GLASS SUBSTRATE FOR MAGNETI C DI SK AND METHOD FOR PRODUCI NG THE SAME FI ELD
OF THE I NVENTION 5 The present invention relates to a glass substrate for a
magnetic disk and a nethod for producing the sane. More specifically, it
relates to a method for polishing a main surface of a circular glass disk
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10 Recently, a demand for high recording density has been increased on a
magnetic disk to be mounted on information processing devices such as a hard disk
drive. Under such a situation, a glass substrate excellent in flatness and substrate
strength has been widely used in place of conventional aluminum substrates.

The glass substrate for a magnetic disk iS produced, for example, by cutting out

15  adoughnut-shaped circular glass plate (a circular glass plate having a circular hole at

~ the center thereof) from a glass plate, cutting an inner peripheral surface and an outer
peripheral surface by using a diamond wheel, thereafter successively performing main
surface lapping and edge surface mirror polishing, and polishing the main surface of the
circular glass plate with a polishing pad.

20 In order to increase the storage capacity of the magnetic disk, it is necessary to
widen the recording area. It is therefore desirable that the main surface of the circular
glass plate is flat to the more outer peripheral side. However, so-called roll-off usually
occurs, which is a phenomenon that the main surface is gradually inclined to an edge
hereof to decrease the thickness of the glass plate as shown in Fig. 1 Whiéh is a cross-

25  sectional view schematically showing the vicinity of the outer peripheral surface of the



1 circular glass plate after polishing. The nore the portion where this

roll-off occurs is enlarged, the nore the recording area decreases. The
shape of the edge of the circular glass plate is evaluated by the duboff

val ue. The duboff val ue nmeans the maxi mum di stance (the value in a cross
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that is to say, a range in which head flying is inhibited when used as a HDD disk. For
example, in the case of a glass substrate for a magnetic disk having a diameter of 65
mm, the duboff value (duboff 2) measured in a range of R 30 mm (R is the distance
from the center) to R 32 mm (0.35 mm to 2.35 mm from an edge A to the center as

15 shownin Fig. 1) and the duboff value (duboff 1) measured in a range of R 29.9 mm (R
is the distance from the center) to R 31.5 mm (0.85 mm to 2.45 mm from an edge A to
the center as shown in Fig. 1) are employed. Incidentally, the edge A is an edge of the
polished main surface, and usually also one edge of a chamfered surface. For the
duboff value, reference can be made to JP-A-2007-257810, JP-A-2007-87533, JP-A-

20  2007-250166, JP-A-2005-203021, JP-A-2006-92722 and JP-A-2006-99949.

In order to increase the storage capacity as described above, it is essential to
decrease the duboff value, and polishing pads have hitherto been improved. For
example, it has been proposed that polishing is performed by using a polishing pad in
which the Asker-A hardness is increased to 90 or more by allowing a polishing material

25  to be contained in a specified amount (see JP-A-2007-250166).



exanple, it has been proposed that polishing is perforned by using a
polishing pad in which the Asker-A hardness is increased to 90 or nore by
allowing a polishing material 25 to be contained in a specified anount (see
JP- A-2007-250166). 2 SUVMARY OF THE | NVENTION I n the polishing nethod
described in JP-A-2007-250166, in order to elimnate unevenness of stress

di stribution at polishing sEMARSCOMTHE IRVENTRONOf a polishing pad, the
har dness of the polishing pad is increased, for exanple, the Asker-A
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when 1@ gl ass SUPRLAQ &nbidbred (FRUELIFEpdlishthg pad P PB%@Q, the circular glass
| plate deeply sinks in the polishing pad to result in that the length of a pad portion which
strongly touches the substrate edge increases. Accordingly, both duboff 1 and duboff
2 remarkably increase in many cases.
Further, in order to increase the flatness of a main surface, the removal amount
15  at the time of final polishing is usually increased. In association therewith, duboff 1,
duboff 2 or Both duboff 1 and duboff 2 tend to increase.
Acéordingly, an object of the invention is to inhibit an increase in the duboff
value while maintaining the flatness of a main surface, in a polishing step of the main
surface of a circular glass plate, when a glass substrate for a magnetic disk is produced.
20 In order to solve the above-mentioned problems, the present inventors have
made studies. As a result, it has been found that a circular glass plate is polished by
relatively moving the circular glass plate and the polishing pads while supplying a
slurry containing a polishing material in a state that top and bottom main surfaces are
pressed with the polishing pads, and in this case, it is possible to decrease the duboff

25  values (duboff 1 and duboff 2), (1) by increasing the hardness of the polishing pad as a

whole to decrease the amount of change in a thickness direction and to inhibit the



20 In order to solve the above-nentioned probl ens, the present inventors
have made studies. As a result, it has been found that a circul ar gl ass
plate is polished by relatively noving the circular glass plate and the
polishing pads while supplying a slurry containing a polishing material in
a state that top and bottom main surfaces are pressed with the polishing
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surf ace, preparing the padlis pad with a resin foam having a
hi gh jghardness ‘Specific examples of methods for increasing the hardness of the polishing pad

as a whole include a method of reducing the thickness of a resin foam layer in order to
decrease the distance between a platen for holding the polishing pad and a polishing
surface, a method of preparing the polishing pad with a resin foam having a high
hardness.

15 Methods for inhibiting the resin foam of the surface layer of the pad, to which
shear stress is applied during polishing, from being elongated and contracted include a
method of inserting a material having a function of relaxing shear stress transmitted to
the polishing surface during polishing, for example, a resin foam layer having a low
amount of change (compressibility: 3% or less), between the polishing pad and the

20  platen, a method of using a resin foam having such a high hardness that the pad surface
is not elongated and contracted even when shear stress is applied thereto during
polishing.

Further, methods for reducing a load applied to the edge surface of the circular
glass plate which has sunk in the polishing pad include a method of removing by

25  cleaning a foaming aid added in the production of the polishing pad, and then,

performing polishing, thereby inhibiting aggregation of a polishing abrasive grain which



15 Methods for inhibiting the resin foamof the surface |ayer of the pad, to
whi ch shear stress is applied during polishing, frombeing el ongated and
contracted include a method of inserting a material having a function of
rel axi ng shear stress transmtted to the polishing surface during
polishing, for exanple, a resin foamlayer having a | ow anount of change
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¢)) A method for producing a glass substrate for a magnetic disk, the
method comprising a step of polishing a main surface of a circular glass plate while
supplying a polishing slurry containing a polishing material,

wherein polishing is performed, after a polishing surface is subjected to

15  dressing treatment, by using a polishing pad having: a first resin foam layer which

forms the polishing surface, comprises a resin foam having pores with a pore diameter
~ of more than 20 pm and has a thickness of 400 um or less; and a second resin foam
layer which is provided between a platen for fixing the polishing pad and the first resin
foam layer, comprises a resin foam having pores with a pore diameter of 20 pm or less
20  and has a thickness of 50 to 250 um,
and wherein a total thickness of the first resin foam layer and the second resin
foam layer is 550 um or less, and a international rubber hardness degree of the polishing
pad measured by the M method according to JIS K6253 is 40 IRHD or more.
2 The method for producing a glass substrate for a magnetic disk
25  according to (1), wherein the second resin foam layer has a compressibility at 200 pm of

3% or less.




(1) A nethod for producing a glass substrate for a nmagnetic disk, the

met hod conprising a step of polishing a maiin surface of a circular gl ass

plate while supplying polishing slurry containing a polishing material, ngy

wherein polishing is performed, after a polishing surface is subjected to

15 dressing treatnment, by using a polishing pad having: a first resin foam
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diameter of op%gl) por %Sglggs sﬁlg&rate for a magnetic disk produced by the method for

producing a glass substrate for a magnetic disk according to (1), (2), (3) or (4).

10 According to the invention, a glass substrate for a magnetic disk having small
duboff values (duboff 1 and duboff 2), that is to say, having a wide recording area to
make high storage capacity possible can be efficiently produced by a polishing pad
having a specific structure. |

The final removal amount can be increased, so that it becomes easy to remove

15  defects such as scratches on the surface and foreign matter.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic view showing a cross section in the vicinity of an outer
peripheral portion of a circular glass plate polished, and a view for illustrating duboff 1
20  and duboff 2.
Fig. 2 is an electron photomicrograph of a cross section of a polishing pad, and

a view for illustrating a NAP layer, lower layer and a PET layer.

DETAILED DESCRIPTION OF THE INVENTION

25 The invention will be described below in detail.



polishing surface is adjusted to 10 gmor nore, by the dressing treatnent. 5
(4) The nethod for producing a glass substrate for a magnetic disk

according to (1), (2) or (3), wherein after a surface | ayer of the polishing
pad is cut off by the dressing treatnment, brush cleaning is perfornmed while
supplying pure water. (5) A glass substrate for a magnetic di sk produced by

the method {or 1 OMUALBG GRS PUBS §BkEd 8 hudRE UK ok according to

(1), (2), (3) or I nventi Ort, ass substrate for a

Taonel | ¢ ghalioRAAGISTL Gkl Bl s AURalo d thilbe ) that 1o
to say, having-a wde recording area to make Hhi storage capacity possible
can be efsuf%é’antly produced by a polishing pad having a specific structure.

The final™"rendval anount can be increased, so that it becones easy to renove
DESGRI P11 O OF A E By GG B U B TPl R AR Blb bl cr oo
ol at e Sporheinad el hON L lheRgnlt it PRI R b Belereatiblr 2. O o
2 vi ew 1 PR BERPRA G SARE Dy R AShiBR o3 SeS peeRRd Ser "Bt LED
dotail | 6 In t A ek AU B P don R 45 grac® uthed iy o SRR PR B o o sk
SLI ;[ gﬁi ni&g ]gqageicﬁsg‘,l’ lﬁgpigé gt%ﬂl a%[i a% gges-pll?)lcgs:[sﬁlgi s%eptdmglaetfgxdmg%n%t l‘flpeocyc\e”r]té to? pup to
the circular glass plate, chamfering and edge surface lapping) may be provided
10  therebetween.
Incidentally, when the glass substrate having no hole at the center thereof is
produced, the hole formation at the center of the circular glass plate is of course
unnecessary.
Then, the main surface is polished. Polishing may be performed in the same
15 manner as in conventional polishing methods. For example, the circular glass plate is
put between th polishing pads, and the polishing pads are rotated while supplying a
polishing slurry containing a polishing material to interfaces between the polishing pads
and the circular glass plate, thereby performing polishing. Incidentally, a
strengthening step such as chemical strengthening may be provided after the main
20  surface polishing step. In the invention, the following polishing pad isused in
polishing of the main surface.
That is to say, the polishing pad comprises a first resin foam layer (hereinafter
referred to as a NAP layer) for forming a polishing surface and a second resin foam
layer (hereinafter referred to as a lower layer) provided between a platen for fixing the

25  polishing pad and the first resin foam layer.



surface. For exanple, a doughnut-shaped circular glass plate (a circular
glass plate 5 having a circular hole at the center thereof) froma gl ass
pl ate, and chanfering, main surface |apping and edge surface mrror
polishing are successively perfornmed. f Further, the main surface | apping
step may be divided into a rough |apping step and a precise |apping step,
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10  layer and the NAP layer is formed, and pores in a surface layer of the resin foam layer
are not opened at all or scarcely opened.

The resin foam layer of the polishing pad in the invention will be described
below.
The lower layer comprises a low-foamed resin having a pore diameter of 20

15  pm or less, preferably 15 um or less, and the thickness thereof is from 50 to 250 pm,
and preferably from 100 to 250 pm. When the thickness of the lower layer is less than
50 pm, duboff 1 deteriorates. When it exceeds 250 um, duboff 2 deteriorates.

Further, the resin foam for forming the lower layer has a compressibility at 200
um of preferably 5% or less, more preferably 3% or less.

20 On the lower layer, there is provided a high-foamed resin having pores with a
pore diameter higher than the lower layer, that is to say, with a pore diameter of more
than 20 pm, in a thickness of 400 um or less, preferably 350 pm or less, thereby
forming the NAP layer. Incidentally, this thickness is the thickness before dressing
treatment described later. The lower limit of the thickness is not restricted as long as

25  the object of the invention is not impaired. However, the lower limit of the thickness



7 Fig. 2 is an electron photom crograph of a cross section of a commercially
avai |l abl e polishing pad having such a two-1layer resin foam | ayer, although
not the polishing pad used in the invention. A |lowernost |layer is a sheet
or a filmconposed of a resin such as 5 polyethylene terephthalate (PET), a
nonwoven fabric or a woven fabric (desi gnat ed as "PET LAYER' in the
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thereby layer or the lower layer exceeds the above-mentioned specified thickness, duboff 1,
10 duboff 2 or both duboff 1 and duboff 2 deteriorate.
Although there is no restriction on the resin for forming the NAP layer and the
lower layer, a polyurethane resin is common. Further, in order to obtain such a
polishing pad, reference can be made, for example, to JP-A-2008-36786.
That is to say, first, a polyurethane resin, N,N-dimethylformamide (DMF) as a
15  water-miscible organic solvent which can dissolve the polyurethane resin, and additives
are mixed to dissolve the polyurethane resin. The polyurethane resin is selected from
polyester-based, polyether-based and polycarbonate-based resins and the like to use,
and dissolved in DMF to a predetermined concentration. As the additives, there can be
used a pigment such as black carbon for controlling the size or amount (number) of
20  pores, a hydrophilic activator for accelerating foaming, a hydrophobic activator for
stabilizing coagulation and regeneration of the polyurethane resin, and the like. After
agglomerates and the like are removed by filtering the resulting solution, defoaming is
performed under vacuum (reduced pressure) to obtain a polyurethane resin solution.

Next, the resulting polyurethane resin solution is continuously applied to a film

25 forming base material, and immersed in an aqueous coagulating liquid to coagulate and



formng the NAP layer. Incidentally, this thickness is the thickness before
-~ dressing treatnent described later. The lower limt of the thickness is not
restricted as long as 25 the object of the invention is not inpaired.
However, the lower [imt of the thickness kI 8 is, for exanple, 100 m and
typically from200 to 250 m Wen the thickness of the NAP |ayer exceeds
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10  homogeneously miscible or dispersible in the solution in which the polyurethane resin is
dissolved, without causing coagulation (gelation) of the polyurethane resin dissolved in
DMF can be used. Specific examples thereof include ethyl acetate and isopropyl
alcohol. The size or amount (number) of pores formed inside of the polyurethane
sheet can be controlled, and the compressibility of the polyurethane sheet can be

15  adjusted, by changing the amount of the adjusting organic solvent added. For
example, in order to set the compressibility of the polyurethane sheet to 3% or less, the
amount of the adjusting organic solvent added is preferably within the range of 20 to 45
parts by mass based on 100 parts by mass of the resin emulsion.

Then, the film forming base material coated with the resin emulsion is

20  introduced in the coagulating liquid, thereby coagulating and regenerating the
polyurethane resin. In the coagulating liquid, a skin layer is first formed on the surface
side of the resin emulsion similarly to a skin layer of the first polyurethane sheet.
However, the adjusting organic solvent is added to the resin emulsion, so that the
progress of the substitution of DMF and the adjusting organic solvent in the resin

25  emulsion with the coagulating liquid becomes slow. For this reason, at the inner side

from the skin layer formed on the surface side of the resin emulsion, nearly even pores

10



and dissolved in DM to a predeterm ned concentration. As the additives,
there can be used a pignment such as bl ack carbon for controlling the size
or anount (nunber) of 20 pores, a hydrophilic activator for accelerating
foam ng, a hydrophobic activator for stabilizing coagul ation and
regeneration of the polyurethane resin, and the |like. After agglonerates
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polyurethane resin solution to form micropores of the skin layer. Accordingly,

extremely fine open pores are formed on the surface of the skin layer, associated with

the substitution of DMF with the coagulating liquid. Thereafter, the coagulating liquid

enters the inside of the polyurethane resin solution from portions where it is easy to

15  enter, so that portions where the substitution of DMF with the coagulating liquid rapidly

progresses and portions where it is delayed are generated to form relatively large pores.

DMF is eluted only from the surface side (skin layer side) of the polyurethane resin

solution by using as the film forming base material a PET film (acting as the PET layer)

which the coagulating liquid does not penetrate. Accordingly, the pores form a

20  triangular pyramid shape in which the film forming base material side of the pore is

large and rounded.  Further, the micropores formed in the skin layer and the pores

formed in the pore layer are formed associated with desolvation of DMF, so that they

are communicated with one another in a three-dimensional net-like shape by continuous

pores having a pore diameter larger than that of the micropores formed in the skin layer

25  and smaller than that of the pores formed in the pore layer.
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sheet. can be controlled, and the conpressibility of the pol yurethane sheet
can be 15 adjusted, by changing the anobunt of the adjusting organic sol vent
added. For exanple, in order to set the conpressibility of the polyurethane
sheet to 3% or less, the anpbunt of the adjusting organic solvent added is
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that of the pores formed in the pore layer of the first polyurethane sheet and larger than
that of the micropores formed in the skin layer. Further, the micropores of the skin
layer and the pores are formed associated with desolvation of DMF and the adjusting
organic solvent, so that they are corhmunicated with one another in a three-dimensional

15  net-like shape by continuous pores having a pore diameter larger than that of the
micropores and smaller than that of the pores.

Then, the first polyurethane sheet and the second polyurethane sheet are joined
to each other. In this joining step, the first and second polyurethane sheets are each
separated from the film forming base material, and the second polyurethane sheet is

20  joined to an opposite side surface of the skin layer of the first polyurethane sheet. For
joining, a joining solution in which a small amount of the polyurethane resin is
dissolved in DMF can be used. As this polyurethane resin, the same polyurethane
resin as used in the first and second polyurethane sheets is used. The amount of the
polyurethane resin dissolved is, for example, from about 1 to about 5%. Then, the first

25  and second polyurethane sheets are allowed to contact with each other through the
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10 and regeneration of the polyurethane resin) first occurs at the surface
of the polyurethane resin solution to form m cropores of the skin |ayer.
Accordingly, extrenely fine open pores are formed on the surface of the
skin layer, associated with the substitution of DMF with the coagul ating
liquid. Thereafter, the coagulating liquid enters the inside of the
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| arger than that of tgg m cropores fornmed in the skin layer 25 and snall er
ey %srb@ I

t han t hat'*BPve OFFAHH the pore layer. 11 On the other hand, in

the preparation of the second pol yurethane sheet, the adjusting organic
sol vent is addd thgihovemmentiged palis ey be iemational SgbGEEATIRESF BRSFEE he

resin emul sion. The adj u&;}i ng organi ¢ solvent has a snall.er solubility in
wat er t hapeasppd bydhe Migethod apeording de ifSi K035t thedyne af aliying guiedvatshat er )
| ater than DMF. Further, in 5 the resin emulsiagn, the amunt of DW is
decr d8sedo by conaingdbwelstaje) hofere sabigeted trypolishingis adiuged tord0 BH¥R@r For this
reason, the substitution rate of DVF_and the adjusti ng .
more, preferably to 42 IRHD or more. This international rubber hardness degree is
measured by using a micro-size international rubber hardness degree meter. A plunger
having lower edge being a spherical surface with a diameter of 0.4 mm is allowed to
contact perpendicularly with a polishing surface of the polishing pad at 8.3 mN for 3
15  seconds (primary load), and then, pressed therein at 153.3 mN for 30 minutes (full
load). The international rubber hardness degree is determined from the press-in depth
amount at the time of full load. Incidentally, the international standard corresponding
to JIS K6253 is DIN ISO 48.
Further, the surface layer of the polishing pad is subjected to dressing
20  treatment, thereby adjusting the open pore area ratio of the polishing surface (the
contact surface with the circular glass plate) preferably to 8% or more, more preferably
to 9 to 40%, and adjusting the average circle equivalent diameter of open pore (average
open pore diameter) preferably to 10 pm or more, more preferably to 20 to 30 pwm.

The polishing pad adjusted as described above is used. The dressing treatment can be

25  performed by known methods. For example, the surface layer of the polishing surface
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organic solvent with the coagulating liquid becones slow, so that the
formation of such pores as in the first polyurethane sheet is inhibited,
and at the inner side fromthe skin |layer of the second pol yurethane sheet,
pores are formed in a state where they are nearly 10 evenly di spersed.
Accordingly, the pore dianmeter of the pores is usually smaller than that of
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surface opposite to the
p%?e diameter). When the open pore area ratio is less than 8%, polishing resistance

increases to cause the possibility of breakage of the circular glass plate during polishing.
Further, a problem also arises that the polishing slurry containing the polishing material
is not efficiently supplied to the interface between the polishing pad and the circular

15  glass plate. When the average open pore diameter is less than 10 um, there are
problems that resistance at the time of polishing is high, resulting in failure to perform
stable polishing, and that the slurry is not efficiently supplied to the interface between
the polishing pad and the glass. On the other hand, when the average open pore
diameter is too large, the polishing surface is dotted with large open pores, resulting in

20 failure to homogeneously perform polishing, which causes deterioration of surface
characteristics.

Incidentally, the open pore area ratio and the average circle equivalent diameter
of the surface layer of the polishing pad was calculated by taking a laser microscope
image (manufactured by Keyence Corporation, a color 3D laser microscope, VK-9700,

25  VK-9710) of the treated surface and using an image analyzer (manufactured by

Keyence Corporation, analysis application, VK-H1A1).
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surface of the second pol yurethane sheet to which the first pol yurethane
sheet is joined. 5 In the first and second pol yurethane sheets, variations
in thickness occur at the tine of filmformation, and unevenness is forned
on the surfaces thereof. This unevenness is renoved by the buffing
treatnment. In the above-nentioned polishing pad, the international rubber
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less than 10 um, the discharge of the remaining high-hydrophobic surfactant by

cleaning can not be performed efficiently and sufficiently. Incidentally, the dischérge

degree of the remaining high-hydrophobic surfactant by cleaning can be evaluated from

the surface tension of a cleaning liquid or the polishing slurry. When the static surface

15 tension is 70 mN/m or more, it can be said to be good.
The above-mentioned surfactants having high hydrophobicity include, for

example, nonionic surfactants to which an alkyl chain having 3 or more carbon atoms

(polyoxyethylene alkyl ethers, polyoxypropylene alkyl ethers, polyoxyethylene

polyoxypropylene alkyl ethers, perfluoroalkyl ethylene oxide adducts, glycerin fatty

20  acid esters, propylene glycol fatty acid esters and the like) and anionic surfactants (alkyl
carboxylic acids).
Further, also when polyvinyl alcohol or polyvinyl pyrrolidone as a nonionic
water-soluble polymer or a phenyl group-containing acrylic acid-based copolymer (such

as a styrene-maleic acid-based polymer) as an anionic water-soluble polymer remains in

25  the polishing pad, it is preferred to remove this by cleaning.
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of the polishing pad is cut off to a predeterm ned depth, generally tens to
hundreds of mcroneters, by using a dressing plate to which dianond grain
is fixed. The polishing pad just after production contains a nunber of pores
in the inside thereof, and a nunber of fine pores which are the pores
opened by the dressing 5 treatnent are formed in the polishing surface. In

the invention, Iﬁ&&erﬂlﬂpw&ﬁ‘ﬂ{é I%?{l]igﬁi(li}g gafl iR @ﬁich%otsﬁffa&%ﬁl}lkﬁvﬁl%rﬂi?ﬁe of the
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di-amet er reaction in an aqueous solution to allow particles to grow, or an alkoxy silane method
using an alkoxysilane such as tetraalkoxysilane as a raw material and performing a
condensation reaction in water containing a water-soluble organic solvent such as an
alcohol to allow particles to grow.

15 The fumed silica is obtained by a gas phase method using a volatile silicon
compound such as silicon tetrachloride as a raw material and performing hydrolysis
under a high temperature of 1000°C by using an oxygen-hydrogen burner to allow
particles to grow. |

Besides, there can be used ones obtained by surface-modifying these silicas

20  with functional groups, ones in which the surface functional group state, the zeta
potential and the particle hardness are modified by doping the silicas with another
element such as aluminum, ones composited with a surfactant or other particles, and the
like.

Above all, the colloidal silica is preferred from the viewpoint of decreasing the

25  surface roughness and scratches of the substrate surface. These silicas may be used

either alone or as a mixture of two or more thereof,
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of the surface |layer of the polishing pad was cal cul ated by taking a | aser
m croscope image (manufactured by Keyence Corporation, a color 3D | aser

m croscope, VK-9700, 25 VK-9710) of the treated surface and using an inage
anal yzer (manufactured by Keyence Corporation, analysis application,

VK- H1A1). 14 Further, the resin foamis produced by allowing a resin in
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‘ 40% by mass.
The polishing slurry may be adjusted to acidity by adding an acid, or may be
alkalified by adding an alkali. There is no restriétion on the degree of acidity and the
degree of alkalinity, and polishing may be performed at a suitable pH corresponding to
15  the purpose of polishing within the range of pH 1 to 14.  As the acid used, an inorganic
acid such as nitric acid, hydrochloric acid or sulfuric acid, or an organic acid may be
used. As the alkali used, a salt which is dissolved in water to show alkalinity, such as
sodium hydroxide, potassium hydroxide, ammonium, sodium carbonate or sodium
hydrogen carbonate may be used. In order to inhibit fluctuations in pH (an increase in
20  pH and a decrease in pH) during polishing, adjustment may be made by imparﬁng a
buffer effect to the polishing slurry.
As the additives, materials which are non-charged (nonionic) or negatively
charged (anionic) in water are preferred from the viewpoint of cleanability. For
example, anionic polymers, polyhydric alcohols (ethylene glycol, glycerol, sorbitol,
25  mannitol, diglycerol and the like) and organic acids (gluconic acid, citric acid, malic

acid, succinic acid, tartaric acid, acetic acid, oxalic acid and the like) for dry prevention,
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pol yoxypropyl ene al kyl ethers, perfluoroal kyl ethyl ene oxide adducts,
glycerin fatty 20 acid esters, propylene glycol fatty acid esters and the

| i ke) and anionic surfactants (al kyl carboxylic acids). Further, also when
pol yvi nyl al cohol or polyvinyl pyrrolidone as a nonionic water-soluble

pol ymer or a phenyl group containing acrylic acid-based copol ynmer (such as
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a01d-formaldehyde condensates, dibutylnaphthalene sulfonic acids and the like) for
10 decreasing the surface tension of the polishing slurry, and the like may be added in
- suitable amounts.

Although the polishing conditions are also not particularly restricted, for
example, the polishing pressure is preferably 3 kPa or more. A polishing pressure of
less than 3 kPa results in a decrease in stability of the circular glass plate at the time of

15 polishing to tend to flap. As a result, there is the possibility of increased waviness of
the main surface. Further, the removal amount of the main surface is suitably from 0.3
to 1.5 um, and controlled by adjusting the supply amount of the polishing slurry, the
silica concentration in the polishing slurry, the polishing pressure, the number of
rotation and the like.

20 Incidentally, the main surface may be preliminarily polished before the above-
mentioned polishing of the main surface. This preliminary polishing of the main
surface can be performed, for example, by putting the circular glass plate between
polishing pads, and rotating the polishing pads while supplying a cerium oxide abrasive
grain slurry or a silica abrasive grain slurry.

25 “Then, after the above-mentioned polishing of the main surface, cleaning and

drying are performed to obtain the glass substrate for a magnetic disk. The cleaning
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al cohol to allow particles to grow. 15 The funed silica is obtained by a gas
phase nmethod using a volatile silicon conpound such as silicon
tetrachloride as a raw naterial and perform ng hydrolysis under a high
tenperature of 1000C by using an oxygen-hydrogen burner to allow particles
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above-mentioned international rubber hardness degree measured by the M method

10  increases compared to that before polishing. For this reason, the polishing pad is

subjected to the dressing treatment in the same manner as described above to cut off the

hardened polishing surface, thereby exposing a newly formed surface without caked

polishing material and regenerating a soft polishing surface, which reduces a load

applied to the edge of the glass plate which has sunk in the polishing pad and makes it

15  possible to use the polishing pad again for polishing.

Examples
The invention will be further described below with reference to examples and
comparative examples, but should not be construed as being limited thereto.
20 Preparation of Test Article
A silicate glass plate formed by a float method was processed to such a
- doughnut-shaped circular glass plate (a circular glass plate having a circular hole at the
center thereof) as to obtain a glass substrate for magnetic disk having an outer diameter
of 65 mm, an inner diameter of 20 mm and a plate thickness of 0.635 mm.
25 Inner and outer peripheral edge surfaces of this doughnut-shaped circular glass

plate were chamfered to a width of chamfer of 0.15 mm and an angle of chamfer of 45°.
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preferably smaller and is preferably 0.2 nmor less. 10 Further, the content
of these silicas in the polishing slurry is typically from5 to 40% by
mass. The polishing slurry may be adjusted to acidity by adding an acid, or
may be alkalified by adding an alkali. There is no restriction on the
degree of acidity and the fi degree of alkalinity, and polishing may be

per f or medligteafies wp?ﬂ%& f@?e%ﬂn@&wae& dfqhd PaddRate WRPeHoRhed® | Shi ng
p

within the range o 0 14. As the acid used, an inorganic { acid such
as nitri gsmgiad aliALRACEHIGY Attashéd Ehal arfdfhb UbiaSiva Ghdin wak r@Rowiddani ¢ acid may
be used. AS the alkali used, a salf which is di'ssolved in water to show
al kal i ni toyeangch as sodi um hydroxi de, potassium hydroxide, anmmonium sodium
carbonate or Sodium hydrogen carbonate nmay be used. In order to inhibit
fluctuations i nyphl 4 ARIBRLEASSE B e RitaBOANdSE R by Ak

{ ﬁgy %g@%ade Ségﬁnpgkting a %ﬁ%?gﬁ effect to the

pol i shi ng, adjustnent

pol i shkin : : ot +al | -

(noni oni & Telthe Keing®R cbyiin Sl s as 4R R g ) B R S B o
(anionic).d ?‘[ﬂﬁﬁl | E éaxtgnﬂ - ANi@al 3@@' hydric
alcoholsx?et fﬁ%ﬁghg ycop%k%¥?%é§%PY sor %%@)%? ?ygr%gﬁﬂgto Pih?gfg%erol and
the Ii ke)”n,l";lﬁl1 o&ﬂﬂ?ﬂﬂ%?acﬁEQIQﬁg&ﬂJngcom c acid, citric acid, malic acid,

succinic acid, tartaric aci acetic acid, oxalic acid and the like) for dry
tion, e . . | Fi net 1

Ul 1 ul an-and ¢ ALoeeg; BOLBRORKERERe o AEBL! HEqbE! 3R IFRee e oo,

hyd : . | h I

/oo SR SRR Kb LS GRS L Bloe Pher

group- o

10  particle size of cerium oxide: about 1.1 pum) as a polishing material and a hard urethane
pad as a polishing instrument, and cerium oxide was removed by cleaning. The
removal amount was 35 pm in total in the thickness direction of the upper and lower
main surfaces.

Further, polishing processing of the upper and lower main surfaces was

15  performed with a double-sided polishing machine using cerium oxide (average particle
size: ;clbout 0.5 um) having a smaller average particle size than the above-mentioned
cerium oxide as a polishing material and a soft urethane pad as a polishing instrument,
and cerium oxide was removed by cleaning. The removal amount was 4 pm in total in
the thickness direction of the upper and lower surfaces.

20 Polishing Pad

Foamed polyurethane polishing pads each having a pad layer thickness and a
pad hardness shown in Table. 1 were prepared. As a lower layer, one having a
compressibility of 3% or less ét a thickness of 200 pm was used. The compressibility
was determined by using a schopper type thickness tester (a pressurizing surface was

25  circular with a diameter of 1 cm) according to the Japanese Industrial Standards (JIS L

1021). Specifically, the thickness t0 after pressurized at an initial load for 30 seconds
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(pol ystyrenesul fonic acid phenol sul fonic acid-formalin condensates, 5

napht hal enesul fonic acid-formalin condensates and the |ike) for covering the
glass surface or the abrasive grain surface to protect it, thereby
perform ng selective polishing, anionic surfactants (al kyl sulfonic acids,
al kyl benzene sul fonic acids, al kyl naphthal ene sulfonic acid, alkyl diphenyl

et her su Waﬁ%éérlﬁ@ﬁ,%d t?é’nY {HRRRRRhesS W Q@é}iaﬁolﬁfi@{l;g); {MIRE dehindes aaadensat es,

di but yl nap ene sulfonic acids and the for ' 10 decreasing the

sur I ac leetf@gg%@ggu@. th't?ﬁooggiﬁkésgﬂbnﬁy Ha¥ 'éél)éulat%ﬁ‘%r&fntﬂﬁle' folfGwimeptatstiad i n

nts. t he polishing conditions are al'so not

par Ll ol @hirdkifify BP0 002510.398DAE1hid e ARL It 1 AE BRI Poin® dBlaef er abl y

3 kPa or shi'ng pressure o ss than Pa resufts in a

decr ease i BRhirb iyl Fl)_ié‘g/gﬁ{”(&‘é'JPEA-‘ibt@%%éﬁé@F CFfthdrl e thifFnciles b?

polishing to tof aresult, ere I's the possi Ity o

' ' f ' : : : t of th
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20l | shi ngreoF o (ARRER R B i Yo op ol 30 e SOTEEVER . Ton and the

i ke. Zonh%g&gjgtghl_ OOf he main surface may be prelimmnarily polished before
t he abovée- nmentioned pol’i shing of the main surface. This prelimnary

pel 510, o1 €W B SRR PP oM ol S o P 19 e
P ML SRR Y 9P B8 AT AR RE  BRAPASAY it o7 ¢
e 50 A ] BB R AL,
pores, and then, cleaning is thoroughly performed with pure water to remove pad swarf
and the additive (surfactant) used in the production of the polishing pad. Thereafter,
the international rubber hardness degree was measured by the above-mentioned M
method in a state where pure water was allowed to be sufficiently contained.
15 Incidentally, the intemational rubber hardness degree measured by the above-mentioned
M method was measured with an IRHD-micro hardness meter (a general-purpose
automatic hardness meter for rubber, Digitest IRHD Micro, manufactured by H. Bareis
Company) using an IRHD micro detector.
The polishing pad was fixed to a platen of the polishing machine, and the
20  polishing surface thereof was subjected to the dressing treatment using the dressing
plate to which diamond grain was fixed to cut off the surface layer. The dressing
treatment was carried out in a step where dressing was performed under reverse rotation
of the dressing plate and then under normal rotation thereof, and thereafter, brush
cleaning was performed while supplying pure water. The polishing surface was dress-

25 ftreated to an average open pore diameter of 10 pm, thereby adjusting the polishing

surface of the polishing pad.
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18 and drying are perforned by known nethods. For exanple, imersion in an
acidic detergent solution, a neutral detergent solution or an al kaline
detergent solution, scrub cleaning with Belclean and an al kali detergent or
an acid detergent, ultrasonic cleaning in a state imersed in an al kaline
detergent solution and ultrasonic cleaning in a state 5 i Mmersed in pure
water are in taxipahser 6kds plagl | owed by drying by a method such as

i sopropyl al cohol vapor drying or spin-dry drying. Incidentally, the

pol i shing pad whifth8pslishehd AhemAe ROVAiSH HRUrERARIRS RS lishing pad @&9r €gat i on
and caking of the polishing material to the polishing surface, so that the

above- mentih Qaathk BbEHIRS b&@hs d1ERE WillARABE aRd HRA B td¥RA%H[8FasbY the M
method 10 increases conpared to that before polishing. For this reason, the

pol i shi ng,paftdi S S HRIRALAHS by NEcslIRES siida SRAS (IRRhed Mhitillesi380F Manner as
descri bed above to cut off the” hardened polishing surface, thereby exposing

a newky fpﬁh{ﬁ?@péﬁﬁfe@ﬁﬁ) 18130 tcorddnedtioR 8f difikd PRtARL: ARVADy ARS) RRYQRES ating a
soft polishing

surface, which reduces a |load applied to the'edge of the

gl ass pl %&ﬁ_rmmrms *fh%ﬂcgmmgonp%fg;ﬁ@me%ggs#gﬁgg@ﬁ&ﬁidr}wéé possible to

use the polishing pad agaln tor polishing. e tnvention will be

further dageiehRedsaihaihatviin 666 SLEACH R, BRI ARAAT 490 TRAALYS

exanpl es, ‘but sho not be construe | t hereto.

Pt oo gl ol Audi & sk o Shaspe R enlon PR ) et o
gl ass pl 36,4 %i.,rlgd.awg UsEd b e tf)%lighiﬁé mta@l‘ﬁne, and polishing was performed ata
10 polishing pressure of 12 kPa, a carrier peripheral velocity of 40 m/min and a polishing
slurry supply rate of 120 ml/min for 5 minutesj, 10 minutes and 20 minutes, reéjpectively.
The removal amount was controlled by the polishing time. Then, for the tesﬁ article
which was polished, immersion in an acidic détergent solution, scrub cleaning with
Belclean and an alkali detergent, ultrasonic cleaning in a state immersed in an alkaline
15 detergent solution and ultrasonic cleaning in a;state immersed in pure water aré in turn
performed, followed by drying with IPA vapor.
Then, the duboff values (duboff 1 and duboff 2) of the test article were
measured by using a scanning white light interferometer, New View 7300,
manufactured by Zygo Corporation, for each termination of polishing. Measurement
20  was made for 5 substrates per batch (100 substrates), and substrate edge surface
‘measurement was made at top surface and a bottom surface of each substrate, at 10
places in total. Further, the removal amount was determined by measuring the weights
of 5 test articles before and after polishing for each polishing batch (a value of a
decrease in weight divided by the surface area of the substrate and the specific gravity
25 ofglass (2.47)). Then, the removal amount (one surface side) determined by the

weight method was plotted on the abscissa, and the averége value of the duboff values
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center thereof) as to obtain a glass substrate for magnetic di sk having an
outer dianeter of 65 nmm an inner dianeter of 20 mmand a pl ate thickness
of 0.635 mm 25 Inner and outer peripheral edge surfaces of this

doughnut - shaped circular glass plate were chanfered to a width of chanfer
of 0.15 mm and an angle of chanfer of 45. 19 Thereafter, |apping of upper

and | ower gt PGS adfort BEwel A5ScAl e JHARPCT FRRE OBy orkfhag an al umi num

oxi de abrasive grairn, abrasive grarn was renobved cl eani ng. Then,

mrror pol %?Lrggio%ffo}rﬂﬁa%&gsfﬁ%fr@rﬁgial ggl%giﬂg%eﬁgn%ﬁéy BF{hfe%IHEfvaDﬁ brush 5

pol i shi ng a ceriumoxide slurr shing materia and a brush as

a_pol | Shigg o, LiISihUERby oK ERTIMURY bS RS LRy ed by cl eani ng. The
l " % {eu%ggg%mlgaﬁ%ta;ﬁlnkeracﬁc§ o l it

renoval anount was direction. Thereafter,
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wi th a double-s chine usrng a cerrum oxid urry (average

10 past] hofo] S0 wheh TN o ABPHErched, Man3cAIAPhRRIAGT™ or 2l and

har d _uretcdhane strumen “certu ) was renoved by
2" TS TN o R AP o e OB 1 ot on
0pBer <Nl Tk A5G T TS BIBSCS i, Sg0RLSaa gl ol o
oTel 1 SUEBISORAAE £othi TR AP RTRRRS R E *°.2,
cerium O)éis d{(gaoo S rl“ﬁgloa\o/ﬁ&urg)g pa(EiI s%ﬁé}gfﬂl%'boﬁpﬁmercﬁ%gtae}ist?cgqg ﬁlte e\)l\(@eﬁleﬁt min total ‘In
10  polishing pad having the high effect of inhibiting duboff deterioration.
As shown in Table 1, the circular glass plate is inhibited from sinking in the
polishing pads, and the surface layers of the polishing pads are inhibited from being
elongated and contracted during polishing to show good duboff values, that is to say,
both the characteristics of duboff 1 and duboff 2 (Examples 1 to 3) by adjusting the total
15 thickness of the polishing pads to 550 um or less, the thickness of the NAP layers to 400
um or less, the thickness of the lower layers to 50 to 250 um, opening the pores by the
dressing treatment, and adjusting the international rubber hardness degree by the M
method in a state where pure water is allowed to be contained to 40 IRHD or more,
according to the invention. Both the duboff values of the polishing pads not satisfying
20  the above-mentioned conditions are insufficient (Comparative Examples 1 to 11).
Further, the surface roughness (Ra) was measured with an AFM, and the
surface waviness (L Wa) was measured with a scanningkwhjte light interferometer. In
Examples and Comparative Examples, the surface roughness (Ra) was 0.2 nm or less in

all polishing batches, and the surface waviness (Wa) was 0.2 nm or less in all

25  polishing batches.
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t he thickness direction of the upper and | ower surfaces. 20 Polishing Pad
Foaned pol yur et hane polishing pads each having a pad | ayer thickness and a
pad hardness shown in Table. 1 were prepared. As a |ower |ayer; one having a
conpressibility of 3%or less at a thickness of 200 gm was used. The
conpressibility } was determ ned by using a schopper type thickness tester
(a pressurizing surface was 25 circpdpé 1w th a diameter of 1 cm according
to the Japanese Indusirial Standards (J'Exén1&?1-)Exﬁﬂﬁbe'CEk&M 1e3NE

t hi ckness—tOafter presspri T roag—To O—segconds; 20 |was
measur ed, Padlagdndhjckhbss hiﬁg&gﬂ;ﬁ§£ f “TS@IIG ed dstan“ ‘fzS FHNUt es
under a | final (pmgssure. lhg%gzﬁﬂs&_»u_%mac cal 39 at ed_f_r_éﬂ'ﬂt_he_
fol | owi ng_equation: the | chotatEhicknassity (980 (1o 09/t Of 10885At this
time, the initiRdd HayduessfRHOMY/ cn2, and 46he filnal 4% esslre wi 1120 g/ cn®
(see JP-|A- 2003utdbi7B Remdvat Abimt (ape t hi cknesses ¢of 5 Hn NAP | ayér and the
I(owerflayer mr%%&fm}&gglgj;@m an SEM olizgjved |1 m@soPT & CHAsE S§ction
manurtr ac / = Of, gal—surfage vigw 1T crosgope,
VE- 9800) —Fuft fa‘i th éé}%gl 23§h%b eacet p""l sht p"”b"“s r.cas&}'?c" by the
fol | owi ng—proctlgREN tho say,  the ‘?ﬂ.;eh- a@i&{ae?—a{;@—pcl i shing
pad was isubject pquﬁraﬂﬂHagm%tl ng t r eat hentGeRd; ngla " doeadser [t o G d
di anond abr asi ve grai n was fixed to open pores, and then, cleaning is
t horoughly perforned with pure water to renove pad swarf and the additive

(surfactant) used in the production of the polishing pad. Thereafter, the
i nternational rubber hardness dey 1 tiggedd ur ed by the above-nentioned M

A —

O

Comp. | Comp. | Comp | Comp. Comp. Comp.
Ex. 1 Ex.2 |.Ex.3 Ex. 4 Ex. 5 Ex.6
OWer | 170 | 185 | 0 0 385 0
Pad Layer NI{P
Thickness L 495 460 460 285 320 475
ayer
) Total 665 | 645 | 460 285 705 475
Thickness ]
Pad Hardness 30or | 30or ‘
(IRHD-M) less less 36 >3 47 46
Duboff 2/ Removal :
Amount (a) 39 23 14 10 34 13
Judgment (Good: 15>a) | Poor Poor | Good Good Poor Good
Duboff 1/ Removal
Amount (a) 0.1 -1 4 3 7 3
Judgment (Good:2.5>a) | Good Good | Poor Poor Poor Poor
Overall Judgment Poor Poor Poor Poor Poor Poor
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method in a state where pure water was allowed to be sufficiently contained.

15 Incidental ly,

the international

r ubber

har dness degree neasured by the

above-nmentioned M nethod was neasured with an | RHD-m cro hardness neter (a

general - purpose automatic hardness neter for rubber, Digitest |RHD Mcro,
manuf actured by H Bareis Conpany) using an I RHD mcro detector. The
polishing pad was fixed to a platgp P(cohﬁﬁueﬁ?' i shi ng machl ne, and the 20
pol i shi ng—surface thereof was oUEbﬁ‘l ted ! ST th e siing t he
dressing plate to which di anond r% mgs glyeg;f% clut .0 hqﬁg ifﬁce
|ayer_ hn rlr ncc1 nn tr eat-pent - wat— [ X' aVEE i“ ‘8-S E wher ng was
per f or med P‘Hm pL@WeF R hn essing9pl a tlhen Oundpr

nor nal rOt”ﬂJile{%s§ hereIﬁN’IdH@l‘ t 1eré%ﬂ‘te . 4t9§ush é?@an nq5Q)0as Der7106rm=d whil e
suppl yi ng xre wat er . Thetalpol i $hi fgﬁ 29 Sﬂ} %0 0 an

aver age (ope 8re &laqﬁkgﬁa@f 10 t he @ adj u he(% surface
of the pol TENHRGIRAT(IRADRE] T SN ng4of 1A a§§ Pllat Q|_5LIJSI ng ghe po! 1551 g
AP ) R A Ol AT AU Gl o s i WA

pol i sheqg pqad: Iiﬁbcl--rt?OQQ_chmﬂﬂikﬂ ' AsE@PF; 3
particl 'Q‘}bﬁgUfR@!ﬁ ) WM) iclks: 0 o 30 nnd cohcenkratlionlof dilica
particl és: J@gmioyt (feod) 2.088) uséd Gaed & r Reomat erPedr. [Th&oodnden@ped i on of
silica ijn t heOpolallghdggertonposi t iRworwals Paodj ust ePodro [15%oby mMasBosw t h pure .
wat er, and the pH was adjusted to 4 to 5 wth citric acid and sodi um
citrate. A 16B type doubl e-sided polishing nmachi ne manufactured by Hamai
Co., Ltd. was used as the polishing nachine, and polishing was perforned at
a While the invention has been described in detail and with reference to specific

10

embodiments thereof, it will be apparent to one skilled in the art that various changes

and modifications can be made therein without departing from the spirit and scope

thereof,

This application is based on Japanese Patent Applications (Patent Application

Nos. 2008-307633) filed on December 12, 2008, the entirety of which is incorporated

herein by way of reference.

All references cited herein are incorporated by reference herein in their

entirety.
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10 polishing pressure of 12 kPa, a carrier peripheral velocity of 40 mMmn
and a polishing slurry supply rate of 120 mM/nmn for 5 mnutes, 10 m nutes
and 20 m nutes, respectively. The renoval anmount was controlled by the
polishing time. Then, for the test article which was polished, imersion in
an acidic detergent solution, scrub cleaning with Belclean and an al kal

det er gent wHATRONAPMEIIFENI N0 in a state inmrersed in an al kaline 15
detergent solution and ultrasonic cleaning in astate imrersed in pure water
are in turn perforned, followed by drying with | PA vapor. Then, the duboff
val ues (duboff 1 and duboff 2) of the test article were neasured by using a

scanni ng white {ight A%&ﬁé@ﬂo?ﬁﬁdﬁéing@e%l‘ésy's@&tﬁéqgranﬁgﬂétfcaéiﬁlé”sﬁﬁ by Zygo
Corporation, for each term nation of polishing. Measurenent 20 was made for

easur T B e B A st e,
ﬁéaigri %g%ﬁm? gﬂisgirﬁos}uxéugidgﬁﬁ%ﬁaﬂgﬁé@{ge oerrgarlr’gﬁgt a:‘N?Zr dSE)Fir rsn hinﬁg 1? gr

ur T ace. area of "pRendbRliRe REpHlonmed, SRR ORI WELE s JIRaS 22s' (2. 47))
I s s R e A S
22 (dubof §,hs aGofuRAk %mﬁce\’\@tﬁn}ﬂ‘ksgg Eféiu?ﬁahﬂ?avﬂ{ L@ ith Erpgfg 8%13&896 of a

| i near approximation-formila thereo e reno anount “dependency of the

duboff val ore‘@ﬁaﬁﬁﬁie’&%:)éﬁpga%f a &ﬂ}&&g%@gg' bt 19s; RR4 L S0IAG 888l

characteri'stics. ng pa 065 ROt I NCFease 1n the dubof f
val ues (dlldpé)rf\Ifhiéh ﬁr}ﬁiovided between a platen for fixing the polishing pad and the first resin

foam layer, comprises a resin foam having pores with a pore diameter of 20 pm or less
and has a thickness of 50 to 250 um,

and wherein a total thickness of the first resin foam layer and the second resin
foam layer is 550 pm or less, and a international rubber hardness degree of the polishing

pad measured by the M method according to JIS K6253 is 40 IRHD or more.

2. The method for producing a glass substrate for a magnetic disk
according to claim 1, wherein the second resin foam layer has a compressibility at 200

um of 3% or less.

3. The method for producing a glass substrate for a magnetic disk
according to claim 1 or 2, wherein an open pore area ratio of the polishing surface is
adjusted to 8% or more, and an average circle equivalent diameter of open pores of the

polishing surface is adjusted to 10 um or more, by the dressing treatment.
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5 duboff 2), even when the renpoval anount increases, is an excellent
polishing pad having a high effect of inhibiting duboff deterioration. For
duboff 2, one having a slope of the linear approximation formula of 15 or
| ess is judged as "good”, and for duboff 1, one having a sl ope of the

| i near approximation fornmula of 2.5 or less is judged as "good". The

pol i shing pad spi 1 yi@Gndiidtol BRAUGAE AUAS kst fofa htignatcabi ent 10

pol i shing pad having the high effect of 7 nhibiting dubo deterioration. As

shown in aI@(mlﬁlgjto claif 160 of 9! WherBinadir QElﬁ'tt&eil%/eir Bhfh@ﬂoﬁgnﬁgﬁﬁﬂ aiddkbfrg in the
pol i shing pads, and thé surface |ayers of thé polishing pads are inhibited

from bei ng th£8897¢ fehtaRe 6ARK CRGARE ISP TR BB AL R ¥@Wt@90d dubof f
val ues, ?ﬁat hs ?@ésay, Boﬁﬁ tﬁ% c éf%%te??s?%cs 0@ﬁ§%%5® 1aand duboff 2
(Exanmples 1 to 3) by adjusting the total 15 thickness of the polishing pads
to 550 mor less, the thickness of the NAP |ayers to 400 pmor |ess, the

t hi ckness of the l0“@(%E§%$$§H£9ﬂﬁgﬁgﬁyéﬁ9dﬁk gﬂﬁﬁ%@g%gﬁg?aﬁgfgnby t he

dressing treatnent, an usting t nternat1 ona ness degree

by the M : i > 1 ggm@ t contained to
40 | RHD 5Pﬁ§%?@gig%?%%?%?%gﬁﬁgq%ﬁ%@#%@%%??%%@h g?l t e9%3§§?§ val ues of the
pol i shing pads not satisfying 20 the above-nentioned conditions are

i nsufficient (Conparative Exanples 1 to 11). Further, the surface roughness
(Ra) was neasured with an AFM and the surface wavi ness (W) was neasured
with a scanning white light interferoneter. In Exanples and Conparative
Exanpl es, the surface roughness (Ra) was 0.2 urn or less in all polishing
bat ches, and the surface wavi ness(Wa) was 0.2 urn or less in all 25
pol i shing batches. 23
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