lY
{"%nc. 15Y51090& () - Y51090& ((); 2<PDEI V_2<YEYYSEI0& () wYb1890& (|) -~YF10908& (
) - Y51099&' () - Y51090&' ()-\51&%9&9( - §Zpkpu_ RXY5RY31E9&N( | - ¥51E&'R |- Y5109%0
& ()-Y51090& ()- Y51099& [ - Y5109~ tvARE Yo YoM~ —Y5H6%8& ) - Y510%0
& ()-Y510%& ()-Y ; o sa=l 2l el el gl el s|lg|le] e
{" %nrc. 15t X<Y5YY51090& (4 YSIDESR] (F- V500 |( F V580908 () SYB1RDWE () - Y510%
9&' () - Y51098& () - nN2t [X<YRYS5 USHD &} —¥E10H0-&—(}—¥-1-
{"%m+c. 15Y51000& () - Y510%0& |() - t XkY5YE1Y51006& 4 )} - ¥Y51099& () - YH109@& () - Y5
1099&' () - Y51099& () - Y510%0& ()5\(510(3(@&'@)-@)&@% I IO B < I
{"%mrc. 15Y51099& () - Y510%0& |() SY510%0R: T )| ¥610%4: ) {dE<58 | = | =
{Y51090& () - Y51090¢& (| - Y51090&'Y )  Ya1p9B&' (3 - YBLOvE! (g- Y5E0pE ()& |?2<Y5Y
Y51090& () - Y51090& ()| Y51098& @ - Y5H0pER [()x Y54h9ed () #YP189R4&E () -§ ML2<YY51
090& ()-1Y51090& ()-YY51090& (K Y|;s | v | s | | 8| 2] 2| 5| g
{"%mc. 15Y51090& () - t|X<YY510Y5109988() -OY51D%0& () OY5B0YOL ()8 Y51PI®& () - Y
51099&' () - Y51099&' () -[Y5TOYR& [ ) - RET XJYY5 OB ()Y .
{" %ntc. 15Y51000& () - Y510U0& (é-ﬁYElOg@&'gi-t@@ 51@08( ) - I5L®E&'T ) - Y51090
& ()-Y5109@& ()-Y51099& () . o4 GoBK ) VE10a& (94 ™ | | ° | ~ | ©
tt X<YYY510%0& () - YS1090&% o §,-[YSLO0P& (- YHIOVH& ()|~ YST0YO& (JF YoJO70& () - Y51
090& ()- jI*t X<Y510% &'2)5—5/51@:%9& ($- Y308 |()g YS109®& ()oY ;g {|" Wntc. 15
% * 48E_?<Y510%/510%9 '(g -gYSlO‘@%‘ )3Y51%)°t9<§()%(5 1@&5( -%510@/&&'%)-\(510%9
& ()-EINST_E) ?<Y51099&(y-Y | 8 ool o} ol ol of o] 0| ©
{"%mntc. 15Y5109084( ) - 150U Y5O T—dbcdef t XL Y5HHYeY51099& ) - MY510
%98 ()-Y51090& ()f Y510%0& ()|-¥ 15%%9.&' ) Y51090& () wYPLOUD&L (] -4 ghid Kt t X<Y51
099Y51090& () - nYBIL0%&' (J* YS1D (Y- Y51090& [( ) YST09R& ()~ Y51090& () - Y510%
9& () -kl grstj N2t ¥cY5Y51080& Y5 HOHAE I —¥5F0HDE— Y5 HHUSG~1Y—
{"%ntc. 15t uvwxyz{t X< 5Y5'%Y5109§9&' ) - Y51099&' (|) - Y$1099&' () - YYB109®&' () - Y510%
9&' () - Y51090¢& () - Y51090&%() -|{ | SnRRuX<YEY5k090& () wY5109W&L() - |; o
{"%mtc. 15Y51090& () - Y51090& [( )& *?2KkY5Y]Y51090&'|() - Y51090&' () - Y51099&' () - Y510%
9& ()-Y51098& () - Y510%R&%() -1 2XYS¥Y51000&" () -1Y5100Q81 () -¥51000& () -Y51090&
()- Y51090& () - Y51090&' () AnRg? Y3YpLO0 9&3()-:‘/5 10V9&Y( ) - ¥5 L0908 1 )|- Y51090&' ()
-Y o | "SI Q| Q| R| || R &R
{" %mntc. 15t X<Y5YY51099&' ( B YSHO98& (= Y5Stao0& T =Y51098& )-‘F—rea@&*—)-%m%
9& ()-Y51090& ()-j O tX< 3&I0VERE()-&Y61990& ()<Y, 2| 21 2| g | 3
{"%m+c. 15Y51090& () - Y51080& ()2 ¥z| > B10%9&' (|) - T|{51090& ()- T 14w@&|()- |
1099& ()-1091091109 >d*1690& () - hi Xs: | > JL00M& |- & 510M&s() -d-|
51099& ()-T 51090& ()|- T 21099& ()t Ta 51RYRE (|) I 550908 ()&Tl 68 X<k Y ]
K'x*-705 51099& ()-T [5109%9& ()8 1| 580p@% ()8 T %109 '(p‘- I otXs |Yd
51090& ()-T 51090& ()| T FL090& ¢) | T250096& 4 )|- & 51690&5() - 71| 53quaR|()-T
510909& ()-T ! (00<: Y [510%0 51090& (9-[T $10M& © {TC 51099&L()) -I(| ©
51099& ()-T( 51090& ()~ T( SLO%&E [)- T() * 345] N\oO<| 510K ()} T 9109%9& ()-T
51099& ()-T 51090& ()-8 1 H"x*- 7p556[/89:: <t X<: |51 $109& () - T |51090& ()-T
51099& ()-T 5109& ()| %@@&*;()-Tgmo &'@-;51 &H( ) - B<E>2 @VIRGt X<:
51099& ()-T 5109& ()| "x*q 7p5 510%8& ()- T 31099& () - TAXYZj{kxyKK/ :
51099& ()-T 5109%0& ()-vﬂr=510§y9&'§() LT 51098& ()|-T
- o ™ b Tg] LYol r~ [oe] [=)}
n Ts] Tg] tn Te} Te] Te} 's] wn
T I T | - I
B E| P E] P P » L E|PE|ILE|LE
R DR BRI RN
HR| R B B R R R R B R BHR

t
w
w

1



51099& ()-T 51099& ()-T( 510%9& ()-Ty-kK/:Y ] K'x*-705 51099& ()-T
. 5109@& ()-T 51090& ()-T( 51099& ()-TpT8:Y ] 510%& ()-T 51090& ()2¥ FEB 2003
51099& ()-T 510998 ()-T 51099& ()-T 510998 ()-T 51090& ()-TtX8: Y |

51099& ()-T 5109%0& () -] . 51090&—(—F-54090& ()-T 510%& ()-T
51099& ()-TnR6X8:Y 51( T-2510%9¢& €) | Tw31699& ()-T 51090& ()-TY ]
K'x*-705pT8: Y 51090& () T SQOWQ& ()m'l 51099& ()-T 510M& ()-T
51099& ()-T 510%& ()-Ti 8 oB]Y 51QW&| () -[T 510%9& ()-TY ] K'x*-705
51090& ()-T 510%& ()-Tt %o 51 $1090& ()-F 5009%0& ()-T 5109& ()-T
51090& ()-T 5109%0& () - O~F5HPIOBK-—F6X<: YY ] K'x*-705
51099& ()-T 510%& ()-T 510%0& %)g'l $109%88&] (%-Ttg(i " YY 5109& ()-T
51090& ()-T 510%& ()-T 519%0& )~T 510988 ( -[TH10%0& O-T
51099& ()-TI P8:YY 51099 510994 ) - T& ST0%R ()]- T&]5109%0&' () -T 51090& ()-T
51090& ()-T 5109%0& ()-T nNeP81 ¥ 5&&0/@&' (E T $10& ()-T 510%& ()-T
510%0& ()-TY ] K'x*-70%" ()% 9K/ ﬁY‘SﬂO%&'()-ﬂ 5f00/<9&'()-T 5109& ()-T
51099& ()-T 5109& ()-T 518W& ()- %1 ‘Vtg& (2-1—*;7 |/ 0<i MgK/: 51099& ()-T
51090& ()-TY ] K'x*-70% £ e | S| S| 8] S
= | 31558 %
8 - + 4 o P
It 3 Sl &8 & &
] [*7 H - ] M
S 5 &l & &1 &
© 9| ©f 9| %
3] 3] 3] 0
t). 'é 0 Lnd [} o (=]
> 3 $°ﬂ - e = o
o3 |E°F D
) a o © o ©
g\‘.é o 5| & 3 3
g4 | 3 | 5| 3|33
TR EEIRIEIR:
[o] o] 2] H 8]
% 2, 3] 18] O o
] =] n 73] Ty wn
o 0 ) ) ™ ™
s 3] 0 0 0 o
(8] (8] Q) (8]
& Eolda
e [ S| S| B 0] 4
3 g =i
3 i
B | Es
g %3 (3] 0 (8] (3]
R
P ~ o N N o~
E & E
g\ g o a n N \n
N R I
£ 18 |818|8|8
Q 0 s )
g A > o~
g 4P E m© [/ ]
~N O -~ 0 0 =1 M M
Q8 A N 0, - @] Q (9] [ &)
1 oy o E ¥
2 Bl O
=]
Q — o ™
Vel \O O O
80 8108
vBloBloBleg
n o n o 0w n o
D X O K| 0 X ¢ X
& B B M| & KM

1
w
o)}

1



5109%0& ()-T 51099& ()- T<=>?@FKpT4: 51090& ()-T 510%0& ()-T 51090& ()-T

. 5109@& ()-T 51099& ()-T 51090& ()-T 5109& ()- TKW]fg)pTAY ] K'x*240FEB 203

51099& ()-T 51099& ()-T 51090& ()-T 510%9&' ()- Tghi nuzhH, Y 510%9&'?) T
51090& ()-T 510%&: %) T 5 %9&'18]0 %a&'() ty@&'%e 1.51098& () -TkO, Y

51099& ()-T 510 ) 248 1bBRR: 1‘°5£66}§£ H‘ST(

51099& ()- TnREO, Y 51 51090& ()-T 510%3&' () 510%3&' ()-TT 510%3&'&

K" x* - 705| PR&A5a obp & RiCh m@mmagmtmmmeﬁim@me@) STWRE0 Q&m(e}iT

51090& ()-T 51099& ()- TnN2l POY 51099& ()-T 510%®& ()-TY ] K'x*-705

510%0& () -fr6em0e0eo(#lToX<¥obsistaugaoE) £Toml0%0&0( FOT a5 R0LELCE) - Trom 0

51099& ()-T 51099& ()-T 51099& ()-T 51090& ()-T6t X<YY ] K"x*-705

51090¢& () -0 519984 (9 £ TpH 10886 (0 -do SO WK (Qf THEOF Imde S HIY@E, (kx| cu
51000& ()-T 51090& ()-T 51090& ()-T 51000& ()-T 51090& ()-T_?<YY

S1ovae () RARE At she pAIREcR) oF SA0URE Kha xR MY fanetic fitn 6
10098 ()L, 25X 40 ARR4CH) 21005100051 L1119 BROE kLo 3R, 1T

Cr, from 0 to 15 at% of Pt, from 2 to 10 at% of Ta, from 0 to

5 at% of Zr and the balance of Co exhibited excellent noise

properties as compared with the magnetic recording media in which

10 the component ratio in the nonmagnetic intermediate layer 5 or

the vertical magnetic film was not within the above-described

range. Also, the magnetic recording media formed a satisfactory
single peak signal waveform.

Furthermore, the recording media in which the thickness of

15 the nonmagnetic intermediate layer 5 was from 20 to 200 A and

the clearance between the in-plane magnetic film 3 and the

vertical magnetic film 6 was from 10 to 500 A exhibited excellent

noise properties and formed a complete single peak isolated

waveform at reproduction. On the other hand, the magnetic

20 recording media in which the thickness of the nonmagnetic

intermediate layer 5 and the clearance between the in-plane

magnetic film 3 and the vertical magnetic film 6 were not within

the above-described range had a slightly reduced coercivity or

the single peak tendency of the signal wave was slightly reduced.
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reference go specific embodiments thereof, it will be apparent
to one skilled in the art that various changes and modifications

can be made therein without departing from the spirit and scope

thereof.
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substrate, a vertical magnetic film having a magnetic easy axis oriented
perpendicularly to the substrate and a separation film being disposed between
said in-plane magnetic film and said vertical magnetic film,
10 said in-plane magnetic film underlayer being disposed at the substrate
side of said in-plane magnetic film,
said in-plane magnetic film being disposed closer to the substrate than
said vertical magnetic film and having a coercivity Hc of from 1,500 to 4,000 Oe
and a remnant magnetization film thickness product BrT of from 20 to 100 Gum,
15 and
said vertical magnetic film having a coercivity Hc of from 1,500 to 4,000
Oe and a thickness of from 100 to 1,000 A and containing a Co alloy consisting
of from 16 to 30 at% of Cr, from 0 to 15 at% of Pt, from 2 to 10 at% of Ta, from
0 to 5 at% of Zr and the balance of Co, as a main component.
20
2. The magnetic recording medium as claimed in claim 1, wherein
said vertical magnetic film has a thickness of from 100 to 600 A.
25
3. The magnetic recording medium as claimed in claim 1, wherein
said in-plane magnetic film has a remnant magnetization film thickness product

BrT of from 20 to 50 Gum.
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5
5. The magnetic recording medium as claimed in claim 1wherein the
separation film comprising a material capable of growing non-epitaxially to said
in-plane magnetic film.
10 6. The magnetic recording medium as claimed in claim 5, wherein

said separation film has a thickness of from 5 to 200 A.

7. The magnetic recording medium as claimed in claim 5, further
comprising a nonmagnetic intermediate layer having an hcp structure disposed

15  between said separation film and said vertical magnetic film.

8. The magnetic recording medium as claimed in claim 6, further
comprising a nonmagnetic intermediate layer having an hcp structure disposed
between said separation film and said vertical magnetic film.

20

9. The magnetic recording medium as claimed in claim 1, wherein

the clearance between said in-plane magnetic film and said vertical magnetic

film is from 10 to 500 A.
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51099& () - T substrate and a vertical magnetic film having a magnetic easy axis oriented

/)

5 perpendicularly to the substrate,
said in-plane magnetic film underlayer being disposed at the substrate
side of said in-plane magnetic film,
said in-plane magnetic film being disposed closer to the substrate than
said vertical magnetic film,
10 a separation film being disposed between said in-plane magnetic film
and said vertical magnetic film,
said separation film containing one or more of Ta, Re, CuTi, SiC, W, NiP,
Zr, Ti and C as a main component, and
said vertical magnetic film containing a Co alloy consisting of from 16 to
15 30 at% of Cr, from O to 15 at% of Pt, from 2 to 10 at% of Ta, from 0 to 5 at% of

Zr and the balance of Co, as a main component.

11.  The magnetic recording medium as claimed in claim 10, wherein
said separation film has a thickness of from 5 to 200 A.
20
12.  The magnetic recording medium as claimed in claim 10, further
comprising a nonmagnetic intermediate layer having an hcp structure disposed

between said separation film and said vertical magnetic film.
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epitaxially to the in-plane magnetic film, a nonmagnetic intermediate layer
having an hcp structure and a vertical magnetic film having a magnetic easy

axis oriented perpendicularly to the substrate,
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