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GLASS SUBSTRATE FOR MAGNETIC RECORDING MEDIUM,
MAGNETIC RECORDING MEDIUM, AND |
METHOD OF MANUFACTURING THE SAME

Backeround of the Tnvention:

This invention relates to a glass substrate for use in a
magnetic recording medium, such as, a hard disk, a magnetic
recording medium having the glass substrate, and 2 method of
manufacturing the magnetic recording medium and the glass
substrate.

An interface between a magnetic head and a magnetic disk has
become a key technology for improving recording capacity in a
techmeal field for magnetically recording (writing) and reproducing
(reading). '

1t is necessary to excessively reduce a flying height of the
magnetic head which is float over a surface of the magnetic éisk to
improve recording density.

.However, when the record/reproduce (write/read) operation is
carried out in the known CSS (Contact Start Stop) msthod, the

.ggnetic head often sticks to the magnetic disk with a low flying
heiEHt‘of--’ehedmagneﬁr:‘heaTt Herein, it is to be noted that this
phenomenon is generally called "head stiction”.

Suggestions conventionally have been made about a variety of
texture techniques to prevent such stiction of the magnetic head. A

representative suggestion has been made about 2 method of forming a
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surface of an AUNIP plating substrate into a rough surface by

2

mechanieally polishing (mechanically texturing) the surface in
Japanese Unexamined Patent Publication (JP-A) No. Sho. 62-2736189.
Further, another suggestion has been made about a method of
depositing a thin-film having the rough surface on 2 glass substrate
by the use of the known sputtering process in Japanese Examined
Patent Publication (JP-B) No. Hei. 4-62413 or a method of forming

- the rough surface by the use of the chemical etching process in
Japanese Examined Patent Publication (JP-B) No. Hei.7-101507

when the glass substrate is superior in flatness in comparison with an
aluminum substrate.

In the meanwhile, a glide beight recently bas reached 1.2
L inch or less to improve the recording capacity.

However, the method of forming the texture, which has been
conventionally suggested and described above, is the texture
technique on the condition that the glide height is equal to about
8 4inch,

Therefore, even when the conventional texture forming method
is applied for the recent magnetic disk which records (writesi and
reproduces (reads) with the low flying height, it is difficult to obtain
the magnetic disk which simultaneously satisfies sufficient electro-

. magnetic conversion characteristic and stiction preventing effect of

the magnetic head.

_ In this gg._aeft—he conventional glide height was equal to about 8

-

¢ inch. Therefore, the surface state (the surface morphology) of the
magunetic disk (the substrate) could be sufficiently evaluated by the
known thally step. Herein, the surface roughness is measured by

scanning a contact needle having radius of several Zm (for example,
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2.6 um) along the surface. .
However, when the flying height becomes 1.2 1 inch or less
(1 inch = 25.4 mm) which is recently required, it is difficult to judge

whether or not the surface state of the glags substrate can realize

" prevention of the stiction of the magnetic head by the use of the

conventional thally step.
Summary of the Invention:

It is therefore an object of this invention to provide a

_magnetic recording medium and a glass substrate for the magnetic

recording medium which has a glide height of 1.2 £ inch or less and
which is capable of realizing high electro-magnstic characteristic (bigh
memory performance) and high CSS durability characteristic.
Inventors have paid attention to specify the surface state of
the glass su'bé’crate by the use of the interatomic force microscope
(AFM) in order to evaluate the surface state of the glass substrate.
This is because it is impossible to identify whether or not the surface
state of the glass substrate is suitable, since the resolution is low in
the conventional measuring method using the contact needle method,
Based upon the above-mentioned evaluation methodi, it has
been confirmed that height and distribution (namely, variation of the
beight) of each projection of fine roughness, which are formed on a

. principle surface of the glass substrate, are important factors to

achieve the above purpose.

Further, as a result of various experiments, it has been found

. —— —

—~~Gut that the glass substrate surface as 2 target or a goal can not be

obtained unless specific polishing condition and surface process

condition are properly combined, This invention is performed base

upon this analyzed result.
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(First invention)

In the glass substrate for use in the magnetic recording
medium according to the first invention, when the surface roughness
of at least the principal surface of the glass substrate is measured by
the use of the interatomic force microscope (AFM), Ra (center-line
mean roughness) falls within the range between 0.2 and 2.6nm, Rmax
(maximum height) falls within the range between 3 and 25 nm, and
Rmax/Ra falls wathin the range between 3 and 35.

(Second invention)

In the glass substrate according to the first invention, a
surface parallel to a virtual principal surface is defined as a contour
surface when it is agsumed that the principal surface of the glass
substrate is completely flattened,

whgn the roughness formed on the principal surface is cut by
the use of the contour surface (a surface which is structured by the
same heiglit components), a percentage rate of a total area of the
principal surface for sum of areas of the cut cross sectional surface is
defined as 2 bearing ratio, —

the contour gurface having the bearing ratio of 50 % i's defined
as a referential surface,

each distance from the referential surface to each contour

 surface having each bearing ratio is specified as a bearing height,

the bearing height of the contour surface having the bearing
ratio of 2.5 % is defined as B.H.(2.5) while the bearing height of the

\contour surface havmg the bearing ratio of 5.0 % is defined as B.H,

—_——

(5.0), and

B.H. (2.5)/Rmax falls within the range between 0.1 and 0.5 or
B.H. (5.0)/Rmzax falls within the range between 0.1 and 0.45.
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(Third invention)

In the glass substrate according to the first invention, the
surface roughuness of at least the principal surface is measured by the
use of the interatomic force microscope (AFM),

Rmax falls within the range between 5 and 25 nm, and

. B.H. (2.5)/Rmax falls within the range between 0.1 aﬁd 0.5 or
B.E. (5.0)/Rmax falls within the range between 0.1 and 0.45.

(Fourth invention)

_ In the glass substrate according to any one of the first through
the third inventions, the glass substrate contains at least alkali metal
oxide and alkali earth oxide, and

the content of alkali earth oxde is not exceeding 3 mol %.

(Fifth mvention) _

In the glass substrate according to any one of the ﬁrsi;
through the fourth inventions, the glass substrate is used for a
magnetic disk which has a glide height having 1.2 4 inch or less.

(Sixth invention)

In 2 magnetic recording medium according to the fifth
invention, at least a2 magnetic layer is formed on the prindpa'l surface
of the glases substrate of any one of the first through the fifth
inventions.

(Seventh 'invention)

A method of manufacturing a glass substrate which is for use
in a magnetic recording mediﬁm, comprising the steps of:

preparing a glass member in which Ra falls within the range
between 0.1 and 1.0 nm when a surface roughness of a principal
surface of the glass member is measured by the use of the interatomic

force microscope (AFM), and
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chemically processing the surface so that Ra falls within
the range between 0.2 and 2.5 nm, Rmax falls within the ranpge
between 3 and 25 nm, and Rmax/Ra falls within the range between 3
and 35.

(Eighth invention)
- A method of manufacturing a glass substrate which is for use
n a magnetic recarding medium, comprising the steps of:

preparing a glass member in which Ra falls within the range
between 0.1 and 1.0 nm when a surface roughness of a principal
surface of s2id glass member is measured by the use of the
interatomic force microscope (AFM), and

processing at least the principle surface by the use of
hydrofluosilic acd.

© (Ninth invention)

A method according to the seventh or the eighth invention,
further comprising the steps of |

polishing at least the principal surface by the use of abrasive
materiel containing free abrasive grain having grain diameter
between 0.3 and 3.0 L m before the chemical surface process or the
surface process due to the hydrofluosilic acid.

(Tenth invention)

In a method according to the ninth invention, the chemical
surface process or the surface process due to the hydrofluosilic acid
processes the surface so that a portion having relatively high
remaining distortion forms an island or peak in remaining stress
distribution which is generated at a portion of abrasive trace due to

the abrasive grain in the polishing step of the glass member.

o vt
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(Eleventh invention)

In a method according to any one of the eighth through the
tenth inventions, the hydroflucsilic acid has concentration between
0.15 and 8.0 by weight %,

(Twelfth invention)

In a method according to any one of seventh through ﬁinth
inventions, the glass constituting the glass member contains at least
alkali metal oxide and alkali earth oxide, and content of the alkali
earth oxide is not exceeding 3 mol %.

(Thirteenth invention)

In a method according to the twelfth invention, the glass
constituting the glass member contains SiO, between 58 and 75
weight %, ALO, between 5 and 23 weight %, Li,O between 3 and 10
weight %, and N2,0 between 4 and 18 weight % as main components.

(Fourteenth invention)

In a method according to the thirteenth invention, the glass
contains SiO, between 62 and 75 weight %, Al,O, between 5 and 15
weight %, 12,0 between 4 and 10 weight %, Na,O between 4 and 12
weight %, and ZrO, between 6.5 and 15 weight % as main COx;ZL‘pOIlentS,
and

weight ratio of Na,0/Zr0, falls within the range between 0.5
and 2.0 while weight ratio of Al,0,/ZrO, falls within the range
between 0.4 and 2.5.

(Fifteenth invention)

In a method according to any one of seventh through
fourteenth inventions, the step of chemically processing the surface or
a chemical reinforcement process (chemical strengthening process) is

carried out after the surface process due to the hydrofluosilic acid.
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(Sixteenth invention)

In a method of manufacturing a magnetic recording medium
according to the sixteenth invention, at least a magnetic layer is
formed on the principal surface of the glass substrate manufactured
by the method according to any bne of the seventh through the

ffteenth mventions, |
| (Seventeenth invention)

A method of manufacturing a glass substrate for nse in &
magnetic recording medium, comprising the steps of

specifying a surface state of said glass substmaf,e to xmprove
flying characteristic of a magnetic head at every kinds of the magnetic
head within a specific range Ra, Rmax and Rmax/Ra measured by the
use of the interatomic force microscope (AFM);

processing the surface of the glass substrate under various
surface processing conditions;

determining the surface processing condition so that Ra, Rmax
and Rmax/Ra measured by the use of the interatomic force microgcope
(AFM) after the process falls within the specific range; and

processing the surface of the glass substrate based upon the
determined surface processing condition.

According to the first invention, when the surface roughness
_ of at least the principal surface of the glass substrate are measured
by the use of the AFM, Ra falls within the range between 0.2 and
2.5nm, Rmax falls within the range between 3 and 25 nm, and
Rmax/Ra falls within the range between 3 and 35.

Thereby, the glass substrate for the magnetic recording medium,

such as, the magnetic disk has the glide height 1.2 zinch or-less
without the stiction of the magnetic head.
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Further, the glass substrate satisfies further high CSS
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durability characteristic in the magnetic disk using the CSS method.
Herein, it is to be noted that Ra and Rmax are center-line
mean roughness and maximum height specified by JIS B0601,
respectively,
* The value of Rmax measured by the AFM represents the
maximum height of the roughness formed on the substrate surface.
When Rmax is not exceeding 5 nm, the substrate surface substantially

becomes the mirror surface. This is not preferable because the

magnetic head is stuck to the surface of the magnetic disk. When the

' Rmax exceeds 25 nm, the glide height exceeds 1.2 ;2 inch. This is not

also desirable.

The ratio of Rmax/Ra measured by the AFM represents
distribution (veriation (uniformity)) regarding height of the island (the
peaks) in tﬂe roughness on the substrate surface and chanpes the
coefficient of friction. Therefore, this ratio is an important factor.

-"Inventors have found out that the variation regarding the
height of the island (peaks) of the roughness has a proper range to -
keop the glide height of 1.2 2inch or less and to realize the high CsS
durability characteristic.

When Rmax/Ra which represents the height distribution

. {variation) of the peaks is not exceeding 5, the xoughmess relatively

becomes uniform, the static coefficient of friction exceeds 3, and
contacting area with the magnetic head is increased to readily occur
the stiction. This is not preferable because the CSS durability
characteristic is degraded.

Further, when Rmax/Ra exceeds 35, the maximum height of the

peaks for the total average surface roughness becomes large.
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Thereby, the static coefficient of friction becomes 1 or less.

10

Although the contacting area with the magnetic head is
reduced, a load for the maximum peak becomes large. This is not
desirable because the head crash occurs.

The record/reproduce (write/read) method of the magnetic disk
comprises the CSS method and the load * unload (namely, lamp load)
method, For example, the surface roughness is controlled within the
range specified by Ra = 0.7~1.6 oam, and Rmax = 8~18 nm, Rmax/Ra =

'10~20 in the CSS method.

Oxn the other hand, the surface roughness is specifically
controlled within the range specified by Ra = 0.2~2.5 nm, Rmax =
3~10 nm ,and Rmax/Ra = 3~15 in the load * unload method.

As mentioned before, Rmax /Ra is a parameter which indicates
the distribution (variation (uniformity)) of the island (peak) of the
roughness on the substrate surface. It is certain to be able to o’btéin
the magnetic disk which has the glide height of 1.2 £inch or less and
which setisfies the high CSS durability characteristic by selecting the
predetermined range.

Howevez, the projection (peak) on the surface of the mamhc
disk, which directly contacts with the magnetic head, is practically a
high projection (pegk) corresponding to Rmax which is the maximum

. Projection(peak) height among the roughness on the substrate surface.

To control ratio (di_stribution) of the high projections (peaks) is
important to realize further low flying height and obtain the high CSS
durability characteristic.

Therefore, the ratio of B.H. /Rmax as the parameter, which
represents the ratio of the high projection (peaks) corresponding to

Rmax, becomes excessively important.
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According to the second and third inventions, the contour
surface having the bearing ratio of 50 % is defined as the referential
surface, and the height from the referential surface is specified as the
bean'né beight. Herein, it is to be note that the contour surface means
a surface which is structured by the same height components,

When the bearing height of the contour surface having the
bearing ratio of 2.5 % is defined as B.H. (2.5) while the bezaring height
of the contour surface having the bearing ratio éf 5.0 % 1is defined as
B.H. (5.0). .

In this event, B.H. (2.5)/Rmax falls within the range between
0.1 and 0.5 or B.H. (5.0)/Rmax falls within the range between 0.1 and
0.45. This is preferable because the low flying height is further
realized and the high CSS durabﬂitp; characteristic is obtained.

Herein, description will be made 'about the bearing ratio and

11

the bearing height.

In the roughness picture illustrated in Fig. 1, the surface
roughness on the principle surface of the glass substrate obtained
according to this invention were measured by the use of the -
interatomic force microscope (AFM).

Further, the surface roughness on a specific linear line on the
surface illustrated in Fig. 1 is represented in the measuring curve
. illustrated in Fig. 2.

4

Now, when it is assumed that the principal surface of the glass
substrate is completely flattened, the virtual principal surface is

defined and the swrface parallel to the virtual principal surface is
defined as the contour surface.

The contour surface, in which the distance from the virtual )

principal surface falls within the predetermined range, cuts roughness
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formed on the principal surface of the glass substrate.

A percentage rate 6f a total area of the virtual principal
surface for sum of areas of the cut cross sectional surface of the all
roughness cut by the contour surface is defined as the bearing ratio.

Further, the contour surface having the beanng ratio of 50 %
is defined as the referential surface and each distance from the
referential surface to the contour surface having each bearing ratio is
specified as the bearing height.

In this eveat, the above-mentioned bearing ratio is piotted in
the abscissa axis, and the vertical distance from the maximum point of
the contour si:rfaée, namely depth (bearing depth) is pibttedin the
vertical axis. This is called as the bearing curve.

In Fig. 3, the bearing curve of the surface roughness
illustrated in Fig. 1 is illustrated. Herein, the contour surfacs, which
is laid in the depth having the bearing ratio of 50%, is defined as the
referential surface.

. Further, the bearing height baving the bearing ratio of 2.5 %
is defined as B.H. (2.5) while the bearing height having the bearing”
ratio of 5.0 % is defined as B.H. (5.0). ‘

" In this case, when B.H. (2.5)/Rmax falls within the range
between 0.1 and 0.5 or B.H. (5.0)/Rmax falls within the range between
0.1 and 0.45, it has been found out to realize further low flying height
and obtain the high CSS durability characteristic.

The ratio of B.H./Rmax measured by the AFM relatively
represents the rate (distribution) between the height in one bearing

value and the maximum projection height, and deeply relates with the
projection density.
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The inventors have found out as a result of a variety of
experiments that the valueof the B.H. /Rmax in the bearing ratio of
2.6% and 6% closely relates with the CSS durability and the static
coefficient of friction. Namely, when B.H. (2.5) /Rmax and B.H. (5.0)
/Rmax are not exceeding 0.1, respectively, the coefficient of friction due
to sliding is increased and the CSS dura;bility is lowered. o

Further, when the B.H. (2.5)/Rmax and B.H. (5.0)/Rmax
exceeds 0.5 and 0.45, respectively, the coefficient of friction exceeds 3.
This is not preferable.

In this case, the surface having the bearing ration of 50 % in
the bearing curve is defined as the referential surface. However, this
defines the referential surface of the bearing height, and the value of
the arbitrary bearing ratio in the bearing curve may be adopted as the
referential surface.

However, when the bearing ratio is 50 %, it is ﬁreferable
because the referential surface is a central surface between the island
(peaks) and the concave portion in the roughness on the principal
surface of the glass substrate. -

Further, the value of the bearing height (B.H.) is selected to
the bearing ratio 2.6% and 5% from the following reason. Namely, the
density ratio of the island (peak), which has the height corresponding
. to the maximum surface roughness that contacts with the magnetic
head in the corrésp onding relationship with the low flying height
required for the mdgneﬁc digk, the low coefficient of friction and the
high CSS durability, can precisely identified.

In Table 1, 2 plurality of (four) magnetic disks, which had the
" predetermined density of the island (peaks) measured by the use of
the AFM, were prepared. Herein, the number of the islands (peaks)
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was 380 in the disk A, 96 in the disk B, 64 in the disk C, and 0 in the
disk C when the disk was sliced with 6 nm from the centex line of the
surface roughness. In this condition, B.H/Rmax was caleulated when
the bearing ratio was set to 0.025%, 0.25%, 2.5%, and 25%,
respectively. Table 1 represents the calculated results.

Table 1
BH(0.025%) [BH(0.26%) [BH(25%) (BH(50%) |[BH(25%)
/Rmax /Rmax /Remax /Rmax /Rmax
Disk A| 064 0.58 0.43 0.38 0.15
DiskB| 062 053 0.26 018 0.04
DiskC| 067 061 0.21 0.13. 0.03
DiskD| 058 0.39 0.18 0.1 0.01

B_H./Rmax in"Table 1 relatively represents the ratio of the
island (peaks). However, when the bearing ratio was set to 0.025% and
0.25%, the relationship of the disk A> the disk B > the disk C) the
disk C must be naturally satisfied proportional to the density of the
islands (peaks). However, the value of B.H /Rmax of the disk C
becomes large in comparison with the disk A or the disk B.

This is because the rate of the number of the abnormal
projections (peaks), which does not relate with the glide characteristic,
" is contained much, since the bearing ratio is considered as the
relatively small value, namely, as only excessively small region of the
islands (peaks). Therefore, it is not preferable in this case because the
rate of the islands (peaks) can not be identified.

When the bearing ratio is 25%, the rate of the density of the
islands (peaks) can be identified. However, it is not desirable because
the range of B.H. /Rmax between the respective disks is small.
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The above-mentioned results are briefly explained as follows,
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and the second invention and the third invention depend upon these
resuits,

(1) The bearing curve of the surface xroughness of the substrate
is determined, and the referential surface as the reference of the
bearing height is defined. In the second invention and the third
invention, the depth having the bearing ratio of 50% is selected as the
reference.

' (2) The bearing ratio is selected so that the specific parameter,
in which the bearing height B.H. and the rate of Rmax measured from
the referential surface determined from the above-menﬁoned Q)
indicates the characteristic required for the magnetic disk or the state
of the surface roughness in the corresponding relationship with this
characteristic, can be precisely identified by the value of B.H./Rmax.

In the second invention and the third invention, the bearing
ratio value (2.5%, 5.0%) is selected so that the rate of the islands
(peaks) on the substrate surface in the corresponding relationship
with the glide height, the cocfficient of friction, and the CSS durability
as the ;:haracterietic required for the magnetic disk can be pr;dsely
identified.

(3) The range of B.H. /Rmax which satisfies the charactexistic
_ xequired for the magnetic disk is determined for the bearing ratio
selected by the above-mentioned (2).

In the second invention and the third invention, the glide
height is 1.2 £ inch or less, the coefficient of friction is 3 or less ,and
B.H. (2.5) /Bmax which satisfies the excellent CSS durability falls

within the range betweén 0.1 and 0.5 or B.H. (6.0) /Rmax falls within
the range between 0.1 and 0.45.
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The glass substrate for the magnetic disk manufactured by
the method of controlling the surface roughness is useful for the
magnetic disk in which it is necessary to strictly control the surface
roughness of the substrate to achieve further flying height of the
magnetic head.

- According to the fourth invention, the above-mentionea glass
substrate contains at least alkali metal oxide and alkali earth oxide,
and content of the alkali earth oxide is not exceeding 3 mol %. Thereby,

16

_the desired surface roughness mentioned in the first through third

inventions can be readily obtained by the chemical surface process
(bydrofiuosilic acid process) which will be described later.

According to the fifth invention, the magnetic disk ,which is
recorded (written) and reproduced (read) with the glide height of 1.2 1
inch or less, is used. Thereby, the effect is maximized in the high
recording density and the high CSS durability.

According to the sixth invention, at least magnetic layeris
formed an the principal surface of the above-mentioned glass
substrate. Consequenﬂy, the magnetic disk satisfies the lugh electro-
magnetic conversion characteristic and the hxgh CSS durabﬂlty
characteristic.

According to the seventh invention, the glass member, in
which, Ra falls within the range between 0.1 and 1.0 hm when the
surface roughness of the principal surface is measured by AFM, is
prepared. The surface roughness of at Jeast the principal surface of
the glass member is chemically surface-processed so that Ra falls
within the range between 0.2 and 2.5 nm, Rmax falls within the

range between 3 and 25 nm, and Rmax/Ra falls within the range
between 3 and 35.
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Thereby, the glass substrate for the magnetic disk, which
satisfies the high CSS durability, can be stably manufactured.

According to the eighth invention, the glass member, in which
Ra falls within the range between 0.1 and 1.0 nm when the surface
roughuess of the principal surface is measured by the AFM, i is
prepa::erl At least the principal surface of the glass member is
processed the surface by the use of hydrofluosilic acid.

Thereby, the glass substrate for the magnetic disk, which
satisfies the high CSS durability, can be stably manufactured. The
surface roughness of the glass substrate before the surface process
must be set to the desired roughness (Ra=0.1~1.0 nm) and chemical
material for processing the surface must be selected to the
hydrofluosilic acid in ord;er to stably manufacture the glass subsirate
for the magnetic disk which satisfies the high CSS durability.

Inventors have found out that the surface roughness of the
glass substrate before the surface process gives large effect for the
height distribution (variation) of the islands (peaks) on the substrate
surface which is finally obtained to stably manufacture the glass-
substrate for the magnetic disk of this invention which is reniuired to
be controlled the surface roughness with high accuracy.

Inventors have enthusiastically researched this case. As a

17

. result, it is preferable that the surface of the glass substrate before

the surface process is in the mirror state. Specifically, it is found out
that Ra falls within the range between 0.1 and 1.0 nm, more
preferably, that Ra falls within the range between 0.1 and 1.0 nm,
and the Rmax falls within the range between 1 and 20 nm.

Further, the hydrofluosilic acid used during processing the
surface of the glass substrate of the this invention has weak etching
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force (slow etching rate) as compared to hydrofluoric acid solution

which contains hydrofluoric acid or potassium fluoride and which is

18

conventionally used as the etching liquid.

Consequently, it is possible to precisely control the surface
roughness. Silicofluoric acid (H,SiFy) is typically used as the
hydrofluosilic acid.

The hydrofluosilic acid process may contain the other acid
(hydrofluoric acid, sulfuric acid, hydrochlorie acid, nitric acid) and
comuercially available washing materiel (natural washing material,
surfactant, alkali washing material) with fine gquantity in order to
enhance the etching (washing) effect.

Purther, the process condition of the hydrofluosilic acid is
mainly determined in dependency upon concentration of the
hydrofluosilic acid, immersing time into the hydrofluosilic acid,
temperature of the hyciroﬂuosilic acid.

The hydrofinosilic acid is formed by dissolving the silicofluoric
acid into water. The concentration of the hydrofluosilic acid indicates

the concentration in which the silicofluoric acid is dissolved in the
water. ‘

The concentration and the temperature of the hydrofluositic
acid relate with the etching rate (the specific range will be explained
. later) while the immersing time into the hydrofluosilic acid relates
with the obtained roughness and the process time of the step.

These process conditions of the hydrofluosilic acid mainly
relates with the surface roughness Rmax. Specifically, the surface
roughness Rmax becomes larger as the concentration of the
bydrofluosilic acid is higher, the immersing time into the

bydrofluosilic acid is longer, and the temperature of the hydrofluosilic
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The process condition of the above-mentioned hydrofluosilic
acid is suitably adjusted based upon the roughness of the formed
surface roughness. However, it is preferable from controllability of the
surface roughness that the immersing time into the hydrofiuosilic acid
falls within the range between 50 and 600 sec and the temperﬁture of
the hydrofluosilic acid falls within the range between 15 T and 60 T.

According to the ninth invention, the glass member before the
above surface process is polished at least the principal surface by the
use of the polishing materia] containing the free abrasive grain having
grain diameter between 0.3 and 8.0 £nm. )

The grain diameter mainly relates with the surface roughuess -
Ra. Namely, when the average prain diameter of the abrasive grain
becomes large, the surface roughness Ra of the glass subétra.te after
the hydrofluosilic acid process becomes large (however, the surface
roughness Rmax is not almost changed in this time).

.. Preferable density of the island (peaks) and tip shape of the
island (peak) contacting with the magnetic disk can be obtained by
setting the grain diameter within the range between 0.3 and 3.0 L.

In consequence, the glass substrate for the magnetic disk has
further high CSS durability characteristic.

When the grain diameter of the free abrasive grain is not
exceeding 0.3 U m, aggregation of the polishing material readily
occurs, and further, much residue generates after the washing step.
This is not preferable. When the grain diameter exceeds 3.0 4 m, the

roughness after the etching becomes excessively large. This is also

undesirable.
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Moreover, cerium oxide (Ce0O,), alurgina (Al,CG,), colloidal silica )

20

(8i0y), iron oxide (Fe,Oy), chromium oxide (Cr,0,), zirconium oxide
(ZrOy), titaniwm oxide (TiO,) are exerplified as the free abrasive grain.
According to the tenth invention, the chemical surface process
or the surface process due to the hydrofluosilic acid processes the
surface so that the portion having relatively high remaining distortion
becormes the island (peek) in remaining stress distribution which is

generated at the portion of abrasive trace due to the abrasjve grain in

‘the polishing step of the glass member.

Inventors have discovere_d that the trace, along which the
abrasive grain passeé, tends to be formed as the island (peak) when
the surface is processed by the hydrofluosilic acid after polishing by
the polishing 1.n’aterial containing the free abrasive grain,

Although this mechanism is not clear, the load in the polishing
step by the free abrasive grain is applied to the surface of the glass
substrate. Consequently, the network of Si-O is (systematically and)
structurally changed, and nonuniformity occurs in the remaim'ng:
stress distribution by the structural change.

As a result, the etching rate due to the hydroﬂuosilié acid
becomes slow in the portion having relatively high remaining
distortion. This is agsured to be the above-mentioned mechanism.

In the eighth through the tenth inventions, the above-
mentioned phenomenon due to the discovery is positively utilized.
Thereby, the desired surface roughness state can be firstly obtained.

The concentration of the hydrofluosilic acid preferably falle
within the range between 0.15 and 3.0 weight (the eleventh invention).

When the concentration of the hydrofluosilic acid is not
exceeding 0.15 weight %, the etching effect or the washing effect for
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the glass substrate is lowered. Consequently, the desired surface

roughness can not be obtained.
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When the concentration exceeds 3.0 weight %, it is difficult to
contro)] the surface roughness with high accuracy because the etching
rate became quick. Consequently, the glass substrate for the magnetic
recording medium having stable guality can not be obtained. This is
not preferable.

If the projection (peaks) is formed in the first through the
third inventions, no limitation is imposed as to a kind, a size and a
thickness of the glass substrate used in this invention.

As the material of the glass substrate, aluminosilicate glass,
soda-lime glass, soda aluminosilicate glass, aluminoborosilicate glass,
borosilicate glass, and silicate glass are exemplified. The hydrofluosilic
acid has excellent controllability of the chemical etching for the
aluminosilicate glass, and the sw:féce roughness can be controlled
with high aceuracy.

. Further, the glass substrate (the glass substrate for forming
the island (peaks) by the mechanism in the tenth invention) used in
the manufacturing method of this invention is preferably formed by
the material which contains the alkali metal axide and in which the
total content of the alkali earth oxide (RO: MgO, CaO and the like) is
_ not exceeding 3 mol % (the twelfth invention).

The composition ratio is preferably specified by 58~75
weight % of SiOé, 5~23 weight % of Al,O¢ ,3~10 weight % of Li,O and
4~13 weight % of Na,0 as main components (the thirteenth invention).

Furthey, it is desirable that the glass does not contain alkali
earth (metal) oxide, such as, CaQ or MgO to remarkably form the

island (peak) by the mechanism in the tenth invention.
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In particular, it is preferable in the fourteenth invention that
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the glass substrate is an aluminoesilicate glass which contains 62~75
weight % of 5i0,, 5~15 weight % of Al, O,, 4~10 weight % of 11,0,
4~12 weight % of Na,0, and 5.5~15 weight % of ZrO, as the main
components, the weight ratio of Na,0 /ZrO2 falls within the range
between 0.5 and 2.0, and the weight ratio of A1,0;/Zx0, falls within the
range between 0.4 and 2.5.

The transverse bending strength is increased, the compressive
stress layer becomes deep, the Knoop hardness is excellent, and the
controllability of the etching in the surface process due to the
hydrofiuosilic acid is excessively superior by chemically reinforcing
{chemically strengthening) the aluminosilicate glass.

Therefore, such an aluminosilicate glass is desirable. Hexein,
it is to be noted that N5 manufactured by HOYA CORPORATION is |
representative of the above-mentioned aluminosilicate glass.

Further, the surface process due to the above hydrofiuosilic
acid is performed twice. Moreover, the different hydrofluosilic acdd
concentrations are used in the respective steps. Thereby, the firie
surface roughness on the substrate surface can be controlled.

It 18 preferable that the chemical reinforcement (chemical
strengthening) process is carried out after chemical surface process ox
~ the surface process due to the hydrofiuosilic acid (the thirteenth
invention). Herein, the known chemical reinforcement (chemical
strengthening) methods are used as the above chemical reinforcement
(chemical strengthening) method without limitation.

For example, the low-temperature ion exchange method, in
which the ion exchange is performed in the region which does not

exceed the transition point temperature from the viewpoint of the
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glass transition point, is preferable. A fused salt used for the chemical )

reinforcement (chemieal strengthening) includes potassium nitrate,
sodium nitrate, nitrate mixed with them.
When the above surface process due to the hydrofluosilic
acid is performed immediately after the glass substrate
surface is chemically reinforced (chemically strengthened), the
remaining distortion formed by the free abrasive grains on the
glass substrate surface is buried in the stress of the chemical
. reinforcement by chemically reinforcing (chemically strengthening),
This is undesirable because the surface roughness can not be
controlled.

Howevex, the same result as the above-mentioned case can be
obtained by interposing the polishing processing step due to the free
abrasive grain's betnyeen (immediately after the surface process due to
the hydrofluosilic acid) the chemical reinforcement process step
(chemical strengthening process step) and the surface process due to
the hydrofluosilic acid as the chemical reinforcement step (chemical
strengthening process step) —* the polishing step due to the free
abrasive grains — the surface process due to the hydrofluosilic acid.

According to the sixteenth invention, at least the magnetic
layer is formed on the principal surface of the glass substrate
manufactured by the method of manufacturing the glass substrate for
the magnetic recording medium, such as, the above-mentioned
magnetic disk.

Thereby, the magnetic recording medium, such as, the
magnetic disk satisfies the high electro-magnetic conversion
characteristic and the high CSS durability characteristic.



cen Replaced

T _

According to the seventeenth invention, the surface roughness
of the principal surface of the glass substrate is controlled so that Ra,
Rmax which indicate the height of the roughness measured by the
interatomic force microscope (AFM), Rmax/Ra which indicates the
height distribution of the roughness.
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In consequence, the glass substrate for the magnetic recording
medium used for the magnetic disk, satisfies the high electro-
magnetic conversion characteristic and the high CSS durability
charscteristic.

Alternatively, the surface roughness of the principal surface of
the glass substrate is controlled so that the ratio (B.H./Rmax) between
the bearing height (B.H.) of the contour surface and Rmax, or Ra,
Rmax, Rmax/Ra, B.H./Rmax fall within the specific range, as
described in the following structures (2) and (b). In the above contour
surface, the bearing ratio, which indicates the rate (the distribution)
of the projection having the height corresponding to the maximum
projection height, has the specific value,

Thereby, the glass substrate for the magnetic recordmg medmm
used for the magnetic disk, also satisfies the high electro-magnetxc
conversion characteristic and the high CSS durability characteristic,

() A method of manufacturing a glass substrate which is for -
. use in a magnetic recording medium and which has surface roughness
Ra and Rmax, where Ra is representative of a center-line mean
roughness, Rmax is defined as a maximum height representative of a
difference between a highest point and a lowest point,
a surface parallel to a virtual principal surface is defined as a
contour surface when it is assumed that the principal surface of the

glass substrate is completely flattened,
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when roughness formed on the principal surface of the glass
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substrate are cut by the use of the contour surface, a percentage rate
of a total area of the principal surface for sum of areas of the cut cross
sectional surface is defined as a bearing ratio,

the contour surface having the bearing ration of 50 % is
defined as a referential surface ,and

each distance from the referential surface to each contour
surface having each bearing ratio is specified as a bearing height
(B.H.), comprising the steps of:

specifying a surface state of the glass subsfrate to improve
flying characteristic of a magnetic head at every kinds of the magnetic
head within a specific range ratio (8.H./Rmax) of the bearing height
(B.H.) and Rmax mesasured by the use of the interatomic force
microscope {AFM);

processing the surface of the glass substrate under various

surface processing conditions;

i

.. determining the surface processing condition so that .
B.H./Rmax measured by the use of the interatomic force mcrcscope
(AFM) after the process falls within the specific range; and '

processing the surface of the glass substrate based upon the
determined surface processing condition.

(b) Amethod of manufacturing a glass substrate which is for
use in a magnetic recording medium and which has surface roughness
Ra and Rmax, where Ra is representative of a center-line mean
roughness, Rmax is defined as a maximum height representative of a
difference between a highest point and a lowest point,

a surface parallel to a virtual principal surface is defined as =

contour surface when it is assumed that the principal surface of the
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glass substrate is completely flattened, .

when roughness formed on the principal surface of the glass
substrate are cut by the use of the contour surface, a percentage rate
of a total area of the principal surface for sum of areas of the cut cross
sectional surface is defined as a bearing ratio,

the contour surface having the bearing ration of 50 % is
defined as a referential surface ,and

each distance ﬁﬁm the referential surface to each contour
gurface having each 'beé.ring ratic is specified as a bearing height
(B.H.), comprising the steps of:

specifying a surface state of the glass substrate to improve
fiying characteristic of a magnetic head at every kinds of the magnetic
head within I\:,a, Rmax, Rmax/Ra, and a specific range ratio
(B.H./Rmax) of the bearing beight (B.H.) and Rmax measured by the
use of the interatomic force microscope (AFM);

processing the surface of the glass substrate under various
surface processing conditions; )
determining the surface processing condition so that Ra, Rmax,
Rmax/Ra, and B.H./Rmax measured by the use of the futeratomie
force microscope (AFM) after the process falls within the specific
range; and
proceseing the surface of the glass substrate based upon the
determined surface processing condition.
Brief Description of the Drawines:
Fig. 1 is a measuring picture of a principal surface of a glass
substrate for a magnetic recording medium measured the interatomic

force microscope (AFM) according to this invention;
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- Fig. 2 13 2 measuring curve of surface roughness along a
specific leaner line on a surface illustrated in Fig. 1;

Fig. 3 is a bearing curve of surface roughness illustrated in
Fig. 1 |

Pig. 4 is a schematic cross sectional view showing a magnetic
disk according te an example 1 of this invention; '.

Fig. 510 a graph showing a relationship between immersing
time into hydrofluosilic acid and Rmax; and
. Fig.6 is a graph showing a relationship between immersing

time into hydrofluosilic acid and Ra. _

Description of the Preferred Embodiments:

(Example 1)

As illustrated in Fig. 4, a seed layer 2, an underlying layer 3, a
magnetic layer 4, a protection layer 5 and 2 lubricant layer 6 are
successively formed on a glass substrate 1 in a magnetic disk
according to this embodiment,

The glass substratel is an aluminosilicate glass which has
composition of 63.5 weight % of Si09, 14.2 weight % of Al203, 10.4
weigﬁt % of Nag0Q, 5.4 weight % of Li,0 and 6.0 weight % of Zx0, ,0.4
weight % of Sb,0,, and 0.1 weight % of As;0, ,and is processed to the
disk shape having outer diameter (65 mm ¢ ), hole diameter(20 mm ¢)
of & central portion and a thickness of 0.635 nm. The both principle
surfaces, end surfaces and chamfered portions are pretisely polished
and are processed the surfaces by the use of hydrofluosilic acid.

Consequently, the surface roughness of the both principle
surfaces 1s specified by Ra = 1.3 nm, Rmax = 14.1 nm, RmaxRa = 10.8,
B.H. (2.5) = 6.02 nm, B.H. (5.0) = 4.38 nm, B.H. (2.5)//Rmax = 0.43, and
B.H. (5.0)/Rmax=0,31.

e e
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The seed layer 2 is a NIAI(Ni: 50 at%, Al: 50 at%) film having
the thickness of 40 nm. The seed layer 2 has small erystal grain
diameter and is superior in uniformity. In consequence, each of the
underlying layer 3 and the magnetic layer 4 formed thereon has fine
crystal grain diameter, Thereby, the seed layer 2 serves to reduce
noise. -

As the seed layer 2, NiAlRu, NiAINd, NiA1W, NiAlTa, NiAIHf,
NiAIMo,NiAlCr, NiA1Zr, snd NiAIND, in which the other elements are
added in addition to the NiAl other than the above-mentioned NiAl,
are exemplified.

The uanderlying layer.8 is a CtMo (Cr: 94at%, Mo: 8at%) flm
having the film thickness of 25 nm. In the underlying flm 8, itis
desirable that difference of crystal lattice distance of the magnetic
layer 4 formed thereon is reduced as possible, and the underlymg
layer 3 serves to improve coercive force,

Cr and CrV are exemplified other than the above-mentioned
CrMo as the underlying layer 3. 1t is preferable to match with the
lattice distance of the seed layer 2 because the crystal growl'h becomes
excellent and the electro-magpetic conversion characteristic also
becomes superior.

In this event, the underlying layer 3 is not restricted to a single
. layer, and may be a multi-structure in which the same or the different
layers are laminated. For example, a multi-layer underlying layer,
such as, Cr/CxMo, Cr/CrV, and CrV/CrV are exemplified.

The magnetic layer is a CoPtCrTa (Co: 7Bat%, Cr: 17at%, Pt:
5at%, Ta: 8at%) film. Herein, it is.to be noted that material of the
magnetic layer of the magnetic disk of this invention is not

particularly restricted. Specifically, a magnetic thin-film, such as,
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CoPt, CoCr, CoNiCr, CoCxTa, CoPtCr, CoNiPt, CoNiCrPt, CoNiCrTa,

and CoCrTaPtNb, which contains Co as 2 main component, is
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extemmplified as the magnetic layer 4.

Alternatively, a multi-structure (for example, CoCrPtTa/CrMo/
CoCrPtTe), which is formed by dividing the magnetic layer with a
non-magnetic film (for example, Cr, CrtMo, CrV) to reduce the noise,
may be used as the magnetic layer 4.

Further, the magnetic layer 4 may be granular having such a

_structure that magnetic particles, such as, Fe, Co, FeCo, and CoNiPt,

are dispersed in a non-magnetic flm consisting of material, such as,
ferrite based material, iron-rare earth-based material or Si0, BN
other than the above-mentioned Co based material.

Moregver, the magnetic layer 4 may be a recording form of an
in-plane type or a vertical type.

The protection layer 5 is a hydrogenation carbon (H: 80at%)
film having the film thickness of 10nm. The protection film 5
achieves corrosion resistance and resistance to abrasion ofthe -
magnetic layer 4. ‘

As the protection layer b, carbon, nitrogen carbon, hy::b:ogen
nitrogen carben, fluorine carbon, Cr, and Si0, are exemplified other
than the above-mentioned hydrogenation carbon.

The lubricant lajer 6 is a liquid lubricant film consisting of
pexfluoropolyether having the film thickness of 1 nm. The lubricant
layer 6 achieves resistance to abrasion.

In addition, fluorocarbon based liquid lubricant material or a
lubricant material consisting of alkali metal salt of sulfonic acid may
be used as the material of the lubricant layer 6 other than the above-

mentioned perfluoropolyether.
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In this event, if the protection layer 5 has function as a solid
lubricant materiai. the lubricant layer 6 can be omitted.
Hereinafter, description will be made about 2 method of
manufacturing the above-mentioned magnetic disk and glass
substrate for use in the magnetic disk.
S ¢ Producine Glass Sy tor M ‘¢ Dial
(1) Roughing step:

First, a glass substrate of an aluminosilicate glass was cut into

_ a disc-shape having a diameter of 66 mm and a thickness of 3 mm by

a grinding stone from a sheet glass formed by the down draw method.
The glass substrate was ground by a relatively rough diamond
grindstone to obtain the glass substrate having the diameter of 66 mm
and the thickness of 1.5 mm.

In this event, the glass substrate may be cut into the dise-
shape in the same manner as the above from the sheet glass farmed
by the float method instead of the above-mentioned down draw
method. }

A chemically reinforced glass was used as the above-mentioned
aluminosilicate glass. The chemically reinforced glass contains 63.5
weight % of 8i09, 14.2 weight % of Al30g, 10.4 weight % of Nag0, 5.4
weight % of 13,0 and 6.0 weight % of ZrO,, 0.4 weight % of Sb,0;, and
0.1 weight % of As,0,.

Subsequently, the both principal surfaces of the glass substrate
were ground by a diamond grindstone having grains smaller than
thoge of the above-mentioned grindstone at every one surface.

In this case, a load was set to the extent of 100 Kg. Thereby,
the both principal surfaces of the glass substrate were ground into &

surface roughness Rmax of about 10 £m.
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Next, an opening was formed at a center portion of the glass
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substrate by using & cylindrical grindstone. Further, the outer side
end surface was ground to a diameter of 65 mm.

Thereafter, the outer and the inner end surfaces were
chamfered. In this case, the end surface (the side surface and the
chamfered portion) of the glass substrate had a surface roughﬁess
Rmax of about 4 £m.,

(2) Mirror finishing step of the end surface:

ﬂ Subsequently, the glass substrate was polished by the use of a
brush polishing by rotating the glass substrate so that the surface
roughness of the end surface portion (the angular portion, the side
surface and the chamfered portion) of the glass substrate is set to
abdut 142m by Rmax and to about 0.3 zm by Ra. The mirror
finishing step is effective for prewlrenting a filr defect which is caused
by dusts which ave atta;hed to the principal surface of the glass
substrate.

. In this event, the dusts are generally generated from the end
surface of the glass substrate when the glass substrate is transferred
or when the glass substrate is cleaned. The glass substrate was
washed with water after the above-mentioned mirror finishing step.

(8) Lapping step:

The lapping step was performed for the glass substrate to
improve dimension énd shape accuracy. The lapping step was
carried out by using the known lapping apparatus. In this case, the
. lapping step was conducted two times by changing grain degree from
#400 to #1000.

Specifically, the lapping was performed for the both principal

surfaces of the glass substrates which were contained in a carrier so

i
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that the principal surfaces had a surface accuracy of 0-1 £ m and the
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surface roughness (Rmax) of about 6 m,

In this event, the lapping was carried out by rotating an inner
gear and an outer gear by the use of alumina grains having a grain
degree of #400 in the condition that the load L was kept at about 100
Ke. |

Next, the lapping was performed by changing the grain degree
of the alumina grain into #1000, In this case, the surface roughness
 (Rmax) was set to about 2 1 m. Subsequently, the glass substrate was
succegsively immersed in waéking units of natural detergent and
water to be washed after the lapping step was completed.

(4) First polishing step:

Next, a first polishing step was performed by the use of a
polishing apparatus to remove a defect and a distortion remaining in
the above-mentioned lapping process. Specifically, a2 hard polisher
(which may be a cerium pad LP66 made by Speedfam) was used as
polisher. In this case, the first polishing was performed under the .
following polishing condition.

Polishing liquid: oxide cerium (grain size of 1.3 & m) ‘(ﬁ'ee
abrasive grain) + water

Load: 80-100 g/em? (L = 238 kg)

Polishing time: 30-50 minutes

Removing ahomt: 3545 Lm

Revolution of lower surface plate: 40 rpm

Revolution of upper surface plate: 36 rpm

Revolution of inner gear: 14 rpm

Revolution of outer gear: 29 rpm )

The glass substrate was washed by being successively dipped

et
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in washing units of natural detergent, pure water, pure water, IPA
(isopropyl alcohol), IPA (vapor drying) after the above polishing step.

Herein, supersonic wave was applied to each washing unit.

In this event, the washing step may be omitted if a polishing
liquid in the subsequent second polishing step is the same as the
above case.. | |

Further, the hard polisher used m the first poliching step is not
particularly restricted, and may be suitably selected in dependency
.upon the surface roughness and end portion shape of the substrate as
the targat (or the goal)
(5) Second polishing. step (Final polishing step):
Next, a second polishing was conducted by changing the above-
mentioned hard polisher into a soft polisher (Kanebou N75 19) by
~ using the polishing apparatus used in the first polishing step.
| The polishing condition is similar to the first polishing step
except for polishing liquid of oxide cerium (grain size of 0.8 L m) (free
abrasive grain) + water, the load of 80-100 g/cmZ, the polishing time of
9-15 minutes and the removing amount of 3-6 um.

The surface roughness of the glass substrate obtained in this
second polishing step was measured by the use of the interatomic
force microscope (A¥FM). Consequently, Ra was equalto 0.8 nm
while Rmax was equal to 3.8 nm. Herein, it is to be noted that the soft
polisher used in the second polishing step is not particularly
restricted.

In this event, it is desirable to use polisher having relatively
small hardness to form a projection formed via the subsequent
surface processing step to an island shape. Herein, the hardness

(asker C) of the polisher may preferably be 60 or less, and more
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(6) Surface processihg step (Washing step):

preferably, 50 or less.

The glass substrate was successively immersed in each
processing (washing) unit of hydrofluosilic acid (concentration: 0.35%,
temperature: 46 C, immersing time: 150 sec), hydroflucsilic acid
(concentration: 0.28%, temperature: 45 T, immersing time: 200 sec)
to be processed (washed) the surface therein after the second
polishing step. In this case, a supersonic wave was applied to each of
the procegsing (washing) units.

The glass substrate was washed by being successively dipped
in each washing unit of natural detergent, pure water, pure water,
IPA (sopropyl alcohol), TPA (vapor drying) after the above surface
processing step. Herein, supersonic wave was applied to each ﬁashing
unit except for an IPA vapor unit used in the IPA (vapor drying) step.

(7) Chemical reinforcing (chemical strengthening) step:

Next, a chemical reinforcing (chemical strengthening) step was
performed for the glass subsfrate after the grinding, the surface
polishing processing (washing) and the washing step were completed

First, a chemical reinforcing salt was prepared by mucmg
potassium nitrate (60 %) with sodium nitrate (40 %). The chemical
reinforcing salt was heated up to 400 C. The glass substrate which
was washed and preheated to 300 C was dipped in the chemical
reinforcing salt for 3 hours.

The chemical reinforcing step was carried out in a holder so
that the entire surface of the glass substrate was chemically

reinforced with a plurality of glass substrates retained at the end
“surface in the holder.
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Under this circumstances, lithium ions and sodium ions on a

surface layer of the glass substrate were replaced by sodium jons and
potassium ions in the chemical reinforcing salt by dipping each glass
substrate in the chemical reinforcing salt. Thus, the glass substrate
was chemically reinforced.

A compressive stress layer formed in the surface layer 'of the
glass substrate had a thickness of about 100 to 200 £Zm. Next, the
chemically reinforced glass substrate was dipped in a water tank of

.20 C, quickly cooled and retained for 10 minutes.

(8) Washing step: |

Subsequently, the cooled glass substrate was dipped in a
sulfuric acid heated up to 40 C, and was washed in the condition that
the supersonic wave was applied. The surface of the glass substrate
obtained thus was inspected. As a result, no contaminant was
detected.

In this event, the surface roughness of the principal surface of
the glass substrate after the above-mentioned washing step was
measured by the use of the interatomic force microscope (AFM).

As a result, when Rmax was 1.3 nm, Rmax was 14.1,‘B.H. (2.5)
was 6.02 nm and B.H. (5.0) was 4.33 nm, Rmax/Ra was 10.8, B.H.
(2.5)/Rmax was 0,48 and B.H, (5.0)/Rmax was 0.81.

In this case, Ra is representative of the center-line mean
roughness (defined in Japanese Industrial Standard JIS B0601) while
Rmax is defined 2s a maximum height representative of a difference

between a highest point and a lowest point (defined in Japanese
Industrial Standard JIS B0601).

Further, observation was made about the surface state of the

principal surface of the glass substrate after the final polishing step
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and the surface state of the principal surface of the glass substrate
after the washing step by the AFM.
Consequently, it was confirmed that islands (peaks) were

formed at a portion of a trace of free abrasive grain in the final
polishing step. |

Particularly, it is assumed that a portion having a relatively
high remaining distortion forms the islands (peaks) in remaining
stress distribution formed on the glass principal surface by the free
abrasive grain. ‘

S  Producine M e Disl

Subsequently, a heat.treatment of the glass substrate 1,
deposition of a seed layer 2, deposition of an the underlying layer 8,
deposition of 2 magnetic layer 4 and deposition of the protection layer
5 were successively caxried out for the above-mentioned gla‘ss
subgtrate 1 for the magnetic disk by the use of the known in-line
sputtering apparatus, '

. The in-line type sputtering apparatus (not shown) has a first
chamber in which a substrate heater is arranged, a second chamberin
which a NiAl target (Ni: 50 at %, Al: 50 at %), a CxMo target tCr:
94at%, Mo: 6 at%) and a CoCrPtTa target (Co: 76at%, Cr: 17at%, Pt:.
B5at%, Ta: 3at%) are successively arranged, a third chamber in which a
carbon target is arranged, along the moving direction.

With such a structure, the glass substrate 1 was introduced
into the first chamber via a load lock chamber. The glass substrate
was successively transferred into the respective chambers by a desired
carrier apparatus at a constant rate to deposit and process in the

following conditions.
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Namely, the substrate was heated to 350 ‘C for 2 minutes in
the first chamber. The NiAl film having the film thickness of 40 nm as
the seed layer 2, the CrMo film having the film thickness of 25 nm as
the underlying layer 3, the CoCrPtTa film having the film thickness of
27 nm a5 the magnetic layer 4 are successively deposited in the second
chamber. The hydrogenation carbon film having the film thickness of
10nm as the protection layer 5 is deposited in the third chamber,

In this case, the sputtering conditions in the second and third

37

chambers were as follows.

Namely, the sputtering pressure was 2 mTorr in the second
chamber while the sputtering pressure was 3 mTorr in the third
chamber. An inactive gas of argon was used as the sputtering
atmosphere in the second chamber. A mixed gas in which 8% of
hydrogen is mixed into the inactive gas of argon was used as the
sputtering atmosphere in the third chamber.

In this event, the sputtering power was 2kW in the second
chamber while the sputtering power was 3kW in the third chamber.

Subsequently, the substrate having the protection layer 5 was
taken out from the in-line sputtering apparatus. Perﬂuoropollyether is
applied to the surface of the protection layer § by the dipping process.
Thereafter, the lubricant layer 6 having the film thickness of 1 nm
was formed to obtain the magnetic disk of an example 1.

Table 2 represents evaluation results of the electro-magnetic
conversion characteristic and the CSS durability characteristic of the
obtained magnetic disk. In this event, the magnetic characteristic and
the record/reproduce characterigtic were measured, and as a result,

an excellent result was obtained. Specifically, the coercive force was

2300 Oe and the S/N ratio was 20 dB.
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Table 2
Qrain Cooffi-
Digmeter] Etching [Tows) [Rmax |Re |Rmex [BH. [BH. [cient |[Glide |CSS
of Free Time Time /Re  {(25) }(5.0) |of Hoight |Durs~ |Remarks
Abragive [ 4 2 | 1+2 /Rmax {/Rmex [friction ity
Grain (nm)  |(nm)
Example
1 0.8{ 150| 200 3so| 14.1( 13| 108] o043 o031 o8 07 O.
2 0.8] 100/ 100 200{ 55 05| 110 o038 o030 28/ 03 O
3 08] 150{ 110] 260] 6.2 098] 91| 045] 035 23] 04 O
n 08| 200! 120{ 320] 107 12| 88| 042 029 18| 05 O
5 1] 100] 100| 200{ 52| 08| s8] 048] 044] 24| 03 O
6 1] 150| 180| 330! 11.2] 13| 88| 048] 045 18] 08l O
7 1] 200, 180 3eo} 129{ 14 11.7] o040 027 18] 06 O
8 14{ 100{ 100{ 200/ 104 1| 104/ 045 031 21| 05 O
) 14] 150 170 320 127] 14] 9] os0[ 037 16/ 06 O
10 1.4] 190{ 190| 380] 144] 15| 96 048] 032 14 07 O
N 1.4] 220] 220} 440 174] 19] 9.2 050 024 08 098] O
12 3| 100] 100} 200! 10.6] 08| 118 o040 o026 21} o5 O
13 3 180( 130[ 260{ 131} 12| 108] 043 020 13| 037 O
14 3| 160] 160 320 154] 15| 103] o044 030 12| o8 O
15 3{ 270] 270f 540| 248| 25| 99| 049 035 04/ 12/ O
16| 03] 120] 120] 240 51| 02| 255 o012] 011] 23] 03] O
17 2} 300] 300] soO| 238 03] 340 014 032f 12| 12{ O
Comparative Example '
Thally
1 al a3so| 350 700[(11.1){(12)] 8.3 32| 25| x |Step
. Measure
Rmax,Rs
2 3 zsol zao‘ ;so 251 271 93 o053 o034 05 14 q are high
3 al 250] 250 500 26| 26| 54l osol osdl o4 13| x |[RRISHEN
4 1| 100| 50| 150| 45| 04 123 o3s| o024 "3 03] x ::"" s
5| osf 0] 1ol 200 64| 11| 45| 052 oss 31| - 03 Rimax/Ra
is low
6l 03 4oh 40' so| 28| a1| 280 o11] cos| 84l o3l x [RMexRa
are low
7|1 o3| 260 zeo) 520 248| 05| ¢13| o0 ooe o8| 12 x [ReVRa
Is high
grain
8 02} 100] 120 220 e8| 03] 2271 017 013 28 04| x |diemeter
is small
grain
Y 4] 200{ 260 480| 26.7| 1.3| 205 022 015 2.8 1.4] X |diameter
is large
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In this case, the coercive force was measured by the use of the
known vibration sample type magnetometer at & maximum external
applying magnetic field of 10 KOe by cutting a sample of Smm ¢ from
the manufactured magnetic disk and applying the magnetic field in
the film surface direction.

Moreover, the record/reproduce characteristic (S/N ratxo) was
measured as follows.

Namely, the obtained magnetic disk and the MR (magneto-
._ resistive type) head having the flying height 0 0.055 £m Weré used.
In this event, the record/reproduce characteristic in a line recording
density of 168 kfcl (line recarding density of 163,000 bits per 1 inch)
was measured in the condition that a relative rate between the MR
head and the magnetic disk was set to 9.6 m/s.

Further, medium noise during recording/reproducing signals
was measured by the use of the known spectrum analyzer to calculate
the S/N ratio in the condition that carrier frequency was set to 23
MHz and measuring bandwidth was set to 26 MHz. The MR head,
which was used in the above-mentioned measurement, had a track
width of 3.1/2.4 4 m and a magnetic head gap length of 0.86/0.28 4Lm
at write/read sides. '

Further, stiction between the magnetic disk and the magnetic
. head did not occur in the CSS durability test of 10 tens thousand with
the rotating rate of the magnetic disk of 4000 rpm using 30 % slider of
3g load in atmosphere of the room temperature and the room
moisture.

Moreover, the head crush did not occur. As a result, the

magnetic disk having the high CSS durability characteristic was
obtained.
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Further, the static coefficient of friction between the magnetic

disk and the magnetic head was measured by the use of the strain
gage, and it was 0.6.

Subsequently, the glide height test was carried out by the use
of the AE sensor. It has been confirmed that no contact was generated
between the head and the medium up to the head flying quantity of
1.0 uinch. That is, the glide height of this disk was 1.0 Linch.

From the above-mentioned result, the record/reproduce was

‘performed with the glide height of 1.2 £inch or less, and the magnetic

disk satisfied the high electro-magnetic conversion characteristic and
the high CSS durability characteristic.

(Comparative Example 1)

The magnetic disk waes manufactured in the same manner as
the example 1 except that the glass substrate was manufactured by
changing the polishing condition and the surface processing time due
to hydrofluasilic acid and the surface roughness of the glass substrate
was evalﬁated by the use of the thally step. )

As a result, the static coefficient of friction, the glide heiéht
(#inch), and the CSS durability characteristic are rei:reeent:ed in
Table 2 a5 a comparative example 1. In this case, the evaluation of

the measured thally step was carried out under the condition of

~ scanning distance (250 £ m) and stylus pressure of 7 mg.

When the surface of the glass substrate for the magnetic disk
was evaluated by the thally step as the comparative example
(although the surface falls within the range specified by this
invention), the glide height was 2 £ inch or more and variation

became large. This reason is explained as follows.
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Namely, radius of curvature is large in the contact needle type

measuring method, such as, the thally step. Consequently, fine
roughness can not be captured. As a result, it is difficult to control
the surface state of the magnetic disk v?hich satisfies the glide height
of 1.2 1inch or less.

. Therefore, it is found out that the surface roughness must be
evaluated by the use of the interatomic force microscope (AFM),
which is capable of observing finer surface state, in. order to control
the surface state of the magnetic disk which can satisfy the glide
lheight of 1.2 L inch or less. Hereinsfter, the surface roughness of the
glsts substrate is measured by the AFM. |

(Examples 2~17, Comparative examples 2~9)

The magnetic disk was manufactured in the same manner as
the example 1 except that the surface roughness of the glass
substrate was changed b); changing the polishing condition and the
surface processing time due to hydrofluosilic acid.

. They were defined as examples 2~17 and comparative
examples 2~9. In the respective cases, the surface roughnes:a Rmax

(om), Ra (nm), Rmax/Ra, B.H. (2.6)/Rmax, B.H. (6.0)/Rmax of the
principal surface of the glass substrate, the static coefficient of
friction, the glide height (4 inch), the CSS durability characteristic
_ are represented in Table2.

In this case, the coercive force and the S/N ratio of the
magnetic disk were measured in the examples 2~17 and the
comparative examples 2~9. In consequence, the coercive force and the
S/N ratio were 2200 Oe or more and 18 dB or more, respectively, and

were superior values.
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In the comparative example 4, the surface roughness Rmax of
the principal surface of the glass substrate was not exceeding 5.0.
Consequently, the magnetic head is stuck to the magnetic disk -

because the surface became the mirror surface state.

In comparative example 2, the surface roughness Rmax of the
principal surface of the glass substrate exceeds 25.0 nm. Thefeby, the
glide height exceeded 1.2 zm.

In the comparative example 6, the surface roughness Ra of the
_ principal surface of the glass substrate is not exceeding 0.2 nm.
Thereby, the coefficient of friction was 3 or more. Consequently, the
head crash occurred.

In the comparative example 8, the surface roughness Ra of the
prineipal surface of the glass substrate exceeded 2.5 nm. Thereby, the
glide height exceeded 1:2um.

In the comparative example 5, Rmax/Ra was not exceeding 8.
In consequence, the coefficient of friction was 8 or more. As a result,
the head crush occurred. Further, B.H. (2.5)/Rmax and B.H.
(5.0)/Rmax exceeded 0.5 and 0.45, respectively. _

In the comparative example 7 and the comparative example 8,
Rmax/Ra exceeded 20. Thereby, the CSS durability was lowered and
the head crush occurred. Further, B.H. (2.5)/Rmax and B.H. (5.0
/Rmax were not exceeding 0.1.

In the comparative example 8, the grain diameter of the free
abrasive grain was not exceeding 0.3 £ m. Consequently, the CSS
durability was degraded because the surface roughness became small.

In the comparative example 9, the grain diameter of the free
abrasive grain exceeded 0.3 £ m. Consequently, the glide height

exceeded 1.2 4 m because the surface roughness became large.



This Sheet Has Been Re; ]aced

MR

From the above-mentioned result, it has been confirmed that
the surface roughness of the glass substrate of the magnetic disk falls

43

within the range specified by this invention and further, the grain
diameter of the free abrasive grain in the final polishing step before
the surface process due to the hydrofluosilic acid falls within the
predetermined range in order to obtain the magnetic disk whiéh 15
recorded and reproduced with the flying height of 1.2 #inch or less
and which satisfies the high electro-magnetic conversion
characteristic and the high CSS durability characteristic.

Rentimization of the Hydrofluosilic acid G trats

(Example 1, examples 18~21, comparative examples 10~12)

The magnetic disk was manufactured in the same manner as
the example 1 except that hydrofuocsilic acid concentration was
variable in the surface process due to the hydrofluosilic acid after the
final polishing step.

They were defined 25 an example 1, examples 24~27 and
comparative examples 18~20. In the respective cases, the surfac«_a
roughness Rmax (am), Ra (nm) and Rmax/Ra of the principal surface
of the glass substrate, the static coefficent of friction, the gli'de yield
are represented in Table 3.

In this event, 100 of the magnetic disks were prepared for each
~ magnetie disk manufactured under each condition ,and wexre
inspected with 1.2 uinch flying beight of the glide head.

Under this circumstance, the hit magnetic disk was determined as a
defective product in the glide yield.

In this case, the coercive force and the S/N ratio of the

magnetic disk were measured in the examples 18~21 and the
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Table 3
Conten— {Ist Concen- j2nd Rmax |Ra  [Rmax |Coeffi- |Glide
tration of {Etching |tration of |Etching /Ra |cient of {Yield |Remarks
s Time  [2nd Time friction
process process (nm) |(nm) 3]

Example

1 0,35 150 0.30 200{ 141} 1.3 108 06} 96

18 0.60 200 0.18 200{ 124} 11 113 14 91

19 100 60 1.00 60| 116] 14| 83 09 88

20 280 25 1.00 281 120, 1315/ 80 0.8 75

21 1.00 60 1.50 60| 135 1.4] 96 08| 83

Comparative Example

10 04 200 0.14 200] 76| 055 138 3.2 S6|concentra~

, . tion is low

11 32 20 2 200 124 15/ 83 1.6 3B8lconcentra~ | .
tion is high

12 0.14 300 .. 401 116] 08| 145 19| 43|concentra~
ition Is fow

comparative examples 10~12. In consequence, the coercive force and
the S/N ratio were 2200 Oe or more and 18 dB or more, respectively,
and were excellent values.

In the comparative example li, controllability of etching was
deteriorated and variation of the surface roughness became large
because the hydrofluosilic acid concentration exceeded 1.0 weight %.
Consequently, the magnetic diek could not be manufactured with
superior reproduction.

In the comparative example 10, enough etching effect could
not be obtained because the hydrofluosilic acid conceﬁtration was not
exceeding 0.15 weight %. In consequence, the surface roughness of
the principal surface of the glass substrate became the mirror surface,
and the magnetic head is stuck thereto.

In the comparative example 12, although the hydrofluosilic
concentration in the first process was not exceeding 0.15 weight %,

proper roughness could be obtained by enhancing the concentration in

R
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the second process. However, the variation was large and the vield

45

was low.

From the above-mentioned result, the surface roughness can
be controlled with high accuracy by selecting the hydrofluosilic acid
concentration to the predetermined range (0.15~3.0 weight %), and
the stable magnetic disk can be obtained,

Further, the magnetic disk has the glide height 0o£1.2 2Zinch
or Jess and satisfies the high electro-magnetic conversion
characteristic and the high CSS durability characteristic.

Reoptimization of Surface Roue] ¢ Glass Substrat

fer Final Polishing S
(Example 1, examples 22~27, comparative examples 13~15)
The magnetic disk was manufactured in the same manner as
the e}mm‘ple 1 except that the surface roughness of the glass
substrate after the final polishing step was variable by changing the
polishing condition.

They were defined as an example 1, examples 22~27 and
comparsative examples 18~15. In the respective cases, the surface
roughness Rmax (nm), Ra (am) and Rmax/Ra of the pxincipallsurface
of the glaes substrate, the static coefficient of friction, the glide height
(1 inch), and the CSS durability are represented in Table 4.

In this case, the coercive force and the S/N ratio of the

msgnetic disk were measured in the example 1, the examples 22~27

and the comparative examples 13~15. In consequence, the coercive
force and the S/N ratio were 2200 Oe or more and 18 dB or more,
respectively, and were superior vajues.

In the comparative example 13, :che surface roughness of the

principal surface of the glass substrate after the final polishing step
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Table 4
IRmex(nm) [Re{nm) Rmax |Rs |Rmax [Coeffi- |Glide [CSS
before before /Ra |cient of |Height |Dura— |Remarks
processing |processing [(nm) |(nm) friction bility
Example .
1 3.8 03] 143 13| 108 0.6 07 O
22 11 01 59| 03| 197 28 03] O
23 6.5 05| 1688] 15 11.2 11 08| O
24 11.2 06 172] 18] 96 08 08} O
25 135 05| 214] 13} 126 0.5 11} O
26 19,8 0.6 234] 21| 111 0.2 12| O
27 15.2 1| 1481 19( 748 09 037f O
Comparative Example
13 0.9 0.08] 32f 04 8.0j 3.1 0.3; O Rmax Ra
lare low
14 5 12) 176 28 63 05| 09 X (Raishigh
15 22 1.8] 28.00 34 6.5 04 15! O |Rmax, Ra
are high

was not exceeding 1.0 nm by Rmax, and not exceeding 0.1 nm by Ra.
Consequently, the roughness was small after the hydrofluosilic acid
process and the coefficient of friction exceeded 3.
~ In the comparative example 14, the surface roughness of the

principal surface of the glass substrate after the final polishing step -
exceeded 1.0 nm by Ra. Consequently, the CSS durability was lowered
and the bead crush occurred because Ra after the hydrofluosilic acid
process became 2.5 nm or more. .

In the comparative example 15, the glide height was 1.2 #£inch
or more because Rmax and Ra were large.

From the above-mentioned result, variation of the islands
(peaks) of the finally obtained glass substrate surface could be
suppressed by selecting the surface roughness of the glass substrate

after final polishing step to the predetermined roughness.
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Further, the magnetic disk has the glide height of 1.2 Zinch
or less and satisfies the high electro-magnetic conversion
characteristic and the high CSS durability charsacteristic.

q Kind of Gi o ..

(Example 28, comparative examples 16~17)

47

- The magnetic disk was manufactured in the same manner as
the example 1 except that the glass substrate was changed ioto an
aluminosilicate glass (example 28), a quartz glass (comparative
.example 16) and a soldalime glass (comparative example 17), and the
polishing condition for setting the surfaces of these glass substrates
to desired surface roughness and the surface processing condition due
to the hydrofluosilic acid were suitably changed.

In this case, the aluminisilicate glass used in the above-
mentioned example 28 had composition of 64.0 weigh‘t % of Si0O9, 16.0
weight % of Alo03, 9.0 weight % of Nag0, 7.0 weight % of 11,0 and
4.0 weight % of ZxO, .

.On the other hand, the solalime glass used in the above-
nentioned example 17 had composition of 72.5 weight % of Si0g,

15.0 weight % of N&gO, 1.0 weight % of AloOg, 9.0 weight % of CaO,
and 2.5 weight % of MgO.

As a result, the surface roughness was 1.2 nm by Ra and was
- 11.0 nm by Rmax in the example 28. Further, the coefficient of
friction was 1.9 and the CSS durability was also excellent,

However, the surface roughness of the comparative examples
16 and 17 was largely different in comparison with the above
examples 1~28. Specifically, the static coefficient of friction was 3 or
more and the superior result could not be obtained in the CSS

durability characteristic.
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Herein, examination has been made about a reason regarding

48

differences between ways, in which the projection is formed, in
dependency upon the kind of the glass (glass type, glass composition)
from the results of the above-mentioned example and the comparative
examples 16 and 17. )

It is assumed that an exchange reaction occurs between H*
contained in the water and alkali jon (Na*, Li") contained in the glass
in the polishing step dus to the free abrasive grain of the glass

_ substrate surface.

By this exchange reaction, a hydration layer was formed. In.
the hydration layer, OH was attached to Si or Al which forms a
network of the glass by the exchange reaction. It is assumed that
the distribution of the thickness of the hydration layer was formed in
accordance with the stress distribution applied by the free abrasive
grain in the hydration, and the roughness was formed in dependency
upon the etching rate.

Herein, it is to be noted that the etching rate is small at a
portwn having large stress while the etching rate is large at a portion
having a small stress.

The formation of the hydration layer relates with the
roughness (projections) and depends upon the difference of the kind of
the glass (glass type, glass composition). '

Subsequently, examination will be made about the glass
composition for forming the island (peak) by the manufacturing
method according to this invention.

Seven kinds of glass materials having different composition
ratios illustrated in Table 5 were prepare—d, and the glass substrates

were manufactured in the same manner as the example 1.
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Table 5
Si02 | A203__[Na20 |MgO [CsO [2r02 [1102
656 | 86 |125] 104 30 | 30
Glass A | (62.6)| (141) | (6.0) | (104) (6.0)

656 | 76 | 125 104 | 0505 | 30
Glass B | (54.0)| (12.6) | (6.1) | (105) | (0.3) | (0.5) | {6.0)

655 | 66 |125] 104 | 1.0 | 10 | 30
Glass C [ (54.6)| (11.0) | (6.1) | (10.6) ] (0.7) | (0.9) | (6.1)

655 b6 |125]| 104 | 15| 15 | 30
Glass D (g5 )| (95 |62 |con |aoy (14! 6.1

63.5 76 |1251 104 (05061 30 20
Glass E | (g1.7){ (125) | (6.0) | (108 { (0.3 | (0.5) | (6.0) | (2.6)

635 ] 66 |125] 104 | 10110 ] 30 | 20
Glass F 1 (62 91 (11.0) [ {6.1) | (10.6) { (0.7) [ ©0.9) | (6.0) | (2.6)

63.5 56 (1125] 104 | 15 1 3.0 20
Glass G | (g2 8)| (9.4) | (6.7) | (106) [(1.0) | (1.9) | (6.1) | (2.6)

Herein, the surface of the glass substrate before the
hydrofluosilic acid process and the surface of the glass substrate after
the hydrofluosilic acid process were observed by the use of the
interatomic force microscepe (AFM).

As a result, it has been confirmed that when the glas‘s
substrate contains no T30, ,the surface roughness indicated in the
above example did not become remarkable and the island (peak) was
not readily formed in the glass substrate which contains the alkali
earth oxide (MgO, CaO) of 2 mol % or more (1.6 wt % or more) in the
total content.

On the other hand, it has been confirmed that when the glass
substrate contains TIO, ,the surface roughness indicated in the above
example did not become remarkable and the island (peak) was not
readily formed in the glass substrate which contains the alkali earth
oxide MgO, CaO) of 3 mol % or more (2.4 wt % or more) in the total
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content.

From the above-mentioned result, it has been found out that
the glass composition for forming the island (peak) by the
manufacturing method of this invention preferably contains the alkali
earth oxide of not exceeding 3 mol % (not exceeding 2.4 wt %) in the
total content and contains the alkali metal oxide which forms the
hydration layer by the polishing step. More preferably, the total
content of the alkali earth oxide is not exceeding 2 mol % (not
exceeding 1.6 wt %).

' Therefore, it is confirmed that the glass used in the
manufacturing method according to this invention satisfies the abave-
mentioned condition and may contain 58~75 weight % of SiOg, 6~28
weight % of AlgO3, 3~10 weight % of Li,O, and 4~18 weight % of
Na, O as main components in the com%osition rafio and preferably
does not contains alkali earth metal (oxide).

In particular, the aluminosilicate glass specified in the claim
18 is desirable in the above-mentioned polishing condition and the

" surface processing condition due to the hydrofluosilic acid.

However, the magnetic disk had the glide height of 1.2 uincﬁ
or less and satisfied the high electro-magnetic conversion
characteristic and the high CSS durability characteristic by setting

the condition of the surface roughness specified in the claims 1~3 and

” by selecting the polishing condition and the surface processing

condition in the glass substrate other than the glass specified in the
claims 12~13.

Further, although the glass substrate is excessively smooth
and does not have the surface roughness specified in the claims 1~3,

the same effect as this invention can be obtained by forming fine
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projections on the principal surface of the glass substrate and by
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selecting the surface roughness specified in the claims 1~3.

As mentioned before, explanation mainly has been made about
the range of the surface roughness of the glass substrate for the
magnetic recording medium for obtaining the desired glide height, the
coefficient of friction, and the CSS durability.

Hereinafter, examination will be made about effects in which
the polishing condition (polishing abrasive grain), the surface
condition (the concentration of the hydrofluosilic acid, the immersing
time into the hydroﬂuoéihc acid, and the temperatﬁxe of t“he
hydrofluosilic acid) give for the surface roughness of the glass
substrate, and explanation will be made about a method of controlling
the surface roughness parameter.

Figs. 5 and 6 are graphs which represent the relationship
between the immersing time into the hyd_roﬂuosﬁic acid and Rmax,
and the relationship between the immersing time into the
hydrofluosilic acid and Ra when the grain diameter of the abrasive
grain are variable.

In this event, the concenﬁation and the temperature ‘of the
hydrofiuosilic acid are constant, and are 0.28 weight % and 45°C,
respectively.

As illustrated in Fig. 5, Rmax does not depends upon the grain
dismeter of the abrasive grain. There is correlation between the
immersing time into the hydrofluosilic acid and Rmax. Rmax can be
controlled by adjusting the immersing time into the hydrofluosilic
acid, as shown in Fig.5.

As illustrated in Fig. 8, there is correlation between the grain

diameter of the abrasive grain and Ra in accordance with the
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immersing time into the hydrofluosilic acid (for example, the
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immersing time is 180 sec), and Ra can be controlled by adjusting the
grain diameter of the abrasive grain.

Further, the concentration of the hydrofluosilic acid and the
temperature of the hydrofluosilic acid relate with the etching rate. As
the concentration and the temperature become higher, the etébing
rate tends to be quicker and the surface roughness Rmax tends to be
larger.

When the glass substrate for the magnetic recording medium

is practically fabricated by the manufacturing method of this

invention, the surface roughness is largely changed based upon the
variation of the hydrofiuosilic acid concentration and the
bydrofluosilic acid temperature. Therefore, it is necessary to
monitor the hydrofluosilic acid concentration and the hydrofluesilic
acid temperature so that coé:stant etching concentration is always
kept.

_ In particular, the hydrofluosilic acid concentration relates with
the coﬁductivity, and the etching rate can be precisely oontrolle& by
monitoring the conductivity. l

Description has been made about the magnetic recording
medium which is mainly used in the CSS method in the above-

~ mentioned examples.

Thereinafter, explanation will be made about the typical glass
substrate for magnetic recordipg medium and the manufactured
magnetic recording medium which are used in the load « unload
method. '

The glass substrate for the magnetic recording medinum, which
had the surface roughness specified by Rmax = 4.3 nm, Ra = 0.46 nm,
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and Rmax/Ra = 9.3, was manufactured by suitably adjusting the
grain diameter of the poh'sin'ng abrasive grain and the surface process
condition (the hydrofluosilic acid concentration, the hydrofluosilic
acid temperature, the immersing time into the hydrofluosilic acid) in
an exaﬁple 1. )

The magnetic recording medium was obtained by depositing
the seed layer 2, the underlying layer 8, the magnetic layer 4, the
protection layer 5 and the lubricant layer 6 on the obtained glass
substrate 1 as the same manner as the example 1.

In the obtained magnetic recording medium, both the coercive
force and the S/N ratio were excellent, the glide characteristic was
also superior, and the flying characteristic was also excellent without
the head erush.

Although the i.nve;xtion has been so far explained with the
preferred embodiments, this invention is not always restricted to the
above-mentioned embodiments. For example, although the surface
process due to thé hydroﬂuoéilic acid was performed twice, the
surface process step may be performed once, and alternatively, may
be performed three times or more. ‘

Further, although the chemically reinforced glass substrate
was used as the glass substrate of this invention, and the chemically

_reinforced step was performed after the surface process due to the
hydrofiuosilic acid, the surface process due to the hydrofluosilic acid
may be carried out after the chemically reinforced process.

When the glass substrate is polished by the use of the free
abrasive grain and the above surface process due to the hydrofluosilic
acid is performed immediatély after the glass substrate surface is

chemaically reinforced, the remaining distortion formed by the free
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abrasive grain on the g}ase substrate surface is buried in the stress of
the chemical reinforcement. This is undesirable because the surface
roughness can not be controlled. |

However, the same result as the above-mentioned case can be
obtained by interposing the polishing processing step due to the free
abrasive grain between (immediately after the surface process due to
the hydrofluosilic acid) the chemical reinforcement process step and
the surface process due to the hydrofluosilic acid as the chemical
;einfoxcement step — the polishing step due to the free abrasive
érain ~ the surface process due to the hydrofluosilic acid.

Further, the disk manufactured by this invention is not
restricted to the CSS method, and can be used in the zone-texture
method or the Joad - unload method.

As mentioned before, when the surface roughness of the
principal surface of the glass substrate is measured by the
interatomic force microscope (AFM), the surface roughness becomes
the specific state in this invention.

.Consequentlv. the glass substrate and the magnetic medium
satisfy the glide height of 1.2 uinch, the high électro-ma.gnetic
conversion characteristic and the high CSS durability.

Further, it 1s possible to obtain the above specific surface
- roughness state by chemically processing the glass substrate, which
has the desired surface roughness state, by the use of the
hydrofluosilic acid when the surface roughness of the principal
surface is measured by the interatomic force microscope (AFM).

Moreover, the surface roughness of the principal surface of the
glass substrate is controlled so that Ra, Rmax, and Rmax/Ra specified

by the interatomic force microscope (AFM) and the ratio between the
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bearing height of the contour surface having the specific bearing ratio
and Rmax fall within the specific range.

Thereby, the glass substrate satisfies the high electro-magnetic
conversion characteristic and the high CSS durability
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1. A glass substrate which is for use in 2 magnetic recording
medium and which has surface roughness Ra and Rmax, where Ra
is representative of a center-line mean roughness, Rmax is defined as
a maximum height representative of a difference between a highest
point and a lowest point wherein:

a surface roughness of at least a ﬁrincipal surface of the glass

'substrate is measured by the use of the interatomic force microscope
(AFM),

Ra falls within the range between 0.2 and 2.5 nm,

Rmax falls within the range between 3 and 26 nm, and

Rmaxf.Ra falls within the range between 8 and 35.

2. A éla.ss substrate as claimed in claim 1, wherein:

a surface parallel to a virtual principal surface is defined as a
contour surface when it is assumed that the principal surface of said
glass substrate is completely flattened,

when roughness formed on the principal surface are cut by the
use of the contour surface, a percentage rate of a total area o% the
principal surface for sum of areas of the cut cross sectional surface is
defined as a bearing ratio,

the contour surface having the bearing ratio of 50 % is defined
as a referential surface,

each distance from the referential surface to each contour
surface having each bearing ratio is specified as a bearing height,

the bearing height of the contour surface having the bearing
ratio of 2.5 % is defined as B.H. —(2.6) while the bearing height of the
contour surface having the bearing ratio of 5.0 % is defined as B.H.

U
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(5.0), and _
B.H. (2.5)/Rmax falls within the range between 0.1 and 0.5 or
B.H. (5.0)/Rmax falls within the range between 0.1 and 0.45.
3. A glass substrate as claimed in claim 1, wherein:
the surface roughness of at least the principal surface is
measured by the use of the interatomic force microscope (AFM),
Rmax falls within the range between 5 and 25 nm, and
BH. (2.5)/Rmax falls within the range between 0.1 and 0.5 or
B.H. (5.0)/Rmax falls within the range between 0.1 and 0.45.
4. A glass substrate as claimed in any one of claims 1 through 3,
wherein:
said glass substrate contains at least alkali metal oxide and
alkali earth oxide, and
the content of the alkali earth oxide is not exceeding 3 mol %.
5. A glass substrate as claimed in any one of ¢claims 1
through 4, wherein:
. said glass substrate is used for a magnetic disk which has a
‘glide height having 1.2 inch or less. ‘
é. A magnetic recording medivm, wherein:
at least a magnetic layer is formed on the principal surface of
the glass substrate claimed in any one of claims 1 through 5.
7. Amethod of manufacturing a glass substrate which is for
use in a magnetic recording medium, comprising the steps of:
preparing a glass member in which Ra falls within the range
between 0.1 and 1.0 nm when a surface roughness of a principal
surface of sa_lid glass member is measured by the use of the

interatomic force microscope (AFM), and
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chemically processing the surface so that Ra falls within the
range between 0.2 and 2.5 nm, Rmax falls within the range between 3
and 25 nm, and Rmax/Ra falls within the range between 3 and 35,

said glass member having surface roughness Ra and Rmax,
where Ra is representative of a center-line mean roughness, Rmax is
defined as a maximum height representative of a difference between a
highest point and a lowest point,

8. Amethod of manufacturing a glass substrate which is for

_use in a magnetic recording medium, comprising the steps of:

preparing a glass member in which Ra falls within the range
between 0.1 and 1.0 nm when a surface roughness of a principal
surface of said glass member is measured by the use of the
interatomic force microscope (AFM), and {

processing at least the principle surface by the use of
hydrofluosilic acid,

said glass member having surface roughness Ra where Ra is
representative of 8 eenter-li;ne mean roughness.

9. Amethod as claimed in claim 7 or 8, further comprising
the steps of ‘ .

polishing at least the principal surface by the use of abrasive

materiel containing free abrasive grain having grain diameter

_ between 0.3 and 3.0 #m before the chemical surface process or the

surface process due to the hydrofluosilic acid.

10. A method as claimed in claim 9, wherein:

the chemical surface process or the suxface process due to the
hydrofluosilic acid processes the surface so that a portion having
relatively high remaining distortion forms an igland oxr peak in

remaining stress distribution which is generated at a portion of
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glass member.

11. A method as claimed in any one of claims 8 through 10,
wherein:

the hydrofluosilic acid has concentration between 0.15 and 3.0
by weight %.

12. A method as claimed in any one of claims 7 through 9,
wherein:
‘ the glass constituting said glass member contains at least
alksli metal oxide and alkali earth oxide, and

content of the alkali earth oxide is not exceeding 3 mol %.

13. A method as claimed in claim 12, wherein:

the glass constituting said glass member contains Si0,
betv;een 58 and 75 weight %, Al,O, between 5 and 28 weight %, 11,0
between 3 and 10 weight %, and Na,0O between 4 and 13 weight % as
main components.

_14. Amethod as claimed in claim 13, wherein:

the glass contains Si0, between 62 and 75 weight %, AL,0,
between 5 and 15 weight %, Li,O between 4 and 10 weight %, Na,O
between 4 and 12 weight %, and ZrO, between 5.5 and 15 weight % as
main components, and |

) weight ratio of Na,0/Zr0, falls within the range between 0.5
and 2.0 while weight ratio of A1,04/Zr0, falls within the range
between 0.4 and 2.5,
15, Amethod as claimed in any one of claims 7 through 14,

wherein: ]

the step of chemically processing the surface or a chemical

reinforcement process is carried out after the surface process due to
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the hydrofiuosilic acid.
- 16. A method of manufacturing a magnetic recording

medium, wherein:

at least a magnetic layer is formed on the principal surface of
the glass substrate manufactured by the method claimed in any one of
claims 7 through 15.

17. A method of manufacturing a glass substrate which is for
use in a magnetic recording medium and which has surface roughness

_ Ra and Rmax, where Ra is representative of a center-line mean
| roughness, Rmax is defined as a maximuim height representative of a

difference between a highest point and a lowest point, comprising the
steps of: .

specifying a surface state of said glass substrate {o improve
flying characteristic of a magnetic head at every kinds of the magnetic
head within a specific range Ra, Rmax and Rmax/Ra measured by the
use of the interatomic force microscope (AFM);

_ processing the surface of the glass substrate under various

surface processing conditions;

determining the surface processing condition so that iia, Rmax
and Rmax/Ra measured by the use of the interatomic force microscope
(AFM) after the process falls within the specific range; and

processing the surface of said glass substrate based upon the

determined surface processing condition.
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