
REPLACEMENT SHEET 10 JAN 1998 1  GLASS SUBSTRATE, MAGNETIC RECORDING MEDIUM
AND  METHOD OF MANUFACTURING THE MAGNETIC RECORDING MEDIUM Background of
the Invention: This invention relates to a magnetic recording  medium used
for a computer and the like. Heretofore, an aluminum substrate has been
widely  used for a magnetic recording medium, such as a magnetic  disk.
However, the aluminum substrate has been gradually  replaced by a glass
substrate which is advantageous in  strength and flatness as compared with
the aluminum  substrate. On the other hand, a thin-film head has been
widely used as a magnetic head. However, the thin-film  head tends to be
recently replaced by a magneto-resistive  head, .4M head) and a giant
magneto-resistive head (GMR - head). Therefore, development would be
directed to a  magnetic recording medium which can be matched with the
magneto-resistive head. Such a magnetic recording medium  often has a glass
substrate. However, reproduction errors very often occur and  a
reproduction becomes more difficult as a flying height  becomes lower when
the magneto-resistive head runs along  the magnetic recording mec jum of
the 93. so ant, REPLACEMENT SHEETS SG  &'Descripfon paged .l. to paged*.  .
ErC)alm(s) paged ?. to paged! R.  



.2 Drawing(s) paged.4. to paged it  Jd'Abstract paged 3?: to paged  DATE OF
RECEIPT ...10.. ! A$ 97 816T  10 JAN 194$ z  Summary of the Invention: It
is an object of this invention to provide a  magnetic recording medium
which is capable of reducing a  reproduction error even if a flying height
of a magnetic  head becomes low. As mentioned, above, the reproduction
error often  occurs when the flying height of the magnetic head  becomes
low. Therefore, close investigation has been  carried out about the cause
of the reproduction error.  According to the inventors' experimental
studies, it is  found out that particles are attached on a principal
surface of a glass substrate and projections are formed  due to the
particles on the magnetic recording medium.  Such projections bring about a
thermal asperity which  causes the magneto-resistive head to generate heat.
As a  result, a resistivity of the head is fluctuated and  thereby, an
adverse influence is given to electro- magnetic conversion. --"Further, the
thermal asperity is often generated  for the magnetic disk after a glide
test for checking a  head crash. In this case, various particles bring
about  the thermal asperity. For example, such particles may  include a
particle which gives an adverse influence when  the head is afloat. Such a
particle comprises an angular  



or, irregular configuration. Subsequently, the cause that the particles.are
attached to the conventional glass substrate has been  investigated. As a
result of the investigation, it is  ,,I V 3  found out that the particles
generated from a side end  surface of the glass substrate are attached to
the  principal surface of the glass substrate. This is  because the end
side surface is rough as compared with a  principal surface of the glass
substrate. Specifically,  when the glass substrate is got in and out of a
housifig  of a material such as a polycarbonate, the side end  surface of
the glass substrate is inevitably contacted  with an internal surface of
the housing. Such contacts  of the side end surface with the housing give
rise to  generation of the particles and the generated particles  are
attached on the principal surface of the glass  substrate. Conventionally,
an attention has been generally  paid for the side end surface only from
the viewpoint of  a mechanical strength of the glass substrate. In
contrast, an attention is paid in O.S. Patent No.  5,569,518 for avoiding
generation of the particles by  chemtcxlly etching or polishing the side
end surface into  a chemical polished surface. It is known in the art that
such a chemical-polished surface is rough and exhibits a  mat (or dull)
finished surface. As a result, it has been  confirmed that the side end
surface must be precisely  



polished by mechanical polishing to avoid' generation of  the particles.
Conventionally, the side end surface is  processed by chemical etching.
However, the chemical  etching process is not enough to suppress generation
of  the particles.. REPLACEMENT SHEET [_lo.JANI998j` 4  Herein, it is
assumed that a magnetic recording medium which is manufactured by the use
of the glass  substrate is shaped in a disk which has an inner  periphery
and an outer periphery. in this event, the  inner and the outer peripheries
are irregularly etched,  which might result in deviation of an axis. On the
other hand, the present invention points  out that generation of particles
can be prevented by  mechanically polishing the side surface into a mirror
finished surface without any deviation of an axis in a  magnetic recording
medium. Specifically, according to this invention, the  glass substrate has
a pair of principal surfaces opposite  to each other and a peripheral side
area contiguous to  the principal surfaces. The peripheral side area has a
side end wall and intermediate regions between the side  end wall and the
principal surfaces. In this case, at  least one of the intermediate regions
and the side end  walla-:formed by a mirror finished surface which has a
surface roughness Ra not greater than 1 u m or a surface  roughness Rmax
not greater 4 it in. in this invention, no particles are generated  because
the side end surface of the glass substrate is  



mirror finished. Consequently, reproducing function is  not reduced by the
thermal asperity. Further, a head  crash can be sufficiently prevented
since no projections  are formed due the particles on the magnetic
recording medium. REPLACEMENT SHEET  10 JAN 1998 REPLACEMEN uEr  s L 10 JAN
1498  Brief Description of the Drawings: Fig. 1 shows a cross sectional
view of a part of  a glass substrate; and Fig. 2 shows a graphical
representation for use  in illustrating results of glide yield losses of
various  samples to specify the samples according to this invention.
Description of the preferred Embodiment:  Referring to Fig. 1, description
will be made about a glass substrate 1 of this invention. The glass
substrate 1 has an end portion in  section, as illustrated in Fig. 1. in
Fig. 1, the glass  substrate 1 has principal surfaces 3 opposite to each
other and a peripheral side area"2 contiguous to the  principal surfaces 3.
The peripheral side area 2 has a  side end wall A and intermediate regions
B and C between  the side end wall A and each of the principal surfaces 3.
In the illustrated example, each of intermediate  regionsB and C is
intentionally chamfered into a  chamfered portion by a chamfering process,
as will later  be discussed. However, the intermediate regions B and C  may
be unintentionally chamfered during a grinding or a  



polishing process, as will later be discussed also.  Herein, it is to be
noted that the side end wall A and  the intermediate regions B and C are
all mirror finished  by mechanical polishing and therefore have mechanical
polished surfaces specified by a surface roughness Ra  which is not greater
than 1 p m, where Ra is 10 JAW ~qg  6 representative of the center-line
mean roughness (defined  in Japanese Industrial Standard JIS B 0601). The
mechanical polished surfaces will also be called mirror  finished surfaces
hereinunder because they are subjected  to a mirror finished process.
However, such a mirror  finished surface may be formed on at least one of
the"  side end wall A and the intermediate regions B and C. In  this event,
the surface roughness Ra falls preferably in  the range of 0.001 to 0.8 p
m, and more preferably, in  the range of 0.001 to 0.5 /t m. Alternatively,
the mirror finished surface may be  represented by a surface roughness
Rmax, where Rmax is  defined as a maximum height representative of a
difference between a highest point and a lowest point,  instead of Ra. In
this event, the surface roughness Rmax  may be not greater than 4 it m.
Preferably, the maximum  height Rmax falls within the range between 0.01
and 2 A m, and more preferably, within the range between 0.01  and t--A,
in. Thus, the glass substrate 1 according to this  invention has the mirror
finished surfaces each of which  is specified by the surface roughness Ra
not greater than  



1 p m or the surface roughness Rmax not greater than 4 p in. Under the
circumstances, it has been confirmed  that no projections are generated on
the principal  surfaces 3, resulting-from the surface roughness of the
side end wall A and the intermediate regions B and C of  the glass
substrate 1. Consequently, it has been found Y REPLACEMENT SHEET  7 10 JAN
1998 out that no thermal asperity is generated. Further, rounded surfaces 4
are formed between  each of the principal surfaces 3 and each of the
intermediate regions B and C. In addition, rounded  surfaces 4 are formed
between each of the intermediate  regions B and C and the side end wall A.
Each rounded  surface 4 has a radius between 0.2 and 10 mm, preferably
between 0.2 and 2 mm, and more preferably between 0.2 and  1 mm. Generation
of the particles can completely be  prevented by forming the rounded
surfaces 4.  Specifically, if angular surfaces 5 are formed between  each
of the principal surfaces 3 and each of the  intermediate regions B and C
or between each of the  intermediate regions B and C and the side end wall
A, the  angular surfaces 5 might generate the particles when they  are
contacted with the housing. Therefore, according to  this invention, the
rounded surfaces 4 are formed by  mechanically polishing the angular
surfaces 5 to avoid  generation of the particles. The rounded surface 4 has
preferably the surface roughness Rmax of 0.01-2 a m and  the surface
roughness Ra of 0.001-1 p an, more preferably,  the surface roughness Rmax
of 0.01-1 k m and the surface  



roughness Ra of 0.001-0.8 p in, and still more preferably,  the surface
roughness Rmax of 0.01-i ti m and the surface  roughness Ra of 0.001-0.5 h
an. A mirror finish process is performed for the  peripheral side area 2 of
the glass substrate 1 to obtain  the mirror finished surface as mentioned
above. REPLACEMENT Stiff  10JAN 1448 8  Specifically, the mirror finish
process is carried out by  mechanical polishing, such as brushing, buffing,
polishing by the use of a polishing pad, such as a soft  polisher and a
bard polisher, and a solid or a liquid  polishing substance, such as loose
abrasives, bonded  abrasives, slurry, and the like. At any rate, the
mechanical polishing may be performed by combining  mechanical polishing of
different types and mechanical  polishing carried out by the use of
different polishers  in grain size and types to obtain the mirror finished
surface having the above-mentioned surface roughness. The mechanical
polishing may be referred to as physical  polishing or dynamical polishing.
For example, the.soft polisher may include a  suede, a velour, or the like,
while the hard polisher may  include hard velour, foamed urethane, pitch
impregnated  suede,-or the like. Further, the abrasives may include,  for
example, cerium oxide (CeO2), alumina (q -A1203), red  oxide-(-Fe203),
chromium oxide (Cr203), zirconium oxide  (Zr02), and titanium oxide (TiO
2). In the illustrated example, the intermediate  



regions (chamfered portions) B and C are formed on both  sides of the side
end wall A. Thereafter, the mirror  finish process is performed for the
intermediate regions  B and C. As a result, no particles are generated from
the side end wall A and the intermediate regions B and C  even if the glass
substrate 1 contacts with a housing at  the peripheral side area 2 when the
glass substrate 1 is  1 REPLACE SHEET - ----------------- 9 10 JAN 1998
got in and out of the housing. The mirror finish process due to the
mechanical  polishing for the peripheral side area 2 may be carried  out
after or before the principal surfaces 3 of the glass  substrate 1 are
lapped or polished. In general, the  polishing or lapping process is
divided into (1) a rough  grinding step, (2) a lapping step, (3) a first
polishing  step, (4) a second polishing step. Taking the above into
consideration, the above-mentioned mirror finish process  may be performed
after each of the steps (1), (2), (3),  and (4). For example, the mirror
finish process may be  performed after the rough grinding step.
Alternatively,  the mirror finish process may be performed after the
lapping step, the first polishing step, or the second  polishing step.
Where the mirror finish process is  performed before the lapping step, the
peripheral side  area 2 is often slightly rough by sands used in the
lapping step. .,ta.:In addition, it is preferable that the principal.  



surface 3 of the glass substrate 1 has the surface  roughness Ra not
greater than 2 nm to prevent the thermal  asperity. No limitation is
imposed as to a kind, a size and  a thickness of the glass substrate 1 in
this, invention.  The glass substrate 1 may be formed by glass or glass
ceramics. In this case; the glass may be, for example,  aluminosilicate
glass, soda-lime glass, soda alumino- silicate glass, aluminoborosilicate
glass, borosilicate Y S -MI  10 JAN 1998 10  glass, silicate glass and
chain silicate glass, while the  glass ceramics may be, for example,
crystallized glass.  By way of example, the aluminosilicate glass is exem-
plified and may contain, by weight, 62-75 % of SiO 2' 5-15  % of A12O3,
4-10 % of L12O, 4-12 % of Na2O1 5-15 % of  ZrO2 as main components. in
addition, the glass includes  a weight ratio of Na2O/ZrO2 which falls
within a range  between 0.5 and 2.0 and a weight ratio of Al 2O3/ZrO2 which
falls within a range between 0.4 and 2.5 so as to  chemically reinforce the
glass substrate. Further, such  chemically reinforced glass preferably
contains, by mol  t, 57-74 % of SiO 21 0-2.8 % of Zn02, 3-15 % of A12O3,
7-16 * of LiO2, and 4-14 % of Na 20 so as to remove  projections on the
principal surfaces 3 which results  from insoluble substances of Zr02. The
chemically  reinforced aluminosilicate glass which has the above- mentioned
composition is excellent in transverse bending  



strength and Knoop hardness. In addition, such a glass  has s--compressive
stress layer deep enough. In this embodiment, the chemical reinforcement
can be made by performing an ion exchange method at a low  temperature for
the glass substrate 1 to improve  properties against impact and vibration.
Instead, the  known chemical reinforcement can be used to chemically
reinforce the glass substrate 1. However, the ion  exchange method is
preferable as compared with the latter  method from the viewpoint of a
glass transition point  because the former is carried out at a temperature
less ji ,PL CEMENT SM  10 JAN 1998 11  than the glass transition point. A
fused salt used for  the chemical reinforcement includes a potassium
nitrate,  a sodium nitrate, a nitrate mixed with them. The glass  substrate
1 according to this invention is also used not  only for a magnetic
recording medium but also a photo- magnetic disk and an electro-optical
disk, such as a  photo disk. Especially, the glass substrate is effective
to the photo-magnetic disk which is seriously influenced  by particles
attached thereto. Subsequently, description will be made about a  magnetic
recording medium mentioned above. Herein, such a magnetic recording medium
has at  least one magnetic layer formed on the glass substrate 1  as well
known in the art. in this invention, no  particles are generated from the
side end wall A and the  intermediate regions B and C because the side end
wall A  



and the intermediate regions B and C are subjected to the  mirror finish
process, as mentioned above. This shows  that;-qm+projections are left on
the magnetic layer due to  generation of the particles, even.when the
magnetic layer  is formed on the glass substrate 1.. Consequently, the
head crash can-be sufficiently prevented when the  reproduction is
performed by the magneto-resistive (MR)  head. Further, no reproduction
error occurs because no  defect due to the particle remains on the magnetic
layer. Specifically, the magnetic recording medium is  formed by
successively depositing an underlying layer, a  magnetic layer, a
protection layer and a lubricating  ~ : fit M. ,; = i La C.LMEN 1 SH  10
JAN 1948  12 layer on the glass substrate 1 which has the desired  flatness
and surface roughness as mentioned above and  which is subjected to
chemical reinforcement. The underlying layer is selected in relation to
the magnetic layer. At least one metal selected from a  group consisting of
nonmagnetic metals, Cr, Mo, Ta, Ti,  W, V, B, Al may be used as a material
of the underlying  layer. The metal Cr or the Cr alloy is preferably used
as the material of the underlying layer to enhance a  magnetic
characteristic where the magnetic layer includes  Co as a main component.
in addition, the underlying  layer may not always be formed by a single
layer but may  be formed by a multi-layer composed of a plurality of
identical or different layers. For example, deposition  



may be made as the underlying layer formed by the multi- layer such as
Cr/Cr, Cr/CrMo, Cr/CrV, CrV/CrV,  Al/Cr/CrMo, Al/Cr/Cr, Al/Cr/CrV, and
Al/CrV/CrV. in this invention, no limitations are imposed as  to
tbtmagnetic layer also. The magnetic layer may be, for example, a layer
which contains Co as a main component and which has a  composition selected
from CoPt, CoCr, CoNi, CoNiCr,  CoCrTa, CoPtCr, CoNiPt, CoNiCrPt, CoNiCrTa,
CoCrTaPt, and  CoCrPtSiO. In addition, the magnetic layer has a multi-
layer structure (for example, CoPtCr/CrMo/CoPtCr,  CoCrTaPt/CrMo/CoCrTaPt).
Such a structure is obtained by  dividing a magnetic film by a nonmagnetic
film (for  example, Cr, CrMo, CrV) to reduce a noise, as known in MET  10
JAN 1998 13  the art. The magnetic layer for the magneto-resistive  head
(MR head) or the giant magneto-resistive head (GMR  head) contains impurity
elements selected from a group  consisting of Y, Si, rare-earth elements,
Hf, Ge, Sn and  Zn, oxides of these impurity elements in addition to the
Co-based alloy. Further, the magnetic layer may have a granular  structure
wherein magnetic grains, such as Fe, Co, FeCo  and CoNiPt, are dispersed in
the nonmagnetic film comprising a ferrite-based material, an iron-rare
earth- based material, Si02, and BN. Further, the magnetic  layer may have
a recording form of either an in-plane  magnetization type or a
perpendicular magnetization type. 



No restrictions are imposed as to the protection  layer also according to
this invention. Specifically,  the protection layer may be formed by a
chromium film, a  chromium alloy film, a carbon film, a zirconia film and a
silica film and may be successively deposited on the  glasss-nbstrate 1
together with the underlying layer and  the magnetic layer by the use of
the known in-line  sputtering apparatus. The protection layer may be formed
by a single layer or a multi-layer including a plurality  of layers of an
identical material or different  materials. in addition, the other
protection layer, such as  a SiO 2 film, may be used instead of the above
protection  layer. Such a Si02 film may be formed on the chromium  film by
dispersing colloidal silica fine grains in REPLACEMENT SHEET  14 1 O JAN
1998 tetraalkoxysilane diluted with an alcohol-bas ed solvent  and
thereafter by coating and baking the dispersed  grains. Moreover, the
lubricating layer is not restricted  to the above. For example, the
lubricating layer is  formed.by diluting perfluoropolyether (PFPE) with a
solvent, such as freon-based solvent, and applying it on  the medium
surface by a dipping method, a spin coating  method, or a spraying method,
and firing the medium. 4_ 1  First Example (1) Roughing step by grinding
and polishing  First, a sheet glass of aluminosilicate is formed  



by-a down draw method and is out by a grinding wheel into  a disc-shaped
glass substrate which has a diameter of 96 mm and a thickness of 3 mm. The
glass substrate is  lapped or polished to a diameter of 96 mm,and a
thickness  of 1.5. mm by a relatively rough diamond grindstone. In  this
case, the disc-shaped glass substrate may be formed  by directly pressing a
melting glass with a cope, a drag  and a drum instead of the down draw
method. In this event, the above-mentioned glass which is  chemically
reinforced contains, by molt, 57-74 % of SiO2,  0-2.8 t of ZnO21 3-15 t of
Al203, 7-16 t of LiO2, and  4-14 t of Na02 as main components. - Further,
the  chemically reinforced glass contains, by weight, 63 % of  Si02, 14 t
of A1203, 6 % of Li20, and 10 % of Na20 as  main components. The
above-mentioned composition can be  expressed in terms of a mol
representation and comprises, f I-Rff ACEM NT SHEET  is 10JAN 1998 by mol
67 8 of Si021 1.0 8 of Zn 2' 2 3'  12.0 % of L102 and 10.0.8 of Na02.
Subsequently, the both principal surfaces 3 of  the glass substrate 1 are
ground or lapped by a diamond  grindstone having grains smaller than those
of the above  grindstone. in this case, a load was set to the extent  of
100Kg. Thereby, the principal surface 3 of the glass  substrate i was
ground into a surface roughness Rmax (JIS  B 0601)o about 10 o m. Next, an
opening was formed at a center portion  of the glass substrate 1 by using
the cylindrical  



grindstone. Further, the outer side end surface is  ground to a diameter of
95 mm. Thereafter, the outer and  inner side end surfaces were chamfered.
In this case,  the side end wall A of the glass substrate 1 had a  surface
roughness Rmax of about 14 p in. (2) Mirror finishing step of the side end
surface =---=The internal and outer side walls of the glass  substrate i
were polished by the use of a brush and loose  abrasives by rotating the
glass substrate 1 so that the  both side end walls had the surface
roughness Rmax of  about 1 A m and the surface roughness Ra of about 0.3 p
in. Next, the glass substrate 1 was washed with water  after the mirror
finish process of the side end walls.  (3) Lapping step The lapping step
was performed for the glass  substrate 1 to improve dimension and shape
accuracy. The  T 16  lapping step is carried out by using a lapping
apparatus.  In this case, the lapping step is conducted two times by
changing grain degrees from #400 to #1000. Specifically,  the lapping was
performed for the both principal surfaces  3 of the glass substrate 1 so
that the principal surfaces  3 had a surface accuracy of 0-1 u m and the
surface roughness Rmax of about 6 u an. 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 on the condition that the
load L was kept  at about 100 Kg. Next, the lapping is performed by  



changing the grain degree of the alumina grain into  #1000. As a result,
the surface roughness Rmax becomes  about 2 u m. Subsequently, the glass
substrate 1 was  immersed in washing units by using natural detergent and
water to be washed. (4) First polishing step Next, first polishing was
performed by a  polishing apparatus to remove a defect and a distortion
remaining in the above lapping process. Specifically, a  hard polisher
(which may be a cerium impregnated foamed.  urethane pad, such as MHC15
made by Speedfam) was used as  a polisher and the first polishing was
performed the  following polishing condition. Polishing liquid: oxide
cerium + water  Load: 300g/cm2 (L - 238kg) nno~nni ennccqq~7  Polishing
time: 15 minutes ADLl+t~4AdvUw ~~  Removing amount: 30 It m 10 JAN 1998
'ff- SBMT  10 JAN 1998 17  Revolution of lower surface plate: 40 rpm
Revolution of upper surface plate: 25 rpm  Revolution of inner gear: 14 rpm
Revolution of outer gear: 29 rpm The glass substrate i was washed by being
successively dipped in washing units of natural  detergent, pure water, IPA
(isopropyl alcohol), IPA  (vapor drying) after the first polishing. (5)
Second polishing step Next, second polishing was conducted by changing  



the above hard polisher into a soft polisher (which may  be a polishing pad
of a suede type, such as Polylax made  by Speedfam) by using the polishing
apparatus used in the  first polishing process. The polishing condition is
similar to the first polishing step except for the load  of 100 g/cm2, the
polishing time of 5 minutes and the  removing amount of 5 u M. The glass
substrate 1 was  immersed in washing units of the natural detergent, the
pure water, the IPA (isopropyl alcohol), the IPA (vapor  drying) to be
washed therein after the second polishing  step. In this case, a supersonic
wave was applied to  each of the washing units. (6) Chemical reinforcing
step Next, a chemical reinforcing step was performed  for the glass
substrate 1 after the polishing.step was  completed. First, a chemical
reinforcing solution was  prepared by mixing potassium nitrate (60%) with
sodium  nitrate (40%). The chemical reinforcing solution was 4 z' IzVT
SHEET  10 JAN 7498 18  heated up to 400 C . The glass substrate 1 which was
washed and preheated to 300 `C was dipped in the chemical  reinforcing
solution for 3 hours. The chemical  reinforcing step was carried out so
that the entire  surface of the glass substrate 1 was chemically
reinforced with a plurality of glass substrates retained  at the end
surface in a holder. Under the circumstances,  lithium ions and sodium ions
on a surface layer of the  



glass substrate 1 were replaced by sodium ions and  potassium ions in the
chemical reinforcing solution by  dipping each glass substrate 1 in the the
chemical  reinforcing solution. Thus, the glass substrate 1 is  chemically
reinforced. A compressive stress layer formed  in the surface layer of the
glass substrate 1 had a  thickness of about 100-200 A m. Next, the
chemically  reinforced glass substrate 1 was dipped in a water tank  of 20
C , quickly cooled and retained for 10 minutes.  Subsequently, the cooled
glass substrate 1 was dipped in  a stirnric acid heated up to 40 `C , and
was washed by the supersonic wave. The surface roughness (Ra, Rmax)  of the
peripheral side area 2 of the glass substrate 1  at the intermediate region
(chamfered portion) B (length:  0.15mm), the intermediate region (chamfered
portion) C (length: 0.15mm) and the side end wall A (length:  0.35mm) are
shown in Table I. In Table 1, the surface  roughness Ra of the intermediate
region B is 0.2 u m,  while the surface roughness Rmax of the intermediate
region B is 1.9 p m. Further, the surface roughness Ra Z{Sta,~'[
LLiliYJe.4e~ f 1J+iLJY 1 10 JAN 1998  19 of the intermediate region C is
0.15 /i in, while the  surface roughness Rmax of the intermediate region C
is  2.9 u m. In addition, the surface roughness Ra of the  side end wall A
is 0.35 u m, while the surface roughness  Rmax of the side end wall A is
3.4 u m. Also, the  principal surface 3 of the.glass substrate 1 has the
surface roughness Ra of 0.5-1 nm. In addition, the  



surface of the glass substrate 1 is precisely tested. As a result of the
test, no particles which are the  r.. cause of the thermal asperity exist
on the principal  surface 3. Table 1 Ra (u m) Rmax (u m)  Side End Wall A
0.35 3.4  Intermediate Region B 0.2 1.9  Intermediate Region'C 0.15 2.9
Measuring Length:'0..8mm In addition, it is to be noted that the side end
wall -is 0.45mm thick-when the glass substrate has a  diameter of 3.5
inches. In this case, similar result has  been confirmed. (7) Magnetic disc
manufacturing step A texture layer, a CrN underlying layer, a CrMo
underlying layer, a CoPtCrTa magnetic layer and a C  protection layer were
successively deposited on the both  principal surfaces 3 of the glass
substrate 1 by using  the known in-line sputtering apparatus to obtain a
magnetic disk. Next, a glide test was performed in 20  connection with the
obtained magnetic disk. As a result  of the test, no hit and crash occur.
In this case, the  hit means that the magnetic head touches projections on
the surface of the magnetic disk, and the crash means  that the magnetic
head collides with the projections on  the surface. Further, it is
confirmed that no defects  due to the particles are generated on the
magnetic layer. 



Also, the glide test was performed for the first  example wherein the
peripheral side area 2 of the glass  substrate 1 was mirror finished, a
first comparative  example wherein the peripheral side area end 2 was
etched, and a second comparative example wherein neither  polishing nor
etching was performed. The.test result is  shown in Table 2 as a result of
the glide test.  Concretely, the yield of the first example was 95 t or
more. In contrast,-the yield of each of the first and  second comparative
examples was 85 %. From Table 2, it  is understood the first example is
superior to the first  and +42e-second examples. Thus, the conventional
method  of etching the peripheral side area of the glass  substrate can not
accomplish the object of this  invention. Table 2 1st 2nd  1st Example
Comparative Comparative  Example Example Yield of 90% or more 87% or less
87% or less  REPLACEMENT S. ride Test J 1 o JAN 1998 REPLACEMENT SHE EN  21
10 JAN 1998 In addition, a reproduction t formed  for the magnetic disk
after the glide test. As a result  of the test, it has been confirmed that
no reproduction  errors due to the thermal asperity take place in
connection with the samples (500 samples) according to  



this invention. Second and Third Examples Second and third examples are
similar to the  first example except that soda-lime glass (the second
example) and soda aluminosilicate glass (the third  example) are replaced
by the aluminosilicate glass of the  first example. As a result, the outer
and inner side end  surfaces of the glass substrate 1 have the surface
roughness Rmax of 1.5 u m in case of soda-lime glass (the  second.
example). Although the soda-lime glass substrate  had a slightly rough
surface as compared with the  aluminosilicate glass, no practical problem
accrued in  such a glass substrate. -Fourth Example An underlying layer of
Al (50 A )/Cr (1000 A )/  CrMo (100 A ), a magnetic layer of CoPtCr (120 A
)/CrMo  (50 A )/CoPtCr (120.A) and a Cr (50 A ) protection layer  are
successively deposited on the both principal surfaces  3 of the glass
substrate 1 obtained in the first example  by the known in-line sputtering
apparatus. The above  substrate is dipped in an organosilicon compound
solution  (mixed liquid with water, IPA and tetraethoxy silane)  wherein
silica fine grains (grain diameter of 100 A ) are LACSNWI  1QJAN'8  22
dispersed. Next,. the protection layer of 5102 textured  was formed by
baking. Further, the protection layer was  subjected to a dipping process
within a lubricating agent  of perfluoropolyether to obtain the magnetic
disk for the  



MR bead. The glide test was carried out for the obtained  magnetic disk. As
a result of the test, neither hit nor  crash occur. Further, it has been
confirmed that no  defect was formed on.the magnetic layer. In addition, no
reproduction errors due to the thermal asperity were  generated as a result
of reproduction test. Fifth Example A fifth example is similar to the
fourth example  except that Al/Cr/Cr was used as the underlying layer and
CONiCrTa is used as the magnetic layer. It has been  confirmed that a
magnetic disk like in the fourth example  was obtained in the fifth example
also. Referring to Fig. 2, the glide test has been  perfc rrmed in
connection with first through twelfth  samples 1 to 12 with flying heights
kept within a range  between 1.1 and 1.3 (microinches). Herein, one hundred
glass substrates have been prepared as each of the first  through the
twelfth samples 1 to 12. It is to be noted  that the first, the second, the
fifth, the eighth, the  ninth, the tenth, the eleventh, and the twelfth
samples  1, 2, 5, 8, 9, 10,-11, and 12 had the surface roughnesses  Ra and
Rmax defined by this invention while the third,  the fourth, the sixth, and
the seventh samples 3, 4, 6, LS LACEMENT SHEET  1 0 JAN 9998 23  and 7 had
the surface roughnesses Ra and Rmax falling  outside this invention, when
each of the surface  roughnesses Ra and Rmax is represented by an average  



value of the one hundred glass substrates. More  specifically,'the first,
the second, the fifth, the  eighth,. the ninth, the tenth, the eleventh,
and the  twelfth samples 1, 2, 5, 8, 10, 11, and 12 had the  surface
roughnesses Ra and Rmai which are equal to 0.03  and 0.44; 0.18 and 1.80;
0.06 and 3.25; 0.53 and 2.50;  0.71 and 3.56; 0.09 and 0.981 0.06 and 0.85;
and 0.05 and  0.50 1t in, respectively. On the other hand, the third,  the
fourth, the sixth, and the seventh samples had the  surface roughnesses Ra
and Rmax which are equal to 1.88  and 10.05; 1.53 and 7.45; 1.72 and 8.23;
and 2.01 and  11.75 p m, respectively, and mat finished surfaces. Under the
circumstances; glide yield losses were  measured during the glide test
mentioned above by  counting defects on each of the first through the
twelfth  samples--1 to 12 and were represented by M. as shown by
histograms in Fig. 2. The first, the second, the fifth,  the eighth, the
ninth, the tenth, the eleventh, and the  twelfth samples 1, 2, 5, 8, 10,
11, and 12 according to  this invention exhibited the glide yield losses of
1.625,  5.75, 8.5, 7.895, 9.625, 3.5, 3.25, and 1.825 t,  respectively,
while the third, the fourth, the sixth, and  the seventh samples 3, 4, 6,
and 7 exhibited the glide  yield losses of 14.625, 13.875, 14.375, and
15.125 9c,  respectively. At any rate, the samples according to this I i
REPLAN _.... . i .  10 JAN IRS  24 invention exhibited the glide yield
losses smaller than  



10 %. In order to measure defects on a magnetic  recording medium, various
tests have been usually carried  out by the use of a magneto-resistive (MR)
head kept at a  flying.height of 50 nm and a rotation speed of 7 m/sec  and
may be collectively called a certification test.  Actually, the
certification test includes a positive  modulation test, a negative
modulation test, a missing  test, an extra test, and a spike test, all of
which are  known in the art. Such tests also serve to evaluate the  thermal
asperity of each magnetic recording medium.  Herein, each of the missing
test, the spike test, and the  extra test is helpful to classify the
defects into a  correctable defect, an uncorrectable defect, and a long
defect. Prior to each test, provision has been made about  twenty-five of
the magnetic recording media which have  been-polished in the
above-mentioned manner, together  with twenty-five unpolished magnetic
recording media.  Results of-the above-mentioned tests have been averaged
and summed up about the polished and the unpolished  magnetic recording
media. Under the circumstances,-it  has been found out that an average sum
value of defects  on each surface of the polished magnetic recording media
has been equal in number to 9.56 while the average sum  value of defects on
each surface of the unpolished  magnetic recording media has been equal in
number to I i 25  16.4. In comparison with both the average sum values, it



has been readily understood that a reduction rate of the  defects in the
polished magnetic recording media has been  equal to 41.70 %. This shows
that the polished magnetic  recording media according to this invention are
remarkably improved in thermal asperity, as compared with  the unpolished
magnetic recording media. While this invention has thus far been described
in conjunction with several examples thereof, it will  readily be possible
for those skilled in the art to put  this invention into practice in
various other manners.  For example, the mechanical polished surface,
namely, the  mirror finished surface may be formed on at least one of  the
inner and the outer peripheral surfaces of the  magnetic recording medium.
z ,: REFLAC `I' SHEET  `_ 1 p JAN 1998 1 i :1111111111NII 11111111111(1111`
2 6 WHAT IS CLAIMED IS: 1. A glass substrate for use in a magnetic
recording medium, said glass substrate having a pair of  principal surfaces
opposite to each other and a  peripheral side area contiguous to said
principal  surfaces, said peripheral side area having a side end  wall and
intermediate regions between said side end wall  V and said principal
surfaces, at least one of said intermediate regions and  said side end wall
being formed by a selected one of a  mechanical polished surface and a
mirror finished surface  



which has a surface roughness Ra not greater than 1 /t m  where Ra is
representative of the center-line mean  roughness. 2. A glass substrate as
claimed in claim 1,  wherein: the surface roughness Ra falls within a range
betvieen '0.001 and 0.8 it m. 3. A glass substrate as claimed in claim 1,
wherein: the surface roughness Ra falls within a range  between 0.001 and
0.5 h m. 4. A glass substrate as claimed in claim 1,  wherein; the surface
roughness Ra falls within a range  between 0.001 and 0.1 p m. iAl SHE10
JAN19J   5. A glass substrate as claimed in claim 1,  wherein: at least one
of said principal surfaces has the  surface roughness Ra which is not
greater than 2 nm. 6. A glass substrate as claimed in claim 1,  wherein:
said intermediate regions are chamfered so that  rounded surfaces are
formed between each of said  principal surfaces and each of said
intermediate regions,  said rounded surfaces having a radius between 0.2
and 10 mm. 7. A glass substrate as claimed in claim 1,  wherein: each of
the side end wall and the rounded  



surfaces has the surface roughness Ra is not greater than  i M. 8. A glass
substrate for use in a magnetic  recording medium, said glass substrate
having a pair of  principal surfaces opposite to each other and a I -J
peripheral side area contiguous to said principal  surfaces, said
peripheral side area having a side end  wall and intermediate regions
between said side end wall  and said principal surfaces, wherein: at least
one of said intermediate regions and  said side end wall is formed by a
mirror finished surface  which has a surface roughness-Rmax not greater
than 4 u m  where Rmax is representative of a Jiff n~a ~o+weo.,  maximum
height and a minimum height. I ID JAN 1998 28  9. A glass substrate as
claimed in claim 8,  wherein: the surface roughness Rmax falls within a
range  between 0.01 and 2 g m. 10. A glass substrate as claimed in claim 9,
wherein: the surface roughness Rmax falls within a range  between 0.01 and
1 /i m. 11. A glass substrate as claimed in claim 8,  wherein: said
intermediate regions are chamfered so that  rounded surfaces are formed
between each of said  principal surfaces and each of said intermediate
regions,  said rounded surfaces having a radius between 0.2 and 



10 mm. 12. A glass substrate as claimed in claim 8,  wherein: each of the
side end wall and the rounded `1 Io  surfaces has the surface roughness
Rmax is not greater  than 1  m. 13. A glass substrate as claimed in claim
8,  wherein: at least one of said intermediate regions and  said side end
wall also has a surface roughness Ra not  greater than 1 A m where Ra is
representative of the  center-line mean roughness. 14. A glass substrate as
claimed in claim 13,  wherein: REPLACEMENT SHEET 10 JAN 1944 11111111111111
t A I I I I l 11 11 l l t l  29 the surface roughness Ra falls within a
range  between 0.001.and 0.8 A m. 15. A glass substrate as claimed in claim
13,  wherein: the surface roughness Ra falls within a range  between 0.001
and 0.5 g m. 16. A glass substrate as claimed in claim 13,  wherein: C) the
surface roughness Ra falls within a range  between 0.001 and 0.1 a m. 17. A
glass substrate as claimed in claim 8,  wherein the surface roughness Rmax
falls within a range  between 0.01 and 1 u m while the surface roughness Ra



falls within a range between 0.001 and 0.1 u in. 18. A glass substrate as
claimed in claim 8,  wherein: each of the principal surfaces has the
surface  roughness Ra not greater than 2 rim. 19. A magnetic recording
medium having the glass  substrate claimed in claim 1, comprising at least
magnetic layer formed on the glass substrate. 20. A magnetic recording
medium as claimed in  claim 19, said magnetic recording medium being
operable  in cooperation with either one of a magneto-resistive  (MR) head
and a giant magneto-resistive (GMR) head. 21. A magnetic recording medium
as claimed in  REPLACEMENT! 1' 9, wherein said magnetic layer includes Co
and Pt.  =JAN F " R=JAN AN1 S7EE 30 2 2. A method of manufacturing a magnet
c  recording medium including a glass substrate having a  pair of principal
surfaces and a side. end surface,  comprising the steps of: forming a side
end wall and intermediate regions  on said side end surface, said
intermediate region being  positioned between said side end wall and said
principal  surfaces, polishing the glass substrate to provide a mirror
finished surface on at. least one of said intermediate  regions and said
side end wall and to thereby avoid a  thermal asperity. 



23. A method as claimed in claim 22, wherein:  the mirror finished surface
is formed by  mechanical polishing. 24. A method as claimed in claim. 23,
further  comprising the step oft chamfering the intermediate regions to
provide  rounded portions between said principal surface and said.
intermediate region. 25. A method as claimed in claim 24, wherein  said
rounded portions have a radius of 0.2-10 mm. 26. A glass substrate for use
in a magnetic  recording medium, said glass substrate having a pair of
principal surfaces opposite to each other and a  peripheral side area
contiguous to said principal  surfaces, said peripheral side area having a
side end  wall and intermediate regions between said side end wall ilill li
ll ll li l l lil Hil l li 1111 c L n s -S I K ~ 31 I 11111111111 Hill VI] V
ft  and said principal surfaces, at least one of said intermediate regions
and  said side end wall having a mirror finished surface.  REPLACEMENT
SHEET 10 JAN 1998 o a? 32  GLASS SUBSTRATE, MAGNETIC RECORDING MEDIUM AND
METHOD OF  MANUFACTURING THE MAGNETIC RECORDING MEDIUM  



ABSTRACT For use in a magnetic recording medium; a glass substrate (1) has
a pair of  principal surfaces (3) opposite to each other and a peripheral
side area (2) contiguous to  the principal surfaces (3). The peripheral
side area (2) has a side end wall (A) and  intermediate regions (B, C)
between the side end wall (A) and the principal surfaces (3).  At lease one
of the intermediate regions (B, C) and the side end wall (A) is formed by a
mirror finished surface which has a surface roughness Ra not greater than 1
p in or a  surface roughness Rmax not greater than 4pm. With this
structure, no particles are  generated from the peripheral side area (2)
because the side end surface of the glass  substrate (1) is mirror
finished. Consequently, reproduction is performed without  reproduction
errors because of no generation of a thermal asperity and a head crash can
be sufficiently avoided because of no projections which might result from
the particles.  Fig. 1 10 JAN 1996 a ,  1 GLASS SUBSTRATE, MOST= RECORDING
MEDTUM AM  METHOD 0$ MANUPACTURSNG SHE MAGNETIC RECORDING MEDIUM
eaakground: of the 2nvention: Thin invention relates to a magnetic
recording  medium used for a computer and the like. Heretofore, an alumina*
substrate has been widely  used for a magnetic recording medium, such as a
magnetic  disk. However, the aluminum substrate has been gradually
replaced by a glass substrate which is advantageous in  strength and
flatness as compared with the aluminum  substrate. On the other band, a
thin-film head has been  widely used as a magnetic head. However, the
thin-film  head tends to be recently replaced by a magnate-resistive  



fi head (MR head) and a giant magneto-resistive bead'((Nk  head).
Therefore, development would be directed to a  magnetic recording medium
which can be hatched with the  magneto-resistive head. Bach a magnetic
recording medium  often has a glass substrate. However, reproduction errors
very often occur and  a reproduction becomes more difficult as a flying
height  becomes lower when the magneto-resistive head runs. along  the
magnetic recording medium of the glass substrate. REPLACED SHEETS SG This
Sheet Has Been RIaced Description : paged .. ..... to paged .'1......  I
~'~II~I IJO III ~II ~~) .. Claim(s) : paged ... to paged .++}}?'~~r....
Drawing(s) : paged . to paged .l...L:.. ,Qf Abstract page$ . ~y to paged
... r...   a This Sheet Has Been Refll!laced Z 111111IIIIlIILIIIII!l.
8nmmary of the invention: It is an .object of this invention to provide a
magnetic recording nocUua which is capable of reducing a  reproduction
error even if a,flying height of .A magnetic  bead becomes low. As
mentioned above, the reproduction error often  occurs when the flying
height of the magnetic head  becomes low. therefore; cabs. investigation
has been  carried out about the Cause of the reproduction error- According
to the inventors' experimental studies, it is  found out that particles are
attached on a principal  surface of a glass substrate and projections are
Loused  



due to the particles on the magnetic recording medium.  Snoh projections
bring about a thermal asperity which  causes the magneto-resistive head to
generate heat. As a  result, a resistivity of the head is fluctuated and
thereby,"an adverse influence is given to electro- magnetic conversion.
Further, the thermal asperity is often generated  for the magnetic disk
after a glide test for checking a  head crash. in this case, various
particles bring about  the thermal asperity. For example, such particles
may  include a particle which gives an adverse influence when  the head is
afloat. Such a particle comprises an angular  or irregular configuration.
Subsequently, the cause that the particles are  attached to the
conventional glass substrate has been  investigated. As a result of the
investigation, it is This Sheet Ha s BeenlRe'placed  3 found. out that the
particles generated from a aide and  surface of the glass substrate are
attached to the  principal surface of the glass substrate. This is  because
the sad side surface ,is rough as compared with a  principal surface of the
glass substrate- Specifically,  when the glass substrate is got in and out
of a housing  of a material such as a polycarbonate, the aide and .
surface of the glass substrate is inevitably contacted  with an internal
surface of the housing. Such contacts  of the side end surface with the
housing give Visa to  generation of the Particles and the generated
particles  are attached CO the principal surface of the glass  



substrate. Conventionally, an attention has been generally  paid for the
side end surface only from the viewpoint of  a mechanical strength of the
glass substrate. In contrast, an attention is paid in O.S. Patent No.
5,569.518 for avoiding generation of the particles by  Chemically etching
or polishing the side and surface into  a chemical polished surface. It is
known in the art that  such a chemical polished surface is rough and
exhibits a  mat (or dull) finished surface. As at result, it has been
confirmed that the side end surface must be precisely  polished by
mechanical polishing to avoid' generation of  the particles.
Conveentionally, the side and surface is  processed by chemical etching.
However, the chemical  etching process is not enough to suppress generation
of  the particles. - . :..  4  Herein, it. is assumed that a magnetic.
recording  medium which is manufactured by the use of the glass  substrate
is shaped in a disk which has an inner  periphery and an outer periphery.
In this event, the  inner and the outer peripheries are irregularly etched,
which might result in deviation of an axis. On the other hand, the present
invention points  out that generation of partiicles can be prevented by
mechanically polishing the side surface into a mirror  finished surface
without any deviation of an axis in a  magnetic recording medium.
Specifically, according to this invention, the,  



glass substrate has a pair of principal surfaces opposite  to each other
and a peripheral side area contiguous to  the principal surfaces. The
peripheral side area has a  side end wall and intermediate regions between
the side  end wall and the principal surfaces. In this cane, at  least one
of the intermediate regions and the side end  wall is formed by a mirror
finished surface which has a  surface roughness Re not greater than I A =
.or a surface  roughness Amax not greater 4 k m.  In"this invention, no
particles are generated  because the side end surface of the glass
substrate is  mirror finished. Consequently, reproducing function is  not
reduced by the thermal asperity. Surthur, a bead  crash can be sufficiently
prevented since no projections  are formed due the particles an the
magnetic recording  medium. This Sheet Has:Been Re laced 1111111 III n" .77
5  Brief Description of the Drawings: Fig, 1 shows a cross sectional view
of a part of  a glass substrate= and Fig. 2 shown a graphical
repxesentasion for use  in illustrating results of glide yield losses of
various  samples to specify the samples according to this invention.
neseriptton of tle preferred Embodiments  Referring to rig. if description
will be made about a glass substrate 1 of this invention. 



The glass substrate i has an end portion in  sections as illustrated in
Pig. 1. Zs Wig. 1, the glass  substrate 1 has principal surfaces 3 opposite
to each - other and a peripheral side area *2 contiguous to the  principal
surfaces 3. The peripheral side area 2 has a  aide end Mall A and
intermediate regions a and C between  the side end wall k and each of the
principal surfaces 3. Zn the illustrated example, each of intermediate
regions a and C is intentionally chamfered into a s  chamfered portion by a
chamfering process, as will later  be discussed. However, the intermediate
regions 8 and C  stay be unintentionally chamfered during a grinding or a
polishing process, as will later be discussed also.  Herein, it is to be
noted that the side and wall A and  the intermediate regions a and c are
all mirror finished  by mechanical polishing and therefore have mechanical
polished surfaces specified by a surface roughness Ma  which is not greater
than 1 a a. where 8a is 'Ibis I 1111111 111111 1111 ReDlaced 6
representative of the center-line mean roughness (defined  in Japanese
Xndastrial StandardJis 8 0601). The  mechanical polished surfaces will also
be called mirror  finished surfaces bereinunder because they are subjected
to a mirror finished process. However, such- a mirror  finishied surface
may be formed on at least one of the  side end wall A and the Snternediate
regions 3 and C. In  this event, the surface fjonghness Bra falls
preferably in  the range of 0.001 to 0.6 tem. and more preferably, in  the
tangs of 0.001 to 0.5 a m. 



Alternatively, the mirror finished surface may be  represented by a surface
roughness umax, where Amax is  defined as a maximum height representative
or a  jlifference between a highest point and a lowest point.  instead of
Ra. In this event, the surface roughness PAN=  maybe not greater than 4 am.
Prsferablg, the maximum  height Umax falls within the range between 0.01
and 2 p m, and sore preferably, within the range between 0.01  and 1 , R. r
Thus, the glass substrate I according to this invention has the mirror
finished surfaces each of which  is specified by the surface roughness Ra
not greater than  I p m or the surface roughness umax not greater than 4 A
m. Under the circumstances, it has been confirmed  that no projections are
generated an the principal  surfaces 3, resulting from the surface
roughness of the  side end wall A and the intermediate regions H and C of
the glass substrate 1. Consequently, it has been found Thi&Shek Has Been
1Replaced i i 7  out that no thermal asperity is generated. Further,
rounded surfaces 4 are foamed between  each of the principal surfaces 3 and
each of the  intermediate regions B and C. in addition, rounded  surfaces 4
are formed between each of the intermediate  regions a and C and the side
end wail A. Each rounded  surface 4 has a radius between 0.2 and 10 mm,
preferably  between 0.2 and 2 mm. ans7 more preferably between 0.2 and  1
mm. Generation of the particles can completely be  



prevented by toning the rounded surfaces 4..  Specifically, it angular
surfaces 5 are formed between  each of the principal surfaces 3 and each of
the  intermediate regions B and C or between each of the  intermediate
regions A and C and the side Old,wall A, the  angular surfaces 5 might
generate the particles when they  are contacted with the housing.
Therefore, according to  this invention, the rounded surfaces a are formed
by  mechanically polishing the angular surfaces 5 to avoid  generation of
the particles. The rounded surface 4 hear  preferably the surface roughness
Amax of 0.01-2 ft m and  the surface roughness as of 0.Obl-1 ac m, more
preferably,  the surface roughness Amax of 0.01--1 u in and the surface
roughness Ra of 0.001-0.8 it is, and still more preferably,  the surface
roughness Amax of 0.01-1 At a and the surface  roughness Ra of 0.001-0.5
am. A mirror finish process is performed for the  peripheral side area 2 of
the glass substrate I to obtain  the mirror finished surface as mentioned
above. This.SheetHas'BeenR laced This IBeen Replaced specifically, the
mirror finish process is carried out by  mechanical polishing, such as
brushing, buffing,  polishing by the use of a polishing pad, such as a soft
polisher and a hard polisher, and a solid or a liquid  polishing substance,
such as loose abrasives-, bonded  abrasives., slurry, and the like. At any
rate, the  mechanical polishing may be performed by combining  mechanical
polishing of 4ifferont. types and mechanical  polishing carried out by the
use of different polishers  



in grain site and types to obtain the mirror finished  surface having the
above-mentioned surface toughness. The mechanical polishing may be referred
to as physical  polishing or dynamical polishing. For example, the soft
polisher may include a  suede, avelour, or the like, while the hard
polisher may  include hard velour, foamed methane, pitch impregnated
suede, or the like. Further, the abrasives may include,  for example,
cerium oxide (COO2), alumina (r -A1203), red  I oxide (Fe2O3), chromium
oxide (Cr2O3), zirconium oxide =  (Sr02)1 and titanium oxide (si02). To the
illustrated example, the intermediate  regions (chamfered portions) B and C
are formed on both  sides of the side end wall A. Thereafter, the mirror
finish process is performed for the intermediate regions  B and C. As a
result, no particles are generated from  the side and well A and the
intermediate regions s and C  even if the glass substrate I. contacts with
a housing at  the peripheral side area 2 when the glass substrate i is  i
This Sheet Has een Re laced IIII II  got in and out of the housing. The
mirror finish process due to the mechanical  polishing for the peripheral
side area a may be carried  out after or before the principal surfaces 3 of
the glass  W. substrate 1 axe lapped.or`polished. in general, the
polishing or lapping process is divided into (1) a rough  grinding step.
(2) a lapping step, (3) a first polishing. 



`l step, (4) a second polishing step. Taking the above into  consideration,
the above-mentioned mirror finish process  may be performed after each of
the steps (1), (2), (3).  and (4). For. example, the mirror finish process
may be  performed after the.rough grinding step. alternatively,  the mirror
finish process may be performed after the  lapping step. the first
polishing step, or the second  polishing step. Where the mirror finish
process is  performed before the lapping step. the peripheral side  area 2
is often slightly rough by sands used in the  lapping step. In addition, it
is preferable that the principal:  surface 3 of the glass substrate 1 has
the surface  roughness Hat not greater than 2 na to prevent the thermal
asperity. so limitation is imposed as to a kind, a size and  a thickness of
the glass substrate 1 in this invention.  The glass substrate i may be
formed by glass or glass  ceramics. In this case, the glass may be, for
example,  aluminosilicate glass, soda-lime glass, soda alumina- silicate
glass, aluminoborosilicate.glass, borosilicate 10  glass, silicate glass
and chain silicate glass, while the  glass Cetamics may be, for example,
crystallized glass.  By way of example, the aluminosilicate glass is exem-
plified and may contain, by weight, 62-75 % of 8i02, 5-15 of Al 203, 4-10 %
of Li20, 4-12 % of Na201 5-15 % of  Zr02 as main components. Intaddition,
the glass includes  a weight ratio of Na20/zr02 which falls within a range
between 0.5 and 2.0 and a weight ratio of Al203/8ro2  



which falls within a range Petween 0.4 and 2.5 so as to  chemically
reinforce the glass substrate. Further, such  chemically reinforced glass
preferably contains, by mol  t, 57-74 % of 8i02, 0-2.6 a of Zn021 3-15  of
A12031  7-16 % of 7.x20, and 4-14 % of Na20 bo as to remove  projections on
the principal surfaces 3 which results  from insoluble substances of Er02.
The chemically  reinforced aluminosilicate glass which has the above-
mentioned composition is excellent in transverse bending  strength and
Snoop hardness. in addition, such a glass  has a compressive stress layer
deep enough. In this embodiment, the chemical reinforcement  can be made by
performing an ion exchange method at a low  temperature for the glass
substrate 1 to improve  properties against impact and vibration. Instead,
the  known chemical reinforcement can be used to chemically  reinforce. the
glass substrate 1. However, the ion  exchange method is preferable as
compared with the latter  method from the viewpoint of a glass transition
point  because the former is carried out at a temperature less This Sheet
Has Been Re laced 11111111111111JillJi(III 11  than the glass transition
point. A fused salt used for  the chemical reinforcement includes a
potassium nitrate,  a sodium nitrate, a nitrate mixed with, them. The.
glass  substrate 1 according to this invention is 4 . also used not  j only
for a magnetic recording medium but also a photo- magnetic disk and an
electro-optical disk, such as a  



photo disk. Especially, the glass substrate is effective  to the
photo-magnetic digk which is seriously influenced  by particles attached
thereto. Subsequently, description will be made about a  magnetic recording
medium mentioned above. Mersin, such a magnetic recording medium has at
least one magnetic layer formed on the glass substrate i  an well known in
the art. in this invention, no  particles are generated from the side and
wall A and the  intermediate regions a and C because the side and wall A
and the intermediate regions a and C are subjected to the  mirror finish
process, as mentioned above. This shows  that no projections are left on
the magnetic layer due tb  generation 'of the particles, even when the
magnetic layer  is formed on the glass substrate I. Consequently, the  head
crash can he sufficiently prevented when the  reproduction is performed by
the magneto-resistive (MR)  bead. Further, no reproduction error occurs
because no  defeat due to the particle remains on the magnetic layer.
Specifically, the magnetic recording medium is  formed by successively
depositing an underlying layer, a  magnetic layer, a protection layer and a
lubricating This Shad Hm Bcen 1Roplowd 11 11 12  layer on the glass
substrate 1 which has the desired  flatness and surface roughness as
mentioned above and  which in subjected to chemical reinforcement. The
underlying layer is selected in relation to  the magnetic layer. At least
one metal selected from a  



group consiatiag of nonmagnetic metals; Cr, No, Ta, Ti,  11, V, B,'A1 may
be used as a material of the underlying  layer. The metal Cr or One cC
alloy is preferably used  as the material of the underlying layer to
enhance a  magnetic charaeterietio where the magnetic layer includes  Co as
a main component. to addition, the underlying  layer may not always be
formed by a single layer but may  be formed by a multi-layer composed of a
plurality of  identical or different layers. For example, deposition  may
be made. as the underlying layer formed by the multi- layer such as Cr/Cr,
Cr/Cruo, Cr/Cr?, CrV/Cry,  Al/Cr/CrKo, 111/Cr/Cr, Al/Cr/CrV, and
Al/CrV/Cry. in this invention, no limitations. are imposed as  to the
magnetic layer also. The magnetic layer may be, for example, a layer  which
contains Co as a main component'and which has a  composition selected from
CoPt. Coer, CoNi. CoNicr,  CoCrTa, Copter, CoNipt, Co$icrPt, CoNiCrTa,
CoCrTaPt,.and  CoCrPtSio.. In addition, the magnetic layer has a multi-
layer structure (for example, CoPtCr/Crieo/CoPtCr,
CoCrTaPt/CrHo/CoCrTaPt). Such a structure-in obtained by  dividing a
magnetic film by a nonmagnetic film (for  example, Cr, CrXo. CrV) to reduce
a noise, as known in This Shed Has B= laced I1111111111111IIIli li 19  the
an.. The magnetic layer for the magneto-resistive  bead (MR head) 'or the
giant magneto-resistive head (Stet  head) contains impurity elements
selected from a group  consisting of Y. Si, rare-earth elements, Sf, Go, Sn
and  



!n, oxides of these impurity elements in addition to the  Co-based allay.
Further, the magnetic layer may have a granular  ~yy structure wherein
magnetic grains, such as We, Co. Fero  and Cofipt, are dispersed in the
nonmagnetic film  comprising a ferrite-based material, an iron-rare earth-
based,material, 0i02, and sm. Further, the magnetic  layer way have a
recording form of either an in-plane  magnetization type or a perpendicular
magnetisation type. go restrictions are imposed as to the protection  layer
also according to this invention. Specifically,  the protection layer may
be formed by a Chromium film, a  chromium alloy film, a carbon film, a
sirconia film and a  silica film and may be successively deposited on the
glass substrate i together with the underlying layer end`  the magnetic
layer by the use of the known in-line  sputtering apparatus. the protection
layer may be forted  by a single layer or a multi-layer including a
plurality  of layers of an identical material or different  materials. In
addition, the other protection layer, such as  a SiOZ film, may be used
instead of the above protection _  layer. Such a Si02 film may be formed on
the chromium  film by dispersing colloidal silica fine grains is This 111
il1111 I I l llclll d 14  tetraalkoxysilane diluted with an alcohol-based
solvent  and thereafter by coating and baking the dispersed  grains. 



Moreover, the lubricating layer is not restricted   to the above. For
example, the lubricating layer is- formed by diluting perfluoropolyether
(PFPS) with a  solvent, such as Freon-based solvent, and applying it On
the medium surface by a dipping method, a spin coating  method, or a
spraying method, and firing the ae4ium.  First Example (1) Roughing stepby
grinding and polishing  First, a sheet glass of aluminosilicate is formed
by a down draw method and is cut by agrinding wheel Into  a disc-shaped
glass substrate which has a diameter of 96 mm and a thickness of 3 mm. The
glass substrate is  lapped or polished to a diameter of 96 mm.and a
thickness  of 1.5 mm by a relatively rough diamond grindstone. In  this
case, the disc-shaped glass substrate may be formed  by directly pressing a
melting glass with a cops, a drag  and a drum instead of the down draw
method. in this event, the above-mentioned glass which is  chemically
reinforced contains, by molt, 57-74't of SiOZ,  0-2.8 % of Zn02, 3-15 % of
A1203, 7-16 t of Li20, and  4-14 t of NaO 2 as main components. Further,
the  chemically reinforced glass contains, by weight, 63 % of  S1029 14 t
of A1203, 6.9 of Li200 and 10 % of Na30 as  main components. The
above-mentioned composition can be  expressed in terms of a mol
representation and comprises, d  I I IIIN IIn111111111 IN is  by moi %, 67
% of SiOZ0 1.0 I of 'Sn02, 9:0 ! of A1203,  



12.0 6 of Li20 and 10.0 % of Na20. Subsequently, the both principal
surfaces 3 of  the glass substrate I. are. ground or lapped by a diamond
grindstone having grains smaller than those of the above  grindstone. in
this case, a load was set to the extent  t of 100Kg. Thereby, the principal
surface 3 of-the glass  substrate I was ground into a surface roughness
8max (JIB  .H 0601)of about 10 u m. Next, an opening wads formed at a
center portion  of the glass substrate 1 by using the cylindrical
grindstone. Further, the outer side end surface is  ground to a diameter of
95 mm. Thereafter, the' outer and  inner side and surfaces were chamfered.
In this case,  the side and wall A of the glass substrate 1 bad a  surface
roughness 8max of about 14 p m. (2) Mirror finishing step of the side and
surface The internal and outer side walls of the glass  substrate 1 were
polished by the use of a brush and loose  abrasives by rotating the glass
substrate I so that the  both side end walls had the surface roughness Rmax
Of  about 1 A m and the surface roughness Ra of about 0.3 A M. Next, the
glass substrate 1 was washed with water  after the mirror finish process of
the side and walls.  (3) Lapping step The lapping step was performed for
the glass  substrate 1 to improve dimension and shape accuracy. The  This
Sheet Has Been R 



l 11ll 1 1 1 1 l! I i 111 I I I I l N 16  lapping step is carried out by
using a lapping. apparatus.  In this case, the lapping step is conducted
two tines by  Changing grain degrees from #400 to 11000- Specifically,  the
lapping was performed ;for the both priacipai surfaces  3 of the glass
substrate i so that the principal surfaces  3 had a surface accuracy of 0-1
JR m and the surface  roughness flmax of about 6 it m. Inthis 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 5400 an the condition that
the load I. was kept  at about 100 Mg. Next, the lapping is perfoaued by
changing the grain degree of the alumina grain into  #1000. A. a result,
the surface roughness Amax becomes  about 2 p a. Subsequently, the glass
substrate i was  immersed in washing units by using natural detergent and
water to be washed. (4) First polishing step Next, first polishing was
performed by a  polishing apparatus to remove a defect and a distortion
remaining in the above lapping process. Specifically# a  hard polisher
(which may be a cerium impregnated foamed  urethane pad, such as NRC15 made
by Speedfam) was need as  V. polisher and the first polishing was performed
the  following polishing condition. Polishing liquids oxide cerium + water
Load: 300g/om2 (L = 238kg) Polishing times 15 minutes Removing emouhte 30 a
a IHasBeen Rep1wed 1 



11  Revolution of lower surface plate: 40 rpm  Revolution of upper surface
plates 25 rpm  Revolution of inner gear: 14 rpm  Revolution of outer gear:
29 rpm The glass substrate 1 was washed by being  suoeeseively dipped in
washing units of natural  detergent-, pure water, ZPA (isopropyl alcohol),
XPA  (vapor drying) after the) first polishing. (5) Second polishing step
next, second polishing was conducted by changing  the above hard polisher
into a soft polisher (which may  be a polishing pad of a suede type, such
as 8olylax made  by apeedfam) by using the polishing apparatus used in the
first polishing process. the, polishing condition is  .similar to the first
polishing step except for the load  of 100 g/cm2, the polishing time of 5
mingtea and the  removing amount of 5 M in. The glass substrate 1 Was
immersed in washing units of the natural detergent, the I r  pure water,
the IVA tisopropyi alcohol), the Sirs (vapor  drying) to be washed therein
after the second polishing  step. In this case, a supersonic wave was
applied to  each of the washing units. (6) Chemical reinforcing step next,
a chemical reinforcing step was performed  for the glass substrate 1 after
the polishing step was  ocapietad. First, a chemical reinforcing solution
was  prepared by mixing potassium nitrate (60%) with sodium  nitrate (40%).
The chemical reinforcing solution was  



This 11111111111111111111111 1 1 1 heet II I I Been 1111111 thl  10 heated
up to 400 'C . The glass substrate 1 which was  washed and preheated to 300
" was dipped inthe chemical  reinforcing solution for 3 hours. The chemical
reinforcing step was carried out no that the satire  surface of the glans
substrate 1 was chemically  reinforced with a plurality of glass substrates
retained  at the and surface in a holder. Under the circumstances,  lithium
ions and sodium ions on a surface layer of the  glass substrate I were
replaced by sodium ions and  potassium ions in the chemical reinforcing
solution by  dipping each glass substrate 1 in the the chemical
reinforcing solution. Thus, the glass substrate I is  chemically
reinforced. A compressive stress layer formed  in the surface layer of the
glass substrate 1 had a  thickness of about 100-200 it at. Next, the
chemically  reinforced glass substrate 1 was dipped in a:water tank  of 20
'C , quickly cooled and retained for 10 minutes.  Subsequently, the cooled
glass substrate.1 was dipped In  a sulfuric acid heated up to 40 'C , and
was washed by the supersonic was. The surface roughness (Ra, Rises)  of the
peripheral side area 2 of the glass substrate I  at the intermediate region
(chamfered portion) H (Lengths  0.15mm), the intermediate region (chamfered
portion) C (lengths 0.15mm) and the side end well A (lengths  0.35am) are
shown in sable 1. In Table It the surface  



roughness Aa of the intermediate region a is 0.2 le m,  while the surface
roughness 8max of the intermediate  region a -is 1.9 0 in. Further, the
surface roughness as i9  of the intermediate xeglon C is 0.15 It m, while
the  surface roughness Rmax of the intermediate region C is  2.9 a in. In
addition, the surface roughness Ra of the  side end wall A is 0.35 (t m,
while the surtage roughness  Mat of the side and wall A is 3.4 u m. Also;
the  Principal surface 3 of the glass substrate 1 has the  surface
xnnghness Re of 0.5-1 M. in addition, the  surface of the glass substjate 1
is precisely tested. As a result of the test, no particles which axe the
cause of the thermal asperity exist on the principal  surface 3. Table 1
AS, (a m) am" (u a)  side and wall A 0.35 3.4  intermediate >Stegion B 0.2
1.9  Intermediate Region C 0.15 2.9  Measuring Length: 0-BUM In addition,
it is to be noted that the side~end  wall A is 0.45sm thick when the glass
substrata has a  diameter of 345 inches. In this case, similar result has
been confirmed. (7) Magnetic disc manufacturing step A texture layer, a CrR
underlying layer, a CrMo  underlying layer, a Con.c Ta magnetic layer and a
C  protection layer were successively deposited on the both  principal
surfaces 3 of the glass substrate i by using  



the known in-Line sputtering apparatus to obtain a_  magnetic disk, Bleat,
a glide test was performed in This Sheet Has-Been Re e laced I IlIIiB Ishii
IIIi Iit iI . 20  connection with the obtained magnetic disk. As a result
of  the teat, to bit and crash occur. In- this case, the hit  means that
the magnetic bead touches projections on the  surface of the magnetic disc,
and the crash means that the  magnetic head collides with the projections
on the surface.  Furtherr it is confirmed that,no defects due tq.the
particles are generated on the magnetic layer. Also, the glide test was
Performed for the first  example wherein the peripheral side area 2 of the
glass  substrate 1 was mirror finished, a first comparative  example
wherein the peripheral side area and 2 was etched,  and a second
comparative example wherein neither polishing  nor etching'was performed.
The teat result is shown in  Table 2 as a result of the glide test.
Concretely, the  yield of.the first example was 90 % or more. In contrast,
the yield of each of the first and second comparative  examples was 87 % or
less. Prom Table 2, it is understood  the first example is superior to the
first and the second  comparative example. Thus, the conventional method of
etching the peripheral side area of the glass substrate c p  not accomplish
the object of this invention. Table 2 lot 2nd  'at Example Comparative
Comparative  Example Example 



Yield of 90% or more 87% or lose 87% or less  Glide Test 111111 Has Been R
laced 77iis Sheet Has 13 R laced  21 an addition, a reproduction test was
performed  for the magnetic disk after the glide test. An a result  of the
test, it has been confirmed that no reproduction  errors due to the
thermal; asperity take place in connection with the samples (500 samples)
according to  this invention. Second and third Examples Second and
tbirdiexaaples are similar to the  first example except that soda,-lime
glass (the second  example) and soda aluminosilicate glass (the third
example) are replaced by the altminosilieate glass of the  first example.
As a result, the enter and inner side end  surfaces of the glass substrate
1 have the surface  roughness Pmax of 1.5 A a in case of soda-lira glass
(the  second example). Although the soda-lima glass substrate'  had a
slightly rough surface as compared with the  aluainosilicate glass, no
practical problem accrued in  such a glass substrate. Fourth Sxemple An
underlying layer of Al (50 A )/Cr (1000 A )/  Cram (100 A ), a magnetic
layer of CoPtCr (120 A )/Czno  (50 A )/CoPtCr (120 A ) and a Cr (50 A )
protection layer  are successively deposited on the both principal surfaces
3 of the glass substrate 1 obtained in the first example  by the known
in-line sputtering apparatus. The above  



substrate is dipped in an organoailicon qompound solution  (mixed liquid
with water, xPA and tetraethoxy titans)  wherein silica fine grains (grain
diameter of 100 A) are mis.sheet Has Been R la Illiiiu IRE i1111  22
dispersed: Boat, the protection layer of 9102. textured  was formed by
baking. Further. the protection layer was  subjected to a dipping process
within a lubricating agent  of perfluoropolyether to obtain the magnetic
disk for the  MR head. 2be glide teat was carried out for the obtained
magnetic disk. As a result of the test, neither hit nor  crash occur.
Further, it has been confirmed that no  defect was famed an the magnetic
layer. In addition, no  reproduction errors due to the thermal asperity
were  generated as a result of reproduction test Fifth Example A fifth
example is similar to the fourth example  except that Al/Cr/Cr was used as
the underlying layer and  CoNNiCs'ra is used as the magnetic layer. It has
been  confirmed that a magnetic disk like in the fourth example  was
obtained in the fifth example also. Referring to rig. 2, the glide test has
been  performed in connection with first through twelfth  samples i to 12
with flying heights kept within a range  between 1.1 and 1.3 (microinches).
Barein, one hundred  glass substrates have been prepared as each of the
first  through the twelfth samples I to 12. It is to be noted  that the
first, the second, the fifth, the eighth, the  



ninth, the tenth, the eleventh, and the twelfth samples  1, 2, 5, 8, 8. 10,
11, and 12 had the surface roughnssses  Ra and Rmex defined by this
invention while the third,  the fourth, the sixth, and the seventh samples
3, 4, 6, 'Mis IIIIIIIIIIIII1111 IF (Iii l23 and 7 had the surface
roughnesses Ra and Rmax falling  outside this invention, when each of the
surface  roughnesses Re and Amax is represented by an average  value of the
one hundred glass substrates... Mare  specifically, the first, the second,
the fifth, the  eighth the ninth, the tenth, the eleventh,'and the  twelfth
samples 1, 2, 5, It is, 11, and 12 had the  surface roughnesses Ra a;Ia
Rmax which are equal to 9.03  and 0.44; 0.18 and 1.80; 0.06 and 3.25; 0.53
and 2.50;  0.71 and 3.56; 0.09 and 0.98; 0.06 and 0.85; and 0.05 and  0.50
it m, respectively. on the other hand, the third,  the fourth, the sixth,
and the seventh samples had the  surface roughnesses Re and Rmax which are
equal to 1.88  and 10.06;, 1.53 and 7.45; 1.72 and 8.23;_ and 2.01 and
11.75 p as respectively, and mat finished surfaces. Under the
Circumstances, glide yield losses were  measured during the glide test
mentioned above by  counting defects on each of the first through the
twelfth  samples 1 to 12 and were represented by (t), as shown by'
histograms in Pig. 2. The first, the second, the fifth.  the eighth, the
ninth, the tenth, the eleventh, and the  twelfth samples 1, 2, S. 8, 10,
11, and 12 according to  this invention exhibited the glide yield losses of
1.675,  5.75, 8.5, 7.895, 9.625, 3.5, 3.25, and 1.825 t,  



respectively, while the third, the fourth, the sixth, and  the seventh
samples 3, 4, 6, and.7 exhibited the glide  yield losses of 14.625, 13.875.
14.375, and 15.125 t,  respectively. At any rate, the samples according
to.thle This Sheet Has Been Re laced I III IIIIIINI1111!IIV  24 invention
exhibited the glide yield loosen smaller than  10 s. In order to measure
defects on a magnetic  recording medium, various.testa have been usually
carried  out by the use of a magneto-resistive (MR) head kept at a  flying
height of 50 nm and a rotation speed or 7 m/see  and may be collectively
called a certification test, ! Actually, the certificatkon test includes a
positive  modulation test, a negative modulation test, a missing  test, an
extra test, and a spike test, all of which are  known in the art. Such
tests also serve to evaluate the  thermal asperity of each magnetic
recording medium.  Herein, each of the missing test, the spike test, and
the  extra test is helpful to classify the defects into a  correctable
defect, an uncorrectable defect, and a long  defect. Prior to each teat,
provision has been made about  twenty-five of the magnetic recording media
which have  been polished in the above-mentioned manner, together  with
twenty-five unpolished magnetic recording media.  Results of the
above-mentioned tests have been averaged  and summed up about the polished
and the unpolished  magnetic recording media. Under the circumstances, it  



has been found out that an average seta value of defects  on each surface
of the polished magnetic recording media  ban been equal in number to 9.56
while the average sum  value of defeats on each surface of the unpolisbe4
magnetic recording media has been equal in number to  . Z 25  18.4. xn
comparison With both the average sum values, it  has been readily
understood that a reduction rate of the  defects in the polished magnetic
recording media has been  equal to 41.70 %. This shows that the polished
magnetic  recording media according to this invention are remarkably
improved in.thesmal asperity, as compared with  the unpolished magnetic
recording media. While this invention has thus Car been described  in
conjunction with several examples thereof, it will  readily be possible for
those skilled in the art to pai  this invention into practice in various
other manners.  Vol example, the mechanical polished surface, namely, the
mirror finished surface May be formed on at least one of  the inner and the
outer peripheral surfaces of the  magnetic recording medium. This
ShLatHtrts Been 111111111111111111111111 d 4 ' . .. I I IIIIft 1111 I IIIII
IIIII II I!II  26 NRAT IS CLAIMED Us I . A glass substrata far use in a
magnetic  



recording medium, said glass substrate having a pair of  principal surfaces
opposite to each other and a  peripheral side area contiguous to said
principal  surfaces, said peripheral side area having a side end 3 wall,
and intermediate roglons between said side end wall  and said principal
surfaces, at. least one of said intermediate regions and  said side end
wall being formed by a selected one of a  mechanical polished surface and a
mirror finished surface.  which has a surface roughness Ra not greater than
1 a a  where Ra is representative.of the center-line mean  roughness. 2. A
glass substrate as claimed in claim 1.  wherein: } the surface roughness ft
falls within a range  between 0.001 and 0-g K a. `  3, A glass substrate as
claimed in claim 1,  wherein2 the surface roughness Ra falls within a range
between 0.001 and 0.5 p a. 4. A glass substrate as claimed in claim 1,
whereins the surface roughness Rg falls within a range  between 0.001 and
0.1 A m. INIIIIIIIIIIIIIIIIIIINiliI 27  5. A glass substrate as claimed in
claim 1,  wherein: at least one of said principal surfaces has the  surface
roughness Ra which is not greater than 2 nm. 



6. A glass substrate as claimed in claim 1,  wherein: said intermediate
regions are chamfered so that  rounded surfaces are formed between each of
said  principal surfaces and each of said intermediate regions,  said
rounded surfaces having a radius between 0.2 and  10 mm. 7. A glass
substrate as claimed in claim 1,  wherein: each of the side end wall and
the rounded  surfaces has the surface roughness Ra is not greater than  1
pm. 8. A glass substrate for use in a magnetic  ll recording medium, the
magnetic recording medium being operable in  cooperation with either one of
a magneto-resistive (MR) head and a  giant magneto-resistive (GMR) head,
said glass substrate having a  pair of principal surfaces opposite to each
other and a  peripheral side area contiguous to said principal  surfaces,
said peripheral side area having a side end  wall and intermediate regions
between said side end wall  and said principal surfaces, wherein: at least
one of said intermediate regions and  said side end wall is formed by a
mirror finished surface  which has a surface roughness Rmax not greater
than 4 pm  where Rmax is representative of a difference between a  maximum
height and a minimum height. 26  9. a glass substrate as claimed in claim
a,  wherein: the surface roughness Amax falls within a,range  



between 0.01 and 2 a m. 10. A glass substrate as claimed in claim A.
wheraias the surface roughness 8max falls within a range  between 0.01 and
1 p in. lx. A glass substrate as claimed in claim 8,  wherein: said
intermediate regions are Chamfered so that  rounded surfaces are formed
between each of said  principal surfaces and each of said intermediate
regions,  said rounded surfaces having a radius between 0.2 and 10 am. 12.
A glass substrate as claimed in claim 6,  whereinn each of the side and
wall and the rounded  surfaces has the surface roughness Rma' is not
greater  tan 1 p M. 13. A glass substrate as claimed in claim 8,  wherein:
at least one at said intermediate regions and  said side and wall also has
a surface roughness Re, not  greater than 1 p a where Aa is representative
of the  center-line mean roughness. 14- A.glass substrate as claimed in
claim 13,  wherein: 111111111111111111 iiiliI IIIIIIIIIIIIIIIIIIIIIIIIIIIII
+ C L M $ R  29 the surface roughness Re falls within a range  



between 0.001 and 0.8 Aim. 15. A glass substrate as claimed in claim 13,
wherains the surface roughness Re falls within a range  between 0.001 and
0.5 Am. 16. A glass substrate as claimed in claim 13,  f Wherein: the
surface roughness Ra falls within a range  between 0.001 and 0.1 ga. 17. A
glass substrate as claimed in claim 8,  wherein the surface roughness max
falls within a range  between 0.01 and i p a while the surface roughness
Is.  fails within a range between 0.001 and 0.1 pea. 18. A glass substrate
as Claimed in claim 8,  wherein: each of the principal surfaces has the
surface  roughness Re not greater than 2 an. 19. A magnetic recording
medium having the glass  substrate claimed in claim 1, comprising at least
magnetic layer formed on the glass substrate. 20. A magnetic recording
medium as claimed in  claim 19, said magnetic recording medium being
operable  in cooperation with either one of a magneto-resistive  (Na) head
and a giant magneto-resistive (OMs) head. 21. A magnetic recording medium
as claimed in  claim 19, wherein said-magnetic layer includes Co and Pt.
Ibis Sheet Has Been IIII'll III~II IIII laced
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22. A method of manufacturing a magnetic  recording medium including a
glass substrate having a  pair of principal surfaces and a side and
surface..  comprising the steps oft forming a side end wall and
intermediate regions  on said side and surface, said intermediate region
being  positioned between said side and wall and said principal  surfaces,
! polishing the glass substrate to provide a mirror  finished surface on at
least one of said intermediate  regions and said side end wall and to
thereby avoid a  thermal asperity. 23. A method as claimed in claim 22.
whereihs  the mirror finished surface is formed by  mechanical polishing.
24. A method as claimed in claim.23, further  comprising the step oft
chamfering the intermediate regions to provide  .rounded portions between
said principal surface and said  intermediate region. 25. A method as
claimed in claim Zd, wl~stein  said rounded portions have a radius of
0.2-20 mm. 26. A glass substrate for use in a magnetic  recording medium,
said glass substrate having a pair of  principal surfaces opposite to each
other and a  peripheral side area contiguous to said principal  surfaces,
said peripheral aide area having a side and  wall and intermediate regions
between said side end wall  Ibis Sheet Has Been IIIIU IIII IIIlui ed 



31  and said principal surfaces, at least one of said intesaediate regions
and  said side end wall having a mirror finished surtaCe- This Sheet Has
Been Re laced I IIIIIII. IIII IIII III GLASS SUBSTRATE, MAGNETIC RECORDING
MEDIUM AND METHOD OF MANUFACTURING THE MAGNETIC RECORDING MEDIUM  ABSTRACT
For use in a magnetic recording medium, a glass substrate (1) has a pair of
principal s daces (3) opposite to each other and a peripheral side area (2)
contiguous to  die principal surfaces (3). The peripheral side area (2) has
a side cad wall (A) and  intermediate regions (B, C) between the side end
wall (A) and the principal surfaces (3).  At lease one of the intermediate
regions (B, C) and the side end wall (A) is formed by a  mirror finished
surface which has a surface roughness Ra not greater than 1 p m or on
surface roughness Rmax not greater than 4 [err]m. With this structure, no
particles are  generated from the peripheral side area (2) because the side
end surface of the glass  substrate (1) is mirror finished. Consequently,
reproduction is performed without  reproduction errors because of no
generation of a thermal asperity and a head crash can  be sufficiently
avoided because of no projections which might result from the particles.
Fig. 1  




