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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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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 becomes large. The number of urys}al

grains wherein C 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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To solve auch a problem, another suggestion has
'been made in Unexamined Japanesz Patent Publication
(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
to that gf the underlying layer. Ag a result, the high
coercive'force oan be obtained according 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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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 ei2e¢ of the zecond u_nde_rlying
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 sizas fall
within the range between 50 and 300 A . Ag a result, the
low noise can 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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Pig. 2 18 a scha?atic cross sectlonal view of a
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 laveantion.

Daescyiption 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.

c°1oo—x—!—z Crx Ptg Iaz (1)
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where X, ¥ and 2 represent a composition ratic of
each compénent by ats. Hersin, it is to be notad 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
glass, asilicate glase, scda-lime glass, and 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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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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underlying layer 2h 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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constants with eabh other. CrMo, Cxv, Cr2r, CzMoZr, Crh,
CzW, CrTa, CrTi, CxrTiB and CxSi and the like are
exemplified as the component 9f the third underlying
layer 2¢. Among theﬁ. tiae CrMo alloy is preferable.

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
becomea large when the film thicknesg of the third
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¢,
such as CrMo, which directly contacts with the magnetié,
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 cohtained. It 15 desirable

that Cr falls within the range between 5 and 20 at%, Pt
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falls within the range betwaen 3 and 16 atd and Ta falls

|
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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 lowered and thereby,‘the cogreive forxes
and the revord/reproduce characteristics (particularxly,
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.

The protection layer 4 which is dapogited on the

magnetic layer 3 protects the magnetic layexr 3 f£rom

destruction which might occur due t0 & 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, SiC, S1-O-N and S1-0-C is used as the protection

layer 4. Alternatively, a multi-~film consisting of the
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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 E
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 necessaxy. 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 § falls within the range between 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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thicknera exeeeda 30 A , -the abrasion 1ls increased and

-
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further, the magnetic head may adsorb to the lubricant
layer 5. 1In this case, the lubricant layer S.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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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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The third uwnderlying layer 2c is formed by

14

adjusting the sputtexing condition of the inactive gas

pregsure 80 as to xveflect the grain slize of the second

. 9
underlying layer 2b and match the lattice constant of the

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
&epogitnd under the gam@ condition as that for depoasiting
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 layer 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 mPTorr 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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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,

\ﬁts
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the second magnetic f£ilm 15 is deposited'ou 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 £1ilm 13.

Thus, the magnetic 1ayer is divided into the °*
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
CxrTiB, 1s suitable as the component of the nonmagnetic
apacei £ilm 14. In particular, CrMo is desirable among
them. It ig preferable that the cont.en‘r. 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 gpacer £4lm 14_(the Cxr based alloy £ilm)
falls within the range between about 20 and 150 X ,
taking a variety of magnetic charactaeristics 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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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 alnn head (magneto-
resistive head)and a GMR head (giant magneto—resist;ve
head) . _ ~

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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falls within the range between 0.4 and 2.5 in the above

18

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 vacuum. The f£irst 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.

THIS SHEET HAS BEEN | .
REPLACED _

© et mmmarie



This Sheet Has Been Replaced

il

T

The second vacuum chamber 130 includes lamp heatera 131la

and 131b for improving the coerclve 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

Fms
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§ Torx or less,

£1r3£ vacuum chamber 120 is set to 5 X 10
and the sputtering_ls 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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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 .
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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Table 1

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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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
CoCriaPt magnetic layer was identical with the total film
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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10.0 (2 Vrms)or less bj using Al/Cr/CrMo as the underly-
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
(f1fth example), 12 mTorr (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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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
Comparative 18 20 8.9
Bxample 5

As seen from Table 2, thé 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 (De) or more and the low noise of 10 (£ Vrms) ox

less.

When the gas pregsure 1is less than 4 mToryr, the

grain size becomes large, and the grain sizes of the CxMo

underlying layer and the CoCrTaPt magnetic layer also

become large in dependency upon the grain size of Cr.

Consequently, the nolse exceeds 10 (u Vymg) and the low

noise can not he realized.

gas pressure exceeds 15 mTorr,
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small, but the grain size of the CrMo underlying layer
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hecomes excessively small in dependency upon the gait}'
size of Cr. Consequently, distortion of the 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 becom@s 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) (1 VYrms)
g8laoja3 ] 2100 9.8
9174113 6] 4 2300 9.0
Example 1075 (14| 9| 2 2350 9.6
13{68|23({12} 3 2450 9.7
12/83 a8l 6| 3 2050 | 9.8
13|76 151 6] 3 2250 h 8.0
Example 13173}13 6 3 2200 9.5
6]78{11|11} O 2000 15.9
Compara- 7173(13| 6] 8 1200 3.0
tive gl82{t3| 2| 3 1300 10.0
Example gle7 {1317 3 300 17.0
1087 af 6 3 1200 14.5
(11|60 |21} 6| 3 800 16.0
H : . |

Subseguently, the coercive force (Oe) and the

noise (# Vrms) is represented by Table 3 in the case that
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the composition of the first and second magnetic films 1is
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-v-z “Fx Pty Ta,
where X = 5-20 atomic %, ¥ = 3-16 atomic %, Z = I1-7
atawic %, |
' 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
nolse. ' v
fhe ppefe:ablé composition range i1s 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 ingtead of the CrMo.

In addition, a texture layer, namely. an

irregularity forming layer for adjusting the surface
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roughnecs of the magnatice racording medium may be fofhed

28

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 layer and' i

are not restricted. Metals such as Al, T4, ¢r, Ag, Nb,

Ta, Bi, S§1, Zr, Cu, Ce, Au, 8n, Pd, Sb, Ge, My, In, W, Ph

and alloys of them or oxide, nitride and cazbide of these
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metale andg alloys caan be uged as the material of the

29

irregularity forming layer. Materials containing Al as a

main component such as a eingle subgtance of Al, A

alloy, oxide Al and nitrogen Al arxe preferable,

The surface roughness and the projection heighe
cah be controlled by the material and the content of the
the irregularity forming layer and thermal process '
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 layer 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 (siozj may be formad by
dispersing colloidal 8ilica fine graing 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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the protection film and the irregularity forming layér.

" In addition, although the magnetic recording
medium has two magnetic layer structure of the firat
magnetic f£ilm, the honmagnetic spacer film and the second
magnetic £11m, the magnetic recoxrding medium according to
this invention 1s not limited to this gtracture and may

have the magnetic spacer between three or mogze magnetic

GG
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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

e

magnetic layer.
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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 selected 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 layer.
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:

€0, 00-x-y-z ETx Pty Ta,

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

.within the range between 3 and 16, Z falls within the
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range between 1 and 7, by atomic 3, -

13. The medlum as claimed in claim 1, wherein:

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: _

a2 protection layer formed on 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
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medium.

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

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

a Cr alloy underlying layer formed on aaid Cx
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, gaid magnetic layer having a "
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 and second lattice constants being
substantially identiecal with each other in order to
improve coercive force.

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

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

23. A method of manufacturing a magnetic
Yecording medium having a substrate, compriging the steps
.of; | v

.depositing a first underlying layer including Al

-under a first sputtexing condition;

depositing a second underlying layer including Cr

on sald firse underlying layer under the firgt sputtering

condition;
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depositing 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
condition;

the first sputtering condition includlng an
Inactive gas pressure of 4-15 mTorr, while

'the seaond sputtering condition ineluding an
inactive gas 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, #, Vv, Ta and Al. "

26. The method as claimed in clain 23, wherein:

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 Vrma.
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