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o AGNETI C RECORDI NG MEDI A AND MAGNETI C RECORDI NG
Mﬂ NG THE%». > . BACKGROUND OF THE | NVENTI ON 1Po Q LofThe

present inventiion felates to a nagnetic recordi ng system and nore
particularly a magpetijfc recordi ng systtem having a recording density of
% gigabits 5 or ‘higher and a thin fil mmgnetic recording mediumwth

'ow n_oj[sesffor reaf%,‘g&ﬁ;ﬂ-_\:[é%oﬁ%{’ﬂ?@DIA AED MAGNETIC RECORBINGs for Iarge
cppacity of a magnetic e b§%«§%§ %ﬁkgre i ncreasing nore and nore
yooan |

owadays. Convent {onal | uctve head has been used which 10
tili‘zes a voltage change caused by a change of a magnetic flux with
time. This inductive head perforns both read and wite. Recently, use

of a conposite head ~ has expanded rapidly which uses different heads
for read %ﬁﬁFQﬁQWQPtBFi?ﬁ$cﬁﬁ¥#$§F%ﬁn&gnetoresistive head having a 15

hi gher sensitivity as a fead head. The magnetoresistiyve head utilizes

the phenomenon that the LRTFIHL (HRYgption re.%E%so?otﬂémﬁ%%atbFenent
changes with a |eakage Tl en, afdaRdfe Oha MEM MM A GG, LRYLNT a much

hi gher sensi -
recording system having a recording density of 2 gigabits

5 or higher and a thin film magneticlrecording medium with
low noises for realizing such system.

Demands for large capacity of a magnetic
recording system are increasing more and more nowadays.
Conventionally, an inductive head has been used which

10 utilizes a voltage change caused by a change of a
magnetic flux with time. This inductive head performs
both read and write. Recently, use of a composite head
has expanded rapidly which uses different heads for read
and write by introducing a magnetoresistive head having a

15 higher sensitivity as a read head. The magnetoresistive
head utilizes the phenomenon that the electrical resist-
ance of the head element changes with a leakage flux
change of a medium. A head having a much higher sensi-
tivity constituted of a plurality of magnetic layers

20 laminated between a plurality of non-magnetic layers
laminated between those magnetic layers is now under
development which utilizes a very large magenetoresist-
ance change (giant magnetoresistive effect or spin valve
effect). This giant magnetoresistive effect is an

25 electrical resistance change to be caused by a change in



. tivitxﬁfonstituted of a plurality of magnetic layers 20 |am nated between
*a plur®&tity of non-magnetic |ayers | am nat ed bet ween those nagnetic

| ayers i s now under devel opnent which utilizes a very |arge

magenet or esi st - ance change (giant ma@netoresistive effect or spin

val ve effect). This giant nmagnetoresistive effect is an 25 electrical
resi stance chargkativédiceseiony of chagmetization of a plurality of

-2- relative directions of magnetization of a plurality of

magnet i ¢ | ayermagnetipobayeret imerpesedubpeveen | pgRriagnetic pAhgyers .
relative direction change is caused by | eakage fl uxes of _a recording
medium 5  And the xglaive divestion chaneeiis edwsedngy nkeprkage
presently used_jn praciice are de of ,all oy whose nmain conponents are
Co such as Ooner‘P,‘g A ﬁﬁﬂo’ﬁgﬁ?‘bmedlm“‘Such Co alloy has a hexagonal
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components are Co such as CoCrPt, CoCrTa and CoNiCr.
Such Co alloy has a hexagonal closed packed structure
(hcp structure) having a c-axis as a magnetic easy axis.

10 It is therefore preferable that an in-plane magnetic
recording medium has the crystallographic orientation -
having the c-axis oriented along the in-plane direction.
However, such an orientation is unstable so that it
cannot be formed if Co alloy is directly deposited on a

15 substrate. The (100) plane of Cr having a body centered
cubic structure (bcc structure) has a good lattice
matching with the (11.0) plane of Co alloy. By using
this good lattice matching, first an underlayer of Cr
having the (100) plane is fabricated on a substrate, and

20 a Co alloy layer is epitaxially grown on the Cr under-
layer to thereby form the (11.0) plane having the c-axis
oriented in the in-plane direction. In order to further
improve the crystal lattice matching at the interface
between the Co alloy magnetic layer and the Cr under-

25 layer, a second element is added to Cr to increase an
interstitial distance. The (11.0) crystallographic
orientation of Co alloy therefore increases further and

coercivity can be increased. Examples of these



However, such an orientation is unstable so that it cannot be forned
iIf Co alloy is directly deposited on a 15 substrate. The (100) plane of C
havi ng a body centered cubic structure (bcc structure) has a good

| attice matching with the (11.0) plang of Co alloy. By using this
good lattice matching, first an underlayer of Cr havi ng the (100)
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al | oy magnetic |ayer andFaftors naaessarysiprybighadsaesky BRERERLCi s added
to C to increase an interstitial distance._The (11.0)
crystalIographF%c°rdlnSr%%ﬁ%ﬁ@?o%°8fn?bSSFIB§ Wﬁé;ePﬁrBlgthQS§€§Vﬂ&Wther

d b d. .Ex
s ot £deiPRing nAdLe T Htea TA R 836 hrt At iy cayser bY an

0P f-62- 257618, 80dodPad 03519101 ac cern rammerl in, GAGHEEE ARIBRORLUALAL

hi gh density nagne rec I'ng es "as
coercivity tion regions between recording bits. It is necessary to

smooth these transition regions in order to reduce media
noises. It is known that fine magnetic crystal grains

10 and uniform crystal grain sizes are effective for reduc-
ing media noises. To this end, it is effective to make
fine and uniform crystal grains of the underlayer. The
above-described known techniques increase the lattice
constant of the underlayer by adding a second element to

15 the Cr underlayer, but do not make fine and uniform
crystal grains of the underlayer. Therefore, although
the above techniques are effective for increasing co-
ercivity, they are not effective for reducing media
noises.

20 Significant requisites for magnetic disk media
are improvement of shock resistance. This shock resist-
ance improvement is a very significant issue from the
viewpoint of reliability of magnetic disk media, particu-
larly for magnetic disk drives mounted on recent portable

25 information apparatuses such as note type personal
computers. Instead of using an Al alloy substrate with
an NiP plated surface (hereinafter called an Al alloy

substrate), using a glass substrate with a reinforced



5 of recording nedia. Media noises are mainly caused by an I rregul ar

zig-zag pattern formed in nmagnetization transi- tion regions between
recording bits. It is necessary to snooth these transition regions in
order to reduce nedia noi ses. It is-kgown that fine magnetic crystal

grains 10 and uniformcrystal grain sizes are effective for reduc-

I ng nmedi a noi saxrfabe tdn | emystdllizet fldss/ suls trekdee can impeowendthe
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of using an Al "oy substrate wt an NP plated surface (hereinafter
called an Al 3pdBlems such as insufficient adhesion relative to the
substrate and permeation of impurity ions on the sub-
10 strate or adsorbed gas on the substrate surface into the
Cr alloy underlayer. Of these problems, the film
adhesion property in particular is degraded if the glass
substrate is heated as reported in J. Vac. Sci. Technol.
A4(3), 1986, at pp. 532 to 535.
15 Countermeasures for these problems include
fabricating a film such as a metal film, an alloy film
and an oxide film between the glass substrate and Cr
alloy underlayer (JP-A-62-~293512, JP-A-2-29923, JP-5-
135343).
20 As compared to an Al alloy substrate, a glass
substrate of an in-plane magnetic recording medium has
worse electromagnetic conversion characteristics at high
linear recording density regions. The reason for this is
as in the following. A Cr alloy underlayer fabricated on
25 a glass substrate directly or via a film made of one of
metals or its alloy described in the above conventional
techniques, does not display strong (100) orientation

compared to it is fabricated on an Al alloy substrate.



substrate), using a glass substrate with a reinforced

- 4 - surface or a crystallized glass substrate can inprove the
shock resistance of magnetic disk nedia. As conpared to conventi onal
Al alloy substrates, the glass substrate_hgs_ a snoot her surface so

that it is suitable for high 5 density recording because it is-effective
for reducing @herefdirey,i RghesRASS Al Wlehd Rehwgniar teads 10Tl tgkamedi um
The gl ass substrate is, however, associated with sone probl ens such as
i nsuf ficient afhdheoCo @ldiay magnetie layersgrsiwsatparaild glertredthen of

I mpurity ions on the sub- 10 strate or adsorbed gas on the substrate
surface into tswstrateCsuxflage @nge tihgy dn-pdfaneh @y gntastian of Hdd i¢m
adhesion property in particular is deqraded if the glass substrate is
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glass substrate is used, crystal grains in the magnetic
layer become bulky than using an Al alloy substrate, and
the crystal grain size dispersion becomes larger by about
10 20 to 30 %. These are main reasons to increased media
noises and degraded electromagnetic conversion character-
istics of media using the glass substrate. JP-A~4-153910
discloses that the size of crystal grains of a magnetic
layer can be suppressed from becoming bulky and the
15 magnetic characteristics can be improved if an amorphous
film being made of Y and one of Ti, Zr, Hf, V, Nb, Ta,
Cr, Mo, W and the like is inserted between the glass
substrate and underlayer.
With this method, however, although the size of
20 crystal grains of the magnetic layer may be reduced to
some degree, the in-plane components of the magnetic easy
axis reduce and this is not sufficient for a magneto-
resistive head to realize a high recording density of 2
gigabits or more per square inches. Furthermore, the
25 effects of reducing grain size distribution are rare and
good electromagnetic conversion characteristics cannot be
obtained.

Although a magnetoresistive head is suitable



20 As conpared to an Al alloy substrate, a gl ass substrate

of an in-plane magnetic recordi ng nedi um has wor se el ectromagnetic
conversion characteristics at high | i near recording density regions.
The reason for this is - as in the follewng. A C alloy underlayer

fabricated on 25 a glass substrate directly or via a filmmnmade of one of
metal s or itsfell bighedenshey mecohdiaigobecawsecritti tvasl a veryt ddlgh ques,

does not display strong (100) orientation conpared to it is fabricated
on an Al allo¥egdosenstigivity, the sensitivity relative to noisessalso
Therefore, the crystal plane other than the_(11.0) plane of. the Co
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to increased Medb?ding density, it is necessary to make crystal grain

size fine and reduce grain size distribution, without
degrading the hcp (11.0) orientation of the Co alloy |
10 magnetic layer.

Furthermore, even if samples of a magnetic disk
drive is manufactured for use with a combination of a low
noise in-plane magnetic medium and a high sensitivity
magnetoresistive head, sufficient electromagnetic

15 conversion characteristics cannot be always obtained.
This may be ascribed to independent developments of
magnetic heads and in-plane magnetic recording media, and
to insufficient consideration about the way of head-disk
combination for high recording density of the magnetic

20 disk drive.

SUMMARY OF THE INVENTION
It is an object of the invention to solve the
above problems and provide a magnetic recording system
having high reliability and a recording density of 2
25 gigabits per square inches or higher and an in-plane
magnetic recording medium of low noises suitable for high

density recording.



noi ses and degraded el ectromagneti c conversi on character- I stics of

medi a using the glass substrate. JP-A-4-153910 di scl oses that the size
of crystal grains of a nagnetic | ayer can be suppressed from beconi ng

bul ky and the 15 nmagnetic characterist+c® €an be inproved if an anorphous
filmbeing made of Y and one of Ti, Zr, Hf, V, Nb, Ta, Cr, M, Wand

the like is inserted betweording dgloasne aspesithstir dthe dmyentdam ayer .

Wth this nethod, however, although the size of 20 crystal grains of the
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sensitivity, the sen3|t| ity re ol ses
write direction; a magnetic head having a read unit and a

write unit; means for moving the magnetic head relatively
to the in-plane magnetic recording medium; and read/write

10 signal processing means for reading an output signal from
the magnetic head and writing an input signal to the
magnetic head, wherein the read unit of the magnetic head
is a magnetoresistive head and the single underlayer or
at least one of the plurality of underlayers of the

15 medium is made of Co-containing amorphous material or
fine crystal material, or is made of alloy material
having at least one element selected from a group con-
sisting of Cr, Mo, V and Ta as the main components and
containing at least one element selected from a group

20 consisting of B, C, P and Bi.

It is another object of the present invention
to eliminate adhesion defects which are likely to occur
when a film is fabricated after a glass substrate is
heated. If the adhesion defects can be eliminated, the

25 conditions of fabricating a film can be broadened to
reduce noises of a recording medium, and the substrate
can be heated immediately before a film is fabricated.

It is therefore possible to remove impurity gas adsorbed



beconmes high. Therefore, in-plane magnetic recording media with | ow
noi ses are required nore than ever. 5 In order to reduce nedia
noi se and obtain good el ectromagneti c conversion characteristics even
at high recording density, it is necegsary to nake crystal grain
size fine and reduce grain size distribution, wthout degradi ng the
hcp (11.0) oricantthie ecubaitddte Gurddaey antD) tadmgirnard ayeproductivity of
Furthernore, even if sanples of a magnetic disk drive is manufactured
for use wi th &heomgignsttiion fdflma dhawacterigdiiss 4 n- pl ane nagneti ¢ nedi um and
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15 conversi on char act er &t idesarihest aarldiey fRomaupaxed to a @eprRVeRty be
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density of 2 a4ig of a Co alloy magnetic layer is small and the crys-
tal grain size is large. Crystal grains of the magnetic
layer are epitaxially grown on crystal grains of the
10 underlayer. Therefore, the orientation and size of crys-
tal grains of the magnetic layer are generally affected
by the crystal grain size and surface morphology of the
underlayer. Basing upon these knowledge, the present
inventors manufactured various in-plane magnetic record-
15 ing media by changing materials of underlayers, layer
structures, film thicknesses, film fabricating condi-
tions, and the like, and evaluated the read/write charac-
teristics in combination with composite magnetic heads
having an inductive head as a write unit and a magneto-
20 resistive head as a read unit. It has been found that
the electrical characteristics can be improved by using a
multi-layer structure of underlayers, and by inserting a
new underlayer (hereinafter called a first underlayer)
made of Co-containing amorphous material or fine crystal
25 material, between the substrate and the bcc structure
underlayer made of Cr alloy or the like which improves
the crystal lattice matching with the magnetic layer.

The details of this will be given in the following.



25 gigabits per square inches or higher and an in-plane magneti c
recordi ng medi um of | ow noises suitable for high density recording.
According to one aspect of the invention, a magneti c recordi ng system
i's provided which conprises: an i n-pl @ne magnetic recordi ng medi um
havi ng a magnetic | ayer fabricated on a single underlayer or on a
plurality 5 of under| aygforphtlits eriaad ahat Hhslidart gjeak ddnmest e t

for driving the in-plane magnetic recording nediumin a wite
direction; a migeivied hyaXK-ray mj f£ reead amineaandrements oar ithmtura t ; neans
for noving the magnetic head relatively to the in-plane magnetic
recor di ng nediakgarameinaaiyion tspotl ®r stigmlcanmatedes mpsarwed fRy r eadi ng
an out put signal from t he netic head and witing an input signal to
t he nmagn&ieciren b%rﬁﬂf#acqg?équé@wqemﬁnﬁ%é’%g?héﬁ@ head is

a magnet or 5|st|ve head and t he S|ngl under ayer or | east e of
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magnetic layer, and preferably has an average grain size
of 8 nm or smaller.
The components of the Co-containing amorphous
10 or fine crystal material of the multi-layer underlayer
are not limited specifically if the co-containing alloy
contain any elements which form Co-containing amorphous
or fine crystal material with Co. If the first under-
layer made of Co-containing amorphous or fine crystal
15 material is fabricated on a glass substrate, crystal
grains of the underlayer constituted of Cr alloy or the
like having the bcc structure and formed on the first
underlayer (hereinafter called a second underlayer) are
made fine and at the same time the (100) plane of the béc
20 structure is likely to grow parallel to the film surface.
Therefore, crystal grains of the Co alloy magnetic film
grow with its magnetic easy axis being parallel to layer
the film plane direction and the grain size becomes
small. So the coercivity can be increased and noises can
25 Dbe reduced. 1If amorphous or fine crystal material not
containing Co is used, the crystal grain size of the
magnetic layer becomes somewhat small in some cases.

However, as shown in Embodiment 7, if the Co-containing



sisting of Cr, My, V and Ta as the nmain conponents and cont ai ni ng at
| east one el enent selected froma group 20 consisting of B, C, P and Bi

It is another object of the present invention to elimnate adhesion
defects which are likely to occur whego a filmis fabricated after a
gl ass substrate is heated. If the adhesion defects can be elim nated,
the 25 condamoophows émbfinvetcnygstalihateanabeibrvaddnettheocrystadeduce
noi ses of a recording nedium and the substrate can be heated

i medi at el y b@raiesare| meds fapercanddthe crystalsgrpdénefdre possible to
renove inpurity gas adsorbed on the substrate _surface and to
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this uniform and fine projections as crystal seeds.

It is preferable that the structure of the
first underlayer is an amorphous structure. The

10 amorphous structure can realize media with lower noises
than the fine ¢rystal structure, because crystal grains
of the second underlayer and magnetic layer are finer.
However, even the structure of the first underlayer is
the fine crystal structure which has an average crystal

15 grain size of 8 nm or smaller, good electrical character-
istics can be obtained. Although the fine crystal
structure generates slightly higher noises, a read output
at a high recording density becomes large because the
magnetic layer has a strong (11.0) orientation. There-

20 fore, this structure is suitable for uée with a head
having relatively high noises.

Specific material of the first underlayer is
preferably alloy of Co and at least one additive element
selected from a group consisting of Ti, Y, Zr, Nb, Mo,

25 Hf, Ta, W, Si and B (hereinafter called the first group),
or compound of Co and oxide of the additive element
selected from the first group. The content of the

additive element is preferably in the range from 5 at %



| ayer are epitaxially grown on crystal grains of the 10 underl ayer.
Therefore, the orientation and size of crys- tal grains of the
magnetic | ayer are generally affected by the crystal grain size and
surface norphol ogy of the under | ayes .11 Basi ng upon these know edge,

t he present I nventors manuf actured various in-plane magnetic record-
15 ing nedi a lor dhaghpmeanthtdr st $ or Umert ay el s, thayeoncentratiomt of es,
filmthicknesses, filmfabricating condi- tions, and the |ike, and
eval uat ed t he theadyddiitire Ielrement is smaller ctham Tobhi hat¢xyswrlh
conposi te magneti c heads havi ng an inductive head as a wite unit and
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becomes strong. Therefore, this outer range is not
preferable. It is particularly preferable to use 2Zr, Ta
10 or W in the group as the first additive element, because
the in-plane orientation components of the magnetic easy
axis become strong.
Magnetization of the first underlayer may
affect the read/write characteristics. The first
15 underlayer is therefore preferably made of non-magnetic
material. However, it has been confirmed from our
studies that if a product of a residual magnetic flux
density and a film thickness of the first underlayer is
20 % or smaller of a product of a residual magnetic flux
20 density and a film thickness of the magnetic layer, there
is no practical problem. If the product of the residual
magnetic flux and the film thickness of the first
underlayer exceeds 20 % of the product of the residual
magnetic flux and the film thickness of the magnetic
25 Jlayer, the base line of an output signal obtained by
using an magnetoresistive head fluctuates and low
frequency noises increase. This outer range is therefore

not preferable. 1In order to avoid this, it is effective



Anor phous neans that a cl ear peak cannot be observed by X-ray
diffraction neasurenents or that a clear refraction spot or ring
cannot be observed by el ectron beamrefracti on neasurenents but a halo
5 refraction ring can be observed. Fine crystal neans that the crysta
grain size is smaller than that of the magnetic | ayer, and preferably
has an aver agac)m@ke dhte first aindbrimyer sihd erto increase the The
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and the grainsgi ZenReGU®SHd underlayer may be constituted of two

layers having the bcc structure. If the second under-

10 layer is made of alloy having as the main components at
least one element selected from a group consisting of Cr,
Mo, V and Ta (hereinafter called the third group) and
containing at least one element selected from a group
consisting of B, C, P and Bi (hereinafter called the

15 fourth group), crystal grains of the underlayer become
fine and the grain size becomes uniform. Therefore,
crystal grains of the magnetic layer fabricated on the
underlayer also become fine and uniform so that media
noise can further be reduced.

20 Fig. 1 shows the dependence of normalized media
noise and S/N on Br x t of media using a Cr - 15 at % Ti
underlayer or a underlayer added with 5 at % B, i.e., Cr
- 14.3 at $ Ti - 5 at % B. These media were manufactured
by changing film structures and process conditions so

25 that almost the same coercivities were obtained. A
numeral and symbols affixed to the top of each element

indicate the concentration of each element represented by

an atomic percentage (at %). The normalized media noise



small. So the coercivity can be increased and noises can 25 be reduced.

| f anorphous or fine crystal nmaterial not containing Co is used, the
crystal grain size of the magneti c | ayer becomes somewhat snall in
Some cases. However, as shown in Enbady nent 7, if the Co-containing

- 10 - anor phous or fine crystal material is used, the crystal

grains are nade defdnei@s hediay sicilsed mirnaliized by & spi@itorobeaones
smaller. This nay be ascribed to that t he Co-cont ai ni ng anor phous or
fine crystal rdmcdatad reddrsigmal fagrdnaantrddknevightd) ectironshanfehiowingn
surface and crystal grains of the second underl ayer grow by using
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underlayer at any values of Br x t is used. Similar to
the CxTi underlayer, the CrTiB underlayer has the bcc
structure and the (100) orientation, and the hcp (11.0)
10 orientation of the Co alloy magnetic layer is not
degraded.
Fig. 2 shows the relationship between the
concentration of B added to the Cr - 15 at % Ti - B
underlayer and the normalized media noise. The media
15 noise is reduced by the addition of B. However, if the B
concentration exceeds 20 at %, the noise reduction effect
disappears. This may be ascribed to degradation of
crystal structure of the underlayer and hence degraded
that of the magnetic layer. If the B concentration is
20 smaller than 1 at %, finesse and uniformity of crystal
grains are insufficient and the noise reduction effect is
poor.
The noise reduction effect has been also
confirmed when an element selected from the fourth group
25 excepting B is added. Similar to the addition of B, the
addition of P reduced noises considerably. On the other
hand, the addition of C considerably enhanced the

coercivity and coercivity squareness S*, and the addition



I stics can be obtained. Although the fine crystal structure generates
slightly higher noises, a read output at a high recording density
beconmes | arge because the magnetic | ayer has a strong (11.0)
orientation. There- 20 fore, this struetbde-is suitable for use with a
head havi ng rel atively high noi ses. Specific materi al
of the first ofidBil aktowed to fabréfetabhgdihl| eyxceflléntand ebriressvnone
additive el enent selected froma group consisting of Ti, Y, Zr, Nb,
Mo, 25 Hf, TeesVgtancand Bheheententratienl pédtheeef pddedgedepents is or
conpound of Co and oxide of the additive el enment sel ected fromthe
first group. PRefesabiNtlopttheor highgyi ande28| akefdt OFs 1pWeker 88dy ifn t he

range from5 at % : or _hi gher _and 70 at _% or | mer.,%&) he
concentrati ontBf range; fromydi £PyvE égegeﬁP partigpiar i meAis ¥ oMy st al
grains of the na%netic gyﬁr b %one l,ar ger than when the second

under | aye i sSTPABPFcEPBU%0 ea°§ gégegubstrate 5 directly, whereas if it is

larger than 70 at % CORRO;rger +BRhSrB8SEattd¥hs nhkiRink’ 9T thg surface

of the magnetic
interface between the underlayer and Co alloy magnetic

layer and to improve the magnetic characteristics, an
elemenﬁ such as V, Mo and the like as well as Ti may be
10 added. It has been confirmed that if an element selected
from the fourth group is added to the CrV alloy or CrMo
alloy underlayer, crystal grains is made fine and uniform
like it is added to CiTi alloy and the noise reduction
effect occurs. As compared to the media having the CiTi
15 or CrMo alloy underlayer containing an added element
selected from the fourth group, the media having the CrV
underlayer containing added element selected from the
fourth group element, in particular, has good overwrite
characteristics. If the fourth group element is added to
20 the CrMo underlayer, a strong bcc (100) orientation and
good crystal sturcutre are realized even at a relatively
low temperature. Therefore, the carbon protective film
can be fabricated at a low temperature with an improved
film quality so that media having better CSS performance
25 can be realized. From the synthetic comparison, it can
be said as follows. Particularly, media having an
underlayer of B-added CrTi alloy added with Ti for

improving lattice matching, have the magnetic easy axis



filmbecone | arge and the vertical magnetic ani sotropy beconmes strong.
Therefore, this outer range is not preferable. It is particularly
preferable to use Zr, Ta 10 or Win the group as the first additive

el enent, because the in-plane orientats en conponents of the nagnetic
easy axi s become strong. Magneti zation of the first
under | ayer mapf Co adflioggt sttrengdyd/osriiendteshdmadthey ist+pland b fectsion 15
under |l ayer is therefore preferably nmade of non-magnetic mat eri al .
However, it haadveaysdadf ignedas exe swde finestand amitfienm %o a pkaxfirt of a
resi dual magnetic fl ux density and a filmthickness of the first

under | ayer isextentyg ghgrefiangcmagiag Gato e reFlizad Haiidg magnetic 1 ux

20 density and a filrntlﬂa%tnes of, t he magnetic, | ayer, there ., .is no
practical prof¥&RLIENG ke WItq t@’@%&‘?‘iﬁﬁ‘isucs arfﬁgr%ﬂtrlcsﬁylc&g and
the filmthpickness . of the.first . undeyl.ayer, exceeds 20 % of the product
of the res'duéa%i Eﬂﬁﬁ&iﬁ&i%?%ﬂﬁﬂfﬁﬂﬁjiﬂééﬁﬁﬁ %ﬂn%ﬂ&&%g of the magnetic
25 layer, the base |inguQf n%gi@'t]]a%;&n%afm?é% havind'Xd%&"

magnet or esi stive head fluct uat®es and frequency nol ses’ i ncrease.

This outer rangg it IdRdents, Jiih ILIEEIE, dTLBORL, (@@L [ hi s,
it is effective

CoCrTa and CoNiCr. In order to obtain a high coercivity,
it is particularly preferable to use Co alloy which

10 contains Pt. Magnetic alloy containing rare earth
elements, such as SmCo and FeSmN, may also be used. It
is known that an SmCo alloy film is made 6f very fine
crystal grains. However, since the magnetic interaction
between these crystal grains is strong, each crystal

15 grain is not independent and discrete magnetically. If
this film is fabricated on the underlayer having the bcc
structure, an aggrégation of SmCo alloy crystal grains
fabricated on each underlayer crystal grain is considered
to function as one magnetic unit. According to the

20 invention, the-first underlayer made of Co-containing
amorphous or fine crystal material makes fine crystal
grains of the second underlayer. Therefore, the magnetic
unit of SmCo alloy is also made fine so that media noises
can be reduced. The magnetic layer may be structured as

25 a single layer or a plurality of layers interposed with
intermediate layers. In this case, the thickness t of
the magnetic layer as recited in claims means a total

thickness of magnetic layers.



- 12 - to make the first underlayer thin, to increase the
concentration of the additive elenent, or to add a second additive
elenment. Cr, V, M (hereinafter called the second group) or the like
as the second additive elenent 5 is effeqtd we because it | owers

magneti zation greatly. The second underl ayer is preferably
Cr or alloy of O aadtat theasfagnetisl erleiacysdmictteictd rafinthe M and
V. The second underl| ayer may be constituted of two | ayers having the
bcc struct ur e maghnetttie degyerg uiddrs preEfexrabiesr tic setddhd coensginily P as
the mai n conponents at | east one el enent selected froma group

consi sting of 1G8 kilo agxstedm@rThigharinrasured DY apPriingiad group)
and contalnln%’at | east one el enent sel ected from a group

consi sti ng of Mgnetic fiels lehé:rhﬁ ettt dclaq%%%én%th&f dzm%“iﬁ o%)

crystal glns of the nderla er cone éye an a¢ | ze
becomes unpf oPmE SR fah e? {FREG

media - nofsd 2P AR E?m'%emale?urcéna.breg%%%r{d Faf i 'E,ﬂﬁ%ﬁo%%ai ne

dependence of ﬁ&?ﬂ%f,z%émfgé good AP SR LY % Bhfradedr LI B A-4Si NG
aC - 15 at % T

obtained in the recording density range of 2 gigabits per
square inches. It is not preferable to make the

10 coercivity smaller than 1.8 kilo oersteds, because an
output at a high recording density (200 kFCI or higher)
lowers. If the product Br x t becomes larger than 140
gauss*micron, the resolution lowers, whereas if the
product Br x t becomes smaller than 20 gauss'micron, a

15 read output becomes small. This outer range is therefore
not preferable.

A protective layer for the magnetic layer is
formed by depositing carbon to a thickness of 5 to 30 nm
and a lubricating layer made of, for example, adsorptive

20 perfluoroalkyl-polyether is formed to a thickness of 1 to
20 nm. In this manner, a magnetic recording medium
capable of high density recording with high reliability
can be obtained. It is preferable to use as the protec-
tive layer a carbon film added with hydrogen, a film made

25 of compound such as silicon carbide, tungsten carbide,
(W-Mo)-C and (Zr-Nb)-N, or a film made of a mixture of
such compound and carbon, because the slide resistance

and corrosion resistance can be improved. It is also



under | ayer or a underlayer added with 5 at %8B, i.e., C - 14.3 at %
Ti - 5 at %B. These nedia were nmanufactured by changing film
structures and process conditions so 25 that alnpbst the sane coercivities
were obtained. A nunmeral and synbal g7atfi xed to the top of each

el enent I ndi cate the concentration of each el enent represented by

an atom c perpeafagabiat t¥%) forhe faaenprojedtiefisaonoithe surface of the

- 13 - is defined as nmedia noise normalized by an output of an

i sol at ed r eaddepgedkedngratecadkewildyler throlaghf pllhswangtchingdesdmgta on,
the nedia noise is evaluated by using this normal i zed nedi a noi se. The
nor mal i zed nofénej mapkdoretheslpkeabtat LOFMY/Paedrusd ogsNoifs ddfifarant f or

t he nedi a using the CrTi B underl ayer conpared to the nedia using the
Cr Ti undBRRERSr OBt thRY PFRLEESiNe BaYeT: sirfaged bysugiing: teggets the
CrTi underl ayer, the CTi B underl gyer has the bcc strycture and the

(100) priéﬁta?ﬁbﬁ?mgﬁﬁngﬁeOFcBlFf . Bptera ﬁPeHFaFPbﬁFGF‘Fﬂ@ecﬁgﬁlqﬁr

et 0l abRelah fee pSSUEE daves, sprtacat et MRS, L. o

n-B because the contact area between the head and medium can
be reduced so that adhesion of the head to the medium
surface during CSS operations can be avoided.

10 It has been found that if the first underlayer
made of Co-containing amorphous or fine crystal material
of this invention is used, the adhesion property is good
even if the first underlayer is fabricated after the
glass substrate is heated, as in the case where the

15 substrate is not heated. This good adhesion property can
be supposed as resulting from a strong bond between
cobalt which is the main components of the first
underlayer and silicon or oxygen of the glass substrate.
If compound of Co and the oxide of additive element

20 selected from the first group is used, the adhesion
property relative to the glass substrate can be improved
further, and this compound is particularly suitable for
the case where the flying amount (spacing between the
magnetic head and medium) of the magnetic head slider is

25 small and contact therebetween is likely to occur. As
described above, according to the present invention, a

specific layer for improving the adhesion property is not

required. However, an underlayer may made of low melting



underl ayer and the nornalized nedia noise. The nmedia 15 noise is reduced

by the addition of B. However, if the B concentration exceeds 20 at
% the noise reduction effect - disappears. This nmay be ascribed to
degradati on of crystal structure of- tll#&e -under| ayer and hence degraded

that of the magnetic layer. If the B concentration is 20 smaller than 1
at % fi nessep@d.@tumeft@rlmsmplnfascmstaaid Ag, agrlanmsfasudmnetdle emt and

t he noise reduction effect is The noi se reduction
ef fect has be@etalls gompoungh i rﬁmwdarbeéi@ﬂmtﬂ%lsé&wéfﬁ%rﬁn%e
fourth group 25 excepting Bis added. ~Similar to the addition of B. the
addition of PYheddded®thas leyes day A79eT &P dirmmrgiectiong e the
addition of C co si dera enhanced t he qlerC|V|ty and coercivity
squar eness gt (S & i improve CSS characteristics. S 14 -
of Bi allowed to fabric I roro |stance.
The concen¥\eat|on of thzltsfg a c)%ierren sr‘ilsar:‘l"":'.cxo J'spr%ia eraooﬁ afllea?f % or

hi gher and 20 %\%OtaﬁJ’ %‘3% ’ma%.r?fj ddhponentd @t AW 'SHB ?eféln@n@t %in

parti cul ar,
selected from the third group consisting of Cr, Mo, V and

Ta and containing at least one element selected frem the
fourth group consisting of B, C, P and Bi, the first

10 underlayer may be a layer made of alloy having the Co-
containing amorphous or fine crystal material or an
orientation control layer of Ta or the like for making
the second underlayer have the (100) orientation.

If metal such as Ti, Zr and Cr or its oxide is

15 fabricated between the orientation control layer and the
glass substrate, the adhesion property relative to the
glass can be improved and diffusion of adsorbed gas on
the substrate, impurity ions in the glass, or the like
can be suppressed so that good magnetic characteristics

20 are obtained.

It has been also confirmed that similar to the
glass substrate, use of the underlayer stated above can
make crystal grains of the magnetic layer fine and
uniform even if an Ni-P plated Al alloy substrate is

25 used.

It is preferable to set the space (shield

space) to 0.35 pm or smaller between two shield layers

sandwiching the magnetoresistive sensor unit of the



5 noi ses coul d be obt ai ned. In order to inprove |lattice

mat chi ng at the I nterface between the underlayer and Co all oy magnetic
| ayer and to inprove the magnetic characteristics, an el enent such as
V, Mo and the like as well as Ti may be - 1® added. It has been confirned
that if an el enment sel ected fromthe fourth group is added to the OV
all oy or Cr M magnetsidesistioer hegsl oft iyhst din-grlanes nagnatdes frerorhing

uni form like it is added to CiTi alloy and the noi se reduction

ef fect occurs SysFambfartdd s dnventicdl o BRe wpasmn Qfrisetming rswghva al | oy
under | ayer containing an added el enent selected fromthe fourth group,
the nedia havisRgathésotpat if fkheeghirtd SRR fhd otRid entAkITEL ect ed

f th f th I t t d t
Charact ori st &80 FOREHARR CIPBrRch 0Bl Bkl ST (ocRed ARt

der | t b 1 { At t
under | ayer g 2 otrong ooyl QIR AUAIAL S Hhaq 1o AOHLELYNA fyoutre

are realiz even at a era ure.

carbon prot ectfr*a\{_ﬁléﬁé sytnfé" é}f‘séﬁg{d\&ﬁ&{ géJbetzlPi"é @I}&ﬁ@tﬂréh an

i mpr oved m qua S¥E0 that e ter ormance 25
can be realizgg rﬂﬁ@t@&@té}ﬁ'&rﬁﬁmﬁ@f\ié%nixﬁa@?@tlc laﬁ?r§a' d as

fol | ows. Partlc arly, di a having an under | ayer of B-"added CrTi
al | oy added widilspbsddbetweer MHERE Mhdridd i € el dPpdedi NOrhaveeh d6r magneti c

easy axis
generates a large resistance change when magnetization
10 directions of each magnetic layers are relatively changed
by an external magnetic field, which is called the giant
magnetoresistive effect or spin value effect. 1In this
case, the read output signal can be enhanced further and
a magnetic recording system can be realized which has a

15 high recording density of 3 gigabits per square inches

and a high reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph showing a normalized media

noise and a system S/N relative to Br x t of magnetic
20 recording media according to the invention and according
to compared examples.

Fig. 2 is a graph showing a relationship
between a concentration of B added to each underlayer of
magnetic recording media and a normalized media noise,

25 according to the invention.
Figs. 3A and 3B are a schematic plan view of a

magnetic recording system according to Embodiment 1 of



- 15 - of Co alloy, strongly oriented in the in-plane direction

and crystal grains are nmade fine and uniformto a |arge extent.
Therefore, nmedia can be realized having excellent read and wite
characteristics and satisfying 5 both thethigh resolution and the | ow
noi se. The magnetic | ayer may use all oy having Co as

its mai n conpahentinvesnidlonasmnGo@r Riros@o GeRitianaloGrikwlitaken ala(gy Thairmand
CoNiCr. In order to obtain a high coercivity, it is particularly
preferable toBudé ©F Aigoy 3ich 10 contains Pt. Mgnetic alloy
containing rare earth . elenents, such as SnCo and FeSnN, may al so be
used. It i s known FH&- &n iSno PEUSRPILivia iwiewEhaving @ fexample

crystal grains. wever, since the nmagnetic interactiqn bet ween t hese
crystal grain&%i SeFgC IS, @%f‘ﬁ%neﬁ‘c é’fefi‘{] Qé tﬁl’ﬁ Rafsiefdent and
di screte n‘glgnet i call Ls film ir}s;#oabri cated on the underl ayer

V.o f
havi ng t he de:ecord%x[gr ﬁé’tslﬁggf Oaf;q-‘ ré‘d‘zﬁq 8t snCo al | oy crystal grains
fabricated on each underrli erg (irsysat c}fgn%ﬂd %ica%q:%ngesrrf&ving aﬁ'o functi on
i'ng to the

as one magnetic unit. Accordin
example of the structure in section of a magnetoresistive

sensor of the magnetic head of the magnetic recording
system of this invention.

10 Fig. 6 is a schematic diagram showing an
example of the structure in section of a magnetic
recording medium of this invention.

Fig. 7 is a schematic diagram showing a
transmission electron microscopic plan image and a

15 1limited view field refraction pattern of a first
underlayer containing Co of a magnetic recording medium
according to Embodiment 1 of the invention.

Fig. 8 is a schematic diagram showing X-ray
diffraction patterns of magnetic recording media

20 according to Embodiment 1 of the invention and according
to compared examples.

Fig. 9 is a diagram illustrating an adhesion
property of the first underlayer of the magnetic
‘-recording medium according to Embodiment 3 of the

25 invention.

Fig. 10 is a graph showing a relationship
between an argon gas pressure and a diffraction peak

intensity ratio of a CrMo underlayer and a CoCrPtTa



20 invention, the first underlayer made of Co-containing anor phous or

fine crystal material nmakes fine crystal grains of the second
under| ayer. Therefore, the nagnetic unit  of SnCo alloy is also nade
fine so that nedia noises can be redgged. The magnetic |ayer may be

structured as 25 a single layer or a plurality of layers interposed with
i nternedi at e maghesicl lalylers whenea fhigsthiutkietdayerofof the miagymegnetic

| ayer as recited in clains neans a total t hi ckness of magnetic |ayers.
- 16 - recordingAsedd uith @ cemgradinige toh mdoiddmiestti ds off tihee

magnetic layer, it is preferable to set the coercivity to 1.8 kilo
oer st eds or highentihensdisefabyrigatied.ng a magnetic field in the wite
direction and the product of = 5 a residual nmagnetic flux density Br and a
fil mthickness t t&igo dduds & GEEPhoShoWIRG Sad®lBtd- QIR i cron or
smal | er, becayse good read and wite characterjstics are., obt ai ned in

the recor d? ngP8&H: an, FFPO% 928y PFAFSIEEENd & COSREE ThoMe® 3t is not
preferale 0 Tk \Mherilyci el b, APl B 5 o1,
according to Embodiment 4 of the invention is fabricated.

Fig. 12 is a schematic diagram showing an
example of the structure in section of a magnetoresistive

10 sensor of a magnetic head of the magnetic recording
system according to Embodiment 5 of this invention.

Figs. 13A and 13B are diagrams showing a
crystal grain size distribution and an accumulated area
ratio curve of a magnetic layer of the magnetic recording

15 medium according to Embodiment 7 of the invention.

Fig. 14 is a graph showing a relationship
between coercivity and overwrite property of magnetic
recording media according to Embodiment 9 of the

invention and according to compared examples.

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
<Embodiment 1>
Embodiment 1 of the invention will be described
with reference to Figs. 3A to 5. Fig. 3A is a schematic
plan view showing a magnetic recording system according
25 to Embodiment 1, and Fig. 3B is a schematic cross
sectional view of the magnetic recording system. This

system has a known structure constituted of a magnetic



| owers. If the product Br x t becones |arger than 140 gauss-m cron,
the resolution |lowers, whereas if the product Br x t becones snaller
than 20 gauss-mcron, a 15 read output becones small. This outer range is
t herefore not preferable. -~ 22 - A protective |layer for the
magnetic | ayer is formed by depositing carbon to a thickness of 5 to
30 nm antiead ubr it idig vea\dsr aratadyfwriftey sixargll rossssirid wenit?0
per fl uoroal kyl -pol yether is forned to a thickness of 1 to 20 nm In
this manner, & fogndiiec magnetdindieastli nmagnettiapatdeongding gredionsi4 y
recording with high reliability can be obtained. It is preferable to
use as the prénsca driven e fioy gotatdadhdha inagnaide wqqrcgﬁ,nﬂ derdia g
filmmade 25 of conpound such as silicon carbide, tungsten carbi de,

(W M) -C and (Zr-No)- N, T S¥uchurgi@forthe magnateiohead igghewynpund

and carbon, because the.slide resi.stance, . and corrosi on resjstance can
be i rrprovea. &t&gi's%a'l S his magne%:.c %ead is a composite magnetig heac?

prefer abl e 10 {.gmd i€ MAIASYLR 0D e AL 358 A 4P @ magiiSp9s €
protective |ayer ough™plasima etching using a

resistive head for data read respectively formed on a
substrate 6. The data write head is constituted of an
upper write magnetic pole 8 and a lower write magnetic

10 pole and uppér shield layer 9 sandwiching a coil 7, the
thickness of a gap layer between the write poles being
set to 0.3 um. The coil was made of Cu having a
thickness of 3 um. The read head is constituted of a
magnetoresistive sensor 10 and an electrode pattern 11

15 extending from opposite ends of the sensor 10. The
magnetoresistive sensor is sandwiched between the lower
read magnetic pole and upper shield layer and a lower
shield layer 12 both having a thickness of 1 um. The
distance between the shield layers is 0.25 um. 1In Fig.

20 4, the gap layer between the write magnetic poles and the
gap layer between the shield layer and magnetoresistive
sensor are omitted.

Fig. 5 shows the cross sectional structure of

the magnetoresistive sensor. A signal sensing region 13

25 of the magnetic sensor is a lamination of a traversal
biasing layer 15, a separation layer 16 and a magneto-
resistive ferromagnetic layer 17 sequentially formed on a

gap layer 14 made of Al oxide. The magnetoresistive



fine mask or the like, to formprotrusions of different phases on the
protective |ayer surface by using targets 5 of conpounds or m xed

materials, or to formfine projec- tions on the protective |ayer

sur face by heat treatnent, because the3caent act area between the head
and nmedi um can be reduced so that adhesion of the head to the medi um
surface duringf€ggompgnaetioniagen wesameiddedf NiBe alloy of 200t nfas Imhen
found that if the first underl ayer made of Co-containi ng anor phous or
fine crystal nhravespal biaginghlayemvwasi madesofis¥dFelbe oddRSsinon property
I s good even if the first underlayer is fabricated after the

gl ass substrat@thgrhESFEBma§§thctﬁé1@H§eS%ﬁbréStNéFeBbd@aNsbﬁamfeﬁs n?t

h d. Th d t ] be supposed as resulting from

2 st rong bond BBLRBCHAS g”rgisﬁﬁ{reinc%ﬁgpse@ﬁstﬁﬁpﬁﬁcaﬁ»ﬁaﬁ@ﬁpgeomhe first
der | d th | ass.substrate npoun

gp gg :%Srt 2 é ?toéagP g@eFéﬁﬁﬁgt 565 &C8ct oft PRIREEAS Fﬁﬁgp group

is used, the agaﬁé 8Bed by B SBAELYChE-Ghty R168:4hE° e A-BRE,° tHE 21 P can be

i mpr oved urt er, thi's conmpoun ulrarry®suitabl e for

the case “herem&?ﬁeﬁbfé@ﬂs@ﬁ@énke&§8ﬁﬁ?ﬂgt98t QrtﬁSgngtlzg§9Q§%|C head

and nedium of the nmagnetic head slide contac
therebetween i rav¥eby1tBiaSEHE- 1Afer in €RECKiNAD;iALBYBNe2BGXeitiPnt O the

present invention, a

(traverse direction) normal to the sense current so that

10 a bias magnetic field is applied to the magnetoresistive
ferromagnetic layer in the traverse direction. There-
fore, the magnetic sensor is formed which can produce a
read output linear to the leakage magnetic flux of the
medium. The separation layer for preventing the sense

15 current in the magnetoresistive ferromagnetic layer from
flowing into the traversal biasing layer was made of Ta
having a relatively high electrical resistance and the
film thickness was set to 5 nm.

Opposite ends of the signal sensing region have

20 tapered regions 18. The tapered regions are constituted
of permanent magnet layers 19 for making the magneto-
resistive ferromagnetic layer have a single magnetic
domain and of a pair of electrodes 11 formed on the
permanent magnet layers for picking up a read signal. It

25 1is necessary for the permanent magnet layer to have a
large coercivity and not to be likely to change its

magnetization direction. Alloys such as CoCr and CoCrPt

are used.



specific layer for inproving the adhesion property i s not required.
However, an underlayer may nade of | ow nelting

- 18 - poi nt metal such as Al and Ag, alloy of such netal, or

nmet al compound be fabricated between the 4bstrate and the first

underl ayer in order to form projections on the medi um surface and

I nprove CSS characteri stfiigs. 6 Shows the laydr tdterwanored afmder |iaygrlarse nade
of all oy having as the main conponents at | east one el enent

sel ect ed fronmmagaethio degpooddngo msidsitun @ fofEn@rodimenty land A substratei
containing at | east one el enent selected fromthe fourth group

consi sting of 28 wes maged of] chemdigaldy reimfanaed 1sgda lHige KBlass ayer nade
of alloy having the Co- cont ai ni ng anor phous or fine crystal materi al

or an or MaFhRY ¥ oAl ing sasiiiom, sHuHen 3% Rt iR O the
2T 7 Snd e sHHRErARn g0 & HeRL BRI e Ak at 3% W dhtation
comt il Ve M e (WA PENY Y S ST PSRy el 11 ve
alloy, a magnetic layer 23 of 20 nm made of Co -~ 20 at %
Cr - 12 at % Pt, and a carbon protective film 24 of 10 nm
were fabricated by DC sputtering. The first underlayer
10 was fabricated without heating the substrate, thereafter
| the substrate was heated with a lamp heater to 250°C to
fabricate the layers over the first underlayer. After
the carbon protective film was fabricated, a lubricant
layer 25 was formed by coating perfluorocalkyl-polyether
15 diluted with fluorocarbon. Media using Cr - 15 at % Ti
as the first underlayer were fabricated under the condi-
tions same as the above and used as compared examples.
The medium of Embodiment 1 had a coercivity of
2620 oersteds which is higher by about 400 oersteds than
20 media of the compared examples, and had a product Br x t,
i.e., residual magnetic flux density x magnetic layer
thickness, of 85 gauss:-micron. The media were assembled
with the magnetic recording systems and the read/write
characteristics were evaluated under the conditions of a
25 linear recording density of 210 kBPI and a track density
of 9.6 kTPI. The results showed an S/N of 1.8 which was
higher about 15 % than media of the compared examples.

A single first underlayer made of only CoCrir



the substrate, inmpurity ions in the glass, or the |ike can be
suppressed so that good magnetic characteristics 20 are obtained.

It has been also confirmed that simlar to the gl ass substrate, use of
t he underl ayer stated above can makeogrystal grains of the nmagnetic

| ayer fine and uniformeven if an Ni-P plated Al alloy substrate is
25 used. was fabricatbll 58 pmetBizhkl ent @ gehskheubpase tesbyelthe

space) to 0.35 [err]mor smaller between two shield |ayers sandwi chi ng
t he magnet or esamei depeensinguprbcebselseas above and X-ray diffraction

- 19 - magnet or esi stive head of the in-plane magnetic recording

syst em of thi BepRUTEMEDLS Werer perdprordset anglgae:hdéffractdmc@aaéc t hat
if the shield space is 0.35 herr m or | arger the resolution | owers
and a si gnal ]”P?t ebspEvefes hPgEtrugture of the ﬁﬁ@rﬁég@é-tl@ﬁ’eéléﬂ Veshead
I's constituted o toresi stive sensor aV|ng a Iurallty of

conduct i ve? anﬁﬁaﬁgFt8d|§§§ s 2 hF 2OSAIEELLPe SIEFERS

di sposed bet hes netic la rs. Thi, ensar en at | ar ge
resi st ance cﬁ§ﬁ§§5 g %E&né?ﬁ?&t limited view fiel raction

pattern shown in Fig. 7 were observed. A white spot and
a ring in the upper right corner of Fig. 7 are the
limited view field refraction pattern. This limited view

10 field refraction pattern was obtained from a region of
about 0.5 micron diameter. A lattice image indicating a
presence of lattice structure was not observed in this
TEM image. The limited view field refraction pattern
showed a halo refraction ring specific to an amorphous

15 structure. From these facts it can be presumed that the
CoCrZr alloy of the first underlayer has the amorphous
structure. Variable depth of spot reflecting upon a fine
projection on the surface of the first underlayer was
observed in the TEM image. This projection is fairly

20 uniform at a pitch of several nm.

X-ray diffraction measurements were performed
for a medium of Embodiment 1 fabricated with the layers
up to the carbon protective layer and for a medium of the
compared example, and diffraction patterns shownlin Fig.

25 8 were obtained. 1In the diffraction pattern of the
medium of the compared example, it is impossible to
discriminate between diffraction peaks of the first and

second underlayers because they have the same



10 directions of each magnetic |layers are relatively changed by an

external magnetic field, which is called the giant magnet oresi stive
effect or spin value effect. In this case, the read output signal can
be enhanced further and a magneti c reggrding systemcan be realized

whi ch has a 15 high recording density of 3 gigabits per square inches
-and a high rel talapbsiyions. ItBREER1BDGSCRpBSEDN]1EFtoHEiBBRANMIIGAte
Fig. 1 is a graph showing a normalized nedi a noi se and a system S/ N
relative to Brbatweefi thgne¢lild) Peakeodr thegbodyi eeateredi cybie t he
I nventi on and accordi ng to conpared exanpl es. Fig. 2is
a graph show ngtaucthaei ¢hshi ptructupe)weénthecyndenlpyeroandf tBeadded to
each underl| ayer of magnet i c recordin% medi a and a nornalized nedi a
noi se, 25 acc6PBirRy Psaknetfi khenhpsagonal closed packedgstrygtyrg dBCR e a
schematic plan view of a nagnﬁtic recordin s%%ten1accordin% to
Enbodi ment 2 oftructure) because  they are super%os onggjupon th
other. But in any event, the second underlayer has no
such a strong (100) orientation as the medium of
Embodiment 1, and has a mixed phase of a plurality of
crystal grains of different orientations. Accordingly,

10 the CoCrPt alloy crystals of the magnetic layer take
various crystal orientations and a plurality of
diffraction peaks are observed in the CoCrPt magnetic
layer. In contrast, in the case of the medium of Embodi-
ment 1, the CoCrZr alloy of the first underlayer does not

15 show diffraction peaks as stated above, the diffraction
peaks shown in Fig. 8 are a bcc (200) peak of the second
underlayer and an hcp (11.0) peak of the CoCrPt magnetic
layer. It can be understood from these facts that the
CrTi alloy of the second underlayer fabricated on the

20 CoCrZr alloy layer of the amorphous structure has the
(100) orientation and the CoCrPt magnetic layer
fabricated on the second underlayer has the (11.0)
orientation through epitaxial growth. Therefore, the in-
plane components of the c-axis which is the magnetic easy

25 axis of the CoCrPt alloy increase and good magnetic
characteristics can be obtained. The lattice image of

the magnetic layer was also observed by TEM. The results

showed that the average grain size of the CoCrPt alloy of



the invention and a cross sectional view taken along Iine A-A of Fig.
3A. Fig. 4 is a perspective view show ng an exanpl e of
the structure of a nagnetic head of the magnetic 5 recording system of
this invention. Fig. 5 is-ag2gchematic di agram show ng an
exanpl e of the structure in section of a nmagnetoresistive sensor of
the magneti c hemisbdindérire hagaetalsouecb dl mum whichyss eemalléhi byi abenti on
10 Fig. 6 is a schematic di agram show ng an exanpl e of the
structure in sdcwmmovhad theagempared examplter di Nggnetigatbdnt afsthaventi on.
Fig. 7 is a schematic diagram show ng a transm ssion el ectron
m croscopi ¢ plsngkegtayer GoCusr|akievdfy1m\wascngasuredcandnapsaiearn of a
first under | ayer containiqgaCb of magneti c recording negium

B

according to ENFBHEFRHLS 1C8FVeneas WehipBkained. It can thergloge; be,
schemati ¢ di agram show -ra diffraction patterps of magnetic
recordi ng g%di%gpgﬁﬁ%%ggﬁ%€h5h¥an%%%d# Wt 1% B?nfﬂagPﬁgéﬁtion and
accordi ng to conpared exanpl es. Fig. 9 is a diagram

il lustrating an adhesion property of the first underl ayer of the
magneti c LeRs @i RGnfegdi um accordi ng to Enbodi ment 3 of the

In-plane magnetic recording media having the
first underlayer of CoMnTa alloy were used in combination
with the magnetic recording system similar to Embodiment

10 1.

The film structure of media is similar to
Embodiment 1. After a reinforced glass substrate was
heated to 150°C, a first underlayer of Co - 36 at % Mn -
10 at % Ta was fabricated 30 nm thick in a mixed gas

15 atmosphere of Argon of 10 mTorr added with 5 % of
nitrogen. After the substrate was again heated to 250°C,
a second underlayer of CrV alloy of 30 nm, a CoCrNiPt
alloy magnetic layer of 30 nm and a carbon protective
film of 10 nm were sequentially fabricated. Each layer

20 over the second underlayer was fabricated at a pure argon
gas pressure of 5 mTorr. The coercivity of the obtained
medium was 2560 oersteds. In order to study the magneti-
zation and film structure of a single first underlayer of
Co - 36 at ¥ Mn - 10 % Ta, the single layer of 30 nm was

25 fabricated on a reinforced glass substrate under the same
conditions as above. Magnetization of this single layer

was measured. The saturated magnetic flux was about 80



25 invention. Fig. 10 is a graph showng a relationship

bet ween an argon gas pressure and a diffraction peak Intensity ratio
of a CrM underlayer and a CoCrPtTa -
21 - magnetic | ayer when a first underg ayer of the nagnetic
recordi ng nmedi um accordi ng to Enbodi ment 4 of the I nvention is
fabricated. G. The grain Eige Whs ®stigisapikd Witk Y TEM dlrigeONsiThe 5
bet ween an argon gas pressure and a coercivity when a first underl ayer
of the nagnet everager dginag medizemof thea@mdindlan @ ltleyErdiod) e ntayemwfwashe

I nvention is fabricated. Fig. 12 is a schematic diagram
showi ng an  abogttaPpna o SHalderuct Faam dddinaatisn meampranants stive
10 sensor of a magnetic head of the magnetic recording system

accordi ng to HEGdDeEFomest fay dedipehavdmg layers up to thg garhem and

138 are O80T e SN0 A SR Wbl B Bt AL g
recording 15, edi g KP4 b FIRCUSENY e NG EN ' (100)

orientation, and the CoCrNiPt alloy had the (11.0)
orientation because of epitaxial growth. TEM observation
of the CoCrNiPt alloy of the magnetic layer was made.

10 The average crystal grain size was about 19 nm. 1In
Embodiment 2, the films were fabricated by DC sputtering.
Other methods may be used with the same advantages as
above, such as ion beam sputtering and ECR sputtering.

After lubricating material was coated, the

15 read/write characteristics were measured under the
conditions of a linear recording density of 210 kBPI and
a track density of 9.6 kTPI. The system showed a high
S/N of 1.8. Contact start/stop (CSS) tests were executed
and the friction coefficient was 0.3 or lower after CSS

20 tests were executed thirty thousands times. The number
of bit errors was 10 bits/surface or smaller after the
head seek tests were executed fifty thousands times from
the inner to outer circumferences of a medium, and a mean
time before failure of three hundred thousands hours was

25 achieved.

<Embodiment 3>

In order to study the film adhesion property,



Fig. 14 is a graph showng a relationship bet ween coercivity and

overwite property of nmagnetic recordi ng nmedia according to Enbodi nent
9 of the i nvention and accordi ng to conpared exanpl es. 20 DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 29 - <Enbodi nent 1>

Enbodi ment 1 of the invention will be described with reference to

Figs. 3A to 5.f£dlpwily isSirmylse it aanderlfyfans Wewe Stubitixgh tedaomet i C
recordi ng systemaccording 25 to Enbodinment 1, and Fig. 3B is a schenmatic
Cross seddliamslsubsswaifed reendrggpesting ressorsliweres yexforied s
system has a known structure constituted of a nagnetic
- 22 - head 1, its The wimgles fimal wnderkypres were asadegofini t 3
for the magnetic head, a magnetic recording medi um 4, and a driver 5
for rotating tARCXFEGRkiQY ranh Gl koy of Embodiments Theandr2ict&Pe of
t he magnetic he IS shown | 5 Fi 4. This magnetic head is_a, conposite
magnet i c head ~ %do vk it a?rﬁi%u&’%/é:‘he‘adi$o?t %gt%rvw i Jt@ ahd® SHegnet o-
resistive head fol datg, & e I AS PRSIt T QS EBE W foy and coMnTa

alloy were fabricated on glass substrates under the same

conditions as above. The single layers of CoCr alloy and

CoCrS8i0, alloy were fabricated on glass substrates under

10 the same conditions as Embodiment 2. The pealing tests

were performed by scratching the film surfaces with a

cutter to form 25 meshes of 3 mm x 3 mm, by adhering

tapes on the film surfaces, and by pealing the tapes

after 40 to 48 hours. The film adhesion property was

15 evaluated from the pealed area ratio. The results of the

pealing tests are shown in Fig. 9. The first underlayers

made of Co-containing alloy shows good adhesive

performance. The first underlayer made of compounds of

oxide and Co and the first underlayer of Embodiment 2

20 were better than the first underlayers of Embodiment 1.

<Embodiment 4>
In-plane magnetic recording media having the
first underlayer of CoCrW alloy were used in combination
with the magnetic recording system similar to Embodiment
25 1.
Similar to Embodiment 1, Co - 25 at % Cr - 12

at % W alloy was deposited on a reinforced glass



substrate 6. The data wite head is constituted of an upper wite
magnetic pole 8 and a lower wite magnetic 10 pole and upper shield |ayer
9 sandwi ching a coil 7, the thickness of a gap layer between the wite
pol es bei ng set to 0.3 [err]m The coi3lp was nmade of Cu having a

t hi ckness of 3 [err]m The read head is constituted of a _

magnet or esi st i sabstrate.10Ianthds ehset,r atie pabistratkl wakb notxh@adigay from

opposite ends of the sensor 10. The nmagnet or esi stive sensor is
sandwi ched bet asénthkealcgner gas preesdreagast chapged dmd tiygperangys efmbr ayer
and a | ower shield |ayer 12 both having a thickness of 1 [err]m The

di st ance bet weéntehdOsmlery whear 8lloyo fidmsewers fabriicgted20 Afterhe gap

| ayer between the wite_nagnetic poles and_ the ap | ayer between the
shield |ayer aﬁHenﬁﬁﬁﬁF&P¥§FsW?§ef°rmedseﬁ§§rS&P§t6ﬁg@t§@§ heated to

0,0 SO (HBOSEDEE BRRLARRTlTY YAMETh o codRLRISL R B
2 mgnet o . mr &/EbEREeTa, palRERART1aBKE o120 sRORRAS RRied on 8
gap layer 14 ”BQStQEtﬁbeOKEQQr Tize jprgpet or esi stive
Similar to Embodiments 1 and 2, only the first
underlayer of CoCrW alloy was fabricated on a glass
10 substrate at the argon'gas pressure in the range from 5
to 25 mTorr, and X-ray diffraction measurements were
performed. At a relatively low argon gas pressure in the
range from 5 to 10 mTorr during the film deposition, a
strong hcp (00.2) peak was observed in the CoCrW single
15 layer and it was found that this layer had the hcp
structure oriented in the (00.1) plane. As the argon gas
pressure was increased, the intensity of the (00.2) peak
greatly lowered and a clear diffraction peak couid not be
observed at the gas pressure of 15 mTorr or higher.
20 Media having layers up to the carbon protecting film were
subject to X-ray diffraction measurements. From measured
diffraction patterns, an intensity ratio of the (200)
peak to the (100) peak of the second underlayer of CrMo
alloy and an intensity ratio of the (11.0) peak to the
25 (00.2) peak of the magnetic layer were calculated, and
the relationship relative to the argon gas pressure
during the film deposition was checked. The results are

shown in Fig. 10. Notations given in Fig. 10, for



- 23 - ferromagnetic | ayer was made of NiFe alloy of 20 nm The
traversal biasing |ayer was nmade of N FeNb of 25 nm O her
ferromagnetic all oys such as N FeRh nmay be used which has a relatively
hi gh el ectrical resistance and 5 good -s@1t 4magnetic characteristics. A
magnetic field generated by a sense current flow ng through the

magnet or esi st iexanipder,oM@pldt.i0; meaers madridt.ieslitfiferaction meaak sal bi asi ng

| ayer in the filmin-plane direction (traverse direction) normal to
the sense curdawensdtyhaf the £AfxPsETeadmyer f iSdnilar giiadns are
magnet or esi stive ferromagnetic layer in the traverse direction. There-
fore, the mag@dsicc useskdion §tg@rw%i%%tﬁﬁﬁ}uce’“a an argQpy @3t put

| inear to the | eakage netic flux of the . hmedi.um  The separatjon
| ayer for prePERSSHFS fE dohIFOTES O, HAHRT (GRS i ERRRHAGR, PF

o OTRaeL! © i Mot s, T B RS B YRy
o o CXes i, S8l W5 (10, ortsncarion P b iy ol e e
constituted Congt‘I%eraq]ElQ?ms &tnd @%35 S(IP. f Profmbi gk iye, megnel0-
resistive ferromagneti c layer have a sindle nmagnetic
argon gas pressure of 15 mTorr or higher, the (110) peak
intensity of the second underlayer lowers greatly but the
10 (200) peak increases greatly. Similarly, the peak
intensity ratio of the CoCrPtTa alloy magnetic layer
changes greatly and the (11.0) peak increases greatly.
Fig. 11 shows the relationship between a coercivity of
media and a gas pressure during the deposition of the
15 CoCrW alloy layer. The coercivity rises greatly at the
boundary near the argon gas pressure of 10 to 15 mTorr at
which the crystallographic orientation changes greatly.
It has been found from the above observations that if the
first underlayer of CoCrW alloy is fabricated at the
20 argon gas pressure of 15 mTorr or higher, this underlayer
becomes amorphous or finelcrystals so that the CrMo
underlayer takes the (100) orientation and the CoCrPtTa
magnetic layer takes the (11.0) orientation and
coercivity increases.
25 Similar tendencies were found even if the
second underlayer was made of other Cr alloys such as

CrTi and CrV or even if the magnetic layer was made of

other Co alloys such as CoCrPt and CoCrTa.



domain and of a pair of electrodes 11 forned on the per manent nagnet

| ayers for picking up a read signal. It 25 is necessary for the pernanent
magnet | ayer to have a | arge coercivity and not to be likely to change
its magneti zation direction. Alloys- 3xh-as CoCr and CoCr Pt are
used. - 24 - Fig. 6
shows the | ayer structurzftsr dubmiqd@imey matemimhetas cexioedl) ngheredi um of
Enbodi ment 1. A substrate 20 was nade of chemically reinforced soda
lime gl ass reag/strEd ey aha e dde et s ware smaﬁumd amtdenithelried. On 5
the substrate 20, a first underlayer 21 of 50 nm second under | ayer
22 of 30 nm mERNdtigns of5 atlipeRr recoxding d%tl%’@hétt c21QyeBPDand 20

nm made of Co - 20 % 12 at % and a carb rotective film
24 of 10 nm & Fﬁé‘ﬁ%df%%t%fd %flﬁ%lput tEe MY SHeR 5})1? s"?a%nﬂevt%‘geé
was fabric ted mn hout heatin the substrate, there t he substrate

was heat ed wi F & arﬂfgr?é’at% t%rez‘iﬁj’[%‘? rvfa(f t’tflcreasﬁfgb‘ﬁ?a?% Y}h% | ayers
over the Tirst "ot A& allog Maf@ RoP PrOtSEVEndi! L1 VEs

fabricated, aq rican
mTorr or higher. The number of bit errors was 10

bits/surface or smaller after the head seek tests were
executed fifty thousands times from the inner to outer
10 circumferences of a medium, and a mean time before

failure of three hundred thousands hours was achieved.

<Embodiment 5>
A sensor shown in Fig. 12 was used as the read

magnetic head of a magnetic recording system similar to

15 Embodiment 1. The sensor had a structure that on a gap
layer 14, a Ta buffer layer 26 of 5nm, a first magnetic
layer 27 of 7 nm, a Cu intermediate layer 28 of 1.5 nm, a
second magnetic layer 29 of 3 nm, and an antiferro-
magnetic alloy layer 30 of 10 nm of Fe ~ 50 at % Mn were

20 sequentially fabricated. The first magnetic layer was
made of Ni - 20 % at Fe alloy, and the second magnetic
layer was made of Co. Magnetization of the second
magnetic layer is fixed in one direction by exchange
magnetic field of the antiferromagnetic layer. The

25 direction of magnetization of the first magnetic layer in
contact with the non-magnetic layer under the second

magnetic layer changes with leakage magnetic field of a



| ayer 25 was fornmed by coating perfluoroal kyl -polyether 15 diluted with
fluorocarbon. Media using O - 15 at % Ti as the first underl ayer
were fabricated under the condi - tions sane as the above and used as
conpar ed exanpl es. The nedizgm-of Enbodi nent 1 had a
coercivity of 2620 oersteds which is higher by about 400 oersteds than
20 nedia of mhgnetipatedoddmpg mediand skadhatpreddictirildalx desistande €.,
resi dual magnetic flux density x nagnetic |ayer t hi ckness, of 85
gauss- ni cr on. thezemEdichanges .as demisédtance whiamgeherirgmetied atdom di ng
systens and the read/wite characteristics were eval uated under the
condi ti ons of change of| maegnetdezetdiong ddaesitipnst of] ¢-hepriwoa maanetyiat k
density of 9.6 KTPI. The results showed an S/N of 1.8 which was

hi gher about 31BYS¥ehads ﬁé‘éﬂ&doﬁ'-h@hépé-@rrﬁérlé@ effMstes. In Embodiment 5,
Si ngle fi r;t under,| ayer, made of only Co

w&ssF&Brl@&W@dtgﬁenﬁﬁﬁﬁﬁﬁR ﬁ%édbﬂéig%ﬁﬂﬂ&rﬁh%§tﬁfﬁqﬁ$ was

sama dep05| ti n ract I On asurenents

were perfornedf’ eﬁo%%lez’zlﬁs & a &a] on g“@i(ﬁ(rta §ec9d‘s°é’rs\/é’c?verhm“§’%tsrm% ure

%fcﬁ ggcggg Zr @lbh Q¥ uhiel E‘s"‘@.’?ﬁboﬁlﬁéﬁ%ﬁf gated with a transm ssion el ectron

The magnetic recording medium used in Embodi-

ment 5 had a first underlayer, a second underlayer, a

10 magnetic layer, a carbon protective layer sequentially
fabricated on a glass substrate by the same manufacture
processes as Embodiment 1. The first underlayer was made
of Co - 40 at $ V - 12 at % M alloy of 20 nm (M = Ti, Y,
2r, Nb, Mo, Hf, Ta, W, B), the second underlayer was méde

15 of CrTi alloy of 50 nm, and the magnetic layer was made
of CoCrPt alloy of 22 nm.

The TEM observation results showed that the
first underlayer was an amorphous structure or a fine
crystal structure near the amorphous structure. The X-

20 ray diffraction measurement results showed that the
second underlayer of CrTi alloy had the (100) orientation
and the magnetic layer of CoCrPt alloy had the (11.0)
orientation. These tendencies were also true for the
first underlayer made of any one of Co - V - M alloys.

25 Table 1 shows a coercivity, a coercivity squareness and
an intensity ratio (with a notation of IC0l11.0/ICol0.1)

of the (11.0) peak to (10.1) peak of the CoCrPt magnetic



(TEM. ATEMimge and a limted view field refraction pattern shown
in Fig. 7 were observed. A white spot and aring in the upper right
corner of Fig. 7 are the limted view field refraction pattern. This
limted view 10 field refraction pattern 3das obtained froma regi on of
about 0.5 mcron dianeter. A lattice inmage indicating a presence of

| atti ce structflayeryasespectivelyedfi m tddcording hiediumdeviiite theari t ed vi ew
field refraction pattern showed a halo refraction ring specific to an
anor phous 15 fdmstcunderlpyem medse ofacash ofc &9 be Yoredumddavat the
CoCrzr alloy of the first underlayer has the anorphous structure.

Vari abl e depth of spot reflecting upon a fine projection on the
surface of the first underl ayer was observed in the TEM i nmage. This
projection is fairly 20 wuniformat a pitch of several nm

X-ray diffracti on neasurenents were perforned for a medi um of

Enbodi nent 1 fabricated with the | ayers up to the carbon protective

| ayer and for a medium of the conpared exanple, and diffraction
patterns shown in Fig. 25 8 were obtained. In the diffraction pattern of
t he medi um of the conpared exanple, it is inpossible to

di scrimnate between diffraction peaks of the first and second
under | ayers because they have the sane



- 26 - conpositions. It is also inpossible to discrimnate

between the (110) peak of the body centered cubic structure (bcc
structure) of the underlayer and the (00. 2) peak of the hexagonal
cl osed packed structure (hcp 5 structure)3®ecause they are superposed one
upon the other. But in any event, the second underl ayer has no
such a strong (1qU) orrentatrop ag tng mepr um of Efbodr nenpt 1, and has
a m xed phase of |aoplurjalitly o grystal |grains pf different
orientations. Acdofidingly, | 10{thg CoQrPt| al ljoy ¢rystal § of the magnetic
| ayer take Mafi qus| crystal orfientatipns Jandfa pjurglity o
diffraction peaky areZopserved|in |the|CoCG Pt jmagnpetit | ayer. In
contrast, in the [c&Se t he mpdi Um off Enpodil- ent| 1, the CoCrZr
alloy of the fi rst'ﬁunj’erf".a)e?: i8%s| Flotf “11p SHoW ¢iTf | &cti ofi; pepks as stated
above, the diffrdci ok | ‘° | Pepkd |sFPowl®i hFijgS 8 Frp'‘d [bc& (2P0) peak of
the second un@erEhyer and|an |hcp|(11] 0) |peak of|thg CoCrPt nagnetic
| ayer. It can be |uAde#’st ood fr)n1thesﬁ facts fthatt thg CTy alloy of
t he second underljayer—flabrijcated on the PO #oCrZr al|loy] | ayer}of the
anor phous struct yr@ hasj t he :
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Embodiment
5

Compared

example




(100) orientation and the CoCrPt magnetic |ayer fabricated on the
second underl ayer has the (11.0) orientation through epitaxial grow h.
Therefore, the in- pl ane conponents of the c-axis which is the
magneti c easy 25 axis of the CoCrPt all.oy3g ncrease and good magnetic
characteristics can be obtained. The lattice image of t he magnetic

| ayer was al so observed TablEEN alls reisowd 8 compaatmiveskdriple thevivgr age
grain size of the CoCrPt all oy of - 27

- Enbodi tdve i ngdts wistanlater madeuiCrs OInlli evf byheabwegond 3 nm

than the conpared exanple. Magnetization of the single Iaz:f;{ CoCr Zr
al l oy film vwasindeslavar ofd the|eomgpared exanpieas AursraRsg 0 bbt ai ned.
It can therefore be 5 supposed that the alloy filmis, non-nagnetic.

<Enbodi ment 2:9rientation so that fheLofletMRINVIS AILFERRES Paving t he

mmgnet |0t Bcor g kR T A R 4 B, (11.0) of "tad [1°

magnetic layer. In contrast, each CoCrPt magnetic alloy
of media of Embodiment 5 has a strong (11.0) orientation.
Therefore, the in-plane components of the c-axis which is
the magnetic easy axis of the magnetic alloy are large,

10 and a high coercivity and a high coercivity squareness
can be obtained. If M = 2r, Ta, or W in particular, the
(11.0) refraction of the CoCrPt magnetic layer becomes
strong and the in-plane components of the magnetic easy
axis become larger.

15 After lubricating material was coated, the
read/write characteristics were measured under the
conditions of alrecording density of 3 gigabits per
square inches. Each medium showed a high S/N of 1.6 or
higher. Each medium of Embodiment 5 had a friction

20 coefficient of 0.2 or smaller even after CSS tests were
performed thirty thousands times, and showed CSS

characteristics better than media of Embodiment 2.

<Embocdiment 6>
In-plane magnetic recording media having the
25 first underlayer were used in combination with the
magnetic recording system similar to Embodiment 1.

Instead of the Co - 30 at % Cr - 10 % Zr alloy layer of



The filmstructure of nedia is simlar to Enbodi ment 1. After a

rei nforced gl ass substrate was " heated to 150[err]C, a first underl ayer
of Co - 36 at % W - 10 at % Ta was fabricated 30 nmthick in a m xed
gas 15 atnosphere of Argon of 10 niforr adped with 5 % of ni t rogen.
After the substrate was again heated to 250[err]C, a second under| ayer
of CrV alloy @embddimanta Jo@Hd Rlayer ofaldmy- rdQret i€ dryeeklwf addedn and a
carbon protective filmof 10 nmwere sequentially fabricated. Each

| ayer 20 ovemwitthe csdcdendsuahders Bier ¥vaZof alli¥bh cMed B, purt andgod was

gas pressure of 5 mlorr. The coercivity of the obtained medi um was
2560 oer st eds.usied daterthe Limsdy underkayrty - zation and film

structure of a single first underl - 36 at_ % M - 10 % Ta,

the single layer of 30 rAmMSdEd @ﬁ%%’b&ﬁcﬁﬁ it cehajt dkke
LB WL TRAGH S T T AR N ALR
évgérga;qe gr ai Sfé-lr_geg %Ya S%‘%?uﬁeﬁs%e% %}?%M%IQ?/@J%#SIS@ ec%%heﬁt 3% or
smal [ er. X'ra&A¥£§'&%%ﬂé%hﬂ?ﬁﬁ“ﬂéﬂ?ﬂ?éhent results showed that the
second underlayer of CrTi alloy had the (100) orientation
and the magnetic layer of CoCrPt alloy had the (11.0)
10 orientation. Table 2 shows a coercivity, a coercivity
squareness and an intensity ratio ICo0l1.0/ICol0.1 of the

media using each first underlayer.



were perforned for media having |layers up to the carbon 5 protective film
Simlar to Enbodinent 1, it was found that the GV alloy of the second
under| ayer had the (100) orientation, and the CoCrNi Pt alloy had the
(11.0) orientation because of epitaxB& -growth. TEM observation
of the CoCrN Pt alloy of the magnetic |ayer was made. 10 The average
crystal grain size was about 19 nm In Enbodi nent 2, the filns were
fabricated by DC sputtering. Q her met hods may be used with the sane
advant ages as —abovwe—stehrasrofTheasRtt-er+ )d ECR sputtering.
After lubricating terjial [wasf codtedj the 135 f[ead/wijte characteristics
were neasured undef thg cpndijtiohs of afllin rding density of
210 kBPI and B trdck dlensjty |of 9.6 kTPIl. The s m showed a hi gh
S/N of 1.8. Contgct Sstdrt/$top (C$S) festls wgre exec and the
friction coefficilept &gs 03 of |dwer|after ¢SS |20 ts were executed
thirty thousands [t-HMgS.| oThewnuebdro | «© pfo Bi+ 40 las 10 bits/surface
or smaller after [tBe~y | « Nhadd| sedket ¢s8s| werlemexegu fifty thousands
tinmes from tthg i grer {o opter| ci | cunf er gnTes$ "of edium and a nean
time before failyr§g QF t hr ¢e hundrled §{housands hours 25 achi eved.
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the first underlayer

(Co-30 at % Cr)-12 mol % TiO,
(Co-30 at % Cr)-11 mol % Y,04
(Co-30 at % Cr)-13 mol % 2rO,
(Co-30 at % Cr)-12 mol % NbO,
(Co-30 at % Cr)-9 mol % MoOQ,
(Co-30 at % Cr)-11 mol % HfO,
(Co-30 at % Cr)-12 mol % Ta,0;
(Co-30 at % Cr)-10 mol % WO,
(Co-30 at % Cr)-8 mol % B,0,




<Enmbodi nent 3> In order to study the fil madhesion property,

- 29 - followng single first underlayers were fabricated on

gl ass substrates and peeling tests were perforned. The
single first underlayers were made of - 39CeCrZr alloy and CovhTa al | oy of
Enbodiments 1 and 2, Co 5 - 30 at % C alloy, and Co - 20 at % C - 10 at
% Siqerr] al | oy. Hse show e ilfayer,s T, CoCWroxilde\i sarafidgadhTehe

all oy were fabricated on glass substrates under the sane conditions as

above. The si rddile O)addff nerctdeny radkwiathe CoCriomsianeic olayYRY e
fabricated on_gl ass substrates under _ 10 the sanme conditions as Enbodi nent
2. The peal i ngaceses strongand, iy dfsPiane GURMGNES RE tH1%n sur f aces

with a cutter to forn125,ne§?es of 3 nrmx 3 nm by adhering t apes
on the film sHAREEC S3FhPHIEIRSRPI LG5 after 40 to 48 hours.
The fil m aghesi on propery 15 eval yated fr.omthe p ar ratio.
The result3 of the %%zﬁ\%??dl oS astlzilr ms%oev%ql‘{ﬂn |sg.&§€%u’e I'Tst

porf or mance. TRETHar Ry e TS MR LRISESe
conditions of a recording density of 2 gigabits per

square inches. Each medium showed a high S/N of 1.6 or
higher. Each medium of Embodiment 6 had a friction

10 coefficient of 0.2 or smaller even after CSS tests were

performed thirty thousands times, and showed CSS

characteristics better than media of Embodiment 2.

<Embodiment 7>
In-plane magnetic recording media having the
15 same film structure as Embodiment 1 were manufactured
which had the second underlayer constituted of two layers
including a Cr layer of 10 nm and a Cr - 15 at % Ti alloy
layer of 20 nm. The other structures and film deposition
processes are the same as Embodiment 1. As compared
20 examples, magnetic recording media were fabricated having
the first underlayer made of Y (yttrium) - M alloy (M =
Ti, Nb, V, Ta) or Cr.
The coercivity of a medium of Embodiment 7 was
2710 oersteds. The coercivity of a medium of the
25 compared example having the first underlayer made of Y -
M alloy with M = V was 2030 oersteds which is smaller

than the medium of Embodiment 7. Similar coercivities



oxide and Co and the first underl ayer of Enbodinent 2 20 were better than
the first underl ayers of Enbodi nent 1. <Enmbodi nent 4>

I n-pl ane magnetic recordi ng nedia having the first underlayer of CoCrW
all oy were used in conbination Wi t h t4lge 4magneti c recordi ng system
simlar to Enbodi nent 25 1. Simlar to Enbodinment 1, Co -
25 at % O - Were obtatindwd\Mfald o =way ,defosnddaon &hied ndosrmeidrigiyass

- 30 - substrate. In this case, the substrate was not heated and
t he argon gas difdenencenaeselidsgddom & ldd fifangnde @fi interGities offor r
when alloy filns were fabricated. After t he underl ayer was fornmed, the
substrate was theat(dd 100 o emr@tdian of gagnfldift ilAYSrFabangly a & Wb
under| ayer of 50 nm a CoCrPtTa n%gnetic | ayer of 25 nm and a carbon
protective | ayet GL1RY AR used as the firsg ﬁ%’}dfr& ¥ &b ddtSrelnt’s: @) and 2,

only the fkr Storien‘cali:rnl.do(:f‘Ir loafy%rheOfma%%Cé\rtvj\./callla%yerwaiss fn% ' Iscoatset-fjroor{lz_; aasqlt?t?es

media of Embodiment 1 so that good magnetic character-
istics cannot be obtained. Fig. 13A shows a crystal
grain size distribution in the magnetic layer of a medium
of Embodiment 7 obtained from a TEM plan image. Fig. 13B
10 1is an accumulated area ratio curve obtained from the data
shown in Fig. 13A, indicating the relation between a
grain size and area ratio of crystal grains which size is
smaller than it. The average grain size obtained from
this data was 17.5 nm and the size dispersion was 10.1
15 nm. The average grain size <D> was set to the grain size
at a 50 % value of the accumulated area ratio of Fig.
13B, and the grain size dispersion width AD was set to a
difference between values at 75.% and 25 % of the
accumulated area ratio. Table 3 shows the average grain
20 size and grain size dispersion width of media of

Embodiment 7 and compared examples.



10 substrate at the argon gas pressure in the range fromb5 to 25
mlorr, and X-ray diffraction nmeasurenents were performed. At a
relatively |l ow argon gas pressure in the range from5 to 10 mlorr
during the filmdeposition, a strong pgep-(00.2) peak was observed in
the CoCrWsingle 15 layer and it was found that this |layer had the hcp
structure oriented in the (00.1) plane. MAn1ihg argon gas pressure was
i ncreased, the intensity of the (00.2) peak greatly lowered and a

cl ear diffractfion peak coujd nqﬁ%@g, opSeyved at Jthe gas pressure Jof 15
mTorr or highdr_ 20 Medi al havihfy $ixsh ORGPFIAYER car hotPhr of ecT2RY £ | m

wer e subjieghbd®; yldi ffracti on neasurenents. JFrom neasured
diffraction pdtt erél%ﬁ%fril@i hCorsid ¢t & iCa-d0 afe ¥ Z00)| 17 57Feakl? ol®Re
(100) peak of ftfre—seTomd—updertayer—of—Crivb att anmd—am T ItEnsTt
ratio of the ([1dompayedk tp the 28-100a%) $p&ak of thelfadd@icl?ajRR lere
cal cul at ed, and®*ampleéhe relationship Q?Iatlve to. th LI I%S, Pressur e
during the fillmdepositionlwas checked Hhe results : i i g.
10. Notations given in Fig. 10, for -
31 - exanple, 1Coll.0, means a (11.0) diffraction peak

As compared to the first underlayer made of Y -

V alloy or Cr, the first underlayer made of Co alloy had
the grain size of the magnetic layer finer by about 10 to
20 %, and had the grain size dispersion width narrower by

5 about 25 to 30 %. This may be ascribed to that the
distribution of crystal seed generation sites at the
surface of the Co alloy of the first underlayer is more
uniform.

The read/write characteristics were evaluated

10 under the same conditions as Embodiment 1. The medium of
Embodiment 7 had an S/N of 1.9, whereas the medium of the
compared example having the first underlayer made of Y -
M alloy had an S/N of about 0.8 to 1.1. This may be
ascribed as described previously, to a lowered read

15 output because of weak (11.0) orientation of the magnetic
layer caused by weakened (100) orientation of the bcc
underlayer and to increased media noises caused by
irregular grain sizes of the Co alloy magnetic layer.
These tendencies were also observed when the magnetic

20 layer was made of other Co alloys. It can be understood

from the above that the first underlayer made of Co alloy



intensity of the CoCrPtTa |ayer. Simlar notations are al so used for

ot her peak intensities. At an argon gas pressure of 10 mflorr or | ower
during the deposition of 5 the first underlayer, the second underl ayer of
CrM all oy shows the bcc (110) orientggion and the magnetic | ayer of
CoCrPt Ta all oy shows the hcp (10.1) orientation. At an argon gas

pressure of 1gyived pedfdin@iie Bdtdrl hampeadie first nimiwtlayed nidde second
under| ayer | owers greatly but the 10 (200) peak increases greatly.
Simlarly, thefp&dak M allioy.endthey mestiium dfavtingg Gd@ Rekoral |undemipmser c

| ayer changes greatly and the (11.0) peak increases greatly. Fi g.
11 shows the madst iafndivip testemeewfa Goang GnEL gfan haveyg@likigheir a gas
pressure during the deposition of the 15 CoCrM/MIéa;Iayer. The

coercivity ri SCeTGFANY and @haigher ihhddap ddw nadiup h FrRedinanrt e
of 10 to 15 nmlorr at, , _which the crystallographic orjentation changes
oreatly. 5 it I Sddh HGHHPS (e i b v I ShA IR 14 TER ho
first underl ayer_of Cr | oy i s .fahricated at t 20 gon gas
pressure of 19 * ¢ﬁ§yﬂﬂ€éﬂ?ﬂﬁgﬁﬁﬁﬁﬂﬁgﬁﬁﬁgerrE%?ﬁxﬁﬁii‘annrphous or
fine crystals so that the CM under| ayer takes the (100) orientation
and the CoCrPtTa magnetic | ayer takes the (11.0) orientation and

coercivity i NnWig@Rfiment 8>

In-plane magnetic recording media were

used in combination with the magnetic recording system

10 similar to Embodiment 1. This magnetic recording medium
has a first underlayer, a second underlayer, a third
underlayer, a Co alloy magnetic layer and a carbon
protective film, respectively fabricated on a reinforced
glass substrate. The main object of the first underlayer

15 1is to prevent permeation of ions and adsorbed gas in the
glass and to provide a good adhesion property relative to
the glass. The main object of the second underlayer is
to give CrB alloy of the third underlayer the (100)
orientation. The main object of the third underlayer is

20 to give the Co magnetic layer the (11.0) orientation.
The first underlayer was made of 50 nm Zr, the second
underlayer was made of 10 nm Ta, the third underlayer was
made of Cr - 14.3 at % Ti - 5 at $ B alloy formed by
adding 5 at % B to 30 nm Cr - 15 at % Ti alloy, the

25 magnetic layer was made of Co - 20 at % Cr - 12 at % Pt
alloy, and the protective layer was made of carbon.

These layers were sequentially fabricated in the vacuum.



25 Simlar tendencies were found even if the second
under | ayer was nmade of other C alloys such as CTi and CV or even if
t he magnetic | ayer was nade of ot her Co alloys such as CoCrPt and

CoCr Ta. - 43 = 32 - After

| ubricating material was coated, the read/wite characteristics were
measur ed underalhethe layewsliverssdepositedday DEcspattgriwgsatyanf 210
kBPI and a track density of 9.6 kTPI. The system S/N was inproved 5
as the argon (REIOR IS IrpreesurecobaSauTooriig the film depositing sateoCrW
al l oy, and was 1.6 or higher at 15 mrorr or higher. The nunber of bit
errors was 10 of 5 9%/ afseee oFhenurbstratecvashheated eeB0P8Sts were
executed fifty hous nds tinmes fromthe_inner to guter 10 circunferences
of a medium d€%% $¢GRnP ety renderlayer| ya2e g?b¥hF%Eeﬂund%ed thousands
hours was achi <Enbodi pent . 5> X nsor

H g 15 vad USTHPECanE JAYGE Vas TARRLOTEeRoRY GPRLiRAGREFTEUPEROIATG |

system sim | arpdfyodior CAPPYLIEWidn £T06-56088n 2 0uBaBk HaLERG LRt on @

third underlayer made of Cr - 15 at % Ti alloy without
adding B and having the coercivity generally the same as
Embodiment 8 were fabricated and used as compared
10 examples.
The medium of Embodiment 8 had a coercivity of
2900 oersteds and Br x t 6f 82 gauss-micron. Media of
Embodiment 8 and compared examples were assembled with
magnetic recording systems similar to Embodiment 1, and
15 the read/write characteristics were evaluated under the
conditions of a head flying amount of 30 nm, a linear
recording density of 210 kBPI and a track density of 9.6
kTPI. As compared to the media of compared examples, the
media of Embodiment 8 reduced the normalized media noise
20 Dby about 20 %, and improved the overwrite property by
about 10 dB. Therefore, at the recording density of 2
gigabits per square inches, good read/write character-
istics were realized. It can be understood from the
above that addition of B to the underlayer is effective
25 for reducing media noises and improving the overwrite

property.



| ayer 14, a Ta buffer layer 26 of 5nm a first magnetic | ayer 27 of 7
nm a Cu internediate layer 28 of 1.5 nm a second nmagnetic |ayer 29
of 3 nm and an antiferro- magnetic alloy layer 30 of 10 nmof Fe - 50
at % WM were 20 sequentially fabricated.gq4 The first nmagnetic |ayer was
made of NN - 20 % at Fe alloy, and the second nagnetic | ayer was nade
of Co. Magnet i <mibedimént &> second magnetic layer is fixed in one

di rection by exchange magnetic field of the antiferronagnetic |ayer.
The 25 direction of naghretpkane amgietie féecerdimgrmedial f9gzmednon Al
contact with the non-magnetic | ayer under the second magnetic | ayer
changes with |ableycsuwksprates fhavingfa gdiameter of 2.5 inches, a

- 33 - magnetic recordi ng_medi um so that electrical resistance

t her eof changeigkness 2&nked Thampcangd t the serfareeViP plakafge of

et 2 O e OOl c e 0 BT o A RS Sob2 Calliedthe, opi
Lhi s effect wasombinaloGd Soct hend SRdohsese 014D, SyEedhoRntNE LO°
Embodiment 1.
After the NiP/Al alloy substrate textured in
the circumferential direction was heated to 300°C, a Cr -
10 14.3 at $ Ti - 5 at % B alloy layer of 10 to 30 nm, a
CoCrPt alloy layer of 20 nm and a carbon protective layer
of 10 nm were sequentially fabricated. The argon gas
pressure was changed in the range from 5 to 15 mTorr when
magnetic layers were fabricated. Br x t of the media was
15 in the range from 70 to 90 gauss'micron. Because of
texturing of the substrate, the media had magnetic
anisotropy in the circumferential direction. Therefore,
the coercivity is larger in the circumferential direction
than in the radial direction, and its ratio, i.e., its
20 orientation ratio was 1.4 to 1.6. The magnetization
direction was therefore stabilized in the write direction
and good write characteriétics were obtained.
The read/write characteristics of these media
were evaluated under the same conditions as Embodiment 1.
25 A relationship between the coercivity and the overwrite
property is shown in Fig. 14. 1In Fig. 14, the evaluation
results of compared examples are also shown, the media of

the compared examples being manufactured by the same



The magnetic recordi ng nmedi um used i n Enbodi - ment 5 had a first
under | ayer, a second underlayer, a 10 magnetic |ayer, a carbon protective
| ayer sequentially fabricated on a gl ass substrate by the sane

manuf act ur e processes as Enbodi nent-145The first underlayer was nade
of Co -40 at %V - 12 at %Malloy of 20 nm (M= Ti, Y, Zr, Nb, M,
Hf , Ta, W B),ptdeesssonsf ubmisod hyerit Whsamddeavifhigod CrT+ bl ay &f TR0 nm
and the magnetic | ayer was nade of CoCrPt alloy of 22 nm

The TEM obser vandenlaysul het shdded WhEh Bhe If mefliashavidgrtheesamas an
anor phous structure or a fine rystal structure near the anorphous
structure. ThedogreQpof ac;oqrﬁva'e;e@naneaggmmml tesedch onberd that the
second underl ayer of CTi alloy had the (100) orientation and t he
magnet i ¢ IayeroYﬁrY£E$$%P%?ﬁ%ﬁmﬁ%ﬂetﬂ% the media hagingnthei 6R. ~Thésé
tendenC|es mere aigghtru for

Co V- WAl 185t Tos raret 4 e n  eBe P o xsﬁ”@yvﬁgyuiqﬁafaﬁeoi
C ﬂg (11 o? " EPSh YpdfihBal VAadi 1 AR AE B1e thePbhabk &P Hhproves®”

the overwrite performance. The read/write character-
istics was considerably excellent at the recording
density of 2 gigabits per square inches.

10 The X-ray diffraction measurement results
showed that the CrTiB underlayer had a strong bcc (100)
orientation, and the CoCrPt magnetic layer formed thereon
had a strong (11.0) orientation caused by epitaxial
growth. This orientation is similar to the case using

15 the CrTi underlayer not added with B. Namely, even if B
is added, the orientation of the underlayer does not,
change so that the (11.0) orientation of the CoCrPt
magnetic layer with the excellent magnetic

characteristics is not degraded.

20 <Embodiment 10>
In-plane magnetic recording media, although
they have the structure similar to Embodiment 1, the
sensor of Embodiment 5 is used for the read head, were
used in combination with the magnetic recording system
25 similar to Embodiment 1.
The film deposition processes of in-plane

magnetic recording media of Embodiment 10 will be



| ayer, respectively of a recording nedium having the first underlayer
of each of Co - V - Malloys. - 35 -

10

15

- 46 -
described. After the textured NiP/Al substrate is heated
to 260 °C with a lamp, a first Cr underlayer of 20 nm, a
second CrB alloy underlayer of 30 nm, a CoCrPt magnetic
layer of 25 nm and a carbon protective layer of 10 nm
were sequentially fabricated by DC sputtering. The first
Cr underlayer functions to control the bcc (100) orienta-
tion of the second underlayer. As the CrB alloy of the
second underlayer, Cr - 14.3 at $ Ti - 5 at % B alloy, Cr
- 14.3 at $ V - 5 at % B alloy or Cr - 14.3 at $ Mo - 5
at % B alloy were used. Media having the second
underlayer made of Cr - 15 at % Ti alloy, Cr - 15 at % V
alloy or Cr - 15 at % Mo alloy not added with B were also
fabricated and used as compared examples.

After lubricating material was coated, the
media were assembled with the magnetic recording systems
using the above-~described magnetoresistive sensors, and
the read/write characteristics were measured under the
same conditions as Embodiment 1. The results are shown

in Table 4.

made
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- 8fientation so that the CoCrPt
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Table 1 al so shows a conpared exanpl e havi ng
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first underl ayer

0 O
conpar ed exanple has a strong (110)
magnetic | ayer
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5 (10.1) orientation and there is no peak (11.0) of the magneti c

| ayer. In contrast, each CoCrPt magnetic all oy of nedi a of Enbodi nent
5 has a strong (11.0) orientation. Therefore, the in-plane conponents
of the c-axis which is t he magneti c- ey~ axi s of the magnetic all oy

are large, 10 and a high coercivity and a high coercivity squareness

can be obtained. |f M =2afry ofa,tley nwdia paff tEndeddimenthel 0 redyddd Ofhe
refraction of the CoCrPt magnetic | ayer becones strong and the

i n- pl ane conpawemessl igfed medimymTmise dgpyl0 % ormiarédeameompaxed . to 1the
After lubricating material was_coated, the _ read/wite characteristics
wer e neasur ed qfhcompared REGRMRIRS ofand rigepreNed) thasevgrerite

gi gabits per square inches.j?ach nediun1shqwed a high SINof 1,6 or

hi gher. Each m&H NG&h o FRFRE T fra IS 1FRAIOFF1 5D CRIEAFIRTERELGE 0. 2
or smaller_even after .CSS tests ,were .performed thirty thgusands tines,
and”shovedScegert alized & SHE ererai AT IMaRTE S512 ot GRP bR Bt
<Enbodi nent 6> . I n-pl ane magnetic recordi ng nedia having the
25 first undeﬁQ%ﬁﬁp\ﬁﬁﬁy%%bd in conmbination with the magneti c

recording system simlarp0 fp0di §8Nmdodiment 10, the media having

the CxTiB underlayer had a lowest normalized media noise

and the most excellent overwrite performance.

10 <Embodiment 11>

In combination of the magnetic recording system
similar to Embodiment 1, in-plane magnetic recording
media were used having the underlayer made of Cr - 14.3
at % Mo - 5 at % B alloy, Cr - 14.3 at ¥ Mo - 5 at % C

15 alloy, Cr - 14.3 at $ Mo - 5 at % P alloy or Cr - 14.3 at
% Mo - 5 at % Bi alloy.

After the NiP/Al substrate was heated to 250°C,
an underlayer of each alloy of 30 nm, a CoCrPtTa magnetic
layer of 20 nm and a carbon protective layer of 10 nm

20 were sequentially formed. After lubricating material was
coated, the read/write characteristics were measured
under the same conditions as Embodiment 1. Media having
the underlayer made of CrTi alloy of 30 nm were also
formed and evaluated under the same conditions and used

25 as compared examples.

All the underlayers of the media of Embodiment

11 had the bcc structure and the (100) orientation, and



Instead of the Co - 30 at % Cr - 10 % Zr alloy | ayer of

- 37 - Enbodi nent 2, the layer of Co - 30 at % C all oy added

with oxide such as Ti, Y, Zr, Nb, Mo, Hf, Ta, Wand B was used for the
first underl ayer. The TEMoohgerwvation results showed t hat
the 5 first underlayer was of an anorphous structure or of a fine
crystal struct the magmetie dryerhoissl Jha! o, J Bitientatdod AhkbddK action
measurenent results showed that the second underl ayer of O Ti alloy
had the (100) epideed@ilowrientagricn.he Thegeady oty ofarafidtisticy dad
the (11.0) 10 orientation. Table 2 shows a coercivity, a coercivity

squar eness and th¢ medd@siafy Empodimend! |110anth|cOnpaxfed fexamplesraite usi ng

each first underl ayer.. [err] - 38 -
shown in Table 5.
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[err] - 39 - As shown,
if Zr, Ta, or Woxide is added, the (11.0) diffraction peak of the
CoCr Pt nagnetic | ayer beconmes strong and the in-plane conponents of

t he magneti c easy axi s becone |arger.51 5. After |ubricating
material was coated, the read/wite characteristics were neasured
under the condi ti ormnyfof thes alied iy ¢ EBmibyd et gl pabedscedrmedia
square inches. Each medi um showed a high S/IN of 1.6 or hi gher. Each
medi um of Enbowisas &5 heohpafed cte othe edibdedf i compared €éxamplespabhndr
even after CSS tests were perfornmed thirty thousands tines, and showed
CSS char dnrreead cthg c@vervwrite pewtermingapodfrerefore, good

<Enmbodi ment 7> . | n- pl ane nmagnetic recordi ng nedi a having the
15 sanme fil mER3HOTEe LhEFARRHEFELAS R %S PR heedrall the recording

5 density of 2 gigabits per square inches.

The media of Embodiment 11, the media having
the CrTiB underlayer or the CrTiP underlayer had lower
media noises. It can be understood that addition of B or
P is effective for noise reduction. The media having the

10 CrTiC underlayer has the strongest hcp (11.0) orienta-
tion, a high coercivity and a high coercivity squareness
S*. As compared to other Embodiments, the media having
the CrTiBi underlayer had good corrosion resistance. The
CSS tests of the media of Embodiment 11 showed a good

15 friction coefficient of 0.3 or sﬁaller even after CSS

were performed thirty thousands times.

<Embodiment 12>
On a reinforced glass substrate similar to
Embodiment 1, the first underlayer of Cr - 13.5 at & Ti -
20 10 at % B of 10 nm was fabricated and thereafter the
substrate was heated to 200°C to sequentially fabricate
the second underlayer of Cr - 10 at % Ti alloy of 30 nm,
a CoCrPt magnetic layer of 25 nm and a carbon protective
film of 10 nm.
25 X-ray diffraction measurements were performed.
The diffraction pattern showed only the bcc (200) peak

presumably of the underlayer and the hcp (11.0) peak of



whi ch had the second underl| ayer constituted of two |ayers i ncluding a
Cr layer of 10 nmand a & - 15 at % Ti all oy | ayer of 20 nm The

ot her structures and fil m deposition processes are the sane as

Enbodi nent 1. As conpared 20 exanples,_.nmpgnetic recording nedia were
fabricated having the first underl ayer nade of Y (yttrium - Malloy
(M= Ti, the A6Ccr®) &X1d¥ .layer. The Cr - Ti®. s aet c§ vii y- of 0 sapedli um
of Enbodi ment 7 was 2710 oersteds. The coercivity of a medium of the
25 conpar ed exarglleoshav niche hidl st sindewleayewy eandraides Cr Y--10 at $M ALl oy
with M=V was 2030 oersteds which is smaller t han t he nedi um of
Enbodi nent 7. &Sikay 0f e @degdandunderlayer have lattice constants -

40 - were obtained for M= Ti, Nbo and Ta. This_coercivity
di fference res(9%% T9a%n 0 RFTRIQGHRE of T}Fﬁ’éﬁh%?%?esl%fls dlfih‘é“%&ltg)

irer undepl ayBioY pian alé)eresrsl%%”éhéﬁ 9 ot e A RRTE- | 23T RS not S0
0 0 o O ABD 28T SPPRE o ShREEE T
distribution Ilﬂl&é}.e {?@rﬁrﬁé é&yc?j'.’t c;né ggddé%51t1ng the media above,
and X-ray diffraction measurements were performed. Since
a clear peak was not observed in the.obtained diffraction
10 pattern, it can be presumed that the bcc (200) peak is
generated by the CrTiB alloy of the second underlayer.
It can be understood therefore that the CiTiB alloy of
the first underlayer has an amorphous structure or a fine
crystal structure near the amorphous structure and that
15 the CrTi layer fabricated thereon has the (100) orienta-
tion. Therefore, the Co alloy magnetic layer takes the
(11.0) orientation through epitaxial growth. If the
CiTiB alloy of the first underlayer is 30 nm or thicker,
it has a strong (110) orientation so that the CiTi alloy
20 of the second underlayer has the (110) orientation and
the CoCrPt alloy layer has a (10.1) orientation. As
compared to the CoCrPt layer with the (11.0) orientation,
the CoCrPt layer with the (10.1) orientation reduces the
in-plane components of the c-axis, which is magnetic easy
25 axis and degrades the magnetic characteristics. So, this
structure is not preferable.
The coercivity of a medium having the first

underlayer of 10 nm was 2480 oersteds. This medium was



of Enbodi ment 7 obtained froma TEM plan inmage. Fig. 13B 10 is an

accunul ated area ratio curve obtained fromthe data shown in Fig. 13A
i ndicating the relation between a grain size and area ratio of crystal
grains which size is smal | er than it. sBhe average grain size obtained
from this data was 17.5 nm and the size dispersion was 10.1 15 nm
The average gr aissembled<ikithatheemaghdtie FHetidrdiinge systendisianiidonml ue
of the accumul ated area ratio of Fig. 13B, and the grain size

di spersi on wi dEmbabiments&t and adhe readi/firdten ohareiotear stalase weate 75 % and
25 % of the accunul ated area ratio. Table 3 shows the average grain
20 size and gr &valypteddi spar sverwaideh pefrficattiancsf was 45Emibdi e 7 and
conpar ed exanpl es, - 41 -

Tabl e 3 number of bit egxoms; asyddeblidpdsurfacepor smadder after
Enbodi nment Cb-%p t % C-10 at % Zr 17.5nm 10.lnm Conpar ed

V-10 at % Y2 the head gg tesEswere q¥§5ﬁ&qg fifty thousands times

Cr f%%m?@ﬂh %%n%@”%o outer circumferences of a medium, and a
mean time before failure (MTBF) of one hundred and fifty
thousands hours was achieved.

Although the film deposition of Embodiment 12
10 was performed through DC sputtering, other methods may be
used obviously with the same advantageous effects, such

methods including RF sputtering, ion beam sputtering, and

ECR puttering.



As conpared ' rlayer made of Y - V alloy or Cr, the
first underl‘gﬂm\%iﬁ@“m‘gl | oy had the grain size of the nmagnetic
| ayer finer 0 * 20 % and had the grain size dispersion

wi dth narrower by 5 about 25 to 30 % Thisa may be ascribed to that the
distribution of crystal seed generation sites at the surface of the Co
all oy of the WHATt ISnQEAIMBE IS NOre uni form The
read/ wite characteristics were evaluated 10 under the sanme conditions as
Enbodi ment 1. 1The nedi ulk afagneticEreodinddmg Tedidmnc@BpYiEfing O, wher eas

t he nedi um of the conpared exanple having the first underl ayer nade of
Y - M al | oy had anasmegsfetdisodayers fioymed) omig ki Hayered ascri bed
as described previqusly, to a |owered read 15 output because of  weak

(11.0) ori ent ¥derigyemhdaradene @ subgtyadie o e ANt L REgRRE (100)

orientation of the bcc . under| ayer and to increased nedia noi ses caused
by i rr egiigeTdAYST deing & nakLon &F r?aéﬂé’(’?aglttéglé?f These
t endenci es wered@r_o ohserved when the magnetic 20 |ayer was made of other

Co al |l oys. |t T 08 Y der st ood fromthe above that the first
underlayer made of Co alyein one of the plurality of underlayers

includes at least one of Co-containing amorphous material
and Co-containing fine crystal material.

2. A magnetic recording medium according to claim
1, wherein an underlayer having a substantially body-
centered cubic lattice structure is férmed between the
Co-containing underlayer and the magnetic layer, and the
magnetic layer includes an alloy containing Co as main
components and having a substantially hexagonal closed
packed lattice structure.

3. A magnetic recording medium according to claim
1, wherein an average crystal grain size of the under-
layer included the Co-containing material is 8 nm or
smaller.

4. A magnetic recording medium comprising:

a magnetic layer formed on a multi-layered
underlayer formed on a substrate, the multi-layered
underlayer being a lamination of a plurality of
underlayers,

| wherein at least one of the plurality of
underlayers includes an alloy material containing at

least a first additive element and Co, the first additive

THIS SHEET HAS BEEN
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- 42 - gi ves performance better than the first underlayei nade
Y - Malloy. The nedi um havi ng the second underl| ayer mﬁmmu]mmm“i\
| ayers of C& and CrTi can have a hi gher coercivity an

than the medium of Enbodiment 5 1. This 4 s®ecause O on tHe fi r st

al I oy underl ayer gives the (100) orientation stronger than CrTl.
<Enbodi nent 8>element being selectdd-ftame nhigreet i Crogs Qi Ngd ivegli B yer e
used in conbination with the nagnetic recording system 10 simlar to
Enbodi ment 1. ¥rhiZr smddhetMa, dlcorTi ng' nedli by B, anths gprfodwtt umblea | ayer,

a second underlayer, a third underlayer, a Co alloy magnetic |ayer and
a car bon ldm 1, @agnetic dblaee dansg ity and catlkayem thicknsess cefl

er meation of %5»%%%‘1 Fhaw Gl ¥ P4 Hese o““}eééég ReE (9F R reﬁiﬂé
finder | SSePr?Ee%n%eﬂ&%;lfé@%d@%%y e%%féaw”ﬁﬂ it °bﬁftv§’é (100) "
orientation. I%%gggﬂ% g) »0f the third underlayer is to give the Co
magnetic | ayer the 1. ofi‘entat i on. The first underl ayer was made
of 50 nmZr, the second A magnetic recording medium according to claim
4, wherein an underlayer having a substantially body-
centered cubic lattice structure is formed between the
Co-containing underlayer and the magnetic layer, and the
magnetic layer includes alloy containing Co as main
components and having a substantially hexagonal closed
packed lattice structure.
6. A magnetic recording medium according to claim
4, wherein a concentration of the first additive element
contained in the Co-containing underlayer is 5 at % or
higher and 70 at % or lower.
7. A magnetic recording medium according to claim
4, wherein an average crystal grain size of the under-
layer included the Co-containing material is 8 nm or
smaller.
8. A magnetic recording medium according to claim
4, wherein the Co-containing underlayer further contains
at least a second additive element selected from a second
group including Cr, V and Mn.
9. A magnetic recording medium having a magnetic
layer formed on one of a single underlayer and on a

plurality of underlayers formed on a substrate, wherein

THIS SHEET HAS BEEN
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underl ayer was nmade of 10 nm Ta, the third underl aye -
14.3 at % Ti - 5 at %B alloy fornmed by addi ng SHwIIH" u muimc;r -
15 at % Ti alloy, the 25 mgnetic |ayer was nade of 12
at % Pt all oy, and the protective |laysg was made of car These
| ayers were sequentially fabricated in the vacuum

- 43 - Al'l the | ayeire Weff ecltepoiid sl iydd¥) speit teid ghatpbiiralityar gon
gas pressure of 5 mlorr in the filmdepositing rate of 5to 8 nmsec.
The subst r at e ofasariteat edydxs A00fbidd<C an alkby ematdmeiakgovhle Tal Loger | ayer
was fabricated. A 5 lubricant |ayer was fabricated by coating

per f | uor oal kylmateriabdigrsin@rasii the gtein t¢omporenesirdonleasti an@avi ng t he
third underlayer nmade of Cr - 15 at % Ti alloy w thout addi ng B and
havi ng t he co&kament, Fg%lf@%ﬁclyflf% & dppled group Epelhddrd Grneler V

fabricated and used as conpar ed

di f
Erbodl oent o 1RRf o L ARA RS at SR taone clemert eleptos Bson' " O
d |
ool bd i i Eodr el grqun TRALIRRG B W00 FAREIEE, C1 R o met 1 and
1

0. A magnetic recording medium according to claim
9, wherein a concentration of the element selected from
the fourth group and contained in the underlayer included
the alloy material having as main components at least one
element sélected from the third group and containing at
least one element selected from the fourth group, is 1 at
% or higher and 20 at % or lower.

11. A magnetic recording medium having a magnetic
layer formed on one of a single underlayer and on a
plurality of underlayers formed on a substrate, wherein
one of the single underlayer and of the
plurality of underlayers includes Ti-containing alloy
material, the alloy material having as main components at
least one element selected from a third group including
Cr, Mo, V and Ta and containing at least one element
selected from a fourth group including B, C, P and Bi.
12. A magnetic recording medium according to claim
11, wherein the underlayer included the alloy material
having as main components at least one element selected
from the third group and containing at least one element
selected from the fourth group, substantially includes

Cr, B and Ti.
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15 the read/wite characteristics were eval uated under the - “conditi ons

of a head flying anmount of 30 nm a |inear recorﬂ' ' 10
kBPI and a track density of 9.6 kTPl . As conpar € mﬂ“mmmﬂﬂm
conpar ed exanpl es, the medi a of Enbodgpent 8 reduted the Morfaltzed
medi a noise 20 by about 20 % and inproved the overwite property by

about 10 dB. Ti@refore, AtmiddietE€ordédadiegshédienh dccordifgdabi tiapmr
square i nches, good read/wite character- istics were realized. It can
be understood Il pnwhdrein thebavdetlbayendilncludedftBetallby materiayer is
effective 25 for reducing nedia noises and inproving the overwite
property. having as main components at least dre-elementpEapddrbedt 9>

I n-pl ane nmagnetic recording nedia fornmed on Al - al | oy substrates having
a dianmeter of PromHepethizd groupnpegneentaingngsst heant PRE SLEMERE N P
plated 5 (hereipafter called an_N P/ Al substrate%Fmere uied,in

conbi nati on wi $PLeREe gﬁ%$iEh?eE%FHthg§9§Pen§§P pariably incipgss nent

L. Cr, C and Ti.

14. A magnetic recording medium according to claim
11, wherein a concentration of the element selected from
the fourth group and contained in the underlayer included
the alloy material having as main components at least one
element selected from the third group and containing at
least one element selected from the fourth group, is 1 at
% or higher and 20 at % or lower.
15. A magnetic recording system comprising:

an in-plane magnetic recording medium having a
magnetic layer formed on a plurality of underlayers
formed on a substrate;

a driver unit for driving said in-plane
magnetic recording medium in a write direction;

a magnetic head having a read unit and a write
unit;

means for moving said magnetic head relative to
said in-plane magnetic recording medium; and

read/write signal processing means for reading
an output signal from said magnetic head and writing an
input signal to said magnetic head,

wherein the read unit of said magnetic head

includes a magnetoresistive head and at least one of the

THIS SHEET HAS BEEN :
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After the NiP/Al alloy substrate textured in the circ

direction was heated to 300[err]C, a & - 10 14.3 at i‘f M\m&\“\
alloy layer of 10 to 30 nm a CoCrPt alloy |ayer of as car bon
protective |ayer of 10 nm were sequentggald y fabri cat ed. The argon gas
pressure was changed in the range fromb5 to 15 mlorr when magneti c

layers were fanugatgdy &f undedfladyearsadiciutis Cib-cdntaive ngrayeodphons 0
to 90 gauss-m cron. Because of texturing of the substrate, the nedia
had magnetic  mateaiiadotoro @o-icortte rdinge iifresr entystia ldimaduaianl. . Ther ef or e,
the coercivity is larger in the circunferential direction than in the
radial directidms,. and it megnetic eecdndin® Gystiemtandanding P @kaim4 to
1.6. The magneti zati on direction was therefore stabilized in the wite
di rection 1dnd W3l t e characteristics were obt a| ned

The read/wite characteristics of these nedia Iuat ed under the

sanme conditions as EﬁbodﬂﬂﬂﬂgQFto€&§l§$*¥ﬁEﬁ%QﬁﬂﬁH&pﬁ%t $he coercivity

e W oo ML Ao e o rece

the conpared e)ﬁ%rg)é St bsedﬂ.g n{?dﬁg@fé %aeaezp:'yaf rEn&aslfﬁ‘aced by a distance
of 0.35 um or shorter;

a_product Br x t is 20 gauss-micron or larger
and 140 gauss-micron or smaller, where t is a thickness
of the magnetic layer and Br is a residual magnetic flux
density measured by applying a magnetic field along a
running direction of said magnetic head relative to said
in-plane magnetic recording medium during the write
operation; and
a coercivity of said in-plane magnetic

recording medium measured by applying a magnetic field in
the direction same as the running direction is 1.8 kOe or
higher.
17. ‘A magnetic recording system according to claim
15, wherein the magnetoresistive head includes a
plurality of conductive and magnetic layers generating a
large resistance change when magnetization directions of
the conductive and magnetic layers are relatively changed
by an external magnetic field, and a magnetoresistive
sensor having a conductive and non-magnetic layer
disposed between the conductive and magnetic layers.

18. A magnetic recording system comprising:

THIS SHEET HAS BEEN
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- 45 - processes of Enbodi nent 9 and having a Cr
under | ayer not added with B. |If nedia having the sane , "ﬁwﬂ , "ﬂll ul

coercivities are conpared to each other, the over wr i*t ecpect Oa

the media having the & - 14.3 5 at % TiL gsg5.at % B underl ayer was

| nproved by about 15 dB whi ch indicates addition of B to the

under | ayer inproves ant hen QyEdne i hegmet { or redsedidgemed b wiaveéng a
character- i stics was considerably excellent at the recording

density of 2 guapabetic phayexufoemedotesa pldrality of undérlXyen$
diffraction neasurenent results showed that the CrTi B underl ayer had a
strong bcc (10f9rmed omra esmbgtomteand the CoCrPt magnetic | ayer forned

t her eon had a strong (11.0) orientation caused by epitaxial

growth. This orientati o &rkVeF | Wit ofeRAEREENG sPRAL 15‘?%%“%?11
under| ayer not added, with B. even

orientati on of"3FRELHITPEYE lﬂ%é§g¢&ﬁm lnlaCﬂﬁhbﬁ gbr?ﬁgfoPhe (11.0)
character st cs s not dbgPaaRalte Ront REKThk peadSufitecans ™ FRERE! ©
I n- pl ane nagne&ﬂftgecordlng medi a, al t hough
means for moving said magnetic head relative to
said in-plane magnetic recording medium; and
read/write signal processing means for reading
an output signal from said magnetic head and writing an
input signal to said magnetic head,
wherein the read unit of said magnetic head
includes a magnetoresistive head, at least 6ne of the
plurality of underlayers includes alloy material
containing at least a first additive element and Co, the
first additive element being selected from a first group
consisting of Ti, ¥, Zr, Nb, Mo, Hf, Ta, W, Si and B, and
a product of a residual magnetic flux density by a layer
thickness of the underlayer is 20 % or less of a product
of a residual magnetic flux density by a layer thickness
of the magnetic layer.
19. A magnetic recording system according to claim
18, wherein the Co-containing underlayer further contains
at least a second additive element selected from a second
group consisting of Cr, V and Mn.
20. A magnetic recording system comprising:

an in-plane magnetic recording medium having a

‘TH1S SHEET HAS BEEN
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they have the structure simlar to Enbodi nent 1, theim,m
Enbodi ment 5 is used for the read head, were us "ﬂﬁnﬂnuﬂr'ﬂﬂ W th
the magnetic recording system 25 similar to Enbodinedt §. L ® s %

The fil m deposition processes of in-plane go - nmagnetic recordi ng nedi a of

Enbodi nrent 10 will be - 46 -
descri bed. Af tneagridteid eddysre of ddmh2d\ ors ulrsd raf ea | sitphe eunderlayer28fd|err] C
with a lanp, a first C underlayer of 20 nm a second CrB al |l oy

under | ayer of @0 awrpluraorPtofraupderayers feommed ofn 2% swpskratecar bon
protective layer of 10 nm 5 were sequentially fabricated by DC
sputtering. The first @ driyeyueit LeF drivingnsaid EonPidNethe bec
(100) orienta- tion of the second underlayer. As the CrB alloy of the
second under | RIS C _raoording gpediumina oy plte | dyreetion; . 12 3 at o
V-5at %Balloy or O_-_14.3 at % - 5 10 at_%B alloy,were used.
Medi a havi ng the second magQﬁE&§|%®%$ %%ﬂ%“%facfe?dl%nhf 3% i 2afTHys o -
15 at %V _épy or C - 15 at % M alloy not added with B were al so
fabricated and"tised as conpar ed exanpl es. After |ubricating

material was coated, theueans for moving said magnetic head relative to
said in-plane magnetic recording medium; and

read/write signal processing means for reading
an output signal from said magnetic head and writing an
input signal to said magnetic head,

wherein the read unit of said magnetic head
includes a magnetoresistive head and one of the single
underlayer and of the plurality of underlayers includes
an alloy material, the alloy material having as main
components at least one element selected from a third
group consisting of Cr, Mo, V and Ta and containing at
least one element selected from a fourth group consisting
of B, C, P and Bi.

21. A magnetic recording system according to claim
20, wherein:

a magnetoresistive sensor unit of the magneto-
resistive head is formed between two shield layers made
of soft magnetic material and spaced by a distance of
0.35 pm or shorter;

a product Br x t is 20 gauss-micron or larger
and 140 gauss-micron or smaller, where t is a thickness

of the magnetic layer and Br is a residual magnetic flux

THIS SHEET HAS BLEN
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15 nedia were assenbled wth the nmagnetic recording sy[ﬂg ”‘”’"y [ t he
above-descri bed nmagnet oresistive sensors, and t he "r.Cag/ i ”ﬂ'”nw
characteristics were nmeasured under the same conditions as Enbodi*ment
1. The results are shown in Table 4 61 - - 47 -

density measured by applying a magnetic field along a
running direction of said magnetic head relative to said
in-plane magnetic recording medium during the write
operation; and

a coercivity of said in-plane magnetic
recording medium measured by applying a magnetic field in
the direction same as the running direction is 1.8 kOe or
higher.
22. A magnetic recording system according to claim
20, wherein the magnetoresistive head includes a
plurality of conductive and magnetic layers generating a
large resistance change when magnetization directions of
the conductive and magnetic layers are relatively changed
by an external magnetic field, and a magnetoresistive
sensor having a conductive and non-magnetic layer
disposed between the conductive and magnetic layers.
23. A magnetic recording system according to claim
20, wherein the underlayer made of the alloy material
having as main components at least one element selected
from the third group and containing at least one element

selected from the fourth group, further contains Ti.

THIS SHEET HAS REFN
BREPTACT

bscrastravimae: o




“Terr] - 48 - Any of the

medi a of Enbodi nent 10 reduced the normal i zed nedi a noi se by 10 % or
nore as conpared to the medi a of conpared exanpl es, and inproved the
overwite performance. Therefore, good read/wite characteristics

MAGNETIC RECORDING MEDIA AND MAGNETIC RECORDING
SYSTEM USING THE SAME

ABSTRACT OF THE DISCLOSURE

A magnetic reéording system includes an in-
plane magnetic recording medium having a magnetic layer
fabricated on a single underlayer or on a plurality of
underlayers respectively fabricated on a substrate; a
driver unit for driving the in-plane magnetic recording
medium in a write direction; a magnetic head having a
read unit and a write unit; a unit for moving the
magnetic head relative to the in-plane magnetic recording
medium; and a read/write signal processing unit for
reading an output signal from the magnetic heéd and
writing an input signal to the magnetic recording media,
wherein the read uniﬁ of the magnetic head is a magneto-
resistive head and the single underlayer or at least one
of the plurality of underlayers is made of Co-containing
amorphous material or fine crystal material, or is madé
of alloy material, the alloy material having as the main
components at least one element selected from a group
consisting of Cr, Mo, V and Ta and containing'at least
one element selected from a group consisting of B, C, P
and Bi. The magnetic recording system can be realized
which can read and write high density information and

have high reliability.

(Figure 6)



5 were realized at the recording density of 2 gigabits per square

i nches. The nedi a of Enbodi nent 10, the nedi a having

the CTi B underl ayer had a | owest nornalized nmedi a noi se and t he nost
excel l ent overwrite perfornmance. 10 <Enbodi nent 11> In
conbi nati on of the magnetic recording system simlar to Enbodinent 1,

i n-pl ane magneti c recording medi al et & used havi ng the underl ayer nade
of C - 14.3 at %M - 5 at %Balloy, O - 14.3 at %M - 5 at %C
15 alloy, O - 14.3 at %M - 5 at %P alloy or C - 14.3 at %M - 5
at % Bi all oy. After the NiP/Al substrate was heated to

250[ err] C, an underl ayer of each alloy of 30 nm a CoCrPtTa nagnetic

| ayer of 20 nm and a carbon prot ectivFluﬁrjof 10 nm 20 were
sequentially fornmed. After lubricatihng efial was coated, the
read/ wite characteristics were neasured under the same conditions as
Enbodi nent 1. Medi a havi ng the underl ayer made of CrTi alloy of 30 nm
were al so fornmed and eval uated under the sane conditions and used 25
as conpared exanpl es. Al'l the underl ayers of the nmedia of
Enbodi nent %10

T 1 1
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- 51 - Any of the media of Enbodi nent 11 reduced nedi a
noi ses as conpared to the nedia of conpared exanples, and i nproved the
overwite performance. Therefore, good read/wite characteristics were
realized at the recording 5 density of 2 gigabits per square inches.
The nedi a of Enbodi nent 11, the nediaép?mfgg the CTi B underl ayer or

df a i ses.

the CrTi P underl ayer had | ower ne It can be understood that
addition of B or P is effective for noise reduction. The nedia having
the 10 OCTiC underlayer has the str hep (11.0) orienta- tion
a high coercivity and a high coercivit apness S*. As conpared to
ot her Enbodi nents, the nedia having the CrTiBi underlayer had good
corrosion resistance. The CSS tests of the nmedia of Enbodi nent 11
showed a good 15 friction coefficient of 0.3 or smaller even after CSS
were perforned thirty thousands tines. odi nent 12>
On a reinforced gl ass substratesimkar fo nbodi nent 1, the first
underl ayer of Cr - 13.5 at % Tiy < 0 at ZA»of 10 nmwas fabricated
and thereafter the 7 :
8
9
11 11

12 =

10 6

FIG.5

17
11 16 11
19 (N 19
s 5 a iy




substrate was heated to 200[err]C to sequentially fabricate t he second

underlayer of O - 10 at % Ti alloy of 30 nm a CoCrPt magnetic |ayer
of 25 nm and a carbon protective filmof 10 nm 25 X-ray
diffracti on neasurenents were perforned. The diffraction pattern
showed only the bcc (200) peak pr,;eﬁum;lpl y of the underlayer and the
hcp (11.0) peak of SEARR - 52 - t he
CoCrPt alloy layer. The Cr - 13.5 at % Ti - 10 at % B alloy of the
first underlayer and the & - 10 at % Ti al oy of the second
under| ayer have |attice constants very near to each other. Therefore,
it is difficult to 5 judge which uané?%/@e has the bcc (200) peak. In
this connection, a CTiB single la : 10 nm was fabricated
under the sanme conditions as depositing the media above, and X-ray
diffraction neasurenents were perfornmed. Since a clear peak was not
observed in the obtained dif ; ; n_kpes presuned t hat
the bcc (200) peak is e second
under | ayer. It can be ( he 0'231 B al |l oy of
— 22
21
20

20nm
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the first underl ayer has an anorphous structure or a fine crystal
structure near the anorphous structure and that 15 the O Ti |ayer

fabricated thereon has the (100) orienta- tion. Therefore, the Co

al l oy magnetic |ayer takes the (11.0) orientation through epitaxial
growh. If the CiTiB alloy of the,first underlayer is 30 nmor

t hi cker, it has a strong (110) oﬁ’é}ntZtlon so that the GTi alloy 20
of the second underl ayer has the (110) or| entation and t he CoCr Pt
alloy layer has a (10.1) orlentatlon conpared to the CoCrPt | ayer

with the (11.0) orientation, f | ayer with the (10.1)
orientation reduces the i n-pl an nts of the c-axis, which is

magneti c easy 25 axis and degrades the rragneti c characteristics.: So,

this structure is not praferable. The coercivity of a
medi um havi ng the first 8nder| ayer of 10 nm was 2480 oersteds. This
medi um was - 53 - assenbled with
the magnetic recording syst:erﬁgm mlar to Enbodi mrent 5 and the
read/ wite characteristigs .mspe fem eval uated. An overwite perfornance
was 45 dB. The nun‘@r &f, b|$ errors was 10 bits/surface or snaller
after &
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5 the head seek tests were executed fifty thousands tines fromthe
inner to outer circunferences of a nmedium and a mean tinme before
failure (MIBF) of one hundred and fifty t housands hours was achi eved.
Al t hough the fil mdeposition of Enmbodi msnt 12 10 was performed through DC

sputtering, other methods may be {)bvi ously with the sane
advant ageous effects, such nmet hods i n¢l uding RF sputtering, ion beam
sputtering, and ECR puttering. REPLACEIVENT SHEET

Substitute sheet - 15 June 1999 MD IS 1. An
i n-pl ane magnetic recordi ng nmediumc GI a first
under | ayer conposed of one of an anorphous material and a fine crystal

mat eri al including Co: a second underl ayer including Cr and
formed on said first unﬂja yer; and a magnetic | ayer
i ncluding Co and forned on ard “T"s'e'c"dﬁd“dﬁ'dé‘rTéyé'r’“:‘ '''' An
i n-pl ane 2. An in pl ne |mag tlﬁé @ordl ng nmkdi umlaccording to
claim the second|1, V\/herel 1¢ QdCo1 deairetmder | ayer having a
substantially body- © ~J7TTTTvTTTTT T o P
|<—: 1 ] !
o ! { |
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centered cubic lattice structure is forned between the first Co-containing
under |l ayer and the nmagnetic |ayer, and the magnetic |ayer includes an
all oy containing Co as nain conmponents and having a substantially
hexagonal closed packed lattice structure. An i n-plane 3.

An in plane magnetic. recording nedig$1acgprding to claim 1, wherein an
average crystal grain size of the und /1 first |ayer
included the first Co-containing material is 8 nmor smaller. 4.

An in-plane magnetic recordi ng nedi um conpri si ng: a first
under | ayer conposed of one of an anorphous material and fine crystal

mat erial containing Co and at | east f } SLﬂ additive el enment sel ected
froma first group including Ti, Y, ZIE(§b, g%, Hf, Ta, W Si and B

a second underlayer including C and formed on said first under| ayer: and
a magnetic layer including Co and forned on said second under| ayer.
REPLACEMENT SHEET
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An in-plane 5. An in plane magneti c recordi ng nmedi um according to
claim the second 4, wherein then second under | ayer having a
substantially body- centered cubic lattice structure is forned between the
first Co-containing underlayer and the magnetic |ayer, and the nmagnetic

| ayer includes alloy containing Co as i,n. components and having a
substanti ally hexagonal cl osed packe&g?atVice structure. An

i n-pl ane 6. An in plane magnetic recording nedium according to
claim 4, wherein a concentration of the first additive el enent

first contained in the Co-containing underlayer is 5 at %or higher and 70

at % or | ower. An in-plane 7. An in plane magnetic
recordi ng medi um according to clai1§14gimqe%§ﬂ¥ban average crystal grain
size of the under- layer included theTirs -containing material is 8

nmor smaller. An in-plane 8. An in plane magnetic
recordi ng nediun1accor§bng to claim 4, wherein the first Co-containing

under | ayer further contaifs at feast a second additive ergnent sel ected
froma second group incfuding Cr, V and M. An in-plane
15
S
o] -
= 10
e ]
< N
L i
E 5" 7
i 2V
: 07
0 W %
T 1 7 1T 1 1. 77
0 30 40

< 7 GRAIN-SIZE DISTRIBUTION AD '
9 : IQA___D v
= £ PO E Lo mmeem
o . '
< - 1
ul . L
o - L
i ] e
< N 1 7 1 AVERAGE GRAIN SIZE (D)
S 25 /)
= | 1
- §
Q N !
2 i !
0 :

o
=
o
N
(e}
(&%)
O
.
o

GRAIN SIZE OF MAGNETIC LAYER (hm)



9. An in plane magnetic recordi ng nmedi um having a nmagnetic
second |ayer forned on one of a second underl ayer formed on a substrate,

wher ei n REPLACEMENT SHEET second
one of the second underl ayer includes an alloy material, the alloy
material having as the main conponeng®)a11ﬂeast one el ement sel ected
froma third group including Cr, M, ! / and Ta and contai ning at | east
one el ement selected from a fourth group including B, C, P and Bi
An i n-pl ane 10. An in plane magnetic recordi ng nmedi um according to
claim 9, wherein a concentrati t he el ement sel ected from
the fourth group and contained in t@?} st d%derlayer i ncl uded t he
all oy material having as nain conponents at |east one el enent
selected fromthe third group and containing at | east one el enent
selected fromthe fourth group, is 1 at % or higher and 20 at % or
| ower . 11. An in plane magnetic recordi ng nmedi um havi ng a
magneti c 60 . second __layer forned on one of a
second under| ayer fqrmed on a substrate, mherein: one
of the second underl ayer :
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t%ﬁﬁ%ﬁqgwﬁNTo§HEET material, the alloy material having as
t ['east ohejel enent selected froma third group

| Mob VU89 aland containing at | east onéeel enent

oyrth group inciuding B, C Sibgatitdtdsheet - 15 Juhe 1999 An in
cordi ng nedi um ac ordlﬂgﬁio-cla|n1 Y1, wherein the

ed the alloy nategial havi ng as nmai n conponents at

- includes Ti-co
Mai’nconponent s
i rcl udi ng
selected froma
pl ane magnetic r
under |l ayer inclu

I"’east one el * fromthe third group and contai ning at

| east one elepent sel.ected fromthe fourth grou substantial ly

i ncl udes “Or B an@r_;rm-p ane magnetic recording dium’ comprising: 5 7
Substitute sheet - 15 June 1999 13. An |n plane nagne I ¢ recording

medi um according to cl aigndist underlayer compgsed: BE &2 under | ayer
i ncl uded the. alioy naterlal haV|ng as nmain conponents at |east one el ement

sel ected frormaiesia |9 L) O TSy ‘nemnhun¢sd@m IGeast one el ement
sel ected fronlthe fourth group 14.
An in plane magnetic recof® Rel8 Aging and |farmed on_saj

concentrati on of thg elenent selected from
first first underlaver; and

a_magnetic layer including Co and formed on said

second underlaver.

An_in-plane

2. AFr magnetic recording medium according to claim
the second

1, wherein R underlayer having a substantially body-

?_entered cubic lattice structure is formed between the
;E:%S—tcontaining underlayer and the magnetic J.ayer , and the
magnetic layer includes an alloy containing Co as main
components and having a substantially hexagonal closed
packed lattice structure.

An in-plane o
.3. AA magnetic recording medium according to claim
1, wherein an avez;age crystal grain size of the under-—
layer included thel:(S:to—containing material is 8 nm or

smaller.

4. An in-plane magnetic recording medium comprising:

a_first underlayer composed of one of an amorphous

" material and fine crystal material containing Co and at least a first

“additive_element selected from a first group including Ti, ¥, Zr, Nb, Mio,

‘Hfs Es W9 Sijnd B_t

a_second underlayer including Cr and formed on said first

underlayer; and

a_magnetic layer including Co and formed on said

second underlayer.

IIIIIlIl IIIIII LI IIIl




the fourth group a —een%a+ﬁed~hﬁ~%hq first underlayer included the alloy
mat eri al havi ng as nﬁEPLkﬁﬁmﬁaﬁéSHEEh | east one element selected fromthe

third group and co t ..uu at—+eagt |one el enment selected fromthe fourth
group, is 1 at % An¢he80 jat| % or skSubstitutésheet - 16 duner 99%ne
magneti c recording sy t n1conpr|5|rg: an in-plane magnetic

recordi ng nedi um havi ng—= - - -—second -underlayer
ragnetic |layer forned on a second underlayer forne :mﬂul
a driver unit for drtvimg sard In- plane nmagnetic r m“ﬂmll B“ﬂ

%%7

wite direction; a magnetic head having a*readLunWt adnd*a wite
unit; means for noving said magnetic head relative to said
i n-pl ane magnetic recordi ng nmedi um and read/ wite signal
processi ng neans for reading an output signal fromsaid nmagnetic head and
witing an input signal to said nmagnetic head, wherein the
read unit of said nagnetic head includes a nmagnetoresistive head and at
| east one of the ‘58 Substitute sheet - 15
June 1999 An in-plane

5. R magnetic recording medium according to claim

‘the second

4, wherelndan underlayer having a substantially body-
centered cubic lattice structure is formed between the
lgo—containing underlayer and the magnetic layer, and the
magnetic layer includes alloy containing Co as main
components and having a substantially hexagonal closed
packed lattice structure.

An in-plane
6. :A-magnetic recording medium according to claim
4, wherein a concentration of the first additive element

first

contalned in the,Co-containing underlayer is 5 at % or

hlgher and 70 at % or lower.

An in-plane
7. -Armagnetlc recording medium according to clalm
4, wherein an average crystal grain size of the under-

layer included thehpo—containing material is 8 nm or

smaller.
An_in-plane
8. ﬁ magnetic recording medium according to claim
first

4, wherein the , Co-containing underlayer further contains
at least a second additive element selected from a second

group including Cr, V and Mn.

An _in-plane
S. Jknwgnetlc recording medium having a magnetic

second
layer formed on one of aAs*ngLe underlayer and—on—a

pruratity—eof—underlayers formed on a substrate, wherein



b TR EET AW 2 onorpnos mcerit o
ng

recordi np § accordrjngyto cﬁaﬁn|L15?'m%erein: a
magnet or sk siifye]iHenggy un|t of the magnet ghebstitute ehbend 16sJiins TOH9
bet ween shield layers [nmade of soft nagre€tic material and spaced by a

di stance] 6T 0. 35 [errIm gl _sher r;g_%‘%e UGl BR X %3 | 5.220,
gauss m g§ron or |arger a§ elgg %gﬁss proﬁngFrgﬁg%%gr, where 'S a

thi ckness™ 0T 1 g gREACELCekdy ¢hc@ldeB a Saﬁéﬁ?&n%@ri%&g,“%ﬂé dliey
density neasured by applying a magnetic field along a  running direction of
Sai d magnetic hpadetehat h¥eihg 88i €hel AaRhalkOmPRARAISC ateQ¥aEthmpiedi um

during the wite operation; and a coercivity of said in-plane
magneti c recordilegenedseientadufedmby ahiiryi gromprdgrdiiding e, iMo, the
direction sanme as the running direction is 1.8 kCe or higher. 17. An

i n pl ane magnet apdr §sordidngosyetiningceatr deagtt ong @lemers; sghlectied t freom
magnet oresi stive head includes a plurality of conductive and magnetic

| ayers gener at | fAgfQurthr geEoppsiincanddnghBngé wierndadiiet i zati on directions
of 10. 7 magnetic recording medium according to claim

9, wherein a concentration of the eleqent selected from
the fourth group and contained in thefﬁ%aerlayer included
{ the alloy material having as main components at least one
element selected from ﬁhe third group and containing at
least one element selected from the fourth group, is 1 at
% or higher and 20 at % or lower.
An in-plane

11. A2 magnetic recording medium having a magnetic

second
layer formed on one of a;&é&g&e underlayer aad—on—a

plurality of undexlayexs formed on a substrate, wherein
second

one of the‘féag%e underlayer and-—of-the
pFurality—ef-underlayers includes Ti-containing allé&
material, the alloy material having as main components at
least one element selected from a third group including
Cr, Mo, V and Ta and containing at least one element
selected from a fourth group including B, C, P and Bi.
12. Aé?;ggzgzis recording medium according to claim
11, wherein the junderlayer included the alloy material
having as main components at least one element selected
from the third group and containing at least one element

selected from the fourth group, substantially includes

Cr, B and 7Ti.



REPLACEMENT SHeel §- -
t he conductive grd—TagITeErTT Taye ﬂl hanged by an external
magnetic fiel(, anijsa_i[]*ﬂg@g!.]oie< n“lﬂ‘ ‘HLN“)W ng a condﬁct ive and

non- magneti c ljayler di sposed tlveed t he tonductive and magneti c Iayers

18. An in |plameTmagneti ¢ redordi ng syst emubatiflitesshiz@t - 15 June 1999
59 Substitutg sheet - 15 June 1999 - 57 =" an in-plane na gnetic

recordi ng nedi avl n etic layer fornmed on a second underl.ayer

formed on a Ldbstrate;] “ﬁgnetlc rRcRFRyRE BRALUMOACEPEHIRG &8 43Dl ane
magneti c recording medi um i te direc

having a reatl un¥ eﬁﬁﬂnataﬁk?%deﬁL?Yer 18Ehu8d tREaRL1PH T Eg%%} ggfdhead
t h | 1 d
readiwrito Sryrerdphcuetr SohEahEnPe; E Ja1RE bhe’ SidEY st Ba TN

rea an output sign fromsaid

magneti c heagrgﬁd M@lEhggsagﬁo%gpghdSbgﬂ éhg ﬁgh@ m@yygldhéugygment

wherein the unrt o ghetic | udes a magnetoresistive
head, at |eagh)@Bgelf fFBR the fourth group, substantially includes

Cr, C and Ti.
14. iA»maéhetic recording medium according to claim
© 11, wherein a concentration of the elgment selected from

the fourth group and contained in the%ﬁ%derlayer included
the alloy material having as main components at least one
element selected from £he third group and containing at
least one element selected from the fourth group, is 1 at
% or higher and 20 at % or lower.

An in-plane
15. &k-magnetic recording system comprising:

an in-plane magnetic recording medium having a
magnetic layer formed on aAgzﬁg%igg§5§§3uﬁéer&ayefe
formed on a substrate;

a driver unit for driving said in-plane
magnetic recording medium in a write direction;

a magnetic head having a read unit and a write
unit;

means for moving said magnetic head relative to
said in-plane magnetic :ecording medium; and

read/write signal processing means for reading
an output signal from said magnetic head and writing an
input signal to said magnetic head,

wherein the read unit of said magnetic head

includes a magnetoresistive head and at least one of the



| REPLACEMENT SHEET |

second under | ayel| irctudes—at-t-oy: te H““JEM“ M H!‘ | east a first
addi tive el ement and 1, jﬁ§$ggg| eing selected froma
first group consgigting of , , Nb, Nb Hf, Ta, W Si and B, and a

product of a residual magnetrtc u denS| b@ntmg@hee&hl‘lﬁ(r}ene 1999 he
underl ayer is 20{% or | ess of a pré¢duct resi dual magnetic flux
density by a ness T‘Tﬁe

magnet i ¢ re08h8¥331%3£C§nP§€€5 aﬁﬁﬁst&ﬁﬁl£4ﬁ:!é?/Rﬂﬂﬁ%ﬁﬂ%ﬂ$m?T2F§5%€aPL?RS
under | ayer fur Lth%r go%traldgs co%tta sﬁ%g %\}%%c%sqg%gﬁa\z&ﬁmnt sel ected

froma second ar An in plane

Copsliall)
magnet i ¢ recqidi ng sysrgé__ﬂ&ma%@%r 'Lcs'z%gzordlng systerfhddb AN FROOEL LR

recordi ng medi um havi M a second
magnetic |ayesk f gheedion one of a second underlayer underlayers fornmed on
a substrate; a driver unit for driving said in-plane nagnetic

recordi ng nmediumin a & na@n@itoddsiztive sensor unimagnetilee head having a
read unit and a wite wunit;
magnetoresistive head is formed between two shield layers
made of soft magnetic material and spaced by a distance
of 0.35 um or shorter;

a product Br x t is 20 gauss-micron or larger
and 140 gauss-micron or smaller, where t is a thickness
of the magnetic layer énd Br is a residual magnetic flux
density measured by applying a magnetic field along a
running direction of said magnetic head relative to said
in-plane magnetic recording medium during the write
operation; and

a coercivity of said in-plane magnetic
recording medium measured by applying a magnetic field in

the direction same as the running direction is 1.8 kOe or

higher.
An_in-plane
17. KA-magnetic recording system according to claim

15, wherein the magnetoresistive head includes a
plurality of conductive and magnetic layers generating a
large resistance change when magnetization directions of
the conductive and magnetic layers are relatively changed
by an external magnetic field, and a magnetoresistive
sensor having a conductive and non-magnetic layer
disposed between the conductive and magnetic layers.

n_in-
18. & magnetic recording system comprising:



means for noving sai QERGEMENT SRERT el u l"gh“lﬂﬂlﬂuw pl ane magnetic
recording nmedi um &and readfw ! Woci®8sing nmeans for
reading an outputhignaﬁ ﬂﬁﬁmﬁg@i? fagneti ¢ head afd witing an i nput

signal to said rmagnet]i c head, wher e3bdtitetd siébtun b Jiines #1999
magneti c head incliudes a nagnet oresijsti head and one of the underlayer

sta
includes an alloy|material, the allay material having as, mai,n gonmponents
at | east one el erren_tm%’rﬁw félﬂlg?esflr% RAVERY Rp, Vv
and Ta and containi:ng ,at I%%%ne%%nelae RERRRYE roma fourth group
consisting OF9BSTEC PAYST B° A =prane 2t hoin plane

magnetic recerding Shste 1&%‘%9%' g to claim 20, wherein: a
magnet or esi s?ibve se?l)\shotra lrjgnlt 0 q-'H}e magneto- resistive head is forned
between two shield | ayer 3848 itSHdr RENPidg s@i@rimlpPakle Spaced by a
di stance of 0.35 [err]mor shorter; a product pBr x t is 20 gauss
m cron or | amaghetdrd redbrgHIRS MEdinen if Sraties  diheceion} s a thi ckness
of the magnetic layer and Br is a residual nagnetic fl ux

a magnetic head having a read unit and a write

unit;

means for moving said magnetic head relative to
said in-plane magnetic recording medium; and

read/write signal processing means for reading
an output signal from éaid magnetic head and writing an
input signal to said magnetic head,

wherein the read unit of said magnetic head
includes a magnetoresistive head, at least one of the
;?iﬁra%i%y—eé—andef&ayers includes alloy material
containing at least a first additive element and Co, the
first additive element being selected from a first group
consisting of Ti, ¥, Zr, Nb, Mo, Hf, Ta, W, Si and B; and
a product of a residual magnetic flux density by a layer
thickness of the underlayer is 20 % or less of a product
of a residual magnetic flux density by a layer thickness
of the magnetic layer.
19. ;bnméﬁetic recording system according to claim
18, wherein the Co-containing underlayer further contains
at least a second additive element selected from a second
group consist;ng of Cr, V and Mn.

20. g&-magnetic recording system comprising:

an in-plane magnetic recording medium having a
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-61 Substitute shee une e”ﬁ”ﬂ“ﬁﬁ‘ﬂ“ﬂﬂgiﬁ“‘ applying a
magnetic field along h 1@yggtﬂ%%%irec | onEioRR! I8k KAY efrc head relative to
sai'd in-plane magnet|c're i nedj um during the wite operation; and

a coercivity of saijd +R—ptare-—aghdti reco URdAshEBt EPS Juee 1999
applying a magnetic] field in the di rlect i%h sane _as, the running direction
Is 1.8 kCe Ol a

i ghler=—=3a- Aa—-i n pl e@?ﬁ%crc di ng :syst em
according to 2pLeRt 2&?yﬁﬁéF@Fﬁeﬁhgnné6ﬁ£5%$éﬁg fﬁﬂ§?$¢ﬁ¥%§e§X§'

lurality of eﬁogd?g;,%g i-@gg My i Sene{ ' [esi stance
Ehange V\%en magneti zati on~di re%?@%rfga t he _condgajc%:li %e&a?\%ﬂn%g%ét ic |ayers
are relatively changeda byi?re¥n@tNao RGNSty fdbld. i flth #he

nmagnet oresi stive sensor having a conductive and non-magnetic |ayer
di sposed bet magnethe weedudinge madd uhgield Gvdiddee (Elreddion; An in plane
magneti c recordi ng system according to claim second 20, wherein
t he underl ayer nade of-at magaklitdy imepel thalvinga\d noeaas urelth acdiponeniseat

| east one el enment selected fromthe third group and containing at |east
one el enent uBdkgcted fromthe . fourth group, further contains Ti.

means for moving said magnetic head relative to
- said in-plane magnetic recording medium; and
read/write signal processing means for reading
an output 'signal from said magnetic head and writing an
input signal to said m&gnetic head,
wherein the read unit of said magnetic head
includes a magnetoresistive head and one of fhe single
second
‘Pnderlayer and—of—the plurality-ef undexrlayers includes
an alloy material, the alloy material having as main
components at least one element selected from a third
group consisting of Cr, Mo, V and Ta and containing at
least one element selected from a fourth group consi;ting

of B, C, P and Bi.
An_in-plane

21. gA—magnetic recording system adcording_to claim
20, wherein:

a magnetoresistive sensor unit of the magneto-
resistive head is formed between two shield layers made
of soft magnetic material and spaced by a distance of
0.35 um or shorter;

a product Br x t is 20 gauss-micron or larger
and 140 gauss'-micron or smaller, where t.is a thickness

of the magnetic layer and Br is a residual magnetic flux
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density measured by applying a magnetic field along a
running direction of said magnetié head relative to said
in-plane magnetic recording medium during the write
operation; and

a coercivity of said in-plane magnetic
recording medium measured by applying a magnetic field in
the direction same as the running direction is 1.8 kOe or

higher. '

22. ’é?;gsﬁg%fc ;ecording system according to claim
20, wherein the magnetoresistive head includes a
plurality of conductivé and magnetic layers generating a
large resistance change when magnetization directions of
the conductive and magnetic layers are relatively chaﬁged
by an external magnetic field, and a magnetoresistive
sensor having a conductive and non-magnetic layer
disposed between thé éonductiVe and magnetic 1ayeis.

23. Armaénetic recording system according to claim
20, wherein théf%ﬁggrlayer made of the alloy materiai
having as main components at least one element selected

from the third group and containing at least one element

selected from the fourth group, further contains Ti.



