hljke3ekdkLp6Td Magneti c Recordi ng Medi um REFERENCE TO RELATED

APPLT CATI ON _Thi plication clainms the priority right under
Convenﬁl\ﬁﬁ‘“\@“@%ﬂﬁgese Pat ent Application Nos. 2001-260297 filj Wmﬂmmlmmmmw
29, 20 15797 filed on July 24, 2002, the entire disclosure
which is i mmeeporat ed herein by reference.- 10 BACKGROUND OF THE | NVERH ON
1. Field of the Invention The present invention relates to a nagnetic

recordi ng medium particularly to a magnetic recordi ng nedi umused for a

HDD (hard disk drive). 15 2.vascfi Ptidoiddamdei@hed Art In recent
years, due to demand for enhancenent of recording density, a rapid increase

in coercive force has continued in the case of a nmagnetic recordi ng nmedi um
especially a magnetic recording disk for HDD. 20 As to CoCrPt system
ferromagnetic al |l oys, WhRERERENEELZONREDAVED! APRAICATUSRD as a magnetic

| ayer of a magnetic disk, increasing in coercive force has reached its
limt and answeri nthi® tdppliersentomerndradnfsor thecr pasongtgoertghve furider has
beconme difficult. Therefore, lately has been enpl oyed 25 for a magnetic

| ayer5a CoRaPtid Gomstemt fer rahelaminesal PateraAppoldetiorcresed i n coercive
force wherein B is added to a conventional nmagnetic | ayer. -2 A
magnet i c | 29@k-200377 s e Colr ABIGYst R0y and 2002 a1 &7 $orfi et earsi ng
coercive force, however, there has been a problemthat the magnetic |ayer

i s poor |njlb1=Ye?fﬂat3Qﬂ12pr‘3t%rqryt1@/equQﬂf%‘W]?ﬁ ofh Wbkl ve Rparraiaednd 5
consequent| oorer in Q@ operty (Over Wite property, overwiting
property) R e‘&VvﬁﬁF"’Eerﬂ)‘%‘e' of conventional magnetic |ayers. Further,
there has been a problemthat NLTS property (Non Linear Transition Shift
property, Nonlinear bit shift property) is even poorer conpared with those

of 10 BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to a magnetic
recording medium, particularly to a magnetic recording medium
used for a HDD (hard disk drive).

15 2. Description of the Related Art

In recent years, due to demand for enhancement of
recording density, a rapid increase in coercive force has
continued in the case of a magnetic recording medium,
especially a magnetic recording disk for HDD.

20 As to CoCrPt system ferromagnetic alloys, which have
been conventionally used as a magnetic layer of a magnetic
disk, increasing in coercive force has reached its limit and
answering to the recent demand for increasing coercive force
has become difficult. Therefore, lately has been employed

25 for a magnetic layer a CoCrPtB system ferromagnetic alloy
easy to be increased in coercive force wherein B is added to

a conventional magnetic layer.



2 10 conventional magnetic |ayers. The reason is considered to be dependent
on the properties of B added to a nagnetic |layer for increasing a recording
density. Al though expl anation of magnetic recording characteristics such as
O/ Wproperty, NLTS property is well 15 known publicly known docunents,
etc., it is described in detail, for exapple, in "Storage Device
Ter m nol ogy edited by | DEMA Japan, N kkei BP Co." written by general
engineers in the relevant technical field of the present invention. 0/W
property is also referred to overwiting 20 pro ertga and when_a new

recording signal i% BIGRGFIEtERYSh GOTREHBR FFPER sYghan ahlaysmdfetic
recordi ng med] i n.casg of poor QO W prpper the fornerly witten
recordi ng %’i”g%%?q%a%%tl%?ﬁ?%)%lr%tcf?/elg%l‘g? aé%’ﬁc%v;‘?‘é%‘b‘ﬁg TheTe thRS new
recordi ng Si : ' or esul ti inipability to 25 read out
accur at e i%%@%t?%@%@%%%ﬁf?%%%@ ti;%esr al%&??lf otfhl O $9 1 e
bet ween a i | nver [ td e 1?- 3 ained
posi tion %ﬁ%@#%bor I ngﬂgfésfi&)n%ﬁl?a%%]fcgﬂ% séo&%e]?%gerée%_?%d nonl i near bit
shifts |n EEieqnaRtinaeneadifiy oHp e PO OG- 1l G- dife: apde

i ncreasing recording density possible In recent years, since e 1 nfluence
of 5 |ineagvéRbel f &iE GO MEL L% ed SvPas i tHYR Yoritddivath1 sl
decodi ng may be effected significantly by the presence of nonlinear

posi ti onal malyidere ey TS)FutrtHemnsiid @ e deenivd tprtsh 1die e NLTS
Consequently, it is an inportant issue to enhance NLTS property for a
recor di ng prechemtat (Nore deinteard (ridovs 1 taisord e3tcirfi th ai- apetey, AN Jpimaar thi tand
NLTS property are pointed out as the problens of CoCrPtB systemalloys, and
i ndeed it $kifielpraprly X Het aveas@omoor diompaxtesd acittdy itdtdss afi e al so

i nfl uenced by coercive force (Hc). Wien coercive force (Hc) of a recording
medi 10n i s PRRFEN U Dy Magnattionlafeithe Brornfiafpheid warbdcansd did fhecul t
to be recorded up to an aimng saturated state, resulting in degradation of
an O W pr ifRREBAGIT £ NIBES BFRsEHESs Berasided 417 b MG ptimyast em

al l oys can_.be jncreased nore in gcoercjve force (Hc) conpared to a 20
conventioHgﬁﬂﬂﬂﬁﬁﬁq§9qgnﬁﬂrq9?Q§%ﬁﬂ 4%?%%5%@spond a recording density as

descri bed above, t}gﬁtﬂ@g%%r% S0 CAUSSe qﬁ%ﬁeﬁ%ﬁé olneé)g]t_éﬂ]e recordi ng

characteristics su a property, an property. %\Ithough t he

probl ems olyyadd Qs SAAGRIH Hd & P Hropdase! img; ?g&\@%ﬁ(}géﬁe@wb' ens

of a magnetic recording nedium there "have appeare pr

nmanuf SiCt UrkdviP "ARESIc BV BlRithentsS letc 4 AS idedddr@dbaPave, since
magnetic | ayers conprising CoCrPtB systemalloys are featured in their high

coercive fastsi  HHor &3y leC08iCi\Et i SRASITAMEMaidIb gy Jdiada ¢fy an
QO Wproperty and an NLTS property they vary over
IDEMA Japan, Nikkei BP Co.” written by general engineers in
the relevant technical field of the present invention.
O/W property is also referred to overwriting
20 property, and when a new recording signal is overwritten on a
formerly written signal on a magnetic recording medium in
case of poor O/W property, the formerly written recording
signal cannot sufficiently be erased overlapping with the new
recording signal, causing an error, resulting in inability to
25 read out accurate information.

Besides, NLTS property is a positional difference

between an actual magnetization reversal position and the



5 sensitively with such small process variations (for exanple a snal
“variation in filmthickness, a small variation in filmformation rate, a
small variation in a filmformation tenperature) that have not been

probl ematic in the manufacturing process of magnetic recording nmediunms with
a 10 conventional magnetic |ayer and areé consequently liable to be a
variation factor in manufacturing yield of the nmagnetic recordi ng nedi uns.
Further, when they are nounted on a magnetic recordi ng device such as HDD,

occurred i3 malchoaiRiehl amrifat résorarnaet WilgRg 1y ah@ 9k &hgomagnetic
recording device is liable to vary due fo variations in recording

per f or mange refrradm&gnabng iReag QﬂtW@hQEtLheInaPQMED%ﬁb@@iﬂ%?@@%@d@hgtheir
poorer recording characteristics such as O Wproperty, NLTS property
conpar ed sgsaeaqneetechnallogggritich hagemada0 ihetreasibghedcoef-dialgvi ng t hese
problens, it is proposed as described in USP No. 5,523,173 that a filmof a
magnet i c ldapst tiys pbesiedebynappkgntgyea®s ,Vsiaceeghel iafhuaacen o&
substrate. Mreover, for another nmethod as described in USP No. 25

6, 143, 388 lipeapodadeirrfetreaceabhetween coges iis posdtiivelyeumdddzadunder

| ayer and a nmagnetic layer. That is to say, it ainms to inprove orientation
property dfatehdegadiagi mayvaper effeptedssipgpifddaatisr War dbebpresgnseof
form ng the onset |ayer with strong orientation property on the Cr-system
under | ay®f. nOgddpear Qpﬁéél?ﬁelnéﬁﬁgar8p03péN9F§@ aPnégarsiEipnadusr oposed

in USP No. 5,523,173 .can be enpl gyed onl or 5 .an electrically cgnductive
LUbStr at ot MEALiRG: the GoRas narbp PREBAT matnad Bh AMReanEhte LREEs! di ng
medium wi th a net i ayer _conpri.sing CoCrPt.B-system_Further. concerning
Tha. ahove t, BoPRREe! Mugk KEppRRTRr B0E PRHoEhnY RefTun L' Rk eeR RNl " |

nmagnetic recordi”%o%?d%%”%e%%ri%gﬁ?%%%&%g Qﬁ@p&%ﬁ@ggg v%$%§NP%@e met hod of

inserting an onset |dyer propose ‘No. 6 cannot "have achi eved

the desir$40$g%kg-?§£ Eegn%@a,OQ%ssgi@ﬁ@ BRB¥EelS LRCEBRSBLENGICEMI Ve
force as a deman or high recording density of a magnetic 15 tfecording

medi um and 10§ st hanat haaebandtt her gehaskabway enbeerhasderaadrb@hgl ncreasi ng
in SINratio (Signal to Noise ratio: SNR). Although there is a nethod of

i ncr easi ngh@racaeteBtiaki anei Alaonagfitueackdy®ly aseapioedifbaty I(Hthod of 20
inmproving S/N ratio, enploynent of this approach has been rel atively

di f fi cul t Whieacswseciiner Eaxeei AHC) ofnaemecdrdiademediimntiat hdghpr operty of
the magnetic |ayer, especially for the magnetic |ayer conprising a

CoCrlpt B- s{pagesitazpesyom P ther raspEding E@éﬁu@rPéﬁ?&?ﬁoﬁiﬁféﬁéigytOZQeAs
anot her nethod of inproving SN ratio, a nethod of decreasing film

t hi ckness T&COXREgHEL te PRy BLMIBENSAGUFENCR £13%8 - r E&GUL A HedPum noi ses

has al so %%@a %EEB%“%% %8 B?W pszérgy or an NLTS property.

Therefore, although CoCrPtB system alloys can be
increased more in coercive force (Hc) compared to a
20 conventional magnetic layer in order to correspond a
recording density as described above, the fact may also cause
degradation of the recording characteristics such as an O/W
property, an NLTS property.
Although the problems of various characteristics as
25 described above are the problems of a magnetic recording
medium, there have appeared some problems of manufacturing

process owing thereto.



Henplgyed because decrease in filmthickness results in degradation of
orientation property. Mreover, fromthe view point of increase in both
coercive force and S/INratio, there is a nmethod of increasing 5 Pt
concentration in a nmagnetic |layer as an ordinary method of increasing
coercive force. However, since the atormi¢ radius of Pt is larger than that
of Co, the main conponent of the magnetic |ayer, increase in Pt
concentration increases a lattice paraneter of the nmagnetic |ayer

Al t hough, main 10 i | a j teppti to _increase
coer ciu\g/e forlce by g?%ﬁ%%?%bggrtggg?gr é?fggﬁmﬁﬁngﬁﬁg},@gygm' Fa’inpﬁiﬁﬁﬂgby

enhanci ng @pCePEB! 6Bt EH ORELSYs Ofrad ig 1ay ipcrease.in the
| atti ce paranmeter of the nagﬁ%?icrlayer u%&t%ﬁtﬁ%e%%zﬁé §e£$nr?ﬁ%ePt

concent r at foncen| B¢ Pesa dhdder eveec ide | Stdeh &b i £8a pl@é@fi?%ﬁé%?l?fér}@e@ the

under layer and the magnetic |ayer and acts in the directi pr evenjtci ng
epi taxi al amodfh pndpariendnd i an MITBNeerERtt Pl thde vRgpesySrl ayer.

Consequently, the increase in the Pt concentration aimng Increase in
coerchbve foeneitieely swith degriadama h mfo2ds S/ ParBdt Lo d( S8 SasHpid a
coercive force to the contrary. In case of a CoCrPtB system nmagnetic | ayer
i ntrinsi ca$hglpboorriation ein afilom thiopardys conpsielll tva i SO Ntn onalm
magnetic |ayer, increase in coercive force by increasing Pt content has
been di f fiE¥mabemustte ha ald 25 niaidant firare fidln efemiathien  Furt her,

al though an addition el enment B characteristic of a CoCrPtB system magnetic
| ayer has S§PeTatprehihat diavedrdtadionp Fneblanatiduein dhes grain

ref i nement eftgct in the magnetic |ayer, there is such a problemthat

i ncrease i P FOFEHY A5 TL AT BAEnatiE Feaardiarg mafimseigdt aand does
not g4 ve N delcTon] e c nt, of . S/Nratio, 5 and fraomthis point of

Vi ewi,?b i nc?(gbase A oggaelr cl @]efecgjﬁjcelagfli SEh SRS BIRELY Hd@bdgefo be

di fficult.g Wdhs {1698 I it S ndifficult to

over cone the pr obﬁem%ﬁﬁﬁgﬁ?%ﬁlﬁcﬁfggﬁ Yilﬁalrr%é)ﬁgﬁ‘ﬁg TFRGENF by

enpl oyi ng redB¥aI8ld md@Yls .comprising a 10 CoCrPtB system al l oy, which is
recently being introduced and even by trying to inprove it using publicly

known art. Besi desgsuitancemii tifey@ W BREd )61.{94(%{&’9@% Q@ thermal
fluctuation property has been required in recent years. 71 er mal

fluctuati gredardingh devilveneuehoast HaD ,S iogitairsedeGer GedhoRt & radpTRaNehis¢
recordi ng nmedium attenuates after a certain duration and the recorded

si gidl s r @pedactariag adedd efelthef magdeticnaeserdnadf ideslilcy tilse recorded
signals are turned unable to be read out. This is due to the 20 fact that,
si nce i ncrdddd s FOSVRIVaUE Qs variagipnsoddererorddsgope rforaanerdofor

i ncreasing recordi.ng density, refinenent of magnetic grains in a magnetic

| ayer has ZAIPEEEINERY: 85 FRLChothgYgAER BoUNSARA: beFaugrablfe theiwmi t hst and

di sturbange oy Rer IRy §RCLAY 20T L0 ERY SURSr paramm %ggiaie%ty, NLTS
property compared to a conventional magnetic layer.

20 For a method of solving these problems, it is
proposed as described in USP No. 5,523,173 that a film of a
magnetic layer is formed by applying —300 V, a negatilve bias
on a substrate.

Moreover, for another method as described in USP No.

25 6,143,388, proposed is that an onset layer is inserted
between a under layer and a magnetic layer. That is to say,

it aims to improve orientation property of the magnetic layer



25 state has been generated and consequently, thernomagnetic aftereffect

" has *appeared remarkably. That is to say, an increase in S/Nratio and an
enhancenent of resistance 4 against thermal fluctuation are in a
tradeoff relationship with each other. Although increase in coercive force
is counted one nmethod of enhancing resisfance against thermal fluctuation,
the increase in coercive force is in a tradeoff 5 relation with other
magneti c properties or magnetic recording properties, and therefore it is
difficult fo find out a solution with e. As result of.  earnest, research
and devel CEVETRS G SHRIRTER Y RAT 19 | ERAIL G AN eGP AR rHBHE (RECbr obl e
born 10 by npdern magnetic |ayers and may, .respond to demand for high
density r SR BTAhET THA Hr &b RETHRA L T &1 TR HART & Peghet i c

recordi ng nmedi um n@é@%v%irc .Ipéeghtl?%erﬁ)géﬂgdf(g# gg?%fﬁll?in%bﬁ@ 51@9% as well

an O Wproperty a proper eing a e anced, an S/ N

ratio bei g Al s d0dien AP inhanaoth 1P IR G IRRIIIn LY Ustuati on

bei ng able to be high, conventional tradeoff beling able to ed and

manufgct urdMoe vd & £h el Y A Ed01Re MR+, Cancdmebtsd ned by

pronoting isolation of magnetic grains in a surface of the magnetic |ayer
and by i ntrQaHed oy | IirdRal AL AN G e SUE r e ansid Usdd Qi tWiatn may
include a magnetic flux circuit easy for a recording nagnetic field to
penetr at e a miagridiel sraigedr ccdnepreirs iofg tdeC Pl ctanecormlirtthaedi um 25
SUMVARY OF THE I NVENTION In order to achieve the above objects, the present
i nventi on ¢ortendeing hend claoxa mgradolests t wespecially varioLCorstblams on 1) A
magneti ¢ recordi ng medi um conprising at |least: a substrate; a magnetic

| ayer for nmeglaninhetemmiufactunen eh magedga ingeqrding ingfiuwnserorm or med on
t he magnetic layer, wherein said segregation pronoting |ayer contains 5
segriat i SRRV i TRFABTFEhtES S e meEhad ofa IRFgEdng Rperonfi®tii on
of said netic |layer to pronote the isolation of ghetic grains in the
curface | ayirehaneRseed Ashafih M orb 4 TP IR o A AL R
descri bed &n constituent 1, wherein said segregation pronoting |layer is 10
made of a TEIErTAIY H 'ng a higher nagnetic perneability than said magnetic

| ayer. (Constituti \Aﬁ;eefgl%r;y'sal &fbg@cgggwgig%méiﬁ?é%{ﬂ bedh i ve

constituent 1 or 2, segregation promoting Tayer 1s nede of
material  caitad % CRnifh Forrh W |rdso b e HAAAMH P L PTL I &1 enent s

consisting of at |east one

15 recording medium, and on the other hand there has always been
a demand for increasing in S/N ratio (Signal to Noise ratio:
SNR) .

Although there is a method of increasing Cr

concentration in a magnetic layer as an ordinary method of

20 improving S/N ratio, employment of this approach has been
relatively difficult, because increase in Cr content degrades
orientation property of the magnetic layer, especially for
the magnetic layer comprising a CoCrPtB-system alloy with
intrinsically poor orientation property.

25 As another method of improving S/N ratio, a method

of decreasing film thickness of a magnetic layer, aiming low

Mrt and reducing medium noises has also been difficult to be



el enment selected fromTa, Wand C, and anong the contents of the elenents
conttai ned in said segregation pronoting layer, the Cr content is in a range
of 10 ate to 30 ate and the contents of the segregation pronoting el enents
selected from20 Ta, Wand C are in a range of 0.3 ate to 10 ate.
(Constitution anyone of the |ayer is made -anong the con 25 | ayer, the Pt
content is in (Constitution 4) The nmagnetic recordi ng nmedi um described in
constituents from1l to 3, wherein said magnetic of a material containing

Co, Pt andyfp1cidh idausd dde<l-amant sioantaiinghdds Saighimgngti c content
isin arange of 5to 20 ate and the B a range of 0.5 ate and 10 ate. 5)

The magnetd gt dm G MRAiwhtdasen edpdrty. - 10 anyone of the
constituents from1l to 4, wherein Bis added in O - 10 ate to the surface

of sai d segregati MofE®ret | rdmyiHe iCangidint ich Hcridwsdragnaidth
recordi ng nmedi um described in anyone of the constituents from1l to 5,
wher ei n a dadmaisrd Hiordore s dfS /Mairch tsiegr edpatrieon spraomettinegl |y eimdre ds ing/0~
and still smaller than a fil mthickness of said magnetic |ayer.

(Consi i t uthtorechicen ghian diy ec ovadined: e diaye @gpransionflistadyeastthodl of
substrate; a magnetic |layer formed on the substrate; and an upper |ayer

f or med on inwremgng Qedrgisie fgrecei n Hoaleyern pdaes ithe atomic nagdaisof a
material containing Co, Pt and B, and anong the contents of the elenments
cont ai ned 9% Railf g‘a’g‘r%i—’i dhagy dhaty o Iﬁtolcg:rll’leema]i% qarpenestgeHothe to 20
ate and the B content is in a range of 0.5 ate to 10 ate; and said upper

layer is MGG 1SS dPFERSE dith§ teFORFPIEEA U™ JRHied5es d east one
el ement SPJI! etctt.ede fraom L o WO%ndc[ Ce:, ancljle n%nﬁtac%r},_jt _entA;Lt fo t he el enents
cont ai ned 1" said KPPl 1%y &, Tive "GN EomentYi® fin YNGR oo ate to 30
at $ gnd the, fONL e & ohnddle 1HRIPNS AAGEIANS RN TR AL L AG N 2

0.3 at I ng

range of e to ate. Constitution hée magnetic recor

medi um desgyi ety Hrobing! i thx e Rkt 1t RGN IN rhgrigit Qnl© 2

surface of said upper layer. (Constitution 9) The magnetic recording medi um
descri bed gy SIS ettt i%n WIRARI Y dfl laMrdaneties 3 sRferSaitthelpper 25

layer is 5 - 70~ and still smaller than a filmthickness of said magnetic
| ayer. (Cangirdddd dam e Tl tmgnglErametear dfndhee didgneddasc liayed idue
to the increase in the Pt concentration enlarges difference
15 in the lattice parameters between the under layer and the
magnetic layer and acts in the direction of preventing
epitaxial growth and orientation enhancement of the magnetic
layer. Consequently, the increase in the Pt concentration
aiming increase in coercive force results in degradation of
20 S/N ratio and decrease in coercive force to the contrary.
In case of a CoCrPtB system magnetic layer
intrinsically poor in orientation property compared to a
conventional magnetic layer, increase in coercive force by
increasing Pt content has been difficult because the above
25 tradeoff are so remarkable.

Further, although an addition element B

characteristic of a CoCrPtB system magnetic layer has an



A

- 11 constituents 1 or 7, wherein said nmagnetic |ayer is separated by a
spacer | ayer conposed of a nonmagnetic substance, and the separated
magnetic layers are in anti-ferronmagnetic coupling state with each other. 5
By maki ng a magnetic recordi ng medi um have such a configuration that an
upper layer is forned on a surface of a Jmgnetic |ayer and segregation
pronoting elenents are contained in the upper |layer in order to nake the
upper layer act as a segregation pronoting |layer and they are diffused 10

into a nei ghborhood of the surface, f the nagnetic Jayer, said segregation
pronot i ng FERIAYE % FIRETTITR Y RS Hortt rﬁ?ﬁl?rﬁfﬁﬁﬂﬁﬂéhE

| d d i ins_in th face |
ot i on of R ehetie Mgt Hh oL TG e o Bratie & SEa DRt r om one
ther 15 nakj i i net | i jes of
The. cur f ackeayare paP iy Cof ARELER HELMRORR fhd RRA NRPIRIRIE O 0
the magnetdgedecorfl ng,dedi dfvéééfrg é}%pﬁ%e%ﬂ%r{fé&@% 'fﬁqeoﬁaéﬂ?,

surface Iayer portion are selectiv ect o

segregat i ogh @O0 "atd & BITESE Sy AdIEr ebrta I PRY &5k Axs e rdd1gypur f ace
| ayer portion of the magnetic |ayer because the segregation pronoting

el ements afcrkisihid frusesbserttths BRdH AEFGRGRH ON OF THE DRAW NGS 25
Fig. 1 is a cross-sectional structure of an enbodi ment of a magnetic

recordi ng medi um agLol dieagatd tdethps esiedve | pvenieme, it-hd® bdeafg. 2 IS a
graph showi ng the rel ationship between a signal output and an O W property.
Fig. 3 is @&iffiaphltshowowpetdmene eiled ipprdiligmbeinmbetro gprsomgiiad  idyrkiseanich an
NLTS property. 5 Fig. 4 is a graph showing the relationship between a

si gnal outyreoticharegN tathy. e lpyind a anagngihl & hayery adep i iatd @énshi p
between a Mt and a coercive force(Hc). Fig. 6 is a graph show ng the

rel at® onsHr BRI M A MY arthifh det dsremyarkaidss (iryroduced and

even by trying to improve it using publicly known art.

Besides, enhancement of a new property referred to a
thermal fluctuation property has been required in recent
years.

15 Thermal fluctuation is such a phenomenon that
signals recorded onto a magnetic recording medium attenuates
after a certain duration and the recorded signals reduces as
low as a level of medium noise and finally the recorded
signals are turned unable to be read out. This is due to the

20 fact that, since increase in S/N ratio was tried in order to
respond to demand for increasing recording density,
refinement of magnetic grains 1n a magnetic layer has been
executed too far for magnetization to be unable to withstand
disturbance by thermal energy and thereby super paramagnetic

25 state has been generated and consequently, thermomagnetic
aftereffect has appeared remarkably. That is to say, an

increase in S/N ratio and an enhancement of resistance



Fig. 7 is a graph showing the relationship between a carrier signal
"recording density and a normalized nmediumnoise. Fig. 8 is a
cross-sectional structure of another 15 enbodi nent of the nagnetic
recordi ng medi um according to the present invention. DETAI LED DESCRI PTI ON
OF THE INVENTION In this magnetic recordgng nedium O Woproperty and 20
NLTS property can be inproved attenpting increase in coercive force and
enhancenment of a coercive squareness of the magnetic layer, and S/N ratio

ot he: maghBtPEET apRer Tl of DAyt IaR it e oe desiT be tRLrbrofgpis” ™
to the i Fayet | et RSt oh] .
[ ncr easi ng, £her gl ve foce cap B, oapl pyed., s descilbed, abpyg.e i perease in

coercive ageolis T0 Tncreasing recording y and is al so

able - 1§%uﬁ€e§ Gfeff5A S&@”&ﬁx%?@ir?gtzfé@é{%c%'té‘%ﬂ%% Othdiihal 45 al so

n
descri bed above, the increase 1n coercl orce oug

orientat| 9@1@%@@&&% Of tfid1e; JBANELd Cih Y&Ercife IENEES! £ ALk OMPRRYA ¢ £

decrease in the coerclive squareness, to 5 degrade O Wproperty and NLTS

propegty angh SVESh 1wi e &S i RIeny Spf Sp &PhedE oS/ b dd t Lo f&w\@ﬁ/&{n?
m

since said upper layer near the surface portion in the direction of fi

t hi ckness pfopderi@gneind twyesfdes Bt MHhaF N @l t oto af m@ho¥ W property
and a high NLTS property, the magnetic recording 10 nedium can be rel eased
fromthe resitvueiot Wwyth heassadeof f, which has been conventionally hard to
be sol ved, by having selectively enhanced the nmagnetic properties and
magneti c recordi ngAprapeesubt of ¢hcnestyresednck aodtdevebdpmértnegnetic

| ayer, and it can be such as to be increased easily 15 in recording
density. Femchher new amagnetic ohaysdr cartinay forercing theerdbleme daern
variati on can be achi eved and al so the_coercive squareness can_be enhanced.
Thr oli§h t heY dRRRRTMORIIRRIELC A B t 3R] MRAY i e TPUIA JbP g4 cE 9% dbk e ng

nedi unms and nagnetic recordi ng devices can be increased.
égnsﬁky recoréfhg, éhe present {hventersehave invented that a

magnetic recording medium, with which high coercive force can
be obtained, as well an O/W property and an NLTS property
being able to be enhanced, an S/N ratio being able to be also

15 enhanced, resistance to thermal fluctuation being able to be
high, conventional tradeoff being able to be avoided and
manufacturing yield being able to be excellent, can be
obtained by promoting isolation of magnetic grains in a
surface of the magnetic layer and by introducing into the

20 magnetic layer such a construction that may include a
magnetic flux circuit easy for a recording magnetic field to
penetrate into the magnetic layer of the magnetic recording

medium.

25 SUMMARY OF THE INVENTION
In order to achieve the above objects, the present

invention includes the following constituents.



Moreover, the fact that the upper |ayer conprises a material having a high
" maghetic perneability than the magnetic |ayer pronotes the above-nentioned
effect. 25 The reason is that having high perneability equals namely being
easy to be penetrated therein by magnetic flux. By form ng the upper |ayer
conprising the material with high - 149 magnetic perneability than that
of the magnetic layer, introduction and penetration of a recording nmagnetic
field into the magnetic |layer are pronoted. As a result, the recording

portton of (et tEgRAeh 7 Ekmaait R Rveliing BrEGuhAdim i fada "

the. mgnet 1T f PUREERHET of ud GFELEY "R THORI SURAS Bms PEMER: 1
Concer ned, Sk chat THE TEn Tty Qe 0fs AR CRORh | O Sl (FadlPELe cni 0 o
atto | o e d R o O e g e S TS Cannot. be

done gqual §eéflﬁéa’éﬂ% %ﬁ‘é‘tﬁéﬁiﬁ@eeieﬁﬁ@ﬂf& Neh{ O NeL £ S gD ad St d N 19ureS€e Of
overwriting and that W property is poor. Besides, while it is described

above that1dNdS pSOPRSH Yof Ss@iPaArAdrened Thyd:er€d oer &fd e efhani S61aked on
magneti zati on reversal position, which acts as a magnetically recorded

i nformati onf meanghd ticc agreethgpain ttlon durfaee reawsxdipgriaican gnal 20 on a
medi um by a nmagnetic head, and is referred to nonlinear bit shift, in the
present i nl/onsohtuthibweva) , Thecwaghelicragprerding ehell fumndeser teetetn ¢ head
is easy to be introduced and to penetrate into a recordi ng magnetic |ayer
and an ai neensickiitent hngerelin |$pd Qi $IFeIBIPH PTRAEN D SLaNE T ns
recordi ng, because the upper portion of the recording magnetic |ayer is
prock@sed TAhRe Hitht tHRVIRG rfe dbt IR]Y  MagRs ek RGN LEY nghan

di sturbance factors tic'1a 15 which distort a witing nmagnetic field from
the head atRfUifAMTEHOMIFRERr Iy the nagnetization reversal position

undes 20 o 06, TRENSH LEECAAD NSRS ROSHAAN, SR HHALELY fcor oo

. 11}/
on the ai 1 on. nseq I Nncrease coerclive

force of gﬁggg%' for Mohein re&eay di éﬁ%ﬁg : ﬁgggﬁﬁi

recordi ngacrre rum E‘car\llif’ ﬁ%eﬁ g% r‘iﬂ& st ar}lce agg%é;l% erérrrglpr?? uctua i%ar?,’er
enhanced r£€FLH % O DAL {d £5a B Usdh 881 Th P W AP &EE Yas afe L Taxs Property,
high S/N ratio, being released 10 fromnutual tradeoff restraint and easy

t 0 i DSr easge e €li Gy Whedind € Vn ¢ adTl dige ot addrash s thind heff ,atSi 1es NLJfe property
and O/ Wproperty are enhanced, manufacturing yield of recording nediuns and
manuf act urehemente| sk dctret of bmmdlale W cesd af £ ald camony edsedtontents of
the elements contained in said segregation promoting layer,
the Cr content is in a range of 10 at% to 30 at% and the
contents of the segregation promoting elements selected from
20 Ta, W and C are in a range of 0.3 at%¥ to 10 at%.
(Constitution 4) The magnetic recording medium described in
anyone of the constituents from 1 to 3, wherein said magnetic
layer is made of a material containing Co, Pt and B, and
among the contents of the elements contained in said magnetic
25 layer, the Pt content is in a range of 5 to 20 at% and the B

content is in a range of 0.5 at% and 10 at%.

(Constitution 5) The magnetic recording medium described in



15 Besides, although stabilization of coercive force is achieved by a

" segregation pronoting |layer of said upper |ayer, a tendency toward slight
decrease in coercive force about the Mt is observed. Therefore, when Mt
is controlled to be 0.2 - 0.6 nemu/cnR, preferably 0.2 - 0.5 nenu/cni,
variation of 20 coercive force due to_prgcess variation factors can be
restrained to an extrenely small anmount resulting in high useful ness. In
order to restrain this tendency toward snmall decrease in coercive force by
t he segregation pronoting |layer, 25 a thickness of the se%gegatlon

promot i ng ARERAe iaf ddied G 5 Uenss. Ianetlerdl 4. MRARein -B st adgiefeln he
ef fect of sald se atiqon pronpting layer_is too small with thickness |ess
- 16 tharP 5~ 4h g{'t g:%fffltfttsucﬁ faght o%?ﬁ%éfeg#%%wrbiww;&e bR

evi dent W¢f20 qi t han 70~,. and eit er ca referable.
Furth 4 Rk s T R neY g Sopred oin

plrJ(raf e(ra;bl y. smal I eor t an toﬁat { u n:e %gqe?ﬁ V\hen t egregati on
pronot i ng Ef% sf t rnstfh Fhe? f | cqme’ss o‘? THe ?mfgﬁé‘?l c layer,
decrease i ms%@ﬁlassépq it ddh Hildor (il MLy dk TRl & 1 815 g gs the

segregati on pronoting layer gnetic materi al at

I ncl udes & seol &Gl R 9 Bl &Iik{ds SIUF a5 tntlfgor?éﬁglrc?

pronoting el ements such as Ta, W C, and has high perneability §}nce t hese
segr egat i ofcdi N tiGre ! BeN thfa ghfe D Y b 1S BIH f Gl d 1A B¥hpHFEsdidip bl e in
Co, they are difficult to diffuse in the segregation pronoting |ayer and

t hereby | eagdstouta isits iddtsSurd atyrenies 1fydierormetdr 4y edudtkate;
penetrate into the upper surface |ayer side of the nagnetic |ayer and

segr egat e aarduard upggretliayeyr doxsndd D titsoInetgnethiec rMegyreat,| whgsmeins adidh one
another in the surface |ayer of the nagnetic |ayer. \Wen the above

requi® enemagreete G ataysn des wiade o @y argtatial gomtadining (et iR asl the
segregation pronotin ayer referable material for the segregation
25 pronot ifﬁgf %}%rﬁqq*réﬂ’rtéiqlﬂ$éi@1telcﬁm%@1 g hRdistd iy sad nut ual

i nsol ubilit W|th sald segr.egat.i on rormtln el enents, counted in are a
Co- syst emBHIREE 16 g e FioGOtent A %t%m%q%ffcémta fihg'd
segregation enent G and furth t em . al

cont ai ni nd® rﬂo H%r? SFI é%ng:faqmﬁclrsedﬁ Ty "EBE cf&re % 05r r"‘m%(b system

al | oy and ¢ SYRA A ROl ol g %cctaefa LY R

segregat i on pro i'ng €l enment are pre Face o

Ta, Wand fng Witdd WY ghddie o?ﬁarmel%‘?r@'r&g@él%ted from Ta, W and C, and

among contents of the elements contained in said upper layer,
the Cr content is in a range of 10 at% to 30 at$ and the
contents of the elements selected from Ta, W and C are in a
range of 0.3 at% to 10 at%.

20 (Constitution 8) The magnetic recording medium described in
constituent 7, wherein B is added in 0 - 10 at% to a surface
of said upper layer.

(Constitution 9) The magnetic recording medium described in
constituents 7 or 8, wherein a f£ilm thickness of said upper

25 layer is 5 - 70A and still smaller than a film thickness of
sald magnetic layer.

{Constitution 10) The magnetic recording medium described in



effect can be obtained, may be contained. Ta, Wand C content in these
segregation pronoting |ayers are preferably in a range of 0.3 ate to 10
ate, 10 desirably in a range of 0.5 ate to 8 ate. Below 0.3 ate segregation
pronoting effect is too snmall and beyond 10 ate appears an action degradi ng
orientation property of the magnetic layér- Materials and their
conpositional ratios can be appropriately adapted as far as said effects
are not lost. 15 An advantage in case of containing C in a segregation

promoting é&}}’s‘a{j]ﬂlfex{ b pgnet i“ﬁ}éfgﬁ{ as%ic?'?n JE o e %fﬁ?}éf‘&éé
urged to be isolate y as a function of the segregation prormoting
layer. |n g fOIdRNBPIGRSS mfded g Ifodmy@let fd | Sl dRdd Oy each

| ayer 20 after heating a substrate is an ordinary nmanner and a tenperature

relativel yedViisar@is WRynBanetifyd @y &ird sid Yed AsrroiddriBtivgnetic
i solation of magnetic grains by C is liable to be insufficient at a | ow

substrat e dAIRENR Wit AR IO RERMIGEHer Medi um noi se i ncreases and S/N 25
ratio i s degraded. However, by using the segregation pronoting |ayer these

probl®ens can be sdwathlainh S Magie i€ are derddidtmedign have 18ucHhe Cr
content in the segregation pronoting layer is preferably in a range of 10
ate to 30 auref iguraddigin diflat ian axppamealayfer Siaatforme® omtae . sBfiave KE at e
the above Cr effect is not evident and beyond 30 ate appears an effect
decr easi nghaInsdtig didver maghadangdadiial nuemaiitfaed amgndys e i on of t he
magnetic |layer and either case is not preferable. As to a far preferable
enbodi mentCHFtaiedeighdiiec YRRSH: didiPheldt BRI drlimke e pRags ektyer
invention, it is preferable that B is, adgsd to the surface, on the side 10

t
opposi te A% SLFGIRRIATINT EFLIAAGMG AAVH Hhdiiey 3 iEHad is, the
f , th i ide of th i ting | . Th
ensth 1 & THAL by LA R Pohd GG O ol O SOt on
Genaral 1y ot Aot oy I R S B e AR R & Sl o

medi um noi S8 ¥R tRA WP %ﬂé%%&ﬂ@&ﬁéﬁrarﬁﬁiﬂ&fr% Padddid IS,

it corresponds to recording at O of a recording frequency) and AC medi um
noi se neangadirAiilengieiiss e HHdGuiifieie heivy REANded 1y e Wdyietis high
frequency 20 recording). Further, by neans of the segregation pronoting
| ayer accdaralterg dral tihe meggetiid rueiinOmrd tidel gressifren tonet Giigtderc ut
w dt h of DC nedi um noi se and cut width of AC nedi um noi se respectively, and
bal akfce ofmakimgnimitgnedfi O mdintheariaysl areyrizs: IAC meshingdhng i et s
controll ed appropriately depending on the purpose. A nethod to add B into
t he segredi itdve prugfisdengayer portion of the magnetic layer enhanced.
That is to say, the magnetic recording medium is
such as the magnetic properties of the surface layer portion
are selectively modified. The effect of the segregation
20 promoting elements thereon is suppressed except the surface
layer portion of the magnetic layer because the segregation

promoting elements are not diffused so much.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Fig. 1 is a cross-sectional structure of an
embodiment of a magnetlc recording medium according to the

present invention.



- 19 layer can be realized by enploying such a nethod that the segregation
" pronption layer is configured to be nmulti-layered and a B cont ai ni ng
material is used for the segregation pronoting |layer on the magnetic head
side, or that Bis 5 inplanted into the segregation pronoting |ayer by ion
i npl antati on. Moreover, by conbining thég8e-nethod, a magnetic layer - a
segregation pronoting |ayer structure or a magnetic |layer - a segregation
pronoting |layer - a B added segregation pronoting |layer structure can be

formed by means 1Gr4f 0pnid of |dMghr bR LANCEIS TAL1 SR dhsh S BBGRSLA C | ayer

continuously or stepw se during formation of the nmagnetic l'ayer. Further, B

content i nsitdity1SeAGEA! M8 RHIOOMW rdpsedy i s preferably O - 10 ate, and
desirably 0 - 8 ate. 15 Beyond 10 ate, degradation effect on an orientation
property will appedig. Besigles,grapmtsidwingftiderdibgnidnshipyes twesorai ng
to the present invention is not particularly confined. For the magnetic

| ayer, forsiexaiplentpmcurdnel] saar NITS: pibddtyy. material s such as CoCrPtB
system CoCrPtTa system CoCrPtN system CoCrPt system CoCrN Ta system
CoCr Ta system CoQiiy. system OuEdiPtshaBvioystte rebagldrsEnp dettiday a
containing Pt is preferable for the present invention because it has the
magnet i ¢ |shgraiqttmitgensbarnciS/d fmatde. 25 Further, fromthe
above-nentioned object, the present invention prefers the CoCrPtB system
magnetic | ayer, h i3 s PR o i Rl hrershii hriveemea
magneti c grains - 20 and can display the effect thereof. Further, these
magnet i ¢ ﬂﬁ?bﬁ%“%mﬁlQﬁ?gﬁ%%QEQQQ?QJ %) nonmagneti ¢ substance, a paramagneti c

order 10’5 enhancd G T ¢ o b DS R L CATHRIT I | R . s
doood Do P a3 BRI | BLontl s separated by a nonmegnet o
10 Ferrommgnet fc col i ng 111 M T deia s R P g Bwedt £t
carrier signal recording density and a normalized medium
noise.
Fig. 8 1s a cross-sectional structure of another

15 embodiment of the magnetic recording medium according to the

present invention.

DETAILED DESCRIPTION OF THE INVENTION
In this magnetic recording medium, O/W property and
20 NLTS property can be improved attemptiling increase in coercilve
force and enhancement of a coercive squareness of the
magnetic layer, and S/N ratio can also be enhanced improving
resistance against thermal fluctuation.
As to the magnetic layer main body, the above-
25 described deslgn for increasing coercive force can be
employed. As described above, increase in coercive force 1s

advantageous to increasing recording density and 1s also able



the magnetic | ayer concerned has a magnetic |ayer structure including a
“first magnetic |ayer conprising a ferromagnetic material for controlling
anti-ferromagneti c exchange interaction, a second magnetic |ayer conprising
a 15 ferromagnetic material and a spacer |ayer fornmed between said first
magnetic | ayer and said second nmagnetic_| ayer, conprising a nonmagnetic
subst ance for inducing the anti ferroﬁaéﬁeric exchange interaction. In this
case, it is not necessary that the 20 conpositions and the filmthicknesses
of said first magnetic |ayer and said second nmagnetic | ayer separated by

t he spacertd atfardee ddi Saise aghidiey Hermdpripidcaiet doradapt echdis far as
the anti-ferronmagnetic exchange interaction is not spoiled. The magnetic
| ayer conpalso nipsaoriAie@d fadawecartizb imesteagan irheromtciveiciarte cugihentosrenon
and thereby resistance against thermal fluctuation is enhanced because it

i s separ at@Gaiyinden aapiaydratligrerpmmyrtisiol theioragngietd clayer 21to subst ance
and said separated nmagnetic |ayers are coupled anti-ferromagnetic with each
ot her vi a galierafifacacdmpanyinghdlareasgpam ithe areerghed arquarenfess + o
present invention. There have been the problens for the magnetic |ayer 5
conpr? si ndegradec /W Rraparty and NS iRFReYWIRDFIY thden NLTS
property conpared to those of the nmagnetic Iayer w thout any AFC fil ns

because’ t HELFaRtaIeWH e aldeh = N el © | afiivevg iy Sinpe said

oper atiOn_ueggeerCtlaeyQar}ar}lCeianxg ttthe s('z:{rviyace portion in the direction of film

thickness of the magnetic layer has a high S/N ratio, a high
O/W property and a high NLTS property, the magnetic recording

10 medium can be released from the restraint by the tradeoff,
which has been conventionally hard to be solved, by having
selectively enhanced the magnetic properties and magnetic
recording properties of the only surface portion of the
magnetic layer, and it can be such as to be increased easily

15 in recording density.

Further, stabilization of coercive force for a small
process variation can be achieved and also the coercive
squareness can be enhanced.

Through the above workings, manufacturing yield of

20 magnetic recording mediums and magnetic recording devices can
be increased.

Moreover, the fact that the upper layer comprises a
material having a high magnetic permeability than the
magnetic layer promotes the above-mentioned effect.

25 The reason is that having high permeability equals

namely being easy to be penetrated therein by magnetic flux.

By forming the upper layer comprising the material with high



10 property and the NLTS property can be obtained according to the present
“invention, applying the present invention to a magnetic recordi ng nedi um
with an AFC filmis especially useful, because of the ability to enhance
resi stance agai nst thermal fluctuation w thout degradation of O Wproperty
and 15 the NLTS property. In the presentginovention, it is preferable that
the filmthickness of said spacer |ayer conprising a nonnagnetic substance
is 4~ - 10~., particularly 7~- 9~ because resi stance agai nst thermal
fluctuation i s enhanced thr.ough timym 20 | nteraction of

< RERRAAHG- et videan

anti-ferrdt T tR %e‘iqec PAGRE LG LY spacer
Ve o AR P AR & B L R ol o R
h W i i ' f th
coher enoY 40 41E JBRAIEAC BNy TELMAPLS K7L SUAL O MWD Of the
Ru, CoRu, N : : ed - T &?é@:i-' i £h ' - 22 i
particul arl y%%%ﬁga_ﬁ&stﬁ%e@lt ed }Bsgr at'| onélgwgmp%é@'le%gfsa%%i d spaICZr
|ayersis gl A0did 1 GNG] 1o/ 1 MEN Jdie IBONSE | 1d EInd 51 MUY Eth e an

AFC filmstructure) the filmthickness of the first™ 5 magnetic |ayer

conpr i si NGy frd @ 1 BN &y fir JRSIEIH P t HO Ts it F i d ) NEh @Yol d BEned ¢ &4
exchange interaction is preferably 5 - 80~. Bel ow 5~ or beyond 80~,

oper at i on-dd@edim dgdithEianNtiotl MeREetdf i hengtet ¢ eraedt on my
turn insufficient. Further, using a~Co alloy, especially a 10 CoCr alloy is
pr ef er abl eéHegr tHexrd iassits hregrye they i cnse rirh adesu S grest ist dregeemgian ndiidiher mal
fluctuation is enhanced. Wien the CoCr alloy is used for the first nagnetic
| ayer, thethomayingtedlrecanding h@s Inafs hdem doheatwh oyl difes aldpebecause
operation-effect on controlling anti-ferromagnetic 15 exchange interaction
is ikHer eas]eﬂilerl'r@ftﬁﬁﬁt%i:t imseHle triad td Qf RekerfRfnaf thif qroxtion is
appropri ately adapt ed dependi ng on . .
brdad and intensity of recording signal is small and medium
noise is lincreased and therefore S/N ratio is degraded
therein. And, the fact that saturated recording cannot be
done equals that there exist the remaining former signals in
15 case of overwriting and that O/W property is poor. Besides,
while it is described above that NLTS property is a
positional difference between an actual magnetization
reversal position, which acts as a magnetically recorded
information, and the aimed position during recording a signal
20 on a medium by a magnetic head, and is referred to nonlinear
bit shift, in the present invention, however, recording
magnetic field from the magnetic head is easy to be
introduced and to penetrate into a recording magnetic layer
and an aimed accurate magnetic flux circuit can be formed
25 during recording, because the upper portion of the recording

magnetic layer is processed to have high magnetic

permeability. Therefore, suppressing disturbance factors,



the magnetic properties and nagnetic recording properties required. For
exanple, Co: 45 - 89 at% Pt: 5 - 20 at% B: 0.5 - 10 at%is preferable for
the magnetic |ayer of CoPtB 20 systemalloy and Cr: 5 - 25 at% for the
magnetic |layer additionally containing C. The filmthickness of the
magnetic |layer is constrained to sone.ejtent in order to obtain the desired
Mt and is appropriately adapted dependi ng on the conposition of 25 the
magnetic | ayer. Further, an onset |layer 50 (a non-ferronagnetic onset |ayer

ot ween arMirdbrAFSYErE 40 otk P hAUpT L F ke | Qo ety ipcsad ‘and® '
for exanpl et s b A SR A 0 SR R B the
f err omagnet | a . . CoCr Pt
CoPt Ta)gCg%r%(?e%{Srgftsllatl,L ! %W&ﬁé%?%%ﬂf%e&%g %rgeb%nset | ayer
I S appr opr] ﬂf‘&? LR85 GBS e and Mt of 10 the
magngltoi cpliflée&%%&?gﬁb pre y{a[)ﬁ/é)rl% - SSQ,Selng)}r?ée&breferabl y 15 - 60~.

Further, when the @fsedqhéwel ,coaﬁérﬁrgﬁiﬁ?em@feasér@Hasaéfévanf(éfcéay_er
51 and the ferromagneticC onsé¥ | ayer 52, the preferable range of each film

t hi ckness ¢ é%@?ﬁ%ﬁf@'ﬂaﬁr £ reihe® reddrainy ichénsfilfﬁf,h&c%] mddetidm
0}

t hi ckness ratio he non-ferromagneti c onset |ayer 51 to the
f err omagnetécoxmibed rheayium Jravide Hidhn tds tdtasse cdgd hestiothddiid pnagnet i ¢
onset layer / the filmthickness of the ferromagnetic onset |ayer) is
desirabl y Bl tudiBon 20rhandst ragoing piomictiemysieh aislegh iOUW t hese
onset layers in order to enhance S/Nratio in view of refinenent of
crystal |l i receperty sige NLTS property, high S/N ratio, being released

10 from mutual tradeoff restraint and easy to increase recording

density can be obtained.

Further, since NLTS property and O/W property are
enhanced, manufacturing yield of recording mediums and
manufacturing yield of recording devices are also increased.

15 Besides, although stabilization of coercive force is
achieved by a segregation promoting layer of sald upper layer,
a tendency toward slight decrease in coercive force about the
Mrt is observed. Therefore, when Mrt is controlled to be 0.2
- 0.6 memu/cm®, preferably 0.2 - 0.5 memu/cm?, variation of

20 coercive force due to process variation factors can be
restrained to an extremely small amount resulting in high
usefulness.

In order to restrain this tendency toward small
decrease 1n coercive force by the segregation promoting layer,

25 a thickness of the segregation promoting layer is good from 5

- 70A, preferably from 10 - 50A. Since the effect of said

segregation promoting layer is too small with thickness less



As the nmethod of adding these elenents into the onset |ayer, there are a

" met Hod wherein filmformation is 25 executed by spattering under an inert
gas atnosphere with a spattering target containing these elenents and a

met hod wherein the filmformation is carried out under a m xed gas - 24
at nosphere of oxygen gas, nitrogen gas, 18i trogen nonoxi de gas, nitrogen

di oxi de gas, carbon nonoxi de gas, carbon di oxi de gas, nethane gas, anmonia
gas, cyan gas, water, or etc. mxed with inert gas by a reactive spattering

process and song, others. 5 this case, it is preferable to add these

el ements i M tHe ?‘Fbi-’fté‘? reo‘%geg‘hfet‘?% skt ‘ﬁ%%‘?g%ﬂ L COHRVECEEE R ERese
elements into the ferromagnet.ic .onset |ayer 52. The ason_i s, hecause
magnet | 2at PETOHES (REIERT OMRGhETICTIRGR TR iR | LR e RRG FHhghecase
addi tion o{stﬁgéeprgéfé@ eand the 10 function of the ferronmagnetic onset

| ayer is l'owered.” BeEsides, the segregation pronoting |layer according to the

present invention ﬁ@fﬁhQPt-ggsfﬂith%ﬂiéfﬂééé'8fC9H£iES%?% ation

record-regeneration system e magnetic recording ne as recogni zed
fromghe for&aol iy dispdss Si Ohrlor HhE e SRl r afithi NengBCHANERN t her eof .
That is to say, it is also effective in a magnetic recordi ng nedi um used
for a per At @rigweer ding systemas well as in a longitudinal recording
system Further, it is preferable to heat-treat the 20 segregation
pronoting |ayer wwhem tihe §efipegatice piaaet Digalipem ienpeldker ethas00C,
before and /or after the formation thereof, for enhancing the

oper at i on-&id eftImfthiukeesy egfattie ramaticdgldyyer demmsaegin csidmeal
present invention. The reason is because the treatnment hel ps the 25

segr egat i o pwhots ngial eaelin e ai ned in the segregation pronoting | ayer

penetrate into the surface |ayer portion of the magnetic |ayer. S- 25
In tHe following, To% adtmeerial atpdiag) HRli se9BedahionrRE@Retimgent i on
will be described further. with sone exanples. For further conparison, sone

conpari son@¥§T 1 DASEIRPIR ST i & nagngipiedateriyl G incudes a)
(Conparisons 1 -

the pr eserﬁe%&edqﬁ}? @Af%éogg%ﬁﬁi%@ éfgce)a%%} Etécg’reg?%é%%n 1?”1189"} ;;ne?f 20,
5 Soed SR SR DI e 3 STElc) L R, gRonel | et B0
layer 90 g&rfodwEr Spauaiii |thait &dAss Silisig@fotthg elements
15 promote segregation and are insoluble in Co, they are
difficult to diffuse 1n the segregation promoting layer and
thereby leach out into the surface layer of the magnetic
layer and penetrate into the upper surface layer side of the
magnetic layer and segregate around magnetic grains to
20 isolate the magnetic grains with one another in the surface
layer of the magnetic layer. When the above requirements are
satisflied with a layer, the layer will functlion as the
segregation promoting layer.
As a preferable material for the segregation
25 promoting layer, from the requirement of high permeability

and mutual insolubility with said segregation promoting

elements, counted in are a Co-system alloy, especially a CoCr



The gl ass substrate is conposed of a chemcally reinforced alum nosilicate
glass and its surface is mrrorpolished in the surface roughness of Rmax =
3.2 nm Ra =0.3 15 nm The pre-coating |ayer conprises two alloy |ayers
and an alloy film21 of a lower |ayer is conposed of a nitride filmof N P
(filmthickness: 3000 and an alloy film _of an upper layer is conposed of
a nitride filmof CZr (film 20 thickness: 30~). The atom c conpositional
ratio of Nl to Pin the alloy 21 is 80 . 20. And, the atonic conpositional
ratio of O to Zr in the alloy 22 is 60 . 40. The nitrogen content in the
al | oy filnseotemtalion cepbaining:e segredationecpromotingr edemenbyCeil m 20
is continuously forned as a 25 film by attering under _a m xed gas
atnnsphereaﬁﬂt%u¢$h350a %ﬁ@rRE spptem @&f ﬁ%%??h@lﬁﬂePEUEEtYé?E af 200cC,

the all oy S - | ayer 20 is formed_as a filmby spattering under a
br eheat o HBRERESLR. SHErlEn Tagse- OFREthor melPLETa RYAFSRNAALEY | Apds

ft heat b t 200 he hi | | ud th
composi {1 iR lR P g Ead: SLEOR: GpRbatagee ofe ?Bﬁr@r‘ﬁteﬁﬁaﬁcpa'ﬁ w0
h fil hi ck d t
R e LA R T R R
i | h fal
et oyl 10 BV M 41TV LRI Bt g .

be |nsertegfpgéweggntg@ gggginé@yqﬁaﬂob@ngoﬁpglﬂggnet|c | ayer 60. Wen the

under | ayer 50 conprises a single layer, it may be a nonmagnetic CoCr thin
film(filmthicknegs, ROapdWetBoh€enst iHCtHESeObe§Pegh®idh%paBfloELng35 at %

The magnetic | ayer 60 is a CoOrPtB alloy thin film 20 Each content of
CoCr Pt B i s1&per$0apé préreraPlpt 2 Ltradde ad£40.3 at¥ to 10 ats,

10 desirably in a range of 0.5 at% to 8 at%. Below 0.3 at%
segregation promoting effect is too small and beyond 10 at#%
appears an actlon degrading orientation property of the
magnetic layer. Materlals and their compositional ratios can
be appropriately adapted as far as sald effects are not lost.

15 An advantage in case of contalining Cr in a
segregation promoting layer is that magnetic interaction
between magnetic grains is urged to be isolated by Cr as a
function of the segregatlion promoting layer. In a forming
process of the magnetic layer, f£ilm formation of each layer

20 after heating a substrate i1s an ordinary manner and a
temperature relatively lowers when the magnetic layer is
formed as a film. Magnetic isolation of magnetic grains by
Cr is liable to be insufficient at a low substrate
temperature, and consequently medium noise increases and S/N

25 ratio is degraded.

However, by using the segregatlion promoting layer

these problems can be solved and S/N ratio can be maintained.



B: 6 at% After formng the magnetic layer, the segregation pronoting |ayer
‘70 i$ formed as a film The segregation promoting |ayers in the Exanples 1
S are CoCrPtTa alloy thin filnms. Each content of CoCrPtTa is Co: 70 at%
Cr: 19 at% Pt: 9 at% Ta: 2 at% 25 The segregation pronoting layers in
the Exanples 7 9 are CoCrTa alloy thin fglms. Each content of CoCrTa is
Co: 73 at% C: 22 at% Ta: 5 at% - 27 The Conparisons 1 - 5 are the
magnetic recordi ng medi uns on which said segregation pronoting layers 70
are not forned. Thg% are the Iike,nagggtlc recordi ng nmedi uns as the

O e Lo o T oo Lo oot ¢
| ayer 60 aﬁgeggﬁégﬁ gggaaﬁygﬁgaeﬁfség_8§ELEH_PPIﬁF%faPﬁedﬁﬁﬁgﬁP5WCRﬁe§s

TG SRR R 5 Tt o
Further o ol SRich Cafleo0eporia 98 BRY abbEabEah L RT e uEEegninan

promosi ng ayeratidnlM@ghEeiphesor 4B the: sdrfade 28YekNBotRUBA" LEORReL - S
are listed in Table 1.
magnetic layer and either case is not preferable.

As to a far preferable embodiment of the magnetic
recording medium according to the present invention, it is
preferable that B is added to the surface, on the side

10 opposite to the substrate, of the segregation promoting layer
(that is, the surface on the magnetic head side of the
segregation promoting layer). The reason is that by
containing B in the surface side of the segregation promoting
layer, AC medium noise can be reduced. Medium noise is

15 generally contributed by DC medium noise and AC medium noise.
Here, DC medium noise means medium noise existing after being
erased by DC (that 1s, it corresponds to recording at 0 Hz of
a recording frequency) and AC medium noise means medium noise
existing after being recorded by AC (that is, high frequency

20 recording).

Further, by means of the segregation promoting layer
according to the present invention, it is possible to control
cut width of DC medium noise and cut width of AC medium noise
respectively, and balance of cut width of DC medium noise and

25 AC medium noise can be controlled appropriately depending on
the purpose.

A method to add B into the segregation promoting



Tabl e 1 Magneti cSegregati onCoerci veCoer ci vel ayer

> fil pronotingforcesquarenessSi gnal O WNLTSS/ Nt hi cknessl ayer
filmvrtoutputpropertypropertyratiothi cknessHeS* Uni t AACerrenu/ cn2nVpP(-dB) (-d
B) dBConpari son 110534430. 290. 641. 76737. 318. 427. 7Conpari son
2114hb34910.330.651.93235.918.127.55egr$gat|oannparlson
312836120. 370. 662. 12234. 217. 727. 4pr onot i hgConpari son
4149l ayer 36360. 430. 672. 31232. 516. 826. 9Conpari son
51S836190. 480. 692. 35531. 516. 726. 4Exanpl e
1105535580.a3@0. #&h PE33®adisctD dyiBrwhsiydng such a method that the
21051835000. 380. 682. 12636. 123. 827. 6Exanpl e
3105313495@3e@addpn gg3motipm AayeE dgplaonfigured to be multi-layered
41054934920. 520. 702. 43234. 322. 426. 4Exanpl e
5| 0570349@@36 30 By e ad3d . nap qnateg iedy dfplused for the segregation
7105934990. 310. 661. 82137 022. 528. 2Exanpl e
8105323480F ¢ 16 LegeTs 0112'2%27“5%%%& dead side, or that B is

91054834720. 10 7 933..920. 926. 8 - 29 Then, uf acturing
Tet el of MR AREEILANES AR5 GERT SREHATR FRAMRRTG HiAYSTodUe-hiht | oned
structure mAII scrl oSt rface of bstrate
chem cal | y rel n or(I:Ied B@’qféar?l‘:’: orf e’bfﬁagﬁg)g'né#l c%gls 5% rﬁhc(r?} (S%rj- pol i shed (Rmax
3 2 nm VAN o\§ I |_ayer
t he sé'B%“le&;i&g l%? I?he%u% %'%}:g% SHJ set |etal§§%r éerb%agaﬁetl C
i ayer 60, rialihetael agRid:on rar@@e;tfe@%tl %Ylerpr%%ottﬁ% AfeiCt] oN d ARl PO were

10 formed on the main surface of this glass substratée by an in line type

spatteri ngeyeyaiivh pHbRdLinte llayer GrHudtMy A WS foridRy 13N s
protection layer 80 by applying a liquid lubricant, which conprlsed

per flouor opd yenteollineane G cdingRntgaiieneIsh tlﬁz hexgne tiifte raasuri ng
met hod of magnetic properties and magnetic recording properties wlll be

descri bed.co@ddmnaions lfyoroge s(tidpwi skt duanish gc dermiatd ogig wefi dines magne tier e
measured (the applied maxi numstatic magnetic field was 5 kQOe during
measur ened@yexi-t h a VSM (Vi brating Sanple 20 Magnetoneter). For signa
output (TAA), S/Nratio, O/Wproperty and NLTS property, an read wite
anal yzer (Quzik R\R'Nllté’?Z) ek dd W%ﬁ%e@&ﬂﬂrbar@ﬂ@m. ses was

l(Jgsiegnt Trl\]/gglﬁé(g’ne%glphe r?d‘?) %Iyyﬂg g@ %&r Z?la&gleglt éhﬁr‘?’i n\glgvI ta%rﬁ%yﬂ\{g ﬁgi ght
o 58 RS 9 S Gy TR il

recordlngwq§ﬂ$|5%eg;F) was chosen as 520 kfci . As to the S|gnal out put
(TAA), the read output was

Besides, a materlal of the magnetic layer according
to the present invention is not particularly confined.
For the magnetic layer, for example, counted are the
20 alloy materials such as CoCrPtB system, CoCrPtTa system,
CoCrPtNi system, CoCrPt system, CoCrNiTa system, CoCrTa
system, CoCrNil system, CoCrPtTaB system. Among them, an
alloy containing Pt is preferable for the present invention
because 1t has the magnetic layer with high coercive force.
25 Further, from the above-mentioned objJect, the present
invention prefers the CoCrPtB system magnetic layer, which is

easy to increase coercive force and has fine magnetic grains



5 observed at 12F recording density (43.4 kfci). After carrier signals were
‘recorded at 1F recording density (520 kfci) on the recording nedium the
S/N ratio was cal cul ated according to the observati on of medi um noise with
a spectroanal yzer in the range between DC frequency and 1.2 10 tines
frequency of 1F. The S/Nratio can gehef@I Ty contribute 2 Goit / inch2
increase to recording density by 0.5 dB increase thereof . After carrier
signals were recorded at 12F recording 15 density and then carriers were
overw i tt eimdtcalF diepliad nhedestHdot, HhHexredAY property was obt ai ned by
measuring the read output of the fornmer carriers recorded at 12F recording
density and the résimbsr r dadesmitnagnetfic Heayoars inens oy esewatd ved dvy 14
after recording at 12F. 20 As to the NLTS property, a fifth harnonic nethod
was used. npnmagasatiics sabstagest @ paapEadnes ighdateghiatl .c wesdomignetic
properties of the Exanples 1 - 5, 7 - 9, and the Conparisons 1 - 5 are
shown in Eupstancer gntd.- fprropganesdims syhstaneer gt drnriqrdey die | st ed
in Table 1. Fig. 2 is a graph showing the rel ati onshi p between readout

out pit of AREIG P TS B&d To e nfigy A ldst thermale dohifi e et um and
ori ontal i s | AudSFIRhEd BPqtRe 13 GREICT S| SIS e hi gher

| ocated in _the graph the O Wpropertie re, the more enhanced they are. 5
The | npr O\ﬁerli)@r@fgtﬁzigtbyofa Rl 'cor?ucsﬂﬁt esgij"r eod:é%ro STy 1 ayer on
the O Wpr r S e ized.c E g. i r 1 t

i mprovi ng I%%ﬁ'éstt:tt%n%% ta%%%#sftg%orygér fl éla?c&gglr g‘lsﬁé;aeg%r%rjtqy oq%lolu%pu S
recording 53/ g $1Qhm (2% IUREIY-VFo it 55 19,4 dednfd 1y ldh W gure,

10 ferromagnetic coupling film. In detalls, the structure of

the magnetic layer concerned has a magnetic layer structure
including a first magnetic layer comprising a ferromagnetic
material for controlling anti-ferromagnetic exchange
interaction, a second magnetic layer comprising a
15 ferromagnetic material and a spacer layer formed between said
first magnetic layer and said second magnetic layer,
comprising a nonmagnetic substance for inducing the anti-
ferromagnetic exchange interaction.
In this case, it 1s not necessary that the
20 compositions and the f£film thicknesses of said first magnetic
layer and sald second magnetic layer separated by the spacer
layer are the same, and they are appropriately adapted as far
as the anti-ferromagnetic exchange interaction is not spoiled.
The magnetic layer comprising an AFC film can
25 restrain thermal fluctuation phenomenon and thereby
resistance against thermal fluctuation is enhanced because it

1s separated by a spacer layer comprising a nonmagnetic



10 it is shown that the higher located in the graph the NLTS properties
“are,’the nore enhanced they are. The Inproving effect of the formation of
the segregation pronoting |ayer on the NLTS property has been recogni zed.
Fig. 4 is a graph showing the relationship between 15 output of signals and
the SINratio. The recording density of 2qut-put recording signals of the
hori zontal axis is 43.4 kfci. In the figure, it is shown that the higher

| ocated in the graph the SINratio is, the nore enhanced it is. 20
Enhancenent .of. the S/ rathf has been. realized yLa t he fornatioP?ﬁf t he

segregat i GHAPBTHHTS P Y [T P FHEL T A rIRIRAHER cEPETH S 1 RcEOUR¢%e S/ N
. . o . ! e S
L) ow hire SEEEHUATEGREEI gl (dQlE STREE LR R Rt SPARLE RAY | 2
A . ( . e
The ohse i P RIS piEahiCeqd bl a0 B G 0 )
coercive - 32 1eko CORPENSSeA OADHRrbBLARE £65 CibohRqNOL SETLRPBE | ON

pronoting layer is forned, and it was recogni zed that variations he

coercive foiger BORidEn RFEESSIY At | O B HSMPPIESHED W FrSp@tty exdent
and a yield of the 5 manufacturing process is increased by the formation of

the segregai INITPImrad ey | Goffardd Jto GEhSs@ G afle SOy & ¢ NBaye&t at i on
between the Mt and the coercive squareness(S*). In the figure, it is shown
t hat the hvigttesut cosgt PG nfilnes Prepduddetloefarmexr 1k seppaeaess (Wwijhis, the
nore enhanced it is. It is seen that the coercive squareness(S*) has been
enhanced bspdeesmikayamhe segregation pronoting |layer. As described above in
the description of Fig. 2 Fig. 6, in the case where the segregation
pronoting | ayer isSince oihedRpeRakitrsefifect eghanging ween@(Wc recordi ng
medi um havi ng nore enhanced recordi ng properties such as an O W property,

an NS prRERRISEY HAfhdrhes/ NG TS (REPPafdih ok R LREF IR ARSRTAR A dedf f
restraint_ﬂpd eas téx%ncrease recordi ng densit in co aréson with the
convent i ongt® ¥t R PHG Sty 5%9]%15?90 %r Ty YA ard sons 1
- 5), has egn aé I Cdi_g(F tpe{, "E)%h et rﬁ:ﬂ% i d'ums_]in t he
Exanpl e 1'1%l atﬁi) talh:“gé3 dalr#)qe fu S %e&@el én dir%galsg%(%fée ai nst
thermal fluclapl| udlied sAlind |ath 1\ 25 RAREILDGL S AR addriarp! © ©)
The Exanple 6 I's a nagnetic recording di um havi ng - 33
thermal fluctuation without degradation of O/W property and
15 the NLTS property.
In the present invention, it is preferable that the
film thickness of said spacer layer comprising a nonmagnetic
substance 1s 4A - 10A, particularly 7A- 9A because resistance
agalnst thermal fluctuation is enhanced through optimum
20 interaction of anti-ferromagnetic coupling between the
magnetic layers via the spacer layer.
It is preferable to use a material with hcp
structure containing Ru for sald spacer layer because the
material 1s excellent in lattice coherency with the magnetic
25 layer and promote epitaxial growth of the magnetic layer and

can enhance the S/N ratio. For the material in this case Ru,

CoRu, NiRu, etc. are counted. The case in which Ru 1is used



such a multi-layered segregation pronoting |ayer that a segregation
proroting layer conprising a CoCrPtTaB alloy (filmthickness 20~) was

i nserted between the segregation pronoting |ayer and the protection |ayer
in the Exanple 2, as 5 to provide a segregation pronoting |layer to which B
was added on the magnetic head side of phe_segregation pronoting |ayer.
Except this point, it is the |like magnetic recording nediumas the Exanple
2 and the manufacturing nmethod is also alike. Each nagnetic property and
magneti c r.ecordin e ws. He was

35500e, MY® BTGy : 'l E’%tftf\éﬁgbé}eh\eﬁa}gx‘% l.e %P%t%‘%fﬁ 2.290 mvpp,
20,3 ( dBPTOVEARE BY A0 PR e dATog TheBAM i n which the effeat 15 of

W ih no segregat i AR 1 Shart s RTBYE, By AX S aed o he
Farthor , b Yo rop g TR BEF el tHa e SRk, QP T msty

ate, gPt: H%dﬂé%idTihyQISC%R%I?QQn%Ca6f@@%oﬂ¥@ﬂ@¥ﬂ§’mdﬂ@%i%ﬂ?&%&ance agai nst

thermal fluctuation was excellent "satisfying the prescribed standard. About

t he Conpaldondrol 10gt oM -FeTedhRGmletald RxUIFANGY indiHalot ildie ilxanpl e 2
(with a segregation pronoting layer) 25 and the Exanple 6 (B added on the

surface ofprefeegbagai on gRAQNDBeleW Sielolr, bagomdlisoh ,n@peaatdsns\edfsited.
The AC nmedi um noi se was obt ai ned by measuring nornalized nedi um
on controlling anti-ferromagnetic exchange interaction may
turn insufficient. Further, using a  -Co alloy, especially a
10 CoCr alloy 1is preferable for the first magnetic layer because
resistance against thermal fluctuation is enhanced. When the
CoCr alloy is used for the first magnetic layer, the
compositional ratio of Cr less than 22 at% 1s preferable
because operation-effect on controlling anti-ferromagnetic
15 exchange interaction is increased. The compositional ratio
of the magnetic layer is appropriately adapted depending on
the magnetic properties and magnetlc recording properties
required. For example, Co: 45 - 89 at%, Pt: 5 - 20 at%, B:
0.5 - 10 at% is preferable for the magnetic layer of CoPtB
20 system alloy and Cr: 5 - 25 at% for the magnetic layer
additionally containing Cr.

The £ilm thickness of the ﬁagnetic layer 1is
constrained to some extent in order to obtain the desired Mrt
and 1s appropriately adapted depending on the composition of

25 the magnetic layer.

Further, an onset layer 50 (a non-ferromagnetic

onset layer 51, a ferromagnetic onset layer 52) shown in Fig.



- 34 noise varying carrier signal recording density. The measuring net hod
“of t'he normalized nmediumnoise is the sane as the S/N ratio neasuring
nmet hod except the conditions of carrier signal recording density. The
carrier signal 5 recording density was varied fromnear DC (20 kfci) to AC
frequency range (near 500 kfci). The .mmeg4 um noi se observed at each carrier
signal recording density was converted to the normalized nedi um noi se by
normalizing itself with said 12F signal read output. The normalized nmedi um
noise is i.e. a %0 asure _corresponding to_.the S/N ratio because it is
nor mal i zedBwFER PRef23ReY| BR WeFBaanoHPgﬁF VAVEE. 49nanfegumadretifown in
Fig. 7. In_the it of the normalized nmedi um noise, Pn refers to an
observed ES%SF g “medi um noi se and Vo is a said signal read output val ue.
15 FromFig. 7, it LS tir S LN rati .l ' f t -of _the
segregati on prono P%gtﬁgyékniggggﬁﬂg§n§§ Siﬁéﬁ%%yq§§§§2$30§°%ﬁ%ﬁé R&Edi um
noi se in akl b n { 3 1 ut egESEAR 1 on
pronotingeﬁgge% §gﬁ ?%gﬁgxéE%Fgggm?gfiﬁ9§r§%§¥3%§?iJﬁagfb%%tlng'layer). 20

The geasopotgnBecavse hhg wakue Rh,tBs HRE ¢BrNehacrBeRbmRENE2YKbRiski N
Fig. 7 is selecfively reduced fromthat in AC frequency range (near 500

kfci) by mages eb teafitBd abe se¢regainp?s,pteterind,! ayerptNagBbyrai,t may
be expressed that the segregation pronoting |ayer has inproved selectively
25 t he DCcoedi, ugvgerae. cSeepblhpB, ebBcconpari son between the Exanple 2 (with
a segregation pronoting |layer) and the Exanple 6 (B added on - 35 the
surface of a segr@yet fadmptoioknegs| afeithe onses degerthat S/Nratio

i mproving effect of adding B to the segregation pronoting layer is mainly
obt ai ned bpprreduiéatehyosdarteddienending. o8 Beeaaivet iergal apdoMrthefnedi um
noi se in AC frequency range (near 500 kfci) in Fig. 7 is gelectively
reddfed f tBf PAGRCREGr LT 200k cI} By REGHSTBPLEJ4Png Boge MAEesegr egati on
pronoting layer. Nanely, it,may be expressed that the addition of B to the
segregatiBﬁe%?BﬁB%ansléy@PAhas 10 i nproved sel ectively the AC medi um

ise. As d i bed , f ' h [ [ I
nd add 11 on of B L CHRE. 88 FBGRIPaR BPEORYRG FRBFLoRAS BBACRDt alned a
. B°E5 e sBgrBoatToR”promofs Bt ai ne
and ac 15¢aEopapAelEe LA Lapklis T, Rhprthe KOFEEnRGhOLED BRELET The®

segregat i 9ayRFO8BL i PHe! B¥EEeAE6PE0LARGEOCENBaRRCEE D, tAYERRESS 15t IS
possible to control cut - wdth of DC nedi um noi se and cut wdth of AC nedi um

noi 3¢ respgslirdBhy, sand1bAl ange10f -cubAw dsbief BertmrdirymAei seiand 20 AC
medi um noi se can be controll ed appropriately depending on the purpose

requi red enhitkeebasratod 6EDtHeshgnifgrréhmagnpteclohsbdlexlayaansiaebured was
a magnetic recordi ng nedium having a structure of an AFC fil mwhere a
magnet i c theefewmemagnetparansdtwiahien hanfbheeflémsthicknessi afother to

enhance resistance against thermal fluctuation (Exanple 10).
non-ferromagnetic onset layer / the f£ilm th ckness‘of the

ferromagnetic onset layer) is desirably 3/2 - 1/8.

20 Further, O, N, C, H, etc. may be added into these
onset layers in order to enhance S/N ratio in view of
refinement of crystalline grailn size.

As the method of adding these elements into the
onset layer, there are a method wherein film formation is

25 executed by spattering under an inert gas atmosphere with a
spattering target containing these elements and a method

wherein the film formation 1is carried out under a mixed gas



~Fig. 8 is a diagramshowing a filmstructure of the - 36 magnetic
‘recordi ng nedium according to the Exanple 10. As shown in Fig. 10, the
magneti c recordi ng medi um of the Exanple 10 is the one wherein a
pre-coating |layer 20, a seed |ayer 30, an under |ayer 40, a first nagnetic
| ayer (a lower 5 magnetic |ayer) 50, a spacer |ayer 60, a second magnetic
| ayer (an upper magnetic layer) 70, a segregation pronoting |ayer 80, a
protection layer 90 and a lubricant |ayer 95 are fornmed sequentially on a

substrate é@m@é?ﬁéréugﬁtégiﬁén18asThﬁigkagﬁ%:§Q§trﬁ&%r%gﬁﬁﬁﬁgégggaeagas,

chemcally reintorced 10 um nosi [ i cate and i ts r

m rror-pol hsbedgbn &lexsasfgas, rQb'ﬁﬁaﬁsxﬁoﬂgxi’dgagé%”%:ﬁﬂ)gﬂt gﬂlﬁi‘dgoggé, nm

an average surface roughness Ra = 0.3 nm (neasur an atom c

M cr oscopehetHare Py&s ¢ OahmdQi 4 ay8s , 20y &R "QAL SeRaBe ) Thra h Sk ayer
(filmthickness 300 Angstron1(§?). iﬁyatggic co%p05|tigngFEPaﬁygeéfw%?Mand

Ti in the ahépy §asnbysaSbeactbve TéeateE81hqdyBrod8s60aRAI §65caBtALRY . thin
film(filmthickness 250 Angstron). An atom c conpositional ratio 1s 50 .
50. The under |ayein4this ea€eV1ihi bsfpreféfabiet bockaasshad8e dPemagstr om
and is disposed to nake a crystal structure and orientation property of the
magnetic | 39%e bte tren-ftremene t by eonsidt chaper s25 and ompostdi adal ratio
of Cr: 90 ate and W 10 ate. Further, the under |ayer 40 was forned as a
filmby spEiteefistelerles Ente Xdie gierremignpetie oisot 7kaper Snd 2Bhér in
order to pronote refininenment of the crystal qéains of the CrWunder |ayer.
The first TedFRR 1S IRRRAUSH nagneidaation KL vihe ferromasrefite i cnsed
structure fnd figégilﬂ %gpeSS' - 37 25 Angstrom_ Co: 86 ate, Cr: 14 ate.
The spacer—{%&Yer § FHKPT i1 (19 1379 LM RE thogr R IIMn s tand Hee
nonnggnet i {£§§ otid !l further,, The second nagnetjic layer 70 is a
ferronagneitg"lu(%:é %E% P oéye]i]?ci"fafﬁqefﬁjccf(n%eﬁ Yeiyst§ oigwered.
Besides, the segregation promoting layer according
to the present invention does not need to particularly
confine a record-regeneration system of the magnetic
recording medium as recognized from the foregoing discussion
15 on the object and the mechanism thereof. That is to say, it
is also effective in a magnetic recording medium used for a
perpendicular recording system as well as in a longitudinal
recording system.
Further, it is preferable to heat-treat the
20 segregation promoting layer within the temperature range of a
room temperature - 300°C, before and /or after the formation
thereof, for enhancing the operation-effect of the
segregation promoting layer according to the present
invention. The reason 1s because the treatment helps the
25 segregation promoting elements contalned in the segregation
promoting layer penetrate into the surface layer portion of

the magnetic layer.



,5 thin filmwth hcp structure, and the contents of Co, G, Pt, B are Co:
'59 ate, Cr: 20 ate, Pt: 13 ate and B: 8 ate respectively. IN the present
exanpl e, disposed is an AFC film structure conprising a first magnetic

| ayer 50 conposed of a 10 ferronmagnetic material for controlling
anti-ferromagneti c exchange interactiangsa._second magnetic |ayer 70
conposed of a ferromagnetic material and a spacer |ayer 60 conposed of a
nonmagneti ¢ substance being forned between said first magnetic | ayer 50 and

sai d second magnettc J:l%ef for 15 i nducin he anti-ferromagnetic
exchange interactioh %ﬁ;‘?‘&b‘éﬁ’l oﬁh%r‘Bﬂ%’E‘g’ﬁgclﬁﬁﬁ?rﬁbngsm?ﬁ%%doﬁn t he
d 80 CoCrPt T
oyt Ogs Sre R, ennil SR f?eo% %ch”%ua@% SE PHER (7emSnd the
t ent 18 ate nd
_(I:_gn gnafeoé aqébp %I vclgﬁltoyIa e%pe%tece(ﬁi? 51 %r;e?é c%?%???g OIBS h"{/’d]rﬁ e%gd

carbon filya havd&Gied i ! mthickness of 45Angstrom for preventing
degradati on of tcﬁgﬂ' magnetic layer by contact with a magnetic head. The

| ubrigant 1]@,@1; p1Ss CONPry S| NGe:tanRfdd UPT og%j ye(tggﬁgl ona%(? 4 {ih_eu.#)fl cant

relieves the contact with the magnetic he 1lm

thi ckness ixs SHAESHMOMIiAS 1t 0 W efafRitiS rd d?rgil medi um
i s manufactured by the 9-6}338 siml agﬁmémat hod ({tgrtha qéén&#lng%?np e 1.
Further, theegesuldsamgled iis ed naynktile disKal® whérein a pre-coating

Coer ci veSi gnal 0O/ WNLTSS/ NCoer ci vef or ceout put propertypropertyrati osquarenessM
r t S* He Ceneayesmavp s ) -laB)edHConpaan sorder layer 40, an onset layer
638440. 290. 78I . 76935. 218. 028. 5Exanpl e 1037520. 270. 781. 69638. 725. 128. 6

( Conpari saf 6-2 Wetﬁﬁ’ndﬁé’(ﬁmrﬁéb Wasegreptdidrc premyrtding fagen Weer ea t he

segregation prormtln ayer 80 in the Exanple 10 10 was onmtted. Therein, a
fi 7,3 thi AGHEELS (%n(?Orrﬁ’@Weﬁ dubniganty hayer 99 AngsticamedExcept t his
point, it |sastaimlar magnet.i ¢ recordi ng mediumto the Exanple 10

manuf act uri HhSR & Ghass syhsiaa ]tone Exanpl e 10. The results are
listed in Table2 Ilst d|n Tahle 2 enthat t he present
invention is partlc é’r o*fbtlgttejag ﬁecdscétﬁ ]L}E]V\A'th an

AFC film ?Ji%fc%d)%ﬁ%ﬂﬁ%otsqﬁlga\é/eprgﬂ%%rst ¥%nd its surface is mirror-

polished in the surface roughness of Rmax = 3.2 nm, Ra = 0.3
15 nm.

The pre-coating layer comprises two alloy layers and
an alloy fllm 21 of a lower layer is composed of a nitride
film of NiP (£film thickness: 300A) and an alloy film 22 of an
upper layer is composed of a nitride film of CrZr (film

20 thickness: 30A). The atomic composlitional ratio of Ni to P
in the alloy 21 is 80 : 20. And, the atomic compositional
ratio of Cr to Zr in the alloy 22 is 60 : 40. The nitrogen
content in the alloy film 20 with two layers 4 at%. Each of
the two-layered alloy film 20 is continuously formed as a

25 film by spattering under a mixed gas atmosphere with Ar: 50%

and N,: 50%.

After heating the substrate at 200 °C, the alloy



,the NLTS property and the S/N ratio have been inproved by disposing the

segregatlon pronmoting layer. 20 In Table 3, listed are the results of
measuring the resistance against thermal fluctuation of the magnetic
recording nmediunms in the Exanple 1, Exanple 6, Exanple 7, - 39 Exanple

10, Conparisons 1 and Conparison 6. Table 3 Signal attenuation due to
thermal fluctuation (Thermal Decay) (-dBfdecade)Exanple 10. 16Exanpl e
60. 14Exanpl e 70. 15Exanpl e 100. 07Conpari son 10. 26Conpari son 60. 10 The
resistance agai nst thermal fluctuation was 5 neasured by the foll ow ng

met hod. r@#wu@g fimPYRe G4 1%09; gb%ﬁ%q.l WHRL - tepﬁasrcég{ecatq{%c{ ance

of 60C, sig s Were witten on the etrc reco ng nedi u
i near reypditddensity of 100 kfci u5|ng a GWR head with the wite track
width of 2.0-,m 10 the read track width of 0.5.mand the flying height of

20 nm and then thheaEuad Saferaticenuatddindd dhen eGOr dadi 5 aah S
attenuating with passage of time were eval uated using a spectroanal yzer.

The | ar gerafiter He@tdngatthengabisatapes agaliln tat®oosec t hern®neidl keddn t o
occur thermal fluctuation is, and 15 such a magnetic recordi ng nmedi um nmay
be cd | ed fdrim Jdindl uides Ithe cempsisdndenadairatiio o nHEl: fHoucitsatanan.al:

50 at¥%.

The under layer 40 comprising a CrV thin film (film
thickness: 100A) is disposed in order to control the
crystalline structure and the orientation property of the

10 magnetic layer 60. The CrV thin film has the compositional
ratio of Cr: 80 at% and V: 20 at#%.

Further, as shown in Fig. 1B, the onset layer 50 may
be inserted between the under layer 40 and the magnetic layer
60. When the under layer 50 comprises a single layer, it may

15 be a nonmagnetic CoCr thin film (film thickness: 30A) with
hcp structure of Co: 65 at% and Cr: 35 atg.

The magnetic layer 60 is a CoCrPtB alloy thin film.
Each content of CoCrPtB is Co: 60 at%, Cr: 20 at%, Pt: 14 at%,
B: 6 at%.

20 After forming the magnetic layer, the segregation
promoting layer 70 i1s formed as a f£ilm.

The segregation promoting layers in the Examples 1 -
5 are CoCrPtTa alloy thin films. Each content of CoCrPtTa is
Co: 70 at%, Cr: 19 at%, Pt: 9 at%, Ta: 2 at%. |

25 The segregation promoting layers in the Examples 7 -
9 are CoCrTa alloy thin films. Each content of CoCrTa is Co:

73 at%, Cr: 22 at%, Ta: 5 at%.



,Fromthe results in Table 3, it is seen that the signal attenuation can be
‘reduced to a great extent by enhancing the resistance against thernal
fluctuation - 40 according to the structure of the present invention.
The signal attenuation due to thermal fluctuation (Therrmal Decay) is
preferably suitable to increasing recorghng density as it gets smaller and
smal l er. The signal attenuation due to 5 thermal fluctuation is generally
required to be at worst less than 0.2 (- dB/ Decade) and this is usually
adopted as the prescribed standard. It is recognized that the magnetic
recordi ng medi um Jf*€t FOMBRELELISh et PoRTENIRS HRIBetdiq &RCHELNG ance

inst thermal fluctuation, which satisfies the 10 i bed standard. As
daecr i beaBRavES PH-EHEch: Basfh SPHTRAEEBAR REORRSA08 daVEEsr dongRobPem

excel I ent i e 0 r r a he NLTS.property.with high coercive
force at Fﬁgmégﬁe #ﬁég gg% %éeogggéngagnfglgufgﬁgfﬁiggtWepﬁgmﬁegﬁsgéﬁce
agai nst t I i ng .t o) [Wego] o) e_sane tine
and the i%%%@ggﬁ%ngﬁggs%hgﬂgﬁhﬂ?a9§8§%§%Egégnp?ég %ggg gggﬁg%rggiﬁﬁeboth DC
medi gm noi; §81aRdaAELERdi M noi se. Further, using the segregation pronoting
| ayer according to the 20 present invention, it is possible to control cut
wi dth of DC nmedi uphopbgetardioHt 1ehdirh gl 18CaHEAYER0IERS HeoREEk S ¥V, and
bal ance of cut wi dth of DC nedi um noi se and AC medi um noi sé can be

control | edhappagpetatelyydepeodang 66mphespyr AORGAFEGEhE 8da0BatBenbasi s of
HDD desi gni ng. - 41 WHAT IS CLAIMED I'S: 1. A magnetic recordi ng nmedi um
conpri si nffidtm bfashe fiimbthiakees5 aS5hmgnetic |ayer formed on the
substrate; and a segregation pronoting |layer formed on the magnetic |ayer,
wher ei n sai d segr &bet Lobhrpcentt Lagekra9ér isont digsidedunbgacaot pronoti ng

el ements which diffuse into a surface 10 | ayer portion of said magnetic

| ayéP to pPBREEEAt AE PgﬁféFPEﬂPGlYﬁﬁQﬁﬁtWétéraiﬁélmnthhekB@SSaeé BAyer

portion. 2. The nagnetic recordi ng medi um according to claim1, wherein
sai d segr@gdt PEAVHABHORI hYPThgaF1PR fffechibgtween a magnetic head and

the magnetic recording medium.
Still further, the film thicknesses of the magnetic
layers and the segregation promoting layers in the Examples 1

15 -5, 7 - 9, and the Comparilsons 1 - 5 are listed in Table 1.



15 material having a higher magnetic perneability than said magnetic |ayer.
*3. The mmgnetic recording medium according to claim1 or 2, wherein 20 said
segregation pronoting |layer is made of a material containing Co and Cr as
wel | as segregation pronoting el enents consisting of at | east one el enent
selected fromTa, Wand C, and anong the contents of the el enents contai ned
in 25 said segregation pronoting |ayer, the C content is in a range of 10
ate to 30 ate and the contents of thegegregation pronoting el enents - 42
selected fromTa, Wand C are in a range of 0.3 at%to 10 at% 4. The
magneti c recordi ng nedi um described in anyone of the clainms from1 to 3,
wherein said magnetic layer 5 is nade of a material containing Co, Pt and
B, and anong the contents of the elenents contained in said magnetic |ayer,

the Pt contgnt—Tsyrma range of 5 1o 20 at% and thg B Tontent is in a range
of 0.5 at%fo 19 af%"1075.<The n8gné&ti ¢ recordi my|n¥diQm dgscribed in
anyone of theZctal i &rofn 18t 084, Swhéreiin B i X addedii nk0 810 at%to the
surface of kaPd: segiiegation pronpting layer 6.—The nagnetig recording
medi um descyibeg |n|15 anyone of the clainms from1l|to 5 whgrein a film
t hi ckness of S D e T A A B B
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,said segregation pronmoting layer is 5 - 70~ and still smaller than a film

t hi ckness of said magnetic layer. 7. A magnetic recording nmedi um conprising
at least: 20 a substrate; a magnetic layer formed on the substrate; and an
upper layer formed on the magnetic | ayer, wherein said magnetic |ayer is
made of a material containing Co, Pt andgB,. and anong the contents of the
~5 elenents contained in said magnetic |layer, the Pt content is in a range
of 5to 20 at% and the B content is in a range of 0.5 at%to 10 at% and
sai d upper |ayer containing Co and Cr, and

is made of a materjal, 5 - 43 .
al so at | east one i?%%en?h§eW%%?éﬂc??E%?QGTeVV%ﬂdO%;t%ﬁdma @§i€he contents
of the elenents.contained in | d. upper layer, the Cr content js in ange
of 10°at vt orp iy idtin ThEMEE e TSt e Ondl ctfhietire gl "W
and C anaééléégéggﬁbgf 0.3 at%to 10 at% 8. The magnetic recordi ng nmedi um
according 10 claim /7, Wwherein Bis added in 0 - 10 at%to a surface of said

upper layer. 10 9.pThe, magnghic £eephdh o MBAL URBEEREEL NOnLRL ELRLPS 7 o

8, wherein a filmt ness of sai d upper |ayer 0~ and sti

snal ler t hadh prdidda thy cdessn Ux@ithdBgRstd £s | AY §hi rddr 101 e dBgnet i c.

recordi ng medi um according to clains 1 or 7, wherein said nmagnetic |ayer is

separ at ed (Bmax SPaTES Ay Ha COMPOS Gt PibR PISUBHE] | o BidIsiRgCe, Nabg, t he
separated nagnetic layers are in anti-ferronmagnetic coupling

the pre-coating layer 20, the seed layer 30, the under layer
40, the onset layer 50, the magnetic layer 60, the
segregation promoting layer 70, the protection layer 80 were

10 formed on the main surface of this glass substrate by an in-
line type spattering apparatus. Then, the lubricant layer 90
was formed on the protection layer 80 by applying a liguid
lubricant, which comprised perfluoropolyether by means of
dipping process.

15 Next, the measuring method of magnetic properties
and magnetic recording properties will be described.

Coercive force (Hc), Mrt and coercive squareness(S*)

were measured (the applied maximum static magnetic field was
5 kOe during measurement) with a VSM (Vibrating Sample

20 Magnetometer).

For signal output (TAA), S/N ratio, O/W property and

NLTS property, an read write analyzer (Guzik RWA-1632)
manufactured by Guzik Technical Enterprises was used. The
magnetic head used in the measurement 1s a head with a GMR

25 (Giant Magneto Resistance) type regeneration element having a

flying height of 20 nm (hereafter, referred to a GMR head).

The write track width is 2.0pm and the read track width is
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The results of magnetic properties and magnetic
recording properties of the Examples 1 - 5, 7 - 9, and the
Comparisons 1 - 5 are shown in Fig. 2 - Fig. 6. The values

25 used in Fig. 2 - Fig. 6 are listed in Table 1.
Fig. 2 is a graph showing the relatlionship between

readout output of the signals recorded on the magnetic
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promoting layer on the O/W property has been recognized.

Fig. 3 is a graph showing the improving effect on
the NLTS property. The recording density of output recording
signals of the horizontal axis is 43.4 kfci. 1In the figure,

10 it is shown that the higher located in the graph the NLTS
properties are, the more enhanced they are. The Improving
effect of the formation of the segregation promoting layer on
the NLTS property has been recognized.

Fig. 4 is a graph showing the relationship between

15 output of signals and the S/N ratilo.

The recording density of output recording signals of
the horizontal axis is 43.4 kfci. In the figure, it is shown
that the higher located in the graph the S/N ratio is, the
more enhanced it is.

20 Enhancement of the S/N ratio has been realized via
the formation of the segregation promoting layer and the
large enhancement effect on the S/N ratio was recognized
especially in the small signal output region which is a low
Mrt range advantageous to increasing recording density.

25 Fig. 5 is a graph showing the relation between the

Mrt and the coercive force(Hc). The case where the

segregation promoting layer is formed shows stable coercive
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are suppressed to a small extent and a yield of the
5 manufacturing process is increased by the formation of the
segregation promoting layer.
Fig. 6 is a graph showlng the relation between the
Mrt and the coercive squareness(S*). In the figure, it is
shown that the higher located in the graph the coercive
10 squareness(S*) is, the more enhanced it is.
It is seen that the coercive squareness(S*) has been
enhanced by forming the segregation promoting layer.
As described above in the description of Fig. 2 -~
Fig. 6, in the case where the segregation promoting layer is
15 formed (Examples 1 - 5, 7 - 9) a magnetic recording medium
having more enhanced recording properties such as an O/W
property, an NLTS property, higher S/N ratio, being released
from mutual tradeoff restraint and easy to increase recording
density, in comparison with the conventional mediums with no
20 segregation promoting layer (Comparisons 1 - 5), has been
obtained.
Further, the magnetic recording mediums in the
Example 1 - 5 and the Example 7 - 9 showed excellent
resistance against thermal fluctuation which satisfied the
25 prescribed standard.

(Example 6)

The Example 6 is a magnetic recording medium having
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(film thickness 20A) was inserted between the segregation
promoting layer and the protection layer in the Example 2, as
to provide a segregation promoting layer to which B was added
on the magnetic head side of the segregation promoting layer.
Except this point, it is the like magnetic recording medium
as the Example 2 and the manufacturing method is also alike.

Each magnetic property and magnetic recording
property of the Example 6 was as follows.

Hc was 35500e, Mrt was 0.4 memu/cm’ and S* was 0.68.

Signal output was 2.290 mVpp, S/N ratio was 28.2 dB,
O/W property was 36.6 (—dB) and NLTS property was 24.3 (—
dB). It was a magnetic recording medium in which the effect
of forming the segregation promoting layer was more excellent
than the result with no segregation promoting layer listed in
Table 1 (Comparisons) and the various properties are improved
better than those in the Example 2.

Further, the CoCrPtTaB alloy concerned contains Co:
63.5 at%, Cr: 20 at%, Pt: 10 at%, Ta: 0.5 at% and B: 6 at¥%.

Moreover, the resistance against thermal fluctuation
was excellent satisfying the prescribed standard.
About the Comparison 3 (wlithout a segregation promoting
layer), the Example 2 (with a segregation promoting layer)
and the Example 6 (B added on the surface of a segregation
promoting layer), AC medium noise was evaluated. The AC

medium nolse was obtained by measuring normalized medium

10bb 10bb 10bb! n>0$10%b& ()-B ! n>0$10%& ()-B L>0$10%f& ()-B
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as the S/N ratio measuring method except the conditions of
carrier signal recording density. The carrier signal

5 recording density was varied from near DC (20 kfci) to AC

frequency range (near 500 kfci). The medium noise observed
at each carrier signal recording density was converted to the
normalized medium noise by normalizing itself with said 12F
signal read output. The normalized medium noise is i.e. a

10 measure corresponding to the S/N ratio because it is
normalized with the 12F signal read output value.

The result is shown in Fig. 7. In the unit of the
normalized medium noise, Pn refers to an observed power of
medium noise and V, is a said signal read output value.

15 From Fig. 7, it is first seen that S/N ratio
improving effect of the segregation promoting layer 1s mainly
obtained by reduction of DC medium nolse in comparison
between the Comparison 3 (without a segregation promoting
layer) and the Example 2 (with a segregation promoting layer).

20 The reason 1is because the value of the medium noise
near DC (20 kfci) in Fig. 7 1s selectively reduced from that
in AC frequency range (near 500 kfcl) by means of forming the
segregation promoting layer. Namely, it may be expressed
that the segregation promoting layer has improved selectively

25 the DC medium noise.

Secondly, in comparlison between the Example 2 (with

a segregation promoting layer) and the Example 6 (B added on
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Slowb&f()'fﬁégﬁg%éQ'égﬁgé“%ééér 500 kfci) in Fig. 7 is selectively

reduced from that near DC (20 kfci) by means of adding B to

the segregation promoting layer. Namely, it may be expressed

that the addition of B to the segregation promoting layer has
10 improved selectively the AC medium noise.

As described above, by formation of the segregation
promoting layer and addition of B to the segregation
promoting layer, has been obtalined a magnetic recording
medium with high S/N ratio where both DC medium noise and AC

15 medium noise were reduced simultaneously.

Further, using the segregation promoting layer
according to the present invention, it 1s possible to control
cut width of DC medium noise and cut width of AC medium noise
respectively, and balance of cut width of DC medium noise and

20 AC medium nolse can be controlled appropriately depending on
the purpose required on the basis of HDD designing.
(Example 10)

Next, manufactured was a magnetic recording medium

having a structure of an AFC film where a magnetic layer was
25 separated with a nonmagnetic substance in order to enhance
resistance against thermal fluctuation (Example 10).

Fig. 8 is a diagram showing a film structure of the



,107<7< 107<7< 107<7<! A . Y0%W<7<& () -' Qpppp29pqqdEuV7y .
10! Z" @MLO%& ()- G 10%& ()- 10%& ()-10%& ()-Y $10%& () -
10%& () -qqr s9ssssdEuV7
10'Z"'(é%gg'() &10%& ()-9%10%& ()-1"%0%& ()-M 10%& () -
#10% &' t?t}tttdBEuV7 _ .
10?Z"9S$10;;&T(§ Y1"10%&' () - f/G'lO@b&!(%q-!lowm&f()-+@&0@®&T()-)10%b& ()-t
l'u_uuuuuuubC 10! 310% u& () - S?%O@éu&f() 10bméggc Lol

b810% &’ 7G 10%&' 510%&' VVV |
i1L(1)808/6 u& (){“)3‘%65/18&1'? 8}31%0%9@,@) afeousliRg( Fo3vheoEaample3 1at 1088’ () -
W xxd 0L$1 10% u& ]
! 1\3’:’//3%' ()Eﬁgﬁ ﬁ g{%)&ié% ﬁg (')“agn%;l"uEef’?JTQ?'?ﬁy??Q,lEBEBé the

et (B é’)‘v‘{’lﬁ% /2/%5&293@%3\9}{&%&@)'szﬁz%?H{lp{ 1849RCc290! 21866410- u

Ve Zc (; {e{{l %Q/}}} z[ < 07 s magneglc(?l.ayer (a lower

10°eu ' A £ &ﬁ&gf 1hyer 07 Heldst I

0 /I &" () (V} }~~~}[9 (V S ) I (Vé Sﬁ:aféef -{-AYéi 56 a/ <§‘c<()l)1dyl nef:lc O)-yy
<&

000 00 [ H~%
L0yt (LA e o B s BB

layer 80, a protection layer 90 and a lubricant layer 95 are
formed sequentially on a substrate (a glass substrate) 10.
The glass substrate 10 comprises a chemically reinforced
10 aluminosilicate glass and its surface is mirror-polished in
the surface roughness of a maximum height Rmax = 3.2 nm, an
average surface roughness Ra = 0.3 nm (measured with an
atomic force microscope).
The pre-coating layer 20 comprises a CrTi amorphous
15 layer (f£ilm thickness 300 Angstrom (A)). An atomic
compositional ratio of Cr and Ti in the alloy film is 55 : 45,
The seed layer 30 comprises an AlRu thin film (film thickness
250 Angstrom). An atomic compositional ratio is 50 : 50.
The under layer 40 is a CrW thin film (£ilm thickness 100
20 Angstrom) and is disposed to make a crystal structure and
orientation property of the magnetic layer better. The under
layer 40 comprises a compositional ratio of Cr: 90 at3% and
W: 10 at%. Further, the under layer 40 was formed as a film
by spattering under a mixed gas atmosphere of 0.75% CO, and
25 Ar in order to promote refininement of the crystal grains of
the CrW under layer. The first magnetic layer 50 is a CoCr

alloy with a ferromagnetic hcp structure and film thickness:
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1! L$% 09&'a( RuSHEGI0%&idn thdckpess' (7) AngsHre)o@ifth- a hcp nonmagnetic
structure. Still further, The second magnetic layer 70 is a
ferromagnetic CoCrPtB alloy (film thickness 143 Angstrom)
5 thin film with hcp structure, and the contents of Co, Cr, Pt,
B are Co: 59 at%, Cr: 20 at%, Pt: 13 at% and B: 8 at%
respectively.
IN the present example, disposed is an AFC film
structure comprising a first magnetic layer 50 composed of a
10 ferromagnetic material for controlling anti-ferromagnetic
exchange 1interaction, a second magnetic layer 70 composed of
a ferromagnetic material and a spacer layer 60 composed of a
nonmagnetic substance being formed between said first
magnetic layer 50 and said second magnetic layer 70 for
15 inducing the anti-ferromagnetic exchange interaction. The
segregation promoting layer 80 is formed on the second
magnetic layer 70. The segregation promoting layer 80 is a
CoCrPtTa alloy thin film (film thickness 12 Angstrom) with a
hcp structure and the contents of Co, Cr, Pt and Ta are Co:
20 71 at%, Cr: 18 at%, Pt: 8 at% and Ta: 3 at%, respectively.
The protection layer 90 comprises a hydrogenised carbon f£ilm
having a f£ilm thickness of 45Angstrom for preventing
degradation of the magnetic layer by contact with a magnetic
head. The lubricant layer 95 comprising a perfluoropolyether
25 liquid lubricant relieves the contact with the magnetic head.

Additionally, the film thickness is 8 Angstrom. As to other

points, the magnetic recording medium is manufactured by the



Y %40%&' ()-z'Y %409 ()-ze }rg\= 1! LF109%& ()-" 10 10
109109 ()-!'LF. $10%& ()-F !'HF. $10% ()-F $%0%x% ()-SU dEg\= 1!L
109 ()-Fs10%& ()-F 109& ()-SglO%&' ()- s!10%& ()-&910%& () - EH dEg\ =
1'L&@O0Y& ()-'""!'10%& ()-sf10%& ()-109%& ()- 109& ()-'10%& ()-1L.bedEg\= 1!'L
+10%&' ()-S)"109%&' ()--109& ()-s' 109%& ()- Z"109& ()- # 10%& ()-=zdEg\= 1'L 6
%09k ()-4 10%&f()-23"10%&f()-Yy0-1098%§%-.109&f()-y-lO%&f()-<:>?waC 1ML
Y'10% & ()-yl0%& ()-1y:10%& ()- 10 1 OF: 10%&' ()-S8 "10%& () --AudEbC
1Lf10%& ()- 10%& ()-y910%& () -
Y10% & ()-y& 10%& ()-!10%& ()-:xIJKJE:/ 10z

similar method to that in the Example 1.

Further, the results are llsted in Table 2.

Table 2

Coercive Signal o/W NLTS S/N
force Coercive output | propert roperty| ratio
squareness p prop Y (prop 4

Mrt
Sk
Hec

Oe memu/cm? mVpp (-dB) (-dB) dB

Comparison 6 3844 0.29 0.78 1.769 35.2 18.0 28.5

Example 10 3752 0.27 0.78 1.696 38.7 25.1 28.6

{Comparison 6)
Then, manufactured was a magnetic recording film
where the segregation promoting layer 80 1in the Example 10

10 was omitted. Therein, a film thickness of a second magnetic
layer 70 was 152 Angstrom. Except thls point, 1t is a
similar magnetic recording medium to the Example 10
manufactured by a method similar to that of the Example 10.

The results are listed in Table 2.

15 As listed i1in Table 2, it is seen that the present
invention i1s particularly sultable to a magnetic recording
medium with an AFC film structure because the 0/W property,
the NLTS property and the S/N ratlo have been improved by
disposing the segregation promoting layer.

20 In Table 3, listed are the results of measuring the
reslstance agalnst thermal fluctuation of the magnetic

recording mediums in the Example 1, Example 6, Example 7,
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The resistance against thermal fluctuation was
5 measured by the following method.

While keeplng the magnetic recording medium under
the circumstance of 60 °C, signals were written on the
magnetic recording mediums at the linear recording density of
100 kfeci using a GMR head with the write track width of 2.0um,

10 the read track width of 0.5um and the flying height of 20 nm,
and then the amounts of attenuation of the recorded signals
attenuating with passage of time were evaluated using a
spectroanalyzer. The larger the signal attenuation per unit
time is, the more likely to occur thermal fluctuation is, and

15 such a magnetic recording medium may be called one with the
low resistance against thermal fluctuation.

From the results in Table 3, it is seen that the
signal attenuation can be reduced to a great extent by

enhancing the resistance agalnst thermal fluctuation
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10 prescribed standard.

As described above, in the present invention the
magnetic recording medium excellent in the O/W property and
the NLTS property with high coercive force at the same time
can be obtained.

15 Further, both the resistance against thermal
fluctuation and the S/N ratio are improved at the same time
and the improvement of the S/N ratio has been realized by
improving both DC medium nolse and AC medium noise. Further,
using the segregation promoting layer according to the

20 present invention, it is possible to control cut width of DC
medium noise and cut width of AC medium noise respectively,
and balance of cut width of DC medium noise and AC medium
noise can be controlled appropriately depending on the

purpose required on the basis of HDD designing.
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3. The magnetic recording medium according to claim
1 or 2, wherein
20 sald segregation promoting layer is made of a
material containing Co and Cr as well as segregation
promoting elements consisting of at least one element
selected from Ta, W and C,
and among the contents of the elements contained in
25 sald segregation promoting layer,
the Cr content is in a range of 10 at% to 30 at% and

the contents of the segregation promoting elements
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containing Co and Cr, and also at least one element selected
from Ta, W and C, and among the contents of the elements
contained in said upper layer, the Cr content is in a range
of 10 at% to 30 at% and the contents of the elements selected

from Ta, W and C are in a range of 0.3 at% to 10 at%.

8. The magnetic recording medium according to claim
7, wherein B 1s added in 0 - 10 at% to a surface of said

upper layer.

9. The magnetic recording medium according to
claims 7 or 8, wherein a film thickness of said upper layer
is 5 - 70A and still smaller than a film thickness of said

magnetic layer.

10. The magnetic recording medium according to
claims 1 or 7, wherein said magnetic layer is separated by a
spacer layer composed of a nonmagnetic substance, and the
separated magnetlic layers are in anti-ferromagnetic coupling

state with each other.



