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BACKGROUND OF THE INVENTION

The present invention relates to magnetic
storage apparatus and longitudinal magnetic recording
media and more particularly, to a longitudinal magnetic
recording medium which is low in media noise and is less
susceptible to thermal fluctuation as well as to a
magnetic storage apparatus which has a recording density
as high as, e.g., 3 giga~-bits or more per inch?.

As computers having higher performances are

developed, the quantity of information to be treated such

This also has
required a larger capacity of a magnetic disk device as
an external storage device. At present, a recording
density of several hundreds of mega-bytes per inch? is
realized. As a magnetic head for such a high-density
magnetic disk device, there has been recently employed an
inductive/magneto-resistive composite head which is
separated into recording and reproducing parts so that an
inductive head is used as the recording part and a
magneto-resistive (MR) head is used as the reproducing
part. The magneto-resistive head is higher in repro-
ducing sensitivity than the prior art inductive head, so
that, even when the size of recorded bits is much reduced

and leakage flux is decreased from the medium, a suf-

ficient reprdducing or read output can be obtained.
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magnetic storage apparatus which has a recording density as high
as, e.g., 3 giga-bits or nore per inch[err]. As
conmput ers havi ng hi gher performances are - 10 devel oped,  the quantity
of information to be treated such -ag image data has been steadily
I ncreased. This al so has required a |arger capacity of a

megnetic di sk dewi(&1RS, there had'beuil YA 1oH WSHHUIFL vl L& ETnt 2
recordi ng ensity of several hundreds of nega-bytes per inch[err]

I's - 15 realjgfifbto-AesA SEERE Hcad Rt iy Susiti i akheddansitepro-
magneti c di sk device, there has been recently enployed an
i nduct i ve/ magnet ehicidics tdans iatipiastt e head which is
A longitudinal magnetic recording medium now
5 commercially availaSle is made up of a magnetic layer of
a Co alloy such as CoNiCr, CoCrTa or CoCrPt and a Cr
underlayer for control of crystallographic orientation of
the magnetic layer. Since the Co alloy magnetic layer
has a hexagonal close-packed (hcp) structure having a c¢
10 axis as an axis of easy magnetization, when the magnetic
layer is used for a longitudinal magnetic recording
medium, it is desirable to align the c axis to be in-
plane. To this end, a technique has been employed such
that a Cr underlayer having a body-centered cubic (bcc)
15 structure is first formed on a substrate, and a Co alloy
magnetic layer is epitaxially grown on the Cr underlayer
so that the ¢ axis is oriented to be in-plane. When
CoCrPt alloy is employed for the magnetic layer, a
technique has been proposed in which Ti or V is added to
20 a Cr underlayer to increase a lattice spacing and to
improve a lattice matching between the underlayer and
magnetic layer, ;hus orienting the ¢ axis more closely to
be in-plane (refer to JP-A-63-197018, laid open on August
15, 1988 and JP-A-62-257618 laid open on November 10,
25 1987).
When a MR head is used as a reproducing head,
not only a signal but also noise from the longitudinal

recording magnetic medium would be picked up with high
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separagéd I nto recording and reproducing parts so that an

I nductive head is used as the recording part and a 20

magnet o-resistive (MR) head is used as the reproducing part. The
nmagnet o-resi stive head is higher in repro- _ 5 _ ducing sensitivity
than the prior art inductive head, so that, even when the size
of recorded bits s'e%s’I‘tfil%l“t?{j,U%} which reas¥id ﬂl@ﬁ%ﬁfg iftidinad GRgrRASRd
fromthe nmedium a suf- ficient reproducing or read output can be
obt ai ned.
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recording medlum is required to be lower in noise than
the prior art. The media noise results mainly from a
region (magnetization transition region) in which
magnetization is disturbed between recording bits. Thus
narrowing the region leads to reduction in the media
noise. As is well known, this is effectively achieved by
making fine magnetic crystal grains or magnetic grains of
the magnetié layer and weakening interaction betwéen the
particles to thereby make magnetization reversal size
small. As has been mentioned above, since ah epitaxial
relationship is established between the magnetic layer
and underlayer, magnetic grains can be made fine by
making fine pérticles of the underlayer. Methods for
making the underlayer particles fine are considered to
include a method for making the thickness of the
underlayer small and a method for adding doping elements
to the underlayer.

These methods, however, have problems that it
is difficult to keep desired crystallographic orientation
and to form a film having an excellent crystalline
structure, and further it is hard to establish a good
epitaxial relationship between the underlayer and the
magnetic layer. There occurs another problem of thermal-
ly unstable magnetization inﬁolved by excessive fine
magnetic grains, which results in that a recorded signal
decreases with time. An important factor of fabricating

a microstructure desirable for high-density recording is
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-25 . Further, there has been devel oped a spin-val ve type giant

magnet o-resi sti ve head having a nuch increased repro- duci ng.
sensitivity. A | ongi tudi nal magnetic recordi ng nmediumnow 5
commercially available is nade up of a nagnetjc_|ayer of a Co alloy
such as CoNi Cr, CoCrTa or CoCrPt and a Cr under| ayer for control of
crystal | ographi cter mgRbakige phrticlekh@ndBaneb ¢ol auke ddispesstiban F al | oy
magnetic | ayer " has a hexagonal cl ose-packed (hcp) structure having a c

10 axis as an axpareficeasyizegnemaiat ionthefebyt bappreset formation of
particles which are too fine to be immune to the

influence of thermal fluctuation.

5 ~SUMMARY OF THE INVENTION

It is an objeét of the present invention to
provide a magnetic storage apparatus which is high in
recording density and reliability and also to provide a
longitudinal magnetic recording medium for use in.the

10 magnetic storage apparatus, which medium is low in media
noise and less susceptible to thermal fluctuation.

According to one aspect of the present inven-
tion, a longitudinal magnetic recording medium has a
multi-layered underlayer and a magnetic layer formed

15 thereon, wherein the multi-layered underlayer includes a
first layer substantially having a body-centered cubic
(bcc) structure, a second layer substantially having a
hexagonal-closed pack (hcp) structure formed on the first
layer, and a third layer substantially having a bcc

20 structure formed on the second layer.

According to another aspect of the present
invention, a longitudinal recording magnetic storage
apparatus has a magnetic recording disk, a magnetic head
associated with the disk, a signal processing circuit

25 connected with the magnetic head, a first driver for
rotating the disk and a second driver for actuating the

magnetic head for recording/reproducing a signal on the
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| ayer Ls used for a |ongitudinal nmagnetic recording: medium it is
desirable to align the ¢ axis to be in- pl ane. To this end, a

t echni que has been enpl oyed such that a C underl ayer having a
body-centered cubic (bcc) 15 structure is figst formed on a substrate, and
a Co all oy

so that the c axigydys, Q<R dHe %dd’t’d&rﬁ%‘iiléﬂ‘%mprls@q Rupdioy is

enpl oyed for the nagnetlc | ayer,

whi ch Ti
and to

or

Vis

magnetic layer is epitaxially grown on the Cr underlayer

ni que has been proposed in _
lagarbd and¥ylayer WiErd aeindtid MRS ef crmiat tersRaci Ny

I nprove a lattice matchi ng between the underl ayer and
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the multi-layered underlayer including a first layer
substantially héving a body-centered cubic (bcc) struc-
ture, a second layer substantially having a hexagonal-
closed pack (hcp) structure formed on the first layer,
and a third layer substantially having a bcc structure
formed on the second layer.

Thus, the multi-layered underlayer includes at
least one bcc—hcp layer pair having a bcc structure layer
and a hcp structure layer formed on the bcc structure
layer. The hép'structure layer in the bcc~hcp layer pair
is preferably non-magnetic, but may be magnetic to such
an extent that the hcp structure should not exert an ill
effect on magnetization of the magnetic layer.

Each of the bcc structure layers is preferably
(100)~-oriented, while each of the hcp structure layers is
preferably (11.0)-oriented.

Description will now be made of knowledge
obtained by inventors of the present application through

their experiments and researches, on which the present

invention is based.

25

The inventors prepared a longitudinal magnetic
recording medium by forming a magnetic layer on a multi-
layered underlayer of a 3-layer structure in which a
layer substantiélly having an hcp structure is sandwiched
by layers substantially having a bcc structure on a

substrate.
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magneti.c | ayer, thus orienting the ¢ axis nore closely to be in-pl ane

(refer to JP-A-63-197018, |aid open on August 15, 1988 and

JP- A- 62- 257618 | ai d open on Novenber 10, 25 1987). When a
MR head is used as a reproduci ng head, -ngt _only a signal but also
noi se fromthe | ongitudinal recordi ng nagnetic medi um woul d be picked
up wi th high More specifically, a lorngitudif€DShddvétye for

whi ch reason the | ongitudi nal nagnetic
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recording medium, as shown in Fig. 1, is made up of a
multi-layered underlayer 12, a magnetic layer 13 and a
protective layer 14 sequentially formed on a substrate
11, é.g., by a sputtering process. The multi-layered
underlayer 12, as shown in Fig. 2, has a 341ayer struc-
ture in which a layer (which will be referred to merely
as the hcp layer, hereinafter) 22 having a hexagonal
close-packed-(hcp) structure is sandwiched by a layer
(which will be referred to merely as the bcc layer,
hereinafter) 21 having a body-centered cubic (bcc)
structure and another bcc layer 23.

| It has been experimentally found, when there is
employed such a multi-layered underlayer that is made of
the bcc layer 21 (100)-oriented, the hcp layer 22 (11.0)-
oriented on the bcc layer 21, and the bcc layer 23 (100)-
oriented on the hcp layer 22 by an epitaxial growth
process, the particle size of the magnetic layer can be
made fine. This is considered to result from the fact

that, as reported in J. Appl. Phys., Vol. 73, (10), 15

‘May, 1993, the magnetic layer has a so-called bi-crystal

structure in which a plurality of hcp particles (11.0)-
oriented are grown on a single bcc particle so that their
c axes are perpendicular to each other. That'is, reduc-
tion of the crystal grain size takes place at an inter-
face between the bcc and hep layers 21 and 22 and also
takes place at an interface between the bcc layer 23 and

magnetic layer 13.
_—
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regordth mediumis required to be lower in noise than the prior art.

The nmedia noise results mainly froma regi on (magnetization transition
region) in which 5 nagnetization is disturbed between recording bits. Thus
narrowi ng the region |leads to reduction in the pedia noi se. As is well
known, this is effectively achi eved by maki ng fine magnetic crystal

grains or magnetic grains Ghurther ) Nés Bwsted | in | BY@I RNANERKSN Additional
i nteraction between the 10 particles to thereby nmake nagneti zation

reversal size  hcpliyer /5l hbs featedeon | thetbeadolaeyesi 28 cadintledi hakt b
rel ationship is established between the magnetic |ayer

layered underlayer 12 so that the magnetic layer 13 is
formed on the hcp layer 31, reduction of the crystal

5 grain size also takes place at an interface between the
bcec layer 23 and hcp layer 31. It is generally
considered that the larger the size of the becc grains is,
‘the more easily the grains tend to have a bi-crystal
structure, though it also depends on the used film

10 forming process. For this reason, a relatively large
grain is divided into finer grains, but it is hard for an
originally fine grain to be further divided into exces-
sively fine grains, so that the dispersion of the grain
size can be suppressed. Further, since the hcp layer 31

15 has the same hcp crystalline structure as the magnetic
layer 13, the hcp layer 31 also can act to improve the
crystalline structure in the initial growth part of the
magnetic layer; This enables reduction of deterioration
of magnetic properties (such as coercivity, coercivity

20 squareness, etc.) involved by the formation of the thin
magnetic layer.

With respect to the material of the multi-
layered underlayer, in accordance with the lattice
constant of the magnetic layer, the bcc layer is

25 preferably made of one selected from the group consisting
6f Cr and chromium alloys such as Cr-Ti alloy, Cr-V
alloy, Cr-Mo alloy and Cr-Ta alloy. The hcp layer is

preferably made of one selected from the group consisting
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and under| ayer, magnetic grains can be nade fine by maki ng fine
particles of the underlayer. Methods for 15 nmking the underlayer
particles fine are considered to i nclude a nmethod for making the
t hi ckness of the under | ayer small and a gethod for addi-ng doping
el enent s to the underl ayer. These net hods, however,

have problens thef Cocr2@l1®yd fshichulals ico-lcaepidesy,r %-nyataalalqgfya,pmd:-
orientation and to forma filmhaving an excellent crystalline

structure, and f Cri-Per altloys anal Co-CreditaiTa @il laygood epi t axi al
rel ati onship between the underlayer and the
It is preferable that the thicknesses of the
respective layers of the multi-layered underlayer be 50nm
5 or less in order to prevent increase in the grain size.

' The hcp layer of the multi-layered underlayer
is desirably substantially non-magnetic. However, even
when the hcp layer has weak magnetization, its influence
exerted on magnetic properties of the magnetic layer can

10 be suppressed by making the hcp layer thin. For example,
when the underlayer has such a 3-layer structure as shown
in Fig. 2, reduction in the coercivity of the medium can
be prevented by setting a product (Brl x tl) of é thick-
ness tl and a residual magnetic flux density Brl of the |

15 hcp layer 22 to be not larger than 20% of a product (Br2
x t2) of a thickness t2 and a residual magnetic flux
density Br2 of the magnetic layer 13, as shown in Fig. 4.

It is preferable that the hcp layer of the
multi-layered underlayer is set to have a Cr concentra—.

20 tion not smaller than 30 at% and not larger than 40 at%
in order to weaken the magnetization of the hcp layer and
obtain a good crystalline structure.

Meanwhile, the magnetic layer is required to be
made of a material having a large crystal magnetic

25 anisotropy in order to suppress the influence of thermal
fluctuation involved by the formation of fine grains.

More in detail, it is preferable that the magnetic layer

contains Co, Cr and Pt as main elements and its Pt
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n@gnetfc | ayer. There occurs another problemof thermal- 25 |y unstable

magneti zation i nvol ved by excessive fine magneti c grains, which
results in that -a recorded signal decreases with tinme. An inportant
factor of fabricating a mcrostructure desirable for high-density
recording is -4- to make fine

particles and al gententiekeihsper $008t8f or more.

The substrate should have an excellent surface
smoothness. More specifically, an Al-Mg substrate having
an NiP layer formed thereon, a glass substrate, an SiO2

5 substrate, an SiC substrate, a carbon substrate or the

like can be used as the substrate.

BRIEF DESCRI?TION OF THE DRAWINGS
Fig. 1 is a cross-sectional view of a layer
structure of a longitudinal recording magnetic medium in
10 accordance with an embodiment of the present invention;
| Fig. 2 is a cross-sectional view of a layer
structure of a multi-layered underlayer in an embodiment
of the present invention;

Fig. 3 is a cross-sectional view of a layer

15 structure of another exemplary multi-layered underlayer
in an embodiment of the present invéntion;

Fig. 4 is a graph showing a relationship
between a ratio of (Brl x tl)/(Br2 x t2) and normalized
coercive force;

20 Fig. 5 is a X-ray diffraction pattern.of the
longitudinal recording magnetic medium of embodiment 1;
| Fig. 6 is a graph showing a relationship of a
thickness of a magnetic layer and a coercivity of
longitudinal magnetic recording media;
25 - Figs. 7a and 7b are a plan view of a magnetic
storage apparatus in accordance with an embodiment of the

present invention and a cross-sectional view taken along

—
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.quticfe'sizes smal|l to thereby suppress formation of particles which

are too fine to be imMmune to the I nfluence of thermal fluctuation.

5 SUWARY OF THE | NVENTI ON It is an object of the present
i nvention to provide a magnetic storagejgpparatus which is high in
recording density and reliability and also to provide a | ongi t udi nal
magneti c recordi pin8edivBL{etBUERet8ihNeredPectBgatyCc St orage apparatus,
which nmediumis low in nedia noi se and | ess susceptible to thermal
fluctuation. Fig. 8 is a perspective view of a sectional

structure.of a magnetic head of a magnetic storage
apparatus according to an embodiment of the present
5 invention;

Fig. 9 is a vertical cross-sectional view of a
magneto-resistive sensor of a magnetic head usable in the
~magnetic storage apparatus shown in Fig. 8; and

| Fig. 10 is a cross-sectional view of a spin-
10 valve type magneto-resistive sensor of a magnetic head

usable in the magnetic storage apparatus shown in Fig. 8.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will be detailed in

connection with preferred embodiments which follow.
15 Embodiment 1:

An Al-Mg substrate 11 having an outer diameter
of 65mm, an inner diameter of 20mm and a thickness.of
0.4mm and further having an NiP layer formed on a surface
of the substrate, was subjected to a DC magnetron sput-

20 tering process to seqﬁentially form thereon a multi-
layered underlayer 12, a magnetic layer 13 and protective
layer 14 to thereby obtain a longitudinal magnetic
fecording medium, as shown in Fig. 1. More in detail,
the multi-layered underlayer 12 was made up of a 10nm-

25 thick Cr 1ayér (bcc layer) 21, a 10nm-thick CoCr alloy
layer (hcp layer) 22 and a 10nm-thick CrTi alloy layer

(bcc layer) 23, as shown in Fig. 2. The magnetic layer
__/. .
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Acﬁordth to one aspect of the present inven- tion, a |ongitudinal

magneti c recordi ng nmedium has a mul ti-layered underl ayer and. a
magnetic |ayer fornmed 15 thereon, wherein the nulti-Ilayered underl ayer
i ncl udes a first layer substantially hayijng a body-centered cubic

(bcc) structure, a second | ayer substantially having a

hexagonal - cl osed jpaghk FigR) 1S kialdC UNS B¢ xR ot id19oy laydr@MRivimd a
third | ayer substantially having a bcc 20 structure formed on the second

| ayer. an hcpAetduditigd,0 abdothey proRReitifle /gl QSERias a
I nvention, a |ongitudinal recording magnetic storage _
carbon layer. The above film formation was carried out
under conditions that Argon gas partial pressure is |
5 GmTorr, an input power is 1kW and a substrate temperature
is 300°C.

The_respective layers of the recording medium
in accordance with the present embodiment were evaluated
with respect to their crystallographic orientation by an

10 X-ray diffraction analysis, which results are shown in
Fig. 5. It has been found that the bcc Cr layer 21 is
(100)-oriented, the hcp CoCr alloy layer 22 grown on the
layer 21 is (1l1.0)-oriented, the bcc CrTi alloy layer 23
grown on the layer 22 is (100)-oriented, and the hcp |

15 - CoCrPt magnetic layer 14 grown on the 1ayer-23 is (11.0)-
oriented. | |

When the Cr concentration in the CoCr alloy
layer 22 in the underlayer is varied in a range from 25
at% to 45 at%, it has been found that the CoCr alloy

20 layer 22 is magnetized as weakly as about 150 emu/cc at a
Cr concentration of 25 at%. 1In general, when the CoCr

. alloy is a bulk, the alloy becomes non-magnetic at a Cr
concentration of about 25 at% or more.  However, when the
film forming temperature is increased to about 300°C to

25 form a CoCr alloy thin film, the alloy film becomes
magnetized. This is considered to be because the alloy

.iS-separated into a phase (ferrbmagnetic) with low Cr

concentration and a phase (non-magnetic) with high Cr -
R ——
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agparafus has a magnetic recording disk, a nmagnetic head ' associ at ed
with the disk, a signal processing circuit 25 connected with the magnetic

head, a first driver for rotating the disk and a second driver for
actuating the magnetic head for recordi g/ Leproducing a signal on the
- 5- di sk, wherein the recording disk conprises a nulti- | ayer ed

underlayer and acoageatiatliener fer k¢ bhebe®een found that, when the Cr
concentration is set at 45 at% or more, the crystal
"structure of the CoCr alloy layer cannot have an hcp
single phase and thus cannot satisfy an epitaxial
5 relationship with the upper and lower layers.

As a result of evalﬁating read/write charac-
teristics of the recording medium accofding to the
present embodiment, good read/write characteristics were
obtained, in particular, when the Cr concentration is not

10 smaller than 30 at% and not larger than 40 at%. Wwhen
reading and writing operations wére carried out by use of
a magneto-resistive head with a linear recording density
of 260kFCI and with a longitudinal magnetic recording
medium having the CoCr alloy layer with 35 at$ of Cr

15 concentration, the medium had a signal-to-noise ratio of

~1.8. 1In the case of a longitudinal magnetic recording

medium using the CoCr alloy layer having a Cr concentra-
tion less than 30 at% or higher than 40 at%, a product
(Br x t) ﬁith the residual magnetic flux density Br

20 becomes large or the crystallographic orientation of the
magnetic layer will be insufficient, so that the medium
had a low signal-to-noise ratio of 1.3 or less.

It has been obvious from the above examinations
that, in order to suppress the magnetization of the

25 ' underlayer which affects magnetic properties of the
magnetic layei and also to realize good epitaxial growth,
the Cr concentration of the CoCr alloy layer is required

to be set at a level not smaller than 30 at% and not
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t he nulli-layered under | ayer including a first |ayer substantial ly
havi ng a body-centered cubic (bcc) struc- 5 ture, a second | ayer

substantially having a hexagonal - ~ closed pack (hcp) structure fornmed
on the first |ayer, and a third layer _sykstantially having a bcc
structure formed on the second | ayer. Thus, the

mul ti-Ilayered unda&b@ye&hhﬂcu@dgigqt 10 | east one bcc-hcp layer pair
having a bcc structure |ayer and a hcp structure layer fornmed on the

bcc structure

EmbbdimentTi?2e hcp structure layer in the bcc-hcp layer pair

Is preferably non-magnetic, but may be magnetic to such

10

15

20

25

An Al-Mg substrate 11 having an outer diameter
of 65mm, an inner diameter of 20mm and a thickness of -
0.4mm and further having an NiP layer formed on a surface
of the substrate, was subjected to a DC magnetron sput-
tering process to sequentially form thereon a multi-
layered underlayer 12, a magnetic_layer 13 and protective
layer 14 to thereby obtain a longitudinal recording
magnetic medium, as shown in Fig. 1. More in detail, the
multi-layered underlayer 12 was made up of a 10nm-thick
Cr layer (bcc layer) 21, a 10Onm-thick CoCr alloy layer
(hcp layer) 22, a 1lOnm-thick CrTi alloy layer (bcc layer)
23 and a 10mm-thick CoCr alloy layer (hcp layer) 31, as
shown in Eig. 2. The magnetic layer 13 in Fig. 1 was a
15nm~thick CoCrPt alloy layer'having an hcp stiucture,
and the protective layer 14 was a carbon layer. The
above film formation conditions were the same as in the
embodiment 1.

Fig. 6 shows a relationship between the
thickness of the magnetic layer in the recording medium
of the present embodiment and coercivity Hc measured with
a magnetic field applied in a relative running direction
of a magnetic head to the.medium in a write mode,
together with measurement results of the longitudinal
magnetic recording medium of the embodiment 1. In the
case of the longitudinal magnetic recording medium of

embodiment 2, it is seen that, when the thickness of the
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an-extent that the hcp structure should not exert an ill 15 effect on

magneti zati on of the nagnetic |ayer. Each of the bcc
structure layers is preferably (100)-oriented, while each of the hcp
structure layers is preferably (11.0);prheated.

Description will now be nade of know edge obt ai ned by inventors of the
present applicat pggnkRieUdByer ist blde %ﬁ@qql”&@H%c%ﬁ@nr§§?%m@h%%efﬁrﬂ$'Ch
the present i nvention is based he inventors prepared

a | ongi ItU_oll nal nEgEekl Gs smalleEOrtiang thad of knhd qrdﬂga&xﬂlﬁﬁgna{agmdnaster
on & mitl- recording medium of embodiment 1. This is considered to
be because the uppermost layer of the multi-layered
5 underlayer has the same hcp structure as the magnetic
layer, thus improving the crystalline structure of the
initial growth part of the magnetic layer. 1In this way,
it has become clear that, when it is desired to make the
magnetic layer thin, it is effective for the uppermost -
10 layer of the multi-layered underlayer to have an hcp
structure. It has also been found that, when a Pt
concentration of the magnetic layer 13 is high, a similar
result can be obtained by adding Pt, Ta or the like to
the CoCr alloy layer 31 in the multi-layered underlayer
15 to improve a lattice matching between the magnetic layer
and underlayer.
Embodiment 3:
A plan view of a magnetic storage apparatus in
accordance with an embodiment of the present invention as
20 well as a vertical cross-sectional view of the apparatus
are shown in Figs. 7a and 7b. More in detail, Fig. 7b is
a cross-sectional view taken along line VIIB-VIIB in Fig.
7a. The magnetic storage apparatus includes a longitu-
dinal magnetic recording medium 71, a driver 72 for
25 rotation-driving the medium, a magnetic head 73, a driver
74 for driving the magnetic heéd, and a read/write signal

processing circuit 75.

Shown in Fig. 8 is a structure of the magnetic



25° Iayered under| ayer of a 3-layer structure in which a | ayer

substantial ly having an hcp structure i s sandw ched by | ayers
substantially having a bcc structure on a substrat e.
- 6- More specifically, a |ongi gudlnal magneti c

recording medium as shown in Fig. 1, is nade up of a
head used in the magnetic storage apparatus. This

magnetic head is of a composite type which is a combina-
tion of a reading inductive head formed on a magnetic
head slider base 87 and a reproducing magneto-resistive

5 head. The recording inductive head section is of a thin
film type.ﬁhich has a pair of recording magnetic poles 81
and 82 and a coil 83 intersected therewith. A layer gap
between the recording magnetic poles was set to be 0.3um.
The magnetic pole 82 also functions as a magnetically

10 shielding layer. More in detail, the magnetic pole 82
foims a pair with a magnetic shield layer 86, both of
which have a thickness of lpm and function also to
magnetically ahield the reproducing head. A distance
between the shield layers is 0.25um (Fig. 8 being not to

15 scale for clarification of the structure). The repro-
ducing magneto-resistive head section has a magneto-
resistive sensor 84 and conductor layers 85 as
electrodes.

Fig. 9 shows a vertical cross-sectional view of

20 a structure of the magneto-resistive sensor. A signal
detection region 91 of the magneto-resistive sensor
includes a transversal biasing layer 93, a separating
layer 94 and a magneto-resistive ferromagnetic layer 95
sequentially formed in this order on a gap layer 92 of Al

25 oxide. The magneto-resistive ferromagnetic'layer 95 was
made of NiFe alloy and 20nm thick. The transversal
biasing layer 93 was made of NiFeNb and 25nm thick.

However, the transversal biasing layer 93 may be made of
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nuitl-layered under| ayer 12, a magnetic layer 13 and a protective

| ayer 14 sequentially formed on a substrate 5 11, e.g., by a sputtering
process. The multi-Iayered under| ayer 12, as shown in Fig. 2, has a
3-layer struc- ture in which a layer (wWpgch will be referred to nerely
as the hcp layer, hereinafter) 22 having a hexagonal cl ose- packed

(hcp) structure aﬁ},sanﬂ&ychgs P¥ng 48Yehe dR16yphighow bl fE?r&ﬁE?ﬁé@ﬁctO _
nerely as the bcc Tayer herei nafter) 21 having a body-cenfered cubic

(bcc) structype whicAnQsheelhtEvebayehigh. in electric resiktahee haan
experinmental ly found, when there is

good in soft magnetic properties. The transversal
lbiasing layer 93 is magnetized by a magnetic field

5 induced by a sense current flowing through the magneto-
resistive ferromagnetic layer 95 in a £ilm in-plane
direétion (transversal direction) perpendicular to the
current to apply a transversal biasing magnetic field to
the magneto-resistive ferromagnetic layer 95. Thus, this

10 forms a magnetic sensor which can provide a linear repro-
duction output with respect to a leakage magnetic field
from the medium. The separating layer %4 for preventing
branching of the sense current from the magneto-resistive
ferromagnetic layer 95 was made of Ta that is relatively

15 high in electric resistance and 5nm thick. The signal
detection region 91 has tapered regions 96 provided at
its both ends. The tapered regioﬁs 96 include permanent
magnet layers 97 for converting the magneto-resistive
ferromagnetic 1ayér 95 to a single magnetic domain and a

20 pair of electrodes 98 formed on the permanent magnet
layer 97 for extrécting a reproduced signal thereon.
Since the permanent magnet layer 97 is required to be
high in coercivity and not to be easily changed in
magnetization direction, for which reason the permanent

25 magnet layer 97 is made of alloy such as CoCr or CoCrPt.
The longitudinal magnetic recording medium 71 (see Fig.
7) employed was such as described in embodiment 1 and had

a coercivity Hc of 3.2kOe.
S
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enployed such a multi-layered underlayer that is made of 15 the bcc | ayer .

21 (100)-oriented, the hcp layer 22 (11.0)- oriented on the bcc | ayer
21, and the bcc Iayer 23 (100) - oriented on the hcp layer 22 by an

epi taxial growh process, the particlg ghze of the magnetic |ayer can
be made fine. This is considered to result fromthe fact 20 that, as
reported in J. Appl. Phys.ywh¥fl redd/wtibd, cﬁéracterﬂ@flcégﬁaretBQaE&ﬁ%@HlC
| ayer has a so-called bi-crystal structure in which a plurality of hcp
particles (11.0)by use O0fi €héeflaghetgeonscopdingi sgkeehcofpahti preseatt hat
their c axes are perpendicular to each other. That is, reduc-

embodiment under conditions of a head flying height of
30nm, a linear recording density of 260kFCI and a track
5 density of 13kTPI, a signal-to-noise ratio of 1. 8 were
obtained. Namely, a sufficiently high level read output.
was obtained with such a large signal-to-noise ratio.
Further, when an input signal of the magnetic head was
subjected to an 8/9 coding operation, the recording/

10 reproducing operation was possible with a recording
density of 3 Giga-bits per inch?. 1In addition, after
50,000 cycles of head seek test from inner circumference
to outer one, the number of bit errors was 10 bits or
less per surface and a mean time interval between

15 failures was 300,000 hours.

Embodiment 4:

In a magnetic storage apparatus having struc-
tures similar to those shown in Figs. 7a, 7b and 8 in
embodiment 3, it is preferable that the magneto-resisfive

20 sensor 84 be of such a spin-valve type as shown in Fig.
10, because it provides a larger output. A signal
detection region 101 of the magneto-resistive sensor has
such a structﬁre that a 3nm-thick Ta buffer layer 103, a
Inm-thick first magnetic layer 104, a 1.5nm-thick Cu

25 intérmediate layer 105, a 3nm-thick second magnetic layer
106 and 10nm-thick, Fe-20 at% Mn anti-ferromagnetic alloy
layer 107 are sequentially formed in this order on a gap

layer 102 made of Al oxide. The first magnetic layer 104

This Sheet Has Been RTi

AT




25 tion of the crystal grain size takes place at an inter- face

bétween the bcc and hcp |ayers 21 and 22 and al so takes place at an

i nterface between the bcc | ayer 23 and nagnetlc | ayer 13.

-7- Further, as shown in Fig _When an additional hcp
| ayer 31 is formed on the bcc |ayer 23 as t%e mul ti- { ayered

underl ayer 12 sogfbaf 48€cFRgnRiLeo! 3¥¢' ré3alifoy and the second magnetic

layer 106 was made of Co. Exchange field from the anti-
ferromagnetic alloy layer 107 causes the magnetization of
the second magnetic layer 106 to be fixed in one direc-

5 tion. The magnetization direction of the first magnetic
layer 104 adjacent to the second maghetic layer 106 via
the non-magnetic iﬁtermediate layer 105, on the other
hand, is varied by a leakage magnetic field from the
longitudinal magnetic recording medium. Relative change

10 in the magnetization direction between the two magnetic
layers causes a change in the total resistance of the 3
layers. This phenomenon is known as spin-valve effect.
In the present embodiment, the magneto-resistive sensor
utilizes the spin-valve effect. Tapered regions 108 made

15 up of a permanent magnet layer 109 and a pair of elec;
trodes 110 are similar to those in the magneto-resistive
senéor explained in connection with the embodiment 2.

The longitudinal magnetic recording medium 71 (see Fig.
7) employed was such as described in embodiment 2 and had

20 a coercivity Hc of 3.2kOe.

" When recording/reproducing characteristics were
evaluated by use of the magnetic storage apparatus of the
present embodiment under éonditions of a head flying
height of 30nm, a linear recording density of 260kFCI and

25 a track density of 13kTPI, a signal-to-noise ratio of 2.0
was obtained. Namely, a sufficiently high level read
output was obtained with such a large signal-to-noise

ratio. Further, when an input signal to the magnetic
#_’ﬂﬂ‘___ﬂﬂﬂ_,___,
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fgrned‘on-the hcp ‘| ayer 31, reduction of the crystal 5 grain size also

takes place at an interface between the bcc | ayer 23 and hcp | ayer 31.
It is generally considered that the larger the size of the bcc grains
IS, ~the nore easily the grains tend to pgve a bi-crystal

structure, though it also depends on the used film 10 formng process.
For this reason, héad &t | 18 yedBédeto an 8P odindi yp&edtiohQ £haer

grains, but it is hard for an originally fine grain to be further .
di vided into excsscordingpreptydicing wpersticn waatpobseidiepatsaon of the
grain si ze can be suppressed. Further, since the hcp |ayer 31

recording density of 3 Giga-bits per inch? in a temper-
ature range of 10 to 50°C. In addition, after 50,000

5 cycles of head seek test from inner circumference to
outer one, the number of bit errors was 10 bits or less
per surface and a mean time interval between failures was
300,000 hours. |

In accordance with the aforementioned embodi-

10 ments, since magnetic grains can be made fine and
dispersion of the particles can be made small, a signal-
to-noise ratio can be made high. As a result, when a
high-sensitivity magneto-resistive head is used, there
can be provided a small-size, large-capacity magnetic

15 storage apparatus which has a recording density of 3Giga-
bits or more per.inchz, a high signal-to-noise ratio, a
low error rate, and a mean time_interval between failures

of 300,000 hours or more.
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1% has, t he sane hcp crystalline structure as the nagnetic | ayer 13,
t he hcp | ayer 31 al so can act to inprove the crystaIF*ne structure in

the initial growh part of the magnetic |ayer. i on
of deterioration of magnetic propertiessgsuch as Hmmlmul ijr
coercivity 20 squareness, etc.) involved by the format4 or 0

magnetic | ayer. CLAIMS: Wth respect to the material of the nulti-

| ayered underl ayer, in accordance with the lattice constant of the

magnetic |ayer, fhe bcc | agelohgitdfinplemagabkycmedeoetiingemeaiaat ed from
the group consisting

comprising a multi-layered underlayer and a magnetic

layer formed thereon, wherein said multi-layered
underlayér includes:

a first layer substantially having a body-
centered cubic (bcc) structure;

a second layer substantially having a
hexagonal-closed pack (hcp) structure formed on said'
first layer; and

a third layer substantially having a bcc
structure formed on said second layer.

2. _ A longitudinal magnetic recording medium
according to claim 1, wherein said first and third layers
are (100)-oriented and said second layer is (11.0)-
oriented.

3. A longitudinal magnetic recording medium
according to claim 1, wherein each of said first and
third layers is made of chromium or a chromium alloy and
said second layer is made of a cobalt-chromium alloy.

4. A 1ongitudinai magnetic recording medium
according to claim 3, wherein said second layer has a
chromium cohcentration in a range from 30 at% to 40 at%.
5. A longitudinal magnetic recording medium
according to claim 3, wherein said chromium alloy is an
alloy selected from the group consisting of a Cr alloy, a
Cr-Ti alloy, a Cr-V alloy, a Cr-Mo alloy and a Cr-Ta

alloy, and said cobalt-chromium alloy is an alloy

—_—
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of'C},énd chrom um al | oys such as C-Ti all oy, T al

and Cr-Ta alloy. The hcp | ayer is preferably nade o] “E om
t he group consisting Hm \ﬂﬁ“\f w
alloys such as Co-Cr alloy, Co-Cr-Ta alloy. &p-- Cr- Pt afloy and
Co-Cr-Pt-Ta all oy. It is preferable that the thicknesses of
the selected from the group consisting of a Co-Cr alloy, a

Co-Cr—Ta alloy, a Co-Cr-Pt alloy and a Co-Cr-Pt-Ta alloy.
6. A longitudinal magnetic recording medium
according to claim 1, wherein said second layer has a
residual magnetic flux density Brl and a thickness of tl,
with respect to a residual magnetic flux density Br2 and
a thickness t2 of said magnetic layer, satisfying

Brl x t1 < 0.2 x Br2 x t2.
7. A longitudinal magnetic recording medium
according tb claim 1, wherein said each of said first to
third layers has a substantial thickness not larger than
50 nm.
8. A longitudinal magnetic recording medium
according to claim 1, wherein said magnetic.layer is
mainly made of cobalt, chromium and platinum, wherein a
platinum density is substantially not smaller than 10
ats%.
9. A longitudinal magnetic recording medium
according to claim 1, wherein multi-layered underlayer
further includes a fourth layer substantially having a
hep structure formed on said third layer.
10. A.longitudinal magnetic recording medium
according to claim 9, wherein said first and third layers
are (100)-oriented and said second and fourth layers are
(11.0)-oriented.
11. A longitudinal magnetic recording medium
according tg claim 9, wherein each of said first and

third layers is made of chromium or a chromium alloy ‘and

—_— .
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—______'_____________
respectlve layers of the nmulti-layered underlayer be 50nm 5 or Ies

RIS

non- magneti c. However, even when the hcpyl ayer has meak gnetlzatlon
Its influence exerted on magnetic properties of the nmagnetic |ayer can
10 be suppressedabl 8RKksafdt BecbA@ hAdCEohbth- 1a§e£sei§nﬁlaae of a When the
underl ayer has such a 3-layer structure as shown in Fig. 2, reduction
in the coercivitgopalthehgomliuin §20oy. be prevented by setting a product
(Brl x t1) of a thick- - ness t1 and a residual magnetic flux density
Brl of the 12. A longitudinal magnetic recording medium

according to claim 11, wherein each of said second and
fourth layers has a chromium concentration in a range
from 30 at% to 40 at%.
13. A longitudinal magnetic recording medium
acéording to claim 11, wherein said chromium alloy is an
alloy selected from the Qroﬁp consisting of a Cr alloy, a
Cr-Ti alloy, a Cr-V alloy, a Cr-Mo alloy and a Cr-Ta
alloy, and said cobalt-chromium alloy is an alloy
selected from the group consisting of a Co-Cr alloy, a
Co-Cr-Ta alloy, a Co-Cr-Pt alioy and a Co-Cr-Pt-Ta alloy.
14. A longitudinal magnetic recording medium
according to claim 9, wherein each of said first to
féurth layers has a substantial thickness not larger than
50 nm.
15. A longitudinal magnetic recording medium
according to claim 9, wherein said magnetic layer is
mainly made of cobalt, chromium and platinum, wherein a
platinum density is substantially not smaller than 10
ats.
16. A longitudinél magnetic recording medium
comprising a multi-layered underlayer formed on a
substrate and a magnetic layer formed on said underlayer,
wherein said multi-layered underlayer includes:

a first layer substantially having a body-

centered cubic (bcc) structure formed on said substrate;
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15 hqb | ayer 22 to be not | arger than 20% of a product™ (Br2 x t2) of

a thickness t2 and a residual magnetic fl ux denS|ty

magnetic | ayer 13, as shown in Fig. 4. mmmlulmtum“ “Lt
the hcp | ayer of the mul ti-layered undephayer is set {0 chave &4 C
concentra- 20 tion not snmaller than 30 at% and not |arger than 40 at%

in order to weaken the ”Hgaeééééﬁaoﬂa9értBﬁbBE9n£§¥Q1y3H3v1n aobtain a
good crystalline structure. Mea l e, the nagnetlc | ayer is

required to be hexageflalotlesaat patr! f(hapl)nst@ubaﬁga goymbal ofingagdi c 25
ani sotropy in order to suppress the influence of thermnal
first layer; and
a third layer substantially having a bcc
structure fofmed on said second layer, with said.magnetic
layer being formed on said third layer.
17. | A.longitudinal magnetic recording medium
according to claim 16, wherein said substrate is made of
a material selected from a group consisting of an Al-Mg
alloy, glass, $i0,, SiC and carbon.
18. A lohgitudinal magnetic recording medium
comprising a multi-layered underlayer formed on a
substrate and a magnetic layer formed on said underlayer,
wherein said multi-layered underlayer includes:
a first layer substantially having a body-
centered cubic (bcc) structure formed on said substrate;
a second layer substantially having a
hexagonal-closed pack (hcp) structure formed on said
first layer;

a third layer substantially having a bcc
structure formed on said second layer; and
| a fourth layer substantially having a hcp
structure formed on said third layer, with said magnetic
layer being formed on said fourth layer.
19. A longitudinal magnetic recording medium
acéording to claim 18, wherein said substrate is made of
a material selected from a group consisting of an Al-Mg

alloy, glass, Si0,, SiC and carbon.
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fluctuatlon I nvol ved by the formation of fine grains. N det ai

it is preferable that the magnetic |ayer contai ns Co, ““a
main el ements and its Pt &““‘ m‘

concentration be 10 at% or nore. : - 24 -The substr have "
an excell ent surface snoot hness. Mre speC|f|caIIy, an AI My substrate

havi ng an Npf.layer faruedgiiaaennl maghaticskBebialifig atoPage
apparatus comprising a magnetic recording disk, a
‘magnetic head associated with said disk, a signal
processing circuit connected with said magnetic head, a
first driver for rotating said disk and a second driver
for actuating the magnetic head for recording/reproducing
a signal on said disk, wherein:

said recording disk comprises a multi-layered
underlayer and a magnetic layer formed thereon, the
multi-layer underlayer including

a first layer substantially having a body-
centered cubic (bcc) structure,

a second layer substantially having a
hexagonal-closed pack (hcp) structure formed on said
first layer, and

a third layer substantially having a bcc
structure formed on said second layer.

21. A 1ongi£udina1 magnetic recording storage
apparatus according to claim 20, wherein said magnetic
head is an inductive/magneto-resistive composite head.
22, A longitudinal magnetic recording storage
aﬁparatus according to claim 20, wherein said multi-
layered underlayer further includes a fourth layer
substantially having a hcp structure formed on said third
layer. | |

23. A longitudinal magnetic recording storage
apparatus according. to élaim 22, wherein said magnetic

head is an inductive/magneto-resistive head.
et Has Been Reﬁaced
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5_subsirate, an Si C substrate,

~a carbon substrate or the  [|ike can be —

e e SR B ST O T S g gy

| ongi tudi nal recording magnetic nmediumin _19saccordance wi*t h¢ant enbo

of the present
of a | ayer
of the present
of a layer

I nventi on; Fig. 2 is a cross-sectional view
3¢ ructure Aflenguttdihayenegnetier reyotdinganeaitmdi nent
i nvention; Fig. 3 is a cross-sectional view

comprising a magnetic layer formed on a substrate through
a multi-layered underlayer, wherein said multi-layered
underlayer includes at least three layers in which a
layer substantially having a hexagonal close-packed (hcp)
structure is sandwiched by layers substantially having a
body-centered cubic (bcc) structure.

25. A longitudinal magnetic recording medium
according to claim 24, wherein a layer in said multi-
layered underlayer adjacent to and in contact to said
magnetic layer has substantially a hexagonal close-packed
structure.

26. A longitudinal magnetic recording medium
according to claim 24, wherein said multi-layered
underlayer includes a single layer of a substantially hcp
structure, a product of a thickness tl and a residual
magnetic flux density Brl of said layer of the substan-
tially hcp structure is not larger than 20% of a product
of a thickness t2 and a residual magnetic flux density
Br2 of said magnetic layer.

27. A longitudinal magnetic recording medium
according to claim 24, wherein each of the layers in said
multi~layered underlayer substantially having the hexago-
nal close-packed structure contains Co and Cr as its main
components and a Cr concentration is not smaller than 30
at% and not larger than 40 at%.

28. A magnetic storage apparatus comprising a

longitudinal recording magnetic medium, a driver for
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15 structure of anot her exenplary nulti-I|ayered underlayer In an

enbodi ment of the present invention; Flg
showi ng a rel ationship - between a ratio of (Brl X tI @M“Eu e“
normal i zed coercive force 20 26 Ei Q. 5is ray ™

diffraction pattern of the Iongltudinal recordlng nagnetlc nedlun1of

enbodi ment 1;  driving shif médiém? &' ABEn&ReW RBad &ﬁbihﬂ@.ﬁ%h&ﬁc%frd@.ng
t hi ckness of a nagnetlc | ayer and a coercivity of | ongi t adi nal

nmagneti c recordi agdnedpgoduddng head sectkbgs, Zasagdndbdeived Foan view of

? megnetic driving said magnetic head to read/write a signal on said
longitudinal recording magnetic medium, and a read/write
signal processing circuit for recording an input signal
to said magnetic head and reproducing an output signal
from the magnetic head, wherein:

said the reproducing head section of said
magnetic head comprises a magneto-resistive sensor, said
sensor including a plurality of electrically conductive
magnetic layers whose resistances are largely changed by
relative change in their magnetization directions by an
external magnetic field and also including an electrical-
ly conductive non-magnetic layer disposed between said
conductive magnetic layers; and
said magnetic recording medium has a substrate,

a multi-layered underlayer formed on said substrate and a
magnetic layer formed on said mﬁlti—layered underlayer,
said multi-layered underlayer including at least three
layefs in which a layer substantially having a hexagonal
close-packed structure is sandwiched by layers substan-
tially having a body-centered cubic structure.
29. A magnetic storage apparatus according to claim
28, wherein a_layer of said mulfi-layered ﬁnderlayer
adjacent to and in contact to said magnetic layer has a
substantially hexagonal close-packed structure.
30. A magnetic storage apparatus according to claim
28, wherein one layer substantially having a hexagonal

e
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storage apparatus in accordance wth an enbodi nent of the pr esent

i nvention and a cross-sectional view taken al ong ““'“l mI“ “l“lull “l“l

- 10 - line VIIB-VIIB therein, respectively; S
a perspective view of a sectional " structyre of a megn &ti ¢ htad of" a
magneti c storage appar at us accordi ng to“an enbodi ment of the present

close-packed (hcp) structure is provided in said multi-
layered underlayer, and a product of a thickness tl1l and a
residual magnetic flux density Brl of said layer substan-
tially having the hcp structure is not larger than 20% of
a product of a thickness t2 and a residual magnetic flux
density Br2 of said magnetic layer.

31. A magnetic recording system according to claim
28, wherein each of said layers in said multi-layered
underlayer substantially having a hexagonal close-packed
structure'contains Co and Cr as main elements, and a Cr
concentfation thereof is not sméller than 30 at% and not

larger than 40 at$%.

——
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5 ‘invention; Fig. 9 is a vertical cross-sectional view of a

magnet o-resi stive sensor of a magnetic head usable in the magneti c
storage apparatus shown in Fig. 8; and Fig. 10 is a
cross-sectional view of a spin- 10 valve,jygg_nagneto-resiStive sensor of
a magnetic head usabl e in the nmagnetic storage apparatus shown in Fig.
8. DESCRI 8160 G areRRES Rt (RBOD! MENTS The
present invention will be detailed in connection with preferred

enbodi ments which follow. A longitudinal magnetic recording medium and a
magnetic storage apparatus using the longitudinal
magnetic recording medium. The recording medium has a
multi-layered underlayer and a magnetic layer formed on
it. The undérlayer has a first layer 6f a body-cenfered
cubic structure, a second layer of a hexagonal-close
packed structure formed on the first layer, and a third
layer of a bcc structure formed on the second layer. The
underlayer may further have a fourth layer of an hcp

structure layer formed on the third layer.



15 Enbodi ment 1: n Al -My subst 11 having an outer E 345

di‘anet er of 65nm an inner d| ane er of 20mn and a t hi ckness of

0. 4nm and further having an P | aye f ned surface f h
substrate, was subjected t DC rrag spu 20 t g pro
sequentially formthereon a rruI ti- I ayered unde I y 12, mag I C
| ayer 13 and protective | ayer 14 to the reby ob tain Iongi t udi naI
magneti c recordi ng medium as shown in Fig. 1. Mire in detail,

the multi-layered underlayer 12 was rrad up of a 10nm 25 thick o | ayer -
(bcc layer) 21, a 10nmthick CoCr all oy

M
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| ayer.,(hcp layer) 22 and a 10nmthick O Ti

23, as shown in Fig. 2. The nmagnetic | ayer
15nmthick CoCrPt alloy |ayer having
protective |ayer 14 was a
carried out

énmlorr,

carbon | ayer.

all oy | ayer

(bcc | ayer)
13 in Fig. 1 was a

an hcp structure, and the

The above filmfornmati on was

under conditions that Argon gas partial pressureis 5
an i nput power is l1kWand a substrate tenperature

FIG. 4
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s 3Q@Q[err] C The respective | ayers of';'the recordi ng nmedi um

i‘n accordance with the present enbodi nent were eval uat ed W th respect
to their crystallographic orientation by an 10 X-ray diffraction
anal ysis, which results are shown in Fig. 5. It has been found that
the bcc C layer 21 is (100)-oriented, the hcp CoCr alloy |ayer 22
grown on the | ayer 21 is (11.0)-oriented, the bcc OTi alloy |ayer 23
grown on the layer 22 is (100)-oriented, and the hcp 15 CoCrPt magnetic
| ayer 14 grown on the layer 23 is (11.0)- ori ent ed.
4.0 ]
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When fhe Cr concentration in the CoCr all oy | ayer 22 in the underl ayer

i*s varied in a range from 25 at%to 45 at% it has been found that the
CoCr alloy 20 layer 22 is magnetized as weakly as about 150 enmu/cc at a
Cr concentration of 25 at% In general, when the CoCr alloy is a bulk,
the all oy beconmes non-magnetic at a Cr concentration of about 25 at%
or nore. However, when the filmformng tenperature is increased to
about 300[err]Cto 25 forma CoCr alloy thin film the alloy film becones
magneti zed. This is considered to be because the all oy I s separated

into a phase (ferromagnetic) with low Cr
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concentratlon and a phase (non magnetic) with high C

=12 - concentration. It has also been found that, when the Cr
concentration is set at 45 at%or nore, the crystal structure of the
CoCr alloy layer cannot have an hcp si ngl e phase and thus cannot

satisfy an epitaxial 5 relationship with the upper and | ower Iayers
As a result of evaluating read/ wite charac-

FIG. 9
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teristics of the recordi ng nmedi um according to the
~ggod _rfead/ wite characteristics were

obt ai n
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BACKGROUND OF THE INVENTION

The present invention relates to magnetic
storage apparatus and longitudinal magnetic recoxding
media and more particularly, to a longitudinal magnetic
recording medium which is low in media noise and is less
susceptible to thermal fluctuation as well as to a
magnetic storage apparatus which has a recording density
as high as, e.g., 3 giga-bits or more per inch?.

As computers having higher performances are
developed, the quantity of information to be treated such
as image data has been steadily increased. This also-has
required a larger capacity of a magnetic disk device as
an extérnal storage device. At present, a recording
density of several hundreds of mega-bytes per inch? is
realized. As a magnetic head for such a high-density
magnetic disk device, there has been recently employed an
inductive/magneto-resistive composite head which is
separated into recording and reproducing parts so that an
inductive head is used as the recording part and a
magneto-resistive (MR) head is used as the reproducing
part. The magneto-resistive head is higher in repro-
ducing sensitivity than the prior art inductive head, so
that, even when the size of recorded bits is much reduced
and leakage flux is decreased from the mediﬁm, a suf- |

ficient reproducing or read output can be obtained.
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tiomghesslthah'SO at % or higher than 40 at% a product (Br x t) with
‘thei residual magnetic flux density Br 20 becones large or the

crystal |l ographic orientation of the magnetic |ayer will be
insufficient, so that the nedium had a | ow signal -to-noise ratio of
1.3 or |ess. It has been obvi dus- fromthe above examni nations

that, in order to s ress, the nagneti zation_of the 25 undirla er whi.ch
af fects nagnetiéF$F€€ (i ERexe hag been dgualoped| ay8Pigny¥aive,¥8e Sdifite

o000, S04 1 SR Dyr-rpesPErS nERRCERLIRh) il DR RRhRR BV '
. ducing sensitivity. : '
A longitudinal_magnetic recording medium now
5 commercially available is ﬁade up of a magnetic layer of
a Co alloy such as CoNiCr, CoCrTa or CoCrPt and a Cr
underlaye; for control of crystallographic orientation of
the magnétic layer. Since the Co alloy magnetic layer .
has a hexagonal close-packed (hcp) structure having a ¢
10 axis as an axis of easy magnetization, when the magnetic
layer is used for a longitudinal magnetic recording
medium, it is desirable to align the c¢ axis to be in-
plane. To this end, a technigque has been employed such .
that a Cr underlayer having a body-centered cubic (bcc)
15 structure is first formed on a substrate, and a Co alloy
magnetic layer is epitaxially grown on the Cr underlayer
so that the c axis is oriented to be in-pléne. When
CoCrP£ alloy is employed for the magnetic layer, a
- technique has been proposed in which Ti or V is added to
20 a Cr underlayer to increase a lattice spacing and to
improve a lattice matching between the underlayer and
-magnetic layer, thus orienting the ¢ axis more closely to
be in-plane (refer to JP-A-63-197018, laid open on August
15, 1988 and JP-A~-62-257618 laid open on November 10,
25 . 1987).
When a MR head is used as a reproducing head,
not only a signal but also noise fiom the longitudinal

recording magnetic medium would be picked up with high

a
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- 13 ' larger than 40 at % Enbodi nent 2: An Al - My

subfdtrdt'e 11 having an outer diameter of 65mm an i nner dianmeter of
20mm and a thickness of 5 0.4nmand further having an Ni P | ayer forned on
a surface of the substrate, was subjett®dto a DC magnetron sput-

tering process ééhgf f f%;?lEgrfgﬁgéﬁhgégggnatﬂgl&Lﬁéitudinal magnetic
recording medium is required to be lower in noise than
_the prior art. The media noise resuits mainly from a
region (magnetization transition region) in which
5 magnetization is disturbed between recording bits. Thus
narrowing the region leads to reduction in the media
noise. As is well known, this is effectively achieved by
making fine magnetic crystal graiﬁs'or magnetic grains of
the magnetic layer and weakening interaction between the
10 particles to thereby make magnetization reversal size
'smallf As has been mentioned above, since an epitaxial
relationship is established bétween the magnetic layer
and underlayer, magnetic grains can be made fine by
making fine particles of the underlayer. Methods for
15 making the underlayer particles fine are considered to
include a method for making the thickness of the
underlayer small and a method for adding doping elements
to the underlayer.
These methods, however, have problems that it
20 is difficult to keep desired crystallographic orientation
and to form a film having an excellent crystalline
structure, and further it is hard to establish a good
epitaxial relationship between the underlayer and the
magneiic layer. There occurs another probléh of thermal-
25 1y unstablé magnetization involved by excessive fine
magnetic grains, which results in that a recorded signal
decreases with time. An important factor of fabricating

a microstructure desirable for high-density recording is
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| ayered underlayer 12, a nagnetic Iayef 13 “and protective | ayer 14 to
t-herepy ‘obtain a |ongitudinal recording 10 nmagnetic medium as shown in

Fig. 1. More in detail, the mul ti-layered underl ayer 12 was made up
of a 10nmthick Cr layer (bcc layer) 21, a 10nmthick CoCr alloy |ayer
(hcp layer) 22, a 10nmthick CrTi alloy |ayer §bcc | ayer) 23 and a

10nmthick CoCr alloy layer (hcp layer) 31, as: 15 shown in Fig. 2. The
magnetic | ayer 13tonmkke. fineapazticlesland: allisok tcofmakie ailspexdsdyer dfavi ng
an hcp structure, and the protective layer 14 was a carbon |ayer. The
above film fornatpanticidi siees eeadltte therehy suppress formation o
particles which are too fine to be immune to the

influence of thermal fluctuation.

5 SUMMARY OF THE INVENTION

It is an object of the present invention to
provide a magnetic storage apparatus which is high in
recording density and reliability and also to provide a
longitudinal magnetic recording medium for use in the

10 magnetic storage apparatus, which medium is low in media
noise and less susceptible to thermal fluctuation.

According to one aspect of the present inven-
tion, a longitudinal magnetic recording medium has a
multi-layered underlayer and.é magnetic layer fofmed

15 thereon, wherein the multi-layered underlayer includes a
first layer.substantially héving a body-centered cubic
(bcé) structure, a second layer substantially having a
hexagonal-closed pack (hcp) structﬁfe_formed on the first
layer, and a third layer substantially having a bece

20 structure formed on the second layer.

According to another aspect of the present
invention, a longitudinal recording magnefic'storage
apparatus has a magnetic recording disk; a magnetic head
associated with the disk, a signal processing circuit

25 connected with the magnetic head, a first driver for

rotating. the disk and a second driver for actuating the

fa 2 PSR

magnetic head for recording/reproducing a Tiﬂ&i&_on-the :
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enbodi.nent 1. 20 Fig. 6 shows a relationship between the

t hi:ckness of the magnetic |ayer in the recording nmedi um of the present
enbodi ment and coercivity Hc neasured with a magnetic field applied in
a relative running direction of a magnetic head to the nediumin a
wite node, 25 together with neasurenent mesults of the |ongitudina
magneti c recordi ng nmedium of the enbodinent 1. In the case of the

| ongi tudi nal npOnNBe,) Grliedinli the MBSk Dhg diskeobepriBes 2, multis seen
t hat, when the thickness of the
layered underlayer and a magnetic layer formed thereon,
the multi-layered underlayer including a fiist'layer
substantially having a body-centered cubic (bcc) struc-

5 ture, a second layer substantially having a hexagonal-
closed ﬁack (hcp) structure formed on the first layef,
and a third layer substantially having a bcc structure
formed on the second layer.

Thus, the multi-layered'underlayer includes at
10 least one bcc-hcp layer p&ir having a bcc structure layer
and a hcp structure layer formed on the bcc stfucture
layer. The hcp structure layer in the bcc-hcp layer pair
is preferably non-magnetic, but may be magnetic to such
an extent that the hcp structure should not exert an ill
15 effect on magnetization of fhe magnetic layer. |
Each of thé bce structure layers is preferably
(100)-oriented, while each of the hcp structure layers is
preferably (11.0)-oriented.
Description will ﬁow be made of knowledge
20 obtained by inventors of the present application through
their experiments and researches, on which the present
invention is based.
The inventors prepared a longitudinai magnefic
recdrding medium by forming a magnetic layer on a multi-
25 layered ﬁnderlayer of a 3-layer structure in which a
layer substantially.having an hcp structure is sandwiched
by layers substantially having a becc structure on a

‘substrate.
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- 14 - magnetic layer is made small, reduction in the coercive

farceti-s smalTer than that of the |ongitudinal nmagnetic recordi ng
medi um of enbodinment 1. This is considered to be because the uppernost

| ayer of the nulti-layered 5 underlayer has the sanme hcp structure as the
magneti c | ayer, thus inproving the crystatline structure of the
initial gromh part of the nmagnetic |layer. In this wa

More specifically, a longit&éinal magnetic

recording medium, as shown in Fig. 1, ;s-made up of a-
multi-layered underlayer 12, a magnetic layer 13 and a
protective layer 14 sequentially formed on a substrate

5 11, e.g., by a sputterihg process. The multi-layered
underlayer 12, as shown in Fig. 2, has a 3-layer struc-
ture in which a layer (which will be referred to merely
as the hcp layér, hereinafter) 22 having a hexagonal
close-packed (hcp) structure is sandwiched by a layer

10 (which will be referred to merely as the bcc layer,
hereinafter) 21 having a body-centered cubic (bcc)
structure and another bcc iayer 23.

It has been experimentally found, when there is

employed such a multi-layered underlayer that is made of

15 the bcc layer 21 (100)-oriented, the hcp layer 22 (11.0)-
oriented on the bcc layer 21, and the becc layer 23 (100)-
oriented on the hcp layer 22 by an epitaxial growth
process, the particle size of the magnetic layer can be
made fine. This is considered to result from the facﬁ

20 that, as reported in J. Appl. Phys., Vol. 73, (10), 15
May, 1993, the magnetic layer has a so-called bi-crystal
structure in which a plurality of hcp particles (11.0)-
oriénted are grown on a single bcc particle'so that their
Cc axes are perpendicular to each other. That is, reduc-

25 tion of the crystal grain size takes placé at an inter-
face between the bcc and hép layers 21 and 22 and also
takes place'at an interface between the bcc layef 23 and

magnetic layer 13.
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It has-becone:'cl ear that, when it is desired to nake the magneti c

| ayer sthin, it

Is effective for the uppernost 10 |ayer of the

mul ti-layered underlayer to have an hcp structure. It has al so been
found that, when a Pt concentration of the magnetic layer 13 is high,

a simlar

resul't can be obtained by addV’ng Pt, Ta or the like to

the CoCr alloy layer 31 in the nulti-layered underlayer 15 to inprove a
|l attice matchi ng bet ween EWEtREFnetisc shopmy in Figwnd® yuthe? ARradditional

Enbodi ment 3:

10

15

20

25

A plan view of a_nagnetic storage .apparatus in
hcp layer 3.1 is %crmed on the bcéglayer %f)ag thgemu ti-

'layered underlayer 12 so that the magnetic layer 13 is

formed on the hcp layer 31, reduction of the crystal
grain size also takes placé at an interface between the
bcc layer 23 and hcp layer 31. It is generally
considered that the larger the size of the bcc grains is,
the more easily the grains tend to have a bi-crystal
structure, though it also depends on the used film
forming process. For this reasoh, a relatively large
grain is divided into finer grains, but it is hard for an
originally fine grain to be further divided into exces- B
sively fine grains, so that the digﬁersion of the grain
size can be suppressed. Further, since the hcp layer 31
has the same hcp crystalline structure as tﬁe magnetic
layer 13, the hcp layer 31 also can act to improve the
crystalline structure in the initial growth part of the
magnetic layer. This enables reduction of deterioration
of magnetic properties (such as coercivity, coercivity
squareness, etc.) involved by the formation of the thin
magnetic layer.

With respect to the material of the multi-
layered underlayer, in accordance with the lattice
constant of the magnetic layer, the bcc layer is
preferably made of one selected from the group consisting
of Cr and chromium alloys such as Cr-Ti alloy, Cr-V
alloy, Cr-Mo alloyland Cr-Ta alloy. The hcp layer is

preferably made of one selected from the group consisting.
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accquanQe_mﬁth an enbodi rent of the present invention as 20 well as a

ver'tical 'cross-sectional view of the apparatus are shown in Figs. 7a
and 7b. More in detail, Fig. 7b is a cross-sectional view taken al ong
line VIIB-VIIB in Fig. 7a. -The nmagnetic storage apparatus includes a
| ongi t u- di nal magnetic recording nmediugh Z1, a driver 72 for 25
rotation-driving the nmedium a magnetic head 73, a driver 74 for,
driving the nage€t Cecteadloysd sachead Wodor ¥ldeat, Co-CrTocekkipg Co+ cui t
75. Shown in Fig. 8 is a structure of the nmagnetic )

Cr-Pt alloy and Co--Cx-Pt-Ta alloy.
It is preferable.that the thicknesses of the
respective layers of the multi-layered underlayer be 50nm
5 orlless in order to prevent increase in the grain size.
The hcp layer of the multi-layered underlayer
is desirably substantially non-magnetic. However, even
when the hcp layer has weak magnetization, its influence
exerted on magnetic properties of the magnetic layer can
10 be suppressed by making the hcp layer thin. For example,
when the underlayer has such a 3-layer structure as shown
in Fig. 2, reduction in the coercivity of the medium can
be prevented by setting a prbduct (Brl x'tl) of a thickf‘
ness tl and a residual magnetic flux demnsity Brl of the
15 hcp layer 22 to be not larger than Zb% of a product.(BrZ
x t2) of a thickness t2 and a residual magnetic flux
density Br2 of the magnetic layer 13, as shown in Fig. 4.
It is preferable that the hcp layer of the
multi-layered underlayer is set to have a Cr concentra-
20 tion not smaller than 30 at% and not larger than 40 at%
in order to weaken the magnetization of the hcp layer and
. obtain a good crystalline structure.
Meanwhile, the magnetic layer is required to. be
made of a material having a large crystal magnetic
25 anisotropy in order to suppress the influence of thermal
fluctuation involved by the formation of fine grains.
More in detail, it is preferable that the magnetic layex

contains Co, Cr énd Pt as main elements and its Pt
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head ,used.in the magnetic storage apparatus. This magnetic head is of
a,conposite type which is a conbina- tion of a reading inductive head
formed on a nagnetic head slider base 87 and a reproducing )
magneto-resistive 5 head. The recording inductive head section is of a
thin filmtype which has a pair of recd ding magnetic poles 81
and 82 and a coil 83 intersected therewith. A |layer gap bet ween the
recordi ng magnetPRCBBFE_LHAR bet10oabd OXr3Perelm
The substrate should have an excellent surface
smoothness. More specifically, an Al-Mg substrate having
an NiP layer formed thereon, a glass substrate, an SiO2
5 substrate, an SiC substrate, a carbon substrate or the

like can be used as the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS.
Fig. 1 is a cross-sectional view of a layer
struéture of a longitudinal iecording magnetic medium in
10 ‘accérdance with an embodiment of the present invention;
Fig. 2 is a cross-sectional view of a layer
structure of a multi—léyéred underlayer in an embodiment
of the present invention;
Fig. 3 is a cross-sectional view of a layer
15 structure of another exemplary multi-layered underlayer
in an embodiment of the present invention;
| Fig. 4 is a graph showing a relationship
between a ratio of (Brl x tl1)/(Br2 x t2) and normalized
coercive force; |
20 . Fig. 5 is a X-ray diffraction pattern of the
longitudinal recording magnetic medium of embodiment 1;
- Fig. 6 is a graph showing a relationship of a
thickness of a magnetic layer and a coercivity of
longitﬁdinal magnetic recording media;
25 : Figs. 7a and 7b are a plan view of a magnetic

storage apparatus in accordance with an embodiment of the

present invention and a cross-sec view taken along
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The-nagnetic pole 82 also functions as a nmagnetically 10 shielding |ayer.
Mpr.e isn det.ail, the magnetic pole 82 forns a pair wwth a nagnetic
shield | ayer 86, both of whi ch have a thickness of 1[err]m and _
function also to magnetically shield the reproduci ng head. A distance
bet ween the shield layers is 0.25[err]m (R @0 & being not to 15 scale for

clarification of .the structure% The repro- ] uci ng magneto-resi stive
head section hadiBen¥dABryilB thereiny respeGtdyeld# and conductor |ayers

85 as el ectrodes. . . Fig. 9.shows .a verdigc :
cross-sectional view of Fig. 8 is a pef%pecéive riew Bf faectional

structure of a magnetic head of a magnetic storage
apparatus according to an embodiment of the present
5 invention; .

Fig. 9 is a vertical cross-sectional view of a
magneto-resistive sensor of a magnetic head usable in the
magnetic storage apparatus shown in Fig. 8; and

Fig. 10 is a cross-sectional view of a spin-

10 valve type magneto-resistive sensor of a magnetic head

usable in the magnetic storage apparatus shown in Fig. 8.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will be detailed in

connection with preferred embodiments which follow.'
15 Embodiment 1l:

An Al-Mg substrate 11 having an outer diameter
of 65mm, an inner diameter of 20mm and a thickness of
0.4mm and further having an NiP iafér formed on a surface
of the substrate, was subjected to a DC magnetron sput-

20 tering process to sequentially form thereon a multi-
layered underlayer 12, a magnetic layer 13 and protective
layer 14 to thereby obtain a longitudinal magnetic
recording medium, as shown in Fig. 1. More in detail,
the multi-layered underlayer 12 was made up of a 10nm-

25 thick Cr layer (bcc layer) 21, a 10nm-thick CoCr alloy
layer (hcp layer) 22 and a ldnm-thick CrTi alloy layer

(bcc layer) 23, as shown in Fig. 2. The magnetic layer
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20 -a-structure-of the magneto-resistive sensor. A signal detection
region -91 of the magneto-resi.stive sensor " includes a transversa

bi asing | ayer 93, a separating | ayer-94 and a nagneto-resistive
ferromagnetic | ayer 95 sequentially fornmed in this order on a gap

| ayer 92 of Al 25 oxide. The nmagneto-resi¥liwe ferromagnetic |ayer 95
was made of N Fe alloy and 20nm thick. The transversal bi asi ng
|l ayer 93 was madk3 okt N'FENOL JFRS 2B nkSnmi-thick CoCrBhedaloyt ABYEFrahavdnga

bi asi ng | ayer 93 be made of .
an Acp structure, and the protective layer 14 was a

carbon layer. The above film formation was carried out
under conditions that Argon gas partial pressure is

5 6mTorr, an input power is ikw and a substrate temperature
is 300°cC. |

The respective layers of the recording medium

in accordance with the present embodiment were evaluated
with respect to their crystallographic orientation by an

10 X-ray diffraction analysis, which results are shown in
Fig. 5. It has been found that the bcc Cr layer 21 is
(100)-oriented, the hcp CoCr alloy layer 22 grown on the
léyer 21 is (11.0)-oriented, the bcc CxTi alloy layer 23
grown on the layer 22 is (100)-oriented, and the hcp

15 CoCrPt magnetic layer 14 groﬁn on the layer.23 is (11.0)-
oriented. |

When the Cr concentration in the CoCr alloy

layer 22 in the underlayer is varied in a range from 25
at% to 45 at$%, it has been found that the CoCr alloy

20 layer 22 is magnetized as weakly as about 150 emu/cc at a
Cr concentration of 25 at%. 1In general, when the CoCr
alloy is a bulk, the alloy becomes non-magnetic at a Cr
concentration of about 25 at% or more. However, when the
film forming temperature is increased to about 300°C to

25 form a CoCr alloy thin film, the allof film becomes
magnetized. This is considered to be because the alloy
is separated into a phase (ferromagnetic) with low Cr

concentration and a phase'(non-magnetic) with high Cr
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- 16" ° any alloy, so long as the alloy is of a ferromagnetic type

whi.ch «<i's relatively high in electric resistance and good in soft
magneti c properties. The transversal bi asing layer 93 is nagnetized by
a magnetic field 5 induced by a sense cyrignl fl owi ng through the

nmagnet o- resistive ferromagnetic layer™5 in a filmin-plane

direction (t rar@dx‘?&éé{g{r&'ﬁ{&&! | OfY ReL p&f?gcy%éﬁ EBuhfCthat, &HERCEhe! Br

apply a transversa I'asing magnetic fre
: concentration is set at 45 at% or more, the crystal

structure of the CoCr alloy layer cannot have an hcp
single phase and thus cannot satisfy an epitaxial
- 5 relationship with the uppér and lower layers.

As a result of evaluating read/write charac-
teristics of the recording medium according to the
present embodiment, good read/write characteristics were
obtained, in particular, when the Cr concentration is not

10 smaller than 30 at% and not larger than 40 at%. When
reading and writing operations were carried out by use of
a magneto-resistive head with a linear recor&ing'density
of 260kFCI and with a longitudinal magnetic recording
medium having the CoCr alloy layer with 35 at% of Cr

15 concentration, the medium had a signal;td-noise ratio of
1.8. In the caée of a longitudinal magnetic recording
medium usiﬁg the CoCr alloy layer having a Cr concentra-
tion less than 30 at%$ or higher than 40 at%, a product
(Br x t) with the residual magnetic flux density Br

20 becomes large or the crystallographic orientation of the
magnetic layef will be insufficient, so that the medium
had a low signal-to-noise ratio of 1.3 or less.

. It has been obvious from the above examinations

that, in order to suppress the magnetization of the

25 underlayer which affects magnetic properties of the
magnetic layer and also to realize good epitaxial growth,
the Cr concentration of the CoCr alloy layer is.required

to be set at a level not smaller thaﬁ 30 at% and not
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t he .magnet o-resj.stive ferromagnetic |ayer 95. Thus, this 10 forns a

magneti-c sensor which can provide a |inear repro- duction output with
respect to a | eakage magnetic field fromthe medium The separating
| ayer 94 for preventing . branching of the sense current fromthe
magnet o-resi stive ferromagnetic |ayer 95 yas made of Ta that is
relatively 15 high in electric resistance and 5nmthick. The signal
detection region l¥krders tarersql awg) ons 96 provi ded at its both ends.
The tapered regions 96 i ncl ude pernmanent -magnet | ayers 97 for
converting the mﬂmhnd}nﬂﬁnsﬁﬂve ferromagnetic layer 95 to a single

magneti c domain and a _
An Al-Mg substrate 11 having an outer diameter

of 65mm, an inner diameter of 20mm and a thickness of

5 0.4mm and further having an NiP layer formed on a surface
of”the;§pbstrate, was subjected to a DC magﬁetron sput-
tering process to sequentially form thereon a multi-
layered underlayer 12, a magnetic layer 13 and protective
layer 14 to thereby obtain a longitudinal recording

10 magnetic medium, as shown in Fig. 1. More in detail, the
multi-layered underlayer 12 was made up of a 1l0nm-thick
Cr layer (bcc layer) 21, a 10nm-thick CoCr alloy layer
(hcp layer) 22, a 10nm-thick CrTi alloy layer (bcc layer)
23 and a 10nm-thick CoCr alloy layer (hcp layer) 31, as

15 shown in Fig. 2. The magnetic layer 13 in fig. 1 Qas a
15nm-thick CoCrPt alloy layer having an hcp structure,
and the protective layer 14 was a carbon layer. The
above film formation conditions were the same as in the
embodiment 1.

20 Fig. 6 shows a relationship between the
thickness of the magnetic layer in the recording medium
of the present embodiment and coercivity Hc measured with -
a magnetic field applied in a relative running direction
of a magnetic head to the medium in a write mo&e, |

25 together with measurement results of the longitudinal
magnetic recording medium of the embodiment 1. 1In the
case of the longitudinal magnetic.recording_medium of

embodiment 2, it is seen that, whén the thickness of the-




20'?paLr*bf'eIectrodes 98 fornmed on the pernmanent nagnet | ayer 97 for
extracting a reproduced signal thereon. Si nce the permanent nmagnet
| ayer 97 is required to be " high in coercivity and not to be easily

changed in

magneti zation direction, for which reason the pernmanent

magnet | ayer 97 is made of alloy such as GoGr4 or CoCrPt. The

| ongi t udi nal

magneti c recordi ng nmedium 71 (see Fig. npl oyed, was

such as descri-bd@gnetded@Yaintls made srall, r%#%ﬁk#%ﬁv*@ W% SPERCHYRRE.

10

15

20

25

force is smaller than that of the longitudinal magnetic
recording medium of embodiﬁent 1. This is considered to
be because the uppermost layer of the multi-layered
underlayer has the same hcé structure as the magnetic
1ayer, thus improving the crystalline structure of the
initial growth part of the magnetic layer. In this way,
it has become clear that, when it is desired to make the
magnetic layer thin, it is effective for the uppermost
layer-of the multi-layered underlayer to have an hcp
structure. It has also béen'found that, when a Pt
concentration of the magnetic layer 13 is high, a similar
result can be obtained by adding Pt, Ta or the like to
the CoCr alloy layer 31 in the multi-layered underlayer
to improve a lattice matching between the magnetic layer
and underlayer.
Embodiment 3:

A plan view of a magnetic storage apparatus in
accordance with an embodiment of the present invention as
well as é vertical cross-sectional view of the apparatus

are shown in Figs. 7a and 7b. More in detail, Fig. 7b is

‘a cross-sectional view taken along line VIIB-VIIB in Fig.

7a. -‘The magnetic storage apparatus includes 'a longitu-
dinal magnetic recording medium 71, a driver 72 for |
rotation-driving the medium; a magnetic head 73, a driver
74 for driving the magnetic head, and a read/write signal
processing circuit 75.

Shown in Fig. 8 is a structure of the magnet;c

25



When read/ wite characteristics were eval uat ed

- 17 S

by .use -of the magnetic recording systemof the present enbodi nent
under conditions of a head flying hei ght of 30nm a linear recording
density of 260kFCI and a track 5 density of 13kTPlI, a signal-to-noise
ratio of 1.8 were obt ai ned. Nanely, a-suafsfi-ciently high | evel read
out put was obtained with such a |large signal-to-noise ratio.

Further, when anhedguissfginl tbe magnetjcestoraged apgaratus. This
‘magnetic head is of a ccmposite type which is a combina-
tion of a reading inductive head formed on a magnetic
head slider base 87 and q.feproducing magneto-resistive
5 head. The recording induétive head section is of a thin
film type which has a pair of recording magnetic poles 81
and 82 and a coil 83 intersected therewith. A léyer'gap
between the recording magnetic poies was set to be 0.3um.
The magnetic pole 82 also functions as a magnetically
10 shielding layer. More in detail, the magnetic pole 82
forms a pair with a magnetic shield layer 86, both of
which have a thickness of-lﬁm and function also to
magnetically shield the reproducing head. A distance
between the shield layers is 0.25um (Fig. 8 being not to
15 scale for clarification of the structure). The repfo-
ducing magneto-resistive head section has a magneto-
resistive sensor 84 and conductor layers 85 as
electrodes.
Fig. 9 shows a vertical cross-sectional view of
20 a structure of the magneto-resistive sensor. A signél
detection region 91 of the magneto-resistive sensor
includes a transversal biasing layer 93, a separating
layer 94 and a magneto-resistive ferromagnetic layer 95
sequentially formed in this order on a gap layer 92 of Al
25 oxide. The magneto-resistive ferromagnetic layer 95 was
made of NiFe alloy and 20nm thick. The transversal
biasing layer 93 was made of NiFeNb and 25nm thick.

However, the transversal biasing layer 93 may be made of




subj ected to an 8/,9 coding operation, the recording/ 10 reproducing
oper atii*on"was possible with a recording density of 3 G ga-bits per
inch2. In addition, after 50, 000 cycl es of head seek test fromi nner
ci rcunference to outer one, the nunber of bit errors was 10 bits or
| ess per surface and a nean tine interval batéwen 15 failures was 300, 000
hour s. Enbodi nent 4: In a magnetic storage apparatus
havi ng struc- any tlley,siso llang ast Itdee alldon is oF g5 . fIRromagR@Er 8 in
enbodiment 3, it is preferable that the magneto-resistive .
type which is relatively high in electric resistance and
good in soft magnetic properties. The transversal
biasing layer 93 is magnetized by a magnetic field
5 induced by a sense current.flowing through the magneto-
resistive ferromagnetic layer 95 in a film in-plane
direction (transversal direction) perpendicular to the
current to.apply a transversal biasing magnetic field to
the magneto-resistive ferromagnetic layer 95. Thus, this
10 forms a magnetic sensor which can provide a linear repro-
duétibn output with respect to a leakage magnetic field
from the medium. The separating layer 94 for preventing
branching of the sense current from the magneto-resistive
ferromagnetic layer 95 was made of Ta that is relatively
15 high in electric resistance and 5nm thick. The signal
detection region'Sl has tapered regions 96 provided at
its both ends. The tapered regions 96 include permanent
magnet layers 97 for converting the magneto-resistive
ferromagnetic layer 95 to a single ;agnetic domain and a
20 pair of electrodes 98 formed on the permanent magnet
layer 97 for extracting a reproduced signal thereon.
Since the permanent magnet layer 97 is required to be
high in coercivity and not to be easily changed in
magnetization direction, for which reason the permanent
25 magnet layer 97 is made of alloy such as CoCr or CoCrPt.
The longitudinal magnetic recording medium 71 (see Fig.

7) employed was such as described in embodiment 1 and had

a coercivity Hc of 3.2kOe.




20'+sensor 84 be of such a spin-valve type as shown in Fig. 10,
because it provides a |arger .output. A signal detection region 101 of
t he magnet o-resi stive sensor has such a structure that a 3nmthick Ta
buffer layer 103, a nmthick first magnetic |ayer 104, a 1.5nmthick
Cu 25 intermediate layer 105, a 3nmthick second nmagnetic | ayer 106
and 10nmthick, Fe-20 at% Mh anti-ferronagnefs c. al | oy | ayer 107 are
sequentially fornmed in this order on a gap | ayer 102 made of Al oxide.

The first nagnetlc | ayer Whidh read/write characteristics were evaluated
by use of the magnetic recording system of the present
embodiment under conditions of a head flying height of
30nm, a linear recording density of 260kFCI and a track

5 density of 13kTPI, a signai—to-noise ratio of 1.8 were
obtained. Namely, a sufficiently high level read output
was obteined with such a large signal-to-noise ratio.
Further, when an input signal of the magnetic head was
subjected to an 8/9 coding operation, the recording/

10 reproducing operation was possible with a recording
density of 3 Giga-bits per inch?. 1In addition, after
50,000 cycles of head seek test from inner circumference
to outer one, the number of bit errors was 10 bits or
less per surface and a mean:time interval between

15 failures was 300,000 hours.

Embodiment 4:

In a magnetic storage apparatus having struc-
tures similar to those shown in Figs. 7a, 7b and 8 in
embodiment 3, it is preferable that the magneto;resisrive

20 sensor 84 be of such a spin-valve type as shown in Fig.
10, because it provides a larger output. A signal
detecrion region 101 of the magneto-resistive sensor has
such a structure that a 3nm-thick Ta buffer layer 103, a
7nm-thick first magnetic layer 104, a 1. 5nm-th1ck Cu

25 intermediate layer 105, a 3nm-thick’ second magnetlc layer
106 and 10nm—th1ck, Fe-20 at% Mn antl-ferromagnetlc alloy
'layer 107 are sequentlally formed in thlS order on a gap

layer 102 made of Al oxide. The first’ magnetlc layer 104




- 18 - .. was nmade of a NN -20 at% Fe alloy and the second nmagnetic
| ayer “106 was nade of Co. Exchange field fromthe anti - ferromagnetic
all oy layer 107 causes the magnetization of t he second magnetic | ayer
106 to be fixed in one direc- 5 tion. The-nk8netization direction of the
first magnetic | ayer 104 adj acent to the second magnetic |ayer 106 via
t he non-nmagnetic ivasrmade of ajbr200sttofietableoyhend the ggaand| magaetdg
by a | eakage magnetic field fromthe | ongi t udi nal _magnetic recording
nedi um Rel ative clRyepe 106 was made of Co. xchange f;g d from the anti-
ferromagnetic alloy layer 107 causes the magnetization of
the second magnetic layer 106 to be fixed in one direc-

5 tion. The magnetization direction of the first magnetic
layer 104 adjacent to the second magnetic layer 106 via
the non-magne£ic intermediate layer 105, on the other
hand, is varied by a leakage magnetic field from the
longitudinal magnetic recording medium. Relative change

10 in the magnetization direction between the two magnetic
layers causes a change in the total resistance of the 3
layers. This,phenomenon is known as spin-valve effect.
In the present embodiment, the magneto-ﬁesistive-sensor
utilizes the spin-valve effect. Tapered regions 108 made

15 up of a permanent magnet layer 109 and a pair of elec-
trodes 110 are similar to ﬁhose in the magneto-resistive
sensor explained in connection with the embodiment 2.

The longitudinal magnetic recording medium 71 (see Fig.
7) employed was such as.described in embodiment 2 and had

20 a coercivity Hc of 3.2kOe.

When recording/reproducing characteristics were
evaluated by use of the magnetic storage apparatus of the
present embodiment under conditions of a head flying
height of 30nm, a linear recording density of 260kFCI and

25 a track density of 13kTPI, a signal-to-noise ratio of 2.0
was obtained. ﬁamely, a-sufficiently high level read

output was .obtained with such a large signal-to-noise

ratio. Further, when an input sighal'to the magnetic




.10 in the nagnetlzatlon direction between the two magnetic | ayers
causes -a change i'n the total resistance of the 3 | ayers. This
phenonenon i s known as spin-val ve effect. In the present enbodi nent,

t he magneto-resi stive sensor ~utilizes QF Sspin-valve effect. Tapered
regions 108 made 15 up of a pernanent nagnét I"ayer 109 and a pair of ‘el ec-

é&‘;f’ifnééo. ' Consid s BuEted ol B I SHAAN Spsfrcion, WA
T e ]R8 if operst.n VI sk s e o
recording density of 3 Giga-bits per inch? in a temper-
ature range of 10 to 50°C. In addition, after 50,000
5 cycles of head seek test from inner circumference to
outer one, the number of bit errors was 10 bits or less
per surface and a mean time interval between failures was
300,000 hours.
In accordance with the aforementioned embodi-
10 ments, since magnetic grains can be made fine and
dispersion of_the particles can be made small, a signal-
to-noise ratio can be made high. As a result, when a
high-sensitivity magneto-resistive head is used, there
can be provided a small-size, large-capacity magnetic
15 storage apparatus which has a recording denéi£y of 3Giga-
bits or more per inch?, a high signal-to-noise ratio, a
low error rate, and a mean time interval between failures

of 300,000 hours or more.
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When . recordlng/reprodu0|ng characteristics were eval uated by use of

t he magneéti'c storage apparatus of the present enbodi nent—urder———
conditions of a head flying hei ght of 30nm a linear recordin

of 260kFCI and 25 a track density of |3kTPl, a signal 1“““%&“‘ hﬂ @EB
2.0 was obtai ned. Nanely, a suff|C|eht?9 high |lev

was obt ai ned mﬁlgﬁéﬂﬁg a | arge signal -to-noi se ratio. Further when an
i nput signal t ghetic

A longitudinal magnetic recording medium
comprising a multi—layered'underlayer and a magnetic
layer formed thereon, whetein said multi-layered
underlayer includes: |

a first layer subsﬁantially having a body-
centered cubic (bcc) structure;

é second layer substantially having a
hexagonal-closed pack (hcp) structure formed on said
first layer; and

a'third layer substantially having a bcc

structure formed on said second layer.
2. A longitudinal magnetic recording medium
according to claim 1, wherein said first and third layers
are (100)-oriented and said second layer is (11.0)-
oriented.
3. A longitudinal magnetic recording medium
according to claim 1, wherein each of said first ahd
third layers is made of chromium or a chromium alloy and
said second layer is made of a cobalt-chromium alloy.
4. A longitudinal magnetic recording medium

. according to claim 3, wherein said second layer has a
chromium concentration in a range from 30 at% to 40 ats.
5. A longitudinal magnetic recording medium
according to claim 3, wherein said chromium alloy is an
alloy selected from the group consisting of a Cr alloy, a
Cr~-Ti alloy, a Cr-V alloy, a Cr-Mo alloy and a Cr-Ta

alloy, and said cobalt-chromium alloy is an alloy
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-19- - head was subjected to an 8/9 coding operation, the

rec@ﬁéth[fepfbﬁQcing operation was possible at a L"" [ ity of
3 Gga-bits per inch2 in a tenper- ature range mﬂ H ﬁ . In
addition, after 50,000 5 cycles of head seek test frbmf nrer ®ci scuntf er ence

to outer one, the number of bit errordd was 10 bits or |ess per

surface and a nean tine interval between failures S 3 000 hours.
I n accor danceSfilestere ey &hene-ondy Cﬂﬁﬁicﬁtlngl(?q\fr%tcso,'cﬁ r?g(e)]:%‘gr%t iC
grains can be _nade fine %nd

Co-Cr-Ta alloy, a Co-Cr-Pt alloy and a Co-Cr-Pt-Ta alloy.

6. A longitudinal magnetic recording medium
according to claim 1, where?n said second layer has a
residual magnetic flux density Brl and a thickness of tl,
with respect to a residual magnetic flux density Br2 and
a thickness t2 of said magnetic layer, satisfying

Brl x t1l £ 0.2 x Br2 x £2.
7. ' A longitudinal magnetic recording medium
according to ciaim 1, wherein said each of said first to
‘third layers has a substantial thickness not larger than
50 nm.
8. A longitudinal magnetic recording medium
according to claim 1, wherein said_magnetic layer is
mainly made of cobalt, chromium and platinum, wherein a
platinum density is substantially not smaller than 10
ats.
g. A longitudinal magnetic recording medium
according to claim 1, wherein multi-layered underlayer
fufther includes a fourth layer substantially having a
hcp structure formed on said third layer.

10. A longitudinal magnetic recording medium |
. according to claim 9, wherein said first and third layers
are (100)-oriented and said second and fourth layers are

(11.0)-oriented. |
11. A longitudinal magnetic recording medium
according to claim 9, wherein each of said.first and

third layers is made of chromium or a chromium alloy and

is Sheet Has Been Reflaced
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di spersion of the particles can be made small, a signal - t o-noi se

rati o-can be nmade high. As a result, when a hi gh
magnet o-resi stive head is used, there can be proviWﬂlHﬂMM’lM"J“'
-large-capacity magnetic 15 storage appalatpys .which has "a rfecérdtngs

of 3G ga-

hours or

| ow error rateeaghdod sRAA he&enunhﬁavgbu&%hmayefr@ iy afade of & 300, 000

nor e.

ensi t
bits or nore per inch[err], a high signal-to-noise ratio,

cobalt-chromium alloy.
12. A longitudinal magnetic recording medium
according to claim 11, wherein each of said second and

fourth layers has a chromium concentration in a range

from 30 at% to 40 ats.

'13. A longitudinal magnetic recording medium

according to claim 11, wherein said chromium alloy is an
alloy selected from the group consisting of a Cr alloy, a
Cr-Ti alloy, a Cr-vV alloy, a Cr-Mo alloy and a Cr-Ta
alloy, and said cobalt-chromium alloy is an alloy
selected from the group consisting of a Co-Cr alloy, a
Co-Cr-Ta alloy, a C01Cr-Pt alloy and a Co-Cr-Pt-Ta alloy.
14. A longitudinal magnetic recording medium
according to claim 9, wherein. each of said first to
fourth layers has a substantial thickness not larger than
50 nm.
15. A longitudinal magnetic recording medium
according to claim 9, wherein said ﬁagnétic layer is
ﬁainly made_of cobalt, chromium and platinum, wherein a
platinum density is substantially not smaller than 10
ats.
l6. _ A longitudinal magnetic recording medium
comprising a multi-layered underlayer formed on a
substrate and a magnetic layer formed on said underlayer,
wherein said multi-layered underlayer includes:

a first layer substantially having a body-

centered cubic (bcc) structure formed on said substrate;
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20 : -9 CLAIMS: 1 A | ongi tudi nal magnetic TEEB?HTﬁgandeﬁ%———

conprising a nulti-layered underlayer and a magnetic |ayer r
and substantially having a hexagonal -cl ose packed (hcp) st f”"mmm”mﬂﬂﬂl’m
said multi-layered underlayer includes - 23a_first |ayer *substan gV
‘having a body-centered cubic (bcc) structure. a second | ayer '

substantial ly having a hcpa ségesndir Eayeor n®sbstansidliyrsaviagea on said
first layer to forma bcc-hcp layer pair with said first |ayer, and

athird layer sHwsizgdnal+gldeed npck btltcp) rsttuctuter fedmed eni dagdcond

| ayer, and wherein an uppernost layer in said nulti-layered underlayer on
whi ch sai d magneftixst alayexs dndned is in one of a bcc structure and a hcp
structure such that said uppernost_ |ayer forms another bcc-hcp |ayer pair
with one of said nmagnetic 4a&hiréwéﬁxﬁ¥a@%@sﬁﬁﬂﬁ+¢§lﬁgh§§+ﬂgugpEFﬁDst | ayer
in said nmulti-layered under!| ayer. 2 . A | ongj t udi nal . ppgneti,c_recordi ng
medi um accor di n FRCFRFn HOTTHRR (R} S_LE SeFrRd ﬂﬁthiVﬂgﬁaﬁﬁfg Bpranetas) -

orfented and saifl secqnd Laver ga (&t i@ LG ayer.

17. A longitudinal magnetic recording medium
according to claimlls, wherein said substrate is made of
a material selected from a group consisting of an Al-Mg
alloy, glass, Si0,, SiC and carbon.

18. A longitudinal magnetic recording medium
comprising a multi-layered underlayer formed on a
substrate and a magnétic layer formed on said underlayer,
wherein said multi-layered underlayer includes:

a first layer substantially having a body-
centered cubic (bcc) structure formed on said substrate;
a second layer substantially hﬁving a

hexagonal-closed pack (hcp) structure formed on said
first layer;
a third layer substantially having a bcc
structure formed on said second layer; and
a fourth layer substantially having a hcp
structure formed on said third layér, with said magnetic
layer being formed on said fourth layer.
19. A longitudinal magnetic recording medium
according to claim 18, wherein said substrate is made of
a material selected from a group consisting of an Al-Mg
~alloy, glass,.SiOz, SiC and carbon. _
R
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3 A | ongitudinal nagnetic recordi ng nmedi um accor di 0 claim1l,
wher€i:n'ieach ‘of "said first and third layers is made of'crg

~chromium all oy and said second | ayer is nade of a cobalt ﬁm mm\!)\u!‘\

4 A longitudinal magnetic recording negdj umaccording t0 el atm?,
wherein said second | ayer has a chrom um concentration in a range from 30

at %to 40 at % . 5 : | | Al | E&Ad fhhJs B8gager accordi ng
to claim3, vmze@r'ei n sai ?hér% u&n‘%’%ﬁym an %ﬁ:%y selﬁé‘gt ed fr%m t he group
consi sting of réldP Yoo siklg & |Mgnet & -dedbt@ing ad{EkMaal | oy and a
Cr-Ta all oy, and said cobalt-chroniun1$ﬁloy Is an al l'oy selected fromthe
group consi st igpgyridtic Gedd daviatedorith Tsaid |dyskp LosOyn@l alloy and a
Co-Cr-Pt-Ta all oy, alloy. 6 A | ongi tudi nal magnetic recordi ng nmedi um
accordi ng to @rocessinderitecuisaicbrreaored with $atd amagretial heagnedi c
flux density Brl and a thickness to tl1, with respect to a residyal nagnetic
flux density Hixsthmdeiver ckorswotating ssaid n@iﬁgta%dl ayeecond: A5LyeRg

for actuating the magnetic head for recording/reproducing
a signal on said disk, wherein:

said recording disk comprises a multi-layered
underléyer énd a magnetic layer formed thereon, the
multi-layer underlayer including

a first layer substantially having a body-
centered cubic (bcc) structure,

a second layer substantially having a
hexagonal-closed pack (hcp) structure formed on said
first layer, and

a third layer substantially having a bcc
structure formed on said second layer. |
21, A iongitudinal magnetic recording storage
apparatus according to claim 26, wherein said magnetic
head is an inductivé/magneto-resistive composite head.
22. A longitudinal magnetic recording storage
apparatus according to claim 20, wherein said multi-
layered underlayer further includes a fourth layer
substantially having a hcp structure formed on said third
layer.

23. A longitudinal -magnetic recording storage
apparatus according to claim 22, wherein said magnetic

head is an inductive/magneto-resistive head.
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21 7 Al ongi t'udi nal magnetic recordi ng medi um according [O ctaim I,
mhereln said each of said first to third |layers has a s
not | arger than 50 nm 8 A 1 ongi t udi nal nagnetlc ﬂ 3 HHI“ r

according to claim1l, wherein said magnetic Jayer is e of
chrom um and pIatinun] mherein a platinun1den5|ty S substanplally not
smal [ er than 10 %, 9a 10 rf ‘f?énémeféé‘of@ﬁ% Chéd@iaRdi um
according to cIa|n11 wherein sal ered underl ayer includes as

sai d upper nmost | ias i rd fid et Liaaﬁéfltf@&dxddfwlélgs@weﬁasérﬂnwﬁgh

fornmed on said third layer to foorm said  another bcc-hcp | ayer pair

therewi th. a multi-layered underlayer, wherein said multi-layered
undérlayer includes at least three layers in which a
layer substantially haviné a hexagonal close-packed (hcp)
structure is sandwiched by layers substantially having a
bédy-centered cubic (bcc) structure.
25. A longitudinal magnetic fecording medium
according to claim 24, wherein a layer in said multi-
layered underlayer adjacent to and in contact to said
magnetic layer has substantially a hexagonal close-packed
structure.
26. A longitudinal magnetic recording medium
according to claim 24, wherein said multi-layered
underlayer includes a single layer of a subéténtially hcp
structure, a product of a thickness tl and a residual
magnetic flux density Brl of said layer of the substan-
tially hep structure is not larger than 20% of a product
of a thickness t2 and a residual magnetic flux density
Br2 of said magnetic layer.
27. A longitudinal magnetic recording medium
according to claim 24, wherein each of the layers in said
multi-layered underlayef substantially having the hexago-
nal close-packed structure contains Co and Cr as its main
components and a Cr concentration is not smaller than 30
at% and not larger than 40 at%.
28. A magnetic storage apparatus comprising a

longitudinal recording magnetic medium, a driver for
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10 - Al ongitudi nal magnetic recordi ng medi um accordi ng tQ_QLéLHlQL__TrTn“*‘;
wherei-n said first and third layers are (1 00)-oriented and said secon

fourth layers are (11.0)- oriented. 11 A | ongi t udi nal, rﬂﬁnﬁ '
recordi ng nmedi um according to claim?9, wher e'é each of said ﬂmml”",iuum _
| ayers is made of chrom umor a chrom um aTl € and each of sdi d° secomd o
fourth layers is;made of a.cobali-chromumall oy 12 .lLangi lynal
magneti c recor diq@lw u?ﬁla‘i(%?%’r%' td r&?%‘ﬁ#’ﬁ, h%%r%?ﬁhé@%h8ofg' eéglgg J‘.gg
second and fourt S I UL nt L aL] §Nad;iFardeckrom 30 at
%to 40 at % %héEyg%??éﬁéﬁ?%ﬁ?%%$1%%%ﬁ%?ﬁ%’réc%%ggﬂg neaiun1agcording to

claim1l, whereidr5@ gy Céﬁpdm%r&é{fa héadNtd! LoNapaLeeked Eﬁgﬂhuhanggaqa
consisting of a Cr alloy, a C-Ti alloy, a G-V alloy, a Cr- alloy and a

Cr-Ta all oy, andiemgitedbral - £6cORding dhagiet Scaealiiny anteat edativamitie
group consisting of a Co-Cr alloy, a Co-Cr-Ta alloy, a Co-Cr-Pt alloy and a
Co-Cr-Pt-Ta al oysignd¥ prodessingtciirtaitmignetrecordingdanginedtusignal
according to claim9, wherein each of
to said magnetic head and reproducing an output signal
from the mégnetic head, wherein:

"said the reproducing head section of said
magnetic head comprises a magneto-resistive sensor, said
sensor including a plurality of electrically conducti#e
magnetic layers whose resistances are largely changed by'
relative change in their magnetization directions by an
external magnetic field and also including an electrical-.
ly conductive non-magnetic layer disposed between said
conductive magnetic layers; and

said magnetic recording medium has a subsirate,
a multi-layerea underlayer formed on said substrate and a
magnetic layer formed on said multi-layered underlayer,
said multi-layered underlayer including at least three
layers in which a layer substaﬁtially having a hexagonal
close-packed structure is sandwiched by layers substan-
. tially having a body-centered cubic structure.
29. A magnetic storage apparatus according to c;aim' -
28, wherein a layer of said multi-layered underlayer.
~adjacent to and ih contact to said magnetic layer has a
'subétantially hexagonal close-packed structure.

30. A magnetic storage'apparatus according to claim

28, wherein one layer substantially having a hexagonal

_

REPLACEMENT SHEET Thi 7'i7iﬁt!iﬁlﬁﬁi7ﬁe’iﬁced

28 NOV 1997




said first toufourth layers has a substantial thickness not larger than 50
nm. 22 15 A

| ongi tudi nal nagnetic recordi ng medi um according to cl al,ulﬂ“umnllﬁmuﬁmd
magnetic |layer is mainly made of cobalt, chrom um and p a
platinum density is substantially not smaller_than 10 at*%°® 16" SA*

| ongi tudi nal magnetic recording medi um accoT d? g-to claiml, wherein said

third | is th t, | [ id lpi-1¢ d .t h
sai d maghet i ¢ 1 af i TRTIRTTeS rEiERh SEFRCTRTT b EPiactorh EATY BHbEle:
bce- h I . : | : . : . .
e o oF sl a B demiail, afl §LPLbUEE R BORRLLnESELY' e o
residual magnetic flux density Brl of said layer substan-

tially having the hcp structure is not larger than 20% of
a product of a thickness t2 and a residual magnetic flux
density Br2 of said magnetic layer.

31. A magnetic recording syétem according to claim
28, wherein each of said layers iﬂ said multi?layered
underlayer substantially having a hexagonal close-packed
structure contains Co and Cr as main elements, and a Cr
‘concentration thereof is noﬁ smaller than 30 at% and not

larger than 40 at%;

T
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formed .on a substrate and a magnetic |ayer forned on said underlayer and
substantlally havi ng a hexagonal - cl ose packed (hcp) structure, wherein said
mul ti-layered underlayer includes: a first layer substantially
havi ng a body-centered cubic (bcc) structure fornmed on said substrate;

a second | ayer substantially having a hcp structure formed on said first

| ayer to forma bce-hcp |ayer pair with said first |ayer; and a
third [ayer substantially having a bcc structyre formed on said second

| ayer with said magnetic |ayer being forne aid third layer to form
anot her bcc-hcp layer pair therew th. 18 A | ongi tudi nal magnetic

recordi ng nmedi um accor di ng HONGITUBDINALL MAGNETICERECOBRING MEDEM BAENGs nade of a

material selected fro MAGREYE CagTORKGE ABA'
Siderr] SiCand car b[ﬁ.ﬁugﬁoggigfggtﬁm ﬂﬁm nfc{aéﬁﬂb ?%?ng Tr[rjgdl um

conprising a nmulti-Ilayered under=y e t—on—a—stbstrate and a magnetic

| ayer fornmed on SE%QTHRE@rb?yﬁhEaﬁﬁgfﬁgﬁﬁﬁﬁﬁ'aJly havi ng a hexagonal - cl ose
tr- [

packed (hcp) str ure,” whérein sai ayered underl ayer i ncl udes:

a first layer substantiallyahayhag +3a90dh- GRIGHRAAL QRG-S et flif 4HE a

forned on

magnetic storage apparatus using the longitudinal
magnetic recording medium. The recording medium has a
multi-layered underlayer and a magnetic layer formed on
it. The underlayer has a first layer'of a body-centered
cubic structure, a second layer of a hexagonal-close
packed structure formed on the first layer, and a third
layer of a bcc structure formed on the second layer. The
underlayer may further have a fourth layer of an hcp

structure layer formed on the third layer.
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FIG. 1

FIG. 2

FIG. 3
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supstrate. is made of a material selected froma group consisting of an

Al - My alloy glass SiJerr], SIiCand carbon. .21 A | ongi t udi nal
magneti c recordi ng storage apparatus conprising a magnhetic recordi ng disk
a magnetic head associated with said disk, a signal processing circuit -
connected with said magnetic head, a first driver for rotating said disk
and a second driver for actuating the magnetic head for
recordi ng/ reproduci ng a signal on said df3k wherein: said recording
di sk conprises a multi-layered underlayer and a magnetic |ayer forned

t hereon and substantially having--a hexagonal -cl ose packed (hcp) structure,
the multi-Ilayer underlayer including a first |layer substantially
havi ng a body-centered cubic (bcc) structure a second | ayer
suybstantirally having a hcp structure fgrvgado said first layer to forma
bcc-hcp layer pair with said first |ayér athird | ayer
substantially having a bcc.F?ructure formed on said second | ayer, and
wherein an uppernost ‘fajer in said nulti-Ilayered underlayer on which
said magnetic layer is formed |s in one of a bcc structure and a hcp
structure such that saiﬁ u r fornms anot her bcc-hcp |ayer pair
with one of said magnetgc |dye derlying said uppernost |ayer
in said nmulti-layered: Qﬁderlayar.
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0.4 -

0.2 -
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0 T LI L) 1 I
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22 ..., A Iongltudlnal magnetic recordi ng storage apparatus accordlng to
claln}21 ' whiefef:n sai d magnetic head is an inductive/ magneto-resistive
conposite head. 23 A | ongi tudi nal magnetic recordi ng storage apparatus
according to claim 21, wherein said nulti-Ilayered underlayer further

i ncl udes as said uppernost |ayer a fourth layer substantially having a hcp
structure fornmed on said third |ayer to hornlsald anot her bcc-hcp | ayer
pair. 24 24 A

| ongi tudi nal nagnetic recordi ng storage apparatus according to claim 23,
wherein said magnetic head is an inductive/ magneto-resistive head.
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25 .. .Alongituydinal magnetic recording storage apparatus according to
cl.ai m*21, wherein said third layer is the uppernbst |layer in said

mul ti-layered underlayer, with said magnetic |ayer being forned on said
third layer to formsaid another bcc-hcp |ayer pair therewth. 26 A
| ongi tudi nal magnetic recordi ng nmedi um conprising a magnetic |ayer formed
on a substrate through a multi-I|ayered ugggrlayer and substantially a
hexagonal - cl ose packed (hcp) structure, rein said multi-Ilayered

under| ayer includes at |east three layers in which a | ayer substantially
having a hcp structure is sandwi ched by | ayers substantially having a
body-centered cubic (bcc) structure to forma bcc-hcp |ayer pair with one
of the bcc structure |ayers underlying the hcp structure |ayer, and wherein

a layer in said nulti- |ayered underl ayer adjacent to and in contact to
said magnetic | ayer has substantially a hexagonal cl ose-packed structure to
form anot her bcc-hcp |ayer pair. 27 A | ongi tudi nal magnetic recording

medi um according to claim26, wherein said multi-Ilayered underl ayer
includes a single |ayer of a substantially hcp_structure, a product of a
thickness t1 and a residual magnetic flux derf€5y gL of said layer of the
substantially hcp structure is not |arger than 20% of a product of a
thickness t2 and a residual nagnetic flux density Br2 of said magnetic

| ayer.
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28 A 1 ongi tudi nal magnetic recording nedium.according to claim 26,
wherei h “each™of: the layers in said nulti-layered underlayer substantially
haV|ng t he hexagonal cl ose-packed structure contains Co and Cr as its nain
conponents and a G concentration is not smaller than 30 at % and not

| arger than 40 at % 29 A magnetic storage apparatus conprising a

| ongi tudi nal recording magnetic nedium g driver for driving said nmedium a
magneti ¢ head including recordi ng and reproduci ng head sections, a second
driver for driving said nmagnetic head to read/wite a signal on said

| ongi tudi nal recording magnetic nedium and a read/wite signal processing
circuit for recording an input signal to said magnetic head and reproducing
an out put signal fromthe magnetic head, wherein:
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sai d reproduci ng head section -of said magnetic head conprises a
nagneto r esi-$tve—senser—sated—sensor
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AR 1Rl
isdotnagdeis .in one of a bee structure and a hcp structure such that said uppermost layer
forms another bee-hep layer pair with one of said magnetic layer and a layer underlying

said uppermost layer in said multi-layered underlayer.

2
and third layers are (100)- oriented and said second layer is (11.0)-oriented.

A longitudinal magnetic recording medium according to claim 1, wherein said first

3

said first and third layers is made of chromium or a chromium alloy and said second layer

A longitudinal magnetic recording medium according to claim 1, wherein each of
is made of a cobalt-chromium alloy.

4

second layer has a chromium concentration in a range from 30 at % to 40 at %.

5. A longitudinal magnetic recording medium according to claim 3, wherein said
chromlum alloy is an alloy selected from the group consisting of a Cr alloy, a Cr-Ti alloy,
aCr-V alloy, a Cr-Mo alloy and a Cr-Ta alloy, and said cobalt-chromium alloy is an alloy
selected from the group consisting of a Co-Cr alloy, a Co-Cr-Ta alloy, a Co-Cr-Pt alloy and

a €o-Cr-Pt-Ta alloy, alloy.

6

second layer has a residual magnetic flux density Brl and a thickness to t1, with respect to

A longitudinal magnetic recording medium according to claim 1, wherein said

a residual magnetic flux density Br2 and a thickness t2 of said magnetic layer, satisfying
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Asmagnetic recordi ng apparatus according to claim?29, wherein each of

said layers i*n said.nmulti-layered underlayer substantially having a

at

%

hexagonal . cl ose- packed structure contains Co and Cr a '
Cr concentration thereof is not smaller than 30 at %mmmllﬂnmlﬂm
21 REPLACENVENT SHEET
7 A longitudinal magnetic recording medium according to claim 1, wherein said each

of said first to third layers has a substantial thickness not larger than 50 nm.

8 A longitudinal magnetic recording medium according to claim 1, wherein said
magnetic layer is mainly made of cobalt, chromium and platinum, wherein a platinum
density is substantially not smaller than 10 at %.

9 A longitudinal magnetic recording medium according to claim 1, wherein said

multi-layered underlayer includes as said uppermost layer a fourth layer substantially
having a hep structure formed on said third layer to form said another bee-hep layer pair
therewith.

10 A longitudinal magnetic recording medium according to claim 9, wherein said first
and third layers are (100)-oriented and said second and fourth layers are (11.0)- oriented.

11 A longitudinal magnetic recording medium according to claim 9, wherein each of
said first and third layers is made of chromium or a chromium alloy and each of said
second and fourth layers is made of a cobalt-chromium alloy.

12 A longitudinal magnetic recording medium according to claim 11, wherein each of
said second and fourth layers has a chromium concentration in a range from 30 at % to 40
at %.

13 A longitudinal magnetic recording medium according to claim 11, wherein said
chromium alloy is an alloy selected from the group consisting of a Cr alloy, a Cr-Ti alloy,
a Cr-V alloy, a Cr-Mo alloy and a Cr-Ta alloy, and said cobalt-chromium alloy is an alloy
selected from the group consisting of a Co-Cr alloy, a Co-Cr-Ta alloy, a Co-Cr-Pt alloy and
a Co-Cr-Pt-Ta aloy.

14 A longitudinal magnetic recording medium according to claim 9, wherein each of
said first to fourth layers has a substantial thickness not larger than 50 nm.
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a read/wite signal processing circuit for recording

reprodUC|ng head sections, a second driver for dr|V|
to read/wite a signal on said |ongitudinal recordi n m’rﬁg!

sai d magnetic head and reproduci ng an oubput signal fron1the nagnetlc
head, wherein: said the reproduci ng head section of said
magnetic head conprises a nmagneto-resistive sensor, said

15 A longitudinal magnetic recording medium accordmg to claim 9, wherein said
magnetic layer is mainly made of cobalt, chromium and platinum, wherein a platinum
density is substantially not smaller than 10 at %.

16 A longitudinal magnetic recording medium according to claim 1, wherein said third
layer is the uppermost layer in said multi-layered underlayer, with said magnetic layer
being formed on said third layer to form said another bee-hep layer pair therewith.

17 A longitudinal magnetic recording medium comprising a multi-layered underlayer
formed on a substrate and a magnetic layer formed on said underlayer and substantially
having a hexagonal-close packed (hep) structure, wherein said multi-layered underlayer
includes :

a first layer substantially having a body-centered cubic (bcc) structure formed on
said substrate;
' a second layer substantially having a hep structure formed on said first layer to
form a bee-hep layer pair with said first layer; and

a third layer substantially having a bce structure formed on said second layer with
said magnetic layer being formed on said third layer to form another bee-hep layer pair
therewith. |

18 A longitudinal magnetic recording medium according to claim 17, wherein said
substrate is made of a material selected from a group consisting of an Al-Mg alloy, glass,
SiO, SiC and carbon.
19 A longitudinal magnetic recording medium comprising a multi-layered underlayer
formed on a substrate and a magnetic layer formed on said underlayer and substantially
having a hexagonal-close packed (hcp) structure, wherein said multi-layered underlayer
includes :

a first layer substantially having a body-centered cubic (bcc) structure formed on
said substrate; '

a second layer substantially having a hcp structure formed on said first layer to
form a bee-hep layer pair with said first layer;

a third layer substantially having a bce structure formed on said second layer; and

a fourth layer substantially having a hcp structure formed on said third layer to

REPLACEMENT SHEET |
!

21DEC 999 |
I

1
1

e o T ¢

.driving said nmedium a magnetic head includi ﬁg—rete%—ﬁg—&ﬁd——

ead
and



sensor Lncluding a plurality of electrically conductive nmnmagnetic |ayers"
whoSe resistances ar.e | argely changed by relative change in thejr

magneti zation ditections by an external magnetic field and al so including
an electrical- |y conductive non-nmagnetic |ayer dISpO Inlﬂﬂﬂwﬁﬂ Htuﬂ
conductive magnetic |layers; and 93 said magneti H "um
has a substrate, a multi-Ilayered underlayer forned on Sai 8 stbstrdate*and a

magnetic layer fornmed on said -multi-layered underlayer, said nulti-Ilayered
under | ayer including at | east three layers in which a |ayer substantially

having a hexagondther bee-hep layer paid with said third layer therewith, with said magnetic layer
being formed on said fourth layer.

20 A longitudinal magnetic recording medium according to claim 19 wherein said
substrate is made of a material selected from a group consisting of an Al-Mg alloy, glass,
Si0,, SiC and carbon.

21 A longitudinal magnetic recording storage apparatus comprising a magnetic
recording disk, a magnetic head associated with said disk, a signal processing circuit
connected with said magnetic head, a first driver for rotating said disk and a second driver
for actuating the magnetic head for recording/reproducing a signal on said disk wherein :

said recording disk comprises a multi-layered underlayer and 2 magnetic layer
formed thereon and substantially having a hexagonal-close packed (hcp) structure, the
multi-layer underlayer including

a first layer substantially having a body-centered cubic (bcc) structure

a second layer substantially having a hcp structure formed on said first layer to
form a bee-hep layer pair with said first layer and '

~ a third layer substantially having a bee structure formed on said second layer, and

wherein

an uppermost layer in said multi-layered underlayer on which said magnetic layer
is formed is in one of a bee structure and a hep structure such that said uppermost layer
forms another bee-hep layer pair with one of said magnetic layer and a layer underlying
said uppermost layer in said multi-layered underlayer. )

22 A 'longitudinal magnetic recording storage apparatus-according to claim 21, wherein

said magnetic head is an inductive/magneto-resistive composite head.

23 A longitudinal magnetic recording storage apparatus according to claim 21, wherein
said multi-layered underlayer further includes as said uppermost layer a fourth layer
substantially having a hep structure formed on said third layer to form said another bec-hep
layer pair.
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cl ose-packed structure is “sandwi ched by |ayers substan- tially having a

body centered cubic.structure. 29. A magnetic storage apparatus
according to claim 28, wherein a layer of said multi-

adjacent to and in contact  to said magnetic Iayer has f”"mmﬂ mﬂ mfm
hexagonal close-packed structure. 30. 24 A nagnetic storage appay at:Us

according to claim 28, wherein one |layer substantially having a hexagonal

24 A longitudinal magnetic recording storage apparatus according to claim 23, wherein
said magnetic head is an inductive/magneto-resistive head.

25 A longitudinal magnetic recording storage apparatus according to claim 21, wherein
said third layer is the uppermost layer in said multi-layered underlayer, with said magnetic
layer being formed on said third layer to form said another bee-hep layer pair therewith .

26 A longitudinal magnetic recording medium comprising a magnetic layer formed on
a substrate through a multi-layered underlayer and substantially a hexagonal-close packed
(hep) structure, wherein said multi-layered underlayer includes at least three layers in
which a layer substantially having a hep structure is sandwiched by layers substantially
having a body-centered cubic (bce) structure to form a bee-hep layer pair with one of the
bec structure layers underlying the hep structure layer, and wherein a layer in said multi-
layered underlayer adjacent to and in contact to said magnetic layer has substantially a
“hexagonal close-packed structure to form another bee-hep layer pair.

27 A longitudinal magnetic recording medium according to claim 26, wherein said
multi-layered underlayer includes a single layer of a substantially hcp structure, a product
of a thickness t1 and a residual magnetic flux density Brl of said layer of the substantially
hep structure is not larger than 20% of a product of a thiclméss 12 and a residual magnetic
flux density Br2 of said magnetic layer. |

28 A longitudinal magnetic recording medium according to claim 26, wherein each of
the layers in said multl-layered underlayer substantlally having the hexagonal close-packed
structure contains Co and Cr as its main components and a Cr concentration is not smaller
than 30 at % and not larger than 40 at %.

29 A magnetic storage apparatus comprising a longitudinal recording magnetic
medium, a driver for driving said medium, a magnetic head including recording and
reproducing head sections, a second driver for driving said magnetic head to read/write a
signal on said longitudinal recording magnetic medium, and a read/write signal processing
circuit for recording an input signal to said magnetic head and reproducing an output signal
from the magnetic head, wherein :
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- 27 - .close-packed (hcp) structure is provided in said nmulti-
under | ayer, and a product of a thickness t1 and a residual nagnetic fl ux

density Brl of said layer substan- tially having the mmwm M‘llnot
| arger than 20% of a product of a thickness t2 and a Em .
flux density Br2 of said magnetic |ayerps 31. A netignéti t r'ecor di ng

system according to claim 28, wherein each of said layers in said

mul ti-layered underl ayer substanti all havi ng a hexagonal ¢l ose-packed
Y said repro%ucing head section of sgid magnet?c head comgr?ses a magneto-rgs?stljize

sensor, said sensor including a plurality of electrically conductive magnetic layers whose
resistances are largely changed by relative change in their magnetization directions by an
external magnetic field and also including an electrically conductive non-magnetic layer
disposed between said conductive magnetic layers; and '

said magnetic recording medium has a substrate, a multi-layered underlayer formed
on said substrate and a magnetic layer formed on said multi-layered underlayer and
substantially having a hexagonal close-packed (hcp) structure, said multi-layered
underlayer including at least three layers in which a layer substantially having a hcp
structure is sandwiched by layers substantially having a body-centered cubic structure to
form a bee-hep layer pair with one of the bee structure layers underlying the hep structure
layer, and wherein a layer of said multi-layered underlayer adjacent to and in contact to
said magnetic layer has a substantially hexagonal close-packed structure to form another
bee-hep layer pair. '

30 A magnetic storage apparatus accordiﬁg to claim 29, wherein one layef
substantially having a hexagonal close-packed (hcp) structure is provided in said multi-
layered underlayer, and a product of a thickness t1 and a residual magnetic flux density Brl
of said layer substantially having the hcp structure is not larger than 20% of a product of
a thickness t2 and a residual magnetic flux density Br2 of said magnetic layer.

31 A magnetic recording apparatus according to claim 29, wherein each of said layers
in said multi-layered underlayer substantially having a hexagonal close-packed structure
contains Co and Cr as main elements, and a Cr concentration thereof is not smaller than 30
at % and not larger than 40 at %. -
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structure contains Co and O as main elenments, and a & concentration
t hereof is mot smal.l er than 30 at% and not larger than 40 at%
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LONGITUDINAL MAGNETIC RECORDING MEDIUM HAVING
A MULTI-LAYERED UNDERLAYER AND MAGNETIC STORAGE APPARATUS
USING SUCH MAGNETIC RECORDING MEDIUM

ABSTRACT OF THE DISCLOSURE

A longitudinal magnetic recording medium and a
magnetic storage apparatus using the longitudinal
magnetic recording medium. The recording medium has a
mulﬁi—layered underlayer and a magnetic layer formed on
it. The underlayer has a first layer of a body-centered
cubic structure, a second layer of a hexégonal-close
packed stgucture.fdrmed on the first layer, and a third
layer of a bcc structure formed on the second layer. The
underlayer may further have a fourth layer of_ah hcp

structure layer formed on the third layer.

Figure 1
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