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recordi ng systemused as an auxiliary recording systen1f§FM@éﬁﬁEﬂEZs and5&/25
magneti ¢ recording mediumused with 5 the magnetic recording system nore

in particular to a nagnetic recordi ng system having a recording density

hi ghier than 1 Gb/sq.in and a thin-filmrecording medi um suitable for
realizing a high recording density. Wth the progress of an information
society, 10 the anmount of information routinely handled is ever on the
increase. This has intensified the demand for high recording density and

| arge storage capacity of magnetic recording systens. As a magnetic

recording disk unit is increased in recording density, the area of the
record- 15 ing nediumper bit recorded decreases, and therefore the read
output is reduced thereby making read-back opera- tion difficult. In order

to resolve this problem '
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recording system used as an auxiliary recording system

for computers and a magnetic recording medium used with
the magnetic recording system, more in particular to a
magnetic recording system having a recording density
higher than 1 Gb/sg.in and a thin-film recording medium
suitable for reélizing a high recording density.

With the progress of an information society,
the amount of information routinely handled is ever on
the increése. This has intensified the demand for high
recording density and large storage capacity of magnetic
recording systems. Aé a magnetic recording disk unit is
increased in recording density, the area of the record-
ing medium per bit recorded decreases, and therefore the
read output is reduced thereby making read-back opera-
tion diffiéult. In order to resolve this problem,
although the conventional apparatuses perform the write
and read operations with a single inductive head,
investigations have made to use separate magnetic heads
for write and read operations and to use a read-back
magnetic head utilizing the magnetoresistive effect..

The magnetoresistive read-back head is
suitably used for achieving é high recording density due
to its high efficiepdyf In ﬁhqwmégnetoreslstlve head,
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magnetic | ayer (magnetoresistive layer) with a nornmal resistance change
rate of approxinmately several percents. In connection with this, Physical
Revisew 15 Letters, Vol. 61, 1988, pp. 2472-2475 and Physical Review, B,

Vol . 43, 1991, pp. 1297-1300, report a nagngtoresistive change as |arge as
sevegral tens of percent in maxinmumin a magnetic film conposed of a
plurality of meamedutpitayis sobicaimed aby dtalkiwg gidin tadge negnehéc | ayers. In
this type of magnetic thin film in which the direction of nmagnetization of
each magnetic |zgsistancendharge i cawgrd rey cehharre¢lative cchiamge win htkach
other, a large resistance change is caused by the change in the relative
direction of nedfeRFEERR PL MAgRRlk:zakion r9f Lo eagreteresisbival laygnetic

field. This large .magnetoresistive effect, caused by this_type of
nul ti -l ayer ed ﬁgﬂﬂbt SReFh §9 | the dixestion (RE Furrent fue ckesthe| ve

effect or tlge Sf’éaﬂié’cjael Vn?agegeft?fé'fielci §r6m the magnetic recording
medium. A soft magnetic bias layer may be formed
through a non-magnetic spacer layer on the magneto-
resistive layer in order to improve the linearity of the
response to the magnetic field. The magnetoresistive
10 change is induced basically by a single-layer soft
magnetic layer (magnetoresistive layer) with a normal
resistance change rate of approximately several
percents.
In connection with this, Physical Review
15 Letters, Vol. 61, 1988, pp. 2472-2475 and Physical
Review, B, Vol. 43, 1991, pp. 1297-1300, report a
magnetoresistive change as large as several téns of-
percent in maximum in a magnetic film composed of a
plurality of magnetic layers accumulated through
20 non-magnetic layers. 1In this type of magnetic thin
film, in which the direction of magnetization of each
magnetic layer accumulated is not necessarily coincident
with each other, a large resistance change is caused by
the change in the relative direction of magnetization
25 under the influence of an external magnetic field. This
large magnetoresistive effect caused by this type of
multi-layered magnetic thin film is called the giant

magnetoresistive effect or the spin-valve effect.



Reseafch is underway for devel opi ng a nagnet oresi stive read-back head
havi ng an even higher efficiency using the giant magnetoresistive effect or
t he: spin-valve effect. 5 A coat ed nmedi um conposed of a substrate
coated with nagnetic oxi de powder was iniLtgally used as a nagnetic
recording mediumfor a magnetic recording disk unit. In recent years,
however, a thiReseancheils uindeswagefiodcdelebedingt & maghebotebistive
magneti c netal 10 vapor-deposited by sputtering on a substrate. The

t hi n-fil m nmedi neadsbackhheadt havingsanyevénahighest eEfkaiencyl usdngai ned in
a magnetic recording layer in conparison with the coated nmedium and
therefore i s stheagiantopagnghorenistivecalifeftt eropbeaspPdn-vaive

JP- A-63- 146219 and | EEE Transacti ons on Magnetics, Vol. 26, No. 5, 1990,

pp. 2700-2705,pF8Pbses a nultil ayered magnetic recordi ng medi um i ncl udi ng
a magnetic gecording |la fi

magnetic | ayers and at Yg;ggggﬁgfﬁ%ﬁiﬁggﬁéﬁggégﬁl§??Bg§3ﬂ§§;a§gpk§§§%§ty °
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by magnetic recording medium for a magnetic recording disk
unit. In recent years, however, a thin-film medium has
been developed with a thin film of a magnetic metal

10 vapor-deposited by sputtering on a substrate. The
thin-film medium is high in the density of a magnetic
material contained in a magnetic recording layer in
comparison with the coated medium, and therefore is
suitable for high-density read/write 6peration.

15 JP-A-63-146219 and IEEE Transactions on Magnetics, Vol.
26, No. 5, 1990, pp. 2700-2705, proposes a multilayered
magnetic recording medium including a magnetic recording
layer of a thin-film medium composed of a plﬁrality of
magnetic layers and at least one non-magnetic inter-

20 mediate layer inserted between adjacent magnetic layers,
whereby the magnetic coupling between the magnetic
layers is reduced thereby to reduce the noises caused by
the recording medium.

As described above, a read-back head of

25 magnetoresistive type is under development which is high

in efficiency and suitably applied foi increasing the

magnetic recording density. This magnetoresistive

magnetic head is high in read-back efficiency and low in



the r€cording nedium As described above, a read-back head of 25

magnet oresi stive type is under devel opnent which is high in efficiency and
sui-t ably applied for increasing the nagnetic recording density. This
magnet or esi stive magnetic head is high inn gead-back efficiency and lowin
- 4 - thermal noises due to a |low head resistance. As a result, the noise
(medi a noi se) tddmdiutrdilsed adddeoragrigiv hest areBigtamee umaAdiah has t hus
far been hidden behind the | arge noi se generated fromthe inductive head 5
has come to asmawlts ddvesindeiss| (egdigporaise) dtttibutrkle rlms@segener at ed
in the apparatus. For realizing a high recording density using a

magnet or esi st iMARINRIGHRt1ecording rdiamo vrichdakditnsiciare been dyidden| t o
be reduced. In a means for reducing the nedia noise, a 10 _nultilayered

magneti c r ecoRfHPdddantanas ReiRe aenerated Lxgm r?’e?b%e’t’?‘%“?‘é’y‘é? Headh at
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total noises generated in the apparatus. For realizing
a high recording density using a magnetoresistive
magnetic head, therefore, the media noise is required to
be reduced. In a means for reducing the media noise, a

10. multilayered magnetic recording medium including a
plurality of magnetic layers with at least a non-
magnetic intermediate layer inserted between adjacent
ones of the magnetic layers has proposed. Therefore, an
increased density of a magnetic recording disk unit is

15 expected by assembling a magnetoresistive read-back head
with a multilayered magnetic recording medium.

In practice, however, test production of sﬁch

a combined magnetic recording disk unit shows that the
read output with high recording density is so low since

20 a sufficiently low error rate cannot be obtained for an
apparatus as compared with the case using a conventional
magnetic recording médium (single~layered magnetic
recording medium).having a single magnetic layer. As
explained above, in spite of the fact that a high-

25 efficiency read-back head and a low-noise magnetic
recording medium have actuélly been developed as a unit,
however, it has not sufficiently studied how these

component parts should be combined in order to realize a



enes &f the magnetic |ayers has proposed. Therefore, an increased density
of a magnetic recording disk unit is 15 expected by assenbling a
magnet or esi stive read-back head with a nmultilayered magnetic recordi ng
medium |In practice, however, test productpgon of such a conbi ned nmagnetic
recording disk unit shows that the read output with high recording density
s 50 | ow si ncragfetficsubtoedenyl ibkWwuAli tOhavdhg @anigh kecekdanged for an
apparatus as conpared with the case using a conventional magnetic recording
nmedi um (si ngl edengdtgd magnetic recording mediun) having a single magnetic
| ayer. As expl ai ned above, in spite of the fact that a high- 25 efficiency
r ead- back head and a IomAnStsélhngnétnewrwéde&YngtnééednaHaae actual |y been

devel oped as a unit, however, it has not sufficiently studled how t hese
conponent part intRzUedigtecdnprreati A BrgBRtis F@SPFQ&“S medium ofpggnetic

recording chkmu £t12$é228 gtghgguggc?mnitglgggiedymagnetlc'recordlng

medium) as disclosed in JP-A-63-146219. The Cr film
exhibits superior characteristics when used as an
underlayer of a Co-based alloy thin-film magnetic
recording medium. In the case where a multilayered

10 magnetic recording medium is fabricated with use Cr
material as an intermediate layer, the media noise is
reduced as compared with a single-layer medium having a
layer thickness equal to the sum of the thicknesses of
the magnetic layers. The reduction effect, however, is

15 to the extent of -2 to -3 dB. This much of noise
reduction is insufficient for achieving a high recording
density of more than 1 Gb/sq.in for a magnetic recording

system.

SUMMARY OF THE INVENTION
20 The object of the invention is to provide a
reliable magnetic recording system which solves the
above-mentioned problems and is capable of performing
high-density informétion read/write operation.
According to the invention, there is provided
25 a magnetic recording system, comprising a magnetic
recording medium including at least one intermediate

layer arranged between adjacent ones of a plurality of



AC filmis nowwidely studied as an internediate |ayer of a nagnetic
recording nediumof a 5 nultilayered structure (nultilayered nagnetic
recordi ng medi unm) as disclosed in JP-A-63-146219. The O filmexhibits
superior characteristics when used as an-ugderl ayer of a Co-based all oy
thi_n-filmmagnetic recording nedium In the case where a nultilayered 10
magnet i ¢ r ecormbgmetkcli layess | abrdchvedsect bionsfofrdnivingathas an
internmediate |ayer, the nmedia noise is reduced as conpared with a

si ngl e-1 ayer ragnetievrecording anediymkirsthe qgratordingedinarbionhea

t hi cknesses of the magnetic |ayers, The reduction effect, however, is 15 to
the extent of m3gRetig hend inclwding? weite seatienoandsaireadrbasknt for
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to the magnetic head and reading the output signal from
the magnetic head, wherein the read-back section of the
magnetic head is composed of a magnetoresistive magnetic
10 head, and the magnetic recording medium includes a
plurality of magnetic layers having crystal grains of
different crystal orientations existing in overlapped
positions in the direction perpendicular to the medium
surface, so that the media noise thus can be sufficient-
15 1y reduced, thereby achieving the above-mentioned
object.

According to another aspect of the invention,
there is provided a magnetic recording system in which
the gap between two shield layers holding the magneto-

20 resistive sensor of a magnetoresistive magnetic head
therebetween is 0.35 um or less, and assuming that the
product Br x t lies between 10 Geum (gauss microns) and
100 Gepm inclusive, where t is the total thickness of-
the magnetic layers of the magnetic recording medium and

25 Br ié the residual magnetic flux density measured by
applying a magnetic field in the running direction of
the magnetic head relative to the magnetic recording

medium during write operation (hereinaffer referred to



25 a hmagnetic recording system conprising a magnetic recordi ng nedi um

i ncluding at | east one internedi ate | ayer arranged between adjacent ones of
a plurality of - 6 - magnetic layers, a drive section for driving the
magnetic recording nediumin the recordi-ng éirection, a nmagnetic head
ingluding a wite section and a read-back section, neans for noving the
magnet i ¢ head aselthiel weloprdlinigt ldiresytdon )t.o (The phgset ijd ttecorad nheredi um
and read/ wite signal processing nmeans for applying signals to the nagnetic
head and readiowFpitte thwsp gans ibgnaleduced .t hFuridest,i dheempendioridin t he
read- back sectjion of the magnetic head |s .conposed of a magnetoresistive

magnetic 10 h&gFceaxf the ﬁﬁ'@ﬁ’&tll@ FECHGing medivm measyged ¥l urality of
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sufficient signal strength is obtained for a high
recoxrding density, and a reliable magnetic recording
system is realized with a recording density of at least
1 Gb/sg.in.
10 - Further, a magnetoresistive magnetic head
includes a plurality of conductive magnetic layers with
a resistance being changed considerably by relative
change of the respective directions 6f magnetization
under the influence of the external magnetic field and a
15 magnetoresistive sensor having at least one conductive
non-magnetic layer arranged between adjacent ones of the
conductive magnetic layers, wherein the giant magneto-
resistive effect or the spin-valve effect is utilized
for further enhancing the signal strength. A reliable
20 magnetic recording system having a recording density of
more than 3 Gb/sq.in can thus be realized.

A plurality of magnetic layers of a magnetic
recording medium may contain Co-alloy crystal grains
with the c-axis orientation of the hexagonal closed

.25 packed lattice substantially parallel to the medium
surface and Co-alloy crystal grains existing in
overlapped positions in the direction perpendicular to

the medium surface and having the respectiVe c-axis



obj ecf. According to another aspect of the invention, there is provided a
magneti c recordi ng systemin which the gap between two shield | ayers
hol.di ng the magneto- 20 resistive sensor of a nagnetoresistive magnetic
head t herebetween is 0.35 [err]mor |ess- gnd assum ng that the product Br
X t_lies between 10 [err] (gauss microns) and 100 [err] inclusive, where t
IS the total tbrientatiohst sabstgnetiiad llyayaethogionlle toagaeh ©theaar di ng
mediumand 25 Br is the residual magnetic flux density measured by

appl yi ng a naghbaitc thieergspectiver graixig dinientiadiocais ofe theyGst-iad Ieaad
relative to the na%gitic recordi ng nmedium during wite operation

(herei nafter r &xK¥S gxains. are sybstipatiaddydiorfhegoaali &9 eamde phase
jitter of the output thus can be_reduced. Further, the coerciyvi force of

the magnetic r Ot3fE AEaREJtIAtIRELP SyaFds prigntatdgne (Af S8 d in the
recording direetl 91y 2ur$etal” grainsOare Withls T radlgd Y s YEIRPY 2
preferably it5° from the orthogonal direction.
In the case where a plurality of magnetic

layers of a magnetic recording medium are composed of a
first magnetic layer near to the substrate surface and a

10 secoﬁd magnetic layer formed on the first magnetic layer
through an intermediate layer, the ratio Nc/Na between
Nc and Na lies preferably in 0.2 or more, desirably lies
in 0.4 or more as the number of the crystal grains is Nc
where the c-axis orientation of the crystal grains of

15 the second magnetic layer lies at substantially right
angle of the c-axis orientation of the crystal grains of
the first magnetic layer located at a overlapped posi-
tion in a direction perpendicular to the medium surface,
and the number of the crystal grains is Na where thé c-

20 axis orientation thereof lies in substantially parallel
with the c-axis orientation of the crystal grains of the
first magnetic layer. The c-axes of Co-alloy crystal
grains being substantially parallel to each other means
that two c-axis orientations of Co-alloy crystal grains

25 are within the range of :10° or preferably i5° from the
parallel direction.

The average crystal orientation perpendicular

to the medium surface of the magnetic crystal grains



suffici &nt signal strength is obtained for a high recording density, and a
reliable nagnetic recording systemis realized wwth a recordi ng density of
at least 1 Gb/sqg.in. 10 Further, a nagnetoresistive magnetic
head includes a plurality of conductive magngtic |layers with a resistance
bei ng changed consi derably by relative change of the respective directions
of magneti zati onmakilrg tpeohef bficacplotalityesf emaghethgniayersi elffdaand a
15 nmagnetoresistive sensor having at | east one conductive non-magnetic

| ayer arranged bwmagrehiadrecendingesmefliuhemapnbecdiféenaeghefirom| sher s,
wherein the giant magneto- resistive effect or the spin-valve effect is-
utilized for furavieragahereshagltarisngabion: perpendigulari 58| theomegiymet i c
recordi ng system having a_recording density of _nore_than 3 (&/sqg.in can
thus be real i zedSUBERFEr 9fi Eheraghghici exvalal saspins ggretitutdegr di ng
medi um may cqptaig Cb-allo§ cryital graing with the c-axis orientation of
the hexagonal® cl BEBGT RaIPSEAG(IR¥ETPee substantially parallel to the

medi um surface and Co-alloy £iy3he)ed’ 8k RaGibRit"Yaklr8 Rhy?BR doRfRL! ' ONS
per pendi cular 10
on an underlayer, and the composition of the inter-
mediate layer may be different from that of the
underlayer. Also, the intermediate layer may include a
10 plurality of layers of different compositions.

Further, in a multilayered magnetic recording
medium including a plurality of magnetic layers and at
least one non-magnetic intermediate layer arranged
between adjacent ones of the magnetic layers, the

15 non-magnetic intermediate layers may be composed of a
combination'of a Ta layer and a Cr layer, a combination
of a layer with Ta as the main component and a layer
with Cr as the main component, or a combination of a Hf
layer and a Cr layer, or a combination of a layer with

20 Hf as the main component and Cr as the main component.

Furthermore, carbon is formed in the thickness
of 10 nm to 30 nm as a protective layer for the magnetic
layers, and a lubricant layer of adsorptive
perfluoroalkyl-polyether or the like is formed in the

25 thickness of 2 nm to 20 nm. A reliable magnetic
recording medium in high-density recording can thus be
obtained. Also, the sliding resistance and corrosion

resistance can desirably be improved by the use of a



the nedi um surface and having the respective c-axis r - 8 - orientations
substantially orthogonal to each other. That the respective c-axis
ori-entations of the Co-alloy crystal grains are substantially orthogonal to
each other neans that the two c-axis orienpations of the 5 Co-alloy crystal
grains are wthin the range of 10 or preferably 50 fromthe orthogonal

di rection. | n ddrbixdesesudieras atygsten tgaxbidegnet (W-May<t s afnbtrbgeetic
recordi ng medi um are conposed of a first magnetic | ayer near to the
substrate surfsuch asl @Nkedbmic mighictor niteide pramedoxide hsuch ras
magnetic layer through an intermediate |ayer, the ratio Nc/Na between Nc
and Na |ies prekkieon dioride or sbreoninsiondrgron esborom Gavpidese as the

nunber of the crystal grains is Nc where the c-axis orientation of the
crystal grai nén%#lyﬁff% dephiidp PretRl- | Afrer | frming »RpEeteeriveri ght

angle of the G axs o AN UL Qinddfes 43 R0 "Bn %he surface by

plasma etching using a miniscule mask, out-of~-phase
protrusions are generated in the surface of the protec-
tive layer using a target of a chemical compound or a
mixture, or unevennesses are formed in the surface by

10 heat treatment. In this way, the contact area between
the head and the recording medium can desirably be
reduced thereby to avoid the problem of the head
sticking to the surface of the recording medium at the
time of CSS operation.

15 It is due to the small squareness ratio of the
hysteresis loop (hereinafter referred simply as the
squareness ratio) of a multilayered magnetic recording
medium as compared with the magnetic recording medium
.composed of a single-layer magnetic layer that the

20 output is reduced in the high recording density region
in the case where such a multilayered magnetic recording
medium is used. Generally, with a magnetic £ilm used
for a magnetic recording medium, the squareness ratio
decreases with the decrease in film thickness. 1In a

25 muitilayered magnetic recording medium, the thickness of
each magnetic layer is required to be reduced as
compared with the single-layer magnetic recording

medium, resulting in a smaller squareness ratio. For



the first magnetic |ayer located at a overl apped posi- tion in a direction
perpendi cul ar to the nmedi um surface, and the nunber of the crystal grains
is Na. where the c- 20 axis orientation thereof lies in substantially
parallel with the c-axis orientation of the jarystal grains of the first
magnetic layer. The c-axes of Co-alloy crystal grains being substantially
paraltel to eachreabgsingaasrehfableomagasticoreeordingnsystefioial hagh
crystal grains 25 are within the range of 10[err] or preferably 5[ .err] from
the parallel direecoodinghdensétygusingsaahudtidayerednmpgnpsidi cular to
the medi um surface of the magnetic crystal grains - 9 - making up one of
a plurality of nugmerdingagpediumi Atnagnaeressacyreaibherntei imprayepshe

different fromthe average crystal orjentation perpendicular to the nmedium
surface of the nﬁ@H@F?EGEFyé'P fogphi E}ecﬁﬁéf-f‘PBYFﬁﬁdSmaSPﬁ*éP-CrrESESFFi&ng

layers. A plyral bty oh BRORSt kG R%E" $lile R0k 80001
The inventors fabricated multilayered magnetic

recording media having different compositions, different
thicknesses and different conditions for forming the
magnetic lajers and the intermediate layers, and

10 evaluated the read/write characteristics by combining
each of the multilayered magnetic recording media with a
dual-type magnetic head including an inductive head as a
write section and a magnetoresistive head for a read-
back section. As a resuli, the inventors found that the

15 read/write characteristics are strongly correlated with
the relative crystal orientations between the magnetic
crystal grains existing in overlapped positions in the
direction perpendicular to the medium surface (along the-
layer thickness) in a plurality of magnetic layers of a

20 multilayered magnetic recording medium. The result of
study is described in detail below. |

| Fig. 1 is a sectionél model view of'a

microscopic structure of a representative multilayered
magnetic recording medium used for the study. This

25 recording medium is fabricated by forming an underlayer
2, a first magnetic layer 3, an intermediate layer 4, a
second magnetic layef 5 and a protective layer 6 by

sputtering on a substrate 1. The substrate is made of



én anfunderlayer, and the conposition of the inter- nediate |ayer nay be
different fromthat of the underlayer. Also, the internediate | ayer nmay
inelude a 10 plurality of layers of different conpositions. Further, in a
mul til ayered magnetic recordi ng nmedi um i-ngludi ng a plurality of magnetic

| ayers and at | east one non-magnetic internmediate |ayer arranged between
adjtacent ones axi AheMaeghboy cwitdyetlse simefdce ncderegficplatedtwitkrdi ate

| ayers may be conposed of a conbination of a Ta |ayer and a O |ayer, a
conbi nati on ofN&-Pay@rCxTh ahley asctheiundenbayentanddthe| tpterwith O as
the main conponent, or_a conbination of a Hf |ayer and a Cr layer, or a
conbi nati on ofmediaterlayen, ;andya fLotGe-Thi #l tevipaschhe paaretis the main
conponent. Furfhernore,_ carbon is fornmed i he thickness of 10.nmto 30 nm
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a sectional structure and a planar structure under the
transmission electron microscope shows that as
schematically shown in Fig. 1, the uﬂderlayer is
10 composed of columnar microcrystals, and columnar
crystals making up the first magnetic layer have grown
on the underlayer. One to three columnar crystals
constituting the first magnetic layers were found to
have grown on a single underlayer crystal. The crystal
15 grains making up the intermediate layer and the.second
magnetic layer have grown one each on each of the
columnar crystals making up the first magnetic layer.
Evaluation was made of the read/write
characteristics of a'multilayered magnetic recording
20 medium for different compositions, thicknesses and the
conditions for forming the intermediate layer 4 with the
composition and thickness of the underlayer 2 and the
first and second magnetic layers 3, 5 kept constant. It
was found that noises can be reduced by setting the Ti
25 concentration and thickness of the Cr-Ti alloy inter-
mediate layer 4 within an appropriate range. The
difference in the microcrystal structure between a

low-noise medium and a medium with a comparatively high



¢ 10 t carbide such as tungsten carbide or (WM)-C, a nitride such as
(Zr-Nb)-N or silicon nitride, an oxide such as silicon dioxide or zirconia,
or -boron, boron carbide, nolybdenum disulfide or Rh. After formng a
protective 5 |l ayer, mnute unevennesses-agg Lorned in the surface by plasna
etching using a mniscul e mask, out-of-phase protrusions are generated in

t he surface omdise pilnisewbtdired ey studied imrdettaidf. a Ahem cal conpound
or a mxture, or unevennesses are formed in the surface by 10 heat
treatment. | Fandeguence t Hed @a foung dhdtetthe ralativecryatake
recordi ng nedi um can desirably be reduced thereby to avoid the probl em of
the head sticla¥igEntatiqns of the Magnptie FYFYR @xAing atsush as fehef CSS

operation. 15 o the small Sﬂu eness ratio of the

hysteresis | ocﬁ}'i(srfé’r]ei%jtrg i%ﬁ?‘ﬁ% hofs yragng e ™MRio) of a
mul i aver ed MRUNRLC JA0N 9 b A Id D Aorkd TRAEASH 1Y JLE SRINE! L
- Fig. 1) existing in positions overlapped in the direc-
tion perpendicular to the medium surface (along the film
thickness) are strongly correlated with media noises.
In order to study the relative crystal
10 orientations of the magnetic crystal grains existing in
positions overlapped along the film thickness (vertical
direction in Fig. 1), a specimen with the substrate 1
and the underlayer 2 removed by mechanical grinding and
ion thinning was irradiated with an electron beam from
15 the direction perpendicular to the medium surface and
the resulting electron beam diffraction pattern was
observed. The electron beam was focused to less than
the crystal grain diameter of fhe magnetic layer.
With media having a high noise, a diffraction
20 pattern as shown in Fig. 2A appeared on most crystai
grains. The thickness of the intermediate layer is
about one tenth of the thickness of the magnetic layer,
and the diffraction pattern is generated substantially
by the magnetic layer. This diffraction pattern shows
25 that the crystal grains of the magnetic layer have a
hexagonal closed packed lattice (hcp) structure and that
the {110} plane of the hexagonal closed packed lattice

(hereinafter referred to as hcp~{110}) is parallel to



conposed of a single-layer nmagnetic |ayer that the 20 output is reduced in
the high recording density region in the case where such a nultil ayered
magneti c recording mediumis used. Generally, with a magnetic filmused for
a magnetic recording nedium the squarenessgrati o decreases with the
decrease in filmthickness. In a 25 nultilayered magnetic recording

medi um the ththenéidmoburfiahenng®bei difffiyectienr éqdexcoft eack spdced as
conpared with the single-layer magnetic recording nmedium resulting in a
smal | er squar es@ddsthusi be Astermined| asi shown.el Thibe diddracitionecor di ng
systemin high recordingédensity usin% a nmultilayered na%netic recordi ng

nedium it is Rat&exnr plep: ABAicatespthes the sgaxdienessthg magpetise

mul til ayered nmagneti ¢ recqrdi 5 mediumor to fyrther reduc oi ses. The

‘nventors fabr FEABERLNGFRLRS, BREANG,GHE: PEXROLBAL: GdoREt: RAFESrhg di ffer ont

comPoSItLONE | JoESTESThok s HFR5 BB R BIBRS BT Rl o
thickness is oriented in the direction of arrow 21.

With media having small noises, in contraét,
the crystal grains having a diffraction pattern as shown
in Fig. 2B appeared. This diffraction pattern takes an

10 overlapped form of the diffraction pattern shown in Fig.
2A and the diffraction pattern obtained by rotating the
first diffraétion pattern of Fig. 2A by 90 degree about
the (000) diffraction spot. Consequently, the c-axes of
the magnetic crystal grains present in overlapped

15 position along the film thickness is considered oriented
in the mutually orthogonal directions as shown by arrows
22 and 23.

The electron beam diffraction pattern of about
50 crystal grains of recording media having different

20 noise levels were studied to &etermine the number Na of
crystal grains having the diffraction pattern shown in
Fig. 2A and the number Nc of crystal grains having the
diffraction pattern shown in Fig. 2B. The relation
between the noise level and the ratio Nc/Na was studied

25 and indicates that noises are reduced with the increase
in Nc/Na as shown in Fig. 3. When Nc/Na is set to 0.2
or more, noises can be desirably reduced by at least 1

dB more than when Nc¢/Na is zero. When the ratio Nc/Na



10 evaluated the read/wite characteristics by conbining each of the

mul til ayered magnetic recording nedia with a dual -type magnetic head

i nel udi ng an inductive head as a wite section and a nmagnetoresistive head
for a read- back section. As a result, thgs nventors found that the 15
read/wite characteristics are strongly correlated with the rel ative
crystal orientisiset bet0eénot heoragneh i thergshal gand psneksesi ogni be
over | apped positions in the direction perpendicular to the nmedi um surface
(al ong the | ayredudtedkmess)desivablyrbyily3odBmgret thahaybes BE/Nalfis

mul til ayered magnetic recording medium The result of study is described in
detail below #?¥9-1 is a sectional nodel view of a m croscopic structure
of a representative multilayered nagnetlc recordi ng nedi um used for the

study. This 25 recordlﬁﬁhﬁeﬂ?%ﬂ?lg {88, 18 .S ERORGLY oRRPRBASAt UABeFRGyer 2,
2 (110 Tetp L BEEn P Ploh TLET RS ALenl ARl B SERRATFROREKLE L OVET
made of and the thickness of the intermediate layer. With
regard to the Ti concentration of the Cr-Ti alloy
intermediate layer, Nc/Na tends to assume a local
maximum for a predetermined range of Ti concentration.
10 The range of Ti concentration associated with a local
maximum of Nc/Na is dependent on the Pt concentration of
the Co-Cr-Pt alloy, and the Nc/Na assumes a local
maximum in a higher range of Ti concentration, the
higher the Pt concentration. For the Pt concentration
15 of 10 at.%, for example, as shown in Fig. 4, the Ti
concentration of 15 to 25 at.% is optimum. In the
region where the thickness of the intermediate layer is
0.5 nm or less, the ratio Nc/Na is substantially zero,
and if Nc/Na of 0.2 or more is to be obtained, it is
20 necessary to increase the thickness of the intermediate
- layer to 1.5 nm or more as shown in Fig. 5. For the
ratio Nc/Na of 0.4 or more to be obtained, on the other
hand, the ﬁhickness of the intermediate layer is
required to be increased to 2 nm or more. The low-noise
25 medium obtained in this way was combined with a magneto-
resistive head to test produce a magnetic recording disk

unit. As a result, a highly reliable magnetic disk unit

with a low bit error rate could be obtained.



+ 12%* an Al-My alloy with the surface thereof plated with NNi-P, a C-Ti
all oy as the underlayer and the inter- nediate |layer, and a Co-Cr-Pt all oy
as-the magnetic layers. Al so, carbon is used for the protective |ayer,
which a lubricant layer is formed (the 4ugi<ant |ayer is not shown in Fig.
1). Detailed observation of a sectional structure and a planar structure

under the transm ssion Bhecabowverimentsionpd fhohsrevenlad thadnmeddain y

5 on

shown in Fig. 1, the underlayer is 10 conposed of columar mcrocrystals,
and col utmar BP}Ses| sapakengedycede furthernignshiec crgpe Wheaee theown on the

under | ayer.

|l ayers were fGEHgtad REIENGALIRNORIaMEORGLLCURIYEL) el
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hcp-{110} plane of the magnetic crystal grains is
parallel to the film surface. Even in the case where
the hcp-{100} plane and the hcp-{011} plane are parallel
to the film surface, noises can be reduced.more when the
c-axis orientation is different between the magnetic
crystal particles existing in overlapped positions along
the film thickness. |

In the case where the intermediate layer is
composed of Mo, W, V, Ta, Nb, 2r, Ti, B, Si, C, Ni-P or
an oxide of any of them different in compositioh from
the underlayer, the average crystal orientation of the
second magnetic layer becomes different from that of the
first magnetic layer. As a result, the probability
becomes high that the crystal orientations of the
magnetic crystal grains existing in overlapped positions
along film thickness are different, thereby reducing the
media noises. A similar effect can be obtained by
constructing the intermediate layer in double étructure
instead of changing the‘composition of the underlayer
and the intermediate layer and by inserting a lower
intermediate layer composed of Mo, W, V, Ta, Nb, Zr, Ti,

B, Si, C, Ni-P or an oxide of any thereof as a main



*conpdsition and thickness of the underlayer 2 and the first and second
magnetic |ayers 3, 5 kept constant. It was found that noises can be reduced
by- setting the Ti 25 concentration and thickness of the Cr-Ti alloy inter-
medi ate | ayer 4 within an appropriate r-ange.- The difference in the -
m crocrystal structure between a | ownoise nmediumand a nediumw th a
cohpar at i vel ycompanent - betweenothe fhustomaghetilicwhaysruanddthe detail. As
a consequence, it was_ found that the relative crystal orientations of the
nmagneti c crystBFegradiateslaversshaencinysFig-glains 7 of the first magnetic
| ayer and the 5 crystal,&rains 8 of the secoad gagnetic | ayer shown in
Fig. 1) existing in posfifon8 BREVFapRed-FaY:ALLFaction; BREFEXPBNALCUI ar
to the nmediumssurface % L ang_t he fiIn1t€Lckness te styrongly correl ated
W th media nopEet. Aranser cebOLethy brdt Rl Seeiuttigsti " Th¥egR cntat | ons
of the Ua%“etfné?féifgti‘éygicahnéfeé'é&hﬂﬂe'-ﬂa%éé&' 805 QLaLbaBReF g 0q9 the
filmthi ckness (vertica
having a lower intermediate layer composed of 2 nm-thick
carbon and an upper intermediate layer composed of a 2
nm-thick Cr-Ti alloy, and an X-ray diffraction spectrum
42 of a specimen in which the protective layer and the
10 second magnetic layer are removed by plasma etching from
the front surface of the recording medium of the same
construction. In the X-ray diffraction spectrum 41
associated with the case in which both the first and
second magnetic layers exist, a peak 43 indicating that
15 the hcp~{110} plane is parallel to the film surface and
a peak 44 indicating that the hcp-{100} plane is
parallel to the film surface appear. In the X-ray
'diffraction spectrum 42 with the second magnetic layer
removed, by contrast, a peak 43 indicating that the
20 hcp-{110} plane is parallel to the film surface appears
but not substantially any peak indicating that the
hcp~-{100} is parallel to the film surface. This points
to the fact that the first magnetic layer is different
from the second magnetic layer in the average crystal
25 orientation. This construction also reduces noises by 1
to 2 dB.

Further, as a result of studying methods for

preventing the reduction in coercivity, that is,



direction in Fig. 1), a specinmen with the substrate 1 and the underlayer 2
renoved by mechanical grinding and ion thinning was irradiated with an

el ectron beamfrom 15 the direction perpendicular to the nedi um surface
and the resulting electron beamdiffractiyxg pattern was observed. The

el ectron beam was focused to | ess than the crystal grain diameter of the
magneti ¢ | ayepreVhhingdthehaedngtiohi §h meadebaekdohitpatt atnhigh pattern
as shown in Fig. 2A appeared on nost crystal grains. The thickness of the
i nt er medi at e Lapeari vegbudingndensityr ahdt At theckawestimet hedmsdngt i c

| ayer, and the diffraction pattern is generated_substantially by the
nmagneti c Iayewed¥ﬁ|§°§FPFraéfPSﬁlﬁﬁiYe%ﬁrsﬂBﬁﬁlésyeFﬁﬁtr?ﬁéréiystal grains

of the magnetic | ayer haye a hexag naI Ios acked [l atti ¢ce (hc
structure andPiie s FRSy HH?anﬁﬁe Brer BuﬁgxégﬁﬁaWeGF'BsBﬁlﬁs (ERh Ber | co

(hereinaft

surf ace. e 5? %é@tF%ﬂsf B6$1 %hogg ?gduc1ng Eﬁe coerc1v1t h% firlm

constructing the intermediate layer inserted between
magnetic layers in double layers of Ta/Cr or Cr/Hf.

In Fig. 7, curves 201, 202, 203 represent the
relation between the thickness of the intermediate layer

10 (the sum of thickness between Ta and Cr layers) on the
one hand and the read-back output (S), media noise (N)
and the signal-to-noise (S/N) ratio in an intermediate
layer composed of two layers of Ta and Cr on the other
hand.

15 This medium is so constructed that a Cr
underlayer of 50 nm in thickness is formed on an Al-Mg
alloy substrate with an Ni-P plated surface, and then a
20 nm-thick CoCrTa alloy magnetic layer, an intermediate
layer and a 20 nm~thick CoCrTa alloy magnetic layer were

20 deposited. The intermediate layer is composed of two
layers of Ta and Cr with the same thickness. The upper
magnetié layer is covered with a protective layer of
carbon (C) 50 nm in thickness. The point where the
thickness of the intermediate layer is zero corresponds

25 to the 40 nm-thick CoCrTa-alloy single layer. The Cr
concentration of the CoCrTa alloy is 16 at.% and that of

Ta is 3 ats.

Measurements were taken under the conditions



tan t'hus be determned as shown. This diffraction pattern also indicates
that the c-axis of the magnetic crystal grains having the hexagonal cl osed
packed 5 lattice and in overl apped positions along the filmthickness is
oriented in the direction of arrow 21. ANI1% +redi a having small noises, in
contrast, the crystal grains having a diffraction pattern as shown in Fig.
2B appear ed. ofii thei lineeri recpatiagndeakityanfld50vEFCIippetiumeralsf t he
diffraction pattern shown in Fig. 2A and the diffraction pattern obtained
by rotating tR@4%i 286,dRP6r 4Bt FaG-pdt desigphte guryeshfog0 compaadngbout t he
(000) diffracthon sgoi. Consequently, the c-axes of the_magnetic crystal
grai ns presentPnTEFBLEEpPRE21BCHoRENGN CXl BF g2t RETFPAMLY Y WikSesPread

considered orjented i.n_the nmutually orthogonal directions as shown by
arrows 22 andm§§h°$h£°glEgFr&R%8§QéP&P%Fr23?P5n pattern of about 50 crystal
grains of gecording nedi L, i fferent,. I sg_l| I r died to
determ ne the nunber Nah%fg%%?s §§hg%§5§shﬁégfﬁ§'t§8 %*%f?g%?igﬁi%h tern

shown in Fig. ¢Ré @ﬁ@e&%%dﬂ%ﬁge&a 0 sC bbRls e JENTr)2EnRInledg odi ffraction

pattern shown in Fig. e relation

noise is reduced by about 2 to 3 dB by setting the
thickness of the intermediate layer to 2 nm or more.
Insertion of an Cr intermediate layer, however,

10 undesirably reduces coercivity and also the read-back
output. Therefore, substantially no improvement is
achieved in terms of S/N ratio.

When an intermediate layer composed of Ta and
Cr is used,.on the other hand, media noise is reduced

15 ' remarkably by 4 to 5 dB for the thickness of the
intermediate layer of 3 nm or more, and in addition, the
read-back output is not deteriorated, thereby making it
possible to improve the S/N ratio remarkably by as much
as 6 dB. |

20 A similar effect was obtained also in the case
where a Co-based alloy magnetic film was used with CoNi,
CoFe, CoPt, ColIr, CoW, CoRe, CoNiZr, CoCrPt or CoNiCr_
instead of CoCrTa as the main component of.the magnetic
film.

25 ~Also, a similar effect of improving the S/N
ratio was obtaiﬁed when an intermediate layer composed
of Hf and Cr was employed instead of a Ta/Cr inter-

mediate layer. This was also the case when an alloy was



bet wekn the noise level and the ratio Nc/Na was studied 25 and indicates
that noises are reduced with the increase in Nc/Na as shown in Fig. 3. Wen
Nc/Na is set to 0.2 or nore, noises can be desirably reduced by at least 1
dB nore than when Nc/Na is zero. Wien thegpati o Nc/ Na - 15 - is set to
0.4 or nore, on the other hand, noises can be reduced nore desirably by 1.3
dB nore than wised Nedposed zef cat Theastl seldetdd one sdf oalémenependent on
the 5 Ti concentration of the Cr-Ti alloy internediate |ayer and the

t hi ckness of timcludimgeZiratib) ity . VMG anddW dadded hto Tangoomgenofat i on of
the C-Ti alloy internediate |ayer, Nc/Na tends to assune a |ocal maxi num
for a predeter né@ﬁr@ﬁ%écﬁf Ti concentration. 10 The range of Ti
concentration associ ated, w maxi mum of Nc/Na is degendent on the

Pt concentration of the &®- 5?¥1%$$d§b°%ﬁd tRe R8¢ Nat AR hRtermediate
naxinun1in5§ hié§§¥ 3%$§3§£d1$fcgnfaﬂé£agfqg H%?@r double structure
reduces the media noise remarkably for the probable
reason mentioned below.
Normally, as seen from the prior art, in the
case where a Cr film is used for an intermediate layer,
10 an epitaxial relationship holds between the (100) plane
of Cr having a body-centered cubic structure and the
(110) plane of a CoCr alloy having a hexagonal closed
packed lattice structure. This property causes a
predetermined relationship to occur in the crystal
15 orientation of Co-based alloy layers formed above and
below a Cr layer used as an intermediate layer, and the
upper Co-based alloy thin film assumes the same crystal
orientation as the lower Co-based alloy film.
According to the invention, in contrast, a Ta
20 or a Hf film is formed before a Cr film on a Co-based
alloy magnetic film constituting an underlayer of a
magnetic layer. This Ta or Hf film is amorphous and
plays the role of breaking the epitaxial connection with
the Co-based alloy thin film. Further, due to the (100)
25 orientation of the Cr film formed on the Ta (Hf) film,
the epitaxial relation described above causes the
Co-based alloy film formed thereon to have (110)

orientation and the c-axis providing a magnetic easy



hi ghet the Pt concentration. For the Pt concentration 15 of 10 at.% for
exanple, as shown in Fig. 4, the Ti concentration of 15 to 25 at.%is
optimum In the region where the thickness of the internmediate layer is 0.5
nmor less, the ratio Nc/Na is substantiaphy~zero, and if Nc/Na of 0.2 or
more is to be obtained, it is 20 necessary to increase the thickness of the
i nter medi at e laaisr too be Wiveavtedimimtoatish@ianen Filn dthdmmwddds fati o
Nc/Na of 0.4 or nore to be obtained, on the other hand, the thickness of

t he internmedi d&thdd dpdermediahe rdayean lrdatirneadmeaks thenanystiallinghe

| ow- noi se 25 nedi um obtained _in this way was conbined with a nmagneto-

resi stive heafargiqcidion@fgie ApRghand yaxwey fianPafak akkqy S resul t,
a highly relia ra | d be

l.e magnetic disk unit with a |ow bit error t ou
obt ai ned. _w%ée_ a%hé" ARG S ARNSTANINE A A TP RS rﬂeﬁltﬁ?ﬁ noi ses
can be. 1 edyced il NSt | b lde RS SNBSSl YRl Bl d U | 1
thereof directed into the plane.

According to the present invention, the media
noises are remarkably reduced while maintaining a high
read-back output due to the fact that the relationship

10 between the magnetic easy axes of the upper and lower
magnetic layers are broken with both the magnetic easy
axes directed into the plane.

With regard to the magnetic characteristics of
the magnetic layer, assume that the coercivity measured

15 by applying a.magnetic field in the direction of the
head drive at the time of read/write operation is 2.4
kOe or more and the product Br x t of the residual
magnetic flux density Br and the total thickness of the
magnetic layers t is in the range of 10 to 100 Gepum.

20 Superior read/write characteristics are obtained
desirably in a high-recording density region of at least
2 Gb/sqg.in.

Fig. 8 shows the relationship between
coercivity and the S/N ratio of the system. In this

25 diagram, the system S/N ratio was studied using media
having different values of Br x t for each coercivity,
and the maximum values of the system S/N thus obtained

for each coercivity was plotted. The measurement



Fn overl apped positions perpendicular to the nmedium5 surface (al ong the
filmthickness) are different. The foregoing exanple concerns the case in
whi-ch the hcp-{110} plane of the magnetic crystal grains is parallel to the
filmsurface. Even in the case where the ®p-{100} plane and the hcp-{011}
pl ane are parallel 10 to the filmsurface, noises can be reduced nore when
t hé c-axis orcenditionsi emgpilbledentrebdtentd chlie twadhesiec accpstidngpardt i cl es
exi sting in overlapped positions along the filmthickness. In the case
wher e t he int &heefiizst eapedimentsdesepibed datem,. \WWhen the No, Zr, Ti, B,
Si, C N-Por an oxide of any of themdifferent in conp05|t|on fron1the
under | ayer, tFEeEFAVALY dpyFedmnced belaw @n4okOehe t&‘@c&ﬂétﬁﬁg N dS ayer

becones differe t fr.o hat of the first_ nagneti.c aresult, the
probability 28 EsﬁﬂegghpﬂhuPﬁéy'tﬁé 5r§§?a e@P1§nF§P¢OEQGbPQHﬁ? magnet i ¢

crystal grain [ rlapped positions along filmthickness are
di fferent, §th§§§§e§% ggg|%§%P% ﬁedla noi ses. A simlar effect can be

obt ai ned by constructi ngy ghe gl Q@gwgeq?@t ll%)ﬁg‘er"]slihg’ WleSredly Ygiure 25.

i nstead of changing the conposition o
phase jitter of the output signal and the product Br x t

in the case where a high-density signal of a predeter-
mined frequency is written or read. In this measure-

10 ment, as shown in Fig. 10, the read-back output from the
magnetic head was converted into pulses by a low-pass
filter 31, a differentiation circuit 32 and a pulse
conversion circuit 33, and variations in the pulse
interval & was analyzed by a jitter meter 34. 1In Fig.

15 8, the proportion of the standard deviation o of 8§ with
respect to thé average value of § is indicated as a
jitter. When the product Br x t assumes a value outside
of the range of 10 to 100 Gepm, the jitter reaches more
than 15 %, thereby making bit distinction difficult.

20 Also, as shown in Fig. 11, in the case where the
distance between two shield layers (shield gap) formed
with a magnetoresistive sensor therebetween is larger
than 0.35 um, the jitter increases to more than 15 %.
Therefore, the shield gap is preferably 0.35 um or less.

25 The thickness of the intermediate layer is
preferably 1.5 nm or more as described above. An
excessive thickness of the intermediate layer, however,

increases the interval between the magnetic head and the



and the internediate |ayer and by inserting a |l ower internediate |ayer
conposed of Mo, W V, Ta, Nb, Zr, Ti, B, Si, C, N -P or an oxide of any
thereof as a main -~ - 17 - conponent between the first nagnetic |ayer and
the intermedi ate | ayer shown in Fig. 1.-Fpg.-6 shows an X-ray diffraction
spectrum 41 of a magnetic recording nmediumincluding the inter- 5 nediate

| ayer 4 of a damtitiom mageredd cstlayenirand furldepirablayy ideteriovetes ntles nedi at e
| ayer composed of 2 nmthick carbon and an upper internediate |ayer
conposed of aovenwnitielch@raftediahicsand Bapeciablyl fifn &he crasmpect rum 42
of a specinen in which the protective |ayer and the 10 second magnetic

| ayer are remWhareths dnkermediate flawan He b danlle stofuatizre ecor di ng

medi um of the ganme construction. In the X-ray diffraction spectrum 4l

associ at ed wi % HETRAFST HHTMHR 1P S iSRRI S ¥ Rgnet i ¢ | ayers
exist, a pgak éﬁe}ér&%rcaattésn htehaotvelrwr5 ti e r}:(‘lpziz{alc]’l%r.i.pslt:ai'.qce 'SP EA ére lté 0 the
filmsurfaCe *

solve this problem, it is effective to use a soft

magnetic thin film of an Fe-Co-Ni alloy, a Fe-Si alloy

or the like having a saturated magnetic flux density

larger than the conventional Ni-Fe alloy as the magnetic

10 pole of the recording head. 1In particular, a satisfac-
tory result was obtained with a soft magnetic thin film

having a saturated magnetic flux density of 1500 gauss

Oor more.

BRIEF DESCRIPTION OF THE DRAWINGS

15 Fig. 1 is a model sectional view showing a
microscopic structure of a multilayered magnetic
recording medium.

Figs. 2A and 2B are diagrams showing an
electron beam diffraction pattern from two magnetic

20 crystal grains existing at overlapped positions along
the film thickness.

Fig. 3 is a diagram showing the relationship
between noises and the ratio Nc¢/Na, where Nc is the
number of crystal grain pairs each including two grains

25 existing in overlapped positions along the film thick-
ness and haviﬁg the c-axis orientations substantially

perpendicular to each other and Na is the number of



a peak 44 indicating that the hcp-{100} plane is parallel to the film
surface appear. In the X-ray diffraction spectrum42 with the second
magneti c | ayer renoved, by contrast, a peak 43 indicating that the 20
hcp-{110} plane is parallel to the fil msgaface appears but not
substantially any peak indicating that the hcp-{100} is parallel to the
fil'm surface. Citysstgibigesint paihes fuaicth tdeth tiwo fgrainsdyneing d¢ogeisi s
different fromthe second nagnetic layer in the average crystal 25

ori entation. Prientmeiionstsubstantislgumaraliekstayeach othem. Furt her,
as a result of studying nmethods for preventing the reduction in coerC|V|ty,
that is, - 18 - prevd#Ind the & Tagm Shewing-Hir A pianshini gh

| i near reCordln densi t and at the sanp t| reducj ng nedi a, hoi ses
effectively f en | the By TG 4 HeeTh Eresrediate  ound t hat

medi a noi Sgs Cflanyebre a5n<{ ebgu&?d consi derabl y wi t hout reduci ng the coercivity
by

Fig. 5 is a diagram showing the relationship
between the thickness of a CrxrTi intermediate layer and
Nc/Na.

Fig. 6 is a diagram showing an X-ray diffrac-

10 tion spectrum for a multilayered magnetic recording
medium according to an embodiment of the invention.

Fig. 7 is a characteristics diagram showing
the relationship between the relative output, the
relative media noise and the relative S/N ratio for

15 conventional multilayered magnetic recording media and
‘the present invention.

Fig. 8 is a diagram showing the relationship
between coercivity and system S/N.

Fig. 9 is a diagram showing the relationship

20 Dbetween phase jitter and Br x t. |

Fig. 10 is a schematic diagram showing a
device for measuring the phase jitter.

Fig. 11 is a diagram showing the relationship
between phase jitter and shield gap.

25 Fig. 12A is a model plan view of a magnetic
recording system.

Fig. 12B is a model sectional view taken in

line XIIB-XIIB in Fig. 12A.



constructing the internediate | ayer inserted between magnetic |ayers in
double layers of Ta/Cr or Cr/Hf. In Fig. 7, curves 201, 202, 203 represent
the rel ation between the thickness of the internmediate layer 10 (the sum
of thickness between Ta and C |ayers) anaghe one hand and the read-back
output (S), nedia noise (N) and the signal-to-noise (S/N) ratio in an

intermedi ate |ayer conpasiefl of3 ti d aydsicallariasd £3r akphei widgramand.
15 This mediumis so constructed that a C underlayer of 50 nm

i n thickness iexdmplediagnetiAlhddyd al | oy substrate with an Ni-P plated
surface, and then a 20 nmthick CoCrTa all oy magnetic |ayer, an

i nternedi ate | ayer and &FiZD- rivf tis ok "@de T diagram rshpwing amyexanple 20
deposited. The internedi ate |ayer is conposed of two layers of Ta and O
with the sane SFCIARARS SHRCUHRChRy RAIRCIAERFLFI LI RIRIPTIoh &
protective Iayer of carbon (C) 50 nmin thickness. The point where the

t hi ckness i nehis Hedds e | ayer is zero corresponds 25 to the 40

nm t hi ck CoCrTa aI | oy si s J‘I%y% -I;pc(fq/eq §g@€f$ﬁgft¢f&0§hw &Io%Ta

alloy is 16 at.% and tha
example structure of a multilayered magnetic recording

medium.
Fig. 16 is a sectional view for explaining
10 another example of magnetic head.

Fig. 17 is a model diagram showing another
example sectional structure of the magnetoresistive
sensor of a magnetic head.

Fig. 18 is a sectional view showing an example

15 multilayered maghetic recording medium according to the
present invention.

Fig. 19A is a diagram for explaining a
magnetic recording system according to an embodiment of
the invention.

20 Fig. 19B is a model sectional view taken in

line XIXB-XIXB in Fig. 19A.

DESCRIPTiON OF THE PREFERRED EMBODIMENTS
The present invéntion is described in detail
below with reference to embodiments.
25 [Embodiment 1]
A multilayered magnetic recording medium

having a sectional structure schematically shown in Fig.



Measur enments were taken under the conditions - 19 - of the linear
recordi ng density of 150 kFCI. Nunerals 204, 205, 206 in Fig. 7 designate
curves for conparing the results obtained using G as a currently

wi de-spread nethod for the internedi ate- Igger. 5 As seen from
this diagram in the case where the internediate |ayer is conposed of Cr,

t hé nedi a noi 36 wasr Edbridabgdabndt idcoop8rdBetly intot angaghettiiki ckness of
the internediate layer to 2 nmor nore. Insertion of an Cr internediate

| ayer, howeverecogdingdesystsmy r Ehacmwegoetici vecprdingasysteme Bead- back
output. Therefore, substantially no inprovenent is _achieved in terns of S/N
rati o. Wien aMORRLcPARRi XLEW| 8fcWhishpa§cghe¥NTANFAIEr 128,uB88 0n t he

ot her hand, nedéir20|se is reduced,15 renmarkably b%a4 to.5 dB for, .the

t hi ckness of YA PEFRe PR EIPLPLELOBT COMRILEINGyRMAGRELLE ZEFOEAIRT t he

read-back outpuh; g B! 4eheil’ 8h8esohN8RC Y "BEEAibb1y driving the
mééhetic recording medium 51, a magnetic head 53 with
drive means 54 therefor and a read/write signal
processing means 55 for the magnetic head, as shown in
the model sectional view of Fig. 12B.

10 The structure of the magnetic head 53 is shown
as a model in Fig. 13. This magnetic head is a
separated read/write head including a combination of an
inductive magnetic head for write operation and a
magnetoresistive head for read-back operation formed on

15 a substrate 68. The portion of the magnetoresistive
sensor 61 held between the lower shield layer 62 and the
upper shield layer 63 functions as a read-back head,
while the lower recording magnetic pole 65 and the upper
recording magnetic pole 66 sandwiéhing the coil 64 acts

20 as a write head. The output signal from the magneto-
resistive sensor 61 is produced externally through an
electrode pattern 67.

The sectional structure of the magnetoresis-
tive sensor is shown in Fig. 14. This magnetoresistive

25 sensor includes a thin-film magnetoresistive conductive
layer 73 of ferromagnetic material formed on a gap layer
71 between the shield layer and the magnetoresistive

sensor, an antiferromagnetic magnetic domain control



possible to inprove the SINratio remarkably by as nuch as 6 dB. 20

A simlar effect was obtained also in the case where a Co-based al |l oy
magnetic filmwas used with CoNi, CoFe, CoPt, ‘Colr, CoW CoRe, CoN Zr
CoCrPt or CoNi Cr instead of CoCrTa as the2main conponent of the magnetic
filLm 25 Also, a simlar effect of inproving the S/Nratio was
obt'ai ned when layemtz2 nfeskt atesf ilraiyy thantdsiad- fif 1 nHfmasgrie (& rewis teinpd oy ed
instead of a Ta/Cr inter- nediate layer. This was al so the case when an

al l oy was cagiuctiseal layen el ofsiatgle avagnat o tdamasire, & el enent s
including Zr, Nb, Ti, V, M and Wadded to any one of Ta, Hf and C. As
descri bed abowon-mpangtedgilayer e rfinnikreaking e @whang’l of a Ta/Cr or

a Hf/ Cr double structure reduces the nedia noise remarkably for the
probabl e r eas oM YRTAG A hRliwgpn the antiferromagnetic magnetic

5 domain control layer and the thin-film magnetoresistive
conductive layer in a magnetic sensor section 74 of the
thin-film magnétoresistive conductive layer, a soft
magnetic layer or a permanent magnet film bias layer 77
as a means for generating a bias magnetic field against

10 the magnetic sensor section 74 and a high-resistance
layer 76 for regulating the current division ratio
between the soft magnetic layer or the permanent magnet
film bias layer 77 and the thin-film magnetoresistive
conductive layer 73.

15 A method for fabricating the magnetic head
shown in Fig. 13 is described below.

A sintered material with aluminum oxide and
titanium carbide as main components ié used as a
substrate 68 for the slider. An Ni-Fe alloy film formed

20 by sputtering is used for shield layers 62, 63 and
recording magnetic poles 65, 66. The thickness of the
upper and lower shield layers 62, 63 is 1 um, the
distance between the upper and lower shield layers 62,
63 is 0.27 pm, and the thickness of the.recording

25 nmagnetic poles 65, 66 is 3 uym. A gap layer of aluminum
oxide is formed by sputtering in the respective gaps
between the shield layers, the magnetoresistive sensor

61 and the recbrding magnetic poles. The thickness of



Normel |y, as seen fromthe prior art, in the case where a O filmis used
for an internediate |ayer, 10 an epitaxial relationship holds between the
(100) plane of Cr having a body-centered cubic structure and the (110)

pl ane of a CoCr alloy having a hexagonal ggosed packed |l attice structure.
This property causes a predetermned relationship to occur in the crystal
15 ori ent at i othef g8p Hayed dhetoreenpach fshriedd dayexr amd Hleow a Cr | ayer
used as an internediate | ayer, and the upper Co-based alloy thin film
assunmes the smgnetpresistivensenseor ds (U2 Inguerthad- infs ddealdapy Yayen
According to the invention, in contrast, a Ta 20 or, a H filmis_forned
before a Or fPERWSEN; the FRcorddng PagnetdG PILesmic R0 MRt r?@ldarthat

Fhe T of e of bekakisy SR s—ﬁm‘ ieien Rach, Bhid: %ﬁ%«'e{%“a{x%eae%'ﬁ“"”s g Thin
fil Furt t d th
Tia Ean)u1[i m a% %etﬂ'%t §X| a Q%at%:é'g%a g:gc% t%%e gjses %‘?E‘ aggd ©
al'loy 111 mf opg B! N S e (B Bosd 1653 WBESE G A S

"~ providing a magnet’i ¢ eas
thick. An Nl-Fe alloy layer 20 nm in thickness was

formed by sputtering as a thin-film magnetoresistive
conductive layer 73 (Fig. 14) of the magnetoresistive

10 sensor, an NiO layer 30 nm thick as an antiferromagnetic
domain control layer 72, an Nb layer 2 nm thick as a
non-magnetic layer 75 for breaking the exchange
interaction between the thin-film magnetoresistive
conductive layer and the ﬁntiferromagnetic domain

15 control layer, an Ni-Fe-Nb alloy soft magnetic layer 30
nm thick as a éoft magnetic bias layer 77, and further a
Cu thin film 100 nm thick as an electrode pattern 67.

The multilayered magnetic recording medium

having a model sectional structure shown in Fig. 15

20 includes a substrate 81 composed of an Al-Mg alloy,
reinforced chemical glass, Ti, Si, Si-C, carbon,
crystallized glass, ceramics or the like, a non-magnetic
plated layer 82 composed of Ni-P, Ni-W-P or the like
formed on the two sides of a substrate which may be made

25 of an Al-Mg alloy, an underlayer 83 composed of an alloy
with Cr, Mo and/or W as the main component, a first
magnetic layer 84 and a second magnetic layer 86

composed of Co-Ni-Zr, Co-Cr-Al, Co-Cr-Ta, Co-Cr-Pt,



£ 21 % axis to be directed into the plane. In other words, this
I nternmedi ate | ayer structure breaks the crystalline connection of the upper .
and | ower Co-based alloy filnms while at the sanme tinme generating a
structure of the 5 upper and | ower |ayersgbaxi ng the magnetic easy axis

t hereof directed into the plane. According to the present invention, the
medi a noi ses @os-NisO K Tl -Cr-albyC &b -Mii-0x 4Bt Nico-TxPta-By gh read- back
output due to the fact that the relationship 10 between the magnetic easy
axes of the ugeeCra®t-Taje Corindti-Sil ayperthearld ke oleemon-ndagrstiic he
magnetic easy axes directed into the plane. Wth regard to the magnetic
characteri st i dateirmeddateydanier 185 aompesadhwt lan aldoyx outdt Gy Measur ed
15 by applying a na netic field in the dlrectlon of the head drive at the
tinme of read/ Wi te r 3ok 1?512‘-'43«O§-‘0r g /a1 Nir® @odhe mein ¢ of

t]ggn;te;sl:drgyeFﬁ%t’{secthl%%nSI tiy nd t% {Lt alf] t hldckness é’f t he

magnetic layers, a protective layer 87 composed of
carbon, boron, silicon carbide, silicon nitride, silicon
dioxide, tungsten carbide, (W-Mo)-C, (W-Zr)-C or the
like, and a lubricant layer 88 composed of
10 perfluofoalkyl-polyether.or the like.
A method for fabricating this multilayered
magnetic recording medium is described below.
A plated layer 82 of Ni with 12-wt-% P was
formed in the thickness of 13 pm on the two sides of the
15 disk substrate 81 having an outer diameter of 95 mm, an
inner diameter of 25 mm and a thickness of 0.4 mm and
composed of Al with 4-wt-% Mg (the numeral attached
before the atomic symbol represents the content of the
particular material). The surface of the non-magnetic
20 substrate was smoothly polished on the 1apping\machine
until the average roughness factor Ra of the surface
reaches 2 nm, cleaned and dried. After that, a texture
in substantially circumferential direction was formed on
the disk substrate surface by pressing the abrasive tape
25 of the tape polishing machine (as disclosed, for
example, in JP-A-62-262227) on the two disk sides in the
presence of abrasive grains through contact rolls while

rotating the disk substrate. Further, the dirts



20 Superior read/wite characteristics are obtained desirably in a

hi gh-recordi ng density region of at least 2 G/sqg.in. Fig. 8 shows the
rel-ati onshi p between coercivity and the SINratio of the system In this 25
diagram the system S/N ratio was studi edggsLng nedi a having different
values of Br x t for each coercivity, and the maxi mnum val ues of the system

S/'N t hus obt aiimrA ddime ABra0ere ind ier Vfls gitddes checheasubstate - 22
- conditions enployed are identical to those according to the first

enbodi nent deswmreharl dagtent .ofifheand Hehe carlus tufd e ivas aticioadl. bel ow 2. 4 kQCe,
the system S/N is reduced below unity, with the result that the noise 5
exceeds the signals. Fihe dislnsubatratettinshigrmed was inereased jitter
of the output signal and the product Br x t in the case where a

hi gh-densi ty difyremRATatYrieddt SFaCHIM P YR ditthciC il \# iMAERLFORead. In

hi -
this ”Easuge sputtering device, and an‘'underlayer 83 of Cr with

18-at-% Pt having a thickness of 30 nm was formed under
the argon pressure of 2 mTorr. A first magnetic layer
84 having a thickness of 12 nm composed of Co with
20-at-% Cr and 10-at~-% Pt, an intermediate layer 85

10 having a thickness of 2.5 nm composed of Cr with 18-at-%
Ti, and a second magnetic layer 86 having a thickness of
12 nm were sequentially formed on the underlayer 83.
The composition of the second magnetic layer was the
same as that of the first magnetic layer. Then, a

15 carbon protective layer 87 having a thickness of 25 nm
was formed on.the second magnetic layer. The surface of
the carbon protective layer 87 was electrostatically
coated with polystyrene particles. With this coating as
a mask, plasma etching was performed. Minuscule

20 unevennesses were thus formed in the surfaces. As the
last step, a lubricant layer 88 of adsorptive
perfluoroalkyl-polyether was formed on the protective
layer. |

The magnetic recording medium thus formed was

25 analyzed by X-ray diffraction. It was.found that
crystéls were grown in the Cr-Ti underlayer in such an
orientation that the {100} plane of the body-centered

cubic (bcc) structure is substantially parallel to the



10 n®nt, as shown in Fig. 10, the read-back output fromthe magnetic head
was converted into pulses by a lowpass filter 31, a differentiation
cikcuit 32 and a pulse conversion circuit 33, and variations in the pul se
interval 6 was anal yzed by a jitter nmeter3B4- In Fig. 15 8, the proportion
of the standard deviation a of [err] with respect to the average val ue of
[efr] is indi sabstratenand tthat \Wystiales meadugrodm dnt tdes magmetial ue
outside of the range of 10 to 100 [err] the jitter reaches nore than 15 %
t her eby maki ndalyler dinstsiaedt iagn adiifenitatiiion 2hatAthe {dd 03hedanen ofi ¢hell, in
the case where the distance between two shield |ayers (shield gap) forned '
with a magnet HeEggonale cdosest raskeashdarddse s(hca?)gé’rf tbfﬁ’@n mRaReic r] the

jitter increases to .nore than 15 _.% Therefore, th sh ef erably
0.35 [err] or §§'1§55“b8tantlallyﬂﬂ§ i18dn & tﬁ%@%ﬁe ESF% | ayer

the i nt or nBd: SPSYIR toiB Glen TR SRR .am’éﬁr  BRlsRdverare T O
magneti ¢ head R by mechanical grlndlng and ion thinning was
irradiated with an electroh beam from the direction
perpendicular to the recording ﬁedium surface, and the
electron beam diffraction pattern was observed. The
10 electron beam was focused on about 50 crystal grains and
the diffraction pattern was checked. The number Na of
the crystal grains producing the diffraction pattern as
shown in Fig. 2A and the number Nc of the crystal grains
producing the diffraction pattern as shown in Fig. 2B
15 were determined. The ratio Nc/Na was found to be 0.45;
Also, measurements taken by applying a magnetic field
along the circumference of the disk included the
coercivity of 2.96 kOe and the product Br x t of the
residual magnetic flux density Br and total magnetic
20 layer thickness t of 85 Gepm.

The fead/write characteristics were evaluated
under the conditions of the head flying height of 30 nm,
the linear recording density of 210 kBPI and the track
density of 9.6 kTPI using a magnetic recording system

25 acéording to the present embodiment. The system S/N of
1.6 was obtained. Also, the input signal to the
magnetic head was subjected to 8-9 code modulation and

the output signal was subjected to the maximum



£ 23 * bottomnmagnetic |ayer and undesirably deteriorates the overwite
characteristics. Especially, in the case where the internediate |ayer is of
a doubl e structure, the increased thickness of the internediate | ayer 5
deteriorates the overwite characteristicz2 Ln order to solve this problem
it. is effective to use a soft magnetic thin filmof an Fe-Co-N alloy, a
Fe-Si all oy onlikiedihdod Bdgynal predicssdingd nagifeirmatfidnx ofernsiGby/dqriger
than the conventional N -Fe alloy as the nagnetic 10 pole of the recording
head. In parcosldidabe aresgt/mgfidten.or i esddittioms dilkenibidd eaindr aakss t
magnetic thin filmhaving a saturated magnetic flux density of 1500 gauss
or nore. BRI ERftEICROPHhgysendritepRiionss ofs head seek testy conductedipdel

sect i onal vie%%fhomﬁng,a nicros%%Pic structure _of a nmultilayered magnetic

recordi ng nedifdam Ehgs IMRT, te s8e, QuteT, ReriPharivwaF &P el ectron beam
011720t 8 PRGSAANS 18 TIE SR X o 45 U s
could be achieved.
[ Embodiment 2]
A multilayered magnetic recording medium was
fabricated on a glass substrate without forming any

10 non~magnetic platéd layer as in the first embodiment,
and was incorporatedninto the magnetic recording system
shown in Fig. 11. A head of separated read/write type
was used as the magnetic head of the magnetic recording
system.

15 A giass substrate having a diameter of 2.5
inches and a thickness of 0.4 mm was used as a substrate
of the recording medium, and a 15-nm-thick Cr layer was
formed by sputtering on the surface of the glass
substrate under the argon pressure of 2 mTorr. Further,

20 as in the first embodiment, an underlayer, a first
magnetic layer, an intermediate layer, a second magnetic
layer, a carbon protective layer and a lubricant layer
were formed in that order on the Cr layer.

The magnetic recording medium thus formed was

25 analyzed by X-ray diffraction. As a result, it was
found that crystals were grown in the underlayer in such
an orientation that the {100} plane or the {110} plane

of the body-centered cubic (bcc) structure was



Fig. 3 is a diagram show ng the rel ati onshi p between noises and the ratio
Nc/ Na, where Nc is the nunber of crystal grain pairs each including two
grains 25 existing in overlapped positions along the filmthick- ness and
having the c-axis orientations substantiaBBy-perpendi cul ar to each ot her
and Na is the nunber of - 24 - crystal grain pairs with each two grains
havi ng c- axi s swhstantiadly paraldril aid thearsaldstirate each tdtdter. Fig. 4 is
a diagram showi ng the relationship between the Ti concentration of a CTi

i nter nedi at e $rysbhadis avareNgdden Hirng.the imagnetiiayrlayersodimgudie an

rel ati onshi p between the thickness of a O Ti internediate |ayer and Nc/ Na.

Fig. 6 is a dickjenhaion fda the 4110} miane nr ttheh Hddt mianoh

it Lavered BN e R PLUREPIr g, (han RRLIEY ol the

5 substantially parallel to'the substrate. A specimen
from which the substrate and the underlayer were removed
by mechanical grinding and ion thinning was irradiated
with an electron beam from the direction perpendicular
to the recording medium surface, and the resulting

10 electron beam diffraction pattern was observed. The
electron beam was focused on about 30 magnetic crystal
grains with the hcp-{110} plane thereof positioned
substantially parallel to the substrate, and the
diffraction pattern was checked. The number Na of

15 crystal grains producing the diffraction pattern as
shown in Fig. 2A and the number Nc producing the
diffraction pattern as shown in Fig. 2B were determined.
The ratio Nc/Na of 0.5 was obtained. Also, the
coercivity measured by applying a magnetic field in the

20 direction along the disk circuﬁference was 2.5 kOe and
the product of the residual magnetic flux density Br and
the total magnetic layer thickness t was 80 Geum.

As a result of én evaluation made of the

read/write characteristics under the conditions of the

25 headlflying height of 26 nm, the-linear recording
density of 210 kBPI and the track density of 9.6 kTPI
using the magnétic recording system according to the

present embodiment, the system S/N of 1.6 was obtained.



the r®el ati onship between the relative output, the relative nedia noise and
the relative SINratio for 15 conventional nultilayered magnetic recording
nmedi a and the present invention. Fig. 8 is a diagram show ng the
rel ati onship between coercivity and systeggSLN. Fig. 9 is a diagram show ng
the relationship 20 between phase jitter and Br x t. Fig. 10 is a schematic
di agr am show ilso desheerfprt resiamal ngp tthe phegretidtherad Rras 11 is a
di agram showi ng the rel ati onshi p between phase jitter and shield gap. 25
Fig. 12A is a sulfigcteditoithe #-5 sadmaddulationiiand sthe coutpiy. 12B is a
model sectional view taken in line XIIB-XIIB jin thi 12A -.25 - Fig. 13
i s a sectionalSkgnad rMas Sghiached) o hamaxinug nkikeliherd signal
processing, whereby information of 2 Gb/sqg.in could be
5 read/written. In addition, the bit error rate after 50
thousand iterations of the head seek test was 10
bits/surface or less, and the MTBF of 150 thousand hours
could be achieved.
[Embodiment 3}
10 A multilayered magnetic recording medium
having a layered structure similar to the magnetic
recording medium according to the first embodiment and
having a non-magnetic intermediate layer of double-
layered structure was fabricated, and incorporated into
15 a magnetic recording system having a configuration
similar to that of the first embodiment.
In fabricating a magnetic recording medium, an
underlayer having a thickness of 40 nm composed of Cr
~with 18~at-% Ti and a first magnetic layer having a
20 thickness of 13 nm composed of Co with 2l-at-% Cr and
12-at-% Pt were formed by sputtering under the argon
pressure of 2 mTorr on a disk substrate prepared in a
manner similar to the first embodiment. A double-
layered intermediate layer including a carbon layer of
25 2.5 nm in thickness and a Cr with 23-at-% Ti layer of 2
nm in thickness was deposited on the resulting assembly.

Further, a second magnetic layer having a thickness of

13 nm composed of Co with 21-at-% Cr and 12-at-% Pt was



Fig. 14 is a nodel diagram show ng an exanple sectional structure of a
magnet oresi stive sensor of a 5 magnetic head. Fig. 15 is a nodel sectional
vi ew showi ng an exanple structure of a nultilayered nagnetic recording
medium Fig. 16 is a sectional view for_egpglaining 10 anot her exanpl e of
magneti c head. Fig. 17 is a nodel diagram show ng anot her exanpl e sectional
structure of tdeposigrest.or atiet, & ceation potectigretlaydeathd g, 18 is a
sectional view showing an exanple 15 nultilayered nagnetic recordi ng nedi um
accordi ng to tlhdbricssdntlayerewemn ddpasitedi iirs tthati ayprden fan &hel ai ni ng a
magneti c recordi ng system according to an enbodi nent of the invention. 20
Fig. 19B is aseamnd magnesia layer taskdmn ithe ifiest xmbaddment Fi g. 19A
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The present inventjon is described
in detail below with reffteRagneiairnrAqring mediun formed in this

5 way was analyzed by X-ray‘'diffraction. Crystals were
found to have grown in the underlayer in such an
orientation that the {100} plane of the body-centered
cubic (bcc) structure was substantially parallel to the
substrate, and the crystals in the magnetic layer were

10 found to have grown in such an orientation that the
| {110} plane or the {011} plane of the hexagonal closed
packed lattice (hcp) was substantially parallel to the
substrate. After removing the second magnetic layer by
ion milling, crystal orientation was analyzed by X-ray
15 diffraction. As a consequence, it was found that the
diffraction peak indicating that the {011} plane of the
hexagonal closed packed lattice (hcp) structure is
substantially parallel to the substrate disappeared and
the average crystal orientation was different between
20 the first magnetic layer and the second magnetic layer.
Also, the coercivity as measured by applying a magnetic
field along the circumference of the disk was 2.82 kOe,
and the product Br x t of the residual magnetic flux
density and the total magnetic layer thickness was 90
25 Geum.
The read/write characteristics were evaluated
under the conditions of the head flying height of 30 nm,

the linear recording density of 210 kBPI and the track



25 [ Efrbodi nent 1] A nmultilayered nmagnetic recordi ng nedi um having a
sectional structure schematically shown in Fig. - 26 - 15 was fabricated
and incorporated into a magnetic recording system The magnetic recording
system a nodel plan view of which is shogg Ln Fig. 12A, has a wel | -known
configuration conprising a magnetic recording 5 nedium 51, a drive section

52 for rotatidengidy wifn@ .t6h&TPIgmating 1ae magthietd cmadicondihg aysemet i ¢ head
53 with drive neans 54 therefor and a read/wite signal processing neans 55
for the magneticcorddamg &o shevpresenic embdslimendt.i oThie \\ysbexf FNj.ofl2B. 10
The structure of the nmagnetic head 53 is shown as a nodel in Fig. 13. This
nmagneti ¢ head li-® §osdgabs obtada®dr i AdSeadhendnprthdignadnthicndiheon of an

i nductive magnetic head for wite operatjon and a nagneforesjstive head for
r ead- back oper‘“étgin&ﬁlf:og‘r?éﬂl s subispled o ¥he Snik Sosle i“tﬂd‘b‘fatt"r%"

nagnetoresgstg%% the output signal to the maximum likelihood signal
processing. Information of 2 Gb/sg.in could be
read/written. In addition, after 50 thousand iterations
of the head seek test conducted from inner to outer
periphery, the bit error rate was 10 bits/surface or
10 less, and the MTBF of 150 thousand hours could be
achieved.
[Embodiment 4]
A separate read/write magnetic head having a
construction as shown in Fig. 16 was attached to the
15 magnetic recor@ing system according to the third
embodiment and used as a magnetic head according to the
present invention.
This magnetic head basically has the same
structure as the separate read/write magnetic head
20 according to the first embodiment shown in Fig. 13. The
magnetic head according to the present embodiment,
however, is different in that according to the present
embodiment, the upper shield layer 63 and the lower
recording magnetic pole 65 in Fig. 13 are replaced by a
25 single layer 91 having dual functions of shielding and
write magnetic pole. This shield-write layer 91, as its
name implies, is such that the functions of the upper

shield layer and the lower recording magnetic pole are



8ensof 61 held between the |ower shield |layer 62 and the upper shield | ayer
63 functions as a read-back head, while the | ower recordi ng nagnetic pole
65-and t he upper recording nagnetic pole 66 sandwi ching the coil 64 acts 20
as a wite head. The output signal from-tRBg magneto- resistive sensor 61 is
praoduced externally through an el ectrode pattern 67. The secti onal
structure of therfoamet byesd single sefitsmagretsioviayerx Fiand hdsed hars

magnet oresi stive 25 sensor includes a thin-film nmagnetoresistive conductive
| ayer 73 of f dtir-dim@idiayx figire rfiaxmed he dmittexiag lageording ctawtehe t he
shield layer and the nmagnetoresistive sensor, an antiferromagnetic magnetic
domai n cont r olembodiment. yndax congigderafionng the thin-film '

hon mmanet i ¢ | ayer 75 1 eGSR 3 MPBEFnJETIAGAY PRt neen ¢ he
ant i f erromggneh G, MRANCT S 1 YR SO WHS' 1 d Pl e h W (Pt ' 1dRe,
magnet oresi stive
especially when the track density was set to 8 kTPI or
more. This is considered by reason of the fact that the
distance between write head and read head was reduced
and the positioning error of the write and read heads
10 due to the effect of the yaw angle with a rotary
actuator was decreased. Also, the overwrite character-
istic could be improved by about 6 dB as compared with
the third embodiment by using a Fe-Co-Ni alloy £film
formed by plating with a saturated magnetic flux density
15 as large as 16000 gauss as an upper magnetic'pole.
| [Embodiment 5]
In a magnetic recording system having a
similar configuration to the first embodiment, a
magnetic head was constructed as a separate read/write
20 magnetic head having the same structure as the fourth
embodiment, and a read-back magnetic head was
constructed using a magnetoresistive sensor having the
sectional structure shown in Fig. 17.
This magnetoresistive éensor is of such a type
25 as to utilize the resistance change caused by the
relative change in the magnetization direction between
two magnetic layers separated by a non-magnetic layer

(the change in magnetic reactance due to the spin-valve



tonduttive layer in a magnetic sensor section 74 of the thin-film

magnet oresi stive conductive |layer, a soft nagnetic |ayer or a pernmanent
magnet filmbias |ayer 77 as a neans for generating a bias nmagnetic field
against 10 the magnetic sensor section-74gand a hi gh-resi stance | ayer 76
for regulating the current division ratio between the soft magnetic |ayer
or ‘'t he per mnanefifemdgnet X iMimlayes [haywdmg/ a aihd ddnedshiot f2 Inm
magnet or esi stive conductive |ayer 73. 15 A et hod for
fabricating tgengddrtattiinch@adufifem layes d.01,3 dns Nie stitilh 20 1ol oy, Fer
sintered material wi_th al um num oxide and titanium carbide as main
conponent s i s &ldQY da¥er haming & dhidmess of Ham %n%metwg & film

magnet i iopof’éf"”“e“rﬁ%re%q‘%se 08, T d (et Chd e S & | ayer s
02, 03 i3 B.2F *'[“’ IR o e T A “‘Eis”c%f?uewﬁsﬂ%a%&ﬂ—'%%“’e e 2 pol es
65, 66 is 3 [ a@‘b pv;lq__erz(pf ﬁ;é}djﬁ# % hy sputtering in
t he respectlve gdps ween t he sh aye e magnet of esi stive sensor
thickness of 3 nm constltutlng a second magnetic layer
104 and an Fe with 50-at-% Mn alloy layer having a
thickness of 5 nm constituting an antiferromagnetic
10 layer 105, were formed by sputtering in that order on an
aluminium oxide gap layer 71 formed between the shield
layer and the magnetoresistive sensor.
In this magnetoresistive sensor, in which
magnetization of the second magnetoresistive layer is
15 fixed in a direction by an exchange bias magnetic field
from the antiferromagnetic layer, a resistance change
occurs due to the change in the magnetization dixéction
of the first magnetic layer under the influence of the
leakage magnetic field from the magnetic recording
20 medium. The use of titanium as a buffer layer orients
the {111} crystal lattice plane of the first and second
magnetoresistive layers in parallel to the film surface,
whereby the exchange interaction between the magneto-
resistive layers is discouraged, thereby leading to an
25 efficiency twice as high as that of the magnetoresistive
sensor according to the first embodiment.
According to the present embodiment, a carbon

substrate having a diameter of 1.3 inches, a thickness



61 and the recording magnetic poles. The thickness of - 28 - the gap

| ayer between each shield |ayer and the nmagnetoresistive sensor is 125 nm
that of the gap | ayer between the recording magnetic poles is 300 nm and
that of the gap between each shield | ayer3and each recording 5 magnetic
polL.e (the distance between read head and wite head) is about 3 [err] A
coil 64 is made df.40mmB gret rd sirfidce Arodghressaldbyl InmyevaLCasedi n A

t hi ckness was forned by sputtering as a thin-fil mnagnetoresistive
conducti ve | ay&r wglqrayen hawiing e thigrkness 9ty wan Mas skomeed em N O

| ayer 30 nmthick as an antiferronmagnetic domain control layer 72, an Nb

| ayer 2 nm t hithie 43 HsirsRfhdhe Fulahratse rydery ddig mpne cAdHalrrs
[t eracti on DeLMPSR Ui WA ol | LISl LS Bl R ety avel g e
Ve 30 o8 i) RS S el AL OF S kg &y T
was ground with an abrasive tape containing an abrasive
of 1 um or less in grain size inside a vacuum chamber,
thereby forming a texture in substantially circumferen-
tial direction. A Cr with 20-at-% Ti underlayer having
10 a thickness of 50 nm was further formed, followed by
forming a Co with 2l1-at~% Cr and 15-at-% Pt layer having
a thickness of 11 nm as a first magnetic layer, a Cr
with 25-at-% Ti having a thickness of 2.5 nm as an
intermediate layer and a Co with 2l-at-% Cr and 15-at-%
15 Pt layer having a thickness of 11 nm as a second
magnetic layer, in that order. After that, a carbon
protective f£ilm having a thickness of 25 nm was formed.
In addition, an etching mask having an average opening
distance of between 50 ym and 100 pum inclusive was
20 formed on the surface of the carbon protective film, and
the portion of the carbon protective layer not covered
by the mask was etched to the depth of 15 nm by the
oxygen plasma etching process. As a result, an
isle-like protrusion having an average diameter of
25 between 50 pm and 100 pum inclusive and a height of 15 nm
was formed on the surféce of the carbon protective

layer. As the last step, a lubricant layer of adsorp-

tive perfluoroalkyl-polyethér was formed on the



The nultil ayered nmagnetic recordi ng nmedi um havi ng- a nodel sectional
structure shown in Fig. 15 20 includes a substrate 81 conposed of an Al -M
al koy, reinforced chemcal glass, Ti, Si, Si-C carbon, crystallized gl ass,
ceramcs or the like, a non-magnetic pl atq@g lLayer 82 conposed of N -P,
Ni-WP or the like forned on the two sides of a substrate which may be nade
257 of an Al - Nixatéoyivennlasster | ayer 83 conposed of an alloy with C, M
and/or Was the nmain conponent, a first nmagnetic |ayer 84 and a second
magnetic | ayer 86 conposksl afrésul -&f  X-OQoayYrdif fraotivn Tanalysis - €f, -
29 - Co-Ni-Cr, Co-Cr-Nb, Co-Ni-Cr-Pt, Co-Cr-Pt-B, Co-Cr-Pt-Ta, Co-Cr-Pt-Si
or the like, ah®magrgkic creerrdingmedinmyithussieoomedseit ovaanfanndy with
C, M, WV, Ta, Nb, Zr, Ti, B,_Si, Cand/or N-P as the main 5 conponent
and formed betthRah ¢Festalainthe LHrii iwpderlaver have grovR: it Fueh| ayer

87 conposeq of, ¢ PR e LIS et ' 688 £P6) WSrasl! bEOPnd' [16F pEhntoOn
of the body-centered cubit (bcc) structure was substan-
tially parallel to the substrate and that crystals in
the magnetic layer have grown in such an orientation
that the {110} plane or the {011} plane of the hexagonal

10 closed packed lattice (hcp) structure was substantially
parallel to the substrate. A specimen from which the
substrate and the underlayer were removed by mechanical
grinding and ion thinning was irradiated with an
electron beam from the direcﬁion perpendicular to the

15 recording medium surface and an electron beam diffrac-
tion pattern was observed. The electron beam was
focused on about 30 magnetic crystal grains with the
hcp-{110} plane thereof positioned substantially
parallel to the substrate, and the diffraction pattern

20 was checked. The number Na of the crystal grains
producing the diffraction pattern as shown in Fig. 2A
and the number Nc of the crystal grains producing the
diffraction pattern showﬁ in Fig. 2B were determined.
As a result, the ratio Nc/Na of 0.67 was obtained.

25 Also, the coercivity as measured by applying a magnetic
field in the direction along the circumference of the
disk was 2.62 kOe and the product Br x t of the residual

magnetic flux density and the total magnetic layer



di oxi e, tungsten carbide, (WM)-C, (WZr)-Cor the like, and a | ubricant

| ayer 88 conposed of 10 perfluoroal kyl -polyether or the like. A nethod for
fabricating this nultilayered nagnetic recording nmediumis described bel ow.
A plated layer 82 of NN with 12-wt-% P wagifarnmed in the thickness of 13
[err] on the two sides of the 15 disk substrate 81 having an outer

di aneter of 9%miukmesss weey 68 Bwimer of 25 nm and a thi ckness of 0.4 nm and
conposed of Al with 4-w-% My (the nuneral attached before the atomc
symbol represents the cdthemeast/wititeshdradteristics sgre Rvaluatede of
the non-magnetic 20 substrate was snoothly polished on the I;gg#;g machi ne

until the averui§iexr diphrenditbians b Wie thead fkving rhekghs RMeaned
and dried. After that, a texture in, substantj -circunferential direction
was formed on ¥He HiGe% JIRG J&%Lﬂ?‘hﬁ:‘eqb)f’é)ra%é‘iiw{ H’e“‘g iteathpe 25
o, L2, 308, PALENAR BN 1 s Sl F e SR Mool svmqp i e
through cont ageddildihg'iid SH Plddkht b tmetPSt "ALE sfdddos/nt e dirts
ratio of 1.2 was obtained; Also, the input signal to
the magnetic head was subjected to the 8-9 code
modulation, and the output signal to the maximum
10 likelihood signal processing, with the result that
information of 3 Gb/sqg.in could be read/written. In
addition, the bit error rate after 50 thousand
iterations of the head seek test conducted from the
inner to outer periphery was 10 bits/surface or less,
15 and the MTBF of 150 thousand hours could be achieved.
[ Embodiment 6]
A multilayered magnetic recording medium
according to an embodiment of the invention will be
.described with reference to Fig. 18. A multilayered
20 magnetic recording medium according to the embodiment is
formed on a non-magnetic substrate 211 composed of an
Al-Mg alloy plated with Ni-P alloy, a Ti alloy,
reinforced glass or an organic resin, ceramics or the
like. A Cr underlayer 212, a first magnetic layer 213,
25 an intermediate layer 214, a second maghetic layer 215
and a C protective film 216 are formed in that order by

sputtering on the non-magnetic substrate. Further, a

lubricant 217 is formed by being coated on the assembly.



2 30 = including abrasive material attached on the substrate were cl eaned
off and the substrate was dried. The disk substrate thus fornmed was

i nereased in tenperature in vacuumup to 270 [err]C in a nagnetron 5
sputtering device, and an underl ayer 83-082Cc with 18-at-% Pt having a

t hi ckness of 30 nmwas forned under the argon pressure of 2 mlorr. A first
magneti ¢ | ayerthy trdckrgess tdf ciire O afnded Iy 2 aeB®Co Vithdn 20- at - %
.Cr .and 10-at-% Pt, an internediate |ayer 85 10 having a thickness of 2.5
nm conposed ofmagnetiic leran -243riandirkthen sacwd magnetic lager 35 Rxeng a
thi ckness of 12 nmwere sequentially formed on the underlayer 83. The
conposi tion ofMade ot Ml i kayer ori tihsl e tatshrRr aand hirabfd (P fir st

magnetic | ayer,. Then, a _15_carbon protective I%xgr 87 having a fhickness

of 25 nmuas FEIHERE ¢h HHERSh PIefhdie 3 e ARFLSHIHRER 1 1A¥RE car bon

Part i ol es. 5w th NSRS YA ‘LR % Sevnt GRS rethe

.M nuscul e sum of thicknesses being changed in the range from 3 nm
to 25 nm. The thickness of the C protective £film is 50
nm, and the lubricant layer 217 is made of an adsorptive
perfluorocalkyl-polyether.

10 The coercivity as measured by means of the
vibrating sample magnetometer (VSM) was from 2000 to
2150 oersted. This value is equivalent to or exceeds
the coércivity value of 2100 oersted for the
single-layer magnetic recording ﬁedium fabricated by

15 replacing the three layers including the first and
second magnetic layers and the intermediate layer with a

. single-layer Co alloy with 16-at-% Cr and 3-at-% Ta |
having a thickness of 40 nm.
Next, the read/write characteristics were

20 measured. Evaluation was made using a dual-type
magnetic including a write inductive thin-film magnetic
head and a read magnetoresistive magnetic head having an
effective gap length of 350 nm with the relative speed
between the medium and the magnetic head set to 12 m/s

25 and the flying spacing to 80 nm. The resulﬁ is shown by
solid lines 201 to 203 in Fig. 7.

(Case 1)

As an example case, with the exception that an



20 uhevennesses were thus forned in the surfaces. As the |ast step, a
| ubricant |ayer 88 of adsorptive perfluoroal kyl -pol yether was fornmed on the

pretective |ayer. The magnetic recording nediumthus formed was 25 anal yzed

by X-ray diffraction. It was found that _cggstals were grown in the Cr-Ti
under | ayer in such an orientation that the {100} plane of the body-centered
cubi c (bcc) stintodrnediste Uhsfertwad | falicdted 49 diesingle SlayesubStrat e
and that crystals were grown in the nagnetic |ayer in such an orientation

t hat the {110]Cplwitch dthe hehivkmaepmaf 3 csedtpakenn) a tdawbléeclayef t he
magnetic layer is substantially parallel to the substrate. The 5 specinen
from whi ch t hefiskibJredium s t%’mbmm%md%x cthergare egndieians cas

grinding and ion thinnjnquas irradiated with aq§§$ ctron beamfromthe
direction per phdi& 2%, emRERAti AP h TSN £ 1EEEEe FRAYREERF =t ron,

beam di f rgct IJ'Psntfgst tv?eczne vat?ésasot?rseeé Vl?rgde;:'r hi':ahe same conditions as the

sixth embodiment. The result is shown in daéhed lines
204 to 206.
As understood from Fig. 7, the intermediate

layer for both the media is set to the thickness of 3 nm

10 or more to reduce the medium noise. 1In spite of this,
the use of the double-layer intermediate layer according
to the invention is seen to be more effective and‘reduce
the medium noise by 2 to 3 dB more than when the medium
of the example case is used. Also, the read-back output

15 is higher than that for the single-layer medium, and the
signal-to-noise ratio could be improved by about 6 dB
more than with the single-layered medium and by about 4
dB more than with the medium of the example case.

A similar effect was obtained also when a

20 combination of Hf and Cr was used instead of the Ta~Cr
combination as a material of the intermediate layer.
This was also the case when at least one element was
added as selected from a group including %r, Nb, Ti, V,
Mo énd W for the layer composed of Ta, Hf and/or Cr.

25 The same can be said when CoPt,‘CoNi, CoFe, CoCr, CoMo,
CoW, CoRe, CoNiZr, CoCrPt or CoNiCr was used instead of
CoCrTa as a material of the magnetic layer.

When the magnetic layer is formed of three



10 €l ectron beam was focused on about 50 crystal grains and the
diffraction pattern was checked. The nunber Na of the crystal grains
preducing the diffraction pattern as shown in Fig. 2A and the nunber Nc of
the crystal grains producing the diffractggn_pattern as shown in Fig. 2B 15
were determned. The ratio Nc/Na was found to be 0.45. Al so, neasurenents
t aken by appl Yayers magrtid anmin sintinard W ale wilxte asboaiindret diak

i ncluded the coercivity of 2.96 kCe and the product Br x t of the residual
magneti ¢ fl ux thensittherBrhaawl] thitenmetHgnatoise (s |fapmrhearhimddessd tasnf 85
[err] The read/wite characteri'stics were eval uated under the conditions of
the head flyi PmRARGd wirtlgdheymoise fiamdde dauhlerayrred Magneii® kBP|
and the track density of 9.6 kTPI u5|n netlc recordlng stem 25
according to tW%es&ﬁ Y& fh SR T %ﬂ?"s igneffech ves %&“b‘fﬂ"al ned.

Ao LRE Lotk ot e mage o tegd g it o 8.9
was used as an lntermedlate 1ayer;
[Embodiment 7]
A magnetic recording system was fabricated by
incorporating four boards of the multilayered magnetic
10 recording medium of the sixth embodiment. A plan view
and a sectional view of this system are shown in Figs.
19A and 19B respectively. This magnetic recording
system comprises a magnetic recording medium 218; a
drive section 219 for rotating the recording medium, a
15 magnetic head 220 with drive means 221, and read/write
processing means 222 for the magnetic head, as is well
known. In this magnetic recording system, the magnetic.
recording medium was composed of a multilayered magnetic
recording medium as in the sixth embodiment, and a
20 dual-type magnetic head was used as the magnetic head by
combining an inductive thin-film write magnetic head and
a magnetoresistive read-back magnetic head.
According to the embodiment under considera-
tion, the signal-to-noise ratio (S/N) was improved by 3
25 dB or more as compared with the conventionally
well-known magnetic recording system configured of a
-multilayered magnetic recording medium in which the

intermediate layer of the multilayéred magnetic



“ 32¢ likelihood signal processing. Information of 1 Gb/sqg.in could be
read/ witten. In addition, the bit error rate after 50 thousand iterations
of - head seek test conducted fromthe inner to the outer periphery was 10 5
bits/surface or less, and the MIBF of 1504% housand hours coul d be achi eved.
[ Embodi ment 2] A nmultilayered nmagnetic recording nediumwas fabricated on a
gl ass subst r atreceirdiogt neditin frad el aced bR @@ Aayleai.ed Asayer as in the
first enmbodi nent, and was incorporated into the magnetic recordi ng system
shown in Fig. rebulk,hehet chpaeizyatwas rnagpboneid dyt wpdasousdd 1adb tdre
magneti c head of the magnetic recording system 15 A gl ass
substrat e havineyea dilamysdenothaying &cisdorage sapacityesst 3 Gp/sanivas
used as a substrate of the recording nedium and a 15-nmthick Cr | ayer was

formed by sputtiddy #ghepd Hdvdmng Adadrt ofe 3P A% % Fefidered Y ar gon
s A AL MR R RARE AU PN
magnetic magnetic head.

According to the present invention, a high S§/N
ratio and a low bit error rate are obtained, and
therefore an average interval between malfunctions of

10 150 thousand hours or more can be realized with a high

recording density of 1 Gb/sq.in.



I ayert, a carbon protective layer and a lubricant |ayer were fornmed in that
order on the Cr layer. The magnetic recording nediunthui_LQLHEQ_ﬂﬁﬁ_%§__
anal yzed by X-ray diffraction. As a result, it was found that crystals
were grown in the underlayer in such an-oggeatation th mﬂnﬂuﬂlm lmumf or
the {110} plane of the body-centered cubic (bcc) struct
substantial | y Qi&IMSs:el to the substrate and that crystals vier & gfovh i*n the
magnetic |layers in such an orientation that the {110} plane or the {011}

pl ane of the Hexagonal & swgheldckaedonding: syafHm Nonprigingas 5
substantially parallel to the substrate. A specinen from which the

substrate and the under Faf@angiic maqarsing nacinmiinglugingisg and i on

~ thinning was irradiated th an el ectron be fro the di rection
per pendi cul ar BRI Yecogr Fagpstds f?rﬂ z?d'gi & @yl ting 10

Focubed on apdite<roRRlith e hate AlSlye beupeeene'ae&}af&e“n@eam nas

magnetic layers;

a drive section for driving said magnetic
recording medium in the recording direction;

a magnetic head including a write section and
a read~-back section;

means for driving said magnetic head into a
motion relative to said magnetic recording médium; and

read/write signal processing means for
applying signals to the magnetic head and reproducing
the output signal from said magnetic head;

wherein the read-back section of said magnetic
head includes a magnetoresistive magnetic head and the
magnetic layers of said magnetic recording medium
include crystal grains having different crystal
orientations at'overlapped positions in the direction
perpendicular to the medium surface.
2. A magnetic recording system according to Claim
1, wherein said magnetic layers include Co-alloy crystal
grains with the c-axis orientation of the hexagonal
closed packed lattice thereof substantially parallel to
the medium surface, said magnetic lajers further
including Co-alloy crystal grains existing in overlapped

positions in the direction perpendicular to the medium
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to the substrate, and the diffraction pattern was checke

grains with the hcp-{110} plane thereof 'positioned SUbSthW#,ﬁ ar al

15 crystal grains producing the diffraction pattern as showa

%na“mr

and the nunber Nc producing the diffractigm pattern as shown in Fig. *2B*

were determ ned. The ratio Nc/Na of 0.5 was obtained. Al so,

the coercivity

measured by amunfiace anthdeeting fike ¢-axished@ermiatsanonmdmet t he di sk

circunference was 2.5 kCe and the product of the residua

magneti c fl ux

density Br andubstandtiallyagdthagdralerta leagnessher.was 80 [err] As a
result of an evaluation nade of the read/wite characteristics under the
condi tions of 3:he 25 hdadaangtiF meEapndisg Byshem Aecardag e Gkaimg

density of 210 kBPI and the track density of 9.6 kTPl usin
recor di ng syst%m"’é’@é'&*’d% r?g"ltdo W%’é’séﬂlf%dd’r%e § el

t he

was obt ai ned. layer near to(%he subég%ate rface an

t he magnetic

MO 1. 6

si gn to tQFg“%EE%AJ’head was

magnetic layer formed on said first magnetic layer

through an intermediate layer, wherein the ratio Nc/Na

is at least 0.2 where Nc is the number of crystal grains

of the second magnetic layer with the c-axis orientation

thereof substantially orthogonal to the c-axis orienta-

tion of the crystal grains of the first magnetic layer

existing in overlapped positions in the direction

perpendicular to the medium surface and Na is the number

of crystal grains of the second magnetic layer with the

c-axis orientation thereof substantially parallel to the

c-axis orientation of such crystal grains of the first

magnetic layer.

4. A magnetic recording system according to Claim

1, wherein the average crystal orientation of the

magnetic crystal grains constituting at least one of the

magnetic layers in the direction perpendicular to the

medium surface is different from the average crystal

orientation of the magnetic crystal grains constituting

the other magnetic layers in the direction perpendicular

to the medium surface.

5. A magnetic recording system according to Claim

1, wherein said magnetoresistive magnetic head includes

two shield layers of a soft magnetic material spaced
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subj ected to the 8-9 code nodul ati on and the out put -si-gnal - was—stbjected to

the maxi mum | i kel i hood signal processing, whereby inf ' f sg.in
could be 5 read/witten. In addition, the bit error. rﬁImH“I"amHgmlmsand
iterations of the head seek test was 10 Jbiglgs/surface o¥ TeSs, andsthe MIBF
of 150 thousand hours coul d be achi eved. [Enbodi nent 3] 10 A

multil ayered nbooetésch esthét Ngy NElé udisbancg of | ayemedtsOL B85t wmeandnal ar
to the magnetic recording nedium according to the first enbodi nent and
havi ng a non- neagmeé¢toresistivei sersdnyfornéd dbebween| sgidetiwet shiedde was
fabricated, and incorporated into 15 a magnetic recording system having a
configuration layerss andtsaidonragneticrrsecendbugnmediumnisagurbathag a
magneti c recordi ng nedium _an underl| ayer having_ a thickness of 40 nm
conposed of Crth@tPradugt -Brix BnisLerveen h@netie aBJel0RGIHE a 20

t hi ckness of 13 n % O -% Pt were

fornmed by sput%%?f%%gﬂ gzsg?ﬁé g?ﬁ%g%g?iéégéé Bplﬁﬁﬁgﬁéfag;tgedisk
substrate prepgledel N2 JPODE" 2Rl "BL2 s Pnb el fah CARGHLTEARL £14xd0UD! €
density along the recording direction.
6. A magnetic recording system according to Claim
1, wherein said magnetoresistive magnetic head includes
a plurality of conductive magnetic layers undergoing a
considerable resistance change with relative change of
the respective magnetization directions thereof under
the influence of an external magnetic field, and at
least one conductive non-magnetic layer arranged between
said conductive magnetic layers.
7. A magnetic recording system comprising:

a magnetic recording medium having a plurality
of magnetic layers and at least one intermediate layer
arranged between adjacent ones of said magnetic layers;

a drive section for driving said magnetic
recording medium in the recofding direction;

a magnetic head having a write section and a
read-~back section;

means for driving said magnetic head into
notion ;elative to said magnetic recording medium; and

read/write signal pfocessing means for
applying signals to said magnetic head and reproducing

the output signal from said magnetic head;

—_—
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1ayer’ed internedi ate |layer including a carbon |ayer o 5 oamin_
thickness and a O with 23-at-%Ti layer of 2 nmin t ! ﬂ ﬂ ,j”)sited
on:the resulting assenbly. Further, a second nagnetic L ¥

Pt was -

t hi ckness of 13 nm conposed of Co with 21348t-% Cr and 12-at-%

35_- deposited. Then, a carbon protective layer and a lubricant |ayer were
deposited in that order wieddin gt®ntbadpemdk GGectyion asf i saidandgrietic
enbodi ment. The nagnetic recording nmediumforned in this 5 way was anal yzed
by X-ray diff rhead gmcltides & smagnetdrsis tiord amagngtoie head heandidehe ayer
in such an orientation that the {100} plane of the body-centered cubic
(bce) struct urdlRgetion Q& fthemaanrtis |easy axer afivhe Jagnekict he

found to have grown in such an

o} antat i on 1 HAYEH qA 19)6 MAGRSGHC (FREQEAE Jlediaty Lt HbtRsadonal ol osed

packed lattice_(hcp S stantiall arallel to the substrate. After

removi ng t he ggggﬁgkHﬁ%ﬁéﬁ#ﬁ#léghﬂetgﬁ/éhe magnetic layers, ‘the
directions of the magnetic easy axes of the respective
magnetic'layers being not correlated with each other.
8. A magnetic recording system according to Claim
7, wherein said magnetoresistive magnetic head includes
two shield layers of a soft magnetic material spaced
from each other by the distance of at most 0.35 um and a
magnetoresistive sensor formed between said two shield
layers, and said magnetic recording medium is such that
the product Br x t is between 10 Gepum and 100 Geum
inclusive, where t is the total thickness of the
magnetic layers and Br is the residual magnetic flux
density along the recording direction.
9. A magnetic recording system according to Claim
7, wherein said magnetoresistive magnetic head includes
a plurality of conductive magnetic layers undergoing a
considerable resistance change with relative change of
the respective magnetization directions thereof under
the influence of an external magnetic field, and at
least one conductive non-magnetic layer arranged between
said conductive magnetic layers.
10. A magnetic recording system comprising:

a magnetic recording medium having a plurality

of magnetic layers and at least one intermediate layer
_ o
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Fon ntlling, crystal orientation was anal yzed by X-ray 15 diffraction. As
a consequence, it was found that the diffraction p lm ' msmullﬂumat t he
{011} plane of the hexagonal cl osed packed Iattice]3 “Lm I's
substantially parallel to the substrate gii@ppeared*anﬂ the "avérade crysta
orientation was different between 20 the first magnetic |layer and the

second magneti grir@yged Bet@echN8dgaeEaitY bh¥saofMBASYH fEgR¥taRP 1M
magnetic field along the circunference of the disk was 2.82 kQCe, and the

product Br x t of the rea dedvensgetion fouxdeddrinty said magnieatiad nagnetic
| ayer thickness was 90 25 [err] The read/wite characteristics were

eval uat ed underechedingdimedinm dnh the mwesdrdipgndilrecgiongf 30 nm the

| inear recording density of 210 kBPl and the track - 36 - density of 9.6
kTPl using a magnetic re@oMagngtifshendadaclading: @ wrd e sashiommad nent .

The systen1S/Nao;e%a§bg%ﬂld be .obtained. Also, the input signal to the

section; .

means for driving said magnetic head into
motion relative to said magnetic recording medium; and

read/write signal processing means for
applying signals to said magnetic head and reproducing
the output signal from said magnetic head;

wherein the read-back section of said magnetic
head includes a magnetoresistive magnetic head, and said
intermediate layer of said magnetic.recording medium is
composed of two kinds of layers, and one of said two
kinds of layers is made of Ta, Hf or the alloy of Ta or
Hf including at least one element selected from Zr, Nb,
Ti, V, Mo and W, and the other of said two kinds of
layers is made of Cr or the alloy of Cr including at
least one element selected from Zr, Nb, Ti, V, Mo and W.
11. A magnetic recording system according to Claim
10, wherein said intermediate layer includes a Cr layer
formed on selected one of a Ta layer and a Hf layer.
12. A magnetic recording system according to Claim
11, wherein the sum of thicknesses of the Cr layer and
selected one of the Ta layer and the Hf layer of said
non-magnetic intermediate layer is 2 to 20 nm.
13. A magnetic recording system according to Claim

10, wherein said magnetic layers are composed of a
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magnéeti c head was subjected to the 8-9 code nodul atiom—5 and t he out put
signal to the maxi num i kel i hood signal processing. '

Gbfsq.in could be read/witten. In addition, after *“mﬂammﬁmw&“ﬁt i ons
of the head seek test conducted frominnegijto outer perephery? the *bit
error rate was 10 bits/surface or 10 |l ess, and the MIBF of 150 thousand
hoUrs coul d bgcathisedealldybodi mrent 4] A separate read/wite magnetic head
having a construction as shown in Fig. 16 was attached to the 15 magnetic
recordi ng systidm accor ditngagnettie trdecotdamigo ciystem amborskchg o Glegimet i ¢
head according to the present invention. This magnetic head basically has

t he sane strudur @hereine sadsh magnatangsistivamagnatd hdaadonglusdes ng to
the first enmbodi ment, shown in Fig. 13. The nmagnetic head according to the

present enboditnEhitdeJarenss of & &kl magnstc RataThy SRAGRE present
crbodiTent L ARSI WY SRR AU RO R 1 00
shi el ding andmagnetoresistive sensor formed between said two shield
layers, and said magnetic recording medium is such that
the product Br x t is between 10 Geum and 100 Geum
inclusive, where t is the total thickness of the
magnetic layers and Br is the residual magnetic flux
density along the recording direction.

15. A magnetic recording system according to Claim
10, wherein said magnetoresistive magnetic head includes
a.plurality of conductive magnetic layers undergoing a
considerable resistance change with relative change of
the respective magnetization directions thereof under
the influence of an external magnetic field, and at
least one conductive non-magnetic layer arranged between
said conductive magnetic layers.

16. A magnetic recording system according to Claim
14, wherein said magnetoresistive magnetic head includes
a plurality of conductive magnetic layers undergoing a
considerable resistance change with relative change of
the respective magnetization.directions thereof under
the influence of an external magnetic field, and at
least one conducﬁive non-magnetic layer arranged between

said conductive magnetic layers.

17. In a multilayered magnetic recording medium
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wite magnetic pole. This shield-wite layer 91, as its nane I P

such that the functions of the upper shield | ayer an J ““ ﬁBﬂPlng
magneti c pole are - 37 - performed by a single sof and

uses an Ni-Fe alloy filmformed by sputteskng accor di ng to the enbodi ment
under consideration. The use of a magnetic head having this 5 structure
coul d m ni m zednyperiisiorge as eplurdliteroH magret iesheyperd | andiet ldestrack
density was set to 8 KTPI or nore. This is considered by reason of the fact
that the di st s integeediate clapad arcangad hetweemad jakert enels t b
positioning error of the wite and read heads 10 due to the effect of the
yaw angl e wi t Ifa&id Magnetiq Jka¥aerswms decreased. Al so, the overwite
character- istic could be inproved by about 6 dB as canpared mnth the third

embodi ment by using a Fé @RFRCLAT FLIQTMADIRILYY, prieTedn vPatd
saturated mgneldfed 1% 080 YndPaad el agsralf&omfégs 5B, 4ppe

crystal orientations existing in overlapped positions in
the direction perpendicular to the medium surface.
18. A magnetic recording medium according to Claim
17, wherein said magnetic layers include Co-alloy
crystal grains having the c-axis orientation of the
hexagonal closed packed latﬁice substantially parallel
to the medium surface, said magnetic layers further
including Co-alloy crystal grains existing in overlapped
positions in the direction perpendicular to the medium

- surface and having the c-axis orientations thereof
substantially orthogonal to each other.
19. A magnetic recording medium according to Claim
17, wherein said magnetic layers include a first
magnetic layer near to the substrate surface and a
second magnetic layer formed no said first magnetic

~ layer through an intermediate layer, and the ratio Nc/Na
is at least 0.2, where Nc is the number of crystal
grains constituting said second magnetic layers with the
c-axis orientation thereof substahtially orthogonal to
the c-axis orientation of the crystal grains of the
first magnetic layer existing in overlapped positions in
the direction perpendicular to the medium surface and Na

is the number of crystal grains'of the second magnetic
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f Enmbodi nent 5] In a magnetic recording systemhaving a similar
.cconfiguration to the first enbodi nent, a magneti cslmmmj“ﬂmm“im:t ed as a
separate read/wite 20 - magnetic head having the & t he
fourth enbodi nent, and a read-back nmagnetgg head wab ondt r lct ed using a
magnet or esi stive sensor having the sectional structure shown in Fig. 17.
Thi's nagnet or dayslrn wdi tderthe d-axifs Jrmilertdtimn Yhermsof Gulistdmeid by

resi stance change caused by the relative change in the nagnetization
direction bet wasralthed ryridie cHamisy Dsigpdradtionn of sunn-gexstkal c | ayer
‘(the change in magnetic reactance due to the spin-valve - 38 - effect).
A Ti |ayer hagnadng afi @aisk £igrs magnaiHst ikawemg a buffer |ayer 101, an
Ni with 20-at-% Fe alloy |ayer having a thickness of 3 nmconstituting a

first magnetorddsistive IPaaddneiic Fesprding nediyy aceprding iR Claim, 5

nn1constitutiq%’adﬁgkégﬁygﬁé(%4é¥§§é crystal orientation in the
direction perpendicular to the medium surface of the
magnetic crystal grains constituting at least one of the
magnetic layers is different from the average crystal
orientation in the direction perpendicular to the medium
surface of the magnetic crystal grains constituting the
other magnetic layers.
21. In a multilayered magnetic recording medium
comprising a plurality of magnetic layers and at least
one intermediate layer arranged between adjacent ones of
said magnetic layers,

a magnetic recording medium, wherein the
direction of the magnetic easy axis of said magnetic
layers is located within the film plane of said magnetic
layers, and the directions of the magnetic easy axes of
said respective magnetic layers being not correlated
with each other.

22, In a multilayered magnetic recording medium
comprising a plurality of magnetic layers and at least
one intermediate layer arranged between adjacent ones of
said magnetic layers,

a magnetic recording medium, wherein said
intermediate layer is composed of two kinds of layers,

and one of said two kinds of layers is made of Ta, Hf or
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103, an N with 20-at-% Fe alloy | ayer having a thif@ﬂﬁgs of 3 nm

constituting a second nagnetic |ayer 104 and an Fe mmﬂm@”mﬂl | oy
0 layer

| ayer having a thickness of 5 nmconstituting an an
105, were forned by sputtering in that ardgr.-on an al um ni um oxi de* gap

| ayer 71 formed between the shield | ayer and the nagnetoresistive sSensor.
In“this magnetthesabloycobens sy HA ivid Didisgnet | Yaas©noné ébementond
magnet oresi stive layer is 15 fixed in a direction by an exchange bi as
magneti c fiel dsélectedefzoniies riBopghb; i €, | My eand W eandt tineeothangefoccurs
due to the change in the nmagnetization direction of the first_magnetic

| ayer under tRaidftwensinds oficlayeragts madetef €¢repy thenrlheynafnetic
recording 20 nedium _The use of titaniumas a buffer orients the
{111} crystal ¢ratw%u%+ra9aea‘ef1%%tfqm%te!awae%c%%e%@ﬂefs?@siﬁgr i YBs| ayers
in parallel tg jhe filmsurface, whereby the exchange interaction between

t he magnet o- rEbt s¥t RO ﬁ-is discouraged, thereby | eading to an 25

AT RS, W R e S R
22, wherein said intermediate layer is such that a Cr
layer is formed on selected one of a Ta layer and a Hf
layer.

24. A magnetic recording medium according to Claim
23, wherein said intermediate layer is such that the sum
of thicknesses of the Cr layer and selected one of the
Ta layer and the Hf layer is 2 to 20 nm.

25. A magnetic recording medium according to Claim
22, wherein said magnetic layers are composed of a

Co~based alloy.

—_—
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Substrate having a dianeter of 1.3 inches, a thickness - 39 - of 0.4 mMm
and a surface roughness of 1 nmwas used. A Cr underlayer having a
thickness of 1 [err] was forned on the two sides of the substrate under the
sanme conditions and by use of the sane spggtering device as in the first 5
enbodi nent. Further, the surface of the Cr underlayer was ground with an
abrasi ve tape ABSTRACT rOF AHBIDESCDASURE 1 [err] or less in grain size

i nside a vacuum chanber, thereby formng a texture in substantially
circunferen- tial directA sragnetGre wedoiing -Systiemniderludes dmving 10 a

t hi ckness of 50 nmwas further formed, followed by forming a Co with
21-at-% Cr andntmrpedigte |laxer arnanged thetwern adjacentyones of ja st
magnetic layer, a Q_wth 25-at-% Ti_having a thjckness of 2.5 nmas an

i nternedi at e IBhEaLkY Licpagnetin -ayeroconrt itntinga ymagretiger having
a thickness of 11 nm as _a secon QgﬁFetic ] ayer

I n. that d Af t t hat,
a carbon prot &MY | AqAEEC Otfe%é%g,\ggeé%}rﬁ;%;lver?r :

by a drive section in the recording direction, and a
magnetic head including a write section and a read-back
section set in relative motion with respect to the
lmagnetic recording medium. Signals are applied to the
magnetic head and the output sighals from the magnetic
head are read back by a read/write signal processing
device. The read-back section of the magnetic head
includes a magnetoresistive magnetic head. The magnetic
‘layers of the magnetic recording medium include crystal
grains having different crystal orientations and
existing in overlapped positions in the direction
perpendicular to the medium surface. High-density
information read/write operation thus is made possible

with an improved reliability.

Fig 14
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In addition, an etching nmask having an average openi ng di stance of between
50 [err]q and 100 [err] inclusive was 20 fornmed on the surface of the
carbon protective film and the portion of the carbon protective |ayer not
covered by the mask was etched to the depth of 15 nm by the oxygen plasna
etching process. As a result, an isle-8%5% Hrotrusion havi ng an-aver age

di aneter of 25 between 50 [err] and 1 ['edr] inclusive and a height of -15
nm was forned on the surface of the carbon protective layer. As the |ast
step, a lubricant layer of:- adsorp- tive perfluoroal kyl -pol yet her was forned
on the -~ - 40 - protective layer. As a result of X-ray diffraction

anal ysis of the magnetic recording nediumthus forned, it was found that
crystals in the Cr-Ti underlayer have q:gtabi such 5 an orientation that
the {100} plane or the {110} plane of ¢tk dﬂ-centered cubit (bcc)
structure was substan- tially parallel to the substrate and that crystals -
in : .

| 6
8 7 5
.7\/~ L ~_-3

2
1
N

FIG.2A | FIG.2B -
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t‘he magnetic |ayer have grown in such an orientation that the {110} pl ane
or the {011} plane of the hexagonal 10 closed packed lattice (hcp)
structure was substantially parallel to the substrate. A specinen from

whi ch the substrate and the underl| ayer mere renoved by nechanical grinding
and ion thinning was irradiated with 3? ctron beamfromthe. direction
perpendicul ar to the 15 recording ne dﬁl urface and an el ectron beam
diffrac- tion pattern was observed. The el ectron beam was focused on about
30 magnetic crystal grains with the hcp-{110} pl ane thereof positioned
substantially parallel to the substrate, and the diffraction pattern 20
was checked. The nunber- Na of the cryst Elﬁagw produci ng the diffraction
pattern as shown in Fig. 2A and the nunb&r the crystal grains
produci ng the diffraction pattern showmn in Fig. 2B were determ ned. As a
result, the ratio Nc/Na of 0.67 was obtained. 25 Also, the coercivity as
measured by applying a nagnetic field in the direction along the

ci rcunference of the dls@ was 2.62 kOe and the product Br x t of the

resi dual nagnetlcuglux gapsity and the total magnetic |ayer

RELATIVE CHANGE O
""MEDIA NOISE (dB)
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0 0.2 0.4 0.6 0.8
Nc/Na
FIG.4
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INTERMEDIATE LAYER (at%)
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- 41 * thickness was 66 [err] The read/wite characteristics were eval uated
under the conditions of the head flying height of 23 nm the linear
recordi ng density of 260 kBPI and the track 5 density of 11.6 kTPl using a
magneti c recordi ng system according to the present enbodi nent. The system
S/Nratio of 1.2 was obtained. Also, égz igput signal to the nmagnetic head
was subjected to the 8-9 code nodul at+ 1 %nd the out put signal to the '
maxi mrum 10 |i kel i hood signal processing, with the result that information
of 3 Gb/sqg.in could be read/witten. In addition, the bit error rate after
50 thousand iterations of the head seek %@nducted fromthe inner to
outer periphery was 10 bits/surface or |ess, . and the MIBF of 150

t housand hours coul d be achi eved. [Enbodinent 6] A multilayered magnetic

recordi ng nediun1accoqupg to an enbodi nent -of the invention mnll be
described_mﬁth‘referencé tflo Fig. 18. A nultllayered
084
e
a 0.6
<
E .
0.4 -
024
o L) l i l 1 I ¥ | .
0 2 4 | 6 8
: THICKNESS OF CrTi
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FIG.6
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20 nmhgnetic recording nmedium according to the enbodinent is forned on a
‘non- magneti ¢ substrate 211 conposed of an Al-Mj alloy plated with N -P
allvoy, a Ti alloy, reinforced glass or an.organic resin, ceramcs or the
like. A Cr underlayer 212, a first nmagnetic |ayer 213, 25 an internediate
| ayer 214, a second nagnetic | ayer Zlingd acC protective film216 are
formed in that order by sputtering on hon-nagnetic substrate. Further,
a lubricant 217 is formed by being coated on the assenbly. - 42 - The

t hi ckness of the C underlay 212 is 50 nm The magnetic | ayer 213 and the
second magnetic layer 215 are nade of a Co alloy layer wwth 16-at-% C and
3-at-% Ta having a thickness of 20 nm and the internediate |layer 5 a
doubl e-1ayer filmof Ta and Cr of equal thickness, the sum of thicknesses
bei ng changed in the range from3 nmto 25 nm The thickness of the C
protective filmis 50 nm and the lubricant |ayer 217 is nmade of an

adsor ptive perfluoroal kyl -pol yet her.

FIG.7
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10 * The coercivity as neasured by neans of the vibrating sanple
magnet oneter (VSM was from 2000 to 2150 oersted. This value is equival ent
to-or exceeds the coercivity value of 2100 oersted for the single-Ilayer
magneti c recording nmedium fabricated by 15 replacing the three | ayers
including the first and second magnetic |ayers and the internedi ate |ayer
with a single-layer Co alloy wth 16-5/%¥:r and 3-at-% Ta having a

t hi ckness of 40 nm Next, the read/wite characteristics were 20 neasured.
Eval uati on was nmade using a dual -type magnetic including a wite inductive
thin-filmmagnetic head and a read magn resi stive magneti c head having an
effective gap length of 350 nmw th theeﬁl itde speed between the nedi um
and the magnetic head set to 12 nmis 25 and t he flying spacing to 80 nm
The result is shown by solid lines 201 to 203 in Fig. 7. (Case 1) As an
exanpl e case, with theagggeption that an

2.0-

. | | | '
2.0 25 3.0 35 4.0
COERCIVITY (kilo aersted)

FIG.9

JITTER

I ¥

| I |
0 50 100 150 - 200
Br x t (gauss microns)



-743 “internediate |l ayer was fabricated as an single layer of O with the
thi ckness -of 3 nmto 25 nm a double-layer film nmediumwas fabricated under:
t he-same conditions as in the sixth enbodinent, and the read/wite
character- 5 istics were neasured under the sane conditions as the sixth
enbodi ment. The result is shown in dashed lines 204 to 206. As understood
fromFig. 7, the intermediate |ayer fd®/bbtlh the media is set to the

t hi ckness of 3 nm 10 or nore to reduce the nediumnoise. In spite of this,
t he use of the double-layer internediak @y rmaccording to the invention
is seen to be nore effective and reduca:t'al .mi um noi se- by 2 to 3 dB nore
t han when the nedi um of the exanple case is used. Also, the read-back
output 15 is higher than that for the single-layer nmedium and the

signal -to-noise ratio could be inproved by about 6 dB nore than with the
si ngl e-1 ayered nedi unREBADIBAGKouUt 4 dB|nore than wth_the medi umo he
exanpl e case. A sinilaQ@Tpest was—otraned HOW RASS BILIERConbf e b of

Hf and Cr was used instead of the Ta-Cr | of the
internmedi ate | ayer. . '

DIFFERENTIATOR |~—32
PULSE CONVERSION|
( 5 A CIRCUIT ~33
. J |
- FIG.11
25 4
20 -
r 15
i
E
) . 10..
5..
| 0 1 I I I 1 ' LI l .
0 0.2 04 0.6 0.8
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This Was al so the case when at |east one el ement was added as sel ected from
a group including Zr, No, Ti, V, M and Wfor the |ayer conposed of Ta, Hf
and/or Cr. 25 The sane can be said when CoPt, CoNi, CoFe, CoCr, CoMy, CoW
CoRe, CoNi Zr, CoCrPt or CoNi Cr was used instead of CoCrTa as a material of
the magnetic | ayer. When the magnetic !jﬁer Is formed of three - 44 -

| ayers in the manner sinmlar to the sif tnbodi ment, on the other hand,
the media noise is further reduced as conpared with the noise for the
doubl e-1 ayered magnetic layer. I't was confirned that this effect was

| nproved 5 when a doubl e-layered filmof Ta and C (or H and C) was used
as an internediate |ayer. [Enbodinent 7] A nagnetic recording system was
fabricated by incorporating four -boa:TElG 1!% | tilayered nmagnetic 10
recordi ng nmedi um of the sixth enbodi nent™"" n view and a sectional view
of this systemare shown in Figs.

XIEB
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I9A anhd 19B respectively. Thi's nagnetic recording system conprises a
magneti c recordi ng nmedium218, a drive section 219 for rotating the
reeordi-ng medium a 15 nagnetic head 220 with drive neans 221, and

read/ wite processing neans 222 for the magnetic head, as is well known. In
this magnetic recording system the nagn?tic'recording medi um was conposed
of a multilayered nagnetic recording fefiluln as in the sixth enbodi nent, and
a 20 dual -type magnetic head was used as the nmagnetic head by conbi ning an
inductive thin-filmwite nmagnetic head and a nmagnetoresi stive read-back
magneti ¢ head. According to the enbodi nent under considera- tion, the
signal -to-noise ratio (S/N) was inproEEEg$y1 25 dB or nore as conpared
with the conventionally well-known magnett ¢ recordi ng system confi gured of
a multilayered magnetic recording nediumin which the internediate | ayer of
the multilayered magnetic 1.- A magnetic recording systemconprising: a
magneti c recording nmediumincluding a plurality of : :

2R

28

| 67 67

61 68
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megnet fc | ayers stacked in a direction perpendicular to a surface of the
recordi ng nmedium and at | east an internedi ate | ayer each arranged between
adj acent magnetic layers; a drive section for driving said magnetic
recording nmediumin the recording direction; a nmagnetic head including .a
wite section and a read-back section; ns for driving said magnetic head .
into a notion relative to said nagnetisﬂficirding medi um and read/wite

si gnal processing neans for applying signals to the nagnetic head and
reproduci ng the out put signal fromsaid nagnetic head; wherein the

read- back section of said magnetic head includes a magnetoresistive
magneti ¢ head, and wherein each of thF:Fg$a1' t magnetic layers having the
i ntermedi ate | ayer therebetween has a 35y of crystal grains, a
projection of the crystal grains of each of the adjacent magnetic |ayers,
projected on the other of the adj |ayers in the direction

per pendi cul ar to the surfag the recordi ng nediu ver| appi ng crystal
grains of the other of e adj acent mmgnetic |ayers, sai rystal grains of

adj acent nmagnetic | ayefs whose projec ' erlap crystal 88
Z ——84
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‘gtain$ of the other of the adjacent magnetic |ayers having di fferent
crystal orientations than the overl apped crystal grains: 2. A magnetic
recording systemaccording to Claim1l, wherein said magnetic |ayers i ncl ude
Co-alloy crystal grains with the c-axis orlentatlon of the hexagonal cl osed
packed | attice thereof substantially g) 3 ‘to the nedium surface, said
magnetic |ayers further including Col y crystal grains existing in
over | apped positions in the direction perpendicular to the nmedium surface
and having the c-axis orientations thereof substantially orthogonal to each
ot her. 3. ‘A magnetic recording system.according to Caim 26, wherein said
magnetic | ayers include a first nagmgﬂkELijﬁr near to the substrate
surface and a second nagnetic | ayer dl'én " said first magnetic |ayer
through an intermedi ate | ayer, projections of respective crystal grains of
the first and second nmagnetic |ayers, projected in the direction
perpendicul ar to the surface_of the recording nedium gverl appi ng crystal

grains of the other of thel#l ;% 4d_—67 /////_/‘\67.
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s‘e/c,o:n__d, magnetic | ayers at overlapped positions, and wherein the ratio Nc/Na
--i'§.dt least 0.2, where Nc is the nunber of crystal grains of the second
““magnetic layer with the c-axis orientation thereof substantially orthogonal-
to the c-axis orientation of the crystal grains of the first nmagnetic |ayer
whose .proj ections overlap said crystil %r1a| ns in the overl apped positions,
and Na is the nunber of crystal. grai sl 1 dhe second magnetic |ayer with
the c-axis orientation t hereof substantially parallel to the c-axis
orientation of such crystal grains of the first magnetic |ayer whose
proj ections overlap said crystal grai iQ th ver | apped positions. 4. . A
magnetic recor.di ng system accordi ng t%rﬂ é&\herei n the average crystal
orientation of the magnetic crystal :grains constituting at |east one of the
magnetic layers is the direction perpendicular to the nmediumsurface is
different fromthe average crystal orientation of the magnetic crystal
grains constituting thgother—magnettctayers—mthe—dirrectrom
perpendi cul ar to the ngdi um surface. _ 218
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- 5. A magneti c recerdi-ng—systemaccording to CImRﬂHLAcﬂmy

recording ¢gippetkon. 6. A magnetic recording

nagnet or esi sti ve ludes two sHi & Bekayabs HE%E? §G '
magnetii.c - n&terjalnﬂ anﬁl ﬁ t&u ot her by tfeEﬁCﬁ%%@ge 0 4 pReegs,...

[€rr] and a nagnet G esi stive sensor for betWeeD:S#h 5} . erH’Téyerg?'f’?
and said magnetic recording=nediumis such thaggkﬂ&ﬁp& uc

- 0 Fbcaasic ot
between 10 [err] and 100 [err] inclusive, whefe S fl cknﬂss of§

the magnetic layers and Br is the residual mag nﬁ&l}%pfl ux densﬂﬂyﬂaﬂdﬁnd%e '
[ ' | RECE®PRg..L.0.C aim 1,

wherein said nagnetoresi stive nmagnetic head |ncludes a plurallty of
conducti ve magrieti c 3 asagretiwicrepiriing cysierredhpr i$Ph®t ance change with
rel ative change of the respective magnetization directions thereof under

t he i nf | uenc® RATReL k1 reeryding meed tun | breludiag o2 PHRER1ERE e8nducti ve
non- magneti c | ayer arranged bet ween sai d_ conductive magnetic | ayers. 7. A

magneti c Ry 3% SAPFE| Yy 2 LIERRELPR PRERPERHGUHREI &R Raving a
plurality of

<

urface of the recording medium and at least an intermediate
layer each arranged between adjacent magnetic layers;

a drive section for driving said magnetic recofding
medium in the recordiné direction;

a magnetic head including a write section and a read-back
section;

means for driving.said magnetic head into a motion
relative to said magnetic recording medium; and

read/write signal processing means for appiying signals
to the magnetic head and réproduciné the output signal from .
said magnetic head;

wherein the read-back section of said magnetic head
includes a magnetoresistive magnetic head, and

wherein each of the adjacent magnetic layers having the
intermediate layer therebetween has a plurality of crystal
grains, a projection of the cfystal grains of each of the
adjagent magnetic layers, projected on the other of the
adjacent ﬁagnetic layers in the direction perpendicular to the
surface of the recording medium, overlapping crystal grains of
the other of the adjacent magnetic layers, said crystal grains
- of adjacent magnétic layers whose projections overlap crystal

grains of the other of the adjacent magnetic layers having

This is the raplacement sheet
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magnetic | ayers and at |east one internediate | ayer arranged between

adj acent ones of said magnetic |ayers; a drive secton—for—driving said
nmagneti c recordlﬂghnedlun1|n t he recording dlrectlo

. havi ng & Ml"t‘e Seéction and a read- back ection; m lmml\mmfmunm
_nagnetjc ‘head into notion relative to &4id nagnetlc ﬁecordwng médi dm and
read/ wite signa

processi ng neans for applylng signals to said nmagnetic
head and reproducing the output signal fromsaid magnetic head; wherein the
read- backiseerent otfys@al srgeatheibaadthasl taes ovdMAHTISH Qﬁﬁysé4é./ﬁ

magneti c head, and the direction of the nmagnetic easy axes of the nagnetic
| ayers ograhasnagnetlc recording nmediumis located within the filmplane of
the magnetic layers, the directions of the magnetic easy axes of the
respective magnetic |ayers being not correlated with each other. 8. A
magneti c recording systemaccording to Claim?7, wherein said

magnet or esi st iRve n@gmagnaﬂugmraqqndyngsaxmiemnasqprég@qst@fC&asmfﬁ.-
nagnetlCdgggzzﬁ@séﬁgﬂgiégégﬁg€¥§¥;rs include Co-alloy crystal grains
with the c-axis orientation of the hexagonal closed packed
lattice thereof substantially parallel to the medium surface,
said magnetic layers further including Co~alloy crystal grains
existing in overlapped positions in the direction
perpendicular to thé medium surface and having the c-axis
orientations thereof substantially orthogonal to each other.
3. A magnetic recording system according to Claim.26,
wherein said magnetic layers include a first magnetic layer
near to the substrate surface and a second magnetic layer
formed on said first magnetic layer through an intermediate
layer, projections of respective crystal grains of the first
and second magnetic layers, projected in the direction
perpendicular to the surface of the recording medium,
overlapping crystal grains of the other of the first and
second magnetic layers at overlapped positions, and wherein
the ratio Nc/Na is at least 0.2, where Nc is the number of
crystal grains of the second magnetic layer with the c-axis
orientation thereof substantialiy orthogonal to the c-axis
orientation of the crystal grains of the first magnetic layer
whose projections overlap said crystal grains in the
overlapped positions, and Na is the number of-crystal grainé

of the second magnetic layer with the c-axis orientation

This is the replacement sheet
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. other by the distah&e of at nost 0.35 [err] and a nagﬁe%eLesL§LLME~§gg§or
formed between said two shield |ayers, and said nagng cor di ng medrum

nfan, u
ig such that the product Br x t is between 10 [err] ”M!ME w”mul‘
- i Acl¥si've, "“Where t is the total thicknﬁ s of the magnetl | "mgr is
A

the residual magnetic flux density alo the recording direction® 9*
mggneti c recordi ng systemaccording to Caim?7, wherein said

magnet Orﬁﬁéfé&/esm&:@aw%a{mwpsh@ Pher@lakysobreendHet bhe oFagnet i c

| ayer s undergoi ng a consi derabl e resi stance change with rel ative change of

the respash EryBegHetgZaind o ditiestf DSt thegret ionlayethenbskl uence of an
external magnetic field, and at | east one conductive non-magnetic |ayer

ar r angecpibrej eeeivssi overhapicda ik cmpsnedl cgraynssinl@heAoregilapped ecor di ng
system conprising: a magnetic recording nedium having a plurality of
magnet i cpoésieienand at | east one internediate | ayer arranged between

adj acent ones of said magnetic layers; a drive section for driving said
magneti c recording mediumin the recording direction,;

4, A magnetic recording system according to Claim 1,
wherein the average crystal orientation of the magnetic
crystal grains constituting at least one of the magnetic
layers is the direction perpendicular to the medium surface is
different from the average crystal orientation of the magnetic
crystal grains constituting the other magnetic layers in the

direction perpendicular to the medium surface.

5. A magnetic recording system according to Claim 1,
wherein said magnetoresistive magnetic head includes two
shield layers of a soft magnetic material spaced from each
~other by the distance of at most 0.35 um and a

- magnetoresistive sensor formed between said two shield layers,
and said magnetic recording medium is such that the product Br
X t is between 10 Geum and 100 Geum inclusive, where t is the
total tﬁickness of the magnetic layers and Br is the residual
magnetic flux_density along the recording direction.

6. A-magnetic recording system according to Claim 1,
wherein said magnetoresistive magnetic head includes a
plurality of conductive magnetic layers undergoing a
considerable resistance change with relative change of the

respective magnetization directions thereof under the
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a magneti c head incfuding a wite section and a read-back section; neans
for driving said magnetic head into notion relative-to—saidmagnetic

r eCok diing - nedi #hi?3And read/ wite signal processing lmﬂ”“lng
signals to said nagnetic head and repr ogtgci ng the out Hmm“mlu aid
magneti c head; wherein the read-back seftion of said nagnetile Head ificl udes
a magnet oresi stive magnetic head, and said internediate |ayer of said

magnetic recording nmediumis conposed of two_ kinds of |ayers, and one of
sai d two ¥htierge |of an ¢>stwa€$ Jragnetif Hielde apfoptoferstoonss
i ncluding at.least one el enent, se|lected from Zr M and W, 11. A

,.Nb, Ti, V,
magnet i ¢ ?%Rﬁﬁ?ﬁ+ﬁﬁé%%?ﬁﬁﬁ%ﬁﬁﬁﬁﬂi}&V?¥)%fﬁ?ﬂ?ﬁﬁ,bﬁﬁ@?&%nsgéﬁdqqﬂ4595%ﬁ%ﬂea

| ayer inclu a |l ayer forned on selected one of a Ta |l ayer and a Hf
| ayer. 12Taé§§%b%gi?%e¥§tording system according to Claim11l, wherein the

sum of thicknesses of the O |ayer and selected one of the Ta | ayer and the
Hf | ayer of said non-nagnetic

7. A magnetic recording system comprising:

a magnetic recording medium having a plurality of
magnetic layers and at least one intermediate layer arranged
between adjacent ones of said magnetic layers;

a drive section for driving said magnetic recording
medium in the recording direction;

a magnetié head having a write section and a read-back
section;

means for driving said magnetic head.into motion relative
to said magnetic recording medium; and

read/write signal processing means for applying signals
to s&id magnetic head and reproducing the output signal from .
said magnetic head;.

wherein the read-back section of said magnetic head
includes a magnetoresistive magnetic head, and the direction
of the magnetic easy axes of the magnetic layers of the
magnetic recqrding medium is located within the £film plane of
the magnetic layers, the directions of the magnetic easy axes

of the respective magnetic layers being not correlated with

each other.

8. A magnetic recording system according'to Claim 7,
wherein said magnetoresistive magnetic head includes two
shield layers of a soft magnetic material spaced from each
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“internediate layer is 2 to 20 nm 13: A magnetic recording system according
to C'aim 10, wherei:n said magnetic |ayers are conposed of -based al | oy.
-14< A magnetic recording system according to C aim 10, mhe%ﬁﬂn sai d

¢ st ti head i | ud 1 hield |
magnet or esi stive magnetic head iIncludes_two shie ayers Hc,ml"uu’"w”"’

magnetic materi al spaced from each othe5°by t he di stance o
[efr] and a magnetoresistive sensor formed between said two shield l'ayérs;’
and said magnetic recording nmediumis such that the product Br Xt is’
between 10 {err] and 100 [err] inclusive, where t is the total thickness of
t he magnether| dyetbheaddsBance blieatomalstr ©si3duam raghetic flux density
along the recording direction. 15. A magnetic recording systemaccording to
d ai m 10MagReteresistd vengensoreosmede N cHehdEhShidekd alayerality
of conductiyve gﬁgnetic l.ayers under goi ng a consi derahl e resi stance change

with rel 3 R AGENGE ichE eLosFdRs Meiihats AHFbFRAY dche PROLREE eBF

under the inf,l uence of an external. magnetic field, and at, | eas

conduct i ve M §Ee 10, FeHm, ANgh g &%%é??d%%%%ﬂdﬂ&??%eé £5°the

total thickness of the magnetic layers and Br is the residual

magnetic flux density along the recording direction.

9. A magnetic recording system according to Claim 7,
wherein said magnetqresiStive magnetic head includes a
plurality of conductive magnetic layers undergoing a _
considerable resistance change with rélative change of the
respective magnetizﬁtion directions thereof under the
influence of an external magnetic field, and at least one

conductive non-magnetic layer arranged between said conductive

magnetic layers.

10. A magnetic recording system comprising:

a magnetic recording medium having a plurality of
magnetic layers and at least one intermediate layer arranged
between adjacent ones of said magnetic layers;

a drive section for driving said magnetic recording
medium in the recording directibn;

a magnetic head including a write section and a read-back
section;

means for driving said magnetic head into motion relative

to said magnetic recording medium; and
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magnetic | ayers. 16. A magnetic recordi ng systemaccording to Caim 14,
wherein said nagnetoresi stive magnetic head includes a plurality of

_ cqnductiive hagiheti.¢,d ayers under goi ng a consi der abl ﬂmnﬂmruuﬂﬂuﬁn ge with
" rel.ative change of the respective nagm%'zalion dir flinder
the influence of an external magnetic f %ﬂd, and at fedst ‘on& cdndlctive

non- magnetic | ayer arranged between said conductive magnetic |layers. 17. A

2 SRSt S ST e P b LR

0 a sur ecordi ng
medi um arg @k ikeaRlgneRs d Hld R ke drivdic Al e dobebuees; 8hacepbyones
of said magnetic | ayers; wherel n each of the adjacent magnetic |ayers,

havi ng t baidl raRAftiNGddy er nedi ate | ayer therebetween, includes crysta
grains, projections of the crystal grains of the adjacent nagnetic |ayers,
projected in twieexbireciie n-alpedshk csketidn bhesaiaf asgnetithienacordi ng

medi um overl apping with crystal
includes a magnetoresistive magnetic head, and said
intermediate layer of said magnetic recording medium is
composed of two kinds of layers, and one of said two kinds of
layers is made of Ta, Hf or the alloy of Ta or Hf including at
least one element selected from 2r, Nb, Ti, V, Mo and W.
il1. A magnetic recording system according to Claim 10,
wherein said intermediate layer includes a Cr layer formed on

selected one of a Ta layer and a Hf layer.

12. A magnetic recording system according to Claim 11,
wherein the sum of thicknesses of the Cr layer and selected

one of the Ta layer and the Hf layer of said non-magnetic

intermediate layer is 2 to 20 nm.

13. A magnetic recording system according to Claim 10,

wherein said magnetic layers are composed of a Co-based alloy.
l4. A magnetic recording system according to Claim 10,
wherein said magnetoresistive magnetic head includes two
shield layers of a soft magnetic material spaced from each
other by the distance of at most 0.35 gm and a
magnetoresistive éensor formed between said two shield layers,

and said magnetic recording medium is such that the product Br
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grains of the other of the adjacent nagnetic |ayers at overl apped
posi t4.ons,..gnd. wherein the crystal grains of adjacenL’ﬁ&gﬁerfC”Tayérgﬂﬁhose

proj ections ®oVer'&p crystal grains of the other adjac m‘l\ﬁ‘ﬁr

*and the overl appéd-crystal grains, hav?’ di fferent cryémmmmu i . 18.

A magnetic recordi ng nmedi um accordi ng 3 Caim17, wh ' sai @ mégnétic
layers include Co-alloy crystal grains having the c-axis orientation of the

hexagonal cl osed packed lattice substantially parallel to the nmedi um

sur f ace,x s@i g MBIRRLd Y, f i ' -al | stak gLains
exi sti ngxi n fé)gverl appéergl ip%lsc?{‘?%nésﬁé ﬁ%egﬁ#g%m%]bg% bgﬁ%%l %r E'?ort?%e

nedi um stoEar ecrivk ieyd NG T4 Cnadnhet D& | BAY & ORsat Ber esf caubsbaati al |y
- orthogonal to each other. 19. " A magnet’i c recordi ng medi um according to

d ai m 17resbéuzl magnet DROHPLX CAéNyLtE alohdgdehae feestrdimgnatirecicdysy. near
to the substrate surface and a second nmagnetic |ayer formed on said first
magneti c | ayer through an internedi ate

15. A magnetic recording system according to Claim 10,
wherein said magnetoresistive magnetic head includes a
plurality of conductive magnetic layers undergoing a
considerable resistance change with relative change of the
respective magnetization directions thereof under the
influence of an external magnetic field, and at least one

conductive non-magnetic layer arranged between said conductive

magnetic layers.

16. A magnetic recording system according to Claim 14,
wherein said magnetoresistive magnetic head includes a -
plurality of conductive magnetic 1ayers-ﬁndergoing a
considerable resistance change with relative change of the
respective magnetization directions thereof under the
-influence of an external magnetic field, and at least one

conductive non-magnetic layer arranged between said conductive

magnetic layers.

17. A multilayered magnetic recording medium comprising
a2 plurality of magnetic layers stacked in a direction

perpendicular to a surface of the recording medium and at

least one intermediate'layer arranged between adjacent ones of

said magnetic lavers;
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Iayerh_and'mhéreVn the ratio Nc/Na is at |east 0.2, where Nc is the nunber
of crystal grains of said second magnetic |ayer mrrh‘the~e~ast~QLLpntat|on
theréepf: subsSt:aatiial ly orthogonal to the c-axis or t he crystal
grains of the first magnetic | ayer whqse proj ECt'm,Emﬂmm rystal
grains of the second magnetic |ayer i he over| apped pasi nd Na is
the number of crystal grains of the second magnetic l'ayer with the c-axis
orientation thereof substantially parallel to the c-axis orientation of

such crystal grains of said first nagnetic | ayer whose projections overlap
the crystal grains of the second magnetic layer in the overlapped

di
Phe LLSPde cPyerar Sgé'sﬁt oF| Bhe) A& AEdhk RaERatdeTd ay e vy (R e

I'rection perpéndi dular 10 the

medi um sy f the y gk fleRepefifldr, Uit fied @aS)stOE Of
t he nagn%% geFﬁ eP8€i & %9%%§Ef§% fhgﬁaverage crysfél orientation in

orai ns. cORELEar @%'3%% e et e e e B e T ayer od
”agnetiCm%%%%%ﬂkﬂ%é@%¥é¥“pro]ected in the direction perpendicular to
. the surface of the recording medium, overlapping with crystal

grains of the other of the adjacentlmagnetic layers at
overlapped'positions,'and wherein the crystal grains of
adjacent magnetic layers whose projections overlap crystal
grains of tﬁe other adjacent magnetic layer, and the '
overlapped crystal grains, have different crystal

orientations.

18. A magnetic recording medium according to Claim
17, wherein said magnetic layers include Co-alloy
crystal grains having the c-axis orientation of the
hexagonal closed packed lattice'substantially parallel
to the medium surface, said magnetic layers further
including Co-alloy crystal grains existing in overlapped
positions in the direction perpendicular to the medium

surface and having the c-axis orientations thereof

substantially orthogonal to each other.
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conprising a plurality of magnetic |layers and at | east one int I at e

" layer arranged between adjacent ones of said nagne%+t*f§7§T§T—§LnEgnetic
re¢ordi ng-medium wherein the direction of the ' mg\‘ “i\ﬁ?of sai d

-megnetic layers is located within the fgd m pl angag u“‘“ e | ayers,
and the directions of the magnetic easy axes of sawd fespective nmagnetic

| ayers being not correlated with each other. 22. In a nultilayered nmagnetic

recordi ng medi um conprising a plurality of magnetic |layers and at | east one
i nternmedi ate | ayer arranged between adjacent ones of said magnetic |ayers,

a magnetic regordi AJmEBALE I Wl nYfinfed itine 4@k ad end ayerclgigorposed of
two kinds of layers, and one of said two kinds of |ayers is made of Ta, Hf

or the aWheyedh Saidr mdgnetdlcudiayersd ipfidideone Sirsentagréeitelafesm Zr,
Nb, Ti, V, Mo and W and the other of said two kinds of |layers is nade of

C or thaeakl ¢p dheCsubstiratienguifdansndne s¢comdtnsghetiedlayem Zr, Nb,

v N%oi;i&wgn said first magnetic layer through an intermediate
layer, and wherein the ratio Nc/Na is at least 0.2, where Nc
is the number of crystal grains of said second magnetic layer
with the c~axis orientation thereof substantially orthogonal
to the c-axis orientation of the crystal grains of the first
magnetic layer whose projections overlap the crystal grains of
the second magnetic layer in the overlapped positions, and-Na
is the number of crystal grains of the second magnetic layer
with the c-axis orientation thereof substantially parallel to
the c-axis orientation of such crystal grains of said first

magnetic layer whose projections overlap the crystal graihs of

the second magnetic layer in the overlapped positions.

20. A magnetic recérding medium accdrdinq to Claim 17,
wherein the average crystal orientation in the direction
pPerpendicular to the medium surface of the magnetic crystal
grains constituting at least one of the magnetic layers is
diffeﬁent from the average crystal orientation in the
direction perpendicular to the medium surface of the magnetic

crystal grains constituting the other magnetic layers.
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- 23. A magnetic recording medi um accordi-ng to daim22, wherein said
Internediate layer is such that a O layer is forned on selected one of a
- Ta tayer -and a Hf layer. 24. A magnetic recording system accordimg to—€t-ai m

23, “wher €i"n”s4i+d=i nt er medi ate | ayer is such that the smmn ' of -
the C layer and sel ected one of the Ta91 ayer and the ﬂmmmmmrm
nm 25. A magnetic recording medium according to Caim%22° wher®&inssaid
magnetic | ayers are conposed of a Co-based alloy. 26. A nagnetic recording
system according to Claim1, wherein the crystal grains of the adjacent
magnetic | ayers, whose projections in the direction perpendicular to the
surface of the recording nediumoverlap crystal grains in the other of the

adj acent magngyi.c hAYS! huikdshydeefOnabhaY el ekl aliy Ra Gl al |0y crystal

grains of one of e adj acent gnetic”layers having c-axls orientation

of the hesageialing asgdupadktiabll adghlerieoha aHd ald ndud@ldgd to the
surface of the recording nmedium and'the Co-alloy crystal grains of the .

ot her of interadidierr 1AB@ICIrEanyed DetWeRye ARt Wited aspegdiqel y
overlap with Co-alloy crystal grains of said one of the adjacent magnetic
| ayer s wimaginehtawe ltdy@re, axi s orientation substantially parallel to the

recordi ng
a magnetic recording medium, wherein the direction of the
magnetic easy axis of said magnetic layers is located within
the film plane of said magnetic layers, and the directions of

the magnetic easy axes of said respective magnetic layers

being not correlated with each other.

22. 1In a multilayered magnetic recording medium
comprising a plurality of magnetic layers and at least one
intermediate layer arranged between adjacent ones of said
magnetic layers,

a magnetic recording medium, wherein said intermediate
layer is composed of two kinds of layers, and one of said.two
kinds of layers is made of Ta, Hf or the alloy of Ta §r HE

. including at least one element selected from Zr, Nb, Ti, Vv, Mo

and W, and the other of said two kinds of layers is made of Cr

or the alloy of Cr including at least one element selected

from Zr, Nb, Ti, V, Mo and W.
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medi um surface, have a c-axis orientation of the hexagonal closed pack

| attice thereof substantially orthogonal to the surface of the recording
medi um . 27.- A magnetic recordi ng nmedi um according to Claim 17, wherein the
~crystal grains of ‘the adjacent mmgnetigdayers, whosel' ﬂ’umj u imw)he
direction perpendicular to the surface gf the recordi LELoy I
crystal grains in the other of the adjacent magnetic |ayers, include
Co-alloy crystal grains, Co-alloy crystal grains of one of the adjacent
magnetic | ayers having a c-axis orientation of the hexagonal closed pack

| attice thereof substantially parallel to the surface of the recording

medi um and ta®. CoaanagietiySitatogaahgsmeliitic aehericly e aadiacend,
magnetic |ayers, whose projections respectively overlap with co-alloy
crystal ¥heresnofaidi dnteemeliithe adyagecds maghetthat ayens Vdyedh ifwve the
Cc- axis orientation substantially parallel to the recording medi um surface,
have a cfaxmedophesedectrdobnehefhexdgoialyexr aswldd spdtk layerce t her eof
substantially orthogonal to the surface of the recordi ng nmedi um

24. A magnetic recording system according to Claim 23,

wherein said intermediate layer is such that the sum of

thicknesses of the Cr layer and selected one of the Ta layer

and the Hf layer is 2 to 20 nm.

25. A magnetic recording medium according teo Claim 22,

wherein said magnetic layers are composed of a Co-based alloy.

26. A magnetic.recording system according to Claim 1,
wherein the crystal grains of the adjacent magnetic layers,
whose projections in the direction perpendicular to the
surface of the recording medium overlap crystal grains in the
other of the adjacent magnetic layers, include Co-alloy
crystal grains, Co-alloy crystal grains of one of the adjacent
magnetic layers having a c-axis orientation of the héxagonal
closed pack lattice thereof substantially parallel to the
surfabe of the recording medium, and the Co-alloy crystal
grains of the other of the adjacent magnetic layers, whose

* Projections respectively overlap with Co-alloy crystal grains
of said one of the adjacent magnetic layers which have the c-°

axis orientation substantially parallel to the recording
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medium surface, have a c-axis orientation of the hexagonal
closed'pack lattice thereof substantially orthogonal to the

surface of the recording medium.

27. A magnetic recording medium according to Claim 17,

wherein the crystal grains of the adjacent magnetic layers,
whose projections in the direétion perpendicular to the
surface of the recording medium.oﬁerlap crystal grains in the
other of the adjacent magnetic layers, include Co-alloy
crystal grains, Co-dlloy crystal grains of one of the adjacent
magnetic layers having a c-axis orientation of the hexagonal
closed pack lattice thereof substantially parallel to the
surface of the recording medium, and the Co-alloy crystal
grains of the other of the adjacent magnetic layers, whose
projections respecﬁively overiap with Co-alloy crystal grains
of said one of the adjacent magnetic layers which have the c-~
axis orientation substantially parallel to the recording
-medium surface, have a c~axis orientation of the hexagonal

closed pack lattice thereof substantially orthogonal to the

surface of the recording medium.

This is the replacement shest

Date: 4'7'AUGlg§‘



rt

R A T T I
Al

- 58 -
MAGNETIC RECORDING MEDIUM AND MAGNETIC
RECORDING SYSTEM USING THE SAME

ABSTRACT OF THE DISCLOSURE

A magnetic recording system includes an
intermediate layer arranged between adjacent ones of a
plurality of magnetic layers constituting a magnetic
recording medium, the magnetic recording medium driven
by a drive segtion in,the recording direction, and a
magnetic head including a write section and a read-back
section.set in relative motion with respect to the

magnetic recording medium. Signals are applied to the

magnetic head and the output signals from the magnetic
head are read back by a read/write signal processing
device. The read-back section of the magnetic head

includes a magnetoresistive magnetic head. The magnetic

layers of the magnetic recording medium include crystal
grains having different crystal orientations and
existing in overlapped positions in the direction
perpendicular to the medium surface. High-density
information read/write operation thus is made possible

with an improved reliability.
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