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-1 - DESCRI PTI ON MAGNETI C RECORDI NG MEDI UM METHOD FOR
PRODUCI NG THEREOF, AND MAGNETI C RECORDI NG AND
REPRCODUCI NG APPARATUS 5 Cross Reference to Rel ated
Applications: This application is an application filed
under 35 U. S.C. 111(a) claimng the benefit - pursuant
to 35 U.S.C 119(exl) of the filing date of

Provi sional Application No. 60/ 462, 298 filed April

14, 2003 pursuant to 35 U S.C. 111(b). 10 Techni cal
Field: This invention relates to a magnetic recordi ng
medi um whi ch is provi-ded Oofg3c netic substrate
with at |east an orientation-controlling |ayer for
control I ing the orientation of a |layer forned

-haV| ng an @gt&@q@; WW&PH » l%rﬂfﬁREOF AND

PEASEETIO R BCORDINIGANDER EPRDDRICINGTRBPARIATUS

substrate, and a protective layer, to a nmethod for the
production thereof and to a magnetic recording and

TeReoRUIcic: 0A) UppRGkT OUNT AL 20 The har ¢

di sk drive I's oné kind of the magnetic
r ecor dihigp; datlunepamdppilcm@omﬁlpduﬁddtsshﬁs Q. 1§e1 1@F ARG the benefit

JRREEY i 330EE IR 1BRA ogltne i e ot Peondaipet Application No.
| 60846 2{298 ! Aprilurae 200 piisuanb 3596 62 4R gﬁ@%t of a

magnetic recordi ng head and the devél®o of a
magnetic recording nediumthat fit the high recording

'%Bl%héa}{l-'?é[& bei ng- pronoted. 25 The.magnetic recordi ng

medi um nount ed on the nagnetic recordi ng and

r epr odbesi mgemmmarewmtocurm@abw rebpdih@edinind Wiiéh is provided on a
mar ket n I n-pl ane magnetic recording

R aERetS 1 ﬂﬂf%gﬂ@aéﬁ lepstany ﬁ@?ﬂ%qmgooa@ﬂm.gnlauer for contmllmg the
mgmﬁmpoffai OforBBA ffectJOhLRoR (4 Sadruth

substrat e. ?‘é term"” ea%?% 'ﬁgﬁng‘%é‘%“ﬁg"%’.ys %Fehﬁgaé??r having an

ﬁglléq nlagxzensz @FIS qreentdde maxily pengend ghladysrebAiyg to the nonmagnetlc.
in the case of_ a

t -
as grg& H oy gg? g‘ y (ﬁ‘?ﬁ :égegh%:g§ the prpduction thereof, G@E‘GP @ magnetic
ofcotong and repmducm g apparatus,

Background Art:

The hard disk drive (HDD) that is one kind of the magnetic recording and |
reproducing apparatus has the recording dmsity thereof growing at preseﬁt at an annual
rate of 60% or more. The trend of this growth is said to last in the future. Thus, the
development of a magnetic recording head and the development of a magnetic recordiﬁg
medium that fit the high recording density are being promoted.

The magnetic recording medium mounted on the magnetic recording and
reproducing apparatus currently available in the market is mainly an in-plane magnetic
recording medium having the easily magnetizing axis in a magnetic film oriented

horizontally relative to the substrate. The term “easily magnetizing axis™ as used herein
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In the in-plane magnetic recording nmediumof this
kind, an addition to the recording density results in
unduly decreasing the volunme of a magnetic |ayer per
recording bit and 5 possibly degrading the read/wite
property due to the effect of thermal. fluctuation. -
Further, during the augnentation of the recording
density, the nedium noise tend®-to increase under the
i nfluence of the dianmagnetic field that is generated.
in the boundary regi on between adjacent recording

referd & theaxaothhr sikiws dale osientatidrd efi magneizaderc andyrih yhe case of a Co-

magnet i c .recordi ng. nedi ym whi ch h the 10 easily
baﬁﬁgﬂbm tefery to,the § 2% 19 ﬂ@%@%@@ O??it’m oriented mainly
per pRREH mipiade MagneHe Rectitfing lediliRo Ak FRIAL a1 AdiLdH toltherecording

recording medium suffers only m nutely .f romthe ) .
densifyt teowitseinondulyedectiiasing dhrovelume iof pamagnetip daysb pefigperding bit and

regj.on bet n ' ng.r rdj i i .
il P pRndR-AFAHF Bt Bl e Bt oF IErn My Furthr,
during PSR mitntatioh Ethe Yegordivig Hensity] the eiediuim hbse tenfi€ tcincrehse under
thermal flLuctuation _bgijuse i.t is capable

the apfiusses R thendiapagpesisield that g 2oon ‘&ﬁ"eog‘f"’r"élﬁ’arﬁﬂir?é‘ between

| ALE ;e augnment ation ‘of the recording density.
adgdlf%ﬁ]‘ bel ﬁ%‘gtb Lg' case, the perpendicularly magnetic

r ecdnaiontashabe xecailed pepstdingaty sagnetictrecirding megin which has the
S0 LB RLLONS, O SaIEtl Al LLLAGy LG PRLBERTLGMS chto during

thY @dérfientAtibn’ AR tecy@tigSmediim, 5ifhis blyirhivuely fisaphe influence of the
single ma%,eti c pole head excelling in 20, the abi]| iot

dippyagpetic diekhinithebeuadery ragion batrepn adigerat recofdigabitygnd, oWing to the

e
effeet bfithelind fheantirebagust it 6§ eagableof hepiréssingitheedécresse of the volume

terjalizing this single neti c .pol .head, , t he
O REHEIE 1S GG A SRR eA eFOIS M 5P ieh B the case, the
pétpdrididu® Y BiprRlE NARSRINY hdtB@ReA | Grréstiny pRlaveoitentibf, and the
st ngl e magnetic pole head and the nmagnetic recording
confighrtirns obya medwim Sisting, then perpendienlardyy magpeticy recayding have been
' a r rmed of a soft magnetic material,
pgﬁB&”\A/gé?]l‘ e yf)%'frg'pendi cularly magnetic |layer which is a
r ecolnCliebght lyayre, the fedsibility 96 Bdsprmpa dimgle magaeticopode beaddexcelling in
When t he magnetic recordi nmedi um whi ch.i.s nerel .
the Ritu e WHE P e Rermepdigularty arengte DSt ey VIg R apsgrering the
dMRER fOIORFNES aufrhedtidnS of Y TecBtdiAg (dendity BE the hagnetic recording
read/wite propéerty -3-. during the course of )
mediprobhs dieem being studiedr WWith the objaspef mpternlizing this $ingle magnetic pole

| fluctuati. . d i ne . _
Tl SRR oGy L GBS SR0hY ARSI cxtange of

mhgeeticdiuxtbetween the single magnetic pole head and the magnetic recording medium
by interposing the so-called lining layer, i.e. a layer formed of a soft magnetic materal,
between the perpendicularly magnetic layer which is a recording layer and the_ substrate has

~ been proposed.

When the magnetic recording medium which is merely provided with 'the lining

“layer as described above is used, howevef, it falls short of satisfying the read/write property
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medi um t hat excels in these properties has been

finding recognition. The reconciliation of the

augnentation of the ratio of signal to noise (S/N

ratio) 5 during the reproduction, which is

particularly inportant for the read/wite property,

with the enhancenent of the resistance to thernal

fluctuation constitutes an essenti-al matter for the

sake of the future augnentation of recording density.

These two factors have a contradictory relation such

t demngothe cofirse e repredidingthe reciud,ythevpespetth eof sedistingi thermal fluctuation

ced.  Th At f.th high level
ARERE oord eSS v P o TBi, Y Fidebrlapie asraspgti reconding
Wiled PMENSK0LIS in tage 8pdIREMaS Bba findif@ERSiGod, ecor di ng

medi u the fact that the use of a magnetic |ayer of
t he Co&heprecanailighinn,pfi ba apgmentatiomof the ratip of sigoabifonmpise (S/N ratio)

. i nQ- i . LtS i der . .
R LR IS R T ot -
pthe pehanceinentenfshe rdsismg@nﬁ?m_(al laymatiors cotetifutss Qﬂtesﬂ:eﬁtialﬂ matter for
S8 e 2 S S M o v s
1éontragidthy Cel@ich §ish T 0RE of tieht! dediied FaTP ig:\éﬁ!ﬂkeeoméﬂﬁ enhanced.

utilization of a material containing an oxide in
Chleg peponciiating of thegrateihigh layel posss an impoant peabdermagnet i ¢ |
recor dj [ = ols JP-A 200Q-,276729 :
for .ex}gpn%f]g;a? iﬂgi&%ﬁ&gﬁﬁ%ﬁ Iegg%%?l%gft‘? RF‘%’*%%E@?’FYU Maggtic "e“_’rdmg
i medinmbthedact ithat dmi usg ofnmagndie layes bEM@ CUCIPLSstet] Whitl is common to
oy segre ation of, Cr, to attain sufficient separation .
! FFPSHEE Y SPRdpeag a3ty sy Bulty 18 fepdering difficult the acquisition
PSTanROpkr GoldAkHibe {eCaridE tHid Ragretie 4ol istUBhicient i i
constructed as described abO\I/e_ UEes a na%ste{irplﬁgen%wastegregauon of Cr
cedr wauidigienhéo agtmipuphysishl eparasiobe find ddisisionearet magnetic isolation of
' jost.eqd. It, therefore, entails such - _
S’ﬁ%@ﬂegﬁﬁﬂ%q%ﬁ&eéﬁ g the coercive force of the :
magnetlh ¢chd mgarwhile, gremmieaﬁw&ﬁ‘la\tﬂma%nﬁﬁ;iﬁﬁéﬂ 6X18¢ ICoCrPt in the
ef f ect. ihoro h.recording of data with the head -

JBRENGUE layprot e n-plane magneti secozding medisrm tias hegn propaskdddP-A 2000-

r2ewhd Sord dkal chl)_easi ng the ratio of Pt in the magnetic
grains_ in the “nmagnetic layer and enlarging the :
const aie mignetigayer of s sotstwption iSuenabledThy meingan oxide instead of

' necessary. .therefore, .to.adopt a.
e s i T BB Suicicns Sqraretion of praiido & cefain extent even
na greqierpentieyrly angneid medibmg t hor ough recording by

resorhjégg ta such neans as -4- decreasing the : _

t hi ck@€smeflumheonsEysied pe pd ahove nessengiateyial that decreases the
amRURE ofoCr &3 bk Adlss {1E o TRE Mkl gh LACL entails s
that the decrease o?‘ %ﬁga?%%%n%sgﬁg? léshegﬁn‘a{ ntE?rle@’re,.entmls such
Ipsgbdems asi suffering the coercive force of the magnetic layer to grow excessively and
failing to effect thorough recording of data with the head because the smallness of the

amount of Cr to be added results in increasing the ratio of Pt in the magnetic grains in the -

magnetic layer and enlarging the constant of magnetic antsotropy, Ku, of magnetic grains.

It becomes necessary, therefore, to adopt a method for lowering the coercive force

-of the magnetic layer and effecting thorough recording by resortihg'to such means as



10

15

20

25

increase of the O content result in decreasing the
magneti ¢ ani sotropy constant Ku of nmagnetic grains
and degrading the nucleation as well entails
degradation of the property of 5 thermal fluctuation.
Further, the fact that the output during the
reproduction of data dininishgi_results i n decreasing
the ratio of this output to the system noi se inherent
in the recording and reproduci ng system and possibly

I ST | g . the acquisition,of a sufficiept
BRI B S ot ey eiening o pmapntef Gigo be added.
Inbhe anepitifmedthe Fadtahigtahe dedredsB f lhincld@RSdft the nRRAERKE RAder and the
.10 In &rlércumst ances, the devel opnent. of a magnetic

he
inctsazs of s Gearrisntpeselh (B decresringithe MpgnetisrAnisorraAY egnstant Ku of
mBg R gratnOind NEle {h% %?El%g%?%’wél Stdils' &l tion o% the property of

read/ wite property ensity rec0Ording,

theemali Sudtuatiop. pForher, thet fact Gworthie mytput cloeing ythe aeproduction of data

Ni.ghe  Si Jngise (S, ratio. during the reproduction i
s S SehSasid B ool i PR HREPLO0ES Pfgnt n the
reapdirgCarall teproduting Ugbtein’ 41 Sdsaibly Blsnpkih@ithé adfuisidén of a sufficient

menti oned above and is ai.ned at providing a magnetic )
TEPERIYFIBE MIORRET Ui Whiegt the propsaties tarbecaeghiredino longer fit the high-

dé idifs Property and an enhanced property of
tnﬁgfma d?ﬁlct uation and allows information of high :

~ densint the teircmstances) theeaeldpmentr aftkinagnetiv reebidark medium which is
the production thereof; .and a netic recordin nd
- “1"8?3’?@ (‘fﬂ%‘i ﬂﬁﬂgﬂﬂgﬁwf’ Arorerty o6 disroa) fuctianons 2 efciet EadSHe property

fof NgPEERAR! reborafip! i20 Parbit Bluiy! Qs oper BN GbddtdinBCHYoPLMY and a high
.medj um provi ded on a nonmagnetic substrate wth at
signakapise (/D) ratier during tbe reptodyetianhps begreyeatnnd foont r ol | i ng

t he i [.OQL: l.ay, L di t her.eon. . aa.. .

per pgﬁ%ilgg%@%ry&rééane i[@ tﬁéy%?‘%ga\?lf ﬁg&g%&&%gﬁ {P‘B of affairs as -
memgmedl ialzcinreganﬂﬁk aintedi a2 pread iﬂggmlnagngﬁ(f maﬂii:cgﬂngﬂihm which possesses
relative.to.the nonmagnetic 25 substrate, and_a .
a“p?’%ﬁs% fﬁaé}é’ﬂnnsyé?eeﬂv ﬁ@g AR grhanced PrageRy, a? therpal Gusuatign and allows
infdimbtibm 6f hRB RASRY 63'bate td r %ﬁsﬂ, :
l or nore ma%ﬁ‘eti CQIP ayers,%ﬁag%gtﬂeﬁg&gg@bﬁgﬂo &!t e b Hoduction
thergah and ¢ magpeticsretordimglang ceproducingpparatis. a nai n :
conponent and containing Pt as well and containing an

oxi de and that at |east another of the magnetic |ayers
Disglosurk af/the Ieeating. Co as a nmain conponent and o

cont.gi ni g% Cr.as well a?&acont aining no oxide. -5- In *

t he MEgREPFY INXERJIN REPVIREAI 4 ipagnelic feeprding cmedijy provided on a

noRfAbAtY Abstite With de A&;Em X n%“%lﬂh%g%r:@f sopirolling the

di spersed therein an e crystal gralns
orjegitatipn of 2 laysr fonmeed ditactly thereon, a perpendicularly magnetic layer having an

easily magnetizing axis oriented mainly pemendicularly relative to the nonmagnetic
substrate, and a protective layer, the medium being characterized in that the

perpendicularly magnetic layer comprises two or more magnetic layers, that at least 6ne of

the magnetic layers is a layer having Co as a main component and containing Pt as well

.and containing an oxide and that at least another of the magnetic layers is a layer having Co

as a main component and containing Cr as well and containing no oxide.
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In the magnetic recording nedium the oxide is an
oxide of at |east one 5 nonnagnetic netal selected
fromanong G, Si, Ta, Al and Ti. In the nagnetic
recording nmedium the oxide is Cr203 or Si2, In the
magnetic recordi ng nedium the magnetic |ayer
contai ning the oxide has an oxide content. of 3 not %
or nore and 12 not %or |ess. |n-fhe magnetic
recording medium the nagnetic |ayer containing the
oxi de has Co 10 as a mmin conmponent and has a Cr
cont entln ghe magnetin, weordingemadiym dheymagpalic laperscontainiag the oxide has:
c 96
raheBPhc 2psd ofing RperTBI Inpl o B clitfl BB pehbirdtdhe laer in
cQﬂhﬂmﬂw&gnkhe OXIde contains at |east one elenent
selected fron1the group,.consi stin

of B, Ta,
Nd, W Inothe spgnetif ‘Terprdingd "F!‘é'“gﬂ-d%??a@%let 5t &P %ﬁiﬁ &t at least one
Ofnohﬂﬁa icndd sel8fted ﬁ'l)ﬁl%n (§r §’h% AP &g Fiess- 15 In

netic recordin e magnetic |ayer
cont ai An the magnetd tteordsg tﬁ)aiturastha ongliens CuB@pon®itd:, and
has a cont en 1 9 Qr re and 30 at % or :
loss. Ui BbaRle SeotlinEinssy, oAEERERE es Shnrafhila e oxide has an
I abt&iecﬁﬁﬁhﬂbﬂllrﬁgl %@rﬁiﬁrdﬂ‘nd’lmim@% didess. Mai n conponent:

and has a C content of 14 at % or nore and 30 at % or
| ess and the pagnete prcarding mediugy, the, Hagnetis layshepmigjnipg the oxide has Co

Olas h8Rsin cOMpbibnt R KRGS b&xté:ﬁ%?b%%oﬁﬁngwd ltd"'?c%or less and a Pt
magnetic layer containtng no oxide contains east
orcenbhetvfelrﬁ)tatyed’remreanﬁE&m%rmlgﬂsoup COI’]SI sti ng of B,

Ru -a Re a

Lotal  nHATREREHC teriine Tesiar (o Baghairaver e00taiaie B gride contains

| &8 feast dhe leenaiB IR dACH6AERE Sollf cORMIATOf BNTa, Mo, Cu, Nd, W, Nb, Sm,
per pendl cul ar(lig%‘I gnetic |ayer has the nagnetic |ayer

Rurand Beand Bas afotal sonient of theat deagtempeelemment igyfeqt % of less.

t
(r:rggl a“m%t eﬁ-.%@reg&é k%ﬁrdlféﬂeﬂmhrg%}]é;tﬁllg H re? ggr%n?l'nﬂ% no oxide has Co

t \#0 a mEAin p@EmEonent auhdhmeabmtmy df ayat % orlnmre hred 3@ atrPétor dess. -

recordin nedl t he ndl rl netic |aye

cont ai rli'égl Fﬁ?‘f’féj'ﬁ)%?'@& P#"Hg?%ﬁr i“)‘?('?tﬁi't'—}“eé ng. oxide has Co
| s hhmﬁfﬁ&ﬁﬁédeﬁt ArRiGHaE di crgcoﬂeat bM 4 411% oP RioRe R whtanlov less and a Pt
magneti c | ayer has a nonnmagnetic |ayer between the

" megntent of 8)ayyepremore and BB ahMcprdessc recor di ng nedi um t he

20

25

per pen | L |
of mag g']e[m %&e‘%@g‘é}gc C“&%‘ﬁé’?‘r ?m#' E? ?R*ay %ﬁ’“de contains -
i @t leastaine teleenent seddcedd fgcrrﬁltlﬁ!sgroup consisting of B Ta, Mo, Cu Nd, W, Nb, Sm,

- Tb, Ruand Re and has a total content of the at least one element is 8 at % or less.

In the magnetic recording medium, the perpendicularly magnetic layer has the
magnetic layer containing no oxide formed on the magnetic layer containing the oxide.

In the magnetic recording medium, the perpendicularty magnetic layer contains two
or more oxide-containing layers. | |

In the magnetic recording medium, the perpendicularly magnetlc layer contains two

or more layers containing no oxide.
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5 on an upper side are epitaxially grown fromthe
crystal grains on a |lower side. In the nmagnetic
recordi ng medi um each of said nagnetic |ayers is
constituted of at |east one crystal grain and, during
epitaxial growth of the at |east one crystal grain
constituting an upper nagnetic éayer fromthe at | east
one crystal grain constituting™a |lower nagnetic
| ayer, a ratio of the first nentioned at |east one
he..second 10 jgention east

| It I lRed d at | .
g:ﬁ altheg:nga: ne%cgrr%cgg%%d-g iym, the PS"P&H@'CU%H% lflg)gnetlgquer has a

netriigletit Jayor bedvednahé iggndik 1eyees. | n the magnetic
recording nedium the perpendicularly magnetic |ayer ]
has 9 thaimagngtic regprdinggmegium, drecperrengiculaslyimagnetic layer comprises a

pRIrditRF T gh&iCRGers WAL Bordstiutdd 45 ﬂle%aﬁm?, iﬁtwllligﬁﬁi]e &Vétal grains
crystal grain of the magnetic layer Tontaining the

opRN dppeanue ate ¢pataxially gevar fremahe gystalngrains bha ldwer side.

magnet i ¢ | ayer contai ni ng no oxide,..and wherein.the at.
oaol b el B0 oGPareh s ot Fesanghic bvem is Conshtuted of at
leasyi bmexichistay gdifVihdf dafhE hepitaskial Ogtethe! #Sledit SeAtAstal grain

on.a |lower side. The invention further provides a
CORSERGAS AB BPPH dnIgnekt ey eoffom theatleaghere erystakarnia aegstituting a lower
aTrenyy; MeTele)VA e [=To e g1 Iic..Substrate with at
mlggast gﬁ ori eﬁtg ati o%-%}gﬁﬁr& gpﬁeﬁgﬂl llaé)lg/,s;tr‘;r%f %’?'M grain to the second
meapened|af jeast aneenotil gria cbmespofidsatol cngas oheronedo glurslity loy plurality
widigreon, a perpendicularly 20 magnetic |ayer having an
easily magnetizing axis oriented mainly .
per pBndle siakAdticresRiing imveiurh Ghé PEpBYAIERENEhhénetic layer has a ratio of
substrate, and a protective |ayer, the rethod bei'ng
oReier s 8Pe Wepfumlity eplnfalily thenepaihirbnmtic is sivey torayleastiope crystal
8Y8f uf r r the |l ayve ereln at .
) B o gl VR SfEIARE € KRR o TGRTUM: Byt grain of he
mbgnetic Hney icontaiBimga® axideiand cutiepsm eiet at leaéf)&iéld:r?ttﬂggrﬁ’inf @Pan upper

el | and contain ng.an oxide and at | east another o
S‘&%E ?306”6‘?3{ %WQ']‘J%'? e dasone gpistal grain an p g sHig i ng
Co aFheintenitibnTRARG PeeVidesCOMEALE 'f&thPro%ﬁcﬂ\ﬁJ of aatﬂ%netic recording
he magneti c Tayer

~containing no oxide. In the nethod,

HERTRYHed PR é@ nopmasndtigssubstpte with at lepst @l onangadtion-controlling layer
i er el d e.crystal grain enetrate the,.
fofi a‘%’gﬁg?ﬁgc{c&)‘?u%ﬁ%}%@g r ?r}élg laye yl%?]mf e_dﬁﬁrtt_ﬁ'o IeI§0R, 3 perpendicularly
magiguetlayer haying an eadilyi Ma@@tiding Qxisdﬁidnieddhﬁﬂﬁfsﬁﬁp&ﬁidmﬁly relative
contai.ning the oxide. In the nethod,

ton;ﬁgnet ic | .ayeL : :
(E NBPBEMIC UPSIFALS, 3 ghBratestive Jeer, SbAethad beieg sharacterized by
foffing 0¥ pdfrensiRiiAl hddfelid Y&/es of Pwd rbrtrnﬁrer%&%ﬂc 14365, wherein at
perpendi cul arly nagnetic |dyer contains t or re

!eqlsayp@p &f the two or more magnetic layers is a layer having Co as 2 main component,
containing Pt as well and containing an oxide and at least another of the two or more
magnetic layers is a layer having Co as a main component, containing Cr as well and
containing no oxide.

In the method, the magnetic layer containing the oxide has magnetic crystal grains

dispersed therein and the crystal grains penetrate the layer in columnar forms.
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contai ning no oxide In the nethod, the perpendicularly
magnetic | ayer is provided between the nmagnetic

| ayers with a nonmagnetic layer. In the nethod, the

per pendi cul arly magnetic |ayer has a ratio of one to

one, one to 10 plurality or plurality to one, which

ratio is given to at | east one crystal grain of the

magnetic |ayer containing the ox1de and at | east one

crystal grain of the nagnetic |ayer containing no

oxi de, and wherein the at |east one crystal grain aon

an uppelp the method, theimagnphe layerganipining smoxideds disppsed on the magnetic
on [ n alower side. In the nethod, the

peﬁﬁen c§+%$%‘°%g§netlc | ayer is formed using a

filmf dhrﬂ;egnetﬂﬁd ghe perpendicelarla mapxyiie leygn sontsinadee cor more oxide-
The |nvenhwon further provides a magnetic recording

ant E%™ng apparatus furnished with a magnetic

recor dl IROhEERLHS, ARE pRrptRdiRelatl MigAttd Myer @6l W28 more layers
reproducing i nformation in the nmagnetic recordi ng

meefintgping heowdpar at us being characterized in that the

ggg n E:nl ﬁélgée%gﬁlg#l rlgeggrg Idg%l)} ﬁ?ﬁgg E} % r?rg\gg{fpﬁ @\g?m the magnetic

|sla9er§m&r&aﬁiagﬁ&mcllweustratl ng the constructl on of
one exanp| e of the magnetic .recordin

cont enpPdbemepipd; the PerhrpLiAv ATk magefic lqumjna a fatig of one to one, one to

seflutafi 6r|ﬂ1|5{'§ﬁt‘}'% bhd WHich ﬁﬁﬂ%t éxU&Hon‘leQﬁt oﬂe crystal grain of the magnetic
per pendi cul arly nmagnetic l"ayer. Fig. is a

di bgtrranmammgﬁp axidegngd atlaswé onel crxbtalgraintad thmgnnmqne layer containing no

gral s _d r colurm structure in.the

GH8 B0 Gl Bl Ras e UL i i ey it ¥ spitgrily grown from
exmeﬁt Iemfmé 6gsthibreinronts lowkt gde.5 is a diagram
illustrating another exanple of the M4 curve - 8-,

Fi o 6 Indhe methods thecrerpepaicularly Jpagaetic lpyenis formed using a film-forming
%%khgﬂgﬁg aNgk hefagexanpl e of the nagnetic

rd| ng ne conten'p ated by this invention. Fig.
7 i s a Theoswemtont fusthed ptuxmesai magneticerecordsigr anck repmdubing apparatus

yet _anot.her. exa of t nmagneti c,recordin um. .
2 PR % Bt fertiding BRING afq'sRpdeid heag o Tecording and
Sel@btoﬂﬂc:h%' ingdrimatibm Jint e CafdEetit! Clecordirf rﬁédu!uh apot {fPhratus being

ex arrpl e .o
characterized in that the magnetic recording medium is the magnetic recording medium.

Bnef Description of the Drawings:

Fig. 1 is a cross section illustrating the construction of one example of the magnetic
recording medium contemplated by this invention.

Fig. 2 is a cross section illustrating the construction of a perpendicularly magnetic
layer. |

Fig. 3 is a diagram illustrating a case in which the magnetic grains do not form a
columnar structure in the magnetic layer. |

Fig. 4 is a diagram illustrating one exampie of the MH curve.

Fig. 5 is a diagram illustrating another example of the MH curve.
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magneti c recordi ng medi um contenpl ated by this

invention. Fig. 9 is a cross section illustrating the
construction of a further exanple of the nagnetic

recordi ng nmedi um contenpl ated by this invention. Fig.

10 is a cross section illustrating the construction of

anot her exanple of the 10 rmgrjg_ti c recording nedi um
contenplated by this invention. Fig. 11 is a cross

section illustrating the construction of still another
exampl£ Ofc L R ti r gli DRgium cont | at ed

by t higg [ nsvgentﬁ?sg@&?'g!{ﬁﬁaqﬁ% %eg% Hermtllgré ngaé’é’rﬁ’ge%&ample of the
malghetst recdrilmg nostiure xaitpinglacid Hyhkisimantden.c recordi ng

and repraduci ng appargtus contenplated by this

nveltd s ey sedtien Mystmaing the cansirugis; & vel snother example of the
na@hstd ﬁ@dr&ﬁ%bxﬁéaﬁhn%&neﬂag&&li BaRis GiveRflod Ne magneti c

head. Best de for carrying out the Invention: Fig. |
i s aFi& 898 aseassisestion|illustrating thegronsteuction b s8li @hothieexample of the

' | f th ti c, recordi ng nmedi um
n%gﬂ%ﬁe‘%gﬁéig r;%e& "{r%ggnﬁ?ﬁ%ge? bry %b‘éﬁ'f"fea oM The magneti c
20 r EigoBdis ngcreed sectivs ilwerating @ieNcdigtudionodtia feieelexémple of the
rimary coat 2, .an orientation controlling |ayer 3, a
"EEP‘H H%?‘H ﬁn_smﬂf%lj?@%melawayb&thu}m@nwm ective layer 5
and Rig 1085 I,CabisNGchOR iNB rhef &%gﬂ@&fohaéfl %oh{%ﬁtggﬁ'nple of the

order mentioned on a nonmagnetic substrate 1.

magpeticraepiding cnegrineenseroplated Dy alvigl irtvieation. |

orie | an- tralli | ayer, 3 constitute. i mar

coat .ﬁg%ie%gae%ggekn%?%% larqlst§7‘i dhee?‘?“ég'l"%ﬂ? r°f2“ﬁ§ng%ﬁbﬂ?\éﬂ"e of the
magnaticreginding emddayecortemplafed By dhia ifRan&t i ¢ | ayer 4b. As

the onn?gneti c substrate |, a netallic substrate _
f or nEt§ bf 12 Seheane diagmm iflgirating gen exampde ofitheumagnetiamecording

arid M%@labﬁﬁatu?gfi?tgﬁpﬁ%%y g@;ﬂi@&ﬂk ni, gi Sg?gaé gi%éi%tsmg the whole

formed of ~ nonne Ic materi suc

construgtion, and iFlig. d3(h) depictinpihe neazhetitcheadd car bon, are al so
avai |l abl e. -9- The gl ass substrates include substrates
of materials, such as anorphous glass and gl ass

Bex ModedBr cat/id 8t BEMGertlonss, gener al - pur pose
soda]-:_l ime.glass and alumnosilicate glass may be
used8THel, 2 £Iosshiecypm JHustmtingiane, example wfitheseufigiratien of the

mgiﬁ?]e?ig‘r géﬁfgl?’gn gl?eéjg%z ?% e rl%tg(g eb%rglrtlgempﬁﬁ%: gf’gfv[?g%ioeﬁ. The magnetic
regordrignmedBumishownl cheeainl hak |a soft magnetic pringaryBioat 2, an orientation-
GURRCIE 3% pramadiosially Migmenc Tajer 4, & proteciive layer 5 and a
lubricating coat 6 formed sequentially in the order mentioned on a noamagnetic substrate ],
The soft magnetic primary coat 2 and the orientation-controlling fayer 3 constitute a
primary coat. The perpendicularly magnetic layer 4 is composed of a magnetic layer 4a
and a magnetic layer 4b.

As the nonmagnetic substrate 1, a metallic substrate formed of a metallic material,
such as aluminum or an aluminum alloy, may be used. Nonmetallic substratc;.s formed of
nonmetallic materials, such as glass, ceramic, silicon, silicon carbide and carbon, are also

available.
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As the nonmagnetic substrate 1, the conposites

obtained by formng a NNP layer or NP alloy |ayer by

the technique of plating or sputtering on the surface

of the metallic substrate or nonnetallic substrate

nmenti oned above may be used. 10 The nonmagnetic

substrate | having an average surface roughness, Ra,

of 2 run (20 A) or less and pref®rably 1 nmor |ess

proves favorabl e because this surface roughness fits

the recording of high recording density having the

head fTheglass substmatbomebidg substra®l of soatérals swaly an gmarphous glass and

hfidsectiict, i tnofinolls BsP sfhersCao(ad sBhp T st 28 allhinosilicae
r glassrrelayige @ded N Thbn, ras dier glass Gedancs, lishitrabaseg glise cerhics may be used.
head, f | oat e_dhs:?g a |l ow degLee. The use of an average, _

s rihe SermIG HbaERte, psnterst having, geperal-piyposeplupinum | qxide, aluminum

e MY sifi6SS hithi@ ad inalf 8ShpSilehBedndofibdiinftadd E8hbbsites of such

part and the |lateral face part of the end face proves
f stntgrsadyche wsedt he sake of the flight stability of the

magnet j c..head. . The nj cro- || (\Wa), can be N

Gob oy sl SRmagilf Aibhas £ 2 torhpStlied Bt by forming a NP layer or
I MRy bIh@s ryeby hetechiigee 6f plating ot SpRidringf orBthePstirfa¥e of the metallic
using a surface_roughness-testing device (nmade by 20

Kiubstraie epronemstallic subsizaip meptaned abgve mar be ubed. pr oduct

code thé'l%:ﬂ%tjg}.eﬁc@uﬁséa?é § h?ﬁggﬁg '?g?rgéé {ifate fhnéss! Ba, of 2 am (20

provi ded for The purpose o
ph) prelesti and) prefeabipb nendr less rirtrees fammatile bedahisexthiesuefaod eaighness fits

fromthe magnetic head,relative to, t supst r.at e, and
b8 R G SR R denting frabie iF pesd Mt s 100 Gegfed
per permhecslirhtt ha¥ag AGhicfo-swaly PWayof 013 -hirft (R 1eksN@referably 0.25 nm or
informati on nore steadily to the direction N _ -
pl&ss) Prenes frvarable bespuso i %{F@rﬂi’mgﬁﬁ‘f@tdi“lﬁ gfibighrraearding demsity having the
f ' [ v [ ] r

(A loBlta 18 aYou el eSS of Ao I9EAEL DR rBughness, Raof 10 am or
hiessdpfederalply e nli or Uiésa) for etleadieitheri of this elthnaferetiipart and the lateral face

maghetj ¢ recordin nd r.enrogducin ead.. The .sof ; .

T it e .oVt A SrabIE Borre Sk 3t Thec gy Stubiliy 06 thegmagnetic head
MR ethicrd-swéls (Wh t Rk feirl v Al A o
NI and C?)war Sva%n{%bﬁgnﬂ!nfg)@g cor*g’rﬁé??eg ieuxegingglglelgﬁgfmughness "
tthe range f mepsureraay-Af $9aun by uoipg a(surfate mugheSsteating device (made by

A encbECb IS h A 3 IR G R en,
FeAl SiTheFsofl fiagheticFprithiily Tédat 2ai3dproeidb®for HRCpurbaeel enlarging the -
A o L T

- ahé QiSstraUsld ARInFAY QrectiRlss J%Q%Segiﬁﬁ&xpxﬁﬂ{esﬂéﬁmculmy magnetic

Flel\%, FeC-based alloys, FeN-Dbased alloys, _
Hasr -4 defe secgrding énformatiopamert steadilysto EreNdirbatidadperpendicular to the

E}]oh%&neﬁg%ms'ng?esﬁdﬁis function is at an advantage in becoming more conspicuous
particularly when a single magnetic pole head for perpendicular récording is used as the
magnetic recording and reproducing head.

The soft magnetic primary coat 2 is formed of a soft magnetic material. As the

material, materials containing Fe, Ni and Co are available.
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al | oys and FeB-based alloys may be cited. Materials of

m crocrystalline structures of FeAJO, FeMgyO FeTaN and

FeZrN containing 60 at % or nore of Fe, or granular

structures having fine crystal grains dispersed 10 in

a matrix, may be used. As the material for the soft

magnetic primary coat 2, Co athys havi ng an

anor phous structure containing 80 at % or nore of Co

and containing at |east one member selected fromthe

grou t d

Dei e PRisR Ryl B the ardl, EECHREADIRE BichiageCo an
Fﬂc&f)erﬂebkﬂ-basuﬂcalmye (euchnul EeNpfFeNiMoydiedliCaland fFednSi), FeAl-based

aifays b 53 SeAL Fepb Foly e FEARIRR i TrALP R Forpased,alioys (such

asHBeCof Feldm ad tFecRgr)etr-waJardeaBerr §Q§’Jch2as| BeTd, feTaCeshd FeTaN),
to be 2 (Ce) or l'ess preferag Ce)_ or |ess

F¢Mgfth|as@ aéba!s tshcleas BaMg0), FeZr-based eH@YSt(h@ |as FieZrN), FeCzbased alloys,
h‘é.s na? %b?e\,’ﬁ-batsrg}eﬁﬁ&e%@%ied ﬁ?oy@t éN'b%Qsed alloys FeHf-based

"owering the-so t magnet
alWy@ﬁﬁquBaﬂﬁbMIbﬁemapgebhal wavef orm of repr oductr on

to a e di ort ed from
rect X g&'\‘} “W:ﬁé hng: SHPIGHuCes ﬂé&ﬁéﬁﬁgc %g) JsTal; gnd FeZN
ccﬁl%mgﬂ% Sbr&? o5& thofdREEEL dr rﬂﬁﬂlﬁ%ﬁﬁctﬁ&@%a&ng fine Bﬁ@ﬁ?gﬁﬁﬁ dispersed

0.6 Tor nore (preferably 1 T or nore). If th
imeamatroumey bBased al | s short of t he Irmt ment i oned

e B BECPRATE TSk e ORI, A s

aiflbpheis &fichir® Bdtifing®0ca b debEHIde(D@ blrhdiﬁomﬁumg at least one member
Furthgp t he product Bs the s rate
m|

t
HieugouR Aensisng i %r:ri"}b o, Girpdddp gﬁélsr’% besides the
rrB AR humekedatgvbti plied by the thi ckness t (nm, of

e soft nagnetic primary coat 2 is preferred to be

20 ( s rprpfeoed oneretep exaneplesh bf) the) materigf o rConplley, CpEr-, CoZrNb-,

Chglr SRR BV NS taeef ol W e et 2 10

di Sad‘ﬂaﬁbﬁﬂﬁelfﬁcé a6, ofghé boht waysdtier pRmiry roepr 2 diuprefepred to be 200

to deform and_de radrn the OV (Over Wite) property
(Q@)rqrtlrmépfsfe&&éﬁ@ "'I"rr §58) preferred that the outer nost
Surf?ﬁﬁls%foeltcﬂ% 15k L HIRYP&MS ﬁwmrh tabgvé%l!ike excess will be at a
surface on the orientati on- contr |ng ayer ﬁ
dlsed\farutageah b;rddiyaluwaymghhe st magmdtrc p!ﬁo;iemtymnd gufferingsthe twaveform of
et.i c coat,. 2 al 1 di zed.
it Ass iR AP didprte gt s re e gL b 6

pri nghy sseadtecﬂmagnaﬂr frinaldedsitgr Behof the @6 diagRelicoprills coat 2 is

preferred to be 0.6 T or more (preferably 1 T or more). If this magnitude, Bs, falls short of

the limit mentioned above, the shortage is at a disadvantage in compelling the waveform of
reproduction to assume 2 shape distorted from the so-called rectangular wave.

Further, the product Bs-t (T-nm}) of the saturated magnetic flux density, Bs (T), of

the soft magnetic pnmary coat 2 multiplied by the thickness, t (nm), of the soft magnetic

primary coat 2 is preferred to be 20 (T'nm) or more (preferably 40 (T'nm) or more). If this

magnitude, Bs-t, falls short of the limit mentioned above, the shortage will be at a
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oxi de of the material is formed and di sposed on the
surface of the soft nmagnetic primary coat 2 (the
surface on the orientation-controlling |ayer 3 side)
and in the vicinity thereof; for exanple. 10 Since
the magnetic fluctuation of the surface of the soft
magnetic primary coat 2 is consequently repressed, it
is made possible to allay the nelise due to the
magnetic fluctuation and inprove the read/wite
property of the magnetic recording nedium The

 idipsduaniaaenin capsing ther wakfomi of reprauetiony toc deform aed degi@ding the OW

=)

' by, fi ne di vidi ng the crystal grains of
tk@élggw?#é fpg??%tﬁ-(‘é’ gBPPF‘WQ' | ayer 3 formed on the soft
15 madnatprefentd it Yheoabmbdst Jiitace of the &k RARAetR prdbfy coat 2 (the
surface of the soft magnetic primary coat 2 can Be
SYFAEon &E}e SrruetecanmeHingc e B sude)f ber firmgd abys biving the material
TBeIRE | i d ent | ex I NQ : _
t hi s%rﬂlierrg(?%/mg4 g%@@%%%&?%ﬁ%&a%ﬁﬁ“%?ﬁ@?ﬁﬁerpé'eferably= the
dmateriaidenmeing e wift meprsitistprimary coat 2 adpartially 6XWH6NY bRidized or the

8RR obe BARREL o Rred a5y On e piise PRl sobomaanetic primary

aparOigherBirfizg ohfthe SHéMtARM-dARLRRG 14¥er 365iGH G0N fih the viERGy thereof,
xposure of the surface of the soft” magnetic prinmary -
E?Jpaﬁxa‘?P o oxygen is acconplished by allow ng the
surfa ﬁ;g@' [ S sphere.formed . - )
sol el 5%0‘:% %iygeﬁagpucgi%eﬁgf%gg WHIE PO TRAgnenG pripary coat 2 is
gensequeotly orepressedode s, nfade posgiblel ar allsy the nBRBY &uel FRS: magnetic
hERYSHo of 0.3 to Zoﬁéﬁconds. Q herw se, the surface _
RS DR AN JWRIPVE theTrad/write preparty; of the:magnelis sepomting medium.

gas f UhendlpRyersidtbfithe rQUNIER %ﬁ%?ﬁg%@é&xeﬁ“&hbg?%mp by finely

arg n or nitrogen, is used, the ctionis

Wﬁﬂ?’égré#ﬁ SOt Emine of Hbe dertantssionicontxolting deyeor3 dbriddeon the soft

Hdbidie »soft magnetic primary coat 2 is easily:

adj%st ?ﬁé\?j&ﬂgﬁt%he oxygen is introduced to the gas o

bei ngThisexidized parbbfithagurfive ofalid sotP@agiee phivaby £t @ chn be formed
r a fi t he techni que of . sputterin

b 8 PP 5P soPegee g 4 Feh et and

dopt ed T or T HA™PEFT RETEI 4 F MASRstrapr By (Roaf 3rand dubsequently

Eposiag s PrilaQ LBt 4R dxydeti-confinhd Hnitlsbi ST

t her e n,oﬁ?y l?n par t oﬁ%ﬁﬁ%hgpent bﬁ?g{%%%flm consists

Jrinkoducing/exysemto e sofl Is2gpetic pamgascdad 2rduting \théTpooced of molding

s i %10 50 % (preferably 0.1 to 209 of
:gi%g%%%gﬁ_%e %)éinﬁlg ?%% 3&@' xlfrgsag sprfagg,hereol To be specific,

the expusatel afithecsurfato bf he Goft MRhetic himhiiRROL T
the, OF.i eg’%ﬂati n and the 5 grgli‘nbdi al'r%et er gbfs’%ﬁgtqg*{&l’mplﬂhed
bye#losring AR T8RN in [aagAseous atmotphers! focmed SolBlyYCHf yxygen or
dxipgéredifuted AR Y @R kg, | & ni tRi s l.ayer does not:

?eed to be par %iséul aralggdtr?geds rqlc?éeél,' ch% pefitd in the approximate range
of 0.3 to 20 seconds. Otherwise, the surface may be exposed to the air. Particularly when

the gas formed by diluting oxygen with a gas, such as argon or nitrogen, is used, the

- production is stably implemented because the degree of oxidization of the surface of the

soft magnetic primary coat 2 is easily adjusted. When the oxygen is introduced 1o the gas
being used for molding the soft magnetic substrate 1 in the form of 2 film, the technique of
sputtering adopted for the molding of the film may be perfonned by using a process gas
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mat eri al having the hcp structure, fcc structure or
anor phous structure proves favorable. Ru-based

al l oys, N -based alloys, Co-based alloys and Pt-based
all oys prove particularly favorable. 10 As the

Ni - based all oy, for exanple, the material forned of at
| east one kind sel ected fron15§e group consi sting of
Ni Ta alloys, NiNb alloys, N Ti alloys and N Zr alloys
containing 33 to 80 at % of Ni proves favorable. The

net i erial ,cont aj t 9% 0f D
AORANE ATATGRaRE Bl Hove: o Brueerb il d¥fim. As te
pIRESY Bag Apak Fdrived b9 mixfey ardon With 005, % b 50 B (préferabiyl0 Cao 20%) of
is available |[ikewise. In this case, the N content is
oxygep feYUmE Fattogs psad) fayqrablye range of 33 at %to 80 at

% f OTheIt Bﬁerﬁﬁﬂ&%-&inﬂ%ﬂﬂ@l 1aP& 3 R€iRiddRA 118 1doRf0] the orientation and the

controlling layer to retain the inherent effect and

gxauodnamathom‘the perpendicuard megrpnno;hatet ¢4 to b@plawd dirgctly shpreon.

t he t c n
enbo‘gﬁ‘ﬁgﬁt ES‘B elgfl ar ?}élgpi e¥ﬁ°m Pa?ﬁ gfsﬂscug restncted a

n‘ﬁfeﬁ&hhﬁﬁﬂt@ﬂr&dﬁﬁ st tuiré) fcd stywdturd or mﬁdrphdtsrhgmcmi'e ar@a cﬁavorable.

40 nm (preferably 1 to 20 nm. When the thjckness of
Ruthesedy aloye.ohi-based aHeys da- brged aljeys and, Br-baged PYFPToNF garticularly
fabraBlee t0 40 nm (preferably 1 to 20 nm, the

per pendl cular orientation of the perpendicularly

magnds the Nialesed dllaya forlesampler the owterrdl forimed gfi aeleast onmind selected

t he .di st ance bet wee c head sof

Sl e, PR emRr R 85 TS BT RGNV G 813 A Sl Nizr alloys
céiinind 3346 B0 ILEE NT Pioves fahﬁrab&adfhﬂﬂdnﬂla@hm&&nﬁl&fbntmmng 33
be exalted without entailing any decrease of_ the

to &t G aE Nyand epniaining 9o¢ vr ngremiqmms sejeqted frpmhe group consisting of
{:h‘{C Ifﬂeﬁ's I-ffahlbsl'l?%dt 1s L.\paqla l'eni'ilgevH?em Epﬂﬁg c?sl%mﬂ‘?e N1 content 1s

‘he’ sortage™ W resu ower |
preferredrtd ifaitiinothe oarige of 38 Iao% torB_Otdné/o ﬁmﬂhe na:kemfleaalb];ng the orientation-

ma netic | aye and d|n read/ writ

g §yer el e eherP i R 0 B A B A e Propey.
t he Fbi fli6 988 o X he Ol agreie rlebdﬂifhg"ﬁﬁgﬁlhﬁnﬁﬁﬁibbﬁﬂemt &bodiment is
excess will be at a disadvantage in unduly adding to

pteﬁfmdﬂg Aiswit &eghwkn@s of theaoriantatiopfcontrellipe dvien diia tharange of 0.5 to

pr op@p?gggl% ! to ri%ljet)n égﬁ%gfh\%eq%%yc’ﬁﬁgron g,t.;ggoi (#b‘ﬁuiflayer 3is

irt the ramdet ofmf IIEHO anp(préf@raplycbad 2Q nivg, thal mr@ﬂdwdlar iongntation of the
the eof cordjn Th|3|n of th .
pePERdicHiuTY wagneny Jayes vg'nlr%%ﬂ?ﬂar E?la fened i the distance between

| meqm@@a@ Réad ﬁdQH@Loﬁ ﬁﬁgheﬂcr&umgp@aa@abrm@%e Wbirsé oPfecording can

reproducti on. The surface contour of

be deeseasad.i a'hus;élm reafl/iwrite Prapgry can be exalted without entpding any decrease
%ntr%%@mg@ hﬁlrgs%g‘flgg%%r a{ Ihy magnetic | ayer 4 and
If this thickness falls short of the limit mentioned above, the shortage wxll result in
lowering the perpendicular orientation in the perpendicularly magnetic layer 4 and
degrading the read/write property and the resistance to thermal fluctuation,
If the thickness exceeds the limit mentioned above, the excess will be at a

disadvantage in unduly adding to the magnetic particle diameter of the perpendicularly
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pur pose of dimnishing the surface irregularities of
the magnetic recordi ng nedium and decreasing the
flying height of the magnetic head during the course
of recording and reproducing operation, the average
surface roughness, Ra, of the orientation-controlling
10 layer 3 is preferred to be 2 nmor |ess. By :
controlling the average surface-iBoughness, Ra, to a
level of 2 nmor less, it is mnade possible to

di m ni sh the surface |rregular|t|es of the magnetic

regneds Hyend dindrpossibivt degmding ther W%PVP@@M dhecdiggancethetween the

(o, BELOMha Of LAHE oBAOR! PRS0 S8 SRR S conrse of

recor I ng and Fati‘on an
rreaodidg N Jhiteinsiebse. of the diseangas a1aatisddoantagd ci dagridn@ the reproduced
orienptation-controlling | a éer 3.inthe formof a film

Figpal 153)ving Pawer 3nd GERTOdHSHO™i t r ogen. When the

Sput t ethle N2l Niah e stth@d&%%oﬂ%onm% i?&'d3 oiﬂ’ects the surface
nolding the film for exanple, the gas obtail ned

reoRfouts eff gxpnmmdmllﬁ@lyt magnegis layer>0 aog (tb¢ @ﬁ‘@c@thIEylageﬂS For the

B ORI ey R -

Qie&'féaiuﬁg ﬁﬂ: ﬂ@nngfhdigl{tfdfgﬁﬂ rhagn¥id HeRl Ha:tmgp the2 Bo#Eee of recording and
favorably used as the process gas.
JERTRRHCIRY BRRIRA: RR AYSTRRS sifere ﬁ?ﬂg"ﬂ%ﬁsf Bangf thenorentation-controlling

qweygtlyﬁ,gfep@gwge MahAdr 18&ai ns . dispersed in an oxide,
nmetal nitride or netal carbide. The formation of this

st r uc Byr eontrolingehe lazemlgdagurf;sc nglghnessal Rayto raaleaseli &f12 nm or less, it is

SV BB B v Pl 352t T Bl b Srting medium,
avain! s&ﬁif@cta@ dested@sof the |ﬂym§| t of & ﬁﬁgﬂa‘ﬁ@ t&d\'dé‘tﬁ@ the course of

available as netal nitrides. aC, BC and SiC are

Aewrding pad eeprodueing operptpang exalhthesennsdiag dersiinpl es of

0 0 ot oy 88 Sl A 23 ot

nmyahcmpmmiectherem qugai arglanivogbe. Wihenhthe eputiening téchnique is adopted as

2800 o Aol G e dume 8 abipie e sy aaingl By it aon with abou

@.950t6- 50 9o (pheferaBIPtENL 20f%) b0k Gn vEBRIR! mithlahl I ggs obtained by
metal carbide in the orientation-controlling |ayer

@%&@e@&mmﬂuﬁmr 0.0 to 20 Helprafesalelsl 0:0230d 0 %hef nifregangn volume ratio
\Méfav&&bl ak ﬁ'% age in suffering the forned
in tral

net al gr a resi due of the oxide, netal
nitri déae onemmm-cmmnmgelayarmml bel fogméedin £ stysdtiare lhaing Ynetal grains

and t he orlentatlon of .t he | 5.grai_ns_and

gr%d Hyat AEs &r?gﬁabmméﬁ Pymaﬁg %@@%or%foa{l%w of thig, giructure is

m.aed b9 ukﬁ‘n‘éee[n Elﬂfy”ﬁgteﬂﬂl continiAf aRNS:add, Qﬁétﬂoﬂﬁﬁ&l ln' R&tal carbide.
| ayer as wel | t he content "of the oxide, netal

é;r iAdROsoT 2205, Cr203, MgO Y20s and T10; are available as oxides. AN, Si3Ng, TaN
and CiN are available as metal nitrides. TaC, BC and SiC are available as metal carbides.

As concrete examples of the alloy, NiTa-Si0;, RuCo-Ta,0s, Ru-Si0,, Pt-SisN, and Pd-

“TaC may be cited.

The content of the oxide, metal nitride or metal carbide in the orentation-

controlling layer 3 s preferred to be 4 mol % or more and 12 mol % or less based on the



10

15

20

25

metal carbide in the orientation-controlling |ayer 3
falls short of the lower Iimt nentioned above, the
shortage is at a disadvantage in preventing the
addition of the oxide, netal nitride or netal carbide
frommanifesting the effect ainmed at 10 FIG 2 is a
cross section illustrating the ﬁonstruction of a
perpendi cul arly magnetic IayeH The perpendicularly
nagnetic | ayer 4 has the easily nagnetizing axi s

ar{'n%@rt o tlbrg &ngnt ?ﬁ%@?‘f‘%‘}% oq'l 4"? Cltxlé e ggeg% Ccillggol“}l r%tretaf garlnde in the

ofi@itRinkdontrallig 1éhkr Bavtdags &R Li}ﬁ»eﬂhﬁ&llﬁerﬁﬁﬁww& the excess will be

thereof, contaipning at |east Pt _as well and
atep Asadvantage dn seffering the aﬁaedanw&g BEAIRG O gREIN APetidng plythe oxide,

m%l fnride M%%eﬂh an:l'l'i_’g %&mﬁ%&ﬁd e GrietlatioR @t the metal

as vvel and cont al n ng ho oxi e magnhetic | ayer
grdmsiandfimpaenigahe arystatlmity and hhn/omg'ntﬂmnaﬁ the memignetic layer formed on

co n tainin wel.l, and. further . .
g P ol et 3 28 welf o I e edbiept G € Gifide el mitide or
me@l bfrbaR lﬂmed&&im@ﬁmﬁmu@xayé} 3 fils hortdy theAJEWéﬂhmit mentioned

ot her oxi des enunerated above, Cr203 and Si Q2 prove
aboxes theushertege fsasior disedvanagetincpreventiag the additien |°§;tb¢ oxide, metal

nitflid e CaRiBS R0 SIMAUIIRAL ARNLAOP - The

nmagnetic layer a is pre ave magnetic grains
( cr yEI@IZ ig raiross wntmtm/\d!dstrannnghhe:cgrstrabtionmftayperpﬁadwularly magnetic

sed therein,  The nmag a are
laSero B PerbocHly; Fragnelisolikm s, 1he oottty Tpgpggtizing axis thereof
oN&ttéd ﬁa&.bmlﬁbﬁd%&mlmqa ehd forrdpMetid dultrate. It is composed of a
illustrated in By forming this structure, it
magnetisdayes dashaing €o as aagie compenest iteeteof; Fontaining at fieast Pt as well
ard X&Icgskhlg”é& }Sxfag Aaf ? @EE 1@&"4%‘ Rabin éc%f ast {¥nain component
magne | ayer 4a an quen y acquire a
theregfiadohainisgat l(ashilt1 & asr\&élll mcscur&abhf e nﬁ@ﬁ(ld&i gh-density ]
recordin For the acq si iqQn of this structure, the
amoufﬁg Spefe lyergda zﬁl ef@@?edﬁ?tgr'ﬁ'e'aﬁw% Q13513 Mawn gpmponent,

cdliRnlz 3 tled 2 Gt O - well 3nd Fhﬁha%a{iﬁmgfmé %d@mdems bRided 41 is
preferred to be 3 nol %or nore and 12 nol % or |ess

pisfaseed torbe: are oxide af GrnSurila, g¥l, To or Mg.arimeng Mberoxides enumerated
I e _cont ent and 10

o558, EhER ek 107 pRE PERKulay Furanid, Bluhet bR SRURO Y 4o i the

pméembﬁabomméatwhtzhhemagnetl c layer 4ais 5 preferable

becayse the o I de can be educed around the magnetic .
gr ai h8® BRERRIC; ﬁ!{f‘f‘ﬂés prefeg o BAvE magnetig s icaysial gEpins endowed

ARS8 e ity 1 e BRI it
cQJplpear sﬂmmwe tat vértcalbypgercesthe imageeticalapareia as Inl@strated in FIG 2. By
forming this structure, it is made possible to enhance the orientation and the crystallinity of
the magnetic grains 42 of the magnetic layer 4z and consequently acquire a signal/noise
(8/N) ratio suitable for high-density recording. _

For the acquisition of this structure, the amount of the oxide 41 to be contained

constitutes an important factor.
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excess wll be at a disadvantage in suffering the

oxide: to survive as a residue in the nmnagnetic

grains, inmpairing the orientation and the

crystallinity of the magnetic grains, 10 further

i nduci ng deposition of the oxide 41 above and bel ow

the magnetic grains 42 as illustrated in FIG 3, and
consequently preventing the magnédic grains 42 from

formng a columar structure vertically piercing the
magnetic |ayer 4a. If the content of the oxide falls

short bite eandent ofuthre dige 41 i5f prefesred dnde 3nmnt Yotredomizadel 2 mol % or

(5 0 B Ly 8 e L B SRS 5ot

smpreraatld @ melds bblekd. nel y di vi ded and consequently

exal t if]‘g‘? t he noi se during the course of recordi ng and _

r epr odlfts PP pRecHied dRovE IpT Phes sonitentiof ghe prude sy thednagngtic layer 4a is
frabl 0 BBLAO ROk Mn b lddBeai] : ic grai i

(Iz‘i;rg_h- densi t;/1 recocr)ofi ng. The cont kéltr?tago?heam net{chgmns 42 during the

rfagnatiancofl adgyar and used for isplatingend Hindly dé/iding theonaguetiegrains 42 (FIG.

d t 9% or.less,(nore eferahl v. 10 at % or nore

221 14 e Bt BF preSeioe SREGH UL E P dinfe SE R e ppfipned above, the
texeedsaniE bewbtal OBATamBEY th Eoferinpette’ 0@t BErvive dd@lresidue in the
the Cr, content in this range is proper for the purpose ‘
Jhagien SRIPHgMAENgaYA crietation a5 rthe wrstallinimef theumagyfetic grains,
t eti i-AS _ 1) I . .
e Bl b8 BRSO ot b e magnecic gains 42 as
clnstratedemt KI5, énatad congeduieathnpreventing theymagnetic grampsi42efram forming a

read/ write property, and a ropert f ther .
(<Bhto kBRI PSRN ircRe 1Bt Fighta Biet 5 L Eibeicptent,af the oxide
|£hllg Bkorfiof el lcawr 1axiE &F dBe ritfseUiBRoned Nibbve)thé RRoARBORill be at a
.rzﬁsrgbl oned above, the excess, wll be at a disadvantage -

|

MeRIPRE IoRENVPHES the MrggRds Brring fremy bepy satsfantonly separated and
.t - i r .
e ia R ERSLIGn ) B e L Y 4 SO b s
aeprotading npergticanahdtdbstnanting nheadquisitin dftecsismayineist (S/N) ratio suitable
i.nﬁ nd consgiguent ly inmpairing the read/wite
%_?*ﬁ‘p.ag F@?s'ﬁyfr & content falls short of the |ower
im t Tfe doi@nf GTIEn R ina SRR 1aykP 42 O Rrel RELSH A ?]Gz&%ore and 16

w ||l be at a disadvantage in unduly 'hei ghtening t

#hgnoriless (mare prefophlycldhat Ynor mose and 1¢hat Yveernless)c The reason for
I [ . | C coergiv rce t.o.,.

5855 ST D AEEORIhEL RS e 2555 i e

negneper ot dlyee putposen of| preventing eromdpngic RILHYYconsdlt, Ku, of the

- i.ncapabl e. of, al [ awi n ufficiently witing on the head .
RREPRGS i 0 PRI GUSTS ovtrded, FAiRa\RUNE bR ERAGRP7a00R Hca high level

120 il G 9 s SORBE g8 oy s
&epepty of thermaldfuctuation appivepriateifoo highedensitersichyingg t he

range Ipﬁgtéroc%gpenﬁgx%dsftger uﬁ#e? li%it 8Ptli]1teer§rggei l%el'l:tl};')%ltt?d above, the excess
will be at a disadvantage in unduly lowering the magnetic anisotropy constant, Ku, of the
magnetic grains and degrading the property of thermal fluctuation ahd degrading the
crystallinity and the orientation of the magnetic grains and consequently impairing the

read/write property. If the Cr content falls short of the lower limit of the range mentioned
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the magnetic ani sotropy constant, Ku, necessary for
perpendi cul arly magnetic |ayer is obtained, that the
magneti c grains mani fest fine crystallinity and
orientation and that the 10 property of therm
fluctuation and the read/wite property consequently
acquired are suitable for higjxdensity recording. If
the Pt content exceeds the upper limt of the range

menti oned above, the excess wll be at a di sadvant age
in suffaring t apeLi & | - RelBYREneO th ti
sbpi, B, fortie A, FEOACY, SRl 18 drRLD Aelghling”the magnetic

anEoi6HRbdristint, K15 od thidmmagrietie grains, sufferfngtthe pespgmditilar coercive force
grains. If the Pt 1%8%?nt nt f%ilflﬁi short ﬁf the | ower rdi
to[inGtease gxcessixely 2A¢ SOMBR{ING P magRetic RXeT ' JEANH § Tecording
t |capHb ihg seffisieRly Weitih dnaRélHéadl duridg th recordi
pr?lﬁeé@r}a%ﬁ C a#ﬁg%?myg?zons.t an):, Ku,E nnecessary or recoriing
of dbtzaind icogsetyhentlyrusie faryhight-denisisy regprdingict uat i on proper

for Jai oh- depsi recordi ' 0 ]
al | oﬁg&%“@“@gk[&g}hﬁ a%g% F%%s ero%-%&eqigﬂngﬁé I';és:e Z%t% (Eeol/‘fl ?rr ig%re and 20
at®her ledd) ThHeOuisondosipetifying e rihge Taentidned abyvelfior the\Pt bimtent is that
Sm Th, Ru and Re besides Co, Cr, Pt and , .t tie oxi de. . 1 .
thes, magmAtic 2RISAEORh EoRsARte Kils NeREsEN, A¥qPeBERdiculprly maghetp, layer 1s
' if | Myt BRit9 fantl i eABEBR ah€ that the
°bgér1§i§ﬁ?+£é§<§f'?§?ﬁ§[ %’?5"5?21 lfie%;e?]% gﬂr%%tht he@ori entation ,
propertycof theral flogatien and dhel readiwrteppropertt worseguently acquired are

Rr rty of thermal . fluctuation suitable for
S“W@E?%Jﬁgl?‘flﬁml &fUP%g. 25 The total content of the

el enemPIRMtdn® RRELead théawppsr bl foftlierinie nivatiBnak aliverthe excess

less. If this total content exceeds, 8 a % the ex??css

wilj bg atedisadvaniags i suffaringdhe magngticerping to R andgyice Of Lo structure

L6y ek PO A o BRI . 1
cankent Gills shoradf tie lowert liveit nfithe edrige nyendioned aborve, the shortage will be at a

.consequently. qhstrycting.the -17: acquisition of a
SiFANARY ob rREE: Peantrermin, oL the GRSy, plifodoey” constant, K,
ndckddaiyUBdr @Btafiiing aht &pr %rn:,h o Rherétfal Sthictuativt OpRipBY for\high-density

concrete exanples of the material suitable for the
feﬁ%rﬁﬁ’&ic | ayer 4a, (CA4C|18Pt)90-(SiOz)10 {90 nmol %

of iqh 1 i Si 0

cont Ty iR TRAS 4p SIS Shilh detedhs ofp Senicnt setected from the
granpl cdBisting ofBo Taah oo CudNd cWiibs B, db, Bormpd iRei bregidss Co} Cr, Pt and

Col | 6Pt) 92- (S 8 {92 not % of a.netal, .

i X5 B, mzaerané et idrents resitonsel Bbove, gt e possible ty Proote the
fitd divisidrOSK BB tmaAaRekd PRIMALAMNCEe Qfystalirifyar@ HiB brith@tiorthereof and

oxi de conposition conprising Si'Q2}, ) ) ) o
2qqaie ertadpvritetpropery@nd 03FepertyHf gherma) Rctaationsyitable for high-density

recording.

The total content of the elements mentioned above is preferred to be 8 at % or less.
If this total content exceeds 8 a %, the excess will be at a disadvantage in suffering the
magnetic grains to form a phase other than the hcp phase therein, causing turbulence of the

crystailinity and the onentation of the magneﬁc grains, and consequently obstructing the



10

15

20

23

conposition conprising 8 at % of & content, 14 at % of
Pt content, 4 at % of Nb content 10 and the bal ance of
Co and 6 nol % of an oxi de conposition conprising
Cr2®), and (CoCrPt)-(TazGs), (CoCrPtM)- (T|O)
(CoCrPtW-(Ti @), (CoCrPtB)-(A1203),
(CoCrPt TaNd) - (MJO), (CoCrPtBCu)-(Y233) and
(CoCrPtRe)-(Si @2) may be cited. -The magnetic |ayer 4b
is formed of a material having Co as a nmai n conponent
and containing at least Cr. It is preferably fornmed
i avquisitionwd b uesd/ Watei prgperygandtal propertyi ofshertal flGctuation suitable for high-
epitaxially growm fromthe nagnetic grains 42 in the
SEX TSP Pfer 4a as illustrated in FIG 2. In this

case, Amcoﬁ%&etek&nﬁwlastwe? @dterid) EsUTRBRE FbiC ﬂk@mgnébc layer 4a,
and the rmgnet C %r ains 43 of the nagnetic |ayer 4

P L AEHFPERG-(S0:1Re{0ampb¥% of 2 grntal icompraition compRsing 1t4cﬁt % of Cr
By s09For S ol Al RS Y18 Yt e composiin
t dompridh g RiQuj (Cel Afird6P13524(5104)8 t{A2 nmhgnefa metahy@npﬁkathrscompnsmg

oo @Y% SRR, 163 S BLAhat st ine bilbie st and €50l % of an oxide

fdb&ﬁﬂ&:@ﬁnoﬁxéﬁaﬁprﬁ%gt Iseo% getérathum Q”‘Et‘z@hs {94 mol % of a metal

orientation thereof cont en t he magneti c

|@mosm@n icgmpriging Sra o pﬁcbeommaw 3% %rof B pentawd4 26% off Nb content
r T té n

g e UF CPELBLADY 10 0 IR LRGSR b0 0, an

e PipgT4,008), r ep(GuﬂrBM@)F(TtBO) dat (CAQPYWB(TIOB),  (CoCrPB)-(ALOs),

p(ﬁ{?fﬁlt%'%fﬁf‘]‘é!b&te& fﬁ@%&’éﬁﬁa}fﬁﬁa ¥ uﬁﬁﬂeﬁ?ﬁrﬁb rogy be cited.

cont entheSma@iRils 1@9@4%%&&1 od m%nsuhavh@r@@wﬂmrpaﬁ@mm and

above, the excess be at a di sadvantage I n undul
dontaining ah tpastier. rrﬁgn @r¢leabiyof¢nn¢d irhe strugmest hayingpegnetic grains 43

4 ont e hort of t

pppialy kit o R TR Bk 18 e ol 1y B g e in i
e IntthB cdses &d\mxgnagegtamsm@felm mBghetib dayepdin ehd theipinBtic grains 43
fro bei n atisfactqrily arated_and finely

PR EaEneic davar %@atfﬁmws%f tg'arqﬂﬁ@ of e toPsRIUBlity to one, and one
repRlAiHg and reproduci ng operation to increase and
obstructing the acquisition of a signal/noise (SIN)

r at i 0 Bhei epatpkial growvtthpfjthedrapsietiy grgsodXdofihe Magnetic fayer 4b from the

%\r’\?g Fl(agn%trf tol}ﬁl}er{agqﬂ%{lsgagl & elg af%n Iqjv f%émsnﬂ{gm ng fine division of
Gbmmghem:f gﬁahe 48531 imagheticclayed b ndfufhér dxaRin qu eryStallinity and
stb’e% or and 20 at % or |less. The reason

8’1"?’5’?‘?‘?@‘ $8°% ange nentioned above for the Pt
cont eNfhel Gr conldt of ME nvdEhbsd ﬁ érotf 1s bl fo LI £ 5 % (or more and 26 '
sui tabl e for high- denS|tyre I'S obtal ned, '
tah & or less. The specification of the range ment:oned above for the Cr content 1s at an

~ advantage in enabling the reproduction of data to yield a sufficient oulput and ensurmg

acquisition of a proper property of thermal fluctuation.

If the Cr content exceeds the upper limit of the range mentioned above, .the excess
will be at a disadvantage in unduly diminishing the magnetization of the magnetic layer 4b.
If this Cr content falls short of the lower limit of the range mentioned above, the shortage
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hi gh out put of reproduction is maintained during the

course of recording and reproducing 10 operation and

consequently that the read/wite property and the

property of thermal fluctuation suitable for

hi gh-density recording are obtained. If the Pt content

exceeds the upper limt of the,;gange nmentioned above,

the excess wll be at a dlsadvantage in suffering the

magnetic |ayer to forma phase of an fcc structure

e r I

N T e T P B i Yeistuorly
sdphracdn e finklzl Iim@l‘l,o suﬁ‘ering I:Im homs rdulingithe abutskeofr savgeding and

menti oned above, .the $ be at.a . . Unoise (S
e PR APGEOT 10 e EPY RS TR 105 dhy, PR of 3 siegalinoise (S
raiB S0RIYIE foR RighUeh OBy recs@iigent , Ku, for obtaining the

property of thermal fluctuation suitabl e for

hi ghlt desiinveegd thart dreomagnegc lapeedbrisfaanedof agpaterizligontaining Pt besides
I d I d;
CP o 57 T4 E5 SBABbethe kBB ucIaer M SPRRICAA §HeY gt (P more and
20 % 1d1,les®u Tha tealsien for spek:iﬁung)ﬂnetrmﬁanerfﬁoped%bovarfdr the Pt content is
de. contain the.el e i.oned above,, the
Gy o STesve e IS T PR e g € PG tha the
higRBRGIk ©f Hpodduetion isSBRBLRed iPing tHe talrtd &f fe¥orditk i.rhﬁreproducmg

orientation and acquire a read/wite property and
oparatisey ayd sonsequently| thiat tbe Uead/writes propaiy @ndorﬂmhprgnerty of thermal

denSI%%/S h‘%‘ ‘icﬁ'%a"g“g%émédo %Fg)ﬁ%’%ﬁ: om;)et IEqieat % or _
| eSSIf thé Pt thrterit @kodeds @i Gfer ﬂmeﬁtﬂiew n%ntlbhed gxpesthe excess

will be at a disadvantage in suffering the
will BF pla disadvanageinieEng thedpagnetin BReine o pipiase 66 Shag foc structure

tHePEIN Ghé Q:oﬁééﬁ@éﬂ Nipafin #; 0f crfstifh@®y hhdidley oﬁ&ﬁaﬁ&iﬁof the magnetic

orientation of he magneti ¢ grains and consequently
layem e tfi thg Rt venteatofalla sherit of theo loved lait of thewange mentbpesed gbove, the

s e8 B RERL YoRla i kb Eig P ARG B8 sllpgsc ansorrory

corabrt] Kal f&uw@hh? ther rbbemnaﬂ ﬂﬁahlnﬁl fiastastiohbsuifablebfo? &iph-density
{16,.to 28 at % Cr andthe bal ance of Co} in the

reogrdingyst em Col4-30Cr| -4Ta (14 to 30 5 at % of O
COI’]t t (0] t
e oo
0 ney, mY ulan jhdn o, Cr,
pt % _of B cantent land t he bal ge of Co; :l bled
2, B¥ide 1 B, AP IR M s ISt e pRat Ao s the grasgtotig Jalpr i enabled to

pfImdte ine Hivisidn 'of ningabtid@RinsBorCéihafdd the l[dnitdlimity 40 the\skientation
content and_ the baI ance of Co) in the Cr BNd system

agth a@iuste @ fead/paite property aad 8 Properkyt owemdnﬂue@ﬁtl@m F“ltai’@ﬁ for high-
density recording.

The total content of the elements mentioned above is preferred to be 8 at % or less. -
If the total content exceeds 8 at %, the excess will be at a disadvantage in suffering the
magnetic grains to form a phase other than the hcp phase and inducing turbulence of the
crystallinity and the orientation of the magnetic grains and consequently impeding the
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10 to 18 at % of Pt content, | to 6 at % of B content

and the balance of Co) in the CoCrPtB system

Co16-24Cr 10-20Pt 1-7Cu (16 to 24 at % of Cr content, 10

to 20 at % of Pt content, | to 7 at % of Cu content

and the bal ance of Co} in the CoCrPtCu system

Col16-26Cr 10- 20Pt1-4Tal -4Nd (16 to 26 at % of Cr

content, 10 to 20 at % of Pt cofit%ent, Ito 4 at % of

Ta content, | to 4 at % of Nd content and the bal ance

of Co) in the CoCrPrPtTaNd system 15

@oquisingrepia regibivmite fuwpents anda pdpetty of thiermmit fhchtation suitble for high-
t,o 18 at (‘fof Pt content, Ito 6 at % of Nb content

SRV IHEUUPEince of Co} in the CoOrPtNb system and

CoCr PiaABNancrefe@ichitpleY\of the @idtirdp suifebfe fof fléMbaghBelc layer 4b, Col 6-28Cr

rmggbe clted. The perpendi cul ar coercive

CoCr Pt R

flbe 5%28(%8'5' obfr anbthe brlapsrntlnl an Hie Galgnrastem, Calded0qridTa {14 to 30
f ) .

e, 15 8300 SBh ol Ui b5 50 00t e,

Kol 4266rid5 BalddBir{l 4 e26 at YharfrCrdiontent, o rSem @4 of Th €ontent, 1 to 4 at %
praper an rticularly the,f ency pr.o , _

B B pley SR B tnaet oo oot B bmE PRS0k -sB1-aNd 14 o
BOREST b Cr ddnfent, I RBIRSY oFBOSAARE, 1l RYAL4t %'SFINd @htéht and the balance:
hlf_]%h-den& ty recording nmedium The nucleation (-Hn) of

e

opai Perfen NG sv§termn §19d 624 Crify 8Pt uoB {1 pte 24 rat &elof €r content, 10
vt ln ' Hn) |
BF18 JO% b Es s T B 1'% of BooBlhl S iigbaleiBd of G4 o the Cocrpm
d.‘fﬂfwlﬂ\&ﬂtﬁay@ r: {:]}ZGEIﬂleVﬂui {ig to fﬂé ta.dexifLGl'&ﬂl ml:mg{letuit: 2o hﬁ%&j_l_ rf Pt content,
1,Cl n e I I 0 I ctyati on. e
31725 65.CF sppipndandali bilatie o) chahe ot Hiba symn, Cols-26Cro-
QORllwlfi@Mdaﬁl')?stotZ@ # b§ oPC} B t?rﬁ,el 0?0 M, PV %ontemél to 4 at % of

obt ai ned as VSM i n whi chn poi nt a represent
Tasomentnl tond alleiaf INd qameent andsthe bhlancepfdia}dn ftikeeCoCiPnPTANd system,

Y 0 Y 1seq, f th t & i N whi t he
BhPEaBErlarericR® (180 B3 of B PR sG] hiatd comenn, 1 10 6
pio¥anof Nhr@pteasgm thet hﬂam:qfthﬁ}t :fn\/\ihﬁ C(Ibl\%l?mﬂ Eyigem.f ﬂfﬁll TEECPIBN,

e i of the curve at the
EECRBEN L tipivat, ok P e Cobepe oy b iednt curve | 5
I nlci dgl]fgl &,‘d“?ﬁe nug{igéa??%n (- ﬁl;rfgtﬁgég%gn%dslcuéa o oé’?aﬁ?%" layer 4 s
pefareedvingre 2309 [Qs] or roorieal I she woerSive Herce dglisoshdrh of\B5QN [Oe), the

I gnetic field i.s negati,ye.(refer to, FIG
Sl b R AR el et 16 i PRoger i pphgularty the
fregienty ipfoptityC impdifing xthe " pi8pertyR of Ghérfal IfRicthatiSn and rendering the

ositive (refer tg FIG, 5). In the perpendicularly

g@éﬁ@ﬁ'ﬂ%ﬂﬂﬂs‘}féﬁm;unﬁh%s alyighsgestyseearding medmwmpt er  of t he
magnety RS (i r ' I _j . f '
o 1?‘1‘;}% n&{ll_ﬁngﬁ a(VIZ:F)g%i:ﬁl%aﬁre?&ngmraﬂgv mhghetil Faye? Ok &efe?red to be
1000 {Oe} or more. If the nucleation (Hr) falls short of 1000 [Oe], the shortage will be ata

disadvantage in rendering the produced magnetic layer deficient in the property of thermal
fluctuation.

The nucleation (-Hn) is expressed by the distance [Oe] from the M axis to the point
¢ in an MH curve obtained as by VSM, in which the point a represents the point at which

the external magnetic field in the process of being decreased from the state in which the
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10 di aneter can be found through observing the
perpendi cul arly magnetic |ayer 4 under a TEM

(transm ssion el ectron m croscope) and processing the
observed image. The thickness of the perpendicularly
magnetic layer 4 is preferred to fall in the range of

5to 40 nm If the thickness of_ the perpendicularly

magnetic |ayer 4 falls short of2%the lower linit of

t he range nentioned above, the shortage would result

in obstructing the 15 acquisition of a satisfactory .. .
megpefization 15 @siaigd ceaches G ARG HeRouRl hpPrasEntS thRqipt atgyhich the line
Forfe Y _ex{ekﬂff) UAL! @Rgent Nideh6r (Hal M evelht i point b at which the
per pendi cul arly magnetic | ayer 4 exceeds the upper

magnetizagon pfithe MHgurvesn § igersectabo seturatedemagnetization; | | be

at a,di.sa nt.age | n..en | ' ' b -
the” B SR BCARERE oG BpPhS ke F pofBEE T wAEF | ol o flls
thOiegRndn Rﬁﬁ@'ld&lgﬁbxtdﬁg;\ll h&(gnﬁfc fiﬁdﬁu{f négagve (rdfer epFIE lﬂzjiang a negative
operation and degrading the rea te property . X »
va@sr*@seaﬁb%aow cfplls 19 A ZFPR ffsafgfgtkﬁ eiﬂgﬂagﬂaﬁéﬂﬁ@e‘d is positive
(fe852 2% gig%)property (ON. The protective layer 5 is _

I ntended to prevent the perpendicularly magnetic |ayer _
4  f lorthe qermsdonlady dpagretichleyade the average pogicls dgmeter of the
the surface. of }he re gding medi u {roq1 sust hnigg? e particle
TRASRERS, SISt RrETeed e R 1R AUY SR Yt & ¢ R el U2 VTTRES P
diaetttS@nabe folind! hfbugheibeérvigSthe PeficaticRriy NAaghetio tayee 4 under a

art. For .exanple, a material containing C Si and
myssionyrleciop aicrpseopehandpresessing tieebsprved 4pigey o

| ayer i i f or :
oS A e Rt GRERP ot ehT YRR ol in e
riogeaf Setot40i et b thik tecknesd ofithe perpeadicelady magneticHayer 4 falls short of

i st anc.e .be en the head, and the ium -21- The .
e FRE BT P yIsedbonr RB e e BOTRTevotlf it af epjgpoting the
28§\ 5kion SF & RafsTadieryl dussiit HFQepHBHlRIon ahl ld@f;iaﬂﬁ%&ﬁe ptopefiplof thermat
or fluorinated carboxylic acid, incorporated therein,

fingiaion ndf the thacksessi efgthadernendisnlarlyi magnetie dayep# gxceeds the upper
Yt el BeRROIERAREI the PUASS WA Be ke ldicldHnade At enlarging the
negnetid graen i thebperpbraly@rarhyl amgnietiti lagett By etdiiug tre, naise during the

RSPt e Had GHIBAARE PRPAIGR JOK AREAAIE 314 Jead/rite property
rEftenicyhe LIRRaIRRILERIN b BiNSE T RbRlidg propédy OW)

protective layer 5 and characterized by ) )
per pelihgirroleetiveylapiergh st intentled tor prgvent dhgp perpendiculory magnetic layer 4
R BoBIELS ol BY LhiRe rifle, bROHinG e Qlrracl B RIS medium from
ayers being’'a nagnetic’ I'ayer #a having as a nain
sastaipogemjurp nehenothe anagnetc Geadisonwatts the)chetiintorlt aaminseyany of the

Bl U5 el H0°% e koPELE MRS SohdiSly &si0; and

ZrO; may be used. _ _

The thickness of the protective layer 5 falling in the range of 1 to 10 nm proves
advantageous in terms of high recording density because this thickness allows a decrease in
the distance between the head and the medium.
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conmponent and containing Cr and contai ni ng no oxi de.

OmMng to this configuration, it is nmade possible to

obtai n a nmedi um whi ch pronotes fine division and

magnetic isolation of magnetic grains, markedly

enhances the signal/noise (S/N ratio during the

course of reproduction, exalts the property of

thermal fluctuation by inprovinglthe nucleation (-Hn),

15 and possesses an excellent recording property (OW.

I'n another node of enbodying this invention, the

per petiHe clubatdtmgnmgvmetﬁ as I;ayferred tomhgvérea ﬂubnmdng nagent, such as

BestaioRp R CRnsd Bcool PLAYGHIBEY SPIpoRYEs S0 dfgproorted therein

form g, ?rfhgﬁéﬁdj RecSIMAMRHINE SRHIE inventichy Rl prédided @h @ORonmagnetic
This invention allows the perpendicularly magnetic

sd;seated wish ptlepsanmgienhtiorhpentrofing laverFofos contepilieg the orientation of

ers r b f
e piabe, @D irReoh. o' SrpRUBE, Dirighdlicl AU 5 having an easily
mgﬂetizﬂfg- ae@mﬁmwmwmggpapeﬁutmm refaiva o ie nigintaghetit substrate 1,
in FI G is alternatlvel% erm ssible to,forma

nafbﬁepf%ecrlayelﬁmb it SRRCHRTZES Wy ik POReRiotlarly magnstic layer 4
CORpradifY Worﬂ?grﬂﬁlte' Emé@ﬁ%rlﬁyéﬁ at BRY ohd-of A magnetic layers being a
illTustrated in I's otherw se:. perm sSiblet
mtmxladet éenhaemg Y mgnmnmccqﬂmymest 4nd Topwening, Gr as well and
i.at.erposed b n_t 4
&t%lm%% a?n ox:&lh \éﬁaﬁ %n%tnxe“?' O\‘.éérg%% L%nalgﬁﬁir[ ?aaf,albal} thg'pgg Co as a main
bﬂﬁﬁﬁr&nﬂﬁhcﬂcomﬂmé Cr3ind @Bhtaining o BRidex IOivangso this configuration, it is

|IIustrted FIG 9. Particularly, since
possitls 1o efftain a-mediiie ‘ﬁﬁ gromotaseing; lansgmraeg gpagReticiisolation of

Fr?a étict ghaimdd zﬁa'?f‘ed@y%ﬁl‘irﬂ:'ce@&ﬂ §1Fﬁ‘abﬁgls95(‘s?f¢ﬁhti%f dirily MdScourse of

propertles such ds the proper t her nal
fépnadugtion, emalts the praperty of)ﬁmpnaltﬁpcttmn by imp2®ing the nucleation (-Hn),

nal / noi se rati o, it ecially
AR R TE e IO ar [y mgnet i
| ayer hﬁaﬁo@iéﬁﬁfbd&ldf lembbiyifg tis HvefidnaiRIperpehlictlarly magnetic layer 4
i nvention allows the perpendicularly %Inetl c layer 4

may hefermedrinagtuenee obtained by formingromagnedisdavendh containing no oxide
RENERRed | %@g@fg@g{'t 2 Iﬂ?ﬁr evdeercﬁc{n%\lxﬁﬁﬁ niaﬁg &k ver AR tireon.

structure ng t gnetic grains
f r om This mgveanbmalgmeh the padplemdlgnlulpempgletucdi)er ditabe famet of three or
contr

d h
g T Ao oy SRAE D 1 aefmetiqyt ot papngticdpygrdo-t and ab-

£ Qofaivgngond @IS 61 8h bﬁndla-%&ﬁhmﬁgg higrfie tyefdbal itaamdda FIG. 7. It
magnetic | ayers 4b-1 _and 4b contai ning no_oxide and

Kadltemativelypesmassible F°a§fé'iﬂ D magnets jsyeredb isentaining ne@xide on oxide-
s Cc e
SRS RCABEE i o 42 BE MGOREE'H, B6.28 OF oer
pexmisgﬂetu lave axele-c@nmmntganamteﬂc yesdiableintdomanl imérposed between the
I
maEP tic ersnggqet d 4b- 2a enruiqimng no oxide and between the magnetic layers 4b-2
and 4b-3 containing no oxide as illustrated in FIG. 9. Particularly, since the combination of

‘various magnetic materials results i facilitating the control and the adjustment of various

properties, such as the property of thermal fluctuation, récording property (OW) and
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of the perpendicularly magnetic |ayer 4 is preferred
to use a material possessing an hcp structure. It is
advant ageous to use a CoCr alloy or a CoCrXl all oy
(wherein X1 denotes at |east one el enent selected
fromthe group consisting of Pt, Ta, Zr, Re, Ru, Cu,
Nb, Ni, M, 15 Ce, Si, V% M, Ti, V, Zr and B),
for exanple. The Co content of %e nonnagnetlc | ayer 9
to be interposed between the conponent: nagnetic

BBl 1 R SRR, ity o

raﬁawhnﬁed“ﬁthlﬂ&eéaﬂ@erellwetrhat t he nonmagnetic |ayer 9

‘having this Co content assu nonna t|c
pr opeFhiy inventiog aflews the B?FPﬁBg‘S& b r<f 19, 8pYf ponmagnetic

%9913 Rt o ore RACH BENREN fife c%rr]p@ﬂ&ft n%gh@txpﬁ%erb R ESTO TR structure

etween t he corrponent rragnetl C ayers of
psulpsendupmeam:tg/ thea gnagnetic igryey fuom bgingognjarged Renabliag the particle

n,a av | The
et SR 266 p RS AR} EidREliosBialBfss (S0 ratio fnther. T
R PeRniRable tiAgREd hénmighigae Biyef oIt hfbrmed) barsicen H&l’rhg!gnettc layers 4b-1
netic layer 4, a metal or an allo Faissu ot her

%‘tfﬁb‘?bﬁ"é‘“w RRyoRide sRbhaYe3 AR fef 1% 2 terposey between the
g@gﬁ '%mtacm £1-9e4 K a&dtalmn]g?énmmetah& pPick® fHefddnQi illustrated in

gnetic layers vertic opposed across the
FKi.d0posed | ayer are not i npai red As concrete

o ot AR O o bl AR bl s e

bbthegberﬁndwgﬁ:lyﬁlagnéhc Ilaﬁ;elr B ﬁliﬁlefﬁiﬁed .&lﬂdseai Ineageria lpessesding an hep
ma e clte Parti cul ar
Brspr. s wibaniessons (o hCs iy anatal. @Hey Y (prgin X1 denotes a

o A Rl A LG UERE 2952 Kok, o, N Vi

ijSi OaHeW M@TGJV;:Z:mfzeer) fw eparapler r ed to be 60 at %

or The non netic | a 0 .be jnterppsed
et ve SHE ERGoRBR RS IEh porriagnEs yers) 8 e nleBieShd Boiiesm, e component
&hgnaertwabmb%tpenaﬁamﬁyInaaghau@rayér ARYpreRrib@ téed] inthe range of

structure having the 5 netal grains of the allogy
ﬁ%m 783k . aBbe éea«aws BRI ibBrange érth%wel aonmagnefis | layer & baying this Co

2 ntéht Toduftes G bRy g@,ﬁt&/%n e vant ageously, the netal

grains possess a tructure vertically
pi er ciAnthd divypomsesgng b bep stuerurd andrheedffor thatnioomagéetic layer 9 to be

th| s st Irbﬁct%aw real i zed %ﬁ%@g' n%gmg@m%g%em layer 4,

m%a,ofmdk'erlfﬁyansm&zﬁh}e%vaﬁamdl des, AIN, Si3N4, TaN
CN as netal nitrides, and TaC, BC and SiC as 10

met al Thetr s thegionmagrasisdnysr & te ke merpasedibetirencthe gmponent magnetic
308 P e SRRl ol 0y 2% e Wty Al D% stucnure

may be used in an amount failing in the range in which the crystallinity and the orientation

of the magnetic layers vertically opposed across the interposed layer are not impaired. As
concrete examples of the material for the nonmagnetic layer 9, elements, such as Pd, Pt, Cu,
Ag, Au, Ir, Mo, W, Ta, Nb, V, Bi, Sn, Si, Al, C, B and Cr, and zalloys thereof may be cited.

Particularly, as Cr alloys, it is proper to use CrX2 (wherein X2 denotes one or more



10

15

20

25

The content of an oxide, a netal nitride or a netal
carbide in the nonmagnetic layer 9 to be interposed
bet ween the conponent nagnetic |ayers of the
perpendicul arly magnetic layer 4 is preferred to be 4
not % or nore and 12 not % or | ess based on the anount
of the 15 alloy. If the content of the oxide, netal
nitride or metal carbide in the23onmagnetic |ayer 9
exceeds the upper Iimt of the range nmentioned above,

the excess will be at a disadvantage in suffering the
wheprentsoselsicted framm thet monp chrsissing i, Tin#f, dvlo, riﬂb rTal éS:,oAI B, C and Zc)

Ao I ARRRS RGP et Enere MRS R FaP g1 ai s,

i nevi Thb |n¢nmﬁ)§i¢ﬁt yer Pie bk [mtepbicdbedhednithe Odmﬁmmfr&faghetic layers
nitride or netal carbide above and be{’ P‘?eﬂ met al
geastingingzhe perPRRMicuirbHBagRANS a5 4Ry Normptinya stucture having the

‘&fétél'ﬁ'ﬂﬂﬁs §ftthU G ﬁewntea sab\LeVd, e?gea'mn bRRe PRERIRRLECOr 2 metal

l'ayer- 9 only with difficulty and possibly inmpairing
chebider yNlosd aqhnmagecanhr thremetal mxm pensessfa cqlhmnaragrwmre vertically
| a f d t

ol o g e ot oo HE i sishuy Mogplipag by using an

iallog mtwmg @énloRidR! S30%,341LQ;, 32004, CrJ0,l MRO, N, and TiO; are

limt of the ange nenti oned_above, the shorta

a&abée a¥ gﬁ!d@ﬁaﬁelhfgéum B@I&ﬁeﬁt&ﬁba& ﬁ@taé@alr!é?soﬁndangth@C and SiC as

nani fest | g ﬁ r@#e%é ct tlﬂéesr g(p;?,@l Eg;\rétéleilgjé}s)gbg?rptﬁwaéos’ Ru-5i0;,

erﬁlﬂ@mtdlkd-ﬁﬁmaybe:s@referred to be 10 nm or | ess
(rmore era

f | | d . |
rmonedPE e AE =Y piihc BeebBlie el Rebie i B¢ opupagnetic layer
4 16 e whiskpeRARtlRech ife SontbabhtiRigeti¢ Ry S of Bel ;Sérﬂﬂﬁﬂlcﬂﬁdy magnetic

ti
t he course of reproduct| on or t%a -24- increased

dryst discrrefsaredische 4 mel terymaere @nd &4 mok ejor Inss basgd on the amount of the
?ﬁgjp ff'ife QIntAREYthE 89{:‘1 ,ﬁ%\;ﬁ\gﬂdg c{r%ﬁﬁ% S lﬁctifi‘é %&J[}n%eﬁc layer 9

recordi ng proper he resol Vi ng
kxceadothl epperdmet of the ndrqdymhergiohéd sbovevbe exmss wﬂhbe at a disadvantage

ML spredate Laver B iy e | Lpt orpgsed Pt uEEn LIS, L reside,
g?ﬁﬂ%'tﬁyhﬁw&ﬂaﬂmlf@%gt he orenta®bR of %th@ Sméthl Eﬁ]rfsatn?@lthﬂy inducing

wi th the object of enhancing the cryst allinity
armrptﬂh@on ofthe axide.i metalofltrm@rmﬂqd@nth:dnﬂbaw mdibeowtthemetal grains,

Iaﬂé’%ﬁgl? 1-!1;@5} QIEL s mo%a& golm%%?rr sﬂ%c{u?e rrﬁca‘ﬁr fp?erxlngﬁﬂ?}?onmagnenc

erla possesses an hC
tyend toaewith difﬁctklﬁyea:ﬁi ﬁéaﬁhbl}air:l:paynny tha c@fsiﬂlnﬁiyl aid the onentation of

FReishe G, R 6 dbs RGBF e a5gs 5. o the-gonteg of dhe oxide, metal
Meridd\bs nﬁf&l carbiieGR. mg"nonﬁagrl\étxcvﬁy% falls ’shMt of_frthé‘%t#)hmlt of the

for the internediate | ayer 8. The Co content of
range meatipaadaboss; dhe Qwrrsgprsaft @rdmdvmmlprewnmgeﬂueadgmon of the

SitE o e 3} éel P Biok AL el Riag SR B ebredfreol

The thickness of the nonmagnetic layer 9 is preferred to be 10 nm or less (more

preferably 5 nm or less) lest the enlarged magnetic grains in the perpendicularly magnetic

layer 4 should degrade the signal/noise (S/N) ratio during the course of reproduction or the
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nonmagneti c property when the Co content is in this
range. The internediate |ayer 8 may be forned in a
structure having the netal grains of 15 the alloy
ment i oned above dispersed in the oxide, netal nitride
or nmetal carbide. More advantageously the netal
grai ns possess a col umar struc#yre vertically
piercing the internediate |ayéf™S. By assuming this
structure, the internediate layer 8 is enabled to use

11?(2{2%‘511 %ém%gr L a'\%%%nghg gﬁ%%xékg gé%%%ééjc%lmaw coat 2 should
iRl thin &'ﬂ%\l@wrﬁﬂlﬁ ]ﬂgll%r@' NW}Sadmha}esslvh{gl pbever. and

TaC, BC and Si C as 20 net carbides. As concrete -
exanﬂne@oﬂfer trhasdeadf gtyaboclm@ s dpventigwy m intgrangliate layer 8 may be

et b Rl rrhe g B3 add g PipBRticuarty magneti

IgRirad asalhidudedi i FlGe linivith ndeeliobjeet bR yslianBingi the crystallinity and the
referre? to be 4 nol. % or pore a&nd 12 mol % or |ess
aeagop Rl thepemepdictlaly megretg lpysr 4 1t the content of

the opedfiteriBiiale 19Ver'd Heprofe frmfeddpiatBateRall tht possesses an hcp
internedi ate [ayer” 8 25 exceeds the upper Iimt of the

strantyee. nke it adyantdgenine weyset hEoEkakysona Ct Iballyt (wherein X1 denotes one

di_sadvant f f th t a t
GOt Bl B b T, R8 A8 R N v
G@Slct?@f w, Mv?rrli lh\nszrta?eln)waheidma;amgeﬂme ]

orrentatrLon o e a al nNs | hevl uci n

pr eci P &e Sontentrof throinisime {atenlér%n i anﬁteaeA by faflap ghe Fenge of 30 10
Rphdd gﬁé’%ﬁo@?& %gf. gyiﬁné W co | is $h&i tHS interddddPHb Ter 8 retains a

the net grarns t hmar structure
mﬁmgnaidmomrsrwhmgheﬁewnwetmﬂmangQS | ayer 8 only

ith ff |
oryot 4 PR adedayard BB B iarPBhirt SRS gyt g metal gains of

tha fiby fnmnﬁaﬂed) bdve elidpaised MR dherbRidk, amefat Bitridd of hrtal carbide. More
content of the oxide, netal nitride or netal car hj de.

adyantpgequaly e thee el STHBY AOSEST A FalugRar stregturehyerhigally, piercing the
t O i

st 8 B SN 98 s

&n aﬂowdmtemmwahmmmtgdrdcaudrr $i6k: aMz@ar'lblzGe Cr#hnMgO, YZOJ and TiO; are

bl e ite AL, SN TV ARATEN, et ISR A Jacy B and SiC as

1(18@1 Barbidegf %aéanxreieoeﬁ?ﬁ,% 4faH8 allb SCoCS 0 NCACHRMN 2,05, CoCrRu-
magneti.c grains in theTperpendl cularly magnetic |ayer
g

&%M%Wﬂ@ﬁl CoferPeTgRantybs eited( S/ N) rat io during
the Cﬁlﬂ.{ %ﬁe rtngi: %ré)%d Ct I nitrid %I?:? mét{l xq tme ?rhgtﬂfeﬁlate layer 8

bet ween net HEXE and
B ipreferred okt 4 R‘lo$ bodr oreldndi laduﬁlE%dﬁgésadbasddmm thé atmloent of the alloy

576 st BF O bl el e S5taL PR Bolfadhiepmediste layer 8

&Re8dsdhd ﬁ%ﬂ%@&,e nlr@]‘é rRdriRoREENEdvEBE eSRRS WilY 6L hPA\disadvantage
(the rmde of Fig. be descri bed bel ow.

in suffering the metal grams to retain the oxide, metal nitride or metal carbide as a residue,
impairing the crystallinity and the orientation of the metal grains, inevitably inducing
precipitation of the oxide, metal nitride or metal carbide above and below the metal grains,

allowing the metal grains to form a columnar structure verticaily piercing the intermediate



10

15

20

25

To produce the magnetic recordi ng nedi um of the

construction nentioned above, a soft magnetic primry

coat 2, an orientation-controlling layer 3 and a

perpendi cularly 15 nagnetic |ayer 4 are sequentially

formed respectively by the sputtering technique,

vacuum evaporation techni que or ion-plating technique

on a nonmagnetic substrate 1. .3mbsequently, a

protective layer 5 is formed preferably by the plasma

CVD technique, ion beamtechnique or sputtering

hwmmﬂﬁ mthTﬂlﬁi‘f‘erm' pussibly infpairdgrthe a@bﬁmrﬂl[v' ahd the orientation of

I b I d 20 f
3R RGOt oA inisrnagpee Jaer 5 P e casers o g oxide, metal
RiftRlefop Rl chrBYdR in iR ﬁte?ﬁ@&:gtetl%%?‘h ERRhEA s 'ﬁ'lléq§$gpl$ﬁﬁ of the range .

netic |ayer tai ning no oxi

form

‘B@rtﬁ’éh‘g ﬁWEa&ewhnﬁyfemlbbeb ay?sdlsddmgequpnvém@ﬁhﬂgdbmon of the
apneal i n nt, Wi th the

@""é?‘?‘%# %é\'ﬁ%?t%gcﬁg P ﬂ’%ﬂ‘l tt‘ﬂgt € ge ¢ hererfgnet i c

gr ai rhe ths:khése dfahcngér&tdd&té liper 8 ¥ prelerred Hﬂiegto nm %r less (more

[
R e os 1351 st e egReic Grbioy el pependicularly magneic
leytpAshakie dbLraB® theQigma RS 1aki6 duﬁﬁ# g{el c%lursesolfg%rgdsucnon or the

glass, ceranic, silicon, silicon car or car
1@9&5@ 5tage betweemthe Meg¢ bead and itlet softt magreetiks peiwiant ¢oat 2 should

ALk Qa3 e A e LRERER TR it By a’lggg'p%‘%ir

generNiiw mem&oﬁ&hblnﬁgﬁacﬁl'ﬁ?%r@ﬁglng%h\ &%' gﬁag ium of
s are usable. As the glass ceramcs, hi um

‘8‘? %‘S ?“@@P%ﬁd&wc’m Ehe uwée pEFig AL wnﬂidaecbsmhed below.

Substriogiréducs Y Ak e@l@\‘%é) an% fn%hxlu&u&mg r?s,:uglguggr%nﬁgfolﬁaed above, a

oxi de, al um num Itri I'con ni
sefy rmmem Primady fcote?,- are ionkantieceqntollingt Ryef 3 sdidha perpendicularly

e abl t he nonma bstrate 1,
A By G S0 By SRS B e bebng i vacuum,
esapoi'aames tevhnighe et add-plﬁtnﬁ%bﬁbﬁxﬁ&t& g 510&&%%.%& substrate 1.

e nmentioned abqgv t he | ating techni que or
ﬂ@?’t%l’foﬁﬁml"é@i’ﬁf ausefoamed nmldy b?hbe plesna @V iechnique, ion -

béﬂp%ﬁﬁﬁﬁ‘egps? ﬁfh \s/th surface roughness, Ra, of 2

nm (20 "is a favorable restriction

in fThe |f¢rg1at1bn dfi tbh-pdﬁreﬁdnblylaﬂﬁeﬁgdbﬁlgla%ﬁ h a5 Ye élm:pléWnented by
the m cro-swel

tatlo of the head. %Further
firvi C%'H?‘PH’@e‘“?gg’eﬁc Y% @q"e%lbeem&ﬂ@rfamed l8y&30 a heat
b t
trBiﬁne@lf a tﬁngr?ﬁﬂ'&ghlgeﬁozrln?ygf ?‘é@g@%lhﬁ glﬁﬁ? ff]B %Bi‘l&.ﬂllﬁ#’] no oxide.  The
P?rps'g*%l?q:(ynm@gn Idayes Adconsequientlys formed nudy Ibéwmtgét:aaﬂf ﬁreﬁdanneaimg
treitfbniith the Objedt & eﬂhmﬁ:‘rﬁg e Sry?t%fhtmt?];f AL magnetic grains.

As the nonmagnetic substrate 1, 2 metal substrate is formed of a metallic r'natérial,

such as aluminum or an aluminum alloy. A nonmetallic substrate formed of a nonmetallic
material, such as glass, ceramic, silicon, siticon carbide or carbon, may be ﬁsed mstead.

The glass substrate is known in various kinds including amorphous glass and glass
ceramics, for example. As the amorphous glass, general-purpose soda lime. glass and

aluminosilicate glass are usable. As the glass ceramics, lithium-based glass ceramics are
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end face has an average surface roughness, Ra, of 10
nmor less (preferably 9.5 nmor less). The adherence
to this restriction is favorable for the sake of
flight stability of the nmagnetic 15 head. The

m cro-swell (Wa) can be determ ned, for exanple, as an
average surface roughness accusately within 80 pm by
usi ng a surface roughness-testing device (nade by

KLM Tencor Corp., U S. A and sol d under the product
'%gg‘gssar yf ch;'rém c suﬁﬂ%u{] scucrﬁ gRSe mﬁéﬁ%é‘?f}hgﬁgfal&n}sm Bxide, aluminum
ritHigah@ ERicbn hitridd BAN&iAGompohahes &fdeﬁhﬂﬂ@ﬂhmi‘csdfpreducts of such sinters
filmformng device. 20 On the nonmagneti c substrate

afe u3aQle. soft ragnetic primary coat 2, the orientation-

cont rg {He%nmﬁlc%gsmlg%feﬁﬁmﬂjb%hﬁ BR3524ihg a NiP layer on

| ayer are fornmed magnet r on

the susfanes 19§ the sietalliy euh;tmtn cpnd pnemistal ey subsirgier mentinngd @bove by the

IS|de C onvvlththe
pq;tfngg‘%n rtdhe rer[?r?n\%fe%h"Il “%em?és)ﬁgasf’ e follow ng
condi Theam&nageeucadbsﬁaeﬁha‘scm aﬁvhﬁgs purfice roughness(Raraf@ nm (20 A) or
for farmng th releyant fllms TD§ ‘Han‘oer to_ be uéb
loss. 1 s i BNOrFhls srsHBeB A0 fenng, the Hgiudensity regding geanly a low
aiRabimsraghes a level in the range of 104 to 10 7

Pa The chanber admits the nonmagnetic substrate. and
t hen Hmndbﬂ:ﬂmra-lswﬁﬂ (Wadof tfeosurfageig®.3 nmer kess (preferably 0.25 nm

UL £ AP S BT S5 Gagainony a o

ﬂidmiohfdﬁ thdhedall At tedSorieSof 364 cltimferedPdflant thd G rdl 80@8ce part of the
of l1to 2 -27- kKW By adjustlggéthe duration of the

@Idefé‘ferhaé app¥ermgn Wafaghtpughreseeimiof LABMuT lessdpisrhty 9.5 nm or less)
’F%Oﬂhbl%gcet H ﬂé{g%&@%ﬂgg %Jomb i t\?@gﬁ f ht%t Eiabmtﬂ' Bf &8 magnetic

expect e ness i's pre erred e SO
lrmgneTh&: npciorswve)l (Wal céh |bs dememmnbdl rfo:a etzhnp:llenessni gverage surface

f 50,to0,400 utln uratlon
TP ek By LA, B e st ety S8k WPge (made by
KRDXETenchPChRE, 1.8IARhE @Gld%dérhﬁe §ﬁfdhcﬂmae et 18N mary
coat 2, the use of a sputtering target nade of a soft

nmagnekhec ngamagnesic pubstratgod abyhen; ﬁeﬁe&m,u atwashed and the washed
B bR i oo HRE M ctRibBPUth AR Kormfiy device.

FeCo- (bmﬂmdnomhdgngtm fubsizdte 4 s thHecsGht mmgheEe @oixflary coat 2, the orientation-
SO SR oo R 4 S o b o
Syt A Al

qosnpositigs wihy A the'vl&mt pers- bhke dolgwipg sconditions are

e 3?‘?%2,3 iR e e AR S, 1R ThMhber 1o be used

fioe Brelfilmefdrmbticayis evdoubled till the degree of vacuum reaches a level 1_n the range of
10 t0 107 Pa. The chamber admits the nonmagnetic substrate and then introduces an Ar

gas, for example, as a sputtering gas and effects electnc discharge to induce formation of a

film by sputtering. The power supplied in this case is set at a level in the range of 0.1 to 2
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based al | oys, FeHf-based all oys, FeB-based alloys, and

FeAl O, FeMgO FeTaN and FeZrN 15 which contain 60 at %

or nore of Fe may be cited. Further, CoZr-, CoZrNb-,

CoZrTa-, CoZrCr- and CoZr Mo- based al | oys which _
contain 80 at % or nore of Co, contains at |east one

el ement selected fromanong Zr, Nbo, Ta, C and M and
possessi ng an anor phous struct2fe nay be cited as

concrete exanples of particularly preferred all oys.

The target nentioned above is an alloy target or a

kWnt By edjustidthetduragion gfithel clectdic ijsch@@e tahéd thamagmjtude of the power

S5EHRL 85 ool e R TRSH R i) 2,7

f or meg i Er eferfelithdt MRS Sofi ﬁagmcr WSy 852t Q i3 féreheliOnaURickness in the
(prefera r‘%@l to 20 nm by a ustlngl t he duration of
renge of ¥ior400 nan b adivsyag sheodurstionafdhe elaetac dischasge ang the magnitude

?HR é‘g% As concrete exanples of the material for
tering target to be used in the formation of

25 t hin the femtatidn ofithecoftrmdgnieti ptimgey cdat 2 Rhe mas ofia sputtenng target

Ni.- b d. al b lo
SO o da Maetic oratal b Car Fable AgrIA O, G doimaion of the sof
BEHBR0 priiai bost! 1 @R SARIPNYTe SBHRigh8id AURFall FeCo-based

is forned simlarly q&)the sputtering technique using

allogp (ruck 2k FeCo ardjEeCoX), FeNirbased alaysrighahsasdfeNinEeNiMo, FeNiCr and

FES)SF A By F L, feaisti nd Fen

Eﬂrfmséd altoys c(sua:h fa sﬂeﬁg FeCrTRin@F «frCGY, Felatbasid, allb§s @ucP/oas FeTa,

FeTatand, BrEa), Tebte Bisrd alovs Gugh s kepAs0). Felrbased Allogs (such as

{%@Nﬁécﬁﬁ’i&@ %Tl&y%' %ﬂlﬁnge%zalm% ln/@S?jba&drﬁlB?i FeP-béased all?ys FeNb-

sition conprising 10 at "% of Cr content

laysfiekHftbasetthllole HeBrbasedballtys @mdFeiQ, BelvigD, B¢TaN and FeZN

‘?’%&%@?ﬁﬂf@ﬂ%ﬁ%’ e e oo el ok Gty Coz-, CotiTar

Cebipsarid WMBESEG hn@rs&vl&bh Bortdin B0 a€ ONbembre dfACc cofMains at least
of Pt cont 4 at % of Nb content and the bal ance :

e et pelooled o amoRs 26, Nbe Th it Mogand asessiagisngmorphous
ﬁmcﬁ&@ﬁx@g b8 BHed {sQOhdThtk el %%M@:W pYoteired bifdys.

(Hh o), (CoCrPt
( Coamemy m@m@ﬁd ab@Seds Pu m ta(2ep 083 siateded alloy target produced by -

gﬁgfn 10 may be cited. The content of the
OXI § erredto be 3 nol %or nore and 12 nol %
or | eSfer mammﬁﬁndub%rﬁﬁiﬁboa’imlbe&f fdred, Ghe aﬂ&tﬁion—commllmg

Mor e preferabl this content is 5 nol %or nore and
taypr 1 [formedy in| athickness in the range of 0.5 to 40 nm (preferably 1 to 20 nm) by

adjusting the duration of the electric discharge and the magnitude of the power supplied.

- As concrete examples of the matenial for the sputtering target to be used in the formation of

the orientation-controlling layer 3, Ru-based alloys, Ni-based alloys and Co-based alloys
may be cited. _ |

Next, the perpendicularly magnetic layer 4 is formed.

First, the oxide-containing magnetic layer 4a is formed similarly .by fhe's'putten'ng
technique using a sputtering target. As concrete examples of the sputtering target to be
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The reason for specifying the aforenentioned range for
the content of the oxide in 15 the magnetic |ayer 4a
is that the particular content permts the oxide to be
preci pitated around the magnetic grains and the

i solation and fine division of the magnetic grains to
be attained during the formatigg of the relevant
layer. If the content of the oxide exceeds the upper
limt of the range nmentioned above, the excess will be

Rbd fefdis qg ?‘eﬂfrfllﬂﬁ W{sﬁé%)flﬁf {50 Ino 11 DF e Eanmydnvsompnsmg 14

as a residue in ermg etic gral ns, |rrpa|r|ngte
a % efiCacomentahdl at Yocof R compsttaaidlthm btlyncm‘oft(heandag@]wi % of an oxide

S SR HS 002 AR SR o 4 » o

dolnfposition Cofprisiag We at Yo/ofiTeioarht, 16 at B of Pyv@itene ancg:halbmnce of Co
42 fromform ng. a columar structure verticall

andeh @0l b of @n AxideetqIePgsHipa consisyngef S Qz&u@m¥6?t4ﬂm4{€rzos)ﬁ

mJ)l]c %tcﬂ' Q rﬁ&?lt &@ﬁepogftm}l% géhﬁ? gf b §r &P %ﬂtelﬁf 14 8% of Pt content,
owe limt o range onedaove

4 latn% adeNwidohtebt aad the balsamh/ ahCagend A lppb%mf i angomtie composition

S T i LGB BRI o

CoErPEYYASD; NI (CoEeITANEB(MEO), r(h VY09 aid (Ub@P(ke)-{SlO:z)

di sabling the acquisition of t Si gnal /I noise (S/'N)
g Pocitadi t abl e for high-density recording. The

ool ed AR 4R, diiadll SR B B DT RO %@gﬁgm% of less

42 di sperse as Il Tustrat
Based beithe toked amagnesf Co gﬁilaaxrdstMaraeplpfewﬂﬂy,ruhd gontenoisny mol % or
acol structure (the structure of FIG 2)

qgrretaln ITPILZQF I#%g the magnetic | ayer 4a. The

f or mafheOreasddf fof Bpeiffing URd bofertkneiBnsd fanpe Forlthe content of the oxide in
foll owi ng conditions besides the use of such a target-

thetreagngiic Jayerida dy that gheypartisularpentepfuperets the Piidmto be precipitated
Jr8§x{83ﬁab %égg?é@'ﬂ{%%%o% isQMtidte A0 e BRs toi‘mg?m%%?tﬁ; ggrams to be

eri al as a nal n conponéent, conta
atairedaintingtheformatidn clittle exlenant hiyag Hithooomient of the oxide exceeds the

reparin he chanber for the filmfor t|on|n
Sesf i of che e enfionedcabaus theexsess, Wil ofd Bhft & Uspdiyantage in suffering
Jh@Yﬁlde'tB shiRGve fNPfesue 1P thel Raghfdtid gP:ﬁn@'?ﬂphﬁhﬁ Qﬁéjﬁh&ﬂatmn and the

Ar gas as the sputtering gQas into the chanber and
mlhmthg»f tirvema pretisegraiss, induding ther preeipftition fjan oxide 41 above and

S e&ﬁfﬁ La%e% TQE 42 \é@usrn%t%ae @'8% I?%Vslteau?“%s &8at gmg the magnetic
graingd2 Gronh ﬁ&ﬂnw@eﬁﬁmhat ftneaite verticallyp plepding dmehyiagnenc layer 4a (the

FREMEENFIG O OF titromaner e rils il lartl e JoRRs Gt of the range

tﬁ&&ﬁ)nea RBoR, BRSIHbRa Y will'Ge SIRU4: Ee?d'v?ﬂ‘ﬁgg ﬂ)spp:'e?er i ftﬁé ﬁ'ﬁ%\enc grains

to be 3 Pa or nore and 20 Pa or ly,
fpmmah&ﬁcteiyewpmmrd asd fiae gevision, sonseguenthye exaltivegs the noise during the
c%%?ssél g{' ?'etlzoeerg an% reproducmg operation and disabling the acquisition of the

signal/noise (S/N) ratio suitable for high-density recording.

The magnetic layer 4a is preferred to have magnetic grains 42 dispersed in the layer
as illustrated in FIG. 2. Further, the magnetic grains 42 are preferred to form a columnar
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the duration of filmformation is elongated to the

fullest extent allowed in terns of process. 15 The

reason for adopting these conditions is that they

enabl e the magnetic grains to be dispersed in the

oxi de and allow the magnetic grains to formeasily the
columar structure vertically piercing the magnetic

| ayer 4a. Argon is used as the sp¥ttering gas in the
formati on of the oxide-containing magnetic |ayer 4a.
Optionally, this sputtering gas may incorporate X

t $reuctre (the sineern of EEG-&) vept@abiy piesting the, magneye layer 4 cThe formation
a : . e

S0t PP Y EORAR, Bl RINAGHE oSl besllBY i use of such 2 rarge
amgenabasdlesdribeddboviel ve gases or by separately

i ntrodyci ng t he onent .gases .,of the mxed gas.intaq . ;
the chbibemitsnee ﬁfmiﬁ@werf?ﬁ"\eﬂéw&ﬁaﬁﬁ%a ¢ madrat o material

Chavihd £838N1 ﬁﬁm%})ﬁ%ﬂfﬂto&x@ﬁﬁg at PeaRECAAAGRIIaRd containing an oxide,

preferred to be 20 vol % 25 or Iess (prefera_bl%' 10
vpieparing the chanbep fardhie Hhm formation imestate exagyaied tilk thedegree of vacuum

RS Akl o SRR 8 1 TR B BPR R A5 U b sputering

- dbssadiothe *B8mbét andoperating tidchaaibes b hs tofornn 2afilhn b@puttering. The

orientation of the nagnetic grains and, as a result,
pBasgrsp be gupplisd imthis (ee segtatarlpyel iy therangeof 0.5kW tad kW. The film

i o _ g
FE0L o8 RO 108y 934R08 8 A TBLAA B
cthepaaginitideofcheprieritabe supplied % of Cr content, 18 at %

of Pt,content .and the | ance of Co.and.10 %, 0f

o oxi BN SHIE URHehE o BeaPifieiaea? ilipehfy Whe Spf hrmore and 20
t P£onRsy) PiréferabBy GHe pdtver bhéleifivdisclfdrgsis etlad tHe lgwest possible level and

el ectric discharge is.5 preferred to be 0.4 kW the

othe Swatien of il Fariatio isrclongatedrto grefullest prfentzatlgwed én terms of process.
i L1
FIRRastH for Pt R0 SoRAIKGR. S tnPech chille 1Y iiefltic grains o be

ddispaxsedag alieé exadeand allpev the meemnetd grabisas formneagilyp ¢he columnar structure
appl.i to the nonmagnetic, substrate]. By this

Pir S Grng e HEREE BV Vo ( age. it 15 made

possi bARsohOisPhRADise theCkBlind Fadfin 1the fORGHIRhI 6f BedbXige-containing
and the oxide, induce fine 10 division and isolation

omagnesic lapgndei Opgeratlys thiosputighes gasrmay insatpomtgithseatmnitrogen gas or
t jsition of a read/wite property nore -

S{’}IE’ gggééy’?tir)é i gh-density recording. It is preferred

t hat t Tlee saldittinrcdh@rdgensr oygepdribeth, maytbeaccompdshaf by using a mixed

-10Q0, V to -600 V. If the. bias exceeds the upper Jinit _
of2s (bRl PR FEEomiaoH e %@Wé,saﬁwr EE |"F’°p%f_é°{as the component
diSedlymne Ateed gls RIS fhe Rh¥mbaMal mileg hisn & e ERtlnbeRi tY
and the orientation of the magnetic
The amount of nitrogen or-oxygen, or both, to be added is preferred to be 20 vol %
or less (preferably 10 vol % or less) based on the volume of argon. If the amount of
nitrogen or oxygen to be added exceeds the limit mentioned above, the excess will be at 2
disadvantage in impairing the crystallinity and the orientation of the magnetic grains .and,
as a result, possibly degrading the read/write property. '
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15 grains. If the bias falls short of the lower limt
of the range nentioned above, the shortage is at a

di sadvantage in preventing the use of the bias from
mani festing the effect ained at. Next, the nmagnetic

| ayer 4b containing no oxide is forned simlarly by
the sputtering technique using g,sputtering target. As
concrete exanples of the materi ? suitable for the
magneti c Iayer 4b, Col. 6-28Cr (16 to 28 at % of Cr

ol 4- S eI ie PRORBREp 52 Sopptiyd lippat ¥R ATonsposo-
&05)17 459G fivl eNbf anktdl REmpPadifdit Comprisiip mao%hﬁ’ CGraonfent, 18 at % of
R RN L —
%O@J% qgtuaé{‘ B{l\% lﬁ%t@ﬂ@ Qay¥r 4aC%e BSwhBf SAlehaB e?%‘ixti@ @ischarge is

{14 to 30 at %of Cr content,
frefemed %o bk (B4 kW tthe tpresiure do bedn the ngaidf 6ot & Ra, mfblthe amount of

i’%ii’g?ﬂﬁnifdﬁ‘?gﬁ’@'}“ tEeBra{mg%ofg %ﬁhgtfz‘?& g%/StCremcoﬁ?ent 10

t o 18DafindaRf folfhatiAndfaRt mabnetidlaferdda, %ﬁﬁga@&ﬁlfa@ét(subsﬁate bias)
and the bal ance of Co} as the CoCrPtB system

w Be auptieddo mopmazw&{sum@l 2By #his %l&fca@n efthe apgative voliage,

an d‘t“gd‘ﬁg"sg{b} 'g% %o%g ?]P m%o%akdﬁﬁlgg taigarinﬂﬁ%&nsnduce fine

ﬁ&bﬁxﬁﬁﬂn&cﬁlaﬂﬁﬁﬂ thd Trmgnethidgrp s 14 @ giﬁtatexﬁém arid Brrmit the acquisition

conte 10 to. 20 at % of 0 4 at % of Ta
e i Propeny BoRe i Sie oG AERIY sseording (he
bal anges prefdrel thf ddibsiade Bia aibphes irffhe range of -100 V to 600 V. If

C016-26Cr8-18Pt1-6No (16 to 26 at % of Cr content,
the bigs excesdsothe puppet hnitnef the rapges mgnhionedsabupe.clhf xAEss il be at a

%o%‘,‘é?%% %%?q&y g{w%gﬁﬁ% b@%mﬁ%ﬁ;&%&}y an?tmﬁ”&# the magnetic

ﬁaﬁsPﬂRhenms filds shotted thélolee lifrol dfahe range arefiibnaabové,ahe shortage.
exag‘g are ado ted. for the forrratigron of

e o
pspdvantage in aﬁvwﬁeg pseof e Ryas %wa&eftﬁﬁmgothe pfect aimed at
carri RextO4he MagnetidJayr L4 64 taifBAC nof oxddeT8d Foind snm&arly by the

having Co as a nmain conponent, containing at |east
pyttaEng tegheique orng msmgttmgotarm Ap rasperetenexamples of the material

fRBRHhe b mdegoc bGP 580 LK B AV EoE L PEMtR{End th batance
660gF aothe HCH syczeﬂapcawaoCrmrmdmmr@ @t Af Cyasneat, tihe 4 at % of
R s 08 B Salepce o8 o) 2 e 50T A RFIeRs ERYH 2908 pEef (141026

T @:t&aa{&.eq ﬂors ithquaso%nteat, a% £t %3 of 8/ &ntdr? ahd Bhe balance of
range of O. he m of an expect ed

€n} ekﬂ@s@oﬁﬁaammem@oby-mhém ﬁgldt fled 19030aati %rof Fr qantent, 1 to 5

etI 6 conng na{ogf af U/d of lilvled comm ; Hq;ﬁe gala:twct]eeop &)V\F s ttl?e CoCrBNd

Be suppl
system, Col16-24Cr10-18Pt1-6B {16 to 24 at % of Cr content, 10 to 18 at % of Pt content, 1

to 6 at % of B content and the balance of Co} as the CoCrPtB system, Co16-24Cr10-20Pt1-
7Cu {16 to 24 at % of Cr content, 10 to 20 at % of Pt content, 1 to 7 at % of Cu content and
the balance of Co} as the CoCrPtCu system, Co16-26Cr10-20Pt1-4Tal-4Nd {16 to 26 at %

of Cr content, 10 to 20 at % of Pt content, 1 to 4 at % of Ta content, 1 to 4 at % of Nd
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15 In this case, the pressure of the sputtering gas is
preferred to be 20 Pa or less. In the formation of the
magneti c | ayer 4b containing no oxide, argon is used

as the sputtering gas. OQptionally, this sputtering

gas may incorporate therein nitrogen gas or oxygen

gas, or both. The addition of nitrogen or oxygen, or

both, may be acconplished by ustlhg a mixed 20 gas

that conprises argon and the additive gas or by

separately introducing the conponent gases of this
eonieptiarghthe balaoce ¢feC ajhasrthe oG TalNd syrgemn HEoh 6-26GBd 8Pt1-6Nb (16 to

et~ The anpunt, of, ni.Ly ogen. qr @en bot h, t :
SR aEGr reimsiek 128 % B DL o Y8 S B £3Rlens e the baance
T & Lr86 ICOCHANBOLysténD fand B PIBMNE, CoBIPIBW, ColldPtv 0 iCoCrPtCuRu
argon, | f the anount of nitrogen or oxygen to be
: fg%ééﬂébftﬂ@fll imt nentioned above, the excess
W Hfe fnodisg cghc‘ﬁﬁgﬂs?%ﬁ‘&aﬁuﬁle! ARALHbMEd UBE the formation of the
crystallinity and the orientation of the nmagnetic
agrichs layardb. as a result, possibly degrading the

<214 BARPELS Yool T 0] g BRE bt g e

RRRg Cathé @Mndh cBRPbnéns, CoatainifE aOléhsti O 3506l hd co@aining no oxide,

Though 't he tenperature of the heat- application does
preparingdhe ehamber fosithe Gim farmptionsinta stete eyacuated;td] the degree of vacuum

r i -4r & pl, N, WA ' ' -
BEECR IR e uiee OF 010000 Pl nlGHEInk 4R AFTAL p2UR, spfflering gas
ifivethe alaomipin and opératsng the chatulper sd as fooformeadfmipl by sputtering. The power

temper gt ur.e Ji.s preferred,to, be, 300C ot .| .

PGP RPG B HAGTELT £ L et PR IEn BEPd AT AW (The film of an
PG ed BHclnRLsels (obtaiirtedURLad) StinE @R Bh@AoR bf tHe électiib@ischarge and the
magnetic | ayer 4b, pronote fine division and isol ation

megnitide obthgpewpitodesmppliedo a further extent and

cons I WL e . |
Che S dEPhack BRRRNGS, bEfiesFRAANE bhdis BRARTLL 1 e 20T less.
may He thxfocmbtich ofsthe amagsetimlayetdbarodriniig) ndexidegagors is used as the
t he conditiélr;s t?l bgh.adoot ed when the materi
fanpltyq this,Spy

| aof .
eyiyHe 835 4BPRIRg HEpiRg &35 (AT, InCRPORte (8%5‘6‘?‘“ pitrogen gas or
LEpds, orbot. %0 of B content and the bal ance of Co} is
used for the magnetic |ayer 4b, the heating _ )
t enpethetagdion of pitesizen prekygen,fonbpth; may he aceommiished it using a mixed

. 0 f i . _
P S5 G0 PRI SRR Eyn, e componen
gaSestef this niiked gaalirge tinf chimber andMmixingrlern in thexhambadded. '
L o R TR UEL6od Y2t 10 20 vol %
less (preferably 10 vol % or less) based on the volume of argon. If the amount of nitrogen

or oxygen to be added exceeds the limit mentioned above, the excess will be at a

disadvantage in impairing the crystallinity and the orientation of the magnetic grains and,

 as a result, possibly degradin g the read/write property.

The formation of the magnetic layer 4b may be préceded by application of heat.

This application of heat is carried out in vacuum.



10

15

. 20

25

- .containing as well and contaijnin SQS oxi de and at

may be applied to the nonmagnetic substrate 1. By this
application of the negative voltage, it is nmade

possi ble to induce fine division and isolation of the
magnetic grains and permt. the acquisition of a

read/ wite property nore suitable for high-density

recording. It is preferred thatssthe substrate bias is
applied in the range of -100 Vto -600 V. If 20 the

bi as exceeds the upper limt of the range nentioned
aboV g oh AL (e fefiperatlirt lof Uee BatppHEafHVARs 3¢ nkdl 1o be particularly
possi bl'y"inmpairing the crystal I | nity and the
restricer, at isoprefefred he fatbigne ringe iy mdiichsthelteat tuplbd adoef adt change the

hort.of the lower, limt. gaf the r e, ,nenti ove
SEHRE 1B cBRETRGI Pe5e- a hen PTG B ARPELGRE FRgmPle, the
térﬁ&rﬂ:ﬁﬁe igpréfbieedab®s 3b0wWraa f esting the effect ai med

25 After the perpendicul arl netic | ayer 4 has
been Byoforming thpanagnetic layer b trayﬁpmedq stagq, dhis gBaderpossible to induce
[ n A DA

sIQ%rQ agtrahe dfech & %%Eﬁéﬂc 19 r%}f‘léér}q{}oéétgcﬂﬁ? gutbéﬁeﬁor' Qﬂﬁqgglauon of the
npigaem:a g3 tceahli:rthe:eemnttdzlﬁ mlshqueatly @nharcet the gead/write property.

tech e 3 F t.he ote e | ayer, whe .
SiirecBe GBoR" e BOUSCHIIT RoderIraoe: HOPBALE prodiiad as occasion

deiahdscat i ng agent such as perfl uoropol yet her, by the
di ppi ng techni que or the spin coatin technlque SO

to giAseregirge thepcanditions ite he pAgptecipbien ghe mn@nn'a%‘évlft!?rIZPMB {16
at &¢ Of gt gg%tgﬁh'lﬁ'gt O Qfdﬂcc% Eéﬂ% 4 !&' % dfarq gﬂt{lt’e%rbtnfqi‘étg? bialgnacéet of Co} is

provi nohnagne substT
wed dor el aﬁagoataccdzr}ter albl, |thg Heayrey t&nﬁemumm:t posferred) to Hall in the

orientation of L.armed directl ther

aBBAONHTRIP mgarqfﬁ%gﬁeito FowEr AEIR naﬁeeetge.qiege to be I kW
OTRGE 84 thie Pesr 3o BE inSHE ﬁﬁgé‘ﬁf Po/s PEaRARI gad! tsaardh¥d

relative to the nonmagnetic substrate I, and

pr ot duringethe fyrmnatisn of thechagnedic duiez dll, byegative voltage (substrate bias)
ngrr a?x lx o%l %0%?&%‘:58 bstrg%elr 23 {Pﬁ) ré@él%{onvg}lﬂ% ne@ﬁse voltage,

ayers eas one ‘of %
ibe |meq>o&§lbleay dnduéa fina divigof andi solatibRiof teompRieeo igraindand permit

ttEeaanglsgmqérr%wmrﬂ&gwéwre spighle tor rpperding,
havi ng;s ?c{éﬁe@ﬂﬁ?ﬂﬁ sﬁm&ﬂﬁﬁ‘é is ﬁmf&@#ﬁgg Qf th}of%?s to -600 V. If

wel | and contal ni ng no oxi
theo hias gaeeads dhe upperi lanirmdghe msumfbrmmed pbmmtﬂu gxaess will be at a

sj.on and netic.isqlati of th
fip ittt A Bost Y Fiysiane e S uBiey arfy BF SPidivafion, of the magneti
giihd. NI the BiaS @Ik SBor@ bf hRNEWEUGhit OF thedhs ﬁ&iﬁdﬂeﬂ BBovkDthe shortage
nucl eat| on (-Hn) and consequently hei ghten

br &y SaéiHWI npreNenting theusegidhe beaaufﬁam ar%fmtm the effect

apRSPASSI Ng an outstanding recording property (OW.
FIG 12 is a schematic diagramillustrating one

exanpifeerdiie pérpendaapieetyi magretiodajiend has been formed, the protective layer $,

~such as the protective layer 5 having carbon as a main component, is formed through the

sputtering technique or the plasma CVD technique or the combination of these techniques.
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and reproduci ng apparatus contenplated by this
invention; Fig. 12(a) depicting the whole

construction and Fig. 12(b) the magnetic head. The
magneti ¢ recordi ng and reproduci ng 20 appar at us
illustrated here is furnished with a nmagnetic
recording medi um 10 possessing the construction shown

in FIG 1, a nediumdriving part-33 for rotationally

driving the magnetic recording medium 10, a magnetic
head 12 for recording and reproducing information in '
t he madivethes; theemtemlwglamwhm necessenh dbay- b ¢aptadgwitiy  fluonine-based

R et e RG89 Sod GoBbln EabAuh a5 the spin conting

I agthaiueiso gs Edgﬂahseabadﬁﬁrﬁﬂaﬁ@ hys:t&am 14 The recording
and reproduci ng, sign )CESSI 14 is,
adapt ed’heom3 SECRY ’c“& 'F’ EF'VBEP ‘seW%‘i‘tPBr‘s Pr°‘”d°d on a

S Gl miaBfeticr REQFM NOvithi A&kt &poﬁé}ﬁatmgaﬁhbﬂmg%c&f 3Z%or ccantrollmg the

process the reproducing signal fromthe nmagnetic
1 2rientatios efial laybrfopnet disacdy theneon, @ perprrdiowt rnegnetlAéayer 4 having an

the netic head 12 .t ed
SR TEAg s Aot PR e BT GBS 1g s, nonmagnede
a shbagtd Mabnd & msestivécldyer 3 andi ghirb@eritgdr 9 Ui pegpendicularly magnetic

el ement with a GWR el enent ut| i zi n%&tshe glg}ale
A#IFE CPEPFEE $1Va AE B10Tg TRECHIGTIANSEY, ahrastans i dae magnetic layers being a

h'lgﬂe? Ya 59\?19% Hong a9R41S bhip &Qﬂt &6 %}nﬂu‘uﬁff“t A6 Sid\Gntdhing an oxide

he magneti ¢ recordi ng ang reproduci ng- appar at us
rmnd iableast aabbergf thssmng:rmtlc Rayersstgmg a layeretbdiadingdCoasci man component

of th|S|nvet|on or the. magpet i ecor

S apldparRs Cr 1 vl Sad B pp 8XCE Ehon i afEdiion, itis made
dipeksibleto Prsnoe Finetdiisioh Shd im@Redd isbhaBion g AR :lnﬁgnetlc grains, enhance
gral ns, enhance greatly the signal/noise £S/ ratio

dihe pignekeoise (308 R0 dreatly o8RTING Hie, CRIPE.RE deprpduction, also exalt the

O#&‘t %@ﬁérppﬁﬁ. Fm%t ua% OW#% the prope Jf'?ﬁerﬂlﬁpﬁﬂtﬁ&ﬁon and obtain

a@queéumlmmngamdsmdxr@mmmg\mrwe@r(%ﬁ) st andi ng

LT R N——
?l&hﬁ 3bprBdilcig ﬁﬁﬁtﬂ%ﬁ%lﬁﬂ@f éip EhveEﬁélmFl@ 12(<) depicting the whole

I mform ng chanber of a DC nmagnetron sputtering
depnyactipmaad Fig. AB@W@ magnedic heah\pAle anagnstn teearding and reproducing

 Spf AP tilsukRd feflis nfisiel ity 2BEREertlD Mifhifth 39 Bossessing the |
C]fmansmiét:&: shdwﬁAgl)E'Icankj w\/g&gmdgahﬁdpm 11 fohergﬁagnﬁlgr driving the
0 vacuumrece a and t rate to

eMPAEOENS Sheqn an@eﬂﬁg}m ﬁ‘g Hgragnele gfeeego’fz 4 37991ding 4ndreproducing
Y0ifformédti O tRE imagretR! re8r@ing WediR 110N b HRRdLdfith8g DA aBBr moving the

of Co} at a substrate tenperature of 100C or less to
f snagnghe; sead A3 geletve to thenmagnetio ecardisg medium 10, and a recording and

reproducing signal-processing system 14. The recording and reproducing signal-
processing system 14 is adapted to process data received from the exterior, send the
recording signal to the magnetic head 12, process the reproducing signal from the magnetic
head 12, and send the processed data to the exterior. As the magnetic head 12 to be used in

the magnetic recording and reproducing apparatus of this invention, a head that is provided



20

25

t hi ckness of 100 nmon the gl ass substrate. By a test
wWith a vibration system magnetic 20 property testing
device (VSM, the product, Bst (Tnn) of the saturated
magnetic flux density Bs (T) nultiplied by the film
thickness t (nm of this filmwas confirned to be 120
(Tnm. On the soft magnetic prijgary coat 2 nentioned
above, a N 40Ta (40 at % of Ta™ content and the
bal ance of Ni} target and a Ru target were

u iall [ i hi. .k of. :
=S Gk fiphacicipk EHER Wi o' MR, e YRGS e hiard AR resistance
(GMRerfetd did-adaped firlbigher raxpriingdentity tdncbe utilized. -
orientation-controlli | ayer, tarqget. forned of _
( Col Aerpraing9cbe SpeEpsKoe=p g A9 TBPIGHUCIAR 2ppasgeus mentioned above,
siPORRSInhbfRc (BRAIhE IniBivkf ofthidarREntidn 8 UILE Fdr. the Snadheté recording
of Pt content and"the bal ance of Co and 10 nol % of
mediwr Qe itcie roadet pergibds toprmotedise diyisiontand mpgnetic isolation of the

uttering u r.a syre 1P .
R el oS’ LT e s bhutholee "Gy aBh Chdgg e couse of
réprodiRtioh csnivententhe Gatledtioh JAx)Bind onsequénthf ex@lt the ptapetty of thermal
12 at. % of Pt content, 4 .at % qof B content an t.a_g di
flysruation. fyrtheso perpit e gERITERD By 2SS} iSAO TRyt 2n outstanding

Y f ' i ' and reproducin

BB REsly 108, a4 SBeR: EFERENLA mibithc Huotding and reproducing
appayatug suitatile fior hightdeokityoresordings nm by the CVD 5
techni que. Then, a lubricating |ayer 6 formed of
per fl uoropol yether was fornmed by the dipping
Ex@fipld que to obtain a magnetic recordi ng nedium The
magnetic recaordi ng nmedi um consequent |y obtai ned S
r at edh fils-fermyng chambes of 3 3¢ magnefion; spu device (ade by ANELVA

e j | t f@re [ 3 hed pi
CHIArIBe iy 1) ki o
substratbe@cfr michesdin opter Hengtls oreductiof @bata k. i K. JARAN) zand was evacuated

1} e oot e, X0 e e b fp SR sBhuerng by

uédinigtal 1B e 6 NOLSZITRBNALH &6 BPZEcohisht, 7 4691R of INDGumkent BAd the balance of
intended to function in the reproducing unit, The

éﬁ?}t alspberatectemperapure of 1 90 Geer lessde &rmaa seft magnety prynary coat 2 of a

EPIEL oS00 s PR e B s g
i AL 14 et
P ¢ Cm NS U R T abiokfesg« R EGH B Y B robe 120
(Teshydue. The property of thermal fluctuation was .

determ ned by performng a witing at_ a ]
On the soft magnetic primary coat 2 menfioned above, a Ni40Ta {40 at % of Ta

content and the balance of Ni} target and a Ru target were sequentially deposited in a

.thickness of 5 nm and 20 nm, respectively, to give nse to an onentation-controlling layer 3.

On the orientatian%ontmlling fayer, a target formed of (Col4CrlSPt)90-(Si02)10
{90 mol % of an alloy composition comprising 14 at % of Cr content, 18 at % of Pt content
and the balance of Co and 10 mol % of an oxide consisting of SiQ,} was deposited by

sputtering under a pressure of 0.7 Pa to form a magnetic layer 4a in a thickness of 10 nm.
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recordi ng density of 50 kFCl under the condition of
70C and then conputing the 20 attenuation ratio of
the output relative to the reproduci ng out put one
second after the witing on the basis of (So - S) x
100/ (So x 3). In this fornula, the So denotes the
reproduction output after the el apse of one second
after the witing and S denotes3fhe reproducing

out put after the el apse of 1000 seconds. The results
are shown in th? columm_. of Exanple 1 in Table 1

I . 25
-36- Mgrh a tarset fopmgh of iCco165TAPB N b b of (Caycontent 12 at % of Pt
o . ! el . _
CHET N B YPUEE ol Aol o bp Hhor SRS el BB b Phytering under a
messukeelSk Paptodumm e enaghiét@olavetrab i Rith iGknelxof 1D 1.0z 10 10

0. ColeCr12Pt 4B 1 3 (R Ex. .
P BoveSuegenty s Goleatiys, Byans wat Bined a3 RickRng gf 5 om by the CVD
tecifie. aThaéh QViabAtitidg IRer #fonnbe o@%gﬁmwﬁ)oiﬁﬂ@r a%ﬁ'cilgﬁed by the

above 10 3 Ex. 5 Sane as above 10 8 Sane as above
dipping teqhingypio Qhtaip ganagnetr reeordingamedivibove 10. 3 Ex. 7

o RO R e ) i, T g
Bioparted by theSaeref a Keabeffeet-tebtity dévice and test&ebfos CoérBVE ¥rée (Hc) and
51 023 1 Sane as above 10 3 Ex. | 1 {(Col '
'WE$F§3?85§)SiOZ 7 10 8 Sanme as above 10 3 Ex. 12

((Col P& lr&Mkdind8 property was determined by the use of a read-write analyzer
RWA1632 and a spin stand S1701MP made by GUZIK Corp of US.A. The head used
herein was fumnished with a writing single magnetic pole and 2 GMR element that was
intended to function in the reproducing unit.

The signaUnoise (S8/N) ratio was tested at a recording density of 700 kFCL.

The recording property (OW) was determined by first writing a signal of 700 kFCI,
then superposing a signal of 116 kFCL extracting a high frequency component with a
frequency filter and rating the data-writing ability based on the ratio of residue.

The property of thermal fluctuation was determined by perfonning a writing at a
recording density of 50 kFCI under the condition of 70°C and then computing the
attenuation ratio of the output relative to the reproducing output one second after the
writing on the basis of (So - S) x 100/(So x 3). In this formula, the So denotes the
reproduction output after the elapse of one second afier the writing and S denotes the
reproducing output after the elapse of 1000 seconds. The results are shown in the column

of Example 1 in Table 1.



Si Oz

Ex.

((Co6Cx |

15 10 .

8Pt)90 Si &z 10

Ex. 20 {(Col 4Cr22Pt)90 $i 0O
3 -37- Table 1-11 Magneti

Si 0212 10 8 Sane as above 10 3 Ex.
8 Sane as above 10 3 Ex. 14 {
(Co4Cr18Pt)90 SiOz 10 10 8 Same as above 10 3 Ex. 15
8Pt)90 SiOz 10 10 8 Sanme as above 10 3 Ex.
16 {(Col 6CrI1 8Pt)90 Si 210 10 8 Sane as above 10 3

Ex- 17 ((C020Cr |
Ex. 18 {(Co14Cr8Pt)90 Si 0210 1
19 {(Col 4Cr10Pt)90 Si 02 10 10 8 Sane as above 10 3

%
orithe by

13 {(Col4Crl 8Pt) 85

8 Sane as above 10 3
Sane as above 10 3

10 8 Sane as above 10
4 Magnetic | ayer 4a

Mag metic layer 4b FiTm Fij nggmpﬁutl on formng
Co_rrp DSTTT ON TR 1aydF 43 TOT 70 |n| CKAESS nelclaye 96
Thi cl HESS pr'essrg u:mp L(" | ; SEF Filme .
10 1¢ - "1 ] Sg)ms as above 2&%53 -l - - forming
Conp Eﬁa %o)mol% l 'Etxicl%noess ressure 6 Pgta) 1€ 'ﬁxickness pressure
{(Co14Cr18Pt)90-
Ex. 1 (810,310} 10{nm) | 0.7 (Pa) | (Col16Crl12Pt4B) | 10 (nm) | 3 (Pa)
Ex 2 Same as above 10 2 Same as above 10 3
Ex. 3 Same as above 10 4 Same as above 10 3
Ex. 4 Same as above 10 6 Same as above 10 3
Ex. 5 Same as above 10 8 Same as above 10 3
Ex. 6 Same as above 10 11 Same as above 10 3
Ex. 7 Same as above 10 8 Same as above 10 0.6
Ex 8 Same as above 10 8 Same as above 10 5
Ex. 9 | {(Col4Cri8Pt)98-
(S5i0,)2} 10 8 Same as above 10 3
Ex. 10| {{(Col4Cr18P1)97-
(S10;)3} 10 8 Same as above 10 3
Ex. 11 | {(Co14Cr18Pt)93-
_ (Si02)7} 10 8 Same as above 10 3
Ex. 12| {(Col4Cr18Pt1)88- _
(810,)12}) 10 8 Same as above 10 3
Ex. 13 | {{Col4Crl8Pt)85-
(8i0,)15} 10 B Same as above 10 3
Ex. 14 { {(Cod4Cr18Pt)90-
{8i0,)10} 10 8 Same as above 10 3
Ex. 15| {(Co6Cr!8P1)%0- _
{510,)10} 10 8 Same as above 10 3
Ex. 16 | {{Col6Cr18Pt)90- '
(810;)10} 10 8 Same as above 10 3
{(Co20Cr18P1)90- |
(S102)103} 10 8 Same as above 10 3
| {{Col4Cr8P1)90-
(§102)10} 10 8 Same as above 10 3
{(Co14Cr10P1)90-
($102)10} 10 8 Same as above 10 3
{(Col4Cr22P1)90-
(8:10:)10} 10 8 Same as above 10 3




Conp.

Ex. 4 - - -

Sanme as above 10 3 Conp

Ex.

5 - -

- Sane as above 20 3 Conp. {(Col4Crl 8Pt)96 Ex. 6
Si 210 10 8 Col4Pt 10 0.7 Conp. Ex. 7 Sane as above
10 8 (Col2Cr) 10 0.7 Conmp. Ex. 8 Sane as above 10 8

(Fe50Pt 10 0.7 Conp.
10 8 Pd 0.5 nm 10 7- 3 Conp.

as above 8 Pd 0.5 nm 20 14 3 -8 Table 1-111
Magnetic properties Static magnetic Read/wite

Property of thernmal
force -Hn Ow S/IN % decade)

TO Pr

Sble 11

fluctuation
3400 Ce 1800 Qe 48.5

(Co(0.2 nm/ Ex. 9 Sane as above
{Co(0.2 nm/ Ex. 10 Sane

Coerci ve

0
UD 1S

Pa¥ =lat 4
< OoIOUU

—
E)\.O

8—dB6—10—Ex: : 2030 UU
3700 fsﬁﬁ—&e—ﬁr-e—e—etz—é@g %5 a"éfz?sow o2
0. 09 |-Ex— 545089430 22 o g Vg ﬂi’?’%é ,
48.5{21.1 0.09 Ex| 7 4000 15‘3‘@ 4f7. O 21 3 0. 09 Film-
3950 {1869mpesition1 £ 0. 09 Flemingno Coopesiion o 16. 5 forming
24} Eletfo)nmitd 1RThickeess| preswrg| 13 (athe) Thickness | pressure
Comp. | {(Co14Cr18Pt)90-
Ex. | (Si0;)10} 10 8 - . -
Comp.
Ex. 2 Same as above 20 8 - - -
Comp.
Ex.3 | (Col4Crl8PY) 10 0.7 (Co16Crl 2Pt4B) 10 3
Comp. :
Ex. 4 - - - Same as above 10 3
“Comp.
Ex. 5 - - - Same as above 20 3
Comp. | {(Col4Crl18Pt)50-
Ex. 6 (S10,)10} 10 8 (Col4Pt) 10 0.7
Comp.
Ex. 7 | Same as above 10 8 (Col12Cr) 10 0.7
Comp. _
Ex. 8 [ Same as above 10 8 (Fe50Pt) 10 0.7
Comp. {Co(0.2 nm)/
Ex.9 | Same as above 10 8 Pd(0.5 nm)}10 7 3
Comp. {Co(0.2 nm)
Ex. 10| Same as above 8 Pd(0.5 nm)}20 14 3




Ex. 11 3850 1550 52.0 19.1 0.11 Ex. 12 3750 1600 53.5
18.8 0.11 Ex. 13 3 000 1200 52.0 17.5 0.16 Ex.14
4500 2200 42.5 20.8 0.05 Ex. 15 4300 2100 44.0 20.9
0.06 Ex.16 3500 1400 53.0 20.7 0.11 Ex. 77 3300 1100
54.0 20.1 0.14 Ex. 18 3400 1000 56.0 199.6 0.19 Ex.
19 3600 1200 54.0 199.9 0. 16 20 4500 1600 49.0
19.3 0.12 Com. Ex.1 4650 800 5 16.5 0.45 Com.

Ex.2 5700 900 21.5 12.3 0.40 Conp. Ex 3.2600 700 51.0
12.2 0.47 Com. Ex.4 2750,100 0 13.4 0.70 Conp.
Ex.5 2800 100 57.0 11.2 0. &3%eédfh. Ex. 6 2500 300 42.5
12.2 28§%* Conp.” EX -7 2R Mefiipréperies 0. 07 CONp:
EXx. 2 LIz PP TSP
34.0 14.16 0.3 %ﬁ T 438 ?29. hPiopeay Gf thermal
- 39- Examptes—Z—to : £0Y o A m”ﬂ m@o&
rra_nuf act Ltied bé/ fol]ow g_the rocedure o] mple 1
l-e—eHan o=Yar.. i e Yor 142 SANd {he (%éﬁ@ﬂﬂc
| Jjﬁe:f 4 40 148 .SEOR) ck#(dB) bns i n@il@at ed
% Be rnl un31'5<900f akPP®s [2 48020 i B0Fable 1. Tbe 5
rdxuBt s lof tIWPOr at i nql&iOtresﬁs.iragnenl’).s recor di ago
¥4 arle SR80 i n [Tabgs 1| Cegwpar[ai pyag Exanpl egob tO
7ExMagnet i ¢ 41@00r dijng19mdi & Wi @ anys aCt ired Dy oz
f @xl ewi 1ig trggoproceduqﬁsgalr ExdTpie '21_\1\/h| B uudbu 519
t g% "RQIeT T Gdoayer 338 [T 7graret by 3tayer—4b pa—the
MECg 1 AllS ™ 3950 1800 455 21.5 0.09
Ex. 9 3300 1000 52.0 165 0.24
Ex. 10 3400 1350 54.5 17.8 ' 0.13
Ex. 11 3850 1550 52.0 19.1 0.11
Ex. 12 3750 1600 535 18.8 0.11
Ex. 13 3600 | 1200 52.0 17.5 0.16
Ex. 14 4500 2200 425 20.8 _ ~0.05
Ex. 15 4300 2100 440 209 0.06
Ex. 16 3500 1400 53.0 20.7 0.11
Ex. 17 3300 1100 54.0 201 0.14
Ex. 18 3400 10600 56.0 196 019
Ex 19 3600 1200 540 19.9 0.16
Ex 20 4500 - 1600 490 193 , 012
Comp. Ex.1 4650 2800 345 16.5 045
Comp. Ex .2 5700 900 215 12.3 0.40
Comp. Ex 3 2600 700 51.0 122 047
Comp. Ex 4 2750 100 57.0 134 0.70
Comp. Ex.5 2800 100 57.0 11.2 0.63
Comp. Ex.6 2500 300 42.5 129 045
Comp. Ex.7 2200 0 432 11.3 0.67
Comp. Ex.8 1800 . =200 47.0 5.7 1.12
Comp. Ex.9 3700 900 340 146 0.38
Comp.
Ex. 10 4300 © 1000 290 112 0.33
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10 of conpositions shown in the colums of Conparative
Exanple | to 7 in Table |I above. The results of the
eval uation of these nmagnetic recording nmedia are shown
in Table 1. Conparative Exanple 8: A filmformng

_chanmber of a DC magnetron sputtering device (nmade by

ANELVA 15 Corp., JAPAN and sol d under the product
code of "C-3010") admitted a wash¥% gl ass substrate
(2.5 inches in outer length, product of GChara K K,

JAPAN), and was evacuated till the degree of vacuum
r%@ﬂ'@éﬁslztﬁzﬁo-S Pa, and then operated to effect

sputteni ' arget of 47r TNb {4 at % Qf

Zr conthg%q‘,e% rg%a g)?gf%ng'ac‘gﬁ?eﬁ?ngﬁﬁ“fﬂggﬁﬁgﬂwgo e procedure of
Cdixamplea 1swhid¢ rchineginse nipe naghe tiyel QG teciBghdticl AL 4b to the
a 20f L praneti ¢ mrrar.cot&lof a 20 thickness of

16§ Hﬁﬁ“{dm fd °§P§§9"Ss'a%'§f‘fb§%. egplumns of Expmples 2 to 20 in Table 1. The
ViréSus bDihe St ITHBL ARG | o

(VSM, the prtgduct Estg(%ﬁﬁgﬁ%%dga?%%%ﬁ%g%e‘i c

flux density Bs (T) nultiplied by the filmthickness

a&%nggFt%ﬁ lfegkgawas confirmed to be 120 (T-nn).

t nmagnetic primary coat 2 nentioned above, a :
Ni 40TaMagBetid régonfing anedb weet Riuficrel NG, %ﬁ&ﬂﬁg #AE procedure of
NF;( ta{eﬂet ?Fg a Ru target were sequentially deposi tepo{0
i [ 3MPEH; whi BiPE theagstic yerdn andethe magnetis| lgyer @b 1o the materials
gbF EorhipdsRidng sBewR il SRIBIINAR- ' | r,3. - -
the ortlugnt ati on- cfnl_in?‘rgglﬁlminﬁg | ayé‘ﬁ&%ﬁ%%xa%’sz l%%?rfﬂdrable 1 above,
oftb¢ rsulafithrevabatioso ObpeOmagrefic nabrdinginedia asd $hovn in Table |
conmposition conprising 14 at %of Cr content, 18 at %
of Pt content and the balance of Co and 10 nol % of
aGompardsve Examgple8i ng of Si O2} was deposited by -40-

sputteriﬁghynd_er cg pressure of 8 Pa to forma nmagnetic
| ayer Adirfoming;chamberof3rDG anagnetraheputtesiag dewce (made by ANELVA

nBemet JAP ARG ectively- of targets of
Co&gnd Pd \(verg sggji lt’iﬁ?ﬁi?';?%gél}pcgord o':?e;c/f: ?élg?ég"““ed a washed glass
t ¥betrate €5 driches @ qutenlength, préthct bf Okaads 10f JAP AND BnldGvas evacuated

f.ar ® inat ed [ Co/ Pd] fibm The, nunber of |ayers
(B, BePegr b e el 11 P it hencpreraia i ffesh sputering by
Ausiteg dMtacges o ACHADITRBNGE Y SO2H contedh. Patlo LENLN L
e, Lorred by the GV Rt o % SN BLGHEATER B balance of
1CRjrat @a&upﬂﬁuq ienperaiirg pf HUPEC| ardess o foret theoft magnetio [pABRfry coat 2 of a
Riickf@s ofli1BOinRP oh ! Ol S48 SiRINgL L ! i
recording med ‘.J?n %%Ela%u”%g%g t'g'VerB)yE?(;ﬁbm&;agv CIgFystem magnetic
}WW! @stpﬁdﬁWn@’ SdM)jlthe }pwd%cﬁmlﬂf(a'qinw 8FthRYsaturated magnetic flux
. .pragedur e of, |
(ﬁl‘lél&%;‘& ) mlﬁtx;ﬁ:e%%y the glm thickness ¢ (nm) of this film was confirmed to be 120
(Tnm), '
On the soft magnetic primary coat 2 mentioned above, a Ni40Ta {40 at % of Ta
content and the balance of Ni} target and a Ru target were sequentially deposited in a
thickness of 5 nm and 20 nm, respectively, to give rise to an orientation-controlling layer 3. -
On the orientation-controlling layer 3, a target formed of (Co14Crl 8Pt)90-(S102)10
{90 mol % of an alloy composition comprising 14 at % of Cr content, 18 at % of Pt content
and the balance of Co and 10 mol % of an oxide consisting of $i0,} was deposited by
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Conpar ati ve Exanple 8 while changi ng the nunber of
superposed filns of the magnetic I|ayer 4b to 20. The
results of the rating of the nmagnetic recording nedi a

of Conparative Exanples 9 and 10 are shown in Table |
above. 15 Exanples 21 to 39: Magnetic recording nedia
wer e manufactured by foll ow ng,the procedure of

Exanpl e 1 while changing the ragnetic | ayer 4a and the
magnetic | ayer 4b to the conp05|t|ons and the
adi t ] Tab fon
spulit DS PR ot £ f Rl s moiBt B8t ichBeds By Ofim
|39 'Bli@43§l\1/a ﬂwlmhg‘ne'ﬁahh)&er 2&2 iaﬂf&rs r%.ﬁvﬂy bf 4%@:@}3 0 [Qif IGbFarlld Pd were
ayer gnetic er 4a etic |ayer [ [
(AR STRTBOH &5 HEKRERG! BaTPbERd P 54 tickeses o?‘arsmmgo form a

S { 021
el I 1855 k5150, LM Reg AN g i
pres(snr:)w&I(Pm) Ex- 22 Sams as above 10 8 Cd 4Crl 6Pt 10 3

Ex. Sane as. ab Q.3 24 '

o Then, 3 Fio PR EOBYE § &6k 1 BknesTbr Ay was oo B he CVD
teclﬁu@bZSQiEb&EﬂenﬂlQ B lul:[r(cﬁfmhg QUErLS B perfludtopdBiktdrer vaisQbrmied by the

10 8 CA9Cr8Pt 10 3 EXx. 27 Sams as above 10 8 COl 9Cr |
dippipg technigue fo,comuplets gamagnetigisrding mediy| ocr | 6Pt) 10 3

Ex. 29 Sane as above 10 8 Col9Cr20Pt 10 3 Ex 30 Sane

as above 10 8 (Col 9Cr24Pt) 10 3 ((Col OCrl 4Pt Ex. 31
Compirative Exgingeless® @@l 19): ( Col 9Cr1 6Pt) 10 3

Magnetic recording media were manufactured by following the procedure of
Comparative Example 8 while changing the number of superposed films of the magnetic
layer 4b to 20. The results of the rating of the magnetic recording media of Comparative
Examples 9 and 10 are shown in Table 1 above.

Examples 21 to 39: ,

Magnetic recording media were manufactured by following the procedure of
Example 1 while changing the magnetic layer 4a and the magnetic layér 4b to the
composifions and the conditions shown in Table 2. The results of the rating of the

magnetic recording media of Examples 21 to 39 are shown in Table 2.



((Col
10 3

8 2Nd) 10 3 {(Col OCr 14Pt 4Ta- 6W 92-
Cr2038 10 8 3B) 10 3 {(Col

OCrl 4Pt - Sane as Ex.32 4Nb 2- SiO2 8 10 8 above

{(Col OCr | 4Pt -

4 92- Cr203 8 10 8 above 10 3 {(Col

(Col 6Cr |
OCr | 4Pt ) 90-
0.7 {(Col
25 15 2Ta2Nd) 15 2

OCr | 4Pt ) 90-
( Col

8Pt Ex.36 Ta20s 15 6 4Re2Th 10 3
(Col 9Cr1 6Pt Ex. 37 Tz 10 6 3 2B2Cu) 24
(Col 9Cr1 6Pt Ex. 38 Si 02 A1203 6
OCr | 8Pt 5Cu) 88-

(CA9CribPt- Ex.33 3Ta 2 Si2 8 10
(Col9Cr
OCrl 4Pt 4Ta- Same as Ex. 35

6Pt Ex. 34

OCr | 4Pt 2Ru) 94-
( Col

(Co23Cr | 6Pt

Ex. 39 (MRO)8-(y208)4) 18 12 Tahle2® 12 7 -42- Table

H 2w WA
LA~ b I\Cuuu v TC L,

géj:‘?:ﬁéwn # ation
21 'M&@qtp layer 4b
. Film- 3700 1800 5Q. 0 Film-
. . jofoping [0Compodgition24 T | forming |
700 |50. 5 fat %)ooh%} Ex. 2 5 né§50| pré30re 1. O (dt%)5 0.|19ess | pressure
Bx. 26 340{(CoB20r16B)¥B-18. § 01@3 | Ex. 24 3550 1400 [52i1®
19.2 0. 20 _E8i@974150 1750 (ifl) 5 BYPd) 0.(C412Cri6PY) | (nm) | 3 (Pa)
Ex.22 Same as above 10 8 (Col14Crl 6Pt) 10 3
Ex.23 Same as above 10 8 (Col19Crl 6Pt) 10 3
Ex.24 Same as above 10 8 {(Co26Cr16Pt) | 10 3
Ex.25 Same as above 10 8 (Co28Crl6Pt) | 10 3
{(ColOCr15P1t-
Ex.26 2Cu)92-(Si0;)8} 10 8 (Col9Cr8Pt) | 10 3
Ex.27 Same as above 10 8 (Col9Cr1OPt) | 10 3
Ex.28 Same as above 10 8 {Col9Crl6Pt) |- 10 3
Ex.29 Same as above 10 8 (Col9Cr20Pt) | 10 3
Ex.30 Same as above 10 8 (Col19Cr24Pt) 10 3
{(Col0Cr14Pt-
Ex.31 4M0)92-(8i10,)8} 10 8 {Col9Crl6Pt) 10 3
{{Col10Cr14Pt- Same as
Ex.32 4Nb)92-(810,)8} 10 8 above 10 3
{(Col0Cr14Pt- (Co19Cr16Pt-
Ex.33 3T2)92-(Si0,)8} 10 8 2Nd) 10: 3
{{Col0Cr14Pt4Ta-6W)92- (Col9Crl 6Pt-
Ex.34 {Cr,04)8) 10 8 3B) 10 3
{{Co10Cr14Pt4Ta- Same as
Ex.35 4W)92-(Cr,0;)8} 10 8 above 10 3
{{Co10Cr14Pt2Ru)94- (Co16Crl 8Pt-
Ex .36 (Ta:0s)6} 15 6 4Re2Tb) 10 3
{(Co10Cr14P1)90- (Co19Cr16Pt-
Ex.37 (Ti10.)10} 6 3 2B2Cu) 24 0.7
{(Co10Cr14Pt)50- (Col9Cr16Pt-
Ex.38 (8i02)4-(Al1,0;)6} 25 15 2Ta2Nd) 15 2
{(Co10Cr18Pt5Cu)88- {Co23Cr16Pt-
Ex.39 (Mg0)8-(Y,0,)4} 18 12 1Cu-1B) 12 7




00 1900 45.5 20.8 0.10 Ex.30 4300 1750 48.0
S)C() 12C9). ig Ex.31 3950 1750 49.0 20.9 0.10 Ex. 8203050
1850 48.5 20.4 0.10 Ex.33 4100 1900 51.0 21.6 2.8
Ex. 34 3500 1200 54.0 19.4 0.20 Ex.35 3950 1627 2.0
19.9 0.16 Ex.36 3750 1600 51.0 19.1 0.17 Ex.7 S
1800 49.0 19.3 0.]5 Ex. 38 38%3_1600 54.0 18, 4 :
39 4100 1650 52.0 19. 3 0. 16 Exa:]rE:: Zit 3?egngy4 :

tic recording nmedia were na _ _

yg?lngwi ng the procedure of pheBxgnple 1 while changing

the—const+uction of the perpendicul arly magnetic |ayer

letvo t-he__sequence of Mzg_n;etl}gmi:zgzl { ;H%Z:i%%alaye.r ng
i d- Fiieanimetiayer [4a) . _ T ery

g? ﬁredrraqrmopﬁrtyrecordi ng_mpfbpangl EXaMpl g5 ngﬁé
are [|shown in Taple 3. -‘43- rapre—3 |:x:t(l)lp| € L.PI ZMFI(;F’t)
41 _[NEapnaive foréely €T-HAD JONPRSI tf o pGat A (Y magé)

E£- Q120088 00 Bley S 1806(B & 1T StaB] 0o 3(HRy oo o] dhetic

EX12ah T 0T3m000 PTESYEIG (Todp 69 o) Col 20r 16841 93

Ex 2447 _TogefTPUST Ty grn et g irer MBcichess (AR 10 1€

Ex 2 ey T Li00, {5505 4 204tk magn@i4c

3 (ALY SR W (B9 465083700 019

EX 261 3400 1300 53.0 189 023

Ex. 27 3550 1400 520 19.2 : 0.20

Ex. 28 4150 1750 48.5 21.1 0.11

Ex. 29 4600 1900 455 20.8 0.10

1 Ex. 30 4300 1750 48.0 20.1 0.10

Ex. 31 3950 1750 49.0 209 0.10

Ex. 32 4050 1850 48.5 204 0.10

Ex. 33 4100 1900 51.0 216 008 -

Ex. 34 3500 1200 54.0 194 0.20

Ex. 35 3950 1650 52.0 199 0.16

Ex. 36 3750 1600 51.0 19.1 - 0.17

Ex. 37 3950 1800 490 19.3 0.15

Ex. 38 3850 1600 540 187 022

Ex. 39 4100 1650 520 193 0.16

Examples 40 and 41:

Magnetic recording media were manufactured by following the procedure of
Example 1 while changing the construction of the perpendicularly magnetic layer 4 to the
sequence of film formation (magnetic layer 4b and-magnetic layer 4_a).- Tﬁe results of the
rating of the magnetic recording media of Examples 40 and 41 are shown in Table 3.
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-Hn (CGe) 1550 1650 Magnetic Read/wite property
proper- OWN(dB) 53 52.0 ties SIN (dB) 18.5 18.6
Property of thermal fluctuation decade 0.12 0.12
Exanpl es 42 to 44: Magnetic recording nedia were
manuf actured by follow ng the procedure of 5 Exanple
1 while changing the construction of the

per pendi cul arly magnetic | ayer 43to the sequence of
filmformation (magnetic |ayer 4a, magnetic |ayer 4b-
and magnetic |ayer 4b- 2) shown in Table 4 and
changi ng the conpositions thesdes to those shown in

Fable—4—The——resu-ts of therW’ gnetic
recordiing i 2 ta 48hown “iin Example 41
Tabl e 4, Magnetigdayerd| e 4 Maghetic Exam | e 42 Exam | e
43 Exanp | &€ampositigy éat Ya Conpo§Cei2ml §RtCo8Cr 12Pt | 0@e20Cr] 2P13Sm)
{( 2Pt~fa- Thikne&Bi(d@))9a {(af16§npl % SiOZ 6 Si@ 02 6
BAagGetitO3 FilnFiormimeResse @a) 14 F I m 12 Torm ngg7
piyess Ur evipgrenVReFad C 9 1 aygr 40b- 1 Magnettc
Conposi it | @dmposition {(at %)mol%} | {(Col2Cr16P1)93- | {(Col0Cr14Pt)94-
' (5102)7} 1 (Si02)6}
Thickness (nm) 10 - 116
Film-forming Pressure (Pa) {g 4
Static magnetic property
Coercive force (Oe) 3650 3700
-Hn (Oe) 1550 1650
Magnetic | Read/write property
proper- OW (dB) 53 52.0
ties S/N (dB) 18.5 _ 186
Property of thermal
fluctuation '
(% decade) 0.12 0.12

Examples 42 to 44:

Magnetic recording media were manufactured by following the procedure of
Example 1 while changing the construction of the perpendicularly magnetic layer 4 to the
sequence of film formation (magnetic layer 4a, magnétic layer 4b-1 and magnetic layer 4b~.
2) shown in Table 4 and changing the compositions thereof to those shown in Table 4. The
results of the rating of the magnetic recording media of Examples 42 to 44 are shown in
Table 4.




——ﬁ

layer 4 (at % (Co23Cr14Pt) (Co23Cr14Pt) (Cal 6Cr12Pt2B
Thickness 6 (nm) 6 ) Film 7 formng pressure 0.7 a
0.7 Magnetic 3 |ayer 4b-2 Conposition (at %

(Col18Cr 12Pt 2Nd) (Co14Cr 18Pt 2Cu Thi ckness )
(Co22Cr16Pt1 W Filmt run 6 8 - formng pressure 13
a) 2 Static _0.7 magnetic property Magnetic Coercive
proper- force (Qe) 14000 4150 4%s” . Hn (Ce 1900 4200

1750 Read/wite 1850 5 property ON(dB) 149 53 S/N

(dB) 20.9 51 21.1 21.2 FPr rty of thernmal

£l yctuation % decade 0.11 8%24 7

Magnetic Example 42 Example 43 Example 44

layer 4a N 1 {(Col0C
Corr;posmo:: { (CoSCrl 2Pt)94- {(Co8Cr12P1)94- 16P1)94 . -
{(at /_ia)rnol %} | (8i0,)6} (5810,)6) (Cr,05)6
Thickness 14 (nm) 14 - e
Film- -+
forming
pressure 5 5 )
Magnetic s
| layer 4b-1
ragn:tnc Composition :
ayer (at %) Co23Cri4Pt ;
it é = } gCOZBCr14H) (Col6Cr12P12B)
Film- !
forming
pressure 0.7 (Pa)
Magnetic > :
layer 4b-2
Composition
(at %) (Col8Cri2 cu |
e — rl 2Pt2Nd) éCoMCrl 8Pt2Cu) (Co22Cr16Pt1W)
Film- ' :
forming
pressure 3 (Pa :
— P ). 2 0.7
magnetic
_ | property
Magnetic| Coercive
proper- force (Oe) 4000 | |
_ 4150 -
ties -Hn (Oe) 1900 1750 o5
Read/write =
property
OW (dB) 49
53
. S/N(dB) 209 21.1 : ;ll
Property of =
thermal
fluctuation
(% decade) |0.11 | 0.12 | 0.11
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O 11 -45- Exanples 46 and 47: Magnetic recording nedi a

wer e manufactured by follow ng the procedure of

Exanple 1 while changi ng the construction of the

per pendi cul arly magnetic layer 4 to the

sequence of

filmformation (magnetic |ayer 4b-1, nmagnetic | ayer
4a-1, magnetic |layer 4b-2, 5

nigne
magneti c | ayer 4b-3) shown in Ble 5 and al so
conpositions to those shown in Table 5.

changi ng the
recordi ng

tic layer 4a-2 and

The results of the rating of the magnetic

Reampley

Tabl ervéF

Conposi

6 mdfht

)l es 46 and 47 are shown in Table 5.

Rl PRATE o ol G, PR dhe procedure of

Ekanyide d sshilewhanging the ¢omstrastion g tipr psrpendiculdrly) mBgnetio lager 4 to the
TP A T
et asser (430 add ﬁ'lagﬁétidﬂag&r 48-BY sEaS $d/ Teble PR hn® aflo changing the

Magnetic Magnetic | ayer 4
opmRYyBes | 12 theseashoyms oy Takle 2oy

BGPTSR
Thickness 4 6 Filmformng press_urre_.6 3 Magnetic

| ayer 4b-3

-2

| ayer 4 Conposition (at ,
'}{l'ﬂwrftskl’ﬁ%ﬁ theympiing of the magnetic

ayer 4a-2 :

{(Co Cr2a)5

Table 5
Example 46 Exampie 47
Magnetic tayer 4b-1
Composition (at %) (Co20Cr14P12B) {Co20Cr14P12B)
Thickness (nm) 14 4
Film-forming pressure (Pa) | 0.7 0.7
Magnetic layer 4a-1 .
Composition {(at %)mol%} | {{Col4Cr18Pt)35- {(Co14Cr14Pt)95-
(810:)5} (8i07)5}
Thickness (nm) 4 4
_ Film-forming pressure (Pa) | 6 6
Magnetic [ Magnetic layer 4b-2 _
layer 4 Composition (at %) (Co20Cr14Pt12B) (Co14Cr16P12Cu)
Thickness (nm) 14 0.7
Film-forming pressure (Pa) | 6 2
Magnetic layer 4a-2
Composition {(at %)mol%} | {{Col4Cr18Pt)95- {(Col4Cr18Pt)95-
(S102)5} (Cr03)5}
Thickness 4 6
Film-forming pressure 6 3
Magnetic tayer 4b-3
Composition (at %) (Co20Cr14P12B) (Co20Cr14Pt2B)
Thickness {nm) 4 4
Film-forming pressure (Pa) |{ 0.7 0.7
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Conmposition (at % Co20Crl4Pt2B C020Cr | 4Pt 2B

Thi ckness (nm 4 4 Filmform ng pressure (Pa) 0.7 0.7
10 -46- Table 6 netic properties Static magnetic
Read/wite Property of thermal roe erty fluctuation
Coercive force Ce -Hn OGe Onv dB S/ N dB (% decade)

Ex. 46 3950 1550 49.0 22.5 0. 11_4 . 47 4150 1600 49.0
22.7 0.10 Exanple 48: A magnetTt recordi ng nedi um was
manuf actured by followi ng the procedure of 5 Exanple
1 while changing the constr &i%w of the

perpendi cul arly magnetic Ia;f@ to the sequence of

filmformation (magnety Aeﬁy fo ﬂ,esmagnetl c Tayer .
4b- 1, norSmg@bghfeticay er T n‘)ﬁ?‘ﬂie{ﬁ \Wn.

in Table 6 so ch ng| n Con‘pos|
of T Ql{o@n::v{ff"'a,ﬁ @ resut lalb %{i&.&ﬁ?—a{. Frg—ot *tf'*‘awmmmi C
"0 GE Gy

rec;) c| L’Jr Eﬁn . ?dlél (d%h( m/ptgéﬁél'aagl e 7.
; St TS«:O (o | loa 49.00f 232157 \W 99{1A1203) 5}
Mnesé 591m 10 1|6913mfnf4?r{3ng pRédsul e (Pap.16 '

Magneti c Iayer 4b- |
Example 48:

A magnetic recording medium was_manufacmred by following the proce&ure of
Example 1 while changing the construction of the perpendicularly magnetic layer 4 to the
sequence of film formation (magnetic layer 4a, magnetic layer 4b-1, nonmagnetic layer 9,
magnetic fayer 4b-2) shown in Table 6 and also changing the composition to that of Table
7. The results of the rating of the magnetic recording medium of Example 48 are shown in

Table 7.
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Conmposition (at % Co24Crl 6141 Thickness (nn) 5
Magnetic Filmformng pressure (Pa) 3 |ayer 4
Nonmagnetic | ayer 9 Conposition (at % (Co35Cr)

Thi ckness (nm 2 Magnetic |ayer 4b-2 Conposition (at
% Co 19Cri 2Ptl 3Re Thickness (nm) 6 Filmformng
pressure (Pa) 2 Static nmagnetic property Coercive
force (Oe) 3850 -Hn (Ce) 1700 -4i¥mgnetic Read/wire
property properties Ov (dB) 48 S/N (dB) 22.9
Property of thermal fluctuation (% decade) 0.13
Exanpl e 49: A magnetic recorT:ﬂbJ@ medi um vas

manuf acf ured by roi—i oW g tterprocedise -Exanple
| V\hllem IE conmstruettot unkﬁnm 134
per pend) ct; e sequence of
filmfo malt;;iﬁIE %%'%E%ESI)T)E’Q] é{j‘ r{(éﬁ ALr ]ﬁ%%ﬂaaﬁ'éﬁlz@s}%y er
-9, magn ti;!;:% neddneti c | ayer 4b) show
in Tabl gh f"§d”€5ﬁ&ﬁ’ tﬁhe conposi tion o tTha
shown |iMagnept dayer 4bFhe resul tfs of the rating of Th
magnet ijc Coapositing(aresli um of | ErgIRt Gl are shown in
abrle%cS. Thickdds (napl e 8 Exarnpre
lay egr 4 Film- forrfnng pressure (Pa) [3
Nonmagnetic layer 9 .
Composition (at %) (Co35Cr)
Thickness (nm) 5
Magnetic layer 4b-2
Composition (at %) Co19Cr12Pt13R
Thickness (nm) 6 )
Film-forming pressure (Pa) [3
Static magnetic property
Coercive force (Oe) 3850
_ |_Hn(Oe) 1700
Magnetic | Read/wire property
properties |  Ow (dB) 48
S/N (dB) 220
Property of thermal fluctuation
(%o decade) 0.13
Example 49:

A magnetic recording medium was manufactured by foliowing the procedure of

Example 1 while changing the construction of the perpendicularly magnetic layer 4 to the

sequence of film formation (magnetic layer 4a-1, nonmagnetic layer 9, magnetic layer 4a-2

and magnetic layer 4b) shown in Table 8 and also changing the composition to that shown

in Table 8. The results of the rating of the magnetic recording medium of Example 49 are
shown in Table 8.




L R ===,
49 Magnetic layer 4a-1 Conposition {(at % nol %
{(CAOCI 1PtI W92-(MyO 8} Thickness (rim 12
Filmformng pressure (Pa) 4 Nonnagnetic |ayer 9
Conposition (at %9 Ru WMagnetic Thickness (nm 1
| ayer 4 Magnetic |ayer 4a-2 Conposition (at %
Co25Cr | 4Pt 4B)  Thi ckness (nm) 4gFi Il mformng pressure
(Pa) 3 Magnetic |layer 4b Conposition (at % (Co |
9Crl | Pt3B Thickness (nm) 4 Filmformng pressure
(Pa) 3 Static magnetic prOng%Qg Coercive force (Ce)
3450 Hn (Qe) 1600 Magnetic Read/wite property

properties Ov (dB) 49 S/N (dB) 21. ExampRgy {y Of
t her ma| Maguoeticlager d8-1( % decadg 0. IT Exanpl €5 50 t053:
Magnet | ¢ Canmsitiond(are4infol ¥6Y B((TRIOEAT 28} |-
fol | oW ndrhidi@egr(@mgdur e of : i ng
t he ConstBilﬂlf-fdrﬁﬁh reistl?e(?gj F’EW y—nmgnetic | ayer
4 to t se uenm mfictnation (nagnetic |ayer
4a-1, @y?r er 9, nmgnetic |ayer 4a-2 an(
rmgnet P't‘% atghbwn i n e 9 and al so changing
Bt ﬁfﬁs{“@b those shown in Table 9. The
}a§e$§ult§~4@$n¢h®yeala-mg of thg magnetic recordimg mefi a
gnpliCaeposition (at %) Co25Cr14Pt4B)
Thickness (nm) 4
Film-forming pressure (Pa) [3
Magnetic layer 4b -
Composition (at %) Col9Cr11P3B)
Thickness (nm) 4
Film-forming pressure (Pa) [3
Static magnetic property
Coercive force (Oe) 3750
. |_Hn (Oe) 1600
Magnetic | Read/write property
properties | Ow (dB) 49
S/N (dB) 21.5
Property of thermal fluctuation
(% decade) 0.11

Examples 50 to 53:

Magnetic recording media were manufactured by following the procedure of
. Example 1 while changing the construction of the perpendicularly magnetlc layer 4 to the
sequence of film formation (magnetic layer 4a-1, nonmagnetic layer 9, magnetic layer 4a-2
and magnetic layer: 4b) shown i in Table 9 and also changing the compositions to those |

shown in Table 9. The results of the rating of the magnetic recordmg media of Examples
50 to 53 are shown in Table 9. '




50 to 53 are shown in Table 9. 10 -49- Table 9-1 Exam
le 50 Examle 51 Magnetic |ayer 4a-1 Conposition ((at
%ol %4 ((C0I2Cr15Pt)90- ((Col 2Cr15Pt)90- Thi ckness
(nm 8 Y203 10 8 Y23 10 Filmform ng pressure (Pa) 5
5 Nonmagnetic | ayer 9 Conposition ((at% nol %
{(Co50CRu) 93 {(Co50Ru)93- Si02 7 Ti 7 Thickness (nm 2
1.5 Magnetic Magnetic |ayer 4a42-|ayer 4 Conposition
{(at %9rmol% ((Col2Crl ]Pt)90. 1 Pt)90- Thickness (nm
Y203 10 2 (03 1o Filmformng pressure (Pa) g 10 8 8
8 Magnetic |layer 4b Conpostehief-l(at 9% (Col9Cr 1l Pt 3B)

Y 4
=

(Col9CqI TPT3B) —ThiTRNeSS™ ¢ A—--r-erA-hg
P €S STl RidgRBl: liyi4 e ok ”avtm:::g&m =T n
e 2 Si n a
((Cor20r | Empds {&%%ﬁ’eﬁl/ﬁﬁt(@élﬁ%%m ss (nm{(E012CrIsPeg0-
Y203) 10} £, (1208, 1 e —
Film-forming pressure Pa) | 5 5
Nonmagnetic layer 9
Composition {(at %)mol%}) {(Co50CRu)93- {(Co50Ru)93-
| Si0;)7} | (TINY73
_ Thickness (nm) 2 1.5
:V,[agn:nc- Magnetic layer 43-2 '
ayer Co.rnposnion {(at %)mol%} | {(Col12Cr] 1Pt)S0- {Col2Cr11P1)90-
'["hlckness '(nm) (Y205)10} 1 (Y203)10}
Film-forming pressure (Pa) |8 8
8 8
Magnetic layer 4b
Composition (at %) (Col9Cr11Pt3B
Thickness (o) £ ) &ColQCrI 1Pt3B)
Film-forming pressure (Pa) [3 3 ‘
Table 9-11
Example 52
Magnetic layer 4a-1 = Haitple )
Composition {(at %)mol%} | {(Col2Crl 5Pt)90- {(Col2Cr15Pt)90-
Y,0:)10
Thickness (nm) 8 200 ngOsJIO}
Film-forming pressure (Pa) | 5 5
Nonmagnetic layer 9 '
Composition {(at %)mol%} | {(Co50CRu)93- {(Co50Ru)93-
™ 1.(8i10,)7} (TiN)7}
_ ickness (nm) 2 1.5
fs:agn:nc Magnetic layer 4a-2 .
yer Composition {(at %)mol%} | {(Co12C
! r11Pt)90- (Col2Cr11P1)90-
T_h:ckness ‘(nm) (Y20:)10} (Y20;)10} ‘
Film-forming pressure (Pa) |8 8
8 8
Magnetic layer 4b
Composition (at %) Col9Cr11 .
Thickness (o) i r11Pt3B) gCOIQCrl 1Pt3B)
Film-forming pressure (Pa) [3 ‘ 3 |
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15

20

B :—

Filmformn ressure (Pa) 5 5 Nonnmagnetic |ayer 9
Conposi ti ong{ ?at % mol % {(Co50CRu) 93- {(Co50Ru) 93-
SS2 7 Ti 7 Thickness (nm2 1.5 Magnetic Magnetic

| ayer 4a-2 |ayer 4 Conposition {(at %9 nol % {(Col 2Crl
[ Pt)90 I Pt)90- Thi ckness(nrr) Y20310 2 (CO3 10 Y
Filmformng pressure (Pa) %&38 Magnetic | ayer 4b
Conposition (at % (Col 9Cr] 3B) (C019Crl | Pt 3B)

Thi ckness (nm) 4 4 Fil mform ng pressure (Pa) 3 3 -50-
Tabl e 9-111 Ma netic prop%]g!e?‘tht atic magnetic
Read/write Property of thernm Prop erty fluctuation

Coetcive force (0e) Maghsti o&me_dB) SIN (dB) (%
decpde) Stdfic.rhégndBO0 1700 FladAvrike 0. 1 Prdl;,érr?bfé}éwa] 650

50 R1.5 O.pkdpertsx. 52 3950 15%3,5} 20.8 0. ﬁ@c £ton °
3400C3kbRe frcdD. 4 0. 15 e 547 A frrmrrornmng

charrber (@é a D:'fﬁ?%t.w(m_; ,tsf,/ﬁr( devbo de kgde :
Ex/S$L VA 380d0T D]+ 196871 a3y >qF dopeey e g.il%gget ‘

h
Ex %1 "'53’8‘00) P650C [© 500 - Y15 0.13.
Ex. 52 3950 1700 51 208 0.13
Ex. 53 3400 1450 53 19.4 0.15

Example 54: _

A film-forming chamber of a DC magnetron sputtering device (made by ANELVA
Corp., JAPAN and sold under the product code of “C-3010") admitted a washed glass
substrate (2.5 inches in outer length, product of Ohara K. K. JAPAN) and was evacuated

till the degree of vacuum reached 1 x 10® Pa, and then operated to effect sputtering by

using a target of Co4Zr7Nb {4 at % of Zr content, 7 at % of Nb content and the balance of
Co} at a substrate temperature of 100°C or less to form a soft magnetic primary coat 2 of a
thickness of 100 nm on the glass substrate. By a test with a vibration system magnetic
property testing device (VSM), the product, Bs't (T'nm) of the saturated magnetic flux
density Bs (T) multiplied by the film thickness t (nm) of this film was confirmed to be 120
(T'nm). .

On the soft magnetic primary coat 2, a film was formed in a thickness of 20 nm by
using a Ru target to give rise to an orientation-controlling layer,

On the orientation-controlling layer 3, a (ColZCrZOPt)QO-(SnOz)l 0 {90 mol % of an
alloy composition comprising 12 at % of Cr content, 20 at % of Pt content and the balance
of Co and 10 mot % of an oxide consisting of SiOz} target was depos:ted. 1n athickness of
10 nm under a sputtering pressure of 0.7 Pa to giverise to a magnetic layer 4a.

Then, a target formed of Co20Cr]3P3B {20 at % of Cr content, 13 at % of Pt
content, 3 at % of B content and the balance of Co} was deposited under a sputtermg
pressure of 3 Pa to give ise to a magnetlc layerdbina thickness of 10 nm




substrate (2.5 inches in outer |ength, product of

Chara K. K., JAPAN), and was evacuated till the

degree of vacuumreached I x 10-5 Pa, and then

operated to effect sputtering by wusing a target of

Co4Zr 7Nb {4 at % of Zr content, 7 at % of Nb content

and the bal ance of Co} at a substrate tenperature of

100C or less to forma soft nmagr®t-ic primary coat 2 of

a 10 thickness of 100 nmon the glass substrate. By a

test with a vibration system magnetic property
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AR THERCR Tatng Thyp B ek fonhlegit s fpmsics the cipping

ttechniaué 26 cofrpilen a Mhgretiec ré&UrlingBOORAMC Phd FBLNs 6P®e fating of the
a filmwas forned in a thickness of 20 nmby 15 using

Anagneticiegerdmg nediym of Exampls 54 arepshosmtinTable18ont r ol | i ng
| ayer. On the orientation-controlling |ayer 3, a _
(Col 2Cr 20Pt ) 90- (Si O2) 10 190 nmol % of an all oy

conposi tion conprising 12 aTaBled6-1Cr content, 20 at %
thao hal Ana of-Co-and.-10 -nol_ 9% of

of—PtTecgutent—and—the—balanee nd--1

an oxLdd neationzcontzolling Byepd ([ar gor o dntamnediate lager &

a. th| ckn&o&mpgfition o nmThigkeessg sput t &ompgsiiorssur e pThickness
7_Ph t d@iXekmelele tq a(mmbndti c_| Hpek)mdal%}20 Theh, (nm)
Xt 3t het ford of Cod0Cr2®Pt 3B (20 at %of Cr -

Exnfept, 13 &d wof P cohterqt, 3 at % of B conten N

&rdsq he bal anme of Co) waps defosited under a ‘

BRrUst BT ()90 164D F of I339Jfa 0 give TTsSe to = -

Eﬁ-%t f@lh%%SWO';)B}‘L[”is"f” ss—of—16 T 54 .
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5
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Baifidd 10. 5 Rabl e 10-{ OJ0ent 4t {(CH3B0APB)II[HIN)EY ST 3
Eatesnmedi at eRuayer 8 | ComgpoST 1T OiCo38CF
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Kergeqs! t1on Rl CKNESS] aip%y HCE33CT] }9{-‘(@53}%;“’

EX. 54 RO 20 -———EX" Pd—t5——1x¢
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Ex. 57 f(Ru)90-(Si02)10) 25 - - Ex. 58 f(N 95 TiQ2 5
25 - - E>(<.529{(£>t)942 TaC 6 30 - Ex. 60 Pt 94 Si3Na 6
20 - - Ex.61 Ru 20 Co35Cr} 2 Ex. 62 Ru 20 C40Cr8 t3Ta
3 Ex. 63 Ru 20 Co30Cr5Pt 4- Cr2@B 6 5 Ex. 64 Ru 20
Co38Cr4Pt6B 92- AIN 8 5 Ex. 65 Ru 20 Co38Cr4Pt6B 92 C
5 Ex. 66 Ru 20 (Ca38Cr4Pt4B 9 (A12C8)8 8 -52- Table
|0-11 agnetic properties Static magnetic Read/wite
Property of thermal roe roe fluctuation Coercive

force Ce -Hn Ce Ow dB SI Nrghe (dqdecade) Ex. 54 4200
1600.50.20.9.0 13 Fx 55 4300 1550 51 20.5 0.14 Ex.56

4500_;I_8_0_0_ZI,_9_2]__5J_._MF1§n_Bicp1'5§erﬂei)OO 1400 54 20.8 (. 15
Ex. 58 386Gich@pets 19.]6 ORAd/wote 59| Bfopery sbMehrald0. 4
0.19__ Ex. 8o 1100 (54 1Propefly 17 Ex. Sdcrdiaflp 1730
50 PQodiciVe fokce FX. 62 4450 1800 49 2I[B 0. IT EX G
3900 15@@@50 2[l.Hn @)e’bZLOﬁ&]£4 §3ﬁQQle.SOO (@pdgcgdé‘) 0. 16

Ext54 | 65 &80 T DUVl 19300 §% 209 0.13

Ex. 55 4300 1550 51 205 0.14

Ex. 56 4500 1800 |- 49 21.5 0.11

Ex. 57 3600 1400 54 208 015

Ex. 58 3400 1100 55 196 0.21

Ex. 59 3500 1250 54 204 0.19

Ex. 60 3600 1100 54 -19.4 017

Ex. 61 4500 1750 50 21.5 0.11

Ex. 62 4450 1800 49 21.8 0.11

Ex. 63 3900 1550 50 21.1 0.14

[ Ex. 64 3800 1600 50 204 0.16

Ex. 65 3400 1200 51 19.3 0.19

Ex. 66 3600 1350 51 195 017

Examples 55 to 60:

~ Magnetic recording media were manufactured by following thé proceduré of
Example 54 while changing the material of the onentation-controlling layer to the materials
shown in Table 10. The results of the rating of the magnetic recording media of Ethp]es
55 to 60 are shown in Table 10.

Example 61:

A film-forming chamber of a DC magnetron sputter device (made by ANELVA
Corp., JAPAN and sold under the product code of “C-3010") admitted a washed glass
substrate (2.5 inches in cuter length, product of Ohara K. K., JAPAN), and was evacuated
till the degree of vacuum reached 1 x 10 Pa and then operated to effect sputtering by
using a target of Cod4Zr7Nb {4 at % of Zr content, 7 at % of Nb content and the balance of
Co} at a substrate temperature of 100°C or less to form a soft magnetic primary coat 2 of a
thickness of 100 nm on the glass substrate. By a test with a vibration systemn magnetic
Property testing device (VSM), the product Bst (T-nm) of the saturated magnetic flux
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Ex. 66 3600 1350 51 19.5 0.17 Exanples 55 to 60:
Magneti c recordi ng nedi a were nmanufactured by
foll owing the procedure of 5 Exanple 54 while
changing the material of the orientation-controlling
| ayer to the materials shown in Table 10. The results
of the rating of the magnetic recordi ng nedi a of
Exanples 55 to 60 are shown in-3xble 10. Exanple 61
10 Afilmform ng chanber of a DC magnetron sputter
devi ce (made by ANELVA Corp., JAPAN and sol d under
tdeasipr Bel (Exmelgpkeddsy thefdo thitknassi n{rxh osf this idmhves @hfifsed to be 120
?EQ§L ate (2.5 inches in outer |ength, product of

K. K., JAPAN), and was evacuated till the

degr eddmthey st g AR C c0ai@'m L i
et i et s, G0l et

&B. grflfecé%sg%tterj ng _by ) . -
1cgBast 0720 oy by dpng 2 Riplarsst trgxprissintas orieatation-bantrolling layer 3.
bal anew, @k oli@n@&n-@&nb@llﬁ%%§ér§t § it s 181 g%f in%c tgflc(a:ggss of 2 nom by

or less to forma soft eti ¢ prinmary
tUEINgkin €85G {3500 %aref §ir qonteny ks theshalarice af €0} Byrgat iegive rise to an

.éHn&in' on system nmagnetic property testing

evi ce , the product Bst (Tnm) of the saturated
g netOncthé | intsrmdatate G585 B,ta/n_ﬁﬁnéti[? laft 4al WA @%Q& é& F‘ihigkness of 10
[ 0 be

fil En.t hi ckness_t [(qnn%(bof, this m was confirne

PBpby psing ) (CoCRRARNALESI0m § {90i molPhi afanyallog abniposition comprising
menk i . 4l formed in thi.ckness of

70 708 €1 SRR, 2Fal b B POSori Sl TGS ehd ant 70 s 10'mol % of an
oKide worsstiog-of §iQ2) tdrketnmdérayspistteringoprektutd 6 0.7 Pa.

ori engégsi ogéngl?ntrol [ ngl layer 3, . a filmwas fornmed in _

a t hi CKNEIEnY- DMRENHY 1aYRI4hgwas fepmerin 7 YucknessopfdkiO mmp by using a
canget fovimednd G20CH3PBIEC 22004t %0F CF BEMEH1, 10210 62 Pf baifiertOs a1 % of B

an int‘?rmedi ate |ayer 8. On the internedi ate [ayer
Loneny8g the halapes offzolviensler o spustgring pressuné okhBss of 10

nm by ' ( . - (SIi.O2) 10 (90. mol % of an

a1 1 oy Saefenty B et wad risn iRy of 8'u By the VD

teshnigur. | Thén, at lubtiatinptlayeo st hperflistopblgetiar R HMAEA 9 the dipping
%.0f an oxide copsisting of SiQ2) targe

ang .10 {ml .
LT =] SRS B‘fff"l’lgﬁei hagpeiissipcardyie medupy  Thereudiaenfithe rating of the

magietic irécokdii; medﬂmxm@i@@ J ' of 10 nm
by using a %arget formed o %5@&*%&5@20 at % of
Cr content, 13 at % of Pt content, 3 at % of B :

ERRhRAle AR Gst Ne bal ance of Co} under a sputtering
pressure of 3 Pa.

Magnetic recording media were manufactured By following the procedure of
Example 61 while changing the material to the materials shown in Table 10. The results of
the rating of the magnetic recording media of Example 62 to 66 are shown in Table 10,

Examples 67 to 78:

Magnetic recording media were manufactured by following the procedure of
Example 1 while changing the conditions of the perpendicularly magnetic layer 4, such.as
the material, added gas and substrate bias, to the conditions shown in Tabie 11. The results

of the rating of the magnetic recording media of Examples 67 to 78 are shown in Table 11.



15 Subsequently, a protective layer 5 was fornmed in a
t hi ckness of 5 nmby the CVI) technique. Then, a

| ubricating layer 6 of perfluoropolyether was fornmed
by the di pping technique to conplete a magnetic
recording medium The results of the rating of the
magneti ¢ recordi ng nedi um of Eﬁgﬁple 61 are shown in
Tabl e 10. 20 Exanples 62 to 66-""Magnetic recording
medi a were nmanufactured by followi ng the procedure of

Exanpl e 61 whil e changi ng erial to the
materi als shown in Table iliﬁgg'#ﬂg‘tresults of the

rating of the magnetic T ddLOByBEST a or—Exompu € 62
to 66 are shovvn I Tapl em e %pu es—67to—+8

— R acot iy nl hys

Maghe COmb&sita T TIOR3 i }Ad@ﬁﬁaé”éhaii@ﬁgebias

folfo
t he !ﬁdﬂ)}n fu sliiein y magneti g | ayer
At ori a| added ga and substrlate

4
Exb‘is-"a rﬁ"%@?ﬂépmdltl ons shovvn in Table 1 1. The

oo )8}t the rlati@y ofl t he $manelic r ecor difjng nedi a

Ex 68 £, Same asabover | 78 %y e [showd i n ThDb 608 ai%44- Tabl e

Ex169 Smambwela er % Na eti€ |a PO,40.6GeMRqgs t1an

Ex1H)  kBarse agabiove f dr ni g Added gas Suag;ragq,op}gcs tar

Ex%4Inp| Séhe gsutovpr gssume (Ra) B 67 [(GOBHFEOTT) 92—

EXQIQ)SQJHe&abQEé oo .‘garre as ar%ove 9 "4¥Ql% _nVLcu./u

PV-\ 1

ExBa 6&@5@3@% OVE g9 6 1C2 6u 6—v T%o.;“s!n Sare

Ex 27 [UGHfe & AhoVE | g YOI Bp i pkiiadtiigue o B
Ex % v@%ﬁa PO A A O Y YT A T
s fa waborp | 0 B vollon - Bx._ 75 GankéasiPahove3® ¢

X | Same asabove 140V 9Ex. 1766 ®ane as0abmE &ols® O2600 V
Ex.78d \Samg asabhove/ 9 6 02 - 0.6 vol% -

Table 11-
Magnetic layer 4
_ Magnetic layer 4b :
Composition Thickness Film-forming | Added gas Substrate bias
{at %) (nm) | pressure (Pa) |
Ex. 67 (Co23Cr16Pt1Cu1B) 9 0.7 - -
Ex. 68 Same as above 9 0.7 - . -
Ex. 69 Same as above 9 0.7 - : -
‘Ex. 70 Same as above 9 0.7 : - -
Ex. 71 Same as above 9 0.7 - -
Ex. 72| Same as above 9 0.7 - ' -
Ex. 73 Same as above 9 07 - -
Ex. 74 Same as above 9 07 02-0.3 vol% | -
Ex. 75 Same as above 9 0.7 T -
Ex. 76 Same as above 9 0.7 - -
Ex 77| _ Same as above 9 0.7 . T
L Ex. 78 Same as above 9 0.7 ' C - 2200V




10

15

- Ex. 78
. 77 Sane as above 9 6 O2 - 0.6 vol % -600 V _
gxame as above 9 6 Oz - 0.6 vol% Table 11-11 Ma etic
| ayer 4 Ma netic la er 4b Conposition Thickness

ilmform ng Added gas Substrate bias (at % (nm
gressure (Pg) Ex. 67 Co23Crl16Pt]CulB 9 0.7 Ex. 68 20
Sane as above 9 0.7 Ex. 69 Sane as above 9 0.7 Ex.
Sane as above 9 0.7 _ Ex. 71 Sabe as above 9 0.7 Ex.
72 Sane as above 9 0.7 Ex. 73 Sane as above 9 0.7 _
Ex. 74 Sane as above 9 0.7-O2 - 0.3 vol % Ex. 75 Sane

as above 9 0.7 Ex. 76 Sanme JdeblelddddH 9 0.7 Ex. 77

. - 78—Sare—as—above-9. 0.7 200 V
5afn5e5- > a;ved z_ ;JI Il_ e M, g uﬁgdﬁpegqul e PQT at i ers#l 1
°Pr oppr t WVAEr mal| Prepsstyrof therma

?T‘SQS{' E%Cnfgg?wag?:m fo r@y_(HOPqiﬂ Ce Oy dBuGhbtialB %
decade(ﬁc’E!E“éF?fOﬂ‘@CO 2000 £1.5 21[5 0.09| Ex. 68 4450
2000 30 5 (9) 9 0 |oBIn (Oe) | Ow (dB) | S/N (dB) (%6 decade)
Ex. 67 4300 2000 51.5 215 0.09

Ex. 68 4450 2000 50.5 21.9 0.09

Ex. 69 4600 2000 49 225 0.09

Ex. 70 4550 2000 49 224 0.09

Ex. 71 4500 1950 50 22.1 0.09

Ex 72 4200 1600 53 19.7 0.13

Ex 73 4300 1850 52 218 0.09

Ex. 74 4400 1500 51.5 229 0.09

Ex. 75 4700 2050 49 226 | 0.09

Ex. 76 4700 2000 49 228 0.09

Ex 77 4650 2000 49 22.5 0.09

Ex. 78 4750 2000 48 23.5 0.09

It is revealed from the comparison of Example 5 with Comparative Examples 1, 2,
4,5,6,8,9and 10 in Table 1 that in the formation of the perpendicularly magnetic layer 4
contemplated by this invention, the construction of this perpendicularly magnetic layer 4
with a magnetic film having Co as a main component, containing Pt as well and contaming
an oxide and a magnetic layer having Co as a main component, containing Cr as well and
containing no oxide manifests an effect peculiar thereto. It is noted that Example 5 of this
invention enhanced the nucleation (-Hn) to a great extent and manifested the property of
thermal fluctuation and the read/write property (S/N ratio and recording property)
favorably as compared with Comparative Examples 1 and 2 which formed only oxide-
contalnmg magnetic layers.

It 1s learnt from the comparison of Example 5 with Comparatwe Examples 6, 7, 8
and 9 that for this invention, the fact that the magnetic layer 4b has Co as a main
component and contains at least Cr is important.

It is learnt from the comparison of Example 1 with Comparative Example 3 that the
formation of a perpendicularly magnetic layer 4 necessitates a magnetic layer having at

least one layer containing an oxide.
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Ex. 69 4600 2000 49 22.5 0.09 Ex. 70 4550 2000 49
22.4 0.09 Ex. 71 4500 1950 50 22.1 0.09 Ex. 72 4200
1600 53 19.7 0.13 Ex 73 4300 1850 52 21.8 0.09 Ex.
74 4400 1900 51.5 22.9 0.09 Ex. 75 4700 2050 49 22.6
0.09 Ex. 76 4700 2000 49 22.8 0.09 Ex. 77 4650 2000
.49 22.5 0.09 Ex. 78 4750 2000.48 23.5 0,09 It is
‘reveal ed fromthe conparison 6?6Tyanple 5 with _
Conparative Exanples 1, 2, 4, 5, 6, 8, 9 and 10 in

Tabl ] or mat | of th er pendi cul arly
[mg'r%gftli Le . at;g@ thgg%&"g%“ﬁg {técﬁxga}eﬁ§ {:'ﬁli gtq i thet thercontent of the
oxidegn thenetidescaritaining fmaghesic ROEPADHI frekeALd Yo BPYAICor more and 12

e, 4 with a magnetic filmhaving Co as a main
méég%i)réﬁsént, containing Pt as well and containing an-

oxi @iis feasht &oRPHRShinparh | ] rtent i
,corrpo;ent , -Cont_aﬁhﬁn%aﬁ%‘l%ggq%\éhﬁgja% ﬁ€t8ﬁt73ﬁq,ﬁ%(_lﬁﬁonten‘t in the
oxiggicantajring magnetic layeedd i prefered doi ter ithedahere ahl 1 '6'%t°/|9] or less.

t t : | e 5 of thi i ti h dt
nuclas e SRERIR: Sormadfison 3F Exambles cand Wi Zohedts conteat i the
oxide-spetainyngohaghdtit eyerad is iprafsrratPiol RN 034 % smgfe%ggfvz\gf;ag g.f?, less.

N.ratio and recording property

pr oggr t é‘ tgll ) _ : e
as COMhE AP+ hiscswphFami the cempansonsf Examgled 21th S that the Cr
corltéit i the G phe X a§ & 4LC QLR iDb H? o@g %}t’}&?%"!eanw hg 149 9% & more and

Ieoar nt fromthe” conparisono
30 ¢toeafessi ve Exanples 6, 7, 8 and 9 that for this

in [ he fact that t magneti c | ayer 4b has Co
;Svgqgng%h fti%‘" é%“nﬁ%‘ﬂeﬂt“’a géﬁSn%ﬁ 0t 39 thas ttheCPt bontent in the

magnepiolldyantb chraininghndaiite it bREBFA% BUNALL RO 2h IR Fess.

I with ConFrarative Exanpl e 3 that orna

pe\rl\ff) Enigrratiram Tabled thaat the dxigecof the paieanitaiing magnetic layer 4a is
preféRegdabi e r Vi l.east. gne | ayer cantal njng ]

an oxi de. -56- Si¢: ngﬁaz%‘rntl?f’sr g?ﬁafel'iele%% i's @pyobe a material
confyng i phirditanflodidéso 13 that the content of the oxide

in j de-contai ning magnetic layer 4a is preferred
to Iggqﬁ%ﬁ@ i Meliria! Urke usad Torshe pependieidarly magnetic layer 4 may
contatn at least one element selected from the group consisting of B, Ta, Mo, Cu, Nd. W

Nb, Sm, Tb, Ru and Re besides Co, Crand Pt.
It 1s learnt from Table 3 that the construction of the perpendicularly magnetic layer

- 4 may be such that the magnetic layer 4b containing no oxide and the oxide-containing

magnetic layer 4a are sequentially placed in the order mentioned.

It is leamt from Table 4, Table 5 and Table 6 that the perpendicularly'magnetic
layer 4 may be constructed of three kinds of magnetic layers,

It is leamt from Table 7, Table 8 and Table 9 that the nonmagnetic 'Iay;ef 9 may be
formed between any of the adjacent component layers of the perpendicularly magnetic
layer 4.

It s further learnt that the perpendicularly magnetic layer 4 may be constructed of a
plurality of oxide-containing magnetic layers.
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It is learnt fromthe conparison of Exanple 5 and 14
to 17 that the C content in the 5 oxide-containing
magnetic |ayer 4a is preferred to be 6 at% or nore and
16 at%or less. It is learnt fromthe conparison of
Exanples 5 and 18 to 20 the Pt content in the

oxi de-containing magnetic layer 4a is preferred to be
10 at % or nore and 20 at %or IF€5s. Then in Table 2,
it is learnt fromthe conparison of Exanples 21 to 25

t hat tIhe Cr cpnteﬂ% in the magnetic |ayer 4b
cont ai hiEHgPAbITeR; kable W thatthe prentation-epntrollingtlayer 3 mayouse a material

addltairkRg 30 oftide Y ' JaD beli ic materi :
co ér?gsonoof eagﬁéh‘g‘z&z%ﬂdtt Igb@o&? g? %é&g( E@%#fcewtef'ﬁ] assuming
tthe hematgare of RmyBSor BB, cont ai ni ng no oxide is :
pref et ed 8,at_%or nore and 2Q at %or less. It is
| ear ntﬂ rom 56‘?%“2&%3'_? ‘Pf‘i"g"?)‘ﬁ?tﬂgaw & fay be interposed between the
@riemtionobmiclimglafBd \idi the pet&idichirlymadheil Bibesl 10 be
Cr208,, SIQ2 or, Ta20s. It is further "l earnt that it may
be a Hhisclermt froms Tabls i theththe additioncofi 2 gasoduring theforrhation of the
InerdeRdicBlari ' d for the . L
6’3 Fﬂp endi ¢ u% grﬁ ?{l/&rnbga%%?i%%a I%gey%?s%%ngég reé%lg f"a‘?"ﬂ"é‘?“g prgpgrues.
one el ement selected fromthe group consisting of B,

W Nb, Sm Th, Ru and Re besides Co,

CAly. ]
ugﬁ‘%‘i éf’phﬁ[\blﬂftg | ear nt fro_m Tabl e 3 that _the
const fThe nhaphedtf rechinpemnBaGRi a!{hiarih%ng@g %@tdécAb.%H 95%\'3% gs- provided

4 may be such that the nagnetic |aye contai nin
SRidJonmagnaticsubstiage with at kepstian @rienmbor tontrollingslayst foneantrolling the

Ar i rder nentioned. It is .
PREMER Ot yBL PERG WDl s AR RE R moalc aver having an
pailyemanatizing| yxisagrieatddc mairdy QerbndRRM1abg e%ﬁerﬁgﬂﬁdmm@eﬁc

hree ki nds of gnetic layers. It is |learnt from

of
Tubs tes7andr 3 firateghve, Byar ads chprigtenzed lie thas the gatrendicularly magnetic
lagyecorfiprisay tWe€ or Atord BlaBRi | acent :
fagn'ponrg%t I ayero S _ofr t ﬁgﬁ%é:?g%ér‘:%%g b%g%/?r)%f ?r@g}%é‘?a %@gﬁc l&yers being a
ayeichavang Co a5 @ megiptgemponenirand comrainiigh® sewed and contfifing an oxide
' .constructed of .a . plyrality, of
BROGELE abdler of e hoRfiIRYSE b8k Slayir taying. 5 B8 pbin component
indoporkebing COag kel dddecantdiging alol Sx1ds OBy Hid w,gﬁm%g R is made
g%g.bré% a_mat e{il ah. contai ning an oxide, metal nitride
ifelopropie, g diyisioniand magnetig|isqlationsafdhe alagaetiugraing, enhance
the eighePndidel (3AT1HRE Slierf? Lt js. fprther ... .
I ea[régt t hat(gt he | %t?ge? %tl at e l’&gﬁ@g th cr'?g’)%/e Bgm%md:":’?'b% ygprove the
picleaiem (g and consequently exalt the property of thermal fluctuation and acquire a

medium possessing a proper recording property (OW).



5 orientation-controlling layer 3 and the
perpendi cul arly magnetic layer 4. It is learnt from
Table 11 that the addition of a gas during the

formation of the perpendicul &8y nmagnetic |ayer 4 and
the substrate bias result in enhancing properties.

I ndustrial Applicability: 10 The nagnetic recording
medi um of this invention, a€Ld™M$i bed above, is
pfovidgd on..a no%fﬁgneajc substrate with at | east an

ot ent AtTHRCRSFRPEIRE BEUUR OIS ont rol | i ng t he

or i ent @horfiRagkti@sitausle; iy med directly thereon, a
perpendi cul arly magnetic |ayer having an easily .
magnet 3t 2¢astthass leyes farmed onrthe nonymagnepe sialistrateantl gomprised of an
r ' | Ciys trate .and a .
SIS el PR bl SO p P lprmed directy
peeneend rpaidignlaragaperelic laler haay ey arC@RIY hiighetiAM His oriented
nor e magnetj c I?yersJ at | east one of the magnetic

| ByiBlspsRendirularly rglative tathemgnmaangticsuhsirate. @ pringtive layer;
A rhyg e _ & . |

o1, CoB R el 00 A Ry e, o
Heast nge Gosaad magnaticrlaysvstheing alowarlalyes baviag oy aGhaidsomponent
wel.l and .coptaining.no oxide. By this configuration, .,
o Rinige P e st GrotheR of o g MagBH GRS being an
rapeelalsr Ha¥HACH Wa Haid EinfBRRREIHdCollALAS Cr 8RR 6%ide0

the signal/noise (S/N) ratio to a great extent during
t he cowidlewst magpetivd aydricomprisimg mmagactherystaliglamtisodated by an

(-H ngd consequent | xalt .t he operty of thernal. .
(R R G B B bt PP B gt P e s
newer Miy&inRoRA{ak Yorkdsl¥ind 58 CLAIMS 1. A magnetic
recordi ng nmedium conprising: a nonmagnetic substrate;

and atsaj T faypleeompristtsmagnetis ¢rystal grenmtbatgrgwern the magnetic

raf- i se n ientation-cont.rol.lin

AT @A 858 P B RE o s B D librighe® one,
dink &6 pluyality be pRedlity & Of leRifitt talhemapagnetiystal geis of said lower

aving an easily magnetizing axis oriented nainly

Q%Yeﬁendi cularly relative to the nonnagnetic substrate,
and a protective layer; said perpendicular magnetic

| ayer conprising two or nore nmagnetic |ayers, at

|I2zast Adnmegotticeadimegnediim dcayrding thelaig 1a whesd sdidgride is at

aving Ca.,as.a mai n conponent d containing Pt and,
Jrieb e Idpar hrmagel BRoN nrotef Fom orggfed 4 A) BHGTI
bei ng an upper |ayer having Co as a mai n conponent
and containing & and no oxide; said | ower nagnetic

Bayer 4 omgnéti iegondingmeediomecywtibng tgckimd drddint Z ovhsyein said
Pide is Cr,0; or Si0,.

4. A magnetic recording medium according to any one of claims 1 to 3, wherein
said magnetic lower layer has an oxide content of 3 mol % or more and 12 mol % or

less.

5. A magnetic recording medium according to any one of ¢laims 1 to 4, wherein
said magnetic lower layer has Co as a main component and has a Cr content of 0 at %

or more and 16 at % or less and a Pt content of 10 at % or more and 25 at % or less.




oxi de and dispersed in the |ower |ayer, said crystal

grains vertically penetrating said |ower layer in
columar forns; and said upper |ayer conprising

magneti c crystal grains that g¥bw on the magnetic

crystal grains of an upper surface of the | ower |ayer

and exist at aratio of one to one, one to plurality

of- pl updnagngtic secerding medtunvecmnlmglm an;rgmetolfclahﬁs/isltcab wherein

s . 8 netlc r di ng

oae BBl B A op i s st et acied fen ths Eieur

| @msi‘stmgl ef wamofcmqmmm%l sanrms Hu 2 BEAROh 5" gB%al content of
a % Ta, A and Ti. 3. rragnetl C recor

rﬁ%" d?%??:@%?%i?‘ﬁﬁntttbatdﬁ §|ﬂﬁ%101‘dﬁsscl aim2, wherein sai d

oxide is Cr203 or Si02. 4. A magnetic recor di ng medi um
according to any one of clains 1 to 3, wherein said

nagnet A endgnekc recandirg maslumomddfg 1oAY ORE oPElaBndPlo §owherein
% | ess. 5. A nagnetic recordi

re and 12 nol
%ﬁ%%%&?“di%aﬁtféla%\ 2 Adnain compenant and kasa Crrmtent n% 14 at %

SoingoraRed 8 afyd QWEds. | ayer has Co as a mai n conponent
and has a O content of O at % or nore and 16 at 9% or

Iess and a Pt content of 10 at % or nore and 25 at %

net.i c recqrdi ng nedi um accor di ng
t%:) any onggetfc rc?F%dW&ng ‘{Bmf?c g}gépﬁny 8¢ af Glaightel {07, wherein
IsaidarppbmesnctioNii Ris €b ab § &in %&ﬁprﬁeﬁ@{a‘@%' E&Pt of 14 at %

fromthe, grou consi sting of

95 moggrpndr gO ﬁzcmh@saed amtl contentafBat & ocmnteemid 20fat % af Kss.
at |l east one elenent that is 8 at %or less. 7. A
magneti ¢ recordi ng medi um according to any one of

Gl ai A fhapetle, revdi@ingintediSdiadedtBiRglio HRPHERL 6icc1$1ﬂ1\§qrto %aag}erem
Co,as a main c?n'ponent and has a C content of

Spid ¥ipper magnetp lavier ggniping aldgast gne ﬂlemgm!act,edrfannrtlm grgup

ggl?’dééi S)g;]?)oggblg%fl 4, g%‘é}? Incgjb I gn%rgﬂteﬁngg%%}%ﬁtcontent of

afridahEgSta)naelenmmt&mtlscﬂ‘at%oﬁles% or nmore and 30 at %
or less and a Pt content of 8 at % or nore and 20 at %
or less. 9. A nagnetic recordi ng medi umaccording to

40y ORAm@ | ShellRsl; net | .
| ayer con%nae?lkgéégd]ﬁ g%dﬁg?]\é@@hg E@e(?nec &d- “PFITE%? ‘é’ﬁerem
g6 aprrerdiaglady megnetic 1Byer Fas, ivaddiGon to\shid WwdNinagBetic Rer, a

and. _has a total .content of
ﬁlkigﬁ&lq: l%'er containmg &o as a main component and containing Pt and an oxide.

1. A magnetic recording medium according to any one of claims 1 to 10, wherein
said perpendicularly magnetic layer has, in addition to said upper magmtic layer, a

magnetic layer containing Co as a main component and containing Cr and no oxide.

12. A magnetic recording medium according to any one of claims 1 to 11, wherein

said perpendicularly magnetic layer has a nonmagnetic layer between said magnetic
layers.

13. A method for the production of a magnetic recording medium that comprises a
nonmagnetic substrate and at least three layers formed on the nonmagnetic substrate

and comprised of an orientation-controlling layer for controlling orientation of a layer




said at | east one elenent that is 8 at % or |ess. 10.

A magnetic recordi ng nedi um according to any one of

claims 1 to 9, wherein said perpendicularly magnetic

| ayer has, in addition to sai deédpower magnetic | ayer, a
magnetic | ayer containing Co as a nmai n conponent and
containing Pt and an oxide. 11. A magnetic recording
méatimedhdaectdy thergpnt o perpyndiadarahagietic Asyet having Bn eashigmeighetizing

said perpendicularly_ etic.layer has, in addition

¢ 8IS GPEnE B lia gt Oy aplative 1o thePanmagneig abstrate, and a
COmtt@dtikMyef:0 @s a main conponent and containing Cr

ahd no oxi'de. 12. A magnetic recordi ng medi um

accor daig methahgonaprising: clains 1 to 11, wherein said
per pendi cul arl.y magneti.c | ayer. has a.ponnmagnetic | r
bt oo BUng i e e B tic 19 Rt Rt PgoRgpsg Y Tavers, a
Pleastusiei 67 Rail im &neBE NG bis belREOlotlien By BEKHVHE €& 84 a main component

conprises a_nonmagnetic substrate and at” | east three.
| agf‘gﬁa@talmnﬁé’d aph ap peids endragisast mgotberefisaigk reagnetid layers being an

C i - ri.ent.ation- .ng. |l ayer for ...
C PR PR ol WA L AR SRS o g B g

t her eoformangsaid tywibir dasled bf Magici cBystad pedinhRvlakd Ban oxide,

e .sily?j{r,aﬂﬂetqi zing axis oriented mainly .

peisperRes Bdhe lawer Igicn and gertigallyrenpisating it lowes layst inpolumnar
apnR anr ot ective layer; said nmethod conprising:

formng said perpendicul ar nagnetic |ayer of two or

nor e migmeng said apper $ayeadf mhgeesic coystal giaiseihdt grogrmt the magnetic
CESBh e oA 4R VB AR (I o B0 Easia o Papeo one,
254 ©YPlurfityS RGNS loh6 rdIANRS 1B u*p@fna%%ai@ crysed! gaig%@sﬁ%d lower

having Co as a nmai n conponent and cohtai ni'ng

olayee; forming said | ower |ayer of magnetic crystal
grains isolated by an oxide, dispersed in the |ower
| ayer and vertically penetrating said |ower |ayer in

CD4.uMarmethod BEcoddiflg td E1hikh N, Windréln WRAGTerpcAdR1aPly magnetic layer
magneti c crystal grains that grow on the magnetic

chaps inaddifian tasaigrlowar mpgreatic dajer,omagretic layer eomsriningy e as a main
a [ t . at | . one, one to plurality
O{;‘(ﬂn @regfg@ngga@%g%e da@f@’gago the magnetic crystal
grains of said lower l|ayer. 14. A nethod according to
cl ai m 13, erei n_said perpendicul arly nmagnetic |ayer .

15, A method according to any one of claims 13 té 14, wherein said perpendicularly
magnetic layer has, in addition to said upper magnetic layer, a magnetic layer

containing Co as a main component and containing Cr and no oxide.

16. A method according to any one of claims 13 to 15, wherein said perpendicularly

magnetic layer has a nonmagnetic layer between said magnetic layers.

17. A method according to any one of claims 18 to 24, wherein said perpendicularly

magnetic layer is formed using a film-forming gas to which an oxygen gas is added.

18. A magnetic recording and reproducing apparatus furnished with a magnetic
recording medium and a magnetic head for recording and reproducing information in

said magnetic recording medium,




has, in addition to said | ower nagnetic |ayer, a

magnetic | ayer containing Co as a main conponent and
containing Pt and an oxide. 15. A nethod according to

any one of clainms 13 to 14, whé&lein said

perpendicularly magnetic |ayer has, in addition to

sai d upper magnetic |ayer, a magnetic |ayer

cont ai riaithapperates keingharasterized émthabsaid maghaticrecydiBy medium is

a jde. 16. A net hod cording to.any one of

o1 e el iSeordhie el FC PG S5 8y B Coiime 10 12
magnetic | ayer has a nonnagnetic | ayer between said
magnetic |ayers. 17. A nethod according to any one of
clains 18 to 24, wherein said perpendicularly

magnetic layer is formed using a filmformng gas to
whi ch an oxygen gas is added. 18. A magnetic recording
and reproduci ng apparatus furnished with a magnetic
recordi ng medi um and a magnetic head for recordi ng and
reproducing information in said magnetic recording
medium 61 said apparatus being characterized in that
said magnetic recording mediumis the nmagnetic
recording mediumset forth in any one of clainms 1 to
12.




