1 REPRACEMVENT SHEET MAGNETI C RECCRDING'NEDIUNIAND METH( e RI NG
THE SAME Background of the Invention: This invention re téa netic

recordi ng nediun1fo?”ﬁaghetically recordi ng i nformation, and a\ng% od of
manuf acturi ng the sane., Recently, a high recording densié&Eﬁk&-t 'ﬂ
. required for a magnetic recording nedium To this end, a g” ttention
‘has béen paid for a magnetic | ayer of a magnetic recording umwhich is
conposeq.: t4 _pl netic thin-filmnmedia successively deposited and
whi ch errg“s hedlHa ’4"'9“ °ﬂ§e§ccessive thin-flil m medi um Alloys of CoPtCr and
CoCr Ta s?ﬂ H ﬂ F known as the nagnetic

MAGNETIC RECORDING MEDIUM AND
METHOD OF MARUFACTURING THE SAME V//

Background of the Inventilon:

This invention relarsg to a magnetic rxacording
medium for magnetically recording informaticn, and a
method of manufacturing the same.

Recently, a high recording density has been
required for a maghetic recoxding medium. To this end, a
great attention has been paid for a magnetic layer of a.
magnetic recording medium which is composed of multiple
magnetic thin-film media succvessively deposited and which
may be called a successive thin-film medium. Alloys of
CoPtCr and CoCrTa system have been known as the magnetic
layer of the above suscessive thin-film medium and is
generally deposited by the known sputtering method.

In the magnetic recording medium having the higa
recording density. béth a high ooercive fozxce and a low
noige are required. However, it is conventionally
difficult to satisfy both the high coercive forxee and the
low noise at the.same time. Namely, although the
conventional ternary alloy of a. CoPtCr system is 'y
excellent in the high coercive force, it is insufficient
in the low noise. On the other hand, the conventional

texnary alloy of a CoCrTa systenm 1s excellent in the low
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| ayer’ of the above successive thin-filmmediumand is generally deposited

by the known sputtering nethod. In the magnetic recordi ng nmedi um havi ng the

hi gh recordi ng denéity, both a high coercive force and a | ow noi se are
required. However, it is conventionally difficult to satisfy both the high,
coercive force and the | ow noise at the sanme tinme. Nanely, although t he
conventional ternary alloy of a CoPtCr systemis excellent in the high
coercive force, it is insufficient in the |ow noise. On the other hand,

t he conventional"ternary all oy of a CoCrTa systemis excellent in the | ow

2

noise, but it i{s insufficlent in the high coercive force.

It has been noticed that both the high coerclve
force and the low noise can be achieved by adjusting
composition and the filﬁ thickness of an underlying layar
which are parameters for yealizing the high dengity of
the magnetic recording madium.

Therefore, suwggegtion has been made in Unexamined
Japanose Pateéent Publication (JP-A) No. B1-2856017 about a
magnetic recording medium haviang a magnetic layex of a
CaCrTaPt quaternary alloy which is directed ta the high"
coercive fovce by adjusting compositions of an underlying
layer and a magnetic layer. Such a magnetic recording
medium 18 formed by spuccessivaly depositing a Cr layer as
the underlying layer and 2 quaternary alloy magnetic
layexr on a nonmagnetic substrate. However, a lattice
congtant of the magnetic layer is increased in the above
magnetic recording medium. Congequently, a difference of
the lattice constants between the magnetic layer and the
underlying layer bacomes large. The number of crystal

.grains wherein € axes are inclined with respect to the
£ilm surface of the magnetic layer i3 increased because -
of the difference of the lattice constants (in £n13 case,
it is desirable that the C axis of each grain in the
magnetic layer 1s parallel to the magnetic £ilm to
improve the coercive force). As a result, the coarcive
force becomes 1700 Oe at most and therefore, the coercive

force can not be improved contrary to the expectation.
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noise, but it is insufficient in the hi gh coercive force. It has been

noticed that both the high coercive force and the | ow noise can be achi eved

by adjusting conposition and the filmthickness of an underlying |ayer
whi ch are paraneters for realizing the high density of the nagnetic
recordi ng medi um Therefore, suggestion has been made in Unexam ned

Japanese Patent Publication (JP-A) No. Hl-256017 about a magnetic recording

medi um havi ng a nagnetic |layer of a CoCrTaPt quaternary alloy which is
directed to the high coercive force by adjusting conpositions of an

underlying layer and a_magnetic |ayer. Such a nmagnetic recording nmediumis
formed by successivel y THeBBLYS i Hifh acPrralan. Anctheruawegestinp (kager and a

quat ernary al | g JiPGRaL! Gnl GNEfufthed DRRIRAS Yt oSEOSLE Bl San LRV VST 2

lattice
(JP-A) No. HS5-325163 about a magnetic recording medium

wherein a magnetic characieristic and a record/reproduce
characteristic are lmproved by matching a ﬁagnetie layeayr
with an underlying layer in a lattice constant. In such
a magnatic recording wmedium, a layer which contains Criés
a8 main component. and includes at least one of Mo and W ig
used as an under1y1n§ layer of an alloy magnetic layer
which includes a novel metal such as Pt, P4 and Rh and
includes Co as 'a main component.. 'COnsequently, the
magnetic.layer has a lattice constant substantially equal
.0 that gf the underlying layer. Ag a result, the high
coercive'force can be ob;azned accarding to the above
magnetic recording medium. However, the noise cam net be
sufficlently reduced in the above magnetic recording
medium because the grain size of the underlying laysrxr
becomes large as compared with the Cr underlying layer.

Summary of the Invention:

It 18 therefore an object of this invention to
provide a magnetic recérding medium and a method of
manufacturing the same which is capable of accamplishing
both a high coercive force and a low noise.

In a magnetic recording medium according to this
invention, a firest underlying layer including Al is
formed on a glass substrate. Further, a second
anderlylng layer including Cr is formed on the first
underliying layer. In addition, a third underxlying layer
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constant of the magnetic |layer is increased in the above nmagnetic recording
medi um Consequently, a difference of the lattice constants between the
magnetic |ayer and the underlying |ayer becones |arge. The number of
crystal grains wherein C axes are inclined with respect to the filmsurface
of "'the magnetic layer is increased because of the difference of the lattice
constants (in this case, it is desirable that the C axis of each grain in
the magnetic layer._is parallel to the magnetic filmto inprove the coercive
force). As a result, the coercive force becomes 1700 Ce at nost and
therefore,-the coercive force can not be inproved contrary to the
expect ati on. of a Cr alloy 1lc formed on the second undexlying layer.

Finally, a magnetic layer of a Co alloy is formed on the

thirxd undexlying layer.

With aueh a structure, the grain size of the
second underlying layer 1s relatively small and falls
within the range between 50 and 300 A . The third
underlying layer and the magnetic layer are formed by
reflecting the small grain eize of the second undexriying
layer. Specifically, the grain sizes of the thizxd
underlying layer and the magnetic layer also became small
in dependency upon the grain size of the second
underlying layer. 8pecifically, the grain sizaes fall
within the range between 50 and 300 A . Ag a result, the
low nolse van be realized.

Thus, the lattice constants between the thizd -,
underlying layer and the magnetic layer arxe substantially
identical to each othex. Conseguently, the direction of
the crystal axtis of the magnetic layer substantially
becomes parallel to the film surface. As a result, the
high éoercive force can be reallzed.

Thus, both the high coercive force and the low
noise can be realized at the same time accorxding to this
invention.

Brief description of the Drawings:

Fig. 1 is a schematic cross sectional view of a
magnetic recording medium according to a first embodiment
of this invention. —___,__ﬁ————~;L*‘”””
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3 To sblve such a problem another suggestion has been made i n Unexam ned
Japanese Patent Publication (JP-A) No. H5-325163 about a magnetic recording
medi um wherein a magnetic characteristic and a record/reproduce
characteiristic are inproved by matching a magnetic layer with an underlying
|l ayer in a lattice constant. In such a magnetic recording nmedium a |ayer
whi ch contains Cr as a main conponent and includes at | east one of Mo and W
is used as an underlying layer of an allo¥ magneti c | ayer which i.acludes a
novel nmetal such as Pt; Pd and Rh and incfudes Co as a main conpongnt.
Consequently, the nmagnetic layer has a lattice constant substantially equal
to that of the underlyimgglayeis £sdhanRtib!erddlf SUA1oRAL™ GLUG SO7gC can
be obtai ned according to the above

magnetic recording medium according to a second

*

embodiment of this invention.

Fig. 3 ghows an in-lipe type DC magnetzon
sputtezring apparatus which is used in manufacgtuzriang a
magnetic recording medium according to this inventiom.

Descriprion of the Preferred Embodiments:

Referring to Fig. 1, deacription will be made
about a magnetic recarding medium according te a first
embodiment of this invention.

As shown in Fig. 1, an underlying layer 2 is
formed on a glasgs substrate 1. The illustrated
underlying layer 2 1s formed by three layers.

A first underlying layer 2a includesgs Al as & main
component and is éeposited on the glass subgtrate 1.

Further, a second underlying layer 2b 1ﬁc1udas Cr and 1is
‘deposited on the first underlying layer 2a. A grain size

of the second underlying layer 2b falls within the range

between 50 and 300 A . In addition, a third underlying

layer 2¢ 1s deposited on the second underlying layer 2b.

The third underlying layer 2c includes Cr and at least

one material selected from a group consisting of Mo, Zr,

B, 81, 2Zn, Ti, W, Vv, Ta, and Al. A magnetic layer 3 i=s

formed on the underlying layer 2. A )

In this event, the magnetic layer 3 has a
composition represen£ed by the following chemical
formula.

Co

100-x-y-z C¥x Pty Ta, (1)
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naghefic recordi ng nmedi um However, the noise can not be sufficiently
reduced in the above nagnetic recordi ng nmedi um because the grain size of

t he underlying | ayer becones |large as conpared with the Cr underl wi ng .

| ayer. Summary of the Invention: It is therefore an object of this

I nvention to provide a magnetic recording nedium and a net hod of

manuf acturing the sanme which is capable of acconplishing both a high
coercive force and a | ow noise. In a maghetic recordi ng medi um aceording to
this invention, a first underlying layer including Al is formed on a gl ass

substrate. Further, awﬁgcgn? L@der‘i )éi ngplg er, i_ncl udi ng %:rni S fogrga on
the first underlying Iang. h A4 “oATPRERHIY & SRERPPYFRE™IER
each component by at%. Herain, it is to be noted that X
falls within the range between 5 and 20 ats, !.falla
within the range between 3 and 16 aty, and Z falls withim
-the range between 1 and 7 aty.

A protection layex 4 of cazbon is deposited on
the magnetic layer 3. Further, a lubricant layer is
eoatad on the protection layex 4.

Tt is desirable thzt a nonmagnetic materlal iz
used as a base substrate. As mentioned above, Lhe
magnetic recording medium has the glagg gubstrate 1 as
the bhase substrate. The glass substrate 1 iz excellent
in a mechanical, physical and'chemical duarability and is
easy to obtaln a surface having high plane accuracy.
Therefore, a high recording density can be achieved by
useing 'the glass substrate 1.

Specifiecally, a chemical xginforced glass
subetrate and a crystallized glass substrate may be used
as the glass subatrate 1. Mofe specifically, alumino=
gllicate glass, aluminobarosilicate glass, borosilicate
glasa, allicata g;ass. soda~lime glass, snd oxynitride
glagss are used as the material of the glass substrate 1.
Further, a nonmetal substrate, such as a cexamic
substrate, a glass ceramlc substrate, a silicon substrate
and a carbon substrate may be also used as the substrate
if they have the same characteristic as the glass

subatrate.
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4 of a O alloy is forned on the second underlying | ayer. FinaIIy, a
magnetic | ayer of a Co alloy is forned on the third undertying tayer—Wth

relatively small and falls within the range between 5

such a structure, the grain size of the second underfyisgd, b HeStaced
third underlying | ayer and the nmagnetic | ayer are for ﬁlﬁE |ng t he
smal |l grain size of the second underlying |ayer. Spec graln

sizes of the third_underlying | ayer and the magnetic Iayer al so becone
smal |l in dependency upon the grain size @f the second underlying |ayer.
Specifically, the grain sizes fal

The first underlying layer 2a sexves to avoid an
‘undesixable invasion of an impurity gaa (320. C,. Nz)inta
the magnetie layer 3 when such an impurity gas ia
raleased from the glass during a heat process. This
means that deterioration of a magnetic characteristic ocan
be prevented by the first unaérlying layexr 2a. Further.
the first undexlying layer Za func¢tions as a buffer £ilm
£or relieving an internal stirasz of a film. impoesed by a
difference of thermal eipansions which occurs during a
heat treatment. In this event, it ig sultabls that the
£11m thickness of the first underlying layer 2a falls
within.tha range between ahoﬁt io and 100 A . where the
£1ilm thickness s less than 10 A , the coercive force is
lowered and further, the noise is increased. On the
other hand, where the film thickness exceeds 100 A , the
reproducing output is reduced.

The second underlying layaer 2b of Cr serves to
adjust the grain sizes of both the third underlying layer
2¢ and the magnetic layer 3 which are depositad thereor,
A crystal of the second underlying layer (Cr layer) i3
finer than that of the third underlying layer 2¢ (Cr
.alloy layer including, for example, Mo). Under this
circumstance, the third underlying layer 2¢ and the
magnetic layer 3 reflects the fine crystal of the Cr
included in the gecond underlying layer 2b.

Specifically, the graln sizes of the third underlying
1a§er 2c and the magnetic layer 3 become small in

dependency upon the fine crystal layer of the second
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wi thin the range between 50 and 300 A . As a result, the | ow noise can be

realized. Thus, the lattice constants between thé—fET?H‘UﬁHEFTVrngf#ayer
and the magnetic |layer are substantially identi calﬂﬁsCShé?e@ﬁﬂgggﬂgr .
Consequenhtly, the direction of the crystal axis of ’ﬂgl i abayer
substantially becomes parallel to the filmsurface. Jmﬂgﬁ@@! he hi gh
coercive force can be realized. Thus, both the hi gh! MRIESH & floMkie and t he
| ow noi se can be realized at the sane tige according to this invention.

[

Brief description of the Draw ngs: Fig. S a schematic cross sectional
view of a -magnetic recording medi um according to a first enbodi mnt of

this invention ypqeriying layer 2b and thereby, the low nolse is
realized.

Preferably, the graln siza of the second
underlyinq layer 2b fallg within the range between 50 and
300 A . shen the grain size i3 less than 50 A , thas
coercive force and the reproducing ountput are lowered.

On the other hand, when the graln size exceads 360 A ,
the low noise can not he accomplished because the graia
slzea of the third underlying layer 2c¢ and the magnetlic
layer 3 become large, as mentiongd before.

The third underlying 1ayeé 20 servas to make the
lattice constants betwaen the third uanderlylng layesr 2¢0
and the magnetic layer 3 colaclde each other.
| - Bpecifically, the lattice constant of the a axis
of the cryatal (cublec systsm) of the third underlying
layer 2c¢ becomes equal to the lattice constant of the ©
axis of the crystal (hexagonal system) of the magnetia
layer 3. This is effective to improve the orientatien of
the ¢ axig in the film surface of the magnetic layexr 3.
In this casa, the abkove word "equal” means that the
difference between the crystal lattice spacing of the
magnetic layer 3 and the crystal lattice spacing of the
third underlying layer 2¢ is lesa than 0.1 A, preferably
less than 0.05 A , and more preferably less than 0.02 Al

More preferably, the caontent of the other
element, such as Mo, in the Cr based alloy falls within
the range bhetween 1 and 20 atomic %, and preferably

between 5 and 15 atomic % to match the above two lattice
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5 Fig: 2 is a schematic cross sectional view of a magnetic recordi ng nmedi um
according t cond enbodi nent of this invention. Fig. 3 shows an in-line
type DC nmagnetron sputtering apparatus which is used in nmanufacturing a
magnet i ¢’ r ecoFlds Shget HeBeuR @fearding to this invention. Description of the

Preferred Enbo |ng to Fig. 1, description will be nmade about
a magnetic rec T ﬂl ccording to a first enbodinent of this
. . i _ )

i nvention. As s an underly ng layer 2 is

constants with eabh other. CrMo, Cxv, Cr2r, CzMoZr, Crh,
CxW, Crra, CrTi, CrTiB and CxSi and the like are

exemplified as the component 9f the third underlying

layer 2¢. Among them, the CrMo alloy is prefarable.

Further, it is suizable that the £ilm thickness .

of the third underlying layer 2o is thinner than that of
the second underlying layer 2b. This is because the
third underlying layer 2c¢ i1z not almost affected by the
graln size of the second underlying layer 2b, and
thereby, the grain size of the third underlying layer 2c
becomes large when the £ilm thicknesa of the thizd
underlying layexr 2¢ 1s thicker than that of the secosnd
underlying layer 2b. Where the grain size of the th%xd
underlying layer 2¢ becomes large, the noise also ¢an not
be reduced.

In this event, the thixd underlying layer 2¢,
auch as CrMo, which directly contacts with the magnetid,
layer 3 glves influences crystal growth of the magnetic
layer 3 and a magnetic characteristic.

In the illustrated example, the magnetic layer 3
is composed of the quaternary alloy of CoCrTaPt. The
lattlce constant of the magnetic layer 3 is substantially
equal to the lattice constant of the third underlying
layer 2c. Thereforxe, a distribution of the c¢ axis
direction of the crystal grain of the magnetic layar 3
becomes parallel to the £ilm surface. BAs a resalt, the
high coercive force can be obtained. It 15 desirable

that Cr falls within the range between 5 and 20 at%, Pt

REPLACED
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formed on a glass substrate 1. The illustrated underlying layer 2 is forned
by three layers. A first underlying |layer 2a includes Al as a main
conponent and is deposited on the glass substrate 1. Further, a second

underlyi-ng layer 2b includes Cr and is deposited on thqmggﬁghﬁg@gg@klggﬁ
e -
ﬁ i's
2C

| ayer 2a. A grain size of the second underlying |ayer 2b I
range between 50 and 300 A . In addition, a third undeHU!m m%”ﬂz !J
deposited on the second underlying |ayer 2b. The third un |INERinGfR [REWB
includes O and af | east one material set®cted froma group consisting of
M, Zr, B, Si, Zn, Ti, W V, Ta, and Al. A magnetic layer 3 is forned on
the under!ying Layfl Jurdih WABSpENGH backB8n RIRG 5 AN°hnd BRSef11s
conposition represented by the tolTow ng chefm ca

within tha range between 1 and 7 atd in the above

gquaternary alloy magnetlic¢ layexr 3 of CoCrTart. When the
content of Cr 1s less thin 5 at%, the nolse charactexig-
tic of the magnetic layer 3 1s deteriorated. On the
other hand, when the content of Cr exceeds 20 at%,
magnetic moment in the maghetic layer 3 i3 excessively
lowered and thexeby, recoxd/reproduce characreristics
{particularly, the reproduce characteristic) are
degraded. Further, when the content of Ta is leéa thaﬂ 1
2t%, the low nolsge can nct be accomplished. ©On the other
hand, when the content of Ta exceeds 7 at%, the magnetie
noment. 18 largely lowersd and thereby,‘the cogrcive force
and the repord/reproduce characteristics (particularly,
the reproducing output) are detasriorated, like the case
af much addition of Cr. In this eveant, it is suitable
that the film thickness of the magnetic layer 3 falls
within the range between 150 and 600 A , taking a variety
of magnetic chazacteristics into conslderation. '
*he protection layer 4 which is deposited en the
magnetic layer 3 protects the magnetic layexr 3 f£rom
~ destruction which might occur due to a contact and a
glide operation of a magnetic head along the magnetic
recording medium. A single layer, such as an amorphous
carbon, a yraphlte carbon, a carbon fluoride, a carbon
hydride, a carbon nitride, silica, chremium, zirconia,
SiN, 5iC, S1-O-N and S1-0-C 15 used as the protection

layer 4. Alternatively, a multi-~film consisting of the
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formula. [err] - 6 where X, Y and Z represent a conposition ratio of each
conponent hy at% Herein, it is to be noted that X falls wthin the range

between 5 and 20 at% Y falls within the range between 3 and 16 at% and Z
fall s wthin This8heeeingBechBEpieen 1 and 7 at% A protection |layer 4 of carbon

i s.deposited o r uﬂ | ayer 3. Further, a lubricant |ayer is coated
on the protectj t is desirable that a nonmagnetic material is

11

game or different filmg selected £rom the above may ba
used as the protection layer 4. In particular, where the
composition of the magnetie layer 3 is formed hy the
guaternary alloy of CoCrZaPt, the carbom is suitable as
the protection layer 4. In this event, it is preferabls |
that the £1lm thickness of the carbon protection layer
falls within the range between 50 and 300 A . %hen tha
£1lm thickness is less than 50 A , friction'and corrazioa
are increased. On the other hand, when the £ilm
thicknesas exceeds 300 A, the practical flying helght is
inoreagaed .0 reduce the recording density.

The lubzricant layer 5 whiech is deposited on the
protection layer 4 1is formed to reduce a frictiom "
resigstance between the magnetic head and the medium
surface. The lubricant layer 5 is genexally formed by
dilutiang perfluoropolyethiey {(liguid lubricating material)
with a solvent, such as a frgon-based solvent, applying
it on the wedivm surface by a dipping methed and heating
if necessary. Alternatively, the known lubricant
matexrial or a lubricant material on the market including
phlorocarhon based liquid lubricant material and a
lubricant material consisting of alkali metal galt of
sulfonic acid may be nsed as the lubricant layer 5.

It is suitable that the £film thickness of the
lubricant layer 5 falls within the range betweén about 5'
and 30 A . When the film thickness is less than 5 4 ,
abrasion is increased and further, a lubricating 1life

time 13 shortened. On the other hand, when the Film
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used .as a base substrate. As nentioned above, the nmagnetic recording nmedi um 1

has the gl ass substrate 1 as the base substrate. Tﬁ“grass~subsLLaLe.l S

excellent in a nmechanical, physical and chem cal and is easy to

obt-ain a surface having hi gh plane accuracy. Therefo miﬁﬁ Repleesd di ng

density can be achi eved by useing the glass substrat IIy, a
chem cal reinforced glass substrate and a crystalllz rate may
be used as the glass substrate 1. Mre SF$C|f|caIIy, alun1no-\5|llcate

gl ass, al um noborosilicate glass, borosiffcate glass, silicate gl ass,
soda-lime glass, and oxynitride glass are used as the material of the gl ass

substrate 1. FUiphigkness "QUEEIA 30151 LAl anidsilonS1d GidAlJeadhal rate, a
gl ass ceran1c substrate, a silicon substrate
further, the magnetic head may adsorb to the luhricant
layer 5. 1In this case, the lubricant layer 5 may not be
always applied on the majnetic recording medlum’' and
therefore, may be omitied. .
As mentioned above, the underlying layer 2 has
tha malelple structure 9f three layers as illiustrated in
Fig. 1, and the grain sizes of the magnetic layer 3 and
the third underlying layer 2c¢ become small because of the .
gocond undexlying layer 2b éo that the magnetie layer 3
i3 matched with the thizxd underlying layer 2c¢ in the
lattice congtant.. Consequently, both the high coercive
foxrce anq the low noise can be obtalned in the magnetic
recordiné medium of this invention. _
Subsequently, description will be made about a
method of wanufacturing the above magnetic recording
medium,
Fizrst, the first underlying layexr 2a of Al and
the second underlying layer 2b of Cr are successively
depogited on the glass gubetrate 1 under an inactive gas
prassure of 4 to 15mTorr. RNext, the thixd underlying .
layer 2c including Cr and at least one selected from a
group consigting of Mo, %r, B, §i, 2n, T1, W, V, Ta and
Al is deposited on the sacond underlying layer 2b by use
of the known sputtering method. Subsequently, the
magnetic layer 3 represented by the abové chamical
formula (1) is deposited en the third underlying layex 2c

ander the aputtering condition of the inactive gas
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and a carbon substrate may be al so used as the substrate if they have the

same characteristicas | —the-glass substrate. 7 The first underlying |ayer
2a serves to anekyl de5|rable invasion of an inpurity gas (Herr]O
derr], N[err]) dIC | ayer 3 when such an inpurity gas is
released from g a heat process. This neans that
deterloratlon haracterlstlg can be prevented by the first
under | yi ng Iayer 2a. Further the first dnderlying |ayer 2a functions as a

buffer filmfor relleV|ng an internal stress of a filminposed by a
pressurne of 5 to 6 mPorr. PFurther, the protection layer

4 15 deposited on the magnetic layer 3 ﬁf_the known
sputtering method. Thereafter, the lubricant layer 5§ is
depusgited on the protectlon léyer 4 by dipp.ang with the
lubxricating material.

Agcording to such a manufacturing meihod, £he
£ixst underlying layer 2a and the second underlying lé&e!
2b are deposited on the glags substrate 1 under the
sputtering condition of the inactive gas pressure of 4 to
18 mwTorr. Cousequently, the grain size of Cr of the
second underlying layer can be controlled to the range
baetween 50 and 300 A . <Consequently, the third
underlying layer 2c¢ aﬁd the magnetic layer 3 are formed
in the condltion that the grain size of the second
underlying layer 2b iz reflected. Accordingly, the grain
sizas of the third underlying layer 2¢ and the magnetic
layer 3 beceome small to reduce the noise. In thig event,
where the inactive gas pressure is less than 4 wmPorr, ghe
grain size of Cr of the gecond underlying layer 2a
becones large and farther, ths grain sizes of the third
underlying layer 2c and the magnetic layer 3 also becomes
larga. As a result, the nolse increases. On the othex
hand, where the gas pressure exceeds 15 mTorr, distortion
of the crystal lattice occurs for the.second underlying
layex 2a. Consequently, the high coercive force can not
be obtained and further, the record/reprodhce output is

lowered.
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di fference of thernmal expansions which occurs during a heat treatment. 'In
this event, i.t is suitable that the filmthickness of the first underlying

| ayer 2a fallswithin Thé range between about 10 and 100 A . Were the film
thi-ckness is | egfs §@RadBhelRepidd@ Ccoercive force is lowered and further, the
noi se is increas tger hand, where the filmthickness exceeds 100
A, the reproducﬂmu%’ﬁﬂmlmmeduced. The second underlying layer 2b of Cr
serves to adj ust i'"s of both the third underlying |ayer 2c and
t he magnetic |ayer 3 which are depositedi#dhereon. A crystal of the-second
underlying layer (Cr layer) is finer than that of the third underlying

layer 2c (Cr alloy layer including, for exanple, M). Under this
ci rcunmstance, the thi rd”‘&‘ﬁd’éﬂﬁé Hg’%ﬁg%’ﬁ‘%&"ﬂﬁd ?ﬁels formed by

adjusting the sputtexing condition of the inactive gas

pressure a0 as to reflect the graln slze of the sacond
- underlying layer 2b and match the lattice constant of ’t.he
magnetic layer 3. In this event, it is desirable that
the second underlying layexr 2b ia forméd to a laminate
structure and further, a heatiang Lrestment is performed
betweon steps for forming first and second layers. In
this case, preferably, the second underlying layer 2b is
&eposiind under the game condition as that for depositing
the magnetlc layexr 3 in relation to the known in-line
spultering apparatus.
| Furthex, the following two conditions are imposed
for the deposition of the magnetic layez 3. First, the
magnetic layexr 3 must be CoCrTaPt which hés at least the _ )
compogition represented by the above chemical formula )
{1). B8Second, the inactive gas pregsure must be set to
0.5 to 6 mTorr during the sputtering process. By a
-gynergy of to the above two conditions, the growth of the
grain slze can effectively be suppressed and further,
zig-zag magnetic domailn walls which appear at a
transition region of a reocording bit become amall to
reduce the noise. In addition, the synergy of the above
two conditlons facilitates magnetic separation betweea
magnetic grains and bring about improvement. of the
acercive foree.
Although the magnetié layer 3 1z formed by a

' *
single layer in the above first embodiment, the noise can
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magnetic layer 3 reflects the fine crystal of the Cr_included in the second
underlying | ayer 2b. Specifically, the grain sizes of the third underlying
| ayer 2c and the magnetic | ayer 3 becone small in depdhis8hs aﬂEwnRﬂﬁ@mflne

crystal ‘| ayer of the second 8 underlying layer 2b a | ow
noi-se is realized. Preferably, the grain size of the s
en

'Iayer 2b falls within the range between 50 and 300 A . e grain size
is less than 50 A, the coercive force and the reproducing output are
| ower ed. 15

be further reduced by interposing a spacer film of a
nonmagnetié material in the magnetic layer 3. Therefore,
degcription will ba made about a =econd embodiment in
which the spacer £ilm 1s interposed in the magnetic
layer 3.

In Fig. 2, a glags substrate 11, an underlying
layer 12, a protection layer 16 and a lubricant 1aye:917
have the same compositions as the glass substrate 1, the
underlying layer 2, the protection layer ¢ and the
Jubricant layer 5 mentioned in conjunction with the first
embodiment illustrated imn Fig. 1. Further, a €irst
underlying layer 12a, a second underlying layer 12b, and
a third underlying layer 12c which constitute the
underlaying layer 12 have the =ame compositions as the
firat underlying layer 2a, the second undexlying layer
2b, and the third underlying layer 2¢ in Fig. 1.

However, the magnetic layer of the gsecond embodiment is
structured by three films different from the first
embodiment in which the magnetic layer 3 is structured Ly
a single layexr. Specifically, tha magnetic layer is
composed of the f;rst magnetic £ilm 13, the nonmagnetic
gpacer film 14 and the gecond magnetic £4lm 15 1in the
second embodiment, as 1illustrated in Pig. 2.

The first magnetic film 13 is formed on the
underlying layer 12. The first magneﬁlc £1lm 13 includas
Co as a main component and 13 a Co alloy magnetic £ilm
congisting of Cr, Ta and Pt. The nonmagnetic spacer £ilm

14 is deposited on the first magnetic £1ilm 13. Further,
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On the other hand, when the grain size exceeds 300 A the | ow noise can not
be acconpli shed because the grain sizes of the third;undgLLXLﬂg—L%XE% 2c
and the magnetic |ayer 3 becone |arge, as nentioned before. The thitd—
underlying layer 2c serves to make the lattice const ambisSREMERR, RS I 1 d
underlying layer 2c and the magnetic | ayer 3 coincide A neny ay ne
Specifically, the lattice constant of the a axis of thiﬁi’i&ﬁlﬂﬁﬁmﬁb
systen) of the third underlying | ayer 2c becones equal I [

constant of the ¢ axis of the crystal (heXagonal system) of the magnetic
| ayer 3. This is effective to inprove the orientation of the ¢ axis in the

means. Lhat the A SEeRa! BEREYE! fhinl Nl b aditile ek B bEYC T2 Phe” ™
. ystal [Tattice spacing of the
nonmagnetic spacer film 14. The second magnetic £ilm 15
includes Co as a wain component and is formed by a Co
alloy magnetic film consisting of Cr, Ta and Pt, like the
first magnetic £1lm 13. |
| Thus, the magnetic layer is divided into the AR
firgt magnetic £ilm 13, the second magnetic £film 15 and
the nonmagnetic spacer film 14. Such interposition of
the nonmagnetic spacer f£ilm 14 serves to reduce the
noise. In this caee, a Cr alloy based nonmagnetic layer,
such as CrMo, CrV, CxMeZr, CrB, CxW, CrTa, CrSi, CrTi and
CxTiB, 1s suitable as the component of the nonmagnetic
apacei £ilm 14. In particular, CrMo is desirable among
them. It ig preferable that the conteqt of the other
element, such as Mo, in the Cr-based alloy falls within
the range between about 2 and 20 atomic %, taking
congistency of the lattice constant with the magnetic
£1lm into account. It is suitable that the £ilm
 thickness of the spacer £4lm 14_(the Cr based alloy £ilm)
falls within the range between about 20 and 150 X ,
taking a variety of magnetic characterxistics of the
magnetic recording medium into consideration. In this
event, the film thickness of each magnetic film 13 and 15
which is divided by the spacer £ilm 14 may be identical
with each othey or may be different from each other.
Subsequently, description will be made about a
first example according to the second embodiment

illustrated in Fig. 2.
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magnetic layer 3 and the crystal lattice spacing of the third underlying
| ayer 2c is.less-than 0.1 A, preferably less than 0.05 A, and nore

preferably—#ess—%haﬁ—9~92_éh_hbre preferably, the content of the other -

el ement , suqﬂ VD, |n the O based alloy falls within the range between 1
and 20 atoni &S ﬂ&wably between 5 and 15 atomic %to match the
above two Iat nts wi th each other. CM, OV, CZr, C MZr,

CrB, CW. C} and Cr'Si and the like are exenplified as the

conponent of the thlrd un erlylng | ayer 27 Anong them the CrM alloy is
preferable. Further, it is suitable that the filmthickness

In the magnetic recording medium illustrated in-
Fig. 2, CoPt based magnetie layer having the high
coercive force (the first magnetic £ilm 13 and the second
magnetic £ilm 15) is divided by the nonmagnetic spacer
£ilm 14 to reduce the noise. The magnetic recording
medium is preferably applicable for a MR head (magneto-
resistive head)and a GMR head (giant Qagneto—resist;ve
head) . _ c

Description will be made about a method of
manufacturing the magnetic recording medium according to
the firgt example thereinafter, .

First, a chemical reinforcement is made fer an
aluminosilicate glass by an ion exchange methed. A glass
substrate 11 of aluminosilicate glass is prepared which
has a diameter of 5 inches and a thickness of 0.9mm and
is chemically reinforced. Roth principal surfaces and
side purface of the glass subsirate 11 are preéisely'
polighed lnto a mirror surface having a surface roughness
(Ra) of about 5 4 .

In this event, the glass which is chemically
reinforced by the ion exchange method is used as the
glass substrate 11, as diesclosed in Unexamined Japanese
Patent. Publication (JP-A) No. H5-32431. The above
cheulcally reinforced glass contains, by waight, 62-75 %
of 3102 %, 5~-15 % of 51203, 4-10 % of 1‘..120. 4~12 & of
Na,0, and 5.5-15 % of z::o2 as main components; Further,
the weight ratio of Na,0/Zr0, falls within the range
between 0.5 and 2.0, and@ the weight ratio of 81203/Zr02
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of the third underlying layer 2c is thinner than that of the second
underlying layer 2b. This is because the third underlying |ayer 2c is not

al nost affected by the grain size of the second undertying Tayer 2b, and
thereby,- the grain size of the third underlying |ayer2¢.8 §R&ﬁkgp when

the filmthickness of the third underlying |ayer 2c¢ |q H ﬂHﬂLpo;that of

the second underlying | ayer 2b. Were the grain size
underlying | ayer 2c becones large, the noise also can In
this event, the Third underlying |ayer 2cig such as CrM, which directly
contacts with the magnetic layer 3 gives influences crystal growth of the
magnetic | ayer 3 and a magnetic characteristic. In the illustrated exanple,
the magnetic | ayépllks within the ranga batween 0.4 and 2.5 in the above
chemically reinforced glass,
Such a chemically relnforced glass substrate 11
13 excellent in both heat-resistance and Xnoop hardness
and further, can keep flatness without precipitation gf
Na during a heat treatment.
ihe above glass gsubstrate 11 i3 attached to a
gubstrate holder (pallet) and introduced into the known
in-line type DC magnetron sputtering apparatus. As shown
in Fig. 3, the gputtering apparatus 100 is st;nctured by
five chambers of a preparxation chamber 110, a fier
vacuum chamber 120, a second vacuum chamber 130, a third
vacuum chamber 140 and a preparation chamber 150. These
chambers are separated by geparation plates 102, 105 and
porte 103, 104. The glass substrate 11 which is equipped
on the pallet 101 moves frxom the lefthand side to the
righthand side of the figure. v
Next.,, the structure of each chamber will be
explained along the moving direction of the pallet 101
therelnatter.
_ The preparation chamber 101 serxves to exhaust the
_air into a v;cunm. The first vacuum chamber 120, the
gecond vacuum chamber 120 and the third vacuum chamber
140 serve to carry out the sputtering process. The first
vacuum chamber 120 includes heaters 121a and 121b for
enhancilng the coercive force of the magnetic material,

targets 122a, 122b of Al and targets 123a, 123b of Cr.
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S chposed of the quaternary alloy of CoCrTaPt. The lattice constant of
the magnetic layer.3 is substantially equal to the lattice constant of the

third undef%y%ﬁg~+aye%—2er~¢herefore, a distribution of the c axis

di rrection of t al ain of the magnetic |ayer 3 becones parallel to

the filmsur CT o 1REETt | the high coercive force can be obtained. It
I s desirable l ﬁ Il §éWi thin the range between 5 and 20 at% Pt 10

falls within een 3 and 16 at@band Ta falls within t-he range .
between 1 and 7 at@bln t he above quat er na t9 alloy magnetic |ayer 3 of

CoCr TaPt. Wen the

The second vacuum chamber 130 includes lamp heatera 131la

and 131b for improving the coetcl;e force of the magnetic
material, targets 132a and 132b of Cr, targets 133a and
133b of CrxMo, targets 134a and 134b of CoCrTaPt, targets
135a and 135b 0f CrMo and targets 136a and 136b of
CoCrTaPt. The third vacvum chamber 140 includesgs targets
141a and 141b of C (carbon). The final preparation
chambex 150 serﬁes to exhaust the air into a vacuum, like
the praparation champer 110.

The pallet which is equipped with the glass
substrate 11 i3 first introduced into the preparatiom:
chamber 110. The preparation chamber 110 is exhausted
from the atmosphere pressure to a degrae of vacuum in the
first vacuum chamber 120. Thereafter, the pallet 101 is
introduced into the first vacuum chawber 120 by opening
the ceparate plate 102, The glass substrate 1l on the
pallet 101 is’'heated by the lamp heaters 12la and 121b at
375 C for two minutes in the first vacuum chamber 120.
Thereafter, the pallet 101 is transferred at the moving
rate of 50 ¢m/min to pass between the Al targets 122a,
122b and the Cr targets 123a, 123b in the discharge

.condition. Thereby, the first underlying layer 122 of Al
(the £ilm thicknees of 30 4 ) and the second-underlyina
layer 12b of Cr (the film thickness of 300 A ) ave
successively deposited on the both surfaces of the glass
substrate 11 in accordance with the order of the arranged

targets. Im thia event, an ultimate pressure inside the
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content of C} is less than 5 at% the notse characteris- tic of the
magnetic layer 3 is deteriorated. On the other hand, when the content of C
exceeds 20 at% nmgnetic nonent in the magnetic |layer 3 i s excessively

| ower ed rand t hereby, record/reproduce characterlstlcsT&ka&kﬁyﬁéﬁk acdd€
reproduce characteristic) are degraded. Further, n Ta is
|l ess than 1 at% the | ow noi se can not be accorrpl | she(rzlrilm“ u@ﬂ ﬁ]hand,
when the content of Ta exceeds 7 at% the, pagnetic no

| owered and t heréby, the coercive force aﬁgathe record/ reproduce
characteristics (particularly, the reproducing output) are deteriorated,
like the case of enugh ealslidn Whapbe® 126 Nid fyes_ €¥e§'tx 138 infrliighallget hat
the filmthickness of the magnetic layer 3 falls within the range befween
150 and, 600 A , &aaditime capistitieatiyng is performed at 4 mTorr by introducing

Ar gas. In this condition, the grain size of the Cr
underlying layer (the second underlying layer 12h)
becomes 300 A . . R

Subsequent.ly, the pallet 101 iz transferred to
the second v&cuuﬁ chamber 130 via the poxt 103 to heat
the substrate 1! by the heaters 131a and 131b. In this
evant, the heating is performed at 350 C for one minute.

Thereafter, the pallet 101 passes between aach
target (Cr targets 132a and 132b, CxMo targets 133a and
133b, CoCtTaPt targets 134a and 134b, CrMo targets 135a
and 135p, éoCrTaPt targets 136a and 136b) in the
discharge condition at the moving rate of 50 cm/min. The
second underlylng layer 12b (the film thickness of 300
A ) of ¢r, the third undexlying layer 12b (the £ilm
thickness of 300 A ) of CrMo, the first magnetic £ilm 1%
{the £ilm thickness of 120 A ) of CoCxTaPt, the
nonmagnetic spacer £ilm 14 (the film thickness of 50 A )
of CxMo ahd the second magnetic £ilm 1§ (the film
thickness of 120 A ) of CoCrTaPt are succeasively
deposited on the both surfaces of the glass substrate 11
in accordance with the order of the arranged targets.

In thig event, the composition of the CrMo
targets of 133a, 133b, 135a and 135b is set to, by atomic
%, 94 % of Cr and 6% of Mo. Further, the composition of
CoCrTaPt targets of 134a, 134b, 136a and 136b is set to,
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of magnetic characteristics into consideration. The protection Iayef 4 '%
which is deposited on the nagnetic |ayer 3 protects the magnetic |ayer 3 ‘

from destr- m_ght occur due to a contact and a slide operation ;
of -a magneti c head al ong the nmagnetic recording nmedium A single |ayer, :
such as an tiles BeaRaglsveq @ gr aphite carbon, a carbon fluoride, a carbon

hydri de, a caf silica, chrom um Z|rconia, SiN, SiC, Si-ON and
Si-OCis us ﬂgﬁﬁcti;on | ayer 4. Alternatively, a nulti-film
consi sting of the r different fi2lns sel ected fromthe above nmay be
used as the protectlon | ayer 4. In particular, where the

by atomic &, 78% of Co, 13% of Cr, 6% of Pt and 3% of Ta.

In lhis case, the ultimate pregsure ineide the second
vacuum chamber 130 is set to 5 X 10-G Torr, and the
sputtering is performed at 2 mTorr by introducing the Ax
gas.

. Subsequently, the pallet 101 4s transferred to
the third vacuum chamber 140 via the port 104 to pass the
pallet 101 between the ¢ targets 141 and 141b in the
discharge sondition in the third vacuum chamber 140 at
the moving rate of 50 cm/min. Next, the protection layer
16 of carbon (the film thickness of 150 A )is deposited
on the second magnetic £ilm 15 of CoCxTaPt. In this
event, the protection layer 16 is formed by sputtering
with Ar gas and H, gas (B2= 5%) in the third vacuum
chamber 140. PFinally, the lubricant layer 17 is
deposited to the thickness c¢f 20 A by dipping the
protection layex 16 with the lubricating material_of
perfluoropolyether (AM2001 made by Montedison Pharma).

The coercive force (Oe) and the noise (4 vims) of
the above magnetic recording medium are represented by
the following Table 1. 1In this case, the ecercive force
{Bc) was measured by cutting a sample of 8mm¢ from the . T
magnetic recording medium and applying a magnetic fleld
to the £ilm surface direction. Such a measuxement was
pexrformed with the maximum external applying magnetic
field of 10 KOe by the use of a vibration sample type

magnetometer,
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conposition of the nagnetic layer 3 is formed by the quaternary alloy of
CoCrTaPt, the carbon is suitable as the protection layer 4. In this event,
it is preferable that the fil mthickness of the carbon protection |ayer
fal-ls wirthin the range between 50 and 300 A . Wen thefi+tmthickness is

| ess than 50 A, friction and corrosion are increase Qﬁithe ot her hand,

when the fil mthickness exceeds 300 A, the practical asep laged -

i ncreased to reduce the recording density. The lubrica [ his
deposited on the protection layer 4 is fogged to reduc '

resi stance between the magnetic head and the nedi um surface. The | ubricant
| ayer 5 is generally fornmed by diluting perfluoropol yether (liquid

| ubricating material) with a sol vent, sue#bles 1a freon-based sol vent,
app! yi ng

Film Structure of | Coercive Force Noise
Undexlying Layer {0a) (s Vrms)
1 Al/Cr/CriMo 2200 9.5
Example
2 Al/Cr/CrMo 2200 9.8
1 Al/Cr 1700 9.2
Compaxa-
tive 2 Al/CxM¥o 2200 © 14.0
Example - —
{3 Cr/CrMo - 2000 15.3

Farther, the recoxd/raproduce charactaristic
{medium noise) was measured as following. Namely, a thin-
£1lm magnetic head having a flying height of 0.055 zm
was used for the magnetic disk. Under this eonditien,
the record/rxeproduce output of a line recording density
of 120 kfcl (line recording density 120,000 bit per one
inch) is measured in the condition that a relative rat;
between the thin-film head and the magnetic disk is set
to 9.6 m/8. Further, a noise spectrum during xecording
and reproducing signals was measured under a ¢arrier
frequency of 23 MHz and a measuring bandwidth of 26 MHz
by the uwuse of a spectrum analyzer. In this event, the
thin-£{lm magnetic head which is used in the above
‘measurement has a coll of 30 turns, a track width of
3.1/2.4 um, and a magnetic head gap of 0.35/0.28 £ m on
the write/read side.
The coercive force {(De) and the noige (4 Vrma) of
examples and comparative examples which will be described

. v
thereinafter were measured in the above-mentioned manney.
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it on the nedium surface by a dipping met hod and heating if necessary.:
Alternatively, the known lubricant nmaterial or a lubricant naterial on the

mar ket i ncl udi ng phl orocarbon-based |iquid |ubricant materi al and a

| ubricant materi al conS|st|ng of alkali netal salt of sulfonic acid may be’
used as the IW%@&H&SE"E\E It is suitable that the filmthickness of .

the | ubricant th|n the range between about 5 and 30 A .
When t he fiIm ss than 5 A abrasion is increased-and

further, a Iubrlca I ng ﬂlfe time is skmwt%%ed On the other hand, when the
film 12

Next., the CoCxTaPt magnetic layer of a single
layer was deposited on the underlying layer 12 of the
tirst example as a gecond example by stopping the
discharge of the CrMo taxget of the nonmagnetic spacer
film 14 and the CoCxTaPt target of the second magnetic
£41m 15 which were used in manufacturing the first
example. In this event, the £film thickness of the
CoCrTaPt magnetic¢ layer was identical with the total f£ilm
thickness (240 A ) af the magnetic layer of the first s
example. The aputtering was performed in the samg
condition as the first example except the above
condition. .

Fuxrther, three comparative examples were made in
addition to the above first and second examples. The
first comparative example was made by stopping the
digcharge of the CxMo target to form only the Al/Cx
underlying layer in the underlying layer 12 of the first
example. The second comparative example was made by
stopping the discharge of the Cx target to form only the
Al/CxMo underlying layer. The third comparative.éxample
wae made by stopping the discharge of the Al target Lo.'
form only the Cxz/CrMo underlying layer. The sputtering |
is perxformed in the same condition as the first example
except the above condition.

_ Ag seen from the Table 1, the magnétic recording
medium gatisfies the both characteristics of the high

coazrclive farece of 2000 Oe or more and the low noise aof
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Thi ckness exceeds 30 A the abrasion is increased and further, the nagnetic
head may adsorb to the lubricant layer 5. In this case, the lubrtcant |ayer

5 may not be always applied on the magnetic recordTﬁ@“ﬁEd%uﬁ%and‘thLEfore
may be omtted. As nentioned above, the underlying h@g as the multiple
structure of three layers as illustrated in Fig. 1, ﬁamhmabzes of
the magnetic layer 3 and the third underlylng Iayer because
of the second underlying |ayer 2b so that the nagnetl t ched
with the third underlylng layer 2c in thé4lattice constant ns ently,

both the high coercive force_and the | ow noise can be obtained in the
megnet i c recor diygdomel BhSod eks BYCRLLOM A eRPEME L na SR On v !
ing layer of the CoCrTaPt magnetic layer.

The grain size of the second underlying layer 12b
of Czr largely dependa on the Ar gas pressure during
formatlon of the Al underlying layer and the Cr
underlying layer. Therefore, the characteristic was
measurxed by changing the Arxr gas pressure as following.

In this event, the magnetic layer ig the single layer of
the second example, and the composition of each f£ilm is
equal to that of the first example.'

‘The Ar gas pressure during formation of the Al
underlying layer (the first underlying layer 12&) and the
Cr underlying layer (the second underxlying layer 12b) 1is
changed into 3 mTerr (fourth comparative example), 5
mTorr (third example), 8 mTorr (fourth example), 10 mmd;r
(fifth example), 12 mTarr (sixth example), 15 mTorr
(seventh example), 18 mTorr (fifth comparative example).
Further, the grain size of the second underlying layer
12b of Cr and the noise of the obtained maghetic
recording medium were investigated. The rasult of the
investigation is represented by Table 2.

In this case, the noigse was measured in the same
manner s the first example. The magnetic recording_
medium in the f£irst to geventh examples and the fourth
comparative example had the high coercive force af 2000
Oe or moxe. On the other hand, the coercive force of th

£ifth comparative example was 1850 Oe.
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met hod of nanufacturlng the above magneti c recording nmedium First, the
first underlying |ayer 2a of Al and the second underlying |ayer 2b of Cr
are successively deposited on the glass substrate 1 under-an inactive gas
pressure of 4 to 15mlorr. Next, the third underlying |ayer 2c including Cr
and at | east one selected tron1a group consisting of Mo, Zr, B, Si, Zn, Ti,
W V, Ta and Al is deposited on the second underlying [ayer 2b by use of

he known d%ﬁ%ﬁ% mﬁbﬂh@d Subsequent |y, the magnetic |ayer 3 represented

t
by the abov nula (1) is depgﬁlted on the third underlying
| ayer 2c un |ng condition of the inactive gas

Table 2
Gas pr;qure Grain Size of | Noise
(mTorr) Cr Layer (A) | (& Vrma)
Comparative 3 400 11.0
Example 4
1 4 340 " 9,5
3 5 ' 250 9.3
Example 4 8 200 8.3
5 10 150 8.9
6 12 100 8.7
7 15 50 8.2
g;:g;izt;ve 18 _ 20 8.9

As seen fxom Table 2, the grain size of the Cr
underlying layer (the second underlying layer 12b) falls
within the range between 50 and 300 A by setting the gas
pressure to 4~15 mTorr during formation of the Al
underlying layer and the Cx underlying layer.
Consequently, the magnetic recording medinm can satisfy
the both characteristics of the high coercive force of .
2000 (Oe) or more and the low noise of 10 (g Vims) ox
less. When the gas pregsure is less than 4 mToryr, the

‘grain size becomes large, and the grain sizes of the CrMo
underlying layer and the CoCrTaPt magnetic layer also
become large in dependency upon thé grain size of Cr.
Consequently, the nolse exceeds 10 (uz Vemg) and.the low
noise can not he realized. On the other hand, when the

gas pressure exceeds 15 mTorr, the grain size becomes
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13 pressure of 5 to 6 norr. Further, the protection Iayér 4 is deposited |
on the magnetic |layer 3 by the known sputtering method. Thereafter, the

| ubricant layer 5 is deposited on the protection |ayer 4 by di -t h
the l'uhricating material. According to such a manufacturing nethod, the
first underlying |ayer 2a and the second underlying h@&smwﬂmm@m@ dited

on the glass substrate 1 under the sputtering condltlo ve gas

pressure of 4 to 15 niforr. Consequently, the grain si B

second underlying | ayer can be controlle®@86to the range 0 and 300 A
Cbnsequently, the third underlying layer 2c and the nagnetlc | ayer 3 are

f or med
small, but the grain size of the CrMo underlying layer )
hecomes excessively small in dependency upon the gaih' :
size of Cr. Consequently, distortion of tha orientation
occurs in the £1lm surface of the C axis of the crystal
grain of the magnetic layer 3. As a result, the coarclve
force becomes less than 2000 Oe and thereby, the high
coexcive force can not be obtained. Although the
apecific axample is not. descxribed, an excelleat magnetic
regording medium which has the high coercive force and
the low noise can be obtained by interposing the
nonmagnet.lc spacer between the magnetic £ilms.
Table 3
Compoaition Coercive Foxce | Noise .
{atomic %)
CojCriPt|Ta (Oe) (g VYrms)
8|80} 13 1 2100 9.8
-9174]13 4 2300 9.0
Example 101751 14 9 2 2350 9.6
1168 |13111 3 2450 9.7
12 | 83 8 6 3 2050 - 9.3
13176115 6 3 2250 8.0
Example 117313 6 3 2200 9.5
678111111 O 2000 15.9
: .0
Compara- 7173113 & %ﬁ 1200 9
tive 8821413 2 3 1300 10.0
Example g|67{13]17] 3 300 17.0
10 | a7 4 6 3 1200 14.3
11j60f21] 6| 3 800 16.0
i Ty .
Subseguently, the coercive force (Oe) and the
noise (# Vrms) is represented by Table 3 in the case that
"THIS SHEET HAS BEEN
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in the condition that the grain size of the second underlying |layer 2b iss
refl ected. Accordingly, the grain sizes of the third underlying | ayer 2c

and the magnetic layer 3 b small to reduce the noise. In this event,
where t.he i Ve gas pressure is less than 4 nmlorr, the grain size of Cr

of the second ingiL:tiyé Bgn R 2a becones large and further, the grain
sizes of the th ' | ayer 2c and the magnetic |ayer 3 also
becones | arge. BL he noi se increases. On the other hand, where

t he gas pressur mrorr, dista@xion of the crystal |attice occurs

for the second underlying |ayer 2a. Consequently, the high coercive force

can not be obtained and further, the record/reproduce output is |owered.
the composition of the first and second magnetic films is
changed in the eighth to thirteenth examples and ihe
sixth to elaventh comparative examples. Tha gputtexing
is performed in the same manner as the first example.

As seen from Table 3, the preferable composition
range of the CoCrTaPt magnetic layer is represented by
the following chemical formulia to obtain the magnetia.'
recording medium having the high coercive force of 2000
(Oe} or more and the low moise of 10 (£ Vmms) or less
where Al/Cr/CrMo underlying 1aye¥.1s nsed.

©0100-x-y-z Crx Fty Ta,
where X = 5-20 atomic %, ¥ = 3-16 atomic %, Z = I1-7
atomlic %. |
' Where the composition ratioc departs from the
above range, the high coexcive force can not be obtained
and further, the nolse bacomes large. Counsequently, the
magnetic recording medium can not satisfy the both
characteristics of the high coexcive force and the low
nolze. ' v
fhe ppefe:ablé composition range 1s the same as

the ahove case where the magnetic layer is of a single
layer. Further, the CrMo alloy is exewplifipd as the

" third underlying layer 12c and the nonmagneticC spacer
film 14 in the above example, but the same resul; wasg
obtained when Cx alloys such as CyV, CrTa and CrMo%Zr are
used inatead of the CrMo.

In addition, a texture layer, namely. an

irregularity forming layer for adjusting the surface




™4 The third underlying layer 2c is formed by adjusting the sputtering

condition of the inactive pressure so as to reflect the grain size of
t he second,undef+yT’”'T§§E%a§b and match the lattice constant of the '
magnetic | ayer hggkgn&@nu@nt it is desirable that the second underlying

| ayer 2b is nate structure and further, a heating treatnent
I's perforned or formng first and second | ayers. In this
d

case, preferall underlying | ayer 2b is deposited under the
sanme condition-as that for depositing thegmagnetic layer 3 in relation to
the known in-line sputtering apparatus. :

roughnecs of the magnatic xn_:cox:ding_ medium may be foﬂued
between the glass substrate and the magnetic layer or on
the maghetic layer to prevent the adsorption between the
magnetic recording medium and the magnetic head and
improve CS§ (cdntact start and stop) durability. 1In this
case, it 13 desirable that an average suzface roughness
Ra of the irregularity forming layer £alls within the
xange beiween 10 and 50 A , and more preferapbly between
10 and 30 A . Where Ra is less than 10 A , the magnetic
recording medium adsorbs the magnetic head because the
maghetic recording medium is absolutely flat. Thereby,
the magnetic head and the magnetic recording medium are
undesirably damaged. In addition, a head crash occurs S&
the adsorption. As a result, fatal damages occur for the
magnetic head and the magnetic recoxding medium. On the
othef hand, where Ra exceeds 50 A, a glide height
becomes large to reduce the recording density.

The configuration of the irregularity forming
layex may be & successive texture £ilm or disoretely
island~1like projections. .It is suitable that the height
of the projection falls within the range between 100 and
500 A .and more preferably between 100 and 300 A in the
cage of the island-like projection.

Various kinds of materials and forming methods
have been known about the irregularity forming 1ayer.and'
are not restricted. Metals such as Al, T4, ¢r, Ag, Nb,
Ta, BlL, Si, zZr, Cu, Ce, Au, 8n, Pd, 5b, Ge, Mg, In, W, Pb

and alloys of them or oxide, nitride and cazbide of these

THIS SHEET HAS Eﬁ\
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Further, the follow ng two conditions are inposed for the deposition of the
magnetic |ayer 3. First, the magnetic |layer 3 nust be CoCrTaPt which has at

| east the conposition represented by the above chemical fornula (1.
the inactive gas pressure nust be set to 0.5 to-6niforr during the

Second,
‘sputtering process. By a synergy of to the above two condhﬁ%gﬂ%ﬂhgg&mghgaﬁm
of the grain size can effectively be suppressed and furt her,

magnetic domain walls which appear at a transition region Otﬂ\mﬂgml‘kgﬁ/
bit becone small to reduce the noise. In aggition, the syne e
two conditions facilitates magnetic separation between nmagnetic grains and
bring about inprqup%pt of the coercive force. Although the magnetic |ayer
3is formed by a c-o1® and alloys can be used as the material of the

B T R A

irregularity forming layer. Materials containing Al as a
main component such as a eingle subgtance of Al, A
alloy, oxide Al and nitrogen Al are preferable,

The surface roughness and the projection heighe
cah be controlled by the material and the content of the
the irregularity forming layer agd thermal process A
condition. A texture Process dQue to chemical polishing,
2 texture process due to chemical etching, and a textuxe
Process due to energy beam irvadiation are exemplified as
the other foxming method of the irregulaxity forming
layer. PFurther, the combination of these methods may be
used, The irzegularity forming layer may be formed undex
or on the magnetic layer, and more preferably, may be
formed under the magnetic layér to approve the high
recoxding density. This {s because the distance between
the magnetic heaa ang the magnetie recording medium
becomes large with the film thickness of the irregularity
forming layer where the irregularity forming layer ig '
formed on the magnetic layer. 1n partieular, it is
desirable that the Cr'layer of the second underlying
layer has two layer stxucture, and the 1rre§u1arity
forming layer 1is interposed between the Cr layeis.

Further, a silicon oxide '
dispersing coiloidal silica fine (Siozj o e

grains in tetraalkoxy-
8llane diluted with an alcohol-based solvent; coating and
baking the disperged grainsg instead of the carbon

PrZotection layex in the Sxample to function as the bhoth
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single layer in the above first enbodi nent, the noise can 15 be further
reduced by interposing a spacer filmof a nonmagnetic material in the
magnetic | ayer 3. Therefore, description will be made about a second -
enbodi nent in which the spacer filmis interposed in the magnetic |ayer 3.
In Fig. 2, a glass substrate 11, an underlying layer 12, a protection |ayer
16 and a lubricant layer 17 have the sane conpositions as the gl ass
substrate 1, the underlying |layer 2, the protection |layer 4 and the

| ubricant |ayer 5 nmentioned in conjunctiomdOth the first

the protection film and the irregularity forming layér

In addition, although the magnétic recording

medium has two magnetic layer structure of the firat

magnetic f£ilm, the honmagnetic spacer film and the second

m
agnetic £11lm, the magnetic recoxrding medium according to

this invention 1g not limited ta thig gtruacture and may

have the magnetic spacer between three or mogze magnetic
£ilms.
i
[ts SHEET Has BeEn
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enbodi nent illustrated in Fig. 1. Further, a first underlying |ayer 12a, a
second underlying layer 12b, and-a third underlying |layer 12c which
constitute the underlaying l'ayer 12 have the sane conpositions as the first
underlying |ayer 2a, the second underlying |layer 2b, and the third

underlying layer 2c in Fig. 1. However, the nmgnetic |ayer of the Second

enbodi nent is structured by three filns different ”wmm'm odi nment
in which the nagnetic layer 3 is structured by a s ”"ﬂ'”ﬂ

Specifically, the magnetic layer is conpgged of the fifstt negnét i e f|Im

t he nonmagnetic spacer film 14 and the second magnetic film15 in the
second enbodinent, as illustrated in Fig. 2. The first magnetic film13 is
formed on the underlying layer 12. The first magnetic film 13 includes

) WHAT IS CLAIMED IS:

1. A magnetic recording medium having a
substrate, comprising:

a first underlying layer including Al foxmed on
said gubstrate; "o

a second undexlying layer including Cr foxmed on
8a81d first underlying layer; said second underlying layer
having a predetermined grain size;

a third underlying layex of Cr alloy formed on
gsald second underlying layer; and _

a magnetic layer of Go alloy foxrmed on said third
under laying layer;

the predetermined grain gize falling within the
range between 50 and 300 A .

2. The medium as claimed in claim 1, wherein:

sald substrate comprises a glass substrate.

3. The medium as claimed in claim 2, wherein: ',

sald flrst underlying layer serves to prevent an
impurity of sald glass subgtrate frxom entering into gaid
magnetic layer.

4. The medium as claimed in claim 1, wherein:

said f£irst underlying layer has a £ilm thickness
which falls within the range between 10 between 100 A .

5. The medium as claimed in claim 1), whereln:

sald second underlying layer serves to adjust’

grain sizes of said third underlying layer and said

I ——

magnetic layer.
heet Has Been Replaced
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el n conponent and is-a Co aIon nagnetlc film congjisdulotfasHee@epladed

and Pt: The nonmagnetic spacer film 14 is deposited on the

filma13. Further, 16 the second magnetic film15 is depo illllalmmi% m
QEnnagnetlc spacer film214. The second magnetic film15 in
T

i n conponent emlm”ﬂml l a Co alloy magnetic filmconsisting.of Cr,
and , ik ic film13. Thus, the magnetic |layer is

divided into the first magnetic film 13, the second magnetic fil'm 15 and
t he nonmagnetic spacer film 14. Such intgyposition of

v

6. Tha maedium as claimed in claim 1, whexein:

sald thixd underlying layer includes Cr and at
least one material selected from a group consisting of
Mo, &y, B, 81, Zn, Ti, W, v,'Ta and Al.

7, The medium as clalmed in claim 1, whexein:

said thlrd underlying layer serves to
substantially match a lattice constant of gaid magnetic
layar with that of gald third underlying layer.

8. The medium as claimed in claim 1, wherein:

sald third underlying layer has a grain size
which falls within the range between 50 and 300 A .

9. The medium as claimed in ¢laim !, wherein:

sald third underlying layer is formed by the Cr
alloy saelected from a group consisting of CrMo, CrV and
CxMozr. '

10. The medium as claimed in claim 1, whezein:

gaid third underlying layer is thianer than said
gecond underlying 1gyer. |

11, The medium aé claimed in claim 1, wherein:

sald magnetic layer is formed by the Co alloy
which contains Co as a main component and which includes
9:, Pt and Ta.

12. The wmedium as claimed 4in claim 11, wherein:

said magnetic layer has composition which is
represented by the following chemical formula:

Co Cr Pty Ta

100-X-¥-2 Z :
where X falls within the range between 5 and 20, ¥ falls

.within the range between 3 and 16, Z falls within the

THIS SHEET HAS BEEN
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t he nonnagnetlc spacer f|In114 serves to reduce the n0|seTm£mwﬁhhsB®a§aWWQ
Cr all oy based nonmagnetic layer, such as CrM, CV, CMZr
Cr Ta, CrSi CTi and O'TiB, is suitable as the conmponent OT_L“

spacer fi Im14. Tn articular, CrM is desirable anong the
preferabl e that l Dlmtll “ml(tﬂ' he other el ement, such as M, in the
Cr - based aIon range bet ween about 2 and 20 atomic %

t aki ng consi stency Of ‘thé 1'4ttice constant with the magnetic filminto
account. It is suitable that the filmth88kness of the spacer film 14 (the
Cr based alloy filnm) falls within the range between about 20 and 150 A,
taking a variety of nmagnetic characterlstlcs of the magnetic recording

nmedi um i nto conZPRERPELFREen 1 Ads 7o RA1a%AMEE R |'m t hi ckness of each

magnetic film 13 and 1513. The medlum as claimed in claim 1, whereln:

saiQ magnetic layer has a latiice constant which
is substantially equal to that of said thixd underlying
layer. ' "y
14. The medium a=z claimed in claim 1, whezein:
said magnetic layer has a grain size which falls
within tha range between S0 and 300 A .

15. The medium as claimed in ¢laim 1, whexrein:

said magnetic iayer has a f£irst magnetic £ilm
forited on said third underlying layer, a nonmaénetic
spacer film formed on said first magnetic film and a
second magnetic £ilm formed on said spacerx film.

16. The medium as claimed in claim 15, wherelin:

each of sald first and second magnetic f£ilms is
formed by a Co alloy which contains Co as a main
component. and which inecludes Cr, Ta and Pt. "

17. The medium as claimed in claim 15, wherein:

said spacer film iz a Cr alloy which is selected
from a group comslsting of CrxMo, Crv and CxMoZr.

18. The medium as claimed in claim 1, furthex
comprising: _

a protection layer formed om the magnetic layer.

19. The medium as ¢laimed in claim 18, whexein:

gald protection layer comprises a carbon f£ilm.

20. The mediuvm sd claimed in claim 1, whexain:

an ;lrregularlit.‘y form;ng layer is formed under

said magnetic layer 6 adjust a surface roughness of said

THIS SHEET HAS BEEN
REPLACED




which is divided by the spacer film 14 nmay be identical with each other or
may be different fromeach other. Subsequently, description will be nmade
about a first exanple according to the second enbodinent illustrated in
Fig. 2. 17 In the magnetic recording mediumillustrated in Fig. 2, CoPt
havi ng the hi gh coercive force (the first | nagnerre~

based magnetic | ayer
film13 and the second nagnetic film15) is divided by Ef"i

spacer film 14 to.reduce the noise. The magnetic recor mmmmﬂ”"!
preferably applicable for a MR head (nmagneggp-

medium.

21. A magnetic recording medium having a
substrate, comprising;

2 Cr underlying layer formed over said substrate,
said Cr underlying layer having a firet grain gize;

a Cr alloy underlying layer formed on said cr
underlying layer, said cy alloy undexlying layer having a
8acond grain size angd first latedca constant.; and

4 magnetic layer of co alloy formed on gaid Cr
alloy underlying layer, gaiq magnetic layer having a -

1
third grain size and a second lattice constant.;

the second and thirg graia sizes depending on the
first grain size so as Lo reduce ngise;

the £irat ang second lattice constants being
substantially identiecal with each other in order to
improve coercive force.

22. The medium as claimed in claim 21, wherein:

the first grain size falls within the zange
between 50 and 300 A .

23. A method of manufacturing a magnetic
recording medium having a substrate, compriging the steps
.0f;

. L

depositing a first underlying layer including AY
-under a first sputtexing condition;

depositing a second underlying layer including Cr
on sald firse underlying layer under the firgt sputtering

condition;

This Sheet Has Been Replaced
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‘resistive head)and a GVR head (gi ant magnet o-resi stive head).:Description

w Il be made about a nethod of manufacturing the magnetic recordi ng nmedi um
accotding to the first exanple thereinafter-—Frrsts—a-chenica

reinforcenent is made for an al um no an i on exchange
met hod. A gl ass substrate 11 of al unf’lumﬂmﬁmﬁ&Wﬁ I's prepared which has
a dianeter of 5 inches and a thicknes¥ of s chemcally

rei nforced. Both principal surfaces and side surface of the glass_substrate-
11 are precisely polished into a mrror susf ace having a surface roughness
(Ra) of about 5 A In this event, the glass which is chemcally reinforced

by the ion exchange neth%g Is used as the
epositing a third underlying layer of Cr alloy

on said gsecond underlying layer by sputtering; and
depositing a magnetic layer of Co alloy on said

Lh;rd underlying layer under 4 second sputtering
conditlion; ‘

the first sputtering condition includlng an
inactive gas pressure of 4-15 nTorr, while

'the seaond sputtering condition ineluding an

inaotive gag pressure of 0.5-6 mTorr.

24. A method as claimed in claim 23,,ﬁherein=

sald second underlying layer has a grain size
which falls within the xange between 50 and 300 A .

25, The metpod a3 claimed in claim 23, wherein:

said third underlying layer includes Cr and at
least one material selected from a group cansisting of
Mo, zr, B, Si, zn, Ti, W, Vv, Ta and Al. .

9

26. The method as claimed in claim 23, whexein:

sald magnetic layer has composition which ig
represented by the following chemical formula:

€°100-x-y.z STy Pty Ta,

where X falls within the range between 5 and 20, ¥ falls
within the range between 3 and 16, 2z falls within the

range between 1 and 7, by atomic §.
27. The method as claimed in claim 23, wherein:

said magnetic recording medium has coercive force

not smaller than 2000 Oe ang noise not greater than 190
4 Vrmg.

This Sheet Has Been Replaced
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gl ass substrate 11, as disclosed in Unexam ned Japanese Patent Publication
(JP-A) No. H5-32431. The above chem cally reinforced glass contains, by

wei ght, 62-75 %of SiJerr] & 5-15 %of Al[err]Jerr], 4-10 %of Li[err]Q
4-12 %of Na O, and 5.5-15 % of ZrO as main conponents. Further, 2

2 the weight ratio of Na[err]OQ Zrgerr] falls within the range between 0.5
and 2.0, and the weight ratio of Al[err]derr]/ZrJgerr] 18 falls within -
the range between.0.4 and 2.5 in the above chem cally reinforced gl ass.

Such a chemically reinforced glass substraje 11
MAGNETIC RECORDING MEDIUM AND METHOD OF MANUFACTURING THE
| ) SAME
ABSTRACT
In 2 magnetic recording medium, a first underlying layer (24) including A1 is
formed on a glass substrate (1). Further, a second underlying layer (2b) including Cr is
formed on the first underlying layer (2a), In addition, a third underlying layer (2¢c) of
Cr alloy is formed on the second underlying layer (2b). Finally, a magnetic layer of Co
alloy (3) is formed on the third underlaying layer (2c). In this event, the grain size of
the second underlying layer (2b) falls within the range between 50 and 300 A. The
crystal growth of the magnetic layer (3) is reflected by the second underlying layer«2b)
so that the grain size of the magnetic layer aiso falls within the range betwesn 50 and

"

REPLACED




I's excellent in both heat-resistance and Knoop hardness and further, can

keep fl at ness mﬁthout'preC|p|tat|on of Na during a heat treatnent. The
above gl ass substrate 11 is attached to a substrate hol der—(pattet)_and

i ntroduced into the known in-line type DC magnetron spuH%er apparat us.
m% edhlkéﬂaced

As shown in Fig. 3, the sputtering apparatus 100 is strucC

chanbers of a preparation chanber 110, a first vacuum ch cond

vacuum chanber 130, a third vacuum chanber 140 and a pre

150. These chanbers are separated by separation plates 102, 105 an

103, 104. The glass substrate 11 which i$/8qui pped on the paIIet 101 anes
he righthand side of the figure. Next, the

fromthe | eft hand side~te-i
‘structure of each ¢ ’hFer W UBRITANT
LAYER
4~ PrROTECTION
LAYER o
3
MAGNETIC a“. .
| LAYER “.,." 3RD UL,:?(EE%LY'NG "‘-20
2~ UNDERLYING ) 2ND UNDERLYING
i LAYER - LAYER 2
GLAS .
SUBSTRATE .| 1STUNDERLYING 28
17~ LUBRICANT A
LAYER
6~ proTECTION
LAYER
15~ oD MAGNETIC
FiLM
4~ NONMAGNETIC
SPACER Fii M
13-"‘\. ’ ». .
1ST MAGNETIC | 3AD UNDERLYING 12c
FilL.M LAYER
12~ ) )
UNDERLYING 2ND UN
DERLYING f~12b
. LAYER LAYER
~ .
sugg?gfm 15T u&%s%vme - 12a
FIG. 2 ’
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expl ai ned al ong the ﬁ%ving direction of the pallet 101 thereinafter. The
preparation chanber 101 serwves to exhaust the air into a vacuum The first-
vacuum chanber 120, the second vacuum chanber 120 and the third vacuum
chanber 140 serve to carry out the sputtering process.  The first—vacutm—
chanber 120 includes heaters 121a and 121b for enhancin I e coerC|ve force’
of the magnetic material, targets 122a, 122b of Al "and t Replgegh
of Cr. 19 The second vacuum chanber 130 i ncl udes Ianp mFﬂ nd
131b for inproving the coercive force 05/2he magneti c

S
2| | =
p- =1 —
-1 £”§¢
= 4 o
g1 -8~
—1 ™ "
8- T8 '
1 ]
i, -3
4.0 TL.
1l
81 -8 -
8% 2" L
_ T8
B =
§v; -8
=
81, 0-8 |
.8-/" i.ﬂ .
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8
=g
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“material, targets 132a and 132b of Cr, targets 133a and 13g€7gy+ 8
targets 134a and 134b of CoCrTaPt, targets 135a and 135b ofékiMbl 8
targets 136a and 136b of CoCrTaPt. The third vacuum chanber 140_i ncl udes
targets 14la and 141b of C (carbon). The final preparation chhRBE 150
serves to exhaust the air into a vacuum {}ike the preparation chanber 110.
The pallet which is equipped with the glass substrate 11 is first |
i ntroduced into the preparation chanber 110. The preparation ¢ |
exhausted fromthe atnosphere pressure to a degree of vacuumi BE_EEQCEW&T SHEET‘
vacuum chanber 120. Thereafter, the pallet 101 is introduced info the first
vacuum chanber 120 by opening the separate plate 102. The gl ags|sub$t JANeIS8

11 on the pallet 101 is heatﬁgsgﬁT&Eekﬁégﬂngﬁétﬁﬁﬁlaﬁlinﬁnd 121p at

METHOD OF MANUFACTURING THE SAME

Background of the Invention:

This invention relates to a magnetic recording
medium for magneticaliy recording information, and a
meth%ﬁJéf ;anufacturing the same.

Recently, a high recording density has been
required for a magnetic fecording medium. To this end, a
great attention has been paid for a magnetic layer of-a
magnetic recordiqg medium which is composed of multiple
magnetic thin-fiim media suqcessively deposited and which

- may be called a éuccessive thin-£film medium. Alloys of
CoPtCr and CoCrTa system have been known as the magnetié
layer of the above successive thin-film medium and is
geneially deposited by the known sputtering method.

In the magnetic recording medium having the high
recording density, both a high coercive force and a low
noise are required. However, it is conventionally
difficult to satisfy both the high coercive force and the
low noise at the same time. Namely, although the
conventiqﬁéi ternary alloy of a CoPtCr system is
excellent in thé high-cdercive force, it is insufficient

in the low rnoise. On the other hand, the conventional

ternary alloy of a CoCrTa system is excellent in the low



o>

’375 [err]C for two mnutes in the first vacuum chanber 120. Thereafter, the
pallet 101 is transferred at the noving rate of 50 cnimn to pass between
the Al targets 122a, 122b and the Cr targets 123a, 123b in the discharge
condition. Thereby, the first underlying |ayer 12a of Al (the film

t hi ckness of 30 A ) and the second underl%ing layer 12b of O (the film

t hickness of 300 A ) are successively deposited on the both surfaces of the

gl ass substrate 11 in accordance with the order of the arranged targets. In
this event, ameisemaPrtpibsisr tnppEfieient 1in dherhigh gaeggivendrsee-120

[ rr] Jor rol
's set to 5 X 10[err] 1t ﬁag beggsﬁoticed that both the high coercive

force and the low noise can be achieved by adjusting
composition and the film thickness of an underlying layer
which are parameters for realizing the high density of
the magnetic recording medium.

Therefore, suggesiion has been made in Unexamined
Japanese Patent Publication (JP-A) No. H1-256017 about a
magnetic recording medium having a magnetic layer of a |
Cocf%éfi q;aternary alloy which is directed to the high
coercive force by adjusting compositions of an underlfing
layer and a magnetic layer. Such a magnetic recording
medium is formed by successively depositing a Cr layer as
the underlying layer and a quaternary alloy magnetic
layer on a nonmagnetic substrate. However, a lattice
constant of the magnetic layer is increased in the above
magnetic recording medium. Consequently, a difference of
the lattice donstants between the magnetic layer and the
undeklying layer becomes large. The number of crys;al
grains wherein C axes are inclined with respect to the
fi1lm surface of the magnetic'layer is increased because

- of the difference of the lattice constants (in this case,
it is desirable that the C axis of each grain in the
magnetic layer is parallel to the magnetic fi;m to
improve the coercive force). As a result, the coercive
force becomes 1700 Oe at most and therefore,-the coercive

force can not be improved contrary to the expectation.
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““and the sputtering is perforned at 4 mlorr by introducing Ar g

condition, the grain size of the O underlying |ayer (the secopdju derléiqg
| ayer 12b) becomes 300 A. Subsequently, the pallet 101 is trangfer 4 JAN 1938
t he second vacuum chanber 130 via the port 103 to heat the subptiate 11 by

the heaters 131a and 131b. In this event,3the heating is perfo

[err]C for one mnute. Thereafter, the pallet 101 passes betwebkp—each

LI "agt I B e

ned at 350

target (Cr targets 132a and_132b, CrM taégets 133a_and 133b, CoCt TaPt

targets 134a and 134b, T@r FOl¥VEr §¥Cch f3BXO

§m; 38pothes; aggesiian

dhameg

and-136b) in the discggrgg %ondition at._the noving rate of 50 cmmn. The
b

second under | yPfig™ 8¢

peramines, TAPeRRESs Patesdo PRDLIgatdon ( he third

underlying lay?SPig? &EheHEL555163 about a magnetic recording medium

wherein a magnetic characteristic and a record/reproduce

characteristic are improved by matching a magnetic layer

with an underlying layer in a lattice constant.

In such

a magnetic recording medium, a layer which contains Cr as

a main component and includes at least one of Mo

used.as an underlying layer of an alloy magnetic

and W is

layer

whiéﬁ?ihcludes a novel metal such as Pt, Pd and Rh and

includes Co as a main component. Consequently, the

magnetic layer has a lattice constant substantially equal

to that of the underlying layer. As a result, the high

coercive force can be obtained accordihg to the above

magnetic recording medium. However, the noise can not be

sufficiently reduced in the above magnetic recording

medium because the grain size of the underlying layer

becomes large as compared with the Cr underlying

s Summary of the Invention:

layer.

It is therefore an object of this invention to

provide a magnetic recording medium and a method

of

manufacturing the same which is capable of accomplishing

both a high coercive force and a low noise.
In a magnetic recording medium according
invention, a first underlying layer including Al

formed on a glass substrate. Further, a second

to this

is

underlying layer including Cr is formed on the first

underlying layer. In addition, a third underlying layer



i

thi ckness of 300 A) of CrMb, the first magnetic film13 (the film |
t hi ckness of 120 A ) of CoCrTaPt, the nonmagnetic spacer film14 (the film
t hi ckness of 50 A) of CrM and the second nagnetic film15 (the film

t hi ckness of 120 A) of CoCrTaPt are successively deposited on the both
surfaces of the glass substrate 11 in accdrdance with the order of the
arranged targets. In this event, the conposition of the C M targets of
133a, 133b, 135a and 135b is set to, by atomic % 94 %of O and 6% of M.
Further, the cBfpdsfi édley desCframed ongéhe secordy underly @b ayeric 136b

s set to, 21
Finally, a magnetic layer of a Co alloy is formed on the

third underlying layer.

With such a structure, the grain size of the
second underlying layer is relatively small and falls
within the range between 50 and 300 A . The third
underlying layer and the magnetic layer are formed by
reflecting the small grain size of the second underlying
laygr. Sp?cifically, the grain sizes of the third
undé?i&lng layer and the magnetic layer also become small
in dependency upon the grain size of the second
underlying layer. Specifically, the grain sizes fail
within the range between 50 and 300 A . As a result, the
low noise can be realized. ‘

Thus, the lattice constants between the third
underlying layer and the magnetic léyer are sﬁbstantially
identical to each other. Cbnsequently, the direction of
the crystal axis of the magnetic layer substantially
becomes paral;el to the film_surface. As a result, the
high coercive force can be realized.

Thus, both the high coercive force and the low
noise can be realized at the same time according to this
invention.

Brief description of the Drawings:

Fig. 1 1s a schematic cross sectional view of a
magnetic recording medium according to a first embodiment

of this invention.

[REPLACEMENT SHEET
21 JAN 1893




dy atomc % 78%of Co, 13%of C, 6%of Pt and 3% of Ta. In this case, the
ultimate pressure inside the second vacuum chanmber 130 is set to 5 X
10[err] Torr, and the sputtering is performed at 2 niforr by i ntroduci ng the
Ar gas. Subsequently, the pallet 101 is transferred to the third vacuum
chanber 140 via the port 104 to pass the Pallet 101 between the C targets
141 and 141b in the discharge condition in the third vacuum chanber 140 at
the noving rate of 50 cnimin. Next, the protection |ayer ‘16 of carbon (the
filmthickness of 150 Riﬂlszdéﬁo§|Fébeﬁﬁtiﬁe°§8§§n§eﬁ&éﬁ@@#cVMQWﬂQﬁs%ﬁ

CoCrTaPt. In this e t he rotec I, on Ia 6 is fornmed by sputtering
with Ar gas anﬂaﬁﬂs¥if §EeSord Eﬁrfe%é§$ Pﬁ HQ}PH|F8 FaBEFNGhanber 140,

Finally, the | yppbaditnt@%% this' Snvention.

Fig. 3 shows an in-line type DC magnetron
sputtering apparatus which is used in manufacturing a
magnetic recording medium according to this invention.

Description of the Preferred Embodiments:

Referring to Fig. 1, description will be made
about a magnetic recording medium according to a first
embodiment of this invention.

As shown in Fig. 1, an underlying layer 2 is
formed on a glass substrate 1. The illustrated
underlying layer 2 is formed by three layers.

A first underlying layer 2a includes Al as a main
component and is deposited on the glass substrate 1.
Further,.a second underlying layer 2b includes Cr and 15
deposited on the first underlying layer 2a. A grain size
of the second underlying 1ayef 2b falls within the range
between 50 and 300 A . In addition, a third underlying
layer 2c is deposited on the second underlying layer 2b.
The third underlying layer 2c inciudes'Cr and at least
one material selected from a group consisting of Mo, Zr,
B, Si, Zn, Ti, W, V, Ta, and Al. A magneticllayer 3 is
formed on the underlying layer 2.

In this event, the magnetic layer 3 has a
composition represented by the following chemical

formula.

REPLACEMENT SHEET
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Co100-x-v-z CTx Pty T2y (1)




d\eposi.ted to the thickness of 20 A by dipping the protection layer 16 with
the lubricating material of perfluoropolyether (AM2001 made by Montedi son
Pharma). The coercive force (Ce) and the noise ([err] vrns) of the above
magnetic recording medium are represented by the following Table 1. In this
case,- the coercive force (Hc) was measur efl by cutting a sanple of 8mierr]
fromthe magnetic recording nmedi um and applying a nagnetic field to the
filmsurface direction.,Such_a geas rement was erfornedégtklthe maxi mum

external applying magn¥PPESt Ke) EERTEE SPfe 2y SOMPLSE LR HAtdP Lfhpl e

type nagnetoneggch component by at%. Herein, it is to be noted that X
falls within the range between 5 and 20 at%, Y falls
within the range between 3 and 16 at%, and 2 falls within
the range between 1 and 7 at%.

A protection layer 4 of~carbon'is deposited on
the magnetic layer 3. Further, a lubricant layer is
coated on the piotection layer 4.

It is desirable that a nonmagnetic haterial is
useé;QQTa gasé substrate. As mentioned above, the
magnetic recording medium has the glass substrate 1 as
the base substrate. The glass substrate 1 is excellent
in a mechanical, physical and.chemical durability and is
easy to obtain a surface having high pléne accuracy.
éherefore, a high recording density can be achieved by
useing ‘the glass substrate 1.

Specifically, a chemical reinforced glass
substrate and a crystallized glass substrate may be used
as pgg glass substrate 1. More specifically, alumino-
silicate glass, aluminoborosilicate glass, borosilicate
glass, sllicate glass, soda-lime glass, and oxynitride
glass are used as the material of the glass substrate 1.
Further, a nonmetal substrate, such as a ceramic
substrate, a glass ceramic substrate, a silicon substrate
and a carbon substrate may be also used as the substrate

if they have the same characteristic as the glass

subst rate. REPLACEMENT SHEET
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-52 Table 1 Film Structure of Coercive Force Noi se Underlyin

EPLACEMENT SHEE

(Ce) ([err] Vrms) 1 A /Cr/C M 2200 9.5
Exanpl e 2 Al /CrlCr Mo 2200 - 9.81 Af/¢r 21 JAN 1338
1700 9.2 Conpara- tive 2 Al / Cr Mo | _2200

14.0 Exanple 3 Cr/Cr\o 2000 15. 3 Fuflther, the

record/ reproduce characteristic (nmedium noise) was neasured as lfallauing. _

in- fi i c head having a_flying height of 0.055 [err] m
Nanely, a thin fllmlﬂ%ﬁgﬂéf}séﬁanderlyf%g lafér a sé%ves to avoié an]'

undesirable invasion of an impurity gas (H,0, 0,, N,)into
the magnetic layer 3 when such an impurity gas is
released from the'glass during a heat process. This
means that deterioration of a magnetic characteristic can
be prevented by the first undérlying'layer 2a. Further,
the first underlying layer 2a functions as a buffer film
for relieving an internal stress of a film imposed by a
difference of thermal expansions which occurs during a
heaégiféatéent; In this event, it is suitable that the
film thickness of the fifst underlying layer 2a falls
within the range between about 10 and 100 A.. Where the
film thickness is less than 10 A , tﬁe coercive force is
lowered and further, the noise is increased. On the
other hand, whe;e the film_thickness eﬁceeds 100 A , the
reproducing output is reduced.

The second underlying layer 2b of Cr serves to
adjust the grain sizes of both the third underlying layer
2c apd the magnetic layer 3 which are deposited thereon.
A crystal of the second underlying layer (Cr layer) is
finer than that of the third underlying layer 2c¢ (Cr
alloy layer including, for example, Mo). Under this
circumstance, the third underlying layer 2c¢ and the
magnetic layer 3 reflects the fine crystal of the Cr
included in the second underlying layer 2b.

Specifically, the grain sizes of the third underlying
layer 2c and the magnetic layer 3 become small in

dependency upon the fine crystal layer of the second
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was used for the magnetic disk. Under this condition, the recor ' r
output of a line recording density of 120 kfcl (line recording derfsd 9EMENT’SHE
120,000 bit per one inch) is nmeasured in the condition that a rgqldtive rate
between the thin-filmhead and the magnetic disk is set to 9.6 fig. 21 JAN 1998
Further, a noise spectrumduring recordin@ and reproduci ng signgl $§ was
nmeasured under a carrier frequency of 23 MHz and a neasuring bapdw dt h of

26 MHz by the use of a spectrum analyzer. In this event, the thitRafilm

magneti ¢ head WRAEFLYdngsd@yer 13k amsbidenebyur dhentlamnaianils of 30

turns, a track width of 3.1/2.4 [err] m and a magnetic head gap of

0.35/0.28 [err[® d#ehe wite/read side. The coercive force (Ce) and the

' ' ich will be
noi se (Terr] Vims) of grannl.e5, 39 UM U3 3P G Widlnd

—

underlying layer 2b falls within the range between 50 and
300 A . When the grain size is less than 50 A, the
coercive force and the reproducing oﬁtput are lowered.

On the other hand, when the grain size exceeds 300 A ,
the low noise can not be accomplished because the grain
sizes of the third underlying layer 2c and the magnetic
1ayé%;§Tbeéome large, as mentioned before.

The third underlying layef 2c serves to make the
lattice constants between the third underlying 1aYer 2c
and the magnetic layér 3 coincide each other.

Specifically, the lattice.constant of the a axis
of the crystal (cubic system) of the third underlying
layer 2c¢ becomes equal to'the lattice constant of the c¢
axis of the crystal (hexagqnal system) of the magnetic
layer 3. This is effective to improve the orientation of
the ¢ axis in the film surface of the magnetic layer 3.
In this case, the above word "equal” means that the
difference between the crystal lattice spacing of the
magnetic layer 3 and the crystal lattice spacing of the
third underlying layer 2c is less than 0.1 A , preferably
less than 0.05 A, and more preferably less than 0.02 A .

More preferably, the content of the other
element, such as Mo, in the Cr based alloy falls within
the range between 1 and 20 atomic %, and preferably

between 5 and 15 atomic % to match the above two lattice
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thereinafter were neasured in the above-nentioned manner.
SHEET 23 Next, the CoCrTaPt magnetic |ayer of a single |ayer W
on the underlying layer 12 of the first exanple as a second ex
stoppi ng the discharge of the CrM target of the nonmagnetic s
and the CoCrTaPt target of the second maghetic film 15 which w

AS

anpl & byJAN 1998

pbater film 14

deposi t ed

bre used in

manuf acturing the first exanple. In this event, the filmthick
CoCr TaPt nmagnetic | ayer s identic
) of the nagn_é"t‘?’??traa‘i//fe‘? %f

CrW, CrTa, CrTi, CrTiB and CrSi and the like are

hess. . of .t he

| with the total filmthickness (240 A
t@h%a? r%? er. CrMo, CrV, CrZr, CrMoZr, CXB,

exemplified as the component of the third underlying

layer 2c¢. Among them, the CrMo alloy is preferable.

Further, it is suitable that the film thickness

of the third underlying layér 2c is thinner than that of

the second underlying layer 2b. This is because the

third underlying layer 2c is not almost affected by the

grain size of thé second underlying layer 2b, and

theréby, the grain size of the third underlying layer 2c

becomes large when the film thickness of the third

underlying layer 2c is thicker than that of the second

underlying layer 2b. Where the grain size of the third

underlying layer 2c¢ becomes large, the noise also can not

be reduced.

In this event, the third underlying layer 2c,

such as CrMo, which directly contacts with the magnetic

layer 3 gives influences crystal growth of the magnetic

layer 3 and a magnetic characteristic.

In the illustrated example, the magnetic layer 3

is composed of the gquaternary alloy of CoCrTaPt.‘ The

lattice constant of the magnetic layer 3 is substantially

equal to the lattice constant of the third underlying

layer 2c. Therefore, a distribution of the ¢ axis

direction of the crystal grain of the magnetic layer 3

becomes parallel to the film surface. As a result, the -

high coercive force can be obtained. It 1is desirable

that Cr falls within the range between 5 and 20 at%, Pt
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exanple. The sputtering was perforned in the sanme condition gs ptire—itrst

exanpl e except the above condition. Further, three conparativ XayT|
were made in addition to the above first and second exanples. [T eﬁﬁﬁrjE"‘BQQ

conpar ative exanpl e was made by stopping the discharge of the My target
to formonly the Al/Cr underlying | ayer it he underlying |ayer 12 oi t he
first exanple. The second conparative exanple was nade by stoppt+re—tte

[ fQr. the AL/ Cr der | yi | ayer. The
Third conpar at ?é&%&%ﬁé‘»&%ﬁ%ﬁ%@a&%ﬁa mﬁi&”@aﬁ% :g/"lé’r%f'fata_rfeaws |
Cr. [ ayer.. e u ring is
bor formeq i n ¢ haebin B aliolh nRUBL 1Y s % W8 eHaF above

condi ti on. quaternary alloy magnetic layer 3 of CoCrTaPt. When the

content of Cr is less than 5 at%, the noise characteris-
tic of the magnetic layer 3 is deteriorated. On the
other hand, when thé content of Cr exceeds 20 at%,
magnetic moment in the magnetic layer 3 is excessively
lowered and thereby, record/reproduce characteristics
(particularlj, the reproduce characteristic) are
degf%ﬁéa. :Further, when the content of Ta is less than 1
ats, the low noise éan not be accomplished. dh the other
hand, when the content of Ta exceeds 7 at%, the magnetic
moment 1is largely lowered and.thereby, the coercive force
and the record/reproduce characteristics (particularly,
the reproducing output) are deteriorated, like.the case
of much addition of Cr. 1In this event, it is:suitable.
that the film thickness of the magnetic layer 3 falls
within the range between 150 and 600 A;, taking a variety
of magnetic characteristics into consideration. '
The protection layer 4 which is deposited on the
magnetic layer 3 protects the magnetic layer 3 from
destruction which might occur due to-a contact and a
slide operation of a magnetic head along the magnetic
recording medium. A single layer, such as an amorphous
carbon, a graphite carbon, a carbon fluoride, a carbon
hydride, a carbon nitride, silica, chromium, zlrconia,
SiN, SiC, Si-O-N and Si-0-C is used as the protection

layer 4. Alternatively, a multi-film consisting of the
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As seen fromthe Table 1, the magneti c recordi ng nedi um sati sf
characteristics of the high coercive force of 2000 Ce or norelard the | ow
noi se of 24 10.0 ([err] Vrns)or less by using Al/Cr/CrM ag tthe2 yndAM 1398
ing layer of the CoCrTaPt nmagnetic |ayer. The grain size of thel]second
underlying layer 12b of C largely dependsl on the Ar gas presgure auaring

REPLAGEMENT, SHEET

formation of the Al underlying layer and the Cr underlying |ayer
Therefore, the characteristic was neasured by changing the Ar gas pressure

as foll ow ng.

pamehpy &ddiferenie fildmsesied echpdr firom hdesiabyive Inaye beof
used as the protection layer 4. In particular, where the
composition of the magnetic layer 3 is formed by the
quaternary alloy of CoCrTaPt, the carbon is suitable as
the protection layer 4. 1In this event, it is preferable
that the film thickness of the carbon protection layéf
falls within the range between 50 and.300 A . When the
film thickness is less than 50 Al, friction and corrosion
are increased. On the other hand, when the film
thickness exceeds 300 & , the practical flying height is
increased to reduce the recording density.

The lubricant layer 5 which is deposited on the
protection layer 4 is formedlto reduce a friction
resistance between the magnetic head and the medium
surface. The lubricant layer 5 is generally formed by
diluting perfluoropolyether (liquid lubricating material)
with a solvent, such.as a freon-based solvent, applying
it on the medium surface by a dipping méthod and heating
if necessary. Alternatively; the known lubricant .
material or a lubricant material on the market including
phlorocarbon based liﬁuid lubricant material and a
lubricant material consisting of alkali metal salt of
sulfonic acid may be used as the lubricant layer 5.

It is suitable that ﬁhe film thickness of the
lubricant layer 5 falls within the range between about 5
and 30 A . When the film thickness is less than 5 A,
abrasion is increased and further, a lubricating life

time is shortened. On the other hand, when the film



tzhe second exanpl e, and the conposition of each filmis equal BEE'#&GEMENT SHEET

the first exanple. The Ar gas pressure during formation of the
underlying |ayer (the first underlying layer 12a) and the C upd ranlqﬁn'wgs
| ayer (the second underlying |ayer 12b) is changed into 3 mrlor fourt

conparative exanple), 5 niforr (third exam?e), 8 niforr (fourthj e
mlrorr (fifth exanple), 12 mlorr (sixth exanple), 15 mlorr (seventh

exanple), 18 mlorr (fifth conparatlve exanple). Further, the grain size of
the second und SEaPXCeEsts 0 @& satde REIAGion dis tincransedend

magneti c recordi ng,nedi wer e nveséle%ted The result of the

i nvestigation {8F BS*as e&‘a&?eﬂlﬂ MRY; gdsorks do the ddtkiicant
measured in th%&%@a sTENGE 433 & r<]:Ei\=1sfe| "$he® ugrican];h%.ayeq:n tln‘?ayr ot Ieng

always applied on the magnetic recording medium and

therefore, may be omitted.

As mentioned above, the underlying layer 2 has
the multiple structure of three layers as illustrated in
Fig. 1, and the grain sizes of the magnetic layer 3 and
the third underlying layer 2c¢ become small because of the
second underlying layer 2b so that the magnetic layer 3
is matched with the third underlying layer 2c in the
lattice constant. Consequently, both the high coercive

- force and the low noise can be obtained in the magnetic
reeording medium of this invention.

' Subsequently, description will be made about a
meihod of manufacturing the above magnetic recording
medium. - |

First, the first underlying layer 2a of Al and
the second underlying layer 2b of Cr are successively
deposited on the glass substrate 1 under an inactive gas
pressure of 4 to 15mTorr. Next, the third underlying
layer 2c¢ including Cr and at least one selected from a
group consisting of Mo, Zr, B, Si, 2Zn, Ti, W, V,.Ta and
Al is deposited on the second underlying layer 2b by use
of the known sputtering method. Subsequently, the
magnetic layer 3 represented by the above chemical
formula (1) is deposited on the third underlying layer 2c

under the sputtering condition of the inactive gas



iy

mediumin the first to seventh exanpl es and the fourth conparative exanple
had the high coercive force of 2000 Ce or nore. On the other hand, the

coercive force of the fifth conparative exanple was 1850 Ce. 25 Table 2
Gas Pressure Gain Size of Noi se (mrTorr Cr Layer (A ([err]
Vrs)- Conparative 3 0 11.0 Exanmple 4 1
4 300 9.5 3 5 250 9.3

pressure of 5 to 6 mTorr. Further, the protection layer
-4 is deposited on the magnetic layer 3 by the known
sputtering methbd. Thereafter, the lubricant layer 5 is
deposited on the protection 1aYer 4 by dipping with the
lubricating material.

According to such a manufacturing method, the
first underlying layer 2a and the second underlying layer
2b are deposited on the glass substrate 1 under the
sputtering condition of the inactive gas pressure of 4 to
15 m%éff. WConsequently, the grain size of Cr of the
second underlying layer can be controlled.to the range
between 50 and 300 A . Consequently, the third
underlying layer 2c¢ aﬁd the magnetid layer 3 are formed
in the condition that the grain size of the second
underlying layer éb 1s reflected. Accordingly, the grain
sizes of the third underlying layer 2¢ and thé magnetic
layer 3 become small to reduce the noise. In this event,
where the inactive gas pressure is less than 4 mTorr, the

"grain size of Cr of the second underlying’lafer 2a
becomes large and further, the grain sizes of the third
underlying layer 2c¢ and the mégnetic layer 3 also becomes
large. As a result, the noise increases. On the other
hand, where the gas pfessure exceeds 15 mTorr, distortion
of the crystal lattice occurs for the second underlying
layer 2a. Consequently, the high coercive force can not
be obtained and further, the record/reproduce output is

lowered.

REPLACEMENT SHEET
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Exanple 4 8. 200 9.3 5 1 REPLACEMENT SHEE

150 8.9 6 12 , 100 8.7 7
50 8.2 Conparative 18 20 82
Exanple 5 As seen from Table 2, the grain size of the Cr underl}yijn ﬁaJAN‘B93

(the -second underlying | ayer 12b) falls w4t hin the range betwegn *S6—ant—-366
A by setting the gas pressure to 4-15 mforr during formation off the Al
underlying layer and the Cr underlying |ayer. Consequently, thé_ﬁﬁﬁﬁetlp
recordi ng nedi um can sZhesthirfieubdenlyhngatayperrsliccdsofforimedhibyh coercive
force of 2000 (Ce) or nore and the | ow noise of 10 (g Vrns) or |less. Wen
the gas pressuR@ingtingsthpagputhEsing epndition of the inactive gas

pressure so as to reflect the grain size of the second

underlying layer 2b and match the lattice constant of the
magnetic layer 3. 1In this event, it is desirable that
the second underlying layer 2b is formed to a laminaté
structure and further, a heating treatment is performed
between steps for forming first and second layers. 1In
this qase(_preferably, the second underlying layer 2b is
dengEEQd under the same condition as that for depositing
the magnetic layer 3 in relation to the known in-line
sputtering apparatus. |

Further, the following two conditions are imposed
for the deposition of the magnetic layer 3. First, the
magnetic layer 3 must be CoCrTaPt which has at least the
composition represented by the abdve chemical formula
(1). Second, the inactive gas pressure must be set to
0.5 to 6 mTorr during the sputtering process. By a
synergy of to the above two conditions, the growth of the
grailn size can effectively be suppressed and further,
zig-zag magnetic domain walls which appear at a
transition region of a recording bit become small to
reduce the noise. 1In addition, the synergy of the above
two conditions facilitates magnetic separatién between
magnetic grains and bring about improvement of the
coercive force. -
Although the magnetic layer 3 is formed by a

single layer in the above first embodiment, the noise can



g?rai n size becones |arge, and the grain sizes of the CrM unde
and the CoCrTaPt nmagnetic | ayer also becone |arge in dependenc

grain size of Cr. Consequently, the noise exceeds 10 ([err] Vr emql BRQ 1908
| ow noi se can not be realized. On the other hand, when the gas|pfessure

iy -
%1)
-f]
ol
¥
my

exceeds 15 niforr, the grain size becomes 15 26 smal |, but the prarmsrze—e!
the CrM underlying | ayer becones excessively snmall in dependefgcy upon the

gain size of . Llonsequent]y, distortion of the orientation occurs Thm tte
filmsurface oP® Ifé‘ré?‘f% Fesuaack by Jatarpesdng & sppcemdidein ©of er 3. As

a result, the %8%%%5%%tic material in.the magnetic layer 3. Therefore,

description will be made about a second embodiment in
which the spacer film is iﬁterposed in the magnetic
layer 3.

In Fig. 2, a glass substrate 11, an underlyihg
layer 12, a protection layer 16 and a lubricant layer 17
have the same compositions as the glass substrate 1, the

underlying layer 2, the protection layer 4 and the

embodiment illustrated in Fig. 1. Further, a first
underlying layer 12a, a second underlyiﬁg layer 12b, and
a third underlying layef 12c which constitute the
underlaying layer 12 have the same compositions as the
first underlying layer 2a, the second underlying layer
2b, and the third underlying layer 2c in Fig. 1.
However, the magnetic layer of the second embodiment is
structured by three films different from the first
embodiment in which the magnetic layer 3 is structured by
a single'layer. Specifically, the magnetic layer is
composed of the first magnetic film 13, the nonmagnetic
spacer film 14 and the second magnetic film 15 in the
second embodiment, as illustrated in Fig. 2.

The first magnetic film 13 is formed on the
underlying layer iz. The first magnetic film 13 includes
Co as a main component and is a Co alloy magnetic film
consisting of Cr, Ta qnd Pt. The nonmagnetic spacer film

14 is deposited on the first magnetic film 13. Further,

—



force becomes |ess than 2000 Ce and thereby, the high coercive Ws

not be obtained. Al though the specific exanple is not described, jan

excel l ent magnetic recordi ng nmedi um which has the high coercivg florzq Jaq 1898
the | ow noi se can be obtained by interposing the nonmagnetic sgader between
the magnetic filnms. Table 3 Conposition 16 Coercive Force Noijse~tatomT™

%W Co O Pt Ta (Ce) ([err] gVrns) 8 80
13 6 1 2100 9.8 ... ... ...

?: 9. ....... . includes Co as a main component and is formed by a Co '
o 2
baky allby'maghet§c6f11mEé%EBE§t1ng of Cr, Tland Pti) 11ke tHe

first magnetic f£ilm 13.

Thus, the magnetic layer is divided into the ~
first magnetic film 13, the second magnetic f£ilm 15 and
the nonmagnetic spacer film 14. Such interposition of
phe n9nmag?etic spacer film 14 serves to reduce the
noiég:JTIn this case, a Cr alloy based nonmagnetic layer,
such as CrMo, CrV, CrMoZr, CrB, CrW, CrTa, CrSi, CrTi and
CrTiB, is suitable as the compbnent of the-nonmagnetic
spacer film 14. 1In particular; CrMo is desirable among
them. It is preferable that the content of tée other
element, such as Mo, in the Cr-based alloy falls within
the range between about 2 and 20 atomic %, taﬁing
consistency of the lattice constant with the magnetic
film into account.._It is suitable that the f£ilm
thickness of the spacer film 14 (the Cr based alioy £ilm)
falls within the range between about 20 and 150 A ,
taking a variety of magnetic characteristics of the
magnetic recording medium into consideration. In this
event, the film thickness of eaéﬁ_magnetic film 13 and 15
which is divided by the spacer film 14 may be identical
with each other or may be different from each other. -

- Subsequently, description will be made about a
first example according to the second embodiment

illustrated in Fig. 2.
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R £ R SR N L A 3 2 3490N 1993
S .
.......................................... 17 ...,
................................ 12 83 8 6 3 2050
9.8 ... e e e

....................... In the magnetic recording medium illustrated in

e e e e e e e gt e e e e e e s 13 76 . 15 6 2250
8.0 Exanpl e Fig. '2, 'COBt based magnetiocy;layer having the high

9.56 78 11 c%%rcf%e force (the first magnetic film 13 and the second

9.0 Conpar a- ta - the el e - - - .
Gy film 14 to8 re8d2uce13the 510135. The magnetic reci%%ing

10.0 :........ medium -is preferably -applicable for -a ‘MR -head - (magneto~-- "
.............. resistive head)and MR head (Yidht meyndtbo-resistive

900 17.0 ..

.......... head)..

Description will be made about a method of
ﬁan&faétu;ing the magnetic recording medium according to
the first example thereinafter.

First, a chemical reinforcement is made for an
aluminosilicate glass by an ion exchange method. A glass
substrate 11 of aluminosilicate glass is prepared which
has a diameter of 5 inches and a thickness of 0.9mm and
is chemically reinforced. Both principal surfaqes and
side surface of the glass substrate 11 are precisely
polished into a mirror surface having a surface roughness
(Ra) of about 5 A .

In this event, the glass which is chemically
reinforced by the ion exchange method is used as the
glass substrate 11, as disclosed in Unexamined Japanese
Patent Publication (JP-A) No. H5-32431. The above
chemically reinforced glass contains, by weight, 62-75 %

of Sio, %, 5-15 % of Al 03, 4-10 % of LiZO, 4-12 % of

2 2
Nazo, and 5.5-15 % of Zro2 as main components. Further, -
the weight ratio of NaZO/ZrO2 falls within the range

between 0.5 and 2.0, and the weight ratio of A1203/Zr02
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21 6 3 800 16. 0 SubsequdntTy, the
coercive force (Ce) and the noise ([err] Vrns) is represented Hy Ta?l1 m%gs
t he case that 27 the conposition of the first and second magn

I's changed in the eighth to thirteenth e%gnples and the sixth tlo 'eteventh
conpar ati ve exanpl es. The sputtering Is perforned in the sane nner as the .

[ Table 3 bl sition range o
the Cor Tap rESHaE: B HhS8 e FapPeshrfules, 5t foarsi Po g chenreane

formula to Obtéﬁgmigglfygggihforced glass.

Such a chemically reinforced glass substrate 11

is excellent in both heat-resistance and Knoop hardness
and further, can keep flatness without precipitation of
Na during a heat treatment.

The above glass substrate 11 is attached to a
substrate holder (pallet) and introduced into the known
in-line type DC magnetron sputtering apparatus. As shown
in Fig.TB;Nthe sputtering apparatus 100 is structured by
five chambers of a preparation chamber 110, a first
vacuum chamber 120, a second vacuum chamber 130, a third
vacuum chamber 140 and a preparation chamber 150. These
chambers are separated by separation plates 102, 105 and
ports 103, 104. The glass substrate 11 which is equiéped
on the pallet 101 moves from the lefthand side to the’
righthand side of the figure.

Next, the structure of each chamber will be
explained along the moving direction of the pallet 1oi
thereinafter.

The preparation chamber 101'serves to exhaust the
air into a vacuum. The first vacuum chamber 120, the
second vacuum chamber 120 and the third vacuum chamber
140 serve to carry out the spﬁttering process. The first
vacuum chamber 120 includes heaters 121la and 121b for
enhancing the coercive force of the magnetic material,

targets 122a, 122b of Al and targets 123a, 123b of Cr.
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recordi ng nmedi um having the high coercive force of 2000 (Ce) or _
the I ow noise of 10 ([err] Vrns) or |less where Al/C/CrM underlyidng | ayer

is used. [err] where X = 5-20 atonmic % Y = 3-16 atomc % Z -7 @ ¢nJAN 1998
% Where the conposition ratio departs fromthe above range, the high
coercive force can not be obtained and fuk?¥her, the noise beconps Targe.
Consequently, the magnetic recordi ng nedi um can not satisfy thelboth
characteristics of the higp coercive force and the | ow noi se. The

preferabl e conp&i SESPIRYRSIW Ghambak 130 dnelikinm lamp herters hk3la

et i ' ' : her he C M alloy is exenplified
gggtn ﬁg' ¢ layer a'n% qf3 1% %loq:gli%\plr@/v%rng Ec_%ret c%e’rctiv% force of y'r.he magnrg)tic

material, targets 132a and 132b of Cr, targets 133a and
133b of CrMo, targets 134a and 134b of CoCrTaPt, targets
135a and 135b of CrMo and targets 136a and 136b of
CoCrTaPt. The third vacuum chamber 140 includes tardets
141a and 141b of C (carbon). The final preparation
chamber 150 serves to exhaust the air into a vacuum, like
the preparation chamber 110.

w TQ; pallet which is equipped with the glass
substrate 11 is first introduced into the preparation
chamber 110. The preparation chamber 110 is exhausted
from the atmosphere pressure to a degreé of vacuum in thel
first vacuum chamber 120. Thereafter, the pallet 101 is
introduced into the first vacuum chamber 120 by opening
the separate plate 102. The glass substrate 11 on the
pallet 101 is’'heated by the lamp.heaters 121a and 121b at
375 C for two minutes in the first vaduum chamber 120.
Thereafter, the pallet 101 is tranéferred at the moving
rate of 50 cm/min to pass between the Al targets 122a,
122b and the Cr targets 123a, 123b in the discharge
condition. Theréby, the first underlying layer 12a of Al
(the film thickness of 30 A ) and the second underlying
layer 12b of Cr (the film thickness of 300 A ) are
successively deposited on the both surfaces of the glass
substrate 11 in accordance with the order of the arranged

targets. In this event, an ultimate pressure inside the
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third underlying |layer 12c and the nonmagnetic spacer film 14 in the above
exanpl e, but the sanme result was obtained when Cr alloys such as CrV, CrTa
and CrMbZr are used instead of the CrMd., In addition, a texture |ayer,
nanely, an irregularity formng |layer for adjusting the surface 28
roughness of the magnetic - recording nedi&ﬂlnay be fornmed between the gl ass
substrate and the magnetic | ayer or on the nagnetic |ayer to prevent the

adsorption between the nagnetic.recordi ng medi um and t hg magneti c_head and
i nprove CSS (c%ﬁf%%tvg?%P g Gmg?Spizau?gb§?Ft§9 Pn*t hPs Torr or less,

and the sputtering is performed at 4 mTorr by introducing
Ar gas. In this condition, the grain size of the Cr
underlying layer (the second underlying layer 12b)
becomes 300 A .

Subsequently, the pallet 101 is transferred to
the second vacuum chamber 130 via the port 103 to heat
the substrate 11 by the heaters 131la and 131b. 1In this

event, the heating is performed at 350 °C for one minute.
| ;”.HTh;reafter, the pallet 101 passes between each
target (Cr targets 132a and 132b, CrMo targets 133a and
133b, CoCtTaPt targets 134a and 134b, CrMo targets 135a
and 135b, CoCrTaPt targets 136a and 136b) in the
dischargeicondition at the moving rate of 50 cm/min. The
second underlying layer 12b (the film thickness of 300
X ) of Cr, the third underlying layer 12b (the film
thickness of 300 A ) of CrMo, the first magnetic film 13
(the film thickness of 120 A ) of CoCrTaPt, the
nonmagnetic spacer f£ilm 14 (the film thickness of 50 A )
of CrMo and the second magnetic £ilm 15 (the film
thickness of 120 A ) of CoCrTaPt are successively
deposited on the both Surfaceslof the glass substrate 11
in accordance with the order of the arranged targets.

In this event, the composition of the CrMo
targets of 133a, 133b, 135a and 135b is set to, by atomic

%, 94 % of Cr and 6% of Mo. Further, the composition of

CoCrTaPt targets of 134a, 134b, 136a and 136b is set to,
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cése, It is desirable that an average surface roughness Ra of the _
irregularity formng layer falls within the range between 10 and 50 A, and
nore preferably between 10 and 30 A . Were Ra is less than 10 A, the
magnetic recordi ng medi um adsorbs the magnetic head because the magnetic
recording mediumis absolutely flat. Therdby, the magnetic head and the
magneti c recordi ng nmedi um are undesirably damaged. In addition, a head
crash occurs by the a?sorption. As a result, fatal danmages occur for the

magnetic head 3¥d2tREFadnet’i®® P@EGPdi ﬂé*lrrﬁ'éi Gﬁﬁt- @?etgfg?i @dr i&;?}dfl \rﬁ]he-re

i cxcecds, 50 Arn, ik e U RERIRER L S0 Sduce L ecordl

bt hat VHEGRH aAbed 330°48' Kot k878" X {5 Fo3E QRY the ' °
sputtering is performed at 2 mTorr by introducing the Ar
gas.

Subsequently, the pallet 101 is transferred to
the third vacuum chamber 140 via the port 104 to pass the
pallet 101 between the C targets 141 and 141b in the
discharge condition in the third vacuum chamber 140 at
the Eb&iné¢rate of 50 cm/min. Next, the protection layer
16 of carbon (the film thickness of 150 A )is deposited
on the second magnetic film 15 of CoCrTaPt. 1In this
event, the protection layer 16 is formed by sputtering
Qith Ar gas and H2 gas (qzz 5%) in the third vacuum
chamber 140. Finally, tﬁe lubricant layer 17 is
deposited to the thickneés of 20 ‘A by dipping the
protection layer 16 with the lubricating material of
perfluoropolyether (AM2001 made by Montedison Pharma).

The coercivé force (Oe) and the noise (2 vrms) of
the above magnetic recording medium are represented by
the following Table 1. In this case, the coercive force
(Hc) was measured by cutting a sample of 8mm¢ from the
magnetic recording medium and applying a magnetic field
to the film surface direction. Such a measurement was
performed with the maximum external applying magnetic -

field of 10 KOe by the use of a vibration sample type

magnetometer.
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o% the projection falls within the range between 100 and 500

REPL?&(!?EM‘E‘N’I73 SHEET

preferably between 100 and 300 Ain the case of the island-1li pr-o-ettoh-
Various kinds of materials and form ng net hods have been kno»m 2?1} hﬁ
irregularity formng | ayer and are not restricted. Metal s sughta J i!933
o, Ag, Nb, - Ta, Bi, Si, zr, Cu, Ce, Au,2%n, Pd, Sbh, Ge, My W._Ph and
aIons of them or oxide, nitrlde and carblde of these 29 tals and
al l oys can be used as the material of t |rr gularlty form frg—t-eyes-
Materials containing Al as a main conpo ch as a single substance of
A, -A
Film Structure of | Coercive Force Noise
Underlying Layer (Oe) (# Vrms)
1 Al/Cr/CxMo 2200 9.5
Example
2 Al/Crx/CrMo 2200 9.8
1 Al/Cr 1700 9.2
Compara- -
tive 2 Al/CrMo 2200 14.0
Example .
3 Cr/CxMo 2000 15.3

. Purther, the record/reproduce characteristic

(medium noise) was measured as following. Namely, a thin-

film magnetic head having a flying height of 0.

055 g m

was used for the magnetic disk. Under this condition,

the record/reproduce output of a line recording density

of 120 kfcl (line recording density 120,000 bit per one

inch) is measured in the condition that a relative rate

between the thin-film head and the magnetic disk 1s set

to 9.6 m/s. Further, a noise spectrum during recording

and reproducing signals was measured under a carrier

frequency of 23 MHz and a measuring bandwidth of 26 MHz

by the use of a spectrum analyzer. In this event,-the

thin-film magnetic head which is used in the above

measurement has a coll of 30 turns, a track width of

3.1/2.4 g m, and a magnetic head gap of 0.35/0.

the write/read side.

The coercive force (0Oe) and the noise

28 4 m on

(¢ Vrms) of

examples and comparative examples which will be described

thereinafter were measured in the above-mentioned manner.
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all oy, oxide Al and nitrogen Al are preferable. The surface ro ngPMEMENT SHEE
the projection height can be controlled by the material and th ont ent of
the the irregularity formng |layer and thernmal process conditidgn.| A t,emw%%
process due to chemical polishing, a texture process due to chgmjcal -

etchinng, and a texture process due to en@?gy beamirradiation gr
exenplified as the other formng nethod of the irregularity forjmng | ayer.

e otl ularity
Forming | ayer may be 157F6t ERBCTODFEORt HEONRORE! 1EYPE,BF %;%3%%52' ;y

- h 1 ¢ | h '
ecordi ng. densr e 1AL vebReflel Sh (LG bndar Y Hhe, afR a2 aEnErR: head
and the mgnetfﬁrg@c&&wﬂen&g'H%Q@&R&E&Aﬁﬁﬂg Byt BebPEafil! ghbhi ckness of

the irregularit
discharge of the CrMo target of the nonmagnetic spacer

film 14 and the CoCrTaPt target of the second magnetic
film 15 which were used in manufacturing the first
example. In this event, the_film thickness of the
CoCrTaPt magnetic layer was identical with the total film
thickness (240 A ) of the magnetic layer of the first
examﬁlé} éhe sputtering was performed in the same
condition as the first example except the above
condition. -

Further, three comparative éxamples were made in
addition to the above first and second examples. The
first comparative example was made by stopping the
discharge of the CrMo target to form only the Al/Cr
underlying layer in the underlying layer 12 of the first
example. The second comparative example was made_by
stopping the discharge-of the Cr iarget.to form only the
Al/CrMo underlying layer. The third comparative.example
was made by stopping'the dischargé of the Al target to
form only the Cr/CrMo underlying layer. The sputtering
is performed in the same condition_as the first example
except the above condition.

As seen from the Table 1, the magnetic recording
medium satisfies the both characteristics of the high

coercive force of 2000 Oe or more and the low noise of
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forming |layer where the irregularity formng layer is forned on the
magnetic layer. In particular, it is desirable that the C layer of the
second underlying |ayer has two layer structure, and the irregularity
form ng layer is interposed between the C layers. Further, a silicon oxide
(Si2) may be formed by dispersing colloidl silica fine grains in

tetraal koxy- silane diluted with an al cohol -based sol vent, coating and

baki ng the di spersed grains instead of the carbon/protection | ayer in the
exanpl e to funEPi-Bn (45 ViRe ) ogt Hess by pgdngr dldEa/ExMo a8 4e tirslerly-

Irregularity fgkgiggyg%y%%'the CoCrTaPt magnetic layer.

The grain size of the second underlying layer 12b
of Cr largely depends on the Ar gas pressure during
formation of the Al underlying layer and the Cr
underlying layer. Therefore, the characteristic was
measured by changing the Ar gas pressure as following.

In this event, the magnetic layer is the single layer of
the second example, and the composition of each film is
equait£6 ggat bf the first example.

The Ar gas pressure during formation of the Al
'underlying layer (the first underlying layer 12a) and the
Cr underlying layer (the second underlying layer 12b) is
changed into 3 mTorr (fourth compérative example), 5 ‘

mTorr (third example), 8 mTorr (fourth example), 10 mTor?
(fifth example), 12 mTorr (sixth example), 15 mTorr .
(seventh example), 18 mTorr (fifth comparative example).
Further, the grain size of the second underlying iayer
12b of Cr and the nolse of £he obtained magnetic
recording medium were investigated. The result of the
investigation is represented by Table 2.

In this case, the hoise was measured in the same
manner as the first example. The magnetic recording
medium in the first to seventh examples and the fourth
‘comparative example had the high coercive force of 2000
Oe or more. On the other hand, the coercive force of the

fifth comparative example was 1850 Oe.
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I n addi tion, although the nmagnetic recording nedi um has two

structure of the first magnetic film the nonmagnetic spacerTB , ! EﬁtgsHEEr
second magnetic film the magnetic recording nedium accordinpg fo this
invention is not linmited to this structure and may have the hapn@t{ ci&®49%8
bet ween three or nore magnetic fil ns. 25 WHAT IS CCAIMED | § 1. A
magneti ¢ recordi ng nmedi um having a substrate, conprising: a Jirst
underlying layer including Al formed on
Table 2
Gas Pressure | Grain Size of Noise
(mTorr) Cr Layer (A ) | (¢ Vrms)
Comparative 3 400 11.0
Example 4
1 4 300 9.5
3 5 250 9.3
Example 4 8 200 9.3
5 10 150 8.9
6 12 100 8.7
7 15 50 8.2
Comparative 18 20 8.9
Example 5

As seen from Table 2, the grain size of the Cr

underlying layer (the second underlying layer 12b) falls

within the range between 50 and 300 A by setting the gas

pressure to 4-15 mTorr during formation of the Al

underlying layer and the Cr underlying layer.

Consequently, the magnetic recording medium can satisfy

the both characteristics of the high coerdive force of

2000 (Oe) or more and the low noise of 10 (g Vrms) or

less.

When the gas pressure is less than 4 mTorr, the

grain size becomés large, and the grain sizes of the CrMo

underlying layer and the CoCrTaPt magnetic layer ‘also

become large in dependency upon the grain size of Cr.

Consequently, the noise exceeds 10 (4 Vrms) and the low

noise can not be realized.

On the other hand, when the

gas pressure exceeds 15 mTorr, the grain size becomes




séi d substrate; a second underlying |layer including Cr forned CBEPiACEMENTsGHEET
underlying |layer, said second underlying |ayer having a predetferfnmi ne
SN s

size; a third underlying |ayer of Cr alloy formed on said secqnt q@qe
| ayer; and a magnetic |layer of Co alloy fornmed on said third ynder

| ayer; the predeternined grain size fall®fg within the range fe
300 A 2. The nediumas clainmed in claiml, wherein: said sub<trate
conprises a glasg fubstrate 3. The medium as clained in clai mzZ, —Wererm

said first und®f ngb?EyEPes§F§é§ ?bz%r%ﬁeHQGaﬁrMﬂpEFﬁﬁylﬁingaléngass

substrate froqgentﬁgéngxég;giveiy small in dependency upon the gain

size of Cr. 'Consequently, distortion of the orientation
occurs in the f£ilm surface of the C axis of the crystal
grain of the magnetic layer 3. As a result, the coercive
force becomes less than 2000 Oe and thereby, the high’
coercive force can not be obtained. Although the
SPecific example is not described, an excellent magnetic
recording medium which has the high coercive force and
the Iow noise can be obtained by interposing the

nonmagnetic spacer between the magnetic films.

Table 3
Composition Coeréive Force Noise
' (atomic %)
Co|Cr | Pt | Ta (Oe) (¢ Vrms)
8{807}13 6 1 2100 9.8
-9 174 |13 6 4 2300 2.0
Example 10|75{14| 9| 2 2350 9.6
11 168 | 13| 11 3 2450 9.7
1283 8| 6| 3 2050 9.8
13|76 | 15 6 3 2250 8.0
Example 1173113 6 3 2200 9.5
6|78 |11 | 11 0 2000 15.9
Compara- 7 (73|13 8 1200 9.0
tive 8)182]13 2 3 1300 10.0
Example 9|67 |13 |17 3 900 17170
10 | 87 4 3 1200 14.5
11 | 60 | 21 3 800 16.0

Subsequently, the coercive force (Oe) and the

noise (4 Vrms) is represented by Table 3 in the case that
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magnetic |layer. 4. The nediumas clained in claim1, wherein: paJd T1T1ST
underlying layer has a filmthickness which falls within the rangezbﬁtqugga
10 between 100 A . 5. The nediumas clained in claim1, whereip:]sai ;
second underlying | ayer serves to adjust 9ra|n sizes of said thi'sd
underlying | ayer and said magnetic Iayer 32 6. The nediumfas clained in
claim1, wherein: said third underlying Iayer I ncl udes Cr and at Teast ong——

material sl eqhed 502 O QP £°0h .

and second magnetic films is
changed in the eighth to. thirteenth examples and the
sixth to eleventh comparative examples. The sputtering
is performed in the same manner as the first example.

As seen from Table 3, the preferable composition
range of the CoCrTaPt magnetic layer is represented by
the following chemical formula to obtain the magnetic
recording medium having the high coercive force of 2000
{Oe) or more and the low noise of 10 (x Vrms) or less
wheré'Ai/é¥/CrMo underlying'layer.is used.

€0100-x-y-z C¥x Fty Tay
where X = 5-20 atomic %, Y = 3-16 atomic %, 2 = 1-7
atomic %. |

Where the composition ratio departs from the
above range; the high.coeréive force can not be obtained
and further, the noise becomes large. Consequently, the
magnetic recording medium can not satisfy the both
characteristics of the high coercive force and the low
noise.

The preferablé compoéition range is the same as
the above case ﬁhere the magnetic layer is of a single
layer. Further, the CrMo alloy is exemplified as the
third underlying layer 12c¢ and the nonmagnetic spacer
film 14 in the above example, but the same result was
obtained when Cr alloys such as CrV, CrTa and CrMoZr are
used instead of the CrMo.

In addition, a texture layer, namely, an

irregularity forming layer for adjusting the surface



Mb, Zr, B, Si, zn, Ti, W V, Ta and Al. 7. The nedium as cl ai PLAGEMENT SHEET
1, wherein: said third underlying |ayer serves to substantiallly patch a
lattice constant of said magnetic layer with that of said thirf Lindet | JANJSYS
| ayer. 8. The nediumas clained in claim1, wherein: said thirgd pnderlying

| ayer- has a grain size which falls withi & he range between 50f and 300 A .
9. The nediumas clainmed in claim1l1l, wherein: said third underlying |laver

is formed by the Cr alloy selected froma group consisting of &M, CV and
CrMoZr. 10. ThECHEBPEAFaSEcthenPaInstirararerdingr Bediugamayt ber ormed

[ ' hi pner .t han sai d second_underlying | ayer.
underl'yi ng layﬁét%geg iﬂeeglass sugstrate and the m%gn%ticylayer or on

the magnetic layer to prevent the adsorption between the
magnetic recording medium and the magnetic head and
improve CSS (contact start and stdp) durability. In this
case, it is desirable that an éverage surface roughnéés
Ra of the irregularity forming layer falls within the
range between 10 and 50 A , and more preferably between
10 and 30 A . Where Ra is less than 10 A, the magnetic
recdfding-ﬁedium adsorbs the magnetic head because the
magnetic recording medium is absolutely flat. Thereby,
the magnetic head and the magnetic recording medium are
undesirably damaged. In addition, a head crash occurs by
the adsorption. As a result, fatal damages occur for the
magnetic head and the magnetic recordihg medium. On the
other hand, wheré Ra exceeds 50 A , a glide height
becdmes large to reduce the recording density..

The configﬁration of the irregularity forming
layer may be a successive texture film or discretely
island-like projections. It is suitable that the height
of the projection falls within the range betweén 100 and
500 A ,and more preferably between 100 and 300 A in the
case of the island-like projection.

Various kinds of materials and forming methods
have been known about the irregularity forming layer and.
are not restricted. Metals such as Al, Ti, Cr, Ag, Nb, -
Ta, Bi, Ssi, Zr, Cu, Ce, Au, Sn, Pd, Sb, Ge, Mg, In, W, Pb

and alloys of them or oxide, nitride and carbide of these



11. The nedium as clainmed in claim 1, wherein: said magnetic | yEIPLAEEMENT SHEE}

formed by the Co alloy which contains Co as a main conponent amd | ch
includes Cr, Pt and Ta. 12. The mediumas clained in claim11, 2g¥§n%AN 1398

said magnetic |ayer has conposition which,js represented by th
chem cal fornula: [err] where X falls witHin the range between}5 and 20, Y
falls within the range between 3 and 16, Z falls wthin the

between 1 and fetBY s254F G1%oys can be used as the material of the

irregularity forming layer. Materials containing Al as a
main component such as a single substance of Al, Al
alloy, oxide Al and nitrogen Al are preferable.

The surface roughness and the projection height
can be'controlled by the material and the content of the
the irregularity forming layer and thermal process
condition. A texture process due to chemical polishing,
a texture process due to chemical etching, and a texture
process”dﬁe io energy beam irradiation are exemplified as
the other forming method of the irregularity forming
layer. Further, the combination of these methods may be
used. The irregularity formiﬁg layer may be fqrmed under
or on the magnetic layer, and more preferably, may be
formed under the magnetic layer to approve the high
recording density. This is because the distance betweén
the magnetic head and the magnetic recording medium
becomes large with the film thickness of the irregularity
forming layer where the irregularity forming layer is
formed on the magnetic layer. In particular, it is
desirable that the Cr layer of the second underlying
layer has two layer structure, and tﬁe irregularity
forming layer is interposed between the Cr layers.

Further, a silicon oxide (Sioz) may be formed by
dispersing colloidél silica fine'grains in tetraalkoxy-
silane diluted with an alcohol-based solvent, coating and -
baking the dispersed grains instead of the carbon

protection layer in the example to function as the both



13. The nediumas claimed in claim 1, wherein: said magnetic |layer has a

| attice constant which is substantially equal to that of said third
underlying layer. 14. The nmediumas clained in claiml1, wherein: said
magnetic | ayer has a grain size which falls within the range between 50 and
300 A . 15. The mediumas clainmed in cladth 1, wherein: said magnetic |ayer
has a first nmagnetic filmformed on said third underlying |ayer, a
nonmagneti c spacer filmformed on said first magnetic filmand a second

magnetic fil mits MEPIRFSPRY ShiReand ithe Wereahbarbly uhPERIRI a1 ARETH n

c alm 15, wherel ' each oy o1 g 1S o oG TREL Lo LU BRuhg O
medium has two magnetic layer structure of the first
magnetic film, the nonmagnetic spacer film and the second
magnetic film, the magnetic recording medium according to
this invention is not limited to this structure and may
have the magnetic spacer between three or more magnetic

films.
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cc;'rrponent and which includes C, Ta and Pt. 17. The mediumas clained in

claim15, wherein: said spacer filmis a C alloy which is sel o
group consisting of CrM, GV and CrMZr. 18. The nmedium as cl m( C MEN.'&SHEET

claim1, furt mm protection |ayer fornmed on the gnetic

| ayer-. 19. Thﬂ* "mmned in clai M18, wherein: said pfjofec? jodAN 1998
| ayer conprises a carbdn filth 20. The mediumsd claimed in cllajm 1,

wherein: an irregularity formng |ayer is formed under said gheti1c Tayer J

to adjust a surface roughness of said
' WHAT IS CLAIMED IS:

1. A magnetic recording medium having a
substrate, comprising:

a first underlying layer including Al formed on
said substrate;

a second underlying layer including Cr formed on
said first underlying layer, said second underlying layer
having a p;edetermined grain size;

$5 third underlying layer of Cr alloy formed on
said second underlying 1ayef; and

a magnetic layer of Co alloy formed on said third
under laying layer; |

the predetermined grain size falling within the _
range between 50 and 300 A .

2. The medium as claiméd in claim 1, wherein:

said'substrate comprises a glass substrate.

3. The medium as claimed in claim 2, wherein:

said first underlying layer serves to prevent an
impurity of said glass substrate from entering into said
magnetic layer.

4. The medium as claimed in claim 1, wherein:

sald first underlying layer has a film thickness
which falls within the range between 10 between 100 A .

5. The medium as claimed in claim 1, wherein:

said second underlying layer serves to adjust
grain sizes of said third underlying layer and said

magnetic layer.



34 rredl um 21. A magnetic recording ne wn trate, WEMM SHEET
a C underlying layer formed over sal d K mnli”ﬂm und ying layer
having a first grain size; a C alloy unterdyitng®l ayer+Ttor ned jon sglp .ﬁN 1998
underlying layer, said C alloy underlyi g | ayer having a second grain size
and first lattice constant; and a magneti3@ | ayer of Co alloy f rred—om-sard
Cr alloy underlying layer, said magnetic |layer having a third jgrain size
and a second lattice constant; the second and third grain sizes dependl ng
on the first grain siz8-soThe medium ae fbrimedi ha eiadm Andwbereds:l attice

constants being

said third underlying layer includes Cr and at
least one material selected from a group consistihg of
Mo, zr, B, Si, Zn, Ti, W, V, Ta and Al.

7. The medium as claimed in claim 1, wherein:

. said third underiying layer serves to
substantially match a lattice constant of said magnetic
layer with that of said third underlying layer.

8.’ The medium as claimed in claim 1, wherein:

‘éaid third underlying layer has a grain size
which falls within the range between 50 and 300 & .

9. The medium as claimed in claim 1, wherein:

said third underlying layer is formed by the Cr
alloy selected From a group consisting of CrMo, CrV and
CrMoZr. |

10. The medium as cléimed in claim 1, wherein:

sald third underlying layer is thinner than said
second underlying layer.

11. The medium as claimed in claim 1, wherein:

sald magnetic layer is formed by the Co alloy
which contains Co as a main component and which includes
Cr, Pt and Ta.

12. The medium as claimed in claim 11, wherein:

said magnetic layer has composition which is
represented by the following chemical formula:

C0100-x-y-z C¥x Pty Tay

where X falls within the range between 5 and 20, Y falls

within the range between 3 and 16, 2 falls within the



v v

substantlally identical with each other in order to inprove c

: oo
22. The mediumas clainmed in claim21, wherein: the first grain REPL“BE I SHEET
wi thin the r nd 300 A .. 23. A nethod of manuf fcfurjng a '
magnetic re m “mmﬂmmmﬂl ng a substrate, conprising the ft 3pj EfJAN 1998
depositing a4i1rest tunderfyihg | ayer |ncI%ﬁ|ng Al under a firsf bBputiering
condition; depositing a second underlying layer including C pn said first

——ry

underlylng | ayer under the flrst sputtering condition;
range between , by atomic %.

13. The medium as claimed in claim 1, wherein:
sald magnetic layer has a lattice constant which
is substantially equal to that of said third underlying
layer.
14. The medium as claimed in claim 1, wherein:
said magnetic layer has a graln size which falls
within the range between 50 and 300 A .
;5. The medium as claimed in claim 1, wherein:
:said magnetic layer has a first magnetic film
formed on said third underlying layer, a nonmagnetic
spacer film formed on said first magnetic film and a
second magnetic filﬁ formed on said spacer film.
16. The medium as cla}med in claim 15, wherein:.
each of said first and.second magnetic films is
formed by a Co alloy which coniains Co as a main
component and which includes Cr, Ta and Pt.
| 17. The medium as claimed in claim 15, wherein:
saild spacer film is a Cr alloy whiéh 1s selected
from a group éonsisting of CrMo; civ and CrMoZr.
18. The medium as claimed in claim 1, further
comprising:
a protection layer formed on the magnetic layer.
19. The medium as claimed in claim 18, wherein:
saild protection layer comprises a carbon film.
20. The medium sd claimed in claim 1, wherein:
an irregularity forming layer is formed under

sald magnetic layer to adjust a surface roughness of saild



d%ﬁositing a thitdundertying tayer of G alloy on said second underlying

| ayer by sputt qligsier st 1 Ng a magnetic layer of Co alloy on said
third underlyi aulmumrlmgﬂﬂgllsecond sputtering condition; the first
sputtering conditien knchudsngs an inactive gas pressure of 4-15 nmforr,
whil e the second sputtering condition indBuding an inactive gas pressure of
0.5-6 mlorr. 24. A nethod as clainmed in claim23, wherein: said second
underlying layer has a grain size which falls within the range between 50
and 300 A. 25medEet hod as claimed in claim23, wherein: said third

underlying | ayer includes C and at
ytng y 21. A magnetic recording medium having a

substrate, comprising;

a Cr underlying layer formed over said substrate,
sald Cr underlying layer having a first grain size;

a Cr alloy underlying layer formed on said cr
underlying layer, said Cr alloy underlying layer having a
second grain size and first lattice constant; and

a maghetic layer of Co alloy formed on said Cr
alloy”uhderlying layer, said magnetic layer having a
third grain size and a second lattice constant;

the second and third grain sizes depending on the
first grain size so as to reduce noise;

the first and second lattice constants being
substantially identical with each other in order to
improve coercive force.

22. The medium as claimed in claim 21, wherein:

the first grain size falls within the range
between 50 and 300 i .

23. A method of manufacturing a magnetic
recording medium having a substrate, comprising the steps
of; ' |

depositing a first underlying layer including Al
under a first sputtering condition;

depositing a second underlying'layer including Cr

on said first underlying layer under the first sputtering

21 JAN 1998

condition;

S



-

| east one material selected froma group consisting of M, Zr, B, Si, Zn,
Ti, W V, Ta and Al. 26. The nethod as clained in claim23. wherein: said
magneti c | ayer has conposition which is represented byT‘”ﬂ!ﬂHﬂ'ﬂﬂmﬂm, .
chemcal fornula: [err] where X falls within the range A Y
falls within the range between 3 and 16,3% falls within the rang® bbtveen 1
and 7, by atomc % 27. The nmethod as clainmed in claim23, wherein: said

magneti ¢ recordi ng medi um has coercive force not smaller than 2000 Ce and
noi se not greater thafeRP¥riNg \# iird underlying layer of Cr alloy

on said second underlying layer by sputtering; and

depositing a magnetic layer of Co alloy on said
third underlying layer under a second sputtering
lcondition;
the first sputtering condition including an.
inactive gas pressure of 4-15 mTorr, while
the second sputtering condition including an
inactive gas pressure of 0.5-6 mTorr.
" 24. A method as claimed in claim 23, wherein:
sald second underlying layer has a grain size
which falls within the range between 50 and 300 A .
25. The method as claimed in claim 23, wherein:
said third underlying layer includes Cr and at
least one material selected from a group consisting of
Mo, Zr, B, Si, 1Zn, Ti;_W, V, Ta and Al.
26. The method as claimed in claim 23, wherein:
salid magnetic layer hés composition which is
fepresented by the following chemical formula:
Co100-x-v-z C¥x Pty T2z
wheré X falls within the range between 5 and 20, ¥ falls
within the range between 3 and 16, Z falls within the
range between 1 and 7, by atomic %.
27. The method as claimed in claim 23, wherein:
'said magnetic recording medium has coercive force

not smaller than 2000 Oe and noise not greater than 10

M VrIms.
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36
MAGNETIC RECORDING MEDIUM AND METHOD OF MANUFACTURING THE
) - SAME

ABSTRACT

In a magnetic recording medium, a first underlying layer (2a) including A1l is
formed on a glass substrate (1). Further, a second underlying layer (2b) including Cr is
formed on the first underlying layer (2a). In addition, a third underlying layer (26) of
Cr alloy is formed on the second underlying layer (2b). Finally, a magnetic layer of Co
alloy (3) is formed on the third underlaying layer (2c). In this event, the grain size of
the second underlying layer (2b) falls within the range between 50 and 300 A. The
crystal growth of the magnetic layer (3) is reflected by the second underlying layer (2b)
so that the grain size of the magnetic layer also falls within the range between 50 and
300 A. |
Fig. 1
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