
-1- SPECIFICATION GLASS SUBSTRATE FOR INFORMATION
RECORDING MEDIUM AND  INFORMATION RECORDING MEDIUM
EMPLOYING SAME  Technical Field [0001] The present
invention relates to a glass substrate for an
information recording  medium (hereinafter also
referred to simply as "a glass substrate"), and more
particularly to a glass substrate for use as a
substrate of an information recording  medium such as
a magnetic disk, magneto-optical disk, DVD, or MD.
Background Art [0002] Conventionally, magnetic disks
for use in stationary devices such as desk-top
computers and servers typically have substrates made
of aluminum alloy, and those for  use in portable
devices such as notebook computers and mobile
computers typically  have substrates made of glass.
However, aluminum alloy is prone to deformation, and
is not hard enough to offer satisfactory surface
smoothness on the surfaces of a substrate  after
polishing. Moreover, when a head makes mechanical
contact with a magnetic  disk, the magnetic film is
liable to exfoliate from the substrate. For these
reasons,  substrates made of glass, which offer
satisfactory surface smoothness and high  mechanical
strength, are expected to be increasingly used in the
future not only in  portable devices but also in
stationary devices and other home-use information
devices. [0003] One known type of glass substrate is
those made of chemically strengthened  glass, in which
the alkali elements present near the surface of the
substrate are replaced  with other alkali elements in
order to produce compression strain and thereby
increase -2- 



mechanical strength. In the manufacture of chemically
strengthened glass, the process  of chemical
strengthening is typically performed after the process
of polishing, and  glass substrates that have
undergone the chemical strengthening process are
shipped  intact as an end product without being
subjected to any further process. This  necessitates
subjecting the glass substrates to polishing that
attains flatness higher than  is eventually required
in order to allow for the normally unavoidable
degradation of the  their flatness as a result of the
chemical process. Moreover, if the glass substrates
develop deformation as a result of the chemical
process, there is no choice but to discard  them as
defective. This makes it difficult to achieve a
sufficiently high yield rate. To  overcome these
inconveniences, for example, Patent Publication 1
proposes a technique  of subjecting glass substrates
first to a chemical strengthening process and then to
a  polishing process with a view to improving
productivity and associated results. Patent
Publication 1: JP-A- 2000-76652 (laid open on March
14, 2000)  Disclosure of the Invention Problems to be
Solved by the Invention [0004] However, according to
the technique proposed in the publication mentioned
above, although the strengthened layer on the main
surface is removed by polishing in  the polishing
process performed after the chemical strengthening
process, a  predetermined thickness of the
strengthened layer is left even after the polishing
process.  Thus, if the strengthened layer left after
the polishing process is uneven, it degrades
geometrical quality such as flatness. To prevent this,
the top and bottom surfaces of  glass substrates need
to be polished uniformly, and this requires a
high-precision  polishing technique. [0005] An object
of the present invention is to provide a glass
substrate for an 



-3- information recording medium which excels in
geometrical accuracy such as flatness  without
requiring a high-precision polishing technique and
which has high strength. [0006] Another object of the
present invention is to provide a glass substrate for
an  information recording medium which excels in
mechanical strength and durability and  which permits
high-density recording. Means for Solving the Problem
[0007] To achieve the above objects, according to one
aspect of the present invention,  in a chemically
strengthened glass substrate for an information
recording medium, a  strengthened layer formed by
chemical strengthening exists on the outer edge
surface  and on the inner edge surface but
substantially not on a surface on which an information
recording layer is formed (hereinafter, such a surface
will be also referred to as a  "recording surface").
It should be noted that, in the present specification,
chemical  strengthening denotes producing compression
strain at the surface of a glass substrate by
replacing the ions present near the glass surface with
ions having larger ion radii in a  temperature region
lower than the glass transition temperature of the
glass substrate. [0008] Here, for stable formation of
a strengthening layer with an appropriate  thickness,
and for still higher mechanical strength and chemical
durability, it is  preferable that a glass substrate
according to the invention contain the following glass
ingredients at a recording surface thereof: 40 to 75 %
by weight of SiO2; 3 to 20 % by  weight of A1203; 0 to
8 % by weight, zero inclusive, of B203; a total of 5
to 15 % by  weight of R20 compounds, where R = Li, Na,
and K; SiO2 + A12O3 + B203 accounting  for 60 to 90 %
by weight; a total of 0 to 20 % by weight, zero
inclusive, of R'O  compounds, where R' = Mg, Ca, Sr,
Ba, and Zn; and a total of 0 to 15 % by weight, zero  



inclusive, of TiO2 + ZrO2 + Ln.0y, where LnXOY
represents at least one compound -4- selected from the
group consisting of lanthanoid metal oxides, Y203,
Nb2O5, and Ta205,  with the following condition
fulfilled: 1.5 < A1203 / B203, or B203 = 0 %.
Hereinafter, "%" means "% by weight" unless  otherwise
noted. [0009] Here, for lower alkali elution, it is
preferable that the lower limit of the K2O  content be
0.5% by weight. Furthermore, for a more stable
structure of the glass and  higher chemical durability
thereof, it is preferable that the lower limit of the
B203  content be 1.0% by weight. Moreover, for a
stronger structure of the glass and  enhanced rigidity
thereof, it is preferable that the total content of
TiO2+ZrO2+LnOY be  in the range of from 0.5% to 13% by
weight. [0010] It is preferable that a glass substrate
according to the present invention have a  specific
elastic modulus E / p of 30 or higher, a Vickers
hardness Hv in a range of  from 450 to 650, alkali
elution A of 350 ppb or lower per 2.5-inch disk, Si
elution S of  500 ppb or lower per 2.5-inch disk, and
a fracture toughness Kc of 0.80 MPa / m112 or
greater. [0011] In the present specification, the
fracture toughness Kc was determined using a  Vickers
hardness tester and according to the formula noted
below on the basis of the  pressure mark produced with
a Vickers indenter under the following conditions:
with a  load of 500 g, and with loading duration of 15
seconds (see Fig 3). [0012] Kc = 0.018 (E / Hv)"2
(P/C3i2)=0.026E112P1/2a/C312 where Kc represents the
fracture toughness (Pa  m1/2), E represents the
elastic  modulus (Pa), Hv represents the Vickers
hardness (Pa), P represents the pressing load  



(N), C represents half the average of the lengths of
cracks (m), and "a" represents half  the average of
the lengths of the diagonals of the pressure mark (m).
The Si elution S  and alkali elution A were determined
by first producing a 2.5-inch disk by polishing -5-
the recording surface of the strengthened glass
substrate, then immersing the disk in 50  ml of
reverse osmosis membrane water at 80 C for 24 hours,
and then analyzing the  elution liquid with an ICP
emission spectrochemical analyzer. Thus, the alkali
elution here is the total elution of Li, Na, and K.
The specific elastic modulus (E / p)  equals the
Young's modulus E divided by the specific gravity p.
The Young's  modulus E was measured by the method for
testing dynamic modulus of elasticity  included in the
methods for testing elasticity of fine ceramics
defined in JIS (Japanese  Industrial Standards) R
1602, and the specific gravity p was measured in
distilled  water at 25 C by a method based on
Archimedes' principle. The Vickers hardness  Hv was
measured using a Vickers hardness tester under the
following conditions: with  a load of 100 g, and with
loading duration of 15 seconds. [0013] According to
another aspect of the present invention, an
information recording  medium has a glass substrate
structured as described above, and has an information
recording layer formed thereon. Advantages of the
Invention [0014] A glass substrate for an information
recording medium according to the present  invention
has a strengthened layer formed on its inner and outer
edge surfaces. With  this structure, a glass substrate
for an information recording medium according to the
present invention has higher effective strength, and
is thus less prone to destruction or  damage starting
at the outer or inner edge surface. Moreover, the
glass substrate  



excels in resistance to impact, and is thus far less
liable to break while being handled  in the
manufacturing and other processes. Even if the glass
substrate breaks, it is  unlikely to scatter so wide
as to contaminate the process. Moreover, having
substantially no strengthened layer on a surface on
which an information recording -6- layer is formed,
the glass substrate has high flatness and smoothness
on the surface.  This helps achieve high-density
recording when the glass substrate is formed into an
information recording medium. [0015] In an information
recording medium according to the present invention,
an  information recording layer is formed on the glass
substrate. With this structure, it is  possible to
make breakage during the manufacturing process less
likely, and thereby  increase the yield rate.
Moreover, it is possible to increase the durability
and  reliability of the recording medium. Brief
Description of Drawings [0016] [Fig. 1] A diagram
showing an example of the manufacturing process of a
glass  substrate according to the invention; [Fig. 2]
A perspective view showing an example of an
information recording  medium according to the
invention; [Fig. 3] A diagram schematically showing a
pressure mark and cracks produced  when a pressure is
applied to the surface of a glass substrate with a
Vickers indenter;  and [Fig. 4] A diagram illustrating
an outline of annular bending strength testing.  List
of Reference Symbols [0017] 1 glass substrate  



2 magnetic film  D magnetic disc 11 top surface
(recording surface) 12 bottom surface (recording
surface)  13 strengthening layer -7- Best Mode for
Carrying Out the Invention [0018] The inventor of the
present invention noticed that destruction or breakage
of a  glass substrate typically starts at the inner or
outer edge surface thereof, and, through  an intensive
study, has found that, by forming a strengthened layer
by chemical  strengthening on the inner and outer edge
surfaces of a glass substrate but not on the  top and
bottom surfaces, i.e., recording surfaces, thereof, it
is possible to effectively  prevent destruction of or
damage to the glass substrate and to minimize the
degradation of the geometrical accuracy, such as
flatness, of the glass substrate that  tends to result
from chemical strengthening. These findings have led
the inventor to  conceive the present invention.
[0019] Specifically, a strengthened layer is formed on
the inner and outer edge  surfaces of a glass
substrate, where destruction of or damage to the glass
substrate  tends to start. This helps increase the
strength of the glass substrate. On the other  hand,
no strengthened layer is formed on a recording
surface. This helps minimize  the change in the shape
of the glass substrate that is caused by the strain in
the  strengthened layer. [0020] In the present
invention, chemical strengthening is achieved by
immersing a  glass substrate in nitrate melt heated to
below the glass transition temperature. This  



causes the ions present near the glass surface to be
replaced with ions having larger ion  radii, and
thereby causes compression strain to be produced at
the glass surface,  achieving strengthening. The melt
for chemical strengthening is, for example, a  molten
salt of potassium nitrate, sodium nitrate, potassium
carbonate, or the like, a  molten salt of a mixture of
one or more of those salts, or a molten salt of one or
more  of those salts mixed with a salt containing ions
of Cu, Ag, Rb, Cs, or the like. [0021] The thickness
of the strengthened layer formed by the chemical
process is -8- adjusted by controlling the temperature
to which the chemical strengthening melt is  heated
and the duration for which the glass substrate is
immersed therein, as will be  understood from the
examples described later (see Table 2). The higher the
temperature of the melt, and the longer the duration
of immersion, the thicker the  strengthened layer. For
an optimal trade-off between maximizing the strength
of the  glass substrate and minimizing the time
required for its polishing, the thickness of the
strengthened layer is preferably in the range of from
3 m to 20 m. The  temperature to which to heat the
chemical strengthening melt is determined
appropriately in consideration of the glass transition
temperature of the glass substrate,  preferably in the
range of from 280 C to 660 C, and further preferably
in the range of  from 320 C to 500 C. The immersion
duration is preferably in the range of from  0.1 hours
to several tens of hours. [0022] To form a
strengthened layer by chemical strengthening on the
inner and outer  edge surfaces of a glass substrate
but not on the top and bottom surfaces, i.e.,
recording surfaces, thereof, first the glass substrate
is immersed in chemical  strengthening melt, and then
the top and bottom surfaces thereof are polished to  



remove the strengthening layer on those surfaces;
alternatively, first the top and  bottom surfaces of
the glass substrate are coated with a masking
substance, and then  the glass substrate is immersed
in chemical strengthening melt with only the inner and
outer edge surfaces thereof exposed. Between these two
methods, for higher  productivity, removal by
polishing is recommended. Now, a description will be
given of how the strengthening layer on the top and
bottom surfaces is removed by  polishing. [0023] Fig.
1 is a diagram showing the manufacturing process of a
glass substrate. A  glass block is sliced into a disk
having a predetermined thickness, and a glass
substrate -9- 1 is cut out of it using a cutter so as
to have concentric inner and outer edges (Fig.  1(a)).
Here, it is advisable to chamfer or round the inner
and outer edges of the glass  substrate 1. The glass
substrate 1 shown in Fig. 1 is subjected to
chamfering.  Ultimately, an information recording
layer 2 (shown in Fig. 2) will be formed on the  top
and bottom surfaces 11 and 12 of the glass substrate
1. Then, this glass substrate  1 is immersed for a
predetermined duration in nitrate melt heated to a
predetermined  temperature so that a strengthening
layer 13 is formed all over the exposed surfaces of
the glass substrate 1 (Fig. 1(b)). Then, the top and
bottom surfaces 11 and 12 of the  glass substrate 1
are polished to a depth greater than the thickness of
the strengthening  layerl 3 so that the strengthening
layer formed on the top and bottom surfaces 11 and  12
of the glass substrate 1 is removed (Fig. 1(c)). Here,
the polishing depth is  preferably in the range of
from about twice to about ten times the thickness of
the  strengthening layer. Polishing may be performed
by any conventionally known  method, for example, by
polishing using a brush or polishing using a polishing



substance. Examples of polishing substances include,
among others, cerium oxide,  chromium oxide, zirconium
oxide, and titanium oxide. [0024] A glass substrate
according to the present invention may contain any
ingredients. However, for stable formation of a
strengthening layer with an  appropriate thickness,
and for still higher mechanical strength and chemical
durability,  it is preferable that a glass substrate
according to the invention contain the following
glass ingredients at a recording surface thereof: 40
to 75 % by weight of SiO2; 3 to  20 % by weight of
A1203; 0 to 8 % by weight, zero inclusive, of B203; a
total of 5 to  15 % by weight of R20 compounds, where
R = Li, Na, and K; SiO2 + A12O3 + B203  accounting for
60 to 90 % by weight; a total of 0 to 20 % by weight,
zero inclusive, of  R'O compounds, where R' = Mg, Ca,
Sr, Ba, and Zn; and a total of 0 to 15 % by -10-
weight, zero inclusive, of TiO2 + ZrO2 + Ln,;Oy, where
Ln,Oy represents at least one  compound selected from
the group consisting of lanthanoid metal oxides, Y2O3,
Nb2O5, and Ta2O5, with the following condition
fulfilled: 1.5 < A12O3 / B2O3, or B2O3 = 0 %. Now, the
grounds for setting these limitations on the
ingredients will be explained.  [0025] First of all,
SiO2 is an ingredient that forms the matrix of glass.
With a SiO2  content less than 40 %, the glass has an
unstable structure. This not only degrades  the
chemical durability of the glass, but also degrades
the melt viscosity properties  thereof, making the
glass difficult to mold. On the other hand, with a
SiO2 content  higher than 75 %, the glass shows low
fusibility. This lowers productivity and makes  it
impossible to obtain sufficient rigidity. Hence, a
preferred range of the SiO2  content is from 40 to 75
%. A further preferred range is from 50 to 72 %. 



[0026] A12O3 gets into the matrix of glass, and serves
to stabilize the structure of the  glass and enhance
the chemical durability thereof. With an A12O3 content
lower than  3 %, the glass structure is not stabilized
sufficiently, and ion exchange does not  proceed
stably in the strengthening process. On the other
hand, with an A12O3  content higher than 20 %, the
glass shows low fusibility, lowering productivity.
Hence, a preferred range of the A1203 content is from
3 to 20 %. A further preferred  range is from 5 to 18
%. [0027] B2O3 improves the fusibility of glass and
thereby enhances productivity. In  addition, it gets
into the matrix of the glass, and serves to stabilize
the structure of the  glass and enhance the chemical
durability thereof. With a B203 content higher than  8
%, the glass shows poor melt viscosity properties and
is thus difficult to mold.  Moreover, the glass melt
shows high volatility. These factors greatly lower
productivity and stability. Hence, a preferred range
of the B2O3 content is 8 % or -11  lower (zero
inclusive). A further preferred upper limit of the
content is 6%, and a  preferred lower limit thereof is
1%. [0028] If the total content of these three glass
ingredients (Si02, A1203, and B2O3),  which are the
skeletal ingredients of glass, is less than 60 %, the
glass has a brittle  structure. On the other hand, if
their total content is higher than 90 %, the glass
shows low fusibility, lowering productivity. Hence, a
preferred total content of those  glass ingredients is
from 60 to 90 %. A further preferred range is from 68
to 88 %. [0029] Alkali metal oxides R2O (R = Li, Na,
and K) improve the fusibility of glass,  increasing
productivity. With a total alkali metal oxide content
lower than 5 %,  fusibility is not sufficiently
improved, and the glass substrate cannot be
strengthened  



sufficiently by the ion exchange process. On the other
hand, with a total alkali metal  oxide content higher
than 15 %, excess amounts of alkali metal oxides are
dispersed  throughout the skeleton of the glass,
increasing alkali elution and greatly degrading
chemical durability. Moreover, in the strengthening
process, the ion exchange  reaction proceeds
excessively, making it difficult to control the
thickness of the  strengthened layer. Hence, a
preferred range of the total alkali metal oxide
content is  from 5 to 15 %. A further preferred range
is from 7 to 16 %. Moreover, to obtain a  so-called
mixed alkali effect, which helps reduce alkali
elution, it is preferable that the  lower limit of the
content of each alkali metal oxide be 0.5 %. [0030]
Divalent metal oxides R'O (R' = Mg, Ca, Sr, Ba, and
Zn) increase the rigidity  of glass, improve the
fusibility thereof, and stabilize the structure
thereof. With a  total R'O content higher than 20 %,
the glass has an unstable structure, leading to  lower
melt productivity and lower chemical durability.
Hence, a preferred R'O  content is 20 % or lower. A
further preferred upper limit of the total R'O content
is  18 %. Preferred contents of the individual R'O
ingredients are given below. -12- [0031] MgO increases
the rigidity of glass and improves the fusibility
thereof. With a MgO content higher than 20 %, the
glass may have an unstable structure, lowering  the
melt productivity and chemical durability of the
glass. Hence, a preferred range  of the MgO content is
from 0 to 19 %. A further preferred upper limit is 18
%. [0032] CaO increases the linear thermal expansion
coefficient and rigidity of glass,  and improves the
fusibility thereof. With a CaO content higher than 10
%, the glass  may have an unstable structure, lowering
the melt productivity and chemical durability  of the
glass. Hence, a preferred range of the MgO content is
from 0 to 10 %. A  



further preferred upper limit is 9 %. [0033] SrO
increases the linear thermal expansion coefficient of
glass, stabilizes the  structure thereof, and improves
the fusibility thereof. With a SrO content higher than
8 %, the glass may have an unstable structure. Hence,
a preferred range of the SrO  content is from 0 to 8
%. A further preferred upper limit is 6 %. [0034] BaO
exerts the same effects as SrO. With a BaO content
higher than 8 %, the  glass may have an unstable
structure. Hence, a preferred range of the BaO content
is  from 0 to 8 %. A further preferred upper limit is
6 %. [0035] ZnO increases the chemical durability and
rigidity of glass, and improves the  fusibility
thereof. With a ZnO content higher than 6 %, the glass
may have an  unstable structure, lowering the melt
productivity and chemical durability of the glass.
Hence, a preferred range of the ZnO content is from 0
to 6 %. A further preferred  upper limit is 5 %.
[0036] TiO2 strengthens the structure of glass,
enhances the rigidity thereof, and  improves the
fusibility thereof. ZrO2 strengthens the structure of
glass, enhances the  rigidity thereof, and enhances
the chemical durability thereof. Ln,OY strengthens the
structure of glass, and enhances the rigidity and
toughness thereof Here, Ln,OY - 13  represents at
least one compound selected from the group consisting
of lanthanoid  metal oxides, Y203, Nb2O5, and Ta2O5.
Lanthanoid metal oxides include different  types of
compounds of composition Ln203, LnO, and the like, and
examples of Ln  include La, Ce, Er, Pr, Nd, Pm, Sm Eu,
Gd, Th, Dy, Ho, Tm, Yb, and Lu. With a  total content
of TiO2 + ZrO2 + Ln,Oy higher than 15 %, the glass may
be unstable,  with greatly reduced toughness and a
higher tendency to devitrification, leading to  



extremely low productivity. Hence, a preferred range
of the total content of these  glass ingredients is 15
% or lower. A further preferred range of their total
content is  from 0.5 to 13 %. [0037] In the glass
composition used in the present invention, when the
B203 content  is not zero, A1203 / B203 needs to be
more than 1.5. With A1203 / B203 equal to or  less
than 1.5, the glass has a brittle structure, and does
not exhibit satisfactory  toughness. Moreover, in the
strengthening process, ion exchange does not proceed
stably. [0038] To the glass ingredients according to
the invention, 2 % or less of a clarifier  such as
Sb203 may also be added. As required, any other
conventionally known  glass ingredient or additive may
be added so long as it does not spoil the effects
achieved by the present invention. [0039] From the
glass ingredients described above, a glass substrate
according to the  invention may be produced by any
conventionally known fabrication process, for  example
in the following manner. Raw materials of glass
ingredients, i.e., oxides,  carbonates, nitrates,
hydroxides, and the like corresponding to the
individual  ingredients, are, in the desired
proportions and in the form of powder, fully mixed to
obtain a blending of the raw materials. This blending
is then put, for example, in a  platinum crucible
placed inside an electric furnace heated to 1300 to
1550 C, where -14- the blending is first melted and
clarified and then stirred and homogenized. The
molten glass is then poured into a preheated mold, and
is cooled slowly so as to be  formed into a glass
block. Next, the glass block is heated again to close
to its glass  transition point and is then cooled
slowly so as to be straightened. The glass block  



thus obtained is then sliced into a disk, out of which
a glass substrate is cut out using a  core drill so as
to have concentric outer and inner edges.
Alternatively, the molten  glass is formed into a disk
by press molding. [0040] It is preferable that a glass
substrate according to the invention fulfill the
following properties. First, it is preferable that a
glass substrate according to the  invention have a
specific elastic modulus E / p of 30 or higher. With a
glass  substrate that is not treated by strengthening,
its mechanical strength depends on its  rigidity.
Thus, with a specific elastic modulus lower than 30,
the substrate has  insufficient mechanical strength so
that, when it receives impact from outside while
being mounted in a hard disk drive, it is prone to
breakage at where it is fastened to a  hard disk drive
member. A further preferred specific elastic modulus E
/ p is 31 or  higher. [0041] It is preferable that a
glass substrate according to the invention have a
Vickers  hardness Hv in the range of from 450 to 650.
With a Vickers hardness lower than  450, the substrate
is prone to breakage resulting from impact and to
damage in the  fabrication process. On the other hand,
a Vickers hardness higher than 650 lowers  the rate at
which the glass substrate can be polished in the
polishing process, makes it  difficult to obtain a
surface with the desired flatness, and makes it
difficult to adjust  the surface shape of the
substrate by tape texture polishing, or correct
surface defects  by scrub washing, or perform other
treatment after the polishing process. The  Vickers
hardness of the substrate can be controlled within
that range, for example, by -15- adjusting, so long as
the desired main properties are not degraded, the
proportions of  the ingredients in such a way as to
increase the ion fill factor. A further preferred  



lower limit of the Vickers hardness Hv is 500, and a
further preferred upper limit  thereof is 630. [0042]
It is preferable that a glass substrate according to
the invention have alkali  elution A of 350 ppb or
lower per 2.5-inch disk. With alkali elution A higher
than  350 ppb, when the glass substrate is used in an
information recording medium, the  recording film such
as a magnetic film that is formed on the surface of
the glass  substrate is degraded by elution of the
alkali ingredients from the substrate. Further
preferable alkali elution A is 320 ppb or lower.
[0043] It is preferable that a glass substrate
according to the invention have Si elution  S of 500
ppb or lower per 2.5-inch disk. Since SiO2 is the main
ingredient of the  glass skeleton, the Si elution S
serves as an indicator of the watertightness of the
glass  substrate, i.e., its stability against water.
With Si elution S higher than 500 ppb, the  glass
substrate is not sufficiently watertight. This lowers
production stability in the  polishing and clearing
process in the fabrication process, and makes the
glass substrate  susceptible to the influence of
moisture present in the air, leading to lower storage
stability. A further preferred range of the Si elution
S is 400 ppb or lower per 2.5- inch disk. [0044] It is
preferable that a glass substrate according to the
invention have a fracture  toughness Kc higher than
0.80. With a fracture toughness Kc of 0.80 or lower,
when  the glass substrate is used in an information
recording medium, a crack may develop  in the glass
substrate when pressure or the like is applied thereto
in the process of  forming a recording film such as a
magnetic film on the surface thereof. Moreover,  with
a fracture toughness Kc of 0.80 or lower, the
substrate is prone to damage when it -16- 



is machined, leading to a low machining yield. A
further preferred range of the  fracture toughness Kc
is 0.85 or higher. [0045] A glass substrate according
to the invention can be used to produce disks of  any
diameter, for example 3.5-inch, 2.5-inch, 1.8-inch,
and any smaller-diameter disks,  with any thickness,
for example 2 mm thick, 1 mm thick, 0.63 mm thick, and
any  slimmer disks. [0046] Next, an information
recording medium employing a glass substrate according
to the present invention will be described. When
employed as a substrate of an  information recording
medium, a glass substrate according to the invention
contributes  to durability and high recording density.
Now, such an information recording  medium will be
described with reference to the drawing. [0047] Fig. 2
is a perspective view of a magnetic disk. This
magnetic disk D is  composed of a circular glass
substrate I and a magnetic film 2 formed directly on a
surface thereof. The magnetic film 2 may be formed by
any conventionally known  method. For example, it is
formed by spin-coating the substrate with a
thermosetting  resin having magnetic particles
dispersed therein, or by sputtering, or by electroless
plating. Spin-coating provides a film thickness of
about 0.3 to 1.2 m, sputtering  provides a film
thickness of about 0.04 to 0.08 m, and electroless
plating provides a  film thickness of about 0.05 to
0.1 pm. To minimize the film thickness and  maximize
the density, it is preferable to form the magnetic
film 2 by sputtering or  electroless plating. [0048]
The magnetic film may be formed out of any
conventionally known magnetic  material, of which a
preferred example is a Co-based alloy that contains
Co, which  exhibits high crystal anisotropy, as its
main ingredient so as to have high coercivity  



and that has Ni and Cr added thereto to adjust
remanent magnetic flux density. -17- Specifically,
examples of such alloys containing Co as their main
ingredient include  CoPt, CoCr, CoNi, CoNiCr, CoCrTa,
CoPtCr, CoNiPt, CoNiCrPt, CoNiCrTa,  CoCrPtTa,
CoCrPtB, and CoCrPtSiO. The magnetic film may be
divided into a  plurality of layers with one or more
non-magnetic films (for example, Cr, CrMo, or  CrV)
laid in between so as to form a multilayer structure
(for example, CoPtCr / CrMo  / CoPtCr, or CoCrPtTa /
CrMo / CoCrPtTa) with a view to reducing noise.
Instead of  the magnetic materials mentioned above, it
is also possible to use a magnetic material  of a
granular type having magnetic particles of Fe, Co,
FeCo, CoNiPt, or the like  dispersed in a non-magnetic
film of a ferrite-based material, an iron/rare
earth-based  material, SiO2, BN, or the like. The
magnetic film may be for either surface  recording or
vertical recording. [0049] To ensure smooth sliding of
a magnetic head, the magnetic film may be coated  with
a thin layer of lubricant on the surface. An example
of the lubricant is perfluoro  polyether (PFPE), a
liquid lubricant, diluted with a CFC-based solvent.
[0050] As required, a primer or protective layer may
additionally be formed. In a  magnetic disk, the
material of the primer layer is selected according to
the magnetic  film. The primer layer is formed out of,
for example, one or more selected from non- magnetic
metals such as Cr, Mo, Ta, Ti, W, V, B, Al, and Ni.
With a magnetic film  containing Co as its main
ingredient, Cr used singly or a Cr alloy is preferred
for better  magnetic properties and out of other
considerations. The primer layer may be  composed of a
single layer, or may be composed of a plurality of
layers of identical or  different types laid over one
another to form a multilayer primer layer such as Cr /
Cr,  



Cr / CrMo, Cr / CrV, NiAl / Cr, NiAl / CrMo, or NiAl /
CrV. [0051] The protective layer for preventing wear
and corrosion of the magnetic film  may be a layer of
Cr, Cr alloy, carbon, hydrogenated carbon, zirconia,
silica, or the -18- like. Such a protective layer can
be formed in continuous steps with the primer layer,
the magnetic film, and the like using an in-line-type
sputtering machine. The  protective layer may be
composed of a single layer, or may be composed of a
plurality  of layers of identical or different types
laid over one another to form a multilayer  protective
layer. It is also possible to form, on top of or
instead of the protective  layer described above,
another protective layer. For example, instead of the
protective layer described above, a layer of silicon
oxide (SiO2) may be formed by  applying, on top of a
Cr layer, and then burning fine particles of colloidal
silica  dispersed in tetraalkoxysilane diluted with an
alcohol-based solvent. [0052] A magnetic disk has been
described above as an example of an information
recording medium according to the invention. It is to
be understood, however, that a  glass substrate
according to the invention applies not only to this
type of information  recording medium but also to
magneto-optical disks, optical disks, and the like.
Example 1 [0053] Practical Examples 1 to 9 and
Comparative Examples 1 to 4 For each of different
glass compositions, which each correspond to one of
Practical Examples 1 to 9 and Comparative Examples 1
to 4, prescribed amounts of  glass ingredients in the
form of powder were weighed and put in a platinum
crucible,  were mixed, and then were melted at 1 550 C
in an electric furnace. When the  ingredients were
melted sufficiently, stirring blades were put into the
molten glass to  



stir it for about one hour. Thereafter, the stirring
blades were taken out, then the  molten glass was
allowed to stand for 30 minutes, and then it was
poured into a mold  so as to be formed into a glass
block. The glass block was then heated again to close
to its glass transition point, and was then cooled
slowly so as to be straightened. The  glass block thus
obtained was then sliced into a disk having a
thickness of 0.635 mm, -19- out of which a glass
substrate was cut out using a cutter so as to have
concentric inner  and outer edges (with an inner
diameter of 20 mm and an outer diameter of 65 mm).
[0054] The glass substrate thus produced was then
immersed for 0.5 hours in melt of a  mixture of 70 mol
% of NaNO3 and 30 mol % of KNO3 heated to 350 C so
that a  strengthened layer was formed all over the
exposed surfaces of the glass substrate.  Then, the
top and bottom surfaces of the glass substrate were
coarse- and fine-polished  with cerium oxide to remove
a depth of 100 m in total. Then, the glass substrate
was cleaned to obtain the glass substrate of one of
Practical Examples 1 to 9 and  Comparative Examples 1
to 3. With the glass substrate of Comparative Example
4,  the top and bottom surfaces thereof were polished
to remove a depth of 20 m in total.  With each of the
glass substrates thus produced, its properties were
evaluated in the  manners described earlier and below.
The composition of the glass substrate of each
example and the results obtained therewith are shown
in Table 1. [0055] (Thickness of the Strengthened
Layer) The outer and inner edge surfaces and the
recording surface of the glass  substrate after the
polishing process were inspected under a polarizing
microscope to  measure the thickness of the
strengthened layer. [0056] (Annular Strength Ratio) 



Using an apparatus as shown in Fig. 4, annular bending
strength testing was  performed on the glass
substrate. Specifically, a load was applied to the
glass  substrate by way of a steel ball, and the load
at the moment when the glass substrate  was destroyed
was measured as the destruction load. This annular
bending strength  testing was performed once with
chemical strengthening and once without chemical
strengthening, and the ratio of the strength
(destruction load) F with chemical  strengthening to
that without chemical strengthening, namely F with
chemical strengthening / F -20- without chemical
strengthening, was calculated. [0057] (Flatness) Using
a disk shape tester, the model WYKO 400G manufactured
by Veeco  Instruments, the flatness of the glass
substrate was measured. [0058] [Table 1] -21 H N Qa
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clearly shows the following. The glass substrates of
Practical Examples 1 to 9 had an annular strength
ratio of 1.5 or higher, a 50 % or higher  improvement
as compared with when no chemical strengthening was
performed. In  addition, these glass substrates had a
flatness of 3 m or lower, satisfactory for use in  an
information recording medium. 



[0059] On the other hand, with the glass substrate of
Comparative Example 1, of  which the alkali metal
oxide content was high, in the chemical strengthening
process,  the ion exchange reaction proceeded
excessively, with the result that the strengthened
layer had a thickness as great as 120 m, with 70 m
thereof left on the recording  surface even after the
polishing process. This led to alkali elution as high
as 623  ppb and a flatness as high as 33 m, making the
glass substrate unfit for use in an  information
recording medium. With the glass substrate of
Comparative Example 2,  of which the value of A1203 /
B2O3 was as small as 1.3, in the chemical
strengthening  process, the ion exchange reaction did
not proceed stably, and thus no strengthening  layer
was formed. Accordingly, the glass substrate did not
have increased strength.  Moreover, the glass
substrate had a brittle structure, and had Si elution
as high as 709  ppb. With the glass substrate of
Comparative Example 3, of which the total alkali
metal oxide content was as low as 4.0 %, in the
chemical strengthening process, no  strengthening
layer was formed. Moreover, the glass substrate had a
Vickers  hardness as high as 655, resulting in low
workability, and had a fracture toughness as  low as
0.78, resulting in low strength. Moreover, the glass
substrate had Si elution as  high as 563 ppb. The
glass substrate of Comparative Example 4 had the same
composition as that of Practical Example 5, but had 5
m of the strengthened layer left  on the recording
surface as a result of limiting the grinding depth on
the top and -23- bottom surfaces to 20 m in total
(i.e., 10 m on each side) in the polishing process.
This glass substrate had a flatness as high as 15 m
even after polishing, and was thus  unfit for use in
an information recording medium. [0060] Next, as the
ingredients of the chemical strengthening melt and the
temperature  



and duration of the chemical strengthening process
were varied, the thickness of the  strengthened layer
formed on the glass substrate was measured. Here, the
glass  composition of Practical Example 1 was used.
Thereafter, polishing was performed  to a
predetermined depth, and the annular strength ratio
and flatness of the glass  substrate under different
conditions were measured. The results are shown in
Table 2.  [0061] [Table 2] -24- a A E Q N N N M M N M
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shows the following. By varying the ratio of the
ingredients of the nitrates used, and by varying the
temperature and duration of the process, it is
possible to  control the thickness of the strengthened
layer formed on the glass substrate. Moreover,  by
removing, by polishing, the strengthened layer formed
on the recording surface so  that the strengthened
layer is left only on the outer and inner edge
surfaces, it is possible  to increase the annular
bending strength by a factor of 1.5 to 2.3, and to
reduce the  flatness of the recording surface to 3 m
or less. -26- CLAIMS  [1] A chemically strengthened
glass substrate for an information recording medium,
wherein a strengthened layer formed by chemical
strengthening exists on an outer  edge surface and on
an inner edge surface but substantially not on a
surface on  which an information recording layer is
formed, said surface on which the information
recording layer is formed includes a glass  substrate
that comprises the following glass ingredients: 40 to
75 % by weight of SiO2;  3 to 20 % by weight of A1203;
0 to 8 % by weight, zero inclusive, of B203; a total
of 5 to 15 % by weight of R20 compounds, where R = Li,
Na, and K;  



SiO2 + A1203 + B203 accounting for 60 to 90 % by
weight; a total of 0 to 20 % by weight, zero
inclusive, of R'O compounds, where R' = Mg,  Ca, Sr,
Ba, and Zn; a total of 0 to 15 % by weight, zero
inclusive, of TiO2 + ZrO2 + Ln.0y, where  LnxOY
represents at least one compound selected from the
group consisting of  lanthanoid metal oxides, Y203,
Nb205, and Ta2O5; wherein the following condition is
fulfilled:  1.5 < A12O3 / B203, or B203 = 0 %; and
wherein said glass substrate further comprises 0.5% by
weight or more of K2O.  [2] A glass substrate for an
information recording medium as claimed in claim 1,
comprising 1 % by weight or more of B203 [3] A glass
substrate for an information recording medium as
claimed in claim 1 or 2,  comprising a total of 0.5 to
13% by weight of TiO2 + ZrO2 + LnxOy. -27- [4] A glass
substrate for an information recording medium as
claimed in any one of  claims I to 3, wherein the
glass substrate has: a specific elastic modulus E / p
of 30 or higher; a  Vickers hardness Hv in a range of
from 450 to 650; alkali elution A of 350 ppb or  lower
per 2.5-inch disk; Si elution S of 500 ppb or lower
per 2.5-inch disk; and a  fracture toughness Kc of
0.80 MPa / mv2 or greater. [5] An information
recording medium comprising a glass substrate as
claimed in any  one of claims I to 4, wherein an
information recording layer is formed on the glass
substrate. 


