
;e3e~^){l (6 )T^)v ' 10 DEC 2002 GLASS SUBSTRATE FOR MAGNETIC RECORDING
MEDIUM) MAGNETIC RECORDING MEDIUM, AND METHOD OF MANUFACTURING THE SAME
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 a 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
technical field for magnetically recording (writing) and reproducing
(reading). It is necessary to excessively reduce a flying height of the
magnetic head which is :goat over a surface of the magnetic disk to improve
recording density However, when the record/reproduce (write/read) operation
is carried out in the known CSS (Contact Start Stop) method, the magnetic
head often sticks to the magnetic disk with a low flying height of the
magnetic head. 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 a method of forming a
*G00002*   1 0 D E C 2002 surface of an A1/NiP plating substrate into a
rough surface by mechanically polishing (mechanically texturing) the
surface in Japanese Unexamined Patent Publication (JP-A) No. Sho.
62-273619. Further another suggestion has been made about a method of
depositing a thin-film having the rough surface on a 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.7-10160? whey the glass substrate is superior in flatness in
comparison with as aluminum substrate. In the meanwhile) a glide height
recently has reached 1.2 ~t inch or less to improve the recording capacity
r However) the method of forming the texture, which has been conventionally
suggested axed described above, is the texture technique on the condition
that the glide height is equal to about 8 I~ inch. Therefore, even when the
conventional texture forming method is applied for the recent magnetic disk
which records (writes) and reproduces (reads) with the low flying height)
it is difficult to obtain the magnetic disk which simultaneously satisfies
sufficient electromagnetic conversion characteristic and stiction
preventing effect of the magnetic head. fn this case) the conventional
glide height was equal to about 8 a inch. Therefore, the surface state (the
surface morphology) of the magnetic 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
a m (for example)   1 0 D E C 2002 3 2.5 a m) along the surface. However,
when, the flying height becomes 1.2 a inch or less (1 inch = 25.4 min)
which is recently required, it is diffcult to judge whether or not the
surface state of the glass substrate can realize prevention of the stiction
of the magnetic head by the use of the conventional thally step. 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 a inch or less and which is capable of realizing high
electro-magnetic characteristic (high memory performance) and high CSS
durability characteristic. Inventors have paid attention to specify the
surface state of the glass substrate by the use of the interatomic force
microscope (AFNI) 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 method, it has been confirmed
that height and distribution (namely) variation of the height) 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 out that the
glass substrate surface as a target ox 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.   1 0
D E C 2002 4 (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 (, Ra
(center-line mean roughness) falls within the range between 0.2 and 2.5nm,
Rmax (maximum height) falls within the range between 3 and 25 nm, and
Rmax/R,a falls within 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 assumed that the principal surface of the glass
substrate is completely flattened, when the roughness formed on the
principal surface is cut by the use of the contour surface (a surface which
is structured by the same height 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 a bearing ratio, i the contour surface having the
bearing ratio of GO % 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.(2.5) while the
bearing height of the contour surface having the bearing ratio of 5.0 % is
defined as B.H. (5.0), and B.H. (2.5)/R.max falls within the range between
0.1 and 0.5 or B.H. (5.0)lR,max fans within the range between 0.1 and 0.45.
1 0 D E C 2002 5 (Third invention) In the glass substrate according to the
first invention, the surface roughness of at least the principal surface is
measured by the use of the interatomic force microscope (AF1VI), Rmax falls
within the range between 5 and 25 nm, and B.H. (2.6)/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 0.46. (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 oxide is not exceeding 3 mol %. (Fifth invention) In the glass
substrate according to any one of the first through the fourth inventions,
the glass substrate is used for a magnetic disk which has a glide height
having 1.2,u inch or less. (Sixth invention) In a magnetic recording medium
according to the fifth invention, at least a magnetic layer is formed on
the principal surface of the glass 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 medium,
comprising the steps o preparing a glass member in which Ra falls within
the range between 0.1 and 1.0 am when a surface roughness of a principal
surface of the glass member is measured by the use of the interatomic force
microscope (AFM) and   1 0 D E C 2002 6 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/R,a falls within the range between 3 anal 35.
(Eighth invention) A method 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 x.1.0nm
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. r (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 u 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.   1 0 0 E C 2002
(Eleventh invention) In a method according to any one of the eighth through
the tenth inventions, the hydxofluosilic acid has concentration between
0.15 and 3.0 by weight %. Twenlfth invention) In a method according to any
one of seventh through ninth 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 Si02 between 58 and 75 weight %,
A120$ between 5 and 23 weight %, Li2O between 3 and 10 weight %, and Na2O
between 4 and 13 weight % as main components. (Fourteenth invention) In a
method according to the thixteenth invention, the glass contains
SiO2between 62 and 75 weight %) Ah03 between 5 and 15 weight %, Li20
between 4 and 10 weight %, Na20 between 4 and 12 weight %, and Zr02 between
6.6 and 16 weight % as main components, and weight ratio of Na201Zr42 falls
within the range between 0.6 and 2.0 while weight ratio of A1203/ZrOQ 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 hydrofluosilie acid.   10 D E C
2002 (Sixteenth invention) In a method of amnufacturing 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 one of the seventh through the
fifteenth inventions. (Seventeenth invention) A method of manufacturing a
glass substrate for use in a magnetic recording medium, comprising the
steps of-. , specifying a surface state of said glass substrate to 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 (~; processing the surface of the glass
substrate under various surface processing conditions; determining the
surface processing condition so that Ra Rmax and R,max/Ra measured by the
use of the interatomic force microscope (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 26 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 a inch or less without the
stiction of the magnetic head.   10 D ~ C 2002 9 Further, the glass
substrate satisfies further high CSS 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 subatantially 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 a inch. This is not also desirable. The ratio of
Rmax/R,a measured by the AFM represents distribution (variation
(uniformity)) regarding height of the island (the peaks) in the roughness
on the substrate surface and changes 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 i keep the glide height of 1.2,u inch 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 roughness relatively becomes uniform, the static
coefficient of friction exceeds 3, and contacting area with the magnetic
head is increase 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.   io 1 0 DEC 2~~'~ Thereby, the static
coefficient of friction becomes 1 or less. 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 = 0.71.6
nm) and Rmax = 818 nm Rmax/Ra. 10~20 in the CSS method. - On the other
hand, the surface roughness is specifically controlled within the range
specified by Ra = 0.22.5 nm, Rmax = 31,0 nm ,and Rmax/Ra = 315 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 obtain
the magnetic disk which has the glide height of 1.2u inch or less and
which, satisfies the high CSS durability characteristic by selecting the
predetermined range. However, the projection (peak) on the surface of the
magnetic disk, which directly contacts with the magnetic head, is
practically a high projection (peak) corresponding to Rmax which is the
maximum projection(peak) height among the roughness on the substrate
surface. Zb control ratio (distribution) 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.   



1 0 D E C 2002 m 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 fxoxn the xeferential surface is specified as the
bearing height. 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 def ned
as B.H. (2.5) while the bearing height of the contour surface having the
bearing xatio of 5.0 / is defined as B.H. (6.0). In this event, B.H.
(2.5)IRmax falls w~itb~in. the range between 0.1 and 0.5 or B.H.
(5.0)IR,naax falls within the range bet~av~een 0.1 and 0.45. This is
preferable because the low ,flying height is further realized and the high
CSS durability characteristic is obtained. Herein, description will be made
about the bearing ratio and 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. Now, when it is
assumed that the principal surface of the glass substrate is completely
flattened, the virtual principal suxface is defined and the surface
parallel to the virtual principal surface is de$ned as the contour surface.
'fb,e contour surface, in which the distance fxoxn the virtual principal
surface falls within the predetermined range) cuts roughness   1 0 D E C
Z002 12 foamed on the principal surface o the glass substrate. A percentage
rate of a total axea o~ the virtual principal suxface for sum of areas of
the cut cross sectional surface of the all xoughaess cut by the contour
surface is defined as the bearing ratio. Further, the contour surface
having the bearing 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 event) the
above-mentioned bearing ratio is plotted in the abscissa axis) and the
vertical distance from the maximum point of the contour surface, namely
depth (beaxing depth) is plotted in 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 surface, which
is laid in the depth having the bearing ratio of 50/, is defined as the
xeferential surface. Further, the bearing height having the bearing ratio
of 2.5 % is defined as B.Ii. (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 ox B.H. (5.0)/Rmax
falls within the xax~ge 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.~R,max 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.   1 0 DEC Z002 Tl~e inventors have found out as a result of a
variety of experiments that the value of the B.H. /Rmax in the bearing
ratio of 2.5% and 5% closely relates with the CSS durability and the static
coef5.cient of friction. Namely, when B.H. (2.6) /~xnax and B.H. (5.0)
/Rxnax are not exceeding 0.1, respectively, the coef~.cient of friction due
to sliding is increased and the CSS durability is lowered. Further, when
the B.H. (2.5)/Rmax and B.H. (5.0)IR,max exceeds 0.6 and 0.45)
xespectively, the coefficient of friction exceeds 3. This is not
preferable. 



In tbis case, the surface having tl,~e bearing ration of b0 % 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
preferable because the referential surface xs 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 beaxing ratio 2.5/ 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 coatacts with
the magnetic head in the correspondiza.g relationship with the low flying
height required for the magnetic disk) the low coef~,ci.ent of friction
axzd the high CSS durability, can precisely identified. rn Table 1, a
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)   ~ p D E C 200Z 14 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 center line of the surface roughness. In this
condition, B.H/Rmax was calculated when the bearing ratio was set to
0.025%, 0.25%, 2.6%, and 25%, respectively Table 1. represents the
calculated results. Table 1 8.H.(0.025%) /Rmax8.H.(0.26%) /Rmax8.H.(2.5%)
/Rmax8.H.(5.0%) /Rmax8.H.(25%) /RmaxDisk A0.640.58 ~0.430.380.15Disk
B0.620.530.260.180.04Disk C0.670.610.210.130.03Disk D I0.680.390.180.1
t0.01 B.H./Rmax in Table x relatively represents the ratio of the island
(peaks). However, when the bearing ratio was set to D.026% and 0.2b/, 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.~I /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.   1 0 D E C 2002 7.5 The above-mentioned results
are bxi~efl,y explained as follows, and the second invention and tre third
invention depend upon these results. (1) The beaxing curve of the surface
roughness 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 60% 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-mentioned (1)
indicates the characteristic required fox 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./Itmax. In
the second invention and the third invention, the bearing ratio value
(2.6%, 6.0%) is selected so that the rate of the islands (peaks) on the
substrate surface in the corresponding relationship with the glide height,
the coefficient of friction, and the CSS durability 



i as the characteristic required for the magnetic disk can be precisely
identified. (8) The range of B.H. /Rmax which satisfies the characteristic
requixed 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 7~.2 !~ inch ox less, the coefficient of
friction is 3 ox less , and B.H. (2.6) ~R.max which satisfies the excellent
CSS durability falls within the range between 0.1 and 0.6 or B.H. (6.0)
/Rmax falls within the range between 0.1 and 0.46.   1 0 D E C Z002 The
glass substrate for the magnetic disk manufactured by the method of
controlling the surface roughness is useful for the xnagnetic 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-mentioned glass substrate contains at least
alkali metal oxide and alkali earth oxide, axed content of the alkali earth
oxide is z~ot exceeding, 3 mol %. Thereby) the desired surface roughness
mentioned in the first through third inventions can be readily obtained by
the chemical surface process (lsydrof7.uosilic 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 ,u
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 layer is formed on the principal surface of
the above-mentioned glass substrate. Consequently, the magnetic disk
satisfies the high electromagnetic conversion characteristic and the )sigh
CSS durability characteristic. According to the seventh invention, the
glass na.ember, in which, Ra falls within the range between 0.1 and 1.0 nm
when the surface roughness of the principal surface is measured by AFM, is
prepared. The surface roughness of at least the principal surface of the
glass member is chemically surface-processed so that R,a. falls within the
range between 0.2 and 2.5 n~aa, Rmax falls within. the range between 3 and
2b nm, and Rmax/Ra falls within the range between 3 and 35.   10 D EC 2002
'hereby, 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
0.3. and 1.0 nm when the surface roughness of the principal surface is
measured by the AFM, is prepared. 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 atably manufactured. The surface roughness of
the glass substrate before the surface process must be set to the desired
roughness (R,a=0.1A.0 nm) and chemical material for processing the surface
must be selected to the hydrofluoeilic acid in order to stably manufacture
the glass substrate for the magnetic disk which satisfies the high CSS
durability Inventors have found out that the surface roughaesa 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 required to be controlled the
surface roughness with high accuracy Inventors have enthusiastically
researched this case. As a 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 R,max falls within the range between 1 and 20 am. Further)
the hydxofluosilic acid used during processing the surface of the glass
substrate of the this invention has weak etching   ~ 0 D E C ~~02 force
(slow etching rate) as compared to hydrofluoric acid solution which
contains hydrofluoric acid or potassium fluoride and which is
conventionally used as the etching liquid. Consequently, it is possible to
precisely control the surface roughness. Silicofluoric acid (H2SiF~ is
typically used as the hydrofluosilic acid. The hydroiluosilic acid process
may contain the other acid (hydrofluoric acid, sulfuric acid, hydrochloric
acid, nitric acid) and commercially available washing materiel (natural
washing material, surfactant, alkali washing material) with fine quantity
in order to enhance the etching (washing) effect. Further, the process
condition of the hydroiluosilic acid is mainly determined in dependency
upon concentration of the hydrofluosilic acid, immersing time into the
hydrofluosilic acid, te~anperature of the hydrofluosilic acid. The
hydrofluosilic 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 hydrofluosilic 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
hydroffuosilic acid mainly relates with the surface roughness Rmax.
Specifically, the surface roughness ltmax becomes larger as the
concentration of the hydrofluosilic acid is higher) the immersing time into
the hydrofluosilic acid is longer, and the temperature of the
hydrofluosilic   ~ 0 D E C 2a2 acid is higher. The process condition of the
above-mentioned hydrofl.uosilic 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
hydrofluosilic acid falls within, the range between b0 and 600 sec and the
temperature of the hydrofluosilic acid falls within the range between 16 C
and 60 ~. 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 material containing the free abrasive grain havi~ug grain
diameter between 0.3 and 3.0 a m. The grain diameter naaialy relates with
the surface roughness Ra. Namely, when the average grain diameter of the
abrasive grain becomes large, the surface roughness Ra of the glass
substrate 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 ~u m. In consequence, the
glass substrate for the magnetic disk has further high CSS durability
characteristic. When the grain diameter of the free abrasive grraia is not
exceeding 0.3 ~c 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 8.0,i m) the roughness after
the etching becomes excessively large. This is also undesirable.   ao 1 d
DEC ~da2 Moreover, cerium oxide (Ce02), alumina (A120, colloidal silica
(Si02), iron oxide (Fe20s), chromium oxide (Cr20~) zirconium oxide (ZrO~,
titanium oxide ('~02) are exemplified 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 becomes the island (peak) in
remaining stress distribution vcrhich is generated at the portion of
abrasive trace due to the abrasive grain in the polishing step of the glass
member. Inventors have discovered that the trace, along which the abrasive
grain passes, tends to be formed as the island (peak) when the surface is
processed by the hydrofluosilic acid after polishing by the polishing
material. containing the $ree abrasive grain. r 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 remaining stress distribution by the structural change. As a result,
the etching rate due to the hydrofluosilic acid becomes slow in the portion
having relatively high reno.ai.ning distortion. This is assumed to be the
above-mentioned mechanism. In the eighth through the tenth inventions, the
abovementioned phenomenon duE to the discovery is positively utilized.
Thereby, the desired surface roughness state can be $rstly obtained. The.
concentration of the hydrofluosilic acid preferably falls within the range
between 0.15 and 3.0 weight (the eleventh invention). 'When the
concentration of the hydroffuosilic acid is not exceeding 0.16 weight %,
the etching effect or the washing effect for   21 1 0 D E C 2002 the glass
substrate is lowered. Consequently, the desired surface roughness can not
be obtained. When the concentration exceeds 3.0 weight /) it is difficult
to cox~txol. the surface roughness with high accuracy because the etching
rate became quick. Consequently, the glass substrate fox the magnetic
recoxdix~g medium having stable quality can not be obtained. This is not
preferable. If the projection (peaks) is formed in the ~ucet through the
third inventions, no limitation is imposed as to a kind, a size and a
thickness of the glass substrate used in this invex~ti~on. A,s 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 etchiaag fox the aluminosilicate glass) and
the surface roughness can be controlled with high accuracy Further, the
glass substrate (the glass substrate for forming the island (peaks) by the
mechanism in the tenth invention) used in the manufactuxuag method of this
invention is preferably foxxned by the material which contains the alkali
metal oxide and in which the total content of the alkali earth oxide (RO:
MgO, Ca0 and the like) is not exceeding 3 mol / (the twelfth invention).
The composition ratio is preferably specified by 5875 weight % of Si02, 523
weight / ofA120s ,8^10 weight % of h~i~20 and 4^-18 weight % of Na20 as
main components (the thirteenth invention). Further, it is desirable that
the glass does not cox~tai~n alkali earth (metal) oxide, such as, Ca0 or
Mg0 to remarkably form the island (peak) by the mechanism in the tenth
invention.   22 1 0 D E C 2002 In particular, it is preferable in the
fourteenth invention that the glass substrate is an aluminoailicate glass
which contains 6275 weight % of Si.02, 5x5 weight % of A12 03) 410 weight /
of Li20, 4~~,2 weight / of Na20, and 5.515 weight / of Zr02 as the main
components, the weight ratio of Na20 IZr02 Falls within the range between
O, b and 2.0, and the weight ratio of A120gl2rOz 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
hydrotluosilic acid is excessively superior by chemically reinforcing
(chemically strengtheaiag) the alumiaosilicate glass. Therefore, such an
aluzninosilicate glass is desirable. Herein, 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
hydro~uosilic acid is performed twice. Moreover, the different
hydrofluosilic acid concentrations are used in the respective steps.
Thereby, the ~.ne surface roughness on the substrate suxface can be
controlled. It is preferable that the chemical reinforcement (chemical
strengthening) process is carried out after chemical surface process oar
the surface process due to the hydrofluosilic acid (the thi~cteenth
invention). Herein, the known chemical reinforce~aaent (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   1 0 D E C 2002 glass transition point, is
preferable. A fused salt used for the chemical reinforcement (chemical
strengthening) includes potassium nitrate, sodium, nitxate, 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 (chemi.cally starengthening). This is undesirable because tb~e
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 grains between (immediately after
the surface process due to the hydrofluvsilic acid) the chemical
reinforcement process step (chemical strengthening process step) and the
surface process due to the hydrofluogilic 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
maxa.ufactured by the method of manufacturing the glass substrate for the
magnetic recording medium) such as, the above-mentioned magnetic disk.
Thereby, the magnetic recording mediuu~, such as, the magnetic disk
satisfies the high electro-magnetic conversion characteristic axed the high
CSS durability characteristic.   2a 10 DE.C 2002 rA.ccording to the
seventeenth invention, the surface roughness of the Qrincipal surface of
the glass substrate is eontxolled so that Ra, Rmax which indicate the
height of the roughness xneasured by the iateratomic force microscope (A~,
Rmax~Ra which indicates the height distribution of the roughness. In
consequence, the glass substrate for the magnetic recording medium used for
the magnetic disk, satisfies the high electrom,agnetic conversion
characteristic and the high CSS durability characteristic. .A,lternatively)
the surface roughness of the principal surface of the glass substrate is
controlled so that the ratio (R.I3./Rxnax) between the bearing height
(B.~.) of the contour surface and Rmax, or R,a, R.max, RmaxlRa, B.Ii.~Rmax
fall within the specific range, as described in the following structures
(a) 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 recording medium used for the
magaetic disk, also satisfies the high electro-magnetic conversion
characteristic and the high CSS durability characteristic. (a) ,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 paxallei 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,   ~ o o E c zooz 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 tom 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 substrate to improve flying characteristic of a magnetic head
at every kinds of the raa;gnetic head within a specific range ratio
(B.H./Rmax) of the bearing height (B.H.) and Rmax measured by the uge of
the interatomic force microscope (AFI~; processing the surface of the glass
substrate under various surface processi~.ng conditions; . determining the
surface pxocessing condition so that B.H.lRmax xa,easured by the use of the
interatomic force microscope (A~"M) after the process falls within the
speci~,c range; and processing the surface of the glass substrate based
upon. the determined surface processing condition. (b) A method of
manufacturing a glass substrate which is for use in. a magnetic recording
medium and which has surface roughness R,a and Rmax, where R.a, is
representative of a center-line mean roughness, Rmax is defined as a
maximum height representative of a difference between a highest point axed
a lowest point, a surface parallel to a virtual principal surface is
de~tned as a contour surface when it ig assumed that the principal. surface
of the   26 ~ o o E c zoos glass substrate is completeJ.y flattened, when
roughness formed on the principal surface of the glass substrate are cut by
the use of the contour suxface, 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 auxface having the beariag ration
of ~0 / is defined as a refexential surface ,and each distance from. the
referential surface to each contour surface having each bearing ratio is
specafi.ed as a bearing height (B.H.), co~aapri.sing the steps of spec~ring
a surface state of the glass substrate to improve flying characteristic of
a magxietic head at every kinds of the magnetic head within Ra, Rmax,
R,maar/Ra, and ~ specific range ratio (B.H./Rmax) of the bearing-height
(B.H.) and Rmax naeasuxed by the use of the interatomic force microscope
(AF11~ 



processing the surface of the glass substrate under various surface
processing conditions; deter~miaiua.g the surface processing condition eo
that Ra, Rmax, RmaxlR,a, and B.H./R.ma~c measured by the use of the
interatomic force microscope (AFIVI) after the process falls within the
specific range; and processing the surface of the glass substrate based
upon the determined surface processing condition. Fig. 1 is a measuring
picture of a principal surface of a glass substrate for a magnetic
recording medium measured the interatomic force microscope (A.FN~ according
to this invention;   ~ o n E c zoo2 Fig. 2 is a 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 ~'ig. 1; Fig.
4 is a schematic cross sectional view showing a magnetic disk according to
an exa~aaple I of this invention; Fig. 6 is a graph showing a relationship
between immersing tinge into hydrofluosilic acid and Rmax; and Fig.6 is a
graph showing a relationship between immersing tina~e into hydrofluosilic
acid and R,a. j~gc~~~t;r~n of the Pyeferred Em'6odim~ents: (example 1)
,A,,s illustrated in k'ig. 4, a seed layer 2, an underlying layer 3, a
magnetic layer 4, a protection layer 5 and a lubricant layer 6 are
successively forraed on a glass substrate I in a magnetic disk according to
this embodiment. The glass substrate 1 is an aluminosilicate glass which
has composition of 63.5 weight % of Si02, 14.2 weight % of A120!g, 10.4
weight / of Na20, 6.4 weight / of Li20 and 6.0 weight % of ZrO~ (0.4 weight
% of SbQOg) and 0.1 weight /a of.A.sZO3 ,and is processed to the disk shape
having outer diameter (65 mm ~ )) hole diameter(20 mm d~ ) of a central
portion and a thickness of 0.6S5 nm. Ti he both principle surfaces, end
surfaces and chamfered portions axe precisely polished and are processed
the surfaces by the use of hydrofluosilic acid. Consequently, the surface
roughness of the both principle surfaces is specified by Ra = 1.3 nm) Rxnax
=14.1 nm, Rmaxll~,a =10.8, B.H. (2.5) = 6.02 nm, B.H. (5.0) = 4.33 nm, B.H.
(2.5)IRmax = 0.43, and B.~. (5.o)~,max = o.sl.   ~ o a E c zooz The seed
layer 2 is a NiAl(Ni: 50 at/, Al: 50 at/) elm having the thickness of 40
nm. The seed layer 2 has small crystal grain diameter and ie superior in
uniformity, In consequence, each of the underlying layer 3 and the magnetic
layer 4 foamed thereon has fine crystal grain, diameter. Thereby, the seed
layer 2 serves to reduce noise. As the seed layer 2, NiAIRu, NiAINd, NiAIW)
NiAlTa, NiAlHf, NiAIMo,NiAlCr, NiAlZr, and Ni~A~INb, in which the other
elements are added in addition to the NiAI other than the above-mentioned
Ni,A,I,, ~ ,,..: are exemplified. The underlying layer 3 is a CrMo (Cr:
94at%, Mo: 6at/) film having the film thickness of 25 nm. In the underlying
film 8, it is desirable that difference of crystal lattice distance of the
magnetic layer 4 formed thereon is reduced as possible, and the underlying
layer 3 serves to improve coercive force. Cr and Cr'~T are exemplified
other than the above-mentioned CrMo as the underlying layer H. It is
preferable to match with the lattice distance of the seed layer 2 because
the crystal growth becomes excellent and the electro-magnetic conversion
characteristic also becomes superior. In this event) the underlying layer 3
is not restricted to a sixxgle layer, and may be a multi-structure in which
the sam,e~ox the different layers are laminated. For example, a multi-layer
underlying layer, such as, Cr/CxIV.(o) CrICrV) and CxVICrV axe exemplified.
The magnetic layer is a CoPtCrTa (Co: 76at%, Cr: l7at%, pt: Sat/, Ta: 8at/)
hlm. Herein, it is to be noted that material of the 



magnetic layer of the magnetic disk of this ixzvention is not particularly
restricted. Specifically, a magx~,etic thi_n.-film, such as,   ~ o a E c
zooz Copt, CoCr, CoNiCr, CoCxTa, CoPtCr, CoNiPt, CoNiCrPt, CoNiCxTa, and
CoCrTaPtNb, which contains Co as a main component, is exemplified as the
magnetic layer 4. Alternatively, a multi-structure (for example,
CoCrPtTa/CrMo/ CoCrPtTa), which is formed by dividing the magnetic layer
with a non-magnetic $lm (for example, Cr, CrMo) Cry 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 film consisting of
material, such as, ferrite based material, iron-rare earth-based matez~i~al
or Si.~2, BN other than the above-mentioned Co based xaatexi.al. Moreover,
the magnetic layer 4 may be a recording form of an. in-plane type ox a
vertical type. The protection layer 5 is a hydrogenation carbon (1i: 30at%)
film having the film thickness of l0nm. 'The protection f~lm 5 achieves
corrosion resistance and resistance to abrasion of the magnetic layer 4. '
As the protection layer 5, carbon, nitrogen carbon) hydrogen nitrogen
carbon) fluorine carboa) Cr, and Si02 are exemplified other than the
above-mentioned hydxogenation carbon. The lubricant layer 6 is a liquid
lubricant elm consisting of perfluoropolyether having the film thickness of
1 am. The lubricant layer 6 achieves resistance to abrasion. In addition,
fluorocarbon based liquid lubricant material ox 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 abovexnentioned
perfluoropolyether.   3 0 1 0 D E C 2002 In this event) if the protection
layer ~ has function as a solid lubricant material, the lubricant layer 6
can be omitted. Hereinafter) description will be made about a method of
manufacturing the above-mentioned magnetic disk and glass substrate for use
in the ~aaagnetic disk. (1) Roughing step: FSrst) a glass substrate of an
aluminosilieate glass was cut into a disc-shape having a diameter of 66 mm
and a thickness of 3 mm by a grinding atone ~rom a sheet glass formed by
the down draw method. The glass substrate was grouad by a relatively rough
diamond gr7,ndstOne to obtain the glass substrate having the diameter of 66
mm, and the thickness of 1.6 mm. In this event, the glass substrate may be
cut into the diso shape in the same manner as the above frora the sheet
glass formed by the float method instead of the above-mentioned down draw
method. A chemically reinforced glass was used as the above-mentioned
alurainosilicate glass. The chemically xeinforeed glass contains 63.b
weight % of Si02, 14.2 weight % of A1208, 10,4 weight % of Na20) 6.4 weight
/ of LiZO az~d 6.0-weight % of ZrO~, 0.4 weight % of SbzOs) and 0.1 weight
% of As~03. Subsequently, the both principal surfaces of the glass
substrate were ground by a diamond grindstone having grains smaller than
those of the above-mentioned grindstone at every ox~e surface. In this
case, a load was set to the extent of 100 Kg. Thereby) the both principal
surfaces othe glass substrate were ground into a surface roughness Rmax of
about 10 ~ m.   1 0 D E C 2002 Nextr an opening was formed at a center
portion of the glass substrate by using a cylindrical grindstone. FurEher)
the outer side end surface was ground to a diameter of 65 mm. Thereafter,
the outer and the inner end surfaces were chamfexed. In this case, the end
surface (the side surface and the chamfered portion) of the glass substrate
had a surface roughness R,max of about 4 a m. (2) Mirror finishing step of
the end surface: Subsequently, the glass substrate was polished by the use
df a 



brush polishing by rotating the glass substrate so that the surface
roughness of the end surface portion (the angular poxtaon, the side surface
and the chamfered portion) of the glass substrate is set to about 1 ~c m by
R,max and to about 0.3 a m by Ra. The no~irror finishing step is effective
for preventing a film defect wbach is caused by dusts which are attached to
the principal surface of the glass substrate. In this event) the dusts axe
gene~cally generated from the end surface of the glass substrate when the
glass substrate is transferred or ~rhen the glass substrate is cleaned. The
glass substrate was washed with water after the above-mentioned mirror
finishing step. (3) Lapping step: The lapping step was performed for the
glass substrate to improve dimension and 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 ficom #400 to
#1000. Speci~.cally, the lapping was performed for the both principal
surfaces of the glass substrates which were contained in a carrier so   32
10 D E C 2002 that the principal surfaces had a surface accuracy of 0-1 a m
and the 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 Kg. Next, the lapping was performed by changing the
grain degree of the alumina grain into #1000. In this case, the surface
roughn.ESs (Rmax) was set to about 2 a m. Subsequently, the glass substrate
was successively immersed in washing 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 reu~ai.n.ing in the
above-mentioned lapping process. Specifically, a hard polisher (which may
be a cerium pad LP66 made by Speedfam) was used as polisher. Zn tbas case,
the first polishing was performed under the following polishing condition.
Polishing liquid: oxide cerium (grain size of 1.3 L~ m) (free abrasive
gxaiu~a.) + water Load: 80-100 g/cm2 (L = 238 kg) Polishing time: 30G0
minutes Removing amount: 35-45 ~t m Revolution of lower surface plate: 40
rpxn Revolution of upper surface plate: 35 rpm Revolution of inner gear: I4
rpm Revolution of outer gear: 29 rpm The glass substrate was washed by
being successively dipped   33 ~ o oEC zoos in washing units of natural
detergent, pure water, pure water, IPA (isopropyl alcohol), IPA (vapor
drying) after the above polishing step. I3erein, supersonic wave was
applied to each washing unit. In this event, the washing step u~.ay be
omitted if a polishing liquid in the subsequent second polishing step is
the same as the above case. F~u~ther, the hard polisher used in the first
polishing step is not particularly restricted, and ~naay be suitably
selected in dependency upon the surface roughness and end portion shape of
the substrate as the target (or the goal) (5) Second polishing step (k~inal
polishing step): Next, a second polishing was conducted by changing the
above mentioned hard polisher into a soft polisher (Kanebou N7619) 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 a m) ($cee abrasive grain) +
water) the load of 80-100 glcm2, the polishing time of 9-16 minutes and the
removing amount of 3-6 ,cc x~a. The surface roughness of the glass
substrate obtained in this second polishing step was measured by the use of
the interatomic force microscope (,A.~. Consequently, R,a. was equal to 0.3
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 au, i~sla~ad shape. Herein, the hardness (askex C) of the polisher
may preferably be 60 or less, and more  



34 ~ 0 D E C 2002 pre~exably) 50 or less. (6) Surface processing step
(Washing step): The glass substrate was successively immersed in each
processing (washing) wait of hydrofluosilic acid (concentration: 0.35%,
temperature: 45 C, immersing time: 150 sec)) hydrofluosilic acid
(concentration: 0.28/) temperature: 45 ~) irapaersing time: 200 sec) to be
processed (washed) the surface therein after the eecvnd polishing step. In
this case, a supersonic wave was applied to each of the processing
(washing) units. The glass substrate was washed by being successively
dipped in each washing unit of natural detergent) pure water, pure water)
1PA (isopxopyl~ alcohol), IPA (vapor drying) after the above surface
processing step. FIereia, supersonic wave was applied to each washing unit
except for an IPA vapor unit used in the ~A (vapor drying) step. ('7~
Chemical reinforcing (chexaical strengthening) step: l~e~ct, a chemical
reinforcing (chemical strengthening) step was performed for the glass
substrate after the grindixa,g, the surface polishing processing (washing)
and the washing step were completed. First, a chemical reinforcing salt was
prepared by xn'~iing 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 sux~ace in the holder.   ~ o oFC 202 35 Under this circumstances)
lithium ions and sodium iox~s ox~ a surface layer of the glass substrate
were replaced by sodium ions and potassium ions in the chemical reinforcing
salt by dipping each glass substrate in the chemical reinforcing salt.
Thus, the glass substrate was che:aaically reinforced. A compressive stress
J,ayer formed in the surface layer of the glass substrate had a thickness
of about 100 to 200 ,u m. Next, the chemically reinforced glass substrate
was dipped in a water tax~.k of 20 `~, quickly cooled and retained for 10
minutes. (8) Washing step: Subseduently) 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, ao 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 (AF1V1). As a result) when Rmax
was 1.3 nm) $aCnax was 14.1, ~B.H. (2.b) was 6.02 nm and B.H. (5.0) was
4.33 nm) Rmax/Ra was 10.8) B.H. (2.6)/R,max was 0.48 and B.H. (5.0)/R,max
was 0.31. In this case, Ra is representative of the center-line mean
roughness (defined in Japanese Industrial Standard JIS B0601) while Rmax is
de~.n.ed as a maximum height representative of a difference between a
highest point and a lov~teat point (defined in Japanese Industrial Standard
JIS $0601). Further, observatxox~ was made about the surface state of the
principal surface of the glass substrate after the final polishiaa~g step
36 and the surface state of the principal surface of the glass substrate
after the washing step by the .A~FM. Consequently, it was con,~xmed 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 forma the islands (peaks) in
remaiuaiuag stress distribution formed oa the glass principal surface by
the fee abrasive grain. Subsequently, a heat treatment of the glass
substrate 1) deposition of a seed layer 2) deposition of an the underlying
layer 3, . deposition of a magnetic layer 4 and deposition of the
protection layer 5 were successively carried out for the above-mentioned
glass substrate 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 durst chamber in which a substrate heater is arranged, a second chamber
in which a NiAI target (Ni: b0 at %) Al: 50 at /), a CrMo target (Cr:
94at%, Mo: 6 at%) and a CoCrPtTa target (Co: 76at%, Cr: 1?at%, Pt:. Sat%,
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 lead luck
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.   1 0 D E C 2002 Namely,
the substrate was heated to 350 C for 2 minutes in the first chamber. The
NiAl elm ha~cring the film thickness of 40 xxm as the seed layer 2, the
CrMo film having the film thickness of 25 nm as the underlying layer 3, the
CoCrPtT'a tlm havi~x~g the film thickness of 27 nm as the magnetic layer 4
are successively deposited in the second chamber. The hydrogenation carbon
film havi~x~g the ~Im thickness of l0nm as tl~e protection layer 5 is
deposited in the third chamber. In this case, the sputtering conditions in
the second and third chambers were as follov~rs. Namely, the sputtering
pressure was 2 mllorr in the second chamber while the sputtering pressure
was 3 mZbrr 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 thixd 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 6 was
taken out from the in-line sputtering apparatus. Perfluoropolyether is
applied to the surface of the protection layer 6 by the dipping process.
Thereafter, the lubricant layer 6 having the t~hm thickness of 1 nm was
formed to obtain the magnetic disk of an. example 1. Table 2 represents
evaluation results of the electro-magnetic eonversi~on characteristic and
the CSS durability characteristic of the obtained magnetic disk. In this
event) the magnetic characteristic and the record/reproduce characteristic
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. 



10 D E C ~00~ Table 2
GrainCoeffi-DlameterEtchingTotalRmaxRaRmaxB.H.B.H.dentGlideCSSof
FreeTimeTime/Ra(2.5)(5.D)ofMeightDura-RemarksAbrasive~21*2/Rmax/Rmaxfrictio
nbilityGraln(nm)(nm)Example10.815020035014.11.310.80,430,310.60,7O20.810010
02005.50.511.00.380.302.90.3O30.81501102608.20.99.10.450.362.30.4O40.820012
032010.7128.90.420.291.80.6O51100100200S.20.95.80.490.442.40.3O611501803301
1.21.38.60.490.45t.80.6O7120018038012.91.111.70.400.271.80.6O81.41001002001
0.4110.40.450.312.t0.5O91.416017032012,71.49,10.500.371.60.6O101.419Q190380
14:41.69.60.490.321.0.7O111.422022044o17.41.99.20.500.34O.ao.9O123100100200
10.60.911.80.400.262.10.6O1331301302B013.11.210.90.434.2A1.70.7O14316016032
015.41.b10.30.440.301.20.8Q16327027054024.82.69.90.490.350.41,2O160.3120120
2405.10.225.50.120.112.90.3O17230030060023.80.734.00.140,12t
.21.2OComparative
Example1'hally13350350700(11.1)(1.2)9.33.22.5xStepMeasureRmpx.Ra23280280660
25.12.79.30.530.340.6t.4Oars highRa is
high3326025050024.42.69.40.600.340.41,3XRmax
is41100501504.90.41230,360.2430.3xlowRmax/Ra50.8t001002006.41.t4.90.S20.463
.10.3xis lowRmax, Ra60.34040802.80.128.00.110.093.40,3Xare
lowRmax/Ra70.326026062024.80.641.30.090.080.91.2Xis
highgrain80.21001202206.80.322.70.170.t32.80.4xdiameteris
smallgrain9420026046026.71.320.50.220.162.81.4Xdiameteris large   ~ 0 DEC
~nn2 In this case, the coercive force was measured by the use of the
l~n.own vibration sample type magnetometer at a maximum, external applying
magxa.etic field of 1.0 KOe by cutting a sample of 8mm d~ from the
manufactured magnetic disk and applying the magnetic field in the film
surface direction. Moreover, the recordlreproduce characteristic (SIN
xatio) was measured as follows. Namely, the obtained magnetic disk and the
MR (magneto resistive type) head having the flying height of 0.05g ~ m wexe
used: In this event, the record/reproduce characteristic in a line
recording density of X63 kfcl (line recording density of 163,000 bits per 1
inch) was measured in the condition that a relative rate between the MR
head and the magaetic disk was set to 9.6 rnls. Further, medium noise
during recording/reproducing signals was measured by the use of the known
spectrum analyzer to calculate the SlN ratio in the condition that carrier
frequency was set to 23 MHz and measuring bandwidth was set to 26 MFiz. The
MR head, which was used in the above.mentioned measurement) had a track
width of 3.1/2_4 a m and a magnetic bead gap length of 0.85l0.28 !~ m at
writelread 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 ~anagnetic disk of 4000 rpm using 30 / slidex
of 3g load in atmosphere of the room temperature and the room moisture.
Moreovex, the head crush did not occur. As a result) the magnetic disk
having the high CSS durability characteristic was obtained.   40 1 0 DEC
200Z ~'uxthex, 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 genexated between
the head and the medium up to the head flying quantity of 1.0 a inch. That
is, the glide height of this disk was 7..0 !~ inch. From the
above-mentioned result, the record/reproduce was performed with the glide
height of 1.2 a inch or less, and the aoaagnetic disk satisfied the high
electro-magnetic conversion chaxacterxstic and the high CSS durability
characteristic. (Comparative Example X) The magnetic disk was manufactured
in the sa~oae ~n,anner as the example 1 except that the glass substxate was
manufactured by changing the polishing condition and the surface processing
time due to hydroiluosilic acid and the surface roughness of the glass
substrate was evaluated by the use of the thally step. Aa a result, the
static coe~.cient of friction, the glide height (u inch), and the CSS
durability characteristic are represented in Table 2 as a comparative
example 1. Ix~ this case, the evaluation of the measured thally step was
carried out under the condition of scanning distance (250 .u m.) and stylus
pressure of 7 mg. When the surface of the glass substxate for the magnetic
disk was evaluated by the thally step as the comparative example (although
the surface falls within the range speci.~ed by this invention), the glide
height was 2 ~ inch or more and variation became large. This reason is
explained as follows.   1 0 D E C 2002 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
dif6.cult to control the surface state of the magnetic disk which satisfies
the glide height of x.2 l~ inch or less. Therefore, it is found out that
the surface roughness must be evaluated by the use of the iateratomic force
microscope (AF1V~, which ins capable of observi,~ag ~.uer surface state, in
order to control the suxface state of the 3magnetic disk which can satisfy
the glide height of 1.2 Jt inch or Iess. Hereinafter, the surface roughness
of the glass substrate is measured by the AFM. (Examples 217) Comparative
examples 2~9) The magnetic dish was manufactuxed in the same manner as the
example 1 except that the surface roughness of the glass substrate was
changed by changing the polishing condition and the surface processing time
due to hydrofluosilic acid. They were defined as examples 217 and
comparative examples 2~9. In the respective cases, the surface roughness
Rmax (nm), Ra (nm), RmaxlRa, B.H. (2.6)/Rmax, E.H. (6.0)/Rmax of the
principal surface of the glass substrate, the static coefficient of
frictiton) the glide height (,u inch), the CSS durability characteristic
are represented in ~'able2. In this case, the coercive force an:d the SIN
ratio of the magnetic disk were measured in the examples 2~1? and the
comparative examples 2~9. Ix~ consequence) the coercive force and the S/N
ratio v~rere 2200 Oe or more and 18 dB or more, respectively, and were
superior values.   1DDEC~D02 In the comparati~re 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 princi-pal surface of the glass substrate
exceeds 26.0 nm. Thereby, the glide height exceeded 1.2 a m. xn the
comparative example 6, the surface roughness R,a of the principal surface
of the glass substrate is not exceeding 0.2 nm. Thereby, the coe~cieat of
frictson was 3 or more. Consequently, the head crash occurred. In the
comparative example 3, the surface roughness Ra of the principal surface of
the glass substrate exceeded 2.5 nm. Thereby, the glide height exceeded 1.2
L~ m. In the comparative example 6, RmaxlRa was not exceeding 8. In
consequence, the coef~.cient of friction was 3 or more, .As a result, the
head crush occurred. Farther) B.H. (2.b)IRmax and B.H. '' (5.0)/R,max
exceeded 0.5 and 0.46, respectively In the cono~,parative example 7 and the
comparative example 8) RmaxIRa exceeded 20. Thereby, the CSS durabiJ.i.ty
was lowered and the head crush occurred. Further) B.H. (2.5)/R,max and B.H.
(5.0) IRmax were not exceeding 0.1. In the comparative example 8, the grain
diameter of the free abrasive grain was not exceeding 0.3 t~ 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 a m. Consequently, the glide height exceeded
1.2 l~ m because the surface roughness became large.   4 3 1 0 D E C 2002
From the above-mentioned result, it k~as been confirmed that the surface
roughness of the glass substrate of the magnetic disk falls within the
range gpeci~ed 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 which is recorded and reproduced with the
flying height of 1.2 ~u inch or less and which satisfies the high
electro-magnetic conversion characteristic and the high CSS durability
characteristic. '~ppyimization ofthe HvdroflLOs'LC acid ~oneentratien
(Example 1, examples X8~2x, comparative examples 1012) The magnetic disk
was manufactured in the same manner as the example 1 except that
hydrofuosilie acid concentration was variable in the surface process due to
the hydrotluosilic acid after the ~ua.al polishing step. They were de$ned
as an exaraple 1, examples 242? and comparative examples 1820. In the
respective cases) the surface roughness Rmax (nm), Ra (nm) and ~ixn,axlRa
of the principal surface of the glass substrate, the static coe~cient of
friction, the glide yield are represented in Table 3. In this event, 100 of
the magnetic disks were prepared for each magnetic disk manufactured under
each condition ,and were inspected with 1.2 a inch flying height 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 SIN ratio of the magnetic disk were measured in the examples 1.821
and the   44 1 0 DEC 2002 Table 3 Concen- tration of i st process1 st
Etching TfmeConcen- tration of 2nd process2nd 



Etching TimeRmax  (nm)Ra  (nm)Rmax /RaCoeffi- cient of frictionGlide Yield
(9L)
RemarksExample10.3b1500.3020014.11.310.80.696180.602000.1520012.41,111.31.4
911
s1.00601.006011.61.48.30.988202,90251.002512.01.68.00.876211.00601.506013.b
t .49.60.883Comparative Example100.42000.142007.60.5513.83.258concentrate
tion is low113.22022012.41.58.31.638concernra- tion is
higi~12D.1430024011.60.814.61.943ooncentra- tion Is low comparative
examples 1012. In consequence, the coercive force and the S/N ratio were
2200 ~e or more and 18 dB or more, respectively, aad were excellent values.
In the comparative example 11, controllability of etching was deteriorated
and variation of the surface roughness became large because the
hydrofluosilic acid concentxation exceeded 1.0 height %. Consequently, the
magnetic disk could not be manufactured with superior reproduction. rn the
comparative example 10, enough etching effect could not be obtained because
the hydrotluogilic acid concentration 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 ie stuck
thereto. In the comparative example 12, although the hydrolluosilie
concentration in the first process was not exceeding 0. J~ 6 weight / ,
proper roughness could be obtained by enhancing the concentration in   ~ 0
D E C 2002 the second process. However, the variation was large and the
yield 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 (O.lfi~3.0 weight %), and the
stable magnetic disk can be obtained. F`~zrthsr, the magnetic disk has the'
glide height of 1.2 a inch or less and satisfies the high electro-magnetic
conversion characteristic and the high CSS durability characteristic. y
.imi~gtion ef surface Rn~,ghn~aa~ (~lag~~ ~b a after Fina-1 Polighjgg
(Example 1, examples 2227, comparative examples 13N1C) The magnetic disk
was manufactured in the same x~aax~aaer as the example 1 except that the
surface roughness of the glass substrate after the final polishing step was
variable by changiag the polishing condition. They wexe defined as an
example x, examples 2227 axed comparative examples 18^-1b. In the
respective cases) the surface 1 roughness Rmax (nm), R,a. (nm) axed
R,xnax/l~a of the principal surface of the glass substrate, the static
coefficient of friction, the glide height ( a inch), and the CSS durability
are represented in Table 4. In this case, the coercive force and the S/I~
ratio of the magnetic disk were measured in the example 1, the examples
222? and the comparative examples 1515. In consequence, the coercive force
and the SIN ratio were 2200 Oe or more and 1.8 dB or more, respectively,
and were superior values. In the comparative example 13, the surface
roughness of the principal surface of the glass substrate after the final
polishing step  



1 0 D E C 2002 46 Table 4 Rmax(nm) before processingRa(nm) before
processingRmax  (nm)Ra  (nm)Rmax /RaCoefF-- olent of frictionGlide
MeightCSS Dura- bility
Remarksexample13.80.314.11.310.80.60.7O221,10.15.90.319.72.80.3O236.60.516.
81.511.21.10.8O2411.20.617.21.89,60.90.9O2613.50.521.41.712.60.61.1O2619.80
.623.42.111.10.21.2O2716.21l4.81.97.80.90.7OComparative
Example130.90.093.20.48.03.10.3ORmax, Ra are tow1451217.62.$6.30.50.9xRa is
high16221.829.03.46.50.41.5ORmax, Ra are high was not exceeding x.0 nm by
Amax, and not exceeding 0.1 xum by Ra. Consequently, the roughness was
small after the hydrofluosilic acid process and the coe~.cient 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 nna by Ra. Consequently, the CSS durability was lov~rered and
the head crush occurred because R,a after the hydrotluositlic acid process
became 2.5 nm or more. In the comparative example 15, the glide height was
1.2 I~ inch or more because Rmax and Ra were large. From the
above-mentioned result, variation of the islands (peaks) of the finally
obtai~x~.ed glass substrate suxface could be suppressed by selecting the
surface roughness o~ the glass $ubstxate after anal polishing step to the
predetermined roughness.   1 p D E C 2002  Further) the magnetic disk has
the glide height of 1.2 ~ inch or less and satisfies the high
electxo-xnagn.etic co~.version characteristic and the high CSS durability
characteristic. (Example 28, comparative examples 161?) The magnetic disk
was manufactured in the sa~oae manx~e~r as the example 1 except that the
glass substrate was cb~ax~ged into an aluminosilicate glass (example 28), a
quartz glass (comparative 1 example 16) and a soldali.me glass (comparative
example 17), and the polishing condition for setting the surfaces of these
glees 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 abovementioned example
28 had composition of 64.0 weight % of Si02, 16.0 weight % of A1208, 9.0
weight / of Na20) 7.0 weight % of Li20 and 4.0 weight % of Zr02 . On the
other hand, the solalime glass used in the above mentioned example I7 had
composition of 72.6 weight ~Yo of Si02, 16.0 weight % of Na20, 1.0 weight %
of A1208, 9.0 weight l of CaO, and 2.6 weight / of MgO. As a result, the
surface roughness was 1..2 o.xn. by Ra and was 11.0 nm by Rmax i_n. 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 ~6 and 17 was largely different in comparison with the
above examples 128. Speci~.cally, the static coefficient of friction was 3
or more and the superior result could not be obtained in the CSS durability
characteristic.   ~ o o ~ c Q002 Herein, examination has been made about a
reason regarding differences between ways) in which the projection is
formed, in dependency upon the kind of the glass (glass type, glass
coiuposition) 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 ion (Na+, Li*)
contained in the glass is the polishing step due to the free abrasive grain
of the glass substrate surface. By this exchange reaction, a hydration
layer was formed. ~n the hydration layer) OH-wae attached to Si or A,1,
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, ax~.d the roughness was formed in dependeu.cy upon the
etching rate. Herein, it is to be noted that the etching rate is small at a
portiwn 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). Subseduently, 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 b were
prepared, and the glass substrates were manufactured in the same manner as
the example 1.   49 1 0 D E C 2002 Table 5
Si02A(203Na20Mg0Ca02r02Ti0266.b8.612.510.43.03.0Glass
A(g3.5)(14.1)(6.0)(10.4)(6.0)65.67.612.510.40.50.53.0Glass
B(g4.0)(12.6)(6.1)(10.5)(0.3)(0.5)(6.0)65.56.612.510.41.01.03.0Glass
C(g4.6)(11.0)(6.1 )(10.6)(0.7)(0.9)(6.1 )65.56.612.610.41.b1.b3.0Glass
D(65.?.~(9.6)(6,2)(10.7)(1.0)(1.4)C6.1 )63.57.612.610.40.50.63.02,0Glass
E(g1,7)(12.6)(6.0)(10.4)(0.3)(0.6)(g.0)(2,6)63.66.612.6t
0.41.01.03.02.04lass F(62.2)(11.0)(6.1
)(10.6)(0.7)(0.9)(6,0)(2.6)63.66.612,510.41,613.02,0Glass
0(g2.g)(9.4)(6.1)(10.6)(1.0)(1.4)(6.1)(2.6) ~erei~n., the surface of the
glass substrate before the hydrofluosilic acid process and the surface of
the glass substrate after the hydrofluosilic acid process virexe observed
by the use of the interatom.ic force microscope (AF1V~, As a result, it has
been confirmed that when the glass substrate contains no'I~02 ,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, Ca0) of 2 xaol / or more (1.6 wt / ~or more)
in the total cou,tent. On the other hax>ld, it has been confirmed that when
the glass substrate contains 25i02 ,the surface roughness indicated in the
above example did not become remarkable and the island (peak) was Got
readily formed in the glass substrate which contains the alkali earth oxide
(MgO, Ca0) o S mol / or more (2.4 vvt / or more) in the total   1 0 DEC
2002 content. From the abovementioned 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 I.6 ~avt /). Therefore) it is
confirmed that the glass used in the manufacturing method according to this
invention satisfies the above~nex~tioned condition and may contain 6876
weight % of Si02, 528 weight % of A1203, 310 weight % of LizO, and 419
weight % of 



Nay O as main components in the composition ratio and preferably does not
contains alkali earth metal (oxide). rn particular, the alunninosilicate
glass specified in the claim 13 is desirable in the above-mentioned
polishing condition and the surface processing condition due to the
hydxofluosilic acid. However, the magnetic disk had the glide height of
1..2 !~ inch or less and satisfied the high electro-magnetic conversion
characteristic and the high CSS durability characteristic by setting the
condition of the surface roughness speci.~.ed in the claims 1~3 and by
selecting the polishing condition and the surface processing condition in
tha glass substrate other than the glass specified in the claims 1213.
Further, although the glass substrate is excessively smooth and does not
have the surface roughness specified in the claims 1N3, the same effect as
this invention can be obtained by forming fine   1 0 D E C ~~0~ projections
on the principal surface of the glass substrate and by selecting the
surface roughness specified in the cla~.ms 1.N3. 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 coeff dent 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 hydrofluosilie acid) the immersing time into the
hydrolluosilic acid, and the temperature of the hydrofl,uosilic 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 hydroiluosilic acid and Rm.ax, and the relationship between
the immersing time into the hydrofluosilic acid and Ra when the grain.
diameter of the abrasive grain are variable. In thxe event, the
concentration and the temperature of the hydrofl.uosilic acid are constant,
and are 0.28 weight % and 46C respectively. As illustrated in Fig. 5) Rmax
does not depends upon the grain diameter 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.6. As illustrated in Wig. 6, there is
correlation between the grain diameter of the abrasive grain and Ra in
accordance with the   52 1 0 DEC 2002 immersing time into the
hydrofl.uosilic acid (for example, the im,m,ersing time is 180 sec), and Ra
can be controlled by adjusting the grain diameter of the abrasive grain.
Further, the concentration of the hydroffuoailic acid and the temperature
of the hydrotluosilic acid relate with the etcbdng rate. As the
concentration and the temperature become higher, the etching 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 hydroiluosilic acid
concentration and the hydrofluosilic acid temperature. Therefore, it is
necessaxy to monitor the hydrotluosilic acid concentration and the
hydrofluosilic acid temperature so that constant etching concentration is
always kept. In particular) the hydrofluosilic acid concentration relates
with the ~coaductxvity, and the etching rate can be precisely controlled by
monitoring the conductivity. Description has been made about the magnetic
recording medium which is u~ai.nly used in the CSS method in the
abovementioned examples. Thereinafter) explanation will bE made about the
typical glass substrate for magnetic recording medium and the manufactured
magnetic recording medium which are used in the load  unload xaethod. The
glass substrate for the magnetic recording medium) which had the surface
roughness specified by Rmax = 4.3 nm, Ra = 0.46 nm,   ~ o oEC 2ooZ and
RmaxIR,a = 9.3, was manufactured by suitably adjusting the grain diameter
of the polishing abrasive grain and the surface pxocess condition (the
hydrofluosilic acid concentration, the hydrofluosilic acid temperature, the
imx~aersing time into the hydrofluosilic acid) in an example 1. The
magnetic recording medium was obtained by depositing the seed Layer 2, the
underlying layer S, the m,ag~aetxc layer 4, the protection Layer 5 and the
lubricant Layer 6 on the obtained glass substrate 1 as the same manner as
the example ~. rn the obtained magnetic recording medium., both the
coercive force and the S1N ratio were excellent, the glide characteristic
Was also superior) and the flying characteristic was also excellent without
the head crush. Although the invention has been so far explained with the
preferred embodiments, this invention is not always rest~cted to the
above-mentioned embodiments. For example, although the surface process due
to the hydrotluosilic acid was performed twice, the surface process step
naay be performed once, sad alternatively, m.ay 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 hydrofluosilic
acid, the surface process due to the hydrotluosilic acid may be carried out
after the chemically reinforced process. When the glass substrate is
polished by tl~e use of the free abrasive grain and the above surface
process due to the hydrofluosilic acid is performed immediately after the
glass substrate surface is chemically reinforced) the remai.ni.ag
distortion formed by the free   1 0 D E C 2002 abrasive grain on the glass
substrate surface is buried in the stress of the chemical reinforcement.
This is undesirable because the surface roughness can not be controlled.
ldowever) 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 hydrofl,uosilic
acid) the chemical reinforcement process step and the surface process due
to the hydrofluosilic acid as the chemical reinforcement step -; the
polishing step due to the free abrasive grain -~ 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 ox the load  unload
method. As mentioned before, when the surface roughness of the principal
surface of the glass substrate is measured by the interatomic force
microscope (AF11~, the surface roughness becomes the specific state in this
invention. Co~asequently, the glass substrate and the magnetic medium
satisfy the glide height of 1.2 l~ inch, the high electro-magnetic
conversion characteristic and the high CSS durability Further, it is
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). lVloreover, the surface roughness of the principal surface of the
glass substrate is controlled so that Ra) Rn~ax, and Rmax/Ra specified by
the interatomic force microscope (AF'1V,~ and the ratio between the   10 D
E C 2002 bearing height of the contour surface having the specific bearing
ratio and T~max fall within the specific range. Thexeby, the glass
substrate satishea the high electro-magnetic conversion characteristic and
the high CSS durability:   ~ 0 D E C 2002 CLAIMS 1. 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 wherein.: a surface roughness of at
least a principal surface of the glass substrate is measured by the use of
the interatomic force microscope Ra falls within the range between 0.2 and
2.6 nm, Raoo.ax falls within the range between 8 and 25 nm, and Rma~clRa
falls within the range between 3 and 35, and 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 ie completely
flattened, wcrhen roughness formed on the principal surface are cut by the
i use of the contour surface, a percentage rate of a total oxen of the
principal surface for sum of areas of the cut cxoss sectional surface is
defined as a bearing ratio, the contour surface having the bearing ratio of
50 % is defined as a xefexez~ti.al surface, Each distance from the
referential suxace 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 havixag the bearing ratio of 5.0 % is
defined as B.H.   1 0 D E C 2002 (5.0), and B.H. (2.5)/Rmax falls within
the range between 0.1 and 0.5 or B.H. (5.0)lRmax falls within the range
between 0.1 and 0.45. 2. A glass substrate as claimed ix~ claim ~.,
wherein: the surface roughness of at least the principal surface is
measuxed by the use of the interatomic force microscope (Ab'1~, Rmax falls
within the xange between. 5 and 25 nm) and 



B.H. (2.5)/Rmax falls within the range between 0.1 and 0.5 or $:H.
(5.0)l,R,max falls within the range between 0.1 and 0.45. 3. A glass
substxate as claimed in any one of claims 1 through 2, wherein: said glass
substrate contains at least alkali metal oxide and alkali earth oxide, and
the content of the alkali earth oxide i.s not exceeding 3 mol / . 4. A
glass substrate as claimed in any one of claims J. through 3, wherein: said
glass substrate is used for a magnetic disk which has a glide height having
1.2 a inch or less. 5. A, magnetic recording medium, wherein: .i at least a
magnetic layer is formed on the principal surface of the glass substrate
claimed in any one of claims 1 through 4. 6. A method of manufacturing a
glass substrate which is for use i.n a x~aagnetic recording medium,
comprising the steps of: preparing a glass member in which ~,a falls within
the range between 0.1 and 1.0 nm when a surface roughness of a principal
suxface o sand glass member is measured by the use of the interatomic force
microscope (AF1V~) azad   ~ 0 D E C 2002 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 RmaxlR,a, falls within the range between
8 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 o a difference between a highest point and a
lowest point, 7. A method 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 a center-line mean roughness. 8. A method as claimed in
claim 6 or 7, further comprising the steps o~ polishing at least the
principal surface by the use of abrasive materiel containing free abrasive
grain havi~x~g grain diameter between 0.3 and 3.0 a m before the chemical
surface process or the surface process due to the hydro~uosilic acid. 9. A
method as claimed in claim 8, wherein: 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



59 1 0 DEC 2002 abxasive trace due to the abrasive grain in the polishing
step of the glass member. 10. A method as claimed in any one of claims 7
through 9, wherein: the hydrofluosilic acid has concentration between 0.i.5
and 3.0 by weight %. 11. A method as claimed in any one of claims 6 through
8, wherein: the glass constituting said glass member contains at least
alkali metal oxide and alkali earth oxide, and content of the alkali earth
oxide is not exceeding 3 mol / . 12. A method as claimed in claim 11,
wherein: the glass constituting said glass member cox~tain,s Si~2 between
58 and 75 weight %, A,120s between. 5 and 23 weight %, Li20 between 3 and
10 weight %, and Na20 bet~ucreen 4 and 13 weight % as main components. 13.
A method as claimed in claim 12, wherein: the glass contains Si02 between
62 and 75 weight %, A1203 between 5 and 15 weight %, Li20 between 4 and 10
weight %, Na20 between 4 and 12 weight %, and Zr02 between 5.5 and 15
weight / as main components, and weight ratio of Na20/Zr02 falls within the
xange between 0.5 and 2.0 while weight ratio of A1z09/Zr02 falls within the
range between 0.4 and 2.5. 14. A method as claimed in any one of claims 6
through 13, wherein: the step of chemically processing the surface or a
chemical reinforcement process is cax7ried out after the surface process
due to   60 1 0 D E C 204 the hydxoLuosilic acid. 15. 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 6 through 14. 16. A
method of manufacturing a glass substrate which is for use in a magnetic
recording medium and which has surface roughness R~,a and Rmax, where Ra is
representative of a centerline mean r roughness, Rma~c is defined as a
maximum. 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 to 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 ixxtexatomic force microscope (AFM~; processing the surface of the
glass substrate under various surface processing conditions by the use of
hydrofluosilic acid; determining the surface processing condition so that
Ra, Rmax ,E ' and Rmax/Ra measured by the use of the interatomic force
microscope (AF1V~ after the process falls within the specific range; and
processing the surface of said glass substrate based upon the determined
surface processing condition.   -61 1 0 D EC Z002 17. A method as claimed
in clam 16, wherein: Ra falls within the range between 0.2 and 2.S nm, Rmax
falls within the range between 3 and 2S nm, and Ramx/Ra falls within the
range between 3 and 3S. 18. 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 means
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, 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 fox sum of areas of the cut cross
sectional surface is defined as a bearing ratio, the contour surface having
the bearing ration of SO% 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 substrate to improve flying
characteristic of a magnetic head at every kinds of the magnetic head
within Ra, Rmax, Rmax/Ra, and a specific range ratio (B.H./Rmax) of the
bearing height (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 interatomic force microscope (AFM) after the process falls
within the specific range; and processing the surface of the glass
substrate based upon the determined surface processing condition.
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