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MAGNETI C RECORDI NG SYSTEM AND MAGNETI C RECORDI NG MEDI UM USED THENéEﬁ%ﬁBm@

BACKGROUND OF THE | NVENTI ON'The present

I nvention relates to a magnetic

regordi ng systemused for auxiliary recording system of conputers and the

i ke and a nmagnetic recording medium5 usgd _for the nmagnetic recording

system More particu- larly, it relates to a magnetic recording system
hawi ng a high recording density of 1 gigabit per 1 square inch or nore and

a magnetic recordin &Eﬂﬁ ﬁ@@@l ?Eﬁhl i9c tHeoRb Bk di ng

density. 10 Ha gﬁﬁﬁg- 8%“%%gc osegégﬁ%agnetﬁ% recor ?ng medi um
whi ch conprises a CoCrPt magnetic | aSEDCBEREFR ing silicon oxide,
zi rconium oxi de, tantalum oxide, silicon nitride, boron nitride, titanium

nitride or

alum numnitride. 15
magnet i ¢ r ecor BAGEGROUNDNOFhITEHE GONBNTIION a CoNi Pt MO nagnetic | ayer or

JP- A-5-197944 di scl oses a

ry

CoCr Pt MO magnetic |ayer (Mis at |east one el enent selected fromSi, B, Zr,
A, Y, P, Ti, Sn and |n) Thenpresealoiaveshion: redatesagocti dagaekidi ng 20
media, coercivity is_increased and nedi um nqQi.se is decreased by addin
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t he i pventors, the above conventignal nagnetic
| REMRERREE S APACEDE, dikenBnt BoRBREetiS: TReoFaIdg gediun

used for the magnetic recording system. More particu-
larly, it relates to a magnetic recording system having
a high recording density of 1 gigabit per 1 square inch
or more and a magnetic recording medium suitable for
realizing the high recording density.

JP-A-5-73880 discloses a magnetic recording

medium which comprises a CoCrPt magnetic layer contain-

ing silicon oxide, zirconium oxide, tantalum oxide,

silicon nitride, boron nitride, titanium nitride or
aluminum nitride.

JP-A-5-197944 discloses a magnetic recording
medium which comprises a CoNiPtMO magnetic layer or
CoCrPtMO magnetic layer (M is at least one element
selected from Si, B, 2r, Al, Y, P, Ti, Sn and In).

In the above conventional magnetic recording
media, coercivity is increased and medium noise is
decreased by adding oxides or nitrides to the magnetic
layer of the media.

However, according to the investigation by
the inventors, the above conventional magnetic record-

ing media suffer from the problems that decrease of

i ng-
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-2- nmediumnoise in the high Iinear recording density area of higher than
150 kFCl (Flux Change per Inch) is insufficient and it is difficult to
realize a high recording density of at least 1 gigabit per square 5 i nch
SUMVARY OF THE | NVENTI ON Accordingly, the gbLect of the present inven- tion

is to solve the above technical problens a

d to provide a magnetic

recordi ng SyStﬁg%%g&ﬁh%€€§§?%ﬁttﬁglh%gﬁsfinégrt?egéﬁégﬂﬂgaﬁé?9t§eggégihg

density of at per are 1 nch

I'cC“recording

medi um sul tabl &f Ofi gréL | Ehid 156 REGT [RE0kIERSndENBelYIntR) 108 T1 1St

aspect, the present Tnvention 15 = provides a naghetTc recor

I ng system

having a magnetigsue0sdbie aRdi 1" P04 B FPEREE T €0 PERL §E8TJa NRAGRWNI Ch
carries out witing in and readi ng back ‘fromthe magnetic recordi ng medi um

sai d magnetic resestd gy nbehsite ooPrati Dgast Subgigabet apérasgagpeti c | ayer

20 fornmed on the substrate directly or indirectly with
i nt erveni nd betiwem. t he nagnetic | ayer and the substrate,
that the magnetic |ayer of the magnetic recordi ng nedi um

an under| ayer
characterized in
conprises a

m xture of at |east one non-magnetic conpound sel ected fromthe 25 gr oup
consi sting of oxides represented by the fornula MX (wherein Mrepresents

at | east one el_%wg BCTRE ¥ BIONA  Ta, Y and Ti,

numeri cal

and x represents a

Accordingly, the object of the present inven-

tion is to solve the above technical problems and to

provide a magnetic recording system which makes it

10 possible to attain a high recording density of at least

1 gigabit per 1 square inch, and a magnetic recording

medium suitable for realizing the high recording

density.

In the first aspect, the present invention

15 provides a magnetic recording system having a magnetic

recording medium and a magnetic recording head which

carries out writing in and reading back from the

magnetic recording medium, said magnetic recording

medium comprising a substrate and a magnetic layer

20 formed on the substrate directly or indirectly with an

underlayer intervening between the magnetic layer and

the substrate, characterized in that the magnetic layer

of the magnetic recording medium comprises a mixture of

at least one non-magnetic compound selected from the

25 group consisting of oxides represented by the formula

MOx (wherein M represents at least one element selected

from Si, Al, Ta, Y and Ti, and x represents a numerical



-3- value of fromabout 1 to about 2.5) and a magnetic material of an alloy
conprising Co and Pt as main conponents, the nolar ratio of Pt to Co in the
magnetic layer is 0.6-1.2 and the nolar ratio of the non- 5 magnetic
conmpound to Co is 0.1-2.8, and the magneti,c _recordi ng head includes a
magnet oresi stive read back magnetic recor&ing head. In the second aspect,

the present. invsmhboafpk%indssohleelmegnsb'bﬁtr quﬁdhaa 3y ahgHegy ng the

above 10 construction, characterized in that the nmagneto- resistive read

back magnetic ﬁseakﬂhmgoheaﬁ_aaioPmeoﬁbkgbqnban%r§nan¢taa§a&B959fesiStive
sensor forned between the shield layers and fhe distance between the two

shield layers témPoRénkselrkhermbeag. radio of Pt to Cbnhihheénehimagnataect,
the present invention provides the magnetic recordi ng system having the
above construclayer thafabétérRzeddi thehabltelre rptdduott ¢Be. npnef a resi dual
magnetic flux density, Br, neasured by applying a magnetic field in the

rel ati ve r¥nnimagpeticdrrmpend &0 Cheisnfnét-268;cenddthg megaeticr espect
to the magnetic reco[ding medi um at the time of recording and a thickness,
t, of the magnEererdingr hgad: hackugret pcmpgnstaragistdvenreadl backo
gauss.mcron. In the fourth aspect, the present invention 25 provi des the
magnet i c recorﬂ?ﬂﬁe§§§t€ﬁFH£9Fﬁ§ bR&dabove construction, characterized in

that the coercivity of the netic_r.ecordi ng di um neasur.ed by .applying a
magnetic field in the reEBth ?ﬁﬁﬂ?ﬂgaﬁpﬁggfi eoprgﬁgn% inventioh

provides the magnetic recording system having the above

10 construction, characterized in that the magneto-
resistive read back magnetic recofding head has two
shield layers and a magnetoresistive sensor formed
between the shield layers and the distance between the
two shield layers is 0.35 um or less.

15 In the third aspect, the present invention
provides the magnetic recording system having the above
construction, characterized in that the product (Bret)
of a residual magnetic flux density, Br, measured by
applying a magnetic field in the relative running

20 direction of the magnetic recording head in respect to
the magnetic recording medium at the time of recording
and a thickness, t, of the magnetic layer of the
magnetic recording medium is 10-100 gaussemicron.

In the fourth aspéct, the present invention

25 provides the magnetic recording system having the above
construction, characterized in that the coercivity of
the magnetic recording medium measured by applying a

magnetic field in the relative running direction of the



-4- magnetic recording head in respect to the magnetic recordi ng nedi um at
the time of recording is 2.4 kOe or nore. In the fifth aspect, the present
i nvention 5 provides the magnetic recordi ng system having the above
construction, characterized in that the nggnetoresis- tive read back
magneti c recordi ng head has a magneto- resistive sensor which includes a

plurality of na@fldtdd Beicrdity Hukd B Sddpd Y HS THO 5Ot Ween the
10 nmmgnetic layers, said nmagnetic |ayers causing a great Thange in

resistivity dugdcording meliahange the raiinelofragiirdidid G A I £t Nse by
external magnetic field. In the sixth aspect, the present invention

provi des the almvxe.renti oned nmagnetic recordi ng system 15 of the first
aspect, characterized in that the non- magnetic conpound in the magnetic

| ayer of the magnetic redor dhe fidfdhuaspeant tdre paesentbuinvent fon de
represented by the fornula LNy (wherein L represents at |east one el enent
sel ected fPom Frovidesd the aagnetic reagpdigwntaystemuhaviow the wabwfe from
about 1 to about 1.3). The inventions of the second to fifth aspects can

al so be appl i eFNSHIEiRRonChaTastarized ym thajethe magnetoresis- |t js

further preferr in the.inyention of the fiyst qQr sjxth aspect that the
nglgreragig gftﬁﬁg rega baéﬁ magneéic recor ing(head has al%agneto-

resistive sensor which includes a plurality of magnetic
layers and non-magnetic layers .provided between the

10 magnetic layers, said magnetic layers causing a great
change in resistivity due to relative change of mutual
magnetization directions by external magnetic field.

In the sixth aspect, the present invention
provides the above-mentioned magnetic recording system

15 of the first aspect, characterized in that the non-
magnetic compound in the magnetic layer of the magnetic
recording medium is not an oxide, but a nitride
represented by the formula LNy (wherein L represents at
least one element selected from Si, B and Al and y

20 represents a numerical value of from about 1 £o about
1.3).

The inventions of the second to fifth aspects
can also be applied to the invention of the sixth
aspect.

25 It is further preferred in the invention of
the first or sixth aspect that the molar ratio of the
non-magnetic compound to Co in the magnetic layer of

the magnetic recording medium is 0.5-2.4.



non- magneti ¢ conpound to Co in the nagnetic |ayer of the nmagnetic recording
mediumis 0.5-2. 4. -5- In the seventh aspect, the present invention
provi des a magnetic recordi ng nedi um conprising a substrate and a nmagnetic
| ayer formed on the substrate directly or gngirectly wi th an underl ayer

I ntervening 5 bet ween the magnetic |ayer“and the substrate, charac-

terized in that the nngneﬁrctﬁé@év@ﬁtﬁh%%g%g?et{ﬁer +85 .egf‘ﬂsgielgﬂ)?omthe

conprises a mxture of at Teast one non- [ c conpound seléec

group consi st- 4ng e IRSghSPLESLEEEHI PYg thea { @f "bap M fyhgrein M 10
r%n1S|, Al , @%, Y

represents at l'east one el enent selected and Ti, and x
represents a nuiEbd€rdte Ane 2fmddret8doLdydrt PoRARed ! o Bhe 288bItFREBEL I C
material of an all oy conprising and Pt ‘as nain conponents, the nolar

rati o of Pt to direstliyecorapndirecthyewritls &nGandérlaye? idmtletvenimgar
rati o of the non-magnetic conmpound to Co is 0.1-2.8. In the eighth aspect,

t he present5 i nieetwesn prlve i megne tiec nktayer | and etlve déwiys bealitem charde-sevent h
aspect, characterized in that the non-nagnetic conpound 20 in the

magneti c | ayer #rized nigrdhat the oragnetiedlayer sofocthemagneticput a
nitride represented by the fornmula LNy (wherein L represents at |east one

el enent sel ect SPIIEHNY mediyy gPupREEes ra Jrbkbwre of Rbelfdst 9Bfue of

fromabout 1 to a . 3) .
noégﬁgggéégc compound selected from the group consist-

ing of oxides represented by the formula MOx (wherein M

- 10 represents at least one element selected from Si, Al,
Ta, Y and Ti, and x represents a numerical value of
from about 1 to about 2.5) and a magnetic material of
an alloy comprising Co and Pt as main components, the
molar ratio of Pt to Co in the magnetic layer is 0.6-

15 1.2 and the molar ratio of the non-magnetic compound to
Co is 0.1-2.8.

In the eighth aspect, the present invention
provides the magnetic recording medium of the seventh
‘aspect, characterized in that the non-magnetic compound

20 in the magnetic layer of the magnetic recording medium
is not an oxide, but a nitride represented by the
formula LNy {(wherein L represents at least one element
selected from Si, B and Al and y represents a numerical
value of from about 1 to about 1.3).

25 .It is further preferred in the invention of
the seventh or eighth aspect that the molar ratio of
the non-magnetic compound to Co in the magnetic layer

of the magnetic recording medium is 0.5-2.4.



25 It is further preferred in the invention of the seventh or
ei ghth aspect that the nolar ratio of the non-magnetic conpound to Co in

t he. magnetic | ayer of the nmagnetic recording nmediumis 0.5-2.4. -6- The
i nventors have prepared various nmagnetic_rgcording medi a changi ng the
conposition of the magnetic |ayer to search for the conposition of the

magnetic [ ayer optinmum whg{, t éﬁﬁg | jgﬁgs | | C
recordi ng head. Furthernore, J*'Elﬁ'ey aﬁ%ﬁ%ﬁ% e %%%%f?‘gs ;@%‘8’%{,:}]% heads
to search for %&ﬁ%%ﬂéﬁfﬂ "Ehdiffdty NaYd Neorddlss SELINELYE St | mUm when

the magnetic recording head is conbined w.th the magnetic recordi ng nmedi um
As a result, theadRaiR) iXaydr td eedEENOF S StIRETEcsbSPEiH | 6 reg@r di ng
medi a of the present invention have been acconplished. In the magnetic
recordi ng syst emagfettine ¥ayext cgstpionim when netghn ahediunmyies cdmbiredaghieh i C
recording mediumis conposed of a mxture of at |east one non- 15

magnet i ¢ cOnpowdndragiedcie dedgardiniee hgaslp dbhnstlsermyref ttheyldswead nitrides
and a magnetic material of an alloy conprising Co and Pt as nain
conponent s, th&haggad tde gagmekic gagprdinhdendmhdio seanah fer|inmited to
0.6-1.2, and, furthernore, a nmagnetoresistive read back 20 recordi ng head
i s enpl oyed. WRASTEFighFoorgding hapdss hawing the shigoicHirg OREinye

' terial a the nolar ratio of
magnetic m ﬁ%en'%ie magneéic recorékng head is combined with the

magnetic recording medium. As a result, the magnetic

10 recording systems and magnetic recording media of the
present invention have been accomplished.

In the magnetic recording system of the first
aspect, the magnetic layer of the magnetic recording
medium is composed of a mixtufe of at least one non-

15 magnetic compound selected from the group consisting of
oxides and nitrides and a magnetic material of an alloy
comprising Co and Pt as main components, the molar
ratio of Pt to Co in the magnetic layer is limited to
0.6-1.2, and, furthermore, a magnetoresistive read back

20 recording head is employed.

When Co and Pt are used as the main compo-
nents of the magnetic material and the molar ratio of
them is limited and the magnetic recording medium is
combined with a magnetoresistive head, the medium S/N

25 can be increased to about 2.0 or more. The medium S/N
is a ratio of output to medium noise (a value obtained
by excluding the noise of system from the total noise).

Thus, the medium noise in a high linear recording



themis |imted and the magnetic recording mediumis conbined with a
magnet or esi stive head, the medium S/N 25 can be increased to about 2.0 or
more. The medium S/Nis a ratio of output to medium noise (a value
obt ai ned by excluding the noise of systemfromthe total noise). Thus, the
medi um noise in a high linear recording =~ “-7- density area of at |east 150

KFCL can be suffjiciently. reduced L gh | ' f t 1
gi gabit per 1 s‘%é asrlet¥ n%ﬂe%aonfbaet rg%%]élge%é@;%da %?%’gﬁ%%: %:'X¥§%:%%?{r“lg§§yst em
f high l'i abild ' I [ L Ned, ; Cr
or highrella 'J‘éc?%c%ﬁ:[h ﬂ#ﬁ'fe@éf&fn?ﬁ?ﬁ%}é P be P&%@t Qgr%%%%t or

Ni are added to t magheti c mater clvity and c

squar eness decrgase; idinidife A kéh ak 198 FOALLREE 1AL AT mddfepPB- MRgNELI C
conmpound and this is not preferred. 10 Cr, N, etc. have the

property of reathdordayf agpstan ef high crebighi Diey wbehnlewybot &prer| oy.
In a Co alloy thin filmmagnetic recordi ng nedi um contai ni ng no

non- magnet isc cargioainehn the cleaigedi on of Cr or N at the grain boundary
has the effect to | ower 15 exchange interaction between the crystal

grai ns and enhance the cdéhen \Cx yor Hbiveyvee ,added heo cise GOPh magnetic
recordi ng nmedi um cont ai ni ng the non-magnetic conpound at a high
concentration, matrReiahe eoR¥RGELY MRY RPPPRLPLEVcIGURYSRESF GPAradses

al ready | owered, 20 by the non-magnetic coanund, there is no effect to
in the area of high concentration of the non-magnetic

compound and this is not preferred.
10 Cr, Ni, etc. have the property of readily
segregating at the crystal grain boundary of Co alloy.
In a Co alloy thin film magnetic recording medium
containing no non-magnetic compound, the segregation of
Cr or Ni at the grain boundary has the effect to lower
15 exchénge interaction between the crystal grains and
enhance the coercivity. However, in the case of a
magnetic recording medium containing the non-magnetic
compound at a high concentration, since the exchange
interaction between crystal grains is already lowered
20 by the non-magnetic compound, there is no effect to
enhance the coercivity due to the lowering of the
exchange interaction caused by the addition of Cr, Ni
and the like, and, furthermore, the elements such as Cr
and Ni reduce crystal magnetic anisotropy of the CoPt
25 alloy. Therefore, the alloy may consist essentially of
Co and Pt.
In the magnetic recording system of the

second aspect, when the magnetoresistive head has two



enhance the coercivity due to the |lowering of the exchange interaction
caused by the addition of C, N and the like, and, furthernore, the

el enents such-as G and N reduce crystal magnetic anisotropy of the CoPt
25 alloy. Therefore, the alloy may congjst essentially of Co and Pt. In
the magnetic recordi ng system of the second aspect, when the

magnhet or esi st i : - 8- | . r esi stive
se_ﬁsor f ormed Tégltlv%ggg lﬁe%‘[&m%éﬂddﬁ gnfa'ﬁsg,t%tl%eél | Stv}n?e&b%m e two
shiel d layers ipethedn ¢hd 3Hield h%rgrdr_sqr 1S Y stlintd Wstweis] 11k 1a& TS

I n about 15%or 5 less of jitter and discrimnation of bit can be

satisfactorilyshiddd Nayeis Mondmitdeady @.35 Msicaniddsg.he third aspect,
t he product of residual magnetic flux density, Br, nmeasured by applying a

magnetic field in the 10 Thiselcanstaruwctimmrediulas iion alfouthd Stagretic
recording head in respect to the nmagnetic-recording nmediumat the tinme of
recordi ng &nd tlesskedsgitterandhdisspistiinatiippeofobitheamdreeti c recordi ng
medi um (nanmely, Br.t) is |limted to 10-100 gauss.micron. 15

This results i ® actogidy masde.of jitter and discrimination of bit can

be satisfactorily made. |I.n the magnetic recording systemof the fourth
aspect, the coercivity offf AR HGEREtd G eGHHFY system of the third

aspect, the product of residual magnetic flux density,
Br, measured by applying a magnetic field in the
10 relative running direction of the magnetic recording
head in respect to the magnetic recording medium at the
time of recording and thickness, t, of the magnetic
layer of the magnetic recording medium (namely, Bret)
is limited to 10-100 gaussemicron.
15 This results in about 15% or less of jitter
and discrimination of bit can be satisfactorily made.
In the magnetic recording system of the
fourth aspect, the coercivity of the magnetic recording
medium.measured by applying a magnetic field in the
20 relative running direction of the magnetic recording
head in respect to the magnetic recording medium at the
time of recording is limited to 2.4 kOe or more.
When the coercivity is 2.4 kOe or more,
system S/N is higher than 1 and noise can be made
25 smaller than signal. The system S/N is a ratio of
output to the noise of system.
In the magnetic recording system of the fifth

aspect, as a magnetoresistive head, there is employed a



medi um neasured by applying a magnetic field in the 20 relative running
direction of the magnetic recording head in respect to the nagnetic
recording nediumat the tine of recording is limted to 2.4 kCe or nore.
When the coercivity is 2.4 kCe or nore, sy§ten18/N is higher than 1 and
noi se can be nmade 25 smal l er than signal > "The systemS/Nis a ratio of

out put {0 the ngi3Gcal 8YAOThg! A BRATRUNEL: 64 SE0LdNISHRANAT e

fifth aspect, as a magnet oresi there

structure havi ”glﬁgﬂ%? BEeﬁlhﬁhle‘é?ncSQB%%Esi &ggﬁ%ﬁgm% 3 ri? ir]r.tgéregs

magneti c | ayers-and non=nagnetrc |ayers-provi etween t netic

| ayers, said nagpeiligelayetaelhl RieNGaghetlca 1822k ,C3aRde Magne’]icsti vity
due 5 to relative change of nutual magnetization directions caused by

external magnet laybirgl BriAgeagdabputoat Gireatoahhnye! 1N resiighah ity g ty
can be further enhanced by the giant magneto- resistive effect, and a
magneti c rebor dtngre}atémeothafige bifghutahilamahgneyiwatioa décectiiogsdensity
of at least 3 gigabits per 1 square inch can be realized. The reason for
using an al |l oy cangefisbygegbexndlpmagoeticnfdeddonents as a magnetic
material of the magnetic |ayer of the magnetic recording nmediumis as 15
follows. Htherto, a (CoRPEPFELipP) ter EhAgr FPNELEYFLALR hEdFNGded as t he

magneti c material., However, en _t he .
intensity can be further enhanced by the giant magneto-

resistive effect, and a magnetic recording system of
10 high reliability with a recording density of at least 3
gigabits per 1 square inch can bé realized.

The reason for using an alloy comprising Co
and Pt as main components as a magnetic material of the
magnetic layer of the magnetic recording medium is as

15 follows. Hitherto, a (Co+Pt+a) (ternary) alloy has
been used as the magnetic material. However, when the
alloy comprising (Co+Pt) as main components is used
with limiting the compositional ratio thereof and this
magnetic material is combined with a magnetoresistive

20 head, the medium S/N can be made to about 2.0 or
higher. Thus, the medium noise in the high linear
recording density area of 150 kFCI or higher can be
sufficiently reduced and a high recording density of 1
gigabit or higher per 1 sqﬁare inch can be realized.

25 Elements such as Ar which are inevitably
taken in during film-forming by sputtering or the like
may be contained in a slight amount in the magnetic

material.



all oy conprising (Co+Pt) as main conponents is used with limting the
conpositional ratio thereof and this magnetic material is conbined with a
magnet or esi stive 20 head, the medium S/ N can be nmade to about 2.0 or

hi gher. Thus, the nmediumnoise in the hi | i near recording density area of
150 kFCl or higher can be sufficiently réduced and a high recordi ng density

of -1 gigabit or higher 1 EQeh eal,i 2 _

El enents such as Ar whic %r%égﬁgégpggﬁyéggggﬁg?ﬁ ghré%gdﬁi?ﬁpfgrning by
sputtering or é@@tédkﬁy”@ﬂebeféﬁﬂﬁfé”ﬁéx'Pwﬁeﬁéiﬁhﬁ_EHBHééehEstﬁﬁ magnet 1 c
mat eri al . - 10 - The reasons for enploying an oxide repre- sented by the

formul a MX (wWesast nohbrepensedt Sedécteastremnesel enentragl echpd tiom Si,

Al, Ta, Y and Ti, and x represents a nunerical value of fromabout 1 to 5
about 2.5) as amd moreprgsehts aonmoenilcah vhtuengfiefrom| apentol tbe
magnetic recording mediumand limting the nolar ratio of the non-nagnetic
compound t Coabouk h2. hgaet the | ngrrmagnetic2cgmpeendsifothewnagmbtact he
molar ratio of the oxide to Cois 0.1 or nore, 10  nornalized noise can be
reduced to 0.0baYe¥ ¢fsthe magnebigerecendingseediun gpdudivbtinged by
-normalizing with a signal output of 10 kFCl the, nedi um noi se when _signal is
recorded at a YRRJPHIH BRNWEP 9L oFhe seeRprrgneti € hePHBPRRd: KR EBefBivity

can be Increas€ﬁgtﬁgéhétfébiayer to 0.1-2.8 are as follows. When the

molar -ratio of the oxide to Co.is 0.1 or more,

10 normalized noise can be reduced to 0.025 or less. The
normalized noise is a value obtained by normalizing
with a signal output of 10 kFCI the medium noise when
signal is recorded at a recording density of 150 kFCI.
Furthermore, the coercivity can be increased to 2.4 kOe

15 or more. When the molar ratio of the oxide to Co is
2.8 or less, a sufficient output can be obtained.

According to the sixth aspect of the present
invention, in the magnetic recording system of the
first aspect, a nitride represented by the formula LNy

20 (wherein L represents at least one element selected
from Si, B and Al and y represents a numerical value of
from about 1 to about 1.3) is employed in place of the
oxide as the non-magnetic compound in the magnetic
layer of the magnetic recording medium.

25 When the molar ratio of the nitride ‘to Co is
0.1 or more, normalized noise can be reduced to 0.025
or less. Moreover, the coercivity can be increased to

2.4 kODe or more. When the molar ratio of the nitride



15 or nore. Wen the nolar ratio of the oxide to Cois 2.8 or less, a
sufficient output can be obtained. According to the sixth aspect of the
present invention, in the magnetic recording systemof the first aspect, a
nitride represented by the formula LNy 20 1 (wherein L represents at |east
one el ement selected fromSi, B and A ana y represents a nunerical val ue

of from about Ld @ ARQNty b By SAIDIONAE AT AUA S Apd 4R e as the

non- magneti ¢ conpound I n e magnet’i ¢ layer o ghet1 ¢ recordi ng
medi um. 25 obtained Wen the nolar ratio of the nitride to Cois 0.1 or
nore, nornmalized noise can be reduced to 0.025 or | ess. Mreover, the

coercivity can be increasg@ treasch Kox Ainithg WIRD ridiaar¥adid a3 0 of the
nitride to Cois 2.8 or less, a sufficient output can be obtai ned. The

reason for |i mthiengoneagietic aiompoiind e M -iMmaghad inagrepiadhyexr Co i n
the magnetic |l ayer 5 of the magnetic recording nediumto 0.5-2.4 is that
when t he nbl ar ofatthe efagned imorrewgddma meshipouio tb 552 44 ¢ mitasd to t he
range of 0.5-2.4, the normalized noise can be reduced to 0.016 or |ess,
and, noreover, whea dder soliay xadivefi fdve anntmagnetd & georpounst o o

In the magnetic recordi ng nedium of the seventh aspect, the nmagnetic |ayer
i s conposed of 1§ i do dhe gangeof (birradnetihe ket ect ed

fromthe group cqnsisting of oxides represented by the
9 pn&%se can.%e reduced to‘%.OlG or légs, and, moreover,

the coercivity can be increased to 2.4 kOe or more.

- 10 ~ . In the magnetic recording medium of the
seventh aspect, the magnetic layer is composed of a
mixture of at least one non-magnetic compound selected
from the group consisting of oxides represented by the
formula MOx (wherein M represents at least one element

15 selected from Si, Al, Ta, Y and Ti, and x represents a
numerical value of from about 1 to about 2.5) and an
alloy magnetic material comprising Co and Pt as main
components, the molar ratio of Pt to Co in the magnetic
‘layer is limited to 0.6-1.2 and the molar ratio of the

20 non-magnetic compound to Co is limited to 0.1-2.8.

When Co and Pt are used as the main compo-
nents of the magnetic material and the molar ratio of
them is limited, the medium S/N can be increased to
about 2 or more. Thus, the medium noise in a high

25 linear recording density area of at least 150 kFCI can
be sufficiently reduced and a high recording density of
at least 1 gigabit per 1 square inch can be realized.

The reason for using an alloy comprising Co



formula MX (wherein Mrepresents at |east one elenent 15 selected from
Si, AI, Ta, Yand Ti, and x represents a nunerical value of fromabout 1 to
about 2.5) and an all oy magnetic material conprising Co and Pt as main
conponents, the nolar ratio of Pt to Co_ip,the magnetic layer is limted to
0.6-1.2 and the nolar ratio of the 20 non- magneti ¢ conpound to Co is

limted to 0. 1448 ptWiEh o Pbriforift 41580 aa%at&}ﬁgn% re}fégﬁ:feﬁl nents of the

magnetic material and the nolar ratio of themis medi um S/ N

can be increasef theahidnet i 1Mexr iUss AdEI RS USRS & high 25
linear recording density area of at |east.150 kFCl can be sufficiently

reduced and a higp+pteedy ditwrmians) talldy dad asdn nfbdads tthe mdgisitipd e
inch can be realized. The reason for using an alloy conprising Co - 12 -
and Pt as nmai n nedepridnt s Hsvevearpgvdtanc tited exlilady cfonigei siagnetCetPayer i s
as follows. Hitherto, a (CotPt+[err]) (ternary) alloy has been used as the
magneti c mat er igd MaHdanSpmpPongnd$ tife uged Wwiddhpkini tigng ddvePtgongposias nui n
conponents is used with Iimting the conposi- tional ratio thereof, the
medi um S/ N can tiénddd@atdaphareny dheanmedium /N 1gan kajingdadi®e in the
hi gh linear recqrdin gfnsit area Qf 150 kFCl or nore can be sufficiently
reduced and a & trgc AP FErsi (A e medium Rqigg If e Riah square

inch can be reqlized: [NGLAR Worst ey B W b R IFRiSFe can
be sufficiently reduced and a high recording density of
10 1 gigabit or more per 1 square inch can be realized.
The reasons for employing an oxide repre-
sented by the formula MOx (wherein M represents at
least one element selected from Si, Al, Ta, Y and Ti,
and x represents a numerical value of from about 1 to
15 about 2.5) as the non-magnetic compound in the magnetic
layer and limiting the molar ratio of the non-magnetic
compound to Co in the magnetic layer to 0.1-2.8 are as
follows. When the molar ratio of the oxide to Co is 0.1
or more, normalized noise can be reduced to 0.025 or
20 less. Moreover, coercivity can be increased to 2.4 kOe
or more. When the molar ratio of the oxide to Co is
2.8 or less, a sufficient output can be obtained.
According to the eighth aspect of the present
invention, in the magnetic recording medium of the
25 seventh aspect, a nitride represented by the formula
LNy (wherein L represents at least one element selected
from Si, B and Al and y represents a numerical value of

from about 1 to about 1.3) is used in place of the



sented by the formula MXx (wherein Mrepresents at | east one el enent
selected fromSi, A, Ta, Y and Ti, and x represents a nunerical val ue of
fromabout 1 to 15 about 2.5) as the non-magnetic conpound in the
magnetic layer and limting the nolar rallféof t he non-nmagnetic conpound to
Co in the magnetic layer to 0.1-2.8 are as Tollows. Wen the nolar ratio of

the- oxi de to Cook2al- dsOLngPhSn-RAkHBLIZCUoNBEARICRN BRe! flynEdsLo 0. 025 or
36

20 | ess. Mbreover, coercivity can be increase nore. Wen
t he nol ar ratlolgyefhe oxide to Co is 2.8 or |ess, a suff|C|ent out put can
be obtained. According to the eighth aspect of the present invention, in
the magnetic recordi ng mewhei thet 6132 rateweBENthepActridenthr cdeis
represented by the fornula LNy (wherein L represents at |east one el enent
sel ected from ,1BoamdoAe, andryal tpedsroiseacannbei eauvatueood.brem about
1 to about 1.3) is used in place of the - 13 - oxide as the non-magnetic
conpound i rbt heoraleesi c Mayeovenhenoeheivbtyr cant be dhcriesedt tod@.d0 Co
is 0.1 or nore, normalized noi se can be reduced to 0.025 5 or |ess.

Mor eover, coer ckQet9r cBAree i“b?@a%bﬁ melarsratioopfnbhe. nishdensontPar
ratio of the nltrlge to Co is 2.8 or _less, a sufficient_output _can be
obt ai ned. The rt8s6n8foF }?ﬁ§t|ﬂgsPﬁ€1ﬁﬁFﬁF PREPBEo FthBenSEtﬁﬁﬁﬁQtlc

compound to Co in the naggﬁtlgeéggn for limiting the molar ratio of

the non-magnetic compound to Co in the magnetic layer
10 to 0.5-2.4 in the invention of the seventh or eighth
aspect is that when the molar ratio of the non-magnetic
compound to Co is limited to the range of 0.5-2.4, the
normalized noise can be reduced to 0.016 or less and,
moreover, coercivity can be increased to 2.4 kOe or

15 more.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1(a) is a schematic plan view of the
magnetic recording system of Example 1.

Figure 1(b) is a A-A’ schematic sectional

20 view of the magnetic recording system shown in Figure
l1(a).

Figure 2 is an oblique view which shows the
structure of magnetic recording head in the magnetic
recording system of Example 1.

25 Figure 3 is a schematic view which shows the
sectional structure of magnetoresistive sensor of the

magnetic recording head in the magnetic recording



10 to 0.5-2.4 in the invention of the seventh or eighth aspect is that
when the nolar ratio of the non-magnetic conpound to Co is limted to the
range of 0.5-2.4, the nornalized noise can be reduced to 0.016 or |ess and,
nor eover, coercivity can be increased to 2,4 koe or 15 nore. BRIEF
DESCRI PTI ON OF THE DRAW NGS Figure 1(a) iS5 a schematic plan view of the
magneti c recor ¢ le 1. Figure 1(b) is a AAA" schematic
sectional 20 gy%gﬁﬁg tﬁ%%&'gneppc recordi ng system shown in Figure 1(a).

Figure 2.is an oblique Viﬁyu‘ﬁﬂ @D sshaus &*ﬁ‘%{ §ﬁtlég %ﬁcmg Ceg&cordi ng

head in the magnetic recording system of Exa Figure 3
is a schemati C g\thr@W el b fS MAYhdtI® SREIridlg Sidditin/righ athd Bt RS St i ve
sensor of the nagnetit¢ recording head in the nagnetic recording - 14 -
system of Exanpleeokdinig)wyetén DfaExanpleud vi ew which shows the structure
of magnetic recording nediumin the magnetic recording system of Exanple 1.
5 5 Figure 5 i Figureabadisea sthaxasitrerd sthiic lewstvenvsvitiigh rel at i on
between the nolar ratio of Pt to Co in the magnetic |ayer of the magnetic

recordi ng medi §hoasd thiee nedaitienshetweem dhen giadiaxe radd® @ Ptheed R of

in the magnetic layér of the magnetic recording medium
land the medium S/N of the magnetic recording medium of
Example 1.

10 Figure 6 is a characteristic curve which
shows the relation between the molar ratio of silicon
oxide to Co in the magnetic layer of the magnetic
recording medium and the normalized noise of the
rnagnetic recording medium of Example 1.

15 Figure 7 is a characteristic curve which
shows the relation between the molar ratio of silicon
oxide to Co in the magnetic layer of the magnetic
recording medium and the coercivity of the magnetic
recording medium of Example 1.

20 . Figure 8 is a characteristic curve which
shows the relation between the coercivity and the
system S/N.

Figure 9 is a block diagram of an apparatus
for measuring Jjitter.

25 Figure 10 is a characteristic curve which
shows the relation between (Bret) and jitter.

Figure 11 is a characteristic curve which

shows the relation between shield distance and jitter.



Example 1. 10 Figure 6 is a characteristic curve which shows
the relation between the nolar ratio of silicon oxide to Co in the magnetic
| ayer of the nagnetic recordi ng nmedium and the normalized noi se of the

magneti c recordi ng nmedi um of Exanple 1. 1?_ _ Figure 7 is a
characteristic curve which shows the rela Pon between the nolar ratio of

sil-icon oxide to Co int to er_,af. e neti.c.regordi medi um
and the coercivity of thleig_ﬁggne%jc&rée%ér (ﬂb(r?'glqgr%div ofwthéfm v %
Flgure 8 is 2 ehateeed oif neHmabmuiich ML cdlithl 4 Rifdreen the
coercivity and the system S/N. Figure 9 is a blo I'agram of " an appar at us

for measuring jnaghetic2¥recording systleny&fe EXanipled characteristic curve
whi ch shows the relation between (Br.t) and jitter. Figure 11 is a

characteristic curve whi Fligsirewd 3t is melsatiematiel wiew WHidhd shicsargm and
jitter. - 15 - Figure 12 is an oblique view which shows the structure of

t he magnet$c r 8estdprnglnstirusturet o magnetioresdsdiviengensoiremfofthexanpl e
2. Figure 13 is_a schematic view which shows the 5 sectional structure of -
nmagnet or esi st | PBIREKIGr reForAdngalradi dnr sher maggetdsd recomddngagnet i c
recording system of Example 4.

Figure 14 is an oblique view which shows the
structure of the magnetic recording medium in the

10 magnetic recording system of Example 5.

Figure 15 is an obliqué view which shows the
structure of the magnetic recording medium in the
magnetic recording system of Example 6.

Figure 16 is a characteristic curve which

15 shows the relation between the molar ratio of silicon
oxide to Co in the magnetic layer of the magnetic
recording medium and the normalized noise of the
magnetic recording medium of Comparative Example.

Figure 17 is a characteristic curve which

20 shows the relation between the molar ratio of silicon
oxide to Co in the magnetic layer of the magnetic

recording medium and the coercivity of the magnetic

recording medium of Comparative Example.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
25 The present invention will be explained in
detail by the following examples. These examples do

not limit the invention in any manner.



system of Exanple 4. Figure 14 is an oblique view which shows the structure
of the magnetic recording nediumin the 10 magneti c recordi ng system of
Exanple 5. Figure 15 is an oblique view which shows the structure of the
magnetic recording nediumin the nagnettplﬁgqprding system of Exanpl e 6.
Figure 16 is a characteristic curve which'1 shows the relation between
the.nolar rati oppimsiei gon oxide to Co in the magnetic layer of the
magneti ¢ recordi ng nmedi um and the normalized noi se of the magnetic

recordi ng medi um of Conpagagh¥es Ex |8ndFkE?r8ré7sEﬁeﬁaﬁﬂér§Ehﬁfb§bhc
curve which 20 shows the relation between the nolar ratio of silicon
oxide to Co in am¢ sengematicl syetiohalheiewrgoftnaghecedragofdingm and the
coercivity of the magnetic recordi ng nmedi um of Conparative Exanpl e.
DETAI LED DESCRI #f$Gein OF0 TOE PRERPRRED. EMBODI MENT 25 The present
invention will be explained in detail by the follow ng exanples. These
exanpl es dd not linit theThaveagnekicnreaordingesystem- 79chaspragpesic |
Figures 1(a) and (b) are schematic plan view and schematic sectional view
of magnetic reckPEPFILRYshedive 31, Ragpekie recording mediumnhdriwingt i c
r rdin m '
ecording SySteunzg ?gswﬂ?gﬁeéégates the magnetic recording medium 71
in the recording direction, magnetic recording head 73
which carries out writing in and reading back from the
10 magnetic recording medium 71, magnetic recording head
driving unit 74 which drives the magnetic head 73
relatively to the magnetic recording medium 71, and
read/write signal processing part 75 which carries out
processing of write signal or read signal.
15 Figure 2 shows the structure of the magnetic
recording head 73.
The magnetic recording head 73 is a dual head
with inductive head for writing and magnetoresistive
(MR) read back recording head. That is, the portion
20 comprising upper recording magnetic pole 86 and shield
layer-recording magnetic pole 84 which hold coil 85
therebetween acts as a magnetic recording head for
writing. The portion comprising the shield layer-
recording magnetic pole 84 and lower shield layer 83
25 between which magnetoresistive sensor 82 and electrode
pattern 87 are held acts as a magnetic recording head

for read back. The output signal from the magneto-

resistive sensor 82 is taken out through the electrode



recordi ng medium 71, magnetic recording nmediumdriving unit 72 which
rotates the nmagnetic recording nmedium 71 in the recording direction,
magneti c recording head 73 which carries out witing in and readi ng back
fromthe 10 magnetic recordi ng medi um 71,,magnetic recording head driving
unit 74 which drives the magnetic head 73 relatively to the magnetic

recerdi ng medi UPatherd G 7.CAWHY iR melQ:f %a%ée? "§8 %&Jén@ &p carries

out processing O0f wite signal or read signa | gure 2
shows the struclglidied substyadretgic, recording head 73. The magnetic
recording head 73 is a dual head with inductive head for witing and

magnet oresi stive (MR) readriadde r3eadiois)Gditdbnalhaitivctii®e ¢prinen 20
conpri sing upper recording nagnetic pole 86 and shield | ayer-recording

magneti c pol e 8smagmetioresictivie stmsidrer8fhet ween acts as a nagnetic
recording head for witing. The portion conprising the shield |ayer-
recordi ng nignetic pol e 8Xhgnaagnedorgsisitivienysensy B2 ishqrueidedian
magnet oresi stive sensor 82 and el ectrode pattern 87 are held acts as a
magnetic recor dithg Hower shiedsdy lgyer Sthavigh puigap Jdayex r%\ﬂltfm,ﬂmrret o-

" resistive sensor, 82 .is taken out throu h t he el ectrode pattern
87. The |over sHPg B8 %g? QQQQ£9r%ﬁH§ﬁH¥ﬁe??ﬂ?°¢ﬁ%ﬁwe 3

sHousSSSectional ing" u%%%r%n férromagnetlc domain stabilizing layer 92

provided on the gap layer 91, thin film magnetoresis-
- 10 tive conductive layer 93 of ferromagnetic material
which is made a single domain by the antiferromagnetic
domain stabilizing layer 92, non-magnetic layer 95 for
cutting off the exchange interaction between sensof 94
of the thin film magnetoresistive conductive layer 93
15 and the antiferromagnetic domain stabilizing layer 92,
soft magnetic layer 97 for generating a bias magnetic
field for the sensor 94, and high resistivity layer 96
for controlling current distribution ratio between the
"soft magnetic layer 97 and the thin film magnetoresis-
20 tive conductive layer 93.
The magnetic recording head 73 was made in
the following manner.
A sintered body mainly composed of aluminum
oxide and titanium carbide was used as slider substrate
25 81. An Ni-Fe alloy film of 1 pm thick was formed as
lower shield layer 83 by sputtering method.
An aluminum oxide film of 100 nm thick was

formed as the gap layer 91 by sputtering method. An



magnet or esi stive sensor 82. 5 The magnetoresistive sensor 82 is
provided on the | ower shield layer 83 with a gap layer 91 interven- ing

bet ween them and the nagnetoresistive sensor 82 includes antiferromagnetic
domai n stab|I|Z|ng | ayer 92 provided on t gap layer 91, thin film

nmagnet or esi s- tive conductive | ayer of ferromagnetic material which

s nude a si nglﬁ 160TBpr byt DB AR LhEEkORRNELERAONR! Bt ahikhisenas | aver

92, non-magnetic r cutting oft the exchange I nteraction between

sensor 94 of thﬁa&ﬁéﬁlé'hBhHBH”E%QBQihé&hFe189@9“9&'E Eiﬁ%&e%§n§5 and
the antiferromagnétic domain stabilizing Fayer , t fmagnetic’l ayer 97

for generating mebhéa. nagﬁerC1£¥ ekdofor hhetheBxowaB4 fozmedhaghthe
resistivity layer 96 for controlling current distribution ratio between the

soft magneti c | age+rm@gnatiict hayeki A5f bynspagrekrdngsmethd@. BnvAicFeductive
| ayer 93. The magnetic recording head 73 was made in the follow ng manner.
A sintered Hodyahhoyl yagenpofediSohmatharkuwasxfdemeddasi thei thivafliile was
used as slider substrate 25 81. An N -Fe alloy filmof 1 [err] thick was
forned as | onermagnetraresietivg sondpotivei hAgynet ASdPYARPHLERTADS oxi de

filmof 100 nmthick was_forned as the_gap |ayer 91 by sputtering, nethod.
An - 18 - N®PHRgdr oP B8 AAVERi ek ﬁgsnPoFﬁéﬁkayaﬁhéo pfé?rg=e

high resistivity layer 96 by sputtering method. An
Ni-Fe-Nb alloy layer of 20 nm thick was formed as the
10 soft magnetic layer 97 by sputtering method.

A Cu thin film of 100 nm thick was formed as
the electrode pattern 87 by sputtering method.

Gap layer 98 comprising aluminum oxide of 100
nm thick was formed between the electrode pattern 87

15 and the shield layer-recording magnetic pole 84 by
sputtering method.

An Ni-Fe alloy layer of 1 pum thick was formed
as soft the shield layer-recording magnetic pole 84 by
sputtering method.

20 A Cu film of 3 um thick was formed as coil 85
by sputtering method.

An Ni-Fé alloy layer of 3 um thick was formed
as the upper recording magnetic pole 86 by sputtering
method.

25 A gap layer comprising aluminum oxide of 300
nm thick was also formed between the shield layer-
recording magnetic pole 84 and the upper recording

magnetic pole 86 by sputtering method.



magneti c domain stabilizing |ayer 92 by sputtering nethod. An Nb | ayer of 2
nmthick was fornmed as the non-magnetic |ayer 95 by sputtering nethod. An
Ni -Fe 5 all oy layer of 15 nmthick was forned as the thin film

- magnet or esi stive conductive |ayer 93 by_s?gt tering nmethod. A Ta layer of 15
nmthick was fornmed as the high resistivify |ayer 96 by sputtering nethod.

An -Ni - Fe-Nb al | oy | ayer j#ﬁ% tdl {gﬁ% f ghetic .
| ayer 97 by sputtering rrg 0 .&? é}{% \rllgifssﬁ%o %gsélfn%%l?%?( (\'S;\gs&?%‘rined as
the el ectrode RigrRItl Srdboriuld aiddihneinod. Gap layer 98 conprising

al um num oxi de of" 100 nmthick was fornmed between the el ectrode pattern 87

15 and the shiel d | ayerries e et dragissrdi mp e dund Y7 B tbheF i $§s et hod.
An Ni -Fe alloy layer of 1 [err] thick was fornmed as soft the shield

| ayer - r ecor di ngubsjiratiec 01l e84 hepidd ¥y ncpirefdired 2flass, mag- A Cu
filmof 3 [err] thick was fornmed as coil 85 by sputtering nmethod. An N -Fe
al loy | ayeb of n@tiar dayer 03vaxf fQor+Rid magnetel qprateriacbrednp imip@t i ¢
pole 86 by sputtering nethod. 25 . A gap | ayer conprising

al um num oxi de S3flizEm mRide c PIREEE IS ferrhen bayfen Qe anl el d | ayer-

recordi ng nagnetjic pole 84 and the upper recordi ng magneti ¢ pole 86 b
sputterigg ngtmﬁ§° ptive perfluoroafﬁ%l polyetheé]lué&icantFiayer y

105.
The magnetic recording medium 71 was made in
10 the following manner.

Magnetic layer 103 having a thickness of 25
nm and made of a Co-Pt magnetic material containing
silicon oxide was formed on a disk-like glass substrate
101 of 2.5 inches in diameter and 0.4 mm thick by RF

15 magnétron sputtering method under the deposition
conditions of substrate temperature: room temperature,
Ar gas pressure: 15 mTorr and making power density: 5 W
per 1 cm?. Then, protective carbon layer 104 of 10-30
nm thick was formed on the magnetic layer 103 by DC

20 magnetron sputtering method under the deposition condi-
tions of substrate temperature: 150°C, Ar gas pressure:
5 mTorr and making power density: 3 W per 1 cm?.
Thereafter, polystyrene particles were electrostatical-
ly coated on the surface of the protective layer 104,

25 followed by subjecting to plasma etching of 15 nm with
using the polystyrene particle coat as a mask to form
micro unevenness on the surface of the protective layer

104. Finally, an adsorptive perfluorocalkyl polyether



- 19 - Figure 4 shows a sectional structure of the magnetic recording
medi um 71. The nagnetic recordi ng medium 71 conprises substrate 101 of a
chemically reinforced glass, mag- 5 netic layer 103 of Co-Pt magnetic
material containing silicon oxide, protegt'de‘carbon | ayer 104, and
adsorptive perfluoroal kyl polyether |ubricant |ayer 105. The magnetic

recording medi Unypt;iWantMadgelr1 158 ofl gazfoghgp\ﬁh&%mgerfqam% Gneyer

103 having a thickness of 25 nm and made o Co-Pt magnetic materia

containing silipeptestdocaayeer 16d &Y ai@bghglhbghgugss substrate 101 of
2.5 inches in dianmeter and 0.4 mmthick by RF 15 magnetron sputtering

met hod under the depositi Figagedst showsottheukellattiont Setwerinithe mAA@r
tenperature, Ar gas pressure: 15 mlorr and naki ng power density: 5 Wper 1
[err]. Then, proativi o€ Par bonCbayjaer the4 CoPt0magnetichmalterds )f @nded on
the magnetic |ayer 103 by DC 20 magnetron sputtering nethod under the
deposi ti on Zondkhet mgdiunf S{N¥betr at xeceordéngt depsityr of, 1Agigadbifr gexure: 5
mrorr and maki ng power density: 3 Wper 1 [err]. Thereafter, polystyrene
particles were gl ggupEst AnFkal - The medasdrapichefsgiflaconobxilde HootCscti ve
| ayer 104, 25 folho d by subjecting to plasma etching of 15 nmwth
using the ponsY?Fe e particle coat as a mask to form m cro unevenness on

oy aof kol boryot pecchhdh EREhol2E rBLE8 bb p2"¢87R8 Rl D.6-1.2,
the medium S/N could be 2.0 or more.

10 Figure 6 shows the relation between the molar
ratio of silicon oxide to Co in the Co-Pt magnetic
material and the normalized noise. The molar ratio of
Pt to Co was about 0.67 (60 at%¥ Co-40 at% Pt).

When the molar ratio of silicon oxide to Co

15 was 0.1-2.8, the normalized noise could be 0.025 or
less. Especially, when the molar ratio of silicon
oxide to Co was 0.5-2.4, the normalized noise could be
0.016 or less.

Figure 7 shows the relation between the molar

20 ratio of silicon oxide to Co in the Co-Pt magnetic
material and the coercivity. The molar ratio of Pt to
Co was about 0.67.

When the molar ratio of silicon oxide to Co
was 0.1 or more, the coercivity could be made to 2.4

25 kOe or more. Especially, when the molar ratio of
silicon oxide to Co was 0.5-1.4, a coercivity of 3.0
kOe or more could be obtained and this is preferred.

As shown in Figure 8, when the coercivity was



- 20 - lubricant layer 105 of 2-20 nmthick was fornmed on the protective

| ayer 104 by di pping nethod. Figure 5 shows the relation between the nol ar
ratio of Pt to Co in the Co-Pt magnetic material and 5 the nmedium S/ N at
a recording density of 1 gigabit per 1 square inch. The nolar ratio of
silicon oxide to Co was 0.8. Wien the nolar ratio of Pt to Co was 0.6-1. 2,

t he medi um S/ N 2 |
fégﬂE}%ﬁﬁéﬁgh(KOég”ﬁhe?{ystem S/N was LGHEE ?%%Eg%éﬁé&e

rel ati on between th rati o of s con oxide to Co In

magneti c mat er ite 3ushdd ardidgiddzd tHiBchd Neigma Bl rMud, oft Pisto Co was
about 0.67 (60 at% Co-40 at% Pt). Wen the nolar ratio of silicon oxide to

Co 15 was 0. hebebsdhie tiitine asbaid Hei tpUbd Pt koL MbESS -
Especially, when the nolar ratio of silicon oxide to Co was 0.5-2.4, the

normal i zed noi se coul d beriguiid Brid es grdply Ppreparsdd\Visy tpboteindi on

bet ween t he -nol ar 20 ratio of silicon oxide to Co in the Co-Pt nagnetic
materi al afd tlegadowtcieaaly coecimity the imaximin sysi@mvBAN abbotained7.
Wien the nolar ratio of silicon oxide to Co was 0.1 or nore, the coercivity’
coul d be nade thy Exemiming dtheysyshen SAYpsing |the pedia differentatio of
silicon oxide to was 0.5-1.4, a coercivity of 3.0 kOCe or nore could be
obt ai ned and tH® B referred.

On the other hand, when the molar ratio of
silicon oxide to Co was higher than 2.8, sufficient

10 output was not obtained.

Therefore, the molar rétio of silicon oxide
to Co is preferably 0.1-2.8.

As shown in Figure 9, the read output from
magnetic recording head 73 was pulsed by low-pass

15 filter 51, differential circuit 52 and pulsing circuit
53, fluctuation of pulse interval, §, was analyzed by
jitter meter 54, and the ratio of standard deviation,
o, of pulse interval, &§, to the average value of the
pulse interval,-s, was measured as jitter.

20 Figure 10 shows the relation between the
product (Bret) of residual magnetic flux density, Br,
measured by applying a magnetic field in the relative
running direction of magnetic recording head 73 in
respect to magnetic recording medium 71 at the time of

25 recording and magnetic layer thickness, t, of the
magnetic recording medium 71 and the jitter of output
signal when high density signals of a constant frequ-~

ency was written and read back.



As shown in Figure 8, when the coercivity was - 21 - less than 2.4 kCe,
the system S/N was | ower than 1 and the noise was greater than the signal
Thus, it is necessary that the coercivity be 2.4 kOe or nore. Figure 8 is a
graph prepared by plotting 5 against eaghh coercivity the maxi mum system
S/ N obtai ned by exam ning the system S/N USing the nedia different in Br.t.

On-t he ot her hand, when t ratd f .l.éﬁﬁk  dep t was hi gher
than 2.8, sufficient 10 ﬁ%ﬁjﬁ%@éﬂ%& %}E‘% a# ned. %e‘ﬁ’ef%?%? the nol ar
ratio of sili c%@g%d&@ jistﬁglefﬁ@bié/sé).éhgn & bdist sfwnyéﬁggﬁ gure 9,

the read output™ from nagnetic recording head 73 was pul sed b w-pass 15
filter 51, dif dsidinflnadiicnlidf A sbyld B Lt igtidtSEily | mgdaat i on of

pul se interval, [err], was analyzed by jitter meter 54, and the ratio of
standard devi ation, a, offiguree Ihtshowsd ,tHerrdlat forn Neettwesmoehyal ue of
the pulse interval, [err], was neasured as jitter. 20 Figure 10

shows t he Bel adigmtanstergerhitelal sticshance Brhetwedn rtidwe diewenesimield | ux
density, Br, neasured by applying a nagnetic field in the relative running
direction of nd@¥an 83 e?é'tsfd-‘rhﬁg ﬁ%ﬁﬁl@%dﬁﬂmdi@ meagnretic reebe di ng
“medium 71 at the ti f 25  recording and nmagnetic |ayer thickness, t, of
t he 84 and the jitter.
When the shield distance was less than 0.35
um, jitter was less than about 15% and the bit could be
10 satisfactorily discriminated.
The write/read characteristics of magnetic
recording system 70 having magnetic recording medium 71
in which the molar ratio of Pt to Co in magnetic layer
103 was 0.67 (60 at% Co-40 at% Pt) and the molar ratio
15 of silicon oxide to Co was about 0.9 were evaluated
under the conditions of head flying height: 30 nm,
linear recording density: 210 kBPI, and track density:
9.6 kTPI.
As a result, the system.S/N was 1.8. This
20 value was higher about 30% than that obtained when 73
at$ Co-15 at% Cr-12 at% Pt was used in place of 60 at$
Co-40 at% Pt as the magnetic material.
Moreover, information of 2 gigabits per 1
square inch could be written and read by subjecting the
25 input signal into the magnetic recording head 73 to 8-9
code modulation processing and subjecting the output
signal to maximum likelihood decoding processing.

The number of bit error after conducting head



magnetic recording nedium 71 and the jitter of output signal when high
density signals of a constant frequ- ency was witten and read back. -
22 - \Wen Brat was in the range of 10-100 gauss.micron, jitter was | ess
t han about 15% and discrimnation of bit _gould be satisfactorily nade.
Figure 11 shows the relation between the 3 “di stance (shield distance)

ol 6 84 and t hausk Pt GEY, 000 Kines i e PYSCEIGREEY 68 SRERE [T
jitter.was | espddidheiRPYas Yo HAE 10 ho/ fhdle A4 a SAbdrn' rily

di scrimnated. "The wite/read characteristics of nmagnetic recording system

70 havi ng magn@idtiveedt Fadi 1ifrdB MRER Of | 1500000 Kderdbaild é0 of Pt to Co
in magnetic |layer 103 was 0.67 (60 at% Co-40 at% Pt) and the nolar ratio 15

of silicon oxi dettiadneal was about 0.9 were eval uated under the conditions of
head flying height: 30 nm tinear recording density: 210 kBPlI, and track
density: 956 kTPlI. As a fepdrmandnt swagret FiNmdsids Slaydr am&P beval ue was
hi gher about 30%t han t hat obtained when 73 at% Co-15 at% Cr-12 at% Pt was
used in place #BesD im Plas@fiitthersaft magnetiretlayemt®t ief .ther eover,

i nformati on of 2 iq?bita per 1
magnetoresistive sensor 82,

Ti, Si, Si-C, carbon, crystallized glass,

ceramics, etc. may be used as the material of substrate
- 10 101 of the magnetic recording medium 71.

As the material of protective layer 104 of
the magnetic recording medium 71, there may be used
carbides such as tungsten carbide and (W-Mo)-C,
nitrides such as (Zr-Nb)-N and silicon nitride, oxides

15 such as silicon dioxide and zirconia, and, furthermore,
boron, boron carbide, molybdenum disulfide, Rh, etc.

It is preferred to provide the protective layer 104 and
the lubricant layer 105 because sliding resistance and
" corrosion resistance can be improved.

20 Furthermore, when micro unevenness is formed
on the surface of the protective layer 104 by plasma
etching using a fine mask or the like, or heterogeneous
projections are produced on the surface of the protec-
tive layer using a target of compound or mixture, or

25 unevenness is formed on the surface by heat treatment,
contact area between the magnetic recording head 73 and
the magnetic recording medium 71 can be reduced and the

problem of the magnetic recording head 73 adhering to



square inch could be witten and read by subjecting the 25 I nput si gnal
into the nagnetic recording head 73 to 8-9 code nodul ati on processi ng and
subj ecting the output signal to maxi num|likelihood decodi ng processing. The
nunber of bit error after conducting head - 23 - seek test of 50,000

. : . T= 24 - :
times frominner periphery to outer periphery was |ess than 10 bits/face

and a mean timechgt ygeRabal bir Eﬁewmﬁﬁy@fgi@%@%ﬂa%pr ﬁlea&;sk-ﬂ 73 Al idlgred. 5

A permanent nmagnet film bias |ayer may be used In ace of the soft
magnetic |ayer 8imefokhesgrgoehenss sthye seag I opérationSicanSieC, carbon,
crystallized glass, ceramcs, etc. may be.used as the material of substrate
10 101 of theavegaedi.c recording nmedium71. As the material of protective
| ayer 104 of the magnetic recording nmedium 71, there may be used carbi des
such as tungsten carbide and (WM)-C, nitrides such as (Zr-Nb)-N and
silicon nitride, oxides 15 such as silicon dioxide and zirconia, and,
furthernore, boEsampber@n carbi de, nol ybdenum disulfide, Rh, etc. It is

preferred to provide the protective layer 104 and the |ubricant |ayer 105
because sli®ing resistanc¥agnatier respsdipgsmedinme 7danhpaipgpitheed. 20

Furt hernore, when mcro unevenness_i s fornsd on the surfagg of the,
protective IayeFtEBﬁtﬁyepFBQWﬁ in Figure 12 was used in the magnetic

recording system having the same construction as of
Example 1.
This magnetic recording medium 71a had the
10 same structure as of the magnetic recording medium 71
of Example 1, except that underlayer 121 was addi-
tionally provided and the material of the magnetic
layer 103 was changed.
The underlayer 121 was formed in the
15 following manner.
Underlayer 121 of Cr having a thickness of
15 nm was formed on a disk-like glass substrate 101 of
2.5 inches in diameter and 0.4 mm in thickness by DC
magnetron sputtering method under the deposition
20 conditions of substrate temperature: room temperature,
Ar gas pressure: 5 mTorr and making power density: 7 W
per 1 cm?.
Ti, V, Ge, %Zr, Nb, Mo, Ta, W, and Ni-P may be
used as the material of underlayer 121.
25 The material of magnetic layer 103 was 52 at%
Co-48 at% Pt to which silicon oxide, aluminum oxide,

tantalum oxide, yttrium oxide or titanium oxide was



etching using a fine mask or the like, or heterogeneous projections are
produced on the surface of the protec- tive |layer using a target of
conmpound or m xture, or 25 unevenness is formed on the surface by heat
treatnent, contact area between the nmagnetif recording head 73 and the
magnetic recordi ng medium 71 can be reduced and the problemof the magnetic
recerdi ng head 7gad&dpering to - 24 - the surface of the magnetic
recording medium 71 at the tine of CSS (contact start stop) operation can

be avoided. Exanple 2 5 Table 1 shdR&N&bhposLELHHI HE ﬁEQiHHgKéEiBaVing
the structure shown in Figure 12 was used i'n the nmagnetic recdrding system

having the sane moeowstdirg imed qism of 1&x andeetic Thr6p&RgL&Ss| gndecor di ng
medi um 71a had the 10 same structure as of the magnetic recording nedium
71 of Exanpl e 1,newexhbizedatoiseler |hyea d@iparestiddi exampbal | yepudyisded and
the material of the magnetic |ayer 103 was changed. The underl ayer 121 was
formed in tHe 15°btginedwhen nbhnet? Cmdbs | ayerCi212 odt€r Phawasguaed in

t hi ckness of 15 nmwas formed on a disk-like glass substrate 101 of 2.5

i nches in di ametR¥2SHPH. 22 Akt Coti ket sPhyaTe abepcthown shut Tebiagl.

method under the dep05|t|c¥h all of the magnetic recording media 7la of

Example 2, high céercivity and low normalized noise
were obtained.

10 On the other hand, the coercivity was low and
the normalized noise was high in the comparative
example where 73 at% Co-15 at% Cr-12 at% Pt was used.

The write/read characteristics of magnetic
recording system having magnetic recording medium 71a

15 of Sémple No.1l4 shown in Table 1 were evaluated under
the conditions of head flying height: 26 nm, linear
recording density: 210 kBPI, and track density: 9.6
kTPI.

As a result, the system S/N was 1.8.

20 Moreover, information of 2 gigabits per 1
square inch could be written and read by subjecting the
input signals into the magnetic recording head 73 to
8-9 code modulation processing and subjecting the
output signals to maximum likelihood decoding

25 processing.

The number of bit errors after conducting
head seek test of 50,000 times from inner periphery to

outer periphery was less than 10 bits/face and a mean



20 conditions of substrate tenperature: roomtenperature, Ar gas
pressure: 5 mlforr and nmaki ng power density: 7 Wper 1 [err]. Ti, V, G, Zr,
Nb, _.Mo, Ta, W and N -P nay be used as the material of underlayer 121. 25
The material of magnetic layer 103 was 52 azl;q(:/o Co-48 at% Pt to which silicon
oxi de, al um num oxi de, tantal um oxide, yttrium oxide or titani um oxide was

- 25 - added. Tapige LHetQdSn C ' e, BRIRBHI k. l.ecor di di um
7la, nmagnetic propertll)es an ﬁ%?%g*%ég@'rﬁgi ég 1%?’91%0%83% tlcf?grigxgeﬁpl e,
results 5 obt aApesinben 73 at% Co-15 at% Cr-12 at% Pt was used in place
of 52 at% Co-48 at% Pt are also shown in Table 1. In all of the magnetic

recording media 7la of Exarple€h@, cbh@n€L6R&1 Vinhdnabilc! P¥CALATRYI zed noi se
wer e obtained. 10 ' On the other hand, "the coercivity was | ow and

the normalized rediumastlié gimderldperoiPaprdri¢eexsop! Bombepe1T8gat % Co- 15
at% Cr-12 at% Pt was used. The wite/read-characteristics of magnéetic

recordi ng syst ermhiantatienynef | the etagniétic nkalyem wAb1d5in the Sagghethe. 14

shown in Table 1 were evaluated under the conditions of head flying height:

26 nm linear rck@HWHPHaRdiyn of cth@mpresent t incentbonjtit 9s6 kTP .
provided for contrblling crystal grain size and
improvement of adhesion to the substrate and corrosion

resistance.



As a result, the system S/Nwas 1.8. 20 Mor eover, information
of 2 gigabits per 1 square inch could be witten and read by subjecting the
i nput signals into the magnetic recording_head 73 to 8-9 code nodul ation
processi ng and subjecting the output si@n%?s‘to maxi mum | i kel i hood decodi ng
25 processing. The nunber of bit errors after conducting head seek test
of -50,000 tinmes frominner periphery to outer periphery was |l ess than 10
bits/face and a nper————26—== e—heteen—ta S es=0EBF of 150, 000 hours
coul d be attained g nmedium the
under | ayer is pro bf the magnetic

I n e conventional magnetic recordi
iPedMor. controlling 5 orientation

| ayer while in thrjhgﬁ?t&ﬁ regordiwg nmeegi um @f thg prefpent invention, it
is provided for crrgr N iBg cr¥stal3grai@ sizg andS nprpverment of adhesion
‘to the substrate fn g:grrgsmnc;re&gtancg. o 275
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- 28 - Exanple 3 Silicon nitride, boron nitride or alumnumnitride was
added in place of the oxide as the non-magnetic conpound to the nagnetic
| ayer of the 5 magnetic recording nediuny]]ihil1 Exanple 2. Table 2 shows
conposition of the magnetic recording nmedi unmy magnetic properties and
normal i zed noi segxAmpPacCqnparati ve exanple, results obtained when 73 at%
Co-15 at% Cr-12 at@bE& was used in place of 52 10 at % Co-48 at% Pt are

al so shown in Table 2. In gilieént het#raagt berbcAlidiridede alahikem Pl € 3,
hi gh coercivity and | ow nornalized noi se were obtai ned. On the other hand,

t he coercivity vabtrbdeawas laddedihgnnplaeéi s€dthei sridesabi ghei n t he
conparative exanple where 73 at% Co-15 at% Cr-12 at% Pt was used. The
wite/read char anomrmagnetiof colponndntoi theemagdetjcsjayem béivithe t he
magnetic recording nmedi um of Sanple No.21 shown in Table 2 were eval uated
20 under the corgmetbpsrecondingfmediumhighin Bgampie| gmear recording
density: 210 kBPI, and track denS|tX 9.6 kTPI. As a result, the system S/ N
was 1.8. Moreover, infornmefaBheo? 9 BVﬁaEPF§°EEF19n29f tgﬁu&PEnPﬁéﬁ coul d

b tt d read ubj ect th t |.into th t
Tecor di ng head FSTeRELalche '“&m&p«éﬁfﬁrg?a Py Hnand BpERAT g otne

output signal tq naé . nillkeébﬂgggaglv exgmBioee§3QQ9ts obtalned when

73 at% Co-15 at% Cr-12 at% Pt was used in place of 52
10 at%.Co-48 at% Pt are also shown in Table 2.
In all of the magnetic recording media of
Example 3, high coercivity and low normalized noise
were obtained.
On the other hand, the coercivity was low and
15 the normalized noise was high in the comparative
example where 73 at% Co-15 at% Cr-12 at% Pt was used.
The write/read characteristics of the
magnetic recording system having the magnetic recording
medium of Sample No.21 shown in Table 2 were evaluated
20 under the conditions of head flying height: 26 nm,
linear recording density: 210 kBPI, and track density:
9.6 kTPI.
As a result, the system S/N was 1.8.
Moreover, information of 2 gigabits per 1
25 square inch could be written and read by subjecting the
input signal into the magnetic recording heéd 73 to 8-9
code modulation processing and subjecting the output

signal to maximum likelihood decoding processing.



- 29 - The nunber of bit errors after conducting head seek test of 50,000
times frominner periphery to outer periphery was |ess than 10 bits/face
and a nean time between failures MIBF of 31§0,000 hours could be 5

attai ned. - 30 - - 31 - Exanple 4 In"the magnetic recording system
having the same constr ucignN RsHdr I@gc_a?il@ err TR0 UL o sor 82a
shown in Figure 13 was used in place of the 5 nmagnetoresistive sensor 82
(Figure 3) of meadelseek ey tdior StEADT YinRAdiran IMHEOREripHee-£&- N
alloy filmformed by plating nmet hod was used as the upper recording
magneti c pol e Satelr peariph@ist was deysdithanadd Bidis Afdde reghd lah meskgh t i on,
the magnetic 10 recordi ng nedi um was changed. The nagnet oresi stive sensor
82a shown i n Fitdmee beween faidgureso MTEFS tafy d S0 hdhixsh eoild Zues
resistivity change occurring due to the change in the relative

magnet i zat fon @ittadmedns bet ween the two



15 magnetic | ayers 132 and 134 separated by non-nagnetic |ayer 133
(magnetoresistivity change due to the spin valve effect). Buffer layer 131
was, a Ti layer of 2 nmthick. The first gnetlc | ayer 132 was a 80 at %
Ni-20 20 at% Fe alloy |ayer of 3 nm t hT ck9 ~The non- magnetic | ayer 133
was a Cu layer of 1.5 nmthick. The second magnetic |ayer 134 was a 80 at%
Ni -20 at% Fe all oy | aye e Re—Arterrenagiet i ¢ | ayer 135 was a
50 at% Fe-50 at% Nh all fy | aydr of 5 nmthick. 25 These | ayers
were all formed by sput egi n@lmethod. In this magnet dr esi stive sensor 82a,
t he magnetization of thg Jee dvnagneﬂlc tayer<134 Wwg - 32 - fixed to
one direction by the ex bbas n@gnet8c fi8l d frd
antiferromagnetic | ayer dst he gagnegi zat Son di.
magnetic | ayer 132 chan the | eakage field from
recordi ng medium 71 to hange in resistivity. H
buffer layer 131, the c 11

| ayer 132 and the secon
pl ane was in parallel t
i nteraction between the
sensitivity which was a

m t he
ction of the first
he magnetic 5

ly using Ti as the
f jthe first nmagnetic
ated so that the
t he exchange
as weakened and a
resistive sensor 82

tfc Iayer 134 was orie
th1squace. 10 Thus,
i® |ay@rs 132 ang 134

i ce that of the magnet d
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of Exanple 1 was obtained. Furthernore, by using Fe-Co-Ni alloy film 15
formed by plating nmethod as the upper recordi ng magnetic pole 86, the
saturated magnetic flux density increased §p 16000 gausses and the over
writing charac- teristics could be inproved by about 6 dB as conpared with
those of Exanpl gxampl@ 4 The magnetic recordi ng nmedi um had the
str.uct ure obtai ned gy formng the magnetic layer 103 of 25 nmthick

conposed of 52 at% Co-48 an%the @@gndtiicGedordioly @ystRnitha¥rifiyl Ahd atio
of 1.2 (nolar ratio of the silicon oxide to Co) on a carbon substrate
having a 25  dsamet epnstriickibnclas aft [Exakpdes 1of Mdghetorerd stistg - face
roughness of 1 nmunder the sane conditions as in Exanple 1, form ng

t her eon prot ect seasoar B2a shpen 14 Figu2e AP waisc lnsesulijne lianp tdfe the f ace
to electrostatic 33 - coating with polystyrene particles, carrying out
pl asma et ch¥ng BAgREtAFegishdvehcensar 82 {Figyre @ )f efmmagnetimevenness
on the surface of the protective |layer 104, and, finally, fornmng an

adsorptive perfFSSPGQFR?I?Saﬁ FOry EEREALNGubr MOXROVISRye AN Fie 610
protective | ayera i gl BRABa B STl SRRICI L, 1R3RHR oo 2P V1 19
et o 1o BBl delBliA ndbnbtl *BB1L 86 U3 RHA hBgnTe /oS! el
recording head for writing. 1In addition, the magnetic
10 recording medium was changed.
The magnetoresistive sensor 82a shown in
Figure 13 was a magnetoresistive sensor which utilizes
resistivity change occurring due to the change in the
relative magnetization directions between the two
15 magnetic layers 132 and 134 separated by non-magnetic
layer 133 (magnetoresistivity change due to the spin
valve effect).
Buffer layer 131 was a Ti layer of 2 nm
thick. The first magnetic layer 132 was a 80 at% Ni-20
20 at% Fe alloy layer of 3 nm thick. The non-magnetic
layer 133 was a Cu layer of 1.5 nm thick. The second
magnetic layer 134 was a 80 at% Ni-20 at% Fe alloy
layer of 3 nm thick. Antiferromagnetic layer 135 was a
50 at% Fe-50 at% Mn alloy layer of 5 nm thick.
25 These layers were all formed by sputtering
method.

In this magnetoresistive sensor 82a, the

magnetization of the second magnetic layer 134 was



the total nmagnetic |ayer thickness, t, (Bret) was 62 gauss.m cron. The
wite/read characteristics of the magnetic recording system of Exanple 4
wer e eval uated 15 under the conditions ofsfead flying height: 25 nm
| i near recording density: 260 kBPI, and track density: 11.6 kTPI. As a

result, the syst£ix8dNtoasné. 8irbetebhRbyothel ekchiadiydl by mabrdid! € i nch
20 - could be witten and read back by subjecting thé input signal I1nto the

magneti c recordi ijehdafiréd thelafitdifderomdgnetien 1aveseIgsnanddnglbj ecting
the output signal to nmaxinum likelihood decode processing. The number of
bit errors aftermagndticahjofisdirkeadoncolf thet fafrstOmagheticed ayexmimer
periphery to outer periphery was |less than 10 bits/face and a nmean tine

bet ween fai | urescharaey)l by tbe, beakhger §iedd from sheamagtetic - 34 - The
thi ckness of_the_non-nmgnetic |ayer 133 in the nagnetoresistive sensor 82a
is preferably 1.5eRAFeingomedipm: 71 tpt cpyseoshangekint KesaB&AWityti ng )
characteristics are deterigrated since the distance 5 between the magnetic

recording head for writing 8ntiSthd Fowdfnbhe Hﬁﬁﬁéri&aY8F$fjggﬁfzg ?LgagVer
Eopect a1y, MeeHyECASLFRONEL! SUBKCLURS 8e¥he! BYEheHaghbile 1413
- 132 and the second magnetic layer 134 was orientated so
that the plane was in parallel to the film surface.
10 Thus, the exchange interaction between the magnetic
layers 132 and 134 was weakened and a sensitivity which
was about twice that of the magnetoresistive sensor 82
of Example 1 was obtained.
Furthermore, by using Fe-Co-Ni alloy film
15 formed by plating method as the upper recording
magnetic pole 86, the saturated magnetic flux density
increased to 16000 gausses and the over writing charac-
teristics could be improved by about 6 dB as compared
with those of Example 3.
20 The magnetic recording medium had the
structure obtained by forming the magnetic layer 103 of
25 nm thick composed of 52 at% Co-48 at% Pt containing
silicon oxide at a molar ratio of 1.2 (molar ratio of
the silicon oxide to Co) on a carbon substrate having a
25 diameter of 1.3 inch, a thickness of 0.4 mm and a sur-
face roughness of 1 nm under the same conditions as in
Example 1, forming thereon protective carbon layer 104

of 20 nm thick, subjecting the surface to electrostatic



because the non-nmagnetic | ayer beconmes thick. In order 10 to solve this
problem it is effective to use as the recording nagnetic pole of the
magnetic recording head for witing a sqQftggmgnetic thin filmof an
Fe-Co-N alloy, an Fe-Si alloy or the |like which has a higher saturated
magnetic flux deseting tépthtpelpecyeeneopattitlesN chergihgysut hal Iy,
gogd results can be d%tainedpﬁﬁgn a sof'?ﬁmagnetic'thinr?ilr%haviggagﬁlki
saturat ed nagnestchingxofien3iny wsing tkestodb089 gamasrstbsfosmimibranpl e
5 20 As shown by nmagnetic recording nmedium 71b in Figure 14,

t he medi um may urerennass uan uklke ceoupfacse ngf atkebptroteetité dayék- M43l | oy
and, forned on both sjdes thereof, non-nmagnetic plated |ayer 102 of N -P,
Ni-WP or the |1and, HrmblYc fexmingozn psw@ptive preyfiuopgadkyl and

| ubricant | ayer 105. 35 - Exanple 6 As shown by magnetic recording
medi um 71c 3n AYL¥ether %Wmﬁgf%?r hh0® ensthecpreteebipei $a¥ETa

substrate 101 q - all oy and,. formed on both sides 5 t her eof

non- magnet i c. plé\qgobxw%’em”l IB?“N?‘SP, Ni -WP or the like, underlayer 121,
magnetic | ayer 103, protegtive |layer.104 and |ubricant |ayer 105.

Conpar ati ve Exanple 1 10efhe coex 1"1%@’5??%%9 e%’ﬁe%ﬂpiﬁin%‘?ar ratio of
silicon

magnetic field in the circumferential direction of the
disk of this magnetic recording medium was 2.71 kOe and
10 the product of residual magnetic flux density, Br, and
the total magnetic layer thickness, t, (Bret) was 62
gaussemicron.
The write/read characteristics of the
magnetic recording system of Example 4 were evaluated
15 under the conditions of head flying height: 25 nm,
linear recording density: 260 kBPI, and track density:
11.6 kTPI.
As a result, the system S/N Qas 1.5.
Information of 3 gigabits per 1 square inch
20 could be written and read back by subjecting the input
signal into the magﬁetic recording head 73 to 8-9 code
modulation processing and subjecting the output signal
to maximum likelihood decode processing.
The number of bit errors after conducting
25 head seek test of 50,000 times from inner periphery to
outer periphery was less than 10 bits/face and a mean
time between failures (MTBF) of 150,000 hours could be

attained.



oxide to Co and the nornmalized noise and between the nolar ratio of silicon
oxide to Co and the coercivity (Hc) when 73 at% Co-15 at% Cr-12 at% Pt was
used as the magnetic material of the magnejjc_|ayer 103 of the 15

magneti c recordi ng nedium 71 of Exanple 1 were exam ned. As shown by a

broken line in Figure 16, phBefht BRn8BLAbE! ®hOneh-mhghe®d cOtagerl 360 was
noke than 0.1, the normalized noise was greater thanthat of the 20

magneti c recor dingthedhaghétovésExaipbesénsbewe2hyisa pekiferably. 1.5 nm
Furthernore, as shown by a broken line in Figure 17, when the nolar ratio
of silicon oxi dertmofie, wstnbfeithiaa €od, thliekgothei ovey wadtlhiager than
that 25 of the magnetic recording nedium 71 of Exanple 1 shown by a solid
| i ne. - 36 -clznpateristicsappecdetenipratedosindei thet Hastande or
nitride, a mxed gas conprising an Ar sputtering gas used for film

deposi tion iw'sb@tV%enngﬁanmaQR§§éﬁ §¢Cﬁrdiageheﬂasf9r wyisdngThAad the
coercivity could be increased to sone extent. However, the effect to reduce
the nornmal i zed HOVRERGAE BaRetifdlpyehadddi £6i ghPRtro FERPFi8LdYrecording

density of highgt et e ndhRREhePEE 1a3d¥%h8s!e twblilyer structure,

the over writing characteristics are deteriorated
because the non-magnetic layer becomes thick. In order

10 to sdlve this problem, it is effective to use as the
recording magnetic pole of the magnetic recording head
for writing a soft magnetic thin film of an Fe-Co-Ni
alloy, an Fe-Si alloy or the like which has a higher
saturated magnetic flux density than the conventional

15 Ni-Fe alloys. Especially, good results can be obtained
when a soft magnetic thin film having a saturated
magnetic flux density of at least 15000 gausses is

used.

Example 5

20 As shown by magnetic recording medium 71b in
Figure 14, the medium may have a structure comprising a
substrate 101 of Al-Mg alloy and, formed on both sides
thereof, non-magnetic plated layer 102 of Ni-P, Ni-W-P
or the like, magnetic layer 103, protective layer 104

25 and lubricant layer 105.



It is considered that this is because when an oxygen or nitrogen m xed gas
I s used, oxygen or nitrogen is taken into not only crystal grain boundary,
but al so crystal grains and this damages tfie crystal- 15 linity.
According to the magnetic recording systemand the magnetic recording
nmedi um of the peesRpiei §vention, a high S/N and a low bit error rate can be
obt ai ned, and, therefore, a nean tinme between failures 20 of nore than

150, 000 hours can be realsgedhmmw £ £60FEEOHd IR SbdiGh 2tc! east 1
gi gabit per 1 square inch. -37- IS CLAIMED | S: 1. A magnetic

recordi ng syst efdduave NS A thg neéd Lut eady dhave & dstPuetdreé S8@peibing a
recordi ng head, said nagnetic recording nmedium conprising a substrate and a
magneti c | ayer substexhts 10k ofibAl+Mgecalllopcanhd, oformedrent bythi shdes
under| ayer intervening between the magnetic |ayer and the substrate and
sai d magnetd ¢ rherephg rercmagneliagpbatedr layey 192a0f NéaBi nYibWeR from
the magnetic recordi ng nedium characterized in that the magnetic |ayer of
the magnetic r Rordeigt PR RderinyeEsl 2l ninagnetie layeratP3ene :

ropr esented by RHETEHTR At (FErers Ivehrestntaras 183st one el ement
sel ected fromthe group consisting of
Comparative Example 1
10 Relations between the molar ratio of silicon
oxide.tb Co and the normalized noise and between the
molar ratio of silicon oxide to Co and the coercivity
(Hc) when 73 at% Co-15 at% Cr-12 at$%$ Pt was used as the
magnetic material of the magnetic layer 103 of the
15 magnetic recording medium 71 of Example 1 were
examined.
As shown by a broken line in Figure 16, when
the molar ratio of silicon oxide to Co was more than
0.1, the normalized noise was greater than that of the
20 magnetic recording medium 71 of Example 1 shown by a
solid line.
Furthermore, as shown by a broken line in
Figure 17, when the molar ratio of silicon oxide to Co
was more than 0.2, the coercivity was lower than that
25 of the magnetic recording medium 71 of Example 1 shown

by a solid 1line.



Si, Al, Ta, Y and Ti, and x represents a nunerical value of fromabout 1 to
about 2.5).and a magnetic consisting essentially of Co and Pt material of
an alloy nolar ratio of the non-magnetic coggpound to Co falls within the
range of fromO0.1 to 2.8, and the magnetic recordi ng head includes a

nmagnet or esi sti vecompar&eiie "BEAMRpIE pecording head. 2. The magnetic
recordi ng system according to the nolar ratio of Pt to Co in the magnetic

claim1, wherein layer falia plabénofhgdasngethé bx98L0of hetilide,3a
The magnetic recordi ng systemaccording to claim 1, wherein the
magnet or esi st i vemixed ¢askcompri8sng angaet sputeefifgngabeadelasokWgishi el d
| ayers.-and a magnetoresi stive sensor fornmed between the shield | ayers and

t he di stance betdRRosihton oy sspettieringrandsofygdén|errhitrogeaswas.

The magnetic recording systemaccording to claim 1, wherein the product
(Br.t) of a%tesi®RRfE- magnetic flux density, Br, measured by applying a
magnetic field in the relgtive runnjng direction of the magnetic recordi ng
head in respect to the maghefiTOFETHY $gcﬂ%3¢uh?a}n?ﬁ€a§?3et@fSP@éording

and 3 thickness ofeodl. | MorBanet | Gl AWPkeSl £0°-03008" Lhe  SSoRg1 1o qPY U
noise was small and it was difficult to realize a
recording density of higher than 1 gigabit per 1 square

10 inch.

"It is considered that this is because when an
oxygen or nitrogen mixed gas is used, oxygen or
nitrogen is taken into not only crystal grain boundary,
but also crystal grains.and this damages the crystal-

15 linity.

According to the magnetic recording system
and the magnetic recording medium of the present
invention, a high S/N and a low bit error rate can be
obtained, and, therefore, a mean time between failures

20 of more than 150,000 hours can be realized with a high
recording density of at least 1 gigabit per 1 square

inch.



100 gauss. mcron. 5. The magnetic recording sy
claim1, wherein the coercivity of the magnetic recor 1)
by ,applying a magnetic field in the relatiye running i r ecREBRAW ¢
magneti c recording head in respect to the nagnetic re ' medi um at the
time of recordiggarsig- dr.KERER’ T89re. 6. The magnetic recording
system according to claim1l, wherein the nagnetoresistive read back
nmagnetic recordipg head hasmagfisgnet eeesir8ingcsy8ReR hakshddanhagnitiical ity
of magnetic |ayers and non- magnetic |ayers provi ded between the magnetic

| ayers, said napeedrdihgymedianmuandgaamggaetichaegerdingehiead,t isaidy due to
rel ati ve change of nutual magnetization directions by external nagnetic
field. 7. magnebijoerecordingdinedivpscomprising a supstrate and a9 -
recordi ng nmedi um and a nmagnetic recordi ng head, said magnetic recording
medi um conpri sinagRetigslayers fazmednapgnthecsubgtrater ddgestlyhersubstrate
directly or indirectly with_an underlayer intervening_ between the nagnetic

| ayer and the siBSiFgFEl¥nyith; an upderleyrEcsrirRycRing betweeRy ther

witing in and readigg bgck fron1tgﬁ naage%ic recording nediunh, :

characterized iTHREHEn ayagnapd they 8HPS refg ARgnaeid PagBr&icy nedi um

conprises & M X 4LerQlng! n8astaRlf: NG 6IRINEL L EnGOTROUAY 2UERHE by e
: from the magnetic recording medium, characterized in

dﬁ-ﬂﬁS“i’E&lT I'I'sl[:

ed

that the magnetic layer of the magnetic recording
medium comprisgs a mixture of at least one non-magnetic
compound selected from the group consisting of oxides
represented by the formula MOx (wherein M represents at
least one element selected from the group consisting of
Si, al, Ta, Y and Ti, and x represents a numerical
value of from about 1 to about 2.5) and a magnetic
material of an alloy comprising Co and Pt as main
components, the molar ratio of Pt to Co in the magnetic
layer falls within the range of from 0.6 to 1.2, the
molar ratio of the non-magnetic compound to Co falls
within the range of from 0.1 to 2.8, and the magnetic
recording head includes a magnetoresistive read back
magnetic recording head.

2, The magnetic recording system according to
claim 1, wherein the alloy consists essentially of Co
and Pt.

3. The magnetic recording system according to

claim 1, wherein the magnetoresistive read back

This Sheet Has Been Rerlaced
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represented by the fornmula LNy (wherein L represents at

| east one el enent

sel ected fromthe group consisting of Si, B and Al and y represents a
nuperical value of fromabout 1 to about Lg3). and a magnetic material of an

all oy conprising Co and Pt as mmin conponents, the nolar

ratio of Pt to Co

in the magneti Gnddhe¥id dtdcoraing (rjhéil& h&E 96wl  shidla 018yePs laga hhe molar

rati o of the non-magneti c conpoun

to Co falls wthin the range of fromO0.1

to 2.8, and thendGrsediesiLEDrdi dendGRIf bARdddBStWeERUERE OSREESEI Ve read
back magnetic recordi ng head. 8. The magnetic recordi ng system

according to clkkyers awdrthen dietatcoybetwsent thestwat shiéydolagersnd Pt.
9. The magnetic recordi ng system according to claim?7, wherein the
magnet or esi st i vies readb haelkoxrelgss i ¢ recordi ng head has two shield | ayers

and a magnet oresi stive sensor fornmed between the shield

- 40 - layers

and the di stande bet ween The magnetie| xecexding  systes aeeerding| tes. 10.
The magnetic recordi ng system according to claim7, wherein_the_product

(Bret) of a reSilt hmgtharein |the drrdugt Brefpofadre§idpdlying a
rragneticfieldint%e tive runnin direction‘gf t he petic recording
head in respect™@®e réﬁﬁét SN Bhy PRRFERSD (LY PP @f@recordi ng

and a

. magnetic field in the relative running direction of the

magnetic recording head in respect to the magnetic

recording medium at the time of recording and a

thickness, t, of the magnetic layer of the magnetic

recording medium falls within the range of from 10 to

100 gaussemicron.

5. The magnetic recording system according to

claim 1, wherein the coercivity of the magnetic

recording medium measured by applying a magnetic field

in the relative running direction of the magnetic

recording head in respect to the magnetic recording

medium at the time of recording is 2.4 kOe or more.

6. The magnetic recording system according to

claim 1, wherein the magnetoresistive read back

magnetic recording head has a magnetoresistive sensor

including a plurality of magnetic layers and non-~

magnetic layers provided between the magnetic layers,

said magnetic layers causing a great change in resis-

tivity due to relative change of mutual magnetization

directions by external magnetic field.

7. A magnetic recording system having a magnetic



t hi ckness, t, of the magnetic |ayer of the nmagnetic recording nediumfalls
within the range of from 10 to 100 gauss.mcron. 11. The
magnetic recording system according to clajgns, wherein the coercivity of
t he magnetic recordi ng medi um neasured by applying a magnetic field in the

relative runni ngegbr8thyOfie@iuinN8ndRaNAhRetEe0OrdBEdiagd nedd, esRgel to the
magnetic recording nediimat the tinme of ‘recording is 2”4 kCe or nore. 12.

The magnetic regagfietgcsyetoriangondiigmt eoppiiBing wheubstralte and a
magnet oresi stive read back magnetic recording head has a nmagnetoresistive
sensor includi nmagneticalaygrofommgdebnctheysubstndteodirsegdet ox | ayers
provi ded between the magnetic | ayers, said nagnetic |ayers causing a great
change in resisindivecylyueith anl underlajengéntervening beyweenz &hieon
directions by external nagnetic field. 13, The nagnetic recordi ng
syst em accor di ngageetigi kayervaedethet guabgsrater andosaidt Ragnetifagnetic
compound to Co in the magnetic |ayer of the magnetic 41 recqQrdi ng nedi um
falls within t hEeFERELNgi head rarsyipgoont writing inTapd,xgading bask ding -
system accordi ng_to aim?7 gherein t?e nol ar,.rati o, of t?e on-.magneti c
Compound 1o Go TRORNER R BRERPELF oy BRobHL PHCmRR4HBY | ENAERGFREAG Foatum 1 4l | s
Wi thin the rangehgé {ﬁgnhggéeﬁgc layer of the magnetic recording

medium comprises a mixture of at least one non-magnetic

compound selected from the group consisting of nitrides

represented by the formula LNy (wherein L represents at

least one element selected from the group consisting of

Si, B and Al and y represents a numerical value of from

about 1 to about 1.3) and a magnetic material of an

alloy comprising Co and Pt as main components, the

molar ratio of Pt to Co in the magnetic layer falls

within the range of from 0.6 to 1.2, the molar ratio of

the non-magnetic compound to Co falls within the range

of from 0.1 to 2.8, and the magnetic recording head

includes a magﬁetoresistive read back magnetic

recording head.

8. The magnetic recording system according to

claim 7, wherein the alloy consists essentially of Co

and Pt.

9. The magnetic recording system according to

claim 7, wherein the magnetoresistive read back

magnetic recording head has two shield layers and a

magnetoresistive sensor formed between the shield



2.4. 15. A magnetic recordi ng nmedium conprising a substrate and a
magnetic | ayer forned on the substrate directly or indirectly with an
under |l ayer intervening between the nmagnetligglayer and the substrate,
characterized in that the magnetic |ayer conprises a mxture of at |east
one non-magnet i tagerBoand tRbedigtdahtenbbiiethOtReC@Wd Shiied doflager@des
represented by the formula MX (wherein Mrepresents at | east one el enent
sel ected fromthe QudBpumobei 3By of Si, A, Ta, Y and Ti, and x
represents a nunerical value of from about 1 to .about 2.5) and a magnetic
material of an abLkoy consi sti nThesmaghetlikyretotdiagdskstesr according
non- magneti c conpound to Co falls within the range of from0.1 to 2.8. 16.
The magnetic retordiagmnédi wheneinr thegprodugtal Brati)oodr aPresddogli n t he
magnetic claim15, wherein the layer falls within the range of 0.6 to 1.2.

17. A nagﬂ%??ﬁt%ﬁcéiﬂFnﬂeﬁﬁaFMn156prP§PH§eQ ?Ub§PP ¥dngn@ a nagnetic
| ayer forned on the ubs% ﬁig L rectl l.rectly w th %
under | ayer i nt FISRE bcb t anhEhguﬁggﬁﬁﬁgea npﬁgg Jrectdon, pf the

char ac- terlzed éggéggén%egogangthg? ﬁ SQHEEES%Q %hglﬁggh%tg% at | east

~one non-nagnetic
' recording medium at the time of recording and a

thickness, t, of the magnetic layer of the magnetic
recoiding medium falls within the range of from 10 to
100 gaussemicron.

11. The magnetic recording system according
to claim 7, wherein the coercivity of the magnetic
recording medium measured by applying a magnetic field
in the relative running direction of the magnetic
recording head in respect to the magnetic recording
medium at the time of recording is 2.4 kOe or more.
12. The magnetic recording system according to
claim 7, wherein the magnetoresistive read back |
magnetic recording head has a magnetoresistive sensor
including a plurality of magnetic layers and non-
magnetic layers provided between the magnetic layers,
said magnetic layers causing a great change in resis-
tivity due to relative change of mutual magnetization
directions by external magnetic field.

13. The magnetic recording system accoiding to
claim 1, wherein the molar ratio of the non-magnetic

compound to Co in the magnetic layer of the magnetic



group consi sti
represents at

ng of nitrides represented by the fornilygid-BMEEPRASHRENL
| east one el enent selected fromthe gréup c | 3bEpg of
and Al and y repre- sents a nunerical valug of from

and a magnetic material of an alloy conprising Co and Pt as nain

conponents, thergebedingt ned2tmPEal 9sCikRihheheBgaageC ofa¥eon @./ss @ thin
the range of fromO0.6 to 1.2, and the nolar ratio of the non-nmagnetic

compound to Co gadls within the range of from0.1 to 2.8. 18.

Si, B
| 3)

The

magneti.c recordi ng medi um according to claim17, wherein the alloy consists
essentially of Té.and Pt.Thé. magnetitheetagdéngcsystemdacgomrddngmtaccor di ng

to claim15, wherein the nol ar

t he magnetic

magneti c recordi ng medium accordin

agbaimal ) swherein the mohgr satipopfOtbet pop-magpetic

t he non- magnet i €ORBABBANEOt GO ChHN;

range of from

0.5 to, 2. 4.

record%ng medium falls within the range of from 0.5 to
2.4.

15. A magnetic recording medium comprising a

substrate and a magnetic layer formed on the substrate
directly or indirectly with an underlayer intervening
betweén'the magnetic layer and the substrate,
characterized in that the magnetic layer comprises a
mixture of at least one non-magnetic compound selected
from the group consisting of oxides represented by the

formula MOx (wherein M represents at least one element

rati o of the non-magnetic conpound to Co in

The

[ g to claim17, wherein the nolar ratio of
rhenmagaghici dayayerts AhpsmAgnRtdc he

selected from the group consisting of Si, Al, Ta, Y and

Ti, and x represents a numerical value of from about 1
to about 2.5) and a magnetic material of an alloy
comprising Co and Pt as main components, the molar
ratio of Pt to Co in the magnetic layer falls within
the range of from 0.6 to 1.2, and the molar ratio of
the non-magnetic compound to Co falls within the range
of from 0.1 to 2.8.

16. The magnetic recording medium according to
claim 15, wherein the alloy consists essentially of Co
and Pt.

17. A magnetic recording medium comprising a

substrate and a magnetic layer formed on the substrate

eet Has Been Reraced
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-~ 42 -
directly or indirectly with an underlayer intervening
between the substrate and the magnetic layer, charac-
terized in that the magnetic layer comprises a mixture
of at least one non-magnetic compound selected from the
group .consisting of nitrides represented by the formula
LNy (wherein L represents at least one element selected
from the group consisting of Si, B and Al and y repre-
sents a numerical value of from about 1 to about 1.3)
and a magnetic material of an alloy comprising Co and
Pt as main components, the molar ratio of Pt to Co in
the magnetic layer falls within the range of from 0.6
to 1.2, and the molar ratio of the non-magnetic
compound to Co falls within the range of from 0.1 to
2.8. |
18. The magnetic recording medium according to
claim 17, wherein the alloy consists essentially of Co
and Pt.
19. The magnetic recording medium according to
claim 15, wherein the molar ratio of the non-magnetic
compound to Co in the magnetic layer falls within the
range of from 0.5 to 2.4.
20. The magnetic recording medium according to
claim 17, wherein the molar ratio of the non-magnetic
compound to Co in the magnetic layer falls within the

range of from 0.5 to 2.4.



